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never say die

I see that ARRL is still leaving no stone
unturned to try and kill off the Institute of
Amateur Radio. They've done their usual
thorough job of making sure that the League
is the only national amateur organization.
Not that the Institute is dead, by any
means, it’s just a definite unsuccess.

The responsibility for the failure of the
Institute to succeed is largely mine. I know
when 1 started it that it would be fought by
every means possible by the ARRL and I
was sure that CQ would be as truthful as
usual in reporting about it. But I am an
incurable idealist and somehow convinced
myself that enough amateurs would be in-
terested in helping to keep amateur radio go-
ing to overcome the barrage of lies and dis-
tortions.

Let me go back and explain. As one of
the three officially recognized amateur radio
delegates to the 1959 ITU conference I had
an opportunity to see at first hand the work-
ings of that organization. I was incredulous
that amateur radio went into that conference
almost totally unprepared. I felt that we
had been deceived and completely failed by
the ARRL. I watched the two League repre-
sentatives living it up in millionaire style . . .
they managed to spend over $15,000 of the
ARRL funds in just a few weeks. The com-
plete failure of the League to get support
for amateur radio, even within the U.S.
delegation, was incredible. I talked with the
other members of our delegation to find out
what had gone wrong and what could be
done to see that this didnt happen again.

['m afraid that they all thought I was
very naive . . . and 1 guess I was. I had not
recognized just how important Washington
was until then. This is where everything
comes to a head . . . this is where it happens.
Each of these gentlemen explained patiently
to me that amateur radio was at the very
bottom of their list as far as priority in
frequency allocations was concerned and
that it would remain that way as long as
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we did not pressure where it counts: on Con-
gress.

They pointed out that every other major
nser of radio frequencies maintains a lobby
in Washington to look after their interests.
They wondered if I thought that all this
money would be spent on lobbies if they
weren't well worth the investment? Then
they brought up the fact that every other
major hobby group looks after the interests
of their field by having a voice in Washing-
ton. I certainly can’t argue the effectiveness
of the American Rifle Association, the Air-
craft Owners and Pilots Association, and
many others.

Amateur radio, they laughed, has no voice
in Washington. But what about the League
counsel in Washington? No, son, this gentle-
man can only represent the ARRL in deal-
ings before the FCC and cannot, by law,
approach any Senators or Congressmen in
behalf of the League. No, if the League were
to lobby for amateur radio in any way they
would have to give up their tax-free setup
and operate as a regular business. The law
just does not permit tax-free organizations
to try to influence legislation.

If a voice in Washington is of such great
importance, why is it, I asked, that the ARRL
doesn’t give up its tax-free situation and do
the job that will protect our future? They
are the obvious ones to be lobbying for
amateur radio. The answer was dollars, of
course. Loss of the tax-free government sub-
sidy of the League might cost them well over
$100,000 a year, forcing them to either in-
crease the subscription rates to QST or else
cut down on the number of high salaries
being paid. Neither course is desirable so we
have no lobbying permitted by the League.

By 1963, 73 had reached a size where 1
thought we might be able to get something
started to fill in this lobby gap in amateur
radio. Time seemed to be growing short too,
for in 1959 the USSR came to our rescue and
put off the changes in our frequencies until
the next ITU conference and this seemed to
be headed for us in the late 1960, leaving
not much time for building up support both
within the U.S. and internationally. The In-
stitute of Amateur Radio was formed with
the major job of lobbying for our hobby in
Washington.

It was never the purpose of the Institute
to compete with the ARRL as an alternate
organization for amateurs to join. The In-

(Continued on page 114)
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Editor's Ramblings

Paul Franson WAICCH

Special features

Have you looked through this 73 yet? If
not, thumb through quickly. We've got a
special feature for you in this issue. It's the
book (let)-length article, “73 Useful transis-
tor Circuits.” Jim Fisk W1DTY has spent a
lot of time and work on this feature; from
the looks of the results, the time was well
spent, for he’s done an excellent job. It will
be a rare ham who doesnt consult this sec-
tion often in his building. If you like it, be
sure to drop Jim a line. I suspect that he’s
got at least 73 more circuits that he could
use to make “73 Transistor Circuits part
[1.” In fact, he'd probably like to have your
suggestions and contributions for part II.

Our book-length features have been very
popular, and we look forward to publishing
many more. If you have any suggestions for
topics, be sure to let us know. And don’t
forget that we're in the market for book-
length manuscripts. If yvou have the time and
ability, and would like to work on one,
please write me with an outline of what
youd like to write about. Preparing a manu-
script of this type is a lot of hard work, but
very rewarding in both personal satisfaction
and in the payment.

Special issues

Next month’s issue is our April special.
This April, we've got a double bonus for
vou. First, we'll have a sideband section. It
will contain a listing of all commercially
available HF SSB transceivers, transmitter-
receivers and linear amplifiers. If you're
thinking about buying some sideband gear,
reading this section is a must! You'll want
to study the specifications, descriptions,
photographs and comparisons of all the gear.
In fact, you'll have a strong will if you
don’t rush to your dealer or mail in an order
for some new equipment after reading it.

4

The second special feature in April is too
horrible for words and too secret to divulge.
We can’t let the rat out of the bag yet, but
we will warn you: Be Prepared. It's even
worse than last April's Playboy spoof. I sus-
pect that 777 people will cancel their sub-
scriptions after seeing it.

Our May issue will be devoted to quads.
Amateur interest is very high in these ex-
cellent antennas, and we've get many good
articles about them. They range from a full-
size quad for forty to a quad-quad-quad for
VHE. We've also got articles on construction
of quads, simple quads, and quad masts.
This issue will arrive in the midst of the
spring antenna season and should result in
many antenna parties around the world as
hams decide to improve their signals on both
transmit and receive.

June is our surplus month. This year,
weTre planning to have plenty of good sur-
plus articles and, hopefully, many pages of
surplus ads. If you'd like to write a surplus
conversion for us, remember: 1. We only
want conversions on available gear. 2. We
don’t want rehashes of old articles. 3. Do it
Now.

A note to surplus dealers: Start prepar-
ing now for our surplus issue. It’s the finest
opportunity to sell your stock voull find. If
youve got a lot of presently useless stuff,
put some clever hams to work on uses for
it; maybe it's even worth an article in 73.

This year's ARRL National Convention
will be held in July in Montreal in honor of
Canada’s Centennial and Expo 67. We're
going to do what we can to honor the ama-
teurs of Canada by featuring articles for
and by Canadian hams in our July issue.
Many of the articles will be technical; others
will look at the Canadian amateur scene—
the ridiculously high prices Canadians have

(Continued on page 116)
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Rod C. Rigg WéYGLZ
1305 Or.:_cidenial Ave.
Stockton, Calif. 95203

Barry S. Todd K&ZCE
310 East 10th St.
Corona, California 91720

A Transistorized Digital
Identification Generator

Here is a description of an exotic, yet very desirable, unit
that will send your call or other information automatically
without any motors or other moving parts. It can be built

for about $15.

This is a description of a fully automatic,
solid state, no moving parts, digital device
for storing and generating upon command,
a call sign or other message, in the form
of dc to operate a keying relay for teleg-
raphy (cw) or a tone to modulate the car-
rier for mew. It contains all standard, com-
monly used, digital circuits; the flip-flop,
multivibrator, and diode “and” and “or” cir-
cuits. A rough estimate of cost of parts, if
you buy components at surplus and quantity
prices as we do, totals $15.

Just what does it do? Briefly, you push
the button and it sends your call or any
other message that you want to “program”
into it. When it has sent the message once,
it automatically stops and waits for another
command. It is not possible to inadvertantly
“erase” the message for it is “built-in” with
the wiring of the diode memory. Changing
the message is a simple task requiring only:
1) the design of the new diode matrix, and
2) wiring the diodes into their new places.
A typical call, such as WBYGZ, takes 47
diodes in the memory.

“Necessity is the mother of invention”
and such is the case with the identification
generator as we will henceforth call it. We
needed a cheap and reliable unit for iden-
tifying our transmitters for tests under long
periods of wunattended operation (within
legal limits of course). We had considered

LETTER A F i
SOUND - —
SYMBOL t Q D a

Fig. |. Graphical representation of the word "at."

b

the other methods. A tape recorder uses
moving parts and the tape wears out rapidly.
A code wheel or perforated tape unit also
uses moving parts. All require frequent
attention to alignment, adjustment, or re-
placement of worn parts including tape.
What we needed had to be reliable for long
periods of time, cheap, compact, and capable
of changing the call with nominal effort.

The digital computer approach was fa-
vored because of the authors’ background
and familiarity. The unit was designed us-
ing “digital sequential circuit design tech-
niques”, a specialized branch of digital com-
puter design, which is a carry-over from
relay circuits.

It is assumed that the reader is familiar
with the basic digital circuits; AND, OR,
FLIP-FLOP, MULTIVIBRATOR, INVERT-
ER. Several references cited in the bibliog-
raphy treat the subject well. The QST,
August 1965 article gives a quick review.

A diode matrix was chosen for the mem-
ory unit because of the author’s immediate
familiarity with this type of memory. Differ-
ent types of memory are presently being con-
templated including a fixed magnetic core
and a programmable magnetic core type.

A characteristic of this unit which is com-
mon to all three types of memory mentioned
is that the stored message is changeable;
requiring the replacing of diodes in the diode
matrix, rerouting sense lines in a fixed mag-
netic core memory, or simply re-storing a
new message in the programmable mag-
netic core tvpe.

One of the basic questions which arises
in the initial design is: in what way should
the message be broken down and stored?

713 MAGALZINE
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Top view of the digital identification generator.

Important criteria in this decision are mem-
ory size, circuit complexity, and the ability
to store many types of messages. There are
three ways in which a message or word can
be broken down:

1) By letter. This would require a mem-
ory capable of remembering any one of 26

S

letters, 10 numbers, and certain other char-
acters. It would not require many memory
locations. A short message such as a call
would only contain 5 or 6 letters and num-
bers.

2) By character, i.e. dot, dash, or blank.
This would require a memory capable of
storing one of three possible characters.
More memory locations would be needed
for the same message than for method 1) as
each letter would contain from one to six
characters (period has 3 dots, 3 dashes).
The call W6YGZ contains 23 characters in-
cluding spaces.

3) By baud. A baud is a telegraphic unit
of time, a dot is one baud, a dash is three
bauds and a blank is three bauds (the term
is more commonly used in teletype). A unit
of this type need only remember one of two
characters, presence of a baud or no pres-
ence. For example, the letter “a” would con-
sist of a single baud followed by a space
baud followed by three more bauds for a
total of five locations. An advantage to this
svstem is that only one of two characters
necd be remembered leading to the binary

ouT
EF

3 BAUD
AND MONOSTABLE -—-*
IMULTIVIBRATOR

-
-

(DAH & BLANK]

NOTE
INY = INVERTER
EF = EMITTER FOLLOWER

(Dm
| BAUD L
AND MONOSTABLE
ULTIVIBRATOR J
INY INV

DAM \
- ——f— £ -
+
.
STAGE =  DIODE o
COUNTER matRix P20 o] v =
T
| INY
STOP
o el NV ey
o —
A \{II.HTEH MATRIX /
OUTPUTS DUTPUTS
-l-
/s e SAMPLING GATE o vl
{SPACE)
| BAUD
- MONOSTABLE
MULTIVIBRATOR

START INPUT
Fig. 2. Block diagram of the automatic code generator.
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Fig. 3. Typical three stage counter.

system of one, zero, for the memory. The
number of locations would be exceedingly
large.

Method 2) seemed to be the most prac-
tical in light of the criteria involved, so it
was chosen for this unit. A memory capable
of three characters is only slightly more
complex than a two character memory
(method 3). The tremendous saving in num-
ber of memory locations for a given message
is the deciding factor.

Using this method, it is only necessary to
build a memory to provide signals which
will, at the proper times, trigger circuits
generating the dot, dash and blank (no let-
ters). These circuits are simply monostable
or one-shot multivibrators with width times
of one baud (dot), three bauds (dash), and
three bauds (blank).

As an example, consider the message
“at”. It consists of a dot, a dash, a blank
for between letters, and a dash. This is
illustrated graphically in Fig. 1. Using
the following abbreviations; t = dot,
a = dash, b = blank, the memory would
be called upon to provide the following
signals: t a b a.

So far so good, But there is one more
problem; we must provide a short space be-
tween characters. If this were not done, the
characters would be run together, An addi-
tional monostable multivibrator is needed to
delay the beginning of the next character
until this space time is over. This time is
called a “space”. It is not to be confused
with the blank, which is an absence of a
character denoting the spacing between let-
ters. The “space” occurs between characters.

We have established that we need four
different time segments corresponding to
the four parts of the telegraphic code: dot,
dash, blank, and space. Since the length of
time for the dash is the same as that for
blank, it is a simple matter to combine them
into one multivibrator; hence, the dash mul-
tivibrator doubles as the blank generator.
We need only insure that there is no out-
put during the blank time.

Previously we mentioned memory loca-
tions. We prefer to call them states, The
capacity of a system is the amount of infor-
mation it can store and generate and is de-
termined by the number of different states
or combinations that system can have. These
states are identified by the various values of
the counter, Thus, the length of message that
can be stored is dependent on the number
of counter stages, If the counter contains five
stages; then, counting in the binary system,
we can determine 32 unique states, i.e. there
are 32 possible combinations of counter out-
puts, Each of these combinations is called a
state; and each state can be identified with
one character of the message we have stored.
32 bits is enough capacity for most amateur
call signs.

As mentioned previously, this unit was
designed using sequential circuit techniques.
This means that there is no clock to pace
the system; it goes on its own timing. Each
circuit triggers the next and so on until it
decides to stop. It will be best to keep this
concept in mind when reviewing the opera-
tion of the system.

Reference to the block diagram, Fig. 2,
will show the main components of the sys-
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tem. They will be discussed in this order;
counter, diode matrix, character formation
generators (multivibrators), space forma-
tion generator, output circuitry.

The counter, a five stage binary counting
chain, determines the particular state of the
system and hence the next character to be
generated. It consists of five bistable cir-
cuits or flip-flops which are connected in
cascade so as to count input pulses up to
32 then reset. Outputs are taken from each
flip-flop and fed to the diode matrix. A
diagram of a typical three stage counter
with its interconnections is shown in Fig. 3.

It is in the diode matrix that the message
is stored, hence it is the heart of the sys-
tem. The matrix intreprets each state of
the counter and feeds a signal to one of
the character formation generators. “Diode
matrix” is just a fancy term meaning a col-

B : D1T

AND

Ay

Oblique view of the diode matrix that determines
what characters will be generated.

:

AA-O |

A O
- AND
Ay ﬂ-—-
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r 2
o

-AAA~OI
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=AAAAO
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(»]

«iu
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(B) SCHEMATIC DIAGRAM

(C) maTRIX FORM

Fig. 4. The diode matrix in three diffarent representations: A. Block diagram. B. Schematic diagram.

C. Matrix form.
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Fig. 5. Timing diagram for generating the word "at."”

lection of “and” and “or” circuits that have
been arranged in an orderly manner,

Obtaining the “equations” for setting up
the diodes in the matrix is the only com-
plicated portion of the design of this unit.
[t is necessary to determine the arrange-
ment of diodes such that either output line,
dot or dash, has the proper signal or ab-
sence of signal for each individual state of
the counter. Obviously it is desirous to do
this with a minimum number of diodes to
keep the cost, complexity, and size down.
The actual techniques are a bit beyond the
scope of this article. However, they may be
found in several of the references in the
bibliography. If you are planning on build-
ing a similar unit, we will design the matrix
for your particular message for a small cost.

The diode matrix is simple in appearance
but complicated to design. A typical block
diagram is shown in Fig. 4A, its corre-
sponding schematic diagram in Fig. 4B, and
the same circuit in matrix form is shown
in Fig. 4C,

Simply stated, the diode matrix consists
of two level structures of “and” and “or”
circuits which select the proper states of the
counter and provide outputs during (and
only during) those states.

The design procedure involves Karnaugh
mapping and writing minimal equations. The
matrix can easily be built from the equa-
tions.

We have not set a definite charge for the

10

service. The time required to develop the
equations depends on the nature of the
message, the amount of “professionalness”
of the code desired and the degree to which
the design is minimal (i.e. minimal cost).
An estimated typical time for a call would
be two hours.

We would like to see our device built by
someone else and would probably charge
only a nominal fee if the person can show
a bona fide interest. The design fee is to
discourage non-interested persons from
wasting our time.

The character formation generators, as
stated previously, are monostable multivi-
brators. These two circuits are triggered by
the outputs of the diode matrix. A dot out-
put triggers the one baud length MV (multi-
vibrator), a dash triggers the three baud
MV which together with the dash output in
an AND circuit causes an output. The blank
also triggers the three baud MV but there
1s no output.

When either of the character multivibra-
tors has completed its function, the space
multivibrator is triggered. The space MV,
sends a pulse to the counter when it is first
triggered. This moves the counter up one
state. When the space MV is completed, a
pulse is sent to the sampling gates which
in turn gates a pulse to either formation MV
depending on the output of the diode ma-
trix. And the cycle repeats itself.

The output circuitry simply combines the
outputs of the two character formation gen-
erators and gates on and off a tone gener-
ator for mcw or operates a relay for cw.
There is provision for inhibiting an output
during a blank.

One last thing which we need to mention
is a method of stopping the generator after
it has sent the message once. The method
is simple. A third output from the diode
matrix, called a stop, is provided. The stop
output occurs after the counter has com-
pleted 32 counts. When the counter reaches
that state the stop output gates off the space
MV input pulses from the formation MVs.
This interrupts the sequence and the unit
remains dormant until restarted. To start
again, a pulse is fed to the space MV. The
next state does not have a stop signal so
the space MV input pulses are again gated
on and the circuit continues thru its se-
quence.

The entire unit timing diagram is shown
in Fig. 5. A careful study will lead to a
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better understanding of the operation of the quence: The counter is initially in the stop
generator. The example shown has been se- state (no. 1). A start pulse fed to the space
lected to show most of the details of opera- MV input turns it on incrementing the
tion. The following events happen in se- counter to the next state (no. 2). The diode
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Fig. 7. Circuits for measuring transistor parameters.
See the text for a description of how to use these
circuits,

matrix interprets this state as a dot. When
the space MV returns to its quiescent state,
the matrix output is sampled and the dot
MYV is triggered generating an output. When
the dot MV is up, the space MV is again
triggered incrementing the counter to the
next state. The cycle continues until the
stop state again occurs.

Going from block diagrams to actual eir-
cuitry; logical levels of “one” are —19
volts and those of “zero” are zero volts. The
schematic of our working model is shown
in Fig. 6. An understanding of the operation
of each of the individual circuits can be
gained by reading one of the many texts
and articles on the subject of digital cir-
cuits. Some of them are included in the
bibliography.

It must be kept in mind that we are not
dealing with ideal components when build-
ing digital circuits; diodes have finite for-
ward voltage drop, finite back resistance,
transistors do not have infinite gain nor zero
“on” voltage drop. The voltages at each of
the logic points are not exactly zero and
—12. They are close enough that the circuits
still work with good reliability. Keeping the
voltages and circuit operation as near ideal
as possible is the main criteria in selecting
the resistance values for each circuit. Ca-
pacitor values determine the timing details.
An oscilloscope is handy for debugging the
circuits for their final design but is not ab-
solutely necessary.

Typical voltages are not shown on the
schematic because each point has a voltage
which is continually changing from one val-
ue to another. Voltage waveforms at the
more important points are shown in the
timing diagram,

Obtaining parts at a minimum cost has
always been a concern for the amateur, The
circuit design of this unit was done with
low cost in mind, The surplus market is a
good source of resistors, capacitors, and

12

diodes at prices well below the industrial
prices you pay for new material,

It is also true that transistors are avail-
able at quite low prices but, it has been our
experience that the industrial units are more
economical and desirable. Most surplus or
used transistors are not adequate for digital
service and out of a bargain bag of surplus
transistors many will not work reliably.

With the introduction of the cheap silicon
transistors, it is more economical to consider
the industrial units. For example, the trans-
istor used in the identification generator,
Fairchild 2N3638, is 3lc in quantity. This
fact together with the assurance of known
characteristics and uniformity of quality
makes the choice an easy one. Paul Franson
discusses the 2N3638 in his column: 73
Magazine, June 1965, page 88.

Surplus transistors can be used but should
be tested first. A few simple tests will de-
termine if a transistor is suitable for use in
digital circuits: 1) The de beta should be
greater than 30. DC beta, hre. is deter-
mined by measuring what base current is
needed to produce 5 mA of collector cur-
rent with the collector-emitter voltage 0.5
volts. DC beta is the ratio of collector cur-
rent (5 mA) to base current. 2) The leak-
age current should not exceed 200 micro-
amps. Leakage current, l..., is the collector
current with the collector-emitter voltage 12
volts and the base open. Circuits for mea-
suring both these parameters are shown in
Fig. 7. These are relatively simple tests but
they tell quite a bit in comparing transistors.
Units that meet these two tests will general-
ly work satisfactory in digital circuits.

Other types of transistors will work
equally well. 2N414, 2N404, 2N1305, are
just a few. Practically any transistor will
work if it meets the above tests. NPN units
can also be used if battery and diode polar-
ities are reversed.

Many variations on this idea are possible.
Amateurs in the RTTY field might like to
consider this unit for solving the problem
of dual identification. As the FCC rules
stand, only the identification of the trans-
mitting station is required to be in cw. The
requirement can be fully met with this gen-
erator and a ten minute timer to trigger it.

The ragchewer will find a unit such as
this an extension of his “ten minute re-
minder” (it is suggested that the reader con-
sult the rules and regulations part 97.87
before making final plans).
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For the amateur who likes it deluxe, this
unit can be the basis for a semi-automated
cw station.

With a magnetic core memory many vari-
ations of the basic design are possible; for
example, several messages can be stored in
the memory and called for individually to
satisfy various situations. For instance, the
following messages could be contained in
memory: CQ CQ CQ DE W6YGZ, town,
handle, TESTING, 73, and so on. Each could
be selected to fit the need. The possibilities
are limitless.

For the contest minded (or the novice) a

unit with the message: “CQ SS CQ SS CQ
SS DE W6YGZ” might be the answer. The
message need be stored only once but could
be called out three times in a row if a
simple three counter is used.

Thanks go to I. S. Reed of the University
of Southern California for the idea and
background. Photo credit to Rod C Rigg.

Bartee, I.ebow, and Reed, Theory and Design
of Digital Machines, McGraw-Hill, 1962, A more
sophisticated approach to the design of digital
svstems, covers sequential eircuits.

Burroughs Corporation, Digital Computer
Prineciples, McGraw-HIill, 1962. A nonmathe-
matical explaination of digital computers, their
operations, and the components that make
them work.

Caldwell, Samuel H., Switching Cireuits and
Logieal Design, Wiley, 1962, A little of every-
thing in the design of digital relay systems.

Granberg, H., OH2ZE, "“A Push-Button
Keyer'”, CQQ Magazine 20:9 Sept. 1964, Page 28.
Uses magnetic core shift register.

Horowitz, Paul, W2QYM, ‘Perfect Code at
Your Fingertips'. QST 49:9 August 1965, Page
11. Uses diode matrix and magnetic core shift
register. Typewriter keyer. Explains digital
circuits.

Hurlev, Richard B., Transistor Logic Circuits,
Wiley, 1961. A College level text explaining
digital mathematics, design and circuits detail.

Ketchum and Alvarez, Pulse and Switching
Circuits, McGraw-Hill, 1965. A junior college
treatment.

“A Semi-Automatie Keyer"”, an article in
Electroniecs Experimenter. Some issue in 1964
or early 1965. Shows how to build a type-
writer-like code generator using relays.
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Robert Crotinger K6YKH
4619 Brighton Avenue
San Diego, California

Sideband Proof of Performance

Have you ever checked your gear to see what it can do? It's interesting,

and can often lead to improved results.

Broadcast stations are very familiar with
the term “Proof-of-Performance”, It desig-
nates the series of specified measurements
that must be made, set down on paper, and
filed with the FCC before a station license
will be issued. Though no such requirement
is made for amateur stations, compiling a
similar set of data will probably reveal
many things about your installation which
are worthy of correction.

The idea of a graphical analysis of the
performance of my equipment setup came
about when 1 purchased a new exciter cap-
able of overdriving my linear. It seemed
desirable to construct a pad of approxi-

mately three decibels attenuation to correct
=0 1.0
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1, MAX A204 Tp MAX E20A

Fig. |. Plate current of the TR-3
relative power output.

and linear versus

14

the situation. However, to determine the
precise benefits, or obtain a quantitative
conception of these benefits required some
sort of testing. Graphical plotting of the
results was the logical approach.

A graph in two-dimensional form shows
the variation of a dependent, plotted verti-
cally, when an independent variable, plotted
horizontally, is caused to change through a
predetermined series of values. The plotting
is done after a series of tests have been made
at a relatively large number of values of
the independent variable and the values of
both variables tabulated.

Carrying out a good test requires: 1. a
decision as to what items are to be meas-
ured, 2. finding an independent (control-
lable) variable which will put the depend-
ent variable to the test as much as possible,
3. tabulating the results as accurately as
possible while the test is being made, 4. put-
ting the results in a form which will best
show the variation taking place, and 5. anal-
ysis of the results.

Amateur measurements usually fall into
the “comparative” class, as access to precise
standards is usually impossible and the re-
sults are relative to a given set of conditions.
Therefore, it is desirable to plot more than
one measureable dependent variable if pos-
sible in order that accuracy will not depend
on any one measuring instrument. Also, the
results of one plotted curve can support the
results of another, making the analysis more
positive.

The results of the first attempt at meas-
urement are shown in Fig. 1 and represent

Bob is a technical director at KFMB-AM-
TV. He used to be WOGUY and WSDDT.
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Fig. 2. Linearity response.

a test which could be made quickly and
easily by virtually any station with only a
VSWR meter with a relative power scale.
Carrier is inserted and the level increased
as readings of relative power output are
taken, along with exciter plate current and
linear plate current. This test is informa-
tive, but the fact is that the independent
variable is not measureable and the results
do not show the most important variation,
that of power output with input audio level.
However it is a reasonably good indication
of the linearity of the two stages with drive.
An important conclusion from this graph
was the fact that the driver (TR-3) reached
450 mA, its maximum output where flat-
topping begins, at the same time that the
linear had only reached slightly over 600
mA. The linear was capable of being driven
to slightly over 700 mA before flat-topping;
therefore it was obvious that on this band
(15 meters) the 3 dB pad presented more
loss than desirable. The ultimate conditions
was that both exciter and linear flat-top at
the same point.

A more valuable test was effected when
an audio oscillator was used with the out-
put attenuated to mike level and fed into
the microphone input, as shown in Fig. 2.
While a commercial unit was used here with
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Fig. 3. Overall audio response.

a step attenuator and db level variation
read accurately, it is equally as valid to use
any audio oscillator in conjunction with a
resistor-potentiometer voltage divider to re-
duce the level and take readings of audio
level with a VIVM at the audio oscillator.
In many cases. a decibel plot will improve
the appearance of a curve over a voltage
plot and converting to decibels is not always
necessary or even desirable, Use the method
of plotting which will emphasize the defi-
ciencies, they are what we are looking for.

