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Station

The New Galaxy The Powerful New Galaxy The Beautiful, Matching
Wattmeter/Antenna Selector GT-550 TRANSCEIVER Galaxy Speaker Console

""HOT,"" Husky, «nd Handsome!

You asked for it...now it's here! The new GALAXY GT-550 and a com-
plete line of handsome matching accessories!

Your suggestions made it possible. We took your ideas—added some
of our own and went to work. We built in new power, new conveniences —
suchas a25 kHz calibrator option, and no frequency jump when you switch
sidebands. Then we hired the best designers in the business to give
GALAXY a distinctive “New Look™!

Our new GT-550 has all those great qualities of the famous Galaxy Vs
...and then some! It has new POWER...550 watts SSB, making it the
hottest transceiver made! A new single scale VFO Dial makes frequency
interpolation child’s play...the new skirted knobs make tuning and band-
changing a split-second job...and, that slick, king-sized finger-tip tuning
knob works like a dream! Still the most compact—only 11% x 123% x 6"!

P.S. Sounds unbelievable but it’'s an even HOTTER receiver than
our previous Galaxy V’s!

Space prevents telling you all about the handsome, matched accessory
line. Write for a free brochure that’s loaded with exciting news!

Gataxy ELecTroniCS

“Pacesetter in Amateur/Commercial Eﬁluipmenf Design”

10 South 34th Street e Dept. 73-AA38 e Council Bluffs, lowa 51501
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They say “Imitation is the sincerest form
of flattery”, Apparently, one of the other
magazines likes our cover format and copied
it for their December issue. However, the
advertisers must be delighted that their Xmas
ads arrived on the scene after Christmas!

The illness which seems to have hit ama-
teur radio recently is disturbing, to say the
least. We hear obscene language (and I
don’t mean an occasional “damn” or “hell”),
music, tape recordings, and a multitude of
violations of both amateur rules and just
plain ethics.

These are sick people! Incentive licensing
is not the answer to this kind of problem.
Personality defects can’t be cured by know-
ing more about electronics, or being able to
copy faster CW. There must be a form of
screening for new hams. Obviously, FCC
can’'t have a Psychologist in each office to
decide whether a potential ham is going to
create problems on the bands.

The thought occurs to us that perhaps the
ham club could participate in the decision.

What would happen if a potential ham
was required to have character references
from a minimum of three other amateurs
before he was permitted to take the exam?
Taking it a step further, these references
would be checked against the OO files at
ARRL, to see if the references themselves
were clean. If all seems in order, ARRL
would recommend that the applicant be
allowed to take the exam. If not, the request
would be denied.

Even with Incentive Licensing, we make
it entirely too easy to obtain a ham ticket,
and very hard to lose it. FCC does not have
sutficient personnel to monitor the amateur
bands with any degree of efficiency. We are
pretty much left to police our own bands
and unless FCC receives a complaint, they
don’t take action. The ARRL Official Ob-
server system is a good one, but has no real
authority for action.

The ham clubs have been complaining for

a few years that interest has been waning.
Here might be the opportunity to give the
club a real purpose. I think it might be a
good thing to have every ARRL OO report
be directed to the attention ot a committee
of the nearest affiliated local ham club for
investigation. If the ham in question has a
bad record with his local hams;- ARRL could
then recommend that FCC take action. We
have a lot of housecleaning to do in our
ranks.

It was once said, “Let he who is without
sin cast the first stone.” I have, and I'm sure
most of us, have, on occasion, violated some
of the rules. I once, while mobile, called CQ
out of the band. We all, at some time or
other, inadvertently, make mistakes. These
isolated violations would not need to be in-
cluded. However, where deliberate infrac-
tions of the regulations were involved, a
hearing would be called by the local club.

The results of this hearing would be for-
warded to ARRL and FCC.

This month, I have taken the liberty of
devoting a good portion of 73 to an article
on Nikola Tesla. If this name means nothing
to you, you would be well advised to read
the article, Tesla’s AC theory probably ad-
vanced the state of the art of electricity and
electronics by at least twenty years. This
article, lengthy as it is, tells only a part of
the story. The reference list which follows,
is one worthy of attention.

Also, this issue begins the Extra Class
theory course. This follows the same format
as the Advanced theory which has run in 73
for the past year. Apparently people do want
to learn, rather than memorize. The response
to this series is overwhelming! We will con-
tinue to devote space to tutorial articles as
long as the demand is present. Maybe I'm
wrong, but it seems to me the role of the
ham magazine is not just “How to do it,” but
“Why it happens.”

. . . Kayla—-W1EMYV
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For The Experimenter!
International EX Crystal & EX Kits

OSCILLATOR / RF MIXER / RF AMPLIFIER / POWER AMPLIFIER

Type EX Crystal

Available from 3,000 KHz to 60,000 KHz. Supplied only in
HC 6/U holder. Calibration is +.02% when operated in International
OX circuit or its equivalent. (Specify frequency)

MXX-1 Transistor RF Mixer $3.50
A single tuned circuit intended for signal con-
version in the 3 to 170 MHz range. Harmonics
of the OX oscillator are used for injection in
the 60 to 170 MHz range.

Lo Kit 3 to 20 MHz

Hi Kit 20 to 170 MHz

(Specify when ordering)

FEBRUARY 1969

OX OSCILLATOR

Crystal controlled transistor type.
Lo Kit 3,000 to 19,999 KHz
Hi Kit 20,000 to 60,000 KHz
(Specify when ordering)

$995

SAX-1 Transistor RF Amplifier $3.50
A small signal amplifier to drive MXX-1 mixer.
Single tuned input and link output.

Lo Kit 3 to 20 MHz

Hi Kit 20 to 170 MHz

(Specify when ordering)

PAX-1 Transistor RF Power Amplifier $3.75
A single tuned output amplifier designed to
follow the OX oscillator. Outputs up to 200 mw
can be obtained depending on the frequency
and voltage. Amplifier can be amplitude modu-
lated for low power communication. Frequency
range 3,000 to 30,000 KHz.

BAX-1 Broadband Amplifier $3.75
General purpose unit which may be used as a
tuned or untuned amplifier in RF and audio
applications 20 Hz to 150 MHz. Provides 6
to 30 db gain. Ideal for SWL, Experimenter or
Amateur,

Write for complele catalog.

CRYSTAL MFG. CO., INC.
10 NO. LEE ® OKLA. CITY, OKLA. 73102
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The proof of the pudding is in the eating, if
| may coin a phrase, and the proof of the val-
ue of incentive licensing is in the results that it
brings to amateur radio. The incentive licens-
ing rules were announced over a year ago and
there certainly has been time enough for a
pattern of response to the new rules to
emerge.

The new allocations for the Extra Class li-
cense came as a shattering blow to most DX
hunters and contest fans. With the bottom
25 kHz now the exclusive Extra Class coun-
try this meant that virtually all of the DX
hunting grounds were out of bounds for the
other classes. The letters column in QST gave
clear evidence that the amateur reaction to
this was one of enthusiasm and determin-
ation. Everyone was buckling down and go-
ing to pass the new license exams.

Now that the facts are in we can see that
the new licenses were met with massive ap-
athy and resignation. There is little sign of
any enthusiasm. Let’s take a close look at the

curve of the FCC released license figures and
see what has happened.

As early as 1963, when the ARRL central
Committee started the incentive licensing ball
rolling, it was obvious that there were going
to be some advantages to having the Extra
Class license. Yet during 1966 and 1967 we

EXTRA

T+ { THOUSANDS)

I
9167 9368

see the number of EC’s growing at about 500
a year, with a total of only 5000 at the end
of 1967: many grandfathered into the license.
Then, with the release of the new allocations,
the curve changed and some 2000 new EC li-
censes were issued during 1968. This is about
1500 over the normal growth of the license,
or about %2 of 1% of the 260,000 licensed
amateurs.

It would be hard to envision a more dev-
estating rejection. Amateur radio has flatly
turned thumbs down on incentive licensing so
far. Now that the new allocations have actu-
ally gone into effect we may see more of a
rush for the EC license. Let’s hope so, be-

cause our EC bands are just sitting there
largely unused except for the DX stations

now and our experience is that while nature
abhors a vacuum, the commercials love it and
are quick to fill in any blank spots we leave
in our bands. And once in, it 1s almost 1m-
possible to get them back out again.

Why has the Extra Class license been
turned down by the amateurs so far? The
letters we receive indicate that most amateurs
are put off at having to take what seems to
them to be a professional exam for an ama-
teur license. The theory part of the exam is
quite comparable to the theory part of the
First Phone Commercial License exam and
the 20 wpm code test also seems ‘“‘com-

ADVANCED

42+ (THOUSANDS|

41

40+

39T

381+

37T

36 +4 : -

L |
9165 9166 91-67 9-3-68

(More of this on page 77)
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a complete amateur
radio station
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A 5 BAND 260 WATT SSB TRANSCEIVER

WITH BUILT-IN AC AND DC
SUPPLY AND LOUDSPEAKER

The new Swan Cygnet is a complete SSB trans-
ceiver, with self contained AC and DC power
supply, microphone and loudspeaker in one port-
able package. The Cygnet features full frequency
coverage of the 10, 15, 20, 40 and 80 meter
bands with a power input rating of 260 watts
P.E.P. in single sideband mode, and 180 watts
CW input. A crystal lattice filter at 5500 Kc 1s
used in both transmit and receive mode, and
provides excellent selectivity with a 2.7 Kc band-
width at 6 db down. Superior receiver sensitivity
of better than Y2 microvolt makes it easy to pull
in those DX signals, and with the Cygnet, if you
can hear them, you can work them. Audio fidelity
is in the well known Swan tradition of being
second to none; providing smooth, natural sound-
ing voice quality. The Cygnet is temperature
compensated on all bands, featuring solid state
oscillator circuitry with zener regulation which
permits wide variation in supply line voltage
without frequency shift.

395

Unwanted sideband suppression is 45 db, carrier
suppression 60 db, and distortion products are
down approximately 30 db.

The new Cygnet is designed to provide efficient,
high quality communications in the 5 most com-
monly used amateur bands. Its low cost Is a
tribute to Swan's well known techniques in value
analysis, and simple, direct circuit design. Above
all, these techniques lead to a high degree of
reliability and foolproof performance. Dimen-
sions are: 13” wide, 52" high, and 11" deep.
Weight is 24 |bs.

The transceiver comes complete with AC and DC
input cords, and carrying handle; thus making it
the most versatile and portable set on the mar-
ket, and certainly the best possible value.

Amateur net
P.S. Yes, for our customers who require some of the

extra features, there will be a deluxe version of the
Cygnet coming soon, which will sell for approximately

$495

S wan

ELECTRONICS
OCEANSIDE, CALIFORNIA

A Subsidiary of Cubic Corporation

\
ASK THE HAM
WHO OWNS ONE




A Fast-Scan Vidicon In 1The

Slow-

With the successful construction of the
Slow-Scan TV (SSTV) Picture Generator de-
scribed in 73 magazine,! I decided to try my
hand at building a SSTV Vidicon camera. I
had previously built a conventional TV Vidi-
con camera of the type described in ATV
Anthology.? 1 soon found that Slow-Scan
Vidicons are expensive and scarce on the
surplus market. Since I am not able to locate
an available economical source of this type
of Vidicon I decided to try to use a fast-scan
Vidicon in the slow-scan mode. The camera
described in this article is based on the de-
sign by Macdonald WA®ONLQ,? but incor-
porates extensive circuit redesign of the
video amplifier to permit the use of a stand-
ard fast-scan Vidicon operating in the shut-
terless slow-scan mode. The camera consists
of two units, one the camera head, and the
other the power supply, sweep circuits and
sub-carrier modulator/oscillator.

1A Slow-Sean TV Picture
October 1967.

2UATV Anthology', 73.

3"A Slow-Sean Vidicon Camera'',
June, July, August 1965.

Generator”, K7YZZ, 73,

Macdonald, QST,

can 1V Camera

Louis I. Hutton K7YZZ
12235 SE 62nd St.
Bellevue, Wash. 98004

Camera head

To minimize stray magnetic field pickup
the Vidicon, deflection coil assembly, 10 kHz
video amplifier and detector were mounted in
a steel cabinet 5” x 6” x 9”. The shutter mech-
anism was omitted and a spacer made from
sheet brass was installed between the cabi-
net front panel and the focus coil to provide
the proper focus distance (25mm in my
camera) between the lens and the face of the
Vidicon. A fixed focus 16mm lens, Bausch
and Lomb F2.7 to F16-FL 25mm, was
mounted to the front of the camera head. This
lens was purchased from Burstein-Applebee
and is their part number 61A78 in the 1967
catalog. The “Beam”, “Video”, and power
plug are mounted on the rear of the camera
head. The box lid is spaced one quarter inch
from the box by metal standoffs to provide
adequate cooling,

Comparing the circuit diagram of the
camera head with the circuit of the Mac-
donald SSTV camera the reader will note
the change of VI3 and V14 to more
common tube types and the addition of a
tuned circuit to limit the bandwidth of the

3l 1 A B E
LINE | 3 ga AIR GAP —»
| sl 2 B 2 |4

Tixd

- —0
-~ 9 §_4 ouT

O

Fig. 1. Driving and control circuits mounted in
the camera box.
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Fig. 2. Audio output control circuit.

10 kHz video amplifier. Several other com-
ponent values were changed to optimize the
new amplifier design.

The deflection yoke and focus coil assem-
bly were handmade. Information on the tech-
niques of making Vidicon deflection com-
ponents may be found in the ATV Anthology.
The focus coil was wound with #32 wire
and has a dc resistance of 420 ohms.

Due to the lower vertical and horizontal
sweep frequencies used in SSTV the deflec-
tion coils contain many more turns of wire
than those used in fast-scan TV. The vertical
deflection coils series dc resistance is 360
ohms, using a coil form window spaced of
11%e” x 34" x .050” thick, with #36 wire.
The horizontal deflection coils series dc re-
sistance is 270 ohms, using a coil form win-
dow spacer of 1%4¢” x %" x .035” thick, with
#36 wire. For those individuals not in-
terested in winding their own coils, a kit of
prefabricated deflection components for
SSTV cameras may be purchased from ATV
Research advertised in 73 magazine.

Main chassis

The remaining portions of the SSTV
camera were built on a hand formed chassis
housed in a Heath cabinet. The shutter con-
trol circuitry (V8a and V8b of the QST
schematic) may be deleted if the builder does
not plan to acquire the 7290 SSTV Vidicon.
The 1200 Hz phase setter (V15) was also
deleted as suggested by Macdonald. A 1000

ohm potentiometer was added to control
SCFM audio output (Fig. 2).

518

4200
FOCUS

COIL E

POWER

TRANSFORMER
E: znuugr
) \ 115V
e Lo
300n INGT43
10OW

I3V ZENER

&)

Fig. 3. After some experience with the focus coil
circuit, a zener regulator was added as shown here.

The focus coil was wired as shown in the
original schematic but has since been
changed as shown in the schematic of Fig. 3.
A 1000 ohm potentiometer connected in
series with a 470 ohm resistor was wired
across the horizontal output deflection coils
terminals to provide for control of horizontal
sweep width.

A test point was brought out accessable
from the top of the chassis from pin #7 of
V6b to aid in camera tune up and adjust-
ment.

+ auu-—ﬁ
10 uF
43K <IW L
10!

10
45OV

13

J_"unv
IN 270
50K
uTC
'I' E A-19
2
riztuu G
IN2T0O

VIDEO (@
COAX

= |
_Tn 02
B

0.1
/J; 777 TARGET

7

MILLER
6330
TUNED TO
I0KHz
VERT. DEF  HOR. DEF.
FOCUS COILS COILS 6.3V
Fig. 4. Complete wiring diagram of the SSTV i 360n 270 g_g{f““ o AC
camera head. Note: pins 9 and 10 blank if shutter i_l Gy Rak | l
d l . i # + * NG i *
eleted on camera using standard vidicon. RS- R NN S Al R S N R T

PLUG ON REAR OF CAMERA HEAD
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Top veiw, camera power and sweep.

Adjustment

The detailed adjustment of a SSTV camera
is described in the original Macdonald ar-
ticle. Of course those portions referring to
the shutter operation do not apply to this
camera.

Typical operational voltages on the 7735A
SSTV camera head are as follows:

Target: plus 9 to plus 15 volts
Beam; minus 87 volts

Focus: plus 160 volts

#95 pin on 7735A: plus 300 volts

Contrast: mid rotation

The first recognizable picture observed on
the camera was reversed. This was corrected
by reversing the horizontal deflection con-
nections at the camera head power plug.
The deflection yoke also required some minor
rotation to level the picture. Optical focusing

of the camera is accomplished by changing
the position of the Vidicon. With the fixed
focus lens referred to earlier in this article I
am able to view objects in focus from around
2 feet to 20 feet.

For station identification titles 1 use a
movie titler. This Sears catalog #3 G9350C
Magic Master Letters for titling, uses white
plastic letters on a black background, and is
held approximately three feet from the
camera for full coverage.

Live subjects may be scanned, but the in-
dividual should remain motionless for about
24 seconds for a good clear picture on the
SSTV monitor.

I wish to express my thanks to Copthorne
Macdonald, WAONLQ, for his verbal as-
sistance during the construction of the cam-
era, and to Bob Gervenack, W7FEN, for his
cooperation in the on-the-air tests of the
camera.

o » » KIYZZ
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THE STATE of the ART

(YOULE NEVER MYICS THE COOD OLD DAYY)

It will transceive. .. it's compact and light
...AND ...30 minutes with SIGNAL/
ONE’'s DELUXE INTEGRATED STATION
WILL MAKE YOU FORGET ALL ABOUT
THE GOOD OLD DAYS including yester-

day . ..

