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CALL US FIRST! CASH-IN ON

R

Sy o

FREE PHONE

800

854-6046

9:30AM to 5:30PM
PACIFIC TIME
Monday thru Saturday.

CALIF CUSTOMERS PLEASE
CALL OR VISIT LISTED STORES

FREE

SHIPMENT

(UPS Brown)
CONTINENTAL

ANAHEIM, CA 92801
2620 W. La Palma,
(714) 761-3033 (213) 860-2040

Between Disneyland & Knott s Berry Farm

BURLINGAME, CA 94010
999 Howard Ave., (415) 342-5757
S miles south on 101 trom S F Airport

OAKLAND, CA 94609
2811 Telegraph Ave., (415) 451-5757
Hwy 24 Downtown Left 27th off-ramp

SAN DIEGO, CA 92123
5375 Kearny Villa Road (714) 560-4900
Hwy 163 & Clarremont Mesa Blvd

VAN NUYS, CA 91401
6265 Sepulveda Blvd., (213) 988-2212
San Diego Fwy at Victory Bivd

OVER-THE-COUNTER
Mon. thru Sat. 10AM to 5:30PM

AEA<ALLIANCE + ALPHA - AMECO+ AMPHENOL - ARRL*ASTRON
*AVANTI-BENCHER+ BERK TEK:BIRD+B&W-CALLBOOK - CDE
+COLLINS:CUBIC ‘CURTIS « CUSHCRAFT « DAIWA - DATONG
*DENTRON *DRAKE ' DX ENGINEERING + EIMAC « HUSTLER
* HY-GAIN « ICOM * J WMILLER « KENWOOD + KLM + LARSEN
*LUNAR « METZ + MFJ * MICRO LOG * MINI - PRODUCTS
*MIRAGE * NYE + PALOMAR:ROBOT « ROMN « SHURE « SWAN
*TELEX * TELREX+ TEMPO-TEN TEC+ TRISTAO
YAE SU and many more'

5-STORE BUYING POWER!

FAST SHIPMENT POPULAR ITEMS FROM HUGE STOCKS.
QUANTITY BUYING MEANS TOP DISCOUNTS, BEST PRICES.

Amateurs world-wide are taking advantage of
our fast service and special prices.

SAVE substantially!
Call now for
your price

TR-2500 TR-7850 'I'S 8305
R.L. DRAKE NEW! YAESU FT-ONE
TR-7/DR-7 HF TRANSCEIVER

o Continuous receiver
coverage, 1.5-30MHz

e True passband tuning

o Standard 2.3kHz filter
w/space for 3 optional
crystal filters. push-
button selected

o Transmit coverage: All
amateur bands, 160 thru
10 meters. Optional pro-
gram board for MARS,
commercial, government, e Broadband, full solid-
future ham bands state design

o Up-conversion w/lI-F of
48.05MHz. Hi-level bal-
anced mixer front end for
supertor strong signal

¢ Rugged, built-in solid-
state power amplifier.

o SSB (w/USB/LSB), AM,

o General coverage receiver,
150kHz to 29.999MHz.

o Transmit coverage: Nine
present and proposed bands

o Keyboard freq. entry. Fully
digitally synthesized.
Main tuning dial or push-
button scanner in
10 or 100Hz steps.

e Dual VFO's

® Full CW break-in.

 Diode ring first mixer.

o Optional 600Hz or 300Hz
crystal filters

o Variable bandwidth.

o |-F shift

o Speech processor.

o Digital readout for VFO,
memory chan.,RIT offset.

o Noise blanker.
o 240W pep input, SSB.

handling performance CW, RTTY. o Up conversion w/first e 115/220VAC or 13.5DC
I-F at 73MHz operation.
CALL FOR YOUR PRICE
COLLINS/ROCKWELL
To ALPHA KWM-380

All ALPHA amplifiers are in stock
for fast delivery

CALL FOR SPECIAL PRICES

Limited quantity priced lower
than current dealer wholesale.

Prices are increasing!
PHONE TODAY. SAVE!

Prices, specifications, descnptions subject to change without notice

Calif residents please add sales tax
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~ D STILL MORE
USABLE ANTENNA
,NF 0 FOR YOUR
MONEY . ..

PLUS 30 Meters!

R-X Noise Bridge

Manuscripts

Contributions in the form of manu-
scripts with drawings andior photo- =
graphs are welcome and will be con-
sidered for possible publication. We
can assume no responsibility for loss
or damage to any material. Please
enclose a stamped, self-addressed

envelope with each submission. Pay- . ® Learn the truth about
ment for the use of any unsolicited b Butternut's new HFBV your antenna
material will be made upon accep- . o 7
tance. All contributions should be di- automatic bandswvitching ® Find its resonant
rected to the 73 editorial offices. . frequenc
“How to Write for 73" guidelines are vertical lets you use the q o Y-
available upon request. . . just it to our
entire 26-foot radiator @ = -
Editorial Offices: operating frequency quickly
ERaNs: on 80/75, 40, 30, 20 and and easily.
Ph::'o- m” umg';g”mmm 74 10 meters (full quarter- if there is one place in your station
¥ M ~ where you cannot risk uncertain
Ad'.m'"‘g Offices: WERE unl:)aded perforlr\ln results it is in your antenna.
N n meters). (¢}
s E""m BRCCES 5 s) The Palomar Engineers R-X Noise
Ph':nnl,m‘o OME0 lossy traps. Butternut's Bridge tells you if your antenna is
F VRTINS . . . resonant or not and, if it is not,
Circulation Offices: exclusive Differential ,,Av::e,h‘.:i si‘ ;snwo |:ng :‘; ,;,or ::‘::‘
q ™ g (] on asu
i E!mStrm ‘ Reactance Tuning  cir- reading. And it works just as well
P|°'b°'°“°" 03458 cuitry uses ruqgged ce- with ham-band-only receivers as
A0N24Te% q» Y . 99 with general coverage equipment
Sum"pﬂon Rates ramic capacitors and bec:pse it gi;es ‘:erfecit null
! | -diam If- - readings even when the antenna is
In the U'Y"“"’ States and Possessions:  plenezelia . ST SElEED not resonant. |t gives resistance and
mv:r:'&m’m porting inductors for reactance readings on dipoles,
Three Y: .00 By . inverted Vees, quads, beams,
ree Years (36 issues) $53 radiation efficiency and taulhaedl s, Aiooles and
Elsewhere: DX performance un- verticals. No station is complete
?"2:6;—”7'0‘8'; V‘:"‘,‘,’"%‘g‘v matched by conventional without this up-to-date instrument.
unds. Foreign surface mail—$35 3 . .
year only, US. funds. Foreign air multiband designs of Why work in the dark? Your SWR
mail—$62.00/1 only, U.S. funds. . meter or your resistance noise
e g cComparable height. bridge tells only half the story. Get
TO sublcrlbo, the instrument that really works,
nn.worch.nq. the Palomar Engineers R-X Noise
an address: Bridge. Use it to check vyour
p . antennas from 1 to 100 MHz. And
Write to 73 Magazine, Subscription use 1t in your shack to adjust
Department, PO Box 831, Famming- resonant frequencies of both series
dale NY ""37' For renewals and and parallel tuned circuits. Works
changes of address, Inciude the ad- : : better than a dip meter and costs a
dress label from your most recent For complete information
lot less. Send for our free brochure.
issue of 73. For gift subscriptions, in- . he HFBV &
clude your name and address as well concemning the
as those of gift recipients. Postmaster:
Send form #3579 to 73 Magazine. Sub. other Butternut produc.ts
scription Services, P.O. Box 931, Farm- see your dealer or write
ingdale, NY 11737.
Su votion for our free catalog.
probl':. or The price is $59.95 in the U.S. and Canada.
Add $3.00 Shipping/Handling.
qu‘."on: California residents add sales tax.
Write to 73 Magezine, Subscription Fully guaranteed by the originator
Department, PO Box 931, Farmingdale A .
NY 11737. Please include an address of the R-X Noise Bridge.
label. ORDER YOURS NOW!
73 Magazine (ISSN 0098-9010) is gb-
lished monthly by 73, Inc., 80 Pine
ona cias posags pad st Pteoer Bl e pere N Palomar
ond class postage paid at Peterbor
ough NH 03458 and at additional mail- ELECTRON'CB
ing offices. Copyright (c) 1981 by 73, co -
Inc. All rights reserved. No part of this °
S ngineers
wise reproduced without written per-
mission from the publisher. Microfilm GARY AIRPORT
oo s g s & o BOX 356E Rte. 2 Box 455, Escondido, CA. 92025
3 5 TN LRl A ey Phone: (714] 747-3343
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NEVER SAY DIE

editorial by Wayne Green

MORSE AND THE DEMISED
PLAIN LANGUAGE RULES

The FCC would probably have
been able to get amateurs to
buy the proffered plain
language rewrite of the ham
reguiations but for one major
miscalculation. Sure, there were
some aspects of the rewrite
which were in need of repairs,
but the one disastrous flaw was
SO enormous in the eyes of
amateurs that it sank the whole
project. This was the deletion of
97.1, the Basis and Purpose of
amateur radio.

All amateurs, whether walk-
ing around with an HT on the hip
monitoring the local repeater or
adding to the mess on 20 meters
with fruitiess calls in the
pileups, are proud of the fun-
damental reasons for the ex-
istence of our hobby. . .or ser-
vice, as the government likes to
call it. When the FCC tampered
with those magic words, they
brought us out of our corner
fighting.

Well, let's take a look at the
words. . .and the concepts in-
volved. Let’s think about them in
terms of our own personal con-
tribution to amateur radio and
see how we measure up. Let's
also mull over the place of
Morse code in this realm.

97.1(a) bids us to provide a
noncommercial communica-
tions service, particularly with
respect to emergencies. Fine.
Some of us do that on occasion.

Others make a career out of it.
Well, we don't need a half-
million active message handlers
either during or between
emergencies. We do need
enough traffic-handling training
so that whatever amateurs hap-
pen to be selected for an
emergency situation by chance
know what to do efficiently.
Thereis atendency to think of
traffic handling in terms of the
CW nets which pass around
endless streams of make-work
messages, racking up traffic-
handling scores for listing in
QST. If we are going to be more
honest about this, we have to
admit grudgingly that when the
chips are down, the emergency
communications for most situa-
tions are handled on phone via
two meters and repeaters. ..
something few amateurs have
had any real emergency experi-
ence with. One of the results of
this is a pathetically slow traffic
flow, with high percentages of
the time wasted in callsign ex-
changes, the endless repeating
of words spelled out letter by let-
ter, and the jamming of transmis-
sions by operators unfamiliar
with emergency traffic handling.
If you stop to think about it,
we are years beyond the time
when we should have estab-
lished a nationwide automated
traffic net on high-speed ASCI|
which would route and pass
along messages without any op-
erator being needed. The resis-

borough NH 03458,

CALL FOR ARTICLES

Are you a RTTY, SSTV, or fast-scan TV enthusiast? Share
your knowledge and enthusiasm with the rest of us by writing
an article about your favorite mode. We are ptanning several
special issues for later this year, so get cracking. Send your
submissions to: Editor, 73 Magazine, Pine Street, Peter-

tance, right from the beginning,
of the traffic organizations to
the use of RTTY has kept this
part of our “‘service” about 30
years behind technology. A
group of us developed and were
using automated message-han-
dling technigues in the late
1940s, only to find a fierce resis-
tance from the national relay
organization to any changes
from CW.

For emergency purposes,
where two meters is the op-
timum band for local com-
munications, we need hand and
mobile phone rigs, not Morse
code. With all due respect, there
are times when it is advanta-
geous to have a working system
which even a CBer can step in
and use if needed. Trying to
stick to code for such communi-
cations is featherbedding.

If we are ever going to set up
any serious emergency traffic-
handling system in this coun-
try...or the world (why think
small?). . .it is going to have to
be up-to-date. This means that
we are going to have to think in
terms of digital electronics and
microcomputers, with automat-
ic message pickup and relaying
and with error-correcting codes
which will ensure 100% copy at
all times.

Indeed, if we start working on
the elements of such a system
now, | believe that within five
years amateur radio can have an
emergency communications
system of which we can be
proud. Such a system, if it is to

work when really needed, must
be in everyday use. Only in this
way can we encourage the in-
vestment in equipment and
technology which is required
...an investment by amateurs,
not the government.

You know, if the worst should
happen, our country could well
be up the creek if we don’t have
a comprehensive system. I'm
talking about automatic polling
of stations in a net by the net
control, with all messages typed
in on a pocket-sized computer.
I'm talking about relaying via
repeaters, via satellites (ham
and commercial), and via low-
band links over any desired
distances.

Oneof the last things we need
in an emergency is to have to de-
pend on the handful of hams
who are good sharp Morse code
operators. You know as well as |
that at least 90% of the hams to-
day are not capable of copying
code at a reasonable speed
under emergency conditions.
Who are we trying to fool?

So much for 97.1(a). . . though
I will be writing more about our
responsibility to catch up with
technology for traffic handling
and emergency nets. Let's look
at 97.1(b) now. ..which has to
do with the amateur contribut-
ing to the advancement of the
state of the radio art. Well, we've
agood history of that, if you look
back far enough. In recent times
we have little of which to be
proud. Admittedly a good part of
the responsibility for this lies
with the FCC’s restrictive regu-
lations and inflexibility. But that
isn't the whole story by any
means.

Let me ask this...where
does Morse code fit in any pic-
ture of the advancement of the
radio art? Other than harking
back to the beginnings of radio
communications. . .before ra-
diotelephone was invented. ..
code plays little part in modern
communications. Advancing
technology has to do these days
with digital techniques, with
satellites, with microwaves,
with high-speed communica-
tions, and many other possible
new modes of communications.
Revering our roots is one thing,

$$ HOME-BREW CONTEST $$

You can win a cash prize and receive fame and fortune by
being a published author, all for telling us about your latest
home-brew project. See the rules on page 6 of the February,
1982, issue of 73 for the rest of the story.
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BIG performance, small size, smaller price!
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40 W, 15 memories/offset recall, scan,
priority, autopatch (DTMF)

M14 . memorize transmit

and receive frequencies

independently for non-standard

oftset. MO ... priority channel,

with simplex +600 KHz or

non-standard offset operation
® [nternal battery back-up for

memories. Requires four AA

Ni-Cd batteries, (not

supplied)

Kenwood's remarkable
TR-7850 2-meter FM mobile
transceiver provides all the
features you could desire,
including a powerful 40 watlts
output. A 25 watt version, the
TR-7800 is also available
TR-7850 FEATURES:

® 40 watlsoutput, with selectable
high or low power operation

® 15 multitunction memory
channels, easily selectable

with a rotary control, M1-M13
memorize frequency

and otfset ( t 600 KHz

or simplex)

™ N

e Extended frequency
coverage, 143.900-148.995
MHz in 5 or 10 KHz steps.

* Priority alert. Beep alerts
operator when signal
appears on priority channel.

¢ Built-in autopatch encoder
(DTMF). All 12 plus four
additional DTMF signaling
tones. (With simultaneous
push of REV switch))

e Autoscan of memones and
entire band. Scan resumes
automatically

* Front panel keyboard

e Compact size

sTer
e
[

TRIO-KENWOOD COMMUNICATIONS
1111 West Walnut, Compton, California 90220

| < e

wer supply ]
while charging. (Automat
op-in connections.)
gh impact plastic case
Battery status indicator
C switches for
keyboard and transmit
STANDARD ACCESSORIES:
Flexible rubberzed antenna
with BNC connector
400 mAH heavy-duty Ni-Cd
battery pack
AC Chmger

OPTIONAL ACCESSORIES:

e ST-2 Base station power
upply and quick charger
approx. 1 hr)

e MS-1 13.8 VDC mobile stand
charger/power supply

e TU-1 Programmable "DIP

Hiah t

e SMC-25 Speaker microphone
e LH-2 Deluxe top grain
owhide leather case

e PB-25 Extra Ni-Cd battery
pack, 400 mAH, heavy-duty

e BT-1 Battery case for AA
manganese of line cells

N

o \VB-? p ifi

¢ BH-2 Belt hook

® WS-1 Wrist strap

e EP-1 Earphone

e UP/DOWN manual scan of
entire band and memories
using UP/DOWN microphcne
(supplied)

* Repeater reverse switch

e Separate digital displays for
frequency and memory
channel

e LED S/RF bar meter

* Tone switch

Matching accessories for

fixed station operation:

e KPS-12 power supply (for
TR-7850)

* KPS-7 power supply (for
TR-7800)

Compact mobile speaker

Only 2-11/16 W x 2-1/2 H x
1/8 D (inches)

Handles 3 watts of aud
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but making a fetish of it is
something eise.

If we are going to live up to
97.1(b), it is about time that we
shelved the code concept and
encouraged amateurs to start
building, experimenting, and pi-
oneering new ideas. It is time we
got behind the magazines push-
ing this concept. It is time we
got these ideas into our clubs
and discussed them,

I would love to print technical
breakthrough articles as | did in
past years. | still remember the
Bill Ashby article on the Flying
Nose Lock...the Costas arti-
cles on double sideband, years
ahead of his time only because
amateurs failed to take the bait
and run with it. . .the paramet-
ric amplifier by Sam Harris, an

invention which changed the
long-range radar picture world-
wide.

97.1(c) is a *‘rule” which is
directed at the Commission, not
at amateurs. Pity, for this is one
of the most broken ruies in our
regulations. This one asks the
FCC to encourage and improve
the amateur service through
rules which provide for the ad-
vancing of skills in both com-
munications and the technical
phases of the art. We've never
had it so bad. If we had had any
real national organization, it
would have taken the FCC to
court and sued in the name of
the United States for several
billion dollars. . .which is what
has been lost due to the restric-
tive way the Commission has

handled the amateur service
.. .and totally ignored this rule.

Indeed, our country has lost
many billions just as a resuit of
the inept handling of the “incen-
tive licensing” proposals of
1963. How much business has
our country lost to Japan in
television, radio, and other elec-
tronics equipment in the last
few years? We are about one
million engineers and techni-
cians behind, today, as a result
of that proposal—as I've beefed
before.

Let’s move on to 97.1(d) in our
search for some ray of hope for
a need for code. This one has to
do with our providing a reservoir
of trained operators, techni-

Continued on page 118

\
THANKS FOR
SHOPPING AT HOT SHOT

Well...1CanDream,Can’t|?

cut in half!”

““We recognize your service to the community as a ham! Therefore, your bill is

by Bandel Linn K4PP

I
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HEATH
ND HAMS...

“PERFECT
PARTNERS”

Who builds the best Amateur Radio gear
around? You do! Taousands of Hams =ttest to
the reliable parformance, specifications a1d long-
term depend ability of Heathkit A ateur 2quip-
ment. Not to mention the thrill of airing a r g that
you've built with your own hands. The "ore than
200 Hams at Heath invite you to join th2fun

For over three decades, our unique “We won't
let you fail” philosophy has created a strong part-

nership between Hams and Heath, the world's ® 4O

leading electronic kit manufacturer. Heath is com- Heath klt

mitted to designing equipment and accessories

of the highest quality that will withstand the test

of performance — QSO after QSO. % P : g A/ ‘ A/ : £
Amateur Radio is an exciting, worthwhile hobby. mote M an

Starting and pursuing it with Heathkit equipment

is the best way to go. Our complete line can pro-

vide everything you need, from a basic Code For
Practice Oscillator and self-study License Courses T

all the way to a sophisticated station of operation
with remote capatulity. Pacesetter Amateur Radio -—

enthusiasts are even using Heath/Zenith com- 8‘
puters to design antennas, plot beam headings, ""7 ‘I
track OSCAR and transmit RTTY. Heath and ; b

Hams, once again. are ‘perfect partners”in a .
( e
",z/lr 3. 5 ] =] q
AL —t
o

new adventure

B gt
See the complete Amateur Radic line in [ " ‘\ . =3 — |
our latest catalog or visit your nearby
Heathkit Electronic Center* A
d . -
Where Heathkit products are displayed, sold and ~ny
serviced. See your telephone directory white pages A HEATHKIT ‘TOP-OF -THE-LINE' STATION: 1, SE-644A Remote VFO 2. SB-104A HF Trans
for the store near you. ceiver 3. SB-604/PS-1144 SSB Speaker and Powsar Supply 4. HOP-242 VOX/PTT Cardicid
Desk Mike 5. SB-634 Five-Function Station Console 6. SB-614 CRT Siation Monitor 7.
*Heath Company and Veritechnology Electromcs Corporation HM-2140 Dual HF Wattmeter 8.SB-221 2kW Linear Amplifier 9. Gua-anteed Seif-study Courses
are wholly-owned subsidiaries of Zenith Radio Corporation for Novice, General and Advanced Ciass Licensing 10. SA-5010 uMatic Merrory Keyer 1. H-89
The Heathkit Electronic Centers are operated by Veritechnolcgy All-in-One Computer Terminal 12. H-25 High-Speec Dot Matrix Line Printer 13. GU-1820 emer-

Electronics Corporation gency/remote Portable Power System

FR EE CATA LOG, Send for your free copy of the latest, colorful 104-page Heathkit Catalog by writing: Heath Company. Dept. 011-874.
a Benton Harbor, M1 49022. In Canada contact Heath Co., 1480 Dundas Street E., Mississauga. ONT L4X 2R7
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offer peonnance and versatility
for those who demand the ultimate!

TR7A Transceiver

* CONTINUOUS FREQUENCY COVERAGE — 1.5 to 30 MHz full
receive coverage. The optional AUX7 provides O to 1.5 MHz
receive plus transmit coverage of 1.8 to 30 MHz. for future
Amateur bands, MARS. Embassy, Government or Commercial
frequencies (proper authorization required).

¢ Full Passband Tuning (PBT) enhances use of high rejection
8-pole crystal filters.

New! Both 2.3 kHz ssb and 500 Hz cw crystal filters, and 9
kHz a-m selectivity are standard. plus provisions for two

R7A Receiver

* CONTINUOUS NO COMPROMISE 0 to 30 MHz
frequency coverage.

¢ Full passband tuning (PBT).

New! NB7A Noise Blanker supplied as standard.

* State-of-the-Art features of the TR7A. plus added
flexibility with a low noise 10 dB rf amplifier.

New! Standard ultimate selectivity choices include the
supplied 2.3 kHz ssb and 500 Hz cw crystal filters, and

additional filters. These 8-pole crystal filters in conjunction
with careful mechanical /electrical design result in realizable
ultimate rejection in excess of 100 dB.

9 kHz a-m selectivity. Capability for three accessory
crystal filters plus the two supplied. including 300 Hz,
1.8 kHz, 4 kHz. and 6 kHz. The 4 kHz filter. when used
with the R7A’s Synchro-Phase a-m detector. provides

New! The very effective NB7 Noise Blanker is now standard.
New! Built in lightning protection avoids damage to solid-state
components from lightning induced transients. and sideband selection to minimize interference potential.
New! Mic audio available on rear panel to facilitate phone patch ¢ Front panel pushbutton control of rf preamp. a-m/ssb
connection detector, speaker ON /OFF switch, i-f notch filter.

* State-of-the-art design combining solid-state PA, reference-derived calibrator signal. three agc release
up-conversion. high-level double balanced 1st mixer and times (plus AGC OFF), integral 150 MHz frequency
frequency synthesis provided a no tune-up. broadband, high counter /digital readout for external use, and Receiver
dynamic range transceiver. Incremental Tuning (RIT).

a-m reception with greater frequency response within a
narrower bandwidth than conventional a-m detection,

The System
¢ FREQUENCY FLEXIBILITY. The TR7A /R7A combination -y riate use of the TR7A's RCT control (Receiver
offers the operator, particularly the DX'er or Contester. fre-  Controlled Transmit). DSR is implemented by mixing the two
quency control agility not available in any other system. The ‘audio signals in the R7A
“Twins” offer the only system capable of no-compromise ' * ALTERNATE ANTENNA CAPABILITY. The R7A’'s Antenna
DSR (Dual Simuitaneous Receive). Most transceivers allow - Power Splitter enhances the DSR feature by allowing the use
some externat receiver control, but the “Twins" provide of an additional antenna (ALTERNATE) besides the MAIN
instant transfer of transmit frequency control to the R7A antenna connected to the TR7A (the transmitting antenna).
VFO. The operator can listen to either or both receiver's All possible splits between the two antennas and the two
audio, and instantly determine his transmitting frequency by system receivers are possible.

Specifications, availability and prices subject to change without notice or obligation.

See your Drake dealer or write

COMING SOON: New RV75 Synthesized VFO
for additional Information.

Compatible with TR5 and 7-Line Xcvrs/Revrs

¢ Frequency Synthesized for crystal-controlied
stabllity « VRTO (Variable Rate Tuning Oscillator*)
adjusts tuning rate as function of tuning speed.
* Resolution to 10 Hz ¢ Three programmabie fixed
frequencies for MARS, etc. * Split or Transceive
operation with main transceiver PTO or RV75

R. L. DRAKE COMPANY . 540 Richard Street. Miamisburg, Ohio 45342 » Phone (513) 866-2421 » Telex 288-017 * Patent pending



4 s
Ay

>

ansceiver:

il 1%,

COMING SOON:
I RV75 Synthesized VFO x
s featuring the Drake “VRTO” Ay

« Frequency Synthesized for crystal-controlled
stability « VRTO (Variable Rate Tuning Oscillator®})
adjusts tuning rate as function of tuning speed.
» Resolution to 10 Hz « Three programmable fixed
frequencies for MARS. etc.  Split or Transceive
operatlon with main transceiver PTO or RV75

With the new TR5
versatility and value are spelled D-R-A-K-E ...

The dynamic range of the TRS is unexcelled by any transceiver in its class. The TRS's
YNAMIC greater than O dBm third order intercept point (85 dB two-tone dynamic range) at 20
kHz spacing can be achieved only by the use of a passive diode-ring double balanced
RANGE mixer. Drake was the first to bring this technology to the Amateur market with a
high-level mixer in the TR7.

i~
'ib- =S —— e e = — = - —
'—". : When you purchase a TR5, or any Drake product, you acquire a product of the latest
- £ 3 g q 5 P
v ‘ production techniques. which provide reliable performance.
f‘, k ELIABLE Yet with a product as sophisticated as one of today's transceivers. after-sales
o SERVICE service is a must. Ask any Drake owner. Our Customer Service Department has a

reputation second to none.

Drake is the only Amateur Radio manufacturer who offers a full complement of

accessories to satisfy almost every desire the HF Amateur may have. This wide
ACCESSORIES selection allows any operator to assemble a station which meets his needs. and

assures compatible interfacing and styling instead of a desk full of equipment with
a variety of styling and poor operation as a system.

ILOW AT" Everyone wants to be heard! The accessory L75 and its 3-500Z (1200 watts PEP
input) and a decent antenna will do the trick. This rugged self-contained amplifier /

AMpLIFIER power supply will put the TRS on an even footing with the best of them.

The TRS and all Drake Transceivers. are backed by the best in engineering. The TR3
is the result of an extensive engineering effort. combining proven past techniques

E NGINEERING and ideas with new state of the art concepts.

As a result. the TRS will not be superceded by a new model every six months. It
represents a true radio communications value that will provide many years of
‘ operating enjoyment.
| &
Features, avallability and prices subject to change without notice or obligat on.

! Myw Drake:tealer
sl W or write for - 540 Richard St.. Miamisburg, Ohio 45342, LSA
'.",‘Wal information. R. L- DRAKE COMPW m. Phaone: (513) 866-2421 » T‘?'E’if..‘ee'm-7 >

=1 :
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The Porta-Peater —
the Instant Communicator

Mike Strange WA2BHB
PO Box 58
Pine Hill Nj 08021

Photo A. Field Porta-Peater hookup with FT-227 and Tempo VHF-1. This Porta-Peater is housed in
a minibox on a 19" rack panel (original prototype).
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— quick and easy does it

td Woznicki AC2A
Lake Tranquility
Andover N 07821

Clark Fishman WA2UNN
Lake Tranquility
Andover NJ 07821

mergency situations al-

ways seem to happen
where there is limited re-
peater coverage available
or limited HT range, or
when no one’s HT has a
crystal frequency which
matches anyone else’s
(sound familiar?). The Porta-
PeaterT™ solves these prob-
lems and provides capabili-
ty and versatility beyond
any commercially-avail-
able repeater package—
and for a lot less money.

The system is an audio-
driven command and con-
trol module which takes
any two rigs and converts
them into a QRP, frequen-
cy-agile, VOX-driven re-
peater with CW [Der, hang,
and cycle timers. All this
with absolutely NO modifi-
cations to any of the radios.
All connections are made
via the available audio in-
put and output jacks on the
radios. You can run any
mode, any band, cross
band, etc. Do whatever
your heart desires! You are
limited only by your imagi-
nation and the FCC for
Porta-Peater applications.



A complete Porta-Peater
should run you less than
$100 for all new parts in-
cluding an enclosure (but
no printed circuit board).

Photo A shows a Porta-
Peater field repeater in ac-
tion. Notice the simple in-
stallation. This one is set up
on two meters.

Birth of Porta-Peater

The idea for Porta-Peater
came from AC2A’s desire to
be able to erect an instant
repeater at hamfests on a
frequency fitting most of
the HTs in use that day.
Since one could never be
sure who would be along on
the day of a hamfest, there
was no way of knowing
whose rigs would be avail-
able to build into a tempo-
rary repeater. This meant
no modifications could be
made to anybody’s unit. Al-
so, we were too cheap to
want to invest $600 in a
fixed-frequency repeater
for what basically was just
playing around.

Photo B shows the first
Porta-Peater. It was a sim-
ple control system with
IDer capability but limited
timer ability. It was set up
at a local Philadelphia ham-
fest using a Tempo VHF
One-Plus, a Yaesu FT-227R,
and two separate Larsen 5/8-
wavelength antennas about
fifty feet apart (one on the
ground, the other about 10
feet up). Both rigs were set
to low-power output. Fan-
tastic! Everybody liked it
and used it. We switched
frequencies, splits. You
could do whatever you
wanted, with limitations
depending on what rigs you
used, not the repeater con-
trol.

Passersby suggested us-
ing split band/mode, etc.,
and its application to emer-
gency usage. This thing was
really more than just a toy.
It had the makings of being
the basis for an instant emer-
gency repeater system, with
super possibilities. With the
Porta-Peater, you could put

a repeater on the air as fast
as you could hook up two
audio cables and two an-
tennas.

Porta-Peater | was a
hand-wired, non-reproduc-
ible model with diode ma-
trix 1Der. Definitely not the
stuff articles are made of. It
was ugly, but it did work
and work well. Porta-Peater
Il had a nice PCB layout
with a new PROM CW [Der.
It looked good, worked
lousy. Six months (part-
time, with spurts of
midnight-oil genius) were
spent creating Porta-Peater
111 which looks good, works
well, and is capable of be-
ing reproduced by other
hams. Photos C and D show
a boxed unit, and Photo E
shows a rack-mount ver-
sion.

