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The VBC Model 3000, the world’s first and only
narrow band voice modulation system is now a
proven success. Leading communications
engineers were enthusiastic about the NBVM
system from the beginning. Now the idea of
more QSO's per Kkilocycle has fired the
imagination of Amateurs everywhere. The
benefits of this advanced communications
system are being demonstrated all over the
world.

For present VBC users we can provide a list of
other happy owners. For those Amateurs, who
have not experienced NBVM yet, “why not add
your name to the list?”

The VBC Model 3000 provides full audio level compression
and expansion... complete intelligibility in only 1300 Hz
bandwidth. It permits you to take full advantage of other
stations' RF speech clippers and processors... similar to the
amplitude compression and expansion used for many
years in telephone and satellite communications.

The Model 3000 is for mobile and fixed station use and
requires no modifications to your existing equipment. It is
completely self contained, including its own audio
amplifier. The unit automatically switches into transmit

NEW TOLL FREE ORDER NUMBER: (B0O) 421-6631
For all states except Califorma
Calif. residents please call collect on our regular numbers
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mode when microphone is keyed or voice operation is
used. It connects just after the microphone on transmitand
just prior to the speaker on receive. In addition to its basic
function of operating in a narrow bandwidth, the Model
3000 also increases the performance of your station in the
following ways:

e Reduces adjacent channel interference

e Increases signal to noise ratio

* |ncreases communications range
Some of its outstanding features include:

e High quality narrow band speech
Self contained transmit/receive adapter
Built in audio amplifier
5 active filters with a total of 52 poles
Rugged dependable hybrid IC technology

e Low power consumption
Receive only features, such as sharp voice and CW filtering
and amplitude expansion, provide improved reception
without requiring a unit at the transmitting station.
For the more advanced experimenter the Model 3000 is
available in a circuit board configuration for building into
your present transceiver.
Henry Radio is ready to offer technical assistance and
advice on the use and servicing of the Model 3000 and will
help introduce new owners to others operating NBVM
units. Get in on the ground floor... order yours now.
Price: VBC Model 3000 $349.00

Circuit board configuration $275.00
For more detailed information please call or write. The
Model 3000 will be available from most Tempo dealers
throughout the U.S. and abroad.

Henry il

714/172-9200
816/679-3127

Prices subiect 1o chanes withou! notice



Drake R7 Synthesized Drake 7-Line Accessories

General Coverage Receiver Drake L7

Continuous Duty
160-10 Meters

2kW
Linear
Amplifier

Temperature controlled for “‘key-down" operation
covers any WARC expanded or new hf amateur bands,

MARS, etc.

* 2 kW PEP, 1 kW cw, RTTY, SSTV full rated continuous duty
Full 0-30 MHz coverage, with no gaps or range crystals e Covers 160-10* meter amateur band, plus future hf band WARC
required. Continuous tuning from vif thru hf. State of the expansions and MARS, embassy, government, etc. ® The Drake
art a-m, ssb, RTTY, and cw. Transceives with Drake TR7. L7 includes a pair of rugged Eimac 3-500 Z triodes. ® Accurate

built-in rf wattmeter. * Temperature controlled two speed high
. : . volume fan. ® Adjustable exciter agc feedback. ® By-pass
* Comlplele llranscewe!separate functions forl use with TR7. _ switching. ¢ Ban!:!pass tinad inpu?circuitry. o 120!54% Vac,
* Multi-function antenna selector/50 ohm splitter for dual receive 50/60 Hz
with the TR7. :
* 100% solid state broadband design, synthesized with PTO.
* Covers range 0 to 30 MHz. Both digital and analog readout.
* Special front-end circuitry with high level mixer and 48
MHz 1st i-f.
* Complete front-end bandpass filters operate from hf thru vif.
= 10 dB pushbutton-controlled broadband preamp for ranges
above 1.5 MHz.
= Various front panel switch-selected optional selectivity filters.
e Low distortion "synchro-phase’ a-m detector improves

international SW. 1
* Tunable i-f notch filter reduces heterodyne interference. 2 kw MatChlﬂg Network
* Full electronic passband tuning system.
e Digital readout may be used as a 150 MHz counter. Manﬂgﬂs rf radiation by Impedarlce match to antenna,
* Built-in power supply: 100, 120, 200, 240 V-ac, or 13.8 V-dc. measurement of rf power and VSWR, reduction of
* Built-in speaker, or external Drake MS7 speaker may be used. harmonic radiation, and antenna selection.
* Built-in 25 kHz calibrator for calibration of analog dial.
* Low level audio output for tape recorder. * 160 thru 10 meters frequency coverage — plus MARS, future
= Select up to eight crystal-controlled fixed channels. (With Aux7). expansions, etc. ®« Matches antennas fed with coax, balanced
» Optional Drake NB7A Noise Blanker available. line, or random wire. (Use Drake Balun for balanced line.)

* Antenna by-pass switching also selects various antennas.
Accessories available for use with Drake R7:  Extra harmonic reduction to help fight TVI— “pi-network™
low-pass filter type circuitry is a Drake exclusive. ® Accurate rf

* MST Speaker » SL300 Cw Filter, 300 Hz « SL500 Cw Filter, 500 Hz » SL1800 ; 2000 P1 r
Ssb/RTTY Filter, 1800 Hz » SL6000 A-m Filter, 6.0 kHz » SL400 A-m Filter, 4.0 gg::{?:;gﬁ:ﬁg? biidge. s Wt REF 3000 wetta average.

kHz » NB7A Noise Blanker * Aux7 Range Program/Fixed-Frequency Board
* R7/TAT7 Interface Cable Kit* R7 Service/Schematic Book. Ask about the 250W Drake MN7 and Drake B1000 Balun

Specifications and prices subject to change without notice or obligation.

For a FREE Drake Full Line Catalog contact your favorite Drake Dealer.
: 540 Richard St., M burg, Ohio 45342, USA
R.L.DRAKE COMPANY [ >  Pron: (519)65.242 + ol 288017

More Details? CHECK — OFF Page 110 january 1980 [ 1
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NEW MFJ-525 RF SPEECH PROCESSOR
True RF Speech Processing. Gives you up to 4 times (6db) more aver-
age SSB power on all bands. Powerful natural sounding speech punches
thru QRM. Works with any rig. Plugs between mic and rig. VU meter.

QUTPUTY COMPRESSION

e

MODEL WFJ-428

MES RE SPEECH PROCESSOR e

Uses advanced digital and analog techniques.

Powerful natural sounding pro-
cessed speech punches thru QRM.

Plugs between mic and rig. No internal

®
o

The MFJ-525 gives you up to four times (6db)
more average SSB power on all bands with true
RF Speech Processing.

Powerful natural sounding speech punches thru
QRM and DX pile ups

Used with your rig, the MFJ-525 gives you
more average SSB power increase per dollar than
a linear or beam.

Combined with a linear and a beam, you have
the ultimate with up to four times more average
SSB power,

Ideal for mobile and ORP. Vastly improves
phone patching. Eliminates flat-topping, splatter,

The MFJ-525 is a closed SSB transmitter-
receiver system. Using high performance digital
and analog techniques, microphone audio is con-

verted back down to audio for your rig's mic input.

Use any rig and microphone. Plugs between
your mic and rig. No Internal connections needed.

Two color VU meter aids in setting clipping level.

Clipping level control sets amount of processing.

Output level control adjusts level to transmitter
and eliminates readjusting rig's mic gain confrol
when processor is bypassed

Push button ON-OFF/BYPASS switch bypasses
processor in OFF pasition, LED indicates power on.

4 pin mic jack. Shielded output cable has push-
lo-talk line. Uncommitted 4 pin mic plug supplied.
Easily adapted for any rig.

RA protected with double sided PC board ground
plane, input, output RFI filtering, ferrite beads,
careful layout, RFI coating on side panels.

110 VAC or 12 to 18 VDC. Eggshell white with

connections to rig.

o 9119

walnut grain sides, 6x2x6 inches.

Order from MFJ and try it — no obligation. If
not delighted, return it within 30 days for refund
(less shipping). One year unconditional guarantee.

Order today. Call toll free 800-647-1800. Charge
VISA, MC or mail check, money order for $119.95
plus $3.00 shipping for MFJ-525

Don't wait to punch thru ORM with powerful
natural sounding processed speech, order today.

| ALL TOLL FREE ... 800-647-1800
Call 601-323-5869 for technical information,
order/repair status. Also call 601-323-5869 out-
side continental USA and in Mississippi.

MFJ ENTERPRISES, INC.

\ verted to SSB, clipped and filtered and then con- BOX 494, MISSISSIPP! STATE, MS 39762

i NEW MFJ-410 “Professor Morse’’ lets you . . . o)

COPY CW FASTER AND UPGRADE QUICKER

NEW MFJ Random Code Generator/Keyer sends unlimited random code
in random groups for practice. Never repeats same sequence. Tailor
level to your ability. Vary speed 5 to 50 WPM. Vary spacing between
characters. Speed Meter. Full Feature Keyer.

Sends unlimited random code.

o VOLUM

Qﬁ”

COE TEACMING M O g

Never repeats same sequence.

Copy code faster and upgrade quicker. Now you
can tailor the level of code practice to your exac!
needs. Practice copying code anywhere and any
time you have a spare moment. Practice at home,
in bed, driving to work, during lunch, etc

The new MFJ-410 “Professor Morse” is a
computer-like random code generator and keyer
that sends an unlimited supply of precision Morse
Code in random groups

It never repeats the same sequence so you
can't memorize it like code tapes

Vary speed 5-50 WPM and read on speed meter

Vary spacing between characters and charac
ter groups (for example, copy 5 WPM with 13
WPM characters) to give proper character sound
al low speed.

k Select alphabetic only or alphanumeric plus punc

tuation (period, comma, question, slash, double dash.)

Tone control. Room filling volume. Built-in
speaker. Ideal for classroom teaching. Earphone
jack (2.5 mm) for private listening

Uses 110 VAC, or 9-18 VDC, or 4-C cells (for
portable use). Optional cable for car cigarette light
er ($3.00). 6x2x6 inches.

Built-in full feature keyer. Volume, speed, in
ternal tone and weight controls. Weight control
adjusts dot-dash space ratio, makes your signal
distinctive to penetrate ORM. Speed meter works
for keyer, 100. Tune switch keys transmitter for
tuning. Reliable solid-state -
keying: grid block, cathode, A
solid state rigs. OPTIONAL
BENCHER IAMBIC PADDLE.

Dot and dash paddles have fully adjustable ten-

Tailor level to your ability.
Vary speed 5-50 WPM.

149"

sion and spacing. Heavy base with non-slip rub
ber feet eliminates “walking”. $39.95.

Order from MFJ and try it — no obligation. If
not delighted, return it within 30 days for refund
(less shipping). One year unconditional guarantee.

Order today. Call toll free 800-647-1800. Charge
VISA, MC or mail check, money order for $149.95
plus $3.00 shipping for MFJ-410 and/or $39.95
plus $3.00 shipping for Bencher paddie

CALL TOLL FREE ... B800-647-1800
601-323.5869 for technical information,

order/repair status. Also call 601-323-5869 out-
side continental USA and in Mississippi.

MFJ ENTERPRISES INC.J

BOX 494, MISSISSIPPI STATE, MS 39762

2 @ january 1980

More Details? CHECK — OFF Page 110




JANUARY 1980

volume 13, number 1

T. H. Tenney, Jr., WINLB
publisher

James R. Fisk, WIHR
editor-in-chief

editorial staff

Martin Hanft, WB1CHQ
administrative editor

Robert Schneider, N6MR
Alfred Wilson, WENIF
assistant editors

Thomas F. McMullen, Jr., W1SL
Joseph J. Schroeder, WSJUV
associate editors

publishing staff

J. Craig Clark, Jr., NTACH
assistant publisher

T. H. Tenney, Jr., WINLB
advertising manager

James H. Gray, W1XU
assistant advertising manager

Harold P. Kent, WATWPP
Dorothy A. Sargent, KATBEB
advertising sales

Susan Shorrock
circulation manager

ham radio magezine

is published monthly by
Cemmunications Technology, Inc
Greenville, New Hampshire 03048
Tetephone: 603-878-1441
Address all editorial and
advertising correspondence to
Greenville, New Hampshire 03048

subscription rates

United States: one year, $15.00
two years. $26.00; three years, $35.00

Canada and other countries {via Surface Mail)
one year, $18.00; two years, $32.00
three years, $44.00

Europe, Japan, Africa (via Air
Forwarding Service) one year, $25.00

All subscription orders payable in
United States funds, please

foreign subscription agents

Foreign subscription agents are
listed on page 93

Microfilm copies

are available from

University Microfilms, International
Ann Arbor, Michigan 48106

Order publication number 3076

Cassatte tapes of selected articles
{from ham radio are available to the
blind and physically handicapped
from Recorded Periodicals

919 Walnut Street, 8th Floor
Philadelphia, Pennsylvania 19107

Copyright 1979 by
Communications Technology, Inc
Title registered at U.S. Patent Office

Second-class postage

paid 8t Greenville, N.H. 03048
and a1 additional mailing offices
ISSN 0148-5989

p! ing and of
sddress should be directed to ham radio

Gri New }
Please include address Iabel from most
recent issue if possible
Postmaster send Form 3579 to ham radio
New ire 03048

am _
radio

magazine

contents

12 video console for ATV
Charles A. Beener, WB8LGA

22 yagi antenna design:

performance calculations
James L. Lawson, W2PV

28 remote synthesized 2-meter
fm transceiver
Neil Stone, WB4UPC

42 portable monoband shortwave receiver
Jack Perolo, PY2PE1C

48 solid-state VHF linear amplifiers
Charles F. Clark, AF8Z

52 amateur radio equipment
survey, number two .
Thomas McMullen, W1SL

58 expanded memory for the Autek
MK-1 keyer
William B. Jones, NSAKT

62 observations on the speed of light
Harold F. Tolles, W7ITB

66 log-periodic antennas
for the high-frequency bands

George E. Smith, W4AEO
Paul A. Scholz, W6PYK

71 audio processor
for reception
Don E. Hildreth, WENRW

82 digital techniques:
gate arrays for control
Leonard H. Anderson

4 asecond look 88 ham notebook
110 advertisers index 6 letters

82 digital techniques 92 new products
99 flea market 8 presstop
104 ham mart 110 reader service

january 1980 3



Are you thinking about buying one of those new solid-state, phased-locked rigs with digital read-
out? If you are, be sure you buy a rig with a good solid factory-backed warranty! As some buyers
have sadly discovered, there are some Amateur Radio equipment manufacturers who require their
dealers to provide the warranty as part of their ‘“dealer agreement;’’ and in some cases the manufac-
turer or supplier does not reimburse the dealer for his warranty work. Under such arrangements it
doesn’t take much imagination to understand why the dealers aren’t particularly enthusiastic about
fixing faulty equipment. The dealer is further hampered by the unavailability of up-to-date service in-
formation — his technicians often have little more available to them than whatever information is
packed with the equipment.

| won’t dispute the fact that if you had a problem with your equipment you would be able to get it
repaired. You probably could; but it might be a long drawn out affair, depending on the dealer you’re
working with and how much interest he has in doing the factory’s warranty repair work with no reim-
bursement for his parts.