NOW YOU CAN HAVE
YOUR DREAM RECEIVER.. . with

m spectacular skirt selectivity and ultimate
rejection from two cascaded crystal lattice
filters... mELECTRONIC IF SHIFT to
exploit those razor-sharp skirts and slice
away QRM ... wm dual-gate MOSFET front
end for superb sensitivity and overload
resistance . . . m variable-threshold pre-IF
blanking to wipe out noise before it can do
its dirty work ... m true “‘second receiver”’
convenience built iIn—CONTINUOUSLY-
VARIABLE CHANNEL MIXING makes it
handier than a separate extra receiver . . .

AND THE TRANSMITTER delivers

® clean, crisp SSB with the penetrating
talk power that only RF clipping can pro-
vide... mmore than 150 watts of contin-
uous output into a matched load without
tune-up—yet the high-linearity broadband

power amplifier is easily adjusted to com-
pensate for mismatch, too—and is conduc-
tion-cooled for rugged dependability . . .
mtrue CW break-in keying m no
compromise transceive convenience for the
serious CW man with SIGNAL/ONE's new
VARIABLE TRANSMITTER OFFSET
system plus instant “spotting”’ off, near, or
dead-on your receive frequency . . .
AND BOTH OF THEM

m cover all of 10 through 160 meters in
full megahertz bands, continuously display-
ing frequency directly to 100 Hertz absolute
accuracy ... mare integrated behind a
single, sleek front panel ... human engi-
neered to provide the ultimate in operating
pleasure. (Write for a detailed brochure)

BUT NOBODY'S PERFECT ...
...you still need a mike and key, an
antenna and a power outlet!

Performance . . . Convenience . . . Quality . ..

“It Speaks for Itself”

S1rs// orre

A Division of EC| (An NCR Subsidiary)

= —

2200 Anvil Street N. * St. Petersburg, Florida 33?10__'

o




A Cheap and Simple, 1ri-Band,
Linear Amplifier

| T 77
¢s [Ho ot
PTT !
X EE s
es 1] —F 2000-
3 6 & ::4! = 3000 VDG

Fig. 1. Schematic diagram of the “Cheap and Sim-
ple Tri-band Linear Amplifier.”

This article is not for the ham who buys
all new commercial gear. He can go out and
purchase a nice, new, shiny, chrome-plated
linear amplifier for a few hundred bucks
and be on the air fast with his 2000 watts
PEP. If you are the type of ham, how-
ever, who believes in a little elbow grease
and ham ingenuity, read on friend, and save
some money. 80, 40, and 20 meters are
covered because these are the bands most
transceivers cover,

I had recently traded all of my gear and
purchased the SB 34. This left me with no
money for ham gear but with a desire for
a higher power, at least for 75 meters. I
decided that the linear amplifier must have
the following specifications:

1. No screen voltage supply.
2. No bias voltage supply.

3. 500 to 1000 watts de input.
4. Low cost.

My choice of tubes was a pair of 813’s.
These are available as surplus from many
sources and many amateurs have a few
kicking around. Some commercial stations
use them for drivers and the ART-13 also
used one, so look around. The tube socket
is cheap and no fancy blower is needed.
Since the SB 34 would deliver 135 watts
PEP I decided on the grounded grid cir-
cuit, I realize that some commercial ampli-

10

Allan H. Matthews WB2PTU
na. 1,
Waverly, N.Y.

fiers use 813’s in grounded-grid with a bias
voltage, but, believe me, they work very
well with all grids tied together and strapped
to ground. This also saves a few capacitors
and a bias supply. The schematic pretty
much explains things, but don’t be afraid
of substitutions. The filament transformer
can be a rewound television power trans-
former. 10 volts at 10 amperes is what is
needed if yvou wind yvour own. Don't for-
get the center-tap.

The filament choke is used to block rt
from getting into the filament transformer
and to ground. You can purchase one for
about $18 or wind your own for about 25c.
I wound my own. The core is ferrite from
the core of a burned out television fly-back
transformer. Grind the U shaped piece un-
til you have a straight bar of the material,
then give it a coat of Scotch #33 tape to
smooth it off. Next, wind one layer, 12 turns,
of #12 wire, the wire arranged to be two
windings wound simultaneously. To do this
fold the wire in the center, clamp it into
a vise, stretch it and then wind the choke
using both strands, side by side. It requires
about ten feet of wire. Use Formvar in-
sulated wire if you can get it. Motor re-
winding shops have it on hand. After you
have wound the core full, give it another
layer of tape. Then wind a single strand
of anything from # 16 to # 26 in the same
direction directly over the tape, using the
same number of turns as you used on the
first winding. This will be used for neutraliz-
ing. Cover this winding with plastic tape
also.

The next expensive item is the kilowatt
tank coil. I wound my own, using 15 ft of
% in. copper tubing. My coil is 2% inches
inside diameter because that's the size can
I had on hand. Some pieces of plastic and
some plastic cement were used to space the

73 MAGAZINE



Parts list

Cl, €2, C3, C4 01 mfd., 600 V. ceramic

C5, C6 006 mfd., 1200 V mica

C7 240 pF, Y% inch spacing

C8 . 1000 pF

C9, C10 500 pF TV doorknob

C11 0024 pF 5000 V.

Cn See text.

L1 See text.

L2 P & H kilowatt plate choke, or
equivalent.

L3 20 turns #26 on 3% inch dowel,
close spaced.

S1, S2 5 turns #16 on 47 ohm 2 W

resistor.

windings at about %e inches apart. The coil
I wound has 21 turns, but 18 would be
plenty, as I tried a second tap for 75 meters
but it didn’t make any difference. Total
cost for the coil was under two dollars.
The L/C ratio is probably not exactly right
but with 1000 watts of dc input, who cares
if we lose a watt or two. Besides that, the
coil runs cool. So much for the purists.

The amplifier was built for 75 meters
but a rugged rf switch from an old tuning
unit was in the junkbox and since the SB
34 covered four bands, I decided to make
the unit bandswitching. I used a grid dipper
to find taps on the coil so the linear would
operate on 75, 40, and 20. Taps are as

follows:

40 meters . . . 11 turns from the plate
end of the coil
20 meters . . . 4 turns from the plate

end of the coil

The power supply is conventional and
since mine is rack mounted, the power sup-
ply control panel contains the 0-500 mA
meter and the 3.5 kV plate yoltage meter.
That way, if I build another linear, 1 save
the price of two meters. I use a variac In
the plate transformer primary, but light
bulbs in series will work as well to get

tune up voltages. o
Earlier I mentioned substitutions and here

are a couple you will probably make. The
plate tuning capacitor is a 240 pF Caﬁrd—
well but a 150 pF would do the trick.
The loading capacitor is another ancient

Cardwell (I think it is 1000 pF but I'm not
sure) and you might do better with a three

gang broadcast variable. This would be

about 1100 pF.
Tune up procedure is to warm up the
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tubes and apply about 1000 wvolts to the
813’s. Tune the exciter and the linear for
maximum output. This will be about 300
mA of plate current at 1000 volts, Then
take out the carrier and raise the voltage
to whatever is available. Operate the lin-
ear at 2800 volts at 320 mA for an input
of 900 watts dc. Adding the driving power
of 90 watts de¢ of the SB 34 we wind up
with very close to the legal limit. Idling
current of the two tubes runs about 60 mA.

Neutralization is not critical and perhaps
not necessary. Cy is an antenna connector
from an Arc-5 but a piece of stiff wire
would work as well. There is no need for
adjustment.

In closing, let me say that I scrounged
most of the parts for this linear amplifier,
and what I didn’t scrounge, I built. So can
vou. I have much less than $20.00 in the
amplifier itself, The signal reports are grat-
ifying (about 10-12 dB above the barefoot
exciter) and this unit can be heard nightly
at 3955 kHz where I will be in QSO with
K3ABC ... Break in and join us.
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The Beatnote Basher

Roger Melen WB6JXU
Rt. 2, Box 486-M
Chico, Calif. 95926

A Selective Audio Filter
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Today’s crowded amateur bands require
selective receivers. Heterodynes, ignition
noise and other interference can wreck a
good QSO. Unfortunately, some modern SSB
transceivers don’t have a notich filter, and
aren't selective enough for good CW recep-
tion. The “Beatnote Basher” is not a cure-all,
but it does offer, in the “reject’, mode an
audio notch that will knock an undesired
heteroydne almost out of the picture. In the
accept mode, it proves an extremely sharp
passband allowing vou to pull a single sta-
tion out of a pile-up. Also, the installation
requires no modification of your present
equipment. It is simply installed in the
speaker lead of your present receiver, or
transceiver. It works with all ifs, and re-
ceivers and tranceivers.

Basically, the idea is not new. The “selecto-
jet’! and others are based on the same prin-
cipal. An audio amplifier is constructed so
as to have a phase shift of zero degrees at

just one frequency. Q,, Qs, and Q3 comprise

12

3.9k Ql-Q4 = 2N2925

XMAY BE NECESSARY TO BYPASS FIRST STAGE &

CONNECT TO SECOND STAGE IF MOTORBOATING
QCCURS

such an amplifier. An ordinary amplifier, Q,,
is the placed in parallel with beftore-men-
tioned amplifier when the “accept-reject”
switch is placed in the reject mode. The
ordinary amplifier, which has a phase shift
through it of 180 degrees, will have an out-
put which is identical to the phase shifting
amplifier except for a phase difterence of 180
degrees at the frequency which is to be re-
jected. If the selectivity control is adjusted
so that the gain of both amplifiers is ident-
ical at the frequency which is to be rejected,
the two signals will add out, while allowing
all others to pass through.

In the reject mode, the “Beatnote Basher”
acts as an amplifier with feedback, but the
feedback is at the optimum phase at just one
frequency. The system has greater gain at
this frequency than at all others, so that only
the desired frequency is heard at the speaker.

Most circuits of this sort utilize a tube
type amplifier. Warm-up time, heat dissi-
pation and size were the main factors which
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APPEARANCE AT
SELECTED FREQ

A, [amp with 0°| A, AMP WITH 0°
-9 PHASE SHIFT -9 PHASE SHFT [pg»
AT ONE FREQ AT ONE FREQ

k & v
= ®-0 ZERO OUTPUT
i
S g ORDINARY
(180°PHASE) [ \ A e
ACCEPT MODE REJECT MODE

discouraged the use of tubes in the author’s
circuit. The transistor which should be used
is rather important. Impedance matching,
gain and other consideration point to a high
beta transistor. The General Electric 2N2925
has a typical beta of 215 which is excellent
for our purpose, and theyre only 60c each.”
Bargain transistors of dubious type are not
recommended. The audio amplifier may be
any of the 1 watt or 3 watt imported jobs
which are presently on the market.? The
author attempted to homebrew an amplifier,
but turned to an imported model when inter-
stage and output transformers were found
to be going for the same price as the com-
plete imported amplifier. Any suitable power
supply can be used, as long as it is capable
of being hum free at currents up to a hal
an amp or so, depending on the power out-
put of the imported amplifier obtained. With-
out the amplifier, the current consumption is
about 4 milliamperes.

Construction technique varies with the
builder, and nothing is extremely critical, al-
though good wiring technique is always ad-
visable. The unit in use here is constructed
on a vectorboard with flea clips. Sockets are
recommended for the transistors. Presently,
the power supply and filter are in separate
mini-boxes, but plans are being made to fit
the whole thing in one 7” x 5” x 3” mini-box.
The front panel controls are: power, in-out,
reject-accept, frequency and selectivity. The
two gain controls may be put on the back
panel, or once the desired values are found
replaced by fixed resistors. The filter should
be in a shielded box in order to void pick-
ing up rf.

Once the unit is biult, the input should be
connected to the speakm jack and the output
to a speaker. With the selectivity control set
for maximum gain and both gain controls
set for maximum gain and the “accept-reject”
switch put in the accept mode, the unit
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should oscillate quite loudly (tuning the
frequency may be needed) and it is not
recommended that this be done when others
are sleeping). Backing down on the selectiv-
ity control should stop the oscillation.

The gain control for the imported ampli-
fier should be adjusted so that the amplifier is
not distorting badly. With audio fed into the
filter, the selectivity control backed all the
way down, the gain control on the input of
the filter should be backed down below
where distortion occurs. If output is lacking,
gain control on ithe imported amplifier
may be adjusted for more gain. For most
shacks a 1 watt amplifier is sufficient, but the
3 watt model may be preferred. When fin-
ished, the gain controls should be set so that
when the filter is put in it has no gain or
loss when the selectivity is all the way down
and it is in the accept position.

With the filter “in” a signal may be
notched out by putting accept-reject switch
on ‘reject” and tuning the frequency until
the heteroydne is nulled. The selectivity con-
trol should be set about half or two-thirds
of maximum for this operation. Once the
null is achieved, the selectivity control should
be tuned for maximum null.

A signal may be peaked by putting the
accept-reject switch on accept and advancing
the selectivity control to the threshold of
oscillation. The frequency control is turned
to peak the desired frequency. The selectivity
may have to be readjusted some while turn-
ing the frequency control. The operation of
the unit is very similar to a Q multiplier
except that it operates at audio frequencies
in the speaker lead.

The unit may be built into a receiver and
then the imported audio amplifier could be
omitted, and the output of the filter hooked
to the input of the receivers audio.

It properly wired the unit should give no
difficulty and serve as a useful receiving ac-
cessory. It can also be useful as an audio
oscillator when the selectivity control is ad-
vanced in the “accept” position. Oscillator

output can be taken at the input to the im-
ported amplifier. . WB6]JXU

11963 The Radio Amateur’'s Handbook page 129

2 Newark Electroniecs Corporation, 500 Pulaski Road,
Chicago, Il1l. 60624

3 Lafavette Radio Electronies,
Syosset, L.I.,, New York 11791

111 Jericho Turnpike,
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I'he Unijunction Transistor

Fig. 1. The symbol and conventions for current
flow in the Unijunction transistor.

Perhaps you have seen this rather un-
usual name in technical journals. Perhaps
you have seen an odd-looking symbol (see
Fig. 1) in a circuit in those very same tech-
nical journals. Perhaps you have wondered
what this little device does—with its symbol
that vaguely resembles that of a conven-
tional transistor but actually behaves much
differently. The thing looks (and behaves)
like some weird paradox—it has an emitter
in the wrong place and two (yes two) bases
—which incidentally gives us its other name
—“The Double-Base Diode,” which tends
to confuse matters even further.

Well, what is this little device and what
can you do with it? Read on, and all shall
become clear (or more confused).

The unijunction transistor (hereinafter re-
ferred to as U]JT) is a semiconductor device
possessing quite unusual electrical charac-
teristics. Its construction and operation is
markedly different from the conventional
two-junction transistor.

Ig2

) B

Fig. 2. A simplified equivalent circuit where Rgs

plus Rz, represents the resistance between B. and
B..

14

Roger L. Harrison VK3ZRY
1 Mary St.

North Balwyn 3104

Victoria, Australia

Characteristics

Fig. 1 shows it's symbol and the conven-
tions for current flow in the device. Fig. 2
gives a simplified equivalent circuit, Now,
referring to Fig. 2, Rs: plus Rm represents
the resistance between B: and B.. This is
known as the interbase resistance, Rss, and
is generally in the range 4K and 12K ohms.
This is the resistance of a bar of N-type sili-
con with two contacts at either end. Now
another contact of P-type material is placed
somewhere between B: and B:. on the
N-type silicon bar and this forms a rectify-
ing or diode contact called the emitter (E).

CUTOFE NEGATIVE

SATURATION
REGION I" "Eﬁlgiﬁ:“ - REGION — o

PEAK POINT

VE
L
L

EMITTER
VOLTAGE

!

!
I
I
!

I

I

VALLEY

' POINT __vpa20Y

Ve 15-“'}'""‘———' i

vv:"'__-'" e

‘BE-’ 0

[
[
I
]

-_— o el S .

"l \ ly S0 NA
EMITTER TO BASE | EMITTER |
DIODE CHARACTERISTIC CURRENT 'E

Fig. 3. Plotting the interbase characteristics.

Intrinsic standoff ratio

If a variable potential is connected be-
tween B: and B., with the positive on Ba
and the negative on B: (E not connected
to anything) the device acts just like a volt-
age divider and a certain fraction, will ap-
pear at the emitter (E). This fraction (n) is
called “the intrinsic standoff ratio”. The
ratio is approximately 0.5 to 0.8 for all
types of UJT’s. Mathematically the follow-
ing equation will accurately define ».
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Rz
Rs: + Res

9y =

Peak point emitter voltage

If the emitter Voltage, Ve, is less than
Ves, the emitter diode is reverse biased and
only a small leakage current will flow. As
Ve is raised towards Vee and just above,
emitter current will flow as the emitter
diode becomes forward biased. The result
is that Re: will suddenly decrease its re-
sistance. Consequently Iz will suddenly in-
crease and Ve will drop.

The point at which Rs: suddenly decreas-
es is called the “peak point” and the emit-
ter voltage at this point is called the “peak
point emitter voltage” and is labelled V.

The diagram in Fig. 3 illustrates the peak
point and V; a little more clearly. These are
the static emitter characteristics and you
will note that V; is dependent on V= (the
interbase voltage.) The lower curve (Isx =
0) is the emitter to B: diode curve when B:
is disconnected, These curves can be plotted
for any UJT by breadboarding the circuit in
Fig. 4. Set Vss to convenient voltage in 5V
or 10V steps and for each setting of Vss
vary the emitter pot. to find V; first (sudden
increase in Iz) and then vary Iz in suitable
steps (about 1 or 2 mA steps), reading V=
at each step. You can then plot the static
interbase characteristics like those in Fig. 3.
Disconnecting B: will allow you to plot the
curve for Ise = O,

From these curves an approximation to
can be calculated very easily. Simply divide
V: (for a certain value of Vsz) by the value
of Vee for that curve—

Now Vs = 30 V, lets say V, = 16 volts.
at this point

Vs 2Un 0.534

n_VBB_SD

To be more accurate at lower values of
Vee use the equation—

¥ — Va
Vs

n =

where Vo = emitter diode voltage,
~ (.6 volts

Peak point current

This is marked as I, in Fig, 3. I, is the
minimum current necessary to trigger the
U]JT. It can be measured using Fig. 4 with
some changes. Disconnect the meter (VIVM
etc.) reading Vi, Replace the meter reading
Ie (0-50mA) with a 0 to 50 microammeter.
At each setting of Vss slowly increase the
emitter potentiometer until the meter jumps
suddenly, The point just before the jump in
emitter current is the value of I.

