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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 I 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 lTU 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
senta tives living it up in millionaire style . ..
they managed to spend over $15,000 of the
ARRL fund s 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 didn't happen again .

1'111 afraid that they all thought I was
very naive ... and I guess I was. I had not
recognized [ust how important W (J..,hington
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

2

we did not pressure where it counts : on Con
gress.

They pointed out that every other major
user of radio frequencies maintains a lobby
in Washington to look after their interests.
They wondered if I thought that all thi s
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 \ Vashington. But what about the League
counsel in \Vashington? 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 \Vashington is of such great
imparlance, why is it, I asked, that the AHRL
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 I
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 IT U conference and this seemed to
be headed for us in the late 1960's, 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 ARHL as an alternate
organiza tion for amateurs to join. The In-

(Con/inlltJ 0" P"'Rt 114)
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Editor's Ramblings
Paul Franson W A ICCH

Spec:ial features
Have you looked th rough 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 trausis
tor Circuits." Jim Fisk W1DTY has spent a
lot of time and work 011 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 doesn't 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
II." In Iact, 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 LIS know. And don't
forget that we're in the market for book
len gth m anu scripts. If you have the time and
ab ility, and would like to work on one,
please write me with an outline of what
you'd 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
you. First , we'll have a sideband section. It
will contain a listing of all commercially
ava ilable 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
VHF. We've also got articles on construction
of quads, simple quads, and quad masts.
This issue will arr ive 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,
we re 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 you'll find . If
you've got a lot of presently useless stuff,
put some clever ham s 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
und by Canadian hams in our July issue.
Many of the articles will be technical; others
will look at the Canad ian amateur scene
the rid iculously high prices Canadians have

(Continued on page liB )
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Rod C. R;gg W6YGZ
1]05 Oecidental Ave.
Stodton, Calif. 95203

Barry S. Todd KbZCE
)10 East lOth St.
Corona, C alifornia 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.

$ l llllllOL I a bo

Fig_ I. Graphical representation of the word "at."

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 de 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,
mu ltivibrator, 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 bulton and it sends your call or any
other message that you want to "program"
into it. \Vhen 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:
I ) the design of the new diode matrix, and
2) wiring the diodes into their new places.
A typical call, such as W6YGZ, 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. \Ve
needed a cheap and reliable unit for iden
tifying our transmitters for tests under long
periods of unattended opera tion (within
legal limits of course). We had considered

.- -

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. AU 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.

T he d igital computer approach was fa
vored because of the authors' background
and familiarity. The unit was designed us
ing "d igita l 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, l\IULTIVIBRATOR, 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 type.

One of the basic questions which arises
in the initial design is: in "..·ha t way should
the message be broken down and stored?

TALETTER

6 73 MAGAZINE



• • • •
• •
• • •

• , • •
• • • , ••

, - • - •• - •
Top view of the diqital 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 anyone of 26

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

2) By character, Le. dot , dash, or b lank.
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 W 6YGZ contains 23 characters in
cluding spaces.

3) By baud. A baud is a te legraphic linit
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, p resence 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
syste m is that only one of two characters
Ilet,d he re-membered leading to the binary

."

- ~ r-.-: '" ~r
0"'- -- -:

• ( l:\Atl .. IlI..ANKI

"'" ecce ~, -e-
COUNTER MATRI. '" , ..~.~ ......n'... '-- ......TIVl8flATOA

,"
erce 0!2U.

'" (NV • INVERTER

" • [ "'tHER fQU.O

\COUNTER ....U FtP< J
corwrs ~"'"

', ' tom
I BAUD

SAMPLING GATE ~' '" "'ONOSTABLE

'" l.J..TIVIBRATOR

., '"

L I

~

CALL .. P1IOGH£$S Y(S""'CE I ·0· ~~

,~

r<~ -...ar.osTABLE
"" 'LTI VIBRATOR

STAIIT I...PUT

Fig. 2. Blod 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 exceed ingly
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 saviug 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
genera ting the dot, dash and blank (no let
ters). These circuits are simply monostab le
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 fo l low i n g abbreviations; t = dot,
a = dash, b = blank, the memory would
be called upon to provide the following
signals: t ab 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.