In any case, the second set of curves
shows that the exciter has become delight-
fully linear, however on this band (40 me-
ters) it reaches 300 mA plate current when
the linear begins to level off. In this case,
it would be better to have slightly more
padding in order to make the exciter ALC
work, thereby raising the average level of rf
a few decibels. Another revelation from the
curve is the non-linearity in the low plate
current region in the linear, a condition
which is supported by the relative forward
power curve in this region. While non-lin-
earity at this power level is not as serious as
at maximum output, it is worthy of some
attention in the future.

While the audio oscillator was available
it seemed worthwhile to make an overall
frequency response run, the result of which
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ROHN.

Tall in the tower field

ROHN towers have distinct ad-
vantages . . . not inherent in
other towers manufactured for
the same purpose . . . CATV,
microwave, communications,
broadcast, home TV or amateur
use.

Unusual Strength e Remarkable
Durability e Complete Versatility

e Qutstanding Service e Functional
Design e Attractive appearance

These advantages are the result
of computer — assisted engi-
neering and design, modern
manufacturing techniques and a
continual search for methods to
raise ROHN standards.

In addition, ROHN warehouses
complete lines of towers, light-
Ing, microwave reflectors and

accessories and provides com-.

plete turnkey tower erection
service throughout the world.

Representation and Distribution
Worldwide

ROHN.

Home Office
P.0. Box 2000, Peoria, lllinois 61601
Ph. 309/637-8416 TWX 309,/697-1488

is shown in Fig. 3. In making this run the
input audio at 100 Hz was increased until
the linear plate current had ceased rising.
It would have been preferable, for observa-
tion of the “top” of the response curve, if
a slightly lower level had been used since
it appears that the leveling-off of the ampli-
fier output has produced an apparent flat-
ness across the response that is “too good
to be true”. However, the exciter exhibits
this same condition and perhaps the actual
response over this range is not considerably
different from that indicated. The more im-
portant aspect of the curve is the steepness
of the sides. It shows very definitely the
fact that the exciter used the steepest side
of the filter response on the side toward the
carrier. This results in the response encom-
passing a greater area of lows. Since the
apparent “volume” of the voice is carried
by the low frequencies, this may account
for the seemingly greater “punch” provided

by one transmitter over another of equal
power.

The small step is the response of the
exciter at 2.7 kHz is interesting but prob-
ably rather inconsequential.

I have made no attempt here to “doctor
up any of the results nor to minimize the
shortcomings of the test procedures. These
are the purpose of testing and it is readily
seen how the test procedures can be im-
proved and why. It is also appropriate to
remark here that when testing anything it
is desirable to write down everything pos-
sible pertaining to the conditions of the test,
whether it seems pertinent at the time or
not. The author keeps index cards in the
optimum dial settings and current readings
on each band. Also, it is naturally best that
tests be made under the same conditions
that the equipment is used, and this means
into the antenna. This dictates the making
of overall tests at a time when the band
is dead.

The advent of commercial transmitter
manufacture has taken some of the adven-
ture out of ham radio for some of us who
used to build such equipment. However, the
author is willing to concede that “they can
build a better one than he can, and it has
better trade-in value”. This does not mean
that we must be unaware of how it operates
or what it is doing, and it is hoped that
this article may produce some incentive in
that direction. . . . K6YKH
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DRAKE

MODEL E'c

RECEIVER

» Covers ham bands 80, 40, 20, 15 meters com-
pletely and 28.5 to 29.0 mHz of 10 meters with
crystals furnished.

¢ Or tunes any 500 kHz range between 3.0 and
30 mHz with an accessory crystal.

* Three Bandwidths of selectivity (equivalent to
3 filters) are furnished: 4 kHz, 2.4 kHz and
4.8 kHz.

* Solid State Audio with 1.8 watts output.

» Solid State AVC with fast attack and slow re-
lease for SSB or fast release for high break-
in CW. Also AVC may be switched off,

» Receives SSB, AM, CW, and RTTY with full
RF gain, complete AVC action and accurate
S-meter indication.

* Product Delector for SSB/CW—diode detec-
tor for AM.

* Excellent overload and cross modulation
characteristics; insensitive to operation of
nearby transmitters.

ACCESSORIES:

2-CQ SPEAKER/
Q-MULTIPLIER &
NOTCH FILTER:
Plugs into a sock-
et on the 2-C to
provide in-
creased selecliv-
ity and notching
out of interfering
hetrodynes and other interfering signals. Nec-
essary controls are mounted on the 2-CQ.

$39.95 Net

2-NB NOISE BLANKER: Solid state circuitry is
used to provide true noise blanking by quieting
the receiver during the interval of the noise

pulse.

2-CS MATCHING SPEAKER

2-AC CRYSTAL CALIBRATOR: 100 kHz crystal
oscillator corresponding to the numbered dial
divisions on the Main Tuning Dial.

Excellent performance
at low cost

i E'ﬂ mEGE Wil

Matching Speaker
Model 2-CS
$19.95 Amateur Net

5 E 2 9 OO AMATEUR NET

SPECIFICATIONS

FREQUENCY COVERAGE: 35 to 4.0 mHz, 7.0 to 7.5 mHz, 14.0 to 14.5 mHz, 21.0to0 21.5
mHz and 28.5 to 29.0 mHz with crystals supplied. Accessory crystals provide 500 kHz
incremental coverage from 3.0 to 30 mHz

SELECTIVITY: Selectable Passband Filter provides:
4 kHzat6 DB down and 2.7 kHz at 60 DB down.
2.4 kHz at 6 DB down and 9.0 kHz at 60 DB down.
4.8 kHz at 6 DB down and 16.8 kHz at 60 DB down.

DIAL CALIBRATION: Main dial calibrated 0 to 500 kHz in 10 kHz divisions. Vernier
dial calibrated in approximately 1 kHz divisions. Main dial and Vernier adjustable for
calibration,

STABILITY: Less than 100 Hz after warm up. Less than 100 Hz for 10% line voltage
change.
MODES OF OPERATION: USB, LSB, CW, AM, RTTY.

SENSITIVITY: Less than .5 uv for 10 DB signal plus noise to noise on all amateur
bands.

AVC: Amplified delayed AVC having slow (.75 sec.) or fast (.025 sec.) discharge and
less than 100 microsecond charge. AVC can be switched off. Less than 6 DB change
for 100 DB RF input change.

AUDIO OUTPUT: 1.8 watts with less than 5% distortion and .75 watts at AVC threshold
AUDIO OUTPUT IMPEDANCE: 4 ohms.
ANTENNA INPUT: Nominal 52 ochms.
SPURIOUS RESPONSES: Image rejection greater than 60 DB. IF rejection greater
than 60 DB on amateur bands. Internal spurious signals within amateur bands less
than the equivalent of a 1 uv signal on the antenna.
CONTROLS AND JACKS:
Front: Main Tuning, Function switch, Band switch, Preselector, RF Gain, Mode,
Selectivity switch, AVC, and S-Meter.
Rear: Antenna jack, S-Meter Zero, Mute Jack, Sidetone Jack, and Speaker Jack.
Side: Auxiliary crystal socket, auxiliary crystal — Normal switch, Phones.
Top Chassis: 2-CQ socket, 2-AC socke!, and Noise Blanker socket.
POWER CONSUMPTION: 30 watts, 120 VAC, 50/60 kHz.

DIMENSIONS: 11%," wide, 6%;" high, 93" deep, weight 134 Ibs.
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John Schulz WIDCG
40 Rossie St.
Mystic, Connecticut

A Non-Tiring CW Monitor

For anyone who enjoys long periods of
CW operation, a good keying monitor is a
necessity. Unfortunately, most simple moni-
tors which produce a single tone get awtully
hard on the ears after a while and many
experienced CW operators still resort to
using their receivers as a monitor. They do
this because of the pleasing tonal quality
of the multi-frequency signal and because
one can “play” with the receiver tuning to
vary the tone.

It would, of course, be better to have a
keying monitor that sounds like the receiver
signal and to leave the receiver tuning alone.
One can come pretty close to this ideal by
use of a dual-tone monitor. Some years ago,
[ built such a monitor but forgot about it
when my interest turned to SSB. Now, with
a returning interest to CW, I decided to
update the monitor using transistors.

The circuit for the monitor is shown in
Fig. 1. The circuit is simply two variable

20k
TON T2
}'u 5 2004

S |

/1

GRID-BLOCK KEYED TRANSMITTERS

+ +
-

i ol D2
B 77

+ 9V

ALMOST ANY
PNP AUDIO
TRANSISTOR

I
s

it

KEY

MODIFICATION FOR
CATHODE-KEYED TRANSMITTERS

Fig. |. Two-tone CW monitor designed to over-
come the monotony of a single sine wave output
monitor. No parts are critical; all are discussed in
the text.

tone oscillators with their outputs con-
nected in series to the monitor loudspeaker.
The diodes D1 and D2 protect the monitor
from the voltage across the transmitter key
terminals. These diodes and the battery
connection must be slightly changed as shown
for use with a cathode-keyed transmitter.

I used a Telefunken transistor but prac-
tically any low-level audio transistor with a
B of 50 or more will work. Some examples:
2N138, 181, 186, 217, 223, 249, 270, etc.
The diodes D1 and D2 may be any type—
normal power supply silicon diode units work
fine—having a PIV greater than the voltage
measured across the open key terminals. A
battery supply is shown, however, any op-
erating voltage between 6 and 15 volts is
satisfactory and this voltage can usually be
“borrowed” from some well filtered point
in a transmitter or receiver. If a battery
supply is used, the resistance across the
open transmitter key terminals should be
checked. With some transmitters this re-
sistance is only several thousand ohms and
an on-off switch must be used in the monitor
to prevent a continuous battery drain.

I built the monitor in a small Minibox
measuring 3% x 2% x 2% inches so it could
be used as a separate unit for portable op-
eration or as a CPO. It could just as easily
be constructed on bakelite circuit board and
mounted inside a transmitter. The exact
frequency range of the oscillators will de-
pend on the manufacture of the components
used but should be about 700 to 2000 Hz.
The combinations of tones from two oscilla-
tors with this range should satisfy anyone’s
desire to change the monitor tonal quality.

Although conceived only as a keying moni-
tor, some other uses for such an oscillator
suggest themselves: a two-tone test oscilla-
tor for SSB measurements and as a CW
generator /kewer for an SSB transceiver with-
out CW provisions by feeding the output of
only one tone oscillator to the microphone
input of the transceiver. For these applica-
tions, however, it is essential that the output
of each oscillator be checked on an oscillo-
scope to be sure that it is a good sine wave
at the tone control setting(s) used.

. . . W1DCG
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DX’ers . . . For a commanding mobile signal, Mosley an-
nounces the New mobile Lancer 1000 rated for 1 KW AM and
*2 KW P.E.P. SSB input to the final on 10, 15, 20, 40, 75/80
meters! This reasonably priced New mobile antenna offers
you these outstanding features:

Interchangeable coils, performance-tested to take constant KW use,
{10 meters does not require acoil.)

A reduction of corona effect due to a Mosley innovated Corona
Ring located at antenna tip.

Antenna peaking to desired band frequency with adjustment in
whip section.

Capacity coupled top whip section for moximum efficiency.

Effective matching through Direct Coupling on 10, 15, 20 meters;
capacity matching on 40 and 75/80 meters.

All these features mean a challenging 2 KW P.E.P. mobile
signal - - the kind of signal you expect from Top Quality

Mosley antennas! ForR COMPLETE INFORMATION WRITE:

g}{ 4610 N LINDBERGH BLVD.,
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J. D. Cameron WA4WWM
Box 139C, Route #2
Amherst, Virginia

Seven Elements on Twenty

Here's a high gain, low cost beam that will really help you get out on
twenty meters. Why not join the big boys?

In antenna design, as in boxing, it is true
to say “A good big "un can beat a good little
. Tuning across the favorite DX band,
14MH3 proves this axiom again and again
as we hear the choice DX returning to the
fellows with the big beams mounted on high
towers. However, the bigger they are the
more they cost, and even though kind neigh-
bors may not object, the financial strain
does not allow the average ham the luxury

Fig. |. Details of three parts of the antenna. From
the top: Addition of extensions to the ends of
the reflector for tuning. Element attachment to the
boom. Attachment of the boom to the mast.
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of a big antenna. The following description
of my antenna is to give some idea of a low
cost approach to a large Yagi design on 14
MHz.

The first consideration is the wind load
on a large structure—how strong must the
beam be to withstand winds to 60 mph?
Two approaches were considered. First, a
rigid boom wusing a triangular aluminum
tower. Second, a tubular boom with a degree
of flexibility to “ride” wind gusts. It was
decided to follow the second approach using
relatively small diameter tubing, with braces
to take the vertical load of the elements.

Sixty feet of boom was selected as a good
compromise between cost and performance.
For the operator who wishes wide band op-
eration between CW and phone this boom
length will allow % wave spacing with five
elements. For the phone or the CW enthu-
siast more elements can be added to give a
narrower beam width for better QRM re-
jecion on receive, and a little more gain
on transmit. As my antenna was to be used
mainly on phone SSB, a center frequency of
14.270 MHz was chosen with seven elements
at .15 wave-length, approximately 10 feet
spacing.

A visit to the local electrical store pro-
duced 2 inch LD. conduit with .125 inch
wall. Two 10 feet lengths were purchased,
and a piece cut off each, one foot long, to be
used as a coupling between boom sections
which are 2 inches O.D. Four lengths of al-
lov tubing were purchased 2 inch O.D., two
at 12 feet, two at 9 feet, wall tluclcness 065
inches.

Now to assemble the boom on the ground.
A screw coupling is supplied with the con-
duit, so the two 9 feet lengths are coupled
together, and two 3 inch, % inch D. bolts
fitted through the coupling for added me-
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Fig. 2. WA4WWM's seven element twenty-meter beam. Dimensions are given in the text.

chanical security. At either end of the con-
duit a 3 inch cut is made with a hack saw.
Now, a 12 foot length of 2 inch G.D. alloy
tubing is inserted in either end of the con-
duit and a strong joint assured by a 2%
inch muffler clamp. These muffler clamps
are very strong and cost less than 25 cents
each. Six at 2 inch and ten at 2% iach were
bought from the local auto accessory store,
The remaining two 9 feet lengths are joined
to both ends of the construction using the
two one foot sections of conduit which have
been previously slotted with the hack saw
for 3 inches either side. This coupling is
now made tight with two 2% inch muffler
clamps. We now have a 60 foot boom lying
on the ground looking extremely Himsy
especially when picked up at the center!
Each element is made from alloy tubing.
The center portion is the standard 12 foot
of 1 inch O.D., .058 inch wall, with another
12 toot of % inch O.D. cut into equal parts,
inserted at either end, and still another 12
foot length of % inch O.D. tubing cut in half
and inserted inlo the % inch sections. Now,
the beam element is 34 feet long, allowing 6
inches insertion for each joint. Holes were
drilled and self-tap screws used to ensure a
rigid mechanical coupling. The 34 feet
length is sufficient to allow trimming of the
driven element and directors, but extra
length is required for the reflector, approxi-
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mately 9 inches at either end. Two strips of
aluminum 1 inch x 12 inches were bent to
make % inch angle and fixed to either end of
the reflector with a hose clamp bought from
the auto store. This makes an easily adjust-
able tuning device.

Various methods of feeding the driven
element can be used, but, as K200 UHF
twin line was available it was decided to try
a folded dipole. Aluminum clothes line wire
was spaced 4 inches from the driven element
and gave a 200 ohm match to the line. A
length of 150 feet of line is used at my
location, terminating in a % wave coax
balun to give 50 ohms to the transmitter.
The length of the driven element is obtained
from the antenna handbook as 465/F in feet
when F is in megahertz. Director #1 was
found optimum at 445/F, #2, 3, 4, and 5
progressively shorter to make #5 a 430/F.
The reflector should be about 490/F but it
is highly recommended that this element be
tuned for best front to back ratio.

The elements are now attached to the
boom by a 12 inch length of 1% inch alloy
angle fixed to the center of the element with
two 1% inch % inch D. bolts, then the
angle drilled to take a 2 inch or 2% inch
muffler clamp to suit the boom, the three
inner elements with 24 inch clamps, the four
outer with 2 inch clamps.

The element positions should now be

21
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marked, then the whole antenna disassem-
bled. 1 use a telescoping tower with 20 foot
sections, so winding this down gave a rela-
tively convenient height to reassemble the
antenna, using a 20 foot ladder to work
at the outer elements.

The center part of the boom is now
mounted to the mast, which is rotated by a
rotor 3 feet down inside the tower. The
mast is 10 feet long so 7 feet remains
above the tower. The boom is mounted to
the mast, again with muffler clamps on a
% inch steel plate 18 inches by 12 inches.
A % inch hole is drilled through the mast
and plate and a bolt used here for added
strength, Two 12 feet lengths of % inch
tubing are now used to support the ends
of the inner 18 feet from the top of the mast,
again using muffler clamps. Next, the two
|2 feet lengths of 2 inch tubing are assem-
bled to the conduit as before. The ends of
these are now supported by cable from the
top of the mast. A 2 foot cross bar of 1%
inch alloy angle was mounted with a muffler
clamp and the ends drilled to take the two
cables from the mast to either end. Two

A shot of the beam with a small quad over it.

22

turnbuckles at the mast take up the droop
in the boom at this stage. The cross bars
give some added strength against lateral
forces. Now the remaining two boom sec-
tions are coupled to the structure. We now
have the boom ready to receive the elements.
Assemble the outer elements first, keeping
the array balanced, and there is—a seven
element beam on a 60 foot boom.

Some remarks on tuning are appropriate.
The director lengths quoted are close to the
optimum but some trimming of the driven
clement may be necessary to ensure 200
ohms. It is best to measure this with an an-
tennascope and a 4:1 bolun to read 50
ohms. This is a balanced system, hence the
balun. The reflector can be adjusted with
the aid of a small oscillator located a few
hundred vards away, or by getting a local
ham a few miles away to give S-meter read-
ings. The antenna handbooks will supply
details.

Finally, a beam of this size helps tre-
mendously in reception, as the half-power
bandwidth is 45 degrees. The gain in theory
is about 12 db, but signal reports would
suggest that this figure is low, especially
when optimum conditions suit the vertical
angle of radiation. It is highly recommended
that a height of at least 70 feet should be
used with any beam antenna, especially after
the expenditure of time and energy on a
large array.

The antenna described has been in use
for a year and has withstood winds of 60
mph with no sign of damage. The cost is
much lower than the commercial versions
available. Some of the ideas in this article
may also be of some use in the construction
of smaller Yagis at a relatively low cost
factor.

. . » WAAWWM

73 MAGAZINE



ALL NEW from NEW-TRONICS

unk ble mobile performance

The Super Hustler has...

High Power Capability—Capable of maximum legal limit on SSB.

Widest Bandwidth — Better than ever. .. maintains minimum
SWR over phone portion of 40, 20, 15, and 10, — 60 KC wide
at 2to 1 SWR on 75 meters.

Low SWR — 1.1 to 1 or better at resonance. .. no special match-
Ing required.

Proper Base Impedance — Nominal 52 ohms at resonance —no
magic lengths of feed line or matching devices required.

Low Frequency Drift — Frequency drift from heat held to abso-
lute minimum.

Here’s 413 reasons for exceptional performance.

Coil wire contains 413 individual conductors insu-
lated from each other for top performance value.

See the new Super Hustler at your

SWR chart and com-
parative information
supplied on request.
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NEW-TRONICS
Original”

NEW-TRONICS CORP.

3455 Vega Avenue - Cleveland, Ohio 44113




Howard S. Pyle W7OE
3434 74th St., SE
Mercer Island, Washington

Climbing the Novice Ladder

Part IV: The code is almost conquered.

On a Saturday morning just two weeks
after their last visit to FN’'s shack, Judy
and Joe wheeled into the yard and were
surprised to find Larry leaning against the
basement door jamb. “Hi, Larry”, said Joe,
“what you doin’ out here . . . goin’ to sit
in on a code class with us?”

“That’s exactly what I am goin to do
Joe . . . hello Judy; FN phoned me right
after you'd contacted me to be Judy’s ex-
aminer and suggested that I drop out this
morning for an informal session with you
kids . . . here I am!”

Just then FN appeared, greeted Judy and
Joe cordially and explained, “I asked Larry
to come out this morning and we'd put you
through a little preliminary examination.
Nothing official about it of course; just a
run-down to get a double check on your
progress. So, if you're all set, let’s go in-
side, set up the CPO and see how your code
looks. You bring your headphones this time,
Joe?”

“Sure thing” Joe replied, “right here”
and he opened the carrier pouch on his
Honda and pulled them out along with the
license manual. Judy produced the ABC's
book which she had picked up and the four
of them settled themselves in FN’s shop.

“Larry, put on the phones and take a

Joe chose to use his SWL receiver—a military
surplus BC-312-N—for his novice operation.
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listen to Judy’s sending; I'll work Joe over
when you're through. Let her send simple
English with a few figures and punctuation
. . . here, you can take a few lines from
one of these books” and so saying FN
handed Larry the two little manuals.

Picking a short paragraph in Judy's ABC
book, Larry donned the headphones and said,
"OK Judy; start right here and send me
the first three lines in this paragraph.”

FN and Joe remained quiet while Larry
copied Judy’s sending. When she had com-
pleted her stint, FN took the phones from
Larry and said, “All right Joe, you send
these three sentences from the license man-
ual to me while Larry checks Judy’s copy”.

When Joe finished, Larry looked up say-
ing, “Well, Judy did right well . . . just one
mistake girl . . . you sent an ‘N’ where it
should have been an ‘A’

“I knew it” Judy exclaimed, “the minute
I did it but Gramps had told me not to go
back and correct a mistake like that in an
examination but to just keep going, so 1
did”.

“Right, Judy”, Larry returned, “you’d
correct it if you were actually communicat-
ing with another station but in an exam
voud just foul yourself up. Incidentally,
both FN and I are checking the time it takes
vou to send the copy we give vou; we can
then figure your transmitting speed by
counting the characters. You were doing
very close to six words a minute Judy; so
close we won't split hairs”.

By then FN had counted the characters
in Joe’s copy, checked his stop-watch and
announced, “By golly, you kids are running
practically neck and neck! Joe hit it right
on the button at six wpm and also made
but one error . . . the old X’ for a Y’ again
Joe; give those letters a lot more play next
time vou practice. Looks like both of vou
made sufficient solid copy a couple of times
to have put you through the formal exam
but as far as I'm concerned, I'd like to see
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you both up to 7 or even 8 words a minute
both sending and receiving solid copy before
we call the turn formally; what vou think
Larry?”

“By all means, Larry came back, “if vou
kids can reach 7 or 8, you'll go through 5
like nothing; give yourselves those extra
few words for a bit of leeway”.

FN then commented, “You should be able |

to do that in the next couple of weeks if
you keep up your present pace . . . just
keep plugging. Let’s see now what vou can
do with receiving” and both FN and
Larry passed the phones to Judy and Joe.

Larry and FN again alternated between
sending and checking copy. Again the two
voungsters were very close; Judy had a
slight edge and Larry gave her 5.5 wpm
whereas FN checked Joe out at exactly 5.
Judy generously reminded them that she
had a bit more time to practice whereas
Joe had his paper route obligation every
evening. However, both FN and Larry ex-
pressed satisfaction and both were confident
that in another two weeks, 7 or 8§ words
a minute could roll out from under both
their fists and pencils. It was therefore mu-
tually agreed that if their knowledge of the
written portion of the examination proved
equally satisfactory, Larry and FN would
administer the formal code examination at
the next session, two weeks hence. The writ-
ten portion would necessarily have to await
completion of the formal code test and sub-
sequent receipt of the other papers by FN
and Larry. In the meantime, both Joe and
Judy, independently, were to write to the
Federal Communications Commission at Get-
tysburg, Pa. and request application forms
for amateur radio licenses. They were how-
ever, not to complete and return them but
were to turn them over to their examiners
at the time of the code test.

The code tests for this session having been
completed, FN suggested, “Suppose we take
up the written portion and see what you
know about that in a verbal test; you been
studying your books?”

“Sure, Gramps”, replied Judv, “I've been
getting in some time every afternoon and
I've been reading myself to sleep at night
with one or the other of them . . . Joe and
I have been swapping them between us.
Kinda rough going in spots but Joe’s been
able to straighten me out on some of the
puzzlers so I figure I'm getting the hang of
i
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Judy, FN, Larry and Joe talked about receivers after
the code practice session.

“Good” was FN’s comment, “now how
about vou, Joe?”

“Well, FN, I haven’t been able to get in
as much time as Judy, with my paper route
but I think were about even. I've been con-
centrating on the laws and regulations most-
lv because a lot of the semi-technical stuff
I've had in physics classes and it comes
pretty easy”.

“OK, then,” said FN, “Larry, what say
vou and I take turns asking them questions
at random from the books? You take the
license manual and T'll use the ABC’s and
we'll alternate the questions”.

“Fine” replied Larry, you start if off, FN”.

“All right; Judy suppose vou tell me what
the novice frequency bands are.” No trouble
here . . . Judy rattled them off like she
was using them all every day.

Larry came at her then with, “"What is
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the maximum legal power allowed novice
stations?” to which she promptly replied,
“75 watts” but Larry wanted more; “Input
or output Judy?”

Looking a bit confused Judy countered
with, “Input I think, isnt it? Gosh, I guess
[ didn't pay enough attention to that.”

“Yes, Judy” returned Larry, “input it is
but remember you may get a question read-
ing just that way” . . . what is the maxi-
mum legal input power . . “and if you were
confused between ‘input’ and ‘output’ you
could go wrong. Have Joe explain this to
yvou more fully some time.”

[t again being FN's turn, he asked Joe,
“What frequency bands can a novice use
for radio telephony?

Joe immediately replied, “145-147 mega-
cycles, only”,

After acknowledging this as correct, FN
said, let’s divert for a moment here; glad
this came up. You're right Joe and the use
of the word ‘megacycle’ may appear in your
examination or a new term may appear
here. Recently a change was mutually
agreed upon by industry, educational insti-
tutions and scientific organizations. The
word ‘hertz’ was substituted for ‘cycles per
second’, therefore megacycle has now be-
come megahertz’, kilocycle is ‘kilohertz’ and
they've made gigacycle ‘gigahertz’. Until
the changeover is complete, your examina-
tion questions may carry either expression;
many of the current manuals and hand-
books have not as yet been changed . . .
this will take a bit of time. The change
was made to honor the memory of Prof.
Heinrich Hertz who is the acknowledged
discoverer of the phenomena known as
‘Hertzian waves or, as we have more com-
monly referred to them, ‘radio waves’. Just
remember that if the word ‘hertz’ appears
where you have studied it as ‘cycles’, they
are one and the same. I'll give you each
a card before you leave which shows both
the old and the new designations and their
abbreviations. Now let’s get on with the
questions”.

After about 45 minutes of this it was
pretty evident to both FN and Larry that
both youngsters had really done a bit of study
ing. Several weak points cropped up of
course and they were somewhat hesitant
and unsure of the correct answer in reply-
ing but in the main, Larry and FN were
both satisfied that progress had been excel-
lent. The kids were both cautioned not to
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relax their studies and FN would subject
them to another informal verbal exam after
they completed the code exam at the next
bi-weekly session. Just then FN’s XYL made
her appearance with a heaping plate of
freshly baked doughnuts and a pot of cof-
fee, Joe went to the Honda for a six-pack
of Coke and FN declared a recess.

While relaxing with this bit of nourish-
ment, Joe broke out with, “Gee, FN; some-
thing Larry and I been wondering about
for some time and always forget to ask
you. We know what the ‘FN' stands for
. . your ‘sine or handle . . . but how come
FN; why not your initials or some other
letters?”