Valley voltage

This is marked as Vv on Fig. 3. It is the
emitter voltage at the valley point. Vv in-
creases with increase in Vs you may no-
tice.

Valley current

This is marked as I+ on Fig. 3. It is the
value of emitter current at the valley point,
this also increases with increase in Vss.

Static interbase characteristics

These characteristics are a series of curves
that relate Vee and Is.. They can be plotted
by breadboarding the circuit in Fig. 5. With
the emitter disconnected at first, a reading
of Is: for every step in Vas is taken. The
steps in Vs should be at 5V intervals. Then,
connecting the emitter, increase the emit-
ter pot. until the UJT fires and set Iz at

O + 150V

00K  \Veupply)

00K

Fig. 4. The minimum
current necessary to
trigger the UJT can be
measured. Keep Vszs
constant at each step
for variations.

*—O0 -
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100 K
IOK

O-50MA | W

O + 150V
(V supply)

100 K

— £ ) -

Fig. 5. Static interbase characteristics can be plotted by breadboarding this circuit.
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Fig. 6. Resultant curves from plotting by Fig. 5.
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5 mA or 10 mA and keeping this constant,
take readings of Is: at every step in Vss. Take
another set of readings for Ir at say 10 or 15
mA. Continue this for steps of Iz at 5 or 10
mA intervals stopping at I = 50 mA. Plot-
ting the results will give a set of curves like
those in Fig, 6,

A set of curves was plotted, using the
above methods, for a type 2SH12 U]T.

Construction

The UJT is constructed in two basic
forms known as the bar and cube structures.
Most UJT types are of the bar construction
form,

The bar construction is shown in Fig, 7.
A small bar of silicon has two ohmic con-
tacts (not junctions) implanted at opposite
ends of the bar. A junction (the emitter)

Fig. 7. Bar construction of most UJT types.

is implanted on the opposite side of the bar
between B: and B:. This junction is some-
what closer to B: than it is to B:.. The unit
is generally mounted on a ceramic disc in-
side a TO — 5 or TO — 18 case and all
leads are electrically isolated from the case.

The cube construction is shown in Fig. 8.
The cube of N — type silicon is mounted on
its base-two contact and the base-one con-
tact is a thin wire alloyed into the top of
the cube. The emitter is alloyed into the
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BASE |

PN JUNCTION \ /BHHC CONTACT

N-TYPE

B

P e

Fig. 8. Cube construction. This type is usually
mounted in a TO—18 package.

side of the cube and a PN junction formed.
This type of construction is usually mounted
in a TO — 18 package.

This type of construction gives different
characteristics to the bar type. Owing to the
small contact area and shape of B: a higher
intrinsic standoff ratio (n) can be achieved
with much smaller spacing between E and
B:.. This produces a lower I, short turn-on
time, lower valley voltage, and permits op-
eration at reduced voltages. Unfortunately
cost is generally higher. Fig. 9(a) and 9(b)
illustrates the different static emitter char-
acteristics of typical bar and cube structure

UJT's.

BAR STRUCTURE UJT
_CHARACTERISTICS

EMITTER VOLTAGE - Vg

EMITTER CURRENT - Ig

Fig. 94. Characteristics of a bar type UJT.

CUBE STRUCTURE UJT
CHARACTERISTICS

'U'EE s 30

||Iul"'HE =20

Vpg =10

EMITTER VOLTAGE - Vg

ral 'z 0 L

EMITTER GURRENT - Ig

Fig. 9B. Chracteristics of a cube structure UJT.

UJT circuits

Seeing as most types of available UJT’s
are of the bar construction type I will only
consider these in the following discussion.
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CLEGG RECEIYERS
Zeus 2-6 M |85 watts XMTR $319.00
COLLINS
75A4 (early Model) RCVYR $349.00
75A4 (Late Model) 50004 449.00
755-1 RCVYR 295.00
516F2 Power Supply $110.00
DRAKE
2B Q@ Multiplier $ 29.00
Drake 2ZA RCVYR $149.00
Drake 2-C RCVR 195.
GALAXY
Galaxy 111 $229.00
Galaxy Y 319.00
GONSET
Gonset Comm. |l 2ZM XCVYR $119.00
Comm. IlIl 6M XCVR 99.00
GSB 100 XMTR 179.00
HALLICRAFTERS
SX99 RCVYR 79.00
SX96 RCVYR 129.00
SXI10 RCYR 99.00
SXI115 RCVR 369.00
HT 37 XMTR 229.00
HT32A 295.00
HAMMARLUND
HQ |10C RCVYR 129.00
HQ 145X RCVYR 179.00
HQI170C RCVYR 189.00
HEATH
HR-20 RCVR $ 69.00
MR-1 w/p.s. 2%.00
HWI12 80 meter XCVYR 89.00
JOHNSON
Valiant XMTR $159.00
Thunderbolt 80-10M Linear 295.00
Ranger || XMTR 149.00
Ranger | 79.00
| KW Match Box (No bridge) 69.00
NATIONAL
NCI183D RCVR 129.00
NCX-5 XCVR 385.00
NCL-2000 Linear 385.00
SWAN
SWI175 XCYR 75 meters $129.00
Swan 240 (75-40-20) XCVR with TCU YFO 269.00
Swan 420 YFO 79.00
400 XCVR 339.00
Swan 350 329.00
117C AC Power Supply 69.00
210 YFO &M 95.00
| ALL CASH ORDERS SHIPPED FREE IN THE 48 STATES

MISSION HAM
ELECTRONICS

3316 Main Street, Riverside 3, California 92501
Phone 683-0523 (area code 714)
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Fig. 10. Resistor R: compensates for temperature
pariations.

Bias circuits

The various parameters and characteristics
of a UJT are subject to temperature varia-
tion; some more so than others. Now V, will
vary with temperature and is principally
due to variation in Vo (see Fig. 2). This effect
is usually compensated for by a resistor, Re,
in Fig. 10. As the temperature increases so
will Rmt; Var will increase {}Wiﬂg to the
voltage divider action of R, Rss and Ru.

The resistor R: can be chosen from the
following equation

BHHU
2 Vi

this equation is only approximate and some
juggling of R: might improve the compen-
sation, but generally it will be close enough
for a wide range of UJT’s. Also, for the cir-
cuit in Fig. 10 V, is given by: —V, = Vi

The resistor R: should generally be kept
below 100 ohms as it controls the Valley
Voltage (Vv) and Valley current (Iv) (see
Fig. 3). Use what you have on hand.

R: =

(for Rero see Fig. 6)

Relaxation oscillators

The relaxation oscillator shown in Fig. 11
can be used for many applications. For ex-

O+ V
HT% R2
E B2
L 2
UJT
Bl
Cr7
Rl
0o-

Fig. 11. The relaxation oscillator may be used for
many purposes.
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ample; tone oscillator, timing circuit, pulse
generator;—sawtooth generator or a trigger
circuit.

When V. is applied Cr appears as a short
circuit and thus E is reverse biased and does
not conduct. As Cr charges through R the
emitter voltage rises exponentially towards
Vi. When the voltage reaches V, the emit-
ter suddenly conducts and Cr discharges
through E and B: via R..

The emitter then ceases conducting and
the whole process begins again. The wave-
form produced is shown in Fig. 12.

The approximate frequency of oscillation
is given by:

: Hz

| i
RTCTIH(I_H)

the equation holds providing R: and R. are
small ie. R« << 100 and R: from previous
equation but less than 1000 ohms.

CAPACITOR CHARGING 7
TR

. —

CAPACITOR DISCHARGING

Fig. 12. Waveform produced from the relaxation
oscillator.
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Fig. 13. Nomograph to assist in the design of a
relaxation oscillator,
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To save calculation in many instances a
nomograph (Fig. 13) will assist in the de-
sign of a relaxation oscillator using a UJT.

Two frequency scales have been given.
One for a value of » = 0.55 and another
for a value of » = 0.65, Use the scale ap-
propriate to the value of 5 ftor the UJT you
are going to use. An example for a prac-
tical circuit is given later. (see Fig. 16.)

O +25t045V
(V supply)
OO K 470
O —@
CRQ — .0l 47
O & O

Fig. 144. A practical circuit built and tested by
the author.,

A wide range relaxation oscillator

The circuit in Fig. 14(a) shows a practical
circuit built and tested by the author. I
used a Japanese UJT, the NEC-2SH12. It
performed very well, the frequency range
being 500 to 1. I inspected the waveforms
with a Hewlitt-Packard CRO and the re-
sults are shown in Fig. 14(b) and 14(c). The
circuit would not oscillate below 1kHz as
the timing resistance Rr was too great to
allow the emitter to “fire”. The frequency
is easily lowered by increasing C.

This circuit has great potential for the
sweep generator in a CRO, rf sweep gen-
erator or Panaramascope. Unfortunately the
output has a non-linear rise as can be seen
in Fig, 14(b) and (¢). This can be overcome
in two ways. Fig. 15(a) shows Rr returned
to a higher voltage supply. This is OK and
gives reasonable linearity providing a "higher
voltage supply is available. It suffers from a
disadvantage though—the frequency is not
as stable as it would be with a single supply.

In Fig. 15(b) a transistor, connected in a
common-base circuit, uses the high output
impedance of the circuit to maintain a rela-
tively constant charging current for the tim-
ing capacitor Cr,

o) Exceptiunally compact—only

814" high, 1254"” wide and 17” deep—the
GSB 201 lends itself readily to table
top mounting.

GSB 201 MK

10-80 METER LINEAR AMPLIFIER

... |HE WORK HORSE

. = Four (not two) type 572B tubes for a
full 2000 watt P.E.P. SSB input.

= Full wave solid state power supply.

® Universal rear of cabinet circuitry
may be connected for transceiver or
receiver-transmitter use without
internal modification.

® Plus many, many more features.
AMATEUR: NET icviciesiion: $375.00

Also available: GSB 201 MK Il — em-
ploys four type 811A economical triodes
for 1500 watt P.E.P. input.

AMATEUR- MET ...l e $325.00

See your favorite distributor
~ Write for brochure

G-OIN S E2"I7° ANOTHER DIVISION OF AEROTRON, INCORPORATED

P. O. Box 6527 / Raleigh, North Carolina 27608
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HIGHEST FREQUENCY WAVEFORM

=500 KHz | ‘
t I3V
| Wwy =25 V]
* |
:
|
~ 2 USEC — -

—al L—n.4u5£:
Fig. 14B. Highest frequency waveform.

LOWEST FREQUENCY WAVEFORM

fo IKHZ 1

20V
{?ml-,: 35V)

L

- | MSEC "l

Fig. 14C. Lowest [requency waveform.

Pulse generators

A current pulse will flow in the emitter,
base-one, and base-two circuits each time
the UJT “fires” in a relaxation oscillator.
Thus, a relaxation oscillator can be used as
a very efficient pulse generator giving either
positive or negative output pulses at vari-
ous impedance levels. Several circuit con-
figurations are shown in Fig. 16(a) (b) and
(c).

The output pulse from these circuits has
a relatively fast rise time and quite a slow
fall time compared with the length of the
pulse. A significant improvement in this
state of affairs can be made by using an in-
ductance in the B: circuit. A transistor can
be used to invert the output pulse. (See

Fig, 17).

O +I150V

+20V
o, A
2V

CRo — a7 L/

OS5uF
O i O COMM

Fig. 154A. Rr returned to a higher voltage to give
better linearity.

20

47 K
+ 30V
o 330

O &- 2SH 12
A
wy “Ro  ——
ol
¥
O @ O COMM

Fig. 15B. Using high output impedance to main-
tain a relatively constant charging current.

& O +25V

100 K

LO-Z OUTPUT

O 58V
CRg .

f=20 PPS

470

4 O +25Y

LO-Z OUTPUT
CRo

K '; Iiz"d’
Q =

O+235V

I0O0 K IK

O CRO
HI -Z QUTPUT

| 0.5uF
O

Fig. 16A4., B., and C. Several circuit configurations.
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O +20V
OQUTPUT

- |2uSEC

f=1000 PPS

Fig. 17. Inverting the output pulse by use of a
transistor.

A pulse generator can be designed by us-
ing the nomograph of Fig. 13 and picking
the circuit configuration you desire from
Fig. 16. The resistor R: shown in the cir-
cuits (a), (b) and (¢) of Fig. 16 can be chosen
by the “um-now-let-me-see-what-have-we-
got” method. Juggle its value and the sup-
ply voltage to obtain the output voltage you
want.

For more critical applications the cir-
cuit in Fig. 17 can be used. The width of
the pulse is determined by the inductance
in the emitter (L). The frequency of the
pulses (or number of pulses per second) is
determined by Rr and Cz. The rise and fall
times will be quite short, typically 1/20th
to 1/50th of the pulse width “t”.

UJT timers

A timer can be designed using the re-
laxation oscillator principle. Referring to
Fig, 18, when S: is closed, Cr charges to the
peak point voltage at which time the U]JT
“fires” and the capacitor Cr discharges
through the relay which closes. One set of

((changeover) contacts holds the relay
closed. Opening S: returns the circuit to its
original condition. This circuit is useful for
periods up to 15 or 20 seconds.

The best way to design a circuit like this
is to haywire it together and juggle Rr and
Cr until you achieve the desired result. I
found this method reasonably fast and cali-
brating the pot. is easy. Note that the relay
should be physically small so that it has low
operating power. A huge 600 or 3000 type
relay just won't work (I tried).

Have a look in the G.E. Transistor Man-
ual for more timer circuits.

O +25V

(? COMMON

Fig. 18. The relaxation oscillator principle used
for a timer circuit.

Sweep generators

Fig. 19 gives the circuit of a very handy
little sweep generator. The coils can be
switched if you like. It will work from about
60 kHz to about 60 MHz, depending on the
transistor used for SCZ. If you don’t want
to go really high in frequency an OC45N
will work admirably.

The circuit is fairly non-critical and some

+20V 10K
o, —/\\
500 K
SWEEP
SPEED IOK
X- AMP SC |
CRO
1 Ko] 33
/77 VARICAP
IN 955

b

Fig. 19. The circuit of a very handy little sweep generator.
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permaflexkey |

the

@ both a twin lever & straight hand key
in a pivotless 2 paddle design.

® gives instant choice of automatic
semi-automatic & straight hand keying.
® use directly with any transmitter or
through an electronic keyer.

® B amp. gold diffused silver contacts
adjust from 0-.060" & 5-50 grams.

@ distinctive blue paddles are of
rugged G-10 fiberglass epoxy.

® cabinet is 16 gauge polished chrome
steel: 1.95" sq.x 3.75", paddles
extend 1.25", weight app. | pound.

@ silicone rubber teet for stability. sand a check or m.o.
@ 1004 US made & guaranteed for | yr. sold by mail only

James Research company,dep’t: AR-K
11 schermerhorn st., brooklyn ny. 11201
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Build New F2tober Music Kits
| DYNABEAT RHYTHM

If you want rhythm Schober’s got it—10 real trap sounds
| in a small carrying case. Add bass drum, snare drum,

cymbals, and 7 other great rhythm effects to your combo,
piano, or organ playing, each at the touch of a button the
instant you want it—or have a ball playing traps along
with records and radio! The ;
Schober Portable Dynabeat con-
nects to any guitar, hi-fi, or

p.a. amplifier, makes you an g
| instant drummer. Kit $139.50, &
all built $169.50. Special Dyna- §
beat for all Schober Organs %
(not other brands) synchron-
izes the sounds you want with manuals ana pedals.
$150 for the kit.

TURESMITE MELODY
INSTRUMENT

The Schober Tunesmith
makes the one-finger artist
an instrumental soloist.
. Produces one note at a
4 time on the 214%-octave Key-
“ bhoard while you control
tone color (6 voices), vi-
brato, pitch, volume, as you play. Carry the melody for
a combo or play with piano or organ accompaniment— |
or along with records and radio. Easily portable (13 Ibs.),
connects te any amplifier, Easy to build kit $149.50;
assembled, ready to plug in and play $189.50.

Send right now for the full-color Schober catalog, with all
details on Dynabeat and Tunesmith as well as Schober’s
five kit organ models and unique reverberation system.
No charge, no obligation. If you like music, you owe
yourself a Schober instrument!

THE Feteoder ORGAN CORP., Dept. D-5

l 43 West 61st Street, New York, N.Y. 10023 l

[1Please send me a Schober Organ Catalog.
l 1 Enclosed is 50 cents for 7-inch LP demonstration I
record of DYNABEAT and Portable TUNESMITH.
| name |
I ADDRESS |
L CITY STATE ri | e TR _'
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variations are permissable. The supply
could be two 9V batteries in series. Coils

are found by experiment. For 455 kHz the
coil from an if transformer (with capacitor
removed) is ideal. To limit the sweep range
add a capacitor across the coil and retune
the slug, The output is quite high and some
attenuation may be necessary. Connect a
high resistance in series with the output to
effect a reduction.

Well, there we are. Knock up a few cir-
cuits and find out about UJT’s. I think you
may find a useful circuit in this article. For

more ideas look up the references mentioned
below.

. + « VK3ZRY

References
73 Magazine Jan '66 (UJT Kever p.12)
Dec '66 (Ipps generator p.23)
Mar '67 (sawtooth generator p.29A)
Electronic Fundamentals & Applications

: —J. D. Ryder
Transistor Manual—G.E. Company.

Please Use Your
Zip Code When
Writing 73

CLUB SECRETARIES NOTE

Your club can round up some extra
funds by imploring, cajoling, convincing,
or forcing your members to subscribe to
73 Magazine. Never mind the cries of an-
guish, just remember that you are doing
what is best for them—and the club.

Subscriptions to 73 are normally $6 per
year. The special club rate is exactly the
same: $6. The only difference is that the
club treasury holds 25% of the loot and
sends the rest to 73. Send us $4.50 for
each one year subscription, in groups of
at least five subs. Just think, if your club
has 10,000 members you can quickly get
$15,000 for the club on this deal!

