


VOX & Push-To-Talk Circuitry.

Qutput Power — Two-tone SSB and
CW — 50 watts at 10 meters to
65 watts at 80 meters for
conservatively rated input of
90 watts DC, 130 watts P.E.P.
AM is 25% of SSB/CW values.

measure
the
performance...

- ; 3 element Pi nétwark
variable output circuit (40 to 80 ohms).

5 position switch for internal
or external VFO plus three
crystal control frequencies suitable
for Novice, MARS, C.A.P., etc.

MAMMARLUND
Ki-FiFTT

Built-in antenna changeover,
~ VOX and break-in keying.

Amateur Bands Covered — 80, 40, 20,
15 and 10 meters. 160 meter band
position provided for use
with optional Kit.

Complete passband coupler design
used throughout low-level stages
provides minimum 1 MC bandwidth at
the following frequency ranges:
3.2 to 4.2 MC; 6.9 to 7.9 MC;
13.8.to 14.8 MC; 20.8 to 21.8 MC;
27.0 to 31.0 MC.

HAMMARLUND’S HX-50

ONLY

544951

AMATEUR NET

...and we are sure that you will agree that despite
the new price tag we have had to put on the
FABULOUS HX-50, it still gives you more
dollar-for-dollar value than any other transmitter
in the market today! The '50 is crammed full of
outstanding features to deliver the performance you have always
wanted —but have never been able to get in this price range.

Now Availahle! 160 Meter Band Kit for only $11.00. Or, if you prefer, this plus feature can
be wired right into the unit on special order for an additional charge.
NOTE: The Hammarlund HX-50 is the only commercially manufactured
Amateur transmitter that presently provides 160 meter band capability.

Don't wait. See the FABULOUS 50 at your authorized Hammarlund
Distributor—or send for complete technical data on the transmitter that is
still “THE BEST BUY IN ITS CLASS.”

xxxxxxxx

, _ A Giannim Scuentrfls Cﬂmpany 53 West 23rd Street N.Y. 10, N Y
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in the U.S.A. Entire contents copy-
right 1964 by 73, Inc. Postmaster:
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My editorial last month nudged enough
skeletons so that I knew we'd have to have an
answer of some sort from the ARRL. Sure
enough. Affiliated clubs received a letter from
Huntoon claiming that the Geneva administra-
tive conference positively will not be held
in 1965. Though this is contrary to the reports
I've had on a confidential note from State
alerting other agencies to be prepared for the
possibility that an administrative conference
might be added to the plenipotentiary con-
ference in 1965 since all of the delegates will
be on hand anyway. The later the administra-
tive conference the better for us . . . I hope
they turn out to be right. I, frankly, feel that
we should expect the worst and work hard to
be as ready as possible. If we have more time
then we are just that much ahead.

Hunty reassured us all that Hoover will
remain president of the League. I think I can
speak for all ARRL members in commending
Herb for sticking to the ship in time of storm.
We were all dismayed to read in the March
issue of QST that membership in the ARRL
dropped off last year . . . possibly for the
first time in history except for war time., We'll
all be watching very carefully to see if things
are straightened out enough this year so the
thousands who have threatened to drop out
of the ARRL change their minds.

The letter also claimed that it would be
months before the FCC would give any answer
on RM-499. Well, one way to handle a hot
potato is to let it cool off first. I hope that we
will see something soon, before ham radio is
further pulled apart by this ill-considered
action. I think that the League should exert
their influence to help speed up this action,
not slow it down.

The revolution brought on by the incentive
licensing hassle was felt in some areas of the
country during the last ARRL elections when
Tom Moss WA4HYW and Phil Spencer W5LDH

2

W2NSD/1

won the elections in the Southwestern and
Delta Divisions. I'd like to see some more
fellows on the ARRL Board of Directors with
some gumption . . . it is just possible that
some dynamic leadership could get the
League going again and eventually have it
resume representation of the amateurs.

This fall the League will hold elections in the
Central, Hudson, New England, Northwestern,
Roanoke, Rocky Mountain, Southwestern and
West Gulf Divisions. If you meet the qualifi-
cations to run for Director and you are willing
to put up a fight to get ham radio back in
shape why not seriously consider running. I
hope that this year we will be able to devote
considerable space in 73 to the qualifications
of the aspirants to Directorship so members
won't have to make their decision on the
basis of a short and perhaps hopelessly biased
biography which comes with the ballot.

To qualify under the present rules you must
have been a League member continuously for
at least four years (with not even a one day
lapse in membership) and you must not be in
the radio industry. All vou have to do to run
is get the signatures of ten League members on
vour petition and then visit as many clubs in
your division as you can to round up votes.

I have a few other hints which some of the
past directors claim are sure fire for election.
As far as I know none of them that knew the
formula ever lost an election.