FN laughed and said, “Well it’s not much
of a story Joe. When I first went to work
for Western Union as a student telegrapher,
I was told that I must choose a two letter
combination as my ‘signature’ to receipt for
messages on the telegraph line. My initials,
‘DM’ would have been all right except that
one of the regular operators already used
that sine. So I was told to choose any two
letter group not then in use and my super-
visor suggested something easily recognized
and with good rythm. So, I finally came
up with ‘FN’ which in the Morse telegraph
code was easy to send and sounded rythmic
.. . dit dah dit . . dah dit . . . that would
be ‘RN’ in the radio code but when I changed
over from wire to ‘wireless’ telegraphy, I
was used to the letters FN and it was
pretty rythmic in the Continental code as
well; just one more dot, like this . . . dit
dit dah dit . . dah dit . . . so I just carried
it along and I've been FN ever since”.

“Should Judy and I have sines too?” Joe
inquired.

“You can if you like Joe . . pick your
initials or any combination that appeals to
you but you'll find most hams and darned
few novices will know what you mean when
they ask your name and you say ‘my sine
is YZ' or whatever you have chosen. You'll
have to educate ’em to it . . most hams
simply use their names. Yours Joe, is hardly
longer than a sine would be . . just one
more letter and an ‘e’ at that so you really
don’t need a sine. On the other hand, Judy’s
name is kinda long to send though not as
bad as many that you'll hear, so if she
wants to use a sine, nothing wrong with
it. Her initials though are a bit long in code
characters . . JM has a dot and five dashes
in it . . she may want something shorter
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DELUXE ADDITION TO THE SWAN LINE
5 BANDS —480 WATTS

HOME STATION —

It is with great pride that we announce the develop-
ment and production of the newest addition to the Swan
Line. The Swan 500 is a most fitting deluxe companion
to the classic model 350. Improved circuit efficiency
provides increased power ratings of 480 Watts P.E.P.
on sideband; 360 Watts CW input and 125 Watts AM.

At the top of the Swan Line, the 500 offers many extra
features: Selectable upper and lower sideband, 100 kc
crystal calibrator, automatic noise limiter, provision for
installation of an internal speaker (the best solution
for the mobile installation), and a factory installed ac-
cessory socket for the addition of the model 410 external

VFO.

As a receiver, the new 500 will satisfy the most critical
operator. Sensitivity is better than .5 uv and the pre-
cision tuning mechanism is easily the smoothest you
will find on any piece of amateur gear. Improved pro-
duction techniques result in even better VFO stability.
A new product detector circuit provides you with superior
audio quality, and a new AGC system responds more

PORTABLE — MOBILE

smoothly to wide variations in signal strength.

The new 500 is equipped with the finest sideband filter
used in any transceiver today. With a shape factor of
1.7, ultimate rejection better than 100 db, and a care-
fully selected bandwidth of 2.7 kc, this superior crystal
filter combines good channel separation with the excel-
lent audio quality for which Swan transceivers are so
well known.

Frequency coverage of the five bands is complete: 3.5-4.0
me, 7.0-7.5 me, 13.85-14.35 mc, 21-21.5 mc, 28-29.7 mc.
(In addition, the 500 covers Mars frequencies with the
405X accessory crystal oscillator.)

Along with higher power, improved styling and many de-
luxe features, the new 500 has the same high standards
of performance, rugged reliability and craftsmanship that
have become the trademark of the Swan Line. Backed
up by a full year warranty and a service policy second
to none, we feel that the Swan 500 will establish a new
standard of value for the industry. Qur new “Star” is

now in production. $ 495 gggateur

ACCESSORIES:

MATCHING AC SUPPLY
With speaker and phone jack.
MEESL LI AN I L TN et el $ 95

12 VOLT DC SUPPLY
For mobile or portable operation.

MOQEITELE T « e s S50 S .$130
MARS CRYSTAL OSCILLATOR

Five crystal-controlled channels

with vernier freq. control.

Model 405X (less crystals). . .. ........ $ 4

Swan speaks your language.
Ask the ham who owns one.

O swan

ELECTRONICS Oceanside

FULL COVERAGE EXTERNAL VFO

OGN BRI ; . B v it st e Y $ 95
DUAL VFO ADAPTOR

Provides for separate control of

transmit and receive frequencies.

VDT T e 2 e B T P, L, m e e $ 25
PLUG-IN VOX UNIT Model VX-1. .. .. ... $ 35

See your Swan dealer today.

California




and more rhythmic like DA or BR or some-
thing.”

“How about BK, Gramps?” Judy broke
in.

“No” replied FN, “BK is a radio abbrevia-
tion meaning ‘break’ and it would be con-
fusing; don’t use anything which may have
a double meaning like BT, AR, SK and such.”

Judy pondered a few minutes and then
came up with, “I'd like to take the Con-
tinental code equivalent of your sine Gramps,
making it ‘RN’ . . how about that?”

Looking smugly pleased FN replied, “Sure

. it's OK with me; I don’t think any of
the boys will take you for a member of the
Royal Navy or think youre a Registered
Nurse” he finished with a chuckle. From
there on out, Judy became ‘RN’

With the little pick-up snack out of the
way, FN reminded them that he had prom-
ised to talk about the equipment they'd
need for a novice station. “Let’s start with
the receiver; that's the first thing you

should have and it wouldnt hurt a bit to
get one right now. You could then listen
to the many code practice stations sending
slowly on the air and to novice and general
class hams talking together. Most of them
will be too fast for you but in straining
to try and keep up you’ll find that your

.« . Judy, Larry and Joe parted . . .
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code speed will build up a lot faster from
the incentive provided by trying to grasp
what they are talking about. Always prac-
tice by trying to copy a station sending a
little faster than you can receive solid; he’ll
keep you on your toes’.

“Now there’s several ways in which you
can acquire a receiver’ FN continued, “First
off, you can build one from a magazine or
handbook description. I don't recommend
this for a beginner and I think Larry will
go along with me on this” and Larry nodded
in agreement. “First off, today’s ham bands
are really erowded with stations. That means
that you must have a ‘selective’ receiver

. one which will permit you to separate
them as much as possible. This calls for
what we know as a ‘superheterodyne’ re-
ceiver or, as the hams call it more familiarly,
a ‘super-het’; a good second bet is a really
good tuned radio frequency type, again ab-
breviated ham-wise to “TRF’. Building either
of these is a pretty tricky procedure and
after you have it all assembled and wired,
it still must be ‘aligned’ which, to really
do right, calls for several special instru-
ments. In the long run you'll have a some-
what mediocre receiver which will cost you
about as much as if you had bought a good,
standard make, already built and operating.
Then too, you can compromise and buy a
kit® where all of the so-called ‘hard work’
has been done for you. Holes are punched
and drilled in chassis and panel, coils are
wound and roughly aligned ete. It's still
quite a job to assemble, wire and complete
the alignment. An experienced ham can do
a good job with such a kit in a relatively
short time but the beginner should be wary
of tackling it.”

“Buying a good, factory-built receiver
has several angles also. A really good new
one by a reliable manufacturer is going
to cost somewhere in the $150 to $250
price range. Even better ones go up in price
from several hundred dollars to a few jobs
selling at a thousand or more! Don't let it
scare vou though; you are not about to
equip ‘Gemini Control’ but simply making
a start in ham radio. You can do rather
well with one of the more modest receivers
and if it's a fairly recent model of reliable
manufacture, it will bring a good trade-in
value if and when you want something
better later; home-built jobs are rarely ac-
cepted as trade-ins.”

“Here’s another apprcach . . . the second
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hand market. Many hams who have started
with modest gear eventually trade it in for
something more elaborate or sell it at a
substantial reduction. If of reliable make
and it's appearance indicates that it has
received reasonably good care, these can
often be had for half or less than their
original cost. Don’t buy a ‘pig in a poke’
though; most hams are truthful and trust-
worthy in deals of this kind but are often
prejudiced as they have used the equip-
ment for some time, are used to it’s little
idiosyncrasies and can handle it; a green
buyer however could experience rather un-
satisfactory results. By all means arrange
to try out a piece of gear like this if you're
considering buying it and preferably have
a more experienced ham look it over and
try it out . . . be guided by his opinion.
Larry or I will gladly do this for you .
many of your fellow club members would
also be helpful here too, if you find some-
thing you think is a good buy. Some of
the mail order houses too, offer used equip-
ment which they have taken on trade-ins
and have had re-conditioned by their own
technicians. World Radio Laboratories is one
who specialize in this; there are a number
of other reliable sources and you'll find
them advertised in the ham magazines”.

“Another good bet in shopping for a re-
ceiver is the military surplus offerings. Stores
specializing in this as well as many mail
order firms who advertise, still have a con-
siderable amount of this kind of gear around
at unbelievably low cost when you consider
what fine pieces of gear they offer. Again
you should rely on an experienced ham in
helping you choose something which you
won't have to modify extensively for ham
band use.”

Right here, Joe broke in with, “Say, FN,
a couple of years ago when 1 was doing
a lot of short-wave listening, I picked up a
surplus BC-312-N receiver down at Jim
Turners’ for thirty-five bucks. It sure is a
well-built deal and really brings in short-
wave broadcasts from all over the world.
I often hear amateur radio phones at cer-
tain places on the dial and the thing is
just loaded with all kinds of code signals
but I don’t know who they are. Could 1
use this receiver for my novice station?”

“You sure can Joe and it's a dandy; I
used one for several years before I got this
little Daveco solid state job I'm using now.
The BC-312 is built like a battleship and
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is plenty sensitive and selective to pull ir
ham signals from all over the world and
youll find it will fill the bill for you for
a long time to come, right on into your
general class operation. Only high frequency
novice ham band you won't find on it is
the 15 meter spread; the BC-312 covers
the 20, 40, 80 and even the 160 meter
bands in fine shape. When you reach the
point where you think you'd like to play
around on 15, you can build a simple con-
verter to extend the range of the BC-312 in-
to this band. So, voure all fixed with a
receiver for a long time to come . . . how
about you Judy?”

“Oh, I'm not so lucky I guess; Dad’s got
some kind of an FM rig but it’s no good
for ham bands so I'll have to start from
scratch” she replied. “Anyway I've saved
a little money this summer from picking
berries and a bit of baby-sitting so I guess
thats’ a good way to spend it”.

Larry chimed in with a suggestion that
maybe Judy and Joe could take a look down
at Jim Turner's and see what he might have
in the way of a good surplus military re-
ceiver or a second hand ham job.

“If you kids turn up something that looks
good, I'll be glad to take a look at it and
check it over for you. Jim will let you take
it home and try it for a few days Judy, I
know.” Both kids agreed to do a bit of
‘window shopping’ at Jim’s place and the
other two electronic stores in town and made
a date for the ‘great adventure’ for the
following week.

With the receiver situation pretty well
in hand now, FN suggested, “Let’s call it
quits for today then . . . it’s about lunch
time for all hands anyway. You young ’uns
be out here two weeks from today, sharp
at nine a. m. and well put you through
vour code exam. Don’t forget now, write
a postcard to the FCC and ask for your
amateur radio operator license application
forms, soon as you get home. Don’t put it
off or you may not get 'em in time . . .
remember, FCC’s mail basket is piled moun-
tain high!”

“OK Gramps” Judy replied, “we’ll do it”
and at Larrys invitation, they tied her
bike on his rear bumper and she climbed
in with him for the short ride home while
Joe kicked the Honda starter and took oft
after a friendly wave and an exchange of
the now familiar “73” . . BCNU . . ”

. WTOE
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Fred DeMotte W4RWM

Post Office Box 6047
Daytona Beach, Florida

Going RTTY: Part Four

Frequency Shift Keying

The terminal unit is complete with its
scope monitor and you have been getting
fine copy.

Now you desire to put a RTTY signal
on the air and the question is—how?

Let’s first take another look at the termi-
nal unit circuit described in December 73
(1964), and add the mercury wetted key-
ing relay.

The addition to the circuit is the dotted
lines in Fig. 1, and only the section of
the original circuit covering the BAQ5 is
shown.

This relay will permit you to key the
transmitter through the keyboard of your
machine, since depressing the keys on the
machine will open the loop current and
permit the relay to key the frequency shift
keying circuit of the transmitter, and at
the same time produce local copy on your
machine.

The mercury wetted relay shown is the
WEZ276, although others will work as well,
with the required socket changes.

The only word of caution is that the
mercury wetted relay must be mounted in
a vertical position.

Now that the modification is completed,
let’s look first to the use of frequency shift
keying and a simple way of accomplishing
it on the average transmitter.

Let’s see what we mean by frequency
shift keying, assuming that we will employ
the standard shift of 850 Hz.

The terms applied to this difference in

RELAY
WEZ27E6H

QUTPUT

B+

Fig. |. Adding a keying relay to the terminal unit
described in the December 1964 73.
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frequency are MARK and SPACE, the first
being the RF carrier and the difference in
this MARK and the capacity introduced in-
to the cathode circuit of the BFO, is called
the SPACE signal.

To illustrate, let’s take a frequency of
7137 kHz. This would be the MARK signal.
Now to shift this signal down 850 Hz would
produce a SPACE signal of 7136.150 kHz.

Now how do we accomplish the change
in our MARK signal or the fundamental fre-
quency of our transmitter?

Fig. 2 shows a simple circuit which can
be used with most transmitters and others
with certain modification, but the principle
of creating the frequency shift remains the
same.

What occurs is that additional capacity
is placed across the LC circuit of the oscilla-
tor, which lowers the oscillator frequency
sufficiently to move the transmitter carrier
frequency 850 Hz.

It should be pointed out that the MARK
signal is always the higher of the two fre-
quencies, so that the SPACE signal is shifted
downward in frequency 850 Hz.

The slug tuned coil (B) is made of 15-20
turns of about 22 wire on a % inch form
and tuned to an inductance of about 40
mH. If you are unable to reach the 850
Hz between the MARK and SPACE signal,
vary the slug in a (B) slightly.

In adjusting the shift pot it must be done
slowly, observing the scope monitor for full
deflection on both MARK and SPACE. A
little experimenting with this adjustment
will make for a 850-Hz setting.

MICA
RFC
2.5 mH (a) .G\-'.Z;I
! 1 2
FTDGE SILICON TO CATHODE
DIODE 0OF 0SC. TUBE

gl

TO RELAY
IN FlG.|

Fig. 2. Simple frequency shift keyer adapter for a
VFO.
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SUDDENLY YOU'RE WORKING MORE STATIONS . .

Pulling in the Weak Ones Knifing Through the QRM

that demand the sensitivity of DAVCO'S by cl_u?nsing the optimum seledi\:i'l-y for
exclusive Field-Effect front end . . . conditions—a razor-sharp CW filter, a

near-perfect SSB Mechanical filter, or a
fine AM filter . . .

Blanking Out Noise

from power lines and ignition with the no-e xtra-cost noise-blanker that lets you extract
a Q5 signal you couldn't know existed without it . . .

or nulling an offending carrier with the T-notch. The DR-30 communications receiver covers all the ham
bands from 80 meters through 50.550 Mc in the &-meter band. I+ has a built-in crystal calibrator, full
AGC, Teflon wiring and plug-in modules for all active circuitry. It is the most versatile receiver ever
produced, and it can be operated from an AC pack or from batteries in fixed, mobile, and portable

operations.

Frequency coverage: |0 550 kc segments covering
the entire 80, 40, 20, 15, 10 meter ham bands
plus 50.0-50.55 in 6 meters and 9.5-10.05 WWYV.
Provision for two extra ranges.

Sensitivity: Better than .6 microvolts for 10db s/n.

Selectivity: SSB: 2.1 kc Collins mechanical filter
AM: 5 kc ceramic/transformer filter

CW: 200 cycle crystal filter

Stability: Negligible warm-up; less than 100 cps
per hour; less than 25 cps for 209 power supply
variation. Extreme resistance to shock and vi-
bration.

Detectors: Separate AM and SSB/CW product
detectors; crystal-controlled BFO.

Noise Limiter: True blanking action preceding
selectivity; has separate ANL amplifiers and

detector; front panel threshold control.

The DR-30 is fully compatible with any transmitter.

At a cost equivalent to an accessory PTO, the DR-30
gives the transceiver-equipped station an unequalled
receiving capability. It is the appropriate nucleus

for any amateur station.

DAVCO receivers for telemetry, radio astron-

omy, WWY, SWL's and other special applica-
can be

tions are available from stock or
provided to your specifications. Your inquiry,
detailing your requirements, is invited.

RF Stage: Low noise premium Field-Effect RF ampli-
fier and first mixer; tuned circuits employ high-Q
toroidal inductors.

Semiconductor Complement:

23 bi-polar transistors

2 Field-Effect transistors
10 signal diodes

| power diode

2 zener diodes

Size: 4" high, 73" wide, 6" deep. Weight: 7 pounds

Power requirements: |12 volts DC @ 300 ma.
maximum,

Price: from factory ... . ... $389.50

DR-30-s: Complete regulated power supply for
operation of DR-30 from 110/230 volts 50/60
cps, plus battery holder for 9 D-size cells for

portable operation; speaker, earphone jack. (ll-
Jusirated above) s e e $39.50

Send us your card for an information package con-
taining evaluations of the DR-30 by the staffs of
CQ (December 1966), QST (January 1967) and 73

- (May 1965), an 8 page technical brochure and a

complete schematic. DAVCO products are avail-
able direct from the factory.

DA\ /22OFELECTRONICS, INC

P. O. Box 2677
2024 South Monroe Street
Tallahassee, Florida 32304




Robert Sexton WB&4CH®
2806 E. Norwich Avenue

Fresno, California

A Solid-State Product Detector

Improve the performance of your receiver on SSB and CW with this simple

transistor product detector.

All receivers not specifically designed for
SSB reception suffer, to some extent. in
quality and ease of tuning when used for
this mode. Distortion of the received signal
occurs for a number of reasons. When this
includes BFO pulling, reduction of the rf
gain may prove necessary. This in turn leads
to loss of sensitivity and does not allow the
AGC system to operate effectively. This is
a less than satisfactory state of affairs.

With the advent of SSB and the almost
total disappearance of AM from the HF
amateur bands, good SSB reception is man-
datory. To date, a combination of hang-AGC
and a product detector seems to be the best
solution. The product detector is the most
important element of this pair and num-
erous articles have appeared discussing vac-
uum tube versions of this worthy circuit.
There has been very little information deal-
ing with the design of a solid-state version,
however.

This article will describe a design which
is a transistor equivalent of the popular
dual-triode product detector. It will discuss
the causes of distortion to SSB signals which
include BFO instability as a result of pulling,
AGC non-linearity and inter-modulation dis-
tortion. As an example of these problems
and their cure, it will refer to a product
detector built for the Heathkit “Mohican”.

5 al

2.Tk

Fig. |. Schematic of WB&CHQ's simple product
detector. The transistors are not critical: IR TR-06's
were used in the author's version, which was in-

stalled in a Heath Mohican.
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In the GC-1A, the primary cause of dis-
tortion to SSB signals is BFO pulling. This
phenomenon is the direct result of the pres-
ence of strong signals in the BFO -circuit.
In this receiver, the BFO output is injected at
the input of the third if amplifier. This is done
by connecting a 4.7-pf capacitor from the
collector of the second if to a tap on the
BFO inductor. Thus, any signal in the if
strip is also in the tuned circuit of the BFO
to some degree.

To understand why this will pull an oscill-
ator, consider The tuned-grid, tuned-plate
oscillator. It may be shown that in this os-
cillator, the tuned circuit with the higher
"Q” will control the frequency. This is so
because, a low “Q” tuned circuit having a
broader frequency response, more feedback
will be provided to the high “Q” circuit.
Since feedback is the essence of oscillation,
the tuned circuit getting the most feedback
will control the frequency of oscillation.

By applying this logic to the BFO, it is
easy to see how pulling occurs. If the BFO
is treated as if it were a TGTP oscillator,
then the incoming signal can be thought of
as a tuned circuit with infinite “Q”. With
this situation the closer BFO gets to the
signal frequency, or vice-versa, than, of the
two feedbacks present, that from the signal
and that from the BFO itself, the more pre-
dominate the signal becomes. At some point
in tuning, it becomes the controlling feed-
back and the BFO shifts abruptly to the sig-

nal frequency.

When this occurs, the frequency differ-
ence between the signal and BFO is neces-
sarily zero. Since the desired audio output
is that frequency difference, there can be
no audio output. With an SSB signal, the
peaks will be strong enough to pull the
BFO leaving only the lower amplitude por-
tions of the signal as output. The result is a
highly punctuated garble.
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With a diode detector, an output of a
different but still useless nature is possible.
A diode is a non-linear impedance, that is,
the impedance varies as a function of the
applied voltage or current. A fundamental
principle of electronics states that an AC
signal applied to a non-linear impedance will
generate harmonics of itself. If two fre-
quencies are applied simultaneously, they
will also generate their sum and difference
frequencies. When a signal as complex as
an SSB signal meets a diode, the result is
only slightly less calamitous than the famous
meeting of the irresistable force-and the im-
movable object. In this situation, every
audio component present may mix with
every other audio component to form still
more audio components. The result is the
mutfled, quacking, semi-speech with which
we have become familiar with the rising
popularity of SSB.,

These components are also the output
when the BFO locks onto one of the fre-
quencies of an SSB signal. But even if the
BFO stays where it should, these components
are still present in the output of the diode
mixer, because the diode must mix all fre-
quency components present. This is where
the product detector has a distinct advant-
age. It can mix only BFO and signal, rather
than BFO and signal, signal and signal, etc.
This type of distortion will be recognizable
to hi-fi fans as inter-modulation distortion.

The AGC in a receiver can be another
source of distortion. In receivers such as the
GC-1A, AGC response is fairly fast, capable
of following the syllabic rate of an SSB
signal or the keying of fast CW. With a
perfectly linear AGC, the only effect ou an
SSB signal will be uniform compression, or
overall reduction of the dynamic range. If,
however, the AGC response is not linear
(which is likely since no tube or transistor
has an infinite dynamic range, then the re-
sult will be envelope distrotion. This is a re-
arrangement of the relative amplitudes of
the signal components. Normally, this dis-
tortion is not too severe as most signals will
stay mainly within the most linear portion
of the AGC response.

The more important problem with AGC
is that, even without modification, it cannot
be used effectively. If pulling occurs even
with AGC, the AGC is not limiting the sig-
nal sufficiently and the only recourse is to
reduce the RF gain. When this is done, the
AGC begins to lose control and its advant-
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ages are gone. It is worth noting that for
the GC-1A, Heath recommends that it be
turned off for SSB reception.

Theory

The product detector offers a solution to
most of thses problems. It allows far better
isolation for the BFO, reducing pulling to a
bare minimum. Being a linear device, it does
not experience the extreme inter-modulation
distortion possible with a diode detetcor.
Finally, since pulling is not a problem, it
allows operation of the receiver at maximum
rt gain and use of the AGC. Thus, neither
the convenience of AGC nor the receivers
sensitivity are sacrificed to the “new wave”.

The product detector is more properly
known as a multiplicative mixer, the same
circuit as is used for a converter in the front
end of most modern receivers. This fact will
explain the product detector circuits fre-
quently seen which employ a pentagrid con-
verter tube. Another apt name is “audio
converter,

To see why and how a product detector
works, refer to the circuit of Fig. 1. First,
note that the coupling capacitors used have
a very high reactance for transistor work,
even at 455 kHz. The reactance of the
15-pF capacitor is about 20 kohm and that
of the 33 pF is about half that. These high
impedances are in series with the low input
impedances of the transistors, providing a
large voltage division. This insures small
signal operation of the transistors guaran-
teeing their linearity.

This also provides a high degree of isola-
tion for the BFO, which combined with the
isolation inherent in the transistor, makes
the BFO far more immune to pulling. This
immunity is such that in the GC-1A, a local
broadecast station about a mile distant, will
not pull the oscillator more than about 50
Hz,

In operation, Q1 is an emitter follower,
whose vacuum tube corollary is the cathode
follower. The same conditions hold true for
both. They are capable of power gain, but
not voltage gain. Since the emitter resistor
is common to the emitter of both transistors,
the signal is directly coupled to what is to it,
a common-base amplifier. In this amplifier,
voltage gain is dependent to a certain ex-
tent on the quiescent or operating point of
the transistor. This operating point is a func-
tion of biasing and the bias may be con-
trolled at the base.
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Since the BFO is connected to the base of
Q2, it is constantly changing the bias and,
therefore, the quiescent point at a rate near
the frequency of the signal on the emitter.
This means that the signal sees a linear in-
put impedance and a rapidly changing volt-
age gain. This is the reason for the term,
‘multiplicative’. Since the output voltage is
the input voltage multiplied by the voltage
gain, if we must inlcude the BFO frequency
to express the voltage gain in the equation,
then the effect is literally multiplicative
mixing.

Adjustment and operation:

This circuit is sufficiently simple that its
construction should provide no obstacle to
anyone. I have included the PC board lay-
out (Fig. 2) that I used and one can see
that I followed the actual appearance of the
schematic quite closely. If you wish to make
vour own layout, this is generally the best
method to follow, at least for the smaller
projects. I strongly recommend that a PC
board be used. They provide the neatest,
most compact, best appearing and most dur-
able form of construction available for small
circuits such as this. Etching is not difficult
and kits are available for it.

Having constructed the circuit, it should
be mounted in the receiver and connections
made to it. The supply voltage may range
from six to twelve volts but be sure that
you do not exceed the collector breakdown
ratings of the transistor you use. The BFO
should be able to supply about .2 volts RMS
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Fig. 2. Layout for the etched cir-
cuit board used by WB&CHO.
0AF OUT
OGND

to the base of Q2 and the signal should
not exceed this value at the base of Q1.
These values are valid for the circuit when
it is correctly adjusted.

To adjust the product detector, first set
the linearity pot to zero resistance (so that
the base of Q2 is shorted to ground). With
the BFO off, (making sure that the product
detector is on adjust the linearity pot from
zero until the signal to which your are tuned
becomes slightly audible with the volume
control on full. A local broadcast station
makes an excellent test signal. When the
BFO is turned on the signal should be very
loud, though not quite as loud as with the
diode detector for an AM signal. This will
vary with the type of receiver but will
probably hold true in most cases. If one
wishes to tinker further, the ultimate de-
sired result is a maximum of signal with the
BFO on and minimum with it off. The signal
present when the BFO is off is a result of
intermodulation distortion and is not de-
sired for best reception.

When all this accomplished, it is possible
that the BFO will need adjustment to get
a zero-beat at the zero-beat mark on its
control. In the GC-1A, this is remedied by
tuning an AM signal for maximum on the
S-meter, setting the BFO at the zero mark,
and adjusting the BFO inductor for a zero-
beat. Similar methods may be used for any
receiver.

In operation, the product detector is vir-
tually identical to the diode detector with
the major difference being the improved re-
ception. The BFO is adjusted to one or the
other side of zero-beat depending on which
sideband is wanted. The signal should show
the most deflection on the S-meter when the
voice sounds the best. The receiver may be
tuned with the RF gain on full and the
AGC on.

The ideal SSB receiver is the one on which
the only adjustment required is the tuning
and sideband selection. When this product
detector is used in the GC-1A or any other
receiver, operation begins to approach that
ideal.