Send the subscriptions to us on 37’x5"
cards, giving the name, call, address, city,
state and zip code of each subscriber. If
the subscription is a renewal please in-
clude the address label from a recent 73
wrapper. Indicate all renewal subscript-
ions so we won't start a second sub. We
have been known to do that.

Send to: Club Finagle, 73 Mag.
PETERBOROUGH, N.H. 03458
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KEY STAPLER

Handsome reproduction of antique telegraph key
This Morse Code Telegraph Key cleverly functions as a
stapler. Bostitch stapling mechanism. The rheostat is a staple
remover. Antique gold finish on black metal with Chinese-

red velvet base. 6!/ x 3l/5. Ideal for an original gift for
the office or the radio shack.

Built to last
$10.59 4 80¢ Postage

10 Days money back guarantee

Sorry no C.O.D.

Please send key stapler(s) to
NAME
STREET
CITY STATE ZIP
please print
HUGO H. ROUSSEAU & SONS

210 Post Street e Suite 915

SAN FRANCISCO CALIF. 94108
FEBRUARY 19469 23
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What’s Out There?

The Universe is out there, and men go into
it for short visits. Maybe one day they will
live in space and we can sit down here and
talk to them at distances of hundred-
thousands or ten-millions of miles. Is it pos-
sible there are other intelligent beings out
there already, who have never seen our
sun except as a distant star?

Within recorded history people not very
far removed from us believed the world ex-
tended a few miles from top to bottom, and
maybe as many as several hundred from
one edge to the other. They thought this
little area was provided for raising people,
as we might grow radishes or bugs in small
dishes. The sun. moon, and stars were orna-
ments or maybe a part of the machinery of
the Gods, but nothing more.

One Greek philosopher had a ready reply
to a question of “Which is most important,
the sun or the moon?” “The moon,” he said.
“The sun shines in the day when it is light
anyway.”

All through history men with new ideas
have had to be careful. You could get killed
that way, or at least written off as a useful
member of society. Evidently you still can,
if news reports are to be accepted. Yet there
has been a slow trend to decreased reliance
upon dogma in favor of science and technol-
ogy., which really works. And just a very few
vears ago some scientists met (quietly) to
assess the chances there might be life on
other worlds.

Their question was, “Are there intelligent
beings on other planets who would be in-
terested in talking with us?” They had all
of human knowledge to work with (it doubles
every few vears now) and while they could
not come to a definite yes/no result they
could estimate at least 40 and perhaps fifty
million planets interested in communication,
right now. And there could be about ten
times as manv worlds with intelligent life.

We'll have to make considerable progress
in exploring space before we come upon
grounds for a more definite opinion, or for
one with a narrower margin of error. Perhaps

24

Jim Ashe W1EZT
P.0. Box 343

Peterborough, N.H. 03458

we will discover a surprise: an explorers
camp left on the Moon. And scientists are
very puzzled over some points about the
two moons of Mars, which act like artificial
satellites.

But the strongest chance seems to be that
somehow we’ll overhear a conversation or
intercept a message aimed at somebody else.
SWL’s in space? Most probably, and radio
amateurs too. Ham radio is in a doldrums
now, but may be facing a greater oppor-
tunity than was open to it in the early 1900,
We'll have to enlarge our perspectives con-
siderably to meet that challenge.

Are there worlds out there?

This is an excellent question because if
there are no worlds in space other than ours
we hardly need look for people living on
them. A world in space without a nearby
sun would be too cold to live on, and so
if we want to find worlds we start by looking
for stars.

What do we see if we look up at the skies
late at night from some clear hill? We see a
tiny bit of the universe, and several thousands
of stars. I have always felt it is a splendid
sight, and very thought-provoking. Except
for a few wandering lights now known to be
planets and some others that are specially
interesting to astronomers, these stars are
suns. Each one of these suns—just think!
Each one might have a planet something
like our own. If this is a possibility why
havent astronomers increased the magnifi-
cation of their telescopes so we can see those
stars close-up and observe any possible
planets?

The uncompromising laws of nature in-
tervene. The stars are too far away, and
there is a practical limit to the magnification
any optical device can achieve. There is
another limit too, set by the erratic jiggly
nature of our atmosphere. We cannot look
to see if there are planets circling the stars.

Yet if we want to discover life on other
worlds, we have to sort out the worthwhile
stars from all the stars we might look at.
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It we cannot see planets how do we even |

know they exist? Not so long ago most
astronomers felt it was quite likely our
own world was something of an accident,
and others must be so rare it would not be
worthwhile to look for them.

A simple observation finally terminated |

that line of thought. Our sun does not ro-
tate very fast. Our sun has planets—we live
on one of them. Is there any connection

between the planets and the sun’s slow rota- |

tion? Yes, and the modern theory of mag-
netohydrodynamics explains how the sun
could have lost some of its rotation to its

planets. Now we know why the planets go |

in the same direction the sun turns, and
about the same axis,

Looking outward we discover some stars |

that rotate rapidly, and many that do not.
Very probably the slow ones are slow be-
cause, as our sun did, they gave up that
energy of rotation to their planets. Current
thinking is that nearly 70% of all stars have

planets, and each one may have two or |

three that might bear life. Our own system
has three planets and a moon (ours) that
might have life, and Mercury, Jupiter and
Saturn are less certain prospects.

Life
Modern research into the question of how
life originated is complicated, interesting,

and not yet complete. We can be certain there |

was no life in the universe at its creation
about 26 billion years ago. What happened
since then to bring life into the scene? What
happened here?

Well, the current trend in thinking about
this question is that life appeared naturally
here about 4 billion years ago. The earth
was very different from the earth we know,
and a number of chemical processes were
going on that we can only observe in sealed
experimental chambers now. The chambers
have to be sealed because if we left them
open bacteria and insects would enter to
consume any life-like chemicals we might
produce.

It turns out we do produce complex
chemicals identical with those of Iife by
simple heating and mixing processes together
with electrical discharges and radiation simi-
lar to what we think were found on earth
about the time life originated. Researchers
are convinced this process, going on naturally
for a few millions of years, would generate
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BUILD A VIDICON TV CAMERA IN A JIFFY!
PREVIOUS TV KNOWLEDGE NOT REQUIRED.

® Totally encapsulated for trouble-free operafion.

® Compact size; 1% x 255" x 1" approx. 3 oz, average weight,

® Each moduyle replaces entire camera section...i.e., complete
video amplifier, vertical sweep, horiz, sweep, RF osc., etc.

® Perfect for amateurs, experimenters, students, industry, etc.

® Assemble complete camera in a few hours! Only 5 modules
required. Designed to work with standard 1" vidicons ond
focus-deflection kits.

® Each module complete with hook up instructions. Fully
guaranteed 90 days from date of purchose!

® Build completely modularized camera or replace trouble
sections of existing cameras with as mony modules as needed.

Yideo module - $20 Vert. module - $15 Horiz. module - $15
RF Osc. module - $10 HV module - $10

Send for complete details on these new vidicon camerg modules
plus our latest catalog fully describing our extensive line of TV
comera kits, plans, coil kifs, vidicons, lenses, etc. It's FREE.

ATV Research

13TH & BROADWAY, NORTH  DAKOTA CITY, NEBR. 68731

GET YOUR NEW
ISSUE NOW!

Over 283,000 QTHs
in the U.S. edition
$6.95

Over 135,000 QTHs
in the DX edition

$4.95

See your favorite dealer or
order direct (add 25¢ for
mailing in U.S., Possessions
& Canada. Elsewhere add
50¢),

® Radio Amateurs' Prefixes
by Countries!

A.R.R.L. Phonetic Alphabet!
Where To Buy!
Great Circle Bearings!

e World Prefix Map! International Postal

e International Radio Information!.
Amateur Prefixes ® Plus much more!

R Eallbook

111
& Dept. B,4844 W. Fullerton Ave.
Chicago, Ill. 60639

o Y o
_,I_a.__. Lk

These valuable EXTRA features
included in both editions!

® QSL Managers Around the
World!

® Census of Radio Amateurs
throughout the world!

® Radio Amateurs’ License
Class!

BROCHURE!
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PRESENTING THE ALL NEW

AMECO PT

ALL BAND TRANSCEIVER
PREAMPLIFIER

=6 THRU 160 METERS
= FEEDS 2nd RECEIVER

Model PT, with built-in power
supply, transfer relay, connecting
cables, wired and tested.

Amateur Net

m A frame grid pentode provides low noise figure with ability to handle strong signals,
greatly improving the sensitivity of the receiver section of a transceiver.

= A unique built-in transfer circuit enables the PT to by-pass itself while the transceiver
Is transmitting. The PT also feeds the antenna input of a 2nd receiver as well as

muting it.

DIVISION OF AEROTRON,

AMECO
INC. = P. 0. BOX 6527 = RALEIGH, N. C. 27608

a molecule that could duplicate itself. The
rest of the story of life would be evolution,
not creation. Could this process take place
elsewhere?

Best results indicate it certainly could,
and probably would. And other studies indi-
cate that once life appears it is extremely
hard to destroy. Experimenters thinking
about life on other worlds have tested some
of their ideas by looking for unusual kinds
of life on our own world and they have
found it in environments so harsh and un-
usual as to qualify “extraterrestrial, just

happens to be here.” For example, bacteria
live in the cooling water of nuclear piles, an
environment once regarded as absolutely
lethal. Some insects found in the arctic will
cook to death in the palm of a man’s hand.
Other insects can be dessicated—as dry as
old seeds, and will live again when placed
in water. Seeds thousands of vears old, and
some bacteria sealed in salt crystals for
millions of years have come to life again in
the laboratory. And some plants are known
to live naturally in water at 194 degrees F.,
and others have survived higher tempera-

EXTREME EARTH MOON MARS YENUS ELSEWHERE
(life zone)
Temperature — IUU: FTo —EIU: FTo —210°FTo ?
212° F 212° F 80° F Yer
Fig. 1. Temperature - + = Hu: All
and other conditions in Ext
some known parts of Pressure :aTr.:uur}'l_ 'I} Yacuum ;{g Earth 7 a: remes
space are within ex- st SU:F:ce Ll Lack of
tremes known to be Them
habitable here on earth. Radiation To Nuclear Moderate Low Low
Pile Intensity
Life? Yes— Possible Possible Maybe Almost
Everywhere Under on in Certainly
Surface Surface Atmosphere
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tures than that. Lab studies have shown
bacteria can thrive in jars pumped and cooled
to the conditions known to exist on Mars. _

Apparently, once life appears it can adapt
to gradually harshening conditions fast
enough to continue in the face of anything
short of a cosmic disaster. If there ever was
life on the moon, on Mars, Venus, or else-
where there probably still is. Few people
will be surprised if the first men visiting the
moon bring back fossils, or even small plant-
like things that live safely a few feet under
the moon’s surface.

DUAL GATE MOSFET

PRE-AMPS

Extraterrestrials

Once life has appeared, intelligent life is
likely. The continual generation, survival and
destruction of living beings wherever we
see life tends to emphasize the development
of the ones most able to survive. If there are
many different environments there will be
many kinds of beings, and the odds favor

to 175 MHz. $19.95 ppd.
to 300 MHz. $23.95 ppd.
to 400 MHz. $27.95 ppd.
to 450 MHz. $31.95 ppd.

the development of intelligence sooner or ® Available from 5 MHz. to 450 MHz. Bandwidth is

later. And, once it appears, it wins over all
the competion almost instantly, on a cosmic
time scale. And then by degrees we have

aprrnrimaielv 3%, of frequency.

Yoltage gain 30 to 40 DB depending on frequency.
Two Dual Gate MOSFET amplifier stages with each
having a tuned input and tuned output. Each Dual
Gate MOSFET Is actually an integrated cascode cir-
cuit thus giving you 2 cascode circuits equivalent

science, technology and engineering, and
finally interest in other worlds.

Of all the risks involved, the interest in
other worlds seems to be the greatest. It
seems ten times more likely that intelligent
races exist elsewhere in space than that they
will be concerned about what is outside
their skies. Our own history bears this out.

to 4 triodes.

Exceptionally low noise (2,5 DB at 175MHz.), great-
ly reduced cross modulation and 10 times the dy-
namic range (signal handling capability) of the best
bi-polar transistors, Also superior to preamps using
iunction FETs and Single Gate MOSFETs.

® Internal connections for high impedance AGC or

® Type BN

manual %ain control if needed.
input and output receptacles for minimum

loss at UHF. Standard impedance is 50-75 ohms.

Carefully tuned at our laboratory with sweep genera-
tor and oscilloscope for the best bandpass character-

istic,

But if we are interested and thE}" are there ® Full wave UHF diodes protect input transistor.
and interested too, how will we find them? ® Operates on & to 16 volts DC, 5 to 15 Ma.

Some thers et ey oy heve || \f ANGUARD LABS

found us. I'm not referring to the flying

saucer reports, which seem rather faddish to Deot. H

me. Some historians suggest we must have had P

a real visit at least once in recorded history 196-23 Jamaica Ave, Hollis, NY 11423
and maybe we can find a description of it
somewhere. Others suggest we already have
the records but we don’t understand them,
and point to various odd legends of super-
natural beings or visitors.

If we have had visitors from other star
systems we are likely to find traces on the
moon. Our moon, handy to the most inter-
esting planet in the Solar System (from
our own viewpoint at least) would ofter an
excellent base for observing a possibly dan-
gerous planet (it’s safe to suppose all planets
are dangerous if they are as ours was hun-
dreds of thousands of years ago) while si-
multaneously mining nuclear fuels for a re-

YOUR CALL

Please check your address label and make sure
that it is correct. In cases where no call letters

have been furnished we have had to make one up.
If you find that your label has an EE3*&* on it
that means we don't know your call and would

appreciate having it.
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"USED MODEL 501 TV CAMERAS

™
i“‘
W

=
Hhxxh
MADE 3
IN U.S.A

$160.00 FOB Hollis

Each month we have a limited number of
used TV cameras which we make available to
hams at greatly reduced prices. These cameras
were rented out for temporary surveillance

jobs on construction sites, county fairs, con-

ventions, etc. All have been checked out and
are guaranteed for 90 days. Complete with

vidicon and lens.

Used Model 501 sale priced
$160.00 FOB Hollis

Don’'t delay. Only a few used cameras are
available each month. For specifications send
for our illustrated catalog.

VANGUARD LABS

Dept. H, 196-23 Jamaica Ave., Hollis, N.Y. 11423

_

FOR TH
YOU NEED THE
BTI LK-2000

AT

LINEAR
AMPLIFIER

For SSB, CW, RTTY

Maximun legal input
Full loading 80-10M
Rugged Eimac 3-1000Z
Dependable operation
Easy to load and tune
No flat topping with ALC
Distinguished console
Instant transmit
High efficiency circuit
Designed for safety
Fast band switching
Real signal impact

Price....$79500

READY TO OPERATE!

Listen for the hundreds of
LK-2000 linears now on the
air and judge for yourself.
Write for free illustrated
brochure or send $1.00 for
technical and instruction
manual.

BTI AMATEUR DIVISION

Hafstrom Technical Products
4616 Santa Fe, San Diego, Ca. 92109
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turn trip. If any traces have been left over
the past few hundred-thousands of years
they are probably still there. The Moon has
no weather to obliterate footprints and en-
gineering structures.

Looking a little farther out we come to
Mars, interesting in itself, and its two moons.
Phobos, the inner moon, behaves like a
hollow shell in space and both Deimos and
Phobos are in orbits unlike those of any other
satellites except our artificial ones. And astro-
nomical records suggest both moons may have
appeared in space between our years 1862
and 1877. Several other observations about
Mars are interesting, and it will probably be
visited by humans next after our moon. That
expedition may bring back a bundle of news!

But the most probable way we can dis-
cover any other people is by their radio com-
munications. We have some idea how many
planets might be interested in communicating

with us, but what are the odds one is both
' interested and near enough? How near is
' near enough? And how will they go about it?

Right here the question becomes one of
most fascinating things we can find to think
about. Here we are at the sea shore, as we
were once before in this same century. We
can guess, we can conjecture, and while the
experts are working like made on the prob-
lem there are thousands of amateurs per
expert. The odds for success tavor the men
with two-hundred and thousand-foot reflec-
tors and vet simply because their gear is so
powerful and cumbersome they cannot try
all possibilities with it. Only the best. Can
ham radio jump oftf again, as once before,
and find a place in the future

. « « WIEZLT
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1. Allen, Tom: THE QUEST. Chilton Books, 1965.
2. Asimov, Isaac: THE UNIVERSE. Avon DBooks
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Moving? Please
Let Us Know!
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but SWAN SUCCEEDED

#3975 2o Just hook the Model 260 to an
antenna and you're on the air.

Its that simple! There is nothing else on the market comparable to the 260.

Look what you get for $395.00.

¥ Complete frequency coverage on all five bands % 10 meters % 260 watts PEP
% Built-in power supply . . . ACand DC % Portable . . . only 26 pounds,
complete with handle, built-in speaker and mike ¥ Designed and built with the
same ruggedness, reliability and craftsmanship that has made Swan a household

name the world over.

And coming very soon will be another star in the Swan line, the 270 deluxe.
Everything that the 260 has, plus many additional features for those who can pay
a little more. The 270 will sell for $495.00, still a low price for a complete station.

And if you need an antenna, Henry Radio can make that a simple matter with its
cost saving Antenna Package Program.

We know its hard to believe, but come on in to a Henry Radio Store for a demon-
stration. If you can’t come in . . . write or phone. We’'ll give you more informa-

tion, terms, and will ship anywhere.

EASY FINANCING =« 109% DOWN OR TRADE-IN DOWN + NO FINANCE CHARGE IF

PAID IN 90 DAYS » GOOD RECONDITIONED APPARATUS * Nearly all makes & models.

Our reconditioned equipment carries a 15 day trial, 90 day warranty and may be traded back
within 90 days for full credit toward the purchase of NEW equipment. Write for bulletin.