Theory of Operation

The basic concept be-
hind the Porta-Peater was
the creation of a repeater
by taking any two readily-
available amateur radios.
One rig acts strictly as a
receiver and the other as a
transmitter. Fig. 1 is a
schematic representation.
One rig (any band/mode) re-
ceives an incoming signal; it
is taken off the external
speaker jack and fed into
the Porta-Peater. Here it is
amplified, and the audio is
used to trigger the other
rig’s transmitter (any band/
mode) line via the Porta-
Peater VOX. Incoming au-
dio also starts the time-out
timer. A separate internal
timer controls the CW IDer
cycle. Porta-Peater is an in-
terface link between the
audio output jack of one rig
and the microphone jack of
the other rig.

If you use two 2-meter
rigs, a duplexer is not neces-
sary since separate TX and
RX antennas work quite
well with about 40 or so
feet between them at QRP
levels. The quality of the
particular rigs in use (front
end specs) determines indi-
vidual antenna-spacing re-
quirements. Also, since the

r 2

Photo B. Inside view of first unit from Photo A. CW [Der
takes up most of box. Control system is in front.

emergency usage of the
Porta-Peater is based on the
fact that you don’t know in
advance what bands on
which you may be setting
up a repeater (6, 2,1-1/4, 3/4,
etc.), a carload of duplexers
in one’s back seat generally
is not appreciated by the
family. Also, it ain't cheap!

The Porta-Peater would
be extremely effective in
hooking up a VHF link into
a low-band rig command
center via a repeater, with
easy crossband communi-
cations. Since the system is
VOX driven, you could cre-
ate multiple-rig and repeat-
er systems in any configura-
tion needed. Just keep a
supply of audio jumper ca-
bles handy.

Circuit Description
The Porta-Peater circuit

LOCAL MIKE

1

AUDIO

is composed of six basic
functions: a local mike
amp, VOX amplifier, VOX
trigger, reset timer, 1D timer,
and a selectable four-mes-
sage PROM CW {Der. All
circuit symbols are on Figs.
2 and 3. Audio from a re-
ceiver source is fed into an
input transformer (T1),
which provides a voltage
transformation of 5-to-1 to
drive the LM 3900 amp (sec-
tion U1A), and the audio in-
put of the transmitter. The
LM3900 is a quad Norton
current-mode amplifier.
U1A and U1B form the VOX
system. The VOX also can
be triggered by closing the
local PTT contact, which
removes UTA pin 3 curient
bias and turns the VOX on.
R2 and C1 form the hang-
timer components for VOX
hold-in.

IN

RECEIVER

PORTA—PEATER

TRANSMITTER

Fig. 1. System layout shows how simply a portable system

can be constructed.
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Fig. 2. Schematic of command and control logic for the Porta-Peater.

UTA output is normally
low, which defeats the 555
timer, U2. The presence of
an audio signal at U1A pin 2
shifts pin 4 to Vcc and en-
ables the timer. U1B inverts
the audio signal and pro-

vides a negative pulse
through C3 and triggers U2
on, which is the 1-minute
(adjustable via R9 and C7)
time-out timer, and drives
PTT relay RY1 on. Time-out
timer U2 resets every time

the VOX reset line goes low.
D2 serves to isolate U2
from spikes due to RY1
operation.

Q1is arelay driver driven
by the CW ID source. The
emitter follower is held rea-

sonably high between ID
pulses by R23 and C15. The
5-minute ID timer (adjust-
able via R24 and C17) is
keyed by the VOX but is not
reset by the VOX. When the
5-minute timer runs out, if

Photo C. front view of the third version unit with four se-
lectable IDs.
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Photo D. Inside view of the same unit shown in Photo C.
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the Porta-Peater is not in
use, U1C inverts the falling
pin 3 pulse and provides a
positive trigger output to
turn on the CW IDer, which
in turn drives Q1 on and
turns on the transmitter for
the final ID as required by
the FCC.

The CW IDer is based on
an 825126 PROM, which is
a 4-by-256 device. In the
PROM, 1 bit is a dit and
space, 3 bits a dash and let-
ter space, and 7 bits a word
space. The message is
played back from memory
by being sequentially ad-
dressed by the 4020 binary
counter driven by one half
of the 4011 in an oscillator
mode. The particular 256-bit
message grouping is select-
ed by switching pins 12, 11,
10, or 9 of the 825126. The
output is combined with
the clock signal in the re-
maining NAND of 4011 and
available as a tone at the
10k pot. The output is ad-
justed to provide drive as
needed.

Burning the messages in-
to the PROM is not particu-
larly easy unless you are
equipped to do it properly.
If you don’t have a PROM
programmer, it is best to
buy a chip and have the
supplier burn the memory.
Any IDer will work with the
Porta-Peater (i.e., diode ma-
trix, or other PROM/ROM
types) as long as an audio
output signal and an exter-
nal trigger input line are
available. The original
model used a VHF Engi-
neering kit. Alternatively,

[y
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Fig. 3. Schematic of CW IDer. Any IDer can be used with the basic system shown in Fig. 2.

you can build the system
without any IDer at all and
use voice ID.

The circuit as designed
uses an isolated single-pole
relay for switching. Depend-
ing on your radio, you may
have to use an SPDT relay
for electronics-switched ra-
dios to move 12 volts from
the RX to TX enable lines.
For relay-switched rigs,
simply use the SPST to com-
plete the relay circuit in
your radio.

Construction

The latest version of the
Porta-Peater is mounted on
two printed circuit boards,
a mother and a daughter
board. The mother board is
shown in Photo F. Most of
our units used a hand-wired
panel instead of a daughter
board. The mother board

)
o)

Q.
o]
o)

Photo E. Rack-mount version of the Porta-Peater.
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contains all of the com-
mand, control, and ID func-
tions. All signal 1/O, ground,
and power buses are
brought out to a standard
0.156-inch, 22-pin edge card
connector. The daughter
board interfaces to the
mother board via the con-
nector, or you can bhand-
wire the two boards
together

The daughter board has
the TX LED, audio input
jack, PTT output jack, local
mike jack, ID-message-se-
lect switch, and ID-test
switch mounted on it. This
approach makes for a de-
sign that can be put in vari-
ous enclosures easily with-
out rewiring. Photo F shows
how jumper wires were used
instead of a daughter board.

The selection of enclo-

Symptom
1. Erratic time out 1.
2. Erratic ID timer 2.
3. Erratic VOX or 3.

Possible Cause
Leaky tantalum
Leaky tantalum
LM3900—low gain

sure is a matter of personal
choice. The only require-
ment is that it be reason-
ably rf tight. The last thing
you need is rf floating
around inside an audio-fre-
quency-control system.

Cable Assembly

Two interface cables are
required to use the system
One is a shielded audio line
and the other is a four-con-
ductor microphone push-
to-talk line. Since normally
you will use the Porta-Peat-
er physically close to the
two rigs forming the repeat-
er pair, a short convenient
length is all that is needed
Two-foot lengths are a good
starting point.

Most newer transceivers
use subminiature jacks for
external speakers. The jack

Fix

1. C7

2. C17

3. LM3900, or

distorted audio at Vcc remove protective in-
put diode to raise
Vcc by 0.8 V
4. No ID 4a. No clock 4a. 4011
4b. No count 4b. 4020
4c. No data 4c. 825126
4d. No audio 4d. 4011
4e. No trigger 4e. 2N2222,
MPS6516
5. Erratic ID 5. Poor voltage 5. LM309K

Regulation

Fig. 4. A troubleshooting chart of symptoms, causes, and

possible fixes.
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Fig. 5. Layout (a) shows a typical 2m hookup, and (b} a 3-band input command center. All in-
puts show up on 146.94 out. Mode has no effect on the system (i.e.,, CW, SSB, FM).

on the audio input of the
Porta-Peater is also sub-
miniature. Therefore, make
up or buy a shielded jumper
with subminiature connec-
tors at both ends. In order
to cover more possibilities,
you might want to purchase
several connector convert-
ers to change the subminia-
tures to PL-55 or whatever
you have. Remember, the
cable must be shielded.
The Porta-Peater uses a

Photo F. Populated printed circuit board with externally
mounted IDer on right side. Final version was all on one

board.
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standard 4-pin, screw-on
microphone plug. Again,
most new rigs use this type,
also. It is important that
you make up this cable with
the proper pin assignments.
If you know in advance
with which rigs you most
likely will be using the

Porta-Peater, you can make
up a couple of dedicated
jumpers. Alternatively, a
small minibox can be made
with a terminal block inside

and the proper jumper as-
signments made for the rig
to be used. Fig. 6 shows a
possible design. This ap-
proach permits fast and
easy field changes. Again,
use only shielded cable

Circuit Assembly

Figs. 2 and 3 show the en-
tire circuit for Porta-Peater
HI. PCB construction is
recommended but not re-
quired. (A commercially-
manufactured PCB is avail-
able for purchase; write
WA2BHB or AC2A for infor-
mation.) Any type of perf-
board assembly is fine. Lay-
out is not critical except for
isolating the inputs and out-
puts of the high-gain
LM3900. Parts substitutions
can be made except for the
low-leakage tantalum ca-
pacitors. These must be
used where specified be-
cause otherwise the circuit
performance will be de-
graded or it will not work at
all.

Alignment and Adjustment

The adjustments of the
audio gains on the Porta-
Peater are set to the partic-
ular rigs it is connected to.
Simply hook up two rigs as
per the schematic in Figs. 1,
2, and 3. Apply power and
adjust for best audio. Select
your ID message, push to

test, and you are finished. If
things don’t seem all peach-
es and cream, perform trou-
bleshooting procedures.

Troubleshooting

If your unit does not
function, use the fail/cure
list in Fig. 4 and you should
be able to home in on the
problem in a few minutes.
(This list assumes that you
have previously looked for
broken connections and
bad solder joints and taken
corrective action.) Before
taking apart your unit, be
sure you have checked and
tried the full range of ad-
justments on all the pots for
gain, output, and oscilla-
tion on the Porta-Peater.

Field Hookup

In a field installation, all
that is needed is two rigs
and a 12-volt source to set
up a Porta-Peater repeater
Remember, you can config-
ure any setup you wish by
proper interconnection of
the audio output and mi-
crophone PTT lines to the
rigs in use. The Porta-Peater
gives you the capability to
set up a reasonably sophis-
ticated communications
network based simply on
whatever random collec-
tion of amateur rigs hap-
pens to be available in any
emergency situation. Fig. 5
shows some configuration
possibilities.

For a typical 2-meter
QRP repeater setup, follow
these instructions:

1) Select the rig to act as
a receiver.

2) Set the desired input
frequency on this unit.

3) Run a jumper from the
external-speaker jack of the
receiver rig to the audio-in-
put jack of the Porta-Peat-
er.

4) Connect the PTT-mi-
crophone-output jack of
the Porta-Peater to the mi-
crophone-input jack of the
rig selected as the transmit-
ter. Make sure all ground
audio and switching lines
are wired correctly; other-
wise the system will not
work or could damage the



units. Set up the transmitter
frequency

5} Apply +12 volts to all
units

6) Set the receiver squelch
to the desired trigger level

7} Adjust the receiver vol-
ume control (when receiv-
ing a signal) to a level which
doesn’t overdrive the Porta-
Peater and distort the trans-
mitter signal (a quick on-
the-air check is best; mon-
itor with an HT).

8)Turn the volume on the
transmitter rig to low or off
(volume, not power).

9) Locate antennas for
minimum interference and
overload. (See Antenna Set-
up Hints.)

10) Operate and enjoy!

Antenna Setup Hints

If you want frequency
agility and you are not us-
ing a duplexer, all of your
isolation comes from anten-
na separation. Our standard
setup uses two 50-foot
lengths of RG-8 coax and a
pair of 10-foot poles. One
pole is aluminum, the other
is bamboo. The two poles
are lashed together, with
the bamboo on top. A ver-
tical dipole is made from
the RG-8 by turning down
the braid 19 inches leaving
the insulated center con-
ductor as is. This forms a
bazooka dipole for one an-
tenna; the Larsen 5/8 wave-
length is used for the other.
A 1/4 wavelength can be
used, but in either case,
ground-level mounting is
employed

In our field trials, it did
not seem to matter which
antenna was used for re-
ceiving or transmitting. You
probably will want to try
the different combinations
for yourself in case there is
some incremental improve-
ment for a particular loca-
tion. Under any circum-
stances, the two antennas
should be separated as far
as possible or until desensi-
tization ceases. 1 often
bring up the Porta-Peater
before laying out the anten-
nas, then, while the rig is

~See List of Advertisers on page 130

madly squealing, walk the
ground-level antenna away
until the squealing stops

In severe space-limita-
tion situations, we some-
times put an attenuator in
the receiver transmission
line and eliminate desensiti
zation by lessening receiver
sensitivity. It is very easy to
get radio coverage of a
hamfest (i.e., several acres)
when a 10- to 20-dB pad is
ahead of the receiver

Operating Notes

One of the things dis-
covered in using the Porta
Peater with various 2m rigs
was how really poor many
amateur and commercial
transceivers are in terms of
their rf tightness. Several in-
stances occurred where we
thought the Porta-Peater
was not performing right
and was causing problems
but found out that it was a
manufactured rig which
was at fault. Microphones
with unshielded cables, no
12-volt lead rf bypassing,
and plastic cabinets or face
plates all contributed to
problems. In a high-density
rf environment (like the
Dayton Hamvention), a rig
which is not truly rf tight
will give a lousy perfor-
mance

Therefore, if the Porta-
Peater exhibits problems
which could be contributed
to rf leakage, check the rigs
you are using first. A tight
enclosure, with shielded
and bypassed leads, will
make a world of difference

Pocket Porta-Peater?

The development and
construction of this unit
was really a challenge for
us. Generally, it was fun
(although WA2BHB seems
to have less hair now than
at the beginning of this proj-
ect!). However, since the
Porta-Peater was designed,
icom has, of course, come
out with its new |C-2A syn-
thesized HT. So, if we had a
miniaturized Porta-Peater
and two IC-2As, we literally
could have a pocket-sized

_ ~—
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AW\ Bo‘ / !
i INPUT TO
PORTA-PEATER A
2 )
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GND 2 2 ~ /—.f 0‘;3_‘
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r\'_"',]\ pTT | 1 ———|- PLUG
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INSIDE DETAIL

MAKE PROPER CONNECTIONS TO CORRESPOND TO \}

PINOUT OF RADIO MICROPHONE PLUG |

N USE -

Fig. 6. A jumper box will solve the problem of a fistful of
audio cables. Use shielded box and cables only.

repeater that was no less
frequency agile!

Well, the Pocket Porta-
Peater is in development. It
uses a lower current drain
1Der, advanced IC VOX sys-
tem, is smaller in size, but it
does cost more (unfortu-
nately, some smaller parts
cost more than their bigger
brethren). However, if you
don’t need to carry a re-
peater in your pocket, the
present version represents
the best bet

Follow-Up

I will gladly answer any
questions on the Porta-
Peater, but you must in-
clude an SASE if you expect
a response. Please remem:
ber, I'm a ham, not an elec-
tronics engineer, so the
quality of answers must be
gauged accordingly. 73s,
and | hope you have as
much fun with your Porta-
Peater as we have had with
ours. B
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J. Vander Ryd VE3CYC
38 Audubon St. S.
Hamilton, Ontario
Canada L8} 1}7

Amateur Television’s Stripper

— a home-brew star

(Ed. Note: For further information about this article, readers should consult the “Corrections” section of this issue.)

f the many different

ways in which radio
amateurs participate in our
wonderful hobby, amateur
television is probably one
of the least understood by
the general ham popula-
tion and virtually unheard
of by the general public. 1
am not referring to slow-

scan TV, but to old-
fashioned, regular fast-scan
television

Since | was actively in-
volved in TV broadcasting
about twenty years ago, in
the days of black and white,
I knew of the limitations in-
volved. We used to pump
out 16 kW of visual rf and

about 10 kW aural and
were happy to be informed
that some viewers 40 miles
away could still actually
see us, which was not
always the case. You can
see that | was always very
skeptical of the concept of
amateur television. What
was the point of proving

Photo A. The completed ATV converter.
20 73 Magazine * March, 1982

that we could squirt a live
picture a few blocks away?
Big deal, right?

Now | am here to tell you
that 1, and anyone thinking
along the same lines, could
not be farther from the
truth. About five years ago,
one of our local club
members found out that |
was trying to build my own
TV camera and talked me
into experimenting with
some simple ATV equip-
ment. After puttering
around for a few weeks and
optimizing a 6-element
yagi, commercial TV con-
verter, and a %-Watt,
6)6-type free-running
modulated oscillator, we
actually managed to work
over a path of thirteen
miles. We were so en-
thusiastic that we wrote ar-
ticles to several club
bulletin editors to mark this
great local breakthrough.
There was no turning back
now. | proceeded to push
ATV from then on by
demonstrating at ham
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clubs, hamfests, shopping
malls, etc., and lecturing
others on the pros and cons
of ATV.

| have learned a great
deal since that early begin-
ning and, so, would like to
pass on some heipful infor-
mation to other hams who
might want to follow in my
footsteps.

First of all, ATV is not for
everybody. | have seen
many people come and go
over the years. If you are
not really that much in-
terested in the workings of
radio, from a scientific
point of view, then forget it.
Even if you buy all your
equipment readv-made and
get involved with your local
ATV gang, you would soon
lose interest because all
they ever talk about and
show you are ATV parts, cir-
cuits, theory, etc., until it
comes out of your ears.

There are times when no
one will be on, and that's
usually when you want to
demonstrate to your friends
that you own channel 13V:
and can do the same as
your local station, only bet-
ter. Other times, you may
want to tune up your new
preamp and find no one on;
it can be frustrating. But
there are times when
another ATVer calls you on

7 osi2v

Fig. 1. ATV converter schematic.

the land-line (or on 2
meters) and tells you that
the band (70 cm) is wide
open because the UHF TV
stations are coming in like
gangbusters. You will then
drop whatever you are do-
ing and get on the air right
away, only to find out that
all hell has broken loose on
ATV —everybody and his
brother seem to be coming
in on a night like that.

You find yourself looking
at a lot of co-channel in-
terference, sometimes three
stations at once. You turn
your beam like crazy trying
to separate them, while ev-
erybody is asking you via 2
meters to switch your trans-
mitter on as well. You go
bananas trying to videotape
and play back, make pic-
tures with your Polaroid,
and keep track with your
log sheets while simulta-
neously panning cameras,
showing logos, etc. These
openings occur more fre-
quently than one might ex-
pect, depending a lot on
your geographical location.

Around the Great Lakes
region, we have a lot of
thermal inversions. During
the warmer weather from
early spring to late fall, |
can work W3POS in Erie PA
at least a few times a week,
and we are 85 miles apart.

NOTE A
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.
,Enr
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.
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NOTE THELETTER'M" INMCL-SBL- |
ISLOCATED OVER PIN# 2

L]

OLDER MODULES|
HAVE COLORED
DOT AROUND
PIN®E |

.
BOTTOM VIEW

L

2 4

6 L}

Fig. 2. Double-balanced mixer hookup details.

Last year, | worked W9ZIH
in Chicago IL, which is 420
miles away from me. | also
have seen K9KLM and
N9AB who are up to 440
miles away from me. (See
December, 1979, 73 Maga-
zine Letters, p. 226, or No-
vember, 1979, A5 Magazine
for more details.)

With my present setup, |
can work stations within a
50-mile radius quite com-
fortably. | put out 50 Watts
of rf on 439.25 MHz, with
sound on the video carrier,
into a compact skeleton-
slot antenna. (See March,
1969, CQ Magazine for
more details.) | usually can
see a 10-Watt station quite
well, providing he uses a
good antenna system and is
not located at the bottom
of a pit.

In an attempt to see how
low we could go, VE3QF in

ﬁi ﬁi
X

/

] P

l

i % KEEP
#~ SHORT

son 7~ S SOLDER

)
Eﬁ

Fig. 3. RG-174 coax prepara-
tion and installation.

Toronto, Ontario, reduced
his power to 50 mW into a
set of four 27-element yagis
and his picture frame
would still lock in at my TV
set. The picture quality was
P% (P5 being absolutely
snow free) and we were 50

73 Magazine * March, 1982 21




TO | F
AMPLIFIER

TO LF
AMPLIFIER

(b)

Fig. 4. Mixer installation
details. (a) Double-balanced
mixer. (b) UHF diode mixer.

SIDE OF

TUNED
STRIP LINE
-

3’8 AUTOMOTIVE RING TERMINAL

BENT OVER 90* AND SOLDERED

TO FOlL
Fig. 5. BNC connector
mounting.

miles apart. So, you see,
with the converters,
preamps, and antennas we
use nowadays, ATV is really
worthwhile. After all, a pic-
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Fig. 6. 12-volt power supply.

ture is worth more than a
thousand words.

You, too, can do it, for it
doesn’t have to cost you an
arm and a leg. If you are a
newcomer to this TV game,
make sure that there is
local interest; find at least
one other ATV fanatic. You
will need at least one other
person that you can count
on for testing, adjusting,
and fiddling with your
video and audio equipment
— it takes two to tango. Just
two stations can keep busy
for days, pruning and tun-
ing. And when you drop
that sharply-tuned con-
verter, everything is out of
whack again and you are
set for another night of fid-
dling. When you’ve got a
whole group on, you can
take turns hamming it up
making "Pink Rose Tea”
commercials, putting on

wigs or crazy caps with
badges, and showing all
your empty 807s.

As with any other mode
of communication, the first
thing to do is to be able to
receive well enough. No
point in playing around
with old-fashioned UHF
television converters, unless
you are prepared to hang
two or three preamps in
cascade between it and the
antenna. You can waste a
lot of time this way and
finally give up in disgust. If
you can get ahold of a
varactor UH tuner from a
late-model TV set, you
might be better off, al-
though you still need addi-
tional amplification. Some
of them will tune right
down to 439.25 MHz and
lower.

Unfortunately, the out-
put frequency will only cor-

respond with your TV set’s
video i-f frequency, which
means you have to modify.
Besides that, you do not
take advantage of your TV
UHF tuner’s gain and selec-
tivity. You also could build
an ATV converter from
various kits that are adver-
tised in some ham publica-
tions, but my experience
tells me that you will still
need more amplification
and selectivity.

Among the best preamps
that | have built over the
years were the ones that
used tuned lines. The prob-
lem with them is that they
are a bit tricky to make.
You’ve got to be a combina-
tion of plumber and sheet-
metal worker and you’ll still
end up with an amateur-
istic-looking contraption.

A couple of years ago
(during a quiet ATV night),
an idea came to me. Why
couldn’t | use stripline
techniques instead of gas
pipes and sheet copper?
After all, they use it on rf
power amplifiers for VHF
and UHF. | decided to take
one of my pet construction
articles (see 1971 ARRL
Radio Amateur’s Hand-
book, page 417), of a
432-MHz preamp, and con-
vert the tuned-line dimen-
sions to stripline. | ended up
with a printed circuit board
that was a two-dimensional
copy of the original three-
dimensional preamp.

After | completed the
new preamp, it took me a
while to get things stabi-
lized, but | got it working
—surprisingly well, I might
say. As a matter of fact, the
results were so impressive
that | supplied a number of
ATVers in the area with
similar preamps. I’'ve made
a few more since then, each
time changing the dimen-
sions a little bit; the objec-
tive was to make it smaller
and simpler. Eventually it
evolved into a complete
converter.

The converter (Fig. 1)
which will be described in

Reader Service for facing page . 5—



BLAZING THE FRONTIER OF
MICROCOMPUTER

COMMUNICATIONS

' SUPERIOR
COMMERCIAL GRADE
2.METER FM TRANSCEIVER

S 4

FREE !
TOUCH-TONE"
PAD KIT INCLUDED

COMPARE THESE FEATURES WITH ANY UNIT ATANY PRICE

. 8 MHZ FREQUENCY COVERAGE, INCLUDING CAP/MARS BUILT IN: Re-

ceive and transmit142.C00 to 149.995 MHz in selectable steps of5 or 10 kHz.

. SIZE: Unbelievable! Orly 6% by 2%" by 9%". COMPARE!
. MICROCOMPUTER CONTROL: All frequency control is carried out by a

microcomputer.

. MUSICAL TONE ACCOMPANIES KEYBOARD ENTRIES: When a key is

pressed, a brief musical tone indicates positive entry into the microcomputer.

. PUSHBUTTON FREQUENCY CONTROL FROM MICROPHONE OR

PANEL: Frequency is selected by buttons on the front panel or microphone.

. 8 CHANNEL MEMORY Each memory channelis reprogrammable and stores

the frequency and offsat. Memory is backed up by a NICAD battery when
power is removed.

. INSTANT MEMORY 1 RECALL: By pressing a button on the microphone or

front panel, memory ctannel 1 may be accessed immediately.

. MEMORY SCAN: Memory channels may be continuously scanned for quick

location of a busy or vacant frequency.

. PROGRAMMABLE BAND SCAN: Any section of the band may be scanned in

steps of 5 or 10 kHz. Scan limits are easily reprogrammed.
DISCRIMINATOR SCAN CONTROL (AZDEN EXCLUSIVE PATENT). The
scanner slops by sens ng the channel center, so the unit always lands on the
correct frequency. COMPARE this with other units that claim to scan in 5-kHz
steps!

. THREE SCAN MODES WITH AUTO RESUME: “Sampling” mode pauses at

busy channels, then rasumes. "Busy mode stops at a busy channel, then
resumes shortly after frequency clears. “Vacant” mode stops at a vacant
channel and resumes when signal appears. If desired, auto resume may be
prevented by pressing one button. COMPARE

REMOTABLE HEAD: The control head may be located as much as 15 feet
away from the main unit using the optional connecting cable. COMPARE!

. PL TONE OSCILLATOR BUILT IN: Frequency is adjustable to access PL

repeaters.

. MICROPHONE VOLUME/FREQ. CONTROL: Both functions may be

adjusted from either the microphone or front panel.

. NON-STANDARD OFFSETS: Three accessory offsets can be obtained for

CAP/MARS or unusual repeater splits. CAP and Air Force MARS splits are
BUILT INI COMPARE!
25 WATTS OUTPUT: Also 5 watts low power 1o conserve batteries in portable

use.
. GREEN FREQUENCY DISPLAY: Frequency numerals are green LEDs for

superior visibility.

RECEIVER OFFSET: A channel lock switch allows monitoring of the repeater
input frequency. COMPARE!

SUPERIOR RECEIVER: Sensitivity is better than 0.28 uV for 20-dB quieting
and 0.19 uV for 12-dB SINAD. The squelch sensitivity is superb, requiring less
than 0.1 uV to open. The receiver audio circuits are designed for maximum
intelligibility and fidelity. COMPARE!

. ILLUMINATED KEYBOARD: Keyboard backlighting allows it 1o be seen at

night.

TRUE FM, NOT PHASE MODULATION: Transmitted audio quality is op-
timized by the same high standard of design and construction as is found in the
receiver. The microphone amplifier and compression circuits offer intelligibility
second to none.

. OTHER FEATURES: Dynamic microphone, built-in speaker, mobile mounting

bracket, external remote speaker jack (head and radio) and much, much more.
Al cords, plugs, fuses, microphone hanger etc. included. Weight: 6 1bs.

« ACCESSORIES: CS-ECK 15-foot remote cable. CS-6R 6-amp ac power

supply. CS-AS remote speaker
{wired and tested)

CS-TTK touchtone® microphone kit

AMATEUR-WHOLESALE ELECTRONICS ORDER NOW TOLL FREE

8817 S.W. 129th Terrace. Miami, Florida 33176 g !

Telephone {305) 233-3631 « Telex: 80-3356
« U.S. DISTRIBUTOR « DEALER INQUIRIES INVITED

HOURS: 9 - 5 Monday thru Friday
CREDIT CARD HOLDERS MAY USE OUR TOLL FREE ORDERING NUMBER.



this article is actually the
seventh in the series, each
one being an improved ver-
sion of the former one. This
one consists of two stages
of rf amplification, one
varactor-tuned oscillator,
and one i-f amplifier. Also
incorporated is a double-
balanced mixer (more
about this later!).

If you are not in the
market for a complete con-
verter, you might be in-
terested in just copying the
rf sections. Or, you might
like to use the i-f (channel)
amplifier separately be-
tween your own converter
and boob tube for another 6
dB of gain. You also could
use the oscillator as a self-
contained unit to be used as
an independent UHF signal
source.

1 will now describe each
section individually so that
you can take out whatever
section you might be in-
terested in. Later on in this
article we will put it all
together and make a com-
plete, tunable, high-gain
ATV converter.

The Rf Section

As | said earlier in this ar-
ticle, you can find the
theory on this two-stage
preamp in the 1971 and
older Handbooks. Although
we now use stripline, it
seems to work basically the
same way. In some earlier
attempts, | used feed-
through capacitors and
even used separators be-
tween stages, as well as
carefully-selected bias re-
sistors. Even though | had
the thing working, | didn’t
want to press my luck at
that stage and try anything
more radically different
than what | had already
done with the tuned-line
(tubing}to-stripline conver-
sion. In more advanced
models, we got rid of the
feedthroughs (too expen-
sive)} and separators and
even tried a whole range of
replacement transistors.
We finally settled on what
we’'ve got now; it seems to
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be the best, cheapest, and
easiest way to go.

The rf amplifiers could
be used as a one- or two-
stage preamp. Both PCB
layouts are provided so that
you can take your pick. The
one-stage job was carefully
evaluated by Ralph
W2RPO, using professional
equipment. The test results
indicated a 15.3-dB gain at
440 MHz, with a bandwidth
of roughly 20 MHz between
3-dB points. Noise figure
was not measured but is
assumed to be close to the
1.7-dB mark, as the
manufacturer of the
MRF901 states. Even with
the best modern TV UHF
converters, a one-stage
preamp like this one should
make quite an improve-
ment, at least another P
unit, as we ATVers call it
—maybe even two P units.

The two-stage preamp

Q]
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NS

ATV CONVERTER
MARK VII

VE3 CYC
©1880

Fig. 7. ATV converter PCB layout.

vy

Fig. 8. ATV converter component location.



The right design — for all the right
reasons. In setting forth design pa-
rameters for ARGOSY, Ten-Tec engi-
neers pursued the goal of giving
amateurs a rig with the right features
at a price that stops the amateur
radio price spiral.

The result is a unique new trans-
ceiver with selectable power
levels (convertible from 10
watts to 100 watts at the flick
of a switch), a rig with the
right bands (80 through 10
meters including the new 30
meter band), a rig with the
right operational features
plus the right options, and
the right price for today’s
economy—ijust $549.