.. . WB6CHOQ
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the only "'no compromise”
siXx meter SSB transceiver

s
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the Heathkit SB-110...full features...new lower price—$299.0(

Eslos

Crar

e The only truly high-performance SSB transceiver on
six meters ¢ Uncompromised engineering — the SB-110
features the same quality crystal filter found on Heathkit
80-10 meter SB-Series rigs @ The same Heath LMO (Linear
Master Oscillator) found on 80-10 meter SB-Series rigs
e Built-in VOX e Built-in Crystal calibrator e Upper &
Lower sideband selection e Full CW provisions, including

built-in sidetone

You Can Work *‘Six"” With A Truly High-Performance
Rig . . . get lowband stability, 1 kHz dial calibration,
linear tuning, and a backlash-free dial mechanism, plus
all of the other standard *‘built-in" features found on the
Heathkit 80 through 10 meter SB-Series equipment. The
SB-110 runs 180 watts P.E.P. SSB input, 150 watts input
CW . .. considered the ideal transceiver power level by
most ham radio communications engineers. It is one unit
of the famous Heath SB-Series, meaning availability of
matching low-band transmitters, receivers, and trans-
ceivers, plus accessories such as the SB-600 Communica-
tions Speaker, SB-630 station console, and SB-610 Signal
Monitor. And the SB-110 goes fixed or mobile with the
appropriate power supply . . . the same versatility you
experience with the famous Heath SB-101. Call it the
one “no compromise’’ six meter SSB transceiver.

RSB 23 H0%. .o aaihn s v e ....5299.00
Kit HP-13, Mobile Power Supply, 7 lbs. . . . .. . eannaes 30495
Kit HP-23, Fixed Station Power Supply, 19 Ibs.. .. R i
Kit SBA-100-1, Mobile Mounting Bracket, 6lbs.. ... ... ......... 51485
Kit SB-600, SB Series Speaker, Slbs...... ... ... ... ......... $17.95
Kit HS-24, Mobile Speaker, 4lbs......... ... ... ... ...........51.00
HDP-21A, SSB “Ham" Microphone, 4 Ibs.. ... ... ... .S28%.40

F————,—— —— — — — — —

HEATH COMPANY, Dept. 11-3
Benton Harbor, Michigan 49022

FREE
CATALOG

Describes these and over 250

[ Enclosed is §

amateur radio, shortwave,

PARTIAL 5B-110 SPECIFICATIONS—RECEIVER SECTION: Sensitivity:
0.1 uv for 10 db signal-plus-noise to noise ratio. Selectivity: 2.1 kHz @
6 db down, 5 kHz mox, @ 60 db down. Image rejection: 50 db or better,
IF rejection: 50 db or better. Audio output power: 1 watt, AGC
characteristics: Audio output level varies less than 12 db for 50 db
change of input signal level (0.5 uv to 150 uv). TRANSMITTER SECTION:
DC power input: 558, 180 watts PEP; CW, 150 watts. RF power output:
SSB, 100 watts PEP, CW, 90 watts (50 ohm non-reactive load). Output
impedance: 50 ohm nominal with not more than 2:1 SWR. Carrier
suppression: 55 db down from raoted output. Unwanted sideband
suppression: 55 db down from roted output (@ 1000 Hz & higher. Dis-
tortion products: 30 db down from rated PEP output. Hum & noise:
40 db or better below rated carrier. Keying characteristics: VOX
operated from keyed tone using grid-block keying. GENERAL: Frequency
coverage: 49.5 to 54.0 MHz in 500 kHz segments (50.0 to 52.0 MHz with
crystals supplied). Frequency selection: Built-in LMO or crystal control.
Frequency stability: Less than 100 Hz drift per hour after 20 minutes
warmup under normal ombient conditions. Less than 100 Hz drift for
=109 supply voltage variations. Dial Accuracy: Elecirical, within 400 Hz
on all band segments, ofter calibrotion at nearest 100 kHz point. Visual,
within 200 Hz. Dial backlash: No more than 50 Hz. Calibration: Every
100 kHz. Power requirements: High voltage, +700 v. DC @ 250 mo
with 19, max. ripple. Low voltage, 4250 v. DC @ 100 mo with .059; mox.
ripple. Bios voltage, —115 v. DC @ 10 ma with .59 max. ripple. Filament
voltage, 12.6 v. AC/DC (@ 4.355 amps. Dimensions: 147" W x 634" H x
1333" D.

e ot T1I A TEFIXE I

-r ‘

. plus shipping.

Please send model (s)
[ Please send FREE Heathkit Catalog.

|
|
I
kits for stereo/hi-fi, color TV, I
I
I
|
|

Harbor, Michigan 49022

Prices & specifications suﬂect to change without notice.

L—-——_———————_

test, CB, marine, educational, | Name |
humeb;lzldvhuirtr:y. Save up to (Please Print) |
oing the easy assem-
bly yourself. Mail coupon or Address |
write Heath Company, Benton City State Zip |
AM-178

“__——__-—__'——J




AMCOM—

Robert Cox K3CEE

1411 Medford Road
Wynnewood, Pa.

Amateur Mobile Communications

The Phil-Mont Mobile Radio Club, Inc. of
Philadelphia and vicinity is endeavoring to
complete the outfitting of what it considers
a communications facility second to none in
AMCOM, Amateur Mobile COMmunications.
This is being accomplished through the
equipping of an independently powered mo-
bile communications trailer, W3RQZ/port-
able, with its own prime mover also fully
equipped to operate as an independent mo-
bile relay station, W3RQZ/mobile.

Photo 1 shows the com-truck, a 1949 In-
ternational Metro, and the com-trailer made
by the Schulte Company in 1953. The truck
was obtained from the Township of Spring-
tield, Delaware County, Pennsylvania, as a
former bookmobile. It is now painted a
bright emergency red, and well-marked as
W3RQZ, Mobile Communications Center. It
is well-known to Phil-Monters as the “Red
Truck.” The trailer was purchased from a
contractor whose use necessitated minor
body repair topped off with Rustoleum sil-
ver paint.

The emergency Red Truck contains equip-
ment mainly for 10 meter AM operation, a
60-watt unit with VFO and tunable receiver,
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and on the right, the Red Truck.
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and a 30-watt fixed frequency unit for op-
eration on the club frequency ot 29.493
MHz., This unit can be operated at its posi-
tion or by the driver of the vehicle. AC
power can be supplied by an external gen-
erator hauled in the truck. DC power is
supplied by a 100-ampere Leece-Neville
generating system.

Two other operating positions are avail-
able for 2 meter and 6 meter Gonset Com-
municators, with ac and de¢ power cords in-
stalled. The wunits are not permanently
mounted in the truck, but are available from
club members at a moment’s notice.

Also included are two telephone line
inputs for local and common battery lines;
25 watt public address system which oper-
ates on 6 Vdc or 110 Vac; automatic change
over for lighting from ac to dc; metering
of generator voltage, frequency and running
time; handi-talkies on 29.493 MHz; galley
supplies; vehicle and other tools; and local
area maps. Antennas are available for all
equipment, and are mounted in positions for
minimum interference between bands.

The communications trailer is Phil-Mont's
most refined piece of emergency equipment.
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Photo |. The Phil-Mont mobile communications vehicles. On the left is the communications trailer,
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Twenty-six feet long, it is divided into an
operating area 7" by 14" and a lounge area
7" by 12'.

The operating area walls and ceiling are
lined with accoustical tile and are fiber
glass insulated. All interiors are white for
light reflection, with dark green kick areas.
Wall to wall carpeting completes the noise
reduction. The lounge area includes a daybed
for overnight operators, galley supplies for
coffee breaks, and storage cabinets for gal-
ley and stationery supplies. The lounge
floor is tiled for easy cleaning. Each area has
its own door, and eight windows around the
trailer provide adequate ventilation when
the 1% ton air-conditioner is not in use.

W3RQZ/portable consists of seven oper-
ating positions coordinated by a Message
Center Chief. Stationed by the equipment
rack at the door between the lounge and
operating areas, the Message Center Chief
accepts all incoming traffic originating at
the portable operating site. He distributes
the traffic to the proper operating position
for transmission and keeps track of its prog-
ress. From his position he has the capability
of monitoring, recording or placing on public
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address both sides of any or all QSO’s in
progress. He can also patch any receiver to
any push-to-talk transmitter.

On the ceiling to the left of the rack is a
power panel which distributes the power to
the equipment, lights, and fans. It also pro-
vides complete instrumentation of the volt-
age, current, frequency, and running time of
the incoming power.

In the rack, from top to bottom, are:
broadcast band monitor; NARCO VGTR-2
for use on aircraft frequencies in emergency
situations; message center patching and
monitoring equipment; tape recorder; and
public address amplifier.

On the side of the rack is a control-head
for 6 meter FM with an RCA CMV-3 on
52.525 MHz and a telephone instrument
for use with two incoming lines. Seen on and
under the table are speakers and controls
for several safety service receivers on both
high and lowband police and fire frequen-
cies. The binders contain complete schemat-
ics for all equipment,

Photo 3 is a view from the message cen-

position toward the rear of the trailer.
In it can be seen an SB-33 for 75, 40, and
20 meter sideband; a 6 meter AM unit; and
at the 10 meter position on the extreme right,
an Elmac AF-67 and PMR-6. Either micro-
phones and earphones or operator headsets
are used with floor switches for maximum
noise reduction and operating ease.

Not shown is a Gonset Communicator II,
modified for push-to-talk, and a Model 15
Teletype for future use on 80 meter and 40
meter FSK or 6 meter and 2 meter AFSK.

Vertical antennas are available perma-
nently attached for all frequencies but those
below 14 MHz. For such frequencies coil-
loaded mobile whips or portable wire-anten-
nas are used.

Before the acquisition of the com- tlallel
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Photo 3. View toward trailer rear from the message
center position.
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Phil-Mont hauled portable power behind the
Red Truck in a generator trailer constructed
by club members. This trailer houses a 3
kW—110 volt Onan generator, Model W2C,
water-cooled, two cylinder—four cycle, with
electric start and ignition. The generator
trailer is completely enclosed and has louv-
ered access doors; power cords, junction
boxes, jacks, wheel chocks, gas cans, and a
power distribution panel complete the in-
stallation. This unit is up for sale, but is
hauled by other vehicles for present com-
munications projects in the absence of a new
Onan Model 305CCK, to be purchased by
the club when funds permit. The new Onan
will use propane as fuel and will be stored in

the Red Truck or any other vehicle used to
tow the com-trailer.

Phil-Mont is available with its two ve-
hicles to undertake any communications ac-
tivity, be it an emergency or a routine
project. With a force of Phil-Monters active
daily in their own mobiles on 29.493 MHz
AM, 52.525 MHz FM, and 3.995 MHz SSB,
practice in mobile communications is con-
tinual, and leads them to say that Phil-Mont
in ready “every single minute.”

Inquiries on particulars concerning Phil-
Mont’s vehicles should be addressed to
W3QQH, C. R. Spencer, Jr., 124 Central
Avenue, North Hills, Pennsylvania 19038.

. . . K3CEE

I am of the firm opinion that the Ham-M
is the finest commercial rotator made . . .
mechanically. It is very ruggedly built and,
when properly installed, will not be the
limiting factor, strength-wise, in any reason-
able antenna installation.

My complaint is with the direction indi-
cating circuit. The meter in the control box
is calibrated in 5° increments. And the sig-
nal which the meter measures is the output
of a low impedance voltage divider consit-
ing of a wire-wound pot located in the
rotor housing. What could be more accurate?

The catch is simply that the bridge is
driven by a de¢ voltage which is rectified
from the ac line through a transformer and
is directly proportional to it. What this
means is that on a cold day when everyone
is using their electric heaters, causing the
line voltage to drop, my meter says that
the antenna is pointed more to the west
that on a “warm” day. Or, since I have poor

MODIFIED CIRCUITRY
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Fig. |. Circuit of the Ham M control box as mod-
ified for consistant directional readings.
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Improving the Ham M

line voltage regulation in the shack, when-
ever I talk the linear up, the direction
meter dips to the west.

A moment of head scratching convinced
me that this nasty problem should be solved
with only the most advanced techniques: a
zener diode was called for, to regulate the
indicator supply.

A zener diode, you may recall, is the
solid-state design engineer's answer to the
VR tube. These little gadgets can regulate
a voltage with a dynamic impedance of as
low as 12 or less, far better than a VR
tube. They come in lower voltages and
a wider range, too. And this is the turning
point of the story.

The cover of the control box was removed,
the zener diode and the three new parts
shown in Fig. 1 were installed and the cover
was replaced. A word of caution is in order
about the installation of the zener diode.
It should be connected “backward”, that is,
with the cathode wired to the positive line.
Connecting the diode incorrectly can not
harm anything. The only result will be that
the output voltage will be less than a volt
instead of 16 volts. The usual caution should
be exercised with the electrolytic capacitor.

The results have been most satisfactory.
During more than eighteen months of op-
eration, the full scale voltage of the bridge
has been checked periodically and found
to be right on the nose. And even better—
when I talk the linear up, the direction
meter doesn’t budge a bit.

. . . Galen Tustison WB6FGT

73 MAGAZINE



ByE Wk,

“BARNEY’’ ST. VRAIN,

ADVERTISEMENT

The Classic Feed System

WOP XE

DESIGNING ENGINEER - CLASSIC 33 PROJECT

MOSLEY ELECTRONICS,
4610 N. Lindbergh Blvd., Bridgeton, Mo. 63042,

beams several years ago, the method

of feeding such antennas has been a
subject of much disagreement, When these
antennas were introduced a few years ago,
Mosley Electronics ran a series of adver-
tisements in the technical magazines ex-
plaining the method used on our Trap-Master
and Power-Master series. Since that time we
have tried a wide variety of feed systems
endeavoring to improve on the original sys-
tem.

SINCE the introduction of multi-frequency

Testing Other Feed Systems

In testing, we found a three band gamma sys-
tem ineffective without isolation networks
which resulted in the feed system costing
about equal to the antenna cost; with a
system using hairpins, the cost proved low
but did not provide a better match than the
original Mosley matching system, It became
quite clear to us, the Mosley system was
hard to beat, for we had found only one
slight disadvantage, the elements needed to
be stagger tuned to raise the feed point re-
sistance from about 30 to 50 ohms, This
slight detuning, which proved advantageous
in increasing the bandwidth, brought about,
in turn, a slight gain loss of about 0.5 to
1.0 db. at resonance,

The Classic-33 System

In order to give hams a new choice in beam
matching systems and an antenna featuring
maximum gain with increased bandwidth, we
devised the matching method used on our
New Classic 33 antenna, a method which
takes advantage of the principle that antenna
resistance at the center driving point in-
creases as the antenna length increases,
Figure No, 1 shows the radiator element of a
three element beam at resonance having an
impedance at the driving point (Z) of about
30 + JO ohms, If the element is made longer,
Z s can be raised to about 50 + J50 ohms,
(Figure No. 2) Since the reactance is induc-
tive, it can be canceled with a series capac-
itor of 50 ohms reactance, leaving 50 ohms

INCORPORATED

Code 107.

feed point resistance. (Figure No. 3) Series
capacitors used on the Classic 33 are made
by inserting a suitable length of heavily in-
sulated wire into each half of the element
tube at the center, The wires are terminated
in a plastic tube enclosure with a type ““N”’
connector for connection of the coaxial cable,
To isolate the outer coax conductor from
ground, the coax line is coiled for a few
turns near the antenna end. This.is designed
to prevent the very unlikely affect of ““Feed
Line Radiation’’,

Fig. 1.
#

Z = 30 4 JO

Fig. 2
e ————)

=L
L——2+

&—— e ———
Zy =50 + J50

Fig. 3. (_. ._)
Zx =50 + Jo

Converting Other Beams

This feed system could feasibly be used on
our other Trap-Master beams, but little would
be gained and the antenna would need to be
completely rebuilt, The big difference be-
tween the new Trap-Master beam and the
TA-33 is that the latter has conversion fea-
tures, while the Classic 33 does not. The
engineers at Mosley designed the Classic 33
to give the ham a little extra gain on all
bands, It is our conviction that discriminate
ing DX’ers will find this new tri bander
specifically suited to their needs, but hams
buying the well-known TA-33 will still enjoy
a superior quality DX antenna with a gain
very close to that of the Classic 33.



Gordon Hopper WIMEG
75 Kendall Avenue
Framingham, Mass.

The Slide Rule Made Easy

The slide rule is a great timesaver for anyone who needs to make a lot
of calculations. Here's a simple course in using one.

Are you interested in improving your
personal capabilities? Have you given any
thought toward mastering the use of a slide
rule? Did you, at one time, purchase a slide
rule and then fail to follow through on
learning how to use it? If the answer to
any of these questions is yes, then here is
your opportunity to get started on a simple,
worthwhile project.

Radio amateurs who are engineering or
mathematic students, radio amateurs tak-
ing electronic or mechanical refresher
courses, and radio amateurs in the elec-
tronic, electrical, or mechanical engineering
professions readily realize the wvalue of
knowing how to use a slide rule. Radio
amateurs who design their own equipment
will find the slide rule to be an ideal time-
saver when they become involved in mathe-
matical processes.

The person who does not use a slide rule
for calculations is far less efficient than
the person who does use one. For instance,
without a slide rule, problems must be writ-
ten out and the operations performed in
lengthy detail by using the rules of ordinary
arithmetic. This is very time consuming and
the chance of making errors is very high.
Sometimes a problem spreads over such a
large area that the real point of the prob-
lem is lost. Technical people find it to their
advantage to be proficient in the use of a
slide rule as every practical problem which
requires a concrete answer will reduce to
a mathematical computation. They find a
great deal of time being saved while per-
forming operations in multiplication, divi-
sion, square roots, etc., on a slide rule and
with a fairly high degree of accuracy.

General

What is a slide ruleP It is a tool, or an
instrument, designed to save time and labor
for a person who is performing mathematical
calculations. It is the mechanical equivalent
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of a table of logarithms. It is a ruler, a
type of measuring stick which contains a
number of graduated scales arranged in
such a manner that multiplication, division,
squaring, cubing, extracting roots, and other
operations may be performed easily by the
manipulation of the rule and the reading
of the indications obtained on the scales.

There are several types of slide rules
available, and before purchasing one, the
user should investigate further as to which
one is best suited to his needs or purposes.
Your technical associates, or instructor, can
advise you as to which one will best satisty
your need. It is better to be advised in
advance than to find out later that you
possess a slide rule not satisfactory for your
purposes. If you don’t want to take advice,
check a catalog and you will find at least
five kinds of slide rules available. Your
own judgment may lead you to purchase a
rule which is used by physicists or someone
above the scope of your purpose. There are
trig rules and beginners’ rules. There are
5-inch rules, 10-inch rules, and circular
rules. So, be careful before you decide which
rule to purchase. The wvectorlog rule has
27 scales and is generally used to solve
problems in electrical engineering and
physics. The dynamic reactance rule is used
in calculations for decibel, inductive react-
ance, capacitive reactance, resonant fre-
quency, surge impedance, etc. The log log
dupli-decimal trigonometric rule has 21 scales
including five log log scales and is used
extensively when working with logarithms.
A trig rule is usually satisfactory for most
general amateur calculations, but working
with advanced ac theory will require the
use of a log log rule.

Complete text books on the use of a slide
rule are available and instruction books ac-
company most new slide rules. This article
includes condensed and simplified instructions
for the fundamental and basic uses of a
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Fig. |. The major parts of a slide rule with the two most basic scales, the C and D scales.

slide rule and should be beneficial to a
beginner.

Slide rule computations for use in elec-
tronics are usually more accurate than the
tolerances of the circuit components in-
volved. A ten-inch slide rule will give re-
sults accurate to within one part in 1000,
or one-tenth of one percent when used cor-
rectly. As a point of comparison, a good
ohmmeter has an accuracy of =2 percent
and this will lead us to assume that for
all practical amateur purposes, numbers used
in slide rule calculations may be rounded
off to a value which can be easily handled
(significant figures).

When working out problems involving
ultra-high radio frequencies, the decimal
point and powers of ten become involved.
A person possessing a good knowledge of
working with the powers of ten will have
no difficulty in properly placing a decimal
point when using a slide rule.

You have now been introduced to the
slide rule and it is necessary that you possess
a slide rule in order to benefit fully from
the remainder of this article, though Fig. 1
illustrates the most common scales.

Construction of the slide rule

A slide rule has three major parts (see

Fig. 1):

(1) the indicator, or cursor

(2) the slide

(3) the stator (upper and lower bars)
Each scale on the slide or stators is
identified by a letter (A, B, C, Cl1, CIF,
CF, D. DF, K, 1. LLO, LLOO, LL1, LL2
LL3, S, ST, and T). There are two C, C1,
and D scales so that the most commonly
used scales will be available on either side
of the rule. These scales are found on a
log log rule and there will be fewer on a trig
rule or on a beginners rule.
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[t the user learns how to read the scales,
how to set the slide and the indicator for
each operation to be performed, and how
to place the decimal point in the answer,
it will then be a simple matter to multiply
and divide, to square a number or find the
square root of a number, to cube a number
or find the cube root of a number, to find
the logarithm of a number or find a number
whose logarithm is known, and to find the
sine, cosine, or tangent of an angle or to
find an angle whose sine, cosine, or tangent
is known.

Interpreting the C aud D scales
The C scale on the slide and the D scale

on the stator are the scales most frequently
used and are exactly alike. They are the
fundamental scales of a slide rule and are
used for all general fundamental calculations.
Examine the D scale (Fig. 1) and you will
see lines and large numerals printed on the
stator (1, 2, 3, 4, 5, 6, 7, 8, 9). These
lines are called primary graduations. The
line labeled 1 at the right end of the C
scale is called the right index, the line
labeled 1 on the left end of the C scale is
called the left index. The distance between
1 and 2 on the D scale is divided into 10
parts. These are called the secondary grad-
uations (1, 2, 3, 4, 5, 6, 7, 8, 9). They
are located between 1 and the primary
graduation 2. To locate the numbers 12
and 8 on the D scale—8 is found at the
primary graduation marked 8, 12 is found
at the secondary graduation marked 2 (on
the left). The number 14 is the secondary
graduation marked 4 (on the left) and the
number 19 is the secondary graduation
marked 9 (on the left). The number 35 is
found at the fifth secondary graduation to
the right of primary graduation 3 (3.5 X
10). The number 87 is located at tl e seventh
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secondary graduation to the right of primary
graduation 8 (8.7 X 10). The increments
of a secondary number are called tertiary
graduations. For instance, on the D scale,
the distance between 3 and 4 is divided
into 50 graduations, each one having a value
of 2, The number 3.6 is located 30 tertiary
graduations to the right of primary gradua-
tion 3, or 6 secondary graduations to the
right of primary graduation 3. The number
85,000 is located at the fifth secondary
graduation (or the tenth tertiary gradua-
tion) to the right of primary graduation
8 (8.5 X 10%). If vou place the cursor hair-
line at secondary graduation 2 on the D
scale, you will be reading the number 12
(.012, 1.2, 120, 1200, etc.). Place the cursor
hairline at primary graduation 9 on the D

scale, you will be reading the number 9
(.009, .09, .9, 90, 900, etc.).

Use of other scales

The DF and CF scales are the same as
the D and C scales except that they are
folded at = (3.14). To avoid the necessity
of resetting when an answer runs off the
scale, they are used with the C and D
scales. The C1 scale is an inverted C scale
used in reading the reciprocal of a number.
The D1 scale is an inverted D scale the
same as the C1 scale. The CI1F scale is
an inverted CF scale used with the DF
scale in the same manner as the C1 scale
is used with the D scale. The A and B
scales are identical and are used with the
C and D scales when finding squares and
square roots. The K scale is used in finding
cubes and cube roots. The S scale is used
when working with the sine and cosine of
an angle. The T scale is used when work-
ing with the tangent of an angle. Trig slide
rules may have a T2 scale for working with
tangents of angles greater than 45°. The
ST scale is used when working with sines
and cosines of angles less than 6°. The L
scale is used with the D scale for finding
the mantissas of the common logarithms.

Simple multiplication exercises

Get familiar with using the slide rule by
calculating simple problems first. The easiest
function to perform first is the multiplica-
tion of two numbers. Set the left index 1
on the C scale (slide) to line up with the
primary graduation 2 on the D scale. Move
the cursor hairline to the primary gradua-
tion 2 on the C scale and read the result
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(2 X 2) on the D scale as being the num-
ber 4 (20 X 2 = 40, 20 X 20 = 400, 2000
X 2000 = 4,000,000, .02 X .2 = .0004, etc.).
Set the right index 1 on the C scale (slide)
to line up with the primary graduation 8
on the D scale. Move the cursor hairline to
the primary graduation 7 on the C scale
and read the result (8 X 7) on the D scale
as being the number 56 (.8 X .7 = .56, 80
X 70 =5600, .08 X .07 =.0056, 800 X
700 = 560,000, etc.).

Simple division exercise

Division of numbers on a slide rule is
the opposite or inverse operation of multipli-
cation. To divide 8 by 4, move the C scale
(slide) until 4 is lined up with 8 on the
D scale and read the result (8/4) found
at the left index point on the D scale as
being 2 (.08/.4 = .2, 800/.004 = 2000,000,
etc.)

Multiplication of three numbers

Multiplication of three numbers is a little
more involved than with two numbers, but
is not complicated. Multiply 28.5 X 4.6 X
6 as follows: make an approximation—30
times 4 times 6 = 720. Set the right index
1 of the C scale to line up with 2.85 on
the D scale. Set the cursor hairline at 4.6
on the C scale. Set the left index 1 of the
C scale under the hairline. Read the result
on the D scale directly below 6 on the
C scale as 790. Practice will improve your
accuracy.

Multiplication and division combined

Find the product of two numbers and
divide the result by another number.

24 x 38 :

19 4 An approximate answer
could be 8. Set 12.4 on the C scale to line
up with 2.4 on the D scale. Move the cursor
hairline to 3.8 on the C scale and read
the result on the D scale as 7.35.

Try

Simple proportion exercises

Here is the easy way to find proportions.
Find x if 2/3= 5/x. Place 2 on the C scale
directly over 3 on the D scale. Move the
cursor hairline to 5 on the C scale and read
the result on the D scale as 7.5. Find x if
18/x = 3.5/22. Place 3.5 on the C scale
directly over 22 on the D scale. Set the
cursor hairline to 18 on the C scale and
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read the result on the D scale as 113.

Circular measure exercises

Convert =/2 radians to degrees. Set 2
on the C scale directly over the = mark
on the D scale. Move the cursor hairline
over the left index 1 on the C scale and
read the answer on the D scale as being
1.57 degrees. Convert 45° to radians. Place
R (or P°) on the C scale directly over 4.5
on the D scale. Read the result on the D
scale directly below the right index 1 of the
C scale as .785. We know it will be less
than 1 because 1 radian is equal to 57.3
degrees.

Simple trigonometry exercises

It is very easy to calculate circle circum-
ference and diameter. Here we use the D
and DF scales. Find the circumference of a
circle having a diameter of 4 em. Place
the cursor hairline at 4 on the D scale
and read the result on the DF scale—12.57
cm. Find the diameter of a circle having
a circumference of 50 em. Place the cursor
hairline at 5 on the DF scale and read
the result »n the D scale—15.8 cm.

