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Wayne Green

Our New Magazine

Last month I mentioned briefly that we
are planning to start a new magazine for
debut this fall. Since we are depending
very heavily on you, the readers of 73, for
articles for the new publication, perhaps I
should tell you a little more about it.

The idea is to put out a magazine which
can be read by the general public and which
will carry them on up through the Novice
License. 73 is far too technical for the
beginner and we are hoping that a magazine
can be put out which will fill in this gap.

Remember back to when you got started
in radio as a hobby. The chances are pretty
good that you started out either in CB or as
an SWL, depending mostly on when you got
into the game. 1 went the SWL route my-
self, but I am quite sure that if I had come
along during the CB era that I would have
entered through that door. Both CB and
SWL can be fun . . . a lot of fun. Both
could, I believe, use an adult magazine to
help people get more fun and education out
of these aspects of radio.

For instance, have you seen any articles
about listening on much more than the broad-
cast band or the short wave broadcast sta-

tions? What about VLF? I'd like to have
readers send in articles on listening to some
of the more offbeat bands . . . ship-to-shore,
police, fire, CAP, doctor calling, telephone,
aircraft, etc. And how about some articles
on using RTTY gear for tuning in the ham
bands, news broadcasts, stock market, weath-
er, foreign languages, and other interesting
services. Used FAX machines are available
inexpensively now and can be used for copy-
ing Tiros directly . . . or FAX broadcasts of
weather maps and other items. I think
there is enough going on to provide inter-
esting articles for a long time to come.
The beginner won’t be able to build very
much, so I think we should try and concen-
trate on telling him how to buy commer-

cially available equipment and accessories. . .
how to use it . . . what you can do with it
. . . how to hook it up . . . and anything
else they should know about it. This goes
for all of the CB transceivers, antennas, fest
accessories, tuners, and gadgets, as well as
converters, tuners, receivers, etc., for SWL.
CB’ers want to know how to install equip-
ment in their car and how to make it work
the best possible way. They want to get
every milliwatt out of their system at home
or mobile. They want to know all the things
they can do with their CB gear that are legal
and how to avoid being illegal with it. They
should be encouraged to work their way up
to amateur radio if they find the need to get
on the radio and talk for the fun of talking.
That’s what ham radio is for and CB isn’t
for.

Since we will be covering radio up through
amateur Novice, we will be looking for ar-
ticles on Novice gear and on Novice opera-
ting. I'd like to see a lot more straight from
the shoulder articles which will help Novices
enter our hobby with a better understanding
of amateur radio. Too many of them get
hung up with poor equipment which spoils
their fun, just because they don’t know any
better than to scrimp on the receiver.

The time is already growing short and we
are getting the first few issues of the new
magazine ready for publication, so get busy
writing and let’s see if we can turn the tide
and not only provide a lot more fun for those
coming into radio as a hobby, but encourage
them to go on to amateur radio.

If you don’t feel that you have an article
to write, perhaps you would like to volunteer
yourself to answer questions from readers?
Send me your name and address and let me
know what particular type of questions you
can handle in particular, and I’ll list you as
one of the Technical Advisory Group. Read-
ers will be requested to send their questions to

(continued on page 66)
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down 15 db at 100 mhz
down 24 db at 150 mhz
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.less than 10 microvolts rf

across 50 ohms; audio
less than .000S volts

.01 volts ac
50 ohms — .1 volt

-.-.500 ohms — .5 volt

AR X Ve X

.._.4 holes with spacers
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George Cousins, VEITG
R.R. 2, Box 18
Lower Sackville, Nova Scotia

A DX Curtain For 15 Meters

If you can afford a nice beam, complete
with tower, rotator, coax, and all that sort
of stuff, then no doubt you can get on 15
meters and enjoy all the DX you want. This
article is probably not for you. But if you
happen to be a Novice with limited funds or
a family man who can’t afford a major
installation, then maybe you should read on
a few minutes and see if you have found a
solution to your problem with a very simple
antenna that will take a back seat to no-one.

I’'ve picked out 15 meters to talk about
because it’s the band a lot of beginners
depend upon for their first taste of DX, but
the antenna I'm going to describe could just
as easily be built for any other band. As a
matter of fact, I even built one for 40 meters
a few years ago — now, there was a monster!
(CQ, Nov., 1962).

The antenna I’m talking about is called a
Sterba Curtain, named after a gentleman
called Mr. Sterba who obviously liked
building antennas very much. Although you
may have heard of these marvelous arrays
being used in great stacks by such people as
international short-wave broadcasters,
point-to-point stations, etc., don’t be
alarmed. Like many such arrays, they all
start out very simply, and we’ll keep them
simple for our purpose.

The Sterba Curtain which I use right here

on 15 meters was built from start to finish in
a period of about three hours. It cost about
§5. I put it up alone, and it works like a
charm on QSOs from here to Australia and
most places in between. All you have to do
is measure out some wire reasonably
carefully and put it together in the pattern
shown in Fig. 1. This is a simple, single-
section Sterba, which is all you need to get
starfed. Observe the dimensions: it’s small
enough to hang on a normal lot and needs
only a couple of supports which can be very
light — trees or poles because there is
practically no weight involved. If you have a
little extra room and would like some more
gain, then you can extend the antenna by
inserting more sections in between the small
end sections, as shown in Fig. 2.

Now that you’re convinced and ready to
get going, let’s take a look at materials. The
wire is easy; just ordinary copper, about No.
10, 12 or 14, as long as it can support its
own weight. These sizes should be easily
obtained from any motor repair shop or
electrical store. The insulators can be pieces
of hardwood dowel if you haven’t the
proper porcelain ones, and the phasing lines
can be pieces of 300 ohm twin lead or TV
ladder line. The latter is best because it’s
wider spaced and will stand up to higher
power and the rough treatment of the
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Fig. 1. Basic single section Sterba Curtain.
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weather much better than the ordinary twin
lead. If you have neither, then use some of
the leftover wire and make your own line,
using small hardwood dowel for spacers and
keeping the wires from 2 to 4 inches apart.
Don’t forget to transpose the phasing lines!

TO TUNER

Fig. 2. Multi-section Sterba Curtain.

Dimensions are not critical; just be sure
that all the half-wave sections are the same
length, and likewise the quarter-wave ones.
The feedline can be attached to either point
shown in Fig. 1 or 2, whichever is most
convenient physically.

Once the thing is built and pulled up in
the air, you may find you haven’t much
height between the bottom elements and
ground. Will it comfort you to know that
mine is only 5 feet off the ground? No? Well
then, how about tilting the whole antenna
by pulling back on the bottom element until
it hangs at a 45° angle? This will work fine,
will raise the bottom a few feet higher, and
may even give you a little lower angle of
radiation for long-haul DX.

Now attach the feedline (some more of
that ladder-line stuff already mentioned),
and connect it to the output of the tuner.

“Tuner!! Aha, Martha, I knew there was a
catch to this yarn!”

Well, after all, you have to change that
high impedance antenna feedline down to

Antenna tuner used with the 15 meter Sterba
Curtain. The large split stator capacitor is
connected in parallel to form C1, while the
small capacitor is C2. The ceramic form is
mounted firmly to the chassis, with input
and output connectors on the rear apron.
The weatherproof plexiglass covers have been
removed for the photo.

SEPTEMBER 1969

that low impedance coaxial output from
your rig, so let’s not make a big fuss about
it. The tuner is a pretty small item, and it
tunes so broadly you can just leave it out in
the yard under the antenna, and run a small
coax cable from it to the rig. Fig. 3 shows
the tuner diagram, and theé photo shows its
construction. Just a tuned circuit for the
band you’re using, and a high-capacity
variable to tune out the reactance of the
coax line. Wind the coil on a ceramic or
plastic form, and be sure to insulate C1 from
the chassis and panel. The size of the

ANT
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Fig. 3A. Complete set-up of tuner and SWR
bridge.
capacitors shown in this tuner will handle
the maximum legal power on any mode, but
for lower powered rigs they can be much
smaller, as long as the actual capacitance is
the required value.

Tune-up is very simple. Connect the rig as
shown in Fig. 3 and feed a little power into
the coax line. Resonate the rig’s plate
circuit, set the SWR bridge to Forward, and
adjust it to a maximum reading on the
meter. Then switch the meter to Reflected
and adjust both capacitors in the tuner until
the meter indicates a minimum SWR (lowest
reading). There will be some interaction
between the tuner controls and the rig’s
plate tuning, so be sure the plate circuit

400 UUF

&
—e—
_l# 50 vuF
[ 7%
L2
B

Fig. 3B. Tuner schematic. LI—3T. #10,
2%'" 1.D. interwound with L2, L2—6T,
#10, 2" 1.D.

remains in resonance, and readjust the tuner
several times to-make sure the SWR is as low
as possible. It should come down to almost
1:1 and will not shift higher than about
1:1.5 at any point in the band.

As a precaution against weather, I had to
enclose my tuner, so I made a case out of a
couple of pieces of plexiglass sheet. This can
be cut and formed easily and fastened



SAMS Books for the Amateur

Advanced & Extra-Class Amateur License Handhook
by Howard S. Pyle, W70E. Provides all the information
you need to obtain your advanced- or exira-class
license. Includes sample questions for each exam. 192
pages. 20649, only......ciuan $3.95

General-Class Amateur License Handbook
by Howard S. Pyle, W70E. A complete guide, including
typical FCC test gquestions and answers, to help you
prepare for the Technician, Conditional, or General-
Class radic exam. 144 pages. 20639, only........ $3.25

Amateur Radio SSB Guide
by Harry D. Hooton, WBTYH. Invaluable to anyone own-
ing or planning to buy ssb equipment. Explains basic
principles and purpose of ssb transmission. Includes
schematics for building or troubleshooting ssb trans-
mitters and receivers. 138 pages. 20629, only..... $3.95

Ham Antenna Construction Projects. 2nd Ed.
by J. A. Stanley. The antennas described are either
homemade or represent major modifications of manu-
factured types. Includes improved new versions of the
Marconi, Yagi, and 8JK, primarily for 10-500 wati PEP
class rigs. 176 pages. 20654, onfy......c.cvvunnn $3.95

Building Your Amateur Radio Novice Station
by Howard S. Pyle, WTDE. Provides complete, easy-to-
follow construction details for building an inexpensive
transmitter and receiver, for Novice or General-Class

operation. 128 pages. 20050, onfy....,.......... $3.75
OTHER POPULAR TITLES

73 Dipole and Long-Wire Antennas. 65071....... $4.50

So You Want to be a Ham. 4th Ed. 20607........ 4.50

Practical Ham Radio Projects. 20042............ - 2.95

101 Easy Ham Radio Projects. 20674, . ..,........ 3.95

E & E Amateur Books

NEW! Amateur Tests and Measurements
by Louis M. Dezettel, WSREZ. Shows how to perform
virtually all tests on amateur transmitters, receivers,
and antennas, and how to make required adjusiments.
An invaluable book for the amateur who wants top oper-
ating efficiency. 207 pages. 65072, only......... $5.50

The famous RADIO HANDBOOK. 17th Ed.
Tells how to design, build, and operate latest types of
amateur transmitters, receivers, transceivers, and am-
plifiers. Provides extensive, simplified theory on every
phase of radio. 848 pages. EE-167, only........ $12.95

Single Sideband: Theory and Practice
by Harry D. Hooton, W6TYH. The one-source guide to
ssb, covering origin and principles, derivation of ssb
signals, carrier-suppression techniques, sideband se-
lection, and a complete analysis of ssb equipment. 388
pagesiEE-350 only- - L iia s LS $6.95

Transistor Radio Handbook
by Donald L. Stoner, W6TNS & Lester A. Earnshaw,
ZL1TAAX. Covers transistorized communications equip-
ment for amateur applications. Provides simplified
thecry, plus practical construction projects for solid-
state equipment. 180 pages. EE-044, only,....... $5.

Amateur Radio Incentive Licensing Study Guide
by Robert M. Brown, K2ZSQ/W9HBF and Tom Kneitel,
K2AES. Fully explains the new incentive licensing.
Covers all the new FCC regulations and band alloca-
tions. Includes sample exams for Novice, Technician,
Conditional, and General- Advanced- and Extra-Class
licensing. 160 pages. EE-050, onfy.............. $2.75

Howard W. Sams & Co., Inc.

Order from any Sams Distributor or bookstore,
or mail to Howard W. Sams & Co., Inc., Dept. 73-99
4300 W. 62nd St., Indianapolis, Ind. 46268

Send following books: Nos.

$ encl.

Name

Address

together with small bolts or glue. Even a
little careful work with a propane torch will
do the job, as the plexiglass will melt and the
edges will weld themselves together. And it
will rever rust!

So there you are with a fine antenna
which cost you almost nothing except a few
hours’ work (enjoyable), and now you can
go ahead and catch some very fine DX on 15
(also enjoyable). For adaptation to other
bands, just cut the wire to the correct size
and change the tuner coil, and you’re all set.
In fact, a 20-meter version will work well on
20, 10 and 40, if you make an all-band tuner
to go with it. Gain will be about 3 to 4 db
from a single-section affair, but it’ll be
almost all low angle radiation, and that’s the
real secret of DXing. Have fun!

. VEITG

Stabilizing 40 Meters in the NCX—3

The 40 meter section of the VFO in my
NCX-3 had been drifting downward and it
had been difficult to have a good QSO.
Sometimes it travelled as much as 10 khz.
New components (capacitors and a coil),
sent from National without charge, failed to
correct the situation while checking the
voltage regulation on the bench and in the
car showed that the fault was not in that
area. With the help of some new “freeze”
spray material I located the trouble in the
slug of the coil.

To compensate for that change in induct-
ance as warm-up occurred I first substituted
new temperature compensating capacitors
of the original values. This failed to help.
I next substituted various values of capaci-
tors, each with different temperature co-
efficlents. Soon the oscillator drifted up-
ward which indicated that 1 was on the
right track. After hours of trial and error
I reduced the drift to about 1 to 2 kHz
upward on warm-up. The final capacitance
across the coil, not including the trimmer
and tuning capacitors, was 150 pF NPO
and 25 pF N470. I do not believe that I
can stabilize the oscillator much more and
I have had no more complaints of offensive
drift. I pass this along with the hopes that
others having the same difficulty may pro-
fit by my hours of work.

Gay E. Milius, WANJF
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the famous
HORNET ANTENNAS

——

\a-re now made by SWAN

For a number of years Hornet Antenna Products of Duncan, Oklahoma
has been manufacturing a line of high quality, high performance
antennas for the amateur bands as well as for other services. These
antennas have been designed and manufactured by Jack Guest, W5AJZ,
president of the Hornet company. Probably the best known of his
products is the famous Hornet Tribander, made in both 3 and 4
element models and making use of Jack’s patented, extremely rugged
and efficient frequency dividers, or “traps” as they are commonly
called. The 4 element model TB-1000-4-will equal or exceed the power
gain and front-to-back ratio of any other beam built on a 24 foot boom.
The enthusiasm of thousands of Hornet owners proves this better
than anything we can say.

This is why we are so pleased to announce that Swan is now
manufacturing and marketing the Hornet line of amateur band
antennas. Hornet Antenna Products in Duncan, Oklahoma will continue
manufacturing and marketing their line of Citizen's Band Antennas.

Our new Antenna Division is a 10,000 square foot addition to our
Oceanside factory, and is now in production on the Swan-Hornet
Tribanders. We will feature a complete line of antenna products for
HF, VHF, and mobile. It's a double pleasure to also announce that

Ray Hodges, W6AQP and Fred Schnell, W60ZF, who have been
manufacturing a beautiful line of mobile antennas at their Los Angeles
factory, including the 5 band Swantennas, have recently joined the
Swan family, and will be in charge of antenna production.

Visit your Swan dealer soon, or write for further details.

Best DX es 73

O swan

' ELECTRONICS

4 @ S'wawn

ELECTRONICS

For Better Ideas
in Amateur Radio

OCEANSIDE, CALIFORNIA = A subsidiary of Cubic Corporation



Tunnel Diodes --

Dennis J. Lazar, K8TSQ
3494 Tullamore Road
University Heights, Ohio 44118

Theory and

Practical Applications

“Say, OM,” said the Kid, dashing into the

shack one day, “I've got a real puzzler for
ya.”
The OM put aside his worn soldering gun.
He carefully brushed a bit of dust from the
framed Amateur Extra Class ticket hanging
above his bench and swiveled on his stool to
face the young novice. He regarded the boy
with cold, steel grey eyes while he lit his
rough briar pipe. The fingers of one hand
drummed an unconscious CQ upon the bench
top. “Ok,” he growled at last, his lips taking
up the hint of a wise smile, “What’s the
problem? Rf amps? Receiver dead? Want to
put up a quad?”’

“It’s those new solid state gadgets called
tunnel diodes.” The young ham leaned
forward, breathlessly expectant. “What do
they do?”’

The OM snorted and sucked hard upon
the battered pipe he held clenched between
his teeth. “Why son,” he exclaimed, “‘those
varmints oscillate, switch, amplify, rectify
and emulsify. and they’ll do it all at once if
you give them half a chance.”

“Yeah, that’s what I've heard,” said the
Kid, quivering with enthusiasm. “But how?
Why? What kind of circuit? Huh?”

“Well, ah,” the OM puffed sharply a few
times, fell into a fit of coughing and sent a
box of nuts and bolts spraying across the
shack. “Dang it!” he exclaimed. He watched
the Kid from the corners of his shifty eyes as
he eased his bulk to the floor, calloused
hands searching after the wayward hardware.
“Look Kid, come back next week. As you
can see, I just don’t have the time. Yeah,
next week I'll give ya the whole story.”

“Here, let me help you.” the Kid began
to retrieve bolts from under the KW rig in
the corner.

“No, no,” the OM wheezed. “T’ll take
care of this. You take off. Go work DX. Go

play in traffic. On 80 meters,” he added
hastily.

The Kid could take a hint. He sullenly
stalked out of the shack, resolving that he
would return next week and pin the Old
Man down.

Meanwhile, even as the door slammed
behind the young visitor, the OM was
hot-footing it to the library where he began
an intensive search which left him grumbling
into his whiskers. Every book had a little of
the scoop on tunnel diodes, but none told
the whole story, at least not the type of
story he needed to be able to update the
Kid. Scratching his head and furrowing his
brow, he cast about for insight. At that
moment a bell rang within, the sun came up
over the mountains, and light flooded into
the OM’s fog-enshrouded mind. With a grin
of confidence 'and faith, he struck out for
home in search of that amateur fount of
knowledge, his back issues of 73. There
nestled among the dusty tomes he found it:

Tunnel Diodes

Here is an opportunity to end the
mystery about a tiny device with many big
uses. A device with only two terminals that
will oscillate, amplify, switch and multi-
vibrate, the tunnel diode can perform these
feats with close to no power applied.

The tunnel diode is smaller and faster
than an electron tube or transistor. It is
relatively unaffected by heat, radiation or
vibration. Moreover it is inexpensive. Prices
start at a dollar.

The usefulness of the tunnel diode is due
to its peculiar property of negative resistance
which is caused by a phenomenon known as
the “tunneling effect.”

To understand the workings of a tunnel
diode one must first be familiar with those
of an ordinary semiconductor diode. To
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comprehend the latter, one must understand
the atomic structure of semiconductors in
general.
Atomic Theory Of Semiconductors

An atom, the basic unit of matter,
consists primarily of a nucleus having a
positive charge and one or more electrons,
each having a negative charge circling about

the nucleus. These electrons occupy orbits at
differing distances from the nucleus (Fig. 1).

——O—ﬁ-_\/
- s*’e‘&@

A NUCLEUS

VALENCE BAND

\

Fig. L. Germanium atom.

Each orbit represents an energy level of the
electrons within it. In other words, an
electron in the orbit nearest the nucleus has
an energy level or charge of -X. An electron
in the second nearest orbit would hold a
charge of -2X, and so on. The number of
electrons and energy levels depends upon the
particular element. The electrons of the
inner three levels, or orbits, in Fig. 1 are of
relatively low energy and are tightly bound
to the nucleus. Electrons in the outermost
orbit or ‘“‘valence’ orbit are of high energy
and are some what shielded from the nucleus
by the inner electrons.

SHARED ORBIT
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COVALENT BOND CRYSTAL LATTICE STRUCTURE

Fig. 2. Lattice structure.

Because of their conditions, the valence
electrons are bound loosely to the nucleus
and may be borrowed by another passing
atom or shared between two atoms, thus
forming a covalent bond between the two.

In a semiconductor, many atoms are
bonded together to form a crystal structure
(Fig. 2). These atoms are so tightly packed
that their individual energy levels merge to
form ‘“‘bands™ of energy between which lie
“forbidden regions” in which electrons
cannot exist.

One of these energy bands is the valence
band made up of the valence electrons
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previously mentioned. Electrons in this and
higher bands are free to move about in the
crystal lattice.

When an electron moves, it vacates the
space that it had occupied and a “hole”
remains in its place. This hole represents a
positive charge equal in magnitude to the
electron’s negative charge. We regard it as an
entity in itself however, since as electrons
jump from one empty spot to another, the
space, or hole, seems to be moving in the
opposite direction. Thus we say that holes
are positive charge carriers and flow in a
direction opposite that of electrons. Fig. 3
illustrates this effect.

In a crystal, with no external power
applied, all possible vacancies in the valence
band are filled with electrons and the crystal
looks like an insulator. However, as energy is
applied, electrons in the valence band gain
enough energy to pass to the next higher
energy state, or the “‘conduction band.” To
do this enough energy must be supplied to
the electrons so that they can overcome the
forbidden region or energy gap between the
bands.
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Once boosted into the conduction band,
which is empty, the electrons may flow
freely. At the same time, the holes remaining
in the valence band ‘““flow” in the opposite
direction.

A solid may be an insulator, conductor,
or semiconductor depending on the width of
its energy gap. In a conductor, there is no
gap. The conduction and valence bands
overlap.

The semiconductor’s energy gap is small
enough so that, given a boost, electrons can
enter the conduction band. (0.7 electron
volts for germanium; 1.1 electron volts for
sillicon).

An insulator has a gap so wide that
electrons cannot enter the conduction band
without an extremely large applied voltage.

In semiconductor devices, crystals are
“doped” to obtain specific properties. In
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POTENTIAL BARRIER

doping, atoms of an impurity are substituted
for atoms of the crystal substance. The
impurity is chosen to have one more or one
less electron in its outer (valence) band than
the atoms of the crystal. If it has one extra,
it can bond with the crystal atoms and have
one free electron which can be easily excited
into the conduction band. This material is
known as N-type.

If the impurity has one less electron than
the crystal atom, it takes one from the
crystal atom to complete the covalent bond.
This leaves a hole. The material thus has an
abundance of holes and is known as P-type.

The Semiconductor Diode

To fabricate a semiconductor diode, a
germanium or silicon crystal is doped with N
and P type impurities to form a PN junction.
The energy gaps on both sides of the
junction are equal but the potential energy
of electrons on the P-type side is higher than
that of electrons on the N-type side. Thus
there is a “‘potential barrier” between the
two (Fig. 4).

FORWARD
BIASED

*
ENERGY GAP |

REVERSE

ENERGY GAP BIASED

P-TYPE

N-TYPFE

Fig. 4. Potential barrier of diode and |-V
characteristics.

When the diode is reverse biased, with a
battery connected negative to P-type,
positive to N-type, the barrier grows larger
and little current flows. However, when
forward biased, the barrier becomes smaller
and forward current increases with in-
creasing voltage applied (Fig. 4B).

The Tunnel Diode

A tunnel diode, unlike normal diodes, has
a much narrower barrier region due to higher
doping levels. This difference accounts for
the tunneling effect which takes place in this
device.

An electron, to climb over the potential
barrier must have energy greater than that of
the barrier. However, there is a possibility
that if the barrier is narrow enough, some
electrons will pass or tunnel through it. This
tunneling effect gives the tunnel diode its
name and its unique properties.

With no external potential applied to the
tunnel diode, electrons from the conduction
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band on the N-type side can tunnel through
the barrier to the P-type valence band and
vice-versa. At zero bias these two currents
are equal and thus balance each other such
that there is zero net current flow (Fig. 5A).

When the diode is reverse biased, the
energy levels on the P-type side are increased
in relation to those of the N-type side. Since
there are many vacant energy states on the
N-type side exposed to P-type electrons, a
heavy tunnel current flow results from the P
to N-type side of the barrier. Reverse current
varies exponentially with reverse bias voltage
and a heavy current flows with very small
reverse voltages applied (Fig. 5B).

ELECTRONS IN

e N A
@; sy : =

ELECTRONS IN VALENCE
BAND

T

A. ZERO BIAS

B. REVERSE BIAS

C. PEAK VOLTAGE

D. YALLEY YOLTAGE

Fig. 5. Energy band diagram of tunnel diode
junction.

In the forward-biased mode, energy levels
on the N-type side are increased with respect
to the P-type side. With a small forward bias
(Fig. 5C), N-type electrons are opposite
empty states in the P-type area, and tunnel
current will flow. The valence electrons in
the P-type region are opposite the forbidden
region, and thus no current flows in the
reverse direction. There is, therefore, a net
forward current flow.

As forward bias is increased, tunnel
current increases until a point of maximum
current (peak point) is reached. Above this
point, the N-type valence electrons begin to
move opposite the P-type forbidden zone
and tunnel curreni decreases. A minimum
value is reached (valley point) at which time
tunnel current ceases and increasing forward
bias decreases the height of the barrier,
allowing conventional forward diode current
to flow.

Fig. 5E illustrates the current VS bias
voltage relationship in the funnel diode.
Point C is the peak point. where maximum
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tunneling occurs. As voltage is increased
past this point, net current drops until the
valley point is reached (D). This decrease in
forward current with increasing forward bias
voltage is the negative resistance character-
istic which enables the tunnel diode to
function in so many ways.

o= Py

A

Fig. 6. Equivalent circuit.
Tunnel Diode Circuit Applications

A tunnel diode may be used as an
oscillator, switch or amplifier depending
upon circuit values and applied voltage. The
parameters which determine the mode of
operation are (Fig. 6A): series resistance,
load resistance, junction capacitance, series
inductance, and negative resistance of the
tunnel diode. These may be combined into
two parameters:

a or Alpha = (R, + Ry )/R

and
Bor Beta= (R, + RL)RCj/Ls

The value of Alpha determines whether
the diode will operate as a switch. With
Alpha greater than one, the diode acts as a
bistable switch since the load line intersects
the I-V characteristic at two stable points
(Fig. 6B).

With Alpha less than one, the diode can
be wused as an oscillator or amplifier
depending upon the values of both Alpha
and Beta.

In Fig. 6B, it can be seen that the load
line intersects the I-V characteristic at two
stable points. If the circuit is biased to
operate at point A and a positive current
pulse is applied, the operating point shifts to
point B. A negative pulse switches the circuit
back to point A. Thus the diode functions as
a switch. This ability is often utilized in
computer logic circuits.

Fig. 6C shows the load line intersecting
the characteristic at only one point, this
being in the negative resistance region. This
load line will provide the conditions
necessary for the tunnel diode to operate as
an oscillator. The location of the point of
intersection or operating point is determined
by signal swing, signal-to-noise ratio, and
operating temperature range desired.
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The greatest signal swing may be realized
by biasing at the center of the linear portion
of the negative resistance slope on the curve.

A higher current point should be chosen
for high temperature operation or a low
current point for best signal to noise ratio. It
is thus obvious that to meet one require-
ment, another must be compromised. In
designing a working circuit, values must be
chosen which will best satisfy all operating
conditions.

Tunnel diodes can operate at frequencies
in excess of 5000 mhz at low cost and high
efficiency. These devices are valuable as
low-powered oscillators at microwave
frequencies. Of course they will perform
very well on any amateur radio band. For
ham uses, the oscillators should be crystal
controlled to prevent oscillation on spurious
frequencies.

The basic crystal controlled oscillator
utilzes a standard quartz crystal operating in
its resonant mode across an L C tank circuit.
To enable the circuit to oscillate, proper bias
must be supplied such that the tunnel diode
operates near the center of the linear portion
of its negative resistance slope.

ANT.
R BIAS=7500
RI,R2 = 1000 aNe s
L = 0.585UH NOM. MILLER CoIL o CoIL
Cli=SEE FIG 6B = o
CZs I5PF c2 14 4 MHZ [20PF 0.1
LEAVING COIL = SEE FIG 68 e o
TD= IN37I2(GE-TD-1}
CR= 3rd OVERTONE 28MHZ | 58 2
BIAS 14 MHZ | 240 9
+o—AAA—
TMHZ (900 | | 32
1.5V s
gk WY o

Fig. 7. Basic crystal controlled oscillator.

In Fig. 7, R bias and R1 form a voltage
divider which supplies bias to the circuit.
With the crystal removed or the circuit out
of resonance, R1 does not allow enough
current to flow through R bias for a proper
voltage drop to take place. Thus the diode is
not biased in its negative resistance region
and oscillation will not occur. At resonance,
the crystal appears as a short circuit and thus
R2 is shunted across R1, the total value of
resistance than becoming half that of R1
alone. The voltage divider, R bias, R1 and
R2 now provides proper biasing and the
tunnel diode begins to oscillate. This circuit
insures that the diode will not oscillate at
any frequency other than the crystal
frequency. If allowed, the diode is perfectly
capable of oscillation at a number of
different frequencies at once. Obviously this
is not a desirable situation.
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Fig. 7 provides circuit values for a crystal
controlled oscillator making use of a GE
TD-1 tunnel diode. This device operates at *
180 millivolts (.18 volt) and draws approxi-
mately 1 milliamp of current. The oscillator
as a whole operates from 1.5 volts at a
current of 2.5 milliamps. This takes into
account the power dissipated in the voliage
divider. This circuit alone, if connected to a
good antenna and keyed, will surprise you.
As many QRP operators will testify, a very
littfle power can and often does go a very
long way.

A Solar Powered Transmitter

The tunnel diode transmitter is an ideal
device to power with solar cells. Usually a
single photovoltaic cell or perhaps two will
suffice. The above oscillator can operate
with the power derived from a common two
cell flashlight beam focused upon a single
solar cell.

Many types of solar cells are available to
fit this application. Lafayette electronics
lists two in their latest catalog. The SIM
silicon solar cell has an output rating of 0.3
to 0.4 volts at 10 to 16 milliamps in sunlight
while the B2M sun battery generates 0.5
volts at 2 milliamps. Both sell for around
two dollars. As one can see from the ratings,
the first cell has a great deal more current
capability than the latter. In selecting solar
cells, one should keep in mind that the
ratings given are for full sunlight and that
they may be greatly reduced should clouds
appear. Arrays of cells are also available
having cells wired together in series or in
patallel or both. One such array is the
Hoffman HSSP-2-40 Silicon Solar Module.
This device consists of a number of cells,
interconnected and packaged. The output of
this module under full sunlight is 2 volts at a
current of 42 milliamperes. The Hoffman
module is available from Newark Electronics
Corp. at the nominal price of $5.50.

One problem encountered in solar cell
operation is that of maintaining stable
output voltage. The tunnel diode, being very
sensitive to bias level, will not operate above
or below its proper biasing point. The light
input to a solar cell normally varies over a
wide range of intensities and therefore
ouftput voltage would likewise vary. To
compensate for this, some means must be
incorporated to clamp the output at the
proper level. This is accomplished through
use of a transistor as a shunt regulator.

A germanium transistor, the GE 2N404,
was selected due to its sensitivity to low
voltage and its low cost (58 cents).
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The circuit in Fig. 8 utilizes a solar cell
supplying voltage in the range of zero to 500
millivolts. The tunnel diode transmitter must
have an input of 150 mv for proper opera-
tion. The regulator circuit must therefore be
capable of holding the voltage from the solar
cell constant at this value.

When solar cell voltage is below 150 mv,
the transistor is ““off”’ and appears to the
circuit as an open. Above 150 mv, the
transistor becomes increasingly forward
biased due to the voltage divider made up of
the two resistors in the circuit. With
increasing forward bias, the device conducts
more heavily and thus appears to the circuit
as a shunt resistor whose resistance decreases
with increasing applied voltage above 150
mv. In this way, voltage above the bias point
of the tunnel diode is dropped across the
transistor and bias is held constant for all
values above 150 mv.

o

SOLAR /];0

CELL | a9
QUTPUT 0.2V

AT E

4MA

Fig. 8. Solar powered CW transmitter.

The 20 microfarad capacitor in parallel
with the solar cell filters out any noise which
may be picked up by the light striking the
cell’s surface. Fluorescent lighting will
modulate a flashlight beam causing a 60 hz
hum to be impressed upon the transmitted
carrier.

Many interesting experiments may be
undertaken which make use of modulation
of a beam of light. The transmitter may be
modulated in this way or keyed by inter-
ruption of the light source.

A crystal controlled tunnel diode
transmitter, modulated by a transistor is
shown in Fig. 9. Here a TD-3 diode has been
used to take advantage of its higher output
capability. This circuit is shown operating
from a battery but it may be adapted to
solar power if desired through use of a
voltage clamping circuit such as that pre-
viously discussed.

The TD-3 tunnel diode draws 4.7 ma with
a bias of 125 mv. Thus the input power to
the stage actually used by the diode would
be .58 milliwatts.

All capacitors should be chosen to be as
physically small as possible. Voltage rating
is not important as long as it exceeds two
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Fig. 9. 50 mhz phone transmitter.

volts. This device makes use of a bias
network similar to that used in the
transmitter in Fig. 8. Therefore it will not
operate on frequencies other than that of
the crystal.

MILLEN

ANT. 0 3303
0.520UH T0-1
20PF

1000PF

TO BROADCAST
RECEIVER

I50PF

100N 21000

Fig. 10. 50 mhz converter for auto radio.
Tunnel Diode Converter

The converter in Fig. 10 is of the “‘self
oscillating” type. Using a single tunnel diode
as both oscillator and mixer, this circuit will
hetrodyne a 50 mhz input signal down to
the broadcast band. System sensitivity is = 4
microvolts at 1 mhz. The circuit may be
operated from single solar cell power
supplies and would make a fine companion
for the CW transmitter in Fig. 8.

Needless to say, there are many devices
that would benefit from the use of tunnel
diodes in their design. Their low cost, low
power Ttequirements, and many functions
make them a natural for the experimenters
bench.

Well now OM, why not get out and buy
yourself a few TDs and show the Kid that
hams are not just switch throwers and knob
twisters. Heat up the old iron and find out
what its all about. You’ll have a ball.
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3110 N. 83 Street
Scottsdale, Arizona 85257

The Magic T

If you have been disappointed with
paralleling 7f power transistors in an
attempt to get more power output the
magic T could be the answer to some of
your problems. Paralleling transistors in rf
power amplifiers quite often does not yield
the expected result; that is, double the
power oufput. Unless the transistors are
closely matched, one transistor will usually
hog the drive power while the other(s) loaf
along at best. You may even experience a
loss of power unless you are very careful.
Moreover, if one transistor fails there is a
total loss of power output. The solution: Use
Magic T at both the input and output to
isolate the transistors.

Fig. 1A. Simple reversing transformer can
be used to drive push-pull amplifiers from a
single-ended source. It also forms the basis
for most of the other broadband trans-
formers. Six turns of twisted (about ten
turns to the inch) No. 24 enameled wire
will work well at vhf-uhf on a T50-10 core.
For lower frequencies use T50-2 core.

Broadband Transformers

Back in 1959, Ruthoff! described a series
of broadband transformers wound on ferrite
cores. Ruthoff achieved some rather fan-
tastic bandwidths with most of his suggested
transformer configurations. He achieved
bandwidths from a few thousand khz to 800
mhz. He described several balun configura-
tions which have been used quite extensively
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by amateurs and others. But, some of the
other transformers including the hybrid or
Magic T, have not been utilized to their
fullest extent.

Fig. 1B. This 4:1 impedance transformer is
very useful in transmitters to transform im-
pedances. Five or six turns of No. 24 wire
twisted together. See Fig. 1A for cores.
As will be shown later, this transformer is
great for boosting transistor impedances to
a more useable level for matching.

Since copies of the above-mentioned
article are not readily available to the
average amateur, some of the popular con-
figurations are reviewed in Fig. 1 including
the popular “baluns to provide a ready
reference.

The ferrite hybrid shown in Fig. 1E isa

1 4
el oEs

=\

o

Fig. 1C. Unbalanced-to-balanced trans-
former (Balun) with a 1:1 impedance. The
winding is the same as Fig. 1A with an extra
winding to complete the magnetizing current
path. For a KW balun in the 3 to 30 mhz
range, wind a set of three biflar turns of
No. 14 wire on a T200-2 core. For lower
power reguirements at vhf, use the lower-
cost T50-10.

carryover from the familiar microwave
waveguide Magic T. See Fig. 2.

Before discussing the waveguide hybrid
Magic T, let’s look at the general form of a
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hybrid as shown in the black box of Fig. 3.
A signal applied to terminals A and C is
delivered to B and D with no direct trans-
mission from A to C or C to A. Likewise,
signals applied at terminals B and D are
delivered to A and C with B and D being
isolated from each other.

In the waveguide hybrid, the above dis-
cussion holds; that is, a signal at 1 and 2 is
divided equally between P and S with 1 and
2 isolated from each other. Also, if ports 1
and 2 are terminated, power applied at P or
S is divided equally between ports 1 and 2.

Fig. 1D. 4:1 balun. This is basically the re-
versing transformer described earlier. Five
or six turns of No. 24 twisted wire on a T50-
10 core will do at vhf/uhf. For a full gallon
3 to 30 mhz balun, bifilar wind ten turns
(do not twist) of No. 14 wire on a T200-2
core.

Now, let’s look at the Magic T as a power
splitter. If power is supplied to port 3, it is
divided equally between ports 1 and 2. The
output signals at 1 and 2 have the same
amplitude and phase. Assuming that ports 1
and 2 are terminated equally, there will be
no signal or power output from port 4. If
there is some mismatch at 1 and 2, some
power will be delivered to port 4, which can
be dissipated in a terminating load at port 4.

—AAA
Rfa"
4
R,z L 32
:
Fig. 1E. Basic hybrid or toroid Magic T.

This transformer is similar to the 4:1 impe-
dance transformer, but note that the leads
are connected differently. Also, there is
only 2:1 impedance ratio between 1 and 3
and 4 and 3. This is the basic device from
which the power summer/divider is derived.

Signals can also be applied to port 4, in
which case they again split equally between
ports 1 and 2, but they are 180 degrees out
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FORT 4

PORT 2
PORT |

PORT 3

Fig. 2. Waveguide Magic T with a diagram
representation.

of phase. This connection could be used for
push-pull operation. The operation is just
the opposite when the Magic T is used as a
power combiner. If a signal is applied to port
1 and another signal at port 2, the output at
port 3 will be the sum of signals at 1 and 2,
and the output at port 4 will be the
difference or zero. For push-pull operation,
the output would ‘be taken from port 4
where the out of phase signals would again
combine in phase.

Fig. 3. General form of a hybrid.

While on the general subject of hybrids,
another interesting configuration that has
been used quite extensively at microwave
frequencies will be covered. It’s called a ring
hybrid or ratrace. See Fig. 4A. Basically the
ratrace consists of 1% wavelengths of
transmission line with taps as shown. The
port numbers correspond to the waveguide
Magic T, and it functions the same way as a
power splitter and power combiner. At 450
mhz and above, it would be convenient to
make the ratrace in printed circuit form;
however at lower frequencies the size of the
circle will become too big to handle con-
veniently. But, the ratrace can be made in
lumped constant form, as described by R. M.
Kurzrick, S.J. Mehlman, and A. Newton,>
as shown in Fig. 4B with equations. This is a
relatively narrow band device and should be
designed for the center of a band. Using slug
tuned forms, these devices can be made to
function in the hf bands or at vhf with air
core coils.

Toroid Core Magic T
The toroid core Magic T is essentially a
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C* 707 2-Fr

FIG. 44 FIG.4B

Fig. 4. Ring hybrid or ratrace. 4A can be
made in printed circuit form at high fre-
quencies. Lumped elements can be used at
lower frequencies as shown in 4B which is
the Pi equivalent of the ring.

ferrite loaded transmission line and is il-
lustrated as such in Fig. 5A. The line lengths
between points 1 and 2 and 3 and 4
represent the bifilar wound coils wound on
the core as shown in the basic hybrid of Fig.
1. However, the practical toroid Magic T for
transmitter coupling use is the one described
here, because it shows the proper termina-
tion for port 4. The winding is the same as
shown earlier. Fig. 5B shows how these
windings are cross-coupled to make a four
port Magic T. Bear in mind that there is a
2:1 impedance ratio between ports 1 and 2
and 3, and that when used as a power divider
or summer, port 4 is terminated in a resistor
of twice the resistance at ports 1 and 2.

PORT 2 PORT |

3 0———04

PORT 3

FIG.5A FIG.58

Fig. 5. Toroid core Magic T. This is the
configuration that is used at the input of a

parallel transistor power amplifier to divide
the power and isolate the transistors, and at
the output to sum the power. For broad
band vhf uses, five or six turns of twisted
No. 24 wire on a T50-10 core is a good
start. Twist the wire about ten turns per
inch.

Here’s hoping that you’ve found your
way out of the ratrace because there is one
more useful power summer/divider. It’s
shown in Fig. 6 and it is useful because it has
a 1:1 impedance ratio which may be needed
when you have the desired impedances and
don’t want to do any additional irans-
forming. This device can be economical
because it can be wound on high value
resistor coil forms. However, it would be
preferable to use toroid forms to keep losses
to a minimum and to minimize the number
of turns of wire.
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Using the Magic T

The Magic T has been suggested by
several authors as a means of connecting rf
power transistors to get more power output
to defeat the problems encountered when
transistors are paralleled. The most recent
article by James A. Benjamin® describes the

682
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Fig. 6. Low-cost power summer/divider.
Coils can be wound on 1 meg % watt re-
sistors. One device built for a special appli-
cation had four turns of No. 26 wire twisted
togethed on each form. This device had ex-
cellent characteristics over a frequency range
that covered 350 to 550 mhz. To lower the
frequency, simply add a few more turns.
Also, better results (lower losses) can be had
by using two toroid forms such as the
T50-10.

technique very well. In fact, he describes a
broadband rf power amplifier that covers a
band from 200 to 400 mhz and it does not
use any tuned circuits. Some of the material
from this article is presented here in hopes
of spurring interest in using these same
techniques to develop amplifiers that can
cover the range from 50 through 150 mhz. A
genegal picture of how the Magic T is used is
shown in Fig. 7. The method shown provides

TRANSISTOR
AMPL

TRANSISTOR
AMWPL

Fig. 7. Block diagram illustrating how the
Magic T at the input isolates transistor amp-
lifiers 1 and 2 from each other and from the
driver. This permits them to operate inde-
pendently. Their outputs are added in
another Magic T at the output.

paralle]l type operation. If port 3 and 4 are
interchanged at both the input and output,
push-pull operation is achieved. This method
of connection might be preferable since even
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harmonics will appear in phase at the
terminated port and be dissipated in the
resistor.

This technique is not limited to driving
just two amplifiers but can be expanded by
powers of 2 to the limit to your dollars.
What I'm saying is that you are not stuck
with rebuilding from the ground up if you
want to go to more power. But, keep in
mind that the driver must be able to supply
enough power to drive the whole mess. See
Fig. 8.

AMPL |
174 POWER
IN

"2 POWER IN |

POWER OUT
EQUAL SuM

POWER
1 OF ALL AMPLIFIERS

/2 POWER IN

174 POWER
IN

Fig. 8. Diagram representation of how four
amplifiers can be combined to get more
power output. The next step is eight amp-
lifiers, then sixteen, etc.

The 200 to 400 mhz amplifier described
by Benjamin is shown in Fig. 9A. Magic T
(on toroid cores) is used at the input to
divide the input power and isolate the
transistors, and at the output to combine the
power from the two transistors. Note that
there are several other transformers in both
the base and collector circuits. These are the
4:1 impedance transformers of Fig. 1B. Also
note that there are no resonant circuits,
hence with broadband transformers and the
proper transistors a similar amplifier could
be used to cover a wide range of frequencies:
for example, 50 to 144 mhz or even 3 to 30
mhz. Bear in mind, that transistor gain
decreases at higher frequencies so you are
going to get a decreasing power output as
frequency goes up. But this is a fact of life
and you would get less power with an
amplifier designed specifically for that
higher frequency.

In the output, the load that the transistor
must work into to develop the required
Vee2
P
For the amplifier in Fig. 9, Vcc is in the

power output is given by R=
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range of 12 volts and the expected power
output is 2.5 watts per transistor. Therefore,
R is in the range of 25 ohms.

The 4:1 transformers T6 and T7 in the
collector circuit step this 25 ohms up to 100
ohms which, in turn, is stepped down by the
Magic T to 50 ohms. So, no other impedance
matching is needed to feed a 50-ohm
transmission line and antenna.

The 200-ohm resistor terminates port 4,
and its value is twice the impedance at the
two input ports. Actually, this resistor
should be capable of dissipating the total
power in case of problems. However, in
practical operation, this resistor is dissipating
very little power. So, you could get by with
a 4 or 1 watt resistor. After all, if it does go,
it’s easy to replace. The devices used in the
circuit are ITT Semiconductor 3TE467s
which are experimental devices, however
other high frequency transistors like the
2N3866, 2N3553, or 2ZN3924 could be used.
The input impedance of the 3TE467 is 2
ohms which accounts for the double trans-
formers T2, T3, and T4, TS5 in the base
circuits of the transistors. These 4:1 trans-
formers step up the 2-ohm transistor input
impedance to 32 ohms which is then stepped
down by T1 to 16 ohms. The driver
impedance will be higher than this, so you
could probably use link coupling to step this
up to the driver impedance. Most of the
devices mentioned above require drive
powers in the 100 to 200 mW range. Soa 3

Fig. 9.
tank circuits.
described in Fig. 5B. T2, 3, 4,5, 6, and 7

Broadband vhf amplifier uses no
T1 and T8 are the Magic T

are the 4:1
Fig. 1B.

impedance transformers of
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to 600 mw driver will do. The extra power is
to take care of transformer losses.

Bear in mind that the input impedances
of devices vary. These are specified on the
data sheet. For example the parallel input
resistance for the 2N3924 is about 11 ohms
at 50 mhz. So, if you experiment with this
device, you may only want to use one step
up transformer in the base.

Benjamin used the blocking capacitor
between the two base transformers to
equalize power output over the desired
frequency range. That is, he chose the
capacitor value to reduce power output at
low frequencies to compensate for the
higher transistor gain. This capacitor can be
made to resonate with the transistor’s LCR
input characteristic on an experimental -
basis. Value will depend on frequency and
transistor. Try a capacitor in the 1000 pf
range as a start. Then substitute for maxi-
mum power output. Benjamin’s design
yielded reasonable impedance levels. Other
designs may not. In these cases, the usual Pi,
L, or tuned matching network can be used
with the Magic T. Tuned circuits destroy the
broadband feature, but they may be
necessary for matching or for harmonic
attenuation. Lots of luck with your ex-
perimenting.

... Darrell Thorpe

The toroid cores mentioned are available
from: Circuit Specialists Co., P. O. Box
3047, Scottsdale, Arizona 85257. The T50-10
or T50-2 cores are (2) for 1.00 with No. 24
wire. The T-200 core, for Kw blauns, is
$2.00 each with No. 14 wire.

Please include 25 cents for shipping with
each order.
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Uncle
News from the

Dere Mister Editer:

Our Radio Club president reported he had
been hamming amongst his ham friends ever
night for a week and had a sore throat from
hollering loud enugh to get heerd above his
friends’ TV sets. The friends’ TV sets kept
trippin the VOX makin matters even wurse
as then they doubled bout ever other trans-
mission. Our presedent said he wasn’t even
shore if some of the members would recollect
he was even on the air without rechecking
their log, if they kept one they could read!
But the good presedent admitted TV was here
to stay, said he even was larning to live with
it if Ben’s TV could just keep it running.

We had some bad news lately with our pre-
sedent’s doctor telling him he might be gettin
ulcers. The doctor order him to take it easy
and let the other “ham’ members do more
work. Our presedent sid all his members was
working now, 4 was working for him and 30
was workin again him, but then they was ALL
workin!

He also said him and a couple other mem-
bers got out the records fer the last year to
see how the work load was runnin and the
record wasn’t good. They showed that 15%
was pushin the wagon and 85% was just
ridin. It was that 85% he allowed, that mite
be givin him ulcers. One of the other workin
members looked at the things he had done
and said he didin have no ulcers hisself but
he was gettin tired blood and, after all that,
he figgered he was just POOPED from
PUSHIN!

Our presedent said him and the secretary
decided to make another little survey to find
out what that 90% of the inactive Radio
Club “hams™ was doing. They found 40%
was pouting over somethin that had took
place at an old meetin. These members
couldn’t recollect just what it was but they
claimed they was so upset they couldn’t get
over it!

Another 8% was settin at their receiver
keepin score on how many times some AM
station would qrm them with carrier. One
fellow, they reported, was keepin score by
cutting notches in his mike. Twice his knife
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Will and

Willard H. Solfermoser, K@ DVI
1905 West Lake Street
Ft. Collins, Colorado 80521

Poudre lalley

slipped and he cut through his mike cord
which only made him madder. Once he wait-
ed an hour for a station to identify but then
he found out the carrier was from his 100 hz
calibraytor which he had left on by mistake.

About 22% was figgerin out how to get
rid of ARRL. They didn’t have nothin spe-
cial again ARRL but getting rid of anything
like that was jist one of there aims in life.
Now ever club has some of them kind! It
sure takes a wise ham to know when he is
fightin for a principle or merely defending
his prejedice.

The other 20% of the inactive Radio Club
group was just being gud listeners. They
wood never think of hookin up there trans-
mitter and participating. They just sat and
listened to the others.

Our Radio Club bunch sure haven’t done
too well lately on new gear. Qut of the duz-
ens I talked too there warn’t one thaf has re-
cently got some new TVI gear. I always say,

The ham who has everything

Must need ONE MORE, no doubt,

A gadget that will explain to his wife

The “junk” he cannot live without!

After comin thru anouther holiday season
it seems as if we measure the joy of our holi-
days by the number that gits killed on the
highways and ever year it gets more joyful.
So please try to drive careful with your car
full! I’ll promise to be especial careful while
driving and hammin. These summer holidays
can be murder.

Lookin back at what I rote, I can tell you
I ain’t got the litterary talent nor them easy
flowin werds of them writers who usually
have articles in your magazine. I shore hope
that you git the main message of this here
letter though. So, anytime, Mr. Editer, you
want to know the state of the werld and how
things is goin in the ham werld, just git me
the werd and I'll poll the Radio Club delega-
tion. I shore don’t rite nice, nor good, nor
purty. I'm certingly not the best in the West
but I am the cheapest you got.

“73” from the foot of the Rockies,
0Old Uncle Will
KPDVI
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Jim Ashe

Basic Soldering Outfit

Confused by all those ads and catalog
entries offering soldering gear, guns, and
irons? I've been soldering in electronics for
the past twenty years, yet when I was
researching this article I found a slightly
disconcerting variety of choices. So if you
think it’s hard to choose the best tools for
your work you must have lots of company.
The Basic Outfit

Over those twenty years I've tried a
variety of gear, looking for some optimum
collection. I have even experimented with
soldering guns, which I do not recommend
to anybody. Too clumsy and uncontrollable.
By degrees I finally evolved what seems to
be the best all-round soldering outfit, and
the gear I'm describing here has all been
busy in my private lab for something over
the past five years. It’s not the cheapest you
could buy, but I believe it’s the best invest-
ment.

Here’s what it should cost you to dupli-
cate this set, if you purchase all new
materials.

Variac box, home made $§12.00
Ungar type 776 handle 1.43
Ungar type 4033 48 watt

plated chisel tip 2.83
Ungar type 1237 38 watt

thread-on tip 1.86

Ungar type PL-111 plated tip
slightly modified .70
Some good solder (1 pound) 3.00
Total investment in the order of $22.00. Not
bad, considering everything except the
solder will last many years, and the Variac
box will have other uses.

The Variac Box

As the most expensive item in the system, .

perhaps the Variac box deserves attention
first. And it is the part that makes the rest of
the system thoroughly practical. The Ungar
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irons tend to run too hot if they are used
while connected directly to the power lines,
but with the added Variac box they can be
toned down to just the right temperature for
delicate work, or overvolted for heavy-duty
cable or chassis soldering.

A 4x5x6 inch Minibox contains the
circuit shown in Fig. 1. The Variac is the
most expensive component, and I discovered
Allied is selling some tiny l-ampere Ohmite
variable transformers for $8.00. And La-
fayette’s catalog lists a comparable trans-
former priced at $9.00, rated at 1.25 amps.
Both prices are below the cost of my 1.75
ampere Superior transfofmer, and either will
do a fine job of putting out the 0.5 amps or
so required by Ungar’s huskiest tip.

A neon pilot lamp in the input circuit
avoids difficulties with indicating the vari-
able output voltage, and the double-pole
power switch is standard practice in all the
gear I build. It disconnects both sides of the
power line, an elementary safety precaution.
I placed the fuse in the ourput side of the
circuit because this is where the current may
be greatest. I could be drawing one-quarter
ampere input cument to develop four
amperes output current at seven volts or SO,
which could spoil a few turns of Variac
winding at the low-voltage end. Of course
that ruins the rest of the Variac, an unde-
sirable accident completely preventable by a
properly placed fuse.

Fig. 1.

Schematic of the Variac box. This
circuit is a handy one to have on the bench.
Be careful to respect the Variac's current as
well as power limitations.
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If you are using the Variac box for some
test rather than soldering work, remember
there’s a straight-through connection at one
side of the power line, and an almost-direct
connection to the other. A slightly better
but more expensive arrangement would have
included an isolation transformer.

The husky ac chassis-mounted male plug
appearing in the photo is going to come out
one of these days. I'll replace it with a
standard cheater-cord type tv connector.
Everything else in my lab except a couple of
instruments that require about 800 watts
apiece (old vacuum-tube gear) now has these
convenient cheater-cord connectors. It’s nice
to avoid carrying around all those cables
when moving a piece of gear.

The interior layout is simple and straight-
forward. There’s just enough room in the
box for an uncluttered layout. The white
wires go straight through from the input to
output, and the black ones carry the circuit
through the variable transformer.

Before assembly, I cleaned the box and
sprayed the upper part with dark green
enamel, and the lower part with flat black. I
used an inexpensive, fast-drying enamel that
has proven remarkably long-lived.

The Ungar Hardware

Ungar’s No. 776 handle is an evolved
version of a simpler iron they started pro-
ducing some time after WW2. I had one of
those and liked it, although it tended to
become quite hot, and the plastic gradually
scorched black. Since then Ungar has licked
those problems completely. The modern
metal-shielded, cork-insulated handle is com-
fortable to use, cool, light, well-behaved and
long-lived. Someday I'll have to try one of
their newer varieties, but I have to admit to

L4

The complete basic soldering outfit. Pretty
simple, isn't it? Under $22 in all new parts
should set you up with this, and it will last
many years.
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Parts layout inside the Variac box. Use
plastic insulated solid wire.

a tendency to get by with the thoroughly
satisfactory and less expensive old-standby
No. 776 handle.