The petitions for nomination don't have to
be in until September, so vou have lots of time
to talk this over on the air and at club
meetings and get some fellows interested who
can get in there and straighten things out.
I'm interested in hearing from anyone who
wants to give this a try.

Catalogs Are Free

Though I haven't mentioned it recently,
advertising is still the life-blood of magazines.
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SINGLE
SIDEBAND
FILTERS

® 9 mc center frequency
® Bandpass 6 db 3 kc (approximate)

ACF-2 Two-crystal filter circuit
using low impedance link input
and 2K resistive output load.
Unwanted sideband rejection
greater than 30 db. $9.95

3‘"'":%%@; ACF-4 Four-crystal filter cir-
i cuit using nominal 600 ohm
input and output. Unwanted

sideband rejection greater than
40 db. $18.95

ACF-b Six-crystal filter circuit using nominal 600
ohm input and output. Unwanted sideband rejection
greater than 55 db. $27.95

.....

MATCHING OSCILLATOR CRYSTALS for the ACF
WRITE filter series. Recommended for use in 0S-4 oscillator,

......
........

CY-6-9LO $4.40
TODAY CY-6-9HI §4.4n
FOR
YOUR 05-4 Crystal Oscillator $6.95
u-,.-..,c:::..?_c.;._,;: :i SE-6F Mﬂunting Case
5 FREE Special AOC case for mounting filter plates.
: e $3.30

1964

CATALOG Add-On-Circuit

International Crystal Mfg. Co., Inc.
18 North Lee, Oklahoma City, Oklahoma

Please rush 1964 catalog.

Name_____ - i} ! : :
PLEASE PRINT
Address T hy 1 CRY!Y‘I‘- MFG. tﬂ-, INC.

City_ == Zone___State :
| - , 18 NORTH LEE « OKLAHOMA CITY, OKLA.
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SIS SIISEES

P. 0. BOX 5767

THREE REASONS WHY
YOUR BEST BUY IS...

E-Z WAY AERO-DYNAMIC

esign decreases wind load

"""" ‘permits raising

,. sections,

S EREC0 FEET,

VOW NG " EET and
= EAM-

| built-in to
Nay Tower...Heavy
‘fubing legs, con-
dggonal bracing of
el rod and electrice-
ded throughout....no
ts or nuts here, E-Z
Way design and strength are
your assurance of DEPEND-
ABILITY that you can count
on year after year, See your
nearest distributor today or
write for free literature.

The SATELLITE

Model RBX-60-3P (Painted)  $335.00
Model RBX+-60-3G (Galvanized) $410.00

MOUNTING KITS:

GPK X60-3 (Ground Post) $125.00
BAK X (Wall Bracket) $17.00

Freight Prepaid anywhere in (48) U. S. A.
Other Towers from $99.50 to $1995.00

o e, Oy
s

TAMPA 5, FLORIDA

This means that whenever you write to an
advertiser and mention that his ad in 73
brought you to him that we will be able to

run just that many more pages in future issues
of 73.

Though advertiser after advertiser tells me
that 73 is the best pulling magazine of all for
direct sales and for the sale of new equipment.
we seem to lose out every now and then on
catalog distribution. Fellows, how can you
get along without some of the basic catalogs?
[ have several that I keep right at hand all
the time . . . I wouldn't be without 'em. If
vou'll just send for a few catalogs and perhaps
get a few fellows you talk to on the air to send
in too, we will be in good shape.

How can you be without the Allied catalog?
It's the largest in the business. Write Allied
Radio, Department 73, 100 N. Waestern.
Chicago 80, Illinois. Just a QSL card will do
it fellows.

Next youll want to get the Lafayette
catalog. Lafayette not only has a whole line
of ham gear, but they import terrific little
gadgets from Japan that you can’t get else-
where. I order stuff from them every day.
Lafayette Radio, Department 73C1, Syossett,
Lo s DNLOY

While youre cataloging drop a card to
Heath, Dept. 11-1-1, Benton Harbor, Michi-
gan. Heath has so much new stuff that it is
hard to keep up. I'm still kicking mystelf for
letting some of their past equipment be dis-
continued before I latched onto it.

Another dandy catalog is the one from
International Crystal, Dept. 73, 18 North Lee,
Oklahoma City. Oklahoma.

Leo, out there in Iowa, has a fine ham
catalog. Write World Radio Labs, 3415 West
Broadway, Council Bluffs, Towa. Tell Leo that
73 sent you.

Texas Crystals will be upset if you don’t
get one of their new catalogs . . . you will be
too, when you find what you've missed. Well
worth the effort. Texas Crystals, Dept. 73-4,
1000 Crystal Drive, Fort Myer, Florida.

Not only will this make all these companies
happy, but you will get just that much more
mail.