Low power or high power,
ARGOSY has it. Now you
can enjoy the sport and
challenge of QRPp
operating, and,
when you need it,
the power to stand
up to the crowds in
QRM and poor §
band conditions.
Just flip a switch to
move from true
QRPp power with
the correct bias
voltages to a full
100 watt input.
New analog
readout design.
Fast, easy, reliable,
and efficient. The
modern new
readout on the
ARGOSY is a
mechanical de-

sign that in-
stantly gives you all significant figures
of any frequency. Right down to five
figures (= 2 kHz). The band switch
indicates the first two figures (MHz),
the linear scale with lighted red bar-
pointer indicates the third figure
(hundreds) and the tuning knob skirt
gives you the fourth and fifth figures
(tens and units). Easy. And effi-
cient—so battery operation is easily
achieved.

The right receiver features. Sen-
sitivity of 0.3 uV for 10 dB S+ N/N.
Selectivity: the standard 4-pole
crystal filter has 2.5 kHz bandwidth
and a 2.7:1 shape factor at 6/50 dB.

Other cw and ssb filters are available
as options, see below. I-f frequency
is 9 MHz, i-f rejection 60 dB. Offset
tuning is = 3 kHz with a detent zero
position in the center. Built-in notch
filter has a better than 50 dB rejec-
tion notch, tunable from 200 Hz to
3.5 kHz. An optional noise blanker of

Here’s a Concept
You Haven’t Seen
In Amateur Radio
For A Long Time—
Low Price.

New TEN-TEC Argosy
$549

the i-f type has 50 dB blanking
range. Built-in speaker is powered
by low-distortion audio (less than 2%
THD)

The right transmitter features. Fre-
quency coverage from 80 through
10 meters, including the new 30 me-
ter band, in nine 500 kHz segments
(four segments for 10 meters), with
approximately 40 kHz VFO overrun
on each band edge. Convertible
power: 100 or 10 watts input with
100% duty cycle for up to 20 min-

utes on all bands. 3-function meter
shows forward peak power on
transmit, SWR, and received
signal strength. PTT on ssb, full
break-in on cw. PIN diode an-
tenna switch. Built-in cw sidetone
with variable pitch and volume. ALC
control on “high” power only where
needed, with LED indicator.
Automatic normal sideband
selection plus reverse. Nor-
mal 12-14V dc operation
plus ac operation with op-

tional power supply.
The right styling, the right
size. Easy-to-use controls,
fast-action push buttons, all
located on raised front
panel sections. New meter
with lighted, easy-to-read
scales. Rigid steel chassis,
molded front panel with
matching aluminum top,
bottom and back.
Stainless steel tilt-
up bail. And it's
only 4" high by
9%" wide by 12"
deep (bail not ex-
tended) to go any-
where, fit any-
where at home, in
the field, car, plane

or boat.

l The right acces-
sories—all front-
panel switchable.
Model 220 2.4 kHz
8-pole ssb filter $55;
Model 218 1.8 kHz 8
pole ssb filter

$55; Model
217 500 Hz cw
filter $55;

Model 219 250
Hz cw filter $55; Model 224 Audio
cw filter $34; Model 223 Noise
blanker $34; Model 226 internal Ca-
librator $39; Model 1125 Dc circuit
breaker $15; Model 225 117/230V
ac power supply $129; Model 222
mobile mount, $25; Model 1126 lin-
ear switching kit, $15.

Model 525 ARGOSY —— $549.
Make the right choice, ARGOSY —

for the right reasons and low price.
See your TEN-TEC dealer or write.

el

TEN-TEC i

SEVIERVILLE, TENNESSEE 37862
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Photo C. Foil side view of converter with input, output, power, and frequency control con-

nections.

will give about 40 to 50%
more gain over the one
stage preamp. Therefore,
you will have to decide
whether it is worth the ef-
fort—it will make a day vs.
night difference on those
old tube-type converters
like they used to have years
ago—1 can vouch for that.

| have dropped the 12 V
down to about 6.2 V, which
improves stability and

Fig. 9. UHF oscillator
board PCB layout.
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keeps the noise figure
down. You might try a
higher voltage for more
gain if you wish by chang-
ing the zener and dropping
resistor values, but it will be
trickier to tune up, especial-
ly when you live in inter-
mod alley.

The Oscillator

It is not easy to make an
oscillator work well with

l ?‘uu'
0K Js
03 ] Ju
v.C. ¢ R9 J
w, S 100K
I
et Lcip
<c ' TESARIO
3 S
p .
o8 F.JJ
(4"
4 5t
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3re
4
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350~ 500Mmnz
VARIABLE OSC,

+I12V IN

Fig. 10. UHF oscillator board
component location.

direct output in the 70-cm
band. | had tried several
schemes until | found this
one. It originally had been
developed by Tom O’Hara
W6ORG, and it's used ex-
tensively in Tom’s own
products (PC Electronics). |
have received Tom’s per-
mission to use his oscillator
in this article.

Besides the change to
stripline, | also changed a
few values of parts, mainly
to be more adaptable to
other transistors (he uses
the MPSH81) but also to
keep the whole thing from
radiating too much and get-
ting into my scanner, etc.
The two silver-mica
capacitors, C19 and C20,
are not always necessary
with some transistors; the
Sylvania ECG106 does a
good job without them.
These capacitors will lower
the tuned frequency, and as
a rule, the higher the value,
the easier the oscillator
starts and the less it drifts
(try to keep the ratio about
1:3). If you’ve ever worked
with regenerative UHF
receivers, you might recog-
nize the principles of this
oscillator.

To preset the oscillator, it
is best to set the 10k fre-
quency control at mid
range, clip a lead from a fre-
quency counter to the out-
put end of the 47-Ohm resis-
tor (R13) and ground, and
tune trimmer C4 to read 372
MHz for a 439.25-MHz vid-
eo frequency in your area,
providing your TV channel
input would be channel 4. If
you choose channel 3, your
oscillator should be set at
378 MHz, and for channel 5
it should be 362 MHz, etc.

The carrier frequencies
of channels 2, 3, 4, 5, and 6
are 55.25, 61.25, 67.25,
77.25, and 83.25 MHz,
respectively. The sum of
your chosen channel fre-
quency and the oscillator
frequency should be 439.25
MHz in this case, and cor-
respondingly different for
other ATV frequencies. If
you don’t have a frequency
counter, you could use your
TV set tuned to channel 59
or 60 and look for the sec-
ond harmonic. The 1k resis-
tor (R8) might have to be
lowered if the oscillator
fails to start.

I have tried several types
of low-power PNP silicon
UHF transistors, and most
of them oscillate readily in
this circuit. However, some
have a tendency to drift
more than others. The drift
is not objectionable
though, as it has to drift at
least a few MHz to affect
the video, which is seldom
the case.

The I-f Amplifier

The main reason for the
amplifier was to overcome
the conversion losses in the
double-balanced or the
diode mixers, which is
about 6 to 7 dB. The T37-2
toroid seems to be a better
match than a T37-10 or
T37-12 which | also have
tried. The tuning is
smoother and the tendency
to oscillate has disap-
peared. The wire size is not
critical; | have used #24 to
#30 wire with equal results.
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CW is both communication and art.
Sharpen your “fist” with Daiwa precision!

DK210—L .E.D. Speedmeter: Reads speedto 50
WPM e lambic operation with squeeze key ® Auto-
matic, semi automatic, or tune modes ¢ Dot-dash
memory ® Solid state keying ® Weight Control:
Adjusts dot-dash space ratio ® Dimensions:
150W x 62H x 150D m/m e Rugged, all metal
cabinet

DK200—Same as DK210 without L.E.D. speed-
meter

CNA2002
Automatic Antenna Tuner

State-ot-the-art automatic antenna matching
in under 45 seconds.

CNA2002—Frequency range: Amateur bands
3.5 - 30MHz. including new WARC bands ¢ Power
Rating: SSB-2.5 kW PEP, CW-1 kW (50% duty),
AM-500 watts, SSTV, RTTY-500 watts (10 min-
utes) ® Dummy Load: 50 watts continuous (100
watts/1 minute) installed ® Two antenna outputs
for unbalanced lines ® Dimensions: 225W x

90H x 275D m/m

3

Luxurious selectivity at an affordable price!

AF606K—Innovative PLL Tone Decoder circuitry
locks onto the CW signal andreproduces it within-
credible clarity @ Variabte Notch Frequency: 300-
3000Hz « CW Pass Band: 140Hz, 110Hz, &80Hz
e Lowpass and Highpass fiitering for excelient SSB
reception e Built-in speaker ® Dimensions:
150W x 62H x 150D m/m

AK406K—Same as AF606K without PLL Tone
Decoder ® CW Pass Band: 170Hz., 140Hz.,
110Hz, 80Hz

CNW518/CNW418
Manual Antenna Tuners

Maximize station performance with high
quality Dalwa tuners.

CNW518—Frequency range: Amateur bands
3.5 - 30 MHz. Including new WARC bands ¢ Power
Rating: SSB-2.5 kW PEP, CW-1 kW (50% duty) ®
Two antenna outputs for unbalanced lines ® Di-
mensions: 225Wx 90H x 275D m/m

CNW418 (not shown)-—Same specifications as
CNWS518 except: Power Rating: SSB-500 watts
PEP, CW-200 watts ® Dimensions: 225W x

90H x 245D m/m

L@‘lmem 858 E. Conaress Park Dr., Centerville, Ohio 45449, Phone: 1-513-434-0031
COMMUNICATIONS Exclusive U.S. Agents for these DAIWA products. Dealer inquiry invited.
WRITE OR CALL FOR MORE INFORMATION AND THE

LOCATION OF YOURNEAREST AUTHORIZED DEALER

mplifier

o
olgn

. LAJ0 om0 Low b oow

Be Heard! Give your hand-held the boost it
needs!

LA2030—Selectable power output: Low (15
watts) or High (30 watts) (all models) e Power
Input: 150mW - 300 mW (LA2030A), 300mwW -
600mwW (LA2030B), 15 - 2.5 watts (LA2030C),
Choose the model! that's right for you ® Fast act-
ing protection circuitry  RF level indicator ¢ BNC
input, SO-239 output ® Compact size: 90W x
42H x121D m/m

CN520/CN540/CN550

Cross Needle Meters

Daiwa cross-needle convenience in a compact
case! Get SWR and Power readings in a single
glance.

CN520—Frequency: 1.8 - 60 MHz ¢ Power rat-
ing; 2 kW max. ® Sensitivity: 40 watts minimum
e Accuracy: ¥10% at full scale ® Dimensions:
72W x 72H x 95D m/m

CN540—Frequency: 50 - 150 MHz. e Power rat-
ing: 200 watts max. ® Sensitivity: 4 watts minimum
e Accuracy: Same as CN520 e Dimensions:
Same as CN520

CN550—Frequency: 144 - 250 MHz e Power rat-
ings: 200 watts max. ® Sensitivity: 4 watts mini-
mum ® Accuracy: Same as CN520 e Dimen-
sions; Same as CN520

® DAIWA

AMATEUR RADIO INNOVATIONS




This amplifier can be
tuned up by hooking it to
your TV set’s unbalanced
input (75-Ohm). On some
older sets, you might have
to go past the balun directly
to the VHF tuner input. Ap-
ply power, clip a piece of
wire to C14, and tune for
the best picture on the
channel of your choice or
the next one, if the channel
is blank. That completes
the tuning.

The Mixer

When | started writing
this article, the only mixer
worth considering, in my
opinion, was a double-
balanced mixer (see The
Radio Amateur’s Handbook
for details). The one |
selected was the MCL-SBL-1
(see Fig. 2) for no other
reason than availability
There is no question about
it. They do a fine job in this
circuit. But in small quan-
tities they are rather expen-
sive.

So, just for you cheap-
skates out there like myself,
I included a makeshift mix-
er, which consists of two
parts: a home-wound rf
choke and a small-signal
diode. How cheap can you
get?

Despite its simplicity,
this cheap mixer works very
well. The conversion losses
seem at least equal to if not
less than the double-
balanced mixer, but it is
slightly more prone to inter-
mod (at least when you live
within a mile of FM and TV
stations as | do). Never-
theless, it is a good substi-
tute until you can get a dou-
ble-balanced mixer—or
you could use it permanent-

ly.

Construction and Tune-Up

The printed circuit
boards are made of single-
sided G10, 1 oz. copper-
clad laminate. After you
have obtained your board,
either through your own ef-
forts or otherwise, it is best
to make sure that all parts
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VE3 CYC
©1880

Fig. 11. One-stage preamp board

PCB layout.

have the proper hole sizes
(i.,e., #62—resistors and
capacitors; #60— MRF901
transistors; #56—trimmer
capacitors; 1/16""—coax
braiding, etc.).

Place all trimmer
capacitors and trimmer
resistors in their respective
positions. Some of these
parts might not line up right

® VE3 CYC
©13980

Fig. 13. Two-stage preamp board
PCB layout.

WO L

==

n7§
12V.+

ponent location.

away; you might have to
bend the pins to fit them.
These parts must be flush
with the board before

soldering
Next, | would suggest
that you install all the

jumper wires. (Refer to the
component location figures
for positioning of all parts
and jumpers.) Install all

location.

o X

Fig. 12. Onestage preamp board com-

capacitors, chipping off ex-
cess material around the
leads as may be required to
place them flush with the
board. Then install the
resistors, leaving the 12-V
side of R7 and R8 detached.
Make sure that these are
flush as well, as shown in
the photos. Always install
them with their bodies

Fig. 14. Two-stage preamp board component
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KDK MAKES 2 METER FM

SIMPLE AND EASY!

[EKDK

KDK INTROOUCES A NEW GEVERATION OF 2 METER FM RADIOS.
The sparkling 2025A MKII is loaded with new features! East of operation is the design concept at KDK.

@ F2atures such as ten channel memory in twa banks of five each, a
solid 25 watzs of power, full MARS and CAP coverage from 143,000 Mhz
to 148.995% Vhz, plus built in memory retention for up to one year . ..
and much, much more makes this the radio of the year. If you have been
waiting to ncv2 up to a new moda2l, or have wished for a radio with
"everything” . .. KDK has it!

@ The ten channel memory is easily addressable and you have two banks
of five channels each. You can even use both banks at once for odd splits.

@ Standard 600 hz shift up or down. Band scan or memory scan. Memory
scan is easy. There is also band scan with upper and lower limits you can
choose youarself!

@ Built in nicads for the memory retention which has drain in nano-amps,
not milli-amps. The internal battery will hold the memory for up to one
year! No cther radio offers you this feature.

@ Fast and easy dialing. Full solid state dialing and you can choose from
the front panel either a fast or slow dial rate.

@ No relays are used, only solid state switching. This eliminates a trouble
spot many radios encounter.

@K DK has also eliminated another trouble spot by completely hand
wiring each radie. No internal plugs to become intermittant and no wire
wraps either, just good solid wiring.

ORDER NOW DIRECT
CALL TOLL FREE

800-251-4141
This number for DRDERS DNLY! E @

Mail Drder — COD — Bank Cards

HOURS — 9:00 - 5:00 CST Monday - Saturday
Phone (615) 865-7949
Telex 80-8327

CFFSET

@ <DK gives you one of the hettest reeivers you cam find. By using UHF
{no- VHF) dual gate MJS-FET: with 3lectronic auts tun ng for tha IF
amglifier and the first mixer, you have a combinatian of elzra sensicivity
and maximum quietness.

@ The audio output stage in the 202€A Mk |1 uses an in—egrated crcu't
whizh has internal protection against over-voltage and thorted oJtptt
conditions. Plus it is a high audio output chip — just what you need in a
noisy mobile situation.

@ The transmitter uses direct YCO varicap modulation for true FM. Your
transmitted audio sounds as it skould; crisp, clear and natural

@ The power output stage of the 2025A Mk 1l will not break down gven
with an infinite VSWR load, and uses heavy duty solid state antenra
switching with a four stage low pass filter. All this gives you an exception-
ally clean, spur free output.

@KDK has included an adjustable suh audible tone circuit which cam also
be used for CTCSS or tone burst on transmit. Again, more features!

@®Size is 2 7/10" high — 7 1/8" wide — 9 1/2" deep.

@ You can switch from 25 wat!s to 3 watts low power.

@ And, of course, the DC cable is included along with the microphone
and mobile mounting bracket.

Write for brochure — Oealer inquiries invited!
Warranty information available at your dealer
Company reserves the right 1o change specifications without notice.

Exclusive US Distributos — Dealers Wedlcome!

Distributec by

KDK DISTRIBUTING CO, INC.

617 SOUTH GALLATIN ROAD — MADISDN, TN 37115
Phoue (615) 865-7949

ORDER DIRECT
OR AT YOUR DEALER!



Photo D. Completed preamps in metal enclosures.

toward the rf side and leads
toward the ground side.

Now install the tran-
sistors and diodes. Observe
proper pin connections on
the transistors and polarity
on the diodes. Use a small
soldering iron on this job
and don’t apply too much
heat, as the copper foil may
come loose. Never use a
soldering gun on this kind
of work —it might kill your
transistors.

Install the remaining
parts (toroid coil, rf choke,
double-balanced mixer),
then the power leads, three
wires to the tuning poten-
tiometer, R20, and the input
and output cables from the
board to the connectors.
Make sure that the inner
leads of each RG-174 cable
to the board are as short as
physically possible. A neat
way would be to fish the in-
ner lead with a pointed ob-
ject through the side of the
braided shield. About 3/8”
from the end, roll the braid-
ed material to a smallersize
between your finger tips,
and solder in the ground
hole as indicated in Fig. 3.

Normally, | would have
included a couple of
1N914s back-to-back across
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the input for protection, but
I skipped the idea, since it
would just give you a false
sense of security. Besides
losing a little gain, | found it
to be very ineffective when
it comes to rf overload pro-
tection.

I have blown away a
small fortune on replace-
ment transistors in the pro-
cess, despite the presence
of the diodes. They even
blew without any battery
power hooked up every
time | switched my 100-W
linear on.

After throwing away my
home-brew antenna relay
(made from a conventional
relay) and replacing it with
a proper coaxial relay, my
problems were solved. At
this frequency, you only
need a few pFs of stray
capacitance between the
relay parts to pass enough
energy to knock that front-
end transistor from here to
the moon and further while
the diodes just sit there
laughin’ at you. It doesn’t
seem to bother them.

Depending on whether
you go for the double-
balanced mixer (DBM) or
the diode mixer, you will
have to make some minor

changes accordingly. Refer-
ring to Fig. 4(a), if you use
the DBM, you will have to
join C and D, hook R13 to E,
and join G to F with a
jumper wire as shown.
Referring to Fig. 4(b), when
using the diode mixer, join
G and A with the mixer
diode, D1, keeping the
positive (banded) side on G,
and hook R13 to B—that’s
all. Make sure to install the
DBM from the component
side of the board, and
solder all 8 pins to the ap-
propriate traces and ground
connections. Note: To pre-
vent C14 from accidentally
shorting against the DBM, it
might help to keep some
clearance between the mix-
er module and the circuit
board (about 1/16” will do).

| have used several types
of diodes (silicon and ger-
manium) and most of them
seem to work quite well. A
1N82 UHF diode | tried
seems to be a good choice.
Hot-carrier diodes were
disappointing in this circuit.
You might try different ones
yourself as most small-
signal diodes work well in
the GHz range.

In regard to the indepen-
dent preamp boards (one or

two stage), they should be
installed in a metal box of
some kind. | have used die-
cast aluminum boxes for
this purpose. The boards
should be mounted away
from the walls of the box as
near to the center as possi-
ble by using spacers. If the
box is small enough, you
could possibly solder it
right onto the BNC connec-
tors as | did (see Fig. 5 and
Photo D). Use a 0.001-uF
feedthrough capacitor to
feed 12 V in.

Preamp or Converter
Alignment Procedure

While | explained the
alignment of the oscillator
and i-f amplifier earlier in
this article, | will now pro-
ceed with explaining how to
align the preamps and also
the complete converter
assembly:

1) Connect output to TV set,
tune in your favorite i-f
channel, and clip a length
of wire to C14. Apply 12V
(Fig. 6, for example) to sup-
ply line and tune C5 for
maximum on TV set.

2) Set R21, R22, C1, C2, and
C3 to mid-range.

3) Tune TV to a low UHF
channel that has a program
on. Connect UHF TV anten-
na input to C10, R4, or Q2’s
input by spot-soldering a
wire onto one of these
spots. Connect a UHF
antenna to antenna input
on preamp or converter
board. Hook a 12-V supply
to R7 and ground.

4) Peak up C1, C2, and slow-
ly turn R21 counterclock-
wise until a point of max-
imum gain is reached. If
R21 is turned too far, the
stage will break into oscilla-
tion; it should be kept just
below this point.

5) Disconnect wire as in-
stalled in step 3, hook UHF
TV’s antenna to output of
2nd rf amplifier (connecting
point to either D1 or SBL1,
whichever is applicable),
and peak up in the follow-
ing order: C3, C1, C2, R22,
and R21.
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Food for thought.

Our new Universal Tone Encoder lends its versatility
to all tastes. The menu includes all CTCSS. as wel

as Burst Tones, Touch Tones, and Test Tones. No
counter or test equipment required to set frequency
just dial it in. While traveling, use it on your Amateur
transceiver to access tone operated systems. or in

vour service van to check out your customers’ re-
peaters: also. as a piece of test equipment to modulate
your Service Monitor or signal generator. It can even
operate off an internal nine volt battery. and is available
tfor one day delivery. backed by our one year warranty.

* All tones in Group A and Group B are included

« OQutput level flat to within 1.5db over entire range selected

+ Separate level adjust pots and output connections for each
tone Group

« Immune to RF

« Powered by 6-30vde. unregulated at 8 ma

+ Low impedance. low distortion. adjustable sinewave
output. Sv peak-to-peak

+ Instant start-up

+ Off position tor no tone output

« Reverse polarity protection butlt-in.

Group A

[ e10xz
| 719XA
74 4 WA
| 770xB
79.7SP
| 825vz
85 4 YA
L 88.5 YB

« Frequency accuracy. = .1 Hz maxinu

91577
948 ZA
97 42B
100012
103.5 |A
107.21B |
110922
114 8 2A J

118.8 2B
123.0 32
127.3 3A
131.8 3B
136.5 4Z
141 3 4A
146 2 4B
151.4 52

156.7 SA
162.2 5B
167.9 62
173 .8 6A
1799 6B
186.27Z
192 8 7A
203 5 M1

m - -1()°C o + 85°C

« Frequencies to 250 Hz available on special order
+ Continuous tone

Group B

TEST-TONES: | TOUCH-TONES. |

600
1000

1500
RIS
2805

i . ——

« Frequency accuracy. = | Hz maximum - 40°C 10 + 85°C

» Tone length approximately 300 ms. May be lengthened.
shortened or eliminated by changing value of resistor

697 1209 |
770 1336
852 1477
941 1633 |

— a1

Model TE-64 $79.95

BURST TONES

1600
1650
1700
1750
1800

1850
1900
1950
2000
2100

2150 2400
2200 2450
2250 2500
2300 2550
2350

L’l’ COMMUNICATIONS SPECIALISTS

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




6) Repeat step 5 a few times
until everything tunes
smoothly. Be careful to
keep R21 and R22 below
the oscillating points. By
now, you should notice
quite an increase in gain on
the UHF channel.

7) Tune oscillator as de-
scribed under “The Oscilla-
tor” by applying 12 V to R8.
8) Solder R7 and R8 to 12-V
line.

9) Peak up complete con-
verter once more, step-by-
step, to a distant ATV signal
source.

10) After you close up your
box or whatever metal
housing you decide to use,
you will have to touch up
the adjustment a little to
allow for detuning caused
by the metal shield. If your
box is the kind with slots in
it, you could reach some
trimmers with a narrow tun-
ing tool, and after turning
the shield half a turn, do the
same with the remaining
trimmers. In other cases
you might accomplish this
feat by using a temporary
cover made from a tin can
with some holes punched in
it.

By now you should be
able to pick up ATV sta-
tions 40 to 50 miles away,
and hand out P4 picture
reports, while others
wonder how you do it; they
only get a P2 picture or
nothing at all. If you’ve got
money to burn, you might
want to use a $20 transistor
in the front end with a
0.9-dB noise figure, but |
wonder if you'll notice
much difference.

Some Afterthoughts

If you run out of range on
the 5k trimpots (R21 and
R22), you could extend
them by using higher values
for R3 and R6. This might be
necessary with some odd-
ball transistors but if you
stick with the types | men-
tioned, you should have no
problems. 1f R3 and R6
prove to be too high, you
can lower their values, but
don’t go below 220 Ohms.
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You won’t have enough
isolation between the trim-
pots and the rf-carrying
parts of the transistor bases.

If you are interested in a
wider range of coverage
such as 427-444 MHz, it
would be better to stagger-
tune the stages a bit—439
MHz on the first rf stage
and 434 MHz on the second
stage for instance; this also
will improve stability.

If you pick up signals
that shouldn’t be there
while your box is closed,
you might have to resort to
a bandpass filter; there are
some good designs in the
Handbook, etc. | am work-
ing on one now that uses
stripline techniques similar
to the ones in this article. If
successful, you might see it
some day.

In regard to the varactor
diode tuning arrangement,
some suitable diodes can
be found in surplus varac-
tor TV tuners. Varactor
diodes do not change
capacitance in a linear
response to a varying
voltage, so don’t expect
your tuning arc to be linear
with the oscillator frequen-
cy. The arrangement used
here seems adequate, but
you could alter the value of
the tuning potentiometer,
R20, and add series
resistance to make the dial
more linear. This, of course,
will change with the kind of
diode used. For instance,
when R20 is 3k instead of
10k and you put a 6.8k
resistor in series with the
pot’s ground leg and
ground, your dial will cover
about 6 MHz over its total
arc (see Fig. 3).

You could make up a sec-
ond board just for the
oscillator to be used as
signal sources. By carefully
tuning, | managed to go as
high as 500 MHz and as low
as 350 MHz. When tuned to
439.25 MHz, it acts as a fair-
ly stable low-power signal
source ideal for tuning up
UHF preamps.

My future plans include
the development of a

similar setup as described
in this article, but for higher
frequencies such as 900 and
1296 MHz. | am also
presently working on a UHF
TV exciter, intermediate
amplifier, and linear
amplifier, all solid state and
stripline, of course!

I must thank the many
Canadian and American

endlessly for long periods
of time (which is hard on
the tubes and transistors
with small heat sinks and no
blowers) just for me to tune
up and try a newly-made
preamp. And for their en-
couragement for me to
write this article. Special
thanks in this regard go to:
VE3E)V, VE3CJP, VE3EYR,

ATVers who switched on
their TV transmitters

W3POS, W2RPO, and
W2PBU.8

Parts List for Converter and Preamp Boards:

C1-4—.6-t0-5.5-pF film trimmers (Phillips 010EA 5E) note #1
C5—22-pF film trimmer (Phillips 010EA 20E)

C6-14—0.001-uF ceramic disc capacitors, 1/4" lead spacing
C15-18—0.01-uF ceramic disc capacitors, 5/16" lead spacing
C19—5-pF silver mica (NPO) 3/16" lead spacing or axial leads, see
note #2

C20—1.5-pF silver mica (NPO) 3/16" lead spacing or axial leads, see
note #2

R1-8—1.k-Ohm, 1/4 W

R9— 100k, 1/4 W

R10—470 Ohm, 1/4 W

R11—27k, 1/4 W

R12—10k, 1/4 W

R13—47 Ohm, 1/4 W

R14—330 Ohm, 1/4 W

R15,16—2.2k, 1/4 W

R17—100 Ohm 1/4 W

R18,19—4.7k, 1/4 W

R20—10k volume control (linear) Radio Shack #271-1715 or
equivalent

R21,22—5k trimpots, Jim Pak #850P5K (Radio Shack #271-335, 10k,
as a possible substitute only; requires one additional hole in board)
D1** —1N82 or equivalent high-speed, low-power UHF diode, or bet-
ter

D2—6.2-V 1 W zener diode (1N4735), Radio Shack #276-561
D3—Varicap diode +15 pF at 4 V (MV2205, MV2105, CGE-95, or
equivalent

Q1,2—MRFQ01 transistors or equivalent NPN silicon UHF types
Q3—MPSH81, ECG106 or equivalent PNP silicon UHF types
Q4—2N2222

Rfc—approximately 0.1 t0 0.15 uH (Cambion #2960-21-03-00) or wind
your own: 10 turns #28 close-wound on 1/8" form or 1/2 W 100k
resistor

Mixer* —Double-balanced mixer MCL-SBL-1 (made by Mini Circuits
Lab, 2625 E. 14th. St., Brooklyn NY 11235; see '78 Handbook, page
306 for equivalents)

L1—5 turns of small gauge hook-up wire or #24 enamel wire on
Amidon toroid T37-2

L2—3 turns same as L1

Miscellaneous parts: RG-174 coax cable, two BNC connectors,
SPST mini toggle switch, LED, knob, hardware to mount board, and
cabinet

*Only needed when not using diode mixer

**Only needed when not using double-balanced mixer (SBL-1)
Note #1: Transcap #24PX005 from Mouser Electronics could be used
instead although you have to re-drill some holes. Similarly, Transcap
#24PX020 could be substituted for C5.

Note #2: Plastic-film-type capacitors or even ceramics (NPO types)
could be used as substitutes for the more costly silver mica types.
Lower values such as 1 pF and 3 pF have also been used suc-
cessfully.

All circuit boards, parts, built-up boards, and complete units are
available from Spectrum Electronics. For price list and ordering in-
formation, write to PO Box 4166 Station D, Hamilton, Ontario,
Canada L8V 4LS.
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Polishing Kenwood’s R-1000

—a gem in the rough

his is not intended to be

a product-report type
of article. There are a few
improvements that can be
made to the R-1000 with a
little effort and some are
mentioned in the advertis-
ing literature. | will say that
| think the R-1000 is an out-
standing receiver that has

excellent stability, sensi-
tivity, and ease of opera-
tion. Following are some
comments on the suggested
changes.

The R-1000 comes sup-
plied with three i-f filters: 12
kHz, 6 kHz, and 2.7 kHz.
The advertising literature
mentions that the filters
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can be switched to use the 6
kHz for AM WIDE and the
2.7-kHz filter for AM NAR-
ROW. This is not difficult,
as the filters are diode-
switched and there are no
critical circuits involved.
Actually, all-fjlters can be
used, as will.b& shown.