Depending upon whatever job you have
in mind, you simply screw the appropriate
tip into the handle, like an electric lamp
bulb. If you have a heavy job of soldering or
are working on large vacuum-tube gear, the
type 4033 48-watt tip is very appropriate.
When connected directly to the power line
this tip runs hot enough to burn the solder,
but at a lower-voltage setting it is extremely
well-behaved. Since it is silver and iron-
plated it does not have to be filed down and
tinned frequently, as I used to do with the
old copper irons. In fact, you never go at
this tip with a file. It will wear out in a few
years if you can use it enough, and then you
spend less than $3.00 for a replacement.

When you have a heavy chassis-soldering
job to do, you use this tip. Let the iron
warm normally to soldering temperature,
and then turn the Variac to maximum
voltage. In a minute or so the iron will start
to give the impression of being very hot.
Shortly after this you can start soldering,
and there will be enough heat to do much
heavier copper cables than you would ex-
pect, or good chassis work. I have even used
this setting for aluminum soldering, with
messy but usable resulfs.

As soon as you are finished, let the iron
cool down to normal temperature and
finally turn it off. Don’t leave it at the
high-voltage setting any longer than neces-
sary. Some of this sounds like rough treat-
ment, but since the iron spénds most of its
working hours at relatively low temperatures
it seems not to have life problems. The
gradual warmup and cooloff I’'ve recom-
mended for overvolting may have something
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Both have
been in business for a few years in my lab.

The two basic tip assemblies.

to do with it too. I've never had an Ungar tip
fail, although a couple or three have come
apart after accidental very rough treatment.
These tips are rugged, but are not up to
being dropped onto hard concrete floors.

For light-duty work, small vacuum-tube
gear, and printed-circuit wiring, use the No.
1237 heating element with a PL-111 tip.
This tip comes as a straight-line piece, and
after you assemble it to the element bend it
to an angle of 30 degrees or so to the long
axis of the iron. Take the strain on the metal
part of the heating element, and bend with a
heavy pair of pliers. The angled arrangement
is far more convenient for soldering. This
tip, too, does not need to be filed down and
retinned. And as with the No. 4033 chisel
tip use the Variac box to control the
operating temperature.

If you don’t dismantle the tip from the
heating element once or twice a week you
may find it has bonded itself permanently in
place. Since I might want to use another tip
sometime, I store the heating element with
its soldering tip removed.

Soldering Hints, and Applications

I won’t repeat all the stuff you find in the
books (which you ought to read) and I’d
specially recommend How fo Build Elec-
tronic Equipment by Johnson, Rider Pub-
lisher No. 286. But here are a few sugges-
tions.

Don’t have any acid core solder in your
lab. Use good rosin core solder, but watch
out for what vou find in the shops and
stores open to the public. For instance, a
certain very large rtetailer sells rosin-core
solder at a very economical price. Turns out
it is 40/60 solder: 60% lead. You don’t want
that because its melting point is about 100
degrees F. higher than the melting peint of
good solder.
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Looking at any reel or package of solder,
you should find an entry typically 50/50,
maybe 60/40 or even 63/37. These are
percentages of tin and lead, the tin percen-
tage given first. Solder with more tin melts
at a lower temperature, which is preferable.
It costs more because tin is more expensive
than lead. I use 60/40 solder for most work,
which melts at about 370 degrees F., and
always purchase the finer-gauge Kester or
Ersin electronic solders.

When soldering, according to the books,
you let the iron heat the work and then melt
the solder directly on to the work. I think
this advice is a bit misleading. Typically, the
work is warmed with heat carried over by
the rosin flux. Since the work is not yet
warm and heats very slowly by conducted
heat from the iron, there must be some flux
free on the iron tip to carry the heat to the
work. Next time vou’re soldering watch
closely and you will see this. When I am
soldering I place the iron against the work,
and if the work does not heat very rapidly I
touch the rosin-core solder to the iron. The
fluxing causes the work to heat rapidly and
as soon as I see the joint becoming hot
enough to accept solder from the iron I then
add a bit of solder to the work.

The iron should be warm enough that
soldering proceeds quite rapidly, but not so
hot the solder burns and free flux on the tip
develops rapidly into crisp black flakes. Try
experimental soldering at various settings
and you’ll soon discover which ones are best.

I haven’t found anything better than
heavy brown paper towels for cleaning my
iron. It smells odd, but works great, and
although the iron is quite hot there is no fire
hazard. I start at the handle end of the tip
and wipe right down to the end when
necessary. Ungar and others offer special
pads for this cleaning. I’'m going to try one
of these someday, but I've got by with the
brown paper towels for some time now.

When you have some plastics or brown
polyethylene work to do, use the heavier
No. 4033 tip. It should not be so warm the
solder softens. Once you’re done with the
plastics work (sealing a twin-lead dipole to
its transmission line, for instance), turn up
the Variac to a normal soldering setting and
as soon as the solder softens start wiping the
tip with the brown paper towel. You’ll get
strong sharp plastic odors, but the tip will
clean up nicely. Apply fresh solder and
you’re ready for normal work again.

Jim Ashe
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MEET THE
NCX-1000 TRANSCEIVER...
~THE NEW DESKIOP
- POWER PACKAGE
FROM NRCI

NRCI's compact new happening puts you on the air with complete SSB, CW, and
AM coverage of the 80 through 10 meter bands. There's a lot in it for you,
including built-in AC power supply and monitor speaker. Check these features,
and you'll see this is the rig to stay with!

B 1000 Watts PEP on SSB, 1000 B Wide-range fast attack/slow de-

Watts CW, 500 Watts FSK, 500 cay AGC.

Watts AM. B Receive Vernier with separate
M All-solid-state except for driver on [off control.

and PA. M Suggested amateur net price,
W Built-in RF speech clipper. $995.

0 For complete (and impressive) specifications and details, write:
i/l NATIONAL RADIO COMPANY, INC.
NRC’ 37 Washington St., Melrose, Mass. 02176

International Marketing through:
© 1969, National Radio Company, Inc. Ad Auriema, Inc., 85 Broad St., New York, N.Y. 10004
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Bill Hoisington, K1CLL
Far Over Farm
Peterborough, New Hampshire 03458

Light Naturally Runs Down

It is time, not Doppler recession, that causes the famous red shift of
the spectrum of all the distant stellar and galactic objects.

The application of this principle to elec-
tronic communication may have a great
effect on the highspeed digital transmission
of computer data through space, here and
elsewhere.

Even today 600,000,000 bits per second
can be achieved, which could take care of
several computers “talking” to each other at
once.

The sentence in the Scientific American that
triggered the writing of this article.

On page 58, third column, February,
1969, we find the following, written by
V. L. Ginsberg, of the U. S. S. R., speaking
of quasars. . . . not one of the approxi-
mately 1000 Quasars so far observed shows a
shift to the ultra-violet that would indicate
motion towards us.”

Many times I have read about the red
shift of light from distant sources, from
which the “Big Bang” theory was evolved.
According to this one, every island universe,
galaxy, star, guasar, pulsar, what-have-you,
is receding, each from the other, including
us. It is a possibility, perhaps, but one which
never appealed to me at all. Now of course
Doppler shift does most certainly exist, but
there is another possible explanation of this
red shift that is found to increase in direct
proportion to the distance of the source
from us.

This is the theme and purpose of this
article, a possible explanation of how light
can slow down (not in velocity, although it
might do that too, over a long period of
time) and increase its wavelength. This
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slowing down, once again, concerns its rota-
tion as a three dimensional blip of energy,
whose shape is yet to be determined. Maybe
a flat spiral?

Introduction and philosophy of this article

There is a possible explanation of how
light can “‘run down”, which is detailed
below. It also shows why these same light
waves act like particles. They have to;
they’re shaped like particles! As the title
suggests, light naturally runs down, not in
velocity, not in frequency (it hasn’t got
any!) but in rotation, which causes the size,
and therefore the wavelength, to increase.

I can imagine, so far, no mechanism
whereby it should speed up, but have for
years been working on one whereby it may
slow down. Not in its travel through space,
but in its “rotation,” which is accompanied
by an increase in wavelength. I am repeating
here for emphasis. It just takes a little more
time, measured in light years, and does not
require any Doppler caused by motion.
Doppler shift can occur also, of course, but
the large red shift found on all distant
objects had nothing to do with Doppler,
which is another subject entirely.

In this article we will bring to bear on the
subject many ideas and facts which, after
study, will be seen to be very pertinent. The
application to “radio” transmission will also
become apparent.

Waveshape
Anyone having experience with fast
timing in electronics during the past thirty
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or so years knows the importance of the
shape of waves, even if only in two dimen-
sions. Pursuing this a little further we come
to, or rather approach, the “infinitely short
pulse”. This, as the old German professor
used to say, “Ve don’t got™, but we can get
pretty close, as will be seen.

Plunging right into the intriguing world of
electromagnetic pulses which are extremely
short in time, Fig. 1 shows a “multi-bar-
relled” graph of certain parameters which
will help you break away from the much too
narrow concept of only sine waves and
frequency, useful as they have been and may
still be, for certain special cases, and lead
you into another more generalized world
where the three-dimensional shape of a wave
is very important.

After all, how can a single event have a
“frequency”? Fourier said that any pulse
can be resolved into its component fre-
quencies. In the sense that “it is possible to
divide time into smaller lots of time” this is
true, but blind following of his work, great
as it was, with “sine waves only” has
unfortunately served to obscure equally im-
portant possibilities of work with “non-sine-
waves,” as will be shown. This work covers
the entire left side of Fig. 1.

A single event, by definition, cannot have
a “frequency”. If you attempt to chop it up
into ‘“‘component frequencies,” you are not
dealing with the original event, and you are
certainly practising obscurantism, even if
unwittingly. If you grind a stone into mole-
cules it no longer falls, but drifts away on
the breeze. It is, of course, no longer a stone
and doesn’t act like one. It cannot truly be

said to be “Just a matter of size or degree.”

Single electromagnetic waves are present
all over the world as lightning, etc. Such
single waves can bounce back and forth in
space or on conductors or filters and acqmre
a frequency by so doing, but that is not
necessarily izs frequency!

The action of filters has been dealt with
at great length through the years, but please
do not neglect the preceding sentence.

Features Shown On Graph No. 1

1. The entire left side of this graph is still
mainly unused by engineeis today. It has
however had immense usage by “Nature” for
millions of years. This is the region of heat
and light waves. The time duration of the
photon has not yet been directly measured,
other than to say that it can be obtained
using the velocity C and the wavelength of
light.

2. It is interesting to note that the work
with Lasers moves to the right on the graph,
increasing the ““time on the air”, and the
frequency precision. Naturally, hasn’t every-
body been brought up on sine waves?

3. Even with today’s crude methods, infor-
mation can be transmitted through space at
a rate of about 600,000,000 bits per second,
by operating on the left side of this graph.

4. The need for ““frequency bandwidth” of
course disappears on the left side of this
graph as we enter the domain where time
reigns supreme. Each event, photon, single
electromagnetic pulse, digital bit, or what
have you, s a single event. There is no need,
nor any utility, in considering frequency
while on the far left of this region.
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5. By the following means “noise” can be
reduced in time channels in the same fashion
as is done with frequency channels. Any one
time channel is “open™ for a very small
amount of time. In a way this can be
considered the “reciprocal of integration,”
and just as useful.

6. One example of the use of this graph; Use
two transmitters, one operating on the far
right of the graph as an excellent clock and
only as a clock, the other on the left side as
the “bit sender”. Transmitter A sends preci-
sion timing using a highly stable crystal
controlled microwave signal on, for example,
1,000 megacycles. Transmitter B sknds one
bit every nanosecond, timed by A’s clock.
At the distant station, Receiver A sets up the
clock based on transmitter A. Receiver B is
turned on by clock A, and receives the
digital information through the nanosecond
gates.

You can’t say much that is meaningful in
terms of frequency about a single wave of
this nature, except that it “‘spreads from
here to there” in frequency. Belaboring the
point because of most reader’s training in
Fourier’s analysis, with, I believe, no corre-
sponding studies of really short pulses, like
10 to the minus 18th, getting into the
photon region, to say it has a “bandwidth”,
which to most people means frequency
bandwidth, doesn’t really say very much
about the wave as yet.

However, if you speak in terms of time
bandwidth and time filters (narrow time
gates), and use something handier than the
second which is very “‘gross” for this work
you can begin to define these waves,
(photons, small, large, and giant) with great
precision. You can see here, of course, the
action of Heisenberg’s famous uncertainty
principle working right in front of your eyes.
The closer you measure a wave in frequency,
the more time it takes. The closer you
measure it in time, the more frequency it
takes. Real simple, right?

It doesn’t matter very much in time
whether you listen to WWV for two hours or
for three, and it doesn’t matter very much in
frequency bandwidth whether you say 20
GHz or 30 GHz.

This relation is trying to tell you some-
thing, if you will open your mind a little. As
a clue the photon is caused by an electron
changing its energy level. Well, didn’t we
agree above that for a conductor (obviously
full of electrons) to radiate you touch it
with a battery?
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This whole subject region is of course
way out on the left side of graph no. 1, and
as such is strictly in the time domain. Just
forget about frequency while you’re over
there.

It just happened that someone (I think
perhaps Fessenden, but Lodge had some
claims way back nearly one hundred years
ago), first put an inductance in the line, or
across it, thus setting up resonance. This
allowed the use of two stations at the same
time in the same town, which was most
ususual for those days. And so we inherited
frequency separation for our multitude of
broadcasters. Time division could have given
us an equal number of stations but no doubt
an equal number of problems; all different!

All of this is leading up to the third
dimensions of the photon, the one which
causes it to “look™ and “‘act™ like a particle.
At times, that is!

Oscillators are not needed for the generation
of electromagnetic waves

Light and radio waves (that is once again
electromagnetic waves), are fundamentally
generated by a change in voltage, or current,
or both. Because, although a battery may
just sit there with positive voltage on one
end and negative voltage on the other, no
event really occurs until at least one electron
is moved; then you have a current. If a
conducting sphere, in space, is touched by
one side of a battery and then by the other
side, radiation will take place and travel
outward at the velocity ““C”. It will do the
same if touched by an electron and then by
a “hole”.

A copper sphere radiates some eighty
percent of an electrical energy distribution
on its surface in the first half wavelength. It
is the world’s fastest radiator, has the worst

l

Fig. 2. Vortex wave grazing on water.
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“Q” known, and if properly treated, can
serve to radiate and transmit right now, even
with crude methods, some 600;000,000 bits
per second of information through large
amounts of space every second. Takes care
of any information several big computers
can handle simultaneously, too!

We are getting warm now, on the basic
subject matter. We just need to find a small
enough sphere to radiate those small light
wave pulses. What’s that you say? The
molecule or the atom, or the nucleus?
Sounds possible. We will need a real wave,
but one that has a 3D shape like a particle.

A wave already exists which is constricted in
three dimensions, even four if you count
time also.

But, you say, “all waves spread out as
they travel”. That’s what you’ve been
taught, so that’s what you believe. Who are
you to question your “betters”, the Great
Savants who proved that light consisted of
waves, and the other greats, like Einstein,
Planck, and Bohr, to name a few, who
proceeded to prove light was composed of
particles? Now just a minute, aren’t the
above contradictory? Yes, of course, and
then they were also combined (partially) by
the Nobel prize winner Prince De Broglie.

And so it has gone on, perhaps needlessly,
for there has been in existence for untold
decades, a type of wave that has the shape of
a particle. It even has a name! The vortex
wave. True, it is a sound, or shock, wave,
and sound waves require a ‘“‘sibstance” in
which to propagate, such as air, water, or a
solid. But supposing and here comes a great
big supposition, we simply investigate this
sound wave as a starting model only, for an
electromagnetic wave to work on later?
Don’t forget sound waves are also taught as
“radiating in all directions™.

My first meeting with the vortex wave

In my youth we lived on an island in
Maine every summer and I used to go a mile
and a half over to the mainland every day to
get the mail. On clear calm ddys with a slight
swell running our one-lung Captains boat
pow-powing away, the fourteen minute trip
was a great pleasure, with time to relax and
watch things that were happening. One of
these was the exhaust from the old five
horsepower make-and-break engine. It fired
several times a second and the blast was
released through the exhaust vent, on out
through the muffler (which I believe had no
“insides’ left), and on out through the two
inch pipe, positioned horizontally out over
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DIRECTION OF TRAVEL
OF WAVE IS OUT OF THE
PAPER

Fig. 3. Doughnut wave phase diagram.

the water. When the 22 foot dory rolled
slightly at an angle just under the horizontal,
a peculiat phenomenon occurred. An impres-
sion was created on the still surface of the
water anywhere from 25 to 100 feet out,
with every exhaust blast.

This impression, shown in Fig. 2,
occurred with a slight delay which I asso-
ciated with a sound wave. I found out later
it was the mark a vortex wave makes on
hitting the water at a slight grazing angle, the
doughnut shaped wave standing up vertically
as it hit the water.

Later vortex waves

Working as a member of the Technical
Staff, Bell Telephone Laboratories in New
York in the late forties, was a considerable
inspiration. One which encouraged me to
pursue my studies of fundamentals, and
helped to make me think deeply about
electromagnetic waves in particular, even
though H. S. Black, inventor of the feedback
amplifier, said to me, “You must think,
write, and talk rigorously here at Bell”.

These studies led me to wonder more and
more about the famous controversy over the
particle-wave question, and to investigate the
generation and propagation of the vortex
sound wave as a class of non-spreading waves
that perhaps could be used to imagine an
electromagnetic wave of similar character
and action.

Generation and mechanism of the vortex
sound wave

Boxes with small round holes in front
were pounded on the back with a hammer
and these indeed generated nice vortex
waves. Satellites, space ships, and other
things entering our atmosphere also make
nice ones. They have a name too; “sonic
boom”™.

These boxes were filled at times with
smoke, and very fast-travelling rings were
blown, as well as quite slow ones. Note that
shock waves can travel at all kinds of speeds,
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such as the Bikini shock wave was that
travelled at many Mach numbers. With these
smoke rings, the mechanism of the ring, its
slowing down in frequency (rotation) as it
travelled, the rotation of the smoke particles
following the wave motion around the
doughnut shaped ring, their rotational phase-
change of 360 degrees around the ring, and
their generation by the round exit hole of
the box could be seen by the eye. Each
particle rotated, travelled around the cross-
section, and the ring as a whole travelled
forward. Perhaps, if you are old enough, you
remember the Flettner Rotor-Sail Ship? A
cylinder, or sphere in a slipstream (gas or
water) which, perhaps due to its own
motion, or that of the medium, or both, is
subject to a force at a large angle to the
direction of travel. This causes each particle
to move sideways, as it travels ahead, making
a spiral relative to the previously undis-
turbed medium; air in this case.

The doughnut shaped ring of smoke has a
fascinating stationary metallic toy equivalent
known as a “Slinky”, which is a flat spring
that can be curled around and have its ends
joined. Then if you rotate the metal around
the cross-section you will see the “phase” go
180 degrees out opposite your fingers and
magically come back in phase again. See Fig.
3, which illustrates both the Slinky and the
smoke ring.

Slowing down in rotation

Naturally, the smoke ring particles slow
down as they travel through the molecules
of air, as does the force-wave associated with
these particles. Also, the cross-section gets
bigger, the doughnut gets bigger and its
forward travel slows down. Now, of course,
the force-wave itself is the generator, and the
particles were only put there to render the
wave visible, which they do nicely.
The electromagnetic vortex wave

The great Maxwell said that there was a
“medium” for electromagnetic waves. He
confidently assumed other physicists
(““Natural Philosophers”) would discover
this. But, as you know, they did not do so,
and, one hundred years being quite a time to
wait, it became unfashionable to talk about
this “aether.” After all, if you were unable
to find it, even though you know a wave has
to have a medium, and being a professor you
had to teach something, the only thing you
could do was to make it an “out™ thing and
stop talking about it. Maybe then people
would stop trying to make you admit you
didn’t know. You can also fall back on the
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excuse that the only thing needed is to be
able to measure it. Pretty slim pickin’s, I
think.

Now let us suppose that the light waves,
or quanta, as they are also called on alter-
nate days of the Advanced Studies Group’s
week, are actually something like the vortex
wave. They can be generated by a phase
delay mechanism, but, before that, they
cannot be other than a single event. This fits
fine. The non-phase-coherence of unfiltered
natural light waves (sunlight for example), is
a fact.

The single wave (the shock wave as
generated in the box), allows the wave to
fold on itself, as can be seen best in a glass
smoke ring box, so that the doughnut shape
is formed, travelling forward, with every-
thing nicely in phase in that single little
energy-packet-wave itself. If you try to make
the vortex wave out of a continuous wave
motion you will fail.

Still, supposing that we succeed in
making, by means which I propose to use
later, a somewhat similar type of electro-
magnetic wave. What will we have? It
probably will travel at the velocity C, at least
at first, unlike the vortex wave which can go
at Mach N when first generated by a
hydrogen bomb.

Due to an entirely. different medium
being used, not only in our atmosphere and
in Space, but pervading even the atom itself
and probably the nucleus too, our electro-
magnetic vortex wave will rotate (spin?) (1/2
spin?) at a rate which will be very fast,
dependent on' its size, like gamma rays,
X-rays, blue light, red light, etc., as this size
increases.

This length may be seen to be the size of
the “doughnut™ or whatever shape it may
turn out to have, (perhaps a varying one?) as
it goes by or impinges on something, such as
a photo-electric surface, for example, at the
velocity C. Although it may not be shaped
like a doughnut at all, it will be confined in
three dimensions.

A wave of this type also needs quite a
special type of detector, and would quite
naturally need to be small in order to knock
one photo-electron out of an atom. I have
imagined a detector for this type of wave
(the giant photon one) but it doesn’t look
like an atom. Or does it? What does an atom
look like anyway? It was Lord Rutherford I
think who said, “You will never see an
atom™. Maybe so. And then again, maybe
not so!
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Fig. 4. One of Marconi’s first radio trans-
mitters.

The light wave gets bigger as time goes by

As the photon-lightwave-particle dough-
nut wave travels through space and through
the medium which after all must be there in
some form or other, even though the mind
of man has not yet actually “put his hand on
it”, it may well act like the vortex wave
model in several respects and slow down its
rotation (or whatever it is doing to keep
itself together) over a large number of years
at least, getting bigger as a result of that
medium having some friction, however small
this may be.

This will of course increase its wave-
length, making a “red shift.” Don’t forget
that it is a unique, single wave, or event, and
therefore not having any frequency, as far as
a continuous collection of waves following
each other is concerned.

As we go by here in sort of a rush (after
all this is an article, not a book) the
particle-wave controversy may be cleared up
once and for all.

Time division versus frequency division and
the uncertainty principle, as they apply to
the photon and radio waves.

In our present era, frequency division
reigns almost supreme but it was not always
so! Marconi’s first transmitter was the
“four-ball” type, which was that of his
teacher, Professor
Hertz’ model, as shown in Fig. 4.

In this system the two outer balls charged
up, then discharged by spark, over to the
two inner balls which then proceeded to
generate a spark between themselves, and
the two outer balls then disconnected them-
selves automatically by quenching their
sparks as the voltage dropped.
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Note the absence of inductance, other
than the copper surface of the spheres
themselves, and remember that a copper
sphere radiates some 80% of its energy in the
first half wavelength. There is not much
point in calling it half a cycle as the event is
almost over by then, Fig. 5 shows an
approximation of the waveshape, as drawn
by some of those lads in the last century,
one of them being Sir Oliver Lodge, who was
quite aware of the time duration involved
which was a few picoseconds (10 to the
minus 12th sec.) even in the absence of such
things as Tektronix or H. P. scopes!

Being considerably versed in optics, they
measured it by the use of interferometers
and, of course, in a wave as shown, there is
little to interfere with! But the inter-
ferometer will, and did, draw the waveshape
nicely for them, even if only in two di
mensions.

Into the realm of pure conjecture
The Electron.

Let’s really delve into things a little. I
have never read anything about the shape of.
an electron, other than it is not known. Even
though some learned types of people say
that, “it is useless to inquire into such a
thing,” this still doesn’t satisfy me. It has
mass, probably of electronium, and can thus
stand still, which is impossible for a photon.
It is the basic unit of electricity, at least so
far as is known today. It still suffers tremen-
dous confusion with something called “cur-
rent” because our learning and teaching
suffer even more from tradition and au-
thority. The chief engineer of a large and
prosperous, tube plant, which shall be name-
less, was, due to this “‘training”, unable to
think of the difference between the electron
flow and wave flow in and around the very
good (but limited) tubes made by his tech-
nicians.

Both Faraday and Maxwell studied and
wrote, in quite a different style of course,
about something they called ““displacement
current”, which left the conducting metal
and jumped across the intervening space.
This “thing” is of course electromagnetic
energy and travels at the speed of light. I
expect it would, being emitted in quantum
style and thus made up of photons!

But the slow-poke electrons, according to
Einstein, and everybody else too, never
reach the speed of light. Indeed, in these
tubes they suffer badly from transit time.
Not any more so of course, than those of
any other good manufacturer.
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Fig. 5. Waveshape of radiation from acon-
ducting sphere.
Speed of the photon

Now the photon does not suffer much
from lack of speed on Earth but it does a
little when you talk to someone .on the
Moon, and a great deal when the day comes
you would like to tdlk to someone many
light years away. The photon travels at a
velocity known as a “Universal Constant”
which has begn given the name “C”

As emittéd from its source, such as
molecules, atoms, nuclei, moving electrons,
etc., and measured nearby, this velocity
appears to be quite uniform. But, has any-
one measured the velocity of a photon
arriving on Earth from, for example, a
quasar after travelling through the quite far
reaches of space? Just a question for the
astronomers, really.

The shape of the photon.

What shape does the photon really have?
Well, I think this is a good question, and one
which I will keep asking for a while anyway.
The wave people saw a plane wave spreading
out in all directions transverse to the line of
travel from the origin. Of course they
couldn’t account for the photoelectric effect
this way. The particle people (sometimes the
same people but on a different day of the
week) saw a little blob of “‘energy’” but
could nof account at the same time for the
positive wave-like actions of the photon
under other test conditions. De Broglie
became famous for his predictions of the
waves associated with particles having mass,
such as the electron. He still did not
solve the whole problem by a long shot.
There remained the “model”, or “shape” of
a wave that is restricted in three dimensions
and does not spread out much, but does a
little as time, quite a good deal of it (like
lots of light years), goes by.

I am so sure of this that I am writing an
article about it. This article! I also think
(although of this I am less sure), that I may
know how " to make a ‘“giant photon.”

772 MAGAZINE



Probably other people do also, which may
well account for the pulsars. Maybe I'll get
time to do it later, with help.

Requirements for a wave that does not
spread out

Several requirements for a wave that does
not spread out are listed below, starting
from the consideration of the wave we
already have, the vortex sound wave that is
restricted in three dimensions.
1. It must be a single wave. A single event.
Generated, radiated, and done with. You can
send another one pretty close after it maybe
in the next nanosecond but they must not
be connected, and it is immaterial whether
the second one is there or not. This makes it
pretty nice for digital transmission of
course! To be sure of this check up on the
vortex wave you can make in a glass smoke
ring box and radiate from it.
2. It must then, as a single wave be sub-
jected to further treatment which will,cause
it to rotate on itself. Watch that smoke ring
closely! It does this as it goes forward. In the
electromagnetic model this rotation may be
some form of repeated action (frequency?)
which may be a type of action completely
unknown as yet...Perhaps a rotation or
alternation of its infernal fields, possibly a
spiral effect.
3. It must do this at the speed of light,
which should be easy. It is light, and in a
medium of which we know naught! We have
drawn a blank there; Maxwell described
some of its properties but no one has been
able to “find™ it so far. Maybe we amateurs
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can find it while the main crowd of
physicists rush madly on with their thirty to
forty “new particles” found in the sup-
posedly tiny nucleus.

4, It must, when generated and travelling
outward at the speed of light (which it is!),
at the same time, be subject to polarization.

End of list of requirements, so far. There
may well be more. Number 4 does not mean
the type of polarization accomplished by
optical workers, who pick out those photons
polarized, for example, vertically, and then
throw away those which are polarized
horizontally.

This polarization describes the “‘electric
field” as opposed to the ““magnetic field”.
We are getting pretty close to real funda-
mentals now, so we have to watch words
closely. After all, new theory many times
requires new words, which goes “against the
grain” (of thought) with some people, who
credit themselves with a sufficient vocabu-
lary to describe anything they can think
about. Don’t worry about this matter
though. We are all groping in the dark here, 1
believe.

Polarization of the photon

This has always been a real tough subject.
Not so bad in radio, where you can put a
dipole sideways and be sure you are hori-
zontally polarized. Even here you have to
watch your step though. The dipole shown
in Fig. 6, whose length is in the horizontal
plane is nevertheless polarized vertically! Try
it sometime!

But this photon now, how can it have a
polarization? A little slug of energy moving
out at the speed of light. How can it be
polarized? Well, we know it does have such a
property so we have to live with it. As far as
I know, no one knows how to emitr light
which is polarized in one plane only, as is
done in radio. This probably stems from, at
least so far, an inability to “arrange™ an
atom so that it does emit polarized light.
Quite a job I would guess! Still, some people
are achieving remarkable minute maneuvers
today like showing pictures of bacter-
iophages which are only a few atoms long.

Of course it would help a lot to know the
shape of such things as atoms and photons.
Maybe someday. Maybe the ‘“giant photon™
I’'m proposing to build could help.

This question of polarization, to me, is
the hardest part of the whole deal. At least
I’m in there trying!

The medium
This “ghost,” this “spectre,” is always
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in the background, making physicists unsure
of their work at times when dealing with
light, remaining a bad question when leading
electronic engineers are asked about it by
juniors.

Personally I’m not afraid of it, but so far
I haven’t made much progress in dealing
with it. T believe there is a ““medium’ but, in
common with everybody else, I have no
concrete ideas about it. I can only hope at
present, that my ideas on the 3D wave as
proposed in this article may suggest some-
thing (anything!) useful about it, and make
it a little less an “out” subject and one
which becomes a little more an “in” one.

There must be something there! So the
photon is a “travelling, alternating, field”.
See you later on this, I hope.
Speculation on pulsars

Perhaps the pulsar is a “giant photon™
type of radiation rather than a “‘plane wave”
affair, and as such it could be using exttreme
directivity (does not spread out much)
similar to the vortex wave.

In which case the calculated power of the
pulsar needed to send such radiation to our
earth may be in need of tremendous revision
downwards. As mentioned, I think astron-
omers would appreciate help here. I sure
need hélp from them!

In fact, in-a recently received private
communication from Arrecibo, P. R., I have
been told that the pulse from a pulsar
consists of one fell swoop of “frequencies”
from A to Z with something that just might
be a message built into it. Look at graph no.
1 again, please. The pulsars may soon really
tell us something!

The particle-wave.

If the suppositions in this article finally
lead to a clearing up of this century-old
controversy, well fine. I’m 64 years old now,
expect another ten years of useful work and
would like to devote some of that time at
least to the creation of a “giant photon”
working model of the type of wave, with
proper polarization to fit, which, from an
aperture of about one wavelength, should
hardly spread out at all for the first many
millions of miles of travel. Beats radar
doesn’t it? The red shift gets to be about 3
db near the visible edge of our universe, so,
if caused by light running down instead of
Doppler, may turn out to be our oldest,
biggest, and best ““universal clock,” and one
which is known as such throughout said
universe.

...KICLL
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NEW!

FROM MOSLEY

The

St | Classic
: FEED

According to forecast, 1969 should be another great year for h. f. prop-
agation conditions. Make the most of the DX openings on 10 and 15
meters with new Mosley single-band beams, the Classic 10 (Model
CL-10) and the Classic 15 (Model CL-15). These beams offer the op-
timum spacing possible only on single-band arrays. But even more ad-
vantageous is their famous Classic Feed System (pat. no. 3419872)
This ‘‘Balanced Capacitive Matching’® provides maximum gain, in-
creased bandwidth and more afficient performance because of its better
electrical balance and weather proof design.

See these DX champions at your nearest Mosley dealer. For com-
plete specifications and performance data, write factory direct for
free brochure, Dept. 189.

Mo s /ey ElidinS S

4610 N. LINDBERGH BLVD., BRIDGETON MO. 63042
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Cable Pickup

John J. Schultz, W2EEY/1
40 Rossie Street
Mystic, Connecticut 06355

and Shielding

Shielded types of cable, when properly
used, at any frequency can provide a great
deal of protection from interference sources.
Their proper use and various types of special
shielded cables are discussed in this article.

Most amateur installations use extensively
various forms of shielded cables — for audio
lines, low-level rf circuits, and for antenna
transmission lines. Often such cables are
used as a matter of comnvenience or because
they are readily available, with their shielding
ability being kept in mind, but as a
secondary thought. This approach suffices
for many installations because no real need
exists for great care to be exercised as
regards cable shielding.

However, there are instances when a
station is located in an electrically noisy
environment or internal problems of hum
and feedback develop within a piece of
equipment which require that cabling be
properly shielded. Too many amateurs
believe that the best they can do as regards
cable shielding is to use some form of wiring
with a woven wire covering or ‘‘shield.”
However, what really constitutes a “‘shield”
depends upon a number of factors and what
appears to be a physical shield may not, in
fact, be a good electrical shield. To obtain an
effective shield, one has both to understand
what one desires shielding against and what
the shielding capabilities of various cables
are.

This article discusses some of the general
considerations that are applicable to cable

L
-_

e T
\_____/
Fig. 1. Interference can couple to cable by
capacity (electrical) or magnetic fields or a
combination of the two.
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shielding effectiveness. The principles
developed apply whether one is trying to
shield against a hum problem inside a piece
of equipment due-to cable pickup or
whether one lives in a noisy city environ-
ment and is concerned with bringing micro-
volt level signals from an antenna along a
transmission line without having external
noise sources mask or distort the signal.
Books have been written on the subject of
cable shielding and no brief article can cover
all the techniques involved. However, the
material presented should at least give some
better insight into proper shielded cable
usage and explain why the simple usage of
shielded cable does not always instantly or
immediately solve cable pickup problems.

Noise and Interference Fields
Probably the greatest problem in effec-

tively shielding a cable is to really determine
what the shield should be effective against.
Coupling between a cable and some external
source (noise field, radiated signal, a signal
flowing in an adjacent wire, transformer
field) can be either by means of capacitive
(electrical) or magnetic fields. The field from
a fairly distant radiated signal can produce
the former type of coupling while a wire run
close to a transformer will be coupled by the
latter means. In a complex situation where a
number of interfering sources must be
shielded against, coupling can be achieved
by a combination of both means.

Fig. 1 shows how both fields can effect a
single-shielded coaxial type cable. The
capacity coupled field is theoretically
stopped by the outer conductive shield of
the cable. Actually, this is not completely
true, since most shields are only 80-90%
effective. Still, such a degree of shielding
suffices for many applications. The magnetic
field passes through the woven copper-wire
shield of the cable. Actually, nothing hap-
pens because the fields couple to the cable
where somehow only a current can flow.
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This takes place when the shield of the cable
is grounded in some manner, as shown in
Fig. 2.

Ground Connections

When a ground connection is placed at
both ends of a coaxial cable (Fig. 2A)a loop
(closed circuit) is formed consisting of the
shield and the ground circuit. Thus, if the
cable is subject to either of the fields shown
in Fig. 1, they can cause a current to flow in
the shield. Naturally, since the shield must
also carry the desired signal current in one
direction, the signal will be degraded by the
amount of the coupled interference.

It is assumed, by the way, that the fields
are coupled to the cable with such an
orientation that they can induce currents.
Normally, this will be the case since most
interference has a random orientation.
However, there may be special cases (inside a
chassis, for instance) where the interfering
field is fixed and one can achieve a con-
siderable reduction in the couple inter-
ference by reorienting the signal cable.

Again, however, on the subject of shield
grounding, one common idea is that the
shielding effectiveness of coaxial cable’ is
enhanced by grounding as often as possible
along the length of its run. Actually, it is
possible that such ground can have just the
opposite effect, as shown in Fig. 2B. The
smaller closed loops formed can increase the
induced current flow. Also, the ground path
may have other currents from external noise
sources flowing in it which will be coupled
onto the shield of the coaxial cable.

Therefore, the best approach usually is to
have as few ground connections as possible.
In fact, the best situation, as shown in Fig.
2C, would be to have a single ground
connection at the signal source. Thus, no

— SIGNAL CURRENTS

(&) ——F e o]

L > —— -y

X GROUND CURRENTS )’
— o —

18)

()
SOURCE —& ———————————— q— LoaD

Fig. 2. Methods of grounding simple co-
axial cable or shielded wire.

SEPTEMBER 1969

(a)

DIELECTRIC

JACKET

DIELECTRIC OQUTER
INNER OUTER SHIELY
CONDUCTOR  CONDUCTOR

TRIAXIAL EQUIVALENTS

RG5BA RG 50
RE 59 RG 73
RG 11 RG 75
RG8 RG 57

CONDUCTORS
DIELECTRIC

FILLERS SHIELD JACKET

Fig. 3. Triaxial and Twinax cable construc-
tion.

closed loop would be present to allow
induced current flow. In practice, such a
method is not always possible, especially
with low impedance cables, because of the
impedance mismatch that occurs at the load
end of the cable. However, the method can
often be used with very good results with
very high impedance cables. A variation on
the method is to ground the shield of the
cable at the load end through some sort of
selective device —an rf choke, for
instance — if a dc path through the cable is
desired, but 7f pickup induced currents are
to be surpressed.

Special Shielded Cables

Single conductor shielded cable or coaxial
cable is certainly not the only type of
shielded cable available, although its
common usdge overshadows the availability
of other types. It was mentioned before that
the shield of a coaxial cable is not 100%
effective. To retain flexibility while
improving the shield effectiveness, double
shielded coaxial cable is available (RG5A/V
and other types). The cable has two woven
shields directly placed on top of each other.
At frequencies in the mf through vhf range,
the shielding effectiveness is about 97%. The
cable is used in the same manner as single-
shield cable and all the considerations
mentioned regarding grounding of the
shields still apply.

If one takes a double shielded cable but
insulates the two shields from each other,
the result is Triax (Fig. 3A). This cable can
be used as shown in Fig. 4A. The outer
shield is connected to ground and the inner
shield and conductor are used for the signal
circuit. Because of the separate outer shield,
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capacitive coupling does not affect the signal
carrying circuit and the outer shield can be
grounded as often as possible without
harmful effects from ground currents. Of
course, the value of the outer shield is lost if
the equipment used is grounded to the same
point as the outer shield. The cable can also
be used to produce the effect discussed for
Fig. 2C without causing any impedance
problems by grounding the outer shield at
only the signal input end. Thus, it can be a
very effective means to reduce interference
when a coaxial line is desired to an antenna
in a noisy location. Triax cable is available in
the usual 50/75 ohm impedances from a
number of manufacturers. Some examples
are Times TRF-502 and Amphenol 21-527.
Such cable is not inexpensive but can be
very effective. For short runs, tinned braid
can be purchased separately and slipped over
regular single shield coaxial cable to form
inexpensive home-brew Triax.

Still another special cable is shown in Fig.
3B. Twinax, as this cable is called, has a
twisted 2-conductor pair inside a single-
shield. As shown in Fig. 4B, the shield is
erounded to isolate the conductors from
capacity coupled fields. The twisting design
of the inner two conductors provides a great
reduction from the effects of magnetic field
induction since the currents induced cancel
in alternate twisted sections. The cable is
meant for use in a balanced transmission line
system and is generally available in 90-150
ohm impedances (RG22/U, Belden 8227,
etc.). A form of Twinax with a double
insulated shield is even available, but only
useful for specialized applications.

Checking Shield Effectiveness

The effectiveness of a shield is a complex
thing to evaluate by test instruments because
of the variety of fields over a wide frequency

SORCE TR s i -:':% eaD
(UNGROUNDED}—\ S/~~~ -~ —~————=—-———— >~ ED)
(a)

e
(GROUNDED)e—XJ7 """~~~ ~—~===="~"—— =2 (UNGROUNDED)

SOURCE

(8)

SOURCE e LOAD
(BALANCED) ——"‘-—fx-—'x-——x—--"’*—:}cmunnczm

Fig. 4. Triaxial and Twinax cable shield
connections.

range to which a cable might be subject in
usage. However, checking shield effective-
ness in an actual installation is not complex,
and a simple method is usable no matter
what type of cable is being used.

The method requires only a receiver
tuned to the frequency at which the cable to
be tested will be used and a shielded dummy
load (a % watt resistor, for instance, placed
inside a coax connector). The dummy load is
placed on the receiver antenna terminal and
a multimeter is attached across the receiver’s
audio output to measure output voltage (the
headphone jack is usually the most con-
venient location using a 600 to 1,000-ohm
resistor in place of the headphone load). The
rf gain control is set at maximum and the af
gain control used to set some convenient
“noise” voltage level on the multimeter scale
(usually 1-4 volts).

Without changing any receiver control
settings, the dummy load is removed and
placed at the far end of the cable run under
test. The near end of the cable is connected
to the receiver (or transceiver) antenna
terminals.

The increased noise reading on the
multimeter is now due to cable pickup. Even
in the best of installations, there will be
some increase in the meter reading because
the dummy load and connector shielding are
not perfect. However, in a good installation,
the increase will be minor and certainly not
more than 1.5 times the original meter
reading.

This method can be used to check the
pickup of a cable already installed or to
check the improvement in an installation as
different cables, grounding methods, etc. are
tried. The important measure is only the
increase in noise reading as the dummy load
is moved from the receiver to the far end of
the cable, not any absolute readings. The

entire receiver ‘‘calibration” must be
repeated for each frequency band of
interest.
Summary

There is little sense or economy to spend
money on sensitive antennas or equipment
and then accept performance degradation
because of cable pickup. Probably no cable
can be made absolutely pickup-free in all
interference environments. However, by
following some of the general methods
described, one at least can start to tackle the
situation with something more than simple
coaxial cable as the only possibility.

... W2EEY
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Arthur Levy, WAIAAU
47 Dayton Street
Springfield, Massachusetts 01118

WWV — Pioneer
in Standards Broadcasting

“National Bureau of Standerds, WWV, Fort Collins, Colorado. Next tone

begins at twenty-one hours Mountain Standard Time.

The National Bureau of Standards radio
station, WWV, began operating from its new
home in Fort Collins, Colorado, early in Dec-
ember 1966. The station was moved from
Greenbelt, Maryland, to the present site, 60
miles north of Denver, at a cost to the govern-
ment of $970,000. The move was prompted
by rapidly obsolescing equipment, the need
for a more central location, the high ground
conductivity of the new site, and the prox-
imity to the N.B.S. frequency standard at
Boulder, Colorado.

WWV’s services are among the most wide-
ly used and vital services provided by the
National Bureau of Standards. Its time and
frequency signals are used by ships, aircraft,
electronic laboratories, radio and television
stations, electrical power companies, and the
makers of musical instruments (who depend
on WWV’s tone for standard pitch).

Aimnateur radio operators around the world
account for 35% of WWV and WWVH (Maui,
Hawaii) listeners. Hams use the signal to cal-
ibrate their equipment.

WWYV joins two other N.B.S. standard fre-
quency radio stations at the Fort Collins site.
The stations, WWVB and WWVL, were es-
tablished in 1963. They operate on low fre-
quencies making possible world-wide cover-
age.

Station WWV broadcasts on frequencies
2.5, 5,10, 15, 20, and 25 MHz. The broad-
cast are continuous, night and day, except
for a four minute period each hour. The
silent period commences at 45 minutes (plus
15 seconds) after each hour.
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Artist’s drawing' of WWV and its antennas.

The 5, 10, and 15 MHz transmitters de-
liver 10 kw to the antennas, while the 2.5, 5,
20, and 25 MHz transmitters deliver 2.5 kw.
The linear amplifier, which has a 40 kw in-
put, is driven by a one watt driver. All of the
antennas at WW'V are vertical, half-wave dip-
oles, and are omnidirectional. They are fed
with 50 ohm 3 5/8” coax cable. Antenna
height varies from 20 to 120 feet.

At WWYV, all modulation is double side-
band amplitude*® with 75% modulation on the
steady tones and 100% on the second pulses
and voice.

In case of a power failure the station is
tied into two power grids in addition to hav-
ing an emergency power generator.

Since December 1, 1957, the standard ra-
dio transmissions from WWV and WWVH
have been.held as nearly constant as possible
with respect to the atomic frequency stand-
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New antenna designs are tested out on
1/40th of the wavelength before the final

installations are made. Here is a model of
the 10 khz antenna to be built for WWWVH.
The model is on 400 mhz.

ards which constitute the United States Fre-
quency Standard. The U.S.F.S. is maintained
and operated by the Radio Standards Labor-
atory of the N.B.S. at Boulder, Colorado.

The frequencies transmitted by WWV are
held stable to 5 parts in 1011 at all times,
according to the National Bureau of Stand-
ards. Deviations at WWV are normally less
than 1 part in 101! from day to day. Chang-
es in the propagation medium (Doppler ef-
fect, etc.) result, at times, in fluctuations in
the carrier frequencies received, and may
cause greater error than noted above.

Standard audio frequencies of 440 Hz and
660 Hz are broadcast on each carrier fre-
quency at WWV and WWVH. The audio fre-
quencies are transmitted alternately at five-
minute intervals starting with 600 Hz on the
hour.

The 440 Hz tone is the note A above mid-
dle C, which is the standard in the music in-
dustry throughout the world.

Universal Time (referenced to the zero
meridian at Greenwich, England) is announc-
ed in International Morse Code each five min-
utes from WWV and WWVH. The time an-
nouncement refers to the time when the audio
frequencies are resumed. The station also
broadcasts a voice announcement every five
minutes in Mountain Standard Time. It is
given during the first half of the fifth minute
and is in English.

In addition to the time signals, WWV also
broadcasts radio propagation forecasts in
International Morse Code during the last half
of every fifth minute of each hour. The fore-
cast tells users the condition of the ionosphere
at the time of broadcast and for the follow-
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ing six hours. A world-wide network of geo-
physical and solar observatories feed informa-
tion, which includes radio soundings of the
upper atmosphere and short wave reception
data, to the Telecommunications Space Dis-
turbance Center at Fort Belvoir, Virginia.
The forecasts are sent at 0500, 1200, 1700,
and 2300 UT. They are broadcast in Morse
Code as a letter and number. The letter iden-
tifies the radio quality at the time the fore-
cast is made. The letters denoting quality
are “N,” “U,” and “W.” They signify that
the radio propagation conditions are either
normal, unsettled, or disturbed. The number
portion is the forecast of radio propagation
quality on a typical North Atlantic path dur-
ing the six hours following the forecast.

The forecasts are made for the North At-
lantic area using a path from Washington,
D.C. to Frankfort, Germany as a standard.
They are used, for the most part, for direct
point-to-point radio telephone transmissions.
The scale used for radio quality is based on a
one to nine scale which follows:

Disturbed grades (W):

. Usecless
. Very poor
. Poor
. Poor-to-fair
Unsettled grade (U):
Fair
Normal grades (N):
6. Fair-to-good
7. Good
8
9

B =

h

. Very good
. Excellent

Another service of WWV and WWVH is the
broadcast of current geophysical alerts. The
alert tells what days there will be outstand-
ing solar or geophysical events and when these

events have occured in the past 24 hours. The
broadcast is made during the first half of the
19th minute of each hour. The letters GEO
are sent in CW followed by a letter repeated
five times. The letters are:

M—Magnetic storm

N—Magnetic quiet

C—Cosmic ray event

E—No geoalert

S—Solar activity

Q—Solar guiet

W—Stratospheric warning

A time code is also broadcast by WWV for
one minute out of each five, ten times an
hour. The code provides a standard base for
scientific observations. The code is transmit-
ted at a 100 pps rate and is carried on a
1,000 Hz modulated signal. The code con-
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WWYV transmitter building.

tains the Universal Time in seconds, minutes,
hours, and day of the year. The code is syn-
chronized with the frequency and time sig-
nals.

The time standard uses a Cesium Atomic
Beam to calibrate the oscillators, dividers,
and clocks, which generate the controlled
frequency and N.B.S. time scales. Informa-
tion from this reference is fed to receivers
which monitor the transmissions from Fort
Collins. The signal is compared to the refer-
ence phase. If an error exists, a signal is trans-
mitted from Boulder to Fort Collins by a 50
MHz transmitter.  Automatic correction
equipment at Fort Collins corrects any error.

The oscillator controlling the transmitted
frequencies and time signals is continuously
compared with the LF and VLF signals. Ad-
justments are then made to the controlling
oscillators. To assure that systematic errors
do not enter into the system, the N.B.S.
time scale is compared with the transmitting
station clocks by the use of a very precise
portable clock. By this method time syn-
chronization to a few millionths of a second
can be attained.

..WA1AAU

*(Ed. note. SSB operation is planned for the near
future.)

Big Do in Bombay in December

The First All India Amateur Radio Con-
vention will be held in Bombay on December
27-30 this year. If you have a chance, by
all means plan to visit. Write to VU2TP for
further particulars.

GREENE
BALUN

GREENE CENTER INSULATOR
SPEAKS for ITSELF

WITH or WITHOUT huilt-in BALUN

An absolutely water tight, sealed assem-
bly, molded of high impact, high dielectric
plastic material. The 83-875 coaxial con-
nector, sealed in, up inside a rain drip
boot, keeping water from entering the
fitting or feed line. Sealed in antenna
connecting pigtails . . . antenna connect-
ing eyes — hoist ring, smooth surfaces,
no metal eyes to chafe or cut . . . Gloss
finish, beads water . . . tensile strength,
500 pounds. A detailed specification and
instruction sheet is furnished with each

unit . . . with, a picture of the interior of
the BALUN assembly. Color . . . white
. . . length 5.50 inches . . . very light
. . very strong . . . hangs well . . looks
nice . . . a must in every well organized
ham installation, with . . . or . . . without
the balun.
Center Insulator with BALUN $10.00

Center Insulator without BALUN $ 6.00

Design Registered
Send for flier, free.

0. WATSON GREENE

Wakefield, R. |. 02880
Tel: 401-783-2702
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Basic Theory

Mark A. Fritz, WAIFHJ
775 Broadway,
Somerville, Mass.

and Application

of Transistors

A transistor, like a triode vacuum tube, is
basically an amplifier of electric voltages and
currents. However, unlike the electron tube,
it is in a solid state, therefore the electrons
are passing through a solid material rather
than through a gaseous medium,

The transistor was invented forty-two
years after the electron tube by W. Shockly,
W. H. Brattain, and J. Bardeen of Bell
Telephone Laboratories. These men
demonsirated that a solid state device could
replace the vacuum tube in performing all of
its functions more efficiently.

There are four main advantages of
transistors over vacuum tubes. These are
size, shock resistance, operating tempera-
tures, and slowness of their aging. Because a
large gaseous space is not needed in a
transistor, their physical size is many times
smaller. A ftransistor does not require
filament power for its operation; no heat is
generated internally (this is the major cause
of failure in a tube) under normal operating
conditions. Also because of this fact,
transistors have an almost indefinite life
because there is no filament to burn out.
Transistors, for the most part, are shock
resistant with the exception of fracturing of
the internal structure from a severe shock on
one of its leads. Transistors are built inside
of a small metal case rather than in a glass
envelope as is the electron tube; therefore,
they are not susceptable to breakage.

42

If a particle of a substance is cut in half,
what do you have? Two halves, both
identically the same if care is taken. What
would happen if it was cut in half again and
again until it could no longer be seen? Does
it disappear? No, it is only divided up into
the smallest particles of the substance
(which retains all of its chemical properties)
called atoms. An atom consists of three main
subparticles. These are the proton, the
electron, and the neutron. These three
particles are situated in two main areas of
the atom. The protons (positively charged)
and the neutrons (neutrally charged) are in
the heavy center of the atom, the nucleus.
The electrons orbit around the nucleus in
eliptical orbits. Each atom contains an equal
number of protons and electrons; thus, the
sum charge is 0. They are electrically stable
but chemically unstable.

The electrons are in different orbits or
levels around the nucleus according to the
amount of energy that they have. These
orbits are labeled; K, L, M, N, etc. The K
orbit can hold two electrons, L-8, M-18,
N-32. In the study of the flow of electricity
we are concerned only with the outermost
or valence electrons. The charge of the atom
is determined by whether the atom wants to
give off or take on electrons to reach a
chemically stable state. For example, if the
K shell had two electrons in it, it would be
stable both chemically and electrically
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because the plus and minus charges would
balance out, and since the shell is full, it
neither wants to give off or take on
electrons. If the atom contained three
electrons, two would go into the K shell and
since this is full, the third would go into the
L shell. The atom wants to have a full
outermost shell, so it can either take on
seven more or give off the extra electron.
This process gives the atom a charge of plus
1 from the addition of the two charges: +2
-1. It gives off the one instead of taking on
seven because there is less energy required.
Atoms which have a positive valence are
classified as metals. Those which have a
minus charge (atoms in which it is easier to
take on electrons) are called non-metals.
Those which can give or accept electrons
with equal energy are called transition
elements (Ex. element with 4 electrons in L
shell). Metals are called conductors, non-
metals, non-conductors, and transition
elements, semi-conductors. A semi-
conductor is neither a metal nor a non-metal
but is in between the two in its properties.
The most common semiconductors are
silicon (At. No. 14) and germanium (At. No.
32).

SILICON ATCM
4

SIMPLIFIED

8
2
@

GERMANIUM ATOM

4
1
8
2

As shown in the diagram, both silicon and
germanium have similar outermost shells,
therefore they have almost identical proper-
ties. Silicon and germanium are in a crystal
lattice which accounts for most of their
conducting properties.
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Breaking the crystal down into only two
atoms, it is shown in the diagram how an
electron is shared in a covelant bond. Since
all electrons are almost exactly alike, an
electron of one atom can take the place of
an electron in another atom. In this diagram
the atoms are spaced so close together, that
the electrons of one atom go into the orbit
of the other atom. If the atoms of the
crystal lattice were drawn out excluding
inperfections it would be diagramed as
below:

In the diagram all of the electrons go into
the orbits of the other atom; however, there
are never more than four electrons around
an atom at one time.

This diagram may also show how elec-
tricity is conducted. Copper, which can be
basically diagramed in the same manner only
with one electron in the outside shell, is one
of the most common conductors in wires. If
an electron is pushed into the end of a wire,
the electron forces another one out the
other end. In this way, a steady voltage
produces a steady flow of electrons out of
the end of the wire.

Since silicon and germanium are only
semi-conductors, a slight impurity must be
added for them to be able to conduct
enough for the purposes of a transistor. If
the resistance of a pure block one centimeter
long is measured, its resistance would be in
the order of hundreds of thousands of ohms.
If a small piece of arsenic or antimony is
added and the mixture recrystalized, the
resistance would be less than one hundred
ohms.
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In the diagram below, the arsenic atom
contains five electrons. This means there
is one extra electron (the fifth) which will
not combine covalently.
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The diagram shows what would happen if
a current were passed through it. The
electron from the power source pushes off
the extra electron from the arsenic and fakes
its place. This in turn pushes off an electron
from germanium fo germanium, and
continues until an electron is pushed from
the last germanium atom in the bar and the
flow of electrons is completed.