More Help

Between the extra work brought on by the
Institute of Amateur Radio and the loss of
four staffers due to draft board handiwork we
are still looking for fellows to come up here
and work with us. We don’t need experience
as much as intelligence and versatility. Fel-

(Turn to page 88)
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$B-33
TRANSCEIVER

389.30

SB1-LA LINEAR
AMPLIFIER

279.50
T e N AR T TR

Please send full information on SB1-LA
Linear and SB-33 Transceiver,

NAME

NUMBER STREET

CITY ZONE STATE

[SBE/SIIIEBMID ENGINEERS

317 Roebling Rd. So. San Francisco, Calif,

An operation of Webster Manufacturing

Export sales: Raytheon Company, International Sales & Services, Lexington 73, Massachusetts, U.S.A.
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. four-band (80-40-20-15) SSB
transceiver /exciter and high pnwer Imear amplifier. Bright, state-

SB-33/SB1-LA. .. diminutive duo.
of-the-art version of a full thumping kilowatt... entirely self
contained, including all power supplies...in two tiny cabinets!
The only “extras” needed are microphone...antenna...two
lineal feet of mounting space...and a strong desire for a clean-
cut big signal. And when you look at the photograph above, (the
664 dynamic does look big in comparison to the linear amplifier
behind it) consider that the SB-33 transceiver on the right also
includes an outstanding receiver capable of solid-copy reception
of the DX that is bound to be stirred up by the KW signal from
your powerful pair.

Aside from the use of advanced solid-state circuitry and tech-
niques, there are at least 37 other good reasons why SB-33 can
be so small and still deliver in such a convincing manner—
18 transistors, 18 diodes and 1 zener diode! (The heavy-duty
work is done by two rugged PL-500 beam tetrodes and a 12DQ7
driver). The SBI-LA linear uses 6—6JE6’s for 1000 watts-P.E.P.
on 80-40-20 and 750 watts P.E.P. on 15, achieves its small size
in part by careful design and by the use of an all-solid-state
voltage-multiplying power supply.

See these best buys at your SBE distributor—compare them fully
with anything else available, feature-wise, price-wise. (Remem-
bering that SB-33 has 4-bands—panel selectable sidebands—
Collins Mechanical Filter—built-in 117V AC power supply and
loudspeaker, is 5%2"H, 1134”W, 10% "D, weighs 15 pounds.

Model SB2-DCP et
NEW DC to AC INVERTER "':': L

for SB-33 (only) .

Quiet . . . entirely

solid-state.
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Los Angeles

Repeater

Six Meter
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The author and the repeater. Panels, top to
bottom: 1) Preselective LC tuned filter 2)
Six meter receiver 3) Audio panel 4) Tape
deck 5) Modulator 6) 220 mc control re-
ceiver 7) Control panel 8) Six meter Trans-
mitter

Douglas Sherman K6VWM
5438 4th Avenue
Los Angeles 43, California

In December of 1959, within the confining
walls of Los Angeles City College, a momentous
decision was reached, a decision that was des-
tined to shake the very foundations of ama-
teur radio. A brilliant voung physicist (me)
and an aspiring young engineer (the other
guy) decided to provide a service for the
amateurs in Southern California that was here-
tofore unheard of, and indeed unthought of,
throughout the history of mankind! And all this
with no ulterior motive, (much)!!

Actually, upon closer examination, it wasn’t
really unheard of, or even unthought of, and
it didn’t shake the foundations of amateur
radio, but it is a service, and it is offered (toll
free) to all amateurs on the six-meter band in
Southern California. It's called “The Los
Angeles Six-Meter Repeater.”

One of the fundamental differences between
radio waves of high frequency (HF) and
those of very high frequency (VHF) is that
the very high frequency waves are not suf-
ficiently affected by the earth’s atmosphere to
cause them to display the property known as
“skip.” Both HF and VHF radio waves ema-
nate from the antenna in straight lines, but
where the HF waves are returned from the ion-

osphere, the VHF waves continue on out into
the blue. Therefore, the only VHF waves that
are useful for communication are the ones
that travel along the ground.

Unfortunately, we now run into a very bad
design error: The earth is round! To a VHF
man, this is very sad news indeed, but never-
theless it is true. Now, the earth being round
wouldn't be so bad if VHF radio waves either

FIGURE |
R — Radius of communciation = 300 to
500 miles
r — Radius of communication = 30 to 50
miles
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traveled in circles or would always come back
from the ionosphere, but alas, they dont. As
a result of the straight VHF waves and the
round, round world, one can talk, under nor-
mal conditions, only a distance of 30 to 50
miles. A nasty trick of nature indeed, and one
that had to be reckoned with.