Squaring and square or cube roots

Likewise, squaring numbers and extract-
ing square roots turns out to be very easy.
To square the number 3.3, set the cursor
hairline to 3.3 on the D scale and read
the result on the A scale—10.9. Find the
square root of 40. Set the cursor hairline
to 40 on the A scale and read the result
on the D scale—6.3. The K scale is set
up in three sections. Use the left section
for finding the cube root of numbers be-
tween 1 and 10. the middle section for find-
ing the cube root of numbers between 10
and 100, and the right section for finding
the cube root of numbers between 100 and
1000. Find the cube root of 8. Set the cursor
hairline to 8 on the left section of the K
scale, read 2 on the D scale. Find the cube
root of 80. Set the cursor hairline to 8 on
the middle section of the K scale, read 4.3
on the D scale. Find the cube root of 800,
Set the cursor hairline to 8 on the right

section of the K scale. read 9.3 on the D
scale.

Logarithm exercises
A slide rule reads only the mantissa of
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common logarithms and the characteristic

is to be calculated. Find logw 3.14. Place
the cursor hairline at 3.14 on the D scale.
Read the result on the L scale directly un-
der the hairline as 0.497. Find logw 887.
Place the cursor hairline at 8.87 on the D
scale. Read 0.948 on the L scale. Add the

characteristic 2 and the answer is 2.948.

Working with the
trigonometric functions

Trigonometric functions are readily de-
termined by the use of a slide rule. Work-
ing with these functions involves the use
of the C, C1, D, S, T, and ST scales. Exam-
ination of the S, T, and ST scales shows
each identified graduation as having a
double set of numbered graduations. On the
S scale, which will be used with the C or
D scale, the left hand (black) graduations
are angles between 5.7° and 90° to be used
with sine value calculations. The right hand
(red) graduations are angles between 5.7°
and 84° to be used with cosine value cal-
culations. Find the sine of 15°. Set the
cursor hairline to the black 15 on the S
scale and read 0.259 on the D scale. Find
the cosine of 60°. Set the cursor hairline
to the red 60 on the S scale and read 0.5
on the D scale. If the sine wvalue is 0.96,
what is its angle? Set the cursor hairline
to 9.6 on the D scale and read 74° on
the S scale. On the T scale, the left hand
(black) graduations are angles between 5.7°
and 45° to be used with tangent value cal-
culations. The right hand (red) graduations
are angles between 45° and 84.3° to be
used with cotangent value calculations. The
tangents of angles between 5.7° and 45°
are read on the C or D scale and those
between 45° and 84.3° are read on the C1
scale. Cotangents of angles between 45°
and 84.3° are read on the C or D scale
and those between 5.7° and 45° are read
on the CI scale. Find the tangent of 31°. Set
the cursor hairline to the black 31 on the
T scale and read 0.6 on the C or D scale.
Find the tangent of 70°. Set the cursor
hairline to the red 70 on the T scale and
read 2.75 on the C1 scale. The ST scale
is used when working with sines and tan-
gents of angles between 0.5° and 5.7°.

The author used a Lafavette 99-7031 10-
inch log log dupli trig slide rule in the
above trig function manipulations. More
detail could be given towards this type of
coverage, but since not all slide rules are
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IADD PUNCH AND CLARITY TO YOUR SIGNAL!

® INSTANTANEOUS LIMITING ACTION
e NO APPRECIABLE DISTORTION

o COMPLETELY COMPATIBLE WITH SSB
e TALK POWER GAIN AT LEAST 10db
OPTIMUM FREQUENCY RESPONSE
INSTALLS IN MICROPHONE LEAD
ALL SOLID STATE PRINTED CIRCUITRY

COMDEL SPEECH PROCESSOR MODEL CSP 11

A prototype of the CSP || has proved itself an effective communication aid on the amateur bands
over several years. Its prominent feature is the instantaneous limiting action without the harmonic
distortion which often makes the use of conventional speech clippers marginal, particularly with
I SSB transmitters. Designed for relatively insensitive high Z microphones—a gain control is provided—

the unit will enhance the intelligibility of voice signals considerably under difficult conditions, "MIL"
design and construction is employed throughout for high reliability and long life. Power is obtained
from internal batteries (6 "'D" cells—life exceeds 300 hours) or external source. Free brochure will
| be sent on request.

PRICE: $111.00 POST PAID IN U.S.A, (Mass. residents add 39, tax)
COMDEL INC.—218 BAY ROAD—HAMILTON, MASS.—01982
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hairline to the C scale left index. Turn

alike, it would benefit the user more to study

the examples given in the book which accom-
panies each new slide rule.

Log log scales

The LL scales on a log log rule represent
a logarithm of a logarithm. The LL1, LL2,
and LL3 scales range in values from 1.01
to 20,000, are used with the C and D scales,
and give the natural logarithms of num-
bers greater than unity. The LLO and
LLOO scales range in values from 0.0001
to .999, are used with the A and B scales,
and give the natural logarithms of numbers
less than unity.

Using the ¢, P°, and ~ gage marks
Near the left end of one C scale and

near the end of one D. scale you will note
the small letter c¢. This represents 1.128
and is used when calculating the area of a
circle. Find the area of a circle having a
diameter of 1.4 cm. Set the cursor hairline
to 1.4 on the D scale which does not have
the letter ¢ on it. Place the letter ¢ on the
C scale under the hairline. Move the cursor
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the slide rule over and read the area on
the A scale under the hairline as 1.53. The
P° mark found on one of the C scales and
on one of the D scales represent 5.72958
and is used when converting an angle from
degrees to radians. The = mark found on
the C, D, CF, and DF scales represents
3.1416 and is a ratio of the circumference
of a circle to its diameter.

Conclusion

Much more could be written about the
use of a slide rule but this article is pre-
sented with the hope of inducing amateurs
to become familiar with the benefits to be
gained by using a rule. More difficult exer-
cises and information pertaining to the care
and maintenance of a slide rule are usually
contained in the book which accompanies
a new slide rule. After some concentrated
practice, one should be able to multiply, di-
vide, handle square and cube roots, and
some of the trig functions very easily. For
those who wish to go further, it is recom-
mended that they obtain a textbook cover-

ing all of the uses of a slide rule.
. . « WIMEG
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Jim Ashe W2DXH
R.D. |
Freeville, N. Y.

How to Make Better Panels

Do all of your construction projects seem to look horrible? Here are
some good hints that will help you make them attractive.

What does your home made gear look
like? If your work resembles much of mine,
you may not be too eager to show it to
the public eye. For some time I've used a
simple ink-marking process on bare alumi-
num which is adequate but harsh and prone
to glare. It was passable, but I felt per-
sistently unhappy about its overall appear-
ance. This article describes one of the ways
I finally worked out for making more satis-
factory panels.

You won't need any special tools or ma-
chinery. There are no chemical processes,
although some time is required. The finished
panels can be very colorful, and a few of
mine are. Ten dollars should put you in busi-
ness for the next two years or more, and
the finished panels really do look good!

Materials Required

1. A scraping knife, a rather fine file,
and some emery cloth.

2. A sheet of fine grade wet sandpaper.
A fine-textured abrasive on waterproot
backing, used wet. The water prevents re-
moved metal from building up little islands
which clog the paper. Try some dry and
see.
3. Kitchen detergent, stronger varieties
preferred.

4. Denim rag.

5. Large cardboard box and some cheese-
cloth, scotch tape and safety pins.

6. A tew odd pieces of brick, wood, or
pipe.

7. Rustoleum spray enamel, about $2.00
per can. Their + 975 gray is good to start,
and you might like to purchase other light
colors later.

8. Draftsman’s lettering supplies:
pens, and waterproof India ink.

9. Rustoleum #717 clear spray enamel.

Purchase emery cloth and wet sandpaper

ruler,

These are the materials used in making panels. Most
of them are very easily obtained from local hard-
ware stores, supermarkets, and bookstores.
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Choose unpainted metal parts for construction, and
save yourself the trouble of cleaning off the manu-
facturer's inexpensive soft paint.
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Simple spray booth. Maybe ten cents in materials.
Store it front down to keep dust out.

which feels abrasive but not toothy to the
touch. Different manufacturers use differ-
ent grading systems so I haven't recom-
mended a particular degree of roughness.
Since you’re not going to really lean on it,
the scratches won't be deep and the grade
you use is not critical.

Preparation

If you want a good job, the surface to
be painted must be real clean. You have
two foes: grease and dust. Grease spoils
paint adhesion, and dust results in a relative-
ly huge mound in the finish for each tiny
particle. I hope you'll begin by practicing
on some scrap metal!

Surface preparation starts with the pur-
chase of the chassis or panel that is to be
painted. Choose aluminum with a natural
or unpainted finish. This saves solvent prob-
lems or a trip there and elsewhere for
somebody who can get it off for you.

You can make guide scratches on the
panel surface during construction. But they
mustn’t be deep! Although I've never tried
it, I suspect a good epoxy auto body filler
could fill in some pretty deep gouges. An
ordinary nail is hard enough to take a good
point for working on soft aluminum, and
will not need frequent resharpening.

When the construction work is done, go
back over the chassis or panel to clean up
the edges, corners and holes. A good knife,
used carefully, will pare out the rough
edges that usually appear around holes. A
fine file can round off sharp corners and
feather edges left by dull shearing tools.
You may want to give the work a first
finishing from a small piece of emery cloth.

Then make up a strong detergent solu-
tion and wash the work thoroughly. Use a
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This piece of scrap metal was cleaned over all and
then sanded on the upper portion only, before paint-
ing. Test scratches made with the edge of a sharp
knife show good adhesion on the sanded part.

wad of denim as a washcloth, and scrub
all surfaces twice, whether they get paint
or not. This removes grease which could be
carried around to the painted surface just
ahead of the enamel. Rinse thoroughly, and
by now vour hands should be very clean
too.

Still using warm water, have a go with
wet sandpaper at the surfaces to be painted.
Use only moderate pressure. Rub up and
down, diagonally, crosswise, and in circular
directions. The surface should take on a dull
whitish-metallic sheen with no strongly pre-
ferred direction of marking. The enamel
sticks very well to metal surfaces treated
in this way, so that no primer is required.
I've tried it both ways.

When you’re done with this, shake off
the excess water, wipe with clean paper
towels, and put the work in a warm place
to evaporate the last traces of moisture.
When dry, wrap it in a clean newspaper
and you can store it without deterioration
of the surface.

If youre in a hurry, you can shortcut
the following process by marking directly
on the cleaned surface with India ink. Then
spray clear enamel over all. Or you can
apply clear fingernail polish over the labels
and have your work back on the assembly
bench in about a half hour from starting.

Spray Painting

Try to arrange things so you can do the
entire job without moving the work. If you're
painting a box or other many-sided surface,

think about how you will move it when it's
wet. You'll soon accumulate a few wood
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LETTERING INK

Take this with you when you go looking for lettering
supplies. Here are a pen holder, a Leroy adapter,
one of the Leroy lettering tips, and a very convenient
ink dispenser.

blocks and other objects for propping things
in place. A panel or chassis will rest nicely
on top of a piece of pipe and can easily
be rotated to get at all sides.

The Rustoleum enamels I've been using
are well behaved, and flow very nicely a
few seconds after going onto the metal.
The object is to get just enough every-
where to cover the work. Avoid overdoing
by putting on a coat that’s visibly too thin.
Estimate your progress and then put on a
little more. Corners seem to need special
attention.

Those handy spray cans will generate an
awful mess. I don't think spraying outdoors
is practical, so here is a way to keep the
stuff under control. Find a cardboard box
fifteen inches or more deep and large
enough so your work doesn’t seem cramped
in it. Put in three or four layers of cheese-
cloth a few inches from the closed back.
Scotch tape will do the job and a few
safety pins may help. With some news-
papers over the adjacent bench, you will
have a spray booth that works much bet-
ter than you'd believe without trying it.
The cheesecloth reduces the disturbance of
spraying and catches most of the waste
spray.

The Rustoleum people suggest spraying
from a distance of a foot or so. Start the
spray off target, and then swing it across
the work. Keep it moving! Spray, check,
and spray again. With practice you can
learn to paint a vertical surface with little
or no bead developing along the bottom
edge.

You'll find a little note on the spray
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Closeup of a convenient scale for drawing gquide-
lines. Two parallel guidelines included.

can about cleaning the nozzle when you're
done spraying. I have a three-year old can
of spray which works fine. Another didn’t
get cleaned properly some time, and it doesn’t
work so well. Be sure to clean the nozzle
as per instructions!

When you're done spraying, get right away
from the work. Come back next day. Some
heat will help things along if youre in a
hurry. But this will increase the chance
of dust, dirt or damage. I have done the
complete job in one day, but a slower ap-
proach will give nicer results.

When the work has dried sufficiently,
almost anything that will apply ink to paper
will serve for labeling, I generally use a
Leroy pen set. Bookstores, paper supply
houses, and many other businesses carry
drafting supplies which may be usable. Try
Speedball products. Lettering jigs and guides
that work well on drawing boards are less
successful on real panels with their holes,
screw heads and other obstacles.

Why not learn draftsman’s lettering?
Good books on drafting devote a chapter
or two to the subject, or little, soft-cover
pamphlets come complete with neatly marked
practice pages. One of these is well worth
50c or so. Practice a little bit every day
.« . you will find yourself using your neat
new lettering on schematics, notes, and
other applications as well as shiny fresh
panels.

Rough out your panel before you mark
it up. Almost every time I omit this simple
step I regret it. Just make up a freehand
sketch about full size and write the letter-
ing on it in pencil. Revise until it looks
right to you. Don’t get fouled up in rules
of proportion and all that.
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Then you're ready to put lettering guide-
lines on the panel. A dull-pointed tool,
which will scratch but not penetrate the
soft enamel is required. If not overdone,
these lines will disappear when you apply
the clear finish coat. A nail wili take a
good point, use it gentlyl A transparent
tive-and-dime ruler with parallel guidelines
on it serves to get your parallel lines in
place. The lines should be just strong enough
to be visible through the ruler. Wash the
ruler just before using, and keep fingers
and hands off the panel. A handy sheet
of paper enables you to rest your hand
where convenient,

I use a Leroy pen for lettering. You'll
probably want to start with a #1 and a
#3 point, and pick up a #0 and a #2
later. These odd-looking devices are very
good once you get used to the loose piece
in the center. This serves to keep the tip
from drying rapidly, as it does in a con-
ventional pen. If the tip does seem dry,
jiggle and rotate the center piece til the
ink flows freely. The flattish working ends
are relatively immune to digging into the
work.

Choose the larger point for larger letter-
ing to avoid a spidery appearance. Mount
the pen in the holder and go at the panel,
just as in practice with a pencil. If you
can't make out the guidelines, change the
lighting a little bit. They should be just
visible as white against darker, rather than
the usual dark against light seen on paper.

If you make a booboo, and we all do,
a handy Kleenex dampened with a little
spit will rub out the mistake. Then blow
some humid breath on the panel, and wipe
off the fogged region with a piece of
dry Kleenex. Do this one or twice more.
This gets the last traces of spit off, so the
new lettering is the same weight as the
uncorrected lettering nearby. If you don't
do this, it will be heavier.

A grease contamination far too thin to
see will spoil the fresh enamel’s excellent
wetting properties. Have a few pieces of
clean paper handy and keep most of the
panel covered while lettering. You may get
so involved with neat lettering your hand
wanders off the protective paper. Sorry
about that!

When the lettering is finished, set the
panel aside to dry for a few minutes to a
half hour before going on to the clear
enamel finish coat.
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This panel was completely finished in one day. Slight
crinkling of the finish at one point probably does
not show in magazine copy of photo,

Finishing up

I once applied lettering and finish coat
eight hours after enameling, with the help
of heat for quick drying. But I recommend
a drying period of at least 24 hours in a
warm place. Try your luck on some scrap.
If the color coat is insufficiently cured, it
will wrinkle free of the metal when the
finish coat goes on.

After the finish coat has hardened for
at least 24 hours, you're ready to go ahead
with final assembly of the project. Be nice
to the fresh, soft enamell If you wash your
hands and wipe tools with a paper towel
just before starting work, the whole project
will stay quite surprisingly clean.

As a nice final touch, if you want to
wait at least another 24 hours, the enamel
will take a coat of auto body wax. Car
painters like to have you wait a month or
more, and I think they use materials similar
to mine. Well, this wax finishing really
puts the grand touch on. Youll be very
pleasantly surprised at your results, and it

really is worth the time it takesl
. « « W2DXH
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Another simple panel. Oops, seems to be a bread-
board in there.
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E. C. Reich W5FQA
3806 Norma
Garland, Texas

An Automatic Keyer Using
Intergrated Circuits

Here's a very simple integrated circuit keyer that uses very few parts.

This article describes one of many possible
applications of integrated circuits to ama-
teur radio. The keyer described is self com-
pleting, completely adjustable from less than
one word per minute to sixty words per
minute, and could be built in a pocket
match-box. The complete keyer can be built
for less than thirty dollars ($30.00).

Operation

A clock generator consisting of a wuni-
junction transistor and an R-C combination
is used to determine the speed of operation.
The basic relation of a space equals a dot,
and a dash equals three dots was used and
is constant regardless of the speed. The
elock pulse is connected to the dot flip flop
through the logic built into the flip flop
package. The output of the dot flip flop
drives the dash flip flop. The output of
both flip flops are connected to a gate
which has an output if either of the inputs
go to zero.

The output of the gate in this keyer is
used to drive a transistor to control a relay.
It is possible to use a transistor only and
build in weighting circuits to give individual
desired effects; but, the emphasis of this
article is on the application of the inte-
grated circuit.

Texas Instruments integrated circuits were
available at reasonable prices and were
chosen for this application. The SN7302
package (.125 X .250 X .035 inch) con-
tains two flip flops and all of the necessary
logic circuits required for proper gating.
(38 transistors total) The SN7360 quad-
ruple two input NAND/NOR gate contains
24 transistors total in the same size pack-
age. Only one of the four gates in this
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package is used.

The integrated circuits operate on 3 to
4 volts de. The minimum voltage which will
operate a unijunction transistor properly is
9 Vdc, therefore, a 5.6-volt zener diode is
used to drop from 9 Vdc to 3.4 Vdec. The
zener diode was chosen over a divider in
order to maintain a low power supply im-
pedance for the integrated circuits.

Circuit description

Refer to the schematic diagram. Fig. 1,
and the logic chart, Fig. 2. The capacitor C3
charges up at a rate determined by the
speed control R1 and R3. When the voltage
across C3 reaches the intrinsic stand-off
ratio of Q1 (firing point) C3 is discharged
through R4. This provides a positive pulse
several milliseconds long with an exponen-
tial decay. The flip flops trigger only on
the trailing edge of the clock pulse so this
signal is passed through C5 and R5 to pro-
vide a fast rise and fall pulse.

The terminals marked on the schematic
with an asterisk are the dot flip flop. The
flip flop operation is as follows: Q. HAS A

2.5 V. output and Q. (pronounced not Q)

is at zero. If K. is positive when a clock
pulse is applied to CP. the flip flop switches

and Q. and Q. switch modes. Since J. is
connected to +3 volts the following clock
pulse reset the flip flop to its original
mode. This action represents a dot and
space. If the dot key is held down the next
clock pulse simply triggers the flip flop
again and if the key is released the next
pulse resets the flop flop to a space con-
dition and it remains,

The terminals of the SN7302 without an
asterisk are used for the dash flip flop.
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Fig. |. Schematic of W5FQA's integrated circuit keyer.
The dash operation is as follows: The key Construction

is moved to the dash position and a positive
voltage is applied to K. through CRI1 start-

ing a dot sequence. Q. goes positive at the
start of the dot. This positive signal is dif-
ferentiated by C4 and R6 providing a fast
rise and fall pulse at CP. (The clock pulse
input for the dash flip flop.) The input
at CP triggers the dash flip flop causing Q
to go positive since K is positive. The next
clock pulse triggers the dot flip flop, but
it will not trigger the dash flip flop until
Q. goes positive again which is the follow-
ing pulse. Then the dash flip flop changes
state, but the output of the dot flip flop
is still present and will remain for the
length of a dot which gives a dash length
of 3 dots. If the key is released before a
dash is complete a positive voltage is still
applied to K. through CR3 which makes
the dash self completing.

The operation of the gate SN7360 is as
follows: If either and/or both inputs are
zero the gate has an output. If both inputs
are positive the output is zero.

Information about the integrated circuits
used in the keyer is available from Texas
Instruments, P.O. Box 5012, Dallas 22,
Texas. Request bulletin No. DL-S 657650,
July 1965.
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The authors keyer is constructed on a
Vero printed board, however, for one who
does not have an integrated circuit soldering
iron the TI Mech-Pac connectors are ideal.
Wiring is not critical and phono wire or
#30 to #32 hookup wire is recommended.

The positive 3 volts for the integrated
circuits is grounded to prevent floating the
common of the key. Cl1 and C2 shunt any
rf to ground. Shielded lead should be used
to minimize rf pickup. The battery drain is
30 mA key up and 50 mA key down. A 9
and power obtained from transmitter or
receiver B+4-.
volt zener may be substituted for the battery

... W5FQA
POLSE fF 1 R R R RR DR RN
KEY |oor] |pASH (KEY DOWN) |pASH (KEY UP)
Qe - lolb e lol v pajargolrlela
Qs 0 1] o n 0 I 0 | o] 1 0
a | ' i 0 o I | 0 o i I
(5] ol oo i ey o I o] o
E.ﬂEm 0 0 0 0

| | | 1 | | |
Fig. 2. Logic diagram of the keyer.
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J. L. Elkhorne
3009 Westknolls Lane
Cincinnati, Ohio 4521

Edison—The Fabulous Drone

Was Edison really the great genius schoolbooks tell us

he was? Or was he simply very diligent and hardworking?

The Great Man confided that he tried
‘everything’ while working on inventions.
When 10,000 experiments with a storage
battery went down to failure, he said: “I
have not failed. I have just found 10,000
ways that won't work.”

He argued with Nikola Tesla, the brilli-
ant Serbian engineer and scientist, telling
him that AC electricity was a “waste of
effort and money”.

“Looks like a bunch of Chinese laundry
markings,” he remarked of his hired mathe-
maticians’ worksheets.

He said: “Genius is one per cent inspira-
Hon and 99 per cent perspiration.”

Most people think Thomas Alva Edison
was perhaps the world’s greatest inventor.
But in comparison to his contemporaries,
he was an inveterate fiddler, who scorned
abstract work to tinker about with one
failure after another.

Tesla observed Edison work methods thus:
“If Edison had a needle to find in a hay-
stack, he would proceed at once with the
diligence of the bee to examine straw after
straw until he found the object of his search.”
Tesla said further: “I was a sorry witness
of such doings, knowing that a little theory
and calculation would have saved him ninety
per cent of his labour.”

Edison plodded along, content to improve
on existing ideas, insistent on hand work
over brain work, and often completely blind
to the uses of his own great and original
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work. Of his first phonograph, he said:
“Maybe we could use it for some sort of
telephone repeater.”

In later vears he said of its first success-
ful test: “I was never so taken aback in all
my life. Everybody was astonished. I was
always afraid of things that worked the
first time.”

Even after patent rights were issued to
manufacturers, Edison claimed it was “just
a fad, and would be completely forgotten
in five years”. As late as 1925 he would
not concede that electronic phonographs
were superior and maintained that T. A. Edi-
son, Inc. would make an improved mechan-
ical phonograph for long playing records.

Also in 1925 he noted that the ‘radio
craze’ would soon pass. “The present radio

. is certainly a lemon. It will in time
cure the dealer of any desire to handle any
kind of radio.” He also insisted that the
public would not stand still for having to
listen to the programming the broadcasters
provided.

In 1926, though very hard of hearing,
Edison tested an electronic phonograph per-
fected by Bertil Hauffman, a Swedish engi-
neer, at the Edison Laboratory. Edison found
the reproduction ‘distorted and terrible’ and
ordered that Hauffman be fired. Son Theo-
dore, director of the works, arranged for
Hauffman to work hence in a part of the
laboratory that Edison was not likely to visit.

Edison once said that he enjoyed his deat-
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ness because it permitted him to concen-
trate. Though his progressive deafness made
him almost stone deaf in elder years, one
wonders if the affliction also allowed him
to ignore criticism in earlier times.

Another facet of the Edison myth is the
famous story of his sleeping only four hours
a night. John J. O’Neill reports in his bi-
ography of Tesla: “It was a regular prac-
tice with Edison to sit down in his labora-
tory and doze off into a three-hour nap
about twice a day.”

Edison was strangely adverse to theoretical
work himself; as a thinker, he was second
rate—as an administrator, second to none.
The ‘Wizard of Menlo Park’ hired batteries
of mathematicians and physicists, laughed
at their theoretical approach, but utilised
their results.

When the young genius Nikola Tesla
came to this country, he had a letter of
introduction to Thomas Edison, four cents
in his pockets, and the key to alternating
current electricity—today’s housepower—
locked in his mind. Edison offered him a
meagre eighteen dollars a week, providing
he never spoke of AC.

Tesla proved himself an able engineer
and inventor, regularly submitting improve-
ments for Edison equipment. When Tesla
suggested research toward improved dyna-
mo manufacture, Edison told him: “There’s
fifty thousand dollars for you in it—if it
works.” Inside the week, Tesla presented
the design. When he finally had to ask
about the money, Edison grinned and said:
“I guess you just don’t understand our
Yankee humor.”

Tesla quit. Some months later, he had
interested investors in his ideas for AC, con-
structed working models, and applied for
a patent. The U.S. Patent Office responded
that the ideas contained in the original
patent application were so far-reaching
that no less than forty would cover them!

George Westinghouse, industrialist and
inventor himself, offered Tesla one million
dollars for the rights and the Westinghouse
Electric Company was formed. This was
prologue to the biggest battle of the 19th
century: a technological war in which
Thomas Alva Edison was the prime an-
tagonist.

Edison had recently spent $2 million with
his DC system in New York City. The fi-
nancial threat posed by Westinghouse and
Tesla could not be ignored. Although Edison
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had said AC was “a waste of effort and
money , he found his system impractical
to produce voltages higher than 220, as
the dynamo commutators heated badly. Too,
line losses necessitated either large, expen-
sive conductors or power stations spaced
every mile or so.

DC power left the generating plant at
about 120 wvolts; the users closest to the
plant had the brightest lights, sometimes
so much so that bulbs burned out frequently,
Perversely, those at the end of the line
had light hardly better than candlepower,
because of the voltage drop along the line.
With Tesla’s AC system, alternating cur-
rent could be transmitted equally to home
or factory, with negligible power loss in
the lines.

Edison wrote: “Just as certain as death
Westinghouse will kill a customer within
six months after he puts in a system of
any size . . . it will never be free from
danger.”

Westinghouse argued that of thirty deaths
by electricity in ‘recent’ years, sixteen were
from ‘safe’ DC circuits, and none from
Westinghouse equipment. During one period
Edison lost about a workman a month with
safe direct current and almost burned down
the fashionable Vanderbilt home on Fifth
Ave. A fire started when metallic-threaded
draperies shorted out the wiring which had
been placed behind it. Mrs. Vanderbilt re-
turned home to find a confusion of fire-
men, assistants and Edison himself. Leamn-
ing that there was a generating plant in
her cellar, she became ‘hysterical’ and de-
clared she could not live over a boiler. “We
had to take the whole thing out,” Edison
ruefully remarked.