Semi-conductors, which contain this
extra electron in some of its atoms, are
called N-type material;, they are slightly
negative. The electrons, because they exist
for the most part in excess, are called
majority carriers; the holes which exist from
the loss of an electron are called minority
carriers.

P— TYPE MATERIAL

HOLE (ELEC‘I'RDNI DEFICIENCY)

If instead of arsenic or actinium being
added to the semiconductor materal,
gallium or indium (+3) is added, there will
be a need for electrons in some of the atoms.
The same process will occur as in the N
material conductor, only in this way the
current will flow in the opposite way. In this
case the holes are the majority carriers and
the electrons, the minority carriers. This
material is called P-type material. The
impurities which are added to the semi-
conductor are called ““dope’ and the process
is called “doping.”

There are two main types of transistors.
These are P-N-P and N-P-N. These are named
by the material out of which they are made
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and the order in which they are connected.
The connection point is called a junction.

There are three ways of forming a
junction. These are the diffused-alloy
process, the rate growth process, and the
gaseous diffusion method. In the diffused-
alloy process, tiny dots of indium are
pressed into each side of a slice of
germanium. This is placed in a temperature
controlled furnace where the indium melts
and gradually diffuses below the surface of
the N-type germanium. A P-type alloy is
thus formed in the surface of the indium. An
extremely small unaffected N-type
germanium separates the alloys. This process
is used to produce P-N-P transistors.

P-TYPE ALLOY
TN TN e | B e
E‘IEE\FI;{LF?EYED | =+—t——MN-TYPE Ga
e

P-TYPE ALLOY
(INDIUM )

“In the rate growth process, molten
germanium is doped with impurities so
proportioned that, although the original
molten mass is in P-type germanium, it
changes to N-type germanium when the
temperature of the mass is carefully con-
trolled. This change is dependent upon the
rate at which the forming ingot is withdrawn
from the moulten bath as the crystals slowly
grow on the ingot.” In this way a wafer
crystal is grown with two N materials on
either side of a very thin P-type material
This forms a N-P-N junction.

N

N-P-N WAFFER
. N

The gaseous diffusion method of junction
is mainly used in the manufacturing of large
power transistors. In this process the base
material, N-type germanium or silicon, is
heated with a P-type impurity to a very high
temperature at which point the impurity
forms sufficient vapor to begin to diffuse
slowly into the surface of the base material,
forming a P-N-junction on each side. The
N-type base material is slowly converted into
P-type material as the process continues.
These large junctions are necessary in power
transistors where heat must be dissipated
quickly to prevent the transistor from over-
heating and eventually burning up.

P-N-P
POWER TRANSISTOR
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If a P-N junction is made, the P material
is positive or the anode, and the N material
is the negative or cathode. In this way a
diode can be formed out of solid state
material rather than a vacuum tube.

5
I_Trl

SOLID STATE RECTIFIER

+ (ANODE]

TUBE RECTIFIER

— (CATHODE)

If a battery is connected across a diode,
the current (which flows from - to +) will
only flow in one direction. In Fig. 1A the
negative of the battery is connected to the
cathode and the positive to the anode or
plate (see appendix). Electrons are given off
from the filament and collected by the plate.
However, when the battery is reversed, (Fig.
1B), the + to the cathode and the - to the
anode, no current flows for the cathode does
not have a surplus of electrons which it can
“boil off.”

Flow NO FLOW
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This same theory applies to the semi-
conductor diode. When the batteries’ - pole
is connected to the N part of the diode and
the + pole to the P side, current flows. When
the battery is reversed, no current flows
because of the lack of electrons carriers in
the P region. When the battery is connected
forward again, both holes and electrons cross
the junction, join with each other and cancel
charges. This allows the electrons to enter
the N side and leave the P side.

A single semiconductor diode may be
used as a rectifier. (change alternating
current to direct current).

H.V. 4
+ ® +
i S
FV. 3

In the first circuit, a vacuum tube is used.
Because of this, a filament voltage supply is
needed which uses a great amount of current
and also generates a great amount of heat. In
the semiconductor circuit, no filament
power is needed, thus no large power supply
and no heat is generated. Also, semiconduc-
tor diodes are about 99% efficient. In a single
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diode circuit, the negative peaks (of the sine
wave) are cut off during one half of the
cycle because the diode is only conducting
for half of the time. This stoppage of current
flow may be prevented by using four diodes
in a square circuit called a bridge circuit. In
this circuit, current flows continuously
therefore eliminating the nulls.

® e — ) D=
ac 31’ / AC }l '\
S ® Oy | ®
l — Pt ncT l a.c.T
= e =

This current is much easier to filter (smooth
out peaks) and gives a much stabiler dc
voltage.

A semiconductor diode may also be used
as a detector in a crystal diode radio. In the
diagram, the high frequency ac wave from
the transmitting station is picked up by the
antenna and the exact frequency is tuned by
the L.C. (coil-capacitor) network. This
signal is rectified into dc current which
powers the headphones.

+
OUTPUT
(=]

»

INPUT‘%%‘J%M%

There are two main types of rectifiers in
use today. These are germanium and silicon.
These two are very similar in outside
structure, however, their electrical charac-
teristics vary greatly. A germanium rectifier
can handle up to about 250 ma of current at
85° C. Above these specifications the crystal
lattice burns out. For higher power and
temperature, a silicon rectifier is used. This
is similar in construction to the germanium
rectifier except that a crystal of silicon
alloyed with aluminum is used to form the
P-N junction.

This rectifier can handle over 750 ma at
room temperature.

Both types of rectifiers have what is
called the reverse current. This rating is
given for all rectifiers in their specification
sheets and tells the amount of current which
the rectifier allows to flow back during the +
half of the cycle. A typical reverse current
rating, as in a IN91 diode, is two 125 ua
which is relatively small when compared to
the forward current rating, which is about
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150 ma. A third type of diode, which is used
for low power applications, is the point
contact diode. Point contact diodes are
usually made out of glass and thus are much
more fragile. In this diode a small piece of
germanium is used as the N-type material
with a dot of P-type diffused into it.

GERMANIUM
CRYSTAL

T

| [ e e

"“CATWHISKER"

POINT CONTACT DIODE

One side of the germanium is placed against
one of the conductors, while the other side is

attached by a fine phosphor-bronze or
beryllium-copper wire nicknamed ‘‘cat
whisker.”

If two P-N junctions are placed back to
back having a common thin N junction, a
P-N-P junction is formed. This type of
junction (also reversed called a N-P-N
junction) is called a transistor.

There are two possible ways to bias
(supply voltage) a transistor: positive and
negative bias. These are shown in the
diagram below:

By B2

In the case of By, the cumrent flows from
the negative pole of the battery through the
current limiting resistor (if it were left out
almost infinite current would flow burning
out the transistor) from the end part to the
P- material and through the meter which
shows a small flow of current. This type
biasing is called forward bias. As shown in
the case of By, a great amount of current
flows as in the meter reading; this section is
reversed bias.

In an N-P-N ftransistor as in the diagram
Nj is labeled the emitter (for it emits the
electrons), P the base (because it formed the
base support of early transistors), and N3
named the collector, C, for it gathers the
electrons which flow from the P section.
These parts are equivalent to the cathode,
grid, and plate respectively a vacuum tube.
The batteries may be labeled emitter battery
or Ee for B; and collector battery or E; for
Bz. A P-N-P transistor is labeled in the same
way except that the transistor polarities are
reversed.
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As mentioned previously, the emitter
current is very slight with only Ee supplied.
This is because of the shortage of the
majority carries and the base. However, if
both E. and E. are connected, the emitter
supplies electrons which are forced through
the base and pulled through the collector to
the positive battery terminal. Only about 5%
of the total current flows out through the
base while 95% flows through the collector.

“Through this we conclude that the
emitter battery controls the potential
between emitter and base, that this potential
controls the current that flows from emitter
to collector but that the base itself takes
very little of this current.”

A P-N-P transistor acts in a similar way
except that the majority carriers are holes
rather than electors. Because of this the
battery polarity must be reversed or the
transistor will be destroyed.

The ratio between the elector current and
the emitter current is called
Alpha (a=AI, /Al,) because of resistor
differences between the emitter-base and the
base-collector parts of the transistor,
different voltages must be used in the two
parts; Example of a typical transistor would
be E-B of 2508 and B-C of 300,000 .
Ee would only have to be around 1.5 volts.
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E; would only have to be up to 45 volts io
get a good output power.

Resistance gain in a transistor is a ratio of
output resistance, R, to the input re-
sistance, R,, provided that alpha is 1.0 (alpha
is usually 95 to .99). If the two formuli are
combined with the formula for voltage gain
in an amplifier VG = AE]r |AE;, we get the
formula for the voltage gam as VG = aRy,[R;
Example of a voltage gain would be 100
R; and 100,000 Ry, with alpha equal to
.95. The voltage gain would be (.95) x
(100,000/100) or 950. Substituting in the
formula for power gain as in Ohms Law into
the previous equation we get: PG = Al 2xRy,/
Al 2xR;. Since Al,/Al, is a, we get simply
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PG = a?xRy, /R;. If the original set of values
are used, we would get: PG = (.95)2x100,000

/100 = 903. This number should show that, !

contrary to belief, relatively large power gains
are possible in transistors.
There are many factors which must not

be exceeded in the transistor. Some of these
are current, voltage, temperature and heat

dissipation. The current to all transistors
must be limited, thus a limiting resistor is

used in series with a power supply. If this-

current rating, which is always given in a
specification sheet, is exceeded, the
transistor will heat up and burn out. This
factor is generally the same for voltage. This
rating is also given in a specification sheet.

Most germanium rectifiers and transistors
break down or burn out when the tempera-
ture approaches 100°C so silicon is used for
many transistors in its place. In this way a
transistor can operate under much more
severe conditions. The transistor also creates
a small amount of heat under normal con-
ditions. If these conditions are exceeded, the
transistor may build up enough heat so that
it will burn out. However these conditions
may be exceeded by using heat sinks. These
are Ttibbed metal devices which help to
quickly dissipate the heat away from the
transistor so that more power can be
applied. The power may be increased 4 to 5
times its normal power.

There are many signal characteristics of a
transistor; some of these are alpha- cut off
frequency, input impedence (Z;), out put
impedence (Zgp), noise figure (NF) and
previously mentioned, power gain.

Alpha cut off frequency is the frequency
at which the current gain drops off at a value
of .707 times the original gain. This means
that if the original current was 1 ma, the
current at the cut off frequency would be
.707. The transistor does not stop func-
tioning at this frequency, but only loses a
large percentage of its efficiency.

The input impedence is the measurement
of resistance between the emitter and the
base. This impedence is relatively low
(around 250 ohms). OQutput impedence is
the resistance measured between the base
and the collector and is relatively high
{around 5 meg. ohms) Both the input and
output impedences must be matched to the
circuit component’s impedences. This is
done by the use of input and output
impedence transformers.

A certain amount of noise is generated in
the transistor. This is serious for the noise is
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amplified along with the signal. The noise is
measured in decebel (db), and in transistors,
and is about 10 db. This figure increases in-
versely with the frequency, that is, the
noise increases while the frequency
decreases. Power gain may be restated as
taking the log. of the power gain in db from
the ratio of power gain:

JsB e ne
log (6% ) =1
The most common use of transistors
today are in amplifiers and oscillators. There
are three basic types of transistor amplifiers,
but, because of its simplicity, only the
common base circuit will be fully explained.
In the common base amplifier, the base is
connected with both the emitter and
collector battery. As shown in the diagram, a
signal is completed through the input of the
emitter of the transistor. About 5% of this
amount returns through the base because of
the resistance previously mentioned. The
rest of the power would go out through the
collector circuit.

+I1

=
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OUTPUT -3

Ve Ve
COMMON BASE AMP.

Since much more voltage may be placed on
the collector of the transistor than on the
emitter, more voltage and thus more ampli-
tude is added to the input signal

COMMON EMITTER AMP.

[ E——
QUTPUT

o~

COMMON COLLECTOR

If the output of the amplifier is recoupled
to the input, it is called an oscillator. This
oscillator has a specific frequency which is
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determined by a LC network. Taking the
simple practical oscillator below:

RI
e
This circuit will oscillate at higher fre-
quencies, depending upon the transistor that
is used. The crystal (a quartz crystal in a
case) which is connected across the colléctor
and the emitter, keeps the oscillator
resonating at a specific frequency. The
crystal acts like a high Q (quality factor)
series as a resonant circuit. The coil is a
tuned tank circuit which also determines the
resonant frequency; however, not as exactly
as does the crystal.

When Edison first discovered the Edison
affect in the light bulb, people were amazed.
When the electron tube was invented,
people thought it was a ‘miracle that voices
could be transmitted and received through
the air. Some went further on this idea and
invented the transistor. Up to a few years
ago, the miniature transistor was thought to
be the ultimate in perfection of quality and
size. However, more research was done and
integrated circuits have been invented. These
are small blocks about the size of transistor
which may contain as many as 14 tran-
sistors, and their associated parts such as,
resistors, capacitor, etc. This miniaturization
was made possible by the discovery of film
resistors and capacitors visible only under a
microscope and which have transistors that
function even better than those circuits built
on a conventional circuit board.

Through the use of transistors, it is now
possible to shrink the size of electronic
equipment many times so that it is both
lighter and smaller in size. This is of great
importance for its use in space capsules
where space and weight are very valuable.
These electronic marvels also affect the
homeowner, for now small transistor and
integrated circuit radios are being made.
Also possible through the use of integrated
circuits and transistors are miniature tele-
vision sets and television cameras which may
easily be carried around with the power
running off a battery pack. In this way
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shown their immediate
scientist and the

transistors have
success to both the
common man alike.
... WAIFHY
APPENDIX

Basic Theory of Cumrent Flow in an
Electron Tube

A filament in a common light bulb is
made out of a type of metal which when an
electric current is passed through it, heats up
and glows. This happens because there are
more electrons put into the wire than it can
carry easily; thus, the wire heats up from the
energy that it can not carry. If a metal plate
were placed inside of the bulb, a cloud of
electrons would surround it because it would
have fewer electrons than the filament, thus
being relatively positive. This effect is called
the Edison effect, named after its discoverer,
Thomas Edison. The electron tube was
invented upon the principle that the cathode
“boils” off electrons and the plate gathers
them and returns them to the power source.
Since the cathode has a very great negative
charge and the plate has a positive charge,
the tube can conduct only in one direction,
negative to positive.

DIODE ELECTRON TUBE
EDISON EFFECT

METAL [©)
PLATE

PLATE

LACK OF
ELECTRONS

COMMON LIGHT BULB @
WITH METAL PLATE CATHODE FILAMENT
SURPLUS OF

TRIODE ELECTRON TUBE ELECTRONS

PLATE
@
GRID
e
CATHODE
(S

FILAMENT
DICDE WITH GRID=TRICDE

If a screen-like element is placed between
the cathode and the plate with a slightly
negative charge, it will be slightly positive
compared to the cathode and negative
compared to the plate (not as negative as the
cathode). In this way the grid, as it is called,
is used to control the flow of current. By
varying the grid current slightly, the plate
voltage and current vary greatly. Just as in
the transistor, the relatively small voltage
and current from the cathode (or the emitter
in the transistor) is “‘amplified” to a higher
power level.
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Alton E. Glazier, K6ZFV
3154 Jordon Road
Oakland, California 94602

Series Gate, Solid State

When I recently decided to go fully
transistorized, receiver-wise, on two meters,
I decided to use a transistorized converter
working into a transistorized broadcast re-
ceiver. The only problem that arose was that
of the noise clipper. Having had very good
results in the past with tube-type diodesina
series gate configuration, I decided to follow
the same circuitry.

As in all series gate clippers, it is neces-
sary to have sufficient voltage developed at
the second detector for proper operation;
however, with transistorized circuits and
solid state diodes, instead of the preferred
five volts, the voltage developed across the
second detector is in the microvolt range. In
order to raise the ac voltage, the second
detector diode was moved from the low
impedance tap to the outside connection of
the output if transformer. This in itself is
not sufficient for proper clipper action, so
the clipper diode was put in a state of
conduction. Voltage was derived from an
existing resistor network in the receiver, and
a 1 meg. resistor from the cathode side of the
clipper diode to ground, completed the dc
path. '

The clipper diode selected was one that
has a high back resistance (IN 645). As this
is a broadcast receiver, and will at times be
used as such, it is necessary to short out the
diode to prevent distortion of music. In so
doing, be sure to use individually shielded
wires so there is as liftle capacitance across

AT | PO R N

Series gate limiter.

the diode as possible. Keep these shielded
wires as short as possible.

Bench test, using a diode noise generator
to the converter and an oscilloscope across
the volume control. It was noted the
clipping action started at approximately
60%, with the circuit components shown.
This, of course, is on the positive half of the
cycle, as this is a half-wave clipper. No
clipping action takes place on the negative
side. However, as the signal cannot go below
zero, the extra components necessary for
full wave clipping are not worth using for
the results achieved.

Field tests of the clipper were conducted
as follows: With an automobile having no
suppression, and using a 5/8 wave whip

2ags +12 VDC <— —AA AN —AAA———
[~ outpur | 470 4700 27K
| TRANSFORMER, g
| | 820 3 12K
| : FIRST AUDIO
? SUF [

; i 7500

—— q

| l 0.01 '_-l-
UF VOLUME
100 UF

=

Fig. 1. Original 2nd detector and 1st audio.
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KW BALUN KIT  STILL ONLY 85!

. The - AMIDON Toro:d Balun Kit makes a modern, compact antenna
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' tenna. It reduces coax radiation and properly balances the energy for

application to the antenna's feedpoint. The balun also acts as an isola-
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| ADDED AUDIO (SEE NOTE 2)

If the added audio is not required the .01

may be connected directly to the volume control.

mounted on the roof, I drove to an isolated
spot and listened to various signals on the
air. Picking one that had a signal strength of
S4, 1 started the engine. The radiated »f
noise tore up the signal beyond the point of
intelligibility. Snapping the clipper on re-
stored the signal to readability. Now moving
to a highly congested area and parking near
an intersection and tuning across the two-
meter band, the same signals heard in the
isolated area were heard here. However, with
the clipper off, copy was impossible.

The clipper shown here is as good as any [
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have ever used, either homebrew or com-
mercial. As in any series gate clipper, some
audio is lost; however, for my own use, it
was still more than sufficient. For those who
play their radios loud, however, an extra
state of audio has been added. Be careful,
though. You may lose your speaker cone!
For those who will use this circuit, first
study the second detector circuit of your
broadcast receiver. There will be variations

among manufacturers; however, in most
cases the circuit will be adaptable.

. K6ZFV
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Improving NC'-300

Henry H. Cross, W10OP
111 Birds Hill Avenue
Needham, Massachusetts

SSB Reception

Now that NC-300’s are on the wused
market at attractive prices there are many
people interested in modifying them. The
NC-300 was designed in 1954, and is rather
inconvenient for SSB operation, but not
very much work is required to improve it
considerably. The agc system gets the most
effort, since stronger control and a more
appropriate attack/decay performance are
required.

The first thing you need is a good
schematic. I’ll suppose you have that, and
let’s go to Fig. 1. A five volt signal at the
second detector gives about six volts at pin
2, and this feeds the S meter and the agc
bus.

In the original circuit the charge time
constant was something like 25 milliseconds
and the discharge time constant only slightly
longer. These values seem good for AM,
especially on a fluttering VHF signal.

But for sideband, the cathode follower
becomes operative, thanks to a spare clip on
the mode switch, and drives a voltage-
doubling rectifier which provides about 12
volts of agc for the same drive at the second
detector. This is applied through a diode to a
point on the agc string where the discharge

+150 ¥ (FIN & ON
ACCESSORY
SOCKET)

6AL5 DETECTOR- 100CP
NOISE
LIMITER PINS

820K
PINT
ACCESSORY
SOCKET

RI9

M
(EXISTING)
GREEN
WIRE

IN4OO4 INSI14

Fig. 1. Schematic diagram for modifying
the NC-300 for improved SSB reception.
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resistance is over a megohm, in order that a
long time constant can be obtained more
easily.

The actual charge time depends on the
value of the 470 pF capacitor and the
cathode resistor, but the 1 mF capacitor can
be charged in less than 30 milliseconds
without loading that last tuned circuit any
more than it is already. The one-second
discharge time constant seems about right, in
listening tests.

The net effect is to hold down the level in
the if amplifier, but there still seems to be
adequate auydio in the “SSB” position of the
mode switch.

The cathode follower socket can be
mounted in one of the ventilation holes next
to the 6 ALS, or the whole thing can be hung
in midair, so to speak, in the considerable
space beneath the chassis and under the acces-
sory socket. The tube typeis not critical, but
do try to use the resistor values specified.

The mode switch has an unused, acces-
sible clip next tu that grounding out the agc
bus in the CW position. This serves to turn
on the cathode follower in the sideband
position only. The wire runs along the cable
which threads through the dial mechanism
over to the  vicinity of the audio gain
control, then back to the second detector
region.

A two-lug strip is attached to a bolt
handy on the coil compartment, and carries
the hundred ohm resistor and the bypass.
Keep that grid lead short. The whole thing
looks sort of temporary the way I did it, but
seems to work okay.

Other Suggestions

The selectable-sideband feature used in
some Hallicrafter receivers is easily added.
See the second half of W6HOG’s article in
the April 1966 issue of 73, page 95. Ignore
the first part of this, and item 2 is in error.

A 2135 kHz oscillator will have a har-
monic in the 15 meter band. It is desirable
to crystal-control the second oscillator on
2295 kHz because the second oscillator is
responsible for most of the receiver’s drift,
especially drift due to varying humidity.

... W100P
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AFSK

Here is a versatile crystal-controlled
AFSK generator using digital ICs. In addi-
tion to providing an accurate source of mark
and space tones (accurate to less than 1 hz
with tone amplitudes within 1 db of each
other) it also contains a microphone preamp.
The generator displays no keying transients,
and three methods of keying are provided.

Evolution

I had long contemplated using a stable
425 hz source and then selecting the 5th and
7th harmonics to produce the mark and
space tones of 2125 and 2975 hz in an
AFSK generator. However, no practical
means of executing this idea was apparent
until Motorola RTL digital ICs came on the
market at a reasonable price. Although the
IC can not be used to multiply, they can
divide. So, we design backwards:

2125 Hz

14.875 i g:rsu Low
3 Hz —d z
KHz By o oD PASS t—b
osc SORT FILTER
a
5950 Hz OR 2975 Mz OR
2975 KHz 4250 Hz 2125 Hz
29.75 = Low
KHz = c:‘; ——eva [—» 400 L —» Pass >
0sc FILTER
5950 Hz  2975Hz
oR
ATEKHz  2975KHz  4250Hz  2125Hz
476 —BY AUDIO Lo
KHz - BY 16 —» -2 I pass |»
it SORT 1 AMP e

c
Fig. 1. Three stage evolution block diagrams.
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S. M. “Mike™ Allen, W1ESH/3
109 Bonnie View Road
Glen Burnie, Maryland 21061

Generator

The unit is
housed in a cast-aluminum box which was
covered with wood-grained contact paper.

Overall angle shot of unit.

If two frequencies are each harmonics of
another frequency, it follows that they are
also sub-harmonics of still another fre-
quency. In this case 2975 and 2125 hz are
the 5th and 7th sub-harmonics of 14,875 hz.
Now, we have arrived at a single signal
source to provide both mark and space
signals.

Since this device was to be used on 2
meters FM, sufficient audio was required to
drive the primary of the wusual carbon
microphone transformer. An RCA CA3020
IC audio amplifier is adequate for this
purpose. And it doubles nicely as a
microphone preamp as well. However, there
was the problem of transforming the IC
divider’s square wave output into sine wave
tones. This was accomplished with a low
pass filter following the audio amplifier,
suppressing the square wave's higher
harmonics, and producing sine waves.

This was the original idea as shown in Fig.
la. But the new approach presented the
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Head-on front shot. The narrow front pan-
el made control location a bit of a problem.

problem of passing 2975 hz through the low
pass filter with less than 1 db attenuation,
and, at the same time, suppressing 4250 hz
(the second harmonic of 2125 hz) to at least
40 db down. However, this turned out not
to be a problem since, according to Fourier,
there are no even harmonics generated by a
symmetrical square wave — just odd ones.
So, if the input frequency of 14,875 hz is
doubled to 29.75 khz, we can then add a
divide-by-two stage after the divide-by-five
or -seven stage. Now, the lowest frequency
to be concerned about is the third harmonic
of 2125 hz, or 6375 hz. It is taken care of
by the simple 5th order Chebyshev filter.
(Fig. 1b)

Now, about that basic 29.75 khz signal
source — how do we obtain it? One solution
would be to use two cross-coupled NOR

e R e

gates in an astable multivibrator. But these
could be trouble-makers, since the oscilla-
tion frequency can be affected by supply
voltage and temperature variations. Another
possibility considered was a uni{junction
transistor relaxation oscillator. It is relatively
immune to voltage changes and can be
temperature compensated. Then an even
better approach became apparent. How
about a crystal oscillator?

Crystals at 29.75 chz are expensive. But a
surplus FT241 crystal that is the 16th
harmonic of 29.75 khz is easily and cheaply
obtained. The crystal used in this generator
turned out to be one marked “Channel 57,
25.7 Mcs”, cut for 475.9259235 khz. So, the
final configuration of Fig. 1c evolved.

The 476 khz oscillator precedes a divide-
by-sixteen stage. Then comes a divide-by-five
or -seven stage, followed by a divide-by-two
stage. The latter feeds the audio amplifier,
followed by a low pass filter. The result:
pure, stable, crystal-controlled mark and
space tones.

Circuit Details
1. 476 chz square wave generator

NOR gates Gla and G1d (Fig. 2) form an
astable multivibrator with a free running
frequency slightly below 476 khz. Potenti-
ometer R1 controls that frequency. When

=50R7 1

+3.6V
INPUT NOR GATE
2K 2K MCT24P
s 4 [
12 |6LD
10K
— 500 PF
CHANNEL| It
RI X PF
Rl 500 ‘
2 |GLAD 3
[
— 2 — MCTZeP
8
ad; shs 10
FFa8 | o
"
47K g 7
o p CO—9 S 6
" TONE '@ T
T0 528 of LEVEL" >
FIG 4 R4
5K

gt
1K
+3 EVe—ANN—C—
o
i

“MODE "
(INPUT)
st

+ 3.6Ve—AN—

[
s
o
RS °
27 OR ns
82
(TEXT)

MCT90OP
DUAL J-K
FLIP -FLOPS

Fig. 2. Digital mark space tone generator schematic.
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LET DOW-KEY HELP SOLVE YOUR ANTENNA
SWITCHING PROBLEMS . . .

SPDT
REMOTE 115Y ac

- 60-262842
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MANUAL SPET
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71-260401

SERIES 78 The serles 78 coaxial switches are manually operated with true coaxial switching members (not wafer
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ceive position. This “'G" connector increases the isolation to greater than -100db at frequencies up to 500 Mhz,
although it reduces the power rating through this connector to 20 watts, This is also available with other type con-
nectors such as BNC, N, TNC,, C or solder terminals.

SERIES 71 High power 6 position switches commonly used for switching antennas, transmitters or receivers
at frequencies up to 500 Mhz. The unit is weatherproof and can be mast mounted. The illustrated unit has the
unused input shorted to ground. It is also available with a wide range of connectors, different coil voltages and
non-shorting contacts or resistor ferminations. Each of the six inputs has its own actuating cojl for alternate or
simultaneous switching.

ORDERING INFORMATION:

Contact your local electronics distributor or Dow-Key

COMPANY sales representative, or write direct to the faclory,

DOW - KEY

2260 INDUSTRIAL LANE + BEROOMFIELD, COLORADO B0OO20

TELEPHONE AREA CODE 303/466-7303 (3

P. 0. BOX 348

crystal Y1 is hung across the two inputs to
the gates, it tries to synchronize the
frequency to its own resonant frequency.
Synchronization, of course, depends upon
the free-running frequency, therefore, as R1
is varied, so is the frequency, by a slight
amount. Of three crystals used, two allowed
the multivibrator to synchronize at 476 khz
with some adjustment range on both sides.
2. Divide-by-sixteen stage

A simple binary counter is assembled by
the J-K flip-flops, FFla, FF2a, FF3a and
FF4a. It divides the input frequency by 16.
Therefore, if the input is 476 chz, the
output will be 29.75 chz. Although the
more observant may note the counter
actually functions backwards, this con-
figuration was used for wiring convenience.
Either way, forward or backwards, it takes
16 cycles of input frequency to get one
cycle of output frequency.
3. Divide-by-five-or-seven stage

The heart of the AFSK generator is the
divide-by-five-or-seven stage. The basis for
this circuit was published originally by
Donald E. Lancaster in the January 1968
issue of The Electronic Engineer. Lancaster
demonstrates how to design counters to
divide by any number. (Reprints of this
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article are available free from the magazine
at P. O. Box 11081, Philadelphia, Pennsyl-
vania, 19141.) Before detailing how this
circuit is used, we should first review the
Motorola RTL logic circuits. First the simple
NOR gate: if any input is high, the output is
low. If we use positive logic, (i. e. high
voltage is 1, low voltage is @), a truth table
for a 2 input NOR gate would look like this:

Inputs Ouiput
A B
00 1
10 0
01 0
11 0

The J-K flip-flop is more complex.
Basically, it has three inputs and two
outputs. Set, Clear and Trigger are the terms
for inputs; outputs are @ and 1. In the @
state, the flip-flops @ output is high and the
1 output low; in the 1 state, the ¢ output is
low and the 1 output high. To place the
flip-flop in either of these states, varjous
combinations of the inputs are used.

If both the Set and Clear inputs are at a
logic 1 level, and a 1 level pulse is applied to
the Trigger input, the flip-flop changes state,
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Fig. 3a. Mark condition waveforms.

or reverses itself. If the Set input is at a logic
1 level,and the Clear input at a logic D level,
and a logic 1 pulse is applied to the Trigger
input, the flip-flop goes into the 1 state. If
the Set input is at a logic @ level and the
Clear input at a logic 1 level, a logic 1 level
pulse applied to the Trigger input will induce
the flip-flop into the @state.

Referring to Fig. 2, note that the
Motorola RTL J-K flip-flops operate slightly
differently. The S, T and C inputs as well as
the @ and 1 outputs have little circles after
them, denoting inverters. They invert the
logic into and out of the flip-flop, thus
converting a @ to a 1 and a 1 to a . So, the
truth table for the Motorola J-K flip-flop
would look like this:

Inputs* Outputs**
S C 1 0] State
(0] Changes State
10 1 99
f1 (1] 1 1
11 No State Change

*Before Negative Pulse to T.

**After Negative Pulse to T.

So, if the flip-flop is in the 1 state, the
output from the 1 output (after it goes
through the inverter) is low, or a @ logic
level.

The Motorola RTL J-K flip-flop has an
extra input it calls “Direct Clear.”” This may
be confusing since, if a positive pulse is
applied to it, the flip-flop goes to the 1 state,
regardless of the inputs to the other three
input terminals. The Fairchild RTL series
also uses this extra input, but terms it
“Preset,” which more accurately describes
its function.
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The divide-by-five-or-seven stage is
formed by flip-flops FF1b, FF2b, FF3b and
NOR gate Glc. Referring to the waveform
diagram, Fig. 3a, observe how the divide-
by-seven state operates. Basically, these
flip-flops form a divide-by-eight counter.
However, when the fourth input cycle is
received, FF1b and FF2b go into the 0 state,
with FF3b going to 1 state. The positive
going output from pin 8 of FF3b goes into
the RC network R3C2, which is a differ-
entiator. It takes in a square wave and
produces a spike out, maintaining polarity.
The positive spike out of the network feeds
the Preset input of FF1b, placing it in the 1
state. Thus we have deceived the counter
into believing it has received an extra pulse.
From this point on, the counter again counts
normally. This is the counting sequency:

000

001

010

011

101

110

111
Note we have skipped the 100 state and it
takes only seven input cycles to get one
output cycle.

Pin 9 of FF3b also has a differentiator
following it, R2C1. When FF3b goes into
the 1 state, it produces a negative spike out.
This is fed to NOR gate Glc. However, since
the other input to Glc is high during the
divide-by-seven sequence, the output is
always low. During the divide-by-five
sequence, pin 9 of Glc is at a low level. Pin
10 as returned 'to +3.6 volts through R2, thus
the output is still low.

FFlb +

TV L o e s L S

FFIb +
pnvs o L L [E=lRa] =

FF2b +
PR | I

FF3b + |—|
FINB O )

FFib +
PINID © L I l I

Glc -+ J
PINIO O

FF2b +
PINIO © I |

D e e [ T e
PINE O

Fig. 3b. Space condition waveforms.
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Examining waveform drawing Fig. 3b, we
note that when FF3b goes into the 1 state,
the negative pulse from R2C1 is fed into
Glc. Since pin 9 of Glc is already low, when
pin 10 goes low, a positive voltage appears at
the output. Therefore in this divide-by-five
state, Glc inverts the input to pin 10. The
output from Gle is fed to the Preset input of
FF2b. Now both FF1b and FF2b are placed
in the 1 state, and the counter believes it has
received 3 extra pulses. The counting se-
quence appears like this:

000

001

010

011

111
This time we have skipped the 100, 101 and
110 states and it requires only five cycles at
the input to get one cycle at the output. It is
the level at pin 9 of Glc which determines
whether the counter divides by five or seven.
Glb simply inverts the input level for
reversed keying.
4. Divide-by-two stage

FF4b forms a simple divide-by-two stage.
It takes the non-symmetrical square wave
output from the divide-by-five-or-seven stage
at 4250 hz, or 5950 hz, and produces a
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symmetrical square wave output of either
2125 hz or 2975 hz. This is then fed to the
audio amplifier.

5. Audio Amplifier

IC1, an RCA CA3020 integrated circuit
audio amplifier (see Fig. 4), accepts the
square wave from the divide-by-two stage
and amplifies it when the “Function” switch
S2 isin the ““AFSK” position. “Tone Level”
potentiometer R4 varies the level ofthe square
wave into the amplifier. When switch S2 is in
either the “PTT” or the ‘“‘voice™ position,
IC1 functions as a microphone preamplifier.
The microphone is fed to pin 10 of IC1
which is the base of an emitter-follower.
This follower’s emitter is pin 1 of ICI and
connects to R6, the “Mic Level” potenti-
ometer. The audio is then fed back into ICI
for further amplification.

The output impedance of IC1 is about
130 ohms. Matching was achieved by usihg
two transformers, T1 and T2, with their
voice-coil windings connected back-to-back.
T1 is an Argonne AR-176 with a 125 ohm
centertapped primary. T2 is an Argonne
AR-164 with a 500 ohm primary. Both are
available from LaFayette.

6. Output Network
There are three separate stages in the
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cutput network. R8 and R9 form a 500 to
430 ohm minimum loss pad. C3, L1, C4, L2
and C5 form a five-section Chebyshev
lowpass filter. R10, R11 and R12 form a
430 to 600 ohm 16 db pad. The require-
ments for the lowpass filter led to this
unigue arrangement.

Since stanidard available inductors were to
be used, the choice was confined to 11, 22,
44 or 88 mh. The filter had to be 40 db
down at 6375 hz. A large pad appeared to be
necessary to isolate the lowpass filter from
the load since the primary impedances of
various carbon microphone transformers
might differ considerably. Since it was
desirable to lump most of the loss on the
output side of the filter, it should have an
impedance near 500 chms to minimize the
loss in the input matching pad. Using 22 mh
in the design equations for the lowpass filter
resulted in an impedance closest to 500
ohms. It varies directly with the 40 db down
frequency. Since the minimum 40 db
frequency is 6375 hz, that figure and 22 mh
in the equations came out to 433.5 ohms.

R8 and R9 match the 500 ohm output of
the audio amplifier to the 433.5 ohm input
of the lowpass filter. Insertion loss is about
3.28 db for this minimum loss pad. The
lowpass filter is a five-section Chebyshev
which means its skirt is fairly sharp, but it
does have some ripple in the pass band. It is
about 1 db and its 3 db point is above 3500
hz. At 6375 hz, it is 40 db down, and much
more so, of course, at 8925 hz, the third
harmonic of 2975 hz.

In computing loss through the lowpass
isolation pad, it was determined that 4 to 5
milliwatts should be sufficient to drive most
carbon microphone inputs. This figures out
to about 20 db loss between the audio

FROM FIG 2
R4

Head-on rear shot. Only an engineer could
label the terminals backwards.

amplifier and output. The input of the
lowpass filter already shows a 3.28 db loss
through the minimum loss pad. Therefore,
about 16 db would be needed for the output
pad. R10, R11 and R12 form this pad which
also matches the output impedance of the
lowpass filter to 600 ohms. Using standard
value resistors, the loss actually comes out to
15.53 db. This produces a total loss of 18.81
db in the pads and between 9 and 1 db in
the lowpass filter. Shorting the output, the
filter sees 407.8 ohms; with an open circuit,
it sees 454.4 ohms. The maximum variation
between open and short is less than 6%, an
excellent isolation.

Meter M1 is an illuminated miniature
“VU” LaFayette meter, part number 99 h
5024. This is a “B”* scale VU where @ VU is
1.228 wvolts RMS, when used with the
precision resistor supplied with it. This
corresponds to +4 dbm across a 600 ohm
line, or about 2.5 mw. The external multi-
plier resistor can be changed to display a @
VU reading for other levels if desired.

7. Power Supply

The power supply (Fig. 5) is fused on the

input side. T3 is a 6.3 volt, 1 amp filament

Lz
TOROIDS

-0
i BT (3P3T)
$28B

b

"FUNCTION"

Fig. 4. Audio amplifier and output network schematic.
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6 CHANNELS...

0.5uV or BETTER
SENSITIVITY ...

RES IPSA LOQUITUR!

(The facts speak for themselves)
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transformer. It is also fused on the
secondary since a short probably would not
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Fig. 5. Power supply schematic.
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take out the primary fuse. A “slo-blo” is
required because of the large peak currents
drawn due to the large value of C6.

I1 is part of the VU meter, M1. CR1isa
full-wave bridge rectifier in a single neat
package. C6 is a 10,000 mfd. (Correct: .01
farads!) 25 volt capacitor, available from
Barry. Depending on load, the output is
between 8 and 9 volts. Most of the voltage
drop under load appears to occur in the
transformer winding. Therefore, a huskier
transformer should provide better regula-
tion. Output powers the audio amplifier and
the +3.6 regulator.

The regulator is required to supply +3.6
volts to the digital ICs. The voltage holds
steady under varying loads and eliminates
any residue ripples that might leak through
C6. Diode CR2 is a 3.6 volt zener. This
regulated voltage is fed to pin 1 of IC2, and
RCA CA3028A. IC2 is a high gain differ-
ential amplifier. Its function is to compare
the reference input on pin 1 to the regulator
output on pin 5. The output is then fed to
the base of Q2, connected to QI in a
Darlington circuit. So, if the output is higher
than the reference, the output on pin 6 of
IC2 is lowered. This in turn reduces the base
current to Q2 which lowers the base current
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to Q1. This drops the output voltage on the
emitter of Q1. The reverse process occurs if
the output is lower than the reference.

Although fair regulation might have been
obtained with zener diodes, there was doubt
about their performance at low voltages.
This regulator maintains output voltage
changes to less than .1 volt and there are no
ripple or transient problems. Even this small
voltage variation might be avoided by using a
larger primary power transformer.
Construction

Although the prototype was developed
on a Vector 3477 DIPlugboard, constructors
are advised to use standard unclad perf-
board both for edse of construction as well
as to minimize coupling between the
close-spaced etched leads on the DIPlug-
board. This type of board also is susceptible
to ground loops. It is advisable, even using
standard perf-board, to use a common
ground point for the bottom ends of R4, R6
and R7 and the ground ends of the bypass
capacitors on pins 2 and 3 of IC1.

Particular care must be observed in
shielding, since harmonic-rich 7f square-

MOUNTING
HOLE  TT0)

GND COPPER
+3.6V COREER L

e ]

Fig. 6. Component basing diagrams.
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waves are being penerated. Use of an rf tight
metal box is essential.

Fig. 6 should simplify identification in IC
and transistor lead basing. Looking at the
MC700P ICs from the bottom with the
notch on the left, Pin 1 is on the left end of
the top row of pins. The remainder of the
pins are numbered consecutively clockwise,
Pin 14 being on the left end of the bottom
row. Viewing the CA3000 ICs from the
bottom, note the little tab on the case. It is
adjacent to the highest numbered pin, Pin 12
of the CA3020 and Pin 8 of the CA3028A.
These pins are also numbered clockwise. The
2N4921, Q1, may be confusing. The case is
rectangular plastic with three leads on the
bottom and a copper plate on one side.
There is a hole through it. Viewing from the
bottom, with the copper plate up, the base
lead is to the left, the collector in the
middle, the emitter on the right. The leads
for Q2, MPS6554 are marked on the case.
Note that a heat sink must be used on ICI.

Alignment

Alignment is simple. Without connecting
to the rig, jumper pin G to Pin H on TB1.
This places a 600 ohm load on the unit.
Place the S2 “Function’ switch to “AFSK.”
Pots R4 and R6 should be at minimum.
“Mode” switch, S1, should be in either the
“M” (mark) or ““S” (space) position. When
turning on the power, I1 should light. At
this point, check for proper supply voltages.
Using the original multiplier resistor that
came with M1 as R13, adjust R4 until M1
reads @ VU. This interprets to about 1%
volts across the output.

A frequency counter, if available, should
be used for alignment. Check the output of
FFla at Pin 14. Adjust R1 until the output
is exactly 238 khz — it’s just as simple as
that. If no counter is available, accurate
mark or space tones, either off the air from
an obliging ham or from a tape standard can
be used. Place S1 to the tone you are
aligning against, M or S, and connect the
generator output to a scope. Use the output
at Pin I or TB1, since this is high impedance
and compatible with most scopes. Put the
standard tone on the other scope input axis
and adjust R1 for a 1:1 pattern on the
screen. When one tone is adjusted, the other
is automatically on frequency. A third
method of alignment is to use a 1430 khz
broadcast frequency. (WNJR in New Jersey
for the East Coast.) If an antenna is attached
to the bc receiver and placed close to the
476 khz square-wave generator, you should
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Fig. 7. Keying connection diagrams.

hear a beat note. This is the third harmonic
of the generator and the 1430 khz signal.
With the unit placed in the mark condition,
connect the output to one axis of a scope.
The audio of the bc receiver goes to the
other axis. Adjust as described earlier for a
1:1 pattern between the beat note and the
mark tone. This method may satisfy the
purist since there will be a small amount of
error. Actually the square-wave generator is
producing 475.95840 khz and the Mark and
Space tones are 2124.8143 hz and
2974.7400 hz, respectively. The maximum
error is 0.26 hz!
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Tuning of the low pass filter is a simple
matter. No test equipment is required. The
only value to be adjusted is that of C4. Start
with a value of 0.22 uf. Then add capacity in
steps of 0.001 uf until the Mark and Space
tones are within 1 db of each other as
indicated on MI1. Now disconnect the
jumper from terminals G and H of TB1 and
you’re ready to hook it up to vour rig.

Operation

Three different methods of keying are
provided. If the local loop supply is
grounded and well-filtered, break it at the
ground point and connect to terminal D of
TBI1. The loop ground goes to terminal A.
Jumper terminals B to D. In this configura-
tion the local loop runs through R5. For a
60 ma loop, RS should be 27 ohms; with a
20 ma loop, RS is 82 ohms. In the MARK
condition with current flowing through the
loop, about +1.6 volts appear on pin 9 of
Glc with S1 in the N (normal) position. This
serves to inhibit Glb and causes the unit to
generate a mark tone. When the loop is
open, or in the SPACE condition, @ volts
appear on pin 9 of Glc, enabling Gle, and the
unit generates the SPACE tone.

Polar relay keying is also provided by
connecting the common to terminal B, the
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mark contact to terminal C and the SPACE
contact to terminal A. In this arrangement,
Glc receives +3.6 volts through a 1 K resistor
in the mark condition and a ground during
SPACE.

Direct keyboard keying can be used by
connecting terminal B to terminal C, and
connecting the keyboard between terminals
A and B. Although keying will be inverted, it
can be corrected by placing S1 in the R
(reverse) position. The keyboard could be
connected between terminals B and C for
normal keying, but this would result in the
input line on terminal B left open during
SPACE, but this could produce hum. The
alternate connections are shown in Fig. 7.

It is assumed that S1 is in the N (normal)
position in the preceding instructions. In the
R (reverse) position, pin 9 of Glc is no
longer fed from terminal B of TB1. It is now
connected to the output of Glb, which takes
the input from terminal B and inverts it.
Therefore, the keying is inverted. In the M
(mark) position, Sl connects the input of Gle
to +3.6 volts through a 1 K resistor; in the S
(space) position it grounds the input to Glc.

To apply the generator’s audio output to
the transmitter, any voltages connected to
the primary of the carbon microphone
transformer should be removed. Terminal G
of TB1 should then be connected to the high
side of the transformer and the low side to
terminal F. Connect the PTT line to terminal
E. With the transmitter in the stand-by
condition, and the generator operating,
placing S2 in the AFSK position should
activate the transmitter. Advance the “tone
level” pot to achieve approximate 100%
modulation. Then select a value of R13 that

Interior bottom view. The diplugboard was

wired by a dextrous midget. The bridge
rectifier was mounted directly on the filter
a_::apicator to avoid ground loop probiems.
Note heat sink on IC1.
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Fig. 8. Alternate output pad diagrams.

displays @ on the VU meter. Then place S2
in the “voice” position and advance the
“mic level” pot to produce about -3 VU
while speaking normally into the micro-
phone.

In the event the audio levels are low for
your particular transmitter, it might be due
to a mismatch between the 600 ohm output
of the generator and the microphone
transformer. This could be remedied by
connecting a 600 ohm center-tapped
transformer to the generator’s output, and
then hooking the microphone transformer
between the low side and the center tap. We
then have an autotransformer with a
600:150 ohm ratio. Or the carbon micro-
phone transformer could be replaced with
another unit with a 600 ohm primary.

If more output is desired and it is evident
you have a 600 ohm load for the generator,
the 16 db matching pad could be replaced
with a 430:600 ohm minimum loss pad as
shown in Fig. 8. This pad has about a 5.2 db
loss, and the low pass filter sees slightly
more than 0.5% error in termination when
the output of the pad is terminated in 600
ohms. This should produce an added 10 db
of gain, provided the unit is terminated at
600 ohms. Or the 16 db pad could be
replaced with an alternative 10 db pad
shown in Fig. 8. The gain in this instance is
about 6 db in the output, but care in the
termination value must be observed. Going
from short to open circuit makes the low
pass filter see a variation of about 20% from
its design impedance. This is much greater
than the 6% variation with the 16 db pad.

Still another method of obtaining more
gain is to short out R7. This raises the
current drawn by the amplifier and may
increase distortion. Or Pin 11 or IC1 could
be connected to the +9 volt line through a
1.5K resistor. However, these alternatives
may lead to amplifier instability, since the 3
db point of this little IC is about 8 mhz with
a resistive load. It is usable up into the vhf
range with tuned loads.

Various modes of keying were tried in
on-the-air testing of this unit. While all
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appeared to perform normally and, as
anticipated, scope patterns and analyses at
the receiving ends indicated that the polar
relay method produced the most accurate
keying characteristics. If a relay is used, be
sure that it is a well adjusted polar relay.
This unit will follow keying up to near a 4
khz rate. Any contact bounce will be
faithfully reproduced by the unit. In all
modes, there was favorable comment on the
purity of the tones as well as their accuracy.
Even the most exotic commercial counter
was only able to detect a 1 hz variation on
either Mark or Space.

Although there is an evident mismatch
between the audio unit and the carbon mic
input transformer of the transmitter, there
was no evidence of insufficient drive to the
rig’s audio amplifier. No appreciable
improvement was obtained using various
external transformers, although any arrange-
ment which can provide less than a 2 or 3 to
1 mismatch is desirable. Although the
microphone is not used on the RTTY
frequency, the same rig is switched to other
2 meter frequencies, so the unit can be left
connected to the transmitter at all times,
and the microphone is available for use
whenever desired.

SEPTEMBER 1969

Since this unit was constructed, RCA has
come out with the CA3020A and the
CA3028B, newer editions of the linear ICs
used in this unit. No circuit modification is
required to use these later versions, and
almost 3 db more gain is available in the
CA3020A than in the CA3020.

Conclusion

As one operator observed after listening
to this device on the air and learning of its
design and construction: “That’s a helluva
complicated way to get a couple of simple
tones.” And so it is. However, for the
experimenter who wishes to increase his
familiarity with ICs and develop new
techniques in obtaining standard results,
working with these devices should be both
challenging and rewarding. It is also a source
of pride to this operator to assure others on
the RTTY net that our tones are unchanging
“on the nose’’ standards.

I would like to thank my father, KQREC,
who put his not inconsiderable editorial
talents to work, translating enginerese into-
English. He also performed the on-the-air
tests, since I am not presently on the air, due
to the fact that my father has my model 15
and won’t relinquish it.

...WI1ESH/3
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W. G. Eslick, K@V QY
2607 E. 13th.
Wichita, Kansas 67214

Transistor Transmitter Aspirin

or how to keep things from going pffft!

I am sure many have experienced the
tragic “blowing” of a transistor (sometimes
costly) and weren’t sure what caused the
darn thing to blow.

Some quotes from RCA’s application
sheet SMA-40 plus my own experiences may
help many of you to save a few transistors.

How many of you have built a trans-
mitter and, with dummy load connected,
power on and even a current meter or two
in the supply circuits, pull out the crystal
and the darn thing still puts out #f? Or,
sometimes when a stage ‘is just on the verge,’
it needs a little “tickling” or slight amount
of drive to put stage into oscillation (usually
the final, but not always). This latter type
of trouble will disappear when the crystal is
removed. This can cause thermal runaway
and many times open or short the junction
without you being aware by noting current
meters.

As the RCA manual states: A transistor
having a power gain of 5 at 174 mhz may
have a power gain of 30 at 10 mhz. That
doesn’t seem like much, but wait, that’s
around & db stray inductance (even portions
of the printed circuit board) plus stay ca-
pacitance, #f chokes and by-pass capacitors
may make the 50 mhz (or any band) take
off wildly at a lower frequency, and someé-
times could be at a higher frequency if cir-
cuit components are just right.

Use of low Q ferrite chokes or even a
wire wound resistor (that’s right) in the base
and collector load circuits with emitter (if
not grounded) and supply leads by-passed
with two capacitors, one for low frequency
and one for frequency being used, plus very
short leads and a design that will permit one
ground per stage will help. Roughly, a
001 mF capacitor will have three ohms re-
actance at 50 MHz and 16 ohms at 10 Mhz,
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and 31 ohms at 5 MHz. With even one watt
of power, a few tenths of a volt could de-
velop across this reactance and, by a sneaky
way kriown only to itself, could get into
other circuits and make them go wild. Be-
lieve it or not, but with a homebrew peak rf
voltmeter on my two transistor 125 mw rig,
from the emitter connection on the socket
back to the main ground run, about 3/8”, I
measured .15 volts. I laid a piece of #14
wire along this 3/8” stretch and soldered it,
using as much solder as wire to make the
lead very low resistance. So in printed cir-
cuits, lay wire or better, small strips of cop-
per or brass and solder all along the way. It
will lower the resistance path. After you
get over a 100 or so milliwatts, I would
strongly urge you to forget printed board
and go to metal chassis.

On my printed boards, if at all possible,
I try to leave a strip clear around % wide
of the copper plus strips from one side to
the other where I plan to solder a shield, and
if you don’t use wire or strip brass, coat all
printed board with solder to lower the R and
Z.

Even using low Q chokes of bigger wire
and adding a 33 to 47 ohm resistor as shown
in Fig. 1 will help to cure some of the ills.
Don’t forget the by-pass C.

VERY SHOR
LEADS

[e2

Fig. 1. Circuits can be tamed by proper
VHF grounding.
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I have had the experience in tuning up the
driver and the final, of seeing the dummy
load brighten up as expected and then sud-
denly drop down. I was at a loss to explain
this till RCA cleared it up for me. It would
also clear up the downward modulation
when it shouldn’t have been downward. The
base/collector junction (especially of over-
lays) capacitance changes with applied volt-
age (or drive on the base). You have a varac-
tor or varicap diode here that can detune
your circuits! I bet this answers why to
some of you! Using common emitter cir-
cuits and just enough drive to fulfill the job
(like in the 2% w transmitter, I state I can
tune up to three watts but 2% is stable and it
rides there) and possibly a little higher L to
C than before, in the tuned circuits.

I would strongly urge all you who are in-
terested in solid state tramsmitters to buy
RCA’s “RCA Silicon Power Circuits” and
write and request from RCA their Applica-
tion sheets #SMA 36 (Design of Large Sig-
nal VHF Transistor Power Amplification)
and #SMA40 (Frequency Multiplication Us-
ing Overlay Transistors). In fact, most of
the others that make transistors will send
vou application sheets dealing with the sub-
ject you are interested in. They also have
some good notes (and lots of math) on
matching networks; matching from one stage
to another and matching from final to an-
tenna. Easy? Well, try matching a transistor
collector of a few ohms impedance to several
hundred ohms impedance to a circuit that
will have some Q and will tune (without be-
ing shorted out or swamped by the transis-
tor) and match this to a 50 ochm antenna.

A regulated power supply is a must (or
batteries). You can imagine several hundred
mills being pulled by the driver and final
and several hundred in the modulator (as-

VOLTMETER
IN34

= = 0 RF
TO A_‘_‘—‘—‘?—“'_’CIRCUITS
vom l

SHIELDED CABLE 500 BF

CR

id TO RF
Lt CIRCUITS

500PF

S0UAMP

Fig. 2. Meter for finding ground loops.
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suming high power here, but it’s the same
with a 100 mw rig and a flea power supply)
at voice peaks and how the voltage would
swing madly everytime the thing was mod-
ulated. This will cause downward modula-
tion, FM’ing, oscillator pulling, plus many
other weird troubles.

Fusing the power supply or the supply
leads to various stages can help. Mostly
when a transistor goes bad, except in ther-
mal runaway which may start slowly and
end fast, fuses can’t blow fast enough to of-
fer too much protection, but now and then
they may help!

If you have the habit of connecting the
rig up backwards especially after playing
around with both PNP’s and NPN’s transis-
tors, connect a diode (50 mill to 1 or more
amps depending on circuit) in series with
supply leads in the right polarity that will
give you the polarity wanted and by-pass it
well. Now reverse the supply and you can
do no damage, if done right.

In Fig. 2 is a meter that is very helpful.
You can tell if the following stage is getting
drive and if there are ground loops causing
rf voltage drops. You can use your multi-
meter here with a probe. In this case you
will be reading RMS values, but my meter
has a scale of 0-1 so I use it as a relative
meter just to tell me if I've got it, or if I
haven’t. If I can get a good indication on
the lower scale from one point to another
on chassis ground, I try to correct or lower it
fast.