TED HENRY (W&UOU) BOB HENRY (WG@ARA) WALT HENRY (WG6NRY)
T T T e eRL . 1 losnrov pagste e i R R S
CALL DIRECT . . . USE AREA CODE
. Butler  Missouri, 64730 816 679-3127
Il Radio Stores | : |
et 11240 W. Olympic, Los Angeles, Calif. 90064 213 477-6701
931 N. Euclid, Anaheim, Calif., 92801 714 772-9200

“World’s Largest Distributor of Amateur Radio Equipment’’
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13 USEFUL v g VHF ANTENNAS =]
TRANSISTOR CIRCUITS SRS kf This handbook by KBJKX is VHF..?H:EE&'& I
If S foakion -§ g . complete collection of in- :

you've been looking ftor |

formation about VHF and
UHF antennas, with design
hints, construction and
theory. If you've been won-
dering what array you need,
this book will give vyou b i 2
enough background to make e
the right decision. $3

a transistor circuit to do a
special job, chances are there
is a circuit in this book that
will give you a head start.
I+ covers circuits for audjo,
receivers, transmitters and
test equipment. $1

(REN, L0 SUIEELS SIMPLIFIED MATH Lk |
| Do you have a piece of sur- LAVEIIID G NI D " 2 NI

plus equipment that you want O e MCORS, Y9N
| houldn't in thi asy-to-
| to convert but can't find an : 4 Z R I:SKBEFIY

article? If so, this is the book RALILEILEY uncerstanc boo "

you need. It lists all of the P‘IE""5+ & ?me;_l e:;?nne_n )

surplus articles and conver- Ial ?5 emIn ia” T*?_. - slmci }
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and amateur magazines from fhEIrkapp BSOS 51;" |

1945 to 1966. $1.50 Ny A |
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—Inexpensive
—Effective

$'| 4.95

Model SE-405

TRANSISTOR
DC SUPPLY R s
This power sup- | [T T

pl}* will operate ] S oE PIWEN SHPRLY
transistor radios

and other de-
vices under re-
pair or where
batteries are a
drag to replace.
Voltage range:
0-20 vde contin-
uously variable. Meter ranges: 0-20 vde, 0-20

mA, 0-200 mA. Maximum current capacity:

150 mA/20 v or 200 mA/10 v. Pilot lamp. AC MINI-LAB

ripple: less than .25 mv rms. Fused. Has , _

built in power transformer and 30 watt Here is a complete test laboratory all in one

power transistor. Built for continuous duty. %?Ekage! A Fndetrq m:raﬂ% ﬂDfC e%egft;rnntics.
3 S one unit contains an - oltmeter:

Model SE-100 ONLY $16.95 90, 150, 500 volts; 0-500 mA; 10K, 100K, 1M

ohms; resistance and capacitance substitu-
tion; 9 vde battery supply: RF Signal gen-

erator 455 kHz (and up to 700 kHz); plus
SIGNAL T ACE an audio generator at 400 Hz, You can sery-

ice just about anything with this lab. You
can signal trace and align receivers and
trace audio systems, speech equipment, hi-fi
and tape recorders. This is probably the
single most useful piece of test equipment

ever to come along.

Model SE-400 SPECIAL $24.95

Here is an exceptional
value. This solid state
signal tracer will make
servicing of your re-
ceiver, AM/FM and TV
very easy. Comes com-
plete with shielded prod
and clip cord. Self-pow-
ered. S1ix transistors,

four diodes and one RF
thermistor. Built in :
speaker and 200 uA .

meter., Attenuator 20-40- FIEld
60 dB. Gain over 70 dB.

Outputs for 8 and 600 Sfrengfh
ghms. tg(uut catr}ll track peowhide % F

own € irouple 1n a f MESIWNE IR : ;
receiver in minutes with —— il Meter
this little unit. LT - ; 1I 400 mHz

Model SE-350

Comes with 5-section antenna and earphone

SEE YOUR LOCAL DISTRIBUTOR for modulation checking. Invaluable for tun-

[Distributors and Reps please write as several areas ing any transmitter. Magnetic base for mo-
are still open for distributing these fine products) bile use. only

Model FL-30 $8.95

5 B.me MAIL ORDPER SALES
Ell as Include $1 for packing and mailing and send
i § 5 St . S0y, ANEEREY, NE AR
am R N =. equipnient! = 4
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A New Material—VELCRO

In this space age new things are coming
along all the time, sometimes at a pace that
is hard to keep up with. Some of these new
ideas may be of use to hams, and a specially
good one is VELCRO.

VELCRO is that stuff used on vyour
family doctor’s blood pressure cuft. If your
wife does a lot of sewing, she may already
know about it, and maybe there is some in her
sewing box. It is a rather ordinary looking
product, but when you look closely, you see
it comes in two types: one with a forest of
tiny nylon hooks and the other with a surface
resembling felt.

When you press the two pieces together
the hooks engage the felt, and if you press
the attachment becomes stronger. The force
necessary to separate the pieces is that re-
quired to bend one hook times the number
of hooks. Since there are many hooks and

the nylon is “kinda” stiff, the holding power
becomes quite useful.

Applications

After thinking about this a number of
ideas come to mind. For mobile operation,
for instance, you can cement a piece of
VELCRO to the mike and a mating piece
to the dash; now the “right” spot is a general
area rather than a precise mechanical point.
No fumbling in traffic.

You can make up a strap of VELCRO to
go around your mobile log, with some elastic
or a rubber band to complete the loop. After
opening your log to the correct page vou
slip this loop over it; the mating piece of
VELCRO is located on the appropriate shelf

R. Bailey, K3AQH
326 Hoffnagle St.
Philadelphia, Pa. 19111

or surface. When you put the log down there,
it won't slide. Put another piece of VELCRO
around the pencil and it won't dance around
either!

If there is a fairly wide base area in your
car, you can use some VELCRO to hold
vour rig in place. Three or four strips on
the bottom of the rig (use low-profile bolts,
rivets, or cement) against mating strips on
the mounting surface will provide a sur-
prisingly strong mounting arrangement. In
the same way vou can hold your rig, or parts
of it, very nicely in place it you are thinking
of a tilted shelf to improve panel visibility.

VELCRO will hold small, light chassis
in place on top of larger, heavy ones, too. This
idea has very good possibilities in view of
the trend to smaller, lighter electronic com-
ponents. Use noncritical pieces of VELCRO
in place of harder-to-assemble (and more ex-
pensive) mechanical mounting assemblies.

When you put up your mast, wrap a
piece or two of VELCRO near the top. When
you are up there with test gear it can serve
as a third hand holding your field strength
meter or whatever.

It you are experimenting with VHF yagis,
lay out a strip of VELCRO along the boom.
Wrap a mating piece around the center of
each element, and when you press the ele-
ment down onto the boom it will stay put
vet is easily moved.

Other suggestions are a bulletin board
with some VELCRO for semi-permanent
mounting of clip boards, pens, charts, even
a small card file. Some tools might be hung
on VELCRO, too, in the workshop.

... K3AQH

ALL BAND TRAP ANTENNA'!
4/

(O

Reduces Interference and 4 3 itters.
Noise on All Makes Short Wave fror ALL Amateur Transmitte

Receivers.  Makes World-Wide G“am",ta'ﬂd for 1000 Watts Pow-
Reception Stronger. Complete er. Light, Neat, Weatherproof.
with 96 ft. 72 ohm feedline. Sealed resonant traps. For novice and all class radio
amateurs' Fliminates $ separate antennas with better performance guaranieed.
RO-40-20-15-10 meter bands. Complete 102 f1. $19.95. 30-20-15-10 meter bands,
$4 ft. (best for world-wide short wave reception) $19.95. Send only $3.00 (cash,
ck, mo) and pay postman balance COD plus postage on arrival or send full price for

ost-paid dehvery. Complete instructions included
'ESTERN ELECTRONICS Depi. A Kearney., Nebraska 68847
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More than 5 million two-way trans-
mitters have skyrocketed the demand
for service men and field,system, and
R & D engineers. Topnotch licensed

experts can earn $12,000 a year or
more.Youcan be yourownboss, build

your own company. And you don't
need a college education to break in.

H{:yw WOULD YOU LIKE to earn $5 to
$7 an hour...$200 to $300 a week

..510,000 to $15,000 a year? One of
yuur best chances today, especially if
you don’t have a college education, is
in the field of two-way radio.

Two-way radio is booming. Today
there are more than five million two-
way transmitters for police cars, fire
trucks, taxis, planes, etc. and Citizen's
Band uses—and the number is grow-
ing at the rate of 80,000 per month.

This wildfire boom presents a solid
gold opportunity for trained two-way
radio service experts. Most of them
are earning between $5,000 and
$10,000 a year more than the average
radio-TV repair man.

Why You’'ll Earn Top Pay

The reason is that the U.S. doesn't
permit anyone to service (wo-way ra-
dio systems unless he is licensed by
the FCC (Federal Communications
Commission). And there aren’t
enough licensed experts to go around,

This means that the available li-
censed expert can “write his own
ticket” when it comes to earnings.
Some work by the hour and usually
charge at least $5.00 per hour, $7.50
on evenings and Sundays, plus travel
expenses. Others charge each cus-
tomer a monthly retainer fee, such as
$20 a month for a base station and
$7.50 for each mobile station. A sur-
vey showed that one man can easily

maintain at least 15 base stations and
85 mobiles. This would add up to at
least $12,000 a year.

How to Get Started

How do you break into the ranks of
the big-money earners in two-way ra-
dio? This is probably the best way:

1. Without quitting your present job,
learn enough about electronics fun-
damentals to pass the Government
FCC License. Then get a job in a
two-way radio service shop and
“learn the ropes” of the business.

2. As soon as you've earned a reputa-
tion as an expert, there are several
ways you can go. You can move out,
and start signing up your own cus-
tomers. You might become a fran-
chised service representative of a big
manufacturer and then start getting
into two-way radio sales, where one
sales contract might net you $5,000,
Or you may be invited to move up
into a high-prestige salaried job with
one of the same manufacturers.

The first step—mastering the funda-
mentals of Electronics in your spare
time and getting your FCC License—
can be easier than :mu think.

Cleveland Institute of Electronics
has been successfully teaching Elec-
tronics by mail for over thirty years.
Right at home, I1n your spare time,
you learn Electronics step by step.
Our AUTO-PROGRAMMER® |essons and
coaching by expert instructors make
everything clear and easy, even for
men who thought they were “poor

learners.”
Your FCC License...
or Your Money Back!

By the time you've finished your CIE
course, you'll be able to pass the FCC
License Exam with ease, Better than
nine out of ten CIE graduates are
able to pass the FCC Exam, even
though two out of three non-CIE
men fail. This startling record of
achievement makes possible our fa-
mous FCC License Warranty: you'll
pass the FCC Exam upon completion
of your course or your tuition will be

refunded in full.

Find out more. Mail the bound-in
post-paid card for two FREE books,
“How To Succeed In Electronics”
and “How To Get A Commercial

FCC License.”
tached, use coupon below.

How to get into one of today's hottest
money-making fields—servicing 2-way radios!

™)
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He's fAying high. BffmhtrthEIE rraining and FCC License, Ed Dulaney’s only

oj‘ﬂ#and skill was as a commercial pilot
rad.io company, with seven
work,” he says. “I found my electronics lessons

Eﬂ.l}' ro udn%'rrﬂdud I{IE CIE course was the best investment I ever made.””

his own two-way
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aged in crop dumn.g Today he has
ime employees. ‘I am much better

Business is booming. August GM#
was in radio-TV repair work before study-
ing with CIE. Now, he says, “we are in
the marine and two-way radio business.
Owur trade has grown by leaps and bounds.”
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G.1. BILL |1 Please send me without cost or obligation: |

| 1. Your 44-page book ‘'How To Succeed In Electronics’
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$1,000000TV1
SUIT FILED

“Grid”’, has been a licensed amateur for over
30 years and is well known in VHF circles
throughout the country.

I personally met with Mr. Eggers at his
place of business on August 3 to discuss his
complaint. He said that he had experienced
interference in varying degrees with various
TV sets and other appliances during the past
10 years. He said the interference to his new
color set was unacceptable and that he would

Grid, W4GJO. the well-known VHF seek to prevent Mr. Gridley from operating.

pioneer, is being sued for $1,000,000
for causing TVI. His case, if lost, could
mean the end to amateur radio. Please
read this incredible case.

It is the purpose of this letter to set forth
in as factual a manner as possible the events
which have taken place in the subject TVI
case.

This case was first brought to the attention
of the Sarasota Amateur Radio Association in
April 1968 when Mr. Ansel Gridley W4GJO
requested the assistance of the TVI Commit-
tee. Mr. Gridley, who resides at 2439 Golden-
rod Street, Sarasota, had received a TVI com-
plaint from Mr. Lee H. Eggers, whose address
is 2451 Goldenrod Street, next door to Mr.
Gridley. Mr, Gridley explained that his neigh-
bor had complained of interference on his TV
set on two other occasions during the last ten
years and each time the interference had been
eliminated by the addition of high-pass filters
at the TV sets. This time, however, Mr. Eggers
had refused to consider the installation of a
filter or to cooperate in any way. At that time
Mr. Gridley wrote to Mr. Eggers to the effect
that he would be happy to investigate the
cause of the interference at Mr. Eggers’ con-
venience. A copy of this letter was filed at the
FCC office in Miami. As a result of Mr. Grid-
ley’s request, Mr. Larry Loper, W4WHF, of
the TVI Committee contacted Mr. Eggers,
who again declined to discuss the situation.

On August 1, 1968, an advertisement ap-
peared in the Sarasota Herald Tribune. This
ad was placed in the newspaper by Dixie Lee’s
Bar and Package Store and contained an
“editorial” ostensibly written by the pro-
prietor, Lee Eggers. The object of the ed-
itorial, of course, was Mr. Gridley.

As a matter of interest, Mr. Gridley is the
owner of Tel-Appliance, Inc., one of the larger
TV and stereo sales and service stores in Sara-
sota. As part of this operation, Mr. Gridley
also handles the most complete line of ama-
teur radio equipment and supplies on the
west coast of Florida. Mr. Gridley, known as
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The possibility of a lawsuit was mentioned.
Reluctantly, he consented to allow the TVI

Committee to investigate the nature of the in-
terference in his home.

On the evening of August 8, Mr. William
Quigley, also of the TVI Committee, Mr. Har-
ry Hartnup, owner of Harry’s TV from whom
the TV set was purchased, and myself were
admitted to Mr. Eggers’ home. By telephone,
Mr. Gridley was asked to begin transmitting.
The 28.5 MHz. band was used for the test
since this has been the band most frequently
used in recent months. Severe interference to
both picture and sound was apparent on all
channels including UHF channel 38. Several
orientateons of the transmitting antenna were
tried as well as power levels of 100 and 1000
watts average. The degree of interference re-
mained substantially the same throughout the
test. Single-sideband transmission was em-
ployed in all cases. It was determined that an
antenna mounted pre=amplifier was being
used by the TV set. When this device was dis-
abled by disconnecting its power supply, the
degree of interference was reduced significant-
ly. This concluded the initial test at Mr.
Eggers’ home.

The TVI Committee also inspected the am-
ateur station of Mr. Gridley. The transmitter
in use 1S the Drake Model T4X followed by
the Drake L4 Linear Amplifier. A Drake
Model TV-1000LP low-pass filter and a John-
son Match Box antenna coupler are used at all
times. The antenna used on the 28.5 MHz.
band is connected to an earth ground. To all
appearances, the station is installed, main-
tained and operated within the norms of good
engineering practice. Mr. Gridley also has
several TV sets in his home. These sets are
fed from an outside TV antenna and through
a high-pass filter and a distribution amplifier.
It was witnessed by the committee that no
trace of interference occurred on these sets

under any conditions of operation of the am-
ateur station.

It was the committee’s opinion at this time
that the interference was principally due to
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overloading of the single-transistor pre-ampli-
fier which is lodated at the TV antenna and in
a high intensity RF field. This overloading
and consequent crossmodulation is producing
spurious signals throughout the entire tele-
vision spectrum. Under these conditions, re-
jection of the interfering signals within the TV
set 1s not possible. The installation of a high-
pass filter ahead of the pre-amplifier was con-
sidered but disregarded due to the weather-
proofing problem. It was the recommend-
ation of the committee, therefore, that the
offending pre-amplifier, a Bonder-Tongue
U-V Amp-2, be removed entirely. It was rec-
ommended that a Jerrold Model TA:66 am-
plifier be installed at the TV set and that a
high-pass filter be installed at the amplifier in-
put. The TA-66 is generally intended to be
used as a four set coupler. It does, however,
have approximately the same gain as the
Blonder-Tongue amplifier, and some amount
of input tuning is provided. The TA-66
operates on VHF channels only.

Mr. Eggers, his attorney, Mr. Jack Windt,
and Mr. Hartnup were informed of the re-
sults of the committee’s investigation and the
above changes were proposed. It was also
stated that the new amplifier and high-pass
filter would be supplied at no expense to Mr.
Eggers. The possibility of subscribing to
the cable TV service which is available in the
neighborhood was also discussed. It was
stated that this service had been tried but
that the results were unsatisfactory for rea-
sons not related to this problem.

During the first week of September, the
recommended changes were accomplished by
Mr. Hartnup. Shortly thereafter, Mr. Hartnup
and myself repeated the original tests at the
Eggers’ home. With Mr. Gridley transmitting
under the same conditions as previously,
there was no trace of video interference ex-
cept on channel 3. Channel 3 exhibited a
very slight variation in intensity on peaks of
modulation. Audio interference was present
on all channels, however, and to a degree ap-
proximately equal to that of our first visit.
This interference was recognized as being due
to audio rectification or detection in the aud-
io amplifier stages of the TV set. The elim-
ination of this type of interference is gener-
ally difficult and dependent upon trial and
error methods. The first step would be to by-
pass or shield any long leads associated with
the audio stages. It was proposed to Mr.
Eggers that the TV set be removed to Mr.
Hartnup’s TV store and that the necessary
work be performed. This proposal was re-
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fused. Mr. Eggers also stated that he was not
satisfied with the quality of the reception
with the new amplifier and that he wanted it
removed and his original pre-amplifier re-in-
stalled.