Kenwood goofed on the
agc time-comstant switch-
ing. In fact, both the
schematic supplied with
the receiver as well as the
one in the service manual
fail to show the agc
switching as it is actually
wired. The problem is that
the fast agc is used in the
SSB mode and the slow agc
is used in the AM mode, just
the reverse of the way it
should be. Further thinking
resulted in wanting the agc
switched separately from
the mode. It is sometimes
desirable to switch to fast
agc when using an SSB re-
ceiver for RTTY.

When using the R-1000
below 2 MHz, | encoun-
tered a lot of broadcast sig-
nals where they didn’t be-
long. This is due to the fact
that a single bandpass filter
is used ahead of the rf am-
plifier for the 200-kHz-to-1-
MHz range, and a second
one is used for the 1-to-2-
MHz range. This allows
both harmonics as well as
intermod products to be

present. Also, while the
1000-Ohm input is probably
better for the random-type
wire antenna most likely to
be used when tuning this
range, it is probably still
quite far from what the an-
tenna impedance really is.
Now for what to do about
these items:

Fig. 1 shows the actual
wiring of the switches as
traced in my receiver. In the
AM mode, 9 volts is
switched to the appropriate
i-f filter switching diode to
activate the appropriate
filter. In the SSB mode, the
2.7-kHz filter is turned on
via SSB gate diodes,
D51,52. The AM detector is
selected by the normally-
closed contacts on the SSB
switches. When either AM
switch is depressed, ACA
and AGCB are connected
together, resulting in the
longer time constant.

Fig. 2 shows some addi-
tional circuitry found in the
service manual that did not
appear in the schematic
supplied with the receiver.
In the AMW mode, Q47 is
turned on, which grounds
the negative end of C158.
This extends the low-fre-
quency response for hi-fi
quality. (It is possibie that
the earlier R-1000s did not
have this circuit, explaining
why it was not in the man-



ual. If this is the case, the
pin numbers shown for con-
nector 4 may not he as
shown in my drawings, but
the wire colors are probably
the same.)

Some comment on the
display is due at this point. |
feel that the bright display
is too bright. Also, the dis-
play and lamps are bound
to last longer if operated in
the dim mode, especially if
you leave the time dis-
played when not using the
receiver. Thus, | decided to
use the BRIGHT-DIM
switch to switch the agc
time constant.

Removing the lamp wires
from the switch and taping
them up leaves the display
in the dim mode. (By the
way, you will have to re-
move the front panel to
make the wiring changes
This is done by removing
both the top and bottom
sections of the receiver
case. Then remove the
knobs. The bandswitch and
tone knobs have hex
screws; the others pull off
Remove the two screws
holding the analog frequen-
cy dial knob. Then the
panel screws can be re-
moved. The mode switch is
held on the front panel with
two screws.)

Fig. 3 shows the change
in the switch wiring | made
in my R-1000. Rewiring the
switches as shown not only
allows use of the 2.7-kHz
filter on AM, but also allows
use of all three filters in both
modes. This is possible due
to the mechanical construc-
tion of the 4-section mode
switch. It is possible to
release all the buttons by
pressing one in only as far
as necessary to release one
that is latched. It is also
possible to have more than
one depressed at a time.
With all switches released,
the receiver is in AM with
the 2.7-kHz filter selected.
(The 2.7-kHz filter is now
switched directly with 9
volts instead of via the SSB
gate diodes.)) AMW and
AMN are the same as be-

fore. When either USB or
LSB is depressed, both AM
switches are released, re-
sulting in the 2.7-kHz filter
being selected. If you desire
wider bandwidth in SSB,
press either LSB or USB and
at the same time press AMN
for 6 kHz or AMW for 12
kHz. Pressing another but-
ton will release both
latched switches.

The AGA and AGB leads
are wired to the normally-
open contacts of the dim-
mer switch. Now, fast agc
occurs with the switch
released and slow when the
switch is depressed. The
strap across the common
terminals is left alone. The
red and black wires that go
to the center switch ter-
minals are removed and
soldered together so the red
lead going to the noise
blanker switch is still
grounded

It occurred to me that
with the 12-kHz filter in the
receiver, an FM detector
could be added for those
who want to listen to the
FM activity on the high end
of 10 meters. A simple 565
PLL circuit can be added to
provide this; however, it
would be necessary to add
a switch somewhere and al-
so dig into the main circuit
board itself to switch the
audio.

For those wanting a little
better selectivity for RTTY,
it is possible to obtain a
1.5-kHz filter from Murata.
It will be necessary to re-
move the main receiver
board to change filters
(probably best to change
the 12-kHz one).

Low-frequency perfor-
mance of the R-1000 can be
improved with an outboard
tuner. The tuner can be
used with a whip, wire, or
coaxially-fed antenna. It
will perform impedance
transformation from 50
Ohms to 1000 Ohms. A
whip or short wire (most any
ham antenna used as a sin-
gle wire looks short at these
frequencies) looks like a
capacitive load. This type

//(12V|

be

Y Sl
4 7uF ci158
sov ATufF
ov

Qar R227
47K

CONNECTOR 4
PIN 2

WHITE § 70 AMwW

R228
47x

N
& AMW 7 SWITCH

Fig. 2. Additional circuit on Q28 shown in service manual.
This extends low-frequency response on AM wide.

CONNECTOR  3-=~ J
AMW | > w-BRN

wer Sl

AMW

ss8 3)

AMN  2)

CONNECTOR

use 4 SRsY

SWITCH
FRONT

use

° RED YEL BRN VIO

LS8

CONNECTOR
AGB | )

AGA 2 L) |

NOT USED

Fig. 3. Modified mode switching to provide fast and slow agc.

of antenna is best con-
nected right to the “high”
end of the tuned circuit.
Fig. 4 shows a suggested
tuner.

While my tuner includes
several coils for three fre-
quency ranges, | only show
one here. You may wish to
use ferrite rods or slug-
tuned coils, but the link
winding turns should re-
main about the same. If
your antenna has a high
capacity to ground, the

Frequency Range L1

1-2 MHz 40 uH
0.5-1 MHz 150 uH
200-500 kHz 1mH
80-200 kHz 6 mH

high frequency end will not
extend as far as you may
wish. This may be cured by
adding about 100 to 200 pF
in series with the wire an-
tenna input on the higher
frequency range. Some val-
ues are shown in Table 1

Going down in frequen-
cy, the sensitivity rapidly
drops off below 200 kHz.
(The specs say 200 kHz is
the bottom end of the use-
ful range.) Above this fre-
quency the sensitivity runs

L2 (turns) Tap (turns)
20 5
20 5
30 6
40 8

Table 1. Approximate values for R-1000 antenna tuner.
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about 1.2 uv. At 150 kHz,
sensitivity is down 16 dB,
and at 100 kHz it is down 37
dB.

Being a low-frequency
addict, | wondered if the
low-frequency range could
be extended. | felt that the
filter consisting of L1, L2,
L3, C7, and C8 was the limit-
ing area. Connecting the
signal generator to the junc-
tion of L4 and C9 confirmed
this. 1t looked worthwhile
to bypass the filter compo-
nents, and this can be done
without removing the cir-
cuit board if you are
careful.

Cut the anode lead of D1
close to the board. Then cut

WIRE
ANTENNA

the lead of C8 that connects
to L3. Cut this lead close to
the body of the capacitor.
Strap the anode of D1 to
this wire that went to the
capacitor. Now the sensitiv-
ity is 2 uV at 150 kHz and 3
uV at 100 kHz. At 50 kHz,
the sensitivity is 20 uV,
where it originally was
18000 uV! This modifica-
tion does not seem to in-
crease the broadcast inter-
ference noticeably. In ei-
ther case, an external tuner
is needed if you are near
any broadcast stations.
Kenwood sells a kit for
operating the R-1000 on 12
volts dc. Why this is not in-

cluded in the receiver is
woooa
—3 TO MW JACK

so0n
ANTENNA
INPUT

L " L2

Vi

Fig. 4. Antenna tuner for the R-1000(2 MHz and lower). C1 is
a dual broadcast variable, about 730 pF.
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anybody’s guess, but this
feature can be easily add-
ed. There is no reason that a
connector is needed on the
power supply board. A pair
of wires for the +12 and
ground connections can
just be soldered directly to
the board. The power sup-
ply board is easily removed
by unsoldering the wires
from the power transform-
er. There is a blank plate on
the rear panel of the receiv-
er where the dc power con-
nector is intended to go. A
connector of your choice
can be installed here. |
recommend fusing the dc
input with a 1-Amp, slow-
blow fuse

The receiver cannot be
powered by nicad batteries
for very long as the current
is typically around 700 mA.
It draws 25 mA with the re-
ceiver off. Having the dis-
play on DIM reduces the
drain by about 20 mA.
Looking at the voltage read-
ings on the drawing reveals
that the audio output stage
draws about 140 mA. It is
evident that this stage (Q28)
is inefficient because the
heat sink runs quite warm.

| don’t believe that there
is a better device that is pin-
for-pin compatible, but it
still may be worth investi-
gating replacing Q28 with
something else. Also, if ex-
tended battery operation is
anticipated, it might be
smart to switch the displays
with a momentary push-
button switch. | estimate
the displays draw 60 to 100
mA.

| did a quick check on the
audio-frequency response
(in the SSB mode) to see
how bad it might be for
RTTY. It is desirable, of
course, to have a flat re-
sponse at the mark and
space frequencies. | origi-
nally thought that the bfo
frequencies could be
changed to favor RTTY op-
eration so | did adjust the
trimmers to move the bfo
frequencies further from
455 kHz. They wound up at
a maximum of 1700 Hz

above and below 455 kHz
With the bfo readjusted like
this, the response, relative to
2125 Hz, is —0.5 dB at 2295
Hz, —1 dB at 1550 Hz, and
—1.5 dB at 2975 Hz. | con-
sider this pretty good. The
high-frequency response is
better at the speaker output
than at the record output,
which was a surprise.

1 hope | have not painted
a dim picture of the R-1000.
| think a lot of thought was
put into the design. An engi-
neer who designs equip-
ment for the military told
me that the basic rf design
(synthesizer and upconvert-
er front end with a high-
frequency i-f) is the way
most of the new precision
communication receivers
are designed. It is a fine

choice for hams and SWLs
alike.

Author’s Note

Between the time | originally
submitted this article and when
| received the proof copy, more
experiments were done on the
R-1000 receiver. There have
been a lot of complaints about
the agc time constant being too
long. | agree and therefore
changed mine so the time con-
stant compares with that of the
820 transceiver. To decrease the
“fast” agc time constant, re-
move capacitor C217. To de-
crease the “slow’ agc time con-
stant, either replace C138 with a
1.5-uF capacitor or instali a 2-uF
capacitor in series with the AGA
or AGB lead at the switch. Note
that the present C138 is polar-
ized, so if you use a polarized
capacitor, connect it correctly.

To improve the high frequen-
cy response in the SSB mode for
better RTTY characteristics,
change C159 from .047 uF to
.015 uF. This will not noticeably
change anything by ear, but will
produce mark and space tones
of equal amplitude.

R-1000 receivers with serial
numbers 009001 or higher have
a jumper plug which will permit
use of the 2.7- or 6-kHz filters in
the AM mode. If you want to be
able to use any of the three fil-
ters in either SSB or AM mode,
my previous switch wiring modi-
fications still apply.

Thanks to Ken WB9FRV for
suggestions and help with the
additional changes.
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Peaking and Tweaking
Surplus CB Boards

— the untold story

he closing of Hy-Gain’s

electronic assembly op-
erations in early 1978 cre-
ated a stock of readily-
available surplus parts for
the amateur who was will-
ing to convert a CB printed-
circuit-board assembly to
10-meter operation. These
were PLL-type boards which
require only two or three
crystals for frequency gen-
eration. Several articles
have appeared during the
ensuing time describing the
methods to use in convert-
ing to 10 meters. The most
common method is simple
crystal replacement, al-
though some authors have
opted for vco retuning.

The purpose of this arti-
cle is to supplement this in-
formation with details
which will describe the vari-
ous boards used, and to
provide correct alignment
procedures.

There were five different
models of board assemblies
using PLL circuitry which
may have made their way
into the surplus market.
Four of these were manu-
factured in Japan and
have these identifying part

numbers: PTBMO27AQ0X,
PTBMO36A0OX, PTBM-
038COX, and PTBM-

0O51AO0X etched into the
foil of the board. The fifth,
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manufactured by Hy-Gain
itself, has the number
750096 etched in the foil
and the Hy-Gain name silk-
screened on the component
side. This board, while very
similar to the circuit used in
the Japanese boards, was
destined for use in the man-
ual-switched radios and the
remote-controlled model
2716 microprocessor radio;
it contains mostly US tran-
sistors and ICs.

The Japanese-manufac-
tured boards were used in
model series 680, 2680, and
2700, along with some of
the base stations. Table 1
gives component types,
symbolism, and oscillator
frequencies for boards
which were used in these se-
ries.

For those who have con-
verted factory-assembled
transceivers, there may be
an X or an A following the
model number on the serial
plate. These were identifi-
cations used to indicate
various levels of FCC type
acceptance, and don’t have
any bearing on amateur
work. There may be various
component differences
which were required to
meet tightened FCC emis-
sion requirements, but for
the most part they have no

effect upon the ultimate
function of the unit.

Table 2 gives the same in-
formation for the remaining
models of the 2700 series,
and Table 3 covers the
750096 Hy-Gain-designed
board.

Alignment instructions
for each series will be listed
separately due to changes
in component identifica-
tion and function. There is,
however, little variation
from one board to another.
As in all alignment proce-
dures, there is interaction
between successive sec-
tions, so go back and forth
for maximum performance.
The most critical alignment
in the transmitter section
concerns the three final
coils. Follow directions
carefully, and a power out-
put holding within £0.5 W
can be obtained over the
40-channel spread permit-
ted by the PLL.

There can be significant
differences, from one board
to another, in maximum
power output—which is a
function of the final ampli-
fier transistor. Ranges will
be between 3.5 W and 7.0
W. Component designa-
tions are silk-screened on
the component side of the
board.

Since several methods of
conversion have been used,
the alignment instructions
are written for the original
frequencies. If you have
converted the board al-
ready, the relationship be-
tween the original frequen-
cies and the converted fre-
quencies will be obvious.
Note: Most of the com-
ponents in the vco circuit
have been covered with
hot-melt wax to prevent
movement. This should not
be disturbed as component
placement is critical to
maintaining performance
of the circuit.

Transmitter Alignment
PTBMO27A0X

This board uses a three-
crystal scheme. Q105 is a
9.51-MHz oscillator, Q109
is the 5.9453-MHz offset os-
cillator, and Q117 is a
6.4005-MHz reference os-
cillator.

Step 1 — Oscillator Frequen-
cy Check

Q105 collector should
show 9.5 MHz. Change val-
ues of C118 (nominal 47 pF)
and C119 (nominal 10 pF) to
correct frequency. Q109
collector should show
5.9435 MHz. Change value
of C130 (82 pF) to correct
frequency. Q117 should in-
dicate 6.4005 MHz, and



C178 (39 pF) can be
changed if necessary.

Step 2—Vco Alignment

Place the channel-selec-
tor switch in position 1. Us-
ing a high-impedance VOM
connected between TP8
(R114) and ground, adjust
T101 for 1.5 volts. Change
channel switch to position
40 and the voltage should
read 4.0 volts.

Step 3— Pre-Adjustment
Using a wattmeter or swr
meter showing relative
power output and a dummy
load, turn L110 clockwise
until it reaches bottom
(don't over do it!). Turn
L106 clockwise until power
output is about 2 Watts.

Step 4— Rf Alignment

Set the channel-selector
switch to position 1. Tune
(in order) L103, L104, T102,
and T103 for maximum rf
power output. Turn L106
further clockwise if neces-
sary to keep power at about
2 W. Change the channel-
selector switch to position
40— power output should
be within 0.25 W of position
1. Repeat the above proce-
dure until this condition is
met. This tuning sequence
is shaping the bandpass of
the rf circuit, which is
capable of almost flat re-
sponse across the channels
if properly tuned.

Step 5—Final Circuit Ad-
justment

This is the most critical
step in obtaining maximum
power output and in main-
taining the flat power re-
sponse across the channels.
With the channel switch in
position 1, adjust L109 for
maximum output, and then
L110 for maximum. Repeat
the adjustments. Switch to
position 40 and verify that
power output remains with-
in 0.5 W. If not, L109 often
has two positions for reso-
nance, and normally the
lower position is correct.
Find the second position
and repeat the adjustments
of both coils. If this has no
effect, turn L110 clockwise
one-half turn and repeak

Component and Function Q115 1st mixer
Designation 2SC710B
Q101 Vo 2SC13598B
MPS3704 Q116 2nd mixer
Q102 PLL mixer 2SC710
2SC710D 25C829C
250829 2SC839
250839 Q117 Ref oscillator*
Q103 Buffer 25C710D
25C710 Q118 1st i-f
25C839 2SC829C
Q104 Buffer 25C839 ,
= sacasc
Q105 Oscillator* i
25C829 28C327Y switch
250839 25C828
Q106 AVR (Automatic g
25C1318Q Voltage Regulator) 21 Range boost
Q107 Xmit switch 25C372
25A719Q 25C828PQ
Q108 Buffer (it rde
25C13598 Q122 Xmit audio
2SC1047 25C372 alc
Q109 Offset oscillator* SHEEPQ
25C710D e
Q110 it miker Q125 (36A0X only) Noise blanker
25C710D 2SC900U gate
MPS3704 Q126 (36A0X only) Noise blanker
Qi Pre-driver 25C900V amp
28C1215 IC101 PLL custom
chip
ggg:gg; 1C102 Audio amp
Q112 Driver TA7205P
25C1760-3 BAS21
25C1957
Q113 Rf power amp
2SC1306 * Values:
2SC1678 36A0X,
25C1816 27A0X 38COX
Q114 Rf amp Q105 951 MHz  11.8066 MHz
2SC784 Q109 5.945 MHz 10.695 MHz
25C10478B Q117 6.4 MHz 10.24 MHz
2SC1359 IC101 01A 01A

Table 1. Components and functions for the 27A0X, 36 AOX, and 38COX.

the final circuit by readjust-
ment of L109. Repeat as
necessary.

Lastly, adjust L106 for
maximum output. Repeak
L109, and then L110 slight-
ly, as required. Check chan-
nel 40 for power output
within the 0.5-W specifica-
tion.

Step 6 — Modulation Adjust-
ment

Using a scope or other
modulation indicator con-
nected to the antenna ter-
minal (dummy load still at-
tached), adjust RV102 for

correct modulation. If a
calibrated, modulated sig-
nal generator is available,
put 20 mV at about 1 kHz
into the mike input and ad-
just for slightly under 100%
modulation.

Step 7 — Rf/S-Meter Adjust-
ment

The board was fabricated
for use with an rf/S-meter. A
suitable meter can be con-
nected between point 6B
and ground. Adjust RV104
(20k pot) to calibrate meter
to the power output indi-
cated on the wattmeter.

Receiver Alignment

This board has circuitry
for anl functions which can
be made operational by
connecting point 39 on the
PCB to ground. Do this prior
to receiver alignment.

Step 1—Vco Alignment

The vco circuitry is com-
mon to both transmit and
receive functions of the
transceiver, and was cov-
ered in the oscillator-
frequency check in the
transmitter-alignment sec-
tion.

73 Magazine » March,. 1982 39




Step 2— Circuit Alignment

Use the rf/S-meter previ-
ously installed, an audio
VOM connected to the
speaker terminals, or a
scope to monitor align-
ment. Set a frequency gen-
erator, or a very attenuated
transmitter, to a mid-
frequency (27.205 MHz if
still unconverted) and very
low output to avoid agc ac-
tion. Adjust, in order, L115,
T104, T105, L112, T106,
T107, T108, and T109 for
maximum output. The fre-
quency generator should
have low-level modulation
if using audio output as the
indicator. Since adjust-
ments interact, repeat sev-
eral times to obtain maxi-
mum sensitivity. If using a
calibrated generator, check
sensitivity at each band
edge. Sensitivity should be
less than 1 uV.

Step 3— Squelch Circuit Ad-
justment

Turn to maximum the ex-
ternal pot being used for
squelch control and adjust
RV101 so that an S9 signal
just breaks the squelch. If
you are using a calibrated
generator, input a 50-uV sig-
nal at the antenna terminal
and adjust for squelch
break.

Step 4—S-Meter Adjust-
ment

Using the same signal
level as step 3, adjust
meter-calibration pot
RV103 for S9 indication.

This completes the align-
ment for the PTBMO-
27A0X board.

Transmitter Alignment
PTBMO36AO0X and
PTBMO38COX

Step 1 — Oscillator-Frequen-
cy Check

These boards use a three-
crystal frequency scheme.
Q105 is an 11.8066-MHz
oscillator, and C118 (39 pF)
and C119 (12 pF) may be
changed to adjust frequen-
cy. Offset oscillator Q109
operates at 10.695 MHz,
and C127 (56 pF) is used for
frequency adjustment.
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Q117 is the 10.24-MHz
reference oscillator, and
C178 (56 pF) is used to ad-
just frequency.

Step 2— Vco Adjustment
Connect a VOM to TP8
(R114) and adjust T101 for
1.5 V with the channel-se-
lector switch in position 1.
Switch to position 40, and
the voltage shouldbe 45 V.

Step 3— Pre-Adjustment

Using a wattmeter or swr
meter showing relative
power output and adummy
load, turn L110 clockwise
until it reaches bottom.
Turn L106 clockwise until
power output is about 2 W.
Step 4— Rf Alignment

Set the channel-selector
switch to position 1. Tune
(in order T111, L103, L104,
T102, and T103, for maxi-
mum output. Turn L106 fur-
ther clockwise if necessary
to keep power at about 2
Watts. Change the channel
switch to position 40— the
power output should be
within 0.25 W of position 1.
Repeat the above proce-
dure until this condition is
met. This process is shaping
the bandpass of the rf cir-
cuit, and it is capable of al-
most flat response across
the channels.
Step 5—Final Circuit Ad-
justment

Use the same procedure
as in Step 5 for the 27A0X
board.
Step 6 — Modulation Adjust-
ment

Use the same procedure
as in Step 6 for the 27A0X
board.
Step 7 — Rf/S-Meter Adjust-
ment

Use the same connection
and adjustment procedures
as on the 27A0X board.

Receiver Alignment

The boards were de-
signed with an anl function
which can be made opera-
tional by connecting point
29 on the PCB to ground;
this should be done prior to
receiver alignment.

Step 1— Vco Alignment

The vco circuit is com-
mon to both transmit and

receive functions of the
transceiver, and was cov-
ered in the oscillator-fre-
quency check in the trans-
mitter-alignment section.
Step 2— Circuit Alignment

Use the rf/S-meter, an
audio VOM connected to
the speaker terminals, or a
scope to monitor align-
ment. Set a frequency gen-
erator, or a very attenuated
transceiver, to a mid-fre-
quency and very low out-
put to avoid agc action. Ad-
just, in order, T104, T105,
L112, T106, T108, and T109
for maximum output. The
frequency generator should
have low-level modulation
if using audio output as the
indicator. Since adjust-
ments interact, repeat sev-
eral times to obtain maxi-
mum sensitivity, decreasing
the generator output if nec-
essary. If a generator is
used, check the sensitivity
at both band ends, which
should be less than 1 uV.
Step 3—Squelch Adjust-
ment

Use the same procedure
as with the 27A0X board.
Step 4—S-Meter Adjust-
ment

Using the same signal
level as in step 3, adjust
meter-calibration pot
RV103 for S9 indication.

This completes align-
ment of the 36AO0X and
38A0X boards.

Transmitter Alignment
PTBMO51AOX

Step 1 — Oscillator-Frequen-
cy Check

This board uses a two-
crystal frequency scheme
in conjunction with the par-
ticular PLL circuitry used in
the design. Q1 is a
10.2-MHz reference oscilla-
tor for the PLL and injects a
signal into the second re-
ceiver mixer, Q10. This sig-
nal is fed into PLL IC1
where it is divided by 1024.
A 10.695-MHz signal is gen-
erated and mixed with the
above in I1C3.

Q1 should show a fre-
quency of 10.24 MHz. Ad-

just TC1 (adjacent to X1) for
correct frequency. The mix-
er oscillator (10.24 MHz) as
measured at pin 1 of IC3
can be adjusted by chang-
ing the value of C25 (4 pF).

Step 2— Vco Adjustment

Connect a VOM to TP8
and adjust L1 to obtain 1.5
V with the channel switch in
position 1. Switch to posi-
tion 40, and the voltage
should be 3.6 V.

Step 3— Pre-Adjustment

Using a wattmeter or swr
meter showing relative
power and a dummy load,
turn L12 clockwise until it
reaches bottom. Turn L7
clockwise until power out-
put is about 2 W.

Step 4— Rf Alignment

Set the channel-selector
switch to position 1. Tune
(in order) T1, L2, T2, L5, T3,
and T4 for maximum power
output. Turn L7 further
clockwise if necessary to
keep power at or about 2
W. Change the switch to
position 40, and power out-
put should remain constant
within about 0.25 W. Repeat
the above procedures until
this condition is met. This
procedure is shaping the
bandpass of the rf circuit,
and it is capable of almost
flat response across the
band.

Step 5—Final Circuit Ad-
justment

This is the most critical
adjustment to obtain maxi-
mum power output and
maintain the flat power re-
sponse across the band.
With the selector switch in
position 20, adjust Li1 for
maximum power output
and then L12 for a higher
maximum. Repeat the ad-
justments. Switch succes-
sively to channel 1 and 40
to verify that power output
remains within 0.5 W of that
obtained in position 20. If it
does not, return to position
20, turn L12 a quarter turn
clockwise, readjust L11 for
maximum output and re-
check position 1 and 40.
Last, adjust L7 for maxi-
mum output. Repeak L11

-
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and L12 slightly for max-
imum output. Recheck
channels 1 and 40.
Step 6 — Modulation Adjust-
ment

Using a scope connected
to the antenna terminal
(dummy load still attached)
or other modulation in-
dicator, adjust RV2 for just
under 100% modulation. If
a calibrated, modulated sig-
nal generator is available,
put 20 mV at about 1 kHz
into the mic input and ad-
just for the correct modula-
tion level.
Step 7 — Rf/S-Meter

The board was fabricated
for use with an rf/S-meter. A
suitable meter can be con-
nected between point 68
and ground. Adjust RV2
(near L12) to calibrate the
meter to the power level in-
dicated on the wattmeter.

Receiver Alignment

This board has circuitry
for an anl and noise-blanker
function. The anl can be
made operational by con-
necting points 31 and 41 on
the PCB. When these points
are not connected, the
noise-blanker circuit is
operational. A switch can
be installed for easy func-
tion selection, and the anl
should be engaged prior to
alignment.

Step 1— Circuit Alignment

Use the rf/S-meter, an
audio VOM connected to
the speaker terminals, or a
scope to monitor align-
ment. Set a frequency gen-
erator or a very attenuated
transmitter to a mid-
frequency and very low
output to avoid agc action.
Adjust, in order, T5, T6, L14,
T7, T8, and T10 for max-
imum output. The frequen-
cy generator should have
low-level modulation if us-
ing audio output as the in-
dicator. Since adjustments
interact, repeat several
times to obtain maximum
sensitivity and, if using a
calibrated generator, check
the sensitivity at each band
edge. Sensitivity should be
less than 1 uV.
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Component and Function Q10
Designation 25C710
2SC829
Q1 10.24-MHz oscillator 25C839
2SC710 Q11
Q2 Buffer 2S8C710
28C710 25C829
Q3 Rf pre-driver Q12
25C1687 2SC710
Q4 Rf driver 25C829
2SC1750 Q13
2SC1846 2SC372
25C2036 25C828
Q5 Rf power amp 2SC945
2SC1306 Q14
2SC1678 25A564
25C1974 2SA719
25C2075 2SA720
Q6 AVR (Automatic Q15
25C1318 Voltage Regulator) 25C900
Q7 Xmit switch 2SC945
2SA719 Q22
2SA720 25C900
Q8 Rf amp IC1
2SC710 1C2
25C460 TA7310P
2SC1047 IC3
Q9 1st mixer TA7310P
2SC710 IC4
2SC1359 BA521

2nd mixer

1st i-f

2nd i-f

Audio switch

ALC

ALC

Dc switch

Custom PLL 02
Vco/mixer/buffer

Xmit osc/mixer

Audio amp

Table 2. Components and functions for the 51AOX.

Step 2—Squelch Circuit Ad-
justment

Turn the external pot be-
ing used for squelch control
to maximum and adjust
RV1 (adjacent to T8) so that
an S9 signal just breaks the
squelch. If a calibrated gen-
erator is being used, input a
50-uV signal at the antenna
terminal and adjust for
squelch break.
Step 3—S-Meter Adjust-
ment

Using the same signal
level as Step 2, adjust
meter-calibration pot RV3
(adjacent to T10) for S9 in-
dication.

This completes align-
ment of the 51AOX board.

This board was made to
use an LED channel display.
A special channel-selector
switch with an extra section
of contacts protruding from
the top side was mounted
to the board. Another PCB
assembly (PTSWQO23A0X)
was connected to the top of
the switch and contained
the LED drivers. The LEDs

were mounted on board as-
sembly PTLDO15A0X and
interconnected to the driv-
er board with flat ribbon
cable. Each board con-
nected to the identical let-
tered holes on the other
board. Driver board
PTSWO23A0X hole 1 is
connected to main PCB
ground and hole 2 to ter-
minal 9 on the main PCB.

Hy-Gain produced two
radios that had all of the
functional controls in the
microphone, the main chas-
sis assemblies of which
could be mounted in the
trunk or under the car seat.
This not only facilitated
ease of operation but, by re-
moving the microphone,
prevented theft.

Model 2679

The transceiver used con-
ventional PLL circuitry con-
tained on the 36 AOX board
which was connected to an
auxiliary control board
mounted above it on the
metal chassis. The control
board has 750070 etched on
the foil side, and 878928

silk-screened on the com-
ponent side. The rear of the
chassis contains a large
16-contact connector
which was used to inter-
connect with the micro-
phone through a specially-
made cord.

The microphone was
black with two seven-seg-
ment red LEDs used for
channel indicators and red
(transmit) and green (re-
ceive) diodes located one
on either side of a silver-
handled toggle switch.
There are commercially-
available service manuals
which will illustrate the in-
terconnection of the two
PCBs and the microphone.

Since the transceiver
uses the same main PCB for
transmit and receiver func-
tions, the radio can be con-
verted in the same manner
as a switch-selected chan-
nel unit. One word of cau-
tion—the mike cord was
prone to failure. Buy two.

Model 2716

This radio was known as

the Hy-Gain 16 and was a
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state-of-the-art advance-
ment over the remote-
controlled 2679. It was
completely designed by Hy-
Gain and was the first re-
mote-microprocessor-
controlled radio manufac-
tured. The main PCB used
could be operated with a
conventional 40-channel
switch or interconnected
with a logic-control board
to accept serial data from
the microprocessor located
in the microphone.