8

\Ve 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 rnul
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. \Ve 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 amateu r
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
circu it 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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Oblique view of the diode matrix that determines
what characters will be generated •
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tern. 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 Hip-flops which arc 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 intreprcts each state of
the counter and feeds a signa l to ODC of
the character formation generators. "D iode
matrix" is just a fancy term meaning a col-
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Fig. 4. The diode matrix in thrllil diffcorent representations: A. Block diagram. R. Sehematie diagram.
C. Matri. form.
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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.

\Ve 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 per s on s from
wasting our time.

The character form ation 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
~[V which together with the dash output in
an AND circuit causes an output. The blank
also triggers the three baud MV but there
is no output.

When either of the character multivibra
tors has completed its function, the space
multivibrator is triggered. Tbe 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 mew 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. \Vhen the counter reaches
that state the stop output gates off the space
~IV 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 t\lV input pulses are again gated
on and the circuit continues thru its se
quence.

The entire unit timing diagram is shown
in Fig. .!i. A careful study will lead to a
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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.
It 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
spond ing schematic diagram in Fig. 4B, and
the same circuit in matrix form is shown
in Fig. 4C.

Simply sta ted , the d iode 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 Kamaugh
mapping and writing minimal equations. The
matrix can easily be built from the equa
tions.

we have not set a definite charge for the

COUNTER SlATE NUMBER _ I -+2_:_3 -r-4-+-!i ---j

Fig. 5. Timing diagram for generating the word "at."
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better understanding of the operation of the
generator. The example shown has been se
lected to show most of the details of opera
tion. Thc followi ng events happen III sc-

q uence : The coun ter is initially in the stop
state (no. I). A start pulse fed to the space
!vIV input turns it on incrementing the
counter to the next state (no. 2). The diode



Fig. 7. Circuits for measuring transistor parameters.
See the ted for a description of how to use these
circuits.

matrix interprets this state as a dot. \Vhen
the space ~IV returns to its quiescent state,
the matrix output is sampled and the dot
MV 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 cir
cuitry; logical levels of "one" are -12
volts and those of "zero" are zero volts. The
schema tic of our working model is shown
in Fig. 6. An understandi ng 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
bihliography.

It must be kept in mind that we are not
dealing with ideal components when build
ing digital circuits; d iodes 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 arc 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 continua lly changing fro m one val
ue to another. Voltage waveforms at the
more important points are shown in the
timing diagram.

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

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

It is also true that transistors are avail
ab le 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 economica l to consider
the industrial units. For example, the trans
istor used in the identification generator,
Fai rchild 2N3638, is 3 lc in quantity. This
fact together with the assurance of known
characteristics and uniformity of q uality
makes the choice an easy one. Paul Franson
d iscusses the 2:'\3638 in his column; 73
xlngazine, Junc 1965, page 88.

Surplus transistors can be used but should
he tested first. A few simple tests wiII de
termine if a transistor is suitable for use in
digital circuits: 1) T he de beta should be
greater than 30. DC beta, hn. is deter
mined by measuring what base current is
needed to produce 5 rnA of collector cur
rent with the collector-emitter voltage 0.5
volts. DC beta is the ratio of collector cur
rent (5 rnA) til base current. 2) The leak
age current should not exceed 200 micro
amps. Leakage current, I ,, ~ o , 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 arc relatively simple tests but
they tell quite a b it in comparing transistors.
Units that meet these two tests will general
ly work satisfactory in digital circuits.

Other types of transistors will work
eq ually well. 2N4 14 , 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.

~lany variations on this idea are possible.
Amateurs in the HTTY field might like to
consider this unit for solving the problem
of dual ident ification . As the FCC rules
stand, only the identification of the trans
mitting station is required to be in cw. The
re -quirement can be full y met with this gen
erator and a ten minute timer to trigger it.

Tho ragchcwcr will fin d a unit such as
th is an extension of his "ten minute r€'
mindr-r" ( it is sllggesh·<1 tha t the reader con 
suit the rules and regulations part 97.87
before makin g Hnal plans ) .

_10.5
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For the amateur who likes it deluxe, this
unit can he the basis for a semi-automated
cw station.

With a magnetic core memory mauy vari
ations of the basic design are possible; for
example, several messages can be stored in
the memory and called for individ ually 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 th e answer. The
message need be stored only once b ut could
be called out three times in a row if a
simple three counter is used.

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

Bartee, Lebow, and Reed, 'J'henr:r nud D(,Mh:;n
of IH/{itnl ;\lm'hhl('I\!, McGraw-Hill, 1962. A m o r e
sophisticated approach to the design of digital
s ys t e m s, r-over-s s eq u e n ti a l circuit s .