To sway public opinion in the “battle of
the currents”, Edison and Charles Batchellor
—ironically the man who gave Tesla the
letter of introduction to Edison—demon-
strated the horrible dangers of alternating
currents by electrocuting cats and dogs,
using a one kilovolt generator. They paid
eager schoolboys twenty-five cents a head
for all the animals they could deliver. It
is said that the house pet population around
West Orange stood in danger of being
annihilated. During one of these edifying
illustrations for guests, Batchellor lost his
hold on the dog he was about to electrify
and himself received the shock. As he put
it later: “The sensation was of an immense
rough file thrust through the quivering
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fibers of the body.”

After this, Edison published an article
saying in part: “I have not failed to seek
practical demonstration . . . I have taken
life—not human life—in the belief that the
end justifies the means.” Yet in the final
battle of this strange war, Edison seemingly
reversed his opinions and requested per-
mission to install AC equipment in upstate
New York. Westinghouse hastily agreed.

It might be said that the news of the
installation came as a shock to Westing-
house—it was the first electric chair. The
New York State Legislature had adopted
a statute in 1888 to provide for capital
punishment by electrocution. H. P. Brown,
a former research expert for Edison, super-
vised the installation of the ‘hot squat’ for
the Edison General Electric Company.

On August 6, 1890, convicted murderer
William Kemmler was to be executed. The
first attempt at death by legal electrocution
was a failure, as the electric force was too
weak. The unfortunate man was led away.
After quick modification to the chair, “the
miserable work was perforce done again,
resulting in a spectacle much worse than
hanging.”

A frantic Westinghouse recouped by ob-
taining the contract to provide power for
the Columbian Exposition of 1893. Tesla had
his own exhibit there, where he mystified
fairgoers with his scientific marvels. The
climax of the many performances was the
passing of one million volts of AC through
his body to melt a copper plate. It was not
high voltage that killed, he maintained, but
the destructive heating effect of high cur-
rents., High amperage DC could and did kill
as readily as AC., While working up his
demonstrations, he discovered the medical
principle of diathermy.

The public was won over to AC and in
1895, Tesla harnessed Niagara Falls. His
powerhouse was completed, providing AC
for Buffalo, twenty-two miles away. It was
hailed as the greatest engineering achieve-
ment in the world to that date.

In 1896, a mysterious cigar-shaped air-
ship was seen by hundreds of people over
San Francisco Bay, and subsequently was
reported in successive eastward sightings.
A New York Herald reporter obtained this
statement from Edison, who disclaimed any
knowledge of the never-identified craft: "I
perfer to devote my time to objects of com-
mercial value. At best airships would only
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be toys.” A few years later, he was con-
gratulating Alberto Santos-Dumont for in-
venting powered flight, not recognising the
achievement of the Wright brothers.

The Edison Effect—the expulsion of par-
ticles from a heated filament—grew from
experiments with the light bulb. Edison
found that bulb life was shortened by the
deposit of carbon from the filament. He
sketched in his notebook the first two-ele-

~ment vacuum tube as a solution to the prob-

lem, having found that current would flow
into the second element. This forerunner of
today’s diode was patented but never used,
and the patent lapsed.

With the diode, his discovery of the
‘etheric force’ and a subsequent patent of
wireless transmission based on electrostatic
induction, he had in his grasp the elements
of a complete radio system several years
before Hertz demontrated the existence of
radio waves. Later in life, he said that it
was a pity he had not seen any connection
between them.

His first major invention, the carbon but
ton microphone, is virtually the same today;
it was a symbol of much of his work, since
it improved an existing idea, the Bell device.
Edison came, as it were, into a technologi-
cal vacuum, purifying existing and imper-
fect concepts, and applying much of the ran-
dom electrical science accumulated over fifty
vears. He did enough that he could well say
in later vears his productivity brought him
“awards by the quart”. He patented over
1.100 inventions and gained a vast reputa-
tion while his more brilliant and less under-
stood contemporaries are all but forgotten.

George Westinghouse himself patented
over 400 inventions in his lifetime and
founded 60 companies.

Charles Proteus Steinmetz, whom Edison
liked “because he never spoke of mathema-
tics to me”, published the law of hysteresis
when he was only 27, went on to produce
artificial lightning and delve into higher
mysteries. He is little known today.

Nikola Tesla, besides giving the world AC,
demonstrated radio control before the turn
of the century, developed a working system
of broadcast power, lighted his laboratories
with wireless fluorescent lights in 1889, and
had over 700 patents to his credit when
he died in 1943. Yet he is the forgotten
man of electrical science.

Edison, the Great Man, reigns supreme.
. . . Elkhorne
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A Sensitive RF Voltmeter

One of the handiest test instruments
around the ham shack is the rf probe or rf
voltmeter. This almost indispensible unit
may be used for neutralizing transmitters,
tuning up oscillators and in many other gen-
eral tasks around the shop. Most hams simply
purchase an rf probe to go along with their
VTVM, but these probes are usuallv limited
to an upper frequency range of soinewhere
around 250 MHz. Another serious limitation
of the familiar VIVM rf probe is that the
lowest voltage range on the VIV is typ-
ically 1.5 volts. some of the latest .. odels
have voltage ranges down to 0.5 vo s tull
scale, but the vast majority are ncl that
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sensitive, When working with transistor rf
stages, the millivolts (thousandths of a volt)
become very important, and a more sensitive
rf voltmeter than the common household
VTVM must be used.

There are several approaches to this prob-
lem, but most of them are not very simple.
The commercial instruments that read one
millivolt full scale or less are quite com-
plicated; they rectify the rf, chop it up at
1000 Hz, feed it into a very high gain, nar-
row passband ac amplifier, rectify it at the
higher level and drive a meter movement,
This is a very effect approach, but instru-
ments using it cost upwards of $500. The rf
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KLIPZON MINI=-PROD

(GC TYPE 33-138) CIGAR TUBE
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GROUND CONNECTION

(2 PLACES)

Fig. |I. Cutaway view of the sensitive rf probe. Note that the cigar tube construction results in an essen-
tially coaxial structure; this type of construction ensures relatively flat response up to 500 MH:.

voltmeter I will describe here is not nearly
sensitive enough to read 1 millivolt full scale,
but with care in construction, you can
readily detect 30 or 40 millivolt signals at
500 MHz. This is about 15 times more sen-
sitive than the most sensitive VI'VM and
about 50 times more sensitive than the aver-
age one. Higher sensitivities are obtainable,
but noise becomes the limiting factor with
the simple construction described here.

With this rf probe, response is relatively
flat from about 50 MHz all the way up to
500 MHz. The secret to this unit’s wide
frequency range lies almost exclusively with
its layout and construction. First of all, the
probe itself is essentially coaxial in mature,
with the filter components mounted in a
brass tube. To maintain leakage at an ab-
solute minimum and to minimize series in-
ductance, button mica capacitors are used
in conjunction with a coaxial input. The re-
sult is a probe that will quite accurately
measure small levels of rf voltage up to
about 500 MHz. Above 500 MHz vou can
still get meter deflections with small rf volt-
ages, but the response gradually falls off.
This frequency roll off is a result of the para-
sitic and leakage elements that start to take
effect at these higher frequencies. Above
500 MHz for example, it is diflicult to pre-
dict the dielectric characteristics of molded
carbon resistors. In some cases there is suf-
ficient leakage between the two leads of the
resistor to completely nullify the resistance.

In addition to the compact and coaxial
nature of this probe, the low value of load
resistance, 270 ohms, tends to maintain an
input-output characteristic which is almost
completely independent of frequency from
several MHz up to 500 MHz. With the com-
ponent values shown in the schematic, the

MARCH 1967

response gradually falls off below 50 MHz;
at the expense of flat UHF response, the
capacitors may be increased for response in
the 3 to 30 MHz region. For the high fre-
quency range the input coupling capacitor
should have a value of about 500 pF and
the filter capacitors should be 2000 pF. For
lower frequency use of course, it is not nec-
essary to maintain the coaxial structure of
the probe nor to use the more costly button
capacitors.

The selection of a diode depends on the
frequency range desired. Up to about 100
MHz, almost any germanium diode will work
quite well; the 1N34A is an excellent choice
for this range. For higher frequencies how-
ever, many diodes are constructed in such
as way that they exhibit high wvalues of
series inductance and leakage capacitance.
For this reason, the familiar IN21 and 1N23
microwave mixer diodes represent excellent
choices for a voltmeter of this type which
is designed for VHF use. The IN82A is an-
other diode that works quite well up to 1000
MHz or so. Each of these diodes exhibits
different characteristics and even diodes of
the same type are not exactly identical.

It is a pretty well known fact that all
semiconductor diodes exhibit a square law

o—

OUTPUT
*—h

- —— 5 =
1 e T 7

Fig. 2. The sensitive rf probe. For UHF use the
capacitors should all be button types to minimize
series inductance; for the lower frequencies, con-

ventional types will suffice.
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MICROAMPERES

0 s 20 0
MILLIVOLTS (RMS)

40 S0 &0 7O B8O 0O

Fig. 3. The microampere per volt characteristic of
a IN34A diode in the square law region. Above
100 millivolts or so, this curve becomes linear.

input-output characteristic up to several
hundred millivolts. With germanium diodes
the square law region is from zero to about
100 or 200 millivolts; silicon diodes are
slightly higher, to 600 or 700 millivolts. The
IN34A diode for example exhibits a sensi-
tivity of 700 to 1200 microamperes per volt
squared in this region; a typical 1N34A
#A/V curve is plotted in Fig. 3. It should
be pointed out that this curve varies with
temperature, the amount again depending
upon the individual diode used. However,
in amateur applications this is usually not
a problem because the probe will normally
be used at room temperature. Above the
square law region the sensitivity of semi-
conductor diodes is essentially linear and

typically on the order of 5 milliamperes per
volt.

Because of the large variance between
diodes, the rf probe must be calibrated
against a known source for maximum ac-
curacy. Because of the construction of this
probe, the calibration sounds much more
complicated that it actually is. Since the
probe is essentially flat up to 500 MHz, it
may be calibrated at 100 MHz or so: most
VIVM’s are accurate enough at this fre-
quency for calibration purposes. All you
have to do is set the output of vour signal
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generator for 1 volt on the VTVM. For best
results your generator should be operating
on a fundamental and relatively free of har-
monics. Since 1 volt is within the linear range
of the diode in the VIVM rf probe, it
should be reasonably accurate. Now all you
have to do is connect an attenuator between
the one volt source. You can breadboard
an attenuator circuit for this purpose, or use
a switchable attenuator such as that de-
scribed by WBBAIG and WAGRDZ1. When
the input-output characteristics are plotted
on graph paper, you should end up with
something like the curve of Fig. 3.

Construction of the probe is quite simple
and is based upon the use of an aluminum
cigar tube, the kind those 50c cigars come
in. If you can’t get one of these or don’t
smoke, an old pen light or piece of alumi-
num tubing will work with a little modifica-
tion. The tip of the probe is made up from
a Klipzon Mini-prod (General Cement 33-
138) and a piece of %s inch brass tubing
from the hobby shop. This tubing is popular
with slot car enthusiasts, so it shouldnt pose
any procurement problems. One end of the
mini-prod has a sharp tip with a small clip
that may be clipped unto wires; the other
end accepts a pin plug.

Apply a little epoxy cement to the mini-
prod and push it into the brass tubing. The
mini-prod fits snugly in the tuning and is
held firmly in place by the cement. Now
place a %e rubber gromment around the
tube and push it about half way down;
cement it in place with epoxy.

While the epoxy is setting, take a 100 pF
standoff button mica capacitor and solder
it to a pin jack; this will eventually fit into
the end of the mini-prod when the probe
is complete. Cut a piece of 5% inch brass
tubing about an inch and a half long and
solder two button capacitors and a 1000
ohm resistor inside as shown in Fig. 1. This
“filter” assembly should slide easily into the
cigar tube. Also drill a %s¢ inch hole in the
end of the cigar tube for the mini-prod as-
sembly.

Install the diode and a 270 ohm resistor
as shown in Fig. 1, using the very shortest
leads possible. The cathode of the diode goes
to the center pin on C2; the 270 ohm resis-
tor is soldered to the brass tube. On the other
end of the tube connect a length of cable;
this lead will be connected to the microam-

meter. Install the complete assembly (mini-
prod, C1, CR1, Rl and the filter) into the
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Disassembled rf probe. The Klipzon Mini-prod is
on the left, the button coupling capacitor, diode
and 270 ohm resistor to the right, followed by the
filter and phenolic tube. The cigar tube housing is
in the background.

cigar tube and cut a length of % inch phen-
olic tubing so that it protrudes about %8 inch
from the end of the cigar tube. When the
cover is in place this tube will compress the
unit together and ensure a physically strong
assembly. The shielded lead is brought out
through a small rubber grommet mounted in
the cover.

In addition to the rf probe, you will need
a very sensitive microammeter for measur-
ing small levels of rf. Occasionally 10 or 20
microampere movements are available at
bargain basement prices, but usually an-
other approach is necessary; the sensitive
microammeter illustrated in Fig. 4 is a good
example. This meter uses a high gain tran-
sistor meter amplifier to obtain full scale

270K -

—_—

readings down to 10 microamperes full scale
on a 1 milliampere meter. With a full scale
calibration of 10 microamps, it is quite easy
to read a half microamp or so; this corre-
sponds to 28 millivolts peak to peak with
my probe.

The sensitive microammeter illustrated
schematically in Fig. 4 consists of a current
amplifier with the 1 mA meter in a bridge
circuit?, This circuit is quite stable with tem-
perature and slight variations in supply volt-
age may be compensated by the zero con-
trol on the front panel. Almost any high
gain transistor will work in this circuit, but
silicon is preferred because of its better
leakage characteristics. The only other re-
quirement is that the transistor must main-
tain linear current gain and high beta at
low collector current levels; the 2N3392 is
inexpensive and works very well.

With the switch in the 10 microampere
position, the 10k gain control is adjusted to
provide 10 microamperes full scale. With a
1 milliampere movement, this ccrresponds
to a current gain of 100. For full scale read-
ings of 50 to 200 microamperes, meter
shunts are proved for 5 and 20 mA full
scale with the 1 mA movement: the transis-
tor amplifier will maintain a current gain
of 100. For meter readings of 1 milliampere,
the transistor amplifier is disabled and the
meter is operated in the normal manner. The
value of the shunts may be calculated by
using the formula found in any of the hand-

books.

Si - 4 POLE,S POSITION
ROTARY SWITCH
(MALLORY 1325L)

FOR VALUES OF SHUNT

G)

¢ | MA RESISTORS Rgy AND Rsp
| SEE TEXT.
EN3392
SIA S8 S1D
L) o--—? OFF
; | '+ ZERD :
| | i ——§5u :
1| o—e E O — " : : Iﬂy!
i 1 i |
:f i Rsi :r :
) O—a . —AA—4—0 | . 50pa
| : : |
Rt | O—AAA—4—0 | :
! I i )
: | | o T i
: Q | : - 0 i
: I ’1’ : I
' i 1 iy !
] | i |
| ! i i
m i | :
R | I Wl o N SO W L ST ], T SR e 2N3392
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Fig. 4. Transistorized microammeter. This instrument will provide full scale readings down to 10 uA. Al-
though a 2N3392 was used here, any high gain silicon transistor that maintains high current gain at low

collector current levels is suitable.
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In my transistorized microammeter |
mounted the transistor amplifier circuitry
and meter shunts on a phenolic strip con-
nected to the meter terminals. The gain
potentiometer is also mounted on this strip.
With a circuit as sensitive as this, noise can
be a very serious problem if the circuit is
not properly shielded. In this case a small
coaxial cable was used in the input and the
amplifier and meter were built into a metal
box. In addition, the input was bypassed
with a 0.01 «F disc capacitor.

With the sensitive microammeter and cali-
brated probe, it is quite easy to accurately
measure rf voltage down to 30 or 40 milli-
volts. However, since this is a peak respond-
ing instrument, you have to be a little care-
ful or you will obtain some very optimistic
readings. If there is any harmonic content
in the waveform you are reading, it is apt
to be quite a bit higher than predicted, and
the rms value will not be 0.707 of the peak
reading; the 0.707 value applies only when
the waveform is sinusoidal. This is not us-
ually the case with rf oscillators and am-
plifiers, but if the harmonics are suppressed
with high Q tuned circuits, the error will
be negligible.

In addition to measuring actual rf volt-
ages, this probe has several other uses. It
may be used as a very sensitive untuned
field strength meter by simply clipping a
short length of wire to the tip; in some
cases where the rf field is strong and the
probe can be placed close enough to the
transmitter, this may not be necessary.
Hence another precaution: don't use the
probe in strong rf fields when measuring
small rf voltages; the rf field \ ‘ll negate
the voltage reading. This probe may also
be used as a demodulator for a VHF sweep
generator. Just connect the probe to the
circuit being swept and connect the output
to your oscilloscope. It may also be used to
measure the SWR along a piece of open
wire transmission line (or twin lead). When
the probe is brought in close proximity to
the transmission line, it will provide an up-
scale reading on the microammeter. The
ratio between peaks and valleys as the probe
is moved along the line is the voltage stand-
ing wave ratio.

In some measurements you may find that
the probe will load down low-capacitance
high-Q circuits. If you are only interested
in peaking the circuit, and many times this
is the case, this effect may be minimized

MARCH 1967

Inside of the meter amplifier. The transistor and
gain calibration control are mounted on a piece
of bakelite attached to the meter terminals.

The rf probe disassembled. See Fig. I.

by connecting a resistor in series with the
probe. The Klipzon Mini-prod is ideal for
this purpose because it will securely hold
one lead of the resistor; the other lead may
be used for probing. If a 5000 ohm resistor
is used, it represents less than one pF coupl-
ing above 30 MHz; this should ecliminate
any detuning effect of the probe.

There are many other uses for the sen-
sitive rf probe, limited primarily by the in-
genuity of the user. But in it main applica-
tion, that of measuring very small rf wvolt-
ages, it is unbeatable for its expense and
complexity. Although high rf voltages or
mechanical shock may cause permanent
damage to the diode, my probe has proven
to be particularly resistant to burnout and
has accepted peak surges of 500 Vdec and 120

Vac with no apparent effect on calibration.
o oo WIDTY

1. “"Low Power Attenuators for the Amateur
Bands,” WB6AIG and WAG6RDZ, 73 Magazine,
January 1967.

2. “Transistor Meter Amplifiers,”” WAGBSO, 73

Magazine, January 1966.
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Tom Lally KIUBA

28 Amory Rd.
Waltham, Mass.

SDRAWKCAB Power Supply

Articles have already been written about
building kW supplies with TV power trans-
formers, using voltage doubling and series
capacitors. The solid state man, shunning
the lethal voltage approach to rf power gen-
eration, looks for a way to lower the line
voltage. With this in mind, and with a junked
TV in the shack, the supply shown here
evolved. With 115 V in, the outputs are as
follows:

Unregulated 16, 21, 32, 41 Volts

Regulated 12, 24 Volts

The transformer is hooked up with the
secondary connected to the line, and the
primary as the input to a bridge and filter.
Four levels of voltage are available at the
unregulated output, which is the next best
thing to owning a Variac. With a little more
switcheraft, and with more filament wind-
ings, more levels can be had. The HV wind-
ing center tap provides a choice of high or
low outputs, while the filament windings
give series aiding or opposing differential
adjustment at either level. Stud silicon
diodes are used in the bridge. The .008 F
capacitor is probably a little fat for the ap-
plication, and a mere 4,000 ,F would still
guarantee a T9 report on the air.

The regulated outputs are at the 12 and
24 volt levels for this supply, but depending
on your transformer, or your oscillator re-
quirements, these could be modified to 9
and 18 volts, or even lower. For the loads
presented by solid state receivers, the stud

eV Lawe

(4)

SA 50 TO I0OPIV
{ SILICON DVODES

ZWIOW

(a]

NOTE
si= DPDT, CENTER OFF

Q+

Here's KIUBA's transistor power supply.
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zener is an adequate regulator, so no series
type regulation had been built in. On trans-
mit, a voltage “droop” of over 25% has
gone unnoticed on the air, as has a ripple
considerably higher than the 0.1 V of this
supply. Accordingly, no attempt has been
made to regulate anything but the oscillator
supply. If too much current is drawn from
the unregulated output, however, regulation
cannot be maintained.

Important criteria for selecting the trans-
former are:

1. The turns ratio

2. The internal resistance of the wind-

ings

3. The number of filament windings.
Transformers which give the highest volt-
age when normally connected are not nec-
essarily what you want for this supply, since
they may give too low an output when con-
nected backwards. Also, their HV windings
may exhibit high resistance which reduces
the stiffness of the de output. The author’s
supply has an internal resistance of 8 ohms,
which limits maximum output to 53 watts.
More filament windings mean greater range
of differential adjustment.

The aluminum chassis acts as a heat sink
for the bridge and zener diodes. All diodes
are isolated from chassis ground with mica
washers to allow a choice of positive or nega-
tive grounding. Threaded 6-32 stock holds
down the capacitor, but it could have been
epoxied to the chassis. The AC line switch
is DPDT with center off position to minimize
the number of controls, and it also cuts in
the second zener when in the “HIGH” po-
sition. The pilot light is visibly dimmer in
the “LOW” position, but it can still be seen.
Crommets protect the transformer leads
and the capacitor lugs.

On low voltage, a direct short will not
blow the ¥ Amp fuse, but component dis-
sipations are within safe limits. The trans-
former is not operated anywhere near its
allowable power limit for step-up operation,
but it exhibits less than 10°C rise at full
load, and should be adequate until the ad-
vent of the solid state kW.

...KIUBA
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We believe the
new 2K-2 IS

the finest linear
amplifier ever
made for the
amateur service

The new 2K-2, Floor Console, 2KD-2 Desk Model and 2KR-2 RF Deck are destined for
greatness. Following the pattern of excellence established by the world famous 2-K, the
new 2K-2 reaches previously unattainable levels of achievement. Its exceptional sim-
plicity of design, extraordinary concern for reliability, superb linearity with attendant
signal sharpness, remarkable power output and modern design all combine to make
the 2K-2 the finest linear available to the amateur today.

Wouldn't you like to own the finest? Write today for full information. Note to commer-
cial and military users: please ask about the new 4-K high power linear.

6% FINANCE CHARGE * 10% DOWN OR TRADE-IN DOWN ¢ NO FINANCE CHARGE IF

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

Our reconditioned equipment carries a 15 day trial, 90 day warranty and may be traded back
within 90 days for full credit toward the purchase of NEW equipment. Write for bulletin.
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"'."" ﬁ’ > sy WChe ¥ h S v s O e L ﬂ:;_:';t'?:
2K-2 FLD'DH CONSOLE $675.00

TED HENRY (W6&UOU) BOB HENRY (WOARA) WALT HENRY (WG&NRV)
™ T e e S e e S s S e M L I el U NV IR e T e T e L T S e
CALL DIRECT . . . USE AREA CODE
3 Butler 1, Missouri, 64730 816 6/9-3127
Henry FaE1-[L- -2 L 1Z-20 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

East Coast Rep.: Howard Laughrey, 2 Elizabeth St., Chappaqua, N.Y. 10514, (914) CE 8-3683

“Worlds Largest Distributors of Short Wave Receivers”



James Forney WB2CCM

New Canaan, Conn.

A Panadapter Converter

Having trouble getting those pretty pictures with your panadapter? May-

be you need an isolating amplifier.

I recently got a panadapter It worked
fine with a signal generator, but gave pretty
dismal results when I connected it to my
receiver.

A careful search through the literature
turned up all sorts of interesting notions on
how to connect a panadapter to a receiver.
Each was tried without success. Some loaded
the mixer too much. Others attenuated the
signal too much. Finally a reasonable pre-
sentation came on the screen, but only after
reducing the length of RG-58/U connecting
the adapter to the receiver to a ridiculous
length that left the panadapter back to back
with the receiver.

Something had to be done. A cathode
follower was the obvious approach. One was
installed as close as possible to the mixer
stage. This gave a very high impedance to
the mixer stage, but a low impedance into
the coax running to the panadapter input.
The results were excellent.

Since most receivers have an accessory
socket on the back, this seemed to be an
ideal way to get the B+ and filament volt-
age, and at the same time provide a mount-
ing for the cathode follower circuit. The

A simple panadapter converter.
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origonal unit was constructed in a Mini-box
1% x 2% x 2%, using the piece that has
the two ends on it for the chassis.

An octal plug is mounted on the long
side. This not only makes the necessary elec-
trical connections but also holds the assem-
bly in place on the back of the receiver.
The cathode follower circuit is assembled on
one end, and an octal socket is mounted in
the other end in case any additional acces-
sory is to be connected to the receiver.

A 6AB4 tube was used because it was
handy, but any of a number of other tubes
might be substituted with only minor
changes in the circuit. A more compact unit
could probably be built easily by using a
triode Nuvistor. Construction is straight-for-
ward but lead lengths should be kept to a
minimum, and the length of RG58/U be-
tween the mixer and the cathode follower
should be kept as short as possible to mini-
mize attenuation. The 47 k resistor should
be as close to the plate connection as pos-
sible, and likewise the 50 pF capacitor as
close to the 6AB4 grid as possible. The 100
ohm resistor in the plate circuit of the 6AB4
provides decoupling and was adequate in
this installation, but a different value might
be required in other installations.

Using this unit between the receiver and
the panadapter, no detuning of the mixer
is noted when connecting to it, and enough
coax to allow the panadapter to be removed
to a respectable distance from the receiver
has little effect on the input signal. In fact
despite the fact that the gain of a cathode
follower is of necessity less than 1., the
lowered impedance gives the effect of an
actual gain.

. « « WB2CCM
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Jim Fisk WIDTY
RFD I, Box 138
Rindge, N.H. 03451

7 3 Useful Transistor Circuits

Useful transistor circuits for audio and speech equipment, re-
ceivers, transmitters and test equipment.

Circuits for Audio Equipment

Direct coupled amplifiers

The direct coupled amplifier illustrated
in Fig. 1 is just about as simple as possible,
but provides very usable results. The col-
lectors of the first two transistors operate
at about 0.3 volts; this type of operation
vields somewhat less than normal gain, but
provides considerable reduction in noise pro-
duced at the input by the transistor. The
biasing of the first stage is controlled by
resistor R1 and because of the direct cou-
pling between stages, indirectly controls the
bias to the other two stages. Since the gain
and leakage varies widely between differ-
ent transistors, this resistor must be adjusted
experimentally to provide optimum bias for
the last transistor (Q3). This is easily done
by adjusting its value until there is 0.8
volts across the headphones (points A and
B in the schematic).

Fig. |. Simple direct coupled amplifier. Transistors
Ql, ©2 and Q3 should be the 2N207, 2N584,
2N1098, SK3003, GE-2 or HEP-254,

73 TRANSISTOR CIRCUITS

Since R1 is connected to the collector of
Q3, bias variations caused by changes in
temperature are reduced by negative dc
feedback introduced by this resistor. For
example, as the leakage in QI increases
with temperature, the collector voltage on
Q3 decreases. The increased leakage is par-
tially compensated for because the lower
voltage on Q3 causes less current to flow
through R1. Generally speaking, this cir-
cuit will compensate quite nicely against
temperature changes up to about 100°F.
Above 100° it is possible that the transistor
will be driven into nonlinear operation with
resultant distortion and reduced power out-
put.