The transceiver featured
40-channel operation, two
frequency memories, an
emergency switch to over-
ride all functions and go to
channel 9, PA function, a
switchable noise blanker,
and a clock.

The heart of the system
was a National Semicon-
ductor microprocessor
which was bonded to the
microphone PCB. National
Semi manufactured this
board. It has been adver-
tised for sale for use of the
clock only. Identification
on the lower left corner of
the foil side is MA6008-c.
The trimmer cap, IC, and

crystal and associated com-
ponents on the foil side are
the clock. Look at the crys-
tal frequency carefully if
you have one of the
boards—it's a TV crystal
adjusted by the cap to give
nearly correct time. Much
less expensive than using a
special crystal running at
exactly 3600 kHz.

All functions were ac-
tivated by depressing the
appropriate keys, with the
channels slewing up or
down, and the squelch and
volume controlled by
16-step control circuits.

In addition to the
microphone board, the in-
terface board (750097 on
foil side and 879499 on
component side) and the
main PCB (750096 on foil
side and 879709 on compo-
nent side) were intercon-
nected to form the func-
tional unit.

Since the main PCB can
be made operational with a
conventional channel-se-
lector switch as used on
other models, the following
alignment procedure is pro-
vided. Should you be able

to locate all of the com-
ponents necessary to con-
struct a complete unit, con-
sult commercially-avail-
able service manuals for
connections.

Transmitter Alignment
879709

This board uses a three-
crystal frequency scheme.
Q105 is an 11.8066-MHz
oscillator which is tripled to
function with the vco. Off-
set oscillator Q109 runs at
10.695 MHz, and PLL refer-
ence oscillator Q117 is at
10.24 MHz.

Step 1— Vco Adjustment

Connect a high-imped-
ance VOM to TP8 (R114)
and adjust T101 for1.5 V in-
dicated when set to chan-
nel one. Collector of Q108
should give a frequency
reading of 37.66 MHz at this
time.

Step 2 — Pre-adjustment

Using a wattmeter or swr
meter showing relative
power output and a dummy
load, turn L110 maximum
clockwise and L106 clock-
wise until power output is
approximately 2 Watts.

Component and Function Q113
Designation MRF472
Q114
MPS6514
Q101 vCo Q115
MPS3704 MPS6514
Q102 PLL mixer Q116
MPS6514 MPS6513
Q103 Buffer Q117
MPS6513 MPS6513
Q104 Buffer Q118
MPS6513 MPS6514
Q105 11.806-MHz oscillator Q119
MPS6513 MPS5172
Q106 AVR (Automatic Q120
MPS3704 Voltage Regulator) MPS5172
Q107 Xmit switch Q121
MPS3702 MPS6514
Q108 Buffer Q122
MPS6513 MPS6513
Q109 10.695-MHz offset Q125
MPS6513 oscillator 2N5088
Q110 Xmit mixer Q126
MPS6513 2N5088
Q1 . Pre-driver 1C101
MPS6513 MM48141
Q112 Driver 1C102
MPS-U02 TA7205P

Rf power amp

Rf amp

1st rec mixer

2nd rec mixer

Ref oscillator, 10.24 MHz
1sti-f

2nd i-f

Squelch

Range boost

Xmt audio ALC
Noise-blanker gate
Noise-blanker amp
PLL

Audio amp

Table 3. Components and functions for the 750096.

44 73 Magazine ¢ March, 1982

Step 3—Rf Alignment

Place in operation on
channel 1 and adjust T111,
L103, L104, T102, and T103,
in order, for maximum pow-
er output. Reduce output
by turning L106 clockwise if
necessary to remain at no
more than 2 W. Repeat sev-
eral times if necessary to
obtain maximum power
output. Switch to position
40 and verify that power
output is within 0.25 W of
the position 1 reading.
Step 4— Final Circuit Align-
ment

Follow the instructions in
Step 5 for board 27A0X.
Step 5 — Modulation Adjust-
ment

Using a scope or other
modulation indicator con-
nected to the antenna ter-
minal, adjust RV102 for cor-
rect modulation. If a cali-
brated, modulated signal
generator is available, con-
nect to point 22 on the main
PCB and set for 20 mV at
about 1 kHz, and adjust for
just under 100% modula-
tion.
Step 6 — Rf/S-Meter

An rf/S-meter can be used
with this board by connect-
ing between point 6B and
ground on the main PCB.
Adjust RV104 to calibrate
the meter to the power in-
dicated on the wattmeter.

This completes the
transmitter alignment.

Receiver Alignment

Step 1—Vco Alignment
The vco circuitry is com-
mon to both transmitter
and receiver and was cov-
ered in the oscillator-
frequency check during
transmitter alignment.
Step 2 — Circuit Alignment
Connect an audio VOM
to the speaker terminals or
a high-impedance VOM to
point 6B (or use the rf/S-
meter installed previously)
and ground. Using a fre
quency generator or a very
attenuated transmitter set
for a mid-channel, adjust, in
order, T104, T105, L112,
T106, T107, T108, and T109
for maximum audio output.



Repeat the adjustments as
necessary
Step 3—Squelch Adjust
ment

The squelch-adjustment
circuitry was located on the
control interface board. To
make the squelch circuit
functional, connect the
wiper pin of a 10k pot to
PCB point 7 and a 20k
resistor in series between
one of the pot TR pins and
point 11 on the PCB. Last,
connect a 10k pot (which
will be the squelch control)
between point 7 and
ground

Turn the 10k pot com-
pletely clockwise and ad-
just the 20k pot (squelch
calibrate) so that an S9
signal just breaks squelch
If a calibrated signal gener
ator is available, input 50
uV at the antenna terminal
and adjust for squelch
break

This completes align
ment of the receiver por-
tion of the board

Should any of the boards
fail to align properly, start
troubleshooting from the
front end of the receiver or
transmitter sections to lo-
cate the trouble. Since
these boards were in vari
ous stages of manufacture
when operations ceased
they should be inspected
carefully fordamaged com
ponents or solder bridges

In some models, the
detector is a TN4148 diode
(usually found after the 2nd
i-f amp Q119) and it is sub-
ject to infant mortality due
to solder heat during assem
bly if itis replaced, leave it
standing up in the air on
long leads and heat sink
between the board and
diode body

That is the list of boards
which many hams bhave
converted. They are very
well designed items, and if
in proper condition and
alignment should give very
good service for a number
of years Il
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Thomas C. Johnson WB6NQK
3628 A Court
Oxnard CA 93033

OSCAR Pathfinder

— a colorful way to track the satellites

fter purchasing my

shiny New Apple Il
Plus last year, | went search-
ing through my stacks of
old 73 Magazines for some
good programs to run on it.
To my amazement, there
was an annoying lack of ar-
ticles on this machine. (Hey,

Apple owners.  what
gives?) There were a lot of
programs for other

machines, but | didn’t feel
like going through the has-
sle of translating them.
Besides, | wanted to use the
graphics capability of the
Apple, and the programs |
found were not suitable for
graphics. So | decided that
a good way to get familiar
with the machine and to of-
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fer something to other Ap-
ple hams would be to write
my own program. Since |
have always had a lingering
interest in the OSCAR satel-
lites, an OSCAR satellite
tracking program became
my objective

The features | wanted my
program to have were:

1) A graphics routine to
display in real time the posi-
tion of the satellite being
tracked on a scale map of
the US along with a si-
multaneous display of
azimuth and elevation
figures for an antenna
array

2) A routine to display a
list of the azimuth and el-
evation figures for the orbit.

3) The equatorial cross-
ing data for each of the or-
bits on the day selected

4) A routine to display a
list of the latitude and
longitude of the satellite for
each minute of the orbit

Besides computing or-
bital data for OSCAR
satellites, | wanted the
capability to compute or-
bital data for any circular
orbit satellite. Building on
the basic ideas and re-
search of the authors | have
mentioned in the ref-
erences, | came up with
OSCAR Pathfinder

Although the basics of
the program came
straightforwardly, there
were two major obstacles |

had to overcome before it
would operate in the Apple
The first and most difficult
to solve stemmed from the
way the Apple memory is
organized (see Fig. 1). As
you can see, Hi-Res screen
buffer 1 is located from
8192 to 16383. Hi-Res
screen buffer 2 is located
piggyback to that from
16384 to 24525. Basic pro-
grams start loading into
memory at location 2048,
filling up memory from
there the way water fills a
glass. LOMEM floats up
through memory with the
loading program like a cork
floats up with the water
When the program is fully
loaded, LOMEM is at the
end of the program. Now, if
the program is longer than
6K bytes, the end of the pro-
gram extends up into and
possibly beyond the screen
buffers

In the case of OSCAR
Pathfinder, which is ap-
proximately 13K-bytes
long, 7K of the program
overlaps Hi-Res screen buf-
fer 1. When the command
HGR is encountered in the
program, the buffer is
cleared and POOF!—the
last 7K of OSCAR
Pathfinder goes off to the
bit bucket

Since the Hi-Res screens
cannot be moved to an-
other location in memory
(at least as far as | know),
the program must therefore
be made to occupy another
non-conflicting portion of



memory. With 48K of mem-
ory available, there is lots
of room to use between the
end of Hi-Res screen buffer
1 and DOS.

Ahah, but to get the pro-
gram up there  that was
the problem! Since LOMEM
and HIMEM affect only the
limits of variable and array
space, it wouldn’t help to
move them around. After a
lot of PEEKing, POKEing,
hair pulling, and studying of
the Apple manuals, | dis-
covered the fact that the
Apple uses software point-
ers to indicate the begin-
ning and ending of BASIC
programs in memory, along
with other various pointers,
all located in page Zero.
Locations 103 and 104
($67,%68) make up the
pointer to the program'’s
beginning address.

After a little experiment-
ing, | discovered that by
changing the contents of
this pointer | could control
the location at which the
BASIC programs start load-
ing. Success! Now by typing
the command ""POKE
104,64:POKE 103,0:POKE
16384,0”, | set the address
of the beginning of a BASIC
program to 16384, immedi-
ately following Hi-Res
screen buffer 1. Since Hi-
Res screen 2 is not used at
all in OSCAR Pathfinder, |
didn’t have to worry about
it causing any problems.
OSCAR Pathfinder could
then be loaded into memo-
ry and would reside from
16384 on up, with plenty of
room left available for
variables and arrays be-
tween the end of the pro-
gram (LOMEM) and DOS
(HIMEM).

This memory shuffling is
accomplished by the small
program, OSCAR START-
ER, which appears in Listing
1. OSCAR STARTER will
then cause the main pro-
gram (Listing 2) to load from
the disk and run.

The second major prob-
lem encountered was how
to get an accurate scale
map into the screen buffer
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Fig. 1. 48K Apple Il Plus memory organization.

for the program to plot on. |
had two options that | knew
of. One was to obtain one
of those fancy sophisticat-
ed graphics digitizer
tablets —which costs lots of
bucks. The other was to do
it by software —which costs
lots of hours. Since | had
lots more hours to burn
than bucks, 1 chose the lat-
ter method. | decided that
by using lots of HPLOT in-
structions, | could draw the
necessary map.

The map | chose to put
into memory was a Merca-
tor projection because the
latitude and longitude lines
were straight, easing the
math requirements to plot
coordinates. In order to ob-
tain the X, Y coordinates for
the HPLOT commands, |
traced the map on some
graph paper which had a
sufficient number of verti-
cal and horizontal lines to
provide reasonable resolu-
tion for the map. Then by
numbering the vertical lines
from 0 to 279 and the hori-
zontal lines from 0 to 159, 1
was able to come up with
the X,Y coordinates of all
the major features of the
map. (Believe me, that's a
lot of dots!)

The resulting program is
given in Listing 3. Since its

length extends into Hi-Res
screen buffer 1, either the
same relocation method
used to run OSCAR Path-
finder may be used or one
could split the program in
half and draw the map in
two steps. Running the pro-
gram results in a map of
the US, Mexico, and Can-
ada with latitude and longi-
tude lines for every 10 de-
grees. To save this map for
later use by OSCAR Path-
finder, first enter and run
the program in Listing 3.
Then use the BSAVE com-
mand to save the map on
disk as a binary file. Use
the file name "MAP 1. OS-
CAR Pathfinder will load
the map as needed.

Operation

As you might already
have deduced, OSCAR
Pathfinder was originated
on a 48K Apple 1l Plus ma-
chine with a single disk
drive. When run, OSCAR
Pathfinder first sets up vari-
ables, arrays, and formu-
las. Then it asks you for the
data necessary for compu-
tation. The program com-

putes the data for the orbit
you select and then offers
a choice of display modes.

The first information to
be entered is the position
of the station in longitude
and latitude, in the range
of —180 to 180 degrees
and —90 to 90 degrees,
with east longitude and
south latitude entered as
negative numbers. The
data is checked to be sure
it is in the proper range.
Next, OSCAR Pathfinder
asks the user for the date of
the orbit to be computed.
This is entered in six digits,
two each for day, month,
and year. The program
checks the entry for prop-
er range. Then the day of
the week for the date en-
tered is requested, to be
used later in determining
the mode of operation for
the satellite.

OSCAR Pathfinder then
requests the name of the
satellite and, if it is not an
OSCAR satellite, it then re-
quests the orbital pa-
rameters for that satellite.
The program asks for the
northbound equatorial

S HOME

10 POKE 104,64: POKE 103,1: POKE 16384,0

20 VTAB 10: PRINT “0OSCAR PATHFINDER IN 4K APPLESOFT™
30 VTAB 12: PRINT TAB( 10)“USING DOS 3.2.1"

40 PRINT CHRs

(4) 3 "RUN OSCAR PATHF INDER™

Listing 1.
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Listing 2 TE POINT DATA"1 PRINT TAB( $)*S1 ORBITS FOR CURRENT DAY™
g <. 2385 VA8 13: HTAB i PRINT "4) COMPUTE DATA FOR ANOTHER ORBIT=: PRINT TAB( )
~7) RESTART PROGRAM™1 PRINT TAB( 3)“81 QUIT"
2590 VIAB 18: PRINT * ANY CHDICE MAY BE ABORTED AT ANY TIME BY HITTING TH
E "ESC’ KEY. MITTING ANY KEY WHEN A ROUTINE IS COMPLETED WILLACCESS THE MENU. *
- . s g 2600 VYAB 24: PRINT TAB( 20)"YOUR CHOICE?"): GET G$: PRINT Gs
g :EE: : e 2 : 2610 B = VAL (G$)t IF G < 1 OR G > 8 THEN 2360
elred B & . 2620 ON B GOTD 4000, 3000, 3400, 3600, 2630, 2440, 2630, 2640
S50 REM & T.C.JOMNSON &8 s &f}“" ! (N 1000
:‘3 ::: : Nu:MN?:ao s 2630 GOSUB 4500: GOTO 2600
&5 Gan % : 3000 REM  WIGH SPEED GRAPHICS
90 REM  33338893998333380003 ;g:g :ﬁn; ﬁ" (’S?QSZDSW e
210 POKE 33,40: POKE 34,0: WOME 1 TEXT 1 PRINT CHRS (4)"NOMONC,1,0" ors (Earl ST
300 VIAB 101 HTAB PRINT "0SCAR PATHF INDER" Sosc et L soro
303 VTAB 11: HYAB PRINT "=mommmceaee 2 TE B s
:‘:: :::: :f‘ D iy e 3040 VTAD 10: HTAB 51 FLASH i PRINT "THE SATELLITE DOES NOT PASS": VTAB 11: HTA
3 Grae sl IS AR B S: PRINT "WITMIN THE DBOUNDS OF THE MAP.": NORWAL : VTAB 12: PRINT TAB( S)*TO
y = = DISPLAY THE MAP ALONE TYPE "M' "
433 g‘;: ;% LG RIS VOVRIIIB0 3080 GEY G%: IF G$ = “M" THEN HOME 1 POKE 16304,01: VIAB 241 FRINT TABC 13
2o 1S0T0Aea ) “NEXY CHOICE?*;: GET Gs: PRINI Gs
3060 GOTD 2360
510  HOME FLABH 1 VTAD 12 WIAD 3. PRINT “CRADR # “: PEEK (222)1° I LINE "t P 3570 Lome 1 POKE - 14304,0
€EK (218) + PEEK (219) 3 2561 NURPAL
820 VTAB 20: HTAB S: PRINT “MIT ANy KEY TO CONTINUE. : GET G$:1 PRINT G$: :g %2:“2??0‘;;!5{"5”:“;??;02"’?3“0;%”. o ey S 4 o
:fg ;‘:iﬂz‘&"’l’) g})g“‘ 3100 IF TR = O THEN HTAB S: PRINT DS$;: FLASH : PRINT " NOT IN RANGE "i: NORMA
L : PRINT “THIS ORBIT": GOTO 3320
1000 REW  DEFINE SRR S0 S s
1010 DIM LX(S2),MC%(1,53) ,RC% (1. 35) ¢ . N
1020 L%(0) = 138:L%(1) = 156:L%(2) = 1S3:L%(3) = 151:L%CA) = 149:L%(S) = 146 o S et any’ SHacE ean i g/ U VL
1030 LX¢b) = 134ILX(7) = 1321LX(B) = 140iLL(9) = 137:L%(10) = 135:Lu(11) = 133 300 vaon 200 JURT WIT (ESCT Pom mem e
#012) = 130:L%(13) = 1Z8:L7(14) = 1Z3:L201B) = 123:00018) = 120:L2017) = 11@:ixe 3120 YIAR ZRE HTAD 20: GEX G: ERINT Gsy 3
18) = 115:L%019) = §13:L%(19) = 110:L%(20) = 108 b .
1040 L%(21) = 10B:L%(22) = 103:L%(23) = 100:LX(23) = I75L%(25) = 95:L%(26) = 92: :'g_ :;?z,zle';:s?”fi CALL - B6B: VYAB 22: HTAB 3: PRINT “TIME:": VIAB 22: MTA
L7(27) = 89:L%(20) = B&6:LX(29) = BI:L%(30) = B1:LA(31) = 78:L%(32) = 75:L%(33) S SoOR el | AT
FZ:LX(34) = LFILLIIS) = 4k
1080 L7(36) = 62:L%(37) = S9iLX(30) = 56:L%(IP) = S2:L%(30) = 49:L%(a1) = 4BgL%( §§;§ ,":’Lg;,,’(‘g'ﬁ QORGSO G RCd LD
42) = 42:L%(43) = IV:LA(4A) = SILT(46) = TTILA(AT)  22:LCAB) = 1@:Lx(a5) = 1o IO T ° SSPI0.Lhs GOSUS 12300:1e - o v BaseALas LY S R ST
;;’7';5‘;: < Qo e : PRINT Te: VTAB 22: WIAB 281 PRINT Az
1080 D1$ = “SU™1D2% = “PO":1D3$ = “TU"1DAs = “WE":DSs = “TH":D&s = “FR*:D78 = “SA :0290 FOR J = 1 TO 2:Xp = PEEK ( 16384)s POKE 16368,0: IF KB = 155 THEN 25
3290 NEXT
1090 R1 = 1.5708:R2 = 3.14159:R3 = 4.7124:R4 = &, 2832:1RS = 57.296:R6 = .0l 745:RY R
111.12:R7 = 3957:RE = (440 ::?g :::‘ a0 Gl 5 L Q)
- pn - =av: 5o . - g
R R =0 U
1120 DEF N ACS(XO) = ATN (X / SOR ( - X 8 X + 1)) + 1.57079 3320 VTAB 241 HTAB 20: GET G%: GOTO 2330
1130 DEF EN AN(X) = ATN (X + 1.5708 ORI DL S RLQ AZIE T
1140 DEF FN DP(X) = INT (X § 10 + .5) / 10 o et YEXT c 2 ¥
1150 DEF FN MOD(AY = INT (A / 2 - INT (A /7 2)) 98 + .05 8 SGN (A / 2) 3'2° A e (b SRETIEUE 39 GTLRA0 B G 2505, e 0ps
2000 REM OSCAR PATHFINDER MAIN ROUTINE 430 IF TR = O THEN VTAB 12; HTAB 8: FLASH : PRINT “SATELLITE NUT [N RANGE.":
" 3 NORMAL : VTAB 14: PRINT TAB( B)"NO ANTENNA DATA AVAILABLE." : GOTO 3340
2020 POKE 33,40: POKE 34,0: HOME 1 TEXT : PRINT D$; “NOMONC, 1,0 APt L M N e oy Gl o L G
2040 VTAB 1 HTAB 11: INVERSE : PRINT "OSCAR PATHF INDER”: NORMAL 3430 VTAB 5; PRINT *TIME(ZULL) AZIMUTH -ELEV‘\’lUN"
Ep et SRERELIDE 3460 VTAB 6: FOR 1 = 1 TO 40: PRINT * NEXT
2070 VTAB 10: PRINT TAB( 12)"STATION LOCATION": VTAB 11: PRINT TAB( 12)° ;’:;g L”_"‘E H4
2080 VTAB 13: WTAB S: INPUT “LONGITUDE (+ DEG W,- DEG E}: ":Ass IF As = " THEN 3270 MR S R e -
2080 0 E A ;
2090 SD(2) = VAL (A$): IF SD(2) > 180 OR SD(2) < 180 THEN VTAB 13: PRINT S 3:;? T = SSP(0.1): GOSUB 12500:A2 = FN DP(SSP(4,1) & R3):EL = FN DP(SSP(3,1) 3
I S DY R 2000 3520 VYAE L: PRINT Ts; TAB( 14)3AZ; TABC 32);EL
2100 VIAB 1S: MTAB Si INPUT “LATITUDE (+DEG N, -DEG 5): IF A% = " THMEN 21 3330 NEXT
0o 3840 VIAB 24: WTAB 20: GET G$: GOTO 2610
2110 SD(1) = VAL (A$): IF SD(1) > 90 DR SD(1) < - 90 THEN VTAB 131 PRINT SPC 3350 VTAB 23: PRINT TABC 10)“HIT ANY KEY TO CONT.";: GET G$: PRINT G$: IF G$ =
¢ 40): GUTO 2100 CHRS (27) THEN 2610
2120 SD(1) = SD(1) ¢ R&:SD(2) = SD(2) & R& 3560 HOME :L = 7: GOTO 3310
2200 REM GET SAT DATA 3400 REM  DISPLAY SSP'S
2210 HOME 3610 POKE 33,2: TEXT : HOME : VTAB 3: PRINT TAB( 3)0Ss3" ORBIT # “jAF (0,AG) ;"
2220 VTAB 12: PRINT TAB( 2)“WHAT 1S THE DATE OF THE ORBIT DESIRED?" ON ;DTS
2230 VTAB 14: PRINT TABC 10)"DATE: (MMDDYY) I 3620 T = AF(1,AG): GOSUB 12800:L1 = FN DP(AF (2,AG) & RS)
2240 VTAB 14: HTAB 24: INPUT DTs 3630 VTAB 4: PRINT "TIME OF EOX:“;Te;" EGX(LON wW)":L1
2250 IF DT$ = "* THEN 2230 3640 VIAB S: PRINT “THE SUBSAT. PDINTS FOR THIS ORBIT ARE:"
2260 DT = VAL ( MIDs (DY$,3,2)): IF DY < O DR DY > 31 THEN 2230 346%0 VTAB 4: PRINT * TIME TIME LAT LON"
2270 AX = VAL ( LEFTS (DT$,2)): IF AX > 12 OR AX < O THEN 2230 3660 VTAB 7: PRINT *(AFTER EOX) wre) CoN) Cowy -
2280 DT$ = LEFTS (DV$,2) + “/* +« HID$ (DT$,3,2) ¢ “/" + RIGHTS (DV$,2) 3470 VTAB B: FOR T = 1 TD 40: PRINT “-"3: NEXT
2290 POKE 3a,1: HOME 3480 POKE 34,8:L = 8
2300 VTAB 12: HTAB S: INPUT "WhAT DAY OF THE WEEK 1S THAT?";aAs 3690 FOR 1 = 1 TO INT (PER + .S)
2310 DAs = LEFTS (As,2): IF DAs < > D1s AND DAS > D2% AND DAS D3s AND 3700 L = L ¢ }: IF L < 22 THEN 3730
DAs Das AND DAs < D3% AND DAS < > D&% AND DAS ¢ > D7¢ THEN HOME 13 VT 3710 VTAB 23: HTAB 10: PRINT "HIT ANY KEY TO CONT."j1 GEY Ge$: PRINT G$: IF GS =
AB t0: PRINT TAB( 4)"DAY NOT RECOGNIZED": FOR 1 = 1 TO 3000: NEXT : GOTO 2290 CHRS (27) THEN 2560
2320 HOME : VTAD 81 WTAB 7: PRINT “NAME OF SATELLITE DESIRED:": VIAB 9: HTAB 7: 3720 L = 10: HOME
PRINT - S —--"1 VTAB 131 HTAB 12; PRINT "11 OSCAR 7": VTAB 1 3730 T = SSP(0, 1)1 GOSUB 12800:L1 = FN DF(SSP(1,1) 8 RS)1L2 = FN DP(SSP(2.1) 8
S: MTAB 12: PRINT "21 OSCAR B": VTAB 17: HTAB 12: PRINT 3] OTHER" rS)
2330 VTAB 19: WTAB 12: PRINT 4] QUIT": VTAB B1 HTAB 34: INPUT "";Gs 3740 VTAB L: PRINT I3: WTAB 16: PRINT T$;: WTAB 26; PRINT L1:: HTAB 351 PRINT L
2340 IF VAL (B$) < 1| DR VAL (G$) > 4 THEN 2320 2
2350 IF G$ = "1" THEN DS% = 7:0S¢ = "OSCAR 7°:ALT = 910:PER = 114.945: INC = 101 3750 NEXT
.7: GOTO 23%0 3760 VTAB 24: HTAB 201 GET G$: POKE 34,2: WOME : GOTO 2610
2360 IF GS = "2" THEN DS% = B:0S¢ = "DSCAR 8°1ALT = B42:PER = 102.79: INC = 99.9 3770 GOTD 2610
: GOTO 2390 3950 END
2370 IF G% = "4 THEN END 4000 REM REAL TIME GRAFHICS
2380 GOSUR 13000 4010 HGR 1 HOME 1 HCOLOR= 3
2390 B = INT (RS / PER + .3): REM ORRITS PER DAY 4013 PRINT CHRe (4)~BLOAD MAF 1°
2400 C = (PER / RB) & 340 8 Ré: REM PRECESS LUN (RAD) 4020 POKE 34,11 HOME
2410 C = FN ACSIR? / (R7 + ALT)): REM SAT HOR1ZON (RAD) 3030 1F FBX = 1 THEN 4070
2420 DIM AF(2,B),SSP(3, INT (PER ¢ .%)) 4033 POKE - 16303,0
2430 GOSUB 8000: GOSUB 6000: GOSUB 3000 4040 VTAB 101 HTAB 5: FLASH : FRINT “THE SATELLITE DOES NOT PASS*: VTAB 11: HTA
2430 GOSUB 6500 B 3: PRINT “WITHIN THE BOUNDS OF THE MAP.": NORMAL : VTAB 12: PRINT TAB( %)°10
2430 VTAD 23: PRINT TAB( 3)“WilCH ORBIT?(SELECT BY REF #)1~ DISPLAY THE MAP ALONE TYPE *M*"
2460 VTAB 231 HTAB 35: INPUT As 4030 GEY G%: IF G$ = "M" THEN HOME 1 POKE - 16304,01 VTAB 24: PRINY TAB( 13)
2470 IF As = “° THEN 2450 “NEXT CHDICE?"j: GET G$1 PRINT Gt
2480 AG = VAL (A%): IF AG > B OR AG < O THEN 2460 4060 GOTD 2360
2490 POKE 34,11 HOME 4070 HOME : POKE - 16304,0
2500 VTAB 3: PRINT TAB( S)°NOW COMPUTING ORBITAL DATA FOK “i VTAB 7: PRINT TA 40RO GOSUB 9000: GOSUB 9300: GOSUB 10000
B( S)0S85" ORBIT # “;AF(0,AG) " ON “y DT 4090 VTAB 21: PRINT TAB( 7)0S$;" ORBIT ® ":AF(0,AG) ;" MODE “3MD$
2510 VYAB 10: PRINT TAB( 12)“PLEASE STAND BY..." 4100 IF TR = O THEN MHTAB S: PRINT OSs;: FLASH : PRINT * NOT IN RANGE “:: NORMA
2520 VTAB 141 FOR | = 1 TO 401 PRINT "3 NEXT L 1 PRINT “THIS ORBIT": GOTO 4140
2530 VIAB 18: HTAB 3: PRINT "ORBITAL DATA COMPUTED FOR "1 VTAB 20: WTAB S: 4110 GOSUB 10500
PRINT "OQUT OF "; INT (PER + .3);" MINUTES OF THE ORBIT." 4120 T = AS(1): GOSUB 125001 VTAB 22: PRINY "HI1T SPACE BAR WHEN TIME= “j;T83" (AD
2540 GOSUB 7000 s
2550 POKE 34,1: TEXT : HOME : VTAB S: PRINT TAB( $)"ORBITAL DATA NOW COMPUTED® 4130 VTAB 23: PRINT “MIT "ESC* FOR MENU. "
2560 POKE 34,5 4130 VTAB 24: MTAB 20: GET G$: IF G = CHRS (27) THEN 2350
2570 TEXT : WOME : VTAB 3: PRINT TAB( 3)“THESE DISPLAY MODES ARE AVAILABLE:* 4150 IF B% ¢ > [HRe (32) THEN 4140
2580 VTAB 8: HWTAB S: PRINT "1) REAL TIME GRAPHICS": PRINT TAB( S)"2) MIGH SPEE 4160 VTAB 221 HTAB 1: PRINT SPC( 40): VTAB 22: PRINT “TIME (UTC) AZIMUTH
D GRAPMICS": PRINT TAB( 5)*3) ANTENNA AZ/EL DATA“: PRINT TAB( 3)“4) SUBSATELL1 ELEVATION®: POKE 34,22
crossing (EQX) data for the The program then com- major number-crunching within range (above the

reference orbit for the date
selected earlier. This data is
entered as (1) orbit number,
(2) EQX time of day in the
format HHMMSS, and (3)
the EQX longitude with the
west longitude being
positive
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putes the equatorial cross-
ing data for each of the or-
bits for that date. The de-
sired orbit number is select-
ed from the list presented
by entering the reference
number associated with it.
The program then begins its

routines, generating
latitudes, longitudes, bear-
ings, and ranges for sub-
satellite points (SSP) in one
minute intervals for the or-
bit, and computing eleva-
tion to the satellite for each
minute the satellite is

horizon).