It should be mentioned that Mr. Eggers is
an avid television viewer and expects to re-
ceive signals reliably from stations other than
the principal stations in the area. Ihese prin-
cipal stations are WIT'VT-TV, channel 13, and
WFLA-TV, channel 8, both in the Tampa-St.
Petersburg area, a distance of about 50 miles
over flat terrain. The other stations which he
expects to receive include several lower power
stations in the Tampa-St. Petersburg area, one
in Ft. Myers, a distance of 65 miles, and one
in Orlando, over 100 miles away. Even in the
case of the principal stations, Sarasota is con-
sidered to be a fringe area.

Also during the month of September, Mr.
Hartnup contacted the RCA factory in an ef-
fort to obtain their assistance on this prob-
lem. Their suggestions were essentially the
same as those of the TVI Committee. As a
matter of interest, the set uses the RCA CTC
30 color chassis.

During the latter part of September, Mr.
Eggers and Mr. Gridley were advised that on
October 2, 1968, Electronics Technicians
Robert Ritchie and William McCrimmon of
the Tampa FCC office would arrive in Sara-
sota to investigate the complaint. This in-
vestigation was apparently the result of a
letter written by Mr. Eggers’ attorney to the
FCC, Upon their arrival, Mr. McCrimmon in-
spected Mr. Gridley’s station. He also ob-
served the absence of interference to a TV
set just a few feet from the transmitter. Af-
ter approximately an hour and a half, Mr.
Ritchie entered. He sdid that he had visited
every house within two blocks of the Gridley
residence, and that while a few isolated cases
of interference were reported to him, in every
case Mr. Gridley had quickly provided the
necessary filters. Mr. Ritchie stated that ““Mr.
Grnidley’s cooperation in this matter appears
to be outstanding’™. Tests were then conduct-
ed with the FCC inspectors observing Mr.
Eggers’ interference. Finally, a test was made
with the FCC inspectors monitoring a TV set
in their automobile located approximately 75
feet from Mr. Gridley’s beam. With Mr. Grid-
ley operating with the maximum legal power,
there was no evidence whatsoever of interfer-
ence on any channel. Upon leaving, Mr.
Ritchie said that he could not make an offic-

ial recommendation at that time and that
(More TVI suit on page 89)
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Nikola 1esla
Master of Llectrical Energy

“Give me a lever long enough, and a
fulecrum on which to rest it,” Archimedes
said, “and I will move the Earth.” Nikola
Tesla, a nearly forgotten man from a for-
gotten country, who was perhaps the great-
est scientific genius in human history, needed
no such prerequisites as Archimedes. Tesla
succeeded in resonating the globe as though
it were only a child’s toy.

This man, who dared presume his power
as significant as a God’s, had humble be-
ginnings. As the night of July 9, 1856 was
drawing to its end, Nikola was born, the
second son of a Serbian Orthodox clergy-
man in Smiljan, Lika, Croatia. (Croatia is
now one of the six republics of Jugoslavia.)
Djouka Tesla, Nikola’s mother, was unable
to read or write, yet had an excellent mem-
ory and literary facility., She could recite
long passages from the Bible and thousands
of verses of Serbian -national poetry and
was an accomplished seamstress. Nikola’s
father, Milutin, had had an excellent educa-
tion, though, and had started a career in the
military, only to enter the ministry shortly
after he married.

Tesla forebears had given a long line of
sons either to the military or the Church
and Tesla’s father intended Nikola to be-
come a minister. The elder son, Dane, had
a brilliant mind and the family expected
him to bring them honor as a scientist or
engineer. But Dane died when he was twelve
vears old, "as the result of an accidental
fall. It has been speculated by some writ-
ers that Nikola had to succeed in his
brother’s stead, perhaps because he felt
guilty. This author thinks rather that Tesla’s
choice of vocation was the inevitable result
of natural ability.

Young Nikola had an inherent mechanical
aptitude. which evidenced itself many times
in his early years. When he was only four
vears old, he built a water wheel for the
creek which flowed near his home. During
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J. L. Elkhorne
3009 Westknolls Lane
Cincinnati, Ohio 45211

his childhood he made many curious devices.
One such was a popgun which fired a ball
of wet hemp. He built and sold these to
his fellow children until a rash of broken
windows ended this enterprise. He turned
to archery and went from bow-and-arrow
to crossbow and then arbalest. He was fasci-
nated by the idea of flying and when he
was twelve years old, made an unsuccessful
parachute jump from the barn using an um-

brella.

He evidenced an original turn of mind
from his earliest days. Once he noticed that
after lichtning struck from the dark masses
of clouds that torrents of rain would fall,
and decided that one might be able to con-
trol rainfall by controlling the lightning.
Years later he had succeeded in producing
artificial lightning, but was never able to
convince the U.S. Patent Office that weather
control might be possible.

In school his talents quickly led him to the
head of his class, particularly in mathe-
matics, a subject he favored. He detested
resorting to paper and pen when it was so
easy for him to solve any problem in his
mind almost as quickly as the teacher had
given it. This ability led to his being sus-
pected of cheating and he was not given
a passing mark. Nikola went to the director
of the school and demanded an examination.
The test was duly given and in the presence
of the director and the teacher, Tesla solved
problems far beyond his years. Suspecting
that he had somehow gotten the answers
to the standard examination, the officials
departed from it to throw even more difficult
problems at him, which he solved equally
well. The astonished men could only ac-
knowledge that Nikola Tesla possessed an
astounding ability and passed him.

At fifteen Tesla continued his education
at the Higher Real Gymnasium in Karlovac,
Croatia, which corresponds to our college
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level training. He completed the four year
course in three years. During this time, he
was living with an aunt and her retired
army officer husband. The woman felt that
Nikola was of delicate health and that heavy
meals would have a bad effect on him. Tesla
remembered this as the hungriest period of
his life. While he was at Karlovac, he took
many hikes along snow covered mountain
trails. One day, he began rolling snowballs
down a slope, trying to see how big he
could get one. He succeeded too well and
sparked an avalanche which roared down
the mountainside and diverted itself harmless-
ly in a field, only just missing some farm
buildings. Tesla was horrified at the near
disaster he had created but wise enough
to recognize that the tremendous power of
Nature could be harnessed by relatively small
applications of Man’s power.

When he had completed his studies at the
Gymnasium, his father had written urging
him to take a hunting trip rather than re-
turn home. Tesla impulsively disregarded his
father’s advice and went home to find the
area in the grip of a cholera epidemic.
Worse than this was the elder Tesla’s desire
to see his son study for the ministry. Milutin
Tesla was not wholly autocratic, however.
He knew that if his son did not enter the
church, he would be required to serve three
vears in the army. Nikola felt he was caught
between Scylla and Charybdis, about to be
crushed by alternatives he could not stand.
Three years as a soldier seemed to him
three years as an unthinking robot, com-
pelled to the mindless disciplines of drill
and routine. And a life in the ministry
would leave him no time to learn Nature's
secrets. Nikola had decided that he wanted
to be an engineer.

The three years of undernourishment and
the spiritual anguish he faced now so
weakened him that he succumbed to cholera.
For months he lay ill, one sinking spell
leading to another. The family doctor
finally announced that he could do nothing
more for the boy and the family should pre-
pare themselves for his imminent death.

Now the elder Tesla was facing his own
crisis. One son had already died. He had
pledged Nikola to the church, but if the
boy died, the pledge would be unfulfilled.
In anguish the father asked the dying son
what he could do. Nikola whispered that
he could get well if only he could study
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engineering and the despairing father
quickly agreed. The deathbed crisis passed,
Nikola’s will strengthened and he began to
recover. Tesla wrote in later years that no
magical event had taken place, but rather
his recovery had been because of a distaste-
ful but potent medicine his mother prepared.

Subsequently the army declared the con-
valescing Nikola unfit for service and he
was now free to pursue his goals. The elder
Tesla’s influence with other members of the
family in the military for this decision has
been suggested but is not definitely known.
It is a fact that the father sent Nikola away
for a vear while the decision was being
rendered. During this year Nikola amused
himself with such fanciful projects as a
proposed subterranean tunnel between
Europe and America through which con-
tainers could be propelled by water pres-
sure. Tesla quickly realized that drag would
make the project unworkable, but never-
theless enjoyed such pursuits as a stimulus
to his imagination.

In 1875, nineteen-year-old Tesla entered
the Polytechnic Institute at Graz, Austria.
In his effort to prove himself worthy of his
father’s reconsidered decision, he took twice
the normal number of subjects and limited
himself to less than four hours’ sleep a night.
At the end of the year, he returned home
with the highest possible marks, fully ex-
pecting his father’s praise. Instead his father
disregarded the effort his son had made and
criticized him for endangering his health.
It was only years later that Tesla discovered
that the dean of the technical faculty had
written Milutin Tesla to say that Nikola
was “a star of the first rank but will kill
himself from overwork.”

In his second year at the Institute, Tesla
limited his studies to physics, mechanics and
mathematics. During a demonstration of a
Gramme motor /dynamo, Tesla remarked that
the commutator sparking indicated power
loss. His instructor, Professor Poeschl, pa-
tiently explained that the commutator was
necessary to provide a direct current output.
Tesla responded that by discarding the in-
efficient commutator and using the natural
alternating current from the rotating arma-
ture, far greater efficiency could be attained.
A hail of invectives greeted Tesla’s conjec-
tures, comparing them with such foolish-
ness as perpetual motion machines. Since
early experimental motors would not run,
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it was assumed that the positive and nega-
tive cycles were cancelling one another.
Some ac generators were used about this
time, but only for resistive loads, such as
street lamps. Everyone knew you could never
get a motor to work on ac!

Theugh Tesla bowed before the authority
of his professor, he could not get the con-
cept out of his mind. Plan after plan was
imagined and discarded. Tesla had had, for
his earliest childhood memory, an amazing
ability to visualize objects. When he thought
of something it appeared before him, as real
to him as any object in the external world.
It took some time for the child to realize
that other persons could not perceive these
visualizations of his. The adult Tesla always
said that he perfected his models in his
mind, and that there they were so real that
he could see signs of wear, and in the
case of rotating machinery, could actually
tell whether or not it might be out of bal-
ance. His visualizations were accurate to the
thousandth of an inch; the piece parts he
required did not need any trial-and-error
machining. Years later, in America, the staff
he had in his laboratory had a hard time
keeping up with him. If his precise verbal
instructions did not seem clear to a work-
man, Tesla would make a small, neat sketch
on the handiest piece of paper. It is said
that no matter what size paper Tesla picked
up; his sketch was sure to be no more
than one inch across, yet perfectly detailed.

This uncanny visualization, coupled with
his amazing mathematical ability, certainly
aided his inventive efficacy. Tesla had what
we would call a photographic memory, and
was able to quote—from beginning to end—
Goethe's Faust, as well as a good deal of
Shakespeare, and other classics. He com-
mitted the logarithm tables to memory, so
that he would not have to waste computa-
tion time in reference.

Since he had heeded his father’s advice
for his second year at the Polytechnic In-
stitute and had not taken as many classes,
he rounded out his activities with billiards,
chess—and poker. As he could visualize
many moves ahead on the chessboard, it
was only a short time before he had con-
quered all his fellow students. He then set
about organizing a chess team which chal-
lenged other schools—the first known example
of intercollegiate activities. His first poker
game was a memorable one—the companion
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who took him to the game had promised
a lamb for the shearing. By the end of the
evening, the lamb had won everything. Then
he amazed everyone by returning, to the
cent, what each player had lost. For Tesla
it was only a means of relaxation, not a
profit-making venture. Many times he re-
turned to the card table, and it was the
same. Then one night luck or his own ability
let him down. He calmly bet the tuition
money he had received for the next year’s
study, and it was quickly gone. The game
was over—but no one offered to return the
money as Tesla had. This was a painful
lesson about the nature of men and Tesla
was deeply shamed that he had lost his
parent's careful savings. Yet he could do
only one honorable thing, and that was to
confess all. He returned home, found his
mother, and told her what had happened.
Djouka Tesla sagely understood. Where his
father would have scolded him for immoral
activities, the mother knew that her son
was obsessed. She gave him what little re-
mained of their savings, telling him that
he had yet to learn a lesson. When Tesla
returned to the card sharps, they expected
only more loot. Instead, Tesla, playing with
steel determination, won everything. When
the game was finished the players expected
their money to be returned. This time, Tesla
kept it. He had regained his tuition, and
the money his mother had advanced him
was returned. He made a solemn oath never
to play cards again.

When he had completed his studies at
the Institute, Tesla took a job at nearby
Maribor with a tool-and-die works which was
manufacturing electrical equipment. The
money he saved enabled him to study a
year at the University of Prague. Upon
graduation, he travelled to Budapest, where
a telephone central office was being built.
The excellently-educated engineering gradu-
ate found that no responsible engineering
position was open to him. Ironically, the
job he was able to accept was that of
draftsman with the Hungarian Government
Telegraph Office. Some forty years later, he
wrote that it was “at a salary which I deem
it my privilege not to disclose!” He also
recalled that, “By an irony of fate my first
employment was as a draughtsman. I hated
drawing; it was for me the very worst of
annoyances.” Yet Nikola Tesla could not do
a job poorly and it was not long before his
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ability was noticed and he was promoted
to more responsible work and finally made
chiet electrician to the telephone company.
At only twenty-five years of age, he found
himself engineer-in-charge of an entire sys-
tem.

It was to his liking. He found himself fully
occupied during the day, limiting himself to
a five-hour rest period, in which he tried
to keep up with current technical journals,
sleeping only two hours a night. At this
time he invented the first “speakerphone”,
a loudspeaker apparatus with which a room-
ful of people could hear a telephone con-
versation. Tesla never bothered to patent
it, though the company put it into service.
Thirty years later, he remarked that it com-
pared favorably with then-current loud-
speaker designs.

All the while, his mind was constantly
working on the concept of alternating cur-
rent, but he had not yet solved the basic
problem. Then the long hours of toil, wel-
come though they were to him, took effect
and Tesla had a breakdown. Chief symptom
of the unique nervous disorder he developed
was a highly abnormal sensitivity. Tesla
wrote: “I could hear the ticking of a watch
with three rooms between me and the time-
piece. A fly alighting on a table in the
room would cause a dull thud in my ear . . .
In the dark T had the sense of a bat and
could detect the presence of an object twelve
feet away by a peculiar creepy sensation
on the forehead.” Doctors pronounced the
malady incurable, though they did not know
what it was. As quickly as it had come,
it went. While he was convalescing, his
assistant, Szigeti, went with him for a walk
in the park one afternoon. Tesla was pleased
that the illness had not aftected his memory
and, looking at the sunset, began an ap-
propriate quote from Goethe. Suddenly,
before him, was the alternating-current ap-
paratus he had thought about for so long.
“Watch me reverse it!” he cried, throwing
an imaginary switch. Szigeti feared that his
boss had gone 'round the bend. Tesla calmed
himself enough to explain. Evidently his
mind had unconsciously completed the as-
signed task while he was ill. Tesla picked
up a stick and sketched the circuit diagrams
on the dirt path, explaining each detail to

Szigeti. Tesla would use a two-phase ac in
the field coils of his motor, which would
produce a rotating magnetic field. This mag-
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netic whirlwind would—by induction—pull
the armature around with it. The armature
would have wound coils closed on themselves,
requiring no external electrical connection.
Thus, in a blinding flash of inspiration,
Tesla had grasped the answer. There would
be no commutator to cause power loss; the
only wear point of the motor would be the
mechanical bearings.

Years later, a president of the American
Institute of Electrical Engineering said: “The
work of Nikola Tesla in his great conception
of his rotary field seems to me one of the
greatest feats of imagination which has ever
been attained by the human mind.”

The rotary magnetic field was more than
an invention. It was a basic discovery, and
it was this ability to perceive new insights
into nature’s wonders that set Tesla apart
from other men. While those such as Edison
made improvements on existing theory, Tesla
forged ahead into an uncharted wilderness,
where Man had not gone before. It was
Tesla’s gift that he could discover—but the
gift contained tragedy, in that other men
could not, or would not follow.

It was in February, 1882, that Tesla
grasped the answer to the alternating-cur-
rent problem. It would be six years before
he would convince men that this was a revo-
lutionary, wonderful new system. His immedi-
ate problem was more mundane—the job
he had held was ended, as his employer
had sold the business. Puskas, the employer,
wrote a letter of recommendation for Tesla,
which enabled him to get a job with the
Continental Edison Company in Paris.

Tesla felt that the cosmopolitan city of
Paris would give him the opportunity he
needed and he swiftly took the job. Even
more swiftly, he found that his employers
were not interested in any “crack-brained
schemes”. Tesla tried to interest business-
men in his alternating-current system.
Friends warned him that someone would
steal his discovery, but that was hardly
the case. Tesla could not even give it away.

In the meantime, his position with Con.
Edison had been done in the usual flawless
manner. Tesla was assigned as a roving
trouble-shooter, and in 1883 was sent to
Strasbourg, Alsace, then part of Germany,
to straighten out an embarrassing situation.
A new power plant had been built and
Emperor William I was present at the dedi-
cation ceremonies. Unfortunately, the plant
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had been wired by men who were less than
adept at their job and when the master
switch was thrown to activate the new light-
ing system, a short circuit blew out one
wall. showering bricks and debris on the
dignitaries. The Germans understandably
would not accept the plant in its present
condition and Tesla was dispatched to the

rescue.

He soon put matters right, even in the face
of German bureaucratic bungling. He writes
of the “efficiency” of a simple matter of
placing a hall light, in which the whole
chain of command had to be consulted be-
fore the light could be installed at the very
spot Tesla had suggested to begin with.
When he was not taking time in matters
of this sort, however, he was free to work
on his own. He had brought some materials
with him, and rented the facilities of a
machine shop near the railroad station for
evening work. There he built his first induc-
tion motor. Because he could visualize the
final design so accurately, he did not need
blueprints. He was a fussy worker, however,
and the precise machining and polishing of
the parts took time. The individual parts
did not need cut-and-fit partial assembly but
went together into a finished product the
first time.