BUITOUgh s Corporation, IU/otltnl C OlllJlll tt"r
I'rhl\'ll,I"04, xrco raw-Hnt, 1962. A nonmathe
matlcal ex p la lnat lo n of d igital computers, their
operations, and the com ponents t hat make
them work

Caldwell, Samuel H ., Sultt'hlll/{ Cl r t·u it .. noll
1.0"..1(·nl Ih· .. I/otn. w nev, 1962. A little of every
thing in the design of digital relay as-stems.

G ranberg, H., OH2ZE, "A Push-Button
K e y e r-", t;(l .iH ll /otll z l n e 20 :9 Sept. 1964, P a g e 28.
Uses magnetic core shift register.

Horowitz, Paul, " ' 2Q YM, 'Perfect Code a t
Your Fingertips'. (1!!''I' 49:9 August 1965, Page
11. Uses diode matrix and magnetic core shift
register. Typewriter k eyer-, Explains digital
c ircu its ,

H urley, Jttchar d B., 'I'n l ll l" l fl( ~ n r LOA"ll~ Clrl'lIlts,
wnev. 1%1. A College level text explaining
digital mathematics, design and circuits detail.

Ketchum and Alvarez, Pul'll" and S,,·lh·hhl/ot
Cir(·lIit .., ),lcGraw-Hi11, 1965. A junior college
treatment.

" A Semt-Au t o m at. tc Keyer-" , an article in
Eh'('1rUllh'", ]~xlu·rhll("lIh·r. SOllie issue i n 196 4
or e ar-ly 1965. Shows how to build a type
writer-like code generator using r-elays.
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Bottom view of the automatic identification generator described in the text. The diod e matrix is in
the lower right corn er.
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Robert Crotinger K6YK H
4bl9 Brighton Avenue
San Diego, C a lifornia

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.

Fig. I. Plate current of th e TR-3 a nd linea r versus
relative power output.

TR-3 LI NEAR

PLATE T~'NG ,.• TUNING ,.•
.....tr "'"'"' ., """'"

,.
EQ!JIP!II(NT X"'TII GAI>l " - ,.,
SUTINGS .. ~ .- P-2 5I:N$lT IVITY '"~~ .•~ '.~ ...,.

the situation. However, to determine the
precise benefits, or obta in 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
ca lly, when an independent variab le, plotted
horizontally, is ca used 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. ana l
ysis of the results.

Amateur measurements usually fall into
the "compa rative" class, as access to precise
standards is usually impossible and the re
snits are relative to a given set of cond itions.
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
IV. He used to be WOGUY ond W 8DDT.
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Broadcast sta tions 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 insta llation which
are worthy of correction.

The idea of a graphical analysis of the
performance of my eq uipment setup came
about when I purchased a new exciter cap
able of overd riving my linear. It seemed
desirable to construct a pad of approxi
mately three decibels a ttenuation to correct

14 7J MAGAZINE
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Fig. 3. Overa ll audio response.

a step attenuator and db level varia tion
read accurate ly, it is eq ua lly as valid to use
any audio oscilla tor in conjunction with a
resistor-potentiometer voltage divider to re
duce the level and take readings of aud io
level with a VTVM at the audio oscillator.
In many cases. a decibel plot will improve
the appearance of a curve over a voltage
p lot 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 rnA plate current when
the linear begins to level off. In this case,
it would be better to have slight ly more
padding in order to make the exciter ALe
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. \Vhile 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 overa ll
frequency response run, the result of which

-3 -2 -I-to - 9 - 8 -7 -6 -s - 4

'NPUT fl)Oj[ LEV£ L (d81

/

VSWI'I " 1.20 0
'

VSwR ( EXClTER- l-INU R) ' 1.3' I
I<OTtS TUNING' SETTINGS ll.S PEIl ~!G . r

VAIiI IA8LE • AUl)IO INf'UT LE\oI[L
AUDIO r:I'l[Q • 1000 Iol.