In this day and age of sophisticated equipment the dealers and repair technicians must stock
many, many different components for each item they are called on to service. If the dealer is not
reimbursed for his time and labor, it's obviously not in his best interest to tie up vast amounts of cash
in spare parts — he simply orders the repair parts as he needs them, and you have to wait weeks —
perhaps months — before you can get your transceiver back on the air.

Under such circumstances shipping your rig back to the factory for repair may be the best move
you can make. They have all the parts and expertise to do it right, and in many cases they can give
you better ““turn around’’ than your local dealer. This is not a criticism of your dealer’s repair facili-
ties; his technicians must be familiar with many different types of equipment, whereas the factory
technicians are able to specialize and hence can often do the job faster.

As a final note, any equipment manufacturer who does not offer factory repair facilities is suspect
— they are simply passing the buck down the line to the dealer. And you know who suffers in the
long run!

Most of the Amateur Radio manufacturers, fortunately, offer full factory-backed warranties, but
those who do not should be avoided like the plague. Keep that in mind before you plunk down your
hard-earned dollars for a new rig.

Jim Fisk, W1HR
editor-in-chief

4 january 1980



ICOMs SSID is €ssential to the
Formula

O mtr D

The IC-551D is the high
powered brother to the ICOM IC-
351. With an 80+ walr output, you
have all the punch you need for
that really good DX when the
Sunsgots are working for you. The
551D has the same no-backlash,
no-delay dual VFO light chopper
system, coupled to the
microprocessor for splir frequency
as well as completely variable
offsets.

For quidk access to DX
excitement, three memories are
Bgnc\;ided for programmmed

con watching, which can be
scanned and programmed to sroF
on the first one heard. A room ful

of white noise is no longer a
problem with ICOM. Pass band
tuning and VOX are included at
NO exira cost.
SPECIFICATIONS
Frequency Coverage: 50~54MHz
Power Supply Requirements:
13.8V DC+15%, negative ground
Cumrent drain 18A max.
(ar 200W input). AC power
supply speaker console is avail-
able for AC operation.
Emission Modes:
A3J 558 (USB/LSB)
A1l QW
ASH AM
F3* M

Dimensions: 111mm (H)x
241mm (W)*x311mm (D)
Weight: 6.6kg
Sensitivity: SSB/CW/AM
Less than 0.5V for 10dB S5+N/N
FM* More than
30dB S+N+D/N+D ar 1uV
Squelch Sensitivity: SSB/CW/AM 1.V
FM* 0.4V
Selectivity: SSB/CW/AM
More than +1.1 KHz ar -6dB
Less than +2.2KHz at -60dB
i_xdjusroble to 1KHz ar -6dB
Mt
More than +7.5KHz ar -6dB
Less than +15KHz ar -60dB
*Only when FM Unit is installed.

HF/VHF/UHF AMATEUR AND MARINE COMMUNICATION EQUIPMENT

ICOM INFORMATION SERVICE

ICOM

2112 116th Ave, NE.
Bellevue, WA, 98004

ICOM AMERICA, INCORPORATED

Sales Service Centers located at
2112 116th Avenue NE
Bellevue, WA 98004
Phone (206) 454-8155

Dallas, TX 75234

3331 Towerwood Dr., Suite 307

Phone (214) 620-2780

[ -

Please send me: [11C-551D specifications sheet; [l full color
ICOM Product Line Catalog; [J List of Authorized ICOM

Dealers.

NAME === - o/ VT, NS
ADDRESS = o e L
ary SIATE __ap o AL
-------- You may send a machine copy of this fonm = = = e e e e -

All stated specifications are subject to change without notice. All ICOM radios significantly exceed FCC regulations limiting spurious emissions



W7BBX memory keyer
Dear HR:

| have used the W7BBX memory
keyer* with great success. Compared
with the WB4VVF memory keyer
{built by SP5JC) and other designs
described in the European ham maga-
zines, the W7BBX circuit is definitely
the best. | would like to tell your
readers of a small addition to the
existing circuit which is especially
valuable in meteor-scatter (MS) com-
munications.

One inconvenience in the unmodi-
fied keyer is the necessity to com-
pletely fill the memory, because any
empty memory space will show up as
breaks in transmissions with repeated
messages; such transmissions are
used a great deal in MS operations. |
used to try to completely fill the mem-
ory, but with some callsigns and re-
ports used in MS it was not always
possible. Then you would either lose
valuable time by sending nothing, or
push the REPEAT button every few
seconds, depending on the speed.
The last method leaves no time for
other aspects of MS work, such as
listening through the recorded tapes
at reduced speed while your keyer
does the transmission sequence. |
decided to add a circuit which senses
the end of a message stored in the
keyer memory and automatically RE-
PEATS the message. The circuit is
very simple and can be built on a
small add-on PC board and wired into

*Howard Batie, W7BBX, '‘Programmable Contest
Keayer,"" ham radio, April, 1976, page 10.
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the existing boards either above or
between them. One additional switch
on the front panel is necessary for
switching the circuit in or out of oper-
ation, as shown below.

TO PIN 10
OF uzi8
(70 pSEC PULSE)
14
f 2 TO POINT M
ON PCB-1 OR
7490 MEMORY BOARD
12 3

OFF
REPEAT

TO REPEAT SWITCH
OR POINT R
ON MEMORY BOARD

| also added a switch with a bank of
multiturn precision adjustable poten-
tiometers, each for a preset high-
speed value. Using the original
2.2-uFd tantalum capacitor for C4
and 180 ohms for R6, | can use any
speed up to 1000 letters per minute
(LPM) simply by choosing the posi-
tion of the speed switch, which re-
places the original speed pot. One
speed switch position switches in a
multiturn pot with dial for ‘‘normal”
variable-speed operation at conven-
tional speeds. There are no keyer
problems with transmission speeds
up to 1000 LPM (higher speeds were
not tried), but the time constants in
the transmitter keying circuit should
be carefully checked to ensure proper
operation on the air. I'm using 5k and
20k pots for the preset speed trim-
mers; in Europe we use speeds
around 500-700 LPM for MS, depend-
ing on the available speed reduction
in the recorders at the other receiving
end.

Another valuable feature of the
W7BBX keyer is the remote start fa-

cility; I’'m now using a pulse from the
station electronic clock, which gives
a pulse every 15 seconds, 30 sec-
onds, 1 minute, or 5 minutes (the lat-
ter is still the most common trans-
mit/receive sequence in European
MS operation to handle the time-
keeping). | now have plenty of time
during a MS QSO, whereas before |
had to be constantly on the alert,
checking tapes, and looking at the
clock.
Wes Wysocki, SP2DX
Gdansk, Poland

low-power wattmeter

Dear HR:

| recently built my own version of
the low-power wattmeter described
by WA4ZRP in the December, 1977,
issue of ham radio. The electronics
perform very well — | eliminated the
need for carefully measuring the cali-
bration resistors to 0.001 ohm by
using 500-ohm trimpots with parallel
and/ or series resistors to make up the
required ranges.

The key to the design, however, is
the subminiature lamps. | was unable
to find the correct voltage and cur-
rent ranges for the stated generic
types T 3/4 and CM units listed by
the author. For those who have built
similar units and have had difficulty
finding the barreter lamps, the Syi-
vania 28ES will do (rated at least 28
volts and 40 mA with a resistance of
80 ohms); however, these lamps are
somewhat large, as they’re rated at
1.2 watt.

It may be possible to locate some
of the subminiature 3-volt, 30-mA
lamps, but you must first know the
rated value of dc resistance (it is not
voltage divided by current). | have
sought this information from Chicago
Miniature inc. (who make the CM
units mentioned in the article), but
have had no response to date.

Gene Shapiro, W8DLQ
Leawood, Kansas



A Knob with a new

Twist\ /G

s VRS — Variable Rate

Swan AStro 150 EXCIUSive Scanning, a dramatic new

technique for unprecedented

Microprocessor cOntrol tuning ease and accuracy

i = POWER — 235 watts PEP and CW
on all bands for that DX punch
WImemorv glves you ?ver = Advanced microcomputee
technology developed and
100,000 funy SyntheS|zed manufactured in the U.S.A.
m Price? See your authorized SWAN

frequenCieS, and ITIOI'e! dealer for a pleasant surprise!

ST e ———
| | FULL NE Ua i
[ 2]
y Vi) }‘-‘“_"- e sT8Y
; [
4 |
e = .
i SEMI |OFF  PTT  OFF
X BREAK IN

r ASTRO 150 SSB TRANSCEIVER 'j L

i( Swan_ _/<|

MODE

‘ .
AF GAIN y/ uSB cw
KEY/MIC Q_|FGNN LSB \ ! ,cwn

. 1 Wide Frequency
Full * Coverage
Dual Meter Break-in 10M — 28.0-30.0 MHz
Reads PEP CW 15M — 20.8-23.0 MHz
output in watts (or semi, 20M — 13.8-16.0 MHz
and receive switch 40M — 6.0-8.3 MHz
“S* units. selected) 80M — 3.0-4.5 MHz
160M — 1.8-2.4 MHz*

*in lieu of 10M band
on Madel Astro 151

Mike Tuning P
Foraccurate 100 Hz
steps or fixed rate scan, .

PSU-5 "l

Power !":uppl\.lr
Transceiver ST-3 Antenna Tuner

with Speaker - ; ASTHO 150

{E MOST ADVANCED HF SSB TRANSCEIVER AVAILABLE.
ELECTRONICS

ainse SYWAN ASTRO 150 &) 22cfoncs

305 Airport Road / 0ceansnde CA 92054 | 714- 757 7525
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WARC results favorable to Amateur Radio

ALL PRESENT HF BANDS, THREE NEW HF BANDS, and a new UHF band were allocated to the
Amateur Service as WARC /9 finished its work December 4. Despite some gloomy predictions
of a major frequency loss by the Amateur Service, it's now been confirmed that Amateurs —
at least in the U.S. — did not lose one kHz in the HF spectrum but instead picked up all
three of the desired new bands! In the VHF spectrum preliminary press-time reports, be-
lieved complete and accurate, show equally good news for higher frequency enthusiasts.
Band by band, here's the rundown from WARC 79 on the new Amateur spectrum through 1000 MHz.
- 160 Meters: In Region 1, 1800-1850 shared with Loran until Loran shuts down at the end

| of T987, IB50-2000 shared with Fixed, Mobile, Radio Location and Radio Navigation (1850-
2000 not available for Amateurs in Mexico and much of South America). 1800-1850 will be
available to Amateurs in Region 1 for the first time, on a shared basis with Loran until
its shutdown.

80/75 Meters: In Region 2, 3500-3750 Amateur Exclusive with the exception of Mexican
and some South American Fixed and Mobile users, 3750-4000 shared with Fixed and Mobile —
except for much of southern South America, which excludes Amateurs 3750-4000, and Canada
and Greenland, which reserve 3950-4000 for a future Arctic region broadcast service on a
non-interference basis.

40 Meters: 7000-7100 Amateur Exclusive worldwide, 7100-7300 Amateur in Region 2 only
with the stipulation that Region 2 Amateur operation must not interfere with broadcast
in Region 1 or 3.

30 Meters (new band): 10.10-10.15 MHz with Fixed Service Primary and Amateur Service
Seconaary, worldwide.

20 Meters: 14.00-14.35 unchanged, with several others joining Russia in footnotes
reserving 14.25-14.35 for Fixed Services.

17 Meters (new band): 18.068-18.168 Amateur and Amateur Satellite are Exclusive (with
a Russian reservation for internal Fixed Service use), but with the stipulation that Ama-
teurs won't be permitted to move in until after all present users have moved!

15 Meters: No change, worldwide. b

17 Meters (new band): 24.890-24.990 Amateur and Amateur Satellite are Exclusive, with
the same restrictions as 17 Meters.

10 Meters: Unchanged, worldwide.
eters: Unchanged, after earlier hope of some limited band being made available in
Region I didn't materialize.