As stated in another article, I couldn’t
put the transmitter and modulator in the
same case in spite of shielding. Always try
it out breadboard, as it sure is work to tear
it partly down and redesign and rebuild. I
prefer separate modulators, then I can use it
on other transmitters also.

Use heat sinks, preferably the finned
types, and bigger types in larger powered
rigs. Don’t be greedy for power. In my 125
mw. rig, I went to 16 volts and under mod-
ulation the oscillator transistor ‘“went west.”
If you design for 9, 12, 16, or 28 volts —
stay with it. If you want more power —
build for that power!

Last but not least, and very important,
use a dummy load or antenna on your rigs
as you test them. If not, where do you
think the power (you hope to go into the
antenna) is going? Mostly heat and ruined
transistors!

.K@vVQy
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(- .. de W2NSD/1 continued from page 2)

TAG members, with a SASE for the answer.
This is a wonderful opportunity to help some
newcomers over the first hurdles.

If you are a member of a radio club that
will welcome neophytes and help them on
the road to becoming a Novice, then please
send in the name of the club and the address
so we can pass it along through the magazine
and try and get you new members.

We are wide open for any suggestions for
articles or services that would be of value.
We need more amateurs and we need them
desperately . . . I am hoping that the new
magazine will help.

Articles We’d Like to See

International Crystal has a set of tran-
sistorized circuits on pc boards that have
sparked a lot of building. Their crystal
oscillator board sells for only $2.95 and is
available in 3-20 mhz or 20-60 mhz models.
I'll bet that you could put one of these
down on 455 khz easily by changing the coil
and use it for a bfo. The rf amplifier unit is
§3.50 and is available in 3-20 or 20-170 mhz
models. The mixer unit is available in the
same two ranges at the same price. For
$3.75 you can get a broadband amplifier
unit that can be used for audio or, with if
transformers, as an if amplifier. It will go
from 20 hz right up through 150 mhz. There
is also a power amplifier available at the
same price for the 3-30 mhz range, designed
to follow the crystal oscillator and give you
up to 200 mw output.

More people will have fun with these
units if you will send in articles showing
them in application. They should make a 2M
receiver rather simple to make. I’d like to see
fifty articles on different uses for these
interesting and inexpensive transistor units.

Another field that is interesting more and
more amateurs is the burglar alarm problem.
There are a number of commercial units
appearing on the market as the crime rate
skyrockets, but I'll bet that many of you
look at them about the same way I do. I'd
like to have a good alarm system, one that
would warn of fire, smoke, or intruders, but
I can’t see buying one of those extremely
expensive commercial units. It seems to me,
that as the resident electronics expert, I
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should be able to come up with something
more of a ham nature and with a ham price
tag on it to do the job.

Have any readers worked out some alarm
systems for their homes or cars which might
be of value to the rest of us? Have you
found any alarm components which are
available at ham type prices which we should
know about? Have any of you worked out
any simple sensors for heat or smoke?
Hundreds of mobile rigs are being swiped
every year and we all should have an alarm
system of some kind in our car. And, if your
wife is like mine, a home alarm would help
her sleep a lot easier.

Far too few FM articles are being sub-
mitted. This is one of the fastest growing
areas of amateur radio at present and I
would like to see a lot more -articles on it.
We need more information on setting up
remote repeaters and operating them. We
need articles telling us what areas of the
country are covered by repeaters. We need
articles on tests of some of the new FM
transceivers that are being made for ham use.
We need articles on antennas for FM. Any-
thing that is of good general interest to all
amateurs is worthy of being pub-
lished . . . let’s go.

New Typesetting System

IBM has just installed their new MT/ST
taped typesetting equipment for us and we
are having fun getting used to that kluge.
With this arrangement we set the type by
typing it up on a regular IBM Selectric type-
writer. As this is typed it is recorded on a
magnetic tape. Then we put the tape into
the print-out unit, set the width of the mar-
gins we want, and watch it go. Other than
stopping for us to change type faces or for
a line that has to be hyphenated, it just zips
along.

This contraption costs like the devil, but
with the plans for the new magazine this
winter, we'll be needing the extra speed.

If any readers have any MT/ST tapes
available reasonably, we sure could use an
extra supply of those. I hate to drive IBM
stock up any more than I have to.

Cars
Whenever I meet readers at conventions or
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at ham clubs I am invariably asked about my
Porsche. It has been some time since I have
written much about my cars. Believe it or
not, but I still have my old Porsche . . . the
one | bought in 1957. This is the old Speed-
ster model which they discontinued shortly
after I bought mine. [I’ve tried a couple of
newer models since then, but I haven’t found
anything that I like nearly as well as the old
Speedster. It is lower and more open than
anything newer, and handles like a dream.

Last fall Lin and I made a short trip to
Europe and picked up a Rover 2000 TC
sedan. I’d been thinking about this for a
couple of years . . . ever since Jean Shepherd
K20RS began talking it up on his radio pro-
gram over WOR in New York. The review
in Car and Driver Magazine finished me off
and we got one.

What brought this all to mind was a little
experience I had during my visit to Des
Moines and the ARRL National Convention.
I went out to dinner with a heck of a nice
ham and his wife . . . lowans. He said that
he didn’t enjoy driving. Well, I enjoy driving.
I love it. But this didn’t start until I dis-
covered that there is one tremendous dif-
ference between cars. The Porsche woke me
up to how much fun could be had with a
really responsive car. Now, every time I
take the Rover out, even to the store, I mar-
vel at how it handles . . . how comfortable
it is . . . how much fun to drive. It buzzes
along at 80 and 90 with the same comfort
that I find in the Sporty US cars at about 40.
It holds the road through the sharpest of
curves a lot like the Porsche. The leather
seats are more like my living room chairs
than a car.

Every time I go on a trip and have to
rent an American car from one of the rental
companies I get more and more depressed
w_th the American product. I haven’t found
one yet (and I think I have tried almost
everything now) that I would ever trade for
my Rover . .. and it cost only a little over
$3000.

Get mad at me if you will for telling you
about my Rover, but whenever I find some-
thing that gives me as much pleasure as that
car, I feel that I have a responsibility to tell
you about it.
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Microwave Oven

One of the big excitements of the 73
exhibit at the Boston ARRL Convention was
a great big bowl of free hot dogs. “Food For
Thought” was the heading. We set up one of
the new International Crystal Microwave
Ovens in our booth and turned out red hots
for the crowd. The oven is a ball to use. It
turns cold franks into juicy hot dogs in
about 15 seconds.

Lin and I have been having a lot of fun
with the oven at home too. What a differ-
ence it makes to be able to have baked
potatoes with any dinner in a matter of
about five minutes instead of running the
hot stove oven for 45 minutes or so. Baked
apple? About three minutes is all it takes, so
I have them for lunch or even an afternoon
snack now, freshly baked. Bacon comes out
tender and juicy in 30 seconds. Frozen rolls
take half a minute. Tender hot croissants
take a few seconds for breakfast, ditto most
any of the packaged rolls and cakes. Left-
overs can be warmed in seconds right in the
plastic refrigerator boxes. Hot coffee or
chocolate takes seconds. Hot sandwiches,
too.

Frozen vegetables can be defrosted and
cooked in a couple of minutes. Frozen meats
can be defrosted quickly too, though we
prefer them cooked the regular way most of
the time. Since it cooks from the inside it is
great for sausages, but beef seems a bit
different this way. It does warm up slices of
roast beef deliciously in ten seconds though.

The oven costs a little under $600, which
really isn’t bad for someone who loves to
cook. Once you have one, you will use ita
dozen times a day. (continued on page 136)
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I/ mprovement o f

Romald L. Ives
2075 Harvard Street

Palo Alto, California 94306

Phone Intelligibility
by Base Clipping

Shortly before the beginning of World
War II, a number of operators and experi-
menters discovered, more or less in-
dependently, that phone signals, made un-
intelligible by noise, could be “cleaned up”
and made more intelligible by base clipping.
Theory of operation of the base clipper, as it
was outlined at the time, is shown in Fig. 1.
This theory was later proved to be somewhat
incorrect, yet base clipping demonstrably
improved the intelligibility of received
phone signals. As originally outlined, if a
signal (A) and a noise (B) were both present
in an audio circuit, the resultant combined
signal (C) could be “cleaned wup” by
eliminating all parts of it from +N to -N,
giving the improved signal (D). The rounding
off of the zero-crossing “step,” caused by
base clipping, occurred in later stages of
amplification. A recent base-clipper circuit,
using this principle, has been outlined by
Shelby.!

i .
H H *+N S
AP - =
- -N
NS

A-SIGNAL B-NOISE C-SIGNAL + NQISE  D-IMPROVED
SIGNAL

Fig. 1. Preliminary (and incorrect) theory

of base clipping.

Although oscilloscopic studies of audio
signals showed that the noise signal was
added to the audio signal, so that this theory
was definitely incorrect, I made and used
several base clippers with gratifying results
from 1946 to 1960. These consisted sub-
stantially of a phase inverter, followed by a
push-pull amplifier, with a wide range of bias
adjustments, so that it could be operated in
any class from A to C. Using this device,
there was a point of optimum intelligibility
for any signal, this point being toward class
A operation with clean signals, and toward
class C operation with signals mushed by
noise. A variety of biased series diode
circuits were also used, in conjunction with
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pre- and post-amplifiers, to perform the
same function, and they worked about as
well as the variable class audio amplifier.?
Checking of the base clipper operation
with a good oscilloscope corrected the
original erroneous theory of operation, and
finally showed just how the noted signal
improvement came about. Referring to Fig.
2, if we feed an amplifier with a signal (E)
and a noise (F), the resultant output will be
the mushed sine wave (G). Clipping the base
of this curve at levels +N and -N will produce
the curve (H), and no detectable improve-
ment in tone quality. With continuous sine
waves, base clipping does not improve signal
quality. However, with wave trains, such as a
CW signal, base clipping at the level of the
average noise (or slightly higher) does
produce a definite improvement in reada-
bility, as in Fig. 3, and this is still further
increased if base clipping is followed by peak
clipping. Wave envelope of a noise-free CW
signal is shown in Fig. 3, (I). To this is added
noise (J), producing the output (X), a
combination of signal and noise. The signal
plus noise-to-noise ratio here is poor. By
clipping the base at a level equal to or
slightly exceeding the noise, envelope (L) is
produced, with a greatly "improved noise
ratio. If this signal is now peak-clipped,

llv— — A —

E-SIGNAL F-NOISE

&W“ f‘\v

G-SIGNAL PLUS NOISE H-CLIPPING AT +N AND -N

Fig. 2. Behavior of sine-wave signal in the
presence of noise.
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envelope (M) will be produced, which is
almost “pure” signal.

If, now, this output is rectified and
filtered, it can be used to key an audio
oscillator, the combination being known as a
“code regenerator.”

This still does not tell how base clipping
improves the quality of received speech, but
“Eppur si mueve.” Oscilloscopic studies with
sine waves and CW signals, however, do
disclose a key fact: with base clipping at the
no-signal noise level, where there is no signal,
there is also no noise.

Further oscilloscopic studies of actual
speech signals, plus some excursions into
physical linguistics, greatly assisted by
published researches of the Bell Telephone
Laboratories, finally gave a very satisfactory
answer, which is outlined in Fig. 4.

S Wi

1-SIGNAL ENVELOPE J—NOISE

K-SIGNAL PLUS NOISE 1

S

M-L WITH PEAK CLIFFING

Fig. 3. Improvement of CW signals by base

clipping.

Speech, basically, consists of an audio
carrier, of varied frequency content, modu-
lated in a rather specific fashion. The
“carrier” frequency is not too important, as
we can understand the spoken words of a
“Russian” bass and of a “‘screeching”
soprano with almost equal faciiity, all other
factors remaining the same. The shape of the
modulation envelope, however, is quite
important, particularly the phonemal pauses,
which are intervals of no signal occurring at
the ends of syllables, and as a part of certain
labial and lingual phonemes (the building
blocks of speech). If the phonemal pauses
are clearly defined, the diction is said to be
good; if the phonemal pauses are not clearly
defined, diction is called poor. Inteliigibility
of speech, in very general terms, is a
function of the quality of the diction.

A speech envelope is shown diagram-
matically in Fig. 4 (N), with the phonemal
pauses indicated by X. Noise is shown at (0),
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Q-ENVELOPE BASE
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R—-ACTUAL
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P-ENVELOPE OF
SPEECH PLUS NOISE

Fig. 4. ilznprnvement of speech intelligibility
by reduction of masking noise.

and signal plus noise, as received, at (P).
Note here that the phonemal pauses,
indicated by X, are plugged up, so that
diction is degraded, as is intelligibility. This
situation, which you can duplicate by
connecting an oscilloscope across your
receiver output while listening to a phone
signal on “one of those nights,” almost
exactly parallels the “‘“masking noise™ situa-
tion so thoroughly studied by Harvey
Fletcher.® If, by base clipping at the average
level of the noise, we clear up the phonemal
pauses, signal intelligibility is greatly
improved, and the signal envelope now looks
like (Q) in Fig. 4. The effect is quite similar
to that produced by increasing the per-
centage of modulation. A still greater
improvement is indirectly brought about, in
the case of “white” noise, because a low
frequency will tend to “override” a sound of
higher frequency. Although noise above the
clipping level is still superposed on the signal
envelope, as in (R) of Fig. 4, the human ear
will tend to disregard the higher frequency,
and respond to the lower, through a wide
range of signal and noise intensities. This
also has been studied and reported in detail
by Fletcher (op. cit., p. 153). This same line
of reasoning points out the need for keeping
hum at a minimum, and explains why a
measured low level of hum has a high
perceived level of annoyance.

el (—=+I0BVR
82K
470K
GALS $a70k 33K $+0VOLTS BIAS

INPUT 100K

3 i

Pl QUTEUTSeP 1 ¢ CLIPPING

! J SATOK. |+ 33K LEVEL

E ¢- ~T~ 10

5.1 VOLTS

| 3 E_L BIAS
470K 82K

1=

Fig. 5. Earle threshold modified for base

clipping.
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Under-chassie view of base clipper using
modified Earle circuit.

Methods of base clipping have been
greatly improved and simplified during the
past few years. One of the best base clippers
now known is derived from a circuit
developed by W.A. Earle* This, shown
diagrammatically in Fig. 5, consists of a
biased dual diode in series with the signal
line, diodes being in opposed polarity. Since
both diodes are cut off by a bias, which can
be varied from zero to more than five volts,
a signal applied at the input will not pass
through the diodes until its peak amplitude
exceeds the bias. When the signal peak
amplitude does exceed the diode bias, all
excess signal voltage reaches the output
through a 470 k resistor. Thus, any signal
may be base clipped at any desired value
from zero to about five volts. Insertion loss
of the base clipper, at zero bias setting, is
about 6 db (measured).

Experiments with various semiconductor
diodes in place of the 6ALS5S dual diode
indicates that a wide variety of high back
resistance germanium diodes will work very
well, the “toe” of their characteristic being
unimportant under normal operating
conditions.

Silicon diodes are slightly less applicable,
as their toe is at approximately .6 volts. This
can be offset by a complex biasing arrange-
ment and becomes less important when
signal amplitudes are high.

Tests show that the base clipper is usually
most effective when connected between the
first and second audio stages, as in this
position, the noise voltages which it is
desired to eliminate are within the normal
range of adjustment of the clipper, and all
usual adjustments will be within the reason-
ably straight portion of the diode
characteristics.

Unlike many audio filters and clippers,
this type of base clipper is easy to build, and
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requires no special adjustments or tricky
“diddling” to make it work. All fixed com-
ponents except the 6ALS5 are mounted on a
conventional terminal board, and all signal
wiring is point-to-point. For reasons of sta-
bility, 2 watt 5 percent carbon resistors were
used, although current in circuit would per-
mit use of Yawatt resistors. Leads to the
100k level control resistor, mounted in the
panel, are shielded microphone cable, to
prevent hum and unwanted coupling to other
circuits, and a .02 uf ceramic capacitor is
connected across the control to reduce con-
tact noise. Filament of the 6ALS5 is biased
+40 volts with respect to ground, to prevent
hum injection, and this is as effective in this
application as pure dc on the filament.

For operating convenience, the base
clipper was switched in and out of circuit by
means of a relay, which is controlled by a
switch on the level control. When base
clipping bias is at zero, the base clipper is
automatically switched out of the circuit.

In operation, with the base clipper out of
the circuit, tune in the desired signal, and
adjust all controls for the best intelligibility
possible without the base clipper. Then
switch in the base clipper, and adjust bias for
best reception. This will occur when the
phonemal pauses in the received speech are
substantially clear of noise. Additional base
clipping will not, in most instances, bring
about any further improvement in intelligi-
bility, and too much base clipping will turn
most speech into gibberish.

Experimentation with base clippers also
explains, in part, why some operators who
have obvious hearing impairments (‘“tin
ears”) seem to copy about as well under
almost hopeless conditions as they do when
conditions are good. They have a built-in
base clipper!

... Ronald L. Ives

! Shelby, E. F. “A QRM Killer”, CQ, Vol.
21, No. 9, Sept., 1965, 30 et seq.

2 Tves, R. L. Improved Base Clipper, 73, Vol.
12, No. 1, Oct., 1962, 20-21.

< Fletcher, Harvey, Speech and Hearing in
Communication, New York (Van Nostrand),
1953, 153-175.

4Earle, W. A. “A-C Threshold Converts to
Switch”, Electronics; Vol. 31, No. L, Jan. 3,
1958, 98-100.
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Measurement of

James M. Lomasney, WA6NIL
2501 Waverley St.
Palo Alto, CA. 94301

Meter Resistance

It is often necessary, when building any
sort of equipment using a sensitive meter, to
know the internal resistance of the mefer.
The obvious way of measurement — simply
slapping an ohmmeter on it —is not safe,
because most ohmmeters, when switched to
a range which will read the comparatively
low meter resistance, will pass a high enough
current through the meter to damage it.

The following method, though old, is not
widely known. It uses the meter itself as the
indicator. The meter is connected to a
constant-current source, that is, a voltage
source in series with a suitably high resist-
ance. A variable resistance is then connected
right across the meter terminals and adjusted
to take exactly half the total current. The
variable resistance is now equal to the meter
resistance and may be removed and meas-
ured by any of the usual methods.

For a practical circuit see Fig. 1. The
voltage source may be anything handy, even
a 1.5 volt dry cell, though a higher voltage
will give more accuracy. The total resistance
R1 plus R2 is calculated by Ohm’s law to
allow full scale current to flow through the
meter. Don’t make a mistake in this calcula-
tion and pass 10 or 100 times too much
current! If in doubt, start with too high a
resistance and work down. At least 2/3 of

Fig. 1. Circuit for measurement of meter re-
sistance (see text for values of R1, R2, R3
and V).
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the resistance should be in the fixed resist-
ance R1, so that accidentally cranking R2 to
the wrong end will not injure the meter.
Also, connect the battery up last, after
everything else is ready.

Having set R2 to make the meter indicate
full scale, connect another variable resistor
R3 across the meter terminals and adjust it
to make the meter indicate exactly half as
much current. Now, without disturbing the
setting of R3, remove it and measure its
resistance with an ohmmeter.

An example may make things clearer. A
0-100 microampere meter out of our junk
box will be measured using a 1.5 volt dry
cell as the voltage source. The total resist-
ance will be 1.5 volt divided by 0.0001
ampere (watch the decimal point!) or
15,000 ohms. R1 can conveniently be
10,000 or 12,000 ohms, and R2 a 5,000 or
10,000 ohm potentiometer. Connect them
up as shown in Fig. 1, and set R2 for full
scale indication, 100 microamperes.

For a first try, a 1,000 ohm potentio-
meter can be used for R3. Connect it across
the meter as shown by the dotted lines in
Fig. 1, and adjust it to make the meter
indicate 50 microamperes. Now remove R3
and measure it; let us suppose it turns out to
be 500 ohms. We can then say that the
meter is also (almost exactly) 500 ohms.

Note that connecting R3 reduces the
total resistance in the circuit slightiy, so that
in our example the total current flowing
would not stay exactly at 100 micro-
amperes. If the meter resistance is 500 ohms,
connecting R3 would reduce the resistance
of the meter-and-R3 combination to 250
ohms., The resistance seen by the battery
would drop from 15,000 to 14,750 ohms, so
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Diode-Stack Power Supplies —
The Easy Way

Many amateurs wish to have quick-start
transmitters with reduced heat during stand-
by periods. This leads to thought of the
possibility of replacing rectifier tubes with
diodes in high-voltage power supplies.

The first approach generally is to look for
a hatful of 800-volt or 1,000-volt diodes
with a current rating somewhere between
750 ma and 3 amperes, and to plan for an
equal number of capacitors and resistors to
go across them. The result is an impressive
installation. Some, like Fred Mason,
KH60R, had a failure before the number of
series elements was increased to provide an
adequate safety factor.

There are some direct tube replacements,
such as the Sarkes Tarzian S-5130 used by
W4PR, and by W6RT in the Collins 30-S1,
with a protective device added, but this unit
is listed in the mail-order catalogs at $22.50
each, They are rated at 10,400 inverse peak
(7400 rms) volts; and at 300 ma continuous,
3000 ma peak, current. For a capacitive
load, the current should be derated by 20
percent and the rms input voltage by 50
percent. This cuts the rating very thin when
one unit must stand the full voltage of a
center-tapped transformer. The current
rating is less of a problem due to the low
duty cycle for single-sideband transmitters.

I wanted a simple solution for my Henry
2K amplifier, without any modification, if
possible. The 3B28 tubes are in front where
they get some air circulation from the
blower intake. There is space above the
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E. H. Conklin, K6KA
Box 1
La Canada, Calif.

sockets. The matter was discussed with Frank
Clement, W6KPC, of Diodes, Inc., 9261
Independence Avenue, Chatsworth, Califor-
nia. This resulted in the purchase of four No.
5244 high-voltage diode stacks at about $8
each.

These can be used two-in-series on each
leg of a center-tapped transformer, or singly
in the conventional bridge circuit producing
the same output. Each stack is rated at
6,000 volts peak and % ampere continuous
duty when fastened to a heat sink. They
have stood up when drawing 800 ma, key
down, during tuning using a dummy load.
They will tolerate a S50-ampere “in-rush
surge” if it is not longer than half a cycle.

The heat sink should be the chassis, or a
plate with about 25 square inches of surface
for each of the rectifier stacks. This can be
reduced to as little as ten square inches in
SSB application where the duty cycle is
short. Both sides of the surface can be
counted. I use a plate 40 square inches on a
side. With it, the diode stacks seem to
remain close to room ambient temperature.
A commercial heat-sink could provide this
surface in a smaller volume.

The plate was mounted vertically on a
horizontal sheet of insulation that rests on
the rectifier sockets. A two-inch bolt with its
end threads filed slightly passed from the
insulation down into one socket clip to
connect to the idle filament transformer and
the filter. Two stand-off insulators, with a
small stack of washers on the bolt, made fine

CAPACITORS
500 PF EACH

RC TRANSIENT
> SUPPRESSOR
(IF USED)

b2
DIODE DIODE
L—“ STACK H STACK
—= -

Fig. 1. Diode stack power supply.
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places to aitach the two plate clips from the
ends of the transformer secondary. After
carefully checking polarity, the four stacks
of diodes, each the size of a package of
chewing gum, were bolted to the aluminum
plate.

In order to obtain quick start, the
twenty-second amperite relay was removed
from its socket, and a two-second one used
in its place. No time delay at all is required,
according to Bill Orr, W6SAIL, at Eimac.
However, I saw no reason to transmit before
the filaments were fully on.

In a few minutes, the unit was plugged in
and was on the air. The time from cold start
to full power was four seconds, and much
less after the thermal relays had warmed. It
became possible to shut down the Henry 2K
during round-table discussions and between
calls, without waiting unduly to fire up the
amplifier,

My Henry 2K was built in August, 1965,
when Henry was using two-step power re-
lays. In order to equalize the contact
sparking, the series resistors had been
doubled to 20 ohms each. This feature
reduces substantially the tendency for a
surge to damage the diode stacks. In the
absence of the step-start feature, it would be
desirable to use some surge protection, or to
add one or two more diode stacks in each
leg.

One protective measure was suggested by
Frank Clement. This is to obtain three or
four TV fly-back capacitors, which are
20,000 volt, 500 uuf, ceramic units. They
cost about a dollar, but can be found in old
RCA TV sets between the picture tube
shield and ground, connected at the filament
of the high-voltage rectifier tube. In series
with these paralleled capacitors, place a
200-ohm resistor. This RC network is then
connected across the entire power-trans-
former secondary — between the two stand-
off insulators on the heat-sink plate. It tends
to absorb the voltage transient which is
likely to occur about once each 150 times
that the power relays open, and could
exceed the diode stack voltage rating.

Alternatively, Jim Smith, W6RT, ob-
tained a thyrector, General Electric No.
615215210410, found in the Allied and
Newark industrial catalogs at a few dollars.
The thyrector is connected directly across
the power transformer primary. It may have
to depend upon the coupling of the transient
from the secondary to the primary, but has
proved useful.

. K6KA
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Elliott S. Kanter, WOKXJ
3242 West Hollywood Avenue
Chicago, Illinois 60645

Transistor Testing Techniques

The ham is, perhaps, gifted with an over-
abundance of ideas, and at the same time
cursed by a lack of funds. To compensate
for this continuing deficiency of the wallet,
he tends to buy the many assortments of un-
tested transistors, and, taking his trusty VOM
in hand, proceeds to destroy what few or
many useable transistors he found in the
poly-bag. Instead of having a collection of
good useable transistors, he has on his hands
a collection of shorted three-leaded metal
cans.

To prevent this needless loss, let us first
review some basic facts about transistors.
For lack of a better description we can con-
sider a transistor as being composed of two
back-to-back diodes (see Fig. 1). The base
connection will always appear at the common
connection of the two diodes. The orienta-
tion of these two diodes as shown in Fig. 1
will indicate whether the transistor is of the
PNP or NPN variety.

Fig. 2. Polarities for various tests.

As we can see from Fig. 1, there exists a
difference of operating voltage polarity for
each type.

In the case of the PNP transistor, the base
is positive with respect to the collector, and
negative with respect to the emitter. The
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NPN transistor is just the opposite, with the
base negative with respect to the collector
and positive with respect to the emitter. The
collector-to-base diode junction is reversed
biased and the emitter-to-base junction is for-
ward biased in both the PNP and the NPN
transistors. The collector and emitter are at
opposite polarities in both cases.

The purpose of this brief review of what
constitutes a transistor is necessary because
in order to safely test a transistor, we must
first understand the internal make-up and the
differences which do exist in polarity. Many
articles have described the use of a VOM for
transistor tests. Unless care is taken and the
polarity of each transistor element is careful-
ly observed, the seemingly innocent testing
procedure will result in the destruction of the
transistor under test.

How, then, do you test a transistor safely
but without buying a rather sophisticated
and costly transistor checker? The answer
lies in the careful use of your VOM. By
making a few. simple pre-tests and following
the testing procedures outlines in this article,
you will be able to test almost any transistor
you might come across without damaging it.

The first step is to borrow an additional
meter with a dec range of approximately 0-10
V. Switch your VOM to its resistance scale
and measure both the voltage and polarity
appearing at the test prods. Rotate the range
switch until you find the least voltage (about
1.5 V) usually Rx10. Now comes the hard
part; either misappropriate your mother’s or
wife’s nail polish or be a coward and use
paint. Mark this range with a small dot, and
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PNP NPN

Fig. 1. We can consider a transistor as being
composed of two back-to-back diodes.

also indicate which prodis positive and which
is negative. This may vary from VOM to
VOM; many types reverse the polarity when
in the resistance measurement ranges.
Testing procedures

It is most important to determine that
each diode junction of the transistor under
test exhibits low resistance in one direction
and a high resistance in the other. Emitter to
collector resistance should be high in either
direction. Polarity is important at the emit-
ter-base junction of small signal transistors
due to the low reverse voltage rating of this
junction. Only the forward resistance of the
base-emitter junction should be measured.
Emitter junctions of power transistors may
be checked in both directions without fear of
damaging the transistor. Fig. 2 shows the pro-
per polarities for the various tests.

Reviewing what we have discovered and
why we went to the trouble of measuring the
voltage present at the test prods before we
attempted to test a transistor, relates back to
our earlier discussion of what a transistor is
and how it is made. The value of approxim-
ately 1.5V is a safe range for making the for-
ward reverse tests and will not damage a tran-
sistor. The exact meter reading is immaterial,
what we are looking for is a definitive differ-
ence in the forward and reverse readings.
In small signal (germanium) transistors for-
ward resistance is in the neighborhood of 20
to 30 ohms. Small signal silicon transistors
have diode junction resistances of from 40
to 60 ohms. In either case a reading of 15
ohms or less will indicate a short. Power
transistors should exhibit a resistance (for-
ward diode junction) of from 6 to 12 ohms.

To sum thingsup, we have discovered what
a transistor is, how we can safely test it and
what sort of readings we should expect.
Please remember that small signal transistors
should never be subjected to reverse resistance
tests of the emitter-base junction. With
proper techniques we now may safely test
those bargain transistors; who knows, you
might find the elusive 2N2219 you needed
is really good. '

- WIKXJ
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KEEP IN TOUCH!
LISTEN TO NEWS AS IT HAPPENS!
MONITOR POLICE—-FIRE CALLS
ON YOUR BROADCAST RADIO WITH

AVERTER S

of the CONVERTERS!

- QUTSTANDING
PERFORMANCE
with
MORE FEATURES
plus
EASY Installation
and 100% American
made dependability
Crystal & Tunable by the flip of & switch! It's
getting TWO converters for the price of

ONE!

Extra Sensitivity &- Selectivity with unique 3
gang tuning capacitor! It is signal peaker on
crystal control!

Changeable Crystals for Versatility & Usability.
Change channels at will! Never obsolete!
SQUELCH Builtin for NOISE FREE monitaring!

*2WEEK MONEY BACK GUARANTEE!

* 12 volt powered! * 1 year guarantee
* Includes coax, mount * Size-2%"'x3% 'x4%"
* 6:1 3 Gang Tuning * OUTPUTS 1500ke
“I am very pleased with this unit. I have
picked up the Highway Patrol as far away
as 75 miles L. Moore, Calif.
TUNAVERTER S

Mbdels for AM & FM Tunable & Crystal! (less crystal)

BAND MODEL COVERS Bag
Palice, fire 348s 33 48mc ONLY 544 95

P‘“s

Weather, etc. 1564s 150 164mc No crystal needed
Aircraft 1828s 118 128mc for tunable use.
TUNAVE RTER X No squelch-9 volt powered
BAND MODEL COVERS
6 meters 504 X UN[EJ_;I' §352la|95ele)nm£
2 meters 1450X 144 150mc FRE SR EEsE
TUNAVERTER T Tunable only .9voit powered
Marine Marine 2.0-2.85mc 550kc $19.95ppd.

SWRWWY SWL 9 5-16mc 1500kc $19.95ppd
SWRCHU SWL 2 9.33.16mc  1500kc 524.95ppd.

SQUELCH FOR YOUR TUNAVERTER
Noise free monitoring with adj. electronic
squelch! No wires to Radio or Copverter! Just
plug in coax! For all 1500 kc outputs. 9 or
12V, 1"x4"'x2" $17.50ppd.
Mobile Battery Ellmmator 12Vto9V $4.95ppd.
Crystal Controlled models available—1 & 2
channels—with or without Squelch—26-250rncs.
—12 volt neg. grd. $19.95 10 $44.95. Write for
details!

Coupling Loop & Ext. Antenna for use

with home and Transistor Radios $3.95ppd.
Crystals—State Exact Listening Freg. $5.10ppd.
QOrder from: AIR MAIL add $.85 ea

HERBERT SALCH & CQMarketing Division

Woodsboro10, Texas78393 o - SmPKInS

PLEASE | MODEL TOTAL
SEND MODEL ENCLOSED
TO C LOOP
| NAME:
ADDRESS:
CITY STATE

SENDC.0.D.—| WILL PAY POSTAGE | 110
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2%

As my hobby is transistors, I just had to
keep building and of course — more power!
This model checks out 2-1/2 w on Bird
wattmeter. It has no dx record as yet except
using a No. 47 bulb as a dummy load.
Located on my work bench in the basement,
making the transmitter about 2 to 2 1/2 feet
below ground level, I worked a friend two
miles away, getting an S6 report. Does
anyone know how to make a good 5-element
yagi using 47 dial lights?

This transmitter is held in reserve and will
be my six-meter solid state job after the 1/4
w has done its job. I have the reputation of
building up a job, using it for awhile and
then tearing it down fo use the parts in
something else. Building is my hobby. If it
works and the novelty has worn off, I’m
ready to scrap it.

The coil forms for this unit were scrapped
from some war surplus. They are ceramic
3/8” with iron slug and wound with 6 turns
of about No. 20 silver plated copper wire. I
used the coils as is and applied the necessary
capacity to bring them to frequency, with
the exzeption of adding links and tapping
the final tank.

The 2-1/2 rig was built on a metal chassis
as ground loops of current on a printed
board could not be tamed.

The driver transistor was heat sinked with

FAIRCHILD
2N3641

L]
+12 VOLTS —l2v

Fig. I. Schematic of 2} watt transmitter.

W. G. Eslick, KQVQY
2607 E. 13th
Wichita, Kansas 67214

W Transmitter

a slip over fin-type heat sink. The oscillator
needed none. The final was a Bendix B3466
(looks like a TO-5 transistor pressed into a
stud mounting case, with threaded stud at
one end and wire leads from transistor at the
other end). I used a 1/4” thick piece of
brass, 1 by 1-1/2” on the stud as a heat
sink.

I use transistor sockets on all my jobs so I
can try out various transistors and change
them easily when I blow them. (I cry a little
too.)

With no shorts and power applied, the
oscillator transistor is the ome to worry
about getting to work. The others are class C
and will take “drive” to turn them on. All
the oscillators mentioned are capable of
lighting a No. 49 bulb, some brighter than
others, depending on transistor and circuit.

The modulator used was an exact copy
built up from the 5 w CB rig. described in
RCA’s transistor Handbook.

2N3553’s or 40341 (both RCA) will
work in the final. I intend to try a grounded
collector and take the output from the
emitter in another rig, so I can mount the
stud (which - is also connected to the
collector) for better heat sinking. Maybe
some of you have tried it.

The final may present a problem, due to
the varactor action of overlay transistors.
After tuning the final for maximum into a

®
MODULATOR

Ll and L2 = 6 turns # 20 On iron core 3/8" ceramic

form. Linksare2turns# 20 insulated atbottom of Ll and L2. L3 is center tapped. Thesecoils
are ‘war surplus’ used ‘as is'. Both windings are %2’ long. L4 =6 turns Airdux 5|6 or BW 3007.
Ql = Fairchild 2N364l; Q2 = RCA 4008I; Q3 = Bendix B3466 or RCA 2N3553 or 4034l (all heat-

sinked).
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No. 47 dial bulb, and peaking the driver
again, you may find a point where the power
goes way down, and turning the slug in the
driver stage will bring it back. I can get a
little over three watts out on this rig, but it
gets unstable to tune. Don’t try for the
utmost power output, but about 80 to 90%,
which I have found to be where the driver
and final are stable and will stay that way
under modulation.

Ground the final emitter right at the
socket by bending the emitter socket pin to
the chassis and solder. Mount the driver coil
on the opposite side of the between stage
shield so the ground side of the final base
link can come through the shield and ground
at the same emitter ground, making this lead
as short as possible.

You can try all sorts of transistors in
these circuits. Even the 2N706’s will work as
an oscillator and driver (reduced power),
but may “pop” under modulation in the 2%
W rig. Beware of some of the bargain trans-
istor ads. A 2N697 may work at 50 mhz,
but I haven’t been able to get one to do so
and if I did, it would be with reduced power
and wouldn’t be worth the effort.

~K@VQY

Soldering to Desolder

Of course, we all know how to make good
soldered joints. First, one makes a tight mech-
anical joint by wrapping the wire around the
terminal, firmly. Then one applies the solder,
by first heating both the wire and the termin-
alhot enough to melt the solder and then ap-
plying the rosin-core solder to the parts to be
joined.

However, in experimental work, it frequen-
tly becomes necessary to unsolder the joints
thus made. This entails removing the solder
and unwrapping the wire. Not only is this a
difficult job—it is often destructive to the
components. A simple expedient in such
work is to avoid making a tight mechanical
joint by bending a short loop on the end of
the wire and hooking this to the terminal to
which it is to be connected. Applying a drop
of hot solder completes the job. Later, in
changing the circuit, one needs only apply
the hot soldering gun and the hook will slip
off very easily.

George M. Gabus, WB2IJF
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HAM RADIO CENTER |
8342 Olive Blvd,
St. Louis, Mo. 63132

FT 243 CRYSTALS
3000 to 8500 Khz.
4+ 2 Khz. $1.25
+.01% 250

Surface mail 6c, Air Mail 10c extra

DENVER CRYSTALS
Rt. 1, Box 357 Parker, Colorado 80134

. NEW! "=

COMPRESSOR-PREAMP
MODEL ACP-1KIT.......... $18.50

30 db compression range ® Low-noise
FET input stage m 5-transistor and 1-
diode circuit m Adjustable input and
output levels m Printed circuit construc-
tion with easy-to-follow instructions ® 3-
way jacks for PTT operation m Easily
installed in mike line
Other Kits

Audio Amplifiers = Power Supplies 8 Test
Equipment ®m Treasure Localors m and
many others

FREE Data sheets with circuit description, diagram,
and specillcations for all kits,

CEi CARINGELLA ELECTRONICS, Inc.
P.C. Box 327 ® Upland, California 91786
Phone 714-985-1540
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Stanley Sears, W2PQG
188 Concord Drive
Paramus, New Jersey

Neutralizing the HX-10

A few HX-10 owners have experienced a
neutralization problem with this sturdy SSB
transmitter on 10 and 15 meters. Per the
instruction manual, neutralization is accom-
plished at a frequency of 14250 khz and
generally holds well enough for satisfactory
all-band operation. However, due to the
nature of the neutralization circuit em-
ployed in the HX-10, some degradation in
neutralization occurs at frequencies removed
from 14250 khz with resultant occasional
instability on 15 or 10 meters. Neutralizing
the rig on 15 or 10 meters produces little
improvement as instability can then occur
on the lower bands. The 20 meter “com-
promise” neutralization, while effective on
80, 40, & 20 meters, leaves something to be
desired on 10 and 15 meters.

As a result of this problem, the following
symptoms have been experienced in tuning
some HX-10 transmitters on 15 and 10
meters. Plate and grid control adjustments
are very touchy and interact with each
other. At times the 6146’s take off on their
own. This is evidenced by a full power
forward indication on-the SWR bridge with
no audio input. Slight movement of either
the grid or plate control usually stops this
oscillation. On the air reports on 15 and 10
are not always satisfactory; the signal is
often broad with fuzzy audio quality, some-
times accompanied by spurious radiation on
either side of the fundamental signal.

In solving this problem with my own
HX-10, and after much consideration, it was
decided to install two additional neutralizing
capacitors; one for 15 meters and one for 10
meters. These would function independently
of the original one, which would be retained
for the 20, 40 and 80 meter bands.

The following step-by-step procedure is
provided for those who wish to perform the
same modification:

1. Remove tank coil L12 from present
location by carefully unsoldering all leads,

80

SHIELDED
LEAD

SHAFT
SECTION

RERQUTED

Modified HX-10.

and removing screws in stand-off insulators.

2. Place band-switch in 3.5 mhz posi-
tion.

3. Unsolder all remaining leads on band-
switch wafer “BS7 and remove it from the
end of the switch shaft.

4. At the open space adjacent to capa-
citor C45 (in the 6146 compartment), care-
fully cut the shaft of the band-switch ap-
proximately 3/8” from the dividing partition
(refer to picture) with a hacksaw. This is in
preparation for adding a longer shaft section
with a coupling. Place a rag under the shaft
to catch metal chips.

5. Slide the cut shaft section toward the
rear chassis apron until it touches the apron.
Locate this position on the other side and
drill a 5/16” hole through the apron. This
hole will permit installation of the new,
longer shaft section. Remove the short sec-
tion of shaft and discard. Be careful not to
move the position of the wafer switch
rotors.

6. Obtain a new shaft section 3-3/4”
long with the same diameter and flats as the
original. Also procure a single pole 11
position wafer switch section which is re-
quired for switching the three neutralizing
capacitors. Only seven positions of the
switch will be used. (See Fig. 1.)
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REROUTED
FROM C-58

CHASSIS TOP

Fig. 1.

7. Slide the new switch shaft through
the hole in the rear apron and through the
centers of the switch sections in the adjacent

6146 compartment. Be careful not to dis-
turb their position. Connect the new shaft

section to the old one using a conventional
%4” coupling. (Refer to photo.)

8. Wire the new 11 position wafer
switch section with jumpers and 3 inch lead
extensions as shown in Fig. 1. Position the
rotor or armature of this switch in the 3.5
mhz position as shown in the figure.

9. Using 1/8” and 3/8” spacers, and
longer screws, mount the two switch sec-
tions on the end of the new shaft. Be sure
the tank switch section is in the 3.5 mhz
position and installed as removed. (Refer to
Fig. 2.)

10. Locate C58, the original neutralizing
capacitor, and the shielded lead connected
to the lug under the knob. Unsolder this
shielded lead from C58 and the ground lug
and reroute it through the hole vacated by
the tank coil stand off insulator screw. Keep
this lead close to the chassis and connect it
to the armature lug of the new wafer switch
section. Refer to.the photo and Fig 1.
Connect shield to nearest ground lug.

11. In accordance with dimensions in
Fig. 1, locate and drill holes for mounting
the two new mneutralizing capacitors. Holes
must be of correct size to allow proper
seating of shoulders on insulating washers
used to isolate each capacitor shaft from
ground. The location of original neutralizing
capacitor remains unchanged.

12. Mount new 0-9 pf capacitors (Ham-
marlund MAC-10 or the equivalent) in these
two holes as shown in the photo. Be sure to
use insulating washers on threaded bushings.

13. Connect the three wires extending
from the new switch section to the rotor

Rear view of neutralizing switch.
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AMATEUR ELECTRONIC SUPPLY
4828 West Fond Du Lac Ave.
Milwaukee, Wisc. 53216

/
Wl Z5KC ARk,

Accurately! Four wires connect IC-3 Divider to your 100KC calibrator to
give 25KC morks. Circuit board 14" x 1V4". Specify supply voltage
— 3-300DC, 10 ma, [Lowest is best.) Send for 1C-3, $7.25 postpaid.

ONIX INC. BOX 1038 (B) Boulder, Colo. 80302

THE BEST

6 METER

CONVERTER
E ‘%q: e Model 407
f & . : . $34.95
E ppd.
. ,
L&Y ¢gNeid Y

50-52 MHz in. 28-30 MHz ouf
or 52-54 MHz with a second crystal

A full deseription of this fantastic converter
would fill this page, but you can take our word
for it (or those of hundreds of satisfied users)
that it’s the best. The reason is simple—we use
three RCA dual gate MOSFETSs, one bipolar, and
3 diodes in the best circuit ever. Still not con-
vinced? Then send for our free catalog and get
the full deseription, plus photos and even the
schematic.

Can’'t wait? Then send us a postal money order
for $34.95 and we'll rush the 407 out to you.
NOTE: The Model 407 is also available in any

frequency combination up to 450 MHz (some at
higher prices) as listed in our catalog. New York
City and State residents add local sales tax.

VANGUARD LABS

Dept. H, 194-23 Jamaica Ave., Hollis, N.Y. 11423
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SPACE PROBLEMS SOLVED WITH

ARV ST

VARIABLE FREQUENCY ANTENNA SYSTEMS
With ATU's for 10-160 Meters Under $50

SHORTWAVE GUIDE

414 Newcastle Rd. Syracuse, NY 13219

390-900 MHz FREQUENCY

METER

Exceptionally  sensitive tuning
mechanism provides indications at
2uw* of radiated signal. 6.,6”
dial scale. Expanded communica-
tion band calibrated 2MHz/ dial

$39.50

division from 390-450 MHz. Jack
permits modulation check by oscillo-
scope or headset.
*Built-in 500 ua meter; 100 Ua meter
$1.50 additional.
10 day money back guarantee

SPECTRUM LTD.

245 Gregg Ct., Los Gatos, Cal. 95030

model 390

HHhJEVICES

Model 27 IC Keyer
e 8-50 wpm range

® monitor with 2%"”
speaker, tone and
volume controls

$22.00 pp

HAL Devices e grid block keying
P.O. Box 365A e HAL designer cabinet
Hchanaiie ® Reguires 3 vdc
61801

82

terminal of their corresponding neutralizing
capacitors as shown in Fig. 1.

14. Connect the stators of all three neu-
tralizing capacitors together with jumper
wire.

15. Reconnect all leads and capacitors
removed from band-switch section BS7 to
original connections {(except tank coil con-
nections).

16. Remove chassis ground terminal
from rear apron to make clearance for new
tank coil location. Drill hole and relocate
ground screw approximately omne inch
toward accessory socket.

17. Refer to Fig. 2 and drill the two
holes required to relocate the tank coil in its
new position.

18. Carefully remove the two stand-off
insulators from the tank coil and remount
them on the opposite side of the coil. This
permits the coil to be mounted as shown in
the picture with the tap loops toward you.

19. Mount the tank coil as pictured.

20. Using new wire, reconnect the tank
coil to the band-switch section BS7, and to
other connection points. Keep all leads as
short as possible to minimize the effect of
additional inductance on the high frequency
bands. Check solder connections to taps on
tank coil to insure that solder is not
touching adjacent windings,

21. Check all connections to BS7 and
L12 to make sure they are connected to the
original tie points. Remove all drill chips.

22. Install knobs on shafts of new neu-
tralizing capacitors.

23. Following Heath manual instruc-
tions, neutralize the HX-10 on 14250 khz
using the original C58 capacitor.

24. Next neutralize on 21250 khz using
the new 15 meter neutralizing capacitor.

25. Then neutralize on 28500 khz using

/—CHASSIS REAR APRON

T
L6 T e

BAND SWITCH WAFER—, NEUTRALIZING WAFER
i)

4+

8"
-
f

M I

e

Fig. 2. Position of switch decks.
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the new 10 meter neutralizing capacitor.

26. After completing neutralization for
all three bands, repeat the process, as there
may be spme interaction between these
adjustments due to the close proximity of
the 3 capacitors.

If it is found that the tank tuning
capacitor C77 is at minimum capacitance
when resonating on 10 or 15 meters, it may
be necessary to remove one or more plates
from this capacitor to further ~educe the
effective capacity. This may be roquired due
to the relocation of the tank coil and the
slight increase in lead lengths involved. I
removed three plates in order to bring the
front panel markings back to the original
band locations. Plates are removed by using
needle nose pliers and carefully bending the
plate loose at its soldered connection poinis.

This modification has worked well for me
and has eliminated the neutralizing trouble
which prevented satisfactory operation of
my Marauder on 10 and 15 meters.

. W2PQG

Low Cost Capacitor Covers

More often than not the high voltage sup-
ply for a modern transceiver or linear uses
several capacitors in series, all capacitor cans,
except the one at the cold end, above
ground. This is an inexpensive way of elimi-
nating bulky high voltage capacitors. Home-
brew design has followed suit to a large ex-
tent.

There is a distinct disadvantage to having
the capacitor cans above ground. The cans
are hot electrically and present a serious
safety hazard if not covered in some manner.
Having built a 3000 volt power supply and
not desiring to build a metal cage, catalogs
were consulted in hopes of finding an inex-
pensive Kraftpaper tube of the type so often
seen in TVs. No luck, not only were they
expensive, but they didn’t come in the re-
guired length.

Why not cut lengths of cardboard tube
from that most noble of paper products?
Because it’s too large, that’s why. But there
are ways around that, and besides we need
protection on the top of the can anyway.
How about painting the tube flat black to
obscure its ancestry, slipping it over the ca-
pacitor and sealing it in place and covering
the top with silicone rubber (black if possi-
ble). It works fine and costs almost nothing.

William P. Turner, WAQABI
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CW ELECTRONIC SALES
1237 16th Street
Denver, Colorado 80202

NO "'FREE'' CATALOGI!

Our new policy Is to send “FLYERS' only on 3 free basis:
and there may be no [follow up mailing unless you order
from the Hyer

We have a large catalog of electronic paris & equipment
fover 100 pages) that will be supplied to these ordering
over $10.00 from the flyer. Catalog deposit is §1.90 (mdse
certificate issued)

BIGELOW ELECTRONICS
Dept. 73, P.0. Box 71, BLUFFTON, OHID 45817

A COMPLETE SELECTION OF ANTENNAS AND
BEAMS: BOTH FIXED STATION & MOBILE, PLUS
ALL ACCESSORIES . %

ush. N“ W2AU BALUNS

antE ng"\: lhl‘,hsrle" ANTENN

spe® NEW-TRONIES

Mosley  HIPAR Ygain

WE ALSO HANDLE
W2AU QUADS
“/rédfac CRANK-UP TOWERS

CHECK WITH US FOR YOUR REQUIREMENTS!
TIME PAYMENT PLAN AVAILABLE

WE MAFNTAIN THE LARGEST STOCK OF USED
EQUIPMENT IN THE NORTHEAST
WRITE FOR LATEST COMPLETE LIST

Euancs RADIO

BOX 893 CONCORD NH 03301

FONE 603-225-3358
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Billy L. Nielsen, DL.5KS
Paquet Strasse 46, C-3
6 Frankfurt am Main, Germany

More Taylor Modulation

In the past few years there has been a
large interest in the Taylor modulation
system, as well as other high efficiency types
of modulation. When the first article was
written, I became interested in this system.
As a result of this interest I did some
research and letter writing and would like to
pass on the information I have gained.

To begin with, R.E. Taylor made a
fascinating discovery and introduced his
form of Super-modulation in 1942, when he
was issued U. S. Patent number 2,282,347.
According to Taylor, up to 87 percent
efficiency is possible through this form of
operation.

The system consists of two tubes, one
tube operating as a power or rf amplifier and
the other tube operating as an audio
amplifier. The principle of the system is to
connect the two tubes together in such a
way that one tube may be adjusted to
handle the rf carrier and the negative
modulation peaks with maximum efficiency,
and to adjust the other tube to carry the
positive modulation peaks. Two examples of
this system are the Doherty linear amplifier
and the Terman-Woodyard high-efficiency
grid-plate modulation system. However,
both of these systems employ quarter-wave
impedance-inverting lines, which are very

e
i

~——1} =L

+ SCREEN 2 «—
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\—p + SCREEN |

(TWICE SCREEN 1)

Fig. 1.
a common tank circuit.

84

A basic super-modulation circuit with two grid modulated amplifiers connected to
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Fig. 2. A variation of the circuitin Fig. 1 in which a dual voltage power supply is used.

difficult to adjust and almost impossible for
the average amateur.

Taylor, however, has shown that the
quarter-wave lines may be avoided, and still
maintain an efficiency nearly equal to the
previous two examples. In his system, the dc
input to the peak tube (audio amplifier)
increases while the input to the carrier tube
(rf amplifier) decreases.

Basically then, the super-modulation
circuit is composed of two grid-modulated
amplifiers which are connected to a common
tank circuit. In Fig. 1, a basic system is
illustrated. As shown, the peak tube (V2) is
biased beyond cut-off, and therefore
contributes no output. The carrier tube (V1)
is operated in a nearly saturated condition,
and therefore, delivers its maximum output.
Due to the low plate dissipation in this
system, the efficiency will be good. As can
be noticed in Fig. 1, the peak tube (V2) is
delivering it’s f output to a tap at the center
of the tank circuit, and must therefore
deliver four times the carrier tube’s carrier
level in order to effect full upward modula-
tion. This is because, first, the carrier tube
(V1) delivers no output; and second, the
peak tube (V2) is connected to a load
impedance of only onefourth the
impedance presented to the carrier tube.
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DAKOTA SUPPLY COMPANY
P:0. Box 57

_8th'and Walnut Sts,

Yankton, South Dakota 57078
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RG 196 AU 50 ohm teflon coaxial cable. Qutside diameter .0B0" RF
loss 29 db per foot at 400 Mhz. Silver plated shielding and cenductor.
Used for internal chassis wiring, antenna coupling, RF coupling between
stages, etc. Random lengths from 35 foot to 150 foot. Colors: black, red,
brown, blue, grey, orange. Reguler price- 23¢ per foor. Our price 5¢ per
footr $3.00 per 100 ft.
455 Khz ceramic filters typs BF-455-A. Thaese filters will help to sharpen
the sslactivity of most sets using 455 Khz IF's. Use across cathode bias
resistor in place of e capacitor, or in transistorized sats, across the smitter
bias resistor. Impedancs is 20 chms at 4566Khz., DC resistance is infinite.
Impedance incresses rapidly as you leave 455 Khz. Plan your own LC
filter circuits at very low cost.
10 for $1.00 25 for $2.00
TOROID POWER TRANSFORMERS
# T-2 This toroid was designed for use in a hybrid F.M. mabile unit, using
a single 8647 twbe in the RF amp. for 30 watts output. Schematic in-
cluded. 12 VDC pri. using 2N1554%s or eguivalent. Sec. #1 500 valts OC
out at 70 watts. Sec. #2 -65 volts DC bias. Sec. #3 1.2 volts AC for
filernent of 8647 tube. Sec. #4 C/T feed back winding for 2N1554’s. 14"
thick. 2% dia. $2.95 ea. -2 for $5.00
# T-3 Has a powdered iron core and is built like a TV fly back transformer.
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One way to do this is to operate the
carrier tube at a lower screen voltage than
the peak tube. Then, by using a rule-of-
thumb measure, if the peak tube is given a
screen voltage of 2.5 times the screen voltage
applied to the carrier tube, it should be just
able to handle the peak. Of course, as the
screen voltage on the peak tube is raised, the
requirements for higher bias, modulating
voltage, and rf driving voltage will also
increase.

A variation of the circuit of Fig. 1 is
shown in Fig. 2 where a dual voltage power
supply is required. In this case, the peak
tubes are shunt fed, and supplied with two
times the voltage applied to the carrier tube,
which therefore prevents saturation until it
reaches twice the carrier level. As can be
seen in Fig. 2, there is no center-tap in the
output circuit, and therefore the current in
the tank circuit need be doubled only at
modulation peaks.

The two tubes will supply this current
sufficiently with the same screen voitage,
modulation voltage, and rf drive. The only
difference is in the dc bias levels.

There are many variations of this type of
modulation, most of which have appeared in
print in earlier publications. Therefore, T will
not go into the many variations on Taylor
Modulation. I am listing my references, for
anyone interested in additional information.
I would highly recommend the article
written up in 73 Magazine by Fred
Dougherty, W3PHL, for additonal basic
information.

To those not interested in this form of
modulation I wish to say, if you haven’t
tried it, don’t knock it.

References . DL5KS

R. E. Taylor, “The Taylor Super-Modulation Prin-
ciple,” Part I, Radic News, Sept., 1948, p. 42;
Part 11, Radio News Oct., 1948, p. 44,

R.P. Turncr ASupermoduluted Low-Power Phone
Transmitter,” Radio News, June, 1949, p. 51.