The computing time for
SSP data is approximately
1.4 seconds for each minute
of the orbit. For example, if
the orbit is 100 minutes
long, it would take about 2



4170 FOR I = AS{(2) TO LS(2):7 = SSP(0, 1)
FN DP(SSP(4,I) 8 R3):EL = FN DP(SSP(5,1)

: GOSUB 12300:Ts =
1 RS): HOME VTAB 23:

LEFTs (T3,5):A2 =
PRINT Te; TAB(

16);82; TAB( 32);EL
4180 TC = LS(2) - 11 VVAB 24: MTAB 121 PRINT “TIME 1O LOS: “37C;
4190 IF TC = O THEN 4310
4200 WPLOT XS,YS 10 MCX(O,1),MCX(1,1)
4200 FOR J = 1 TO 2309:1KB = PEEK ( - 16384): POKE 163668,0: IF KB = 153 THEN
2560
4290 NEXT
4300 PRINT CHRS (7); CHRS (7)
4310 NEXT
4320 VIAB 241 HTAB 20: GET 6%: GOTO 2330
REM  FIND OSCAR MODES
5010 IF LEFTS (0S$,5) < > “DSCAR® THEN MO$ = “N7A“s RETURN
3020 1IF 0S% = B8 THEN 3080
5030 IF FN MOD(AC) = O THEN MOS = Mis
5040 IF FN MOD(AC) = 1 THEN MO$ = M2s
S030 IF DAS = De(2) THEN MO = MOS ¢ M3s
5060 IF DAS = D$(4) THEN MOS = M4s
5070 RETURN
S080 1F DAS = D2¢ OR DAS = D3J% THEN MOs = M2
S090 IF DAS = D1% OR DAS = D78 THEN MO = M3®
S100 IF DA% = D3% DR DAS = D&% THEN MOS = M2% ¢ = & ° ¢+ MSS
S110 IF DAS = DAs THEN MO = Mas
3120 RETURN
6000 REM COMPUTE ALL ORBITS FOR DAY
6010 F = 1
4020 FOR 1 = 0 TO B
6030 FOR J = 0 TO 2
6040 ON J ¢ I GOTO 6050,8070,56100
6050 AF(J,1) = AELI) ¢ F 3 I
46060 NEXT
6070 AFLI, 1) = AELJ) +» PER 8 |
6080 IF AF(J,1) > RB THEN AF(J, 1) = AF(J, 1) - RB
6090 NEXT
6100 AF(J, 1) = AE(J) ¢ C 8 1
6110 IF AF(J,1) > R4 THEN AF(J,1) = AF(J, 1) - R4
6120 1IF AF(J, 1) > R2 THEN AF(J,1) = AF(J,T) - Ra
6130 IF AF(J, 1) ¢ - R2 THEN AF(J,1) = RF(J, 1) + Fa
5140 NEXT
6150 NEXT
6160 RETURN
4500 REM LIST ORBITS FOR DAY
6510  HOME
6520 VIAB PRINT TAB( &6)0S$; " ORBITS FOR ";DTs
&530 VVAB PRINT "REF »  ORBIT# TimE EQX EOQX (DEG )~
4540 VTAB S: FOR 1 = 1 TO 401 PRINT “—=j: NEXT
6550 POKE 34,5:L = 5
6560 FOR 1 = O 10 B
6570 L = L # 1: IF L > 22 THEN 6530
6580 T = AF (1,1): GOSUB 12300
4590 LD = FN DP(AF(2,1) 3 RS)
4600 VTAB L: PRINT I; TAB( 9)5AF (0,135 TAB( 19)3T8; TAB( 31);LD
6610 NEXT
6620 RETURN
8630 VTAB 23: HTAB 10: PRINT “WIT ANY KEY TO CONT. LISTING.";: GET B%: PRINT G¢
3: HOME L = S: GOTO 4570
7000 REM COMPUTE SUBSATELLITE DATA
7010 11 = INC ® R&:T = AF(1,AG):EQX = AF(2,AG):iA% = O:L% = O:FBL = O
7020 FOR I = 1 O INT (PER + .%)
7030 SSP(0,I) = T + 11 IF SSP(0,1) > RB THEN SSP(0,1) = SS5P(0,1) - RE
7040 5SP(1,1) = FN ASN( SIN (Ii) 8 SIN (R& ¢ I / PER))
7050 BA = COS (R4 9 1 / PER) / COS (SSP(1,1))
7060 1IF BA = | OR BA = 1 THEN SSP(2,1) = (.25 8 1 3 R&) ¢ EQX: GOTD 7080
7070 S5P(2,1) = FN ACS(BA) ¢ (.25 o 1 3 R&) « EOX
7080 IF SSP(2,1) > R4 OR SSP(2,1) > R2 THEN SSP(2,1) = SSP(2,1) - R4
7090 IF SSP(2, 1) R2 THEN SSP(2,1) = SSP(2,1) + R4
7100 W = ALT ¢ R7:N = SD(2) - SSP(2,1): IF N ¢ R2 THEN N = N + Ra
7110 IF N > R2 THEN N = N - R4
7120 SSF(3,1) = FN ACS{ SIN (SD(1)) o SIN (SSP(1,1)) ¢ COS (SD(1)) @ Cos (SS
PQ1.13) 8 COS (N}
7130 IF SSP(3,1) < O THEN SSP(3,1) = SSP(3,1) + R2
7140 TA = SIN (SSP(1,1)) - ( SIN {SD(1>) 3 COS (SSP(3,1)))178 = COS (SD(1)) 9
SIN (SSP(3,1)):7C = 1A /7 TB
7150 IF TC < 1 THEN TC = . FIIIITIIY
7160 IF TC > 1 THEN TC = 999999999
7170 SSP(4,1) = FN ACS(TC): IF SON (N) = 1 THEN S5P(4,1) = R4 - SSF (4,1)

7180 1IF SSP(3,1) <

7190 IF SSP(3,1) > D AND L% = O AND A% <

% = 1

72200 IF SSP(3,1) < = D THEN SSP(3,1) =
COS (5SF(3,1)) R7))

7210 1IF 1 = 1 THEN 7270

7220 IF SSP(I,1}) > = ,137035 AND SSP (1,1

THEN YA = 1

IF SSP(1,1) ¢ =
THEN YA = |

7240 1F SSP(1,1)
THEN YB = 1 1
7250 IF SSP(i,1) <
THEN ¥B = 1 1
7260 VIAB 18:
7270 NEXT
7280 TR = LS(1) ASC1)

7290 IF SSF(2,YA) < 2.7571 AND SSP(2,VE)
7300 RETURN

1.06453 AND SSP(1,1
> 1.0643 AND SSP (1,1 -
13705 AND SSP (1,1

HYAP 31: PRINT 1

= D AND AX = O THEN AS(1) = SSP(0,1):A5(2) = 1:AX = 1

> O THEN LS()) = SSP(0,1):L3(2) = [:L
R1 ATN ((H 3 SIN (SSP(3,121) /7 (H 3
1) < .13705 AND SGN (5SP(2,1)) = 1
- 1) > 1.0645 AND SGN (SSF(2,1)) =t
1) ¢ = 1.0645 AND SGN (SSF(2,1)) = 1
1) > = .1370% AND SGN (8SF(2,1)) = 1}

> .586 THEN FBY = 1

8000 REM INPUT REF ORBIT DATA

8010 HOME : VTAB 3: HTAB 53 PRINT 0S$;" REFERENCE ORBIT DATA “: VIAB 7: HTAP 14
: PRINY “FOR “;DTe

8020 VTAB 10: HTAB 3: PRINT "ENTER ORBIT NO. (XXXXX)1: “: VIAD 10t HTIAB
28t INPUT ““;As: IF LEN (AS) > S5 THEN BO20

8025 IF As = "< THEN BO20

8030 AE(0) = vAL (AS)

8040 VTAB 12: HTAP S: PRINT “ENTER EOx TIME (UTC) THHMMES *: VTAB 12: HTAB 28:
INPUT ““3A8: IF LEN (AS) < > & THEN 8040

80458 IF A% = " THEN BO4O

8050 IF VAL ( RIGHTS (A%,2)) 859 Or  vAL { RIGHRS (A$,2)) < O THEN Bura0

8060 IF VAL ( MIDs (A8,3,2)) > 39 OR VAL ( MIDS (AS,5,2)) < O THEN Bu40

8070 IF VAL ( LEFTs (A%,2)) ¢ O OR VAL ( LEFTs s, 2y) 23 AND VAL ( MIDs (
A,3,2)) > 59 THEN 8040

6080 T = As: GOSUP 12000:AE(1) = T

8090 VIAB 14: HMTAB S: PRINT "ENTER EOX LONGITUDE 3 "3 VTADP 14: HYAD 28:

INPUT "=;A8: IF As = " THEN 8090
8100 IF LEN (As) > S THEN BO90

8110 IF VAL (A$) > 180 OR VAL (As) <

180 THEN 8090

8120 AE(2) = VAL (A$) ¥ Ré
8130 RETURN

9000 REM COMPUTE RANGE CIRCLE
9010 DD = D ¢+ D § .2

9020 FOR 1 = O TO 350 STEP 10
9030 K = 1 ® Ré
9040 RC = COS (K}
9030 RD = SIN (K}
A= INT (RC 3 R3 ¢
IF A C9 THEN A = 9
IF A > 61 THEN A = 61
60SUB 11000
RCX(1,1 7 10) =
RCX41,1 / 10}
RCXAI, 1 / 10}
RCX40,1 / 10}
IF RCX(0,1 /7 10}
NEXT

RETURN

REM PLOT RANGE CIRCLE
HPLOT RC%(1,0),RC%(0,0)
FOR I = 1 10 33

HPLOT 10 RCX(1,1),RCX(0, 1)
NEXT
HPLOY
RE TURN
REM  PLOT PATH

IF  NOT FBX THEN RETURN
FOR 1 = YA 10O YB

0 = SSP(2,1) 8 RS1A =

3 DD ¢ SD(1)
3 DD & SD(2)

INT (X o
> 279 THEN RCX(I,
< O THEN RCX(1,1
> 159 THEN RCX (O,
< O THEN RCX(0,1

70 RCX(1,0) ,RCX(0,0)

INT (SSP(1,
GOSUB 11000

< 0 OR X > 279 THEN 10120

= 0 AND ¥ = O THEN HPLOT X,
= 279 AND ¥ = 0 THEN «PLOT
= 279 THEN HPLOT X,¥Y - 1

= O THEN HPLOT X,V - 1

= O THEN HPLOT X -

1,¥ 7O X, ¥

HPLOT X ~ 1,Y TO X o

REM
A = SD(1) ® R5:0 = SD{(2)
DB()) = ( ATN ({279 - 3) / YS))
DB(2) = 180 - (( ATN ((279 xSy /7
DB(3) = 180 » (( ATN (XB 7/ (139
DB(4) = 360 -
REM COMPUTE XY POINTS FOR BEAR]
FOR 1 = AS(2) TO LS(2)

A = INT (SSP{1,1) ¢ RS ¢ .3): 1IF
0 = SSP(2,1) 8 RS: GOSUB 11000:xP
1F P 279 OR XP O THEN 10670
MC%(0, 11 = XP:MCXL(L, 1) = ¥

COMPUTE BEARING LINES

10620
10630
10640
10630
106460
10665
10670
10680
10690 1IF
10700 IF
10710 IF BNG
10720 IF BNG
10730 MC%(0, 1) =
10740 MCX(0,1) =
10750 IF BNG ¢
10760 MCZ(1,1) =
10770 MC%i1, 1) = (279 - x5)
10780 IF BNG > 180 THEN 10800
10790 MCX(0,1) = XS ¢ ({159 - ¥S)
10800 MC%(0,1) = XS - ({159 - ¥5)
10810 IF BNG > 270 THEN 10830
10820 MCX(1,1) = ¥S ¢+ (XS 8 ( VAN (SSP(a
10830 MCX(1,1) = ¥§ - (XS 8 ( TAN (RS -
11000 REM CONVERT LON-LAT TO X,V
11010 X = 220 - ({0 - &0) ¥ 2,2353)
11020 ¥ = L%(A - 9

11050 RETURN

11500 REM CONVERT RADIANS TO DEGREES
11520 Lt = L1 8 R3

11930 L2 = L2 3 RS

11540 RETURN

12000 REM
12010 REM
12020 11 =

= SSP(4,1) ¢ RS

DB(4) DR BNG <
DB(1) AND BNG <
DB(2) AND BNG <
DB(3) AND BNG <
DB(1) THEN 10740
¥S 3 TAN (SSP(4,1)) +
XS - (YS 8 ( VAN (R4 -
THEN 10770
(279 - xs)

= DB(1)
= DB{(2)
= DB(3)
= DB(4)

BNG

vvvvy

¥S o

TIME CONVERSION

(HHMMSS TO XXXX. XX MIN)
vaL ( LEFTs (Ts$,2)) & &0
12030 T2 = VAL ( MIDS (Te,3,2))
12040 13 = VAL ( RIGHTS (Ts,2))
12050 T = T1 » T2 ¢ T3
12060 T = INT (T ® 100 »
12070 RETUKRN

12300 REN
12510 REM
12520 11 =
12330 72 =
12540 I3 =
3) 8 &0)) € 60+ LB

12530 T1s = STRS (T1):72¢ = STR
Y1 = O THEN T1$ = "00"
LEN (T18) = I THEN Tis
T2 = O THEN T28 = “00"
LEN (T28) = 1 THEN T28 = "0~
T3 = O THEN 138 » “00"

LEN (T38) = 1 THEN T3 = “O"
gt 0 T28 @ " & T3

/7 &0

.3 /7 100
TIME CONVERSION
AXXXX. XX TO HHMMSS)

INT (Y / &0)
INT ((Y /7 60
INT (Y 7 &0

INT (T /7 &)
INT

(12>

- “0*

12600
12610 IF
12620 T¢ = Tis »
12630 RETURN

13000 REM
13010 HOME : VTAB 10:
19: INPUT ““1As:A% =
13020 IF LEN (As$) >
13030 VIAP 12: INPUT
13040 ALT = VAL (AS)
13050 VTAB 14: INPUT
13060 INC = VAL (AS)
13063 VTAB 203 HTAP 5:
THEN 13010
13070 PER =
13080 OS% =

PRINT
LEFYs (AS,7):0S%
7 THEN OSs = As +

INPUT "IS ALL DA

(R& » SOR (({ALT ¢ R7) 3

01 RETURN

TO x,¥ + 1
10 X,¥ + 1
1,Y 70 X o

t Tan
« 7AW

Tan
« TaN

(T 7 6w)) 0

“SAT. ALT. (STATUTE MILES):

“SATELLITE INCLINATION IN DEG.:";A%:

.3):0 = RD » RS

.3 :RCX(6,1 7/ 10) = ¥

1 7 t0) = 279
/ 10) = O
17100

/ 10) = O

159

I) 3 RS ¢ .S1: IF A < 9 OR A &1 THEN 1

Y TOX ¢+ t,Y TO X,Y ¢+ 1: BOTO 10120
XY 7O x 1,Y TO X, ¥ + t: GOTD 10120
10 x 1,¥: GOTO 10:20

GOTOD 10120

GOTO 10120

Yo x » 1,
1,Y TO X,¥ ¢ 1:
1 70 x,¥v + 1

3 R3: GOSUP 1100031X5 = X:V8 = Y
? RS

(159
¥$)))

¥S)) > 8 RS
* R3)

€t ATN (XS 7 ¥YS)) § R3)

NG LINEBD

A< &1 THEM 10670

9 0OR A

FHEN MC7(1,1) = O: GOTO 10720
THEN MC2(0, D = 279: GOTO 10730
THEN MCZ{1,1) = 159: GOTD 10780
THEN MC% (0, 1) = O: GOTO 10810

1S: GOTO 10640
3SF(4,12))): BCTO 16660

GOTO
GOTO

10460
10660

(SSP(4,1) ~ R1))):
(R1 - SSP(4,1)))):

GUTO
GoTO

10680
10660

(R2
(SSF (4, 1) -

SSP1e, 11))):
R2))):

1 R3))):
SSP(4,12))):

6aT0 1G660
68470 106460

) 1 80)

&0} INT (T /7 60 INT (T / &0

T3¢ = STRs (IS
+ Tis
- T2e

e 138

INPUT ALTERNATE SATELLITE DAVA
“NAME OF SARTELLITE: 3 e

VIAB 103 HTAB
= RS
RIGHTS ("

A

4 LEN (A$))

bl
IF As = "~ THEN 13030

1F As = THEN 13050

TA CORRECT?";Aa%: IF LEFTs (A, 1) “N"

7/ 95600)) / &0

minutes and 20 seconds to
compute all the satellite
data. (Try doing it in that
time on your calculator!)

Display Menu

Finally, with all data
computed, the program

goes into the display mode,
starting out with the display
menu offering the choice of
(1) real-time graphics, (2)
high speed graphics, (3) azi-
muth-elevation list, (4) SSP
data list, (5) orbits for the
day, (6) compute data for
another one of the orbits of

the day, (7) start the pro-
gram over, and (8) quit. If,
while any of the display
routines is running it be-
comes necessary to access
the display menu again,
pressing the ESC key will
accomplish this. This allows
one to jump around the dis-

play modes without having
to wait for each one to
finish

If the real-time graphics
choice is selected, the com-
puter loads the map from
the disk into the Hi-Res
screen buffer 1. Then, if the
satellite path is within the
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Listing 3

10 REM  $8830835000sSessssuNs

20 REM ¢

30 REM 8 US MAP GENERATOR §

40 REM 13 ]

50 REM 8 BY T.C.JUHNNSON 3

60 REM ¢ t

70 REM 3 WBANOK s

80 REM & 2

90 REM 8 NDV 1980 .

95 REM 8 ]

97 REM sessNsay .

100 HOME : HGR : HMCOLDR= 3: HPLOT 0,0 TO 279,0 TO 279,159 70 0,159 TD 0.0

110 HPLOY 73,55 ¥O 75,56 TO 746,57 TD 74,58 TO 77,59 VO 77,66 10 76.87 10 76,72
T0 75,73 YO 73,74 T0 74,75 VO 74,80 TO 77,81 TO 77,83 7O BO,88 TO 80,89 10 62,93
70 84,94 10 64,96 TO 91,99 TO 93,102 TO 98,102 TD 105,105 TO 112,105 1O 112,104
120 HPLOT TO 123,111 TO 124,110 TO 124,109 1O 127,109 ¥O 135.119 10 136,119 10
136,11% TO 137,114 TO 137,113 7O 143,109 70 149,109 10 149,110 10 152,110 10 15
3,111 TO 154,111 VO 154,110 7O 153,109 TO 193,108 TO 153,108 7O 156,107
130 HPLDT TD 160,107 TO 163,109 TO 145,109 TO 166,108 TO 167,108 0 168,109 TO
168,110 TD 169,111 TO 169,112 TO 168,113 D 168,115 T0 171,118 T0 171,119 10 17
3,121 YO 174,121 TO 175,120 VO 174,119 T0 174,118 T0 175,117 10 174,116
140 HPLOT VD 174,112 TO 174,110 TO 172,104 TO 173,103 10 173,102 Y0 177,100 T0
177,99 Y0 178,90 10 180,98 TO 184,94 YO 184,89 VO 183,88 TO 185,87 10 1B6.86 TO
186,83 TO 187,83 YO 186,62 10 1868,8G TO 189,80 TO 190,79
150 HPLOT YO 192,79 TO 192,78 T0 197,76 10 197,75 1D 196,74 T0
9 TO 204,67 TO 204,66 TO 203,65 TO 203,61 1O 202,40 10 202,59 TO
5 70 186,64 TO 183,70 70 181,72 VO 177,72 VO 177,73
160 HPLOT 7D 176,74 TO 148,77 TO 168,74 1O 169,73 7O
0 10 166,70 TO 168,68 T0 168,67 10 t67,.66 TO 167.65 TO
4 TD 164,65 TO 163,66 T0 162,66 VO 162,67 TO 160,869
170 HPLOT TD 160,70 TD 161,71 TO 161,75 TO 159,76 TO
1 70 158,70 TO 159,67 TD 159,63 TO 160,64 T0 162,63 TO
1 10 138,60 10 157,6C 10 157,59 10 158,58
180 HPLOT TO 136,39 TD 153,60 TO 152,61 T0
6 10 157,55 T0 136,54 TO 135,54 T0 153,58 10
¥O 81,36 10 77,36 10 76.55
190 HPLODY 93,102 TD 93,107 TD 94,108 TD 94,109 TO 93,110 TD 96,110 VO 97,111 TO
98,111 TD 98,113 70O 97,114 TO 96,114 TO 96,115 TO 98,116 TO 99,116 VO 100,117 T
D 101,117 TD 103,119 TO 103,120 TO 102,121 7O 103,122
200 HAOT 7O 104,122 TO 105,123 TO 105,124 TD 106,124 TO 107,125 T0 107,126 TO
108,126 TO 109,125 TO 109,124 10 105,120 7O 105,119 TO 103,117 TO 103,116 10 10
2,116 TO 102,113 TO 101,112 TO 100,112 10 100,111 TO 99,111 TO 99,110
210 WPLDT TO 98,109 10 97,109 10 97,102
220 HPLOT TO 97,105 TO 99,105 TO 100,106 TO 103,112 TO 107,116 ¥O 109,117 10 1
09,118 TO 108,119 T0 109,120 1D 110,120 VO 118,130 T0 118,134 TO 119,133 T0 119,
136 10 120,137 7O 123,137 TO 124,138 7O 126,138 TO 129,141 TO 130,141
230 HPLOT TO 131,142 TO 132,142 TO 133,143 TO 140,143 TOD 141,142 TD 143,142 TO
147,146 TO 148,146 TO 150,148 TO 152,148 TO 133,149 TO 157,149: HPLOTV 167,149 T
0 167,143 10 145,144 TO 164,143 T0 157,143 TO 154,142 7D 155,142 TO 135,141
240 HPLOT 7D 157,139 YO 157,137 TO 158,137 7O 138,134 70 159,133 TO 159,330 70
153,130 TO 130,133 TO 150,133 10 146,137 TO 144,137 10 144,138 7O 143,138 10 14
3,137 YO 140,136 TO 138,136 7D 138,133 T0 135,127 10 135,119
250 HPLOT 167,126 TO 175,126 10 177,128 10 179,128 70 181,130 TO 186,132 70 187
,132 70 187,133 70O 180,133 TO 180,132 TO 176,130 7O 170,128 TO 170,127 TO 164,12
9 TO 164,128 TO 167,126: HPLOT 190,133 TO 191,133 1O 192,134 TO 196,134
260 HPLOT TO 196,135 TO 198,135 TO 199,136 TD 200,136 TO 200,137 T0 195,137 TO
195,138 7O 194,139 TO 193,139 VO 152,138 70 190,138 7O 189,137 7O 187,137 710 18

196,72 1O
199,59 TO

199,86
195,86

169,70 70
166,65 TD

168,469 1O
165,64 TO

167,7
164,46

158,76 YO
163,63 TO

138,72 10
165,61 YO

187,7
139,86

131,61 TO
153,33 70

150,59 TO 162,% TO 160,53
152,33 TO 80,53 T0 BO,57

8,136 TO 191,136 TO 191,135 T0 190,134 10 189,133
270 WPLOTY 178,137 TO 182,137 T0 162,138 TO 179,138
200 HPLOT 153,56 TO 154,56 7O 136,54 TO 159,54 TO 159,33 VO 160,53 TO 162,55 TO
162,56 TO 164,56 TD 164,57 TO 165,38 TO 165,62 TO 168,62 TO 149,63 VO 171,63 TO
172,64 TO 173,64 TO 174,65 TO 174,48 TO 173,48
HPLOT TO 171,66 TO 171,70 10 170,71 TO 170,72: HPLOT 169,75 TO 170,74 VO 1
76,74: HPLOT 177,71 1O 178,70 TO 183,70: HWPLDT 189,465 10 189,64 TD 194,60 TO 195
460 TD 204,49 TO 208,49 TO 209,50 TD 213,50 VO 214,49 TO 220,50
300 HWPLOT 202,54 TO 204,34 TO 205,33 VO 208,53 TO 209,52 70O 210,53
209,56 TO 209,61 7D 210,60 TO 211,60 TO 212,61 TO 213,61 TO 215,64
211,63 10 211,62 TO 210,62
310 HPLOT 216,64 TO 217,464 YO 217,62 TO 218,61 TO 219,60 TO 219,43 7O 218,64 T0
218,63 TO 217,66 TO 215,66 VO 213,68 VO 211,48 TO 210,69 TO 209,69 TO 209,71 TO
206,71 TO 206,66 TO 207.68 VO 209,467 TO 209,43 10 207,66 10 205,66
320 HPLOT 210,51 TO 212,51 ¥0 213,32 70 215,52: HPLOT 213,53 TO 216,53
330 HPLOY 78,55 TO 77,53 10 77,54 TO 75,34 YO 72,51 VO 71,51 TO 71,50 TO 69,50
YO 69,49 1O 68,48 TO 67,48 TO 47,47 TO 73,47 YO 73,49 T0 74,30 TO 75,51 VO 77,51
10 77,52 70 80,55
340 HPLOT 79,32 10 78,51 VO 76,51 VO 76,50 TO 75,49 10 75.48 TO 74,47 70 71,47
T0 71,45 TO 68,45 TO 68,42 TO 63,37 TO 64,37 T0 64,36 TO 61,33 7O 61,30 7O 59,30
70 59,31 70 57,31 TO 56,30
350 HPLOT TD 54,29 10 55,28 TO 55,27 10 54,26 T0 55,25 10 55,21 7O 54,02 10 52
.22 70 52,15 T0 32,18 TO 50,16 TO 48,168 70 45,13 7O 45,13 TO 42,13 VO 42,12 70 4
1,11 TO 40,11 70 39,12 70 38,12
360 WPLOY 10 37,10 TO 33,10 TO 33,11 VO 3i,11 VO 30,10
370 HPLOT 76,75 TO 105,75: HPLOT 85,75 TO 85,85 TO 97,95 TO 97,100 1O 96.101: M
PLOT 98,75 TO 98,92 TO 97,92 TD 97,94: HPLOT 91,75 TO 91,65 TO 92,65 T0 92,63 T0
91,62 TO 91,53: HPLOT 78,62 TO 79,63 TO 84,63 TO 85,62 TO 91,62
380 WPLOT 93,34 TO 93,35 TO 94,56 TO 94,58 10 95,58 TO 95,59 10 94,60 10 97,60
TO 97,64 TO 99,64 VO 99,64 10 100,66 TO 100,68 TO 101,47 T0 108.467 TO 105.78 10
125,78 VO 125,89 TO 123,89 TO 123,104 TO 116,104
390 HPLOT 110 78 10 110, 105: HPLOT 99,89 TO 142,89 T0 142,91

70 210,55 TO
Y0 215,63 TO

TO 184,913 HILOT 1

03,66 TO 120,46: HPLOT 120,33 TD 120, 78: HPLDT 120,42 T0 137,42: HWPLDT 120,72 10

133,72 T0 134,73 10 138,73: WPLOT 125,81 TO 140,86}

400  HPLOT 123,91 TD 129,9: 10 129,94 10 130,95 TO 130,94 10 131,97 10 134,97 TO
135,98 TO 143,98: WPLOT 138,71 10 149,71: HM.OT 140,79 10 150,79

410 HPLOT 137,53 10 137,44 YO 136,64 TO 138,65 10 138,75 10 139,74 VO 139,79 10
140,80 TO 140,82 TD 142,84 10 142,98 TD 143,99 TO 143,103 TO 144,103 10 144,109
t HFLOT 145,106

415 HPLOT 143,100 TO 130,100

420 WPLOT 149,40 TO 148,40 VO 148,62 TD 147,62 TD 147,463 TO 134,463 TO 146,465 TO
147,66 TO 147,467 VO 148,68 1O 149,68 YO 149,71 VO 131,73 VO i51,77 TO 150,78 TO
130,82 TO 153,87 T0 154,88

430 HPLOT TO 154,9: 70 152,93 10 152,95 TO 150.98 TO 150,102 TO 149,103 10 149

,105 YO 153,105 TO 133,107 TO 154,108

440 HPLOT 152,74 TO 158,74 7O 158,85 TO 157,86 TO 137,87 VO 156,88 70 154,89 TO
155,89: HPLOT 160,75 VO 148,75 TO 144,75 10 143,83 10 143,84 10 163.85 TO 141.8
7 10 158,87

430 HPLOT 152,95 TO 173,95 10 174,96 TO 176,96 TO 178,98: WPLOT 157,95 TO 157,9
8 TD 156,99 TO 136,107 TO 138,107 YO 158,105 TO 163,105 10 153,106 TO 169,106 10
169,107 TD 170,107 TO 171,106

460 HPLOT 142,95 TD 162,97 TO 163,97 TO 163,100 TO 144,101 TD 143,102 TO 163,10
3 7D 143,105: HPLDT 170,92 TO 168,94 TD 168,96 TOD 169,97 TO 169,99 TO 170.99 10
173,102

470 HPLDT 173,75 TO 186,75 VO 186,81 TD 174,81 VO 174,76: HPLOT 165,84 TD 166,8

4 10 147,68% TO 148,85 VO 170,83 VO 171,83 VO 173,81 TO 175,81 7O 175,83 10 176,8
3 70 177,82 10 178,83 VO 179,83 1O 183,87

480 HPLOT 147,90 TD 148,89 TD 149,89 70 169,87 TO 148,86 TO 170,88 TO 174,88 TO
174,87 7O 175,87 V0 175,86 TO 178,83: HPLOT 190,66 TD 190,73 VO 189,74 10 189,7

8 7o 168,78 TO 187,77

490 MPLDT 193,66 1O 191,72 1O 194,72 10 194,46: HPLDY
7 TD 193,76: HPLOV 184,82 TO 184,84 TO 183,85 TO 183.87

SO0 HPLOT 132,10 TO 142,14 TO 143,15 10 145,15 VO 146,16 VO 146,20 TO 147,20 70
147,23 TD 148,23 T0 149,22 YO 153,22 T0 153,23 10 155,23 T0 158,27 10 160,27 7O
164,30 10 170,30 TO 170,39

S10 HPLOT TO 171,40 10 172,40 TD 172,41 VO 173,42 7O 173,43 TO 174,44 VO 176,4
4 YO 176,43 10 177,43 TO 177,38 TO 176,37 VO 176,33 70 175,32 VO 176,31 VO 178,3
1 TO 181,29 7O 183,26 TO 182,21

S20 WPLOT TO 181,20 TO 181,19 VO 178,17 VO 180,10: HPLDT 199,10 TO 199,15 7O 2

01,15 TO 201,16 TO 204,17 TO 206,16 TO 209,10 VO 210,10 VO 213,13 TO 213,17 TO 2
13,19 10 214,20 TO 216,25 10 215,26 TO 219,27