2 Meters: Unchanged (144-148 in Region 2, 144-146 elsewhere).

1% Meters: Amateur in Region 2 only, co-shared with Mobile and Fixed on an equal basis.

70 Centimeters: 430-440 MHz has Radio Location Primary, Amateur Radio Secondary in all
Regions, with 535-438 Amateur Satellite. 420-430 and 440-450 shows Fixed and Mobile Pri-
mary in all Regions, but a footnote by the U.S. and several others allocates these addi-
tional frequencies to the Amateur Service on a Secondary basis. Similarly, 440-450 is,
allocated to Amateurs on a Secondary basis in a footnote by Canada and several others.

315 Centimeters (new band): A new UHF 902-928 MHz band, was allocated to Fixed, Mobile,
1SM and others on a shared, Primary basis, with the Amateur Service Secondary. What this
means to the Amateur Service in the U.S. is hard to predict, with interest high at the FCC
in a new Personal Radio Service in this band.

Details On Amateur Microwave allocations were not available at press time, though it's
almost certain that 1215-1300 saw some reduction. We should have a detailed rundown on
the higher frequencies next month. There's no need to rush up any new antennas, as action
on WARC results is probably a year or more away and implementation of frequency table
changes even further off!

HANDICAPPED PROSPECTIVE AMATEURS won't be given special CW or written exams, the Com-
mission decided recently in a session that held many implications for future Amateur rules.
During the discussion there were several comments that CW was no longer much used by Ama-
teurs, and Chairman Ferris suggested that since CW no longer seemed relevant to Amateur
activities it should be dropped from the requirements for all Amateurs, not just the handi-
capped! As a result of this discussion there appears to be a distinct possibility that the
commission could be planning to drop CW requirements above 144 MHz, in accordance with
present ITU Article 41, and later implement further relaxations in line with the final WARC
position on Amateur CW.

The Amateur Satellite Service was also discussed in the same commission meeting. After
considerable discussion the go-ahead was given for a Notice of Proposed Rule Making to
establish rules for Amateur satellite operation, based on present ITU Amateur satellite
rules and the experience of AMSAT and the FCC with OSCARs 6, 7, and 8.

AMATEUR LICENSING AND RF1 are both well covered in a draft of Senator Goldwater's
Communications Act rewrite that's currently being circulated by Republican members of
the Senate Communications Subcommittee. Under the proposed draft, which is being prepared
for introduction early in this year's session, Amateur license terms would be extended to
10 years and the FCC could "use licensed Amateurs to administer license examinations and
grant temporary licenses." The FCC would also have "the authority to require protective
circuitry in consumer electronic equipment."” Also covered in the draft is the subject
of license fees.
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THE OMNI SYSTEM — tools of the trade for serious
DX operators, contesters, traffic, nets, or just rag
chewing — designed to give you the operating edge.

Simply Super. The keynote of a Ten-Tec OMNI is simplicity of
operation combined with super performance. No fricky con-
trols, no distracting readings, no fussy adjustments. Your
operating is pure enjoyment, unhampered by complexity,
enhanced by features that are meaningful, advanced by options
that are realistic.

Instant Band Change—to catch the openings. Just flip the
bandswitch, no tuning the transmitter. A convenience originated
by Ten-Tec in modern transceivers

Full Break-In—for CW with perfect timing, for a real
conversation in code. And slow break-in at the flip of a switch to
suit band conditions or quiet mobile operation

Ultra Selectivity—to fit any band condition. Standard 2.4
kHz 8-pole crystal ladder filter for normal reception; optional
1.8 kHz filter ($55) operates in series with the 2.4 kHz filter to
transform an unreadable signal in heavy QRM into one that gets
the message through; optional 0.5 kHz 8-pole filter ($55)
provides steep, deep skirts to the CW passband window to cut
out even those strong adjacent signals; standard 150 Hz CW
active audio filters have three ranges (450, 300, 150 Hz) for
further attenuation of adjacent signals and band noise

Variable Notch Filter—to eliminate interfering carriers and
CW signals. Attenuation is more than 8 *'S™" units (over 50 dB)

Six-Function Separate VFO—for complete versatility in
working DX. Independent transmit and receive frequencies with
OMNI; reversible at the touch of a button for full monitoring of
the action. Even allows simultaneous reception on both VFO
and OMNI with transmission on either. LEDs show status. An
optional operating bargain at $139.

Speech Processor and Microphone—to extend your operat-
ing range under adverse conditions by increasing average
envelope power without derating the OMNI power limits and
with minimum distortion. Model 234 is a true RF processor,
model 214 is a peak-free condenser microphone. An optional
system for optimum speech energy; 234 is $124, 214 is $39

Electronic Keyer—key to perfect CW. Styled to match
OMNI; self-completing; dit and dah memories with individual
defeat switches; automatic variable weighting;, adjustable
magnetic paddle return; and more for just $85

Matching Power Supply—to completely power the OMNI

system. Regulated, over-current protected, switched from
OMNI or front panel, and only $139.

Plus All These Famous Standard Features of OMNI—AIl
Solid-State, 160-10 Meters, Built-in VOX and PTT, Dual-Range
Receiver Offset Tuning, Wide Overload Capabilities, Adjustable
Sidetone Tone and Level, Exceptional Sensitivity, 200 Watts
Input, Adjustable ALC, 100% Duty Cycle, Phone Patch
Interface Jacks, Zero-Beat Switch, "S"'/SWR Meter, Dual
Speakers, Plug-In Circuit Boards, Complete Shielding, Rigid
Light-Weight Aluminum Construction, Comfortable Operating
Size (5%"h x 14%"w x 14"d)

Model 545 Series B OMNI-A (analog transceiver) $ 949

Model 546 Series B OMNI-D (digital transceiver) $1119

Get The Operating Edge — Get The OMNI System. See

your Ten-Tec dealer or write for full details.

el

TEN-TEC, HF equipment supplier to
Winter Olympics Radio Amateur Network (WORAN)

TEN-TEC i
SEVIERVILLE, TENNESSEE 37862
INCELN AT, CHICAG0, AL &

EEPOET AT

PERATING EDGE







A fresh idea!

Our new crop of tone equipment is the freshest thing growing
in the encoder/decoder field today. All tones are instantly
programmable by setting a dip switch; no counter is required.
Frequency accuracy is an astonishing + .1 Hz over all temper-
ature extremes. Multiple tone frequency operation is a snap
since the dip switch may be remoted. Our SS-32 encode only
model is programmed for all 32 CTCSS tones or all test tones,
touch-tones and burst-tones,
And, of course, there's no
need to mention our
1 day delivery and

| year warranty.

TS-32 Encoder-Decoder

® Size: 1.25" x 2.0" x .40’

* High-pass tone filter included that may be muted
* Meets all new RS-220-A specifications

® Available in all 32 EIA standard CTCSS tones
SS-32 Encoder

® Size: .9"x1.3"x.40"

* Available with either Group A or Group B tones

Frequencies Available:

Group A
67.0 XZ 91.5 727 118.8 2B 156.7 SA
71.9 XA 94.8 ZA 123.0 3Z 162.2 5B
74.4 WA 97.4 7B 127.3 3A 167.9 67
77.0 XB 100.0 1Z 131.8 3B 173.8 6A
79.7 SP 103.5 1A 136.5 47 179.9 6B
82.5 YZ 107.2 1B | 141.3 4A 186.2 77
85.4 YA 110.9 27 146.2 4B 192.8 7A
88.5 YB 8 2/ 151.4 57 203.5 M|
vB_| nasa |

® Frequency accuracy, + .1 Hz maximum — 40°C to + 85°C
* Frequencies to 250 Hz available on special order
e Continuous tone

Group B
TEST-TONES: | TOUCH-TONES: BURST-TONES:
600 697 1209 1600 1850 2150 :41_1:}
1000 770 1336 1650 1900 2200 2450
1500 859 ”;_ 1700 1950 2250 2500
2175 941 1633 1750 2000 2300 2550
2808 1800 2100 2350

® Frequency accuracy, + 1 Hz maximum —40°C to + 85°C
® Tone length approximately 300ms. May be lengthened,
shortened or eliminated by changing value of resistor
Wired and tested: TS-32 $59.95, SS-32 §29.95
VISA®
J Tt Letatila
==& COMMUNICATIONS SPECIALISTS :

426 West Talt Avenue, Orange, California 92667 m
(800) 854-0547/ California: (714) 998-3021



video console for ATV

A project for

Amateurs interested

in improving

their fast-scan

television stations —

three video generators,

a special-effects generator,
and a simplified form of
Gen-Lock are described

The video console project began after I'd complet-
ed a solid-state ATV transmitter. | had no way of
knowing how it was performing except by having
other ATVers try to ““talk me in"’ on alignment. | soon
learned this was almost impossible.

| discussed my problem with Bill Parker, W8DMR,
another ATV ham, and he suggested that | needed a
few test generators. So | consulted A5 magazine and
found articles on two generators.).2 After running
some tests and reading a book by Tektronix,3 | found
a need for one more generator so that | could check
99 per cent of my new transmitter. | then designed a
pulse and bar generator. After this | thought, “‘Boy,
wouldn’t it be nice to have some special effects, such

the video console

The video console consists of three function gen-
erators, a video switcher, and a Glen-Lock circuit. All
can be locked to either external or internal sync or to
a composite video signal. Everything is contained on
five PCboardsand powered by asingle 12-volt supply.

The function generators are multiburst, gray scale,
and pulse and bar. The multiburst generator creates
a frequency-burst pattern on the TV screen of white
to the extreme left followed by a low-frequency sig-
nal of 0.5 MHz, then 1.7 MHz and 3.4 MHz signal.
The extreme right of the TV screen shows a 4.5-MHz
burst frequency (see photo D).

The multiburst generator can be used to check
bandwidth of video equipment such as amplifiers, TV
transmitters and tape recorders. It can also be used
with oscilloscopes. Just insert the muitiburst genera-
tor output into the input of the equipment under test
and look at the results on the TV screen or on an
oscilloscope (see photo E). Photo F shows high-fre-
quency rolloff, and photo G shows the middle fre-
quencies with too much gain. These test patterns
depict only a few of the results, but photo E is the
best example. :

The second generator is a gray-scale (staircase)
generator. It produces a pattern on the TV screen, as
seen in photo H from left to right, in seven shades of
gray. The staircase generator is used to check your
video-system linearity. It.shows if the white or black
video is being compressed (see examples in photos |
and J). If you insert the gray-scale generator into a
video modulator or other video input, you should see
a gray scale as in photo H. If you look at the gray-
scale generator output on the oscilloscope, you'll see
a staircase pattern as in photo K.

The third generator is called a ‘‘pulse and bar.” It
produces a white pulse on the left-half, and a white
box in the right-half, of the TV screen. Its function is
to check for high- and low-frequency bandpass char-
acteristics. The pulse and bar generator output as
seen on the TV screen is shown in photo L. On an

as a video switcher.” After a short time | had it By Charles A. Beener, WB8LGA, 2548 SR 61,
Marengo, Ohio 43334

operational.
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Photos C and D: Inside view of the video console, left. At right, multiburst generator output as seen on TV screen.

oscilloscope, you see a wave form as shown in
photos M and N.

circuit description

The following is a description of the five circuits
that compose the video console. They consist of the
multiburst generator (A1 board), gray-scale genera-
tor (A2 board), pulse and bar generator (A3 board),
video switcher (A4 board), and Gen-Lock (A5
board).

Multiburst generator (A1 board). This circuit is
shown in fig. 1. Referring to fig. 1, U9 is a free-
running oscillator whose frequency is 3.402 MHz. U9
drives U1 and U2, a divide-by-three counter with an
output frequency of 1.134 MHz. U2A drives U2B, a
divide-by-two counter whose output is 0.567 MHz.
U2B output drives a divide-by-six counter, U3A,
U3B, and U4, whose output frequency is 94.5 kHz.
This signal drives a six-stage shift register that shifts
the gating from left to right on the screen. The five H

signals (fig. 1) drive the five NAND gates, UBA, B,
C, D, and U9C. One section of U1A is fed to U1B, a
divide-by-two counter with an output of 1.7 MHz.
The same signal is fed to U8D. The output of U2A,
1.134 MHz, feeds U9A, which drives U9C. All U8 and
U9C outputs are NANDed into U12. They are con-
trolled by H1, H2, H3, H4 and H5, and are turned on,
one at a time, by the 6-stage shift register. The sum
results in an output from U12 of the first high signal
followed by a 0.567-MHz signal, 1.7 MHz-signal, 3.4-
MHz signal, then a 4.5-MHz signa. This occurs in
B4us. This time, plus that of the horizontal sync
pulse, is equal to 63.5 us, which is the time required
for one horizontal sync line on the TV screen.

The sequence repeats until a vertical sync pulse
appears on U10, pin 1. U10 is a one-shot. U10 pro-
vides a 1-ms pulse, which resets the 6-stage shift reg-
is ar at UBA, pin 4. U10 Q output (pin 1) is used for
vertical blanking. The output of U7B, pin 6, is a hori-
zontal timing pulse. It is NANDed at U10 pin 1 and is
th.e vertical timing pulse for the composite sync. The
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Photos E and F: Oscilloscope test pattern showing output of the multiburst generator, left. At right, multiburst generator test
pattern showing high-frequency rolloff.

Photos G and H: Another test pattern of the multiburst generator showing excessive gain at the middle frequencies, left. At
right, output of the gray-scale (staircase) generator as seen on the TV screen.