J. K. McCord, “Understanding Supermodulation,”
Radio News, Feb., 1950, p. 66.

R. P. Turner and J. W. Graves, “A Supermodulated
Phone Transmitter,”’ Radio News, May, 1950, p.51.
M. E. Lowe, “The Sumodget Transmitter,” Radio
News, July, 1950, p. 53.

“Features of Grid and Plate Modulation in New
System,” Electronics, May, 1946, p. 192.

Proc IRE, Vol. 34, No. 1, Jan., 1946, p. 3P.

S. T. Fisher, “A New Linear Amplifier Circuit,”
QST, Feb., 1946, p. 21.

Q. G. Villard, Jr., “Overmodulation Without Side-
band Splatter,” Electronics, Jan., 1947, p. 60.

0. G. Villard, Jr., “Overmodulation Splatter Sup-
pression,” QST, June, 1947, p. 13, QST. Dec.,
1950, p. 33.

Ham Clinic, CQ, Oct., 1961, p. 80.

73 MAGAZINE



A Large Volume of Silent Air
for a Large Tube

Here in East Africa it is quite impossible to
buy ham shack requirements.

I have no doubt that it is possible to buy
quiet blowers to fit into a chassis, but it is
two months to wait over here. In any case,
the average ham loves making gadgets and is
always trying to improve apparatus and gild
the lily.

I like a quiet shack, and a noisy blower is
a pest. I found a real large size blower which
cost two dollars, complete with its squirrel
cage; nobody wanted it as it was 110 volts
and we use 240 volts. As simple as that. But
what a noise and volume, % HP motor and
all. After promising to make good if neces-
sary, I chipped out a 3%” hole through the
shack wall near my P.A. (use a small pilot
hole to check your measurements) and col-
lected some 3% diameter coffee tins, cut
the bottoms out, soldered two together and
stuck them in the hole. With rubber inner
tube vou can make fine couplings at any
angle by trial and error using the curve of the
tube. The chassis has half a tin soldered on
the side for the intake. With such a powerful
blast of air (noiseless) you can afford to
ignore sealing the chassis and don’t even need
a bottom plate if your bench is flat.
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You have guessed it - it’s a 3-1000Z Eimac
tube which is loaned by a friend, and I dare
not risk overheating it. It’s a tube worth
taking trouble over and a good supply of air
is the least you can do for it. The air blower
was mounted on brackets on the wall outside
and coupled up with more inner tubing and
a weather-proof roof tied on.

E. Robson, 5Z4ERR
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{
)
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Edit. Note

Many of these new tubes require a blower, a

good one; even if only the filaments are on.
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Howard Phillips, W6FQO
1323 N. Sunshine Way
Apartment 4

Anaheim, California 92806

An Audio Sinusoid Generator

Do you need an audio generator which
delivers a sine wave over the frequency range
of 500 hz to 5 khz? The oscillator described
here will do the job while maintaining a
nearly constant output voltage over the
range of 1 khz to 5 khz.

An audio oscillator which generates a
low-harmonic-content sinusoid has many
uses. Examples include two-tone generators
for use in amplifier linearity tests and AFSK
oscillators for encoding Teletype signals for
radio transmission. The oscillator described
here is well suited for the latter application
because switching different capacitors into
the circuit allows generating two equal-
amplitude non-simultaneous tones using the
same oscillator.

OSCILLATOR BUFFER

X4
AMPLIFIER

ATTENUATOR

SINE WAVE
QUTPUT

Fig. 1. Sine wave oscillator and buffer.

Fig. 1 illustrates the complementary
audio oscillator circuit. The npn-pnp ampli-
fier has a unity voltage gain and is active
over a 10 volt dynamic range. The com-
plementary amplifier provides drive through
L2 to the tuned circuit composed of L1 and
C. The single-ended buffer amplifier prevents

PLUG TO

VTVM
-DC INPUT

m
PUSH TO CAL

FOR
o PNP TYPES
C SUPPLY

2
(I C%\l]
+? IRE Al E [:

S-10v
D

Fig. 2. Functional diagram of oscillator and
buffer.

88

heavily loading the tuned circuit. The circuit
uses two 88 mh telephone loading coils.
These toroid inductors have two windings
which can be connected in series for L1 = 88
mh or only one of the windings can be used
for L2 = 22 mh.

The operation of the oscillator is better
understood by considering the functional
diagram illustrated by Fig. 2. The current
which flows through L2 is in phase with the
voltage developed across the tuned circuit.
The output voltage from the X1 comple-
mentary amplifier is divided between L2 and
L1B. The drive voltage to L1B does not vary
with frequency between 1 khz and 5 khz.

Trrl Lk
A RS

Vertical Scale  :sin @
Horizontal Scale : @&

Fig. 3. Plotted points of sin 7} superimposed

upon measured output WaVEfDI’m-
Consequently, the output voltage is constant
over this frequency range. The buffer ampli-
fier has a voltage gain of 0.4 and drives a
potentiometer which can be adjusted to
provide a sine wave output of zero to 9 volts
peak-to-peak.

Fig. 3 shows an oscilloscope photograph
recorded to show the quality of the sine
wave as measured at the output of the buffer
amplifier. Points are plotted on the oscillo-
graph to show the theoretical waveform of a
pure sinusoid. The oscillograph in Fig. 4
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10 V/div.
0.5 ms/div.

Vertical
Horizontal :

Fig. 4. Measured output waveforms.

shows the waveform quality at four
operating frequencies in the range of 400 hz
to 4 khz. The waveform distortion decreases
with frequency. The results of distortion
analyzer measurements made on the signal
output from the buffer show a waveform
distortion of 4% at 3.5 khz and a 1.4%
waveform distortion at 500 hz. Filters can
be used to decrease the waveform distortion
to less than 0.1% if required.

The output voltage is plotted as a
function of frequency in Fig. 5. The de-
crease in output voltage at lower frequencies
is caused by: (a) The Q of the resonant
circuit decreases at lower frequencies; (b)
the inductive reactances of L2 and LI1B
decrease at lower frequencies, and the
voltage drops across the 100 emitter
resistors become appreciable. The oscillator
can be made to operate at lower frequencies
by increasing the values of L1 and L2.

1 o b Lol

] 1 1 ‘ 5

4
.

3
=51

Fig. 5. Measured output voltage from buffer.

Fig. 6 shows a graph which can be used to
select a value of C for any desired oscillator
frequency. The error bars above and below
the plotted data points reflect the £ 20%
tolerance of the capacitors used to obtain
the data.

The choice of semiconductors is not
critical except that silicon transistors and
silicon diodes should be used. The bias
conditions are designed to make use of the
forward voltage drop (0.7 volt) across a
silicon diode. The power supply voltage
values are not critical. If the semiconductor
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Fig. 6. Capacitance vs oscillator frequency.

breakdown voltage specifications are not
exceeded, higher output voltage can be
obtained by wusing higher power supply
voltages. The physical layout of the com-
ponents is not critical, and special con-
struction techniques are not required.
...W6FOO
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Capacitor Usage

Eugene Fleming, WP HMK
328 Gunnison Avenue
Grand Junction, Colorado 81501

and Electron Flow

How long has it been since you looked at
a schematic in one of 73’s construction ar-
ticles and said to yourself, “‘Hmmm... won-
der what that capacitor is there for?” Chan-
ces are that unless you are an engineer, there
will be at least one capacitor in this very
issue that will mystify you. This article is
designed to dispel the mystery by describing
the electron flow and pointing out examples
of common capacitor usage.

Note that the word “capacitor” has been
used consistently in lien of “condenser™.
“Capacitor” is the word specified by some-
one at IEEE, and there seems little reason
to quibble with them. It does seem a little
more logical, tho some old timers still had
rather fight than switch.

Texts and handbooks devote several pages
to the theoretical aspects of isolated capaci-
tors, but most do not say much about their
functioning in practical circuits. Knowledge
of diglectric constants, formulas, plate spa-
cing, and fabrication techniques is worth
having. However, it is more useful to a de-
sign engineer than a ham or technician. The
reader interested in the more theoretical ap-
proach is referred to suitable handbooks.

Knowledge of the specific function a par-
ticular capacitor performs in a given circuit
is a valuable troubleshooting tool when it
comes to locating a malfunction in either
homebrew or commercial gear.

What a Capacitor Is

A capacitor is an electrostatic device. Its
purpose is to store electrical energy in the
form of a static electric field. Remember
that “static” means ‘‘standing still”” or “un-
moving”’. This is in contrast to an inductor
which stores energy in a magnetic field only
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so long as the electrons are moving thru a
coil.

The electrostatic field is created when e-
lectrons are pulled from one plate of a capa-
citor by an applied voltage and an excess is
forced into the other plate. Since unlike
charges attract each other, it is as if the plate
with a deficiency of electrons is trying to
pull some from the plate which has an ex-
cess. It does succeed in pulling them to the
surface of the other plate, but can not pull
them thru the insulation of the dielectric
which separates the plates. However, when
there is a direct connection between the
plates in the external circuit, the charges will
flow together and neutralize each other.

It is not possible to understand how a
capacitor operates in a circuit until the char-
ge and discharge paths can be traced. These
two paths are not always the same. It is at
this point that understanding of most hams
is inadequate.

Coupling Capacitor

Terms used to describe this component
have done more to confuse beginners than
to enlighten them. At least one writer of
elementary texts has been observed to call
it a “coupling condenser” and a “blocking
capacitor’ all in the same paragraph. For
those interested in the whole boring story,
the correct designation would be: an ac
coupling-dc blocking capacitor. Obviously
this is an inconveniently long name, so it
may get shortened to coupling or blocking
capacitor. Which it is called depends most-
ly on the writer’s whim.

The coupling capacitor is always in a sig-
nal path, for the signal is what it was put
there to couple from one circuit to the oth-
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er. It is most frequently used in resistance-
capacitance coupled amplifiers similar to
those in Fig. 1. The purpose of the ca-
pacitor C, is to transfer the signal from the
plate circuit of V1 to the grid circuit of V2
while preventing the high level dc voltage
from following the same path. It hasa con-
tinuous dc voltage across it during the time
power is applied to the circuit. The signal
voltage causes momentary increases and de-
creases in the average charge as it swings
more or less positive at the plate of V1.

& V2
V1

o 5
"

Fig. 1. Resistance Coupled amplifiers;
(A) Tube type, (B) Transistor type
The charge path for C in Fig. 1A during
a more positive signal voltage swing at the
plate of V1 is such that electrons will move
up from ground, thru the tube cathod to
the plate and into the left plate of the ca-
pacitor. They will flow out of the right

plate, thru Rg and on to ground. The neg--

ative voltage at the top of Rg will therefore
increase in step with the signal at the plate.

Discharge occurs when the voltage at the
plate of V1 swings less positive. Electrons
will flow out of the left plate of the ca-
pacitor, down thru Rp, thiu the B supply
to ground and up thru Rg into the right
plate. This makes the right plate of the
capacitor, and hence the grid of V2, less
negative with respect to ground. The grid
may still be negative with respect to the
cathod if suitable biasing is provided. Thus
the signal applied to the grid is developed
across Rg.

Electron flow in the transistor circuit of
Fig. 1B is essentially the same as in the
tube circuit.

It can be noted from the foregoing ex-
planation that there is a phase shift as the
signal “passes thru the capacitor.” This is
net as great as would at first appear because
the time constant of the capacitor and resis-
tors in the charge and discharge paths limit
the shift. It is this phase shifting which
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makes possible operation of the phase shift
oscillator illustrated in Fig. 2. In practice,
it works out that there is usually somewhat
less than ninety degrees of shift. That is the
reason three capacitors are required to sus-
tain oscillation in the circuit of Fig. 2.

Fig. 2. Phase-shift oscillator.

~ The coupling capacitor becomes a “orid
leak’ when 7f is supplied from V1 and no
bias is placed on V2. If the value of C and
Rg are properly chosen, C will have time to
discharge only slightly between rf peaks.
Then the voltage at the grid of V2 will
have the general waveform of the AM mod-
ulation on the rf input voltage.

Capacitors function in a similar manner in
many tone control and pulse shaping cir-
cuits. Such circuits are becoming more im-
portant to hams with the increasing use of
integrated circuits and digital techniques. As
stated earlier, a capacitor with the purpose
of coupling a signal must be in a signal path.

All types of capacitors are used for coup-
ling with the possible exception of high volt-
age and variable types. Small film types
are used in 7f circuits. The range runs all
the way to large electrolytics in low impe-
dance audio frequency circuits. The type
chosen for use depends on applications and
mechanical considerations.

Bypass Capacitor

The bypass capacitor is known by even
more names than is the coupling capacitor.
Depending on just where it is located in the
circuit, it is variously called a smoothing
capacitor, filter capacitor, feed-thru capaci-
tor, integrating capacitor, decoupling capaci-
tor, or of course, a bypass capacitor. Aft-
tempt will be made to show that these func-
tions are all essentially the same.

Let’s start with the common filter capaci-
tor, sometimes called a smoothing capacitor.
Fig. 3 shows the common configuration of
a power supply filter. The purpose of both
the capacitors is to bypass the ac ripple re-
maining in the rectifier output before it
reaches the load. Electrolytics or oil filled
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capacitors are most frequently used in this
application.
L

| e

Fig. 3. Power supply with filter.

The charging path for Cl starts at the
negative plate from which electrons are pull-
ed when voltage is applied. They continue
to ground, up thru the transformer second-
ary, thru the diode, and finally into the pos-
itive plate. The path for C2 is identical
except that inductor L is included in it.
In many circuits, especially low current sup-
plies, the inductor is replaced with a resistor.
The electrons are moved around the circuit
by the voltage induced in the secondary of
the transformer.

During discharge of Cl, electrons flow
out of the positive plate when the applied
voltage is momentarily decreasing, and go
on thru the choke since they cannot go
back thru the diode. They proceed thru
the load represented by R, on to-ground and
into the negative plate. In this case the
path for C2 does not include the inductor,
tho it is otherwise the same as for C1.

The electrons flow during discharge be-
cause the voltage being applied to the capaci-
tor is insufficient to maintain the electro-
static field which holds the electrons in the
capacitor positive plate. The capacitors of
the filter thus supply current to the load
during the intervals when the rectifier is not
doing so. The energy stored in them during
the charping part of the cycle is returned to
the circuit during discharge.

It should not be inferred that discharge
is complete while the filter is operating. The
very purpose of the arrangement is to pre-
vent variations, so far as possible, in the
current. Large values of capacitance are
chosen to accomplish this.

Decoupling capacitors operate in the
same way as the filter capacitors just de-
scribed. The only reason for the difference
in name is the part of the circuit in which
they are used.

Fig. 4 shows an AVC decoupling net-
work. Its purpose is to shunt to ground
any audio or rf that might get into the
AVC line whether it comes from the rec-
tifier or one of the branch lines. No ap-
preciable current flows in the line for tube
circuits, since the tube grids in which it is
terminated are negative with respect to
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ground. Current does flow in transistor
AVC lines in most cases since they are cur-
rent controlled devices. This will somewhat
modify the discharge path for the capacitors.
The current consuming transistor can be
thought of as equalivent to the load in
Fig. 3.

TO IF STAGE

TO RF FROM AVC
STAGE RECTIFIER

4 el

Fig. 4. Decoupling filter, AVC type.

Since the electron flow paths are so sim-
ilar to those of the previous figure, it will be
left as an exercise for the reader to trace
them.

Decoupling capacitors are also used in dc
supply lines to keep signals which are gen-
erated in the stage which the line supplies
from getting into other stages by way of the
line. The circuit looks almost exactly like
that of Fig. 4 when the labels are changed.

Feedthiru capacitors are used to bypass to
ground rf which may have been picked up
by supply voltage lines as they enter or leave
a compartment where stray signals may be
present and induced into thé supply lead.
These are seldom larger than a few tens of
picofarads. They may be small ceramic
types or a cylinder of metal with an in-
sulated lead for the supply voltage running
thru its center. Heater bypass capacitors
are very similar.

Feedthru and heater bypass capacitors are
simply special cases of decoupling capaci-
tors. Tracing their charge and discharge
paths is not difficult if it is kept in mind
that the source of supply is voltage induced
into the leads which they bypass. Once this
is borne in mind, the paths are found to be
very similar to those of Fig. 3.

Fig. 5 shows a circuit containing both a
cathod bypass, Cc, and a screen bypass, Cs.
The purpose of both is to keep the signal

i
s
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Fig. 5. Tetrode amplifier showing bypass
capacitors.
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voltage off the respective elements. They
operate in slightly different manners.

When V1 conducts, the top of the cathod
resistor, Rc, becomes more positive with re-
spect to ground. Some of the electrons
coming up thru the resistor leave the stream
and flow into the positive plate of the capac-
itor. At the same time some flow out of the
negative plate and up thru the resistor.

When there is a decrease in the positive
voltage on the top of Re, some electrons
flow out of the positive plate and join those
coming up thru the resistor and go on thru
the tube, the load, power supply, on to
ground and back into the negative plate of
Cc. In this way voltage variations tend to be
leveled out.

Value and types for Cc depend on the
operating frequency. Electrolytics of several
mfd are used in audio circuits. Tubular and
disc types are used in rf circuits. Values for
rf work are usually from .001 to .01 mfd in
both transistor and tube circuits.

Charge of the screen bypass, Cs, begins
when power is applied to the circuit and the
top of the screen resistor becomes positive
with respect to ground. Electrons flow from
the grounded negative plate, thru ground,
Rc, the tube as far as the screen and into
the positive side of the capacitor.

During a momentary decrease in the posi-
tive voltage at the screen caused by signal
voltage getting into the screen circuit, elec-
trons flow out of the positive plate, thru
Rs to the power supply, on to ground and
into the negative plate of Cs. Ac voltages of
almost any frequency appearing at the
screen are neutralized by the charging and
discharging of Cs which tends to maintain a
constant voltage at its junction with the
screen and Rs.

Values for Cs are usually less than .01
mfd for audio and are only a few hundred
pf for 7f. Ceramic and paper types are
widely used.

Resonant Circuit Capacitors

Resonant circuit capacitors are the easiest
of all to recognize on a schematic because
they are always associated with an inductor.
In addition, they are variable types in a high
percentage of cases. An understanding of
electron flow in them aids in understanding
other facets of operation of the resonant
circuit.

Referring to Fig. 6, the symbol for the
ac generator can be replaced by tubes, tran-
sistors, or antenna-ground systems respond-
ing to electromagnetic radiation, etc. In the
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explanation it is assumed that the circuit is
being excited at its resonant frequency.

2
1Vl
Ezd

A B

Fig. 6. (A) Parallel resonant circuit;
{B) Series resonant circuit.

When the upper terminal of the generator
in Fig. 6A becomes negative with respect to
the lower one, electrons will flow from the
negative terminal into the upper end of the
coil. The upper plate of the capacitor will
also contribute some electrons to the stream.
After going thru the coil, some electrons will
continue back to the generator and some
will go into the lower positive plate of the
capacitor. It is now plain that more current
is flowing in the coil than in the wiring out-
side the resonant circuit.

At the instant when the applied voltage
reaches its peak, the maximum amount of
energy is stored in the circuit. Electro-
static energy is in the capacitor and electro-
magnetic energy is stored in the field sur-
rounding the coil.

As the applied voltage decreases the
stored energy is returned to the circuit. The
magnetic field around the coil collapses.
This induces a counter voltage in the coil
that tends to keep the current flowing in the
same direction with as little change in rate of
flow as the component values will permit.
The capacitor supplies the current for this
process, since by this time the generator
voltage is dropping to a low level. In doing
so, its charge at the peak has become com-
pletely reversed. Continuing the cycle, the
voltage across the genmerator becomes revers-
ed. Current in the external circuit is also
flowing in the opposite direction that it was
during initial charge. Some of the stored
energy is dissipated in circuit resistance con-
tained mostly in the wire of the coil. The
generator furnishés small amounts of energy
to replace that lost in the circuit. It also
replaces energy coupled out of the circuit by
such means as a nearby coil in which a volt-
age is induced.

Electron flow in the series resonant cir-
cuit of Fig. 6B is very similar to that of the
parallel circuit discussed above. As shown in
the figure, it can be visualized as a parallel
circuit with the generator inserted in series
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with the components. Therefore the high
current circulating in the resonant circuit
will also flow thru the generator.

Parallel resonant circuits are used to pre-
sent a high impedance to rf currents. The
higher the impedance, the higher will be the
voltage developed at the frequency to which
it is tuned. This is desirable whenever it is
necessary to pick out a smiall group of fre-
quencies from among many possibilities. A
few typical uses are in antenna circuits,
tuned amplifiers, and oscillator frequency
control circuits.

Series tuned circuits offer a low impe-
dance path for a particular small group of
frequencies to which it is resomant. The
best known use of this function is for by-
passing a specific unwanted frequency to
ground from the antenna input. It is some-
times used in selective coupling circuits and
as a feedback path for oscillators.

Combinations of the two types of circuits
are used to produce many characteristics in
band pass, band rejection, high pass, and
low pass filters.

Timing Capacitors

The fourth use is as timing capacitor. It
is not often used in ham gear, but does
appear in oscilliscope sweep generators and
pulse generators. Such circuits are becoming
more common as digital techniques are ap-
plied to communications.

Fig. 7 shows the basic circuit. It is fre-
quently called a relaxation oscillator. The
voltage waveform across the capacitor wil
have a slow rise-fast fall sawtooth shape.
The charge path for the electrons is out of
the lower plate of the capacitor, thru the B
power supply, down thru the resistor and
into the positive plate.

Fig. 7. Neon bulb relaxation oscillator.

Partial discharge occurs when the voltage
across the capacitor reaches the firing po-
tential of the neon bulb. This voltage
varies from 60 volts up. At firing, elec-
trons flow out of the positive plate, thru the
neon bulb, and into the negative plate.
When the capacitor discharges to the point
that the applied voltage will no longer keep
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the gas ionized, the bulb is extinguished and
conduction stops, and charging begins again.
The extinguishing voltage is only a few volts
below that for firing, so only a small part
of the charge on the capacitor is bled off.

The neon bulb in Fig. 7 can be replaced
with many types of rapid-turn-on devices
such as the unijunction transistor or silicon
controlled rectifier.

Cross coupling capacitors in multivibra-
tors are not exactly timing capacitors. They
do have a similarity however. The function
of these is adequately covered in most of the
texts on the subject. Suffice it to say that
they serve both a timing and a coupling
function. It is this combination of function
that makes multivibrators possible.
Conclusion

This discussion makes no pretense of be-
ing all encompassing in the description of
capacitor uses and associated current flow.
The four uses mentioned do cover the great
majority of cases in which this component
is likely to be used in amateur equipment.
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Charles Klawitter, WOVZR
5353 North 58th Street

Milwaukee, Wisconsin 53218

What About FM ?

As I read through the many ham periodi-
cals of the day, I am surprised at the absence
of concern given to a field of amateur radio
that seems to be growing by leaps and
bounds, vhf FM. I have noticed a few
editorials which share my concern.

Not many years ago, in the 1950,
amateur radio experienced what has been
called by some, “the FM Fad.” Whatever it
was, it did bring to light some of the definite
advantages of FM. These advantages include:
it could be slope detected with an AM
receiver, it often helped in the solution of
TVI problems, large expensive modulators
were eliminated, and a ham could run high
power phone with an efficient class C
amplifier. Not a bad list of advantages for
any system.

Well, that was in the ’50’s, before SSB,
selective receivers, inexpensive transceivers
and linear amplifiers. Does this mean that
FM is dead? Absolutely not! Now there is a
new area open to FM. I probably should not
say new, because it has been used com-
mercially for years. This is vhf FM.

52 MHz INCOMING
SIGNALS

Receiving path.

HOME STATION
SITE
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Low and high band FM equipment has
been available in varying amounts for many
years as surplus. Three or four years ago
when the FCC changed its specifications for
frequency deviation there was a great deal of
obsolete wide band gear available. Even
today, with the big change over to tran-
sistors there seems to be a fair number of
units on the market. This can be affirmed by
the many amateurs who have this equipment
on the air. T wish I could find some accurate
figures concerning the number of amateurs
using vhf FM, but I have not been able to do
so.

I am not going to argue the merits of AM
vs SSB vs FM, because I feel each system has
its merits in the vhf spectrum. If the FM
units have proven successful for commercial
service, I am sure that the amateur can also
use them successfully.

This equipment has been built by such
manufacturers as Motorola, General Electric,
Link, Raytheon, Comco, RCA, etc. These
transmitter-receivers are generally well de-
signed and trouble free. They contain sensi-
tive many tubed or transistored receivers
with efficient transmitters whose output
ranges from 5 to 100 watts. Most of them
are complete with power supply, either
vibrator or dynamotor type depending on
the transmitter power rating. Some of the
newer units employ transistorized power
supplies.

They are terrific for mobile installations.

Since they are crystal controlled, all that is

needed under the dash is a small control
head and a mike, The XYL might appreciate
that feature. The fact that the receivers are
squelch controlled makes it easy on the
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nerves; when there is no signal, there is no
audio or noise. Because of the natural
characteristics of an FM receiver, it limits
AM, there is little ignition or pulse noise. If
you have been a mobiler, you are aware of
what a problem noise can be. VHF antennas
for mobile use are simpler to install, smaller
and more efficient than their big hf brothers.
You can obtain a fine non-directional radia-
tion pattern by placing a quarter-wave verti-
cal whip in the roof of your car, a very
difficult feat to accomplish in the hf spec-
trum.

There are presently two national calling
frequencies, 146.94 mhz and 52.525 mhz.
Depending on your local customs, there are
several other channels being used, such as
52.640 mhz, 52.720 mhz, 146.670 mhz and
146.790 mhz.

Obviously, the fact that this equipment is
crystal controlled makes it a natural for net
operation. The receiver squelch system
makes 24 hour a day monitoring practical.
You can never tell when the six meter band
will open. The receiver squelch can be easily
adapted to operate a plate sensitive relay.
This relay can operate lights, bells, or other
electronic equipment.

Schematics and information on con-
version of this equipment to amateur use is
readily available.! This would make a good
club or group project. If you can get one
unit operating, you can use it as a signal
generator or as a frequency meter. It would
be nice if someone in the group had a good
vhf signal generator or wattmeter.

There is also 450 mhz FM equipment
available. This gear has possibilities as link
equipment for remote repeaters (See dia-
gram). For instance, a 450 mhz fransmitter
at your home in the valley could send a

52MHz QUTGOING
SIGNALS

REPEATER SITE

Transmitting path.

HOME STATION
SITE
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signal to a 450 mhz receiver on a hilltop
many miles away. The squelch operated
receiver could then turn on a six meter
transmitter and retransmit the incoming
signal. If you reverse the process, a six meter
receiver on the hill can operate a 450 mhz
transmitter and your 450 mhz home receiver
will hear everything that can be heard at the
hill on six meters. Other combinations are
possible, six meters to two meters, 450 mhz
to two meters, etc. The characteristics of
FM, the squelch operated receivers, and the
bandwidth of the vhf spectrum all combine
to make repeater operation feasible. There
are many of these systems in use today.

The repeater operation greatly increases
the range of mobile units. Its uses for
emergency and public service duty are
almost endless. Think of the challenge of
trying to get a rack full of this equipment
working smoothly and then sitting back and
watching all those pilot lights blink merrily
and hearing all of those relays chattering
noisily — beautiful — beautiful.

... WOVZR

!Sherman M. Wolf, FM Schematic Digest (Bos-
ton: Two-Way Radio Engineers, Inc.)
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A Primer on

Radio

It has never been a secret that long-range
communication in the amateur bands is
primarily dependant upon the ionosphere,
however it is essential to visualize the
structure of the ionosphere and to under-
stand more thoroughly the basic theory
behind the usage of sky-wave methods of

transmission if effective use of the
ionosphere is to be made.
The Ionosphere’s Structure

The ionosphere’s overall structure

consists primarily of three ionized layers
ranging from 35 to 215 miles or so above the
earth. The region lowest in height found at
about 35 miles extending to 70 miles, is
called the “D” layer and for all practical
purposes, is useless to the amateur. Instead
of reflecting radio waves, the D layer acts as
an impediment and attenuates the signals
strength to some degree, sometimes com-
pletely absorbing 160 and 80 meter signals
while passing through its region -either
upward or downward after being reflected
back to earth by another ionized layer.
However, after darkness, the D layer is
virtually a nonentity. The next ionospheric
layer is known as the “F” layer and is found
from about 70 to 175 miles above the earth.
This particular region will reflect signals
back to earth for a good part of the daylight
hours however after darkness, it similarly
vanishes like the D layer. Next in line
upward is the “F’’ layer which during the
daylight hours divides into two separate
layers called the FI and F2 layers, and
during night hours forms one single layer (F
layer). The F1 layer is generally found at
about 140 miles in height and extends to
200 miles where the F2 layer then makes its
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Propagation

appearance. The F1, F2 and the F layer are
able to reflect signals back to earth in the
order of a thousand up to several thousand
miles depending upon the angle of radiation.
These particular layers are useful for both
day and night, although daytime usage of
these layers is relatively “‘lossy’ due to the
presence of the D and E layers. Night time
communication is especially good, mainlv
because of little loss and prime conditions.
Also of importance to mention is the often
encountered “‘sporadic E ionization layer
effect which is found invariably in the same
height as the E layer. This rather unusual as
well as unpredictable layer can be found
both in the day and night hours, although
more prevalent during daylight time, and it
is found generally at all latitudes. It can be
best visualized as intermittent clouds
relatively dense in ionization in which its
ionization level may change its intensity
from hour to hour. It is of use to low band
work and accounts for most short distance
communications and when intense enough,
it can be a heaven for 6 meter enthusiasts
though its bearing on vhf operation will be
discussed more thoroughly later on. These
various layers are illustrated in Fig. 1.

[F2 LAYER 200MILES

E LAYER 7O MILES,

rr—
a0 LAYER 35 MILES ®

Fig. 1.
as they would appear during daylight hours.

Illustration of the ionospheric layers
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Fig. 2. Graphic chart illustrating the typical groundwave field-intensity curves for 1 kilowatt of
rf power radiated from a short vertical antenna at ground level assuming a ““good earth’’ path.

Different Modes of Radio Propagation

When electromagnetic waves are emitted
from an antenna, they can take either one of
two possible types of communication
processes: groundwave or skywave. The
former method of transmission is used for
relatively short distances and is heavily
dependant upon the path it takes wherein
the signal travels. Groundwave transmissions
are subject to what can become a severe
signal attenuation by a phenomenon known
as “shadow loss”.! This occurs when signals
are unable to bend around natural or
manmade obstacles or structures. Increasing
your antenna height as well as the power can
at times overcome some of these barriers,
dlthough a portion of the signal will none-
theless most always be attenuated to some
extent. See Fig. 2 for a graphic chart
illustrating typical groundwave field-
intensity curves for radiation over a good-
earth path. Skywave transmission is simply
explained as having a large (or moderate,
small) portion of your total radiation from
the antenna directed up toward the iono-
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sphere. For reasons already obvicus,
skywaves may be (1) completely absorbed in
one of the ionized layers, (2) reflected back
to earth, or may (3)go through all the
ionospheric regions and on into space. See
Fig. 3 for a typical field-intensity graph
relating skywaves.

Other Factors

High-angle signals are those in which the
actual angle of direction upward is so high
that the layers sometimes don’t have the
ability to reflect them batck to earth. The
highest angle of radiation in which a signal is
returned downward toward earth is called
the critical angle. Similarly, if we transmit a
signal on 40 meters and it is reflected back
to earth, we could then switch to a higher
band, say on 20 meters, and so forth up the
frequency ladder until we reach a certain
frequency in which the signal isn’t reflected
back by the ionosphere and instead is
permitted to continue into space. This
particular frequency is known as the criti-
cal-frequency and it varies with each
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Fig. 3. A typical field-intensity graph for
incident skywaves. The appropriate adsorp-
tion-factor K is used to predict the received
field strength in MUv/meter (microvolts ex-
cited per meter of antenna length). The
curves show the variations in received field
strength for a kilowatt of rf power radiated
from a dipole antenna. Corrections are re-
quired for different power outputs and an-
tenna gains.

different inonspheric layer and usually
increases with the height of a layer. With
reference to the critical angle again, as the
angle of radiation is diminished, the radio
waves return to earth at increasingly greater
distances as illustrated in Fig. 4.

Suppose we then lower the angle of
radiation and repeat a gradual increase in
frequency. As we continue to lower the
angle and simultaneously increase the
frequency, we’ll find that we can transcend
the critical frequency while still retaining a
back-to-earth reflection. However, we
eventually come to a frequency where
despite the lowest possible angle of
radiation, our signal is not returned to earth.
This is known as the maximum usable
frequency (muf).

Next, we come across what is termed
path absorption (or just absorption). While a
radio wave is traveling through an ionized
layer, some of its energy will be dissipated
into that particular layer. Path absorption is
directly proportional to an absorption factor
K, wused in the following equation:
K=TxMxS?> where T stands for the
time-of-day correction factor, M corrects the
seasonal variations in the ionization level or
the layer, and S signifies the solar activity
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Fig. 4. l|llustration of thecritical angle. Any
wave angle above wave A is beyond the cri-
tical angle and will not be returned to earth.
As the wave angle is lowered, greater dis-
tances are possible.

correction factor based on the current
sunspot cycle. The National Bureau of
Standards regularly issues charts and tables
to which this formula can be applied to;
however, we will discuss this later.

Of equal importance are conditions in
which signal reflection back to earth is at ifs
maximum and minimum. As a rule, the
larger the wavelength, the lower the radia-
tion angle and the better the reflection (also
called refraction). Also, the greater the
intensity of an ionospheric layer, the lower
the angle a signal is bent back. When the
ionization intensity is at a relatively low
level, the higher frequencies may not be
reflected back to earth at all whereas the
lower frequencies (3.5, 7 mc) could still be
used for effective communicating purposes.
For this reason, the lower frequencies are
generally more dependable than higher
frequencies.

Skip

When a signal is emitted from point A
and is returned via the ionosphere to point
B, the distance between those two points is
called the skip distance. There will almost
always be some amount of useful ground-
wave distance on a skywave signal, though
usually only a fraction of the skywave skip
distance. From the point where useful
groundwave transmission begins to terminate
to point B where the signal was reflected
back to earth, we have what is known as the
skip zone. Signals occasionally upon
returning back to earth are reflected by the
earth itself up to the ionosphere and
subsequently bent back to earth again. This
type of process is called multihop trans-
mission, and it may repeat itself several
times. However with each encounter of the

-ionosphere and earth, energy from the signal

is absorbed and consequently the signal’s
strength diminishes with each “hop.” See
Fig. 5 for an illustration.
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Fig. 5. The distance from Point A to B is
the skip distance and from the ending point
of groundwave transmission to point B we
have the skip zone. Multihop transmissions
are frequently occuring at all seasons of the

year,

Sunspot Cycles and Ionospheric Variations

Ultraviolet radiation from the sun is
believed to be the source of energy which
ionizes the ionospheres numerous layers.
This belief is constituted on the basis of
what is known as the 11-year sunspot-cycle.
Over a period of a few years, the number of
sunspots increases to a peak and then
gradually declines. The duration from one
sunspot peak to another usually covers
about 11 years. During its peak, communi-
cating conditions are excellent especially for
20, 15 and are even better on 10 meters. We
are approaching a sunspot peak now and
therefore world-wide contacts should be at
their best before very long. At a sunspot
minimum or “sunspot dip,” communicating
ranges are poor with very few band
openings. There also exist what is known as
ionospheric storms, and when they occur,
the critical frequencies drop considerably
and absorption of radio signals in the
ionosphere is substantially increased. These
ionospheric storms are resultant of certain
sunspot activity. They usually last from a
few hours to several days.

The critical frequencies vary with the
seasons as with the days. During the
summer, the E layer maintains a higher
critical frequency as does the F1 layer.
Conversely, the F2 layer’s critical frequency
peaks occur during the winter months and
are at a minimum during the summer.

vhf Propagation Characteristics

Many amateurs are inclined to believe
that the several types of low-band propaga-
tion effects are equally present on the vhf
frequencies. This is not so. The vhf bands
have rather unusual propagation phenomena
which is most certainly very effective at
times. The first of these is known as
tropospheric bending and it’s brought about
by changes in the humidity and temperature
in the lower atmosphere at altitudes of
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about 4500 feet. This type of effect is
occasionally present on 28 mc but in the
majority of cases is more prevalent and
potent on 50 and 144 mc, usually more
pronounced on the latter frequency.
Another phenomena is the aurora effect.
Frequencies below 30 mc are severely at-
tenuated while those above are favorably
propagated when an aurora occurs. However,
the auroras have a tendency toward sus-
taining a flutter or rapid fading on signals
and for this reason, phone operation during
these effects is usually unreadable. Many
amateurs resort to cw when there is an
aurora opening while most phone operators
find themselves struggling. Best resuits can
be obtained by directing your beam toward
the aurora display itself found in the
northern latitudes. Sporadic-E skip, although
used to some extent on the lower bands for
short distances, is most often responsible for
ranges in some instances up to 1.400 miles
on either 50 or 144 mc, although the effect
is much more pronounced on the former
frequency. F2 layer skip is best at the peak
of the 11l-year sunspot cycle and can easily
propagate a 50mc signal to distances
exceeding 2,000 miles. Thus, worldwide
communications are possible. F2 layer skip
was responsible for the first transatlantic
QSO on 50 mc on November 24, 1946.

Both forward and back scatter are also
effective means of propagation. The former
type is more widely found in the vhf and uhf
regions, and back scatter usually only on 50
mc (and the lower-bands). These two types
of scatter are present in both the tropo-
sphere and ionosphere. Tropospheric for-
ward scatter usually produces distances up
to 400 or so miles on 50 mc; ionospheric
forward scatter has ranges of 500 to 1300
miles attributed to it. Back scatier most
often occurs when either sporadic-E or F2
layer skip is taking place. At the bottom of
the totem pole we have the most intriguing
and challenging of all vhf propagation
methods, known ds moonbounce, irregularly
referred to as “lunar communication.” In
order to have a successful QSO via moon-
bounce, one must possess the absolute
ultimate in receiver performance, mass
arrays of high gain beams or a large parabolic
reflector of helical type antenna in addition
to a large amount of transmitter power
usually on the order of one kilowatt or just a
little less, not to mention the technically
correct type of antenna-rotation polariza-
tion, tremendous receiver and transmitter
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stability amongst other factors. Some
amateurs who have these prerequisites for
effective moonbouncing have had their
signals reflected back to earth at frequencies
exceeding 1,200 mc! However, only the
amateur who can afford such immense
requirements and who is technically
competent of undertaking such an effort
should try any moonbounce work.

Propagation Data

If the amateur has in his shack a wealth
of propagation charts or just one or two of
them, he will be much better off than the
other amateur who doesn’t have any. By
subscribing to the Institute for Tele-
communication Sciences and Astronomy,
you can be put on the mailing list to
regularly receive their monthly prediction
charts if you are interested in predicting
muf’s for the upcoming months. The sub-
scription rate is $2.75 annually or you can
purchase these charts separately for 25 cents
apiece.

... WAIGEK
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/3 Books for Hams

AMATEUR RADHY

ADVANCED
CLASS
LICENSE

STUDY Gl

5

ADVANCED
CLASS
STUDY GUIDE

128 pages of up-to-the-
minute simplified theo-
ry, written with the be-
ginning radio amateur in
mind. This unique book covers all aspects of
the theory exam for the Advanced Class license
and has helped hundreds of hams to sail through
the exam. ., .nothing else like it in print.

it g

COAX
HANDBOOK

Invaluable book for the @#%
ham or the lab and for |
everyone else who does- |
n‘twant to have to keep |*®
a whole library on hand for reference. . .or even
worse, have to write to the manufacturer for
coax spec.

e
v H FHA?QBUO&

VHF :
ANTENNAS

This handboolk isa com-
plete collection of up-to- .
date information about
VHF and UHF anten- i L
nas, with design hints, construction and theory.
If you've been wondering what array you need,
this book will give you encugh background to
make the right decision.

by Jim Eyla
KEIKK
b2 ptiasts
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DX HANDBOOK

Includes giant world
Articles on QSL design
secrets, winning DX con- B g
tests, DXCC rules, DXpeditions, reciprocal li-
censing and many more. World postage rates,
WAZ record lists, time charts, propagation, etc.
Special ham maps and bearing charts. A must
for the DXer.

PARAMETRIC .
AMPLIFIERS

PARAMETRIC
AMPLIFIERS

For the ham who wants
to work DX on the
bands about 432 MHz,
there is nothing that can ;
beat the gain - d noise figure of a paramp.
This bhook shows you how they work and how
to build and use them. Lavishly illustrated with
photographs and drawings.

) v U1
o fim Fisk W10TY

INDEX
TO
SURPLUS

Do you have a piece of
surplus equipment that
you want to convert but
can't find an article? ER——

1f s0, this is the book you need. It lists all of the
surplus articles and conversions in popular elec-
tronic and amateur magazines from 1945 to
1966. 1.50
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An invaluable reference
book. Covers recti-
fiers, mixers, detectors,
modulators, FM detec-
tors, noise limiters, AGC, BFO'/Q-multiplier,
AFC, Varicap tuning audio clippers, balanced
mods, field-strength meters, RF probes, zeners,
control circuits, etc. 11 different circuits.

M

ARTHOLOGY 1‘%&2 aaz

HAM
TELEVISION

The Amateur Television
Anthology is a collec-
tion of the technical
and construction articles
from the ATV Expenmenter edited by WRKYQ.
If you're interested in ATV, this is the book for
you. It covers the gamut from the simple to the
complex in amateur television equipment. %
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SIMPLIFIED
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Does math scare you?
— It shouldn’t. . This
easy-to-understand book
explains the simplified
exponential system of arithmetic, simple for-
mulas, logarithms, and their application to the
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cw by WESFM explains code and how to
learn it. é
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Measurement of Percentage

of Modulation
of an AM Transmitter

Willard S. Granger
1212 Valle Vista
Vallejo, California 94590

Did you ever need to know how well a
plate-modulated AM transmitter was being
modulated and could not make this
measurement for lack of an oscilloscope or a
modulation percentage meter? Well, here’s a
way to make this check which works
surprisingly well, considering its simplicity.
All you need is a VOMA and a 0.1 ufd
capacitor which has voltage ratings greater
than twice the plate supply voltage to the
final rf amplifier. Some VOMAs are
equipped with an output range, which
simply inserts a capacitor in series with the
ac scales. This range may be used in lieu of
the series 0.1 uf capacitor if the voltage
range is sufficiently high.

The percentage of modulation of an AM
signal is:

100 E max rf ~ E min of

% Modulation =

Enax rf ¥ Emin of
ac Modulation Voltage

0.007 x dc Plate Voltage

or approximately =

It will be convenient, but not necessary, to
have a milliameter in the final amplifier plate
circuit. To make the simple hook-up,
proceed as follows: With the transmitter
de-energized locate the junction point “X”
in Fig. 1, between the modulator output
and the dc input to the modulator ampli-
fier. The voltage at this point is dc plate
voltage with ac modulation voltage super-
imposed on it. To measure percentage of
modulation, these voltages will be separated
and used in the simplified equation.
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FINAL RF
AMPLIFIER

TC
ANTENNA
7
[:
= POINT X

MODULATION
TRANSFORMER

Fig. 1. At point “X'' the voltage is dc plate
voltage with ac modulation voltage super-
imposed on it.

Connect the VOMA between chassis
ground and the junction located above and
set the meter to dc volts. Energize the
transmitter and load it into an operational
antenna or into a dummy load for bench
testing. See Fig. 2.

Now, modulate the transmitter by talking
or whistling into the microphone. The plate
current to the modulated amplifier should
not change appreciably under modulation. If
no plate current meter is available, the
VOMA, which is now connected into the
circuit, may be used as a rough check on
plate current stability. An increase in plate
current will cause an increase in the voltage
drop across the power supply impedance,
and a corresponding drop in the voltage read
on the VOMA. A decrease in plate current
will cause an increase in the voltage read on
the VOMA. These changes will not be large
and you will have to use care in making this
reading.

Any change in plate current to the rf
amplifier indicates trouble and must be
corrected before proceeding. Changes in
plate current may be caused by any one or
more of the following troubles: Insufficient
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TO POINT -X

GROUND
Fig. 2. Meter at dc volts.

rf drive to the final amplifier; a flat final
amplifier tube; a flat rectifier in the power
supply to the final amplifier; improper
tuning and/or loading of the final amplifier;
improper neutralization of the final ampli-
fier (many pentodes require neutralization
when operated in the vhf range); parasitic
oscillations; modulation exceeding 100%.

A word of caution: transmitters
employing exalted carrier or so-called range
gain operation will normally show an
increase in plate current during modulation.
This simplified method cannot be used with
such transmitters.

When mnecessary corrections are
completed and no significant changes in
plate current are evident, you are ready to
measure percentage of modulation. Note the
dc voltage reading and jot it down. De-
energize the transmitter. Connect the 0.1 uf
capacitor in series with the VOMA lead and
reconnect to the test point. Set VOMA to ac
volts. See Fig. 3.

TO POINT X @
=]

GROUND

Fig. 3. Meter at ac volts.

Re-energize the transmitter and, using the
microphone, modulate the transmitter with
a slow steady count or a long sustained
whistle. Note the peak values of the ac
modulation voltage indicated by the VOMA.

The percentage of modulation of the
transmitter is equal to:

ac modulation voltage

0.007 x dc plate voltage
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Typical values of modulation as measured on

a Heath Two-er are:

Normal voice with

microphone 3" to

6” from mouth.

Fluctuating 30% to
70% with peaks to
100%

Steady 50% to over
100% depending on
loudness of the
whistle,

Modulation appreciably less than these
values can indicate trouble and should be
located using standard trouble shooting
techniques.

Should vou need measurements more
definitive than can be obtained by whistling
into the microphone, substitute an audio
signal generator for the microphone. Using a
shielded cable, connect the output of the
generator to the microphone input of the
transmitter through a resistor equal in value
to the microphone impedance, and set the
signal generator output level to the sensi-
tivity rating of the microphone. Typically, a
series resistance of 50,000 ohms and a signal
level of -55 to -45 db one volt at a frequency
of 1,000 cycles per second should be used.

Although a parallel tuned rf tank circuit
and a transformer type modulator is shown
in the sketch, the same measurements can be
made on amplifiers using Pi-networks or
series tuned tank circuits and Heising or
choke type modulators. Simply locate the
junction point between the modulator
output and the dc¢ input to the modulated
amplifier and proceed as above.

A final work of caution: The voltage at
this junction can be lethal and since you are
using a new technique, be extra careful to
de-energize the transmitter and to short out
the power supply before you make or break
the connections to the junction point.

... Willard S. Granger

Long sustained
whistle into
microphone
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Getting Your Extra

Class License

STAFF

Part VIII — Band Widths

In the preceding installments of this
Extra Class study course we have attempted
to concentrate upon a single primary subject
each month, covering as many questions
from the FCC study list as possible within
the confines of that subject.

We’ll do so in the future, too — but this
month as a change of pace we’re doing
things a little differently. The reason is
partly due to comments we've received from
you, partly due to some relatively recent
additions to the original study list which add
questions not ceompletely covered in prior
chapters, and partly because this month’s
subjects are themselves a little different from
the normal course of events. /

In electronics, as in all study of physics
and similar things, we take certain “‘facts”
for granted. Once we’ve all agreed to do this,
nobody bothers to examine those facts any
more — but many of them can stand some
examination. And that’s what we’re up to
this time around.

In the process of examining some of these
“‘obvious” matters, we’ll hopefully reach a
position to know the answers to the
following questions from the Commission’s
list of study questions for the Amateur
Extra Class Examination (the numbers are
those appearing on the official list):

80. What must the value of an inductor

be to cancel a capacitive reactance of
12.6 kilohms at an operating
frequency of 2 Mc/s?

82. What are the bandwidths normally
used for Al, A3 (single and double
sideband), and F3 (narrowband) type
emissions?

88. How does a frequency converter
operate?

You may feel that we are short-changing
you this time by dealing with only three of
the FCC questions — but read on. These
three are all based on some of those taken-
for-granted facts which turn out, upon close
examination, to be far from obvious.
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As always, we won’t attempt to obtain
direct answers to the FCC questions.
Instead, we’ll pose some new questions
which cover the basic principles involved,
but which include some implications of the
basics which are omitted from the specific
study questions.

For instance, FCC question 80 deals with
most specific values of inductance in a single
case — but to answer it we must be familiar
with most of the basic principles of ac
theory. We’ve already gone into this quite a
way (in the first installment of this series
and the final installment of our previous
study course on the Advanced ticket) but
one area of it we have omitted in the past:
that is the question of obtaining proper Q in
the resulting resonant circuit, and the allied
question of picking the proper LC ratio for
the circuit. In the FCC question neither of
these questions is pertinent — but in any
practical application of the theory involved,
either of them may mean the difference
between success and failure of the project.

So our first question will be “How Can
We Optimize a Resonant Circuit?”” This
should wrap up both the points our previous
discussions have missed, and assure a more
complete understanding of the important
facts of resonances.

Similarly, FCC question 82 deals with
bandwidth. We may not go quite all the way
to the basic question of what bandwidth
amounts to, but we will try to resolve the
paradox that a carrier with no bandwidth at
all can be used to transmit a signal which
occupies quite a considerable chunk of the
band, yet is itself composed simply of many
single frequencies, none of which have any
bandwidth of their own. See what we mean
about things getting sticky when we
question the “obvious™?

But we’ll try anything once, so we’ll
ask — and attempt to answer — “How Can a
Signal Exist Without Taking Any Space?”

Assuming that we’ll come out of that one
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satisfactorily, we’ll move right on to the
second basic principle involved in question
82: “Why Do Signals Require Bandwidth?”’

Question 83 deals with the operation of
“frequency converters” but most of us think
of these devices under the name ‘“mixers’
instead. We've all been told by Authorities
that any non-linear device can act as a mixer,
and that any mixer must be non-linear. Few
of us have had the gall to ask publicly “Why
is it mandatory that a Mixer be Non-
Linear?”” For our final question this time
out, we propose to remedy that situa-
tion — and ask why.

All set to dive into this potential mess of
confusion? Leave your prejudices behind,
get all set to adopt some unusual viewpoints,
and we’ll jump right in.

How Can We Optimize a Resonant
Circuit? Virtually all radio communication
involves the use of resonant circuits in one
way or another. Any tuning element involves
resonance; without it we could neither
transmit a stable signal, nor could we select
the desired signal with our receivers. In the
earliest days, when big spark gaps furnished
the transmitted rf and mechanically-shaken
coherers were the receivers, resonant circuits
as such were unknown — and radio’s useful-
ness was sorely limited. '

We don’t have the space to repeat our
two - earlier discussions of impedance,
reactance, and their effects upon resonarnce;
we’ll have to assume that youve already
gone through them and are willing to agree
that the condition of resonance exists
whenever a capacitive reactance and an
inductive reactance are canceling each other
out in a circuit.

However, if you’re designing the circuit in
the first place, and your major requirement
is to obtain resonance at some single desired
frequency, you have an infinite number of
values of reactance to choose from! No
matter what size of capacitor you may
choose to wuse, it will have a definite
capacitive reactance at your desired
frequency, and all you need to achieve
resonance is to provide an inductive
reactance of exactly the same value at the
same frequency.

There are, of course, some practical
limits. You wouldn’t normally want to try
to resonate a 100-mfd capacitor at 432 mhz,
because its capacitive reactance would be so
small that any physically achievable inductor
would probably be too large to resonate.
Similarly, you wouldn’t try to tune a 10-pf
capacitor to resonate at an audio frequency,
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because the required coil would have to be
far too huge and cumbersome.

But even within the practical limits you
still have an infinitely variable range of
choices. To tune a circuit to 4 mhz, for
instance, you might use a capacitor as large
as 5000 pf, or you might choose one as small
as 10 pf for the job.

Once you do choose a capacitor, your
inductor’s value is immediately set by the
frequency at which resonance is required.
This is a natural consequence of the defini-
tion of resonance; whatever the reactance of
the chosen capacitor at the desired resonant
frequency, the coil must be of the precise
value to provide the same amount of
inductive reactance at that same frequency.

A little playing around with the reactance
equations turns them into an interesting
statement which involves only L, C, and f;
the square roots and 2-Pi terms of the
reactance equations vanish to leave only:
LC=25,330/t%, where f is frequency in
mhz, L is inductance in microhenries, and C
is capacitance in picofarads.

The value you get when you plug a
frequency into this equation is known as the
“LC product”; for the example we used
above of 4 mhz, the LC product is
25330/16, or 1583.125. This means that if
we choose a 5000-pf capacitor, our coil must
be 1583/5000 microhenry; if we choose a
10-pf capacitor, our coil must be 1583/10
microhenry.

The LC product is constant for any one
frequency — but the LC ratfio is not. The LC
ratio is not completely defined, but in
general it’s the ratio of inductance to
reactance within the circuit. If we used a
5000-pf capacitor with an inductor of
approximately 0.317 microhenries
(1583/5000), the LC ratio would be
0.317/5000 or 0.0000634. If we used a
10-pf capacitor with a 158.3-microhenry
inductor, the LC ration would be 158.3/10
or 15.83. You can see that even though we
stay within practical limits with our choice
of C, the LC ratio varies over a four-million-
to-one range.

And what we’re setting out to determine
here are the factors involved in your making
that choice from the wide range of possible
LC ratios.

You probably will never be able to make
the exact choice; such things as stray
capacitance get into the act, so that the final
circuit is only an approximation to the
values you worked out on paper in advance.
This is the reasoning behind the popular
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technique of simply choosing a value at
random, and tuning the coil by use of a grid
dipper so that it resonates at the desired
frequency.

And while such a rough-and-ready
approach can always get you a resonant
circuit, the results may not be nearly -what
you expected; even though the final version
must always be trimmed in to the proper
value, it’s best to at least be in the right
county’ before you start the cut-and-fit
process.

The main factor involved in choice of an
LC ratio is the desired impedance of the
resulting resonant circuit. All other factors
remaining equal, a tuned circuit with a low
LC ration (little L, high C) has relatively low
impedance while one with a high LC ratio
has high impedance. Thus for use with a
transistorized amplifier you would want
tuned circuits with low LC ratio, while for
use in a Class A amplifier with vacuum tubes
a high LC ratio might be preferable.

However, this is very much an over-
simplification, because of those ‘‘weasel
words” “all other factors remaining equal.”
The fact is that all other factors cannot
remain equal. In any tuned circuit with
moderate to high Q — that is, witha Q of 10
or higher — the impedance of the circuit at
resonance will be Q times the reactance of
either the coil or capacitor alone. The kicker
is that the Q of the circuit is defined as the
ratio of inductive reactance to series
resistance; if we keep the series resistance
constant, then as we reduce the L and
increase C to work toward a lower LC ratio
we will at the same time be reducing the Q,
and so reducing circuit impedance more
rapidly than we would desire.