Now it is common knowledge that VHF
amateurs are a minority group and as such
are discriminated against because hilltop hous-
ing is not available to them. However, consider
the possibility of a VHF amateur on the top of
a tall mountain. Not only he, but his trans-
mitter can see much farther than any of his
ground-bound counterparts. See Fig. 1. Un-
fortunately, not all amateurs can live on the
tops of mountains. Therefore they must be
satisfied with the meager range that they can
cover from their locations.

Being firm believers in the equality of man,
and that ground-bound amateurs are just a
little more equal than the rest and deserve
something extra, we placed a six-meter re-
ceiver, a six-meter transmitter, a tape deck
for identification, and other circuits that are
peculiar to repeater operation, on the top of a
mountain. And presto, we had a repeater!
Actually that “presto” is quite misleading. Well
over 4000 combined man-hours of concen-
trated work during the months of June, July,
August, and September of 1960 were spent
designing, building, redesigning, and rebuild-
ing until “it” worked.

A repeater is essentially an instrument that
sits on the top of a mountain, listens on some
frequency in an amateur band and simultane-
ously transmits, on a different frequency,
everything that it hears. It effectively puts
every amateur using it on top of the mountain.
The Los Angeles Six-Meter Repeater receives
on a frequency of 50.55 megacycles, transmits
a 25 watt signal on a frequency of 51.10 meg-
acycles and is controlled on the 220 megacy-
cle band. The repeater has excellent coverage
over most of Southern California. It has been
copied by an aeronautical mobile over Phoenix,
Arizona. The signal there was S9 at heights
over 100 feet and eventually dropped into the
noise at about 50 feet above the ground. The
signal has been reported as S9+ along the
beach in San Diego, California, and it is easily
copyable mobile in downtown San Diego. The
repeater provides excellent coverage of the
San Fernando Valley but unfortunately it does
not provide coverage north of the range of
mountains separating the San Joaquin Valley
from Southern California. We also have trouble
getting into the resort town of Palm Springs,
California. The repeater is copyable there,

APRIL 1964

but it is only about S1. Apparently some of the
signal is bounced off the side of Mt. San Gor-
gonio and down into Palm Springs behind Mt.
San Jacinto. We have never been able to suc-
cessfully copy the only six-meter station in
Palm Springs. All in all though, the repeater
solidly covers an area in excess of 250,000
square miles.

The repeater is built around a modified
Motorola 80D receiver and transmitter. This
Motorola mobile unit was once part of the
Montana Highway Patrol and was purchased
indirectly from the Motorola Warehouse in
Burlingame, California. The 220 megacycle
control receiver is a modified Motorola 5V,
which used to be mounted on a police motor-
cycle. The 220 megacycle transmitter is home-
brew and can be found in the ARRL Radio
Amateur’s Handbook. The tape deck is home-
brew, but utilizes Concertone hardware and
8 IBM recording heads. The tape deck accom-
modates one inch wide tape, upon which there
are 8 possible recording tracks matching the
8 IBM recording heads. On one of the tracks
one finds voice identification; MCW identifica-
tion is on another track. There are 6 tracks left




Six meter communicator

for experimentation, special seasonal messages,
etc. The tape is in the form of a loop and is
automatically cycled once every five minutes
when the repeater is in operation. It has been
found that MCW identification is far superior
to the voice method. With MCW identification,
the weakest stations can be copied but the
voice identification blanks out even the strong-
est stations. The identification was made very
strong because it was found that the FCC is
very sensitive about weak identification in re-
peater applications.

In repeater operation, the transmitter re-
mains on the air whether or not anyone is on
the input channel. (There is one exception to
this that will be discussed later.) It is some-
times difficult to tell when an amateur removes
his carrier from the input channel because the
noise level at the repeater is always very low.
To facilitate the realization of this and provide
a guarantee of break-in capability, a 2 second
delayed beep tone circuit was built and in-
stalled. This circuit waits for two seconds after
a carrier has been removed from the input
channel, and then puts a 600 cycle sawtooth
wave on the output of the repeater transmitter.
This serves as a signal that a carrier has just
left the input channel and that the repeater is
clear for another transmission. The two seconds
of silence enables any break-in stations to
identify and make their desires known. All
stations using the repeater are requested to
wait for the beep tone before each of their
transmissions. The break-in stations do not
wait for the beep tone but come in before it
comes on. Because of this break-in capability,
many emergencies have been given immediate
attention and several lives have undoubtedly
been saved.

8

The repeater was first put into service at
about 8:00 pm on December 25, 1960. That
was a night that will long be remembered.
For two weeks previous to that date, the re-
peater sat in a garage and ran 24 hours a day
loaded into a lightbulb without any failures.
Then it was installed in the Baldwin Hills and
manually put into operation. It was functioning
perfectly. We came back down the hill to the
control point and decided to put it through the
acid test of remote control. The necessary 220
megacycle information was sent and it obeyed
perfectly; or so it seemed, at least it went off
the air. Next the information to turn it back
on was sent and . . . nothing! Again, and . . .
nothing! Thus the first of many hundreds of
service trips began. The repeater had had its
first dramatic convulsion. Halt of the repeater
was off, the other was on, the identification
tape was going round and round and there
were blown fuses all over the place. Nothing
serious, just dramatic. Understandable, being
its first night away from home and all that.