Photos | and J: Gray-scale generator output showing white video being compressed on TV screen, left. At right, oscilloscope
test pattern showing gray-scale generator output. White video compressed.
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Photos K and L: Gray-scale generator output shown on oscilloscope, left. Atright, pulse and bar generator output as seen on the

TV screen.

composite video outputs appear at R15.

Gray-scale generator (A2 board). The main oscil-
lator is U1 (fig. 2). Its frequency, 126 kHz, is deter-
mined by C1, R1. U1 output is fed to U2, a divide-by-
eight counter. Counter output is NANDed at U1A,
which drives U1B. This stabilizes the oscillator by the
horizontal sync pulses on U2 pins 2 and 3. (U2 is a
decade counter.) Each time the horizontal sync
appears on U2 pins 2 and 3, the counter is reset to all
zeroes. The three outputs from U2 also drive two hex
inverters, whose output provides a staircase at the
output. (See photo K.)

From pin 8 U2 drives U4, pins 3 and 4. U4 is a delay
trigger, which drives U5. U5 provides an output 11-us
wide of horizontal sync. The sync and video are
mixed by R9 and by R10, which is the video-output
pot. The A2 board also contains the oscillators for
the horizontal and vertical sync. These are common
NE-555 timers, U6, and U7.

Pulse and bar generator (A3 board). The genera-
tor works on the principle of the one-shot delay,
using 74121s. The horizontal sync feeds U3, U4, U5
(fig. 2). The time delay is from the horizontal sync

pulse. The amount of delay is determined by the one-
shot RC time constant. U3 provides the start of the
bar; U4 provides the stop of the bar. U5 positions the
pulse on the screen. U3 and U4 outputs drive UTA
and U1B, a set and reset latch. This latch output is
equal to the bar width.

The vertical sync triggers U6 and U7. U6 and U7
drive a set and reset latch U1C and U1D. U6 delay
determines where the top of the pulse and bar signals
start, The bottom of the pulse and bar signal is deter-
mined by U7. The output of U1D, pin 11, are
NANDed together through U2A and U2C. The pulse
and bar signals are mixed in R17. Output is obtained
through R19. The horizontal sync signal is 4 us wide
and is resistor mixed to make the horizontal sync
tips. The same input drives U8, a 11-us-wide pulse
for the horizontal sync front and back porch. Itis also
resistor mixed through R20.

Video switcher (A4 board). The switcher (fig. 3)
works almost on the same principle as the pulse and
bar generator. U1, U2, U3, and U4 perform the same
job as U3, U4, U1, U6, and U7 in the pulse and bar
generator. The outputs of U5, pins 6 and 11, are
NANDed in UBA. UBA output drives U7B and U6B.
UGB is an inverter that drives U7A. In other words,

Photos M and N: Pulse and bar generator output shown in one horizontal time period, left. At right, pulse and bar generator out-

put shown in one vertical time period.
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fig. 1. Multiburst generator schematic (A1 board).

only one section of U7 is on at any one time. Win-
dow-positioning pots R1-R4 control the vertical and
horizontal start and stopping position of the switched
video.

The video switcher, U7, is a CMOS IC. A low on
pin 5 turns off the switcher between pins 3 and 4. If
you put a high signal on pin 5 the switch turns on.
Now it acts as if a 300-ohm resistor were placed be-
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tween pins 3 and 4. (This CMOS IC is a CD 4016, but
a CD 4066 can be used.) Switcher U7 outputs are
tied together and run into a 74C04 inverter used in
linear mode. The output of U7 is positive video to be
amplified, so it was necessary to run it through two
inverters. The output of a CMOS IC doesn't like a
100-ohm load, so it's buffered with an emitter fol-
lower, Q1.
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At right: Pulse and bar generator schematic (A3 board).

A1 *
foky.

va-TTL7400

e
Fig C6 \1500
2 SRI5 <RI6
9 lio i la S22¢ S2
R 5 [ AYR
u3 T
4 c7
3
7
+5v
R2
10k .
©5\ [ 500 Sms ‘fz’f
$22k Sk
9 {10 1| 14
6 Al
P us Za
3
7
R3
10k
AN O+5v
c4\| 500 L
SR SRI2
9 |0 i |1e 22 2.2k
s 6 4 \I| 3

A us 71 1

TPI
[

RI7
00

R20
1 1.5k
A

BALANCE PULSE
& +5v AND BAR

14
6
P uve
7
RE
1oy,
C2\ | f
9 |10 i 14
5 6
3 uz

100 VIDED GAIN

VIDEO OUT
s +5v
2 +

ci2
la>_g




R24

10k
VIDEO
VERT P4 Cc17 U8E
" SYNC+ gf uzc |9 + 1
; R23
€8 2r30 R20
6 10k

10,
+
TPS5 F
R27
15k
O+5v

s
VIDEC WITH VERT Svnc /|
4.7uF

5 +5v Reg
P 330
ci9
,oﬁwow

8 \r
R32
A3
15 YV Q2
CHARACTER GENERATOR VIDEO INPUT 2N2221
U

sy VIDEO LINE 1
|25 VIDEO LINEZ
TP3
14> SWITCHED VIDEO_OUTPUT N
AN
o/
+5v cie 2Nzz21  +SV
°
Al
VERT START 3 ) P
Ci 0004 SRl SRI2 n Ra!
S S 2.2 R 2. 15k
s o v e y US - TTL 7400 50
VERT SYNC 2 5 ” 6 AN A U8 - CMOS CO4069
TTL 74121 4 & 13 OR 7404 g, /
4 2 1 RI?
3 R20
77 10k
R2

VERT STOP 4

c2\ 0004 2 R9
9 lio 1

S ya
— TTL 74121

o=
T~

wa N Jo] &
@
S
oN

+5v
RJI
HORZ. START 6
C3\ |F ”? RS
]
HORZ SYNC /}_lt 9 |10 e 00!

I
cl9 6 AN
500 L 5 ua >
oF TTL 74121 I
3
777
+ 5V
R4 { I
HORZ STOP 7 A
ca N\ bF RS R6
22k,
9 |10 i e 0.0
s u4 s
TTL 74121 ?
&
3
777

The vertical sync blanker and dc restorer circuit are
on the video switcher board. U7C is a switch con-
trolled by the vertical sync pulse. Any video coming
in at A4 pin 11 will be blanked during the vertical sync
interval. After this, the video is reamplified through
U8 and is applied to emitter follower Q2. At the base
of Q2, the vertical sync pulse is reinserted to take the
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fig. 3. Video switcher schematic (A4 board).

TP2

vertical base line down to the correct reference. The
character generator video input is inserted at U8 pin
11, through R31.

Gen-Lock (A5 board). The video input enters on A
pin 1 (see fig. 4). It drives Q1, a sync stripper. Q1
removes all the video, and only composite horizontal
and vertical sync signals remain at the Q1 collector.



The sync signals are run through RC filter R4, C3,
C4, Rb. The vertical sync drives Q2, an amplifier,
whose output is applied to the sync selector on the
front panel.

The horizontal sync is applied to U1, a phase-
locked loop. The IC is a PLL567, which is tuned for
15,750kHz. This!ICis a tone decoder. When it'slocked
onto an incoming signal, it has a dc output at pin 8.
There's also a signal at U1 pin 5. This signal has the
same frequency as the incoming signal during lock.
U1 pin 5 output is then used as the horizontal sync in
the generator and goes to the sync selector switch.

The sync-selector switch output is fed to amplifier
Q3 for vertical; Q5 for horizontal. U2 is a Schmitt trig-
ger for fast trigger timing. Q4 is a buffer for the verti-
cal sync. Q4 output drives all the vertical and/or hori-
zontal inputs of boards A1-Ab.
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fig. 4. Gen-Lock schematic (AB board).

interconnections

Fig. 5, the main board, shows how to tie it all
together. A shows sync-selector switch connec-
tions. B shows how to interconnect the rotary func-
tion-generator switches to the five PC boards. C
shows the interface between the window-position
controls and video switcher/Gen-Lock boards.

adjustments
Multiburst generator (A1 board).

1. Adjust C1 for an output frequency of 3.402 MHz at
U9 pin 6 or for horizontal locked sync on TV when
video is fed into the TV.

2. Adjust C11 for an output of 4.5 MHz on U9 pin 3.

3. Adjust R15 for video gain. It should be 1-volt p-p at
A1, pin 14.

Gray-scale generator (A2 board).

1. Adjust R1 for 126 kHz at test point 1, or for seven
shades of gray on the TV screen.

2. Adjust R10 video gain for 1 volt p-p video at test
point 2.

3. Adjust R11 for 15,750 kHz at U6 pin 3.
4. Adjust R13 for 60 Hz at U7 pin 3.

5. Adjust R3 for approximately 75 ohms.
6. Adjust R4 for approximately 250 ohms.
7. Adjust R5 for approximately 600 ohms.

8. Adjust R3 = R5 for the best lineatity of output
video.

Pulse and bar generator (A3 board).

1. Adjust R1 for vertical position of left side of bar on
TV screen.

2. Adjust R2 for vertical position of right side of bar
on TV screen.

3. Adjust R3 for vertical position of pulse (see photoL).

4. Adjust R5 for horizontal position of top part of
pulse and bar.

5. Adjust R6 for horizontal position of top part of
puise and bar.

Video switcher (A4 board).

1. Adjust R23 for 1.5 volts p-p video at output of test
point 6 when you have 1 volt at input.

2. Adjust R17 for 1 volt at test point 3. R1-R4 are
front-panel controls but could be preset pots on
board.
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fig. 5. Circuit-board interconnections. (A) shows switching
between horizontal and vertical sync signals from camera
and the five PC boards. Function-generator switch logic is
shown in (B). Interface between window-pasition controls
and video switcher-Gen-Lock inputs is shown in (C).
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MULTIBURST GENERATOR

!

2 GRAYSCALE GENERATOR

3 PULSE AND BAR GENERATOR

L GRAYSCALE + LINE | VIDEO SWITCH

5 PULSE AND BAR AND LINE | VIDEQ SWITCH

& CHARACTER GENERATOR + LINE ! VIDEO 0

.

Gen-Lock (A5 board).

1. Adjust R3 for clipping of video at test point 1.

2. Adjust R7 for 15,750 kHz at test point 4 with no
video input at Ab pin 1,

This video console was constructed on five PC
boards, one for each generator. It was done this way
for ease of construction and system checkout. You
can use any one of the generators or switches by
itself. Just insert the vertical and horizontal sync sig-
nals and the +5 volts to the board you want to use.
I’ve had very good results with this console and a lot
of fun in its construction and use.

references

1. W. E. Parker, WBDMR, A Multiburst Generator,”’ 45 magazine,
September-October, 1973.

2. Al Lipkin, K3AEH, Let’s Build A Staircase To The Bars,’* A5 magazine,
May-June, 1977.

3. Gerald A. Eastman, Television Systems Measurements, Tektronix, Inc.,
September, 1969,

ham radio



UNSURPASSED RTTY

No other RTTY terminal made
gives you ALL the features
of ournew DS 3100 ASR:

B TX/RX operation with 3 codes: Baudot RTTY, Morse Code, ASCII RTTY
B Storage buffers for 150 lines of RX storage and 50 lines of TX storage
M The HAL “original” split screen shows both RX and TX buffers or whole screen for RX
B Ten programmable “Here Is" messages can be chained from one to next

B The EAROM allows power-off storage of 2 "Here Is" messages and terminal operating
conditions

B Programmable WRU answer-bacl_t and selective-call features

B Separate CW identification key for RTTY operations

W Automatic TX/RX control with KOS plus 4 keyboard controlled accessory switches
M Internal real time clock keeps 24 hour time plus date

B Newly developed CW receive circuitry and programs give superior CW reception

B New green, P31 phosphor display screen gives clear, eye-easing viewing

B On-screen status indicators give continuous display of terminal operating conditions
B Word-Wrap-Around prevents splitting of words at end of display line

B Continuous, line, and word modes offer flexibility in editing transmit text

B Attractive streamlined metal cabinet gives effective RFI shielding from transmitters

Here Are More DS3100 ASR Specifications that Give You State-of-the-Art RTTY Operation:

QBF and RY test messages = Loop and RS 232 RTTY 1/O = Plus or minus CW key output = 25 pin EIA modem

connector ® Half or full duplex » Upper-lower case ASCII = All ASCII control codes = Optional line

_ 'prmiorancodos-sumbbmlmw-uomsenowmcnusmmmmmnm?swm

Morse receive and transmit ® UnShift on space for Baudot ® SYNC idle for RTTY and Morse = Break

key for RTTY = Tune key for Morse ® Automatic CR-LF = 120/240 v, 50/60 Hz power = Custom labeled key

tops show control operation = Copy receive text into transmit buffer = TX flags allow segmenting

of TX buffer m One year warranty
PRICE: $1995.00
HAL COMMUNICATIONS CORP. Write or give us a call.
Box 365 We'll be glad to send you our
Urbana, lllinois 61801 new RTTY catalog.