S30 HPLOT YO 217,27 1O 218,28 ¥O 218,29 TO 219,30
560 HPLDT 106,14 1D 106,16 TO 107,16 TO 108,15 TO
111,13 ¥O 113,13 7O 111,13 7D 109,12 TO 108,13 TO
570 WPLOT 125,19 O 125,24 TD 124,25 1O 123,23 1O
580 HPLOT 128,38 1D 128,39 TO 129,39 1D 130,40 TO
134,48 TO 135,47 TO 134,47 TO 134,456 TO 134,43 1O
131,39 10 129,37
S90  HPLOT 133,36
138,48 TO 138,44
132,37

400 HPLOT 180,9 TO 180,6 TO 178.6 TO
YO 193,2 VO 194,2 1D 194.4 TO 195,5
T0 198,10

610 HetDT 220,30 TO 222,30 7O 222,31 VO 224,31 TO 223,32 7O 224,33 7O 222,33 10
221,34 7O 221,35 10 220,35 TO 220,36 1O 221,36 10 222,35 70 223,35 70 224,34 VO
226,34 TO 226,35 10 227,34 TO 229,34

420 WPLOT TO 229,41 VO 228,42 TO 228,43 TO 227,44 VO 223,44 VO 222,45 VO 222,4
7 TO 221,47 TD 220,48 VO 220,49

630 WPLOY 221,57 TO 231,57 VO 231,58 VO 230,58 VO 229,59 1O 231,59 VO 233,57 7O
233,59 1D 234,60 10 235.59 7O 235,36 7O 234,57 VO 234,53 VO 233,55 VO 233,33 10
233,54 TO 233,52 TO 234,51 7O 234,50

640 HPLOT TO 230,50 VO 230,49 TO 228,49 TO 228,47 10 229,44 10 229,43 VO 228,4

S TO 226,47 YO 226,48 TO 225,49 TO 225,50 70 224,5t VO 223,51 TO 223,52 VO 222,5
3 1O 223,54 10 221,35 TO 221,57

450 HPLOT 242,0 TO 244,2 TO 244.3 TO 245,3 VO 245,4 VO 246,5 TO 244,56 VO 247,5
10 249,5 VD 230,6 10 233,56 10 252,7 VO 253.7 70O 253,9 TO 254,9 TO 254,10 7O 251,
10 10 252,9

660 HPLOT TO 252,7 TO 253,6 TO 253,2 TD 54,2 TO 255,0

670 HPLOT 29,9 70 28,9 YO 27,8 YO 27,7 TO 25,7 YO 23,6 TO 24,5 70 23,5 70 21,7
70 23,9 YO 21,9 TO 21,10 TD 19.10 10 18,12 7O 16,12 TD 16,13 TO 13,13 VO 14,12 ¥V

013,11

680 WPLOT TO 14,10 10 14,8 TO 16,6 10 17,6 T0 18,% 1O 17,4 TO 15,6 TO 15,5 10
13,7 70 13,8 70 12,9 70 12,10 ¥O 11,10 7O 11,12 T0 9,12 7O 6,13 T0 8,14 TD 10,14
10 10,13

690 HPLOT 70 9,16 10 9,18 TO 3.20 VO 5,21 70 0,23

700 HPLDT 158,150 TO 158,151 TO 159,152 TO 160,152 7O 140,153 TO 161,153 TO 162
2154 TO 162,155 TO 163,155 VO 164,156 TD 164,157 TO 163,157 TO 166,158 T0 166,15

9 70 173,139 70 174,1%8 10 177,139 1O 180,139

710 HPLOT VD 180,158 TO 179,198 TO 178,137 10 177,157 TO 176,136 TO 174,138 TO
173,158 TO 172,159 10 171,158 70 170,158 T0 168,156 70D 148,155 TO 164,153 70 16
7,152 1D 167,150

720 HPLDT 133,9 10 143,54 TO 144,35 TO 144,34 TO 147,1 TO 146,0

190,73 T0 194,73 10 194,7

109,13 10
107,13 TO
127,20 10
130,42 TO
132,43 10

109,14 70 110,14 TO
107,14
126,19
133,48 TO
132,42 10

133,47 10
131,42 YO

70 133,36 TO
TO 134,41 TO

137,36 7O
133,41 10

137.41 YO
133,41 7O

137,42 TO
133,39 TO

139,44 1D
134,38 TO

139,45 7O
133,37 7O

178, 10 179, 70 180,4 TO 180,0 TO 191,0
V0 198,35 10 198,46 T0 197,7 VO 197,8 VO 198,8

1000 FOR 1 = 18.8293339 TD 270 STEP 22.33294
1005 FOR J = O TO 139 STEP S

1010 HPLODT I,J

1015 NEXT

1020 NEXT

1030 ¥¢2) = a9:Y(3)
FOR | = 1 TO 5

FOR J = O TO 279 STEP S
HPLDT J,v (1)

NEXT

NEXT

= B1:Y(4) = 108:Y(3) = 133:¥(1) = 10

over from the

bounds of the map, it draws
the satellite path and range
circle and displays the sat-
ellite name, orbit number,
and mode of operation. The
computer then requests the
operator to press the space
bar when the actual time of
day matches that displayed
on the screen (which is the
time of Acquisition Of
Signal — AOS). When that is
done, the computer begins
its real-time display proce-
dure, during which it dis-
plays the current satellite
position along the path,
with a bearing line from the
station to the current SSP,
the time of day, the time re-
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maining until Loss Of Signal
(LOS), and current antenna
azimuth and eievation
figures. The computer up-
dates all this information
every minute until LOS

If the high-speed graph-
ics routine is selected, the
computer performs basical
ly the same operations as
the real-time routine except
that the speed of the up-
dating is increased

If the choice is made to
display antenna direction
data, then the Apple dis-
plays the azimuth, eleva-
tion, and associated time of
day for each minute the sat-
ellite is in range.

The choice to display SSP
data displays the time after
EQX, time of day, and
longitude and latitude of
each SSP for each minute of
the orbit

The choice to display all
orbits will display the same
list of data for all the orbits
for the day selected

If you choose to com
pute another orbit, the pro-
gram retains all satellite pa-
rameters and displays the
orbit list, allowing the oper-
ator to select another one
of the orbits for that day

Choosing to restart clears
all variables and starts the

program
beginning
Finally, a choice to quit
will do just that, stopping
the program immediately

Program Structure

This program is con
structed of fifteen separate
software modules, each
with a specific job as indi-
cated below
1000 Initiates all
ables, arrays,
and functions
2000-4000 Main routine
5000 Determines the
mode of operation for OS-
CAR 7 or8.(OSCAR 7 is now
out of operation, of course.)

vari-
constants,



1) Subpoint latitude
LAT = arcsin[sin(inc)*sin(360T/PER))
T =time after EQX
PER = period time
2) Subpoint longitude (Earth rotation is .25T)
LON =arccos [( Ccos(360T/PER) ) +(.25T) + Leax ]
cOs(LAT)
Lgox = longitude at EQX
3) Distance from station to subpoint
DIST = arccos|(sin(A)sin(B) + cos(A)cos(B))cos(L)]
A = LAT of first point (station) (+90° to —90°)
B = LAT of second point (SSP) (+90°to —90°)
L = LON of first point — LON of second point
DIST units is in great circle arc degrees radians
4) Bearing from station to subpoint
BNG = arccos [ sin(B) — sin(A)cos(DIST)

cos(A)sin(DIST)
If L in formula 3 was negative then the bearing =360° — BNG
5) Elevation to satellite
H x sin(DIST)
ELEV =90 — arctan I
H x cos(DIST) — 3957)
H = Earth radius + satellite aititude
6) Distance to satellite
ANG = [ H xcos(DIST) — 3957
[ cos(90 — ELEV)
RNG is in statute miles
7) AOQOS/LOS range (horizon of satellite)
D = arccos ( R )
H
R = Earth radius (3957 miles); D is in great circle degrees

8) PER time = ( 2n x \/ ( gs%[)lﬁ‘ ) ) 160
X

SD(1) = station latitude
SD(2) = station longitude
RC%(1,36) range circle plotting points; RC%(0,X)=Y coordinate;
RC%(1,X) = X coordinate
AE(0) = orbit#; AE(1) = time of EQX; AE(2) = EQX longitude
AF(2,B) data for orbits for the day requested
AF(0,X) = orbit#; AF(1,X)=time of EQX; AF(2,X)= EQX longitude
B = no. of orbits per day
SSP(5,PER) = subsatellite point data for orbit
SSP(0,X) =time of day; SSP(1X)=LAT; SSP(2,X)= longtitude;
SSP(3,X) = distance
SSP(4,X) = azimuth; SSP(5,X) = elevation
PER = satellite orbital period in minutes
X—denotes each minute of orbit
Latitude & longitude are in radians
Distance is in great circle radians
Azimuth and elevation is in radians
L% (53) map latitude to Y coordinate-conversion constants
MC%(1,53) = satellite path plotting points
MC%(0,X) = X coordinates
MC?%(1,X) = Y coordinates
D1$ to D7$ =days of week D1$ ="SU"; D2§ ="MO"; etc.
M1$ to M5% = OSCAR operating modes
AS(1) = time of acquisition of signal (UTC); AS(2) = time after EQX(min)
for AOS
LS(1) = time of loss of signal (UTC); LS(2) =time after EQX(min)
for LOS
TR = time in range (LS(2) — AS(2))
AG = selected orbit
R1=1.5708; R2 =3.14159; R3 = 4.7124; R4 =6.2832; R5 = 57.296;
R6 = .01745; R7 = 3957; R8 = 1440; R9 = 111.12
MO$ = OSCAR mode of operation—made up of M1$ to M5$
DAS$ = day of week

PER is in minutes

360°

i f t it= .25)° _9oV =5
9) Precession of Earth per orbit = (PER x .25) ( Ta40min ) 25

10) Orbits per day = 1440/PER

Fig. 2. Formulas.

6000 Lists the orbits and
EQX data for all orbits of
the day

7000 Computes SSP data.
This is the main math rou-
tine. It computes the time
of day for each point,
stored in array SSP(Q,1); lati-
tude, stored in SSP (11);
longitude, stored in SSP
(2,1); distance from station
to subsatellite point, stored
in SSP(3,1); and true bearing
from station to subsatellite
point, stored in SSP(4,1) for
each minute of the orbit. It
checks to see if the satellite
is in range and, if it is, it
computes the elevation,
stored in SSP(5,1), and sets
up pointers to AOS and LOS
time. 1" in the arrays corre-
sponds to the time in min-
utes after EQX. The subrou-
tine also checks to see if the
satellite path will take it
within the bounds of the
map and, if it does, it sets
up pointers to when it en-

ters and leaves the map
bounds (YA and YB). Finally,
it computes the time in min-
utes that the satellite is in
range.

8000 Used to input refer-
ence orbit data: orbit num-
ber, time of day of EQX,
and EQX longitude.

9000 Computes X,Y coor-
dinates for the range circle
to be displayed on the map.
9500 Draws the range cir-
cle on the map.

10000 Draws the satellite
path on the map.

10500 Computes X,Y
coordinates for drawing
bearing lines from station
location to each SSP.
Stored in MC%{0,1) and
MC%(1,1).

11000 Converts longitude
and latitude figures to X
and Y coordinates.

12000 Converts time in
the form of hours, minutes,
and seconds to the form of
minutes after midnight.

DT$ = date of orbit (MM/DD/YY)
0S% = satellite selected
0S$ = satellite name

ALT = satellite altitude in statute miles

INC = satellite orbit inclination (in radians)

C = satellite precession degrees per orbit (in radians)
D = satellite horizon (in great circle radians)

D$ = control (D for DOS)

fig. 3. Variables, arrays, and constants used in OSCAR

Pathfinder.

12500 Converts time in
the form of minutes after
midnight to hours, minutes,
and seconds.

13000 Accepts data need-
ed to compute orbit data
for satellites other than
OSCAR. Satellite altitude,
inclination, and name must
be entered.

The formulas used in
these routines are detailed
in Fig. 2. The major arrays
and variables being used
are detailed in Fig. 3.

Have Fun!

| hope you can make
some use of this program as
| have. | have been using it
regularly to predict OSCAR
positions and I've also used
some of the techniques in
other programs.

If you really want to get
OSCAR Pathfinder running
with the least amount of ef-
fort, you can send me $15
and I'll ship you a disk with
everything on it ready for
turnkey operation. If you
have any questions that |
haven't answered here,
send me an SASE and I'll
see if | can help you out.
Have fun!'l
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Stephen Gibson
PO Box 38386
Hollywood CA 90038

Which TVRO Antenna Is Best?

ln the past few months,
I've received dozens of
letters from hams wanting
to know which antenna is

best. Since it’s easy to get
stung, you must know what
to ask for and, in many cas-
es, to demand!

The $100 Receiver!

December's mail was heavy, mostly due to my mention of the
$100 receiver design by Rex Roads. Well, Rex is busy cleaning
up the drawings and we have a complete construction article
planned for late spring. In the meantime, start looking for a site
for your $100 dish. We've got one of those coming, too.

— Satellite Central, part IV

Let’s cover the kinds of
antennas you'll likely find in
TVRO service and then
move on to selection tactics
in my next article. All things
considered, you need about
40 dB antenna gain at 4 GHz
for domestic birds, with
more gain necessary as you
move off the prime cover-
age footprints.

The situation is aggravat-
ed by the need to shield the

PRIME FOCUS
NEWTONIAN)

- SIGNAL

— SIGNAL

Fig. 1. The prime-focus design uses a parabolic reflector to concentrate the signal from the
satellite into a small area known as the focus point. The accuracy of the dish surface to a true
parabolic curve governs the size of the focus point and placement of the feedhorn.
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antenna from noise on all
sides except the main lobe.
Down in the dc bands,
antenna side-lobe response
is usually something you ig-
nore unless you want max-
imum efficiency or enjoy
climbing the tower to prune
beam elements! You must
pay attention to this prob-
lem in TVRO work because
the signals you want are well
below the terrestrial noise
floor in the vicinity of the
antenna. Typical signal lev-
els are 30 dB below the sur-
rounding noise. It’s like try-
ing to hear a normal conver-
sation in a room full of peo-
ple shouting at you! More
gain won't help

The solution is to build a
dish reflector large enough
to produce a very narrow
beamwidth. Then use some
plumbing in the form of a
feedhorn to channel the sig-
nal to a shielded monopole
antenna probe. Several
antenna designs can be
used. All of them work, but
you must study them
carefully.



A Tempting Menu of Dishes

The prime-focus design
seen in Fig. 1 is by far the
most popular TVRO anten-
na today. The surface is
formed into a parabolic
curve so that the reflected
signal travels the same dis-
tance to the focus point
where it enters the feedhorn
opening. The distance from
the reflector to the focus
point is referred to as the

focal length. The formula
" for a parabola is available
out of many trig or calculat-
or instruction books. It is
easy to apply the formula to
a wood or masonite
template and to build a
working dish from wood and
window-screen material in a
few evenings. Prime-focus
dishes are simple to build,
and they may have very
good side-lobe properties if
you are careful with con-
struction and feed selection.

Next, we have the Casse-
grain, or two-reflector, dish
seen in Fig. 2. Most commer-
cial satellite stations use this
design because overall effi-
ciency can be improved by
additional contouring of the
hyperbolic subreflector and,
in some cases, modifying
the curve of the main reflec-
tor. Cassegrains can have
very good directivity and
may, with very special de-
sign, achieve low side-lobe
response as well as greater
gain than equivalent-sized
prime-focus models. This
slight advantage is due in
part to the longer focal
length and reduced area
presented to the feed.

Building a Cassegrain
may be harder because you
now have two reflectors that
must be in perfect align-
ment before the signal can
reach the feed. That is, the
focus point of the main re-
flector (parabolic) must co-
incide with the back focus
point of the subreflector
(hyperbolic). As a rule, Cas-
segrain subreflector sizes
are between 10 and 20 per-
cent of the diameter of the
main reflector, but the main
reflector must be larger than

CASSEGRAIN FOCUS

== SIGNAL

FEED = SUB-REFLECTOR

SIGNAL

Fig. 2. The Cassegrain or twin-reflector design offers increased efficiency, but there are limits.
As a rule, Cassegrains must be larger than ten feet before you can derive any benefit because
the subreflector blocks a significant portion of the signal from ever reaching the dish.

SPHERICAL

/ SIGNAL A

-~ FEED B

§SV/,_ -

s
—v; ¢;: A
R L\g\;ﬁ
“ A
N (, b

Fig. 3. Carve out a piece from a very large metal ball and you have the spherical antenna. It is
possible to receive several satellites at once using separate feeds or you can simply mount the
feed and LNA on a tripod and move it from satellite to satellite.

N\
\&ED A

SIGNAL B

REFLECTOR /HORN
PARABDLA
— —ae——— SIGNAL
le—HORN

F:sso

Fig. 4. The horn/reflector antenna is just a segment of a parabola fed by a very long horn. It has
been in use for many years by A.T. & T. and other terrestrial microwave users. This design is
considered by many as the ideal solution to high gain and low side-lobe response.

ten feet before you can
derive any benefit. So the
subreflector presents a real
problem since it blocks a
significant portion of the

signal from ever reaching
the dish! This phenomenon
is known as aperture
blockage and is the one fac-
tor that keeps the Cassegrain

from becoming popular in
dish sizes below 4 meters.
Perhaps the most interest-
ing style in use today is the
spherical antenna. The late
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OFFSET FEED
(GREGORIAN )

PARABOL A

SIGNAL

FEED ELLIPSE

Fig. 5. The offset feed dish is
similar to the Cassegrain in
the two-reflector configura-
tion, though single-reflector
versions are also used. Side-
lobe response is greatly im-
proved because of a lack of
aperture blockage.

Oliver Swan developed a
practical approach to this
design. The spherical holds
the unique advantage of be-
ing able to receive several
satellites at once —but sep-
arate feeds are required, as
shown in Fig. 3. It is possible
to place a spherical so that it
can see almost a 40-degree
arc of the Clarke belt. Then
you simply move the feed in
an arc to move from satel-
lite to satellite.

The spherical looks al-
most like a flat plate or a
very long focal length pa-
rabola. Mere inches keep ei-
ther statement from being
true. Despite the hassle of
poor side-lobe response, the
spherical offers an easy way
for the home constructor to
get his antenna built at mini-
mum cost. Instead of using a
parabolic curved template,
one simply uses a wire
stretched from some distant
radius point to adjust and
check accuracy. ]

Ma Bell, on the other
hand, has a lot of experience
with 4-GHz signals. Her
horn/reflector, or Hogg horn
(named after one of the in-
ventors), is shown in Fig. 4.
This design embodies "high
gain and excellent side-lobe
response. It’s just about the
only style that will work in a
metropolitan area where in-
terference is rampant. Un-
fortunately, the Hogg is a
beast to mount! A typical
4.5-meter-aperture unit may
have an overall length of 34
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Fig. 6. Nearly ideal reflector surfaces are possible when
flame-spraying is applied to fiberglass dishes. Care must
be used in the coating as well as curing time for the resin
to ensure that the dish will follow the proper curve within

1/8 inch.

feet. Your backyard has got
to be very large or else the
barbecue must go!

Another design used in
commercial applications is
the offset parabolic seen in
Fig. 5. The feedhorn does
not get in the way of the sig-
nals, thus improving the gain
and reducing side lobes. The
modified torus is finding use
in cable TV and military in-
stallations where several
signals may be needed
with about equal efficiency.
tach design has its own
unique advantage and price
tag!

What Materials Work
For Dishes?

Just about any reflective
surface will work, but some
obvious concern can devel-
op when you look at a fiber-
glass dish. Some designs use
mesh or sheet-metal reflec-
tors imbedded in the fiber-
glass. Others may use a
metal film applied by a
technique known as flame-
spraying—as seen in Fig. 6.
Flame-spray may improve
the accuracy of the dish ge-
ometry, but there is no easy
way to know how well the
coating was applied. It’'s
easy to get sloppy. I've test-
ed dishes where large sec-
tions had no reflective prop-
erties at all!

On the other hand, a dish
constructed of mesh screen
may not follow a parabolic
or spherical curve over the
entire surface. This is espe-
cially true of window-screen
designs. The mesh bends
easily and must be applied
in flat sections. Despite the
claims of many manufactur-
ers, a flat section cannot
possibly work as well as one
which follows a parabolic or
spherical curve. Why, then,
do some mesh dishes work?
The secret is simply in the
number of sections used.
More sections come closer
to the overall desired curve.
Interestingly enough, gain
loss is not the big problem
with window-screen designs.
Using fewer sections affects
the side-lobe response of
the dish more than it does
the gain!

How big can the holes in
the mesh be? Good ques-
tion. Logically, they must be
big enough to appear as a re-
flective surface to the wave-
fronts. If we go back to the
books, we can think of the
holes as waveguides beyond
cutoff and simply make
them progressively smaller
until microwaves don’t slip
through. The bottom line is
about 1/8-inch-diameter
holes. Anything larger does
not reflect nearly as well.

Solid spun-metal dishes
are by far the best. Their ac-
curacy and reflective prop-
erties outweigh their un-
wieldiness. The only catchiis
that large spun dishes are
nearly impossible to find.
The surplus market top-ends
at the ten-foot mark.

The next best bet in ma-
terials is metal petals.
They reflect just as well as
anything else, but you must
use care during assembly or
they may not accurately fol-
low the dish curve. Bending,
twisting, and sweating are
normal occurrences when
you try to put one of these
types together!

What About Feedhorns?

Fig. 7 shows some typical
feedhorns. Their primary
purpose is to efficiently cou-
ple most of the signal
bouncing off the reflector
into the LNA. But therein
lies the problem and per-
haps the first place you may
want to try to improve basic
TVRO-antenna design. You
see, the feedhorn, like the
dish, has its own sensitivity
pattern, too. Like any anten-
na, they are most sensitive
on axis, tapering off at the
sides. The key to feed effi-
ciency is in the taper. Re-
member, we want to receive
a signal that is well below
the terrestrial noise floor.
And the feed overshoot seen
in Fig. 8 would indeed inter-
cept the noise we want to
reject.

So what do you do if all
feeds overshoot? The trick is
in finding a happy medium
of gain and efficiency versus
noise intrusion. Let’s assume
for the moment that the
feed is designed to taper off
sensitivity so that the edges
of the main dish reflector
just intercept the 10-dB
points on the feed pattern.
Visualize the situation
where the feed is most sensi-
tive to signals bouncing off
the center of the reflector,
but less sensitive to signals
at the edges. This problem
has kept feed designers
working in the wild quest for
the ideal curve seen in Fig.



Fig. 7. Feeds may take on various shapes, but their sole pur-
pose is to properly illuminate the dish. | had a chance to test
several of the feedhorns sold today. My spectrum analyzer
showed a drastic difference in gain and efficiency on my par-
ticular dish, so feed matching to the dish is important.

9—one that tapers off like a
steep ledge rather than a
rolling hill.

Perhaps the most interest-
ing outcome from recent
feed design advances has
been the radical departure
from the classic flared
waveguide approach. Look

at any dish and you will real-
ize that because the dish is
circular, the wavefront re-
flected into the feed will be
also! So “circularto-wave-
guide” transitions in feed
are becoming the rule rather
than the exception

This deviation from the

NOISE FROM
FEED OVERSHOOT

L >
- \\\;/3:550

Fig. 8. Better efficiency
achieved by a broader feed
beam will only cause over-
shoot and increase intercept-
ed terrestrial noise. The best
compromise is about a 10-dB
drop at the edge of the dish.
A metal shroud around the
rim of the dish can block
some noise seen by the feed.

classic rectangular feed can
boost overall antenna effi-
ciency to nearly 60 percent.
Is that all? Higher efficiency
is possible and, in fact, with-
in reach if you can make
better use of the surface
near the edge of the dish.
The two-reflector, or modi-

IDEAL -
~

\
\
1

Fig. 9. Typical feed-pattern
sensitivity just covers the
dish at the 10-dB points. This
means that the dish is less ef-
ficient at the edges. Nearly
100 percent antenna efficien-
cy would be possible if you
could achieve the ideal
curve and still eliminate
feed-phase taper, aperture
blockage, and reflector-
surface errors.

s T

ACTUAL

T0° g

fied Cassegrain, design is a
step in that direction. But
the problems of proper
amplitude illumination and
equal phase paths over an
unobstructed reflector aper-
ture are still there. For the
moment, it appears that
matching a feed to a dish is
like fitting a round peg in a
square hole. A hammer
won’t help!

UNIVERSAL COMMUNICATIONS
A Division of Innovative Labs, Inc.
P.O. Box 339

1

At last, an inexpensive,\
state-of-the-art

~—satellite TV receiver

MODEL DL-2000

e Fully tunable audio with AFC
* Channel scan feature standard
* Remote control option available

Arlington, Texas 76004-0339 « Jack for external signal metering

e LED bar readout indicates video quality

$749.95 $699.95 * Front panel selection of video polarity
» Built-in RF modulator and video output driver
Lots of 1 Lots of 10 * High quality construction, attractive packaging
NOT A KIT! e Local oscillator leakage minimized special mixer design

DL -2000
©

N )
b A

aupro

-
“ o0

Accessories include LNAs (8585 and up), power supplies for LNAs, feedhorns and antennas.

Accessories include:

e LNAs ($650 and up)

e Power supplies for LNAs
e Feedhorns and antennas

TERMS: COD, Money Order, Bank Cards

HOURS: 8:30-4:30 CDST; MON-FRI (817) 265-0391 INFORMATION

UNIVERSAL COMMUNICATIONS ™ 7eoosass
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Our product may be copied, but the performance is never equalled.p 0. BOX 339, ARLINGTON,




APPLIED INVENTION

T™E SOURCE FOR SOLID STATE ! STATE-OF -THE-ART
GaAs FETS by MITsuBiSHI

VHF through 18 GHz
NEW  MGF-1200-$13 00 (0 25dB NF at 144 MHZ')
PRICES MGF-1400 (25K 27))-$19 25
EFF. t/1/82 MGF-1402 (25K274)-$34 00
1412 [2SK275) TESTED and GUARANTEED NF at 4 GHz
0 80B-$85 50 0 99B-$56 75 1 OdB-$45 50

H&R COMMUNICATIONS, INC.
1403 (25K 276) (Imax = 90GHz Super Low Noise amp

Route 3, Box 103G - Pocahontas, Arkansas 72455
$97 00 $161 75 NF sorted - call for data

1801 (28K 279) (150mW near PO at 10GHz)-$54 25 IntrOduces the

Microwave Modules MODEL 12K
SYSTEM...

A complete satellite
receiving system that you
can assemble yourself as a
week-end project.

Why spend $7,000 to
$10,000. Why pay someone
else to install it. Do it
yourself in a week-end and
save.

@tar Vte sy g

MITSUBISHI X BAND Hybrd integrated Crcuts with
Owelectnc Resonator (0 12MHz *C) GeAs FET Oscilators
FO-1010X - 10 4 GHz 15mw out UER100 Flange $37 75

FO-1210Y- 11 S 0r 12 0 GHz UER120 Flange $37 75
FO-UP11KF Heterodyne recewver, 10 468 GHz LO
Shottky mixer tugh of low injechon $34 25
ANl modules tuneable t 150 MHz oscilators can be
optically FM d with IR (suggest LD271 below)
X-Band Hom antenna (15dB UER100 WR190 Flange) $16 00

PLESSEY 24GHz Gunn diode modules call or wite

Components

VITRAMON 7800 Microwave Rated caps for bypass couphng
7800P7G0OB 11 17GHz 7BOOPTGO4 13 26GH:z
7800P7GOY 26 - 4 2GHz 5 for $5 00

VOLTRONICS ultra miniature miCrowave vanisble CIO; -
CP2 0110250 CP10-05t090p! $319ea

ony $2,400.00
SOLDER-IN DISK CAPACITORS for VHF -UHF bypassing

RAMC JF seres 100 220 470 680p! 10 for $2 50 gI’:IsPPABLE A

OPTOELECTRONICS from MITSUBISHI and SIEMENS 50
MITSUBISHI LASER DIODES 3mW at 830 nm CW .
ML3001 30mA threshokd bult i monitor $200 ea KIT CONTAINS *All Miscellaneous Cable Channels
SIEMENS: LD27 1 tgh efficiency IR LED 15 mW $0 75 and Connectors Needed
) BPW-34 tast large area PIN detector $3 00 *12° Antenna ¢ Everything You Need
THERMOELECTRIC HEAT PUMPS for temperature control *AZ/EL Mount *No Special Tools Needed
MELCOR FRIGICHIPS $21 $38 Cahl for data *24 Channel Receiver *Complete Antenna Weight Only 125 Pounds
MINIMUM ORDER $5 00 *120° LNA
ADD POSTAGE & HANDLING sFeed Horn
$3 50 on Modules (UPS} $2 50 on other items.

N ¥ STATE RESIDENTS ADO 6% SALES TAX See Your Local Star View Dealer or Call
SEND SA S E FOR CATALOG

R.D.2 ROUTE 21  HILLSDALE, NY 125279 800-643-01 02 or 501 -647-2291

§18-325-3911 X
Dealer Inquiries Invited

SATELLITE

TV SYSTEMS The Luly ANTENNA

and POLARIZER

MECHANICAL
AND + Completely portable Antenna, comes fully assembled (folds like
an unbrelia and is not a kit).
ELECTRICAL + The Polarizer is an electronic rotator, which
can change polarities with a flick of a
ACCESSORIES switch (no moving parts). Eliminates weight,

twisting cables, freeze
Complete Systems, Antennas, ups, and down time.
Receivers, LNA's & Accessories

CALL US TODAY!

CALL, OR WRITE FOR OUR
LATEST BROCHURE AND
PRICES.