T
.~, EXCITER VSWR

"" Dl'IAI< [
,.. LINEAR IotETEIIl

HP-205AG TII-3 '" G$8-201 I<"'GI1T,.,

Fig. 2. linearity respo nse.

a test which could be made quickly and
easi ly by virtua lly any station with only a
VS'VR 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, hut the fact is that the independent
variable is not measureable and the results
do not show the most important variat ion,
that of power output with input audio level.
However it is a reasonably good indication
of the linearity of the two stages with d rive.
An important conclusion from this graph
was the fact that the driver (TR-3) reached
450 rnA, its maximum output where flat
topping begins, at the same time that the
linear had on ly reached slightly over 600
rnA. The linear was capable of being driven
to slightly over 700 rnA before flat-topping;
therefore it was obvious that on this band
(15 meters) the 3 dB pad presented more
loss than desirable. T he ultimate conditions
was that both exci ter and linear flat-top at
the same point.

A more valuable test was effected when
an audio oscillator was used with the out
put a ttenuated to mike level and fed into
the microphone input, as shown in Fig. 2.
Wh ile a commercial unit was used here with
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Tall in the tower field
ROHN towers have distinct ad
vantages . • • not inherent in
other towers manufactured for
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In addition, ROHN warehouses
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plete turnkey tower erection
service throughout the wor ld.
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Home Office
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Ph. 309/637·8416 TWX 309/697·1488
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is shown in Fig. 3. In making this run the
input audio at ] 00 Hz was increased until
the linear plate c 11IT('n l 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 definite ly 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 sma ll step is the response of the
exciter a t 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 eq uipment is used. and this means
into the antenna. This dictates the making
of overall tests a t 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 eq uipment. 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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Excellent performance
at low cost

Matching Speaker
Mode12-CS
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2-C BLOCK DIAGRAM
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FREQUENCY COVERAGE: 35to 4.0 mHz. 7,0 to 7.5 mHz. 14.0 to 14.5 mHz. 21 .0 to 21 .5
mHz and 285 to 29.0 mHz with crystals suppl ied. Accessory crystals provide 500 kHz
incremental coverage from 3,0 to 30 mHz,
SELECTIVITY: setectacte Passband Fi lter provides:

.4 kHz at 6 DB down and 2.1 kHz at 60 DB down.
2 4 kHz at 6 OB down and 90kHz at 60 OB down.
4 8 kHz al 6 08 down and 16 8 kHz at 60 DB down.

DIAL CALIBRATION: Main dia l ca librated 0 to 500 kHz in 10 kHz divisions. Vern ier
dIal eeue ratec in appro~jmately 1 kHz dill is ions_ Main dia l and Vern ier adjustable for
calibration.
STABILITY: Less than 100 Hz aner warm up. Less than 100 Hz for 10% tine lIoll age
change.

MODES OF OPERATION: USB, LSB. e w. AM. RTT Y.

SENSn IVITY: Less than .5 uv lor 10 DB signal ptus no ise to noise on all amateur
bands.

AVC: AmplifIed delayed AVC having slow 1.75 sec.j or fast (,025 sec .) discharge and
less than 100 microsecond charge. AVe can be sWllched of'- Less than 6 06 change
for 100 DB RF input change.

AUDIO OUTPUT: 1 8 walls WIth less than 5% distortion and .75 watts at AVe threShold .
AUOIO OUTPUT l MPEOANCE: 4 ohms.
ANTENNA INPUT : Nom,,'aI52 ohms.

SPURIOUS RESPONSES: Image reject ion greater than 60 DB. IF rejection qreater
than 60 DB on amateur bands, Internal spurious signals wit hin amateur bands less
than the equivalen t of a 1 uv signal on the antenna.

CONTROLS AND JACKS:
Front: Mai n Tuning. Func tion swi tch. Band swi tch. Ptesele ctot . RF Gain , Mode.

Selectivity switCh. AVC. and s-veter.
Rear : Antenna jack. S-Meter Zero . Mute Jack. s tcetcee Jack. and Speaker Jack.
Sid. : Au~ i liary crystal socket, au~iUary crystal- Normal switch , Phones.
Top Chan i$: 2·CO scceet. 2·AC scceer . and Noise Blanker seeker.

POWER CONSUMPTION : 30 watts . 120 VAC. 50/60 kHz.
DIMENSIONS: 11 '<1~ wide. 6~~ high. 9~/ deep. weight 13~ Ibs.

2·AC CR YSTAL CALI BRATOR : 100 kH z crystal
oscill ator ccrrespond.nq 10 the numbered dial
d ivisions on the Main Tuning Dial.