217-367-7373

For our European Customers Contact:
Richter & Co.. D3000 Hannowver 1
LEC Interalco, 6816 Bissone/Lugano

More Details? CHECK —OFF Page 110 january 1980 [l 21



performance
calculations

Development of a
mathematical model
of the Yagi antenna
for computing antenna gain,

front-to-back ratio,
and operational bandwidth

Since its invention by H. Yagi and S. Uda of
Tohoku University in 1926, 1 the Yagi-Uda antenna —
commonly referred to as the Yagi — has received a
great deal of theoretical and experimental attention.
The Yagi has also become the most widely used
Amateur Radio communications antenna, not only
because of its excellent performance characteristics
over the rather narrow frequency bands occupied by
Amateurs, but also because of its remarkable toler-
ance to construction variations and even construc-
tion faults; it is an antenna that 'wants to work.”’
Those readers who are interested in the theoretical
basis of Yagi linear array antennas should take a look
at the excellent book published in 1954 by S. Uda
and Y. Mushiake;2 this book is highly recommended
and contains sixty-six relevant references. There are
several other excellent reference works on the Yagi
including those by Kraus,3 King,4 and Walkinshaw;5
for those interested in the experimental side of Yagi
arrays, attention is drawn to Ehrenspeck and
Poehler,6 Lindsay,” Greenblum,8 and Viezbicke.9
Reference 9, National Bureau of Standards Technical
Note 688, describes the results of a decade-long NBS
experimental investigation of Yagi antennas.
Although this study represents one of the most com-

Yagi antenna design:

plete experimental information, and above all, meas-
urement techniques which are sensitive to the effec-
tive height of ground midway between the transmitter
and receiver. Nevertheless, the rich range of experi-
mental results in NBS Technical Note 688 provide an
excellent area to test the validity of theoretical ideas.

It appears to me that designers of a high-perform-
ance Yagi array are faced with four facts:

1. Accurate antenna experiments are very difficult to
make, especially if the antennas are designed to be
used over earth. There are many variables, and it is
difficult (if not impossible) to avoid unwanted reflec-
tions. Also, accurate instrumentation is simply not
available for many of the quantities to be measured
(current distribution in the parasitic elements, for
example).

2. Conceptual design ideas are often misleading:
e.g., the concept of “optimum element spacing.”’
Optimum, indeed, but with respect to what?

3. Practical design of real antenna components in
some cases does not exist; a physically ‘‘tapered”’
element, for example, must be significantly longer
than an equivalent cylindrical element, but by how
much?

4. A good theoretical basis for deéign is uncertain,
First of all, a real antenna must be simulated by a
simplified physical model; the accuracy of the final
result depends crucially on the excellence of this
physical simulation or model. Secondly, the physical
model, in conjunction with accepted physical laws
and a modern computer, is used to compute the
electrical performance of the Yagi model, i.e., the
parasitic element (parasite) currents first, and the
spatial radiation pattern second. Since both compu-
tations involve simplifying approximations, overall
accuracy depends directly on the excellence of physi-
cal modeling and the accuracy of the necessary
mathematical approximations which are made.

I shall attempt to address each of these four items
over the next several months. | have broken the sub-
ject down into six major categories, listed below,
which will be covered in separate articles.

plete and relevant sources of information on the By James L. Lawson, W2PV, 2532 Troy Road,
Yagi, the report is flawed by inconsistencies, incom-  Schenectady, New York 12309
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1. Modeling and computational methodology
2. Simple Yagis; free-space performance

3. Earth (ground) effects

4. Preferred designs

5. Scaling and construction corrections; specific
designs

6. Stacking, screening, and scattering

| shall address the subject primarily in terms of
antenna arrays which are most useful in the frequen-
cy range from 5 to 30 MHz, including designs ranging
in size up to the largest practical levels. ‘’Convention-
al” Yagi components will generally be used, but
there will be some discussion of quads and of the
quad-Yagi hybrid known as the quagi. For conven-
ience, | will use horizontal polarization unless other-
wise stated.

antenna properties

Before beginning an investigation of antenna char-
acteristics it is necessary to define design criteria;
what antenna properties are important and how can
those properties be defined in quantitative terms?
The antenna user is concerned with several prop-
erties:

1. Antenna gain G or directivity

2. Pattern (including front-to-back ratio, F/B)
3. Bandwidth

4. Feedline matching or standing-wave ratio
5. Cost

6. Longevity (wind survival, corrosion resistance,
etc.)

Of these, the first four are electrical properties; the
last two depend basically on construction engineer-
ing and will not be discussed further. Feed-line
match (item 4} is controlled, at one frequency at
least, by the matching system which transforms the
antenna driving-point impedance to the transmission
line's characteristic impedance. We are interested in
the inherent driving point bandwidth of the antenna,
specifically the actual driving-point impedance and
its behavior with frequency.

Antenna gain, pattern, and bandwidth (items 1, 2,
and 3) must be defined rather carefully. The gain
(and directivity) is clearly of paramount importance; |
shall use the definition of isotropic gain for all situa-
tions, /.e., the ratio of maximum radiated energy flux
density (at the “’best’’ elevation angle) to the average
radiated energy flux density (averaged over the #r
solid angle). This is equivalent to using an isotropic
reference antenna in free space.

While the antenna’s complete spatial pattern is of
concern to the user, it is basically not practical to
measure it or to specify it. The pattern characteristics
of primary interest are the angular widths (horizontal
and vertical) of the main beam and the amount of
back radiation. The beam widths are rather accurate-
ly and simply determined by the antenna gain or
directivity (see Kraus, page 253).

Radiation in the rear hemisphere is usually variable
and consists of one or more lobes. Perhaps the single
most meaningful measure of rear radiation is the
front-to-back ratio, or F/B, but we must define
where the front wave is to be measured (elevation
angle), where the back wave is measured, and what
property of the waves is used to obtain the ratio. One
popular concept is to plot the field strength, E, pat-
tern of the antenna in free space and compute the
ratio of front (maximum) field strength, Ep, to that
found in the reverse (back) direction, Eg. The ratio
can be also expressed in decibels as (20 log ;9 Er/ER).

What is the front-to-back ratio of a rea/ antenna
over earth or ground? | define this quantity as the
ratio of maximum front power or energy flux density,
Wpg, (at an elevation angle where this maximum
occurs) to the rear power or energy flux density, Wg,
at the same rear elevation angle. This can also be
expressed in decibels as 10 log;o Wg/ Wh.

Note that this F/B ratio is only one parameter of
the complete antenna pattern. It is perfectly possible,
in principle, to have an antenna with a large F/B ratio
defined in this way, but which has serious backward
{but not directly back) lobes. Nevertheless, in the
interest of simplicity | shall retain this simple notion
of F/B ratio; it is perhaps the most important single
index of pattern behavior.

The last parameter is the frequency bandwidth,
but there are at least three important bandwidths: 1)
the bandwidth of the driving-point impedance (elec-
trical input), for example; 2) the bandwidth over
which the gain remains high; and 3) the bandwidth
over which the F/B ratio remains high. All three are
important, so it's necessary to measure or calculate
all three. This is best done by observing a quantita-
tive frequency-swept plot of them all.

computation vs experiment

Antenna characteristics can be determined either
by experimental measurements on a physical model
or by calculations from a mathematical representa-
tion of the physical model. Which should be used?
Experimental measurements are laborious and it is
difficult to ensure accuracy. By contrast, computer
calculations are fast and, in principle, can be made
with great accuraty. Using a modern computer, a
large number of antenna configurations can be inves-
tigated in a few days; a number it would take a life-
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time to explore experimentally! Moreover, because
of the inherent accuracy of calculations, subtle
changes and radiative coupling effects can be
explored. Therefore, it appears that if a computation-
al procedure is believable, it can be used very effec-
tively. Careful experimental tests are needed, how-
ever, to validate the computation methods.

modeling

A real Yagi antenna can be represented physically
by a set of parallel cylindrical conducting elements,
each of which has space coordinates at its center of
X, Y, and Z. As shown in fig. 1, the Yagi will be
otjented so that the elements lie parallel to the Z axis
and the boom is parallel to the X axis. In free space,
the origin of this coordinate system can be placed
anywhere, but when modeling a Yagi over the earth
it will be advantageous to locate the origin on the
conducting earth plane.

The elements themselves approximate a haif-wave
in length; the reflector, R, is usually somewhat
longer than a half-wavelength, the drive element,
DR, is normally about a half-wavelength, and the
directors, DI and D2 (or more), are somewhat
shorter than a half-wavelength. For convenience,
and to make the representation independent of
wavelength, all coordinates, lengths, and dimensions
will be expressed in wavelengths at some chosen
design center frequency, f,.

This model is clearly a simplification of a real Yagi.
A real Yagi, for example, does not ordinarily have
strictly cylindrical elements; real elements usually
have telescoping diameters with connecting hard-
ware clamps; moreover, the elements are mounted
at their centers with plates or brackets to the boom,
which is usually a conductor.

In this mathematical model | have totally neglected

@
x
<
>
R
OR
// / 2
X AXl
59 *
K
4 R = REFLECTOR

DR » DRIVER
DI » FIRST PARASITE
D2 = SECOND PARASITE

fig. 1. Basic model of the Yagi antenna showing the relation-
ship of the elements, which are parallel with the Z axis; the
boom is parallel to the X axis.
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the conducting boom; this is justified only if the real
Yagi is completely symmetric around the boom.
Symmetry guarantees the electrical potential of each
parasitic element at its center to be zero and guaran-
tees no mutual coupling to the boom — hence no
current will flow along the boom, and the boom can
be neglected.

We also assume the driven element to be open at
its center and driven from a balanced source; this
eliminates current along the boom. The real Yagi
driven element, if fed from a balanced source, will
also induce no boom current. However, unbalanced
feed systems can, in principle, produce currents
along the boom which are not considered in the
model. Unbalanced feed systems such as the gamma
match are usually not especially troublesome in this
respect, because if the driving point impedance of
the element is relatively low, as it usually is, the volt-
age impressed on the boom is also low and boom
current will be correspondingly low. Moreover, the
loaded Q of the driven element is usually high
enough to insure reasonable symmetry of element
currents; this also makes for low induced boom cur-
rents. Incidentally, it is possible to construct the real
Yagi with insulating element-to-boom supports; this
helps to ensure negligible boom currents.

The clamping and mounting hardware used in a
practical Yagi all amount to corrections in the actual
length of the element to an equivalent length. Simi-
larly, the telescoping (radius tapering) element will
act like a cylindrical element of the same average
radius, but with a different equivalent length! The
way in which the actual element dimensions can be
converted to a cylindrical element of the same aver-
age radius and equivalent length will be discussed
later, as will corrections to length caused by mount-
ing hardware. For the moment, note that the real
Yagi element dimensions can be converted to equi-
valent cylinder dimensions for use in the model. As a
side note, the element radius taper corrections to
convert actual lengths to equivalent cylinder lengths
are substantial; this is often overlooked by builders
who try to use someone else’s element lengths with
different element diameters on tapering.

In the mathematical model you can arrange any
number of parasitic elements and any number of
drivers. It will be shown later how to use the model to
approximate a quad or a quagi, or even a “‘broad-
band”’ drive {as in the KLM antennas) where there is a
main driver but one or more dependent drivers which
are connected through a transmission line to the
main driver.

computational methodology

With this mathematical model we are in a position
to compute the performance of the Yagi array — to



table 1. Element reactance for different length-to-diameter
ratios, K. X, ,,is the reactance of an element 0.5\ long; X,
denotes the reactance of an element 0.45\ long; AX is the
reactance change when shortening the element from 0.5 to
0.45 wavelength. As shown in fig. 2, a plot of AX vs K falls
on a straight line defined closely by eq. 1.

K Xo.50 Xo.45 AX eq. 1
10 34.1799 21.6094 —12.5705 —11.030
30 36.7352 4.6906 —31.0446 —31.561
50 37.4666 —3.8791 —41.3457 —41.107
100 38.2110 —15.8869 —54.0979 - 54.060
200 38.7673 —28.1857 —66.9530 -67.013
108 39.6375 —57.3954 —97.0329 -97.090
104 40.3603 —99.9997 —-140.3600 -140.120
105 40.7961 — 143.0558 —183.8519 —-183.150
—186.3402 —227.4275 —~226.180

106 41.0873

find out how the performance of the array varies with
frequency f around the design f,. The first task is to
compute the complex currents {(or current magni-
tudes and phases) which flow in all elements as a
result of driver excitation; to do this, it is necessary to
determine both the self and mutual impedances of all
elements.

| shall start with the behavior of a single nearly
half-wavelength element in free space. The self im-
pedance of such an element has been calculated by
many authors; an excellent comparison of the vari-
ous methods is given by Kraus3 (pages 272-276). Uda
and Mushiake have used the method originated by
Hallen {boundary-value problem) and presented an
approximate equation and a table (pages 23-24)
which show the self impedance of a cylindrical nearly
half-wavelength doublet as functions of radius and
length. Itis apparent from this table that a half-wave-
length doublet has an impedance of about 73 +j40
ohms, so a somewhat shortened antenna is needed
to resonate (to show zero reactance). The required

240
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fig. 2. Graph showing the relationship between the length-
to-diameter ratio, X, of a half-wavelength element and the
reactance change, AX, as element length is reduced to 0.45)\
from 0.5\,

shortening is basically only a function of K, which is
defined as the ratio of (central) wavelength to ele-
ment radius. In table 1, | have extended Uda and
Mushiake’'s data to a wider range of K values and
have calculated the reactance X, 5o {in ohms) of the
full half-wave dipole and X, ,s of an element 0.45
wavelength long; AX is the reactance change in
ohms when shortening the element from 0.5 to 0.45
wavelength.

If you plot AX against log;p K, you will find,
remarkably, that the points fall in a straight line (fig.
2). This suggests that the reactance change AX can
be expressed with rather good accuracy as:

AX = —43.03log;g K+ 32 (1

The accuracy of this empirical relationship is remark-
able over the range of K of real interest
(100< K<10,000).