It was a dramatic moment. Tesla had
thought the idea through in his mind, but
it was new, it had never been tried before,
Perhaps he had deluded himselt, maybe it
was only wishful thinking. He could only
find out one way—he threw the switch. The
motor hummed, the armature turned. Al-
most instantly, it had built up full speed.
Tesla threw the reversing switch. The arma-
ture stopped, began to revolve in the op-
posite direction. It was clearly a success.

Tesla had made many friends in Stras-
bourg, impressed many people because of
his efficiency and knowledge. Now he went
to the mayor and various businessmen. Per-
haps the sight of a working model would
suffice where words had failed. But it was
the same. No one seemed interested in what
was the most significant commercial develop-
ment in electrical engineering.

The despairing inventor returned to Paris,
where another disappointment awaited him.
He had been promised a substantial bonus
on successful completion of the Strasbourg
project. He had delivered. Now the man-
agers of the works sent him on a wild-goose
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chase. The treasurer would pay him, only
the treasurer said he did not have the au-
thority to issue a draft; the operations man-
ager understood, but he had not authorized
the trip, etc., etc. Tesla gave his resigna-
tion in disgust.

Charles Batchellor, one of the company
administrators who had been friendly toward
Tesla advised him that he would have a
better chance of achieving success in
America. Batchellor was a close personal
friend of Thomas Edison and gave Tesla a
letter of introduction.

Once the idea was in Tesla’s mind, it
didn’t take long for him to settle his aftairs.
He sold his possessions and books and
bought a steamship ticket. On the way to
the station where he would catch a train
for the seaport, he was robbed. He man-
aged to get to the docks but the steam-
ship officials would not let him board with-
out a ticket. He persuaded them that if no
one showed up before departure to claim
the reservation that they should accept his
story as true. He arrived in America with
four cents in his pockets, a book of his
own poems, a couple of technical articles,
some notes on a mathematical problem and
on the design of a flying machine—and a
wealth of inventive genius in his mind.

He presented himself to electrical wizard
Edison quickly and angered the great man
immediately by telling him of his alternat-
ing-current system. Yet Edison was quick
to recognize the ability of the young immi-
grant and impressed by the letter Batchellor
had written. Never one to ignore the knock
of opportunity, Edison hired the well-edu-
cated and experienced engineer for eighteen
dollars a week—hardly more than he paid
the average mechanic in the shops.

Tesla was impressed on their initial meet-
ing by Edison’s forceful personality and
recognized that the practical man had done
quite a lot with no formal training. He
wondered if his own educational process
had been a waste of time. He was quick
to learn, however, that it had not. Edison
firmly believed in the trial-and-error ap-
proach to all things and much later Tesla
wrote that “a little theory and calculation
would have saved him ninety percent of his
labour.”

Tesla was initially assigned minor routine
work but when he showed his talent and
his dedication by working eighteen hours
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a day, Edison soon trusted him with im-
portant tasks. One of the most significant
concerned the steamship Oregon. Edison gen-
erating equipment had been installed on this
most up-to-date liner of the day and worked
well for many months but eventually broke
down. Edison sent his lesser lieutenants to
make repairs but they failed. The Oregon
did not sail as scheduled and Edison was
faced with financial and personal embarass-
ment because of his equipment. In despera-
tion he sent hardworking Tesla to try his
luck. Working throughout one night with
the assistance of a willing crew, Tesla re-
wound the armatures which had short-cir-
cuited. Leaving the ship in the early morn-
ing, Tesla met Edison and Batchellor, who
had returned from Paris. When Tesla re-
ported success, Edison remarked to Batchellor
that Tesla was good as Batchellor had said,
and “indeed, he’s even as good as he thinks
he is!”

But their good relationship was soon at an
end. Tesla was already discomfitted by Edi-
son’s refusal to consider an alternating-cur-
rent plan. It is true that Edison had made
a $2 million investment in New York City
on a dc distribution system. Naturally he
did not want to see this expenditure threat-
ened.

The final blow came as the result of a
statement Edison made to Tesla concerning
some research problems. Edison told him it
would be worth fifty thousand dollars if
he could come up with the answers. In all,
Tesla’s improvements led to twenty-four new
dynamo designs utilizing highly efficient
short field-core magnets, some new auto-
matic controllers, and several patents taken
out in Edison’s name. Tesla had delivered
the goods and eagerly awaited the promised
bonus. When it was not forthcoming, he
asked the great man and was told: “Tesla,
you just don’t understand our Yankee hu-
mor.

It was Spring, 1885, and he had been
with Edison less than a year, but he could
no longer go on. As Con. Edison had cheated
him in Europe, so he was led down the
garden path in America by Edison himself.
Tesla’s reputation had developed well, and
some promoters approached him with the
idea of starting a street and factory light-
ing company under his name. Tesla offered
his alternating current system to them, but
they rejected it in favor of quick profits
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in this utility venture. Tesla agreed to de-
velop a practical arc lamp for shares in
the company. For about a year he worked
at a very small salary, producing all the
equipment the businessmen had asked for,
and taking out several patents. When the
system was well under way, Tesla was given
stock shares and was quickly manipulated
out of the company. He found that his share
certificate was worth very little, The United
States was undergoing a depression and Tesla
was without income. His former associates,
not content with having eased him out of
the company, new made spurious claims
about his unreliability. And Edison certainly
had nothing good to say about him.

Tesla underwent such a period of hard-
ship during the next year that he would
never discuss it in later life. It is known
that he did occasional electrical repair jobs,
when he could find them, and that he worked
as a common laborer. During the winter
of 1887, Tesla was working as a ditch dig-
ger. The crew foreman, a former stock
broker who had lost everything in the mar-
ket, became interested enough in Tesla’s
theories to introduce him to A. K. Brown
of Western Union Telegraph. Brown and an
associate financed a laboratory for Tesla,
and organized the Tesla Electric Company
in April, 1887. Tesla’s lab was at 33-35
old South Fifth Avenue (later West Broad-
way) and not far from the Edison works.
The models Tesla now built were identical
to the designs he had conceived five years
before. In all this time he had made no
notes—the concepts were firmly locked in
his memory. By October of that year, Tesla
had filed for a patent. He wanted a single
patent for the discrete elements which com-
prised his system. The U.S. Patent Office was
horrified at the idea of such a sweeping
omnibus approach. They insisted on a break-
down to seven separate sections. By the end
of the vear he had filed for and received
thirty basic patents.

The scientific world which had ignored
Tesla for so long now could not contain its
amazement. As the import of his system
was grasped, he was praised as the scien-
tific genius of the age. The lecture he de-
livered on invitation to the American Insti-
tute of Electrical Engineers on May 16, 1888,
is a classic of the electrical enginzering field.
The theory and practise he presented are

the basis of the system we still use today.
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In one stroke he accomplished an engineer-
ing breakthrough of such magnitude that
no comparable development has been pre-
sented since. Tesla was on the crest of an
inventive wave that would last for thirty
years.

Fortunately for Tesla—and for the world
—the man of commerce who could bring
this scientific feat out of the laboratory and
into the everyday world of engineering prac-
tise approached. This was George Westing-
house, inventor in his own right, and head
of his own company. Westinghouse was not
committed to direct current as Edison was.
In Tesla’s system, he saw the revolutionary
means of long-distance power transmission
that would reap profits such as Edison’s plant
could only wish for. Westinghouse offered
Tesla one million dollars for the rights to
the group of patents, which now numbered
forty. Tesla agreed, provided that a royalty
based on equipment produced was also paid.
A conservative estimate was later made that
Tesla should have received an additional
$12 million in royalty payments.

This dynamic duo was the worst possible
threat to the Edison system. What Tesla—
the man of vision—lacked in financial
awareness, Westinghouse—the successful
entrepreneur—could supply. The United
States was leaving a phase of depression
and entering one of explosive capitalistic
growth, in which giant industrial empires
were born. Westinghouse, in his eagerness
to make the most of the Tesla system, ex-
panded his corporation by consolidating a
number of smaller companies and also by
attracting much outside capital. The time
came, however, when Westinghouse’s board
of directors overrulled him on the matter
of royalty payments to Tesla. Even though
there was a legal contract in which the
payments were stipulated, the board argued
to an unwilling Westinghouse that such
payment would seriously endanger the sta-
bility of the corporation. Further, if West-
inghouse insisted on honoring the contract,
much of the outside capital would be with-
drawn. As an inventor himself, Westing-
house understood the justice of the royalty
payment; as a businessman, he could not
bear the thought of the empire crumbling.
He went to Tesla and explained the situa-
tion. Tesla had become a close personal
friend of Westinghouse and understood the
problem. Further, he was more interested
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in seeing his system operating on a success-
ful basis than in collecting a payment legally
his, which would wreck any chance of that
system’s development. Tesla tore up the con-
tract and the Westinghouse empire was

saved.

Tesla had had to give half of his million
dollar initial payment to Brown and his asso-
ciate, but the half which was left served
well enough to maintain the most splendid
research establishment seen in America at
that time. Tesla embarked on a program of
research that would have broken most men.
He began his monumental studies into high-
frequency phenomena, and at most fortunate
time.

The Edison faction had not been inactive
during this period and in a calculated cam-
paign to destroy the alternating-current
disciples, began a whirlwind of adverse pub-
licity. Edison and his friends gave Sunday
afternoon demonstrations on the evils of ac
by electrocuting cats and dogs for the edi-
fication of visitors.

Edison wrote: “Just as certain as death
Westinghouse will kill a customer within
6 months after he puts in a system of any
size. He has got a new thing and it will
require a great deal of experimenting to

get it working practically. It will never be
free from danger.”

A propaganda campaign of immense pro-
portions arose. Most of the so-called scien-
tific proof of the horrible dangers of ac
erupted from Edison’s laboratory in West
Orange. Misleading statements were issued
to the press. Pamphlets were distributed,
warning the people that it would soon be
a matter of taking one’s life in his hands
to merely walk the streets, constantly at
the mercy of the lethal high-tension wires.
A further suspicious fact is that a former
laborartory assistant at West Orange, H. P.
Brown, began lobbying and lecturing for the
passage of a bill in the New York state
legislature for the provision of death by
electrocution.

Such a bill was passed in 1888 and H. P.
Brown, now a consultant to the state, author-
ized the purchase of three Westinghouse
alternators to be installed at Sing Sing
Prison. George Westinghouse protested this
particular use of his equipment, but the
authorities pointed out blandly that dc gen-
erators could hardly provide the high volt-
ages necessary. On August 6, 1890, con-
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victed murdered William Kemmler was to
be put to death in a secret ceremony. The
engineers who had installed the electric
chair had been perhaps more frightened of
it than was necessary. It was reported that
the power was insufficient to cause death.
Repairs had to be made and the execution
repeated, resulting in “an awful spectacle,
much worse than hanging . . . 7

Meanwhile, Tesla had not been idle. He
had, of course, selected 60-Hertz operation
as best for commercial power applications.
Indeed, he had opposition from Westing-
house engineers at the Pittsburgh plant
where the new apparatus was being de-
veloped. They preferred a 133-Hertz sys-
tem, partly because of decreased cost of
core materials needed at the higher fre-
quency. Tesla left in disgust, even though
Westinghouse was able to offer him $24,000
a vear salary. Shortly thereafter, the engi-
neers did select our familiar 60-Hertz sys-
tem as the standard. Tesla remarked that
the year he spent in Pittsburg was wasted
in minor design problems and that he was
not free for creative work. In the next four
vears, he was granted 45 additional patents
on polyphase current distribution.

His researches into higher frequencies had
led him to the discovery that as the fre-
quency increased, less and less iron was
necessary in transformer cores. Utilizing
conventional rotary dynamo technique, he
built devices which produced up to 10,000
Hertz. The next step was the production of
even higher frequencies and the develop-
ment by him of the air-core high-frequency
transformer known and loved by all as
“the Tesla coil”. Two decades later, F. W.
Alexanderson was developing high-fre-
quency ac dynamos for high-power wireless
transmitters for the government along the
same lines.

Incidentally, Tesla’s choice of 60-Hertz
operation made possible cheap electric

clocks, driven by synchronous motors, a fact
he pointed out freely.

Along with the high frequencies Tesla
was now producing, were also high poten-
tials, so much so that conventional insulat-
ing methods were ineffectual. It was at this
time that Tesla produced the technique of
oil immersion, which had great commercial
importance. He had soon reached the prac-
tical limits of frequency from rotary dyna-
mos. Now he was exploring the field of
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resonance phenomena. He developed the
technique of electrical tuning in 1890, one
of the basic principles of radio.

Utilizing Lord Kelvin’s theory of the
damped oscillation wave of a discharging
condenser, Tesla developed means of charg-
ing a condenser by low voltage, then using
the “disruptive discharge” through the pri-
mary of his air-core transformer, deriving
very high-frequency oscillations and ex-
tremely high potentials in the output. He
discovered the heating effect in the human
body of the high frequency currents and
thereby laid the principles for medical dia-
thermy. Here was another pioneer discovery
for which he took no patents nor credit.

He lectured once more before the Ameri-
can Institute of Electrical Engineers in May
20, 1891, on the subject of high frequency
currents, and demonstrated a variety of
phenomena. With apparatus then, he was
able to achieve a spark discharge of over
five inches, indicative of a potential in excess
of 100,000 volts. The induction coil he used
was energized from a generator of his own
design working at 20,000 Hertz. He de-
scribed the wvarious discharge phenomena
exhibited under varying conditions of poten-
tial and frequency. In his research he had
discovered that the nerves of the human
body could not react to currents higher
than 700 Hertz. He recognized that high
voltage as such was not lethal, as he had
taken the high-frequency discharges of his
larger apparatus many times without ill
effect. Partly it is because of “skin effect”,
in which the high frequency tends to travel
across a surface of a conductor. Also the
output of Tesla’s apparatus had a low cur-
rent density. He wrote that slight changes
of potential, current, and frequency could
work together to form a lethal shock.,

He said that the surest way to electrocute
a person was to subject him to sustained
direct current, but that the most painful
means of killing would be to use a low-fre-
quency alternating current. It is conceivable
that a high-power, high-frequency current
could kill swiftly and painlessly. But his dem-
onstrations before the Institute were clear
proof that alternating currents, as such,
were (uite harmless. Tesla repeatedly put
himself into the high voltage secondary cir-
cuit of his coil, in the process of lighting
bulbs of his own design, with no discomfort.

73 MAGAZINE



The GT-500 by GALAXY

Based on the proven Galaxy V Mk 3 design . .. the GT-550 comes on stage with an
entirely new look. And under this beautiful new exterior Galaxy has packed 550
watls . . . the highest powered unit in its field. Henry Radio, always the first with
the best, is proud to introduce this fine piece of equipment along with an equally
fine line of accessories. -

Come on in, look them over. Or write or phone. We’'ll send you detailed
specifications.

GT-550, 550 watt transceiver $449.00
AC-400, AC Power Supply, 110/230 VAC, includes cables $ 89.95
G-1000, DC Power Supply, 12/14 VDC, Neg. Ground $125.00
RV-550, Standard Remote VFO provides dual frequency
control for GT-550 only $ 75.00
RF-550, 3000/400 watt Wattmeter/Antenna Selector
(Available after April 1) $ 69.00
SC-550, Standard Speaker Console, 5 x 7 speaker 8 ohm,
(AC-400 will mount inside) $ 19.95
I Henrv Radio has a great antenna package program ... big savings. Write for literature.

EASY FINANCING « 10% DOWN OR TRADE-IN DOWN ¢ NO FINANCE CHARGE IF

PAID IN 90 DAYS * GOOD RECONDITIONED APPARATUS ¢ Nearly all makes & models.

Our reconditioned equipment carries a 15 day trial, 90 day warranty and may be tradgd back
within 90 days for full credit toward the purchase of NEW equipment. Write for bulletin.

TED HENRY (W&UOU) BOB HENRY (WGOARA) WALT HENRY (WG&NRV)
e ey e mmen e e s e = e ST om S S TR i e e S e S e e e T T e e et
CALL DIRECTY . . . USE A_.REA CODE
X Butler Missouri. 64730 816 679-3127
Radio Stores. | : |
geenry : 11240 W. Olympic, Los Angeles, Calif.. 90064 213 477-670]
931 N. Euclid. Anaheim. Calif. 92801 714 772-9200

T T e T T TSRS T TR e e e S e e L P e S RS S SR
“World's Largest Distributor of Amateur Radio Equipment”



Part of the awe-inspiring show was the
fact that the forms of illumination Tesla
was demonstrating had never been seen be-
fore. Instead of the ordinary Edison bulb for
light, Tesla was using ordinary wires in nor-
mal atmospheric pressure to demonstrate
luminosity effects. He had vacuum lamps,
lamps with other gases, lamps with extremely
high internal pressure—and most of the
above had but one terminal. Others had
none at all!

The production of a practical means of
commercial power and now the development
of a whole new spectrum of alternating
currents—both within three vyears—estab-
lished his reputation firmly with the scien-
tific community. All at once he had more
offers for lectures, after-dinner speeches,
demonstrations and consultations than he
could cope with. One of the problems was
that his high sense of intellectual honesty
and originality required him never to dupli-
cate the material in a lecture; thus each
appearance of this prodigal genius before
the public was a unique event.

He was invited to lecture before scientific
bodies in England and on the Continent.
In February, 1892, he gave another lecture
on high-frequency currents before the Insti-
tute of Electrical Engineers in London. Sir
James Dewar asked Tesla to repeat the lec-
ture before the Royal Society. Tesla had
other plans and demurred, but Sir James
took him to Michael Faraday’s chair and
plied him with the remaining private stock
of whisky which had belonged to that earlier
genius of electrical invention. After such a

singular honor, Tesla could do no less
than agree.