• Covers ham bands 80. 40. 20. 15 meters com
plete ly and 28 ,5 to 29 ,0 mHz o f 10 meters w ith
crysta ls furn ished .

• Or tunes any 500 kHz range betw een 3.0 and
30 mHz w ith an accesso ry crystal.

• Th ree Bandwidths of selectiv ity (equiva lent to
3 f i lters) are furn ished : .4 kHz, 2.4 kHz and
4.8 kHz.

• Solid Slate Aud io w ith 1.8 walts output.

• Solid State AV C w ith l ast attack: and slow re
lease for SSB or last release fo r h igh break
in CWo Also AVC may b e swi tche d o il.

• Receives SSB, AM. CW o and RTTY w ith l ull
RF gain, complete A VC ac tion and accurate
S-meter indication .

• Producl neteeter fo r SSB/CW-diode cetec
to r for AM.

• Exce llen t ove rload and cross modulation
c ha rac t er istics ; insensitive t o ope ration of
nearby transmitters,

2·CQ SPEAKER I
Q-MULTIPLIER &
NOTCH FILTER :
Plugs into a sock
et on the 2-C to
p rovide in
creased setecuv-

$39 .95 Net ily and notching
out of interrering

hetrodynes and o ther interlering signals. Nec
essary controls are mounted on the 2·Ca.

2· NB NOISE BLANKE R: Solid state c ircuitry is
u sed to provide true noise b lanking by q uieting
the receiver du r ing the mtervet of the noise
pulse .

2-CS MATCHING SP EAKER

ACCESSORIES:

See your d istr ibutor o r w r lle for free B rochure

R. L. DRAKE COMPANY. MIAMISBURG. OHIO 4S342



John Schultz WI DCG
40 Rossie St.
Mystic, Connecticut

A Non-Tiring CW Monitor
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. t ransmitter.

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 Dl and D2 may be any type
normal power supply silicon diode units work
line-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 Oil-off switch must be used. in the monitor
to prevent a continuous battery drain.

I built the monitor in a small Minibox
measuring 3Ji 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
generatorZkewer for an SSB transceiver with
out C\V 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.
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Fig. I. Two-tone CW monitor designed to over
come the monotony of a single sine wave output
monitor. No perts ere criticel: ell ere discussed in
the tnt.

For anyone who enjoys long periods of
C\V operation, a good keying monitor is a
necessity. Unfortunately, most simple moni
tors which produce a single tone get awfully
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,
I 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. I. The circuit is simply two variable
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--- Amaleur Mobile Anlenna 1000

DX'ers ••• For a commanding mobile signal, Mosley ana
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, perfermcnce-tes ted to rcke constant KW use.
(10 meters does not require a coil. )

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! FOR COMPLETE INFORMATION WRITE:



J. D. Cameron WA4WWM
Box 139C. Rout. #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?

of a hig 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 th e 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 using 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 th e operator who wishes wide band op
eration between C\V and phone th is boom
length will allow ~ wave spacing with five
elements. For the phone or the C\V enthu
siast more elements can be added to give a
narrower beam width for better QRM re
jection on receive, and a little marc gain
on transmit. As mv antenna was to be used
mainly on phone SSB, a center frequency of
14.270 ~1 Hz was chosen with seven elements
at .15 wave-length, approximately 10 feet
spacing.

A visit to the local electrical store pro
duced 2 inch J. D. conduit with . 12,~ 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 arc 2; inches O.D. Four lengths of al
loy tuhing were purchased 2 inch o.o., tw~
at 12 feel , two at 9 feet, wall thickness .06;>
inches.

'cow to assemble the boom on the ground.
A screw coupling is supplied with the con
duit, so the two 9 feet length s are coupled
together. and two 3 inch, ~ inch D. bolts
fitted through the conpltng for added me-

~ " 0 ..
-#I..

.. ..,
I

..

Fig. 1. Details of three parts of the anten na. From
th. top: Addition of extensions to t he ends of
the reflector f or tun ing. Element a ttachment to the
boom. Attachment of the boom to t he mast.

In antenna design, as in boxing, it is true
to say "A good big 'un can beat a good little
'un". Tuning across the favorite DX band,
14MHz, 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
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Fig. 2. WA4WWM's seven element twenty-meter bea m. Dimensions are given in th e 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 0 .0. alloy
tubing is inserted in either end of the con
duit and a strong joint assured by a 2 J4
inch muffler clamp. These muffler clamps
arc very strong and cost less than 25 cents
each. Six at 2 inch and ten at 2~ inch 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 muffier
clamps. 'Ve now have a 60 foot hoom lying
0 11 the ground looking extremely flimsy
especially when picked np at the center!