Note that a simple series-resonant circuit displays
an input reactance of:

X = 2RQ (F/FR-1) (2)
where Q is the electrical Q factor{Q = 2=xf, L/R)
F is the frequency relative to f,

FR is the resonant frequency of the circuit
relative to f,

R is the series resistance

Equations 1 and 2 can be used to derive:

RQ = (215.15log;9 K— 160) (3)

In other words, the dipole element béhaves electri-
cally like a series-resonant circuit of resistance R and
Q given by the empirical relationship of eq. 3.

You may also use eq. 1 to derive the resonant
length (zero reactance}, LER, of the dipole element
in units of wavelength:

LER = [1-(10.7575log1g K—8.00)~1]  (4)

It is interesting to note that the ratio of the reso-
nant length to a true half-wavelength depends only
on K! Some representative values computed from
eq. 4 are shown in table 2 and-graphically illustrated
in fig. 3.

table 2. Element resonant length 2+ LER {in units of \/2) for
different length-to-diameter ratios K. These data are plotted
in fig. 3.

K 2.LER K 2-LER
30 0.8733 103 0.9588
50 0.9027 104 0.9715
100 0.9260 105 0.9782
200 0.9403 108 0.9823
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Note that greater shortening is needed for thick
cylinders than for thin wires, but even for very thin
wires appreciable shortening is required to achieve
resonance. Thus, if the actual length of an element is
LE in terms of wavelengths at central design fre-
quency f,, and its resonant length is LER, its reso-
nant frequency, FR (in terms of f,), may be written
as:

= LER/LE (5)
The self impedance of such an element is then:

R+j;X =
73+5(430.30 log19 K— 320) (F/FR— 1) ohms  (6)

©
@

©
N
P

RESONANT LENGTH (A/2)

LOG,, K

fig. 3. Resonant length of a half-wavelength element as a
function of length-to-diameter ratio, K. Note that greater
shortening is needed for thick elements {low K) but even
very thin wires require appreciable shortening to achieve
resonance.

The accuracy of this expression should be good to a
very few per cent for elements within a few per cent
of a half-wavelength long.

mutual impedance

Now must be considered the mutual impedance
between two nearly half-wavelength elements sepa-
rated by a distance s measured in wavelength A\,
Good calculations have been made by several
authors of both the real and imaginary components
of this complex quantity, but only for the limiting
case of infinitely thin, half-wavelength elements;
equations, plots, and tables are shown in Kraus3
{pages 265-268) and Uda-MushiakeZ (pages 69-70).
Kraus (page 266) also shows calculations by Tai for
two cases of thicker, half-wavelength dipole ele-
ments. Tai's calculations suggest that inaccuracies
caused by using the limiting thin case will not be

26 january 1980

large; therefore, for convenience, | use it for all cal-
culations. | have extended the table of Uda-Mushi-
ake, and in table 3 show values in ohms for the real
part of the mutual impedance (RMUT) and for the
imaginary part (XMUT), as a function of element
separation, s, in wavelength. For separations greater
than s = 1.5, a reasonable approximation can be
derived from:

RMUT 19 19.06

== sin (2ws) fors>1.5 (7)

19 06

XMUT = === cos (27s) fors>1.5 (8)

Although some caveats are necessary, you now
have the necessary tools to calculate the parasitic
element currents. Recall that the physical model of
the Yagi is a good representation only to the extent
that proper corrections can be made for element
hardware variances (clamping and mounting hard-
ware and element radius taper). These corrections
will be detailed later. Also recall that the computation
of self and mutual impedances (eqs. 4, 5, 6, 7, 8, and
table 3) are approximations! Though they are prob-
ably good approximations, and shouid give reason-
ably accurate results, you should not rely on them for
accuracy better than a few per cent.*

computations

The first step is to calculate the complex currents
(or magnitudes and phases) of all parasitic elements
given the currents or voltages applied to all drivers.
The method is uncomplicated, following the tech-
nique of P.S. Carter shown in Kraus,3 (page 302).
For simplicity, | will illustrate how this is done using
one driver and three parasitic elements; extension to
any number of elements will be obvious. For each
element add all voltages and equate to the terminal
voltage V,,:

NZp+IZ13+ 13213+ LiZ1y = Vg

NZy+IpZag+ I3Zp3+ 14234 = V2 (9A)
I;Z31+ 19230+ 13233+ 14234 = V3
IZyy+ 1024+ 13243+ 14244 = Vy

*Any improvement in these approximations will require a great amount of
theoretical work through a rigorous examination of the boundary value
problem with attention to:
1. Current distributions along driven and parasitic elements (they are
somewhat different in principle).
2, Complete numerical solutions to both real and imaginary com-
ponents of element self and mutual impedance; it will be necessary to
distinguish mutual coupling coefficients between elements of different
function, i.e., driven to driven, driven to parasite, and parasite to
parasite. In principle, all coefficients will depend on each affected ele-
ment length and radius.



Assume in this example that the first three ele-
ments are parasites, ie., V; = V, = V3 = 0 and
that the fourth element is driven with the complex
voltage Vg, Z,, is recognized as the complex self im-
pedance of the nth element, and Z; (which is the
same as ij) is the mutual impedance between the jth
and kth element. Thus, all of these impedances can
be calculated once the positions (and hence separa-
tions) of the elements are specified. Since there are
four linear equations with four unknowns, I;, I, I3,

table 3. Complex mutual impedance as a function of ele-
ment spacing. s (wavelength). The real part is designated
R,yrand the imaginary partas X,,, ;. {both in ohms).

s(A) Rmur Xmut s(\) Rmur Xmut

0. 73.13 42.54 0.80 - 18.49 12.26
0.05 71.66 24.27 0.85 —13.32 16.29
0.10 67.33 7.54 0.90 —7.49 18.55
0.15 60.43 -7.10 0.95 —-1.5% 18.99
0.20 51.40 -19.17 1.00 4.01 17.74
0.25 40.79 —28.35 1.05 8.75 15.04
0.30 29.26 -34.44 1.10 12.32 11.22
0.35 17.50 —37.42 1.15 14.52 6.71
0.40 6.22 -37.43 1.20 15.26 1.94
0.45 -3.97 —-34.78 1.25 14.56 —2.66
0.50 -12.63 -29.93 1.30 12.59 —-6.70
0.55 -19.06 —-23.42 1.35 9.62 -9.84
0.60 -23.31 -~ 15.87 1.40 5.97 —-11.88
0.65 —-25.21 -7.94 1.45 2.01 -12.70
0.70 —24.86 -0.25 1.50 -1.89 -12.30
0.75 —-22.50 6.63

and 1, the easiest way to solve this array is by a
matrix inversion, In matrix notation eq. A is repre-
sented by:

Zir Zpp Zy3 Zyy I Vi

(98)
Za1 Zzz Z23 Zp4 | | I2|_| V.
Z3; Z32 233 Zzy I; Vs
241 Zgp Zy3 Zyy 14 Vy

or: Z {matrix) x I (vector) = V {vector) where all
terms are complex.

The solution is I (vector) = Z- I {inverted matrix) x
V(vector)whereZ x Z-1 = ],

The process of matrix inversion is readily accom-
plished with a computer using matrices having com-
plex terms, e.g., with a program usually called
CLINEQ under FORTRAN IV. Although the actual solu-
tion is usually done through a mathematical process
known as Gaussian elimination, the result is equiva-
lent to matrix inversion. With this technique, a com-
puter will provide solutions quickly for very large
arrays of fifty elements or more.

If you wish to specify the driven element current,

1,, instead of voltage, V¥, rewrite the first three para-
sitic equations {eq. 9) as:

IZyy+DZ+ 13213 = — 114
IZoy+ IpZgp+ 13753 = — 14Z34 (10)
1Z3y+ 1023+ 13233 = — 14234

This (smaller} array can be solved in the same way for
1;, I,, and I; and the results used in the fourth
equation:

IZg+1oZ g+ 32453+ 17244 = Vy (11}

to solve for Vv, The driving point impedance for
either calculation is simply:

Z4 = V4/14 (12)

This procedure is best done on a computer, and it
is not difficult to write a suitable program. Although |
have written a number of such programs in FORTRAN
IV, I would prefer not to supply them. It has been my
experience that those who understand programming
can easily write their own; those who are not capable
of programming invariably need substantial assist-
ance, which | am unwilling to supply.

summary

In this article | have discussed the basic properties
of the Yagi antenna, and the construction of a math-
ematical model which can be used for computer
analysis. In the next article of this series | will outline
the computer programs which accomplish this analy-
sis, and will confirm, using published experimental
information, that calculated Yagi performance is in
close agreement with that realized in practice.
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L remote synthesized
fm transceiver
for 2 meters

Construction details

for a remote synthesized
2-meter transceiver

with 220-MHz control

Activity on the Amateur 220-MHz band has
always been on the sparse side, although in recent
years more and more fm operators in the urban areas
have been moving up to 220 to avoid the congestion
of 2 meters. For a number of years we were seriously
threatened with the loss of 220-MHz to the CB inter-
ests, but that threat seems to have passed for the
moment; other services still covet the 220-MHz allo-
cation, however, and one of the best ways to protect
the band is to increase the activity level.

With a band as good as 220 MHz, | used to wonder
why it was not being used to its fullest; | concluded
that few Amateurs really ‘‘know’’ about 220, so there
is little demand for good equipment, and, conse-
quently, there is a limited selection. Just by way of
introduction, the 220-MHz band has a number of
characteristics to recommend it: it provides propaga-
tion similar to that of 144 MHz, but the noise levels
are considerably lower; 220 is wider than 2 meters by

After | had sold myself on the advantages of 220-
MHz, | decided to see what | could do to generate
more interest in the Atlanta area. | first put up a 220-
MHz repeater; no one, however, seemed very inter-
ested. | had considered adding an autopatch when |
got an idea for a remote base. Not just a fixed or few
selectable channel remote base, but one which was
fully synthesized and could be user programmed to
any frequency in the 2-meter band.

features and limitations

| decided to make use of the excellent transmitter,
receiver, and synthesizer kits manufactured by VHF
Engineering and to develop only the necessary con-
trol circuits to operate the synthesizer and associated
circuits. | felt it should be possible to operate any fre-
quency combination between 144.105 and 147.995
MHz; it would be necessary to dial up the receive fre-
gency prior to the transmit frequency so a listening
watch could be made prior to transmitting (later it
would be possible to dial up receive frequencies with-
out transmit frequencies so the band can be scanned
manually if desired].

theory of operation

Fig. 1is a functional diagram of the overall system
starting with a basic 220-MHz repeater. The audio
from the repeater receiver is connected to a tone-pad
decoder which feeds a BCD data bus; this bus carries
data from the operator to three circuit boards.

The first, the access and control board senses the

1 MHz, and 220-MHz antennas require less space for By _Ne" Stone, WB4UPC, Postbox 7054,
the same amount of gain. Marietta, Georgia 30065
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3 MIN DATA LATCH DATA LATCH »— AUDIO OUT
TIME AND CONTOL AND CONTROL
cw 1D
our (FIG. 4)
(FIG.4)
coS/PTT
ON_OFF___ DATA ON_OFF DATA

CONTROL

!

CONTROL

[

ON ON OFF
ToucH TONE
DECODER DATA_BUS: 2 DIGIT CONTROL
{FIG. 2} 3 FUNCTIONS
(FIG.3)

fig. 1. Block diagram of the basic remote system. A 220-MHz transceiver provides the control for the synthesiz'ed 2-meter trans-
ceiver. Circuit boards and parts kits are available from Creative Electronics, Box 7054, Marietta, Georgia 30605.

first two digits, which alert either of the other two
boards (both identical) to accept the information fol-
lowing on the data bus. The access and control
board will also sense two digits which signal the
remote base to shut down. The two data latch
boards, when enabled by the access and control
board, store the subsequent four digits as frequency
information. This board also senses whether or not a
valid (in band) frequency has been received.

The data outputs from these two boards are con-
nected to the data select and display board. This
board contains the necessary circuitry to select
whether the receiver or transmit data latch board will
control the synthesizer frequency; it also displays the
desired frequency and retains the last transmit fre-
quency for the final identification. The data output
from this board is connected to the synthesizer,
which controls the receiver and transmitter. The
audio and COS lines from both the repeater and

remote base are processed on the miscellaneous cir-
cuits board.

tone-pad decoder

The tone-pad decoder (fig. 2) consists of eight
active filters, U1 through U8, each of which is tuned
to a standard 7ouch-Tone* frequency. Except for the
frequency-determining components, the following
description of the 697-Hz filter is applicable to all
others: Audio from the repeater receiver is coupled
into the detector through a level adjust control, R1.
The input on pin C allows the tones from a local pad
to be applied to the decoder. The output from the
active filter, UTA and U1B, is coupled through R11 to
reduce the loading effects of U1C on the active filter.
U1C normally is in a conducting state (output near

*Touch-Tone is a registered trademark of the American Telephone and
Telegraph Company.
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fig. 2. Schematic of the tone decoders. All resistors are 1/4 watt, 5 per cent; all capacitors are Mylar unless otherwise specified.
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zero volt). When a signal appears on its input; how-
ever, the negative-going peaks cause the output to
go positive. This positive voltage is coupled through
CR1 across C4, resulting in a fast attack. U1D oper-
ates as an open gain amplifier; the outputis zero for a
valid tone group.

The outputs from the four low-group tones are
each connected to OR gates U10 through U13. The
other gate input is connected to the appropriate out-
put of the high-group filter detector. The outputs of
each OR gate provide a zero logic state for the digit
being received. These outputs are then connected to
a series of logic gates, U14D, U156D, and U16D,
which convert them to a BCD format. Included in this
output format is a negative-going strobe, generated
by U9 and U14C, which signals the other circuits that
the data is valid.