Similarly, with constant series resistance,
increasing L and reducing C to get a higher
LC ratio will at the sime time increase the
Q, and multiply circuit impedance more
rapidly than we would expect.

But we can’t hold series resistance
constant either, because it’s really just a tidy
mathematical way of accounting for the
circuit’s losses — and most of the losses are
in the coil. This leads to a rule of thumb that
the lower inductance coil has lower losses; Q
may then remain constant, or may even
increase as we lower the LC ratio. If we
move toward a higher LC ratio, we may
actually reduce Q so that the expected
increase in impedance is somewhat cancelled
out by a reduction in circuit Q.

Because there are so many variable
factors involved — not the least of which is
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Fig. 1. Q of coil is ratio of energy stored in
coil’s magnetic field to energy dissipated in
coil’s resistance and radiation losses. Long
thin coil, at left, requires more wire and so
has higher resistance while at the same time
producing smaller magnetic field. Large
short coil, right, also has smaller magnetic
field and because of its size is more subject
to radiation losses. ‘‘Square’’ coil, center,
strikes balance between large magnetic field
for energy storage and small enough size to
minimize radiation, and so has optimum Q.

the problem of winding a coil to a specified
Q value — we don’t have any precise rules
for choosing the optimum LC ratio. All we
can go on are some rules of thumb: the
lower the LC ratio, the higher the Q is likely
to be. This increase in Q usually does not
prevent the low-LC-ratio circuit from having
lower impedance, but it may turn out to be
sharper in its tuning than expected. A high
LC ratio, on the other hand, tends to
produce less selectivity but a higher
impedance. If a coil of known Q is available,
the coil rather than the capacitor can be
used to set the LC ratio with considerably
more accuracy than if the capacitor is
chosen first.

We’ve talked quite a bit about this factor
“Q,” and even defined it as “the ratio of
inductive reactance to series resistance.”
Actually, it has quite a bit more meaning
than that:

The symbol “Q” comes from the phrase
“quality factor,”” and originally the only use
of “Q” was as a figure of merit for different
coils. Under those conditions, the reactance-
to-resistance ratio definition was more than
adequate; the more resistance in a coil of
given inductance, the lower its Q and
presumably the lower the quality as well.

But when a coil is combined with a
capacitor to form a tuned circuit, then the
entire circuit has its own Q factor, which is
not always the same as that of the coil
although the coil Q is the largest single
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influence on the circuit Q in the absence of
any loading or deliberately introduced
resistance.

And since the Q of the circuit is not
necessarily totally set by the Q of the coil,
the simple reactance-to-resistance definition
may not always apply; it will never apply
unless we also assume that all of the losses in
the circuit are concentrated in the coil as a
part of its “‘resistance.”

This extended meaning of “Q” cam be
covered by redefining Q as the ratio of peak
energy storage in the circuit to average
power loss; an alternate wording of this
definition is the ratio of peak energy stored
to energy dissipated per cycle. The “energy
stored” referred to in these definitions is
that which alternates between magnetic and
electric fields to provide the ‘“‘flywheel”
effect of the resonant circuit, and the
“energy dissipated’ or ‘“‘power loss’ is that
energy which is lost by being converted to
heat energy.

While this definition of Q is considerably
more abstract than is the simple “X/R” ratio
with which we started, it not only includes
the simpler version as a special case but
covers many of the effects usually associated
with high-Q or low-Q circuits.

For instance, it’s a generally accepted
idea that a physically large coil will have
higher Q than will a smaller coil of the same
inductance. This happens because the larger
coil has two things going for it: its larger size
permits it to create a larger magnetic field
for energy storage, and also reduces built-in
resistance so that less energy is lost.

It’s also generally accepted that a
“square” coil — that is, one whose diameter
is the same as its length — has higher Q than
does a coil of any other proportions. The
reasons for this are a little harder to see,
though, because many things are working at
the same time and the final result is a
balancing of all of them. The inductance of a
coil depends, among other things, upon the
magnetic linkages between turns; this means
that the more turns, the greater the
inductance because there are more linkages.
Q, on the other hand, is influenced by
physical size. To carry these two ideas to
extremes, a coil could have very small
diameter and many turns, or very large
diameter and only a few turns. Between
these two extremes, the huge coil with few
turns would have higher Q — but when the
coil gets sufficently large, it begins to lose
energy by radiation, and this is “‘energy lost™
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just as much as if it were converted to heat.
The result is a decrease in Q.

As the diameter of a coil is increased, for
any specific value of inductance, the length
must decrease to keep the inductance value
constant. This raised Q by increasing
physical size. By the time the coil reaches
the “‘square” proportion, though, the
increase in Q pained by any additional
diameter increase is very small, and the
accompanying decrease in length actually
reduces the amount of energy storage space
available. Any increase in diameter beyond
the “square” proportion then begins to
reduce the Q — and that’s why square coils
normally have higher Q than those of any
other proportion. Of course, anything which
tends to add losses, such as shielding or lossy
coil forms, will reduce Q, so the comparison
doesn’t mean that a poor square coil is of
higher quality than a good non-square one.

101 AMP
—

i
| AMP <
100 AMPI ‘l_

1 OHM

G
| AMP

Fig. 2. Voltage drop across any single im-
pedance in a resonant circuit is affected by
Q as shown here. This circuit has Q of 100
since 1 amp of current overcomes losses to
maintain 100 amps of circulating energy. |If
impedance of capacitor is 1 ohm, voltmeter
will measure 101 volts across the capacitor,
although only 1 amp is flowing in external
portions of circuit. Meter impedance must,
of course, be taken into account since it will
load circuit and effectively reduce Q.

What about some of the other
implications of Q? For one thing, as the
ratio of energy stored to energy lost per
cycle, it defines the ratio of circulating
energy to driving energy in a resonant
circuit. To keep energy circulating, the
external energy source must supply enough
driving energy to exactly overcome the
losses. When this much energy is supplied,
then Q times this much energy will be
circulating. If we look at this energy, as for
instance by measuring the voltage drop
across either the coil or capacitor, we can see
it as a “multiplication factor.” If we feed
such a circuit with 1/2 volt, and circuit Q is
100, we will measure 50 volts across the
circuit as a whole.

Of course, our measuring device must
take out some energy in order to make the
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Fig. 3. Physicists tell us that atoms consist
of nucleus surrounded by orbital electrons
{A), and all materials are made up of atoms
(B). |If this is the case, absolutely precise
measurement of the length of a piece of
wire is impossible (C) because the length
varies plus of minus the diameter of an atom
as the electrons orbit the nucleus. This
doesn’'t keep us from making useful and
*‘accurate’’ measurements, but it does point
up the sharp dividing iine between the abso-
lute precision of any theory and the slight
uncertainties we face when we apply that
theory to the actual world around us. “Mea-
surement’’ is a part of the real world; and
the idea of “length’’ belongs to the world of
theories. In most cases they are close
enocugh to each other to permit us to con-
sider them as identical—unless we insist on
“measuring’’ something with no error at alll

measurement, and this energy is lost to the
circuit. This means that the circuit Q is
lower when we’re measuring than when our
voltmeter is disconnected, and the figures in
the previous paragraph are correct only if Q
is 50 with the meter connected.

This point is important, because it
involves the practical applications of most
tank circuits. A vacuum-tube grid, operating
Class A, is next to nothing in its loading
effects, and so a Class A amplifier has little
effect upon the Q of its tuned grid circuits.
A plate circuit, on the other hand, is a
relatively low resistance and will load a tank
circuit heavily. This is why final amplifiers,
for example, are designed to operate at Q
values between 5 and 20.

We could continue examining Q and its
implications for many times the length of
this article without exhausting the subject.
It’s a key factor determining the selectivity
of a tuned circuit; it determines, almost by
itself, the stability of an oscillator; it is
related very simply to the power factor of a
circuit (which is approximately 1/Q); to
mention only a few of its other meanings.
But we have other subjects to explore.

How Can A Signal Exist Without Taking
Any Space? Open any text you like which
discusses the bandwidth requirements for
radio transmission, and sooner or later you’ll
come across the statement that “a carrier has
no bandwidth.”

How can you have nothing from
something? Pick any carrier at random; you
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can see it on a spectrum analyzer, get an
FCC citation for off-frequency operation,
convert it to an audio frequency which you
can hear, see it hold up an S-meter needle.
How can this have no bandwidth? Obviously
it must exist, and if it exists then it must be
somewhere. And if it is somewhere, then
that somewhere must take up at least a little
spectrum space no matter how small. But if
it takes up any space then that space is its
bandwidth, and the authorities say the band-
width is zero. Therefore it occupies no
space, and since only the non-existent can fit
into “no space,” the carrier must not exist!

Most of us who first get tangled up in
that self-contradicting line of reasoning cited
in the previous paragraph conclude that the
authorities who say bandwidth is zero are
wrong. If the statement ““a carrier has no
bandwidth™ is changed to read *“a carrier
occupies so little bandwidth that it cannot
be measured,” then the contradictions
vanish. For all practical purposes, the two
statements are equivalent — but the minute
difference between them permits the carrier
to exist.

Unfortunately, this simple answer to the
paradox is wrong. A perfect, ideal carrier
actually does occupy zero bandwidth, and
this statement does not rule out the
possibility of such a carrier’s existence. No
one has yet created one, and the chances of
it happening at any time in the future are
incredibly small (it’s much more likely, for
instance, that all the water molecules in the
Pacific Ocean will move in the same
direction in the same instant, thereby
putting the entire ocean into orbit and
exposing its muddy bottom), but that’s not
because of the zero-bandwidth requirement.
Quite a few practical carrier signals have
unmeasurably small bandwidths.

The paradox involved in the zero-
bandwidth question is that involved in all
measurements. No measurement can ever be
accurate, to zero tolerance. No matter how
much we refine our equipment, for instance,
can we be sure that a piece of wire is
precisely one inch long — because it may be
the width of an electron less than one inch,
or greater, depending upon precisely what
instant we measure it! And if it’s either, then
it’s not precisely one inch.

This may sound Ilike splitting hairs.
Actually, splitting hairs is a rather imprecise
operation compared to the idea we’re
attempting to explore. What we’re really
looking at is the difference between absolutie
precision, and possible achievement.
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Absolute precision may exist somewhere
in the Universe, but we could never
recognize it even if we stumbled across it.
The only place it has any use for us is in the
theories which we evolve in our attempts to
explain why things happen as they do.

But the theories must be framed in terms
of absolute precision. When we look at
Ohm’s law, for instance, we find that
E=1x R; this is precision. It does not say
that E is approximately (almost I) times
(somewhere very near to R) — but any
attempt to put the law to use will have to
make use of approximate quantities for I
and R, because we cannot measure any other
kind.

BANDWIDTH
1

,l l

T T
LOWEST HIBHEST
FREQUENCY FREQUENCY

AY

Fig. 4. If we assume that any single fre-
quency is just that—a single frequency—then
it cannot be any other frequency. Any prac-
tical signal contains several different fre-
guencies, and a group of frequencies all
taken together is called a “band.’”” The band-
width of this band is simply a measure of
the difference between the lowest frequency
in the band and the highest. In the case of
a single-frequency carrier, only one frequen-
cy is present and it is both the lowest and
the highest, so that the “bandwidth’ of that
single frequency must be zero. Note that
this doesn’t say that the single frequency
doesn’t exist; it merely says that no other
frequency is associated with it.

And that’s why a carrier has zero band-
width. The carrier exists; we can observe its
effects. Bandwidth, on the other hand, is an
idea straight out of the world of theory. It is
defined only in theoretical terms; it’s the
amount of spectrum space between the
lowest (not the approximately-lowest)
frequency in the signal and the highest
(again, not the approximately-highest). A
carrier is a single frequency, and so it is at
the same time both the lowest and the
highest frequency in its signal. The
result — theoretical, of course —is that
carrier minus itself equals zero, and the
carrier has zero bandwidth.

Any practical carrier we put on the air is
likely to have at least a little modulation
upon it, though. It’s most difficult to get all
the hum out when we use ac upon the
filaments of the transmitter. This hum may
be so far below the carrier in amplitude that
we cannot tell it’s there — but if the carrier’s
frequency ever varies by so much as one
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ten-millionth of a ten-millionth of a cycle
per century, then there’s a ‘“lowest”
frequency and a “highest” frequency which
are not equal, and that carrier will have a
non-zero bandwidth. In the rather extreme
case just cited, the bandwidth would be
somewhere in the mneighborhood of
0.00000000000000001 cycle per year, or
0.00000000000000000000076 hz (give or
take a few). This is ,an extremely small
number — 0.76 x 102! — but it’s still
infinitely greater than absolute zero!

Now when we look at a carrier on a
spectrum analyzer, it appears to occupy a
definite bandwidth. Similarly when we tune
across it with a receiver, we can see it on the
S-meter for quite a distance across the dial.
There’s quite definitely a bandwidth
involved in what we see — but it’s not the
bandwidth of the carrier we’re examining.
What we see is the bandwidth of the
spectrum analyzer or the receiver, as traced
out for us by the almost-zero-bandwidth
carrier.

When we looked a some of the implica-
tions of Q in our preceding section, we
noted in passing that Q determines selec-
tivity of a tuned circuit — and selectivity is
just another term for bandwidth. The higher
the Q of a circuit, the narrower its band-
width. Also, the higher the Q, the less the
loss in the circuit.

When we trace out the bandwidth of any
measuring device by sweeping it across a
carrier, we can tell nothing about the
bandwidth of the carrier from that. The only
way we could hope to actually measure the
bandwidth of any carrier would be to have a
test instrument with /ess bandwidth than the
carrier.

We can attempt to get this, by increasing
the Q and therefore the selectivity of the
tuned circuits in our receiver or spectrum
analyzer. As we do so, we increase the ratio
of energy stored to that lost. Less and less
driving energy is needed to produce the same
amount of circulating energy within the
circuit.

As Q climbs, somewhere along the line
we’ll reach the point at which the circuit
“rings” so badly that we can’t tell whether
there’s a signal coming through or not. This
is because the Q is so high that any injection
of energy takes a very long time to fade back
down.

If we increase Q just a little more, we’ll
find that our selective amplifier is behaving
more and more like an oscillator — so we
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increase our shielding and take all possible
steps to prevent feedback.

But as we keep it up, we will eventually
come to a point at which the Q is essentially
infinite; any energy getting into the circuit
just stays there circulating forever.

As we kept increasing the Q, the
bandwidth got ever narrower. When we
reached the point of practically infinite Q,
our bandwidth was essentially as wide as a
mathematical line; that is, zero. Now we
have the device which has sufficiently
narrow bandwidth to attempt to examine a
carrier.

Unfortunately, we can’t use it to examine
anything. It has turned itself into an
oscillator and is generating a carrier of its
own!

Why Do Signals Require Bandwidth?
Now that we’ve taken a look at the reasons
why a carrier — or any single-frequency
signal that is always on and never changes
frequency — has no bandwidth, let’s turn to
the other extreme and try to find out why
practical signals require more than zero
bandwidth. It’s just as confusing a question
as was that of the carrier’s lack of band-
width.

In fact, many areas of communications
(and not just communications by radio)
involve a confusion between ideal theory
and best achievable practice. So long as we
keep firmly in our minds the notion that a
theory is just that, and practice is something
else again, we may be able to avoid some of
the confusion. Most “authorities” lose sight
of the separation between theory and
practice, and then attempt to “simplify” the
resulting confusion by putting in all kinds of
assumptions. The inevitable result of this
approach is increased confusion. We’re often
guilty of oversimplifying things — but we try
to warn you when we do so.

About 21 years ago, a graduate student
published a paper entitled “A Mathematical
Theory of Information.” In it, he drew a
numrber of rather amazing comparisons
between identifiable relationships in the
practice of communications, and other
relationships in the field of physics. Because
of these comparisons, he showed how it was
possible to fit the mathematical models
developed by and for physicists onto the
problems faced by communications
engineers, and the result was the foundation
of what we now call Information Theory.

Claude Shannon’s original work has had
astonishing consequences in the two decades
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Fig. 5. Relationship between tuned-circuit
Q, bandwidth, and impedance is shown in
this sequence. Low-Q circuit has wider
bandwidth and lower impedance than does
medium-Q circuit. As Q is increased, impe-
dance rises and bandwidth decreases. |If
means can be found to decrease circuit's
losses, Q can be increased indefinitely—but
at some point inthis process the Q will be so
close to infinite that no one can tell the dif-
ference. When this occurs, the bandwidth is
unmeasurably close to zero and the impe-
dance is also near-infinite. Any circuit we
can build to do this will keep going indefin-
itely when a single noise pulse happens to ring
the tuned circuit—and so we call it an os-
cillator.

since his original paper. Information Theory
is now a recognized specialty of science, and
has a jargon and a mathematics all its own.
While almost all of it is applicable to our
problems in radio communications, we
won’t try to go very deeply into it here at
this time.

But we must examine the most basic part
of it. The keystone to Shannon’s whole
theory was his establishment of a unit for
measuring “information.” He concluded that
the least possible amount of information
which could be sent anywhere about any-
thing would be a single true-or-false
statement, on the order of ““does the object
exist, yes or no?” Such a statement can be
represented electrically by the presence or
absence of a voltage on a wire, or by the
presence or absence of an rf carrier.

Mathematically, a number system which
has only two possible conditions is a
“binary” or two-valued system, and each of
the combinations is one binary digit.
Shannon contracted the name “binary digit”
into the abbreviation “bit” — and it’s now
the standard unit for measuring information.

In the International Morse Code, for
instance, each character contains a specific
number of bits — although in this code, the
number of bits varies from character to
character. The teletype code offers a much
better example; it’s standardized at seven
elements per character. Of these seven, one
is a start pulse and one is a stop pulse,
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leaving the other five free to vary from
character to character. The code is thus a
7-bit code, but contains only 5 bits of
information per character while the other 2
bits are used to identify the start and stop of
the character.

Shannon extended the bit concept to
cover all transmissions of information. Even
a SSB round table can be described in terms
of the number of bits involved, using the
mathematics of Information Theory. We
don’t need to go quite this far, any more
than we need to know how many electrons
must pass a point in one second to produce a
current of one ampere in order to use an
ammeter.

‘Because Shannon went on, having defined
the bit as the basic unit of information, to
formulate a law which relates bandwidth of
an information transmission and bits
transmitted -per unit of time just as the
ammeter relates current flow to electrons
passing per unit of time. You might say he
gave us an “‘informationmeter.”

The law is simple enough. To transmit
information at the rate of ‘“n” bits per
second requires a bandwidth of two times
“n” cycles per second. To mark the start and
flmsh of each bit requires that the signal be
first turned on, then turned off; a cycle is
defined as one full swing between on and
off. Within a single cycle, it’s not possible to
tell whether the bit is on or off; within two
cycles, though, you can determine whether
both cycles are the same (bit on) or whether
one differs from the other (bit off).

Once the relationship “frequency = twice
bits” is set up, it’s an easy mathematical
operation to move it around and find out
that “bits = half frequency * This is our

mformatlonmeter If we’re using a
bandwidth of 3000 hz for our voice
transmissions, we’re able to send no more
than 1500 bits of information per second.
Note that this rule doesn’t say we’re actually
sending that many — it just says that we
can’t send information any faster than that
within the 3 khz bandwidth. If we want to
send information more rapidly, we must use
wider bands; if we must conserve bandwidth,
we'll have to slow down the information

rate.
This also implies that any transfer of

information requires at least some band-
width. Our zero-bandwidth carrier conveys
no information (except possibly the fact of
its own existence, and that’s nothing new
after it has once been established). If we
turn it on or off we can use it to send
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Fig. 6. Conventional AM translates audio
signal such as 300-3000 hz speech shown
here, up into rf spectrum as a pair of side-
bands surrounding the rf carrier. Bandwidth
of the composite signal then is equal to two
times the highest frequency of the original
audio signal because the lowest frequency in
the composite is equal to carrier frequency
minus the highest audio; and the highest
frequency of the composite is equal to the
carrier plus the highest audio. SSB signals
eliminate the carrier and one of the side-
bands, to provide a composite rf signal of
only half as great bandwidth. DSB signals
take as much bandwidth as conventional
AM, but have no carrier.

information, but the mere act of turning it
on or off introduces bandwidth.

About this point is where the confusion
between theory and practice begins to
become acute. It’s not too hard to see how
theory and practice fit together when we’re
talking about am voice signals, since it’s
obvious to our ears that voices have a
mixture of frequencies and it makes fair
sense to assume that the whole mixture is
somehow made a part of the signal, in which
cdse it’s only natural to assume that the
mixture must occupy moie space than
would a carrier alone.

But' when we come to examine the
bandwidth implications of merely turning a
carrier on or off, or extend them into a
study of the bandwidth required for a slow
CW signal as compared to a fast one, it’s a
little harder to see. i

Let’s first sée just how the voice signal
comes to have a bandwidth, then work from
there to see if we can find some similarities
between voice and CW (no matter how
ridiculous that may sound at this stage).

The human voice may contain frequency
components as low as 50 hz and as high as
10,000 hz, but communications engineers
determined by experiment about 1940 that
recognizable and identifiable speech could
be heard if the frequency range were limited
to those components between 300 hz at the
low end and 3000 hz at the high end. This, it
must be emphasized, is not theory. It was
the result of tests upon literally thousands of
tourists during the 1940 New York World’s
Fair. Later tests have shown that an even
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smaller frequency range can be used at some
sacrifice in the identifiability of the speaker.
Common practice today, however, uses the
300-3000 hz limits as the accepted range
required for “‘communications quality”
speech.

This pair of frequency limits, one upper
and one lower, define a bandwidth of
3000 — 300 or 2700 hz as that accepted for
communications quality speech trans-
mission.

Any form of voice transmission, whether
by telephone or radio, must transmit the
whole bandwidth in order to meet the
requirements of “communications quality
transmission.” If we’re transmitting by wire,
we simply convert the sound to its ac
electrical equivalent, transmit the resulting
electrical signal over the wire, and reconvert
it to sound at the other end.

If we’re using radio, we must be a little
different. Audio-frequency energy isn’t
convenient for direct transmission, so we
convert the af signal up to the rf region,
radiate it to the receiver, and there convert it
back to an af electrical signal.

With conventional AM, our conversion
from af to rf is rather direct; we simply
offset the frequency by the desired amount.
Since the “center frequency” of speech is
zero rather than anywhere within the
bandwidth of the signal, when we offset it
up to the 7f region we get not just one but
two signals known as sidebands, either of
which is a complete conversion of the
original af signal. The carrier, between the
two sidebands, corresponds to the zero
center frequency of the original signal, and
in the receiver it serves to allow the two
sidebands to fold back into a single replica
of the original signal, reproducing each of
the original frequencies perfectly.

We can get SSB by eliminating the carrier
and either of the sidebands, but at least one
sideband must be transmitted.

If we choose to use FM, we use the
original af signal to vary the frequency of
the radiated rf; while it would appear that
no exact replica of the original signal is
transmitted in such a case, it can be shown
mathematically (and demonstrated
physically as well) that the original signal is
present in the sidebands of the FM signal in
such a way that it can be recovered from
them without making use of the frequency
variations. Normally, of course, our FM
receivers do make use of the frequency
variations.
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When we use FM, we ‘“‘encode” the
original af in the frequency variations of the
transmitted signal. This means, in practice,
that we must occupy more bandwidth with
the FM signal than is necessary to transmit
the signal by AM; in Shannon’s terms, we
must transmit more information when we
use FM.

But no matter which of these techniques
we use, we must transmit the full original
bandwidth of the signal — and that’s our
major point now.

While we’re looking at modulation is a
good time to dispose of one of the more
confusing practical points introduced by
authority’s attempts to “simplify’” — that’s
the notion that “‘carrier shift” in a
modulated signal indicates some mal-
function.

“Carrier shift” is a change in the strength
of the carrier when modulation is applied,
and the general belief is that the carrier’s
strength always remains constant during
amplitude modulation, with only the
sidebands changing in amplitude.

This general belief is true — if you're
transmitting only a pure sine wave as

FI+F3+F53 ' \
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Fig. 7. Square wave signal (lower right) can
be built up from sine waves when they have
the proper frequency and phase relationships
to each other. Start with a sine wave of the
same frequency as the final square wave (up-
per left). Add to it another of three times
the frequency but “‘in phase'’ with it; this
sharpens the sides and flattens the top
(upper right). Add to the resulting signal
another sine wave of five times the original
frequency still in phase, which flattens out
the top of the waveform still more (lower
left). Clipping off the top and bottom of
this waveform produces a ''square’”’ wave
with some slope on the sides.



modulation. If you’re transmitting speech,
though, or any other signal which has more
of its enerpy on one side of the zero line
than the other, then carrier shift must occur
in a properly operating modulator! The
reason for the confusion is that almost all
explanations of modulation action are based
on the “simplification’ that only sine waves
are fto be used as modulating signals; in
practice, of course, sine-wave modulation is
hardly ever encountered.

In TV transmission, carrier shift is
necessary in order to convey the average
brightness level of the scene being trans-
mitted. This offers an excellent example of
the discrepancies between most theoretical
explanations based on simplifications, and
the conditions actually met in practice.

But it doesn’t tell us much about the
reasons why CW signals require bandwidth,
when all they amount to is the turning on or
off of a zero-bandwidth carrier.

To tackle this particular bag of worms,
let’s begin by forgetting all about CW signals,
and both voice and sine-wave modulation
too for a little while. Let’s look instead at
the interesting case of a square-wave
modulating signal.

The theorecticians tell us —and we have
no particular reasons to doubt them — that
an ideally square-cornered square wave
requires an infinitely large bandwidth. This
comes about because getting those perfectly
square corners on the waveform requires an
abrupt change in signal to occur in literally
zero time. We won’t worry about that,
because we're going to round off the corners
of our “square” wave a little bit right here at
the start. In fact, we’ll round them off more
than just a little bit. What we’ll do is round
them off enough so that we can generate the
same waveshape by taking five sine waves of
particular frequencies and phases and mixing
them together, as shown in the illustration.

Once we’ve done this, we will be fairly
safe in assuming that it will take as much
bandwidth to transmit either the rounded-
off “square” wave itself, or the combination
of the five sine-waves. We can easily
calculate the bandwidth requirement of the
five sine-waves by simply subtracting the
lowest frequency from the highest. The
square wave, then, must require at least as
much.

Since we want a squared-off flat top on
our wave, and the mixture of sine waves has
some ripple along its upper edge, we must
also permit the square wave to contain a dc
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component. This means that its required
bandwidth must extend from zero to dc at
the lower limit, up to that of the highest-
frequency sine wave at the upper limit. In
other words, if the repetition rate of the
square wave we have shown is “n” cycles per
second, then it will require a bandwidth of
“3Sn” hz for transmission.

Fig. 8. If we modualte an AM transmitter
100% with the signal we developed in Fig. 7,
the output waveform will look like that at
the above left. If, on the other hand, we key
a CW signal and have the proper shaping cir-
cuits to prevent key clicks, we'll get an rf
output from the transmitter as shown at
right. Essential identity of these two wave-
forms shows that CW may be considered as
a special case of AM, using a *'square’’ wave
moaodulating signal instead of speech or tones.

Now let’s take our modified square wave
and feed it into a modulator connected to an
ordinary AM transmitter. At low modulation
levels we get something not too different
from speech; but if we keep cranking up the
gain until we reach the point of 100%
modulation, .so that the signal is completely
cut off during the “down” portion of the
square wave and is at full amplitude during
the “on” portion, the transmitter’s output is
difficult to distinguish from CW.

Yet we have determined that the square
wave shown requires a bandwidth of five
times its repetition rate for transmission, and
we know that any conventional AM
transmitter must produce a signal with a
bandwidth at least equal to that of its
modulating signal. This means that our
transmitter’s output must occupy a
bandwidth at least five times the repetition
rate of our “square”™ wave.

We can show that the output of a CW
transmitter being keyed at the same speed,
with the keying waveform shaped to exhibit
the same ‘“‘make” and “break” rounding,
must occupy the same bandwidth in the
same way that we built up the ‘“‘square”
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wave from five separate sine waves; things
which are indistinguishable from each other
are equivalent to each other, and in order to
be indistinguishable each must have all the
characteristics of the other.

Since the bandwidth is related to the
repetition rate of the modulating or keying
signal, it follows naturally that the greater
the keying speed, the more bandwidth is
required. The conversion factors to get from
keying speed for repeated “‘dits” over to a
transmission speed in words per minute are
numerous — and many of them involve
statistical averages and approximations, such
as the average number of bits in any random
code character. The working factor most
usually used is that the bandwidth required
(in cycles per second) is equal to four times
the keying speed in words per minute. A 10
WPM transmission, then, would require only
a 40-hz bandwidth, while to transmit CW at
100 WPM the signal must occupy 400 hz.

When the FCC — or any other govern-
mental agency — talks about signal
characteristics, they usually use the CCIR
emission-type code to designate the type of
signal they mean. This is a combination
which always includes a capital letter,
followed by a single numeric digit, and may
be preceded by another number. The letter
designates the general class of modulation
applied to the signal; A stands for “ampli-
tude,” F for “frequency™, and P for “‘pulse.”
The digit following the letter indicates just
what type of modulation ia applied; (
indicates the absence of any modulation
intended to carry information, 1 indicates
telegraphy with no superimposed audio, 2
indicates telegraphy making use of audio
modulation accompanying the carrier, 3
indicates telephony, 4 indicates facsimile, 5
indicates television, and 9 indicates com-
posites of the above and miscellaneous
types.

If a number precedes the letter, that
number indicates the signal’s bandwidth in
khz.

For example, Al indicates that amplitude
modulation of telegraphy without
accompanying audio is involved. This is the
classic CW case. If raw ac were applied to the
transmitter plates so that the signal were
audio-modulated by the 60-hz hum, it would
be A2. A3 is any type of amplitude-
modulated telephony, including SSB and
DSB. A5 is amplitude-modulated television.
AP would be a steady carrier, so would F@
or P, for that matter.
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WE PAY CASH
FOR TUBES

Lewispaul Electronics, Inc.
303 West Crescent Avenue
Allandale, New Jersey 07401

ANTENNA SPECIALS

Hy-gain was Special
5BDT 39.95 2450
4BDT 29.95 17.50
3BDT 295 12.50
2TD traps |4.95 2.00

WANTED: General Coverage Receivers
in Good Shape.

H C J ELECTRONICS

E. 8214 SPRAGUE
Spokane, Wash. 99206

NEW INTEGRATED
FREQUENCY MARKER KIT

KEEP YOUR RECEIVER CALIBRATED AT
ALL TIMES ® LOCATE SUB BANDS @
BAND EDGES ® FREQUENCY SPOT
This new kit offers an easy to assemble unit
which can be mounted outboard or in your re-
ceiver cabinet. Use your 100 khz crystal and
have clean sharp markers to keep your receiver
calibrated at all times, locates sub-bands, band
edges or frequency spot.

THE RADIO SHOP
48 Elm St., New Canaan, Conn. 06840

1 2 Element

N—// QUAD

The POPULAR 2 element Joga Quad for
10-15-20 now distributed state side for your
convenience. Write for further information

0:
| ‘GUARANTEE RADIO SUPPLY CORP.
| 1314 lturbide St., Laredo, Texas
Ph RA3-6913
J TEXAS TECHNICAL PRODUCTS
Rt. 2, Box 324-D
San Antonio, Texas 78228

] [ ~ Phone 512-695-8430
‘ \ JOGA
1 PRODUCTOS
CALLE 50 X 45 NUM. 431
MERIDA, YUC., MEX.
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The FSK signal used in most RTTY work
is type F1; AFSK used at vhf, is F2. FM
voice communicauons are F3.

Indication of bandwidth produces such
codes as “6A3”, which is 6-khz bandwidth
AM telephony; “6000AS5.F3”, which is
commercial TV including its FM audio
channel, and “0.1A1”, which is 25-WPM CW
(which takes 100-hz bandwidth).

In addition to the three elements of this
code we’ve discussed, lower-case letter
suffixes may be used in some cases. SSB is
indicated as ““3A3a,” in which the “a”
indicates single-sideband reduced carrier
transmission. If two independent sidebands
are transmitted, the code would be “6A3b’";
this type of transmission is used only in
military and commercial work, and is known
as “independent sideband” modulation. The
different types of pulse modulation,
similarly, are denoted by “‘d” for PAM, “e”
for PWM, and “f for PPM.

By decoding the capital letter and
following numeral to determine what type
of signal is being discussed, you can then
supply the appropriate bandwidth. Band-
width for an Al signal depends upon the
keying speed, but will be approximately 4
times the WPM of the keying. Normal AM
voice requires 6 khz (6A3), as does DSB,
but SSB takes only half as much space since
only one sideband is used. With FM, the
adjective “‘marrowband” is often used but it
has very little meaning. In commercial FM
broadcasting, any bandwidth less than 150
khz is “narrow”, and in commercial two-
way work “narrowband” means anything
under 25 khz. In ham use, though, it usually
means a bandwidth not greater than that
required to transmit the same signal be
conventional AM; for voice, this would be 6
khz. F3 transmission on the 3-through-30
mhz bands is illegal unless its bandwidth is
restricted to this figure or less.

Why Is It Mandatory That A Mixer Be
Non-Linear? One of the master keys to
modern radio is the principle of “mixing” or
frequency conversion, which permits us to
change a signal from one frequency to
another without changing the modulation it
carries — and, for that matter, permits us to
modulate it in the first place!

All authorities agree that a mixing device
must be non-linear, and that any non-linear
device can be used to mix signals — but the
reasons why non-linearity and mixing go
hand in hand are seldom examined with any
degree of clarity.
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Fig. 8. Mixer action is shown here. Dotted
waveform is the output signal of sample cir-
cuit, produced by multiplying two input sig-
nals E1 and E2. This plot, traced from one
produced by a digital computer, extends
over only one cycle and so does not show
envelope variations described in text. It
does, however, show how multiplication of
two sine-wave signals produces a third signal
which is the sum of the two original signals.

About the only studies of it to be found
in print look at the whole question
mathematically — and require some
knowledge of the integral calculus! Let’s see
if we can make this a little easier to get a
handle on, with an absolute minimum of
mathematics. -

The one bit of math which we can’t
escape is the idea that an amplifier has the
effect of “multiplying’ the amplitude of its
input signal.

That is, for an input of “x” volts the
output will be “‘gain times x’” volts, if the
amplifier is operating in a completely linear
manner.

This assumes, of course, that the gain is
constant — and that defines for us any
“linear device.” A linear device is any device
in which the outfput signal is equal to the
input signal multiplied by some constant
factor.

A resistive voltage divider composed of
two 1000-ohm resistors in series is a linear
device, for instance, because its output is
always equal to half the input signal. The
“half*’ is the censtant.

But if the constant in a linear device is
truly constant (which it must be, by defini-
tion), then every output signal from the
device must have come into it as an input
signal identical to the output in every
characteristic except amplitude, and with
amplitude equal to output amplitude divided
by the constant.
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This means that if we apply a 1-volt 60-hz
signal to a linear device with a gain constant
of 10, and at the same time apply a 10-volt
6-khz signal, out output can consist only of
a 10-volt 60-hz signal and a 100-volt 6-khz
signal. No interaction between input signals
can possibly occur in a linear device, because
if it does then the device by definition is not
linear!

Now let’s assume we have an amplifier
with two sets of input terminals on it. For
one set of input terminals, the amplifier is
linear; any signal fed in here appears as an
exact duplicate (only larger) at the output.
The other set of terminals, however,
provides gain control for the amplifier. Any
signal applied to this set doesn’t show up in
the output; instead, it causes the gain of the
linear part to change.

This is an approximate description of the
action of an AVC-controlled receiver if
amplifier stage; it acts as a more-or-less linear
amplifier for the signal path, but its gain is
controlled by a dc signal applied to the AVC
input terminal.

Just to try to keep things simple, since
we’re talking about a theoretical amplifier
anyway rather than any actual circuit, let’s
assume that the gain-control terminals are
“linear” too. That is, if the voltage at the
gain terminals is 2 volts, gain is 10 (let’s say),
and if we raise the voltage to 4 volts the gain
through the linear section rises to 20.
Cutting gain voltage back to 1 volt, though,
reduces gain to 5. The “‘constant” for this
action is simply that the gain of the linear
section is five times the voltage applied to
the gain-control section.

If we apply steady dc to the gain-control
section of this circuit, we will have a linear
amplifier from signal input to output. A
1-volt 60-hz signal going in will produce only
a 60-hz signal out, at a voltage level five
times that of the dc applied to the gain-
control section.

But what happens if we apply ac on top
of the dc at the gain control terminals? Let’s
assume that we’re putting 4 volts of dc in,
with 1 volt of 10-hz square-wave ac super-
imposed on it. That means that for 1/10
second, the dc level at the gain control
terminal is only 3 volts, and for the next
1/10 second the dc level will be 5 volts.

With our l-volt 60-hz signal going into
the signal input, our output now consists of
1/10 second of 3-volt 60-hz followed by
1/10 second of 5-volt 60-hz. The ac signal
fed into the gain control terminal has varied
the gain through the signal channel, and has
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introduced itself into the output signal by so
doing.

Notice especially that the output consists
of the original 60-hz input signal, controlled
by the 10-hz control signal. Had we simply
applied the 60-hz and the 10-hz signals to
the same input of a completely linear device,
they would have both appeared in the
output but each would have been com-
pletely independent of the other. Had we
used a linear amplifier with a gain of 10, for
instance, the 60-hz signal would have had a
peak-to-peak value of 10 volts at all times
regardless of the level of the 10-hz signal. In
our special circuit, the amplitude of the
60-hz signal is determined directly by the
amplitude of the 10-hz signal.

We can make it a little clearer by using
just a trace of math at this stage. We defined
a linear amplifier as one which produced an
output exactly equal to gain times input. If
we represent the “gain™ constant by the
symbol “k,” the equation defining linear
amplification is: EO =kxE.

The equation defining action of our
special circuit is very similar, but instead of
“k™ we must put in a term which relates gain
to controlinput voltage. Let’s call the
“signal” voltage E1 and the gain control-
input voltage Ez, and use the symbol “m”
for the constant which relates circuit gain to
control input voltage. Circuit gain then can
be expressed as “m x E,”, and the defining
equation for output voltage becomes:
E =(mxE,)x El, which we can simplify

o)
to Eg =mEEj.

The big difference, since both “m” and
“k> are constants, is that in a linear circuit
the output depends only upon the input,
while in our special circuit the output is the
product of two input signals multiplied
together.

The special circuit, incidentally, cannot
be linear except under the special circum-
stances we picked to introduce it. If varying
signals are applied to both inputs, the gain is
not constant and therefore the circuit
cannot meet the requirements of the defini-
tion of a linear device.

At this point we have determined that we
have at least one non-linear circuit, and we
have found that its output signal is the
product of its two different input signals. We
have not yet, however, proved that the
circuit satisfies the definition of a “mixer”
by producing in its output both the sum and
difference frequencies as well as the original
frequencies of both signals — although we
have seen how both original frequencies are
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present, and we have also seen that they are
inextricably mixed together.

It’s fairly easy to see how a difference
frequency is developed if we stick with the
same circuit but try some new signals. Let’s
put a 1000-hz sine-wave signal in at the
input E;, and a 1010-hz sine-wave in at Er
We’ll begin our examination of the action at
some point when both input signals are at
their peak value at the same time, This
means that the output signal will also be at
its highest possible value for these input
signals since it is thy product of the two
multiplied together.

Now let’s let one full cycle of E; go by so
that it is again at its peak value; this will take
1/1000 second. In that same 1/1000 second,
52 will go through a little more than on full
cycle (1.01 cycle, to be exact) and will be at
a voltage a little lower than its peak value.
This will cause the level of the output signal
to be a little lower than it was at the
previous E, peak.

Another cycle of E1 later, E2 will have
gone even farther and the output will be
lower still. Every cycle of E;, E, will have
gained 1/100 cycle and so the output will
always be changing at a rate 100 times
slower than E,. When 50 cycles of E, have
elapsed, though, E, will have gained exactly
half a cycle and will be at its negative peak;
for the next 50 cycles of El’ the value of E
will be climbing back, and exactly 106
cycles of E; after our initial point, both
signals will ll)e at their peak value simulta-
neously again.

The envelope of the output signal, there-
fore, must be varying periodically at a rate
100 times slower than E., or 10 hz. This
variation of the output signal envelope is the
difference-frequency component; if we feed
the output through a resonant circuit tuned
to this frequency, the higher-frequency
components will all be shunted out but the
variation at this frequency will drive the
resonant circuit.

Generation of the sum frequency is
similar, but does not involve the output-
signal envelope as such. Instead, the sum
frequency component comes from con-
sidering the positive half-cycles of the
output signal as being driving pulses in
themselves. During any one-second period,
E1 will contribute 1000 positive half-cycles,
and E, will contribute 1010 of them. The
output circuit, then, contains potential
driving pulses for a resonant circuit which
occur at the rate of 2010 per second. Even
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through the few times when the peaks of
both input signals coincide (and therefore
contribute only one driving pulse instead of
two), the statistical average frequency is still
the sum of the two input frequencies
because it’s picked up by a tuned circuit and
the flywheel effect of the resonant circuit
smooths out any occasional miss in the
driving source.

Since we’'ve scored the “authorities” so
heavily for their attempts at over-
simplification, it’s only fair to point out that
this description of mixer action is in itself
highly oversimplified in order to escape the
cumbersome mathematics usually employed.
Among our simplifications were the assump-
tion that a perfectly linear circuit might
possibly exist, the statement that it was
possible in cur sample circuit to vary gain in
a linear manner so that the output was
exactly equal to the product of the two
input signals (this is ideal mixer action, not
practical action), and the use of signals of
approximately the same strength for mixing
together.

The statement that mixing occurs by gain
variation was only a partially correct one;
most practical mixers operate by gain
variation but it’s not completely necessary,
since a few work by switching action.

In most practical mixing circuits, the
non-linearities involved are considerably
more complex than those we have examined
here. The gain of any actual amplifier must
have some curvature in it over any wide
range of input voltages. This curvature
provides the “‘non-linearity” usually used for
mixing. In most mixers, the mixing action is
achieved by selecting the operating
conditions so that the curvature effectively
squares the input signal; this is called
“square-law’ action.

The signals we’te dealing with are most
usually sine waves, and when several sine
waves are all squared at the same time, the
production of sum and difference com-
ponents follows automatically in any
mathematical description of the circuit. The
actual process, though, may be more like the
picture we’ve presented here than it is like
mathematics; no one knows for sure, but
math is a tool for describing things — not a
necessary teason for their existence! No
mathematical equation ever forced a
physical event to happen, although it may
have permitted us to forecast the event’s
occurrence.

Staff
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$33.75 Postpaid in U.S.
SASE for tech. data

1 KW HIGH EFFICIENCY DUAL BAND ANTENNA The Guerilla
Completely portable, ideal for field or permanent shack. For 75/40 Phone Bands. Over 96% overall
efficiency. 50% power gain over dipole on 40. Completely weather sealed. Assembled antenna, 50
ft. lead, balun, erection materials, manuals, in sealed containers. Put up in 5 minutes, down in 3 with-
out any climbing. Wt. 3% Ibs. See pg. 113, June 73, for evaluation.

: DUSINA ENTERPRISES
571 Orange Grove, Melbourne, Fla.32901

Switch Controlled VOX DGelay

The SB-400, and many other rigs, have
semi break-in CW which is just fine when cal-
ling DX stations and then listening for your
call to come back—or when passing traffic
and listening for a break from the receiving
station. It is, however, a distinct disadvantage
when you wish to chat with a fellow on CW.
The make and break of the exciter and anten-
na change-over relays between each letter and
sometimes between characters of a letter can
drive you to AM, not to mention the wear
and tear on your nerves and the relays them-
selves. I am now on my third Dow-Key re-
lay, and they aren’t cheap.

The solution: Add extra capacitance in
parallel with the .05 uf capacitor C123 at
V12B—the relay amplifier. I found that .2
uf of capacitance between pin 7 of V12B and
ground—controlled by a foot switch (Line-
master 491-S or similar), gave me a two sec-
ond delay before the relays dropped out. This
gives me plenty of time to collect my thoughts
and still continue sending in peace and quiet.
A .3 uf capacitor will give 2%-3 seconds of
delay, if needed.

ToviZA Vi2B RELAY AMPLIFIER (/3 6DI0)

T~

= )
\ /
&

SPARE JACK

TO VI3A

FOOT SWITCH
(SEE TEXT)

TO VOX DELAY POT & FSIR

Fig. 1. Foot switch control for VO X delay.

The particular foot switch used here allow-
ed plenty of room inside to mount the capa-
citor, and a zip cord was run from the switch
to one of the spare jacks on the rear of the
400.

When you want the extra delay, just press
down on the foot switch. Releasing it will
instantly bring back the original vox delay
time as set by the internal control.

Gerry Offenberg, WB2ZHXD
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COMPONENT BONANZA

TREMENDOUS STOCK OF BARGAIN VALUES
TRANSFORMERS, CAPACITORS, TUBES,
HARDWARE, HARD TO GET ITEMS
FOR THE “DO-IT-YOURSELFER"
STOCK OF NEW CLEGG 66'ers, THORS,
APOLLOS & ZEUS at Low Low Prices.
WRITE FOR BARGAIN LIST TO:

BONANZA ELECTRONICS CO.

BOX 62 FLORHAM PARK NJ 07932

TRANSKE Yim

| $34.95

Postpaid

Electronic Keyer and Monitor
+Transistorized; relay output.

+Key built-in; wired, ready to og:era(e.

+Continuously variable speeds 5-50 WPM.

+Penlight cells or 6V external source.

+Key contacts adjustable. B
+Push switch on back, automatic or semi-automatic operation.
+Dot-space ratio adjustable.

+Variable tone control on monitor.

+Keyer 3% x 5% x 1%. Weight 2 Ibs.

+Unconditional one year guarantee,

Calif. dealers: Scott Radio, Long Beach;

Wireless Shop Inc., Vallejo, Calif.

DEALERS WANTED

W6PHA — GLOBAL IMPORT CO.

BOX 246, EL TORO, CALIF. 92630

AUTOMATICALLY
YOU ARE THERE!

WRITE FOR FULL INFORMATION

GLOBE PLOTTER 52500 8o

2097
50310

Don’t put old wine in sheep’s
clothing.
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Max Burggraaf, WA7AIA
1175 Augusta Way
Salt Lake City, Utah 84108

big Signal = Good Looks

You can build a good performing, pro-
fessional appearing linear amplifier. You
don’t have to be an electronics engineer
either. Building and operating your own
equipment is a highly enjoyable part of ham
radio, and careful wotkmanship will produce
a unit you can operate and show with great
pride.

Having compromised my antenna for the
sake of neighborhood relations, my T-4X
wouldn’t reach out as I wanted. More power
seemed to be the only answer: A linear
amplifier.

Here is how I reached my goal, not a
step-by-step  consiruction article, but a
description of what I did and at least some
of the “whys.” One of the first decisions I
made was to select a tube. The 3-400Z
offered a lot of advantages, and I had a
power transformer to suit it.

The power supply is on a separate chassis
with the space shared about equally by the
transformer and the series bank of filter
capacitors. Other essentials are tucked in
corners here and there. A perforated
aluminum cover was made for the top, and
there is a heavy plate on the bottom.
Interlocks were included to help reduce the
likelihood of electrical shock. The meter on
the panel also helps, because it indicates how
much charge is still on the capacitors.
Regulation is fair. The voltage is 3,000 at
100 ma; SSB peaks cause it to drop to about
2,800 volts. At 400 ma the voltage is 2,500.
The high voltage is supplied to the amplifier

124

=

through a piece of RG-8/U. All other leads
to the amplifier are in a cominon shielded
cable terminated in an octal plug.

The amplifier circuit is gquite ‘straight
forward. A few changes were made to fit the
components on hand, of course, just as you
will want to do. Also, some extra pains were
taken to bypass power and control circuits
leaving the amplifier so as to concentrate the
7f in.the antenna circuit.

Local Eimac engineers talked me into
buying their air system socket, becduse they
have seen so. many tubes which have been
damaged in some of the more rigid ceramic
sockets. The 3-400Z can be biased to a very
low standby plate current, but Eimac states
emphatically that this tube is designed so
that the plate is a *““getter,” and it should run
hot. If the tube idles with the filament
burning and very little plate current flowing,
there is a strong possibility that the tube will
be “poisoned.” Of course it does take a little
while to get used to seeing a tube on
“standby” with a red-hot plate!

The power switches on the amplifier are
wired uniquely. Only SPST switches are
neéeded, but I had DPST types on hdand and I
couldn’t let those extra contacts go to waste.
No matter which switch is operated first, the
filament, only, is turned on. The second
switch to be operated turns on the high
voltage. If the second switch on the ampli-
fier is not turned on, keying the exciter will
not operate the antenna change-over relay,
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3000V _POWER SUPPLY
FOR
L4~ATA LINEAR AMPLIFIER

TOP INTERLOCK | 470K,
(MICRO SW.) Iw

_oco_w;u.n .01/1000v
% P

1000P!
a.wcx% 1A ah o1/1000V

ur\.—/

wooeVl  Taiicoov
A \_.J

W_ooo_u._n [.oi/ 000y
A%

1000PIV .0l/1000V

1A u"

o

RG3/U

|_240MF
[T450vDC.

| _240MF
[~ 450V D.C,
\ /
| ea0mF
[~ as50v DL

240 MF
— 450V D.C.

| _240MF
=450V D.C.

—

BOTTOM INTERLOCK

17V AC

| 2a0MF
[~ 450V D.C.

.5 290MF
=450V DC.
]
240MF
[~ 450V DC.

782. 0.C.
400K

| _240MF]
I~ 450V 0.C.

PLATE SUPPLY RELAY CONTROL

+ VOLTMETER
(1710 HIGH ‘VOLT)

8-

HIGH
VOLTAGE

240MF O-iMA

SHIELDED POWER CABLE
AND OCTAL PLUG

Fig. 2. 3000 volt power supply for 1 KW linear amplifier.
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and the exciter will be connected to the
antenna. If the high voltage supply is turned
on, power will be supplied to the antenna
change-over relay whenever the exciter is
keyed, and the relay will connect the exciter
to the amplifier input and the antenna to the
amplifier output.

The pilot lamps (Olson Electronics) have
large red lenses on which the lettering was
applied. NE-51H are used in them with a
33k series resistor. This is a lower value than
is specified for the lamps, but it doesn’t
seem to affect their life very much.

Several commercial amplifiers use only
one meter on the panel, but I wanted to be
able to monitor the grid and plate current
simultaneously. The grid current meter (1
ma movement) can be switched to monitor
relative power output or B+. In fact, it is
connected so that it can also be used to
monitor the exciter output.

No space wasted herel
rear panel.

Notice filterbox on

The Z-50 rf chokes shown inside the
dotted lines on the amplifier schematic are
enclosed in a separate shielded compartment
beneath the chassis. The feed-through
capacitors, Cl and C2, extend from this
enclosure into, and out of the chassis,
respectively. The screw terminals of the 0.1
feed-through capacitors (Sprague Hy-pass)
are enclosed in a 2% x 2% x 5 inch Minibox
on which the octal socket for the power plug
is mounted. The phono jacks for the control
leads to the exciter are also mounted on the
Minibox. The control leads are also shielded
as an additional precaution to avoid stray rf.

Most of the parts are rather common and
few were purchased of a special nature. Due
regard was paid to circuit requirements, but
available components with suitable charac-
teristics were used freely. The antenna
change-over relay (in the corner beneath the
tank coil) is a surplus unit with large
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PROTECT YOUR HOME..

with Ultrasonic Intruder Detectors
that never sleep
Put your know-how to work—sell or lease
our products to earn money for that ham
gear you always wanted.
LIMITED OFFER
Special Ham-to-Ham prices—Indicate your calll

Ultrasonic Detector ... . $105.00
Deluxe Control Box . ... .. 30.00
PoliceSiren . ........... 25.00

Outside Bell & Tamper sw. 15.00
Mars Light (Red or Blue) . . 16.00

SECURITY SENTRY, LID.

14 E. Jackson Bivd., Chicago, 11l. 60604

contacts. I can note no significant increase in
SWR because of it.

So much for components and circuitry;
now for some comments about obtaining a
commercial appearance. Before you drill a
hole, make several trial layouts of your
components. It is best to make your
sketches to approximate scale. Crossruled
paper (I use 4 squares to the inch) is very
handy for this preliminary layout work.
Measure everything very carefully; check
clearances, and try different layouts before
“freezing the design.”

Commercial enclosures are available from
several sources; I purchased one from the
R. L. Drake Co. to match my exciter. The
chassis and the front and rear panels were
carefully designed to fit the enclosure. A
local sheet metal shop helped me with some
of the bending and shearing. Panels are
aluminum; the chassis is sheet iron (ungal-
vanized). Affer all the holes were drilled in
the chassis, and parts checked for fit, the
chassis was copper plated. Some component
mounting brackets were made of aluminum,
and I finished them nicely and polished
them before mounting the components. A
few pieces of scrap lucite were used in both
the power supply and the amplifier for
supports or spacers.

The rear panel is not painted, but it is
clean and smooth and all connectors have
been labeled. After the front panel was
completely drilled, and after all parts had
been mounted a time or two to make sure
everything would fit, it was ready to be
finished before ““final assembly.”

First I polished it, and then I cleaned it
with benzine to remove all traces of oil and
grease. Then I carefully masked the lower
part with masking tape and newspaper and
sprayed the light color on the top part of the
panel. The rule here is to spray lightly. thin
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coats dry quickly and aren’t so likely to sag.
Spray paint cans work better when held
nearly vertical, but panels are most apt to
have runs if they are vertical. My solution is
to spray quickly and lightly with the panel
(and spray can) vertical, and then quickly
lay the panel horizontal until it is ready for
the next coat. Incidentally, I find that a
“tack rag” is indispensable at this point. I
carefully wipe the panel with it before each
spray coat. (You can buy a “tack rag” at
your paint store — or work varnish into a
cloth and make your own. The commercial
ones are not expensive and are much better
than the ones I've made.}) When you have
enough coats on the top section, put it aside
to dry well. It is best to remove the masking
tape as soon as the last coat begins to dry;
don’t wait too long. After the top part was
thoroughly dry I masked the painted part
and proceeded to put the darker color on
the bottom section of the panel.

After the paint is dry (wait 48 hours) the
control markings and labels can be put on.
This is the time to take great care. Sloppy
panel markings will spoil the appearance of a
good project every time. There are two easy
ways to mark your panels: decals or “rub
off”” (dry transfer) lettering. I prefer the
latter, but you can get either kind from your
local supplier in black, white, or gold {Datak
or Walsco). Use a color which will contrast
well with the panel finish; do not mix colors.
If T use decals, I always trim the background
material right down to the letters. It isn’t so
conspicuous that way. After the decal is dry,
I spray it with clear “Acry Spray” (Walsco).
Be careful though! Use the spray very lightly
or you may find you have sprayed your
beautiful panel with a very effective paint
remover! I found some automobile paint in
touch-up spray cans that is acrylic so is not
affected by the Acry Spray if you use it

Homemade .

. . but it looks pro, doesn’t it?

128

lightly. Be very careful with enamel though;
it is touchy.