Initially, due to the need of minor adjust-
ments and minor failures, we were making
two and three trips a day up to see the thing.
After approximately six months of very tender
loving care, the dependability was up to the
point where “it” was demanding visits once
every two or three weeks. The reason for the
excessive care during the early months of its
life is that each repeater is a prototype and

220mc antenna
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(’éyy VENUS - SSB Transceiver For 6 Meters

The Clegqg Venus is a high quality, compact, attractively styled S5B receiver and transmitter that puts you on 50 mc single
sideband without all the fuss, bother and expense ossociated with odapting low frequency SSB exciters, crystal controlled
converters, relays, linear amplifiers, etc,

Employing all the latest circuit techniques, the Venus, in one small package, provides a combination of advanced operating
features ond conveniences heretofore unavailable in rigs at any price. Some of the outstanding features of the VENUS
include a nuvistorized high sensitivity, low-noise front end; crystal lattice filter in both receive and transmit positions; == 1.5kc
receiver offset tuning; broad band circuits throughout pmvldmg moximum simplicity and ease of tune-up; ond o snpnrnte
front panel control for smooth injection of carrier for excellent quality AM and odjustable CW output.

ELECTRICAL SPECIFICATIONS

TRANSMIT Frequer Range: 49,975 to 50,475 KC, standard (other ranges available on special order). Power
Rotings: 85 wuﬂi PEP input—all modes (AM, SSB, and CW). S5B Performance: (9 MC lattice filter). Unwanted
SIdEhﬂﬁd down more than 50 db at 1000 cycles Carrier suppression greater than 56 db. Distortion products
down more than 30 db at full ratings. Frequency Stability: Less than 500 cycle warmup drift after first five
minutes. Less than 100 cycles/hour drift after warmup.

RECEIVE: Frequency Range: Same as TRANSMIT F-ru.’_--:|||u::-!'1:~., Stability: Same as TRANSMIT. Sensitivity: .25 uV for
6 db S/N on AM. 1 wV h:-r 6 db S/N on SSB. Selectivity: 2.7 I{C u'r 6 db, less than 6 KC at 50 db. Spurious Re-
sponses: Images and IF leak through down more than El’.‘.' db. Overload Characteristics: Less than 59; cross modu-
lation results from any two signals separated by more than 20 I-{C if stronger signal is less than 2 MV across
50 ohm input. AVI harocteristics: Less than 10 db change in AF output for mpruf chunge from 1 uV to 400 uV
(52 db). Fast attack, punel selectable release times of .15 or ]2 seconds. AF Power Output te Speaker: More
than 2 watts at 3.2 ohms. Physical 15" wide x 7" high x 105" deep. Weight ct;;:q::nn:unumn:lh‘.*l';r 22 Ibs.

Interested in HF? See the Squires-Sanders S55-1R at your nearest distributor.
VENUS &6 TRANSCEIVER—Amateur Net Price ................... s PN S ey S Pl 2 CRA $495.00

115 V. A.C 60 CPS Power Supply—Amateur Net Price ....... ... i tnmemenanesnsansnsess $110.00

See your Distributor or write for information.

I—ABORATORIES 222 RT. 53, MT. TABOR, N. J.

Division of Squires-Sanders, Inc. TELEPHONE 627-6800




Author’'s home and control station, | to r:
1) Automatic Combination and Periodic
Information Unit 2) 220mc transmitter 3)
Six meter transmitting antenna

the one important thing that cannot be de-
signed into it is reliability. This was the reason
for the Baldwin Hills location, all of 400 tre-
mendous feet above sea level. As a repeater
location it was worthless but as a service loca-
tion it was excellent, being only a couple of
miles away from home.

Initially, there was a lot of trouble with the
six-meter receiver. It was badly desensitized
when operated in the presence of the trans-
mitter. When the transmitter was modulated
over 30% the receiver would literally go out of
its mind. Such noises you have never heard;
it was unnerving. To solve the problem, selec-
tivity was needed before the signal ever got
to the front end of the receiver. For selectivity,
a tuned cavity, or tuned LC filter was needed.
The commercial Motorola tuned cavity for the
80D receiver costs approximately $500.00.
Consequently, an LLC tuned filter was designed
and built. It didn't completely solve the prob-
lem, but things are must better. At least the
hideous howls that proceeded from the mouth
of the repeater are now forever squelched. We
are currently modulating 120% with negative
peak clipping.