For More Information
53 Write To:

9017954504 LULY TELECOMMUNICATIONS CORP.

TENNESSEE ELECTRONICS P.O. Box 2311, San Bernardino, California 92406

P.O. BOX 181108

(714) 888-7525 \ P
MEMPHIS, TENNESSEE 38118 Dealer and Distributor Inguiries Welcome
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«/PARABOLIC DISH

B NO WARP, CHIP, OR DELAMINATION

@ ALL-STEEL, ONE-PIECE

@ ACCURATELY MACHINED

B 8'4%2" OVERALL DIAMETER
WITH MOUNTING RING

Write for quantity discount

DAKOTA MICROWAVE

P.0. BOX 27002
GOLDEN VALLEY, MN 55411 F.OB

MINNEAPOLIS MN

SATELLITE TV SYSTEMS

SCOMPARE OUR QUALITY, PRICES AND SERMICE!
WEMANURACTLURE

Quantity discount price structures available upon
PARABOIIC DISHES MOTORIZATION SYSTEMS

request for dealers. Dealerships, both domestic

PO MOUNT{ INA HOU DER

oI \|2)R|k/\:||uS \lU\IlNll\lll:)kNS and foreign available in many areas. For further
WENTE | - information, please contact John Michaels, Sales

.\.A\,“BUR “.'MN“ Manager. Telephone hours: Monday thru Thurs-

AVANILI K CABI I & CONNEC TORS

GARDINEKR SWITCHES & HARDWARL

CALL,WRITE OR 7 FOR OUR LATEST BROCHLU RE AND PRICES

AUSTIN C 1EWIS 1EWIS CONSTRUCTION CO
R4GGC £ 0. BOX 100 v 452
901 TRS-2191 HUMBOL DT, IN 3343 ELECTRONICS ¥T72

4558 Auburn Blvd., Sacramento, CA 95841
(916) 452-0193

IN BUSINESS AL THIS LOCATION SINCE 19647

SMP 2300 MHz

Now. Order Toll Free!
1-800-368-3028

TU-8—44.95. Detuxe Tunable PS. Very
smooth tuning MIL SPEC pot. 8-12v
Complete

UCC-1—35.00. Downconverter Kit

2100-2500 MHz Quahty board and
components

SMC-2—50.00. Deluce downconverter
kit. With high gain RF transistor and
temperature compensation

RFA-1—44 .95 2 stage RF preamp
Selective filter: 16 dt- net gain

Large SASE brings catalog of kits and
parts and the 2300 NHz story

All prices postpaid in U.S
VISA and MC accepled

In Virgimia, Alaska and Hawan
Call 703-255-2918

SMP

Superior Microwave Products, Inc.
P.O. Box 1241

v 376

Vienna, Vi'nia 22180

~See List of Advertisers on page 130

Introducing the Model 7600 Satellite Receiver. New from Gillaspie and
Associates. Proof positive of a new generationin satellite receiver technology:
the successful integration of the most sought after high performance charac-
teynst'idcs and ease of operation capabilities. Attractively packaged. Affordably
priced.

See it today and experience the difference performance makes.

¢ FULLFREQUENCY tunable audio ¢ Simplified channel tuning

» Reception 3700 to 4200 MHz e Improved video sensitivity

e Built-in video modulator o All wood walnut cabinet
TheModel 7600 Satellite Receiver System Package comes with its antenna

mounted Image Reject Mixer (Down Convertor), 100" of RG59-U cable and
100" of Belden DC cable with connectors installed.

B Gillaspie & Associates

950 Benicia Ave., Sunnyvale, CA 94086 (408) 730-2500 » 37

GET THE LAST WORD FIRST!
SEE YOUR GILLASPIE & ASSOCIATES DEALER TODAY!
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— works with last month’s LNA

J. Richard Christian WA4CVP
Rte. 1, Box 209W
Creola AL 36525

f you liked our low-noise

amplifier article in the
February, 1982, issue of 73
(Job’s Own LNA"), you will
love our no-alignment
downconverter.

This downconverter can
be built by an average tech-
nician and the parts are
readily available. The local

S.F. (Mitch) Mitchell, Jr. WA4OSR
PO Box 973
Mobile AL 36601

oscillator (LO) and the mix-
er are commercial units
manufactured by Magnum
Microwave Corporation of
Sunnyvale, California. The
design features a dc block
for feeding power to your
LNA, and it can be built for
less than $225. With this
downconverter, an LNA,
and a good antenna, you

MWA-110 MWA-110

can receive noise-free pic-
tures from the satellites.

The converter takes the
3.7-to-4.2-GHz signal from
the LNA and converts it to a
70-MHz if signal. The de-
sign features single conver-
sion for simplicity and ease
of duplication. The local
oscillator is voltage-tuned,
and there is no alignment
required. You put the parts
on the board, mount it in
the box, power it up, and
watch the birds! How sim-
ple can you get?

174 - - = -
f——s0n -~ 47pF a7pF 47pF \SE oo
10 LNA 10pF v »——|——>> T0 BAND PaSS FILTER /aMP
L P

37 -4.26H2 =) }}c"' 70 MH2

9100 9100

1000pF
CHIP
I 1000pF l
. e o
~ 0! .I..N 01
DISC 38V DIsC
I TANT h
T s o
| )
TUNING VOLTAGE 35V
070 I8V
.15v
1000pF
)|(Feeo Thay +18 TO +22VDC
APPROX 260mA, MAX
10 TSR TUNING VOLTAGE TO DOWNCONVERTER 110mA FOR DOWNCONVERTER

OPTIONAL TUNING CIRCUIT

Fig. 1. Satellite downconverter schematic. * =chip or disc ceramic.
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Circuit Description

Refer to the schematic,
Fig. 1, and to the PC-board
layout and parts placement
overlay for the following
discussion. The complete
downconverter is con-
structed on a 2” by 4~
teflon PC board, 1/32”
thick. Impedance matching
is achieved by using micro-
strip transmission lines. To
supply dc power for the
LNA, a dc block is incorpo-
rated on the board. This lets
the coax from the LNA sup-
ply the LNA’s required op-
erating power. The dc feed
is accomplished very sim-
ply by supplying the +18 to
+ 22 volts that powers the
downconverter to the rf in-
put through an rf choke.
The dc side of the choke is
bypassed for rf with a
1000-pF chip capacitor.

- SMALL LOOP
/ N LEAD DG
s / TRACE
I H L

VIO OR MIXER

Fig. 2. Mixer and vto lead
bending and soldering in-
structions.



The 4-GHz input is ac-
coupled through a 10-pF
chip cacpacitor to a
Va-wave, 50-Ohm transmis-
sion line going to the rf port
of the mixer. Local oscilla-
tor injection to the mixer is
also via a Y4a-wave, 50-Ohm
transmission line for imped-
ance matching. The i-f
port of the mixer is ac-
coupled to the first
MWA-110 for approximate-
ly 14 dB of i-f gain, and then
to the second MWA-110 for
an additional 14 dB of if
gain. The output of the
downconverter feeds the
70-MHz bandpass filter in
our home-brew receiver

Construction

The first step in con-
structing the downconvert-
er is to drill the 2 by 4~
minibox using the drilling
guide shown in Fig. 3. The
bare PC board can also be
used as a drilling template.
Use V2" standoffs to mount
the board in the box. We
used a type-N connector for
the rf connection from the
LNA. You also can use an
SMA connector in place of
the type-N with equally
good results. BNC or type-F
connectors are adequate
for the LO tuning voltage
and 70-MHz i-f out

Next, install the two
MWA-110 i-f amplifier I1Cs
on the printed-circuit board
Be sure that they are flat
against the ground-plane
side of the PC board. Solder
the tabs on the 110s to the
ground plane, cut the leads
to 1/8”, bend them flat
against the PC board, and
solder. Now install the mix-
er and local-oscillator mod-
ules. Be sure that the

[ ocronmrns |

PC BOARDS

Etched and drilled tef-
lon printed circuit boards
for the downconverter are
available for $27.00, plus
$1.50 for handling and
postage, from Mart-
comm, Inc., PO Box 74,
Mobile AL 36601.

ground pins are in the cor-
rect holes on the PC board,
or you will wind up with
some expensive but useless
trinkets

Caution: Do not cut the
pins on the modules. Bend
the pins in a small loop over
to the PC board and solder.
(See Fig. 2.) Solder the pins
to the PC-board trace using
as little solder as possible.
Install and solder the six
feedthrough jumpers, using
pieces of cut-off resistor
leads, and solder on both
sides of the board. Now in-
stall the rest of the com-
ponents, except for the
3.3-uH choke.

After construction is
complete, check for solder
bridges. Temporarily con-
nect the +18 to + 22 volts
to the dc input of the volt-
age regulator. Measure the
output voltage to see that
the voltage regulator is
working. The output should
be +15 volts. Measure the
voltage drop across the

) 13716
|

/8

C A

1 5/8 -

=

Fig. 3. Drilling template for 2" by 4" minibox.

910-Ohm resistors; it should
be 2 to 3 volts. If it’s not
within the range, then you
probably have a bad
MWA-110 (we have found
several). If the voltage drop
measures OK, remove pow-
er and discharge the elec-
trolytic capacitors. Now in-
stall the 3.3-uH choke. This
completes the PC-board as-
sembly. The next step is to
install it in the minibox.
Depending upon the type
of rf connector used, N or

SMA, it may be necessary
to solder extension leads to
the PC-board pads to reach
the connectors. Be sure that
when the extension leads go
through the PC board they
do not short out to the
ground-plane side. Solder
the four leads (three from
the connectors and one
from the 1000-pF feed-
through capacitor) to the
appropriate points on the
PC board as shown by the
parts overlay.

10 pF

I

4 GHz
IN

100QpF

T

\
0000F I, o N4

* JUMPER TOP TO BOTTOM SOLDER

Fig. 4(a). Foil side view of board.

MViAIlO ol

N\, X h
/ MC‘24T Y s i *y | (’o 0) - our
e e .Y *mm Ny fwon
\ *

e’ ol ]
o - .
FALEASE

O o) 3 S uM

NN o o VS -B
R tuF
= 1000pF . YANT T 7818
oL 100uF
T roox
] .
TUNING V +18-22v0C

Fig. 4(b). Parts placement, foil side view.
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Checkout

If your antenna and LNA
have been completed, you
will be able to check your
system through the i-f out-

put of the downconverter.
With your LNA and down-
converter connected to
your antenna, apply power.
Connect the output of the
downconverter to the an-

—

Quantity Description

wave)

- — a N W N =

minibox)

3.3-uH choke
MWA-110 ICs

PR N SN X

2" by 4" minibox

Parts List

1 MC24T mixer module (Magnum Microwave)
1 V82T-2 local oscillator module (Magnum Micro-

10-pF chip capacitor

1000-pF chip capacitors

50-pF disc ceramic capacitors

.01 disc ceramic capacitors

1-uF, 35-V tantalum capacitor

100-uF, 35-V electrolytic capacitor

1000-pF feedthrough capacitor (mounted on

910-Ohm, Y2-Watt resistors
10k-Ohm, 10-turn pot (optional tuning circuit)

7815 voltage regulator
Rf connectors, hardware, etc.

The Magnum Microwave MC24T mixer module, the V82T-2
local oscillator module, the MWA-110s, chip capacitors, and
the rf connectors are available from Cliff Jones at Alaska
Microwave, 4335 East Fifth Street, Anchorage AK 99504,
(907)-338-0340, a regular 73 Magazine advertiser.

tenna terminals of a con-
ventional color-TV receiver,
with the TV tuned to any
unused low channel be-
tween 2 and 5. If possible,
connect a voltmeter to the
agc line on the TV set tuner
The agc voltage can give a
very useful indication of
proper aiming and adjust-
ment of your satellite TV
antenna

With the optional tuning
circuit (Fig. 1) connected to
the tuning voltage input of
the downconverter, tran-
sponder 1 tuning voltage will
be about 4 volts. To tune
transponder 24, you will
need about 12 volts. You
should be able to tune in

most transponders over the
4-to-12-volt range. Also, you
should get an indication of
video on the color-TV set
when a transponder is tuned
in. The video will be of very
poor quality since the satel-
lite signal is frequency
modulated while the con
ventional terrestrial TV sig
nal is amplitude modulat-
ed. You should still be able
to recognize the pictures,
however. Sync will be very
critical and you probably
won't be able to sync on all
transponders

That's it! The rest of your
TVRO receiver is cheap and
simple, as we will show you
in future articles.

Acknowledgments

We would like to thank the staff at Magnum Microwave for
running tests on our prototype downconverter. The measured
down-conversion gain was 21 dB with 4-GHz input. At

20-dBm and - 40-dBm input, the second harmonic of the
70-MHz i-f was — 25 dBc and — 50 dBc, respectively. Magnum
also confirmed our discovery that the MWA-110 will oscillate
if not properly grounded. The above specs were furnished to
us by Magnum Microwave and are quoted with their permission.

WOULD YOU BUY A SATELLITE ANTENNA
SIGHT UNSEEN?

ONLY FROM HASTINGS ANTENNA CO.!
WE NOW CAN OFFER YOU THE BEST

10 FT. (3.0M) ANTENNA ALSO.

Our 3 Meter Antenna has all the features you want:
* Casse Grain Feed System using a Chaparral Super Spherical Feed Horn and Spun
Hyperbolic Sub-Reflector.
® 24 Petals (Aluminum .060 Gauge % Hard) Baked on White Finish Both Sides.
Polar Mount with Programmable Offset for True Tracking. (It's not a True Polar if it
doesn’t have this feature).
Engineered for High Strength and Light Weight, cutting your Freight Cost Drastically.
Added Security for your LNA and Down Converter.
Low Cost with Dealer Oriented Pricing - Call or Write.
Suggested Retail Price $1595.00.

The Bottom Line, We'll Pay the Freight on all One Lot Price Orders in the Continental USA.
Free Freight Subject to Change.
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HASTINGS ANTENNA CO.-INC.
(402) 463-3598
Hastings, Nebr. 68901




Enjoy Satellite TV Now

Better than Cable TV —Over 200 TV and radio
services Why waste money? Learn the whole
story and build a video system the family can
enjoy. No commercials. FREE movies. sports
and Vegas shows —worldwide. crystal clear
reception connects to any TVset Big(8x 11n )
book loaded with details. photos. plans. kits —
TELLS EVERYTHING! Satisfaction Guaranteed.

Send $7 95 TODAY' Ada $2 OC for 1s! ciass (ar mail) of call
our 24 hour C O D rush oraer line (305) 862-5068

GLOBAL ELECTRONICS,
P.O. Box 219-H, Maitland, Florida 32751

LIVE VIA SATELLITE

59 9 COMPLETE

RECEIVING

SYSTEM
* DISH ANTENNA

'Pll‘MPLIFII‘l

.nnnv.n
JUST PUBLISHED: l‘h ! 11
800K gives 2 wealith of up-
dated information om
Antsmmas « Recelvers « Low
Nolse Amplifiers «  Somrces
* Services * Equipment o
Manufacturers « Much Mors.
Our book takes the mystery out of the sophisticated technology
of satellite transmission and reception. This volume represents all
the essential knomwge made easy to anderstand. and will show
You how easy it is to have a 90 channel reception system so that
you can enjoy first run movies, foreign films, Las vegas enter-
tainment, live sports, and much more. Everlmlng being telecast
in the world could be yours at a twist of

UNDER $300

DISN rvero ANTENNA
#SOR ROOF DR PORCHN

LIVE VIA SATELLITE, INC,
P.O. Box 2561, Dept. A-3, Deiray Beach, FL 33444
Send $9.95 plus $2.50 shipping & handling
or call our 24 hr. C.0 D. order line (305) 845-4447
Name

Address

SATELLITE TVRO

'/MICROWAVE ANTENNAS

——
PARABOLIC ANTENNAS FOR SATELLITE RECEP.
TION, POINT TO POINT, OR MICROWAVE ATV
WORK

C.
- COMMUN\CAT\ONS, N

PRESENTS
SCEPTOR’S MODEL 300

Satellite receiver with downconverter
and new
SAT-TRAC meter circuit
*Fully tunable *Tune—scan
*Inverted video *Tunable audio
°Power supplies °Remote control

Complete Systems Available!
DEALERS and DISTRIBUTORS

P.0.Box 425 NEEDED!
808 1st Avenue

o 111

Rock Rapids, lowa 51246 (712)472-2213

Satellite TV

FOR THE HOME

RECEIVER COOKBOOK

construction details

TVRO RECEIVER KIT

test gear required

Send to

* Build a good, solid understanding
of satellite receiver technology

* Step by step guide of each stage

Complete theory, schematics, and

* Pre-assembled, tested RF section
* No complex alignment or special

* Ultra-low cost/high performance
* Designed from cookbook circuits.

Cookbook
Cookbook plus Kit

NORTH COAST MICROWAVE
PO Box 5663, Cleve.. Ohio 44101

for teed point

with control unit

ELEVATION MOUNT

11 FOOT DISH with tnpod mount

POLAR MOUNT for sateliite t v
MOTORIZED POLAR MOUNT

MOTORIZED AZIMUTH—

8 FOOT DISH
FIXED TOWER MOUNT

TOWERTOP AZ-EL MOUNT

as 61oot dish

mounting of dish

4 FOOY DISH uses same mounts

TRIPOD MOUNT for roottop

24 INCH DISHmounts to camera tripod

$830.00

$890.00

$1284.00

$1963.00

:32: movies worldwide
i We don't just
$224.00 sell information!
$170.00 We Manufacture
$80.00 Hardware!

ABLE ON REQUEST
WEEKS FOR DELIVERY
mountain time

COsTS

v 107

ALL REFLECTORS MADE OF METAL IMPREG
NATED FIBERGLASS, ALL HARDWARE TREATED '
FOR CORROSION RESISTANCE

FEEDPOINT FOR MOST FREQUENCIES AVAIL

SHIPPING BY UPS OR MOTOR FREIGHT ALLOW 6
CALL FOR MORE INFO (208) 922-4061, 9 am 10 9 pm
PRICE SUBJECT TO CHANGE DUE TO MATERIAL

790 MENDI PLACE, KUNA IDAHO 83834 W 327
JOHN F. NORDLUND KATHAF

\NORDLUND & ASSOCIATES /]

Sick of Network TV?

Qur receiver lets you get
over 75 channels of tele-
vision directly from earth-
orbiting cable TV satel-
Iites!. HBO, Showtime, su-
per stations, sports and

technical information book and catalog gives you all
the facts inexpensive dishes, feeds, telem-
etry software, kits and more Recorn-

P.O Box 442-D, Altamonte Spgs, FL 32701

From offshore oil rigs,
data links to hotels
and backyard instal-
lations, we wrote the
book Constantly up-
dated. our 94 Page

mended reading by NASA, The Office
of Consumer Affairs and quality com-
panies like Rockwell/Collins Send
1
$7 95 today CALL s 309
24-hrs. C.0.D. Holline
(305) 339-7600

< SPACECOAST

RESEARCH CORPORATION

[ sociAL EveNTs |

PHILADELPHIA PA
MAR 7

The Penn Wireless Associa-
tion, Inc., will hold its Tradefest
'82 on Sunday, March 7, 1982, at
the National Guard Armory,
Southampton Road and Roose-
velt Boulevard (Rte 1), 2 miies
south of exit 28 on the Penn-
sylvania Turnpike, Philadelphia
PA. General admission is $3.00
and a 6'x8' seller's space is
$5.00 (bring table) with an addi-
tional $3.00 for a power connec-
tion (limited number). There will
be prizes, displays, refresh-

~ See List of Advertisers on page 130

ments, rest areas, and surpris-
es. Talk-in on 146.115/.715 and
.52. For additional information,
contact Mark J. Pierson KB3NE,
PO Box 734, Langhorne PA
19047.

EAST HARTFORD CT
MAR 11

The Hartford County Amateur
Radio Association will hold its
annual auction of used equip-
ment on March 11, 1982, at 7:30
pm at the Veterans Memorial,
Sunset Ridge Road, East Hart-
ford CT. Refreshments will be
served.

MERRIMACK NH
MAR 13

The Interstate Repeater
Society, Inc., will hold its annual
hamtfest and flea market on Sat-
urday, March 13, 1982, from 9:00
am until 4:00 pm at the Merri-
mack Hilton Hotel, Merrimack
NH. Admission is $1.00 and ta-
bles are $10.00. Features will in-
clude commercial vendors, priz-
es during the day, and a dinner
dance with live music and enter-
tainment. Talk-in on 146.25/.85
and 146.52. For further infor-
mation, contact Ken Soares
N1BAD at PO Box 94, Nashua
NH 03061 or on .25/.85.

MIDLAND TX
MAR 13-14

The Midland Amateur Radio
Club will hold its annual

swapfest on Saturday, March
13, 1982, from 8:00 am until 6:00
pm, and on Sunday, March 14,
from 8:00 am until 3:00 pm, at
the Midland County Exhibit
Building east of Midland TX on
the north side of Highway 80.
Registration is $5.00 in advance
or $6.00 at the door. An addi-
tional $3.00 will be charged for
each table. There will be door
prizes. Talk-in on 146.16/146.76
and 146.01/146.61. For more in-
formation, write the Midland
Amateur Radio Club, Box 4401,
Midland TX 79704.

LAFAYETTE LA
MAR 13-14

The Acadiana Amateur Radio
Association will sponsor the
Continued on page 104
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Ken Rae WBQ@POP
737 South Clarkson
Denver CO 80906

want to build a TVRO.

What is the first step?

Most people get started
by acquiring an antenna.
You can buy a commercial
antenna or you can build
your own dish. If you buy,
plan on spending $1000 or
more. Building your own is
cheaper, but it can take
considerable time and en-
ergy. Plans are available
from several sources, but
don't expect to get a world
of information from a $10
brochure. It takes a lot
of research and study since
there is no one source for
all the information you
need.

How can | get a picture for
the lowest possible cost?

If you are not concerned
about the quality of the pic-
ture, then all you’'ll need is
an antenna, a low-noise am-
plifier (LNA), a mixer, and a
conventional television re-
ceiver. With just these com-
ponents you’ll be able to
say that "'l received satellite
TV.” Since the TV receiver
acts as a slope detector, the
video will not be clear or sta-
ble, but this low-cost ap-
proach will get you started.
What about kits?

Kits are available for
each part of an Earth termi-
nal, but the best way to de-
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TVRO

Q&A

— advice from WBOPOP

scribe this part of the indus-
try is "buyer beware.” Try
to find someone who has
successfully completed the
kit before you take the
plunge.

What size dish do | need?

The size of antenna de-
pends on the quality of the
LNA, the strength of the sat-
ellite “footprint” in your lo-
cation, and the desired sig-
nal-to-noise ratio. You can
get watchable video from
an eight-foot dish, but the
10-foot dish seems to be the
industry standard for home
TVRO:s.

Why are 10-foot antennas so
popular?

A 10-foot dish is usually
the minimum size that is
practical for receiving good
quality pictures in most lo-
cations in the US. You can
use a smaller antenna, but
the need for a better quality
LNA may boost the overall
cost higher than what you
would spend for a 10-foot
system.

What is the smallest dish |
could use?

If you are willing to settle
for audio only, a four-foot
diameter antenna suppos-
edly works. A six-foot an-
tenna might give you a faint
video image if everything
else is perfect.

How much should a 10-foot
dish weigh?

At one extreme there is
an umbrella-type antenna
that weighs only 22 pounds
On the other end of the
scale there are heavy-duty
antennas that weigh half a
ton or more. The average
weight of a fiberglass or
spun-aluminum dish is in
the neighborhood of 200
pounds.

Should | get a spherical or
parabolic antenna?

The parabolic is my
choice because it's versa-
tile. You can sweep the an-
tenna across the sky, mak-
ing it easy to change to a new
satellite. The spherical is a
good antenna from a con-
struction viewpoint. Unfor-
tunately, changing satel-
lites involves moving the
feedhorn, which is usually
six to eight feet above the
ground.

Someone told me that |
should build a spherical
dish because it exhibits
more gain than a parabolic
antenna. Is this true?

The gain of spherical an-
tennas is indeed greater be-
cause the dish has a flatter
surface. However, the flat
curvature means that the
spherical will pick up more
unwanted noise. The para-
bolic has slightly less gain
but more noise immunity.
You must consider both
noise and gain character-

istics when choosing an
antenna.

How can | tell if a dish is a
parabolic or spherical?

A parabolic dish will tend
to look flatter as your eye
moves toward the edge.
The spherical antenna has a
constant curve, rounded all
the way to the rim.

| found a surplus dish. How
can | tell if it is too deep or
too flat?

You want to check the fo-
cal-distance-to-diameter ra-
tio, F/D. You can find the
focal point by using the
equation DX D/(16 X H),
where D is the diameter and
H is the depth. The F/D
should be between 0.35 and
0.55 with 0.4 being about
best. Ratios out of this
range will not have the op-
timum noise versus gain
characteristics.

I have found a dish but
it has some dents and
holes. Will that affect the
performance?

A 10-foot dish has ap-
proximately 78 square feet
of reflective surface area,
so a few imperfections
won'’t cause a problem. You
probably can afford to lose
as much as 5% of the sur-
face area.

How smooth does the sur-
face of the dish have to be?

The accuracy of the an-
tenna should be plus or



minus a sixteenth of an
inch of the parabolic curve
if you expect a reasonable
level of gain.

I am trying to choose be-
tween buying a 10-foot dish
made for TVRO work and a
surplus 16-foot antenna.
The price is about the same;
wouldn't the 16-footer be a
better deal?

It depends upon their
quality. Often a surplus
dish that was not designed
for use with 4-GHz signals
will be inferior to a smaller,
better constructed antenna.
Check the surface accuracy
of both antennas. Anything
more than an average inac-
curacy of an eighth of an
inch means that gain will be
adversely affected. If the
big dish meets the require-
ments for 4-GHz operation,
then by all means grab it.
How important is the struc-
tural strength of a antenna?

A dish that can stand on
its own rim and still hold
the parabolic shape within
an eighth of an inch is not
likely to be harmed by
weather. Anything weaker
is questionable.

The area | live in has a lot of
wind. What can | do to
avoid losing my antenna?

To avoid having an air-
borne dish, | fastened a
cable around the rim and
attached it to a deadman
anchor
Screen antennas seem easy
to build. How large can the
holes in the mesh be?

A quarter-inch hole is
about the largest gap you
can have without an appre-
ciable amount of the signal
feeding through. An eighth
of an inch is a good choice
Window screen can be
used, but it does have a lot
of wind resistance

Is it necessary to solder
every joint in a screen
reflector?

If the sections of mesh or
screen overlap each other
by at least one wavelength
(approximately three inch-
es), the seams will not cause
a dead spot. If there is not
enough overlap, there

» See List of Advertisers on page 130

should be some sort of elec-
trical bonding.
What do trees and shrubs do
to the satellite TV signal?
Foliage acts as a sponge
that absorbs microwave sig-
nals, and it generates noise
that will be picked up by
the antenna. Trees and
shrubs have a destructive
effect and should be avoid-
ed when you choose a site
for the antenna.

What effect do rain and
snow have?

Precipitation doesn’t
seem to have much effect
on a 4-GHz signal —perhaps
half of a dB at most. If the
moisture gets inside of the
electronics, there can be
significant attenuation.
Powdered snow can pile up
in a dish without causing a
problem. But if the snow
melts and refreezes, the sur-
face of the dish can be dis-
torted, causing the signal
strength to drop. You
should keep your antenna
clear of ice and snow

My neighbors complain
about the appearance of my
TVRO antenna. Can | cover
the dish without adversely
affecting the signal?

A thin covering of plastic
or fiberglass can be used
without too much signal at-
tenuation. Avoid a covering
made from wood or other
material that contains
moisture
Will my dish work inside a
barn or garage?

Yes, you can keep the an-
tenna inside. Of course, the
building will attenuate the
signal. The exact amount of
the loss depends on the
type of building; it can be
anywhere from two to six
dB of attenuation
| bought a used metal dish
and want to paint it. Any
suggestions?

Aluminum antennas can
be painted with a good
grade of latex house paint
intended for house siding.
Be sure to use a light color
Painting the dish black will
result in the antenna ab-
sorbing heat, stressing the
dish and changing the

l used readily-available materials to build this simple, yet ef-
fective, mount for my satellite TV antenna.

shape. The texture of the
surface should be dull and
flat, not shiny, since we
want the light to be dif-
fused instead of reflected
towards the LNA. Follow
the same guidelines for
painting a wooden or fiber-
glass antenna.

How far above ground

should | mount my dish?
The rule of thumb for
dish installation suggests
that the lowest edge of the
dish should be located two
or three feet above the
ground. Setting the antenna
directly on the earth will in-
crease the amount of noise
that enters the system.
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India

Indian Hams Rejoice

— import restrictions lifted

I ndian hams have
achieved a breakthrough
in their efforts to solve their
problems of lack of equip-
ment. The manufacture of
communications equip-
ment in India is the monop-
oly of the public sector
(government-owned in-
dustries), which is itself lag-
ging so much in production
that it is unable to fully
meet even the needs of the
governmental users.

For several years, the Fed-
eration of Amateur Radio
Societies of India had been
making representations to
the government, requesting
relaxation of import con-
trols without much success.
The improvement in the for-
eign exchange position
enabled the government to
make concessions to cer-
tain users—among them
scientists and profession-
als—who were allowed to
import equipment valued
at up to 10,000 rupees
{about $1200 US) for their
personal use. M.V. Chauhan
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VU2MYV, Hon. General Sec-
retary of the Federation,
saw an analogy between
the scientists and the hams.
He convinced the Elec-
tronics Commission that
the extension of similar
privileges to amateurs was
the only solution to the
equipment problem.

Disaster can sometimes
have a beneficial fallout.
The communications link
set up at Morvi by our hams
(led by Saad Ali VU2ST,
president of the Federation,
Jimmy Mistry VU2l), and
Vasant Bhat VU2RX) after a
bursting dam had killed an
estimated 30,000 in the
span of a few hours cleared
any lurking doubts in the
mind of the government
about the utility of ham
radio to the nation.

Relentless representa-
tions to the various minis-
tries by the Hon. General
Secretary Chauhan and
President Saad Ali finally
resulted in the inclusion of

radio amateurs in the cate-
gory of scientists, and they
were allowed the privilege
of importing, under Open
General License, test equip-
ment worth up to 10,000
rupees in a year. There were
more representations, and
the momentous decision
was announced which per-
mitted the import of “ama-
teur radio communications
equipment, including kits,
accessories (including an-
tenna rotator motors, feed-
lines, standing wave ratio
bridge), instruments, spares,
and components” up to
10,000 rupees in a vyear,
without the need for a for-
mal license.

The Federation of Ama-
teur Radio Societies of India
is today a tower of strength
to the Amateur Radio Ser-
vice in India. Its QSL
bureau handles the bulk of
incoming and outgoing
cards. Radio, the monthly
journal of the Federation,
edited by M.V. Chauhan
VU2MYV, is read by virtually

every ham and SWL. The
ARRL Handbook and other
books have been import-
ed and sold at a low price
A guide to amateur radio
in India by Saad Ali has
been published. The Feder-
ation’s efforts have led to
a breakthrough in making
equipment available to In-
dian hams.

The Federation is not rest-

ing on its laurels. M.V.
Chauhan is continuing his
efforts to have the

manufacture of ham equip-
ment thrown open to
private industry, so that
equipment can be made
available to the less af-
fluent ham for prices ex-
pressed in hundreds of
rupees rather than in
thousands, which is the
case with imported equip-
ment. He believes another
breakthrough is on the way,
which will help amateur
radio in India to become
the hobby of the common
man and not a monopoly of
the affluent.
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