The dry transfer labels and markings look
a little more professional, I think. Read the
instructions carefully. 1 found that by
rubbing very lightly you can get the results
yvou want. After rubbing the letters, peel the
plastic backing away slowly; if a part of a
letter sticks to the plastic you can rub a little
more. But if you rub too hard the plastic
base will stretch, and you will have to start
over. If that does happen, you can easily
remove the unwanted letters. After
burnishing according to the instructions I
use the clear spray to seal them to the panel.
Remember, spray lightly. My meter dials
were originally marked “dc volts” and “dc
milliamperes.” [ carefully removed those
markings with a soft rubber eraser. I didn’t
touch the scales; I found meters with the
graduations that I wanted. It is very hard to
put on a new scale that looks professional. I
put new labels on the meter scales with the
dry transfer lettering, but didn’t spray them.
The new markings look as good as the
factory job.

When assembling your project for the last
time be very careful. A slip of the screw-
driver can make a mighty big, unsightly scar.
Route your wiring as neatly as the circuit
will permit. Tie noncritical leads together in
a cable. Although my technigque will not be
applicable to some projects, I used shielded
wire in non-#f circuits and used strips of
copper flashing material 3/8" wide for rf
circuits.

Frequently it is convenient to make
compression c¢onnections where some plastic
material is included in the ‘“sandwich.”
Don’t do it! Sooner or later the plastic will
change its dimensions enough to permit the
connections to loosen. This will cause an
intermittent or poor connection. If the
connection carries much current it will start
to heat up and things will rapidly get worse
as the plastic ““cold-flow” phenomenon
accelerates as the temperature increases. I
followed the tune-up procedure contained in
the Radio Amateur’s Handbook. 1 was very
careful to give the high voltage all the
respect that it deserves. How does my
homebrew linear perform? I am pleased to
report that during a recent contest I was able
to work several new countries. How does it
look? The illustrations speak for themselves.
Why don’t you plan now to have a top-
performing, good-looking entry in that next
homebrew contest? Now is the time to start!

.- WATAIA
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A New Vidicon

Bob Walker, W8V CO
1849 Meadowlark Drive
43614

Toledo, Ohio

Camera for ATV

In the last several years many articles
have been published on vidicon cameras.
Two of these articles are outstanding,
number one appeared in the November,
1959, issue of Radio Electronics. This was
entitled “T. V. Camera” by Derek Swaine of
Sylvania Electric. The article discussed a
closed circuit TV system. The second article
appeared in the Denson Corporation’s ATV
booklet.

That now brings us to this article on a
vidicon camera system. This system will be
directly applicable to transmitting video on
the air. The type of vidicon used in this
camera is the 6326A.

By studying the block diagram you can
see that there are quite a few modifications
and additions to the existing closed-circuit
TV systems.

TO
TARGET

o1
b1
Al

View of video preamplifiers as they are
located on the camera chassis.

Video Preamplifier .
Referring to Fig. 1. it is noted that V1
and V2 (6CW4 nuvisters) are used as a

+120vDC

= 120K
5-20pf

Fig. 1. Video preamplifier.
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VIDICON
8 FoCUs
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APERTURE
CORRECTOR

HOR & VER
SWEEF & DEF
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AMP
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BLANKING
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VERT

VIDEQ
MIXING AMP

which is shown in Fig. 2. The purpose being
for the sections to accept the standard
RETMA sync pulses. Both of the horizontal
and vertical oscillators are of the blocking
oscillator types. The composite sync is fed
to an integration and differential networks
respectively. Locking action is very good.

No problems were experienced at this
point. The pulse amplitudes and shapes are
identical at the inputs to the deflection
stages, as in the original camera units. The
deflection amplifier’s design was altered very
little. A little difficulty was experienced

Block diagram.
cascode low noise input stage. V3 (6EW6)
amplifies the video from the cascode stages.
Stage V4A is the high peaker stage. V4B
amplifies the peaked video to a usable level.
V5 is the cathode follower output stage. The
preamplifier is rather sensitive to closely
located broadcast stations. Compleie
shielding and decoupling is a must in this
case, particularly the B plus and filament
leads to the video preamp.

The video preamp was redesigned for at
least three reasons: (1) Higher frequency
response; (2) More control on high peaking
stage; (3) Improved noise figure.

Also notice that no blanking pulses have
been inserted into the video preamp. This is
added in the video mixing amplifiers.

Sweep and Deflection Amplifiers .

Our next task was the redesign of the
horizontal and vertical sweep oscillators,

+300V0C

%EBGK

VEA BDET
VERT 0SC

Lo

with the centering controls, so that voltage

dividing networks

were altered. This

modification is noted in the schematic.

VE 6CEB6

SYNC

+120vDC

SYNC

10 ouT

+30VPP

IN a5
—|
-30VPP
330K
Fig. 3.

Sync amplifier.

Composite Sync Amplifier

This amplifier
shaping generator

is located on the sync
chassis and is not located

on the camera unit. Although there is no
reason why this could not be performed.

+120VDC

V6B 6DET
VERT DEF

100K

B2K

SOCK
VERT
SIZE

VERT DEF COILS

25K
VERT
LIN

2w 50

I

10K

HOR 0SC

30|VPP

+120vDC

V7B 6DET
HOR DEF

]
COMP
SYNC
IN
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Sweep and deflection circuits.
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The other side of the camera with the vidicon
and focus coil mounting, along with the ad-
justment pots for the vidicon.

The main purpose of this unit is two fold:
To change polarity of the composite sync
from negative to positive, and to amplify
the sync to a usable level. This being in the
neighborhood of a gain of 10. The circuit of
this amplifier is shown in Fig. 3. The
composite sync is derived from the sync
shaping generators (this is with the sync
delayed 1.25 us). There is no delay in the
vertical sync.

Composite Blanking Amplifier

Fig. 4. is the schematic of the composite
blanking amplifier for the vidicon camera
tube. The sole purpose of this amplifier is to
increase the amplitude of the blanking pulses

V8 5963
+l120vDC

BLANK
IN

100K

Fig. 4. Blanking amplifier.

to a level which the camera tube will cut off.
For the 6326A vidicon, the level is a
minimum of -30 volts. Again this amplifier is
remotely located on the video mixing
amplifier chassis, which, by the way, could
be mounted on the camera chassis proper. A
means of adjusting the blanking level is
provided. This value being dependent upon
the particular vidicon used.
Vidicon and Focus Coil

Fig. 5A is the schematic of the vidicon
socket connections with the various voltages
which are required. Deviations from the
original circuits will be noted. The cathode
of the vidicon is (pin 7) grounded. The
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target current and its associated circuitry is
still located in the video preamplifier. All
voltages are virtually the same as in the
original article

Another change that was made was the
isolation of the focus coil from the hori-
zontal output stage. This circuit is noted in
Fig. 5B. The best focus condition was found
when a current of 37 ma was flowing
through the focus coil. This coil is identical
to the original.

VIO 6326A VIDEO PREAMP

I
IEGK 100K 120K +120V |
RING

|
TARGET |
CURRENT | fiso

50 I 47 SOOK

+300V

250K l FoOCUs
ol

3

33 470K

ANODE
6

CURRENT
ADJUST <

I*37ma
—_—

n

acus

]
|
1
I
|
I
|
I
{
|
L
|
|
|
|
|
|
[
I
|
[
|
|
|

coiL E«18V  F=BO0
5 4401
[
BLANK AMP
v SBEANIGRANES, e
s | 2TeK 270K - 160V
Gl
500K
ols BEAM
= T > T CURRENT
T <
I8
= (a) (8)

Fig. 5. Vidicon and focus coil.

CLUB SECRETARIES NOTE

Your club can round up some extra
funds by implering, cajoling, convincing,
or forcing your members to subscribe io
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
yvear. 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 te 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,
stzate 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. D3458
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Fig. 6. Aperture corrector.

Aperture Corrector

Horizontal resolution is affected by the
spot size of the electron beam scanning the
photo sensitive area of the camera tube and
also by lens aberrations. This resolution can
be improved by using an aperture corrector.
Just such a unit is shown in Fig. 6. V11 and
V12 are the aperture corrector stages. V13 is
a cathode follower. The 500 ohm resistor
shown in the cathode circuit is in reality the
gain control in the video mixing amplifiers.

This is indicated to simplify the schematic.
The time delay line provides high frequency
boost with a linear phase characteristic
throughout the whole video range.

The time delay line is a half wave at 9
mhz. Low frequency response and gain is
not affected, and maximum high frequency
boost is obtained with the circuit as shown.
Blanking Generator

At this stage I thought it would be a good
idea to also throw in a diagram of the
composite blanking generator. Fig. 7 is the
schematic of this unit. V14 is the vertical
multivibrator. Two controls adjust both the
repetition rate and the pulse width. The
same applies for V17 which is the horizontal
multivibrator. V15 is the mixer, where both
the vertical and the horizontal pulses are
combined to form the composite blanking
pulses. The clipper stage and the cathode
follower being V16. Sync pulses are derived
from the sync timers, which are a series of
dividers.

The system which I have been using is
now a few years old, and has been relatively
maintenance free. Interconnections of signals
are with coaxial cable, where it is required.
Shielding and good grounding of all units is
very desirous.

... W8VCo

VIS BSNT
ER

Vi4 BSNT +300V VERT MV MIX| VI6 6SNT
0
40 10K 10K 10K $10K
}} 40 40 40
[ fiswee = 3K $3K 25 ol -ﬁl“ Hh;-
l = 2R cLierer 319% | cath FoL
5 1 s
o P r 1‘—
5 2 03 o) 2 5 2] .25
60Kz o mE——1n 1
4 -_.-- S 1 4\*._ _-—u-- 1 1 4‘,—,_-- -—;-- ,I
5K 64 560K sgl ¥ 3004 6eld 34 3M
| )
HOLD 3 100k J WIC S 1] M ™ $ 500 /‘
3
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VI7 6SNT o 10K
!
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Fig. 7. Blanking generator.
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Two More Transistor Testers

(Haven't you built one yet?)

If you have built one or more of the
many simple transistor testers which have
been described over the years, here is a
modification that will give you a direct
reading beta scale. And, if you haven’t built
one yet, one of the two adapters to be
described here should be right up your alley.
But, if you are not quite ready to build one,
read the article anyway and you just may
change your mind. These adapters are really
simple and come as close to being one-
evening projects as you are likely to find.
Before I get to the construction part, let me
tell you how I stumbled onto this direct
reading feature.

Many vyears ago while working on a
transistorized electronic organ project in my
basement, I built a test adapter for use with
my VOM using circuit of Fig. 1. This is a
little gem which served me well. Much as I
would like to give proper credits, the
publication where this appeared is no longer
in my library. And you may see a similarity
to circuits appearing in trade journals -2 as
well as Darrell Thorpe’s circuit in the
January, 1967, issue of 73. There are two
equally effective ways of using this type of
tester for measuring dc gain, or dc beta (also
known as hFE), and most testers of this type
use one of the two.

Method one: To make the beta measure-
ment, simply adjust RB starting with
maximum resistance, until the voltmeter
reads one half of the battery voltage.
Neglecting the slight voltage drop from
emitter to base, half the battery voltage
appears across RE as read on the meter, and
the voltage across RB will be nearly the

Fig. 1. Basic circuit of a popular and simple
adapter for testing common “milliwatt’” size
transistors.

SEPTEMBER 1969

Herb Schoenbach W9DJZ
3919 Earlston Rd.
Downers Grove, Il

same. Under these conditions: IC=E/2RE; IB=
E/2RB;beta (hFE)=IC/IB;then beta=RB/RE.
By marking the dial of RB in even
thousands of ohms, beta readings are
obtained from this dial. 1 built my tester
with an RB pot of 50 k originally, because in
those days transistors seldom had betas over
FULL SCALE
SET

BANANA
PLUGS

TA
EEAKAGE TO SIMPSCN
MODEL 260
HOMT OR 270
+
S —) ¢
9-10V 820
DC SUPPLY Rg BOTTOM VIEW OF
+ ‘UNIVERSAL TYPE
O T A IS TRANSISTOR
SOCKET
B E

Fig. 2. This circuit will provide direct read-
ing of transistor beta right on your VOM
ohm scale. Polarities are shown for PNP
type.

20. As the state of the art progressed, even
30-cent transistors started showing betas
close to 100, so I changed RB to a 100 k
pot. What if betas go over 1007 Well, I didri’t
change the pot again; I just went to method
two.

Method two: set RB to 100 k or replace
with fixed resistor of this value. Next make
up a table of values from the formula:

bekis meter reading in volts < 100.

battery voltage — meter reading

By using a 10-volt supply and a 10-volt
meter scale, the table comes out like this:

Meter Reading in Volts

CO~NON AW
[=]
o

400
At this point I could have made up a
special scale but still did not have a spare
meter to commit to this service. So I was
quite satisfied using the table. For years I
went on in this primitive way in an age of
digital instrumentation till a thought tremor
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went through my noggin. One end of the
meter scale represents a beta of zero and the
other end of the scale represents infinity.
But wait! My ohmmeter scale is already
marked this way. Only in reverse...and
besides, the middles of the scales would
never match. Or would they? A check of the
formula for -calibrating a series circuit
ohmmeter and the formula for calibrating
my transistor tester meter showed them to
be similar. But by connecting the meter
across the transistor instead of across RE,
the formula reduced to the same form.
Check this for yourself if you like algebra
problems.

Construction

Fig. 2 is the schematic of an adapter
made to plug directly into a Simpson model
260 or 270 VOM. Make sure the banana
plugs are spaced 5/8 inch to match the
Simpson spacing and not the standard 3/4
inch. Polarity reversing is done by reversing
the battery and the meter polarity switch.
But play it safe by keeping the VOM on the
250 volt range till after the battery is
connected. Then, if your hook up is correct,
the needle will deflect upscale slightly. Now
switch to the 2.5 volt range and set the 100
k pot for full scale volis (zero ohms). Next
insert transistor to be tested in test socket.
Check as follows:

Switch ~ Reading Result
Position
Short 25 v oK
near zero Collector shorted or
wrong type Xstr.
: ery low leakage
e rnoyl"mal for si ?con)
22 v some leakage (nor-
mal for germanium)
2.0 v or less excessive leakage
Beta Bead o scale
& muit'f})rpy by 10

Note that a transistor which shows
“shorted” in the Short position may be the
opposite type (NPN or PNP) than you have
set up for so don’t discard it yet.

If you are adapting this circuit for
another model VOM, you may have to use
different values for RE and/or RB. Keep
RE somewhere near 1,000 ohms. Note what
your particular ohm scale is marked at
exactly center, referring to the dc voltage
scale. If this center scale ohm reading is 10,
for instance, call this 100 for your transistor
beta scale. Then RB/RE must be made to
equal 100. If the center scale ohm reading is
30, you could make this come out to either
30 or 300 for your beta scale. Just make
RB/RE equal 30 or 300 to correspond. On
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Fig. 3. Here is the direct reading version for
use with V.T.V.M.’s. Notice the similarity
to Fig. 1. Again, polarities are shown for
PNP type.

the Simpson 270, the center of the ohm
scale is 12, so I ‘wanted this to be 120 for
beta: Therefore I made RB/RE equal 120.
(100 k/820 is approximately 120 and plenty
close for this purpose.) In case your VOM
does not have 20,000 ohm per volt sensi-
tivity, you will also have to reduce the values
of the full scale set resistors to give smooth
control at full scale.
VTVM Version

Fig. 3 shows the circuit for use with
VTVM’s. It’s almost the same as the one I
started with but it also will give direct beta
readings on the ohm scale. Notice that the
meter is back across resistor RE where it was
in Fig. 1. This works for VTVM’s which have
an ohm scale reading in the same direction as
the volt scale. That is, zero ohms is at the
left end of scale and infinity at the right end.
Construction details are up to you for this
adapter and for the previously described

TVIlon all three networks —huh Dick? Well,
send Spiro over and I'll give you a high-pass
filter . . ..
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one; open breadboard or enclosed,
temporary or permanent, doesn’t matter.
Follow the schematic and they’ll work. You
can make this one plug into your VIVM if
you wish, but on mine I used a short
connecting cable to reach my VIVM on its
shelf. Operation procedure is also similar to
the VOM adapter; however, full scale is
adjusted by holding pushbutton and ad-
justing the 2.5 M pot. Set the VIVM to dc
volt range, about 3 to 5 volts full scale.
Resistor values shown in Fig. 3 are for
VTVM’s having 10 (or 100 or 1,000) at
center of ohm scale. For other center scale
values proceed as before; keep RE near
1,000, but make RB/RE equal desired center
scale beta value to match your VIVM.
Having set full scale using the pushbutton,
plug in or connect the transistor to be
tested. Check as follows:

Switch  Reading Result
Position
Short (1] OK
near full scale Collector shorted or
wrong type Xstr.
Leakage O ery low leakage
normal for silicon)
0-10% some leakage (nor-
mal for germanium)
10% or more excessive leakage
Bead o scal
beta & r?’ml't?prrv by %0
Conclusion

Watch out for some of the new epoxy or
economy packaged transistors, as several
manufacturers are using unconventional
basing and the base connection is not always
in the middle. Maybe future transistor
testers will get to look like tube testers with
fifty or so sockets! So- better consider
providing some extra sockets or at least
three binding posts for clip leads. It should
be understood that several assumptions have
been made in designing these simple testers,
and the effects of leakage, or ICO, on the
beta reading have been ignored. But never-
theless they are very useful gadgets. So pick
the circuit that matches one of your VOM’s,
scrounge up the parts, and build. If you
already have a simple test adapter, just a few
changes will give you the “‘direct reading”
feature. Then go through your junkbox and
check about fifty of the little unmarked
devils. You’ll be surprised how fast you can
read those betas.

b ... W9DJZ
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NEW BOOKS
Ham Radio Incentive Licensing Guide

This hard cover book, written by Bert
Simon, W2UUN, has been prepared with the
aid of FCC. It covers every question which
may be encountered on every amateur test
from Novice to Extra. The questions are pre-
sented in the form you find on the actual ex-
am.

In addition to the question/answer sec-
tions, the book goes into detail on learning
code, the requirements for each class of li-
cense, details on how to fill out the form 610,
and the examination schedule for the various
FCC offices. There is also a chapter devoted
to the schematic diagrams needed for the
exams.

This book does not profess to teach theory
and is simply a question and answer book.
Theoretically, someone with a good memory
could squeeze by the exam using this guide.
I suggest that this guide be used in conjunc-
tion with a sound theory course such as the
one which has been running in 73 since March
1968. Available from TAB Books, Blue
Ridge Summit, Pa. 17214. Price: $6.95
hardbound; $3.95 paperbound. TAB Book
#469.

Trouhle Shooting the Solid State Chassis

A brand new handbook detailing specific
procedures for servicing all types of transis-
torized devices. It contains case histories, and
troubleshooting charts. The opening chap-
ter details how to isolate a defective transis-
tor, how to remove and replace it, and gen-
eral test information. The book then goes on
to more specific pieces of equipment: TV,
small portable transistor radios, ac-dc, AM-
FM and multiband receivers of all types, auto
radio repair, removal and installation, tape
recorder repair (including mechanical details)
and ends up with repair of printed circuit
boards.

The author, Homer L. Davidson, has pre-
sented the most complete and up-to-date in-
formation in an easy to understand manner.
This book is 256 pages of valuable material
for anyone dealing with solid state devices.
Available from TAB Books, Blue Ridge Sum-
mit, Pa. 17214. Price: $7.95 hardbound;
$4.95 paperbound. (TAB Book #495.)

a
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(.. .de W2NSD/1 continued from page 67)

ARRL Elections

Every year one half of the ARRL Direc-
tors come up for re-election. Many amateurs
feel that one of the very best things that
could happen to the ARRL would be to get
some new blood into it . . . some new
Directors, fellows who would take an active
interest in the League and in bettering ama-
teur radio.

Please notice that the subject of opening
an office in Washington, even a small one,
as a lobby for amateur radio, wasn’t even
discussed by the Directors at this May’s
meeting. Nor were any plans brought up
even for consideration with regard to setting
up a public relations effort to increase inter-
est in amateur radio among the teenagers and
the general public. Amateur radio is withering
away and a crash program is badly needed.
Nothing has even been discussed despite con-
siderable pressure from the members.

Perhaps you have a friend or a club mem-
ber whois interested enough in amateur radio
to volunteer to run for Director? You haven’t
much time to get organized on this, you
know. The most difficult part of the whole
deal is overcoming the unbelievable inertia
of the other ARRL members and getting
them to do anything but either not vote at
all or else rubber stamp the same old face
back into office for two more years of tedium
and inaction.

The requirements to run for Director are
that you be a licensed amateur (they have
interpreted this as meaning a General Class
license or better), with four years (contin-
uously) as an ARRL member. If you know
of anyone who meets these stringent require-
ments and who has a genuine interest in
helping amateur radio, get him to agree to
run. You must send a petition to the ARRL
Secretary before September twentieth signed
by at least ten full members of the ARRL to
put your man into nomination.

The by-laws state that no one shall be eli-
gible for the office of Director who is com-
mercially engaged in the sale, rental, or man-
ufacture of radio equipment which can be
used for communications. They have waived
this rule in some cases where a nominee was
particularly favored by HQ, but used it to
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reject others. Radio magazine publishers are
also exempted in the by-laws.

The whole thing is really up to you.
Amateur radio is staggering along these days
because virtually no one has taken the in-
terest to try and put it right. For one reason
oranother everyone has pretty much decided
that they want one and only one organiza-
tion in the country. This is no problem if
you follow through and make sure that the
basket you have all your eggs in doesn’t
come unstuck. You've left those eggs alone
in the basket for so long that vapors are
beginning to arise.

This year new directors can be elected
in the Atlantic, Dakota, Delta, Great Lakes,
Midwest, Pacific, Southeastern, and Canadian
Divisions. If you get busy and get eight new
directors this year and then eight next year,
we could have amateur radio back on the
tracks again by next winter! If you shrug
and let someone else run a director, then
you will have personally done your bit to
help our wonderful hobby die a little more.
To ignore evil is to become its pawn . . . as
millions of Germans learned all too well
when they ignored the rise of Hitler. If
you find that you personally don’t have the
will to try and do something to help ama-
teur radio, at least don’t make it difficult
for those that are trying. Even a loud huzzah
from the sidelines is better than a kick in

the groin.
If you do run a director, you will need
to know how to get him elected . . . and

this is another kettle. If you don’t get to
most of the ARRL members before the elec-
tion, they will go right ahead and return the
same director, year after year, no matter
whether he is good or incredibly bad. The
ARRL must furnish addressed envelopes for
all of the members in the division on your
request, so work up a piece of campaign
literature that explains why a new man is
running and what he intends to do for the
members. The incumbent will usually run
on his “record.” Fortunately for him, few
members are aware of how sad that record
is . .. in all too many cases.

The ARRL has been losing members for
many years now, so no matter how much
you think of those in charge, you must
recognize on some level that they are not
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“’Now |I'm running the Swan barefoot .. ..

doing their job satisfactorily. The League,
our only national amateur radio club, should
be growing every year, not shrinking. This,
certainly, is the final measure of the effective-
ness of management. The only real means
that amateurs have of protesting the actions
of the ARRL HQ management is to drop out
of the organization. Much has been written,
even in the pages of 73, about joining the
League and fighting from within for an im-
provement . . . but the only means that the
average amateur has of expressing his will to
the League is in his election of his director
. .. and seldom is there any real choice when
the election actually comes along. Year after
year the same old men run, unopposed, and
win automatically. No wonder there is apa-
thy and more drop-outs than new blood.
Honestly, if it was really important,
couldn’t you find someone to run for director
from your division? Well it is important, so
let’s see what you can do.
... Wayne
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The FET

The addition of a speech compressor to
your rig is a worthwhile project. A speech
compressor will not only increase your talk
power but also reduce flat topping. The
simple circuit described here uses two
Motorola HEP 801 Field Effect Transistors.
The entire unit can be built for approxi-
mately $15 or less, depending on the size of
your junk box.

Features

The compressor has an overall gain of
unity. Therefore, the output of the circuit is
comparable to the output of the microphone
connected to it. This is accomplished by the
voltage divider R3 and R4 in the output. If
for some reason more output is required, the
value of R4 may be increased provided the
value of R3 is decreased by an equal
amount. In other words, the sum of R3 and
R4 must remain approximately 70.2 ohms.

Because of the inherent high impedance
of the HEP 801’s, the input impedance of
the compressor is determined almost entirely
by RS5. The value of R5, 470K ohms, is not
critical and may be changed to match the
output impedance of any high Z micro-
phone. However, the 470K ohm will pro-
vide a good match for most crystal, ceramic
or dynamic microphones. At high signal
levels, a 6 db change in the- point will
result in only 1 db change in outpui. The
circuit also has an inherent threshold voltage
of approximately 10 mv. due to the
characteristics and operating point of the
FETs.
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Ted Williams, WA@IOC
810 N. Fourth Street
Clinton, Iowa 52732

& ompressor

HEP - 801
Qi

Fig. 1. Audio Compressor using two HEP-801
FETs. All resistors ¥ watt, all capacitors
are in MT.

Circuit Operation

The compressor is composed of two
audio amplifiers, an AGC rectifier and an
AGC circuit. The output from the micro-
phone is amplified by Q1 and then capaci-
tively coupled to Q2 where the signal is
amplified further. The output from Q2 is
coupled through C1 to the AGC rectifier,
D1, and is rectified. The rectified audio is
then filtered and fed through the AGC
circuit and applied to the gate of Q1 as
negative bias.

A small input signal will develop very
little AGC voltage and have little or no
influence on the circuit gain. A large input
signal will develop much more AGC voltage.
This large AGC voltage will reduce the
transconductance of Q1, Thus lowering the
circuit gain considerably and resulting in an
output that is only a few db greater than
that of a small input signal.
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Construction

The compressor was built on a 2% by 4%
piece of perforated bakelite which was then
mounted in a minibox. The size of the unit
can be reduced through the use of miniature
components.

The FET used as Q1 must have a low
pinch off voltage. To determine which
transistor has the lowest pinch off voltage,
the source and gate leads should be
temporarily connected together. The
resistance from the drain to the source is
then measured with a VOM or VIVM.
Whichever FET shows the highest resistance
reading should then be used as Q1.

The parts layout of the circuit is not
critical if proper construction methods are
followed. In the original unit three pieces of
buss bar were run across the board and used
as tie points for the B+, ground and AGC
line.

Adjustments

The resistors R1 and R2 should be
adjusted to give maximum output. This is
done by placing the compression level at
minimum and then measuring the voltage
across R6. The value of these resistors is
critical and pots had to be used. Fixed
resistors were used at first but failed because
the nominal values were not accurate
enough.

When these adjustments are complete, the
compressor may be inserted in the micro-
phone line. With the compression level at
minimum, adjust the audio gain on the
transmitter as normally. The compression
level can then be raised to the desired level.
The audio gain can now be raised again until
the output meter peaks at the same reading
as it normally did.

Operation

Two 9-volt transistor radio batteries were
used to supply the B+ to the circuit. The
compressor draws only one mill so battery
life should be very reasonable.

Besides increasing the talk power of your
rig and reducing flat topping, the circuit has
many other advantages, depending on the
operating practices of the builder. For
example, the man who runs phone patches
will no longer have to continually reach for
the audio gain when the caller changes the
level of his speech.

I would like to extend my sincere thanks
to Lee Michaud, K8OOV, for his assistance
in designing and testing of this compressor.

. WAQIOC
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CASSETTE TAPE RECORDER

After testing a dozen different
makes of cassette tape recorders
we found that the Valiant was by
far the easiest to use. The fidelity
is good and the push button sys-
tem outstanding. Has battery lev-
el meter, recording level meter,
jack for feeding hi-fi or rig, oper-
ates from switch on mike. Great
for recording DX contacts, friends, at the movies,
parties, unusual accents, etc. Use like a camera.
Comes with mike, stand, batteries, tape.

SPECIAL, ONLY $33.00 Postpaid

24 HOUR CALENDAR CLOCK
This beautiful clock reads
the day, the date and the
time in large, easy to read
numbers. Set this on GMT
and never make a mistake
again on logging time or date. 8x3%x3%, brushed
aluminum case. Synchronous self-starting move-
ment, 115v 60 cy. Make your operating desk look
outstanding with this new type of clock.

24 HOUR CLOCK, $41.00 Postpaid
12 HOUR CLOCK, $41.00 Postpaid

TRAVEL-CLOCK RADIO
Eight transistor clock radio,
complete with clock, radio al-
arm and slumber setting! Wei-
ghs less than 1% lbs. Great
gift for traveling friend or rel-
ative. Batteries included. Tray
opens to hold change, etc.

SPECIAL, ONLY $24.00 Postpaid
AM-FM DIGITAL CLOCK RADIO

Here is something new—a
digital clock (reads num-
bers directly) plus sensitive
AM-FM radio with AFC!
Compare with $60 Sony. K
This is a wonderful radio for the bedroom or kut
chen. Transistorized radio. Antenna built in for
local stations. Use outside antenna for distance.

SPECIAL, ONLY $38.00 Postpaid
DESK NAME-CALL PLATE

Your name and call on a wal-
nut grained desk plate 10"
long by about 1 high. Up to
20 letters and spaces. You
can have your fuli name or
your first name and call let-
ters. Sorry, no zero available.
Identify your station with a beaut:ful desk plate.

SPECIAL, ONLY $2.00 Postpaid

Send order to

REDLINE Co. Box 431, Jaffrey NH 03452
(
(

Tape recorder ( Digital clock radio
24 Hour clock

12 Hour digital clock
Travel clock radio (

) Desk name plate

State Zip
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Roger D. Farley, WA2YRF
Box 104
East Schodack, New York 12063

The Mike Mixmaster

This little device is so simple that most
hams just never think of it. If you’re
operating push-to-talk, however, it will
transform every microphone in your shack
into a push-to-talk mike. The switch in this
piece of gear will also trigger your trans-
mitter, leaving hands free for logkeeping,
minor adjustments and the like.

I’'m control station for a civil defense net,
and one day I began wondering what I'd do
if my microphone conked out unexpectedly.
I have a number of other mikes in the shack,
but none of them are the required push-to-
talk type necessary to key my transmitter.
In an emergency, rigging up a substitute
would take precious minutes — finding a
switch and the proper plug and making the
right connections to operate the rig. I
reasoned that if I had a microphone mixing
box with some kind of a switch which could
fire-up the transmitter, I could use any mike
in the shack in an emergency. I could also
compare their modulation capabilities, using
the same box.

By pouring the contents of my junk-box
on the floor, (which I find is the easiest way
to locate anything) I came up with the
necessary jacks to match my assortment of
mike plugs. In my case, these were a
standard phono connector, an RCA-type

PLUG
TO MATCH
TRANSMITTER
RCA PHONG
= MIKE I
TRIGGER
E,I{,‘N"g“"" (LAFAYEYYE)
SW-68
MOMENTARY
L grt!
LATCH
1447 2 CIRCUIT GROUND
PHONE JACK
L
174" 3 CIRCUIT
PHONE JACK

Fig. 1. The WA2YRF Mike-Mix-Master.
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phono connector, a quarter-inch two-circuit,
and a quarter-inch three-circuit phone plug.
In the same mess was a switch that I had
picked up for 25 cents at a fire sale when
one of the local radio stores burned down.
Pushing this switch in one direction makes a
momentary contact, and in the other
direction, it latches. The switching operation
is similar to that of the Heath Twoer and
Sixer.

Wiring is simple, as you can see from the
schematic. The various jacks are in parallel
and the one matching the push-to-talk
microphone is wired straight through. The
switch is wired so it will key the transmitter
when it’s pushed in either direction.

Layout of the jacks and the switch is not
critical, nor is the size of the chassis used for
the project. I used a mini-box which was
larger than necessary (3 x 4 x 6), looking
forward to the day when I might dream up a
transistorized VOX circuit to make the unit
even more versatile. It's wise to leave room
for more jacks in case you obtain more
microphones in the future. To minimize the
possibility of hum pickup, I kept all my
wiring close to the chassis, but I don’t
believe this would be a problem. I have had
no bad modulation reports.

One improvement which might be made
is to make the output lead to the transmitter
“plug-inable,” and make up a variety of
leads for each of the different types of
transmitters you have in the shack. With this
feature, you can use it as an all-purpose
microphone adaptor. I've even had three
mikes (a ceramic, a crystal, and a dynamic),
located at strategic points about the room,
plugged in at once. This works just fine if
you have plenty of audio and want to move
around the room while transmitting.

Build it. It’s handy, compact, and even if
you don’t use it, it doubles as a dandy
paperweight and conversation piece.

... WA2YRF
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WERT...
VALOR...
VALEUR...
VALORE...

AL_U = any lcmgzmge
EBE means value also.

You can search the world over, but you won't find a better value
than the SB-34 and the SB-2LA. The SB-34 four band transceiver
is entirely solid state, including a transformer type power supply
which provides both 12 volt DC and 117 volt AC operation—built-
in. One look at the SB-34’'s specifications will prove that only
$449.00 will return the biggest possible value for every dollar
expended.

6% FINANCE CHARGE ¢ 10% DOWN OR TRADE-IN DOWN ¢ NO FINANCE CHARGE IF

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

15 day trial. 20 day Warranty. 90 day trade back on NEW apparatus. Write for bulletin.

TED HENRY (W&UOQU) BOB HENRY (WOARA) WALT HENRY (WG6NRVY)
e e s R R e e B 9 B e e i S A e Vo L L o e B A P L S e T L e S (e e LA
CALL DIRECT . . . USE AREA CODE
! fady : Butler 1, Missouri, 64730 816 679-3127
Herry Nar=T-[1- B -a{eTd-C8 11240 W. Olympic, Los Angeles, Calif,, 90064 213 477-6701
931 N. Euclid, Anaheim, Calif., 92801 714 772-9200

6116 N. 27th Ave., Phoenix, Ariz., 85017 602 AM 4-3895

T
“Worlds Largest Distributors of Short Wave Receivers’
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Ralph J. Irace, Jr., WA1GEK

The T-60 Works Just Fine

As I neared Mac’s QTH, quite exhausted
after pedaling uphill several hundred feet,
the tall seventy-foot towers glistening in the
sun with all the grandeur of tri-band beams,
quads, stacked yagis, amongst other
mouth drooling additions, came into rapid
sight.  “Gee,” I thought, ‘“‘those dipoles
of mine sure are crummy.” Gazing at the
antenna complex admiringly, I reached the
gravel driveway, parked my bike and walked
toward the back door. I rapped on the door
a few times. I heard approaching footsteps.
“Hi Scott. How’s the ole T-60 coming
along?”’

“Oh pretty good I suppose,” came my
pretty-well-standard reply. Mac motioned
for me to enter and follow. Within a
duration of seconds, I was in his enormous
shack. He sat himself in a comfortably
cushioned swivel chair while I took refuge
on a three legged stool. For once I decided
to start the rag session.

“How’s the new quad working on 40,
Mac? Looks like a real swell skywire, hi”” my
voice crackling.

“Ahh, it’s not too hot a performer
actually. I'm having a chore trying to load it
for some odd reason. Thought the problem
might be in the 3285-3 but I gave it a looking
over yesterday and couldn’t find the
problem. I bought the best coax in the store
too.”

“Perhaps I can help,” I said, walking
toward the console. Mac appeared slightly
annoyed. “Sayy Mac,” I said after a minute
or less, “this connection you have on the
coax plug looks pretty poor. In fact the
center conductor of vour coax is wiggling
around,”

“What?”

“Yeah. Right here. See?”

Mac was clearly upset but tried to pre-
tend as if nothing was at fault. “Can’t be
such a small thing like that—maybe the
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balun or my antenna is kaput or something.
I’ll find the trouble for sure later on.”

“All right Mac,” my voice quivered
slightly after seeing Mac in such a state of
aggravation. I had idolized Mac for many
months because of the fine DX record he
had and most of all because of his fabulous
station.

He dismissed me promptly ... “Let me
know how you make out on the contest this
weekend, Scott. I've got to mail out a batch
of QSL’s now.”

“Okay Mac, I know you’ll take first place
in the contest. Don’t forget to work me.
Bye.”

After getting back to my own shack, I
surveyed the scene and decided that some
final preparations for the weekend contest
had yet to be made, so I set about doing
them. As I was touching up a few things
around the station, I wished that I was the
owner of a station like Mac’s. If only I had
the money! This T-60 is like an insect
compared to his transmitter. Golly, his
antenna farm rivals those of broadcasting
outfits. I'll be lucky if I get even twenty
percent of Mac’s contacts during the contest,
I thought to myself. While outside checking
and rechecking the antenna supports and
connections, I saw Mac’s towers off in the
near distance up on the hill. “Shucks — just
maybe someday I'll be able to have one
small tower, then Mac won’t kid me
anymore about my small station.”

Well, the contest came and went. I
worked as long as my parents permitted and
tallied up a final score of 2,785 points,
probably nothing compared to what Mac
had racked up.

After I completed copying the scores
onto the final sheets, I mailed them off for
placement in the score list; I was probably at
the bottom and Mac at the top. I then went
over Mac’s house and was greeted by one of

73 MAGAZINE



| oS/ vouT

The only low priced
V-0-M with a 5000
vdc range!

REDLINE - JAFFREY - NH - 03452

ORDER TODAY

Ohms:
dc mA: .05, 5, 50, 500
dB:

dc volts: 2.5, 10, 50, 250, 500, 5000
ac volts: 10, 50, 250, 500 @ 1K /volt No taxes anywhere

HAM 7 :
i QTH I
V_O_M : City State Zip :

| |

12K, 120K, 1.2M, 12M

0, 14, 28, 34, 40

ONLY Saﬂﬁ

Plus 90f shipping

his family and shown into Mac’s shack. It
was in complete disarray. Transmitters,
receivers, power supplies, swr meters, etc,
were scattered all about the shack, obviously
after being worked upon. Mac and I
exchanged mutually surprised greetings. Mac
slumped heavily into his chair and looked
exasperated. T asked what the trouble was,

and for once he conceded defeatingly that.

he didn’t know. “Maybe I can be of some
help,” I said with Mac even looking more
annoyed than he had on my previous visit. I
hesitated at seeing Mac disturbed but then
thought that perhaps I really could help.
Then I turned up the culprit. ““Say Mac, I
don’t even think your getting a connection
here between the antenna plug and SO-239.
Look, there’s hardly a bit of solder on the
plug tip and the center conductor has
slipped down...I doubt if you’re even
getting twenty percent efficiency from your
transmitter output to the antenna. I'll bet
this is the reason why. ... "

“Would you like to be my official station
maintenance man, Scott? I could provide
you with a lot of opportunities to work with
my antennas, climb my towers and even use
the S-line here, if you like. You’ll find it
quite a thrill over that little T-60 you
use . . . how about it?”

I thought for a few seconds and then
realized that even hams with big stations can
make blunders over little errors when they
let themselves become possessed with
inflated egos and visions of grandeur because
of the extra-large stations they have. I was
sorry Mac didn’t work the contest for
apparent reasons. “No thanks, Mac. The
T-6Q is just fine, just fine.” And this time-I
went home without even glancing at his
antennas.

. WAIGEK
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s which virtuallyGUARANTEEYQU
ANTENNA WILL GET OUT BETTER. New
book gives step-by-step instruc-
tions (176 pages, over 200 illustrations) for making all stang-
ard types (long wires, dipoles, yagis, trap, etc.) plus MANY
not described elsewhere: low cost miniature beams from
converted TV antennas; INDOOR BEAMS; “invisible” an-
tennas, 40 METER DX; wvertical beams; NOVICE BAND
DX, many, MANY others. SECRETS of tune-up for MO
QUTPUT. How to hook up and use ANTENNA TEST GEAFl
Buy bonk ‘Ham An(enna Construction Projects” from your
nearb X H.W. Sams” distributor. Only 43755, Or order
GRAPHE

AUT
South Fillmore Street, Denver,Colorado,
8[}209 INCLUDE 25¢ FOR POSTAGE

D copy direct from authar J.A. Stanley,

STAN

NEW G&G CATALOG!

~MILITARY ELECTRONICS

24 PAGES crammed with Gov't Surplus Electron-
ic Gear--the Biggest Bargain Buys in Americal |t
will pay you jo

SEND 256 fcr your copy --Refunded wtth ‘your

First

{ 15 tubes, 235
to 500 Mc. Easily adapfed for 2 way
voice or code on Ham, Mobile, Tele-
vision Experimental and Citizens' Bands.
With tubes, less power supply in factory
cartan.
Brand new

SPECIAL PACKAGE OFFER:

BC-645
Transceiver, Dynamotor and all accessor-
ies, including mountings, UHF Antenna

Assemblies, control box, complete.sat of connectors, plugs,

ARR-2 Receiver, -25 c., Tunable
plete with 11 tubes, Excellent Used
d

BRAND NEW’ includin

.om-
$5

ARC-5/T-23 TRANSMITTER 100-156 Mc., includ-
es tubes: 2-832A, 2-1625.

BRAND NEW, with tubes and crystal ......... $23.50
Used, !ess T GRS T T $4.95

ARC-5/R-28 RECEIVER 2-metar superhet, 100-
156 Mc in 4 crystal channels, complete with 10
tubes, excelient used $24.50

SCR-274-N, ARC-5 COMMAND SET HOQ!

Brand
New

ue; g Type Excellant Used
ECEIV RS Cnmplltl wlth Tubaes
.BC-4563..

190-560 K. 18.96
My . BC-454....516.50.
BC-465....514.96..

Like New

- . METER, v T ypi v
_tenna, rmanual, original :ahbratmn charts. LIKE NEW 514,
TEHMS Elther 23% Deposl{ with order, balance C.0.D.—OR—

v Remittance in Full. Minimum Order $5.00. All ship-
ments F.0.B. our warthouse, NYC. All merchandise subject to
prlor sale and price change.

G & G RADIO SUPPLY COMPANY
778 Leonard St., NYC 10013 - Ph. 212-267-4605
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Dave Mann, K2ZAGZ
One Daniel Lane
Kinnelon, New Jersey 07405

Leaky Lines

I’'d like to share a little vignette with
you . .. hardly worth mentioning but for its utter
incongruity, It fails to make any sense whatever to
me.
I think, somehow, there’s nothing more ridic-
ulous than a man with delusions of grandeur,
pushing his heft around, trying to prove himself a
big shot. And whom does he select for his target?
Generally someone with more importance and
status than his own. It’s a truism. Some little squirt
with a chip on his shoulder and a snoutful of booze
invariably picks the biggest, burliest fellow in the
saloon and provokes a fist fight with him.
Well . . . just get a load of this type and his antics.

In connection with the Apolio 10 mission,
WB4ICI, club station of Space Center Amateur
Radio Society (SCARS) at Cape Kennedy, oper-
ated for about ten hours last May. The club offered
a handsome special event certificate to all stations
contacted. Over 900 QSO’s were logged, including
80 odd from 23 foreign lands. The frequency was
14.340 mhz., and operations commenced on the
morning of the liftoff.

Sometime during the evening hours a station
came on, and the operator commanded WB4ICJ to
relinquish the channel because, in his words
“...1it is used daily by ICHC, IFHC and ISWL-
CHC.” Is this combination of initials intriguing?
Well, they were intriguing to me, so I looked them
up. They stand for (1) International Certificate
Hunters Club, (2) International Flying Hams Club,
and (3) International Short Wave Listeners Certifi-
cate Hunters Club, respectively. Now, don’t get me
wrong. I'm not trying to imply that the SCARS
operation was of first-magnitude importance. But
you’ll have to admit that these certificate hunter
groups were certainly not engaged in high priority
matters either.

I am reminded of an incident which occurred
while I was on jury duty some years ago. I had
been chosen, along with eleven other people, to sit
on a case. The lawyers were asking us various
questions to determine our qualifications as jurors.
One of us was an insignificant looking mouse of a
guy but pompous as a rooster, and who had a
constant sneer on his face as if he were smelling
something unpleasant. All during the preliminary
stages, before we had even been selected for the
panel, this weasel had been asserting the obvious
guilt of the defendant, even though not one single
fact had been presented in evidence.

“And what is your line of work,” he was asked.

He answered the attorney impericusly, with

144

exaggerated hauteur: “I am the president of the
American Cigar Band Institute.” Everyone looked
at him with new-kindled respect.

“You manufacture cigar bands, do you?”

“No,” he answered, somewhat chastened, as his
bubble burst. “We collect them!”

The entire courtroom, including His Heonor,
rocked the building with a peal of spontaneous
laughter, and the little peacock slumped down in
his chair, deflated.

Well, anyway, to get back to the story, the
interloper stated that this group of his was about
to start its net, which had been using this fre-
quency for years, and that the NASA group had
certainly known of this from the beginning, hence
was guilty of stealing the frequency, Ugly Amer-
icanism, poor sporismanship, etc., etc....ad
nauseum.

He stated further that if they did not vacate the
frequency he would use his influence as an editor
and publisher to make sure they were penalized for
their ““... ohnoxious, ungentlemanly conduct.”
He accused them, among other things of * ... de-
liberate interference,” notwithstanding the fact
that his certificate hunters were nowhere in evi-
dence during the period when the Apollo 10
activity had commenced operations, In other
words, these certificate hunters clubs were na-
tionally famous, and every ham was aware of their
existence and of their net activity. Well, I must
confess that I had heard of certificate hunters. But
I had no idea that they operated a net on 20
meters. This man conveyed a distinct impression
that his group had a lock on this particular
frequency, and that no one had better use it,
because it belongs to CHC and the others — lock,
stock and barrel, now and forever, world without
end, in perpetuity, case closed, period!

The operator of SCARS, who hadn’t heard of
CHC either, obviously not wishing to engage in a
time-consuming dialogue, particularly since the
complaining part was becoming more and more
abusive, suggested that he send a copy of his
promised editorial to the radio club. Then he
proceeded with the space shot contacts.

In due course a letter was received by the
Public Relations Director of National Aeronautics
and Space Agency at Houston, and a copy at Cape
Kennedy. The “letter” is lengthy, verbose, lugu-
brious, vehement, fractious, rude, egocentric,
supercilious, obnoxious, nauseating, rambling, irra-
tional, and has neither validity nor merit. It is of
no consequence whatever. It is like the proverbial
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burst of afflatus in a gale of wind.

If that were all it meant, I wouldn’t have
mentioned. the incident at all. But, unimportant
though it is, there is one thing about it which is
very important indeed. The letter contains a series
of threats, both direct and implied. And this merits
not only attention, but strong condemnation. It
reflects a most intemperate attitude all too pre-
valent nowadays. This man’s use of the term,
blacklist, in the context of today’s world is an
abomination; a stench in the nostrils. The blacklist
is an undemocratic, totalitarian disease, which can
infect society like a plague, destroying the very
fabric of our democratic institutions.

He also writes, instructing NASA, — “You
would do well to insure that this could never
happen again.”

The unutterable cheek of the man! He knows,
as you and I know, no one has a priori rights to a
frequency. I knew that we had some peculiax
people in our midst. But I did not suspect that we
harbored out and out lunatics. With two letter
calls, yet!

* ko

During the Swampscott convention, I found
another piece of literary garbage, also deserving of
attention because of its complete lack of awareness
of the outside world. It’s sad to hear the ravings of
a poor, deluded soul, totally out of touch with
reality.

This misbegotten piece of drivel was issued by a
group called — are you ready? — the National Asso-
ciation for the Advancement of Amplitude Modu-
lation. Can you believe it?

Please understand this: I am not opposed to the
use of AM at all. In fact, I rather enjoy listening to
it. There is much to be said for the nice audio
quality with the soothing low frequencies a la
broadcast stations. What I find objectionable is the
constant proselytizing, either for or against one
mode or another. I don’t find it any more palatable
in ham radio than in religion. I feel that it’s my
own affair, and nobody else’s damned business.

According to this leaflet, anyone who operates
single sideband, using a rig not designed and byilt
by himself, is some sort of microbe. He is called a
variety of names, any of which would buy him a
punch in the nose if uttered face to face. Here are a
few quotes:

“...a more glorified form of Citizens’ Band.”

“After all, any idiot can buy an appli-
ance...plug it into a wall outlet, and make
noises.”

*“...plugging in an appliance and creating
meaningless chatter on the ham bands.”

“Amplitude modulation isn’t a dirty word.”
(This is funny, for obviously, single sideband is a
dirty word.)

“There is great potential in AM. Why not look
into it someday?”

Somehow this tawdry little scrawling graffiti
gives me a feeling of melancholy. To think there
are such benighted little guys, running around
unrestrained, hopefully trying to start ground
swells of opinion which will inundate the collective
intellect like a mighty tidal wave of reformation,
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and turn back the clock. Like the song laments,
Ah, for the dear dead days beyond recall.

These people remind me of the homely little
shop girls and tired drudges, hoping to find
romance, who queue up at the five and dime,
buying cheap perfume and loud, tasteless jewelry;
answering the pulp magazine ads that shriek, “Win
your man and hold him forever by using our
miracle product to increase the size of your bust!”

What a waste of time and energy! And how
cruel!

* & K

Those of you who have read some of my
meanderings and ruminations are aware that a
follower of precedent or convention I'm not. I
believe that traditions are made to be broken.
Indeed, were it not for this, hardly any progress
would have been made since we emerged, dripping,
from the primordial ooze. Somebody has always
had the guts to say, “enough already.” And this
tendency will ultimately result in the conquest of
humankind’s oldest enemies; famine, war, igno-
rance and pestilence.

Nonetheless, there is much to be said for
traditionalism, with its time tested values and
verities. It is pointless to turn over the applecart
unless there is a more efficient conveyance to take
its place. I think there are far too many who
scream for change merely for its own sake. There is
no percentage in change without progress. When
change means chaos, it is folly not to sit tight. Yet,
over-cautiousness pays a poor dividend.

Most of us deplore the violence taking place on
the campuses. It is too bad that the meaningful
aspects of the student movement are being ignored
because of the ugliness and anger of the confronta-
tion itself. We are apt to disregard legitimate gripes
and grievances because of the utter stupidity and
over-zealousness of the militant extremists on both
sides of the controversy.

Kids today are not placid, me-too-ers. They are
not Pollyannas, nor do they hold with Voltaire’s
Doctor Pangloss that this is the best of all possible
worlds. We elders display unbelievable naivete if we
fail to perceive that the world is in pretty sad
shape.

1 believe, actually, that this is the best crop of
youngsters we've ever had. They are not satisfied
with the things that motivated prior generations.
They are not willing to barter their integrity for
automobiles or their concern for truth and justice
for membership in the Country Club. They are far
more interested in doing away with injustice than
in acquiring material wealth or social position. And
they mean to make the Constitution more than
just a collection of flowery words and phrases.

What has this to do with Amateur Radio, you
ask? Only this: On the air, there has been a lot of
talk about what should be done about this group
and that. Among others, our youth have been
singled out and attacked viciously. I am appalled at
some of the proposals I've heard on the bands. I
cannot imagine any rational person saying this, but
someone was heard to advocate “standing them up
against the wall and shooting them.” Another
proposed that they be “strung up.” I was under the
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impression that this type of philosophy died in a
bunker at the Berlin Chancellory with its chief
protagonist, back in 1945.

This younger generation of ours, splendid in its
energy and vitality, more mature in its goals,
earnest in its desire to implement the very best
American ideals and the basic tenets of the
Judeo-Christian ethic, is being shamefully and
slanderously villified. All are being blamed for the
sins of a negligible few. How dare we fasten
collective guilt on an entire group, after living
under the blessings of a form of government whose
very basic premise is exactly the opposite? How
can anyone who loves America take a position
which does her so much harm?

And who does all this talking on the air? Who
are those, without sin, who are so ready to cast the
first stone? Who are these sanctimonious ones who
criticize our youth, our poor, our minorities, our
political leaders, our clergy; in short, anyone and
everyone?

They need not be pointed out. They know who
they are. There is no point in disclosing their
identity. If I could speak to them, I would say this:

Listen, all you self-appointed super-patriots. Who
do you think is doing all the dying in Viet Nam?
Who did all the dying in Korea, and in your war
and mine, back in the 40’s? The kids; that’s who!
And among them, don’t ever forget, there are black
and white, rich and poor, educated and unlettered.
They’re out there, laying it on the line, while you
and [ are sitting in the ham shack, leisurely
enjoying the comforts of home, making pro-
nouncements and judgments. Maybe we ought to
take a breather and just listen to what they have to
say once in a while. How about it?

Well, there it is, and, like the old bromide says,
let the chips fall where they may. My father used
to say, “Maybe the truth will hurt, but sooner or
later it’s going to be said. So why not get it over
with?”

* k &

Don’t forget. ECARS on 7255, MWARS on
7258 and WCARS on 7255. These are exciting,
stimulating and they are of great help to all of
hamdom. Give a listen and join in on the fun.

Till next time,

... K2AGZ

It may be ridiculous, but it is also not far
in the future. The dollar won’t make us
rich, either. We hope that it will bring us
back into the black, and that’s about it.

What happened to bring on this substan-
tial increase? Two things. First and fore-
most was the July increase in postal rates.
This was the biggest rate increase yet for

in postage now than we were a year ago.

us even with inflation, so we found our-
selves working like the devil to break even.
Now, with the new postal rates we will work
ourselves silly for a handsome net loss. Some-
thing has to give . . . and that means you, the
reader.

It is not all give and no take, by any means,

a dollar a copy? RIDICULOUS !

us . . . and we are paying over 50% more

The 5% profit we made last year just broke
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however. Just look at the size of this issue
of 73. 160 pages. We've been running 144
pages a month or better since May and in-
tend to keep it up. When you figure that we
are, month after month, bringing you more
feature articles than all three other magazines
combined, then the quarter extra isn‘t all
that bad a deal.

Of course there is still time to hedge
against the increase by buying a subscription
right now, before the subscription rates go
up, too. We'll accept a three year extension
of your presentssubscription at the current
rates . . . but dont expect to be able to take
advantage of this for much longer. By next
month we may have to roll out the new
subscription rates for you.

NAME CALL
ADDRESS CITY
STATE ZIP

(0 THIS IS A RENEWAL

3

[0 I WANT THE $12 BARGAIN RATE FOR THREE YEARS
[J I'LL TAKE ONE YEAR AT THE $6 RATE

0 ENCLOSED IS CHECK, CASH OR MONEY ORDER
73 MAGAZINE PETERBOROUGH, NEW HAMPSHIRE 03458
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A Uniqgue RF Plate Choke

Bill Deane, WoRET
8831 Sovereign Rd.
San Diego, California 92123

A unigue rf choke.

At times it is difficult to obtain the exact
rf plate choke that one may desire for a new
final amplifer. In looking for a material to
make a 2 ampere 5000 volt dc #f plate choke
for non-ham use, I came across a material
made by DuPont called Delrin. Delrin has
high strength but can easily be cut and
drilled. It has excellent electrical properties
as an insulator with a high heat distortion
temperature. These features make it an
excellent form for rf plate chokes and other
coils. Delrin iS available in rods of 1/4 inch
to 1 1/2 inch diameter and can be purchased
in 12 inch lengths. The 3/4 inch diameter
was selected for the choke and is available
from Allied radio for $1.42 per foot (Allied
part 60D9565CF).