The dc resistance of the headphones is
very important in this circuit because the

18k 8k Bk

Iﬂq
= 00

(Vee )

Fig. 2. High voltage direct coupled amplifier. The

gain of this amplifier is equivalent to both sections
of a 12AU7. All transistors are 2N384, SK3008,

GE-9 or HEP-5I.
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Fig. 3. This simple direct coupled amplifier pro-
vides 30 dB gain and identical 1500 ohm input
and output impedances. For higher gain, similar
units may be cascaded up until 10 volts peak to
peak is obtained at the output.

voltage drop across them determines the
operating conditions of all three stages. For
optimum operation, the dc resistance of
the earphones should be in the neighbor-
hood of 1000 ohms. Most phones with an
impedance of 2000 ohms have a dc re-
sistance of 1000 ohms, but if you're in doubt,
the resistance may be easily measured with
an ohmmeter.

The main advantage of the high voltage
direct coupled amplifier in Fig. 2 is that
it may be connected directly to a rather
high value of B+. Its gain is equivalent
to a single 12AU7 (both sections) and be-
cause of the direct coupling, provides ex-
tremely wide bandwidth. Although the in-
put impedance of this circuit is only 2000
ohms, it is still very useful for many ap-
plications where a simple amplifier is re-
quired.

Another very simple direct coupled ampli-
fier is illustrated in Fig. 3. This amplifier
provides almost exactly 30 dB gain and
has identical 1500 ohm input and output
impedances. For extremely high gain then,
similar units can be cascaded up until an
output voltage of 10 volts is obtained, This
amplifier is also quite wideband, and with
the transistors specified, the gain is essen-
tially flat up to about 1 MHz.

Fig. 5. This wideband amplifier exhibits 26 dB
gain from 5 Hz to over 30 MHz and will deliver
a 7 volt signal into a 100 ohm load. Transistors

Q| and Q2 are 2N2218,

Wideband amplifiers

In the wideband amplifier shown in Fig. 4,
the gain is controlled by the feedback re-
sistor Re. With a 10 kilohm feedback resistor,
the gain is greater than 30 dB from 10
Hz to 17 MHz. When the resistor is com-
pletely removed from the circuit, the gain
is greater than 50 dB up to about MHz,
but the biasing of the input transistor be-
comes very critical to prevent signal dis-
tortion. Note that the large electrolytic cou-
pling capacitors should be paralleled with
smaller capacitors that have good high fre-
quency characteristics.

Another wideband amplifier is illustrated
in Fig. 5; this amplifier has a frequency
response from 5 Hz to over 30 MHz. The
voltage gain over this range is 26 dB and
the amplifier will deliver an undistorted 7
volt sine wave into a 100 ohm load. This
circuit has excellent stability and linearity,
and by adjusting the bias and emitter by-
pass capacitor Cl experimentally, the fre-
quency response may be increased up to
50 MHz.

2k

QUTPUT
' : (_ at 1(2ma)

Fig. 4. The gain of this INPUT

wideband amplifier may be

controlled by the value of

the feedback resistor R.. ¢ = o

The |0K resistor shown

here provides more than 30
dB gain from 10 Hz to
17 MHz, Q| and Q2 are
2N2188, SK3006, GE-9 or
HEP-2.

2A
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Fig. 6. The gain of this

+ 15

o]

amplifier is controlled by
the nonlinear feedback pro-
vided by two back to back
diodes and the value of 22 F

2

5

2

5
QUTPUT (VOLT

the feedback resistor R;:. °—|H _
Q1 is a 2ZN706, 2N708,
ilﬁl

ZN3394 or HEP-50.

Gain controlled amplifiers

It is a well known fact that the gain
characteristics of an amplifier may be shaped
by applying nonlinear feedback. In the ampli-
fier of Fig. 6, the nonlinear feedback is
furnished by two back to back diodes in
the collector to base feedback path. When-
ever the signal at the collector is high enough
to forward bias the diodes (greater than ap-
proximately 0.6 volts peak to peak), nega-
tive feedback occurs and the gain of the
amplifier is reduced. The gain of the stage
may be further controlled by the value of
the feedback resistor (R¢) as shown in the
amplifier response curve. If it is desirable
to have the nonlinearity occur at a higher
level (greater than 0.6 volts peak to peak),
more than one diode may be added to each
leg of the feedback network. For lower
levels, germanium diodes may be substituted
for the silicon diodes specified in the sche-
matic. With the germanium diodes in the
feedback path, nonlinearity will occur when
the signal is greater than about 0.1 volts
peak to peak.

A voltage controlled, variable gain ampli-
fier has many applications in automatic
volume control, amplitude modulation and

+40y
~ 430

-]

=
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3
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e +0 T— Y FROM 100 Hz—
= TO 100 kMz AND BEYOND
> o
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o 0 20 30 40 30 6.0
CONTROL VOLTAGE Ec (VOLTS)

Fig. 7. Yoltage controlled amplifier uses the vary-
ing impedance of a germanium diode in the
emitter circuit to control gain. Transistor Q| may

be a 2N696, 2N3564, SK3019, GE-10 or HEP-54.
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remote gain adjustment circuits. The only
difference between the circuit shown in
Fig. 7 and a standard common emitter ampli-
fier is that a 1N34A diode is used in place
of the emitter resistor. In an amplifier of
this type, the gain of the stage is critically
dependent upon the impedance of the emit-
ter circuit. Since the impedance of the diode
varies with the amount of current through
it, the gain of the stage depends upon the
transistor emitter current. The 1N34A was
chosen because it provides an extremely
wide impedance variation with a relatively
gradual rate of change. This diode typically
exhibits an impedance range from 15000
ohms at low levels to 200 ohms or less with
high currents. The slow rate of impedance
change is required to minimize distortion.
This circuit is useful in ALC and AGC
circuits, feedback regulation and other cases
where wide dynamic range and instant re-
sponse are required.

Preamplifiers
The simple low cost preamplifier in Fig.
8 provides extremely flat response from 10

20

F
- LM 270
Sl M—? —'vw—o-)llm-o
| BALANCED
ISk L5k 600 n LINE
G370 1.5k
I 130
A B

Fig. 8. High impedance preamplifier provides up
to 1.2 megohms input impedance; the exact value
depends upon the build-out resistor R. Both QI
and Q2 should be a 2N2613, 2N2614, 2N2953,
SK3004, GE-2 or HEP-254. A balanced output
for reduced hum and noise may be obtained by
using the padded output in B.
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Fig. 9. This preamplifier provides |l dB gain
from 0.5 Hz to 2 MHz and has an input impedance
of 32 megohms. Transistors QI, Q2 and Q4 are
2N338, SK3020, or HEP-53; Q3 is a 2N328, GE-2
or HEP-52.

Hz to 30 kHz and at the same time exhibits
an input impedance up to 1.2 megohms.
The input impedance of the first transistor
with the unbypassed emitter resistor is on
the order of 50,000 ohms; by including the
build-out resistor R in the circuit, the input
impedance may be increased up to 1.2
megohms., Without R in the circuit, the
voltage gain is approximately 15. As the
value of R is increased, the voltage gain
decreases and the entire circuit exhibits
unity gain when the value of R is 1.2
megohms.

The output impedance of this simple pre-
amplifier is particularly low, so it may be
used for driving all types of circuits. Har-

=|2 O

=2 O

Ql

20 pF

I |
4.Tk

(A)

]

monic and intermodulation distortion are
very low if 600 ohm circuits are connected
across the output. It will also drive small
8 ohm speakers, but the distortion will be
quite a bit higher.

The basic circuit provides an unbalanced
output which should be suitable for most
applications, but where hum and noise are
a problem with balanced 600 ohm systems,
the balanced output of Fig. 8B may be
used. This pad adds a total of 6 dB loss
in the output, but it does get rid of the
hum and noise.

The four transistor preamplifier illustrated
in Fig. 9 exhibits an input impedance of 32
megohms and provides 11 dB gain from 0.5
Hz to 2 kHz. The high input impedance
of this amplifier is a function of the two
negative feedback loops; one from the emit-
ter of Q2 to the collector of Q1, the other
from the junction of the 2.7k and 6.8k re-
sistors in the emitter of Q4 to the emitter
of Q2. The output impedance of this ampli-
fier is 20 ohms so it may be used for driv-
ing many types of circuits.

In many cases an amplifier with an in-
put impedance approaching that of a VIVM
is required to keep circuit loading to a
minimum. The amplifier of Fig. 10 more
than meets these requirements; it provides
up to 20 megohms input impedance, de-
velops 1 volt rms across a 3300 ohm load

and exhibits a frequency response from 10
Hz to 200 kHz.

The development of this circuit started

®
4Tk o0k 470
5 F | 200k #  1OF
[ RO S | —
# %
Q2
5 100k
{
\
100k Q4
SoF 20 pF
Bek

(5

&
Q3
47k
mh’i Ik |

(B)

Fig. 10. This high impedance preamplifier provides up to 20 megohms input impedance and has
a frequency response from 10 Hz to 200 kHz. Circuit B was developed from circuit A by:replacing
the emitter resistor in A with ©3 and adding an emitter follower to reduce loading. The input im-
pedance is further increased by the components shown by the dashed line. All transistors are 2N2188, -

SK3005, GE-9 or HEP-2.
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Fig. 11. Microphone amplifier using a field effect
transistor has an input impedance of 5 megohms.
QI is a 2ZN4360, TIMI2, U-112 or U-110. By re-
versing the polarity of the supply voltage, a
2N3820, MPF-104 or HEP-801 may be used.

with the circuit shown in A. Here conven-
tional bootstrapping was used on a basic
emitter follower circuit to eliminate the
shunting effect of the base bias resistors.
When a transistor with a current gain of
100 was used, the input impedance was
measured at 200K with a 3300 ohm load.
A significant increase in input impedance
may be obtained by replacing the emitter
resistor of Q1 with the collector resistance
of Q2 as shown in B. To keep the loading
as light as possible on the emitter of QI,
an emitter follower (Q3) is used. With this
circuit, the input impedance is slightly over
1 megohm with a 3300 ohm load.

The input impedance of this circuit may
be further increased with the addition of
the components shown by the dashed lines.
However, if this positive feedback is over-
done, the circuit will oscillate. If, on the
other hand, the 200k feedback pot is care-
fully adjusted, the input impedance may be
raised to 20 megohms or so before instability
oceurs,

The high impedance microphone pream-

L)
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Fig. 12. Two stage clipper/preamp will increase
the talk power of your rig. Transisters QI and
Q2 are 2NI1304, 2N2926, 2N3391, SK301I, or
HEP 54. The diodes are IN456 or HEP-158.

plifier illustrated in Fig. 11 makes use of
the inherently high input impedance of field
effect transistors. This impedance is raised
still higher by the use of the 2 xF boot-
strap capacitor from source to gate; in this
case to about 5 megohms. This circuit’s
output impedance of 2k is suitable for driv-
ing other FET’s or conventional junction
transistors.

Clipper/preamplifier

The microphone clipper/preamp shown
in Fig. 12 is very simple to construct and
allows you to stay as far away from the
mike as you like; it does a very good job
of beefing up weak audio signals. It was
designed primarily for high impedance dy-
namic microphones, but may be used with
other mikes with slightly less gain. It pro-
vides up to 10 dB gain on low level audio
signals and since it uses a minimum of parts,
may be easily constructed in a small mini-
box.

Although the best way to adjust a clipper
such as this is with an oscilloscope the
gain control may be set so that the final

| 2 3 4 5 6 T 8 9: KB N AR

OQUTPUT WOLTS

Fig. 13. This simple dynamic range compressor provides more than 50 dB range; it exhibits gain
with a 20 millivelt signal but will not saturate with input voltages up to & or 7 volts. All the
diodes are IN914; transistor Q1| should be a 2N2926, 2N3391, SK3010, GE-8 or HEP-54.
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Q1, Q2 - 2N465, 2N2953, SK3004

Fig. 14. This simple audio bandpass filter may be
narrowed to the limits of unintelligibility. At a
bandwidth of 80 Hz, it provides about 20 dB gain.
The input is connected to the phone jack on your
receiver while headphones are connected across
the output.

audio stage (of your transmitter) approaches
saturation on a steady whistle (into a dummy
load please); this will approach optimum
adjustment. A final check should be an on
the air report from a nearby station so
you can determine the approximate range
settings appropriate for your particular trans-
mitte.

Compression amplifier

The compession amplifier illustrated in
Fig. 13 provides a minimum output signal
with only 20 millivolts (0.02 volts) input,

+oV
820
10 uF
a3
.—
_nh-c
§4.T|‘.
L
77
47K 100K
01,02 2N2925, 2N3381, 2N3565
Q3 2N2712, 2N3415, 2N3566 (’
BANDWIDTH

CHOOSE L AND C FOR RESONANCE AT THE DESIRED FREQUENCY.
FOR CENTER FREQUENCY OF 000 Hz, WUSE 250 mH AND Q. uF

Fig. |5. This three stage audio filter uses two
series resonant circuits to provide a very narrow
audio passband. The Q of the circuits, and there-
fore the bandwidth, is controlled by the amount
of feedback.

6A

but will not saturate with input voltages
up to 6 or 7 volts. The secret to its op-
eration of course lays in the diodes con-
nected across the collector load resistors.
As the signal output is increased, the diodes
conduct one by one and lower the resistance
of the collector load. Although this ampli-
fier has a minimum gain of 1 and a maxi-
mum gain of 15 with the components shown
in the schematic, the gain characteristics
may be made to follow other curves by
the proper selection of load resistors and
diodes.

Audio filters

The two transistor audio filter in Fig. 14
uses positive feedback to increase the Q
of an inexpensive LC circuit to a very high
degree. At a bandwidth of 80 Hz for ex-
ample, this circuit provides 20 dB gain and
furthermore, the bandwidth may be de-
creased to the limit of intelligibility. The
gain stability is increased in this amplifier
by the use of negative feedback from col-
lector to base of Q1; this also serves to re-
duce the output impedance and increase the
power transfer to the succeeding stage.

At frequencies far removed from the reso-
nant LC circuit in the emitter of Q2, the
emitter impedance is essentially that of the
10k emitter resistor. As resonance how-
ever, the low series impedance of the LC
network predominates and increases the
gain of the stage. Since the output signal
is in phase with the input signal, the feed-
back through the 10k bandwidth pot and
330k resistor is regenerative, As the gain
of the amplifier increases near resonance,
the output voltage rises sharply and trans-
forms the low Q circuit into a highly se-
lective audio amplifier.

The proper value for the 330k feedback
resistor varies from transistor to transistor,
so the value of this resistor should be chosen
experimentally. This resistor should just
produce oscillation when the bandwidth pot
is advanced to the maximum feedback posi-
tion. To use this circuit, simply plug it into
the phone jack on vyour receiver, connect
a pair of headphones across the output and
advance the bandwidth control until a whistle
is heard: back off a little on the band-
width and it's ready to operate.

The audio filter illustrated in Fig. 15 is
somewhat similar to the one in Fig. 14
except that the passband has a better shape
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factor because two series resonant LC cir-
cuits are used. Here again feedback is used
to raise the Q of the resonant circuits to
a very high value. The 47k resistor in the
feedback line should be adjusted experi-
mentally so that the circuit will just oscil-
late when the 100k bandwidth pot is shorted
out (maximum clockwise position). Although
the LC values shown in the schematic are
for a center frequency of approximately
1000 Hz, other values may be used tfor

500k
TREBLE

Fig. 17. Resistance-capacitance tone controls are
usually not too satisfactory with junction transistors
because of heavy loading. The high impedance
characteristics of the FET eliminates this problem
with no loss in the dynamic range of the tone

control. @1 is a 2N2943, 2N3820, MPF-105 or
HEP-801.
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FREQUENCY (Hz)

other center frequencies.

One of the problems in amateur SSB com-
munications is that the audio spectrum of
the speech amplifier should be shaped so
that it amplifies only those signals between
about 300 and 3000 Hz, This can be accom-
plished by high-Q tuned circuits, but the
inductors required are quite large and ex-
pensive. A simpler approach is to use the
adjustable audio bandpass filter shown in
Fig. 16. When the high- and low-pass filter
of this amplifier are out of the circuit, it
is flat within 1 dB from 100 Hz to 50 kHz.
With the filters in the circuit, the audio
may be shaped between the limits shown
in Fig, 16.

Tone control

Audio tone controls using conventional
junction transistors are difficult to build
because the low input impedance ot these
devices seriously limits the tone control’s
dynamic range. An obvious solution to this
problem lies in applying the inherently high
input impedance of the field effect transis-
tor. The tone control illustrated in Fig. 17
should be familiar to old vacuum tube hands;
it is a straightforward tone control for both
treble and bass using a modern FET in place
of a thermionic triode.

7A
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Fig. 18. This phase splitting circuit provides two
out of phase signals for driving a push pull am-
plifier without an expensive transformer. The gain
of the stage as shown is 150, but this may be
adjusted by changing the value of the 22K feed-
back resistor. Q| and Q2 are a complimentary pair
such as the 2N652 and 2N388 or 2N2430 and
2N2706.

Phase splitter

The simple phase splitting circuit in Fig,
18 is a two stage direct coupled amplifier
connected as a complementary pair with
feedback and illustrates a novel way of ob-
taining out of phase driving signals for a
push pull amplifier without an expensive
transformer. The input transistor is a com-
mon emitter voltage amplifier with its col-
lector tied directly to the base of Q2. The
3k resistor in the emitter of Q2 provides
bias for this transistor but does not cause
regeneration because it is common to both
the base and emitter. The 13k resistor sets
the overall circuit bias and its value is
chosen so that the collector and emitter of
Q2 are at the desired operating level. The
22k feedback resistor provides negative feed-

27k

1/
033 I\
—~ LBk al
(&

\
10k § <2k

25 pF

Fig. 19. This phono preamplifier uses frequency
selective feedback between the collector and base
of @1 to obtain proper equalization during play-

back. Transistors Q@1 and Q2 are 2N584, SK3003,
GE-2 or HEP-254.

BA

back to the emitter of Q1 and detcrmines
the gain of the circuit. In this case 22
kilohms was chosen to set the gain at 150,
but other values of gain may be obtained
by adjusting the value of this resistor.

Equalized audio amplifier

The equalized audio amplifier shown in
Fig. 19 is a two stage direct coupled audio
amplifier with a frequency selective feed-
back path. It is particularly suitable for
boosting and equalizing the signal from a
ceramic phono pickup to obtain a flat output
of sufficient level to drive an audio power
amplifier.

When playing a record, the output from
the pickup is proportional to the force to
which the stylus is subjected when tracing
the groove. In fact, the open circuit voltage
across the pickup is approximately propor-
tional to the logarithm of the frequency
with reference to the recorded amplitude. If
the pickup is loaded with a very high im-
pedance on the order of one or two megohms,
the output versus input is nearly the in-
verse of the recording characteristic; there-
fore, the equalization is automatic.

However, it is not always possible to load
the pickup with a very high impedance cir-
cuit, especially when transistors are used

QI - 2N2429
Q2 = ZEN2706
Q3 = 2N2430

Fig. 20. This complimentary amplifier provides up
to 220 mW output with a frequency response from
90 Hz to 12.5 kHz, Although matched #transistors

are not required for Q2 and Q3, they are available
as the 2N2707.
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in the preamplifier. Resistive pads may be
used to increase the input impedance, but
they greatly reduce stage gain and increase
problems with signal to noise ratios.

In the amplifier of Fig. 19 equalization
is obtained by a frequency selective feed-
back path between the collector and base
of Q1. Stabilization at dc is provided by
the direct coupling between Q1 and Q2 and
the current feedback path through the 10
ohm resistor in the base of Ql. In addi-
tion, more negative feedback is provided
by the unbypassed emitter resistor in the
second stage.

Complementary power amplifiers

The small transformerless complementary
amplifier illustrated in Fig. 20 provides an
output of 220 mW with an input of only
40 microamps. The transistors in the single
ended class B output stage are used in the
common collector configuration and are
biased by a resistive voltage divider and
the driver transistor circuit. The emitter
resistors in the output stage provide ade-
quate temperature stability and are estab-
lished by cut and try, but a value of 2.7
ohms seems to offer a good compromise.
In adjusting this amplifier, the 100 ohm
pot should be adjusted so that the idling
current of the output transistor is on the
order of 2.5 mA; this will insure a mini-

mum of crossover distortion. When properly
adjusted, this amplifier will exhibit a =3

-2V

azﬂé
o2 16 OR 32
OHMS
ss§
2
{
1 .
250 F

12K

5¥F
¢ Q! Q3

[+

2.2K

150 250 pF
I 77

Q - 2N2429
Q2 - 2N2706
Q3 - EN2430

Fig. 21. This 470 mW complementary audio am-
plifier exhibits less than 29 distortion and is
flat within 3 dB from |5 Hz to 130 kHz
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Fig. 22. An audio power amplifier with push pull
output using a single transistor in the final stage
may be obtained with this simple circuit. Only
about 50 mW is available from this amplifier, but
the gain is flat up to 30 kHz. Both @1 and Q2
should be germanium audio transistors such as

the 2N215, 2N404, 2N2953, SK3004 or HEP-253.

dB frequency response from 90 Hz to 12.5
kHz and distortion of 4% at 120 mW input
and 10% at 220 mW input.

Another complementary audio amplifier
is shown in Fig. 21. This power stage pro-
vides 470 mW output and utilizes both ac
and dc feedback to minimize distortion and
extend frequency response. Although un-
matched transistors are not required for
the proper operation of this amplifier, a set
of matched transistors is available as the
2N2707; the cost of the matched pair is
only several cents more than the total sep-
arate costs of a 2N2706 and 2N2430. This
very useful amplifier is flat =3 dB from
15 Hz to 130 kHz, exhibits an input im-
pedance of 750 ohms and produces less than
2% distortion at 470 mW output.

Single transistor push pull

The amplifiers illustrated in Figs. 22 and
23 illustrate how a quasi-push-pull output
may be taken from a single transistor.

3 n:ﬂ

Fig. 23. A larger power version of the single tran-
sistor push pull circuit of Fig. 22 is shown here.
The operating characteristics are similar to the
50mW circuit except that approximately | watt

may be obtained. Transistors QI and Q2 are
2N215, 2N404, 2N2953, SK3004 or HEP-253; Q3
is a 2N554, 2N 1032, 2N 1666, SK3009 or HEP-232.
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audio power amplifier pro-
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vides about 500 mW out-
put with an 80 millivolt
input signal. QI is a

2N3565, SE4002, SK3020 or
HEP-54;: ©2 is a 2N3916
or SE7005.

These amplifiers are de connected, thereby
eliminating many components, while at the
same time assuring excellent low frequency
response.

In the circuit in Fig. 22, the first transis-
tor serves as both an ac driver and part
of the de bias system. Although the values
shown in the schematic were selected for
optimum results, the 6800 ohm biasing re-
sistor (R1) should be adjusted experimental-
ly to obtain equal voltages across the col-
lector and emitter loads as illustrated in
the schematic.

The frequencv response of this amplifier
may be adjusted by changing the value of
the 0.05 #F capacitor (Cl). When this ca-
pacitor is left completely out of the circuit,
the heavy negative feedback around the
circuit provides a frequency response that
is flat from dc¢ (with the input capacitor
shorted) to 30 kHz. However, under these
conditions, the gain is only about 35 dB.
The maximum power output available from
this circuit is on the order of 50 mW; above
this level severe clipping occurs with notice-
able audible distortion.

A higher power circuit that exhibits es-
sentially the same characteristics is illus-
trated in Fig. 23. With properly heat sinked
transistors, this unit provides usable out-
puts up to one watt. As with the lower
power circuit, the bias resistor (R1) should
be adjusted to provide equal voltages across
the emitter and collector loads shown in the
schematic.

The input impedance of both these cir-
cuits is on the order of several thousand
ohms, so they may be easily driven by other
transistor circuits. Although two separate
speakers are shown as the output load, the
load could just as easily be two separate
transformer windings.

I0A

Line operated amplifiers

The line operated one watt amplifier in
Fig. 24 provides about 500 mW output with
an 80 mV input signal. The use of transis-
tors with high collector to emitter voltage
ratings permits the use of a transformerless
power supply operating directly from the
115 volt ac line. To prevent damage to Q2
in the event of transient voltage spikes on
the line, a voltage dependent resistor (VDR)
such as a General Electric Thyrector or
Motorola Thyristor should be connected
across the primary of the output trans-
former.

Another line operated power amplifier
is illustrated in Fig. 25. This amplifier is

Q- 2N2923S, 2N3391, 2N3382
Q2-2N2924, ZN2TIZ, ZN3393
03-2N2923, ZNZ2926
Q4-2N4a054

TI =2500 ohma TO VOICE COIL

Fig. 25. High performance with low cost is ob-
tained with this line operated audio power am-
plifier because expensive electrolytic capacitors are
eliminated by direct coupling between stages. This

circuit delivers | watt to the speaker with 3 mW
input.
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T3 5K CT: 200 OHMS CT

Fig. 26. This 100 mW modulator may be used to
collector modulate transmitters up to about 200
mW or to base modulate somewhat larger power
amplifiers. Good performance with a minimum of
components is obtained by transformer coupling
between stages.

based on the use of a high voltage plastic
transistor, the 2N4054. The circuit delivers
one watt of audio power to a speaker with
about 3 millivolts input signal; at this power
level the total harmonic distortion at 1 kHz
is less than 10%. The key to its low cost
performance is the fact that direct coupling
is used, thereby eliminating the need for
expensive electrolytic capacitors.

Modulators

The 100 milliwatt modulator illustrated
in Fig. 26 is suitable for collector modulat-
ing small transistor transmitters up to about
200 milliwatts. It mayv also be used for
base modulating somewhat larger transmit-

260

ters. The circuit is relatively straight for-
ward, with a single audio amplifier driving
the class B push pull power stage through
a small transtormer. To modulate the col-
lector of a small transmitter, simply run the
collector voltage supply through the second-
ary of the “moduation” transformer, in this
case a low cost 5k:200 ohm audio trans-
former.

The 5 watt modulator shown in Fig. 27
may be used to modulate transmitters with
up to 10 watts input. The use of low cost,
high gain silicon transistors and efficient
transformer coupling significantly decreases
the complexity of the circuit. Usually many
more transistors are required to obtain five
watts of audio with a microphone input.
Although this modulator was designed for
a ceramic or crystal microphone, it may
be used with dynamic types with slightly
less gain. This circuit exhibits extremely
low distortion characteristics, and when used
to collector modulate a ten watt transistor
transmitter, produces extremely clear and
crisp audio.

The transistorized 25 watt modulator
shown in Fig. 28 is not much ditferent
from other types which have been described,
but with three transformers it is somewhat
more efficient than most. The transformers
are readily available commercial models
which may be obtained from most suppliers.
However, transformer T2 must have a center
tap on the secondary; this is easily accom-
plished by unwinding 46 turns from the
outside winding, bringing out a center tap
at this point and rewinding. Impedance
matching to the rf amplifier is accomplished
by adjusting the rf output loading network.

AN
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Fig. 27. 5 watt modulator for transmitters up to 10 watts input. High gain silicon transistors and
transformer coupling increase performance at decreased circuit complexity.
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Fig. 28. 25 watt modulator uses readily available
commercial transformers. Transistors Q| and Q2
are 2NI1172, 2N30I, 2NI560, SK3009, GE-9 or
HEP-232; QO3 and Q4 are 2N174, 2N278, SK3012,
GE-4 or HEP-233.

The frequency response of this circuit is

quite good and is essentially flat from 200
Hz to 7 kHz.