The repeater, in operation, functions in the
following manner: When there is a carrier on
50.55 megacycles, the repeater will simultane-
ously transmit on 51.10 megacycles any and
all information that it hears. When the carrier
leaves the input channel, there is approximate-
ly a two second period of silence followed by a
beep tone. This silence enables break-in sta-
tions to be heard easily and also acts as insur-
ance that, in the event of an emergency, the
station in distress will be heard and will not be
covered up by the next transmission. Also, if
the repeater is not used for a period of two
minutes, the transmitter is put in a standby
position. It can be put back on the air by mere-
ly placing a signal on the input frequency,
50.55 megacycles.

The repeater will soon be performing an ad-
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ditional service. A unit is now being designed
which I am calling a “D. C. Digital Voltmeter
with Audio Readout.” A more revealing name
might be a “Signal Report Generator.” When
completed, this unit will enable any amateur on
the input frequency to ask the repeater what
his signal strength is, his presence on the re-
peater constituting the asking of the question,
and when he goes off the air, he will get a
series of audio frequency beeps different in
frequency from the beep which follows the two
second delay after every transmission. Each
beep will indicate 3 db of signal above the noise
level at the repeater location. Every two beeps
then will indicate 1 S unit. The repeater is most
useful in mobile work because it is strong
enough to blank out all ignition noise and make
mobile armchair copy possible over previously
unheard of distances.

The outward operation of all repeaters is, in
general, quite similar. It is the method of con-
trol that varies from one repeater to another. It
is felt that the control described below is not
only unique, but absolutely unbreakable! As
vou will see, it is a totally new and unique
method of remotely controlling a transmitter.

Beftore we could decide on what was wanted
in terms of control, we had to find out how
other repeaters were being controlled. The only
other repeater in Southern California providing
a similar service at that time was the two-
meter repeater, K6MYK. It is remotely con-
trolled by a series of tones, kept on the air by
means of continuous carrier on the 420 mega-
cycle band, and there are beams at both ends
of the link. Although there is nothing really
wrong with this type of control, it embodied

everything that we wanted to get away from.
We wanted to see if we couldn’t arrive at
something that was completely breakproof and
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vet uncomplicated.

What was wanted was a method that would
meet the following requirements: (1) omni-
directional antenna syvstems at both ends of
the link, (2) no tones or modulation of any
kind on the control carrier, (3) control infor-
mation constantly changing in an observation-
ally unpredictable manner, (4) no identifica-
tion of control carrier, (5) absolute frequency
secrecy, (6) no continuous carrier control
(identification would be necessary). Fulfilling
all the above requirements would constitute an
absolute, unbreakable control that is in fact
quite versatile. Impossible to do? Almost! To
help solve the problem, we called upon one of
our good friends and former instructors, Mr.
Fred Gruenberger, a computer expert at the
RAND Corp. in Santa Monica, California. With
his help, the system of control that is in use
today was developed and found to meet every
requirement!

In order to keep the control breakproof, the
actual specifics of the control operation will be
verv lightly covered, but the general principle
of operation will be covered in detail. A brief
description of each block on the diagram in
Fig. 2 will be followed by a more compre-
hensive description of the control operation.
(1) 220 Megacycle Receiver: Frequency—crys-
tal controlled and ultra top secret, approximate-
lv 2 Ke bandwidth, 24 hour operation. (2)
Random Combination Generator: Every time
the repeater is turned on or off, this unit gener-
ates a new set of information needed to turn it
off or on the next time, and stores this informa-
tion in Internal Memory.

(3) Internal Memory: A memory unit for the
purpose of storing the information given it by
the Random Combination Generator. This
memory cannot be affected in any way by the
control information that comes over the 220
megacycle channel. The sole determinate of its
contents is the Random Combination Gener-
ator.

(4) External Memory: A memory unit for
the purpose of storing the information given
it by the 220 megacycle receiver. This mem-
ory can be partially filled, fu]l}f filled, or
cleared by pulses of 220 megacycle carrier
of varying duration.

(5) Continue Service Memory: This is a small
memory unit that serves as a control channel
failure indicator. If there is a control channe
failure either at the repeater or at the 220
megacycle transmitter, this memory unit
causes the repeater to be shut down, and also
activates the Random Combination Generator
unit so that a new “set” of information will be
required to turn the repeater back on after the
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trouble has been corrected.

(6) Combination Comparison Unit: This unit
maintains a constant 24 hour comparison of
Internal and External Memories. When they
contain different information, this unit clears
External Memory and does nothing else. How-
ever, when they contain the same information,
the repeater is turned on if it has been off or
off if it has been on. Then this unit activates
the Random combination Generator so that it
will generate another “combination,” and it
clears External Memory.

A slightly more detailed discussion of the
total control circuit follows.