In addition to the BCD data and strobe, other out-
puts are provided for each individual tone group,
digits including # and *, and the extra right hand col-
umn, A, B, C, and D. These outputs all go to a low
state when valid and may be used, if desired, for con-
trol functions.

access and control board

The access and control board, fig. 3, accepts the
information from the data bus or from the extra out-
puts of the tone-pad decoder and converts this data
to the necessary system control signals. When the
strobe goes low, it starts a timer, U7, which is con-
nected to the other input of U9D. When the timer's
output returns to a low state, and if a valid digit is still
present, the output of U3D will go to high. This
reduces the effects of voicing.

When US goes to zero, it triggers timers U8A and
U8B. If a valid digit is recognized, as represented by
zero output at U5, timing capacitor C20 discharges.
When the strobe returns high, the capacitor starts to
recharge. If another digit is received, the strobe again
discharges C20. So long as a steady stream of digits
is received by the tone pad decoder, the timer will
not reset, allowing U10 to count the U8B output.
When the digit stream ceases, U10 is reset to zero.

U8B act as a one shot, providing a pulse for each
digit received from the tone-pad decoder. The single-
shot pulse is coupled through gate U6D, divided by
10 through U10, and then applied to decimal decoder
U11. The decoded BCD digit information, plus the
U11 output form a programming matrix. When more
than nine digits are received, an output from U11
stops the counter by inhibiting gate U6D; this pre-
vents the counter from recycling.

On the other side of the matrix are three sets of cir-
cuits, all the same, each used for one of the control
functions. Following is a description of the receiver
access portion; the transmitter access portion and
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the disable portion are identical except that only the
first and second digits can be used on the disable cir-
cuit. One U1B input, for the first digit to be recog-
nized, is connected to the U11 matrix outputs. The
other input is connected through the matrix to the
desired, preset digit. Therefore, when a received
digit corresponds to the desired sequence, U1B out-
put goes low and is inverted by U5C. When the digit
is released, the negative-going transition starts timer
U3B, providing a window through NAND gate U6B
when the second control digit must be received and
recognized. If this occurs, the U6B output goes to a
zero, sending a control signal to enable the receive
mode data latch and control board. The other control
functions enable the transmitter data latch and con-
trol board or can disable both boards.

data latch and control boards

Two data latch and control boards, fig. 4, are
required: one for the receive frequency and one for
transmit. When the access and control board signals
receipt of the proper access code, it provides a zero-
going pulse to the alert line {pin C) on the data latch
board. This zero-going pulse performs several func-
tions: It toggles U3A (which enables the counter U4,
OR gate U12D, and NAND gate U13C), and U3B
(which disables either the transmitter or receiver
through OR gates U12B and U12C); it also provides a
start pulse to U2B through U13D and U13C. When
enabled, U4 counts the number of zero-going pulses
on the strobe line.

The strobe pulses are conditioned by U2A to pro-
vide a single, short positive pulse regardless of how
long the digit is held. These output pulses are aiso
used to enable data latch chips before advancing the
counter; this protects the currently stored digit and
prepares for the next. The pulses from U2A are in-
verted by U16F and applied to one input of NOR
gates U6A, U6B, U6C, and U6D.

The other gate input comes from BCD-to-decimal
decoder Us. When more than five pulses have been
counted by U4 and U5, a signal from U5 inhibits
U1B, preventing the data latches from accidentally
being recycled. As the counter advances from the
starting point through three, each of the U6 NOR
gates is allowed to pass the pulse generated by U2A;
the following latches are sequenced to sample and
store the information from the data bus.

In addition to decoding the data bus, the latch out-
puts are connected to a series of BCD-to-decimal
decoders for sensing dialing errors, and/or the selec-
tion of out-of-band frequencies. The outputs of U17,
U18, U19, and U20 are connected to a series of gates
that check for specific frequencies. The U22C output
goes low when out-of-band operation is sensed,
sending a pulse through U15A, U15B, and U15C to
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fig. 4. Circuit for the data latch and control board. All resistors and capacitors are as specified in fig. 3.

reset U3A. U12A blocks the reset pulse during the
dialing time.

When the user has finished dialing, U28B is allowed
to reset; both U13A inputs go high, passing a pulse
through C9. This pulse is subsequently inverted by
U15C and used to reset U3A and counter U4, U13A
output is also connected to inverter U168, which
enables the circuits for testing number of digits
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dialed. If the tests are passed, U12A resets U3B,
enabling U12B to pass the COR/COS input on pin N
of the card edge connector.

If the wrong number of digits is received or an out-
of-band signal is sensed, the reset signal is blocked
by U12A, and U3A is reset by the output from U15A;
U3B is not reset, leaving either the transmitter
and/or the receiver disabled.
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The main function of the data select and display
board, fig. 5, is to determine whether the receiver or
transmitter data latch and control board controls the
synthesizer frequency. It also displays the operating
frequency and the mode (receive or transmit). This
board also senses when the transmitter is moved to a

new frequency and instructs the identifier to send an
ID; the old frequency is stored until the ID has been
sent and then released.

The data select function is performed by U14, U15,
and U16. The outputs are connected to three data
fatches {U11, U12, and U13) which normally have
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Layout of the bottom of the remote synthesized base. At
the far left is the 15-watt 144-MHz rf power amplifier; the
heatsink is on top of the chassis; enclosure at left center
contains the 144-MHz filter. The four circuit boards at top
right are, beginning at the left: 144-MHz receiver, 10.7-MHz
i-f, 455-kHz i-f, and audio; lower right is the VHF Engineering
144-MHz transmitter strip.

their enable inputs held high by U2C and U2D so the
outputs follow the input. Whenever the transmitter is
disabled, the okay to transmit (XMT OK) signal from
the transmit board goes high, setting U2C and U2D,
which causes the data latch enable line to go zero,
holding the data at that time. The frequency will be
displayed and held and used by the synthesizer as the
transmit frequency. The setting of U2C and U2D pro-
vides a pulse through U2A and U2B which then trig-
gers the CW ID.

When the ID finishes, it causes a reset pulse to be
generated from Q1 through C1 to reset U2C. On an
initial transmission, the CW identifier is triggered by a
positive pulse generated when U17 toggles. It is set
by a pulse generated through C7 when the XMT OK
line goes to zero, then resets through C6 the next
time the remote base key line is engaged.

The display portion of the board consists of six, 7-
segment LED displays. Digits M1 and M2 are hard-
wired so they always display one and four; the re-
maining displays are driven through current-limiting
resistors and decoder drivers connected directly to
the same data bus as the synthesizer. To reduce
power consumption, the display is strobed.

To control the data select ICs, the key line to the
transmitter is also connected to the input of Q2.
When the transmitter is keyed, the input to inverter
Q2 goes low; the output is inverted by USC, which
controls the data select chips U14, 15, and 16. When
the key is released, Q2 conducts, the green LED
(receive) is illuminated, the red LED goes out, and the
data select outputs return to the selected receive fre-
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quency. The green receive LED is inhibited whenever
a valid frequency has not been accessed.

The RCV OK signal is connected to one input of
U1A while the other input of U1A is connected to the
collector of Q2. The output of U1A, therefore, is held
low whenever the RCV OK signal is high (disabled),
regardless of the Q2 output.

miscellaneous circuits board

This board, fig. 6, contains the regulator chip and
the associated components to control the 5-volt pass
transistor, Also on this board is the keying control
for the remote transceiver, repeater keying control,
repeater audio inputs, and signaling generating
circuits.

The remote base is keyed by the repeater receiver
COS signal after it has passed through the transmitter
data latch and control board. The other keying input
is the CWID PTT output. The CWID gets it COR input
from the output of Q9, which allows it to ID during a
series of transmissions. A slight delay in dropping of
the remote transmitter is provided by C22 and CR12
to prevent the transmitter from dropping out because
of flutter on the 220-MHz input.

Repeater keying is provided from three sources:
the remote receiver (COS after it has passed through
the receiver data latch and control board), the signal-
ing circuits, and CWID. The remote receiver COS is
connected to the inputs of Q1 and Q3 after it has
gone through the receiver data latch and control
board. When a signal is being received by the remote
base receiver, this COS input goes low, Q3 is cut off,
and Q4 is driven into saturation.

The CWID PTT is coupled through CR13 and R12 to
Q4. When the ID is running, a positive voltage keeps
the repeater on the air and allows the |D audio to be
heard over the repeater.

The other input to Q4 is from the signaling circuitry
through CR6. Whenever one of the control functions
has been activated, a signal is returned to the opera-
tor through the repeater to let him know the status of
his controlling commands. These outputs are con-
nected to UTA for the OK signal, and U1B for the
ERROR signal.

When an OK signal is sensed, a short pulse is
developed across either C5 or C6 which results in a
short zero-going pulse at U1A output. The pulse is
connected to gates U2A and U2D. If there is an input
on the repeater receiver, it is assumed that the opera-
tor is still transmitting, causing the output of Q5 to be
high, blocking the pulse output of U2A. Since the
output of Q5 is inverted by U4C, the other input to
U2D will be low, so when the signaling pulse arrives,
it is allowed to pass through U2D and set U3A. When
the receiver COS is released, the Q5 output returns
low, sending a short pulse through C3 to reset U3A.



When U3A resets it sends a pulse through C10 to
trigger U7B.

If there was no input to the repeater receiver when
the signaling pulse appears on the output of U1A,
the Q5 output would be low, allowing this pulse to
pass through U2A and not through U2D, triggering
U7B. U7B is a one-shot timer which provides a pulse
to operate the tone generator U9, and key the repeat-
er transmitter through U5D and CR6. This results in a
short continuous tone to signal that either the receiv-
er or transmitter had been properly accessed.

If a valid frequency had not been accessed, how-
ever, an ERROR signal would be received on one of
the inputs. If there is no input to the repeater, U2B is
“allowed to pass this pulse to U4E, while U2C will pass
the pulse to U3B. U3B will then reset when the
repeater is no longer receiving a signal, sending a
pulse through C13 to U4E, U5B, and U4D.

When U4D output goes low, U6 counts the pulses
from U7A; this output is also coupled through U5C
to the tone generator U9 to provide a series of dits.
Once started, the BCD 8 output on the counter will
go to zero. This level is connected to one of the in-
puts of UBA; the other USA input is from U4D which
went zero with the signal-starting pulse. With both
inputs at zero, the USA output is zero. This is in-
verted in U4F and connected to the other U5B input.
This allows the counter to cycle through to the
eighth count where the output again goes high,
causing USA output to go high, eventually stopping
counter U6. The U4F output is also used to stop the
pulse generator U7A and key the repeater transmitter
through U5D, CR6, and Q4.

Audio from the remote receiver is connected
through R1 to Q1, which is controlled by the receiver
COS. This blocks the receiver audio when an invalid
frequency has been selected or the receiver has been
disabled. The Q1 output is coupled through C2 and
R5 into Q2. The output of the signalling generator U9
is also connected through R7, C3, R6 to Q2, while
the CWID is coupled through C15 and R35 and R36 to
Q2. This allows independent adjustment of the
receiver, |D, and signalling audio levels.

construction

The remote base was built into an LMB cabinet
(W-2J). The receiver, a VHF Engineering RX144B,
was assembled according to the manufacturer’s in-
structions, with the exception of a modification to
make the COS output go low upon the receipt of a
signal. This strip is mounted on the underside of the
chassis as shown in fig. 7. Two small potentiometers
were added to the VHF Engineering TX144B trans-
mitter for the line and mike inputs so that both the
levels and the deviation limit could be set. A VHF
Engineering PA144-15 power amplifier was used,

Top of the synthesized base showing circuit board place-
ment; boards, left to right, are data select and display,
transmit data latch, receive data latch, two-digit access.
CW ID, touch pad decoder, and VHF Engineering synthesiz-
er. Miscellaneous circuits board (fig. 6) is at lower right next
to the heatsink (on rear panel) for the 5-volt regulator. Heat-
sink for the power amplifier stage is hidden by the speaker
in foreground.

although the PA144-25 will also work. The amplifier
was mounted with its heatsink on top of the chassis
and the printed-circuit board with the components
below the chassis (see fig. 7). The double-pole,
double-throw relay (Magnetcraft W88X-7) mounted
next to the antenna connector is used to switch the
antenna and the 12-volt supply between the receiver
and transmitter.

The receive and transmit oscillator signals are fed
through phono connectors located on the opposite
side of the receiver. The volume and receiver squelch
controls are mounted between the exciter and front
panel.

The tone-pad decoder board, two-digit access and
control board, data latch boards, data select and dis-
play board, miscellaneous circuit board, and the
CWID and synthesizer are all mounted on the top side
of the chassis. A heatsink (Wakefield 641-Z) with the
2N3055 5-volt regulator transistor is mounted on the
rear panel behind the miscellaneous circuit board;
the 9-volt and 5-volt regulators for the synthesizer are
mounted without,heatsinks on the other side of the
rear panel.

The VHF Engineering SYN Il synthesizer board
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was assembled according to the manufacturer’s in-
structions with the exception that resistors R1
through R12 and R14 were not installed. The offset-
programming diodes, CR3 through CR8 are not
needed.