The choke shown in the photograph is 5
1/4 inches long. The terminals of the coil are
No. 8 brass cotter keys 5/8 inch long. The
form is prepared by drilling the two terminal
holes on a 4-inch spacing 5/8 inch deep,
using a drill slightly smaller than the cotter
key size. A 11/32 or 3/8 inch hole is drilled
down the center of the rod to a depth of 3
3/4 inches. A 1/2 inch deep hole is drilled in
the opposite end of the rod with a 29 drill.
This hole is tapped for a 8/32 mounting
screw. A 3-inch piece of .33 inch diameter
ferrite rod (Lafayette 32C6102) is inserted
into the hole and held in place with a few
drops of epoxy. Next force the cotter keys
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into the form holes using a vise or by
tapping lightly with a hammer. Sixty turns
of No. 20 formvar wire is space wound (15
turns per inch) on the form with the coil
ends soldered to the cotter key terminals.
The space winding can be accomplished by a
dual winding of No. 20 wire and then
removing one winding. A light coating of
coil dope will hold the turns in place.

The completed choke has an inductance
of 90 uh, loafs along at 2 amps, has a Q of
225 at 3.6 mhz and has a series resonance
well above the ham bands at 43 mhz.

ppalee)
11/32"0R 3/8" ¢A+ JT=+-__ BRASS COTTER
HOLE —~— | | i PIN,
3 374" DEEP i FORCE FIT
I
I
o
Iy II ‘\\_
[ WIND COIL
0.33 X 3 INCH ol WITH A DUAL
FERRITE ROD. HOLD Il WIRE WINDING OF
IN PLACE WITH A i) NO. 20 ENAMELLED
FEW DROPS OF | | |‘ WIRE. REMOVE ONE
GLUE. -ﬂjL_ l‘ WINDING AND ADD
! FL COIL DOPE TO
jacklt HOLD TURNS IN
Iyl PLACE.
1
Iyl
o
e
BRASS COTTER
-y | — PIN,
MOEILLING G e e R FOREEF FiT
HOLE
112 X B-32
THREAD A
11
[

Fig. 1. Diagram of completed 2 amp 5000
volt rf choke using DuPont “Delrin.”

If you do not wish to build a choke with
the ferrite rod and will be limiting your plate
requirements to 800 ma at 2500 vdc, a choke
can be wound on a 3/4 X 4 3/4 inch rod
with No. 24 formvar wire closewound to
occupy 3 1/2 inches. This choke has an
inductance of 90 mh, a Q of 160 and a series
resonance of 25 mhz. My thanks to Don
Bidwell for his photograph of the choke.

... W6RET
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Modil fication

Al Brogdon, K3KMO
RD 1 Box 3904
State College, PA 16801

of the ac Input

on the

The Heath SB-200 is a real gem, giving
top performance per dollar in a linear
amplifier. There aré few ways it could be
improved, but one feature which falls into
the ““needs improvement” category is the ac
input arrangement.

In the original amplifier, terminal strip
“S” has the wires from the power trans-
former’s two primary windings connected to
it. To change between 120 Volt ac and 240
Volt ac operation, it is necessary to change
jumpers on this strip. This in itself isn’t bad,
but the ac line plug arrangement is not too
good.

Heath outlines the use of a single plug for
both 120 Volt ac and 240 Volt ac operation.
This is the standard three-contact 120 Volt
ac safety plug (two wires plus ground). This
could lead to the sad situation of having a
240 Volt ac outlet in your shack which
looks like a normal 120 Volt ac outlet, and
plugging in a piece of 120 Volt ac equipment
with pretty bad results.

To avoid this problem at K3KMO, I
installed a 240 Volt ac circuit with a normal
240 Volt ac receptacle, and changed the line
plug on the SB-200 to match the outlet. But
then came the time I wanted to take the
SB-200 to a friend’s shack where only 120
Volt ac was available, and I was faced with
the prospect of having to change line plugs,
re-wire the jumpers on terminal strip “s” to
make the change, and then do the same
thing again when I brought the SB-200
home.

Rather than do this and be faced with the
prospect of doing it other times, I decided to
change the SB-200 to come up with an
arrangement for simpler change-over. 1
placed an Amphenol 86PM8 male octal plug
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SB-200

on the rear deck of the chassis, where the
line cord had previously exited. Fortunately,
there is just enough room on the chassis lip
to accommodate this connector. I then
wired the four leads from terminal strip “S”
plus a ground wire to this plug as shown in
Fig. 1.

TERMINAL
STRIP "S"

Fig. 1. Wiring changes in the SB-200, from
terminal strip “S” to the new power con-
nector (Amphenol 86PM8).

Then two line cords were prepared for
the linear, one for 120 Volt ac operation,
and the other for 240 Volt ac. The 120 Volt
ac cord is the original SB-200 power cord
with the plug supplied by the manufacturer.
The other end of the cable is terminated in
an Amphenol 78PF8 female octal cable
connector, wired as shown in Fig. 2a. A
second power cable was prepared using the
240 Volt ac plug on one end, and another
octal connector on the other end, this time

120VAC

240VAC

Fig. 2. Connections for the two line cables
to mate with the new power connector.
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60 WATT
FOUR
CHANNEL
150MC
MOBILES

Motorola X53—GJV, 6/12 volts—150mhz—60
Watts. These units are exceptionally clean and
in mint condition. They are complete with four
freq. control head, cables, microphone, speaker,
Less ovens & ant. Transmitter is narrow band,
receiver is wide band. Special, only $175.00 ea.

Motorola 150me¢ handi-talkies model H23-1.
These are like brand new and complete, less
batterys and ant. only $49.95 ea.

Mo'torola transistorized paging receiver, 150mc-
HO3anc-excellent cond., less battery. $34.95ea.

19675 ALLEN ROAD

=\ FVi FwV
sales to licensed Amateurs only

. MOTOROLA

NEWSOME Y1 ECTRONICS

hours: by appointment only
PHONE: 313-282-6464

MOTOROLA
Handi-Talkie
150me, bw, 2 freq.
complete with
nicads
and antenna
Model
P33-AM-1131AM
excellent cond.

$98.00 ea.

All equipment is guaranteed to be exactly as
advertised. We have a very large stock of
equipment, however, no catalogs or list are
available. Tell us what you are locoking for,
we may have it. WE WILLNOT RE

WE WILL NOT BE UNDERSOQLD.

25% deposit required on all c.o.d. orders.
Prices subject to change without notice.

TRENTON, MICHIGAN 48183

wired as shown in Fig. 2b. Notice that with
both power cables, the ac input is connected
to the proper transformer leads, and the
appropriate jumper connections are also
made in the octal connector.

Therefore, the change from one input
voltage to the other requires only that the
appropriate ac input cable be connected.
Caution: Be sure all jumpers are removed
from terminal strip “S” when this modifica-
tion is made.

If you are building an SB-200 from the
kit, this change can be incorporated as the
amplifier is being built, eliminating terminal
strip ““S” completely. The transformer pri-
mary leads and capacitors Cl1 and C2 can be
wired directly to the octal plug. Be careful
not to cut the transformer primary leads off
too short by following the instructions for
normal wiring. Just wait and cut them to
length when you’re ready to connect them.

This same approach can be used with any
piece of equipment which has provisions for
either 120 Volt ac or 240 Volt ac line input.
And other types of connectors can be used

according to your personal preference.
... K3KMO
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NEED CRYSTALS ?

AN anfilhan 48
’/j hr.

T §¢ 1 ""FDELIVERY

¥ i f v
SPECIALS
Color TV crystal {3578, 545KHz) wire leads $1.60 4 for $5.00
100KHz frequency standard crystal (HC13/U) 450

1000K Hz frequency standard (HC6/U) 350
Any CB crystal transmit or receive 225
Any amateur band crystal (except 80 meters) 1.50 4 for $5.00
Any marine frequency (HC6/U) 285
80 meter cyrstals in FT243 holders 2.50

We have in stock over six million crystals
which include types CR1A/AR, FT243,
FT241, MC7, FT249, HC6/U, HC13/U,
etc. Send 10¢ for our 1970 catalog with
oscillator circuits, listing thousands of fre-
quencies in stock for immediate delivery.
(Add 10¢ per crystal to above prices for
shipment 1st class mail; 15¢ each for air

mail.)
ORDER DIRECT

with check or money order to

Special Quantity Prices
to Jobbers and Dealers

EBVSTM_S 24008 Crystal Dr., Ft. Myers, Fla. 83901
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LETTERS

Dear Wayne,

There were several omissions in the schematics
of the “Six Meter KW Linear” in the July issue.
The most important are as follows:

Page 21. 1. Coil data not given—should be
3 or 4 turns of 1/8” copper tubing, 1" diameter,
spaced to resonate with the chosen capacitor.

2. There should be a connector in series with
one lead of K1—this goes to the N. O. contacts of
the exciter PTT relay.

3. R2is 100K, Yawatt.

4. Cathode pins 2 and 4 should be grounded
in addition to pins 6 and 8.

Page 23. 1. Note 4 should read transient rather
than equalizing.

Many thanks for the new tower and antennas,
the cassette tape recorder, the trip through the
Heath factory. and the other things 73 has bought
for me in the year I have been sending in fillers.
They are very much appreciated. [ hope I will be
able to supply similar material for **73 Junior.”

Would 73 be interested in a short article on the
subject of how semiconductor grade silicon is pro-
duced?

Bill Turner
Five Chestnut Court
Saint Peters, Missouri 63376
No...ed.

Dear Sir:

We thought it may be of interest that there is a
new net on the air for emergencies and DX con-
tacts. The world DX Round Table operating on
14270 KC Wednesday and Saturday from 0300-
0800 GMT.

All QSL’s for net contacts may be forwarded
to (WASUHR) net QSL manager.

Scott Freile
1510 Lynnview
Houston, Texas 77055

Dear OM Wayne,

I was given “DX-Handbook™ first-edition from
my good friend WAINKG, “Paul” & find it a very
nice book, especially I enjoyed the article about
80 meters DX. Here in JA, there are not so many
DX’s on 80 meters, only JA6AK is active. Hi.
By the way I found some misunderstanding on
page 90, “Call Areas.” Please correct as follows:

JAPAN Wrong Right
JA1 Kanto, Shinetsu JA1 Kanto
JA2 Tokai, Hokuriku JA2  Tokai
JA9 Fukui, Toyama,

Kanazawa, IshikawaJAS  Hokuriku
JAQ Nagano, Suwa,
Niigata JAQ  Shinetsu

JA9 includes three prefectures: Fukui, Toyama,
& Ishikawa, and Kanazawa is capital city of Ish-
ikawa, like Phoenix in Ariz! J;\ﬂphas two prefect-
ures; Nagano & Niigata, and Suwa is the name of
one city in Nagano!

About 7 or 9 years ago in JA, there were only
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8 areas from JA1 to JAS8, and then JA1 & JA2 were
divided into two till then JA1 had Kanto & Shinet-
su, JA2 had Tokai & Hokuriku, but since then
Shinetsu changed to JA@ & Hokuriku got JA9
calls, so you might use the old date! Hi! Any-
way now you are all right!

Another info here, you wrote “for DX Watch
for gigantic do-it-yourself coloring map,” on 22
page. We can buy do-it-yourself map for DX from
our JARL. About 55x80 cm ¥ 200 (about 60¢)
with great circle map. This map is very nice for
DX hound! You may get the map if you send
about 31 to JARL, P. O. Box 377, Tokvo.

Oh, one more info, JA1 area got too many
hams and they needed another call so they used
JH1. It was two or three years ago. And now
JH1 also going away the newest call right now
(29 June ’69) is JHIVZZ and JH1Y . .. JHI1Z
. . . is used for club stations so the restis JHIWAA
to JHI1XZZ, when all of these calls used, they use
JR1. First JR1 will go on the air in 69!

Narumi Kawai, JASAPS
1-10 Suwanokawara
Toyama-City 183, Japan

Dear Wayne,

I read with interest the article on facsimile and
the radio amateur by Ralph Steinburg K6GKX in
{gr&e, 1969. (I also had an article starting on page

You should know that facsimile and slow scan
TV are exactly the same thing electrically if you
agii a horizontal sync pulse o the facsimile sig-
nal.
I have been running slow scan TV for the past
2% years (one and a half years under the special
slow scan TV license), using facsimile equipment.
As far as I know, this is completely legal since I
am conforming in every way to the various tele-
vision kinds of signals that are being sent. Those
who are receiving the slow scan TV signal using
facsimile equipment can use the horizontal sync
pulse if they wish. Those receiving the slow scan

signals on a CRT presentation, generally require
the sync pulse. Those that are receiving them on
facsimile machines, do not need it.

Mr. Steinburg’s statement, “with slow scan tele-
vision legal on the low bands, facsimile may be the
next mode of communications to follow in the
near future. All it needs at the present time is
enough interest by the radio amateurs to show the
Federal Communications Commission, by petition,
that facsimile will contribute to the state-of-the-
art,” really impedes matters by continuing the fic-
tion that there is a difference between facsimile
and slow scan TV.

J. R. Popkin-Clurman, W2BK
1623 Straight Path
Wyandanch, New York 11798
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Dear Wayne,

Up until the past few months, very little effort
had been made to attract youngsters into our ranks
and it is indeed regretful that we have been so tar-
dy in promoting amateur radio to this particular age
group. Editorials in some of the amateur magazines
have at last recognized the severe lack of youth-
intake in amateur radio and soberly suggest that we
make strong efforts to try and introduce these
young people to ham radio.

Some may ask, “Why is youth so important to
amateur radio?”

There are a multitude of good reasons why ama-
teur radio needs new blood and certainly each rea-
son has its own merits. To mention but two, we
might start with what amateur radio as a hobby can
provide for a youngster just getting started in ham
radio. It offers a youngster the chance to convert
his spare time from roaming the streets, lying idle
on the couch, etc., to something constructive, edu-
cating, challenging and rewarding. For some, ama-
teur radio can lead to a very successful career in
electronics later in life. Amateur radio in the years
to come, will need new amateurs to improve the
state of the art and in general to man the helm. To-
days youthful prospective amateurs will be the peo-
ple to assume this task. This is why it is of cardinal
importance that all amateurs do their utmost to
familiarize the youth of today with ham radio.

Today’s youth are basically a good grou
people and they have a tremendous amount o po-
tential and energy which if could be directed to the
area of amateur radio, would lead to an eventual
license and a genuine feeling of accomplishment
and satisfaction.

Boy Scout Explorer posts, high school radio
clubs, camps and other outlets have time after time
graduated the prospective young amateur from
training in code and theory, to an amateur license.
However, these organizations lack the ability to
make the initial contact with a youngster and this is
where the individual amateur must help out.

7One may ask at this point, “Well, what can I
do?”

Get in touch with the youngster down the street
and invite him or her over to the shack. Fire up the
rig and explain how it works. Show them your col-
lection of gsl’s—let them have a try at the mike—
show them what an amateur license looks like—be
patient and encourage them, and most of all, let
them know that you sincerely want to help them.
You might then direct them to a local radio club or
some other group that teaches code and theory
classes for future hams. If there isn't any such
group in the area, then you, yourself, could certain-
ly help these young people. Five wpm and elemen-
tary theory and regulatory material certainly isn’t
difficult to teach to eager students, is it? They will
always admire you for your guidance and assistance,
believe me.

While amateur equipment becomes more and
more sophisticated, and with DXpeditions and con-
tests taking up a substantial amount of our hamming
time amongst other facets of amateur radio, let us
not neglect the youth around us for they certainly
hold a share in ham radio’s future.

The initiative is up to you. Ham radio is a.very
fascinating and rewarding hobby and has so very
much to offer. Why not get in touch with the
youngster down the road and lend the helping hand
they need and at the same time, strike a blow for
amateur radio.

Ralph .. Irace, Jr., WA1GEK
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Dear Wayne,

Thanks for the articles by K1YSD. Many moons
have passed since I laughed so hard. As a result
of vour fine articles on the Advanced Class License
I passed my test.

Tom Shirley, K4HVV
410 Patton Road
Hinesville, GA 31313

Dear Editor,

Would any members of the American Cryp-
togram Association who are readers of *“73” drop
a line to the writer? The intent is to form a net
to discuss crypto systems and solutions.

Thank you.

Herbert S. Dunkerley, WA3JIX
RFD 2
Jeannette, PA 15644

EGU!, AND, LM, ETC.
PP-106/U: Metered. Knob-adjustable 90-270 v up
to 80 ma dc; also select an AC of 6.3 v 5A, or 12.6
v 2% A or 28 v 2% A. With mating output plug &
all tech. data. Shpg wt 50#.. .-19.50
BARGAINS WHICH THE ABOVE WILL POWER

LM-(*) Freq. Meter: .125-20 mhz, .01%, CW or
AM, with serial-matched calib. book tech. data,

r‘natlng plug. Checked & grid........cceiereiinesvesnn 57. 50
TS-323 Freq. Meter: Similar to above but 20-480
mhz, .001%. With data.......c.coorimuiarmivennes 169.50

TS-175 Freg. Meter: 85-1000 mhz. ....75.00
A.R.C. R11A: Modern O-5'er 190-550 khz...12.95
A.R.C. R22: 5401600 khz w/tuning graph...17.95
A.R.C. R13B: 108-132 mhz w/tuning graph.27.50

HI SENSIT!VITY UHF RECEIVER
375-1000 mhz. Stoddart RFl Meter NM-50A
with pwr. sply, cords, dlpole holder, 3 pair di-
poles. Input 50 ohms. |F 60 mhz. Band-
width | mhz at 370 and 1.8 at | ghz RF. |mage
& spurious-response reject. better than 40 d
Sensit. as a 2-terminal tuned voltmeter is 10 uv;
will be less with I-pair dipole, but you can make
an array to bring it up. |If the voltage-attenua-
tion calib. charts didn't get lost it would be
worth $1,250 in surplus, $2,852 from the
factory ..... so we will sell it as a simple re-
ceiver in grtd-excel. condition for only ... $275

ULTRA-WIDE-BAND RECEIVER:
ANJ/ALR-5: Late postwar AM/FM Countermeasures
revr. Has S-Meter; variable IF Atten. & passband (0.2 or
2 mhz from 30 mhz center); AF. Video & Pan. outputs.
New, modified for 120 v 60 hz, includes new (Method 1l
pack) 4-band plug-in converter .038-1 ghz. 4 Type-N
plugs automatically select correct ant. as bands are swit-
ched. Sensit. at -6 db setting: 6% uy thru 132 mhz, 13
thru 780 mhz & 45'% at 1 ghz. BRAND NEW, with book
& mating pwr-input plug, only.........ccocoiniicennn. 275.00

VERSAT]LE PLATE & FILAM. TRANSFORMER

ot S res for SP-600-1X: Pri. 95/105/117/130/
19 /210/234/260 v 50/60 hz. Sec. 1: 305-0-305
v15 ma. Sec. 2: 5v3 A. Sec. 3: 6.3 v BA.
Sec. 4: 7% v, 3/4 A, 5ec5 7‘/;v1‘/AL agg
for pins is plainly marked. Herm. sealed ..........

FOUND! A NEAT & COMPACT SCOPE XFRMR!

Freed 12691: DAS Loran Spares, supplied 5 CR,
|ates & htrs. Pri. 105-130v 50/60 hz. Sec’s. insull
kv: 1490 & 1100 v, 5 ma; 390-0-390 v 100 I‘na

electrostatically- shieldsd 6.3 v, 0.8 A; two 2% v

A. Sec's. insul. 1% kv: two 6.3 v, 6 A;5v, 3 A, é‘/a

v, 5 A. Case 5%4x5x7%. With dlagram Shlpngg

only by collect REA EXPress......c.c.coceeaeeaaceaiis

FAIRCHILD SOLID-STATE SCOPES ali w/dual-
trace plug-ins 25 & 50 mhz, w/delayed time-base
piug ins, w/books, overhauled & grtd As low
as.. ...825.00
We probably have the bes‘t inventory of good lab
test equipment in the country. But, please do not
ask for catalog! Ask for specific items or kinds of
items vou need! We also buy! What do you have?

E. GOODHEART CO. INC, =
Box 1220 GC, Beverly Hills, Calif. 90213
~Phones: Area 213 Office—272- 5707 -
Messages—275-56342
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Dear Wayne,

I have finally rounded up a bunch of informa-
tion on the recent beginners course in ham radio
and a2 photograph of some of the instructors and
graduates. Only 17 of the 28 who received a no-
vice tickel are on the picture, but that was the best
that I could do.

As for the course, here are the bare facts: En-
rolled- 109, Atitended 6 or more lessons—48, At-
tended less than 6 lessons—61, Quit after attending
6 or more lessons—15, Earned Novice ticket—28,
Attended whole course but not passing exam—35,
Oldest earning ticket—69 years, Youngest earning
ticket— 13 years.

The course ran for 16 weeks. There was one
hour of lecture on theory and one hour of code

152
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instruction each week. The first eight or nine
lectures were on basic radio theory and regulations,
and the last seven or eight were on specific topics:
antennas, transmitters, power supplys, efc. Most
of the basic theory was taught by Charlie DePoe,
WASVQR, a professor at the local college, who
also kept the vita! statistics throughout the ccurse.
The specific topics were taught by various mem-
bers of The Twin City Hams radio club, some of
whom are in the enclosed photo.

I taught the code portion of the course. It was
designed for the beginner and started at zero wpm.
At the end of the course.the average speed of those
finishing was about 7% wpm, with a couple of the
fast learners copying around 15. The code prac-
tice was recorded on magnetic tape prior to each

73 MAGAZINE



FAIRCHILD/DUMONT TC—17

Best Grade Solid State TV Cameras—700 line Resolution— 10ft Candle Sensitivity.
Complete with Vidicon & schematic.

like new condition.
$1200.00 Net—our SPECIAL $449.95 less lens.

Ask for our new free listings 969M1 & 969J2—full of incredible bargains.

sremer®® THE DENSON ELECTRONICS CORP

(203) 875-5198

Post Office Box 85

Excellent,

Both Video & rf output. Regular

Flyer 96951 out

Rockville, Connecticut 06066

Recent FCC News

RM-886. The ARRL has requested that the
CW-only band on two meters be moved from
the high end of the band to the low end,
144.0 — 144.1 mhz. It has been the custom
to use only CW in this lower 100 khz of the
band, however,
make this into law if there are too many
operators that refuse to honor the conven-
tion. It seems a shame that we have to make
federal laws just to force a few inconsiderate
operators to conform to custom.

RM-950. The ARRL has requested the open-
ing of 28.0 — 28.5 mhz for F1 emission.
This is RTTY which is now restricted to the
CW portions of 80-40-20-15 meters. It
should have been allocated that way in the
first place. It is nice to see the ARRL behind
this request...they were the principle
opposers to the original requests for F1 on
the low bands and managed to delay the
FCC ruling on this for several years.

RM-981. A petition has been filed with the
FCC to open all bands from two through 80
meters to maritime mobile while in Region 2
and to open 3.5 — 3.8 and 7.0 — 7.1 mhz for
maritime outside of Region 2. At present
maritime ops are permitted to use 40 thru 2
meters in Region 2 and 20-15-10 meters
outside Region 2. Seems reasonable enough.

RENEWAL CODE

The two numbers under your call on the ad-
dress label are the expiration code. We have
tried to make it simple. The first number is the
month that we send you the last copy on your
subscription and the second number is the year.
78 would be July 1948, for example.

)

it may be worthwhile to |

P Of Tha WORLD'S
10N FREE Catalog 7272503
‘i SURPLUS ELECTRONIC BARGAINS.
Now BIGGER and
BETTER Than Ever!
[ ==—=—"MAIL THIS COUPON Now———,
] DDRESS WM Mgy o cPE L SR e !

| ey .

P — I —————p——————— Y

For your FREE copy, fill ou? coupen and mall. Dept. 73

FAIR RADIO SALES

1016 E. EUREKA - Box 1105 - LIMA] OHIO - 45802

BRIGAR
ELECTRONICS

10 ALICE ST. BINGHAMPTON, N.Y.
13904, AC 607 723- 3111

* COPPER CLAD PC BOARDS, 6" X 36"
CC both sides $2.16, 6 X 9 3/4” CC
both sides 60¢, 7' X 11 3/4” C one
side 84¢, 5" X 7%’ CC both sides 40¢,

* STUD MT SILICON RECTIFIERS 12
amp, 50 PRV. pkg of 5 $1.00

* ELECTROLYTICCAPACITOR 1250 mfd
180 vdc. 2" X 4%" 50¢ ea.

* JUST BOUGHT OUT ORIGINAL CASE
FOR CB RADIO. Includes mtg bracket
for mobile use & slide-in chassis. Holes
pre-punched for power transistor & pow-
er cord. May be used for mobile power
supplies, P.A. system or speaker box or
many other uses. Size - 3% H X 7" W
X 8%' D. Weight 3 Ibs. Original cost
$9.95. Our price $1.95

MIN ORDER $5.00

SEPTEMBER 1969
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GATEWAY
ELECTRONICS

6150 Delmar Blvd., St. Louis, Mo. 63112
314-726-6116

Meters—Wide-Vue llluminated (new) 4"x3" ty
available: VU Meter, 1 ma meter, 50-0-50 Micro-
amp meter.

SHipping WE TIbL. . . eomsiroens $ 6.95ea

NIXIE TUBES Type NL-8037/5031 one inch
dr:amater tube 0.6 inch numeral numbers O
thru 9.

ShipplagWETHRS 2o ce o ae
ELECTRICAL KEY SWITCH DPDT
alarms or eguipment protection

key.

Sﬁ‘{ pingwinikib. - .o oot oo $ 1.25
HP-212 Pulse Generator excellent cond.

Shippingwt. 501Ibs. . ....... AT $195.00
AUTOMATIC ICE CUBE MAKE

frigerators and freezers

instructions for installation.

Shippingwt. 120bs. . .. .. ... ..... .50
ENTER TAPPED TRANSFORMER Pri.

for I;':urgjar
complete with

Fits most re-
new with diagram and

12 VOLT
115 volts 60 cycles-Sec. 12 volt center tapped @
70 amps.
Shippingwt. 3510bs. . .. ........... $ 995

12 VOLT D. C. TO 115 VOLT A. C. TRANSIS-
TORIZED INVERTER KIT-200 watt output com-
plete with all parts, case and diagram.

Shippingwt. 251bs. .............. $ 18.95
6 VOLT D.C. RELAY 5 amp contacts DPDT:
Shippingwt. %Ib. . . .............. $ 150

Minimum Adrder $5.00. Sorry, no catalog at this
time. Write for specific items. Watch for our
ads in 73. Stop in and see us when you're in St.

Louis.

HAMS! DON'T BUY USED TUBES
COMPARE OUR PRICES
FOR NEW TUBES
RCA-GE—-EIMAC-AMPEREX—-ETC.

811A—-4.75, 4-125A—27.50, 4-65A—12.00,
5R4GY—1.75, 807-1.75, WE350(807)—1.25,
4-400A—38.50, 813-20.95, 4X150A-19.95,

4-250A—36.50, 4PR60B—55.00, 4CX250B—21.00,
8236—12.95, 2E26—2.75, 1625(807-12v fil)—1.10,
417A—2.25, 404A—2.25, 6146—2.75, 6360—
3.00, 2X2-.50, OD3-0C3-.75, 5879—1.75,
5881—3.25, WE-CV677 1000WATT TETRODE—
595, EIMAC-MACHLETT VT-158 1200-3000
WATT BOTTLE—READ MARCH 1969 ISSUE 73}
’HOW GREAT THIS 1S—9.95! 12V 20AMP DIODE

POWER SUPPLY (LESS XFORMER)—4.95, RCA-
6-12 VDC CONVERTER DEL. 20AMP—-12.85
IDEAL FOR VOLKSWAGEN. SEND FOR OUR
LIST OF OVER 3000 TYPES OF AMERICAN,
BRITISH AND EUROPEAN IMPORTED TUBES.
LARGEST STOCK OF XMITTING TUBES IN
THE WORLD. SEND FOR OUR LARGE PARTS
CATALOG (OUR PRICES ARE THE LOWEST IN|
THE USA).

UNITED RADIO COMPANY

56-A FERRY STREET
NEWARK, NEW JERSEY 07105

session to keep sending errors and resulting con-
fusion to a minimum.
Everyone in the club agrees that the course was
an unqualified success and that we all learned a
great deal from it. [t is still hard to believe that
so many people are interested in amateur radio and
are just looking for a chance to get into it. Any
club can do itself a lot of good by encouraging
people with a genuine interest.
Now, can anyone tell me how to keep 28 brand
new Novices on the air?
Bill Gulledge, KSUAR
700A Plum Street
Monroe, LA 71201

Dear Wayne,

Since working as Chief Engineer of KALX (FM),
my perspective on the Amateur license technical
examination has changed. Many people will agree
that it is a simple and uncomplicated task to pass
the technical section. But in comparison with the
First Phone exam, it is hardly a test at all.

You might note that the Amateur license is just
that: for amateurs. But what has this done to the
quality of the average ham? One can simply listen
to the low bands any evening to provide the answer.

The degradation in quality has been brought
about through the lack of respect in the ham Ii-
cense. Years ago it took real perseverance and
intelligence to be a ham operator. There were no
readily available stations, as today. Kits, if any,
were almost the same as building from scraich.
And when the ham was finished with a piece of
gear, a receiver perhaps, he had a sense of pride,
a sense of accomplishment. Today, the closest
thing to that most hams experience is the sense of
relief one feels when the last payment is made on
a complete transceiver. Too, there was a feeling
of fraternity. There was belonging, brought about
because there was a great hurdle that everyonr had
to pass to become a ham: the building of a trans-
mitter and receiver, and the exam.

Today the exam is not difficult. And today
the only comradeship most hams feel is in their
mutual animosity towards CB’ers. Little wonder:
that the bands should be in such poor shape. When
one loses respect in something, one is not apt to
take good care of it.

One good way to make an Amateur license
more valued is to require a stiff technical exam,
one that would require actual studying, not mem-
orization sessions with the License Manual. But
the more difficult technical skills it engenders
would prove greatly beneficial to the ham, and the
country. It might even save the Amateur Radio
Service.

I'd like to hear your comments on my letier.
Stephen L. Diamond, Radio KALX

500 Eshleman Hall

Berkeley, California 94720

73 BINDERS

Are your magazines falling down all the time?
Our bright red binders will hold them on the
bookshelf. Stamped in gold. Specify year. Only
$3 each, but going up before long. Order.

73 PETERBOROUGH NH 03458
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% Price—$2 per 25 words for non-commercial ads; $10
per 25 words for business ventures. No display ads
or agency discount. Include your check with order.

+ Deadline for ads is the 1st of the month two months
prior to publication. For example: January 1st is the
deadline for the March issue which will be mailed
on the 10th of February.

% Type copy. Phrase and punctucte exactly as you wish
it to appeor. No all-capital ads.

* We will be the judge of suitability of ads. Our re-
sponsibility for errors extends only to printing a cor-
rect ad in a later issue.

% For $1 extra we can maintain a reply bex for you.

% We cannot check into each advertiser, so Caveaf
Emptor . . .

SPECIAL CLOSE-OUT SALE. Rectifiers, Transis-
tors, and many other Electronic Parts. Lowest pri-
ces. Send 15¢ for Catalog. Electronic Compenents
Company, P.0.Box 2902 S., Baton Rouge, La.

3 PLASTIC HOLDERS will frame and protect 60
cards, $1—or 10 holders $3. Prepaid & guaranteed.
Patent 3309805. Tepabco, Box 198N, Gallatin,
Tennessee 37066.

WANTED ANTIQUE RADIO and wireless equip-
ment. Also radio magazines of teens and twenties.
Also buying supply catalogs, Duck, Manhattan!
etc. Farrell, 2252 Dixie Pontiac, Mich. 48055.

THE ANNUAL HAMFEST for the Washington DC
metropolitan area, sponsored by the Foundation
For Amateur Radio, will be held at the Gaithers-
burg Fairgrounds in nearby Gaithersburg, Maryland
on Sunday September 21st, from 1000 until 1700.

RTTY GEAR FOR SALE. List issued monthiy, 88
or 44 mhy torroids 5 for $2.50 postpaid. Elliott
Buchanan & Associates, Inc., 1067 Mandana Blvd.,
QOakland, California 94610.

“TOWER HEADQUARTERS!” 11 Brands! Heights
aluminum 35% off! Strato Crank-ups-low costl!
Rotors, antennas and gear discounts. Phone patch
$11.95. Catalog-20¢ postage. Brownville Sales Co.
Stanley, Wisconsin 54768.

TECH MANUALS, and service data for Surplus
Electronics. Thousands of publications on hand,
covering communication and test equipment. Sor-
ry—no catalogs, but will rush price and availa-
bility quotes for specific literature that you may
need. Propagation Products Co., Box 242, Monroe
Street Post Office, Jacksonville 1, Florida.
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DUAL GATE MOSFET

PRE-AMPS

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

® Available from 5 MHz. to 450 MHz. Bandwidth is
approximately 3% of frequency.
@ Yoltage ?ain 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
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 te preamps using
junction FETs and Single Gate MOSFETs.
Eniernal connections for high impedance AGC or
manual gain control if needed. o
Type BNC 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-

e o @

istic.
@ Full wave UHF diodes pretect input transistor.
® Operates on 6 to 16 volts DC, 5 to |15 Ma.

New Yerk City and State residents add local sales fax.

VANGUARD LABS

Dept. H
196-23 Jamaica Ave., Hollis, NY 11423

SURPLUS WANTED
Equipment with Prefixes:

ARA, ARC, ARM, ARN, APA, ASN, ASA,
APN, APR, ARR, ASQ, GRR, GRC, GRM,
GPM, VRC, UPX, URA, URR, URM, USM,
UPM, SG, MD, PRM, PSM, PRC, TMQ, TRM,
TED, SPA, SRT, CV.

Commercial Equipment by:
ARC, BIRD, BOONTON, BENDIX, COLLINS,
MEASUREMENTS, H-P, NARDA, GR, SPER-

Y0P TASH DOLLAR PAID or TRADE
WE STOCK NEW HAM GEAR

WRITE-WIRE-PHONE
BILL SLEP, WAFHY
SLEP ELECTRONICS CO,

2412 Highway 301 N., Ellenton, Fla. 33532
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SURPLUS PARTS

Latching Relay - Potter & Brumfield KB. 3PDT.
115 v. 60 start, 6 v 60 stop. The 2 relays can be
separated, making a DPDT relay with 115 v.
coil, & a SPDT with 6 v. coil. 5 amp contacts.
$1.25 each, 6 for $6.00.

POWER TRANSFORMER, 275 v. no ct, 150
ma., 12 v. @ 2 amps. 115 v. 60 pri. 2 3/4" x 4"
x 3%" h. Shpg. wt. 7 |bs. $1.75 each, 4 for

$6.00.

POWER TRANS., 350-0-350 v. @ 130 ma., 6.3
v. @ 38 A.,5v. @3 A. 115/230 v. pri. Open
frame with leads, Shpg. wit. 7 Ibs. $2.00.

.5 mf 400 v. oil-filled capacitors, rectangular
case, mil. spec. $1.00 per dozen.

Loading capacitor, 5-sections, 400 pf. per sec-
tion, 3/8" shaft. Will load full power into 50
ohms. $2.00 each. Adapter to %' shaft. 25¢.
Shpg. wt. 4 lbs.

1-inch PM speakers. 5.4 ohms. Also make
good mike. American made. 75¢ each.
Transistors: 2N1187, 2N1311, 2N586. 15¢
each, 25 for $2.50.

Command XMTR SPECIAL: BC-457, 463
Mc., good for vfo or for parts. Faircond. Les
tubes. Shpg. wt. 13 Ibs. $3.00 each, 6 for

$15.00.
GUARANTEED USED HAM GEAR

National NC-303 with calibrator. Mint. $200.00

Mosley CM-1 receiver $ 80.00
Surplus BC-348 with AC power. $ 70.00
Galaxy V with AC supply. $300.00
Heath DX-100 Xmtr. $ 75.00
Globe Hybander VHF-62 Xmtr. 3 49.00
Hammarlund HQ-140X receiver. $100.00

Hammarlund HQ-145X receiver w/spkr $160.00

JEFF-TRONICS

4252 Pearl Rd. Clvind, 0. 44109 749-4237

1700 transistor types at 39¢ each.

40 watt germamum powaer transistor, same as Delco
501, 2N278 (etc.), Cat: 349, 59¢ each.

Color TV cartridge focus rectifier 6.5 kv. Used in
every color TV. Cat: CFR-20, 79¢ each.

Motorola 2500 ma. et 1000 piv, high voltage/cur-
rant egoxy silicon rectifier, axial leads. Cat:

0, 49¢ each.

2 Printed circuit I.F. transformers 4 lug, 455 kc in-
put and output, Cat: 900P4, 99¢ each.

RCA UHF transistor type TV tuners, KRK-120
(long-shaft), Cat: HF-20, KRK-120 (short-
shaf% Cat: UHF-21, each $4 98

VHF transistor tvpe TV tuners KRK-146,
Cat VHF-74, $9.99 each.

Transistorized UHF tuners used in 1265 to 1967
TV sets made by Admiral, RCA, Motorola, etc.
Removable gearing may var fram one make to
another. Need only 12 volts DC to function.
No filament voltage neseded. Easy replacement
units. Cat: UHF-567, $4.95.

UHF Tunsr original units as used in TV sets such as

RCA, Admiral, etc., covering channels 14 thru
82, as part no. '04D173-2. Completa with tube.
Drive earm IS removable. Can be used in most
sets. 3, $4.95.

Color yokes 70 dagrees for all around :alor CRT's.
Cat: XRC 70, $12.95. 90 degraes for all rec-
tangular 19 to 25" color CRT’s, Cat: XRC-90,

Kit of 30 tested germanium diodes. Cat: 100. 99¢.
Silicon rectifier, octal based r?)lacemant for 5AS4-
5AWA-5U4-5Y3-5T4-5V4 With diagram.
, Cat: Rect-1 99:! each.
, 90 degrees TV bench test picture tube with ad-
amer No ion trap needed. Cat: 78P7,
$7.99.

Tube cartons 6AU6G etc., size, $2.156 per 100.
6SN7 etc., size $2.55 per 100, 5UA4GB size
$2.95 per 100, 5U4G size 4¢ each.

Send for complete free catalog. Include 4% of dol-

lar value of order for postage. $5 MINIMUM

ORDER. Canadian check, 8% dollar differential.

ARCTURUS ELECTRONICS CORP.

502.22nd St., Unlen Clty, N.J. 07087 Dept.M73
Phone: 201-UN 4-5568
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OHIO VALLEY 6 meter phone net 50.350 every
Sunday. 2000 EDT, WASWIW, NCS Sciotoville,
Ohio. Traffic and Rag Chewers Welcome.

FIND OUT about the New Greene Balun. Read

all the details on page 59 of this issue. Greene
Balun, Warfield, R.l. 02880
WANTED: TECHNICAL material. Corp model

XFK freq. shift exciter for Tmc model GPT 750—
also TMC single sideband exciter, model SBE for
GPT 750 & manuals—plus 18 to 30 foot para-
bolic dish. What will you take for it in place of
money—will swap brand new towers or test equip-
ment. Write, wire or call: Eugene Leger, Hollis

St., East Pepperell, Mass. 01437,

SELL: COLLINS KWS-1, Ser. 896, $640; 75A4,
Ser. 5763, $420—or both for $1025. | will ship.
Lew Hindert, Rt. 4, Box 290, New Braunfels,
Texas 78130.

WANTED: CR tube for Tektronix 561 or 561A
oscilloscope. Sell: Collins CC-2 Carrying Case,
$50.00; TMC Commercial TTG-1 two-tone oscilla-
tor, $95.00; Kepco SC-18-4M transistorized power
supply, 0-18 VDC, 0-4 amps, 0.1% reguiation,
metered, $110.00; Bird 6254 R-F watt meter, 0-2
watts, 30-500 mc, 50 ohms, $50.00; Bird 67 R-F
watt meter, 0-25/100/500 watts, 30-500 mc, 50
ohms, $125.00. FOB, H. T. Cervantes, 34 Johnson
Rd., Binghamton, N. Y, 13905 (607-724-5785).

CHRISTIAN Ham Fellowship now organized for
Christian fellowship and gospel tract efforts amang
Christian licensed amateurs. Christian Ham Call-
book, $1.00 donation. For details and sample
copy of ham gospel tract, write to Christian Ham
Fellowship, P. O. Box 218, Holland, Michigan
49423,

WANTED TEST EQUIPMENT: Bird watt meter,
measurements of G. R. sig. gen. up to 450 mc;
Tektronix scope. State price. W2EDN, 93 Gil-
more Ave., Binghamton, N. Y. 13901.

WRL’S USED gear has trial-terms-guarantee! KWM1
-$249.95; HW32-$89.95; Swan 250-$249.95; TR3-
$369.95; NCX3-$169.95;5B34-$299.95; Galaxy V-
$229.95; Galaxy Vmk2-$279.95; Ranger-$99.95;
HT32A-$259.95; 100V-$259.95; Galaxy 2000 lin-
ear-$329.95. Many more. Free “blue-book’ list.
WRL, Box 918, Council Bluffs, lowa 51501.

WANTED: Turret Turner with coils or old chassis
with Turner for Hammarlund SP400X receiver.
Later model with 13 plate stator & 14 plate rotor.
Ralph M. Williams, Bax 372, Dixfield, ME 04224.

SELL HALLICRAFTERS HT-32 Transmitter, ex-
cellent condition inside & out, $210. Will deliver
within 50 miles. Want Collins 3251 or 32S53.
Robert Kujawski, WA2VDX, 30 Rose St., Florida,
N.Y.914-651-72%2.

GREENE .
. without balun . .

. center dipole insulator with . . or
see September 73 issue.

HAMS WHO LIKE audio, too, try new quarterly:
Amplifiers by Williamson and Bailey, speaker by
Baxandall. Details, Audion 307 Dickinson Ave.,
Swarthmore, PA 19081.
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WIRELESS
ELECTRONIC TACH

Portable transistorized,
wireless (no connections
required). May be used
on 2 or 4 cycle engines,
1-2-4-6 or 8 cylinder,
outboards, marine, au-
tos, trucks. 2 scales
6,000 & 12,000 rpm.

$20.

COMPUTOR GRADE
CAPACITORS

15 voit 110,000 mfd$2.00 ea.12/$20 .3

18volt 6500 mfd  1.00 12/$10)
50volt4,000mfd  1.00 12/S10 B
A50volt600 mfd  2.00 12/$20

Military surplus made by HUGHES for the AF.
Condition appears excellent due to being enclosed
in air tight case with terminations on plug con-
nections. 134 read/write heads, 12 heads phase

adjustable timing. Integral drive motor 115 volts
400 cycle.

Shippingwt. 39 1bs. . .......... #DRUM $100.00

VARIABLE DISC TRIMMER

Miniature ceramic variable
trimmer capacitor. Piston
typetuning, size.375 diam,
.275 deep. Printed circuit
mount. Amateur net on
this is $1.68 each. Our
price only 25¢ each or 24
for $5.00. All are brand
new. State size, may be
assorted if you wish.
#N300 2.5-11 pf
#NPO 5.5-18 pf
#N650 9-35 pf

0.5 mfd 7,500 Volt

2 &
<3

Brand new Military surplus oil
filled transmitting cap. Ceramic
standoffs.

bilbSE. S e Lk #69-210 $5.00

INTEGRATED CIRCUITS

200 iz
910 Dual 2-input NOR 1.00
2-903 Dual input gate 1.00
914 Dual 2-input gate 1.00
914-925 Dual 2-input gate dual

expander 1.00
923 JK flip flop 1.00
925 Dual 2-input gate exp 1.00
946 DTL 4 2-input NAND/NOR

gate 2/1.00

DTL Clocked flip flop 2/1.00

1M5 Dual 4-input logic gate 2/1.00
7M6 6 NPN transistors in one

package, gen use 3/1.00
12M2 Diff Amp 1.00
711 Dual Comp Amp 2.00

JOHN MESHNA JR.

19 ALLERTON ST., LYNN, MASS. 01904
P. O. BOX 62, E. LYNN, MASS. 01904

SEPTEMBER 1969

H. V. CAPACITOR

GE oil filled capacitor, A real brute, rated
1 mfd at 15,000 volts. Terrific savings
due to being Govt. surplus.

B0 DS e T 5 #69-63 $10.00

“IF"" TRANSFORMERS

262.5 khz tube, Miller type 6572
262.5 khz transistor, Miller type 8008
10.7 mhz tube, Miller type 1463

10.7 mhz transistor, Miller type FM-IF

The above 6/$1.00 36/$5.00
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UNIVERSAL LOGIC
CIRCUIT CARDS

Pt PEEP R
Instant logic!!! for 10 pin TO-5 or 14
lead dual in-line INTEGRATED CIRCUITS
These boards are the most useful items we have
ever offered for breadboarding with low cost in-
tegrated circuits. The cards are made from 1/16”
G—10 Glass Epoxy, with pads for 14 lead dual
in line mounting pads on one side and 10 lead
TO—5 pads on the other. 8 lead TO—b5 cans
will mount in the 10 lead TO—b pads also. Dis-
crete Transistors and components can be moun-
ted in the locations between the 1.C.'s, power
supply leads are already routed around the board.
Qur competitors charge $9.50 each for circuit

card and mating connector.
We give you a surplus, unused p.c. board with
components on it (that you can keep for your
junk box}, a connector and its mate, and our
great circuit card. Youdrill out the desired hole
pattern, unsolder the connector from the sur-
plus card and install it on the new card, wire
in the 1.C.’s and compute. A few minutes of
your time, and you save over 80% of the cost
of comparable p.c. cards. Get enough for your
breadboarding needs now because these are
going to go fast.
2 Cards & matgconn‘tors 2 ICCC $ 2.50 ppd.
10 Cards & matg.conn’tors 10 ICCC $10.00 ppd.
100 Cards & matg.conn’tois 100 ICCC $88.00 ppd.

MAGNETIC MEMORY DRUM

This memory drum originally cost the govern-
ment over $6,400.00, and is a truly fantastic

piece of equipment. It was made by Hughes
Aircraft Co. as part of an aircraft computer.
The unit is completely sealed and therefore
the drum surface is in excellent condition.
It has 146 heads mounted in 11 columns, 12 are
phase adjustable timing heads, the drive motor
requires 115 VAC 400 cycle (Hz) 150 VA, and
has a speed of 800 RPM. SH. WT. 50 #.
MMD—59. $100.00

Send 25¢ for our new, bigger, better than ever

bargain catalogue—FREE WITH AN
ORDER.

Enterprises
PO. BOX 44, HATHORNE MASS.
01937
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CINCY STAG HAMFEST: The 32nd Annual Stag
Hamfest will be held September 28, 1969 at Strick-
er's Grove, Compton Road, Mt. Healthy, Cincin-
nati, Ohio. Door prizes each hour, raffle, lots of
food, flea market, model aircraft flying, and con-
tests. ldentify Mr. Hamfest and win prize. $5.00
cost covers everything. For further info., contact
John Bruning, WBDSR, 6307 Fairhurst Ave., Cin-
cinnati, Ohio 45213.

INTEGRATED CIRCUITS: new Fairchild Micro-
logic; epoxy TO-b package. 900 buffer, 914 gates,
60¢ each; 923 J-K flip flop, 90¢ each. Guaranteed.
Add 15¢ postage. HAL Devices, Box 365W, Ur-
bana, Illinois 61801.

Increase Your Grid Dipper Range

There is general agreement that a grid dip
meter is an invaluable piece of amateur test
equipment. Why then confine its use to the
usual frequency range of 2 or 3 mhz to per-
haps 250 mhz when it is some easy to make
additional coils to cover the lower ranges?

Browsing through the catalogs will quick-
ly convince you that hardly anyone sees fit
to supply low frequency coils and when they
do it is at additional cost. Why not make
your own? All that is necessary is a base
which will fit the coil socket of your dipper,
a coil form or two, and a little patience. -My
current dipper is a Heath GD-1 (which I find
superior to several others I have had around
the shack) which requires a two-pin coil
base. In my case I had only to bend two
lengths of copper tubing to the proper spac-
ing for the coil terminals at one end and the
socket spacing at the other. After the pro-
per frequency range was established, the en-
tire coil and about a half inch of the leads
were potted in casting plastic, making a very
sturdy assembly.

The low cost coils I used (5 cents each at
a local hamfest) came equipped with a fer-
rite slug. I left the slug in for the lowest
range — 250 khz to 1 mhz and took it out of
the higher range — 1 mhz to 2 mhz. No ex-
act data can be given due to the variation in
dipper circuitry. This will be a case of pure
“cut and try.” The range of the new coils
must be plotted on a graph against the origi-
nal dial markings.

A general coverage receiver will allow cali-
bration down to 550 khz and by feeding the
signal into its if strip, an additional point at
approximately 450 khz is obtained. Below
that frequency things get a little tougher. If
you happen to have a low frequency receiv-
er, fine, if not, use harmonics in the BC
band.

William P. Turner, WAQABI
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HooRC alfs I FioeR
OPTIC SENSOR KIT N

1400 PC GLASS FIBER OPTIC
LIGHT SENSOR KIT

It's FUN!  It's Educational!  |p's Gifty!

95 # Make light "'pipes”
:’ Dazzlrng displays

* Triggers photo &

infra-red cells

OPTICAL SCIENTIFIC BREAKTHRU!
Allows “hair thin™ glass fibers (2-ft. long)
to transmit & recieve cold light energy of
any color, by internal reflection. Bundled,
jacketed, it guides, snoops, pipes light
around corners, walls, even in ecircles, trig-
gering such devices as light sensitive tran-
sistors, diodes, sers. It CUTS, BENDS,
ACTS like wire. NO electricity Only one’s
imagination controls its 1000’s of uses.
FREE: 12-pce. accessory kit, with “how-to-
do booklet”.

SALE ON FAIRCHILD
COUNTING DIGITAL “ICs”

NEW! Trap Door
“BLIS-DOR” PAKS ; \
_ No. Description 3 for $15
] 958 Decade Counter

] 959 Buffer-Memory
[] 960 Decoder-Driver $5 95

LOWEST PRICES ON
LINEAR AMPLIFIERS

Guaranteed! With Spec. Sheets!

= DA $2 22 3‘0‘56
- pM_‘.\kED
i ~_ Type

3 702 'D.C. Arnph!aer <rek
1709 Operational Amp

" 710 Differential Cumpa;:;tbr
711 Sense Amplifier

RECTIFIER “BLIS-DOR’" PAK BARGAINS

— ° 5—1 AMP 1000 PIV 5 for$1
MICRO MINI _ 6—1 AMP 800 PIV 6 for$1
“PORCELAIN® _ 4— 2 AMP 1000 PIV 4 for$1
1 AMP
Pr\,;_‘o SALE 400 mc 99
] .05
5 100 TG ea.

~ 200 09 | NPN HIGH POWER
a0 -12 § UHF TRANSISTORS

| 800 20 8
1000 .29 1 2N3632 23W, 3A.

SILICON CONTROLLED RECTIFIERS STUD

7A 16A 25A
0 .41 0 .60 0 .65
[l .63 0o 75 0 95
0 .91 0 1.10 0 1.25
[ 1.50 0 1.75 0] 1.95
[]2.10 ] 2.25 0 250

EPOXY RECTIFIERS & *METAL CASED

1.5A - - 3 AMPS
PIV 1.5A 2A% 3A
50 [] .06 ] -06 .15
100 0 .07 0 .07 0 -19
200 ] .09 ] .09 B2
400 [].12 .12 [].31
600 I].16 0 .16 [].43
800 r].21 0 .21 0 .49
1000 [].32 [1.32 [].79
EPOXY SILICON" :II%&PVULT'
TRANSISTORS /B S
EPOXY /5
5 for $ 1 : PIV SALE
Type Sale ] 2000 1.00
[J) 2N2222 5 for$1 [ 3000 1.35
: 2N2368 5 for $1 1 4000 1.65
T 2N2711 5for$1 ! 5000 2.25
[ 2N2368 5 for§l 1 6000 2.96
[J 2N3396  5for$l L1 8000 3.50
~] 2N3565 5 for $1 10000  3.95
l 523558 5 for $1 1.5 Amp rating
" 638 5 for 51 ey
| 2N3641-3 5 for $1 1 AMP PIV
[0 2N3645 S5for$l | EPOXY 50
[ 2N3662  5for$1 100
[ 2N3683 5 for $1 200
[] 2N3793  5for$l WCRS 400
] 2N4248 5 for $1 600
[] 2N4284-5 5 for 51 w800
[J 2N4288-9 5 for $1 w 1000
[ 2N4290 5 for $1

Terms: add postage. Rated: net 30, cod's 254
Phone Orders: Wakefield, Mass. (617) 245-3820
Retail: 211 Albhion, St., Wakefield, Mass,

GIANT " XMAS“ CATALOG ON: Parts, Rectifiers,
__ Transistors, SCRs, 1.C.'s, Equipment. 1O¢

POLY PAKS fyﬁmi?é e
940

SEPTEMBER 1969

NPN & PNP

N

m

W! “BLIS-DOR” PAKS | 7 AMP TRIACS
OTRANSISTORS PRy saLE

00 tor *71°8 | 2 =

untested (] 400 1.95
Power, Audis, RF,




LIBERTY
PAYS

MORE!

LIBERTY
OFFERS

MORE!

WILL BUY

FOR CASH

ALL TYPES
ELECTRON TUBES

- SEMICONDUCTORS

« Military Electronic
Equipment

* Test Equipment

WIRE, WRITE, PHONE COLLECT! WE PAY §
FREIGHT ON ALL PURCHASES WE MAKE

PRESTEL FIELD STRENGTH. METER
X Never Anything Like It!
> 7 Man Can Do a Better Job

> A Gold-Mine for Antenna Installers!

with this 4!/, volt battery economically powered
unit. There is nothing else like itl

Only $120.00 FOB N. Y.

(Model 6T4G)

than 3 in the Same Time!

Frequency Range: 40 to 230
and 470 to 860 Megahertz.
Calibrated outword from [0
fo 50,000 Microvolts. Nothing
makes it easier to properly and
speedily find the correct place
to install TV, FM and Com-
munication Antennas. You can
measure and hear the signals

@ @
Liberty Electronics, Inc.
548 Broaway. New York, New York 10012, Phone 212-925-6000

INDEX TO ADVERTISERS

- OUR PROBLEMS
FINALLY SOLVED

We are in our new building and in
full production—Fast service is again
a reality.

Our thanks to our many customers whose pa-
tience was at times badly abused.
* Authorized Service for

National Radio
* Authorized Warranty Repairs for

Julie Research Labs

Micro Power

Data Pulse

Varien Recorders
*Distributors for

Rohn Towers

Cushcraft

AR Speakers

LEGER LABORATORIES

Hollis Street, East Pepperell, Mass. 91437
Phones: 617-433-2721, 2722, 2723

To get here from Harvard take 495 north to 119 and
then i1l into Pepperell. From Concord NH take the
Everett Turnpike to route 3 to 1Il to Pepperell.
Come see our new building. Come buy a beam or a
tower . . . or get just about anything fixed.
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