The overall picture of the control is not
much different from that of an electronic com-
bination lock that changes its combination
every time it is used. Each combination con-
sists of not just 3 numbers but is actually made
up of many digits. Every new combination is,
to the observer, unpredictable. This affords
suflicient protection against anyone’s tape re-
cording our signals and gaining control, be-
cause once a combination is used, it is no
longer valuable.

As far as outside observations are concerned,
the changes are random in nature but, in
reality, they are not random changes and the
new combinations can be predicted, provided
one has inside information on how the Random
Combination Generator is constructed and the
principle upon which it operates. A program
was run on the IBM 7090 computer which
gave us over 5000 years of combinations in
their proper order, and I intend to use every
one of them!! It may seem unbelievable but the
Random Combination Generator can generate
over five hundred trillion (539, 682, 289, 432 -
600) combinations that are seemingly unre-
lated to each other before the sequence of
combinations begins to repeat as a whole. It
is evident that by using two combinations per
day, one to turn it on and one to turn it off.
that it would take in excess of 51 billion years
to exhaust all the possible combinations. A
little overdesigned perhaps, but it does the
job. (We had an immortal repeater in mind at
the time.)

Perhaps the randomness of the combinations
alone would have assured an unbreakable con-
trol, but more is yet to come; read on. Anyone
could listen to the control transmissions only
if they found the frequency on which we op-
erate. Our next move was to transmit the con-
trol information in such a manner as to main-
tain absolute frequency secrecy. This was
done by designing the control panel to accept
the needed information in terms of nothing
but pulsed 220 megacycle carrier. To comply

12

with FCC regulations concerning the operation
of a transmitter on the 220 megacvcle band,
for the purpose of remote control, without
identification, the length of any one pulse
transmission was kept less than that which
would require identification. Pulsed CW trans-
missions on the 220 megacycle band for the
purpose of remote control need not identity it
the transmission length is less than 10 seconds.

The combination of short transmissions, pure
carrier, no identification, and extreme selectiv-
ity in the control receiver assures a virtually
undetectable control and therefore an unbreak-
able control.

The method of shutting down the repeater
appearing on the logic block diagram, that is,
sending the new combination, is not the only
way it can be done, but it is the fastest way
of ceasing the service. Of course, in the event
of an emergency this is the method that would
be used. Now for another method. Once the
repeater has been activated, it must receive
periodic information in order to continue the
service. This information is fed to the Continue
Service Memory unit through the 220 mega-
cycle receiver. Again this information is pure
pulsed carrier. If the Continue Service Memory
unit does not receive this pulse information in
any one of the time intervals in which it is
expected, the unit will assume that there has
been a control channel failure, promptly shut
the repeater off, and cause the Random Com-
bination Generator to change the control in-
formation to a brand new combination. With
this method, when one desires to turn the re-
peater off, he just stops sending the periodic
information to the Continue Service Memory
unit. This method of control can be, and is,
often used to let the repeater slip out of serv-
ice.
With the method of control outlined above,
the FCC gave their unprecedented approval of
the remote control of a transmitter with omni-
directional antenna systems, and without con-
tinous carrier control. The biggest advantage
is obvious, the control can be taken mobile. A
30 watt 220 megacvcle transmitter could
solidly control the repeater from as far away
as San Diego. The first such mobile control
will be running shortly.

Although there is nothing really complicated
about the control, a great deal of attention was
initially demanded of the controlling operator.
The combinations and the periodic informa-
tion had to be sent manually. Being intrinsical-
ly lazy and a lover of the push button, I de-
signed a small unit that would do all the work
at the mere touch of a finger. It can be seen
immediately to the left of the 220 megacycle
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Well, almost . . . the Waters Channelator ™ is one of the biggest
improvements you can make in a K\WWM-2/2A. The Channelator has
six crystal positions which can be used for transmitting, receiving,
or both, or the PTO can be used for one and a crystal for the other.
Instant bilateral transceiver.

Since most of us have two or three channels where we usually talk,
the Channelator is ideal. With a flick of the switch we can check the
net frequency and call in or just listen. In the car we don’t have to
carefully tune from one channel to another and don’t have to retune
the dial every time a leg hits the PTO knob.

Or perhaps you like to work DX. You can flip in a crystal for the
transmitter, knowing that you are in the band, and go hunting with
the PTO for the receiver. You can check your transmitter frequency
with a switch flick at any time for QRM.

MARS members can put in two or three MARS channel crystals
and flip from one channel to another with the one switch . . . mobile
or at home.

The Channelator is designed to fasten to the side of the KWM in
a few moments without the slightest marring of the cabinet. It takes
its power from the accessory socket in the KWM (thus will operate
with any KWM power supply). There is one simple solder connec-
tion to make (which you can reach from the top) and a plug to put
in . . . and you're in business. The crystals for the Model 249 Chan-
nelator are available from Waters for $6 each. There 1s a pad on
each crystal which will vary it over 15 ke either way so you can zero
in exactly on a net channel. Specify whether crystal 1s for USB or LSB.