The eight feedthrough capacitors are used for the
following items (listed in order from the front to the
rear):

1. Local mike PTT

2. Transmit/receive relay
3. Transmit audio

4. 13.6-Vdc supply

5. Receiver audio

6. Receiver COS

7. Receiver speaker

8. Optional S-meter

When stuffing the two-digit control board (TDC
203), the control codes should be chosen and pro-
grammed; | used 71 (R1) for receive, 81 (T1) for
transmit, and 73 for disabling.

installation and interfacing

The 2-meter base was connected to a VHF Engi-
neering 220-MHz repeater. The repeater COS (low
state on) from the COR-2 board (PTT), along with the
audio from the repeater speaker line, are connected
to the audio and COS input lines of the remote base.
Initially the installation was made at a site which con-
tained one 2-meter repeater and another 220-MHz re-
peater. In addition, there is a 2-meter repeater
located approximately 0.4 km (1/4 mile) from the
remote base. The major problem is with the 2-meter
repeater located at the same site as the remote base,
although some interaction {(desense) aiso occurs
when the other 2-meter repeater is in use. Based on
these experiences, | recommend that the remote
base not be co-located with a 2-meter repeater. | also
recommend that the 220-MHz and 2-meter antennas
be located one above the other on the tower.

operation

For maximum versatility the system was set up to
allow separate dialing of the receive and transmit fre-
quencies. To dial the receive frequency, dial R {7 on
the tone pad) and the frequency desired, R147.340
for example. After the mike PTT has been released, a
short continuous tone will be heard, indicating that
the frequency has been successfully accessed (a
short burst of dots indicates the operator was unsuc-
cessful). When a valid receive frequency had been
accessed, any signals appearing on the remote re-
ceiver input will be heard on the 220-repeater output.

Once a frequency has been selected, then the
appropriate transmit frequency, simplex or repeater
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input, can be dialed starting with T (digit 8) and the
frequency, T147.940 for example. Again, shortly
after the mike key has been released, a signalling
tone should be heard which indicates either success
or failure. If it's success, any signals appearing on the
input to the 220-MHz repeater will be retransmitted
on the selected 2-meter transmitter frequency.

When the transmitter is used on a new frequen-
cy, it will transmit its ID on both the 2-meter remote
base as well as the 220-MHz repeater. The ID wiill
reoccur periodically during a series of transmissions
at a rate set by the control operator,

After a QSO is complete, only the transmitter can
be dropped, allowing the operator to monitor any last
comments from others by dialing the transmit access
code T1 (81), but no additional digits. When this is
done, the transmitter starts to reprogram, but since a
valid complete frequency is not received, a misdial
{error) is sensed and an ERROR signal is returned; the
transmitter identifies on the last frequency it used
and is then disabled, leaving the receiver on. The
receiver can be dropped by dialing the access code
R1 (71) and no further digits. The code 73 will drop
both the receiver and transmitter and return an OK
signal indicating successful receipt of that command;
this causes the remote transmitter to identify a final
time on the last frequency it used.

current result and the future

The prime purpose of this project was to encour-
age the use of 220 MHz by Amateurs in the Atlanta
area. Though the selection of 220-MHz rigs avail-
able is currently limited, | hope the demand for equip-
ment will stimulate an abundance of gear with the
many bells and whistles that are now available on
2-meter rigs.

Over a year ago there were two 220-MHz repeaters
on the air in the Atlanta area and only four people
using them; six months ago two more operators be-
came regular users but | was unable to convince
others to invest in 220-MHz equipment. Since the
remote base has been on the air, about fifteen new
operators have been added to the list, and this was
before demonstrations were given to the Kennehoo-
chee Radio Club and the Atlanta Radio Club.
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GP-58 RECEIVER
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portable

monoband shortwave receiver

with electronic digital
frequency readout

| have previously expressed my views on the
advantages of monoband receivers.!.2 This article
describes my latest effort in this regard. A portable
receiver design is shown with digital frequency read-
out. The front end covers 2.3-6.5 MHz without band-
switching. Frequency coverage can be extended by
changing the rf and mixer coils. Two frequency-dis-
play options are offered depending on the i-f chosen;
these are dubbed GP-58 and GP-59. The receiver
weighs about 3.4 kg (8 Ibs.), uses about $250 worth
of parts, and required about 450 hours to build.

general considerations

My sets are designed for portable operation, so
size and power consumption are of prime impor-
tance. Although frequency readout with mechanical
counters is attractive, much design and construction
difficulty occurs. Judging from reader response to
earlier designs,3 many prospective builders lacked
facilities to homebrew a set with mechanical digital
frequency readout within the standards set forth,

With the advent of electronic frequency counters
designed around CMOS ICs,4 it's possible to read fre-
quencies with an extremely low current drain, which
makes this method of frequency measurement suit-
able for battery operation. The physical size of CMOS
counters is also quite small, and they require fewer
components than the older TTL devices.

designs

If you're interested in receiving signals below 10
MHz (as in my case), frequency readout is extremely
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easy to implement by using a 9-MHz i-f. The MHz
digit is read on the VFO bandswitch knob and the kHz
numerals are read on the counter display (fig. 1). The
VFO frequency (12.015 MHz) is set equal to the
received frequency plus the i-f.

Note that, using this design option (the GP-58),
the readout is entirely digital yet only three LED dis-
plays are used. Counter current drain is reduced to a
bare minimum. The 9-MHz crystal filter is available
for about $50.00. _

An alternative design (the GP-59) employs elec-
tronic digital frequency readout by using a 10-MHz i-f
(fig. 2). This option offers more convenient frequen-
cy readout but at the price of more battery drain and
a custom-made 10-MHz filter. The 10-MHz crystal fil-
ter is available in the U.S. on special order for about
$80.00. It can be home built.5.6 The filter in reference
6, which |'ve tried, is particularly attractive. It uses
standard 10-MHz crystals.

A word of caution if you’re planning to use the 10-
MHz i-f: Some performance degradation may occur
because of WWYV signals feeding into the 10-MHz i-f
strip. The receivers are well shielded and use a trap
tuned to the i-f in the front end, but isolation may not
be sufficient where the WWV 10-MHz signal is par-
ticularly strong. In this case more elaborate shielding
may be required.

Despite the fact that the VFO operates in the 10-20-
MHz region, extremely stable operation occurs. (Sta-

By Jack Perolo, PY2PE1C, P.O. Box 2390,
Sao Paulo, Brasil
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fig. 1. Electronic digital frequency readout using a 9-kHz i-f.
Received signal is 3.015 kHz.

bility, sensitivity, and avc response are shown
below.)

construction

The photos show the GP-58 receiver and give
details for its duplication. A schematic is provided in
fig. 3.

Cabinet dimensions are 140 x 65 x 160 mm (5.5 x
2.5 x 6.5 inches). Cabinet material is 16-gauge stain-
less steel. The cabinet was formed on a steel press.
The main chassis and back panel are of 3.2-mm (1/8-
inch) aluminum. All shields are of 0.8-mm (1/32-
inch) thick aluminum. The PC boards are mounted
on 6.4-mm diameter (1/4-inch) pillars fastened with
M3 (4-40) allen screws.

frequency range

coil* description (MHz)
L1 18t on 5-mm (3/16-in) slug-tuned ceramic form 9.0
1.2, L3 6tand 55t respectively { Amidon T37-2 toroid) 2.3-6.5
L4 55t (Amidon T37-2 toroid) 2.36.5
L5 18t on 6.5 mm (1/4-in,) slug-tuned nylon coil form 9.0
L6 42t on 6.5-mm (1/4-in.) slug-tuned nylon coil form 9.0
L7 18t on 6.5-mm {1/4-in.) slug-tuned nylon coil form 9.0
L8 18t on 6.5-mm (1/4-in.) slug-tuned nylon coil form 9.0
L9 6t on 6.5-mm {1/4-in.) slug-tuned nylon coil form 9.0
L10 10t on 5.0-mm (3/16-in.) slug-tuned ceramic form 11.3-15.5

*all coils are wound with 0.3 mm (no. 28} enameled wire

Knobs are by National (Raytheon makes a similar
design). The antibacklash gear reducer is a British
import with a 1:100 ratio; the manufacturer is Muf-
fett, Ltd. The VFO capacitor is also a British import
{Windgrove and Rogers). The S-meter is a Japanese
import with a 1-mA movement. (The original dial was
replaced to show S-meter readings.)

The 9-MHz crystal filter is available from Yaesu
dealers. Its bandwidth is 2.4 kHz at —6 dB. The i-f
coils are made in Brasil and are about 15 x 15 mm (0.6
x 0.6 inch) with a 6.4-mm (1/4-inch) internal coail
form.

power supply

The power supply accepts both ac and dc. It has
been designed for portable operation, in which the
display can be switched off to reduce battery drain.
You can use a 12-volt ac supply or a 12-13 volt dc
source rated at 100 mA. Current consumption at 12
volts dc is 86 mA with the counter on and about 45
mA with the counter off. For portable use | operate
this set with a calculator power supply. The 13-volt
zener is a surplus item and, being of nonstandard
voltage, may be difficult to find. A 12-volt zener
could be used.

devices

The digital displays are Fairchild FND-357. ICs
7207 and 7208 are by Intersil {described in reference
4). Note that the 7207A is not a replacement for the
7207. The 74LS90 is a standard low-power Schottky
device available from many sources. Transistors BF-
255, BD-135, and BD-136 are Siemens; BF-115 is
Phillips. All other transistors are of U.S. manu-
facture.

performance

With the filter shown (bandwidth 2.4 kHz at 6 dB
down), overall sensitivity was measured at slightly
over 122 dB (while receiver tuned to 4.9 MHz):

front end and mixer 14 dB (including

filter loss)
i-f strip 70 dB
audio section 38dB

Operation is stable for the input-voltage range of 12-8

TO

I-F
‘ STAGES

VFO W COUNTER

L=
[ VA

fig. 2. Electronic digital frequency readout using a 10-kHz
i-f. Received signal is 4.016 kHz.

MIXER

4.016 MHz

14.016
MHz
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volts. At about 7.5 volts the counter becomes
unstable. Desensitization becomes noticeable below
9 volts, with overall gain dropping to about 100 dB.

Worthy of mention is the fast-attack, slow-release
avc response (also measured at 4.9 MHz):

input signal (mV) output (mV)
125 275
20 275
2 200

Counter frequency stability is excellent. Operation to
18-19 kHz was stable and reliable. (These are my
qualitative observations; they were not checked spe-
cifically.)

Overall stability was measured with a laboratory
frequency meter. After a 5-minute warmup (radio
tuned to 6.2 MHz), the frequency did not vary more
than +25 Hz during a 15-minute period. The key to
such performance is to operate the VFO transistor
with V.. at only 5.6 volts while selecting the best
capacitive feedback ratio (see fig. 3).

conversion to other frequencies

This set was designed for shortwave broadcast lis-
tening between 2.3 and 6.5 MHz; the Amateur 80-
meter band is therefore included. The Amateur 40-
meter band could be covered by appropriate changes
to the rf and mixer coils. For higher-frequency Ama-
teur bands the VFO range will probably exceed the
counter upper-frequency response. This problem

ARl |

Top view. At top left, near the S-meter, is the rf amplifier
board; at top right is the mixer board with the 9-MHz crystal
filter and matching transformer. The VFO variable capacitor
is at center right. Toroid coils are seen for the rf and mixer
stages. Below the VFO capacitor is the VFO bandswitch and
the tuning gear reducer. At bottom left is the CMOS frequen-
cy counter, which is completely shielded from all other
stages. On the frequency-counter board above the band-
switch shaft are the 74LS90 IC preceded by the two ampli-
fier stages (BF-255). The 5-volt regulated power supply is at
top left near the 1000-xF electrolytic capacitor, which is par-
tially hidden by the cable harness.
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Bottom view. The 12-volt regulated power supply is at top
above the tuning shaft. The af amplifier is at center left. The
rf 2-gang tuning capacitor is at bottom left. Below is the 9-
kHz input trap coil. The i-f double-sided PC board is in the
center. The tuning gear reducer is at top right; below it are
the padder and trimmer fixed capacitors, the VFO variable
capacitor and VFO coil, and the VFO board (bottom right). A
shield separates the VFO from the i-f board.

could be cured either by adding a prescaler to the
counter or by running the VFO below the input fre-
quency. Note that VFO operation above 10 MHz
requires the first two digits to be shown on the band-
switch knob rather than only one digit as shown in
fig. 1.

final remarks

| used particular care in this design to maintain low
current drain without sacrificing performance. The
LED displays are visible using a 120-ohm series resis-
tor as shown in fig. 3. The af strip was adjusted for
headphone operation with low quiescent current
(about 12 mA), yet it can deliver peaks of over 2
watts into a 4-ohm load.
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~ frequency counters.

useful battery life!)

MAX-100 is comfortable any-
where, monitoring nearby RF trans-
mitters with its built-in mini-whip
antenna. Or any other CW, AM, or
FM signal via clip-lead cable or ac-
cessory low-loss tap-off cable. Pow-
ered by your choice of alkaline cells
or rechargeable nicads with battery
eliminator/chargers that operate
from car cigarette lighter, 110 or 220
VAC mains.

CSC's incredible MAX-100
solves all your problems but one:
what to do with the $101 change

Smarter tools for testing and design.
CONTINENTAL SPECIALTIES CORPORATION

Call toll-free for details

1-800-243-6077

8:30AM-5:00PM Eastern Time



solid-state

vhf linear amplifiers

With the increasing use of single sideband on 2
meters and above, more solid-state linear amplifiers
are being built. The power range of these amplifiers
has been extended into the 80 to 100 watt per transis-
tor package class. However, a major difficulty occurs
since the existing market is almost exclusively class C
(land-mobile fm), with no linearity requirement;
Amateurs want the ruggedness of the land-mobile
components, with the additional features of linearity
and 4-MHz bandwidth.

distortion products in
linear amplifiers

Amplifiers have been in use since the inception o