Circuits for Receivers

Injection oscillator

If you are interested in building a dual
conversion receiver for single channel op-
eration on MARS, 2 meter FM or WWYV,
the single oscillator circuit which provides
two outputs illustrated in Fig. 29 should be
of interest. This single oscillator circuit re-
sults in a reduction of components without
sacrificing receiver performance. Basically
it consists of a conventional common base
transistor oscillator which provides the in-
jection voltage for the second mixer. The

output of the oscillator is fed into a diode.

harmonic generator and resonant tank which
is tuned to the desired harmonic; this har-
monic is used for injection into the first
mixer. For example, for a dual conversion
15 MHz WWYV receiver with a 455 kHz
if, a 3636 kHz cystal would be used along
with its third harmonic at 10.908 MHz. The
10.908 MHz signal would be mixed with
the 15 MHz WWYV signal in the first mixer
to provide an output at 4092 MHz; this
signal would in turn be mixed with the
3636 kHz oscillator output in the second

12ZA

mixer to provide the 455 kHz if. The only
consideration in choosing the crystal and
harmonic frequencies is that only odd har-
monics should be used. This is because when
even harmonics are used in this scheme,
poor second if image rejection will be a
problem.

In most receivers the oscillator injection
frequencies are below that of the signal
frequencies. This is usually desirable since
it results in a lower first if frequency which
will provide better image rejection. In this
case the necessary crystal frequency may
be found from the following formula:

S f;l +fir
Where: fo = Crystal frequency
f. = Signal frequency
fir = if frequency
h = Harmonic to which diode

tank circuit is tuned.

In those cases where it might be desirable
to have the injection frequencies higher than
the signal frequencies, the following formula
may be used:

fo — fir

fu_ h—l

BFO's

The simple BFO in Fig. 30 may be added
to an existing receiver with a minimum of
cost and effort. Essentially it is a tuned
collector oscillator with an if transformer
being used for the tuned circuit inductance.
Just pick a transformer that is compatible
with the if in your receiver; it doesn’t make
any difference to the transistor. Anything
between 85 kHz and 1600 kHz will work

Fig. 29. Single oscillator and diode provide two
injection frequencies for dual conversion receivers.

Transistor QI is a 2ZN1745, 2N2188, TIMI0, GE-9
or HEP-2: the diode should be a IN82A or similar.
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Fig. 30. This beat frequency oscillator may be
added to existing receivers with a minimum of dif-
ficulty. The BFO frequency is determined by the
if transformer which provides feedback from col-
lector to emitter. Transistor Q| should be a 2N384,
ZNI1749, 2N2362, TIMI0, SK3008, GE-9 or HEP-2.

well in this circuit. Before you can use
the transformer though, remove all of the
fixed tuning capacitors from the unit; usual-
ly these are readily available on the bottom
of the transformer. If the circuit does not
oscillate when voltage is applied, reverse the
transformer leads going to the emitter of
the transistor. To connect the BFO into the
receiver, run a piece of small coaxial cable
from the BFO output to the base (or grid)
of the detector. In some cases sufficient in-
jection will be obtained by just placing the
coax lead in the immediate vicinity of the
detector. Adjust the core in the BFO trans-
former so that the variable tuning capaci-
tor allows the BFO output to swing to either
side of the receiver if; then the variable
capacitor will operate as a pitch control.

4.TK

Ql - 2N2925, 2N3392

FREQUENCY cl gt
50 kMz | 3500 pf | 1500 pf 10 mH
BO kHr 2200 pt S10 pf 6.2 mH
100 kHz 1800 pf 750 pf 4.7 mH
200 kHz 810 pf | 390 pf 22 mH
455 WHe 3890 pf | 160 pf I mM

1000 hHz | 180 pf | 75 pf | 047 mH

Fig.-31. This simple circuit provides an extremely
stable BFO. The frequency of oscillation may be
tailored to your needs by simply choosing the
proper tank components listed in the table.
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Fig. 32. This super AGC circuit only requires two
transistors to obtain up to 60 dB of control. QI
and Q2 are 2N1613 or HEP-254.

The circuit illustrated in Fig., 31 repre-
sents a temperature stable Colpitts oscilla-
tor which is very useful as a BFO. This
oscillator utilizes an inexpensive silicon plan-
ar transistor and is exceptionally stable over
wide ranges in temperature. In addition,
it is characterized by a large output ampli-
tude (10 volts peak to peak) and low
harmonic distortion. In addition to duties as
a beat frequency oscillator, this circuit is
useful where a stable signal source is re-
quired up to several MHz. The 20k emitter
pot is an output level control; the 10k pot
in the base bias leg is used to adjust the
base bias for maximum amplitude output.

AGC circuit

The super AGC circuit shown in Fig. 32
requires only two transistors to obtain 60
dB of control, while maintaining low dis-
tortion and power requirements. When a
signal appears at the input with its corre-
sponding AGC signal on the input of the
long time constant circuit, Q1 conducts and
causes current to flow through the diode.
This current flow lowers the impedance of
the diode and provides a low impedance
path between the amplified signal at the
collector of Q2 and the input signal at its
base. When the diode conducts heavily,
there is nearly 100% feedback and the
gain of this stage is nearly unity. In addi-
tion, the input impedance of the stage be-
comes very low and results in a large volt-
age drop across the series connected 4700-
ohm resistor.

When the collector current of Q1 is re-
duced to zero, the feedback through the
diode is negligible and the gain and input
impedance of Q2 is the same as that of
a standard common emitter amplifier. With

13A
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Fig. 33. This simple squelch circuit may be added to any transistorized receiver with only minor
changes; in most receivers only four additional components are required, two resistors, a capacitor
and a transistor. Q| is an existing transistor in the receiver; Q2 is a 2N404, 2N2953, SK3004, GE-2

or HEP-254.

the constants shown in the schematic, a 60
dB control range is provided by a 0 to 100
#A AGC input. To increase this range, high
gain transistors and a higher voltage power
supply must be used.

Squelch circuits

The simple, but positively acting squelch
circuit in Fig. 33 may be added to any
transistorized receiver with only minor
changes in the audio section and four addi-
tional components. Without an input signal,
normal forward bias to the if amplifier flows
in the AGC line. A portion of this bias
voltage is applied to the base of Q2 through
the 10K ohm squelch adjust. This voltage
biases Q2 into full Cunduc:tinn with the

squelch control pot determining the degree.
When Q2 is saturated, base bias for QI
is diverted to ground so the driver cannot
amplify incoming noise and the speaker is
quiet. When a carrier large enough to cut
off Q2 is received, Q1 conducts and ampli-
fies normally. The 100 wF filter capacitor
in the base of Q2 removes all but the AGC
signal coming from the detector.

To make the squelch less sensitive to
large noise pulses, resistor R1 will ensure
that transistor Q1 will be cut off until rf
operates the squelch. The value of this re-
sistor should be determined experimentally,
since its value depends upon the type of
transistor used in this stage.

Another simple squelch circuit is illus-
trated in Fig. 34. When there is no signal

SpF

a3 \|*+ _TO AUDIO
a2 SaF - AMP
— " |+
L srmts | - i }I @
E ''''' Ve
12k 6.8k
;J;.m In . i 10k
L
[ & A A
8.2k
15,F —— RI
56k » 33k
i il i FS 8 o=l
R2
2.5k
SQUELCH CONTROL

3.9k

777

3T SOuF

Fig. 34. This squelch circuit is very versatile and is capable of squelching out a 300 uV signal
and still maintain control down to less than | uY. With the 2.5K pot set to squelch out a signal,

approximately 3 dB increase in received signal will override the squelch. Q2 is a 2N1304, GE-5

or SK3011:

14A

Q3 is a 2NI1274; GE-2 or HEP-254.
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Fig. 35. This audio filter uses a 1000 Hz Wien
bridge circuit to provide bandwidths from 70 to

600 Hx wide. QI and Q2 are 2N408, 2N2513,
SK3004, GE-2 or HEP-254.

coming into the receiver, the AGC con-
trolled if amplifier Q1 is operating at maxi-
mum gain. Under this condition the voltage
drop across Rl is also maximum and is
used to turn Q2 on. The current through
Q2 is determined by the squelch control,
R2. If R2 is set so that the current flow
through Q3 causes the voltage drop across
the 3.9k emitter resistor to be greater than
the base voltage of Q3, it will be turned
off. Under these conditions, there will be
no output from Q3 and the receiver will
be quiet.

When a signal is picked up by the re-
ceiver and the AGC is operating, the cur-
rent through Q1 is reduced according to
the signal strength of the received signal.
This in turn reduces the voltage across Rl,
reduces the current through Q2 and lowers
the voltage on the emitter of Q3. When the
emitter to base junction of Q3 is forward

biased, the stage turns on and results in an
output to the audio amplifier.

This circuit is very versatile and is capable
of squelching out a 300 «V signal into the
receiver and still maintain control down to
less than 1 #V. In some cases there may
be some audio distortion between the on
and off conditions of Q3, depending upon
the setting of the audio gain control. This
distortion is not ordinarily objectionable
however and when the signal is several times
greater than that required to just trigger
the squelch, it is not present.

Selective audio amplifier

Selective transistor amplifiers are very
helpful in sorting out stations from the
QRM that plagues our HF bands. They are
also quite helpful in VHF and UHF work
for effectively narrowing the bandwidth of
the receiver. This is because as the band-
width is narrowed, the noise in the receiv-
ing bandpass is reduced accordingly.

In the selective transistor amplifier illus-
trated in Fig. 35, the frequency selected is
determined by a modified Wien bridge cir-
cuit in the collector of the first transistor.
Although the constants shown in this cir-
cuit are for a center frequency of 1000
Hz, other frequencies may be selected by
the proper choice of bridge components.
The bandwidth of this circuit is determined
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Fig. 36. The selectivity of inexpensive communications receivers may be substantially increased
by the addition of this mechanical filter adapter. The transistor is used to make up for the 10 dB
loss through the filter. The typical passband of a receiver without the filter is shown by A in
the frequency response curve; the mechanical filter adapter results in curve B. QI should be a

2N1638, 2N 1727, SK3008 or HEP-3.
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Fig. 37. Usually the crystal filter circuit in a receiver (A) must be physically located so the
phasing capacitor (C,) is accessible to the front panel. By using the varactor phased filter in B,
the crystal may be located in any convenient location. Q1 and Q2 are 2N3478, 2N3564, 2N3707,
40236 or HEP-50; DI is a 20 pF varactor such as the IN954 or TRW V20.

by the value of the input load resistor, but
with the resistors shown, it may be varied
between 70 and 600 Hz.

Mechanical filter adapter

With the heavy QRM that is rampant
on today’s high frequency ham bands, the
selectivity of many of the lower cost com-
munications receivers leaves a great deal
to be desired. In fact, in many cases the
selectivity of these receivers is hopelessly
inadequate. Adding a Q multiplier or a
simple crystal filter will help to some ex-
tent, but these devices simply narrow the
peak of the if response curve. Although this
is quite suitable for CW work, it is of
little help in separating SSB and AM sta-
tions. A much more useful improvement is
the addition of a mechanical filter to the
receiver if. Unlike simple LC circuits, the
mechanical filter closely approximates the
ideal bandpass response curve.

Wiring this filter into a receiver could
require some pretty extensive rework, but
by using the transistorized mechanical fil-
ter adapter illustated in Fig. 36, it may
be simply plugged into the first if amplifier
tube socket. The actual circuit itself is very
straightforward; the simple transistor am-
plifier makes up for the 10 dB of loss through
the mechanical filter. Coupling the output
of the transistor to the grid of the first
if tube is accomplished with the 4 mH coil.
This may be made by winding 100 turns
of number 36 on a cup core r toroid
(tapped at 40 turns) or the primary of an
inexpensive 455 kHz if transformer may
be used.

Layout of the circuit is not at all critical
except that care should be taken to make
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sure that there is no leakage around the
mechanical filter and amplifier. To this end
the plate lead of the if tube should be
shielded. Although the base layout shown
in the schematic is for a 6BA6 tube, this
adapter may be used with any #f tube by
simply placing the mechanical filter in the
grid lead. Packaging this device is quite
simple too; just mount an appropriate tube
socket on top of a plug-in can (Vector G2.1-
8-4), build the circuitry inside, plug it in
the receiver tube socket and pick the weak
signals out of the QRM.

Tunable crystal filter

One of the problems encountered when
installing a crystal filter in a receiver for
added selectivity is the fact that the unit
must be installed physically close to the
front panel so that the phasing control (Cs)
is accessible. This problem is neatly solved
by using the varactor tuned unit shown in
Fig. 37. In this circuit, the crystal is phased
by the varactor diode which may be re-
motely controlled by the variable resistor
R1. The circuit may be used for any if
from 100 kHz to 1500 kHz by simply se-
lecting a crystal which is resonant at the
desired frequency. In addition, the filter
may be completely removed from the system
by simply forward biasing the diode.

Cascode amplifiers

One of the big advantages of the cascode
rf amplifier is that in the high frequency
range it does not require neutralization.
In the cascode circuit shown in Fig., 38,
two transistors are connected so that the
mismatch between them reduces internal
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Fig. 38. This cascode amplifier is extremely use-
ful because it provides high gain without the need
for neutralization. Q1 is a 2N918, 2N3464, 2N3478,
MPS918, 40235 or HEP-56; Q2 is a 2NI1742,
ZN2398, 2N2894, 2N3399, TIMIO or HEP-2.

feedback; therefore the input and output
impedance of the circuit is essentially in-
dependent of the source and load.

In single transistor amplifiers the collec-
tor to base capacitance causes internal nega-
tive feedback that reduces amplifier gain
at high frequencies. This feedback also
causes the input and output impedances of
the transistor to be dependent upon the
value of the source and load impedances.
Normally this negative feedback is neutral-
ized out with a small amount of positive
feedback external to the transistor. Unfor-
tunately however, this process is long and
tedious and often requires many adjustments.

The isolation between several similar
stages is particularly important where more
than one stage is used, because as a multi-

=20V

4.5 pH

ST0K MILLER 4504

0.01

H: o OUTPUT
. % 365 pf
<

0.0l == 120K

77

1.5 pH
MILLER 4502

INPUT

Fig. 39. This 30 MHz if stage uses fwo FET's con-
nected in the cascode arrangement %o provide
20 dB gain without neutralization; the bandwidth
is 4 MHz. Both FET's in this circuit are 2N3819,
MPF105 or TIS34. With a negative supply voltage,
the 2N4360 or TIMI2 would be suitable,
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Fig. 40. This cascode video amplifier provides
more than &6 MHz bandwidth with a voltage gain
of 10. Both FET's are 2N3819, MPFI105, TIS34 or
HEP-801. A negative supply would permit the use
of a ZN4360 or TIMI2.

stage amplifier is being aligned, the tun-
ing of one stage effects all the other stages.
With the cascode rf amplifier, this short-
coming is overcome. Moreover, the gain of
the cascode circuit is greater than the gain
of a neutralized common-emitter stage with
the same stability.

Since the emitter of Q1 is tied directly
to the negative supply, the base can be
connected directly to the output of the previ-
ous stage which is at ground potential.
This eliminates a coupling capacitor and
speeds up circuit recovery time after an
overload. In addition, the gain of the stage
may be controlled by varying the amount
of current through Q1 (by adjusting the
value of the negative supply).

The high gain cascode circuit shown in
Fig. 38 uses two very inexpensive transistors
to obtain 15 dB gain at 100 MHz with no
neutralization; at lower frequencies the
gain will be somewhat higher. No values
are shown for the tuned circuits because
they will be different for each application.
However, dc biasing is usually the toughest
part of any amateur transistor circuit de-
sign, and that is already done; all you
have to do is put some tuned circuits in.
The tap point on the input inductor,should
be chosen for best noise figure. The tap
on the output inductor is chosen for maxi-
mum power gain.

Another somewhat different cascode cir-
cuit is illustrated in Fig. 39. This cascode
30 MHz if amplifier uses FETs and is
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Fig. 41. This simple one transistor superregenera-
tive receiver for two meters may be used for copy-
ing many local signals. With the components
shown, this receiver will tune from about 90 to
150 MHz. |+ may be used on other frequencies
by changing the inductor and capacitor as de-
scribed in the text. QI is a 2NI742, 2N2398,
2N3399, TIMIO, GE-9 or HEP-2.

characterized by a 20 dB power gain, band-
width greater than 4 MHz, and all without
the necessity for neutralization. For even
more gain, these stages may be simply
cascaded.

The cascode video amplifier shown in
Fig. 40 is almost an exact replica of the
vacuum tube circuit that was originally de-
veloped in the 1940°s. Usually a single triode
is avoided in wideband or video amplifiers
because the input capacitance and its multi-
plication by device gain (called Miller ef-
fect) seriously loads the input. With the
cascode configuration, the input capacitance
is no longer multiplied by the gain of the
device, but is limited to the input capaci-
tance of the FET. With the shunt peaking

3~30

2-1/2" DIA,
4-3/M" HIGH

Fig. 42. Low noise two meter preamplifier uses a
beer can cavity to provide excellent discriminatoin
against nearby kilowatts. Q1| is # 2N3478, 2N356?
2N3564, 40235 or SK30I€
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inductance shown (Miller 4309), this circuit
is characterized by a voltage gain of 10
with a 3 dB bandwidth of over 6 MHz.
The value of the inductance shown should
work with most loads, but in some cases
the bandwidth may be increased by chang-
ing its value slightly.

Two meter superregenerative receiver

The simple little receiver shown in Fig. 41
was designed primarily for the two meter
band, but with appropriate changes in the
input rf coils, it will work equally well
on any frequency between 28 and 160 MHz
Basically, Q1 is a common base oscillating
detector stage which quenches at about 25
kHz. The audio output from the detector
is coupled across the transformer to the
simple two stage audio amplifier. For more
audio output, a 500 to 3.2 ohm transtormer
may be connected between Q3 and the speak-
er. The 20 kilohm pot should be adjusted
for a total current drain of about 30 maA.

With the circuit constants shown in the
diagram, this receiver will tune from about
90 to 150 MHz. To cover six meters, the
tuning capacitor should be changed to a
15 pF unit and the number of turns on
L2 increased to 6%. Since this is a re-
generative receiver, it must be completely
enclosed in a metal box to avoid the un-
desirable effects of hand capacity.

Two meter preamp

The two meter preamplitier of Fig. 42
uses inexpensive transistors in the common
base configuration, yet provides noise figures
that are nearly optimum for this band. The
coaxial input cavity is easy to build and will
provide more than adequate selectivity
against your high powered neighbors on two.
Although this input cavity may be built
from scratch, the easiest approach is to use
a spent beer can. Be caretul when choosing
the can though, some brewers are using
aluminum cans wich are pretty difficult
to solder. The whole amplifier may be
mounted on a small piece of epoxy board
and then the entire assembly attached to
the outside of the cavity.

220 MHz rf amplifier

The 220 MHz rf amplifier shown in Fig.
43 exhibits about 17 dB gain, although the
exact amount will depend upon the type of
transistor used. Optimum operation for low-
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LI 3-1/2 TURNS NO. 16, 174" DIAM, 1727 LONG.
TAPPED AT CENTER.

L2 8- TURNS NO 24 ON 14" SLUG-TUNED FORM,

LY 8 TURNS NO.I6_ L/B"DIAM, 7/8" LONG. TAPPED
ONE TURN FROM COLD END.

G 2N34TB, 2N3564, 40235
RFC OB4 yH (OHMITE Z-220)

Fig. 43. Low noise 220 MHz preamplifier. This

circuit will provide extremely high gain with low
noise on the Il/4 meter band. Neutralization is
controlled by inductor L2.

est noise figure also depends upon the
transistor type, but usually will be in the
vicinity of 6 volts collector voltage and 1
mA collector current. Unfortunately, this
is usually not the same operating condition
for maximum gain; maximum gain will oc-
cur at somewhat larger values of collector
voltage and current. When this amplifier is
set up, the 470k base bias resistor should
be adjusted for the condition that you are
looking for, whether it be minimum noise
figure, maximum gain or a compromise be-
tween the two. Remember that for most
practical receivers the noise figure will be
dictated by the noise figure of the first
rf stage; more gain can be added by another
stage of amplification.

Circuits for Transmitters

Crystal oscillators

A compact untuned crystal oscillator is
a very useful unit to have around the shack.
The oscillator illustrated in Fig. 44 does
not have any tuned circuits, so almost any
crystal from 300 kHz up to 10 MHz will
oscillate satisfactorily. It can be wused for
driving transmitters, as a signal source or
for just testing crystals. In this circuit the
first transistor is operating as an untuned
crystal oscillator with the second transistor
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Fig. 44. This untuned crystal oscillator will oscillate
with any crystal from 300 kHz to 10 MHz. Fre-
quency stability is very good because the emitter

follower buffer amplifier effectively isolates the
oscillator from the load. Q1 and Q2 are 2N993,

2ZN1749, 2N2084, 2N2362, TIMI0, GE-9, SK300&6
or HEP-2.

connected as an emitter follower. With this
arrangement, Q2 acts as a buffer stage
and quite effectively isolates the oscillator
from the load.

Another untuned ecrystal oscillator stage
is shown in Fig. 45. This circuit will oscil-
late with any crystal between 3 and 20
MHz with no tuning whatsoever. If over-
tone crystals are plugged into the circuit,
they will oscillate on their fundamental fre-
quency. For overtone crystals up to about
60 MHz, the fundamental will be approxi-
mately ’: the marked frequency; above 60
MHz the fundamental is normally about %
the marked frequency. For best stability with
each of these untuned crystal oscillators,
all the capacitors should be high grade silver
mica types.

The crystal oscillator shown in Fig. 46
has proven to be extremely stable and easy
to adjust. Basically it is a standard Colpitts
circuit with the frequency determined by
the crystal. By using the appropriate induc-
tors and capacitors, this circuit will oscillate

\
/1

27Tk Ql

&8 ~ l Ok

p—
laz
IT...L {(—OWTFUT

i) 470 o

S ”

Fig. 45. This crystal oscillator will oscillate with any
crystal between 3 and 20 MHz with no tuning what-
soever; overtone crystals will oscillate on their
fundamental in this circuit. QI is a 2NII77,
2N1180, 2N1742, GE-9, SK3006 or HEP-2.
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Fig. 46. This Colpitts type

Fig. 47. This is the old familiar vacuum tube Pierce
oscillator circuit with a field effect transistor in
place of the thermionic triode. Circuit constants
shown here are for the | MHz region, but the tuned
circuit may be adjusted to any frequency desired.

Q@1 is a 2N4360 or TIMI2.
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crystal oscillator may
be used with either fundamental or overtone crys-

tals from 10 MHz to 84 MHz with the tuned cir-
cuit components listed. It oscillates quite readily
when adjusted and provides a stable output.
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Fig. 48. This crystal oscillator was designed spe-
cifically for overtone crystals and will oscillate up
to the |Ith overtone in the VHF range. Suitable
values for Cl are shown for the VHF bands: for
other frequencies, C| should exhibit approximately
90 ohms capacitive reactance for best results.
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QI is a TIMIO, TI400 or HEP-3.
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with either fundamental or overtone crystals.
Although circuit values are only provided
here up through 84 MHz, this circuit will
operate well above 100 MHz with smaller
values of capacitance; the only requirement
is that they retain a 10 to 1 ratio in capaci-
tance. For operation with a negative supply
voltage, ground the 10 volt line shown in
the schematic, lift the 1.2k and 47 ohm
resistors from ground and tie them to the
negative supply, PNP germanium transistors
may also be used by reversing the supply
voltage and changing the 10K base bias re-
sistor to 33k.

The untuned crystal oscillator in Fig. 47
uses an FET in the familiar Pierce vacuum
tube circuit. In this oscillator the drain to
source capacitance and gate to source capaci-
tance make up the feedback path with the
amount of oscillator excitation determined
by their ratio. This circuit cannot be used
with conventional junction transistors be-
cause their low input impedance severely
loads down the crystal.

The crystal oscillator shown in Fig. 48
is designed specifically for overtone crystals
and will work up through the eleventh over-
tone. The circuit is completely noncritical
except for the value of Cl1 which should
exhibit approximately 90 ohms capacitive
reactance at the operating frequency. The
tuned circuit is tuned to the frequency of
interest. The 5 pF capacitor from collector
to emitter should be adjusted for maximum
rf output; above about 200 MHz it may
not be required. The constants shown in
the schematic should cause oscillation with
any overtone crystal in the VHF range,
but in some cases a sluggish crystal may
require adjustment of the 24k base bias
resistor to take off every time power is
applied.

Yariable crystal oscillator

The variable crystal oscillator shown in
Fig. 49 is a very useful circuit to the ham
who wants a highly ‘stable signal on two
meters or 432. Although it will only tune
about 50 kHz on two and 150 kHz on 432,
it is adequate for many types of operation.
On 432 for example, most operation is with-
in a few kHz of 432.00 MHz. The circuit’s
operation is quite straight forward; the dual
365 pF capacitor pads down the resonant
circuit and pulls the crystal down in fre-
quency. Just how much it is pulled down
is determined by the inductor L1. For an
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Fig. 49. This variable crystal oscillator (VXO) may
be used to vary the frequency of an 8 MHz crystal
4 or 5 kHz when the 365 pF dual variable is
tuned through its range. When multiplied to two
meters or 432, this provides a very stable variable
frequency. For 8 MHz crysals, LI is a 20-25 uH
slug tuned coil; L2 is chosen to resonate at 8
MHz with the 30 pF capacitor.

Table 1

Crystal L: L2*

3.0 MHz 35-60 pgH Miller 4509 80 turns #36,
tapped at 27
turns

5.0 MH=z 24-35 uH Miller 4508 62 turns 36,
tapped at 21
turns

8.0 MHz 16-24 pH Miller 4507 40 turns #36,
tapped at 13
turns

9.0 MHz 16-24 yH Miller 4507 36 turns #36,
tapped at 12
iturns

*Wound on 14" slug tuned form.

8 MHz crystal, this inductor should have
a center value of about 22 pH; it should
exhibit relatively high Q at 8 MHz and
be self resonant well above the crystal fre-
quency. As this inductor is increased be-
yond a certain amount, the crystal will lose
control and the circuit becomes a rather in-
ferior VFO. For best results L1 should be
adjusted so that the crystal is pulled 4 or
5 kHz when the variable capacitor is tuned
through its full range.

The buffer amplifier is coupled to the
oscillator through a 50 pF capacitor. For
maximum frequency stability, this capaci-
tor should be the minimum value that will
provide adequate drive for your transmitter.
With the 50 pF capacitor shown, approxi-
mately 10 volts of 8 MHz drive should be
available with the buffer tank tuned to
resonance, Inductor L.2 is chosen to resonate
at 8 MHz with the 30 pF capacitor; the
tap is % up from the ground end.
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Two frequency crystal oscillator

In the two frequency crystal oscillator
illustrated in Fig. 50, .the bilateral char-
acteristics of the transistor effectively pro-
vide two separate common emitter stages.
Either of the two frequencies may be se-
lected by simply applying a pusm've or
negative voltage to the circuit.

When a positive voltage is applied, cur-
rent flows through D1 to the emitter of
the transistor. The tuned circuit consisting
of L2, C2 and the crystal Y2 determine
the oscillation frequency available at the
output. The other tuned circuit consisting
of L1 and C1.is shorted out by Dl1. In
addition, since crystal Y1 is connected be-
tween the base and emitter, there is no gain
to promote oscillation at its frequency.

If a negative voltage is applied to the
supply terminal, the transistor “inverts” it-
self with the collector becoming the emitter
and the emitter the collector. In this case
L1, Cl1 and Y1 determine the frequency
of oscillation. Diode D2 shorts out the other
tuned circuit and the crystal Y2 is con-
nected between 