The Channelator is now in stock at most ham distributors around
the country. The price 1s only $79.95 (less crystals).

The Channelator and all the other Waters ham products are given
the full treatment in the new Waters catalog. Send for one.

Waters Man“fact“ring, Wayland 73, Massachusetts
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control transmitter in the photograph of the
author’s home and control station.

At first, the logging of all the stations using
the repeater was quite a chore, but that too
was overcome. Now, not only the calls of the
stations using the repeater, the time that they
used it, and the operating time of the repeater
itself is logged, but every word passing through
the repeater is logged. This is done by means
of continuous tape logging. The logging ma-
chine uses 5000 foot rolls of one inch wide
tape passing by the dual stereo heads at a
speed of seven eights of an inch per second. By
choosing the appropriate portion of the two
stereo tape heads and indexing them four times
across the one inch wide tape, a total of six-
teen recording tracks are used. At seven eights
of an inch per second you wouldn't want to
record the London Philharmonic Orchestra,
but for logging the repeater it works fine.

In summary, the Los Angeles Six-Meter
Repeater was placed in service at approximate-
ly 8:00 pm on December 25, 1960. Its first
home was in the Baldwin Hills between West
Los Angeles and Inglewood, California. The
altitude was only 400 feet or so above sea level
but it was an excellent location to provide the
tender loving care that it needed so badly
during the early months of its life. After about
6 months the reliability had improved suf-

ficiently so that we felt it was ready for a high-
er home.

It was moved to its present location in a
private home in the Santa Monica Mountains
in Beverly Hills, California on June 6, 1961.
The location is roughly one mile east of Laurel
Canyon and about one mile north of the of
the Beverly Hills business district, at an alti-
tude of about 1700 feet above sea level. It has
been in its present location for approximately
20 months and requires service on the aver-
age of once a month. We are quite fortunate
that the gentleman in whose home the re-
peater is located is dedicated to the repeater
cause because for the past 20 months the re-
peater, a seven foot, four hundred pound
monster, has been sitting in his kitchen!!

Our deepest gratitude to Mr. Gruenberger
and all those who have helped us in this en-
deavor and without whose help the Los
Angeles Six-Meter Repeater might never have
become a reality. The service of the repeater
will continue to grow and it is hoped that it
will become a valued tradition among the
amateurs on six-meters. This is evidently be-
coming a reality also because, from the re-
sults of a recent survey, it was found that ap-
proximately 75% of all the QSO's that take
place in Southern California on six-meters take
place on the repeater!!

1296 mc RF Receiving Amplitier

Description

Not long ago a receiving radio frequency am-
plifier at this frequency would have been out of
question for the average amateur, since suit-

1296 mc rf amplifier. Plate line removed to
show simplicity of construction,
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able tubes were unavailable or too expensive.
This amplifier is built around the new 8058
nuvistor triode and, so far, has given very
satisfactory results. Theoretically, an rf ampli-
fier like this ahead of a really working crystal
mixer should not noticeably improve the noise
figure. It is very difficult to make a crystal
mixer work as well as it should because of too
many factors involved: antenna coupling,
varying characteristics in crystals, injection
current and so forth. This amplifier was tried
and is actually working ahead of a 1IN21B
mixer and the improvement it makes is quite
noticeable.

The circuit is simple: the antenna is capaci-
tively coupled to the cathode which is untuned,
while the plate circuit is a half wave line fed
at the low rf point and tuned at the end. The
amplified signal is capacitively coupled out of
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the line in order to minimize loading effects
which would lower the Q of the plate circuit.

Construction

The amplifier is built into a brass or copper
trough, the dimensions of which are given
(Fig. 1). The easiest way is to cut the brass
plate, drill it and then bend it as shown. The
cathode input capacitor is made of tabs, one
of which is directly connected to the cathode
pins of the tube socket through a cathode
strap which is soldered to one tab at right an-
gles (see Fig. 1 and picture). At the point
where tab and strap are soldered together,
there is the connection of RFC2. The partition
is cut out of sheet copper or brass: drill it in
the center for the nuvistor socket, solder the
socket as shown in Fig. 1 and then solder the
partition in place. The plate line is held in
place by a clip soldered to it which connects to
the 8058 plate cap and by another fuse clip
which is mounted on a ceramic standoff in-
sulator. Plate B plus goes to this clip through
RFC4. This mounting of the plate line allows
for quick and easy removal of line and nuvistor.
The plate tuning condenser is made of two
disks cut out of sheet copper: one is soldered to
the plate line, the other on a screw which runs
on a nut soldered on the outside of the trough.
RFC1 is wo