While he was touring Europe he received
word that his mother was gravely ill. He
arrived at her home in time and was able
to talk with her that day. She died during
the night. The strain of rushing to her
deathbed caused a patch of hair on his
head to turn white overnight, but a month
later it had regained its natural color. His

tather had died years before, while he was
still a student.

When Tesla returned to America he real-
ized that his social success had cut into his
research time tremendously and he turned
away from all such engagements in the
future, preferring to devote himself to use-
ful work in the laboratory. During this pe-
riod he experimented with such diverse
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items as high-frequency currents, mechani-
cal oscillators, X-rays, and astronomicgl
studies. He prepared a large exhibit for
the 1893 Columbian Exposition, where West-
inghouse had won the contract to furnish
power and lighting equipment. During fre-
quent demonstrations at this World's Fair,
Tesla passed one million volts of high-fre-
quency electricity through his.body, to turn
copper plates molten or to light special
bulbs of his own exotic design. The public
was thoroughly convinced that ac was not
the danger Edison and his followers claimed.

The final blow the dc¢ faction received
was the harnessing of Niagara Falls. The
child Tesla, having seen a picture of Niag-
ara and perhaps influenced by that first
toy waterwheel, prophesied that he would
someday make the falls work for him. Now
that dream was to come true. A charter
for developing power at the Falls had been
granted in 1886 and in 1890 Edward Dean
Adams, head of the Cataract Construction
Company, organized the International Niag-
ara Commission. Lord Kelvin, the famous
British scientist, was made chairman of this
body, which was to determine the best
method. A prize of $3,000 was offered for
the best plan submitted. Tesla was frantic
to toss his hat in the ring but George West-
inghouse pointed out that the prize would
be insufficient payment for value received
and persuaded Tesla to persevere. A further
complication was that Kelvin favored direct
current. However, in 1893, when none of
the major manufacturing concerns had sub-
mitted plans to claim the prize, the com-
mission asked for bids. By now the Edison
faction had capitulated and paid for the
rights to utilize the ac patents. Westing-
house’s bid for the generating plant was
accepted on May 6 and the by-now General
Electric Company, Edison’s empire, was
chosen to build the transmission line to
Buffalo, twenty-two miles away. After the
completion of this project, which was de-
scribed as the “most tremendous event in
all engineering history,” Kelvin admitted
that alternating current had many more
advantages, and further stated that “Tesla
has contributed more to electrical science
than any man up to his time.”

Ironically, during this period of commer-
cial development of the polyphase ac sys-
tem, Tesla was referred to as an imitator
by the British press, which claimed that he
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had used as the basis of his system the
apparatus of a physicist at the University
of Turin, Professor Galileo Ferraris. It has
been proven that Ferraris first presented a
paper on “electrodynamic rotation” in 1888,
six years after Tesla’s discovery of the rotat-
ing magnetic field, and indeed, several
months after Tesla’s application to the U.S.
Patent Office. Ferraris had developed an
alternating-current device as a demonstra-
tion of circularly polarized light and stated
specifically that the principle behind his
model could never be developed as a prac-
tical power unit. Yet chauvinistic English
publications, which had received notice of
the Tesla system, ignored it.

In 1891, another pretender to the throne
arose, in the person of Dolivo Dobrowolsky,
at the Frankfurt Industrial Exposition of
1891. Dobrowolsky claimed the invention
of the first practical ac motors, and later
reduced his assertions to a greater efficiency
of his three-phase motor than that of the
original two-phase Tesla induction motor.
However, the chief engineer of the project,
C. E. L. Brown, completely smashed Dobro-
wolsky’s claims by writing to the Electrical
World that “the three-phase current as ap-
plied at Frankfurt is due to the labors of
Mr. Tesla and will be found clearly speci-
fied in his patents.”

Part of the problem during this period
of massive technological change was that
the lines of communication and publication
of new inventions were very slow. And there
were those that put forth fradulent claims,
so that they could reap the rewards. But
at the same time, errors of fact have been
made by writers too lazy to do proper re-
search.

Finally and unequivocally, Tesla was
granted the credit due him, by scientists,
engineers, and editors throughout the world.
It is certain that the many persons who
saw Tesla’s demonstrations at the Colum-
bian Exposition would not soon forget him.
By 1900 there were many usurpers and in-
fringers on the Tesla patents. The Westing-
house Co. took about twenty suits to the
courts and the Tesla patents were upheld
in every case. Judge Townsend of the U.S.
Circuit Court of Connecticut in September,
1900, wrote: “It remained to the genius of
Tesla to capture the unruly, unrestrained
and hitherto opposing elements in the field
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of nature and art and to harness them to
draw the machines of men . . . he first con-
ceived the idea that alternations might be
transformed into power-producing rotations,
a whirling field of force.

“What others looked upon as only in-
vincible barriers, impassable currents and
contradictory forces he seized, and by har-
monizing their directions utilized in prac-
tical motors in distant cities the power of
Niagara.”

After his European and American lecture
tours and his triumph at the World’s Fair,
Tesla withdrew from public and social life.
The next two years were full to bursting.
Induction coils had led him from the curious
phenomena of high-frequency to the reali-
zation of the nature of electrical resonance.
He planned to develop wireless communi-
cation through the earth by means of his
air-core transformers. Soon he progressed
to the notion that power itself could be trans-
ferred. Even working eighteen hours a day,
he had not enough time for the ambitious
program he undertook. During this period
he discovered, independently, X-ray phe-
nomena of the type that Roentgen would
soon announce. But Tesla never claimed his
system was similar to Roentgen’s. All he
noted at this time was a type of “very
special radiation”. With it, he was able to
get shadowgraph pictures through a human
head—at a distance of 40 feet!

He turned his attention to atmospheric
phenomena and declared that the aurora
borealis was caused by expulsion from the
sun of particles of high electrical charge.
Professional astronomers laughed at such
an idea; after all, they knew that the sun
was 93 million miles away. He further con-
vinced them of his eccentricity with a casual
statement about the “dozen or so” planets
of the solar system. Then he announced his
detection of mysterious rays bombarding
the earth, of hundreds of millions of volts in
energy. A decade later, in 1909, W. H.
Pickering announced the probability of a
trans-Neptunian planet. In 1930, such a
planet was discovered photographically and
named Pluto. Robert Millikan announced
the existence of cosmic rays in 1926 and
thereby won a Nobel Prize in physics.

The above were merely side interests. His
main curiosity was in resonance phenomena.
Aside from electrical oscillations, Tesla had
developed several interesting mechanical
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resonators, testing their low frequency me-
chanical vibrations and their effect on the
human body and on various materials. No-
ticing the invigorating effect of the vibra-
tions, he was induced to construct a small
massager for the barber of one of his assist-
ants—the ancestor of the same massager the
barbers of today use. Another of his vibrat-
ing machines consisted of a platform on
which one could stand. The platform was
connected to a large motor which could be
adjusted for different rates of vibration
and which created invigorating sensations
in the human body. Author Sam Clemens
had become a close friend of Tesla and vis-
ited the inventor’s laboratory many times.
Tesla admired Clemens and claimed that
one of “Mark Twain’s” books had hastened
his recovery from a vyouthful illness. One
day, Clemens tried the platform and found
it so refreshing that he would not get off,
even at the urging of his friend, Tesla.
Suddenly he stepped down and demanded
petulantly to know “where it was”. Smother-
ing a smile, Tesla pointed the way to the
rest room, where Clemens hastened. At cer-
tain rates, the curious platform had an ir-
resistible laxative effect.
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Another of Tesla’s mechanical oscillators
had more serious ramifications. Tesla had
noted that gentle application of power at
the natural resonant frequency of a mate-
rial would set up strong vibrations within
it, just as it is possible for an opera singer's
voice sustaining one note to sometimes shat-
ter glass. Tesla attached his puny device to
a strong vertical steel girder in the labo-
ratory. It seemed improbable that any sig-
nificant action would occur. He activated the
device, which was described later as small
enough to slip into one’s pocket. It was auto-
matic in operation, in that it would “hunt”
for the natural frequency of the substance
it was attached to and then lock in step
and reinforce the resonant wave. At first,
nothing could be noted in laboratory. How-
ever, in other parts of Manhattan Island
matters were quite different. The strata of
sand beneath the surface transmitted the
vibrations exceeding well, whereupon they
reflected from the granite layer of bed-
rock. Since the vibrations were sustained
by the mechanical oscillator, the power
of the waves constantly grew. Shortly, win-
dows were cracking, plaster falling, furniture
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moving wildly about. The man-made earth-
quake began at some distance from the labo-
ratory and slowly moved in toward the
source centre. By the time the shock wave
impinged on Tesla’s building, local police
were deluged with reports. Officers were
sent to the laboratory. When they entered,
they found Tesla smashing the oscillator
with a sledge hammer. He had realized
what must be happening and taken the
swiftest action necessary to cease his experi-
ment. The police had been right in believ-
ing Tesla to be involved—after all, anyone
who could make lightning in the laboratory
must be responsible for other strange occur-
rences.

Tesla later calculated that his innocent-
appearing device was capable of much
greater damage. He never released specifics
on its construction, prudently, and never
resumed such experiments. Later he claimed
that with it he could have destroyed the
Brooklyn bridge within an hour, or “could
now go over to the Empire State Building
and reduce it to wreckage in a very short
time.” At least one published estimate of
the time necessary was fifteen minutes!
Lest someone think this an idle boast, re-
call that soldiers break step when marching
across a bridge. Further, the infamous
“Galloping Gertie”, a bridge across the
Tacoma Narrows built in 1940, showed all
too clearly the result of destructive vibra-
tion. When completed, it was the third
longest suspension bridge in the country.
Four months after its completion, a wind
storm, with gusts to 42 mph, well within
the calculated safety limits, started erratic
vibrations in its span. After four hours,
waves of thirty feet were passing along.
Then it began undulating from side to side.
Four more hours saw 600 feet of the centre
span plunge into the Narrows. The 1000-
foot side spans followed. Anyone who has
seen the film of this bridge swinging from
side to side in a mad dance will acknowledge
the effects of internal vibration.

On the night of March 13, 1895, catas-
trophe of another sort hit the Tesla labo-
ratory. A fire razed his building, destroying
several years’ work, most of Tesla’s awards
and momentos, what notes he did keep.
Fortunately his prodigious memory kept the
loss to a minimum, but almost all his experi-
mental equipment was lost. He opened a
new laboratory at 46 E. Houston Avenue
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in July of that year and went on with his
work.

By September of 1897, he had filed and
received U.S. Patents 645,576 and 649,621
—which have been called the fundamentals
of radio broadcasting. He was now ready
to demonstrate for the public his new won-
ders. Always the showman, he booked Madi-
son Square Garden and put on a demon-
stration of what we would refer to as a
radio-controlled boat. He called his re-
motely-controlled devices “telautomatons”.
Thousands of people saw a small craft with
antennas which could be ordered about at
will. Tesla had had constructed an immense
tank, in which the boat was placed for the
demonstration. The model craft was con-
trolled by a Tesla wireless transmitter and
could follow its orders even under water,
for it was also a submarine!

This alone would have been sufficient to
win him undying fame, had he pursued it
monomaniacally. But for Tesla it was not yet
enough. His idea of good transportation was
a vessel which did not have to take its
fuel along, but could receive it as electric
power via a broadcast system. Once he had
achieved the means of sending signal power,
he believed that he could transmit power
enough to drive ships and eventually air-
craft.

Tesla had advanced in his research to the
point where he was able to build a 5 million
volt oscillator in his New York laboratory.
He was already using lower-potential oscil-
lators as a drive for wireless fluorescent
lamps which lighted the laboratory. The big
job was used to test his theories of energiz-
ing the earth to transmit power by con-
duction. He recognized that he had reached
the limits of safe operation within the con-
fines of the city and proceeded to set up a
new laboratory near Colorado Springs. Lo-
cal entrepreneur, Leonard E. Curtis had
promised land and all the electric power
he needed, reasoning that a great scientific
name such as Tesla’s would bring a good
deal of attention to the community.

The new laboratory was at an ideal loca-
tion. Colorado terrain is a great producer of
natural lightning and Tesla was able to de-
vise equipment which would record the
magnitude of the blasts. He determined that
standing waves were set up by the light-
ning bolts—as storms moved further away,
the recorder invariably showed peaks and
troughs in the received energy. This further
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substantiated his theory of earth conduction.
The additional data he obtained aided his
production of artificial lightning, perhaps
with a view to controlling the weather, as he
had fancied long before. However, his pres-
ent interest was the development of prac-
tical wireless transmission of power in com-
mercial quantities, Tesla’s apparatus de-
pended for its effect not on electromag-
netic radiation, as some have mistakenly be-
lieved, but on massive electrostatic action.
Indeed electromagnetic dispersal of power
was wasteful, in Tesla’s system. His system
used a “magnifying transmitter,” which was
a gigantic Tesla coil, driven by thousands ot
horsepower. The secondary was a quarter-
wavelength coil, one end grounded, the
aerial portion attached to an immense cop-
per electrode. Once the generator attained
full power, the aerial electrode acted as one
plate of an artificial condenser, the ground
point being the other. In this way, Tesla
pumped enormous quantities of electricity
into the earth. Some 200 kw was the rating
of his Colorado installation.

While weeks of labor turned into months,
and the barn-like building he had had
erected became stuffed with equipment, his
workers had no clear idea what exactly was
to happen. At last all was complete and
Tesla explained to them; there was a ner-
vous exodus for the door. Only one old assist-
ant dared to stay. Tesla stood outside, con-
veying his orders to Czito, the assistant,
by hand signals. At first, the generator,
which drew its power from the commercial
ac mains, was only energized a little. Then
the power was slowly increased. With each
step up in power, changes occured at the
copper aerial electrode, First there was only
a violet corona discharge. Then, as more
power was fed to the system, sparks be-
gan to snap and hiss. At the half-power
point, bolts of raw electricity leapt from
the electrode. As the system neared full
power, artificial bolts of lightning, thick as
a mans arm, snapped forth, fifty, a hun-
dred, then almost two hundred feet in
length. This secondary effect was natural,
a sign that the electrostatic equilibrium was
being disturbed. When the system stabil-
ized, the lightning would end. Then, as
they reached full power, all activity ceased.
Tesla ran inside, saw that he was no longer
receiving power from the commercial lines.
He called the power company.
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“You've ruined my experiment,” he told
them.

“And your experiment has ruined our

station,” was the reply. “You overloaded the
generator and it caught fire.”

Humbled, Tesla took Czito to help him
set things right at the power station.

It has been stated that Tesla failed in
his attempts to transmit power, but this
writer believes that other factors became
predominant. There are pictures extant of
Tesla’s apparatus in operation. In one in-
stance, he demonstrated for the press the
new system. A receiving circuit was set up
twenty-six miles away from the “magnify-
ing transmitter’ and 200 50-watt incandes-
cent bulbs were lighted to full power; this,
with the transmitter at a low output. Tesla

claimed a 95% efficiency for the new equip-
ment.

Tesla was fully satisfied with his results
and evidently the U.S. Patent Office con-
curred, as they issued a number of patents
on wireless power transmission. However,
when Tesla returned to New York to raise
capital for a commercial system, he was un-
able to. Investors could not see what profit
they could make from a system where any-
body anywhere could use the power fed
into the earth. Let it be said that practical
financial considerations of this type were
never Tesla’s strong suit. The single great-
est flaw of this scientific Jove was complete
lack of a hard-headed business sense. He
further compounded his errors by an overly
generous nature.

Those who infringed on his patents were
never attacked by him personally, as he
considered time taken in such undertakings
as wasted. He believed he could never run
out of new ideas and inventions. He pre-
ferred the wealth of discovery in the labo-
ratory. Also, his great goodwill led him to
the naive expectation that, when he had
produced a means of improving the human
condition, he would be appropriately re-
warded by a grateful humanity. His poly-
phase power distribution system had already
improved man’s lot by substituting cheap
electrical power for manual work in many
areas. His new system would make electrical
power available in the most remote, inac-
cessible and impoverished places.

Tesla, returning to New York City in the
summer of 1900, found himself in the same
situation he had been in in 1882—he had
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a wonderous discovery, but could not inter-
est anyone in it. The financiers asked if he

had not something else they could capitalize |

on. He stated that he could adapt his sys-
tem as a “world broadcast plant”. With it,
he asserted, he could provide “interconnec-
tion of existing telegraph and telephone
exchanges all over the world; establish a
secret and non-interferable government
communication service; maintain universal
distribution of news; establish a world-
wide system of musical distribution; main-
tain accurate time signals to clocks every-
where; provide full facsimile transmission;
send accurate navigational signals”"—among
other possibilities.

“A cheap and simple device, which might
be carried in one’s pocket, may then be
set up somewhere on sea or land, and it
will record the world’s news or such special
messages as may be intended for it,” wrote
Tesla, concerning his “World-system”.

The men of money were skeptical; Tesla
promised much. Still, he had delivered on
his claims before; the polyphase ac system
in general use now was silent testimony to
this man’s genius. Then J. P. Morgan made
a gift to Tesla of a sum which was never
disclosed, but estimated to be from $150.-
000 to twice that amount. James S. Warden,
manager of the Suffolk County Land Com-
pany made available to Tesla two hundred
acres of his company’s tract at Shoreham,
Long Island, about sixty miles from New
York City.

A large brick building was soon erected
and a great, wooden tower was being built.
An all-wood structure was specified, be-
cause of the enormous voltages the plant
would handle. Stanford White, the eminent
architect of government buildings of that
era, provided the plans for such a structure.
The tower was some 187 feet high, and
many people snickered, because they knew
such a wooden tower could not stand, or
if it did, would not be able to resist high
winds. A torus-shaped copper electrode of
copper, 100 feet in diameter, was to top
the tower. This was later changed to a
hemispherical shape. Needless to say, the
equipment being installed—most made to
order—the tower itself, and the cost the
copper electrode and changes engendered

took all the money Tesla had. The smaller |
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investors stood by, waiting to take their
cue from Morgan. That financial baron had
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