Each e lement is made from alloy tubing.
The center portion is the standard 12 foot
of I inch a .D., .0,58 inch wall, with another
12 foot of 1ii inch O.D. cut into equal parts,
inserted at either end, and still another 12
foot length of j; inch O.D. tubing cut in half
and inserted into the 1£ 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
n gid mech ani cal co up li ng. The 34 feet
length is sufficient to allow trimming of the
driven e lement and directors, hut 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 If 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
clement 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, tenninating 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 I II inch alloy
angle fixed to the center of the element with
two D~ 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 2~ inch clamps, the four
outer with 2 inch clamps.

The element positions shou ld now be
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marked , then the whole antenna disassem
bled. I use a telescoping tower with 20 foot
sections, so winding this down gave a re la
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 r, inch
tubing are now used to support the ends
of the inner 18 fcct from the top of the mast ,
again using muffler damps. Next, the two
I :) 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.
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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. \Ve now
ha ve 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
clcment may be necessary to ensure 200
ohms. It is best to measure this with an an
tcunnscope and a 4 :1 bolun to read 50
ohms. This is a balanced system, hence the
balun . The reflector can be adjusted with
th e aid of a small oscillator located a few
hundred yards away, or by getting a local
ham a few miles away to give S-meter read
ing'. The antenna handbooks will supply
deta ils.

Finally, a beam of this size helps tre
mcndously 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 cond itions 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 expend iture 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.

. . . W A4WWM
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ile per ormance
The Super Hustler has ...
Hig h Power Capability- Capable of maximum legal limit on SSB.
Widest Bandwidth - Belter than ever ... maintains minimum

SWR over phone portion of 40, 20, 15, and 10, - 60 KC wide
at 2 to 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.

~-~;;-:i~~~n~;;;;;;;-i~ilivid:al~o~';:~~~~:--
lated from each other for top performance value.

See the new Super Hustler at your
distributor NOW• • . get the facts.

SWR chart and com
parative information
supplied on request. ......



Howard S. Pyle W70E
3434 741h 51. 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
hasement door jamb. "Hi, Larry". said Joe,
"what you doin' out here . . . gain' to sit
in on a code class with us?"

"That's exactly what I am gain 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 ami"

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
hook which she had picked up and the four
of them settled themselves in FN's shop.

"Larry, put on the phones and take a
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Joe chose to use his SWL receiver-a military
surplus Bc.312.N-fof 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"

"1 knew it" Judy exclaimed, "the minute
I did it but Cramps 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
you'd just foul yourself up. Incidentally,
hath FN and I are checking the time it takes
you to send the copy we give you; 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 Ice'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 you practice. Looks like both of you
made sufficient solid copy a couple of times
to have put yon through the formal exam
but as far as I'm concerned, I'd like to see
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J udy. F-N , larry and J oe tal ked about rec eivers after
t he code practice session.

"Coed' F'" t" h\.,00 was' ., s comment, now ow
about you, Joe?"

"Well, FN, I haven't been ahle to get ill
as much time as Judy, with my p aper route
hut I think were about even. I've been con
centrat ing on th e laws and regulations most
ly 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
you and I take turns asking them questions
at random from the books? You take the
license manual and I'll use the ABC's and
we'll alternate the q uestions".

"Fine" replied Larry, you start if off, FN".
"All right; Judy suppose you tell me what

the novice Frequency bands are." No trouble
here , ' , Judy rattled them off like she
was usi ng th em all every day.

Larry ca me at her then wi th, "What IS

you both up to 7 or even 8 words a minute
both sending and receiving solid copy before
we call the turn formally, what you think
Larry?"

"By all means, Larry came back, "if you
kids can reach 7 or 8, you'll go through 5 {
like nothing; give yourselves those extra I

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 p ace . . . just
keep plugging. Let's see now what you can
do with receidng" and both FN and
Larry passed the phones to Judy and Joe.

Larry and FN again alternated between
send ing and checking copy. Again the two
youngsters were very close; Judy h ad a
slight edge and Larry gave her 5.5 wpm
whereas F N' checked Joe out at exactly 5.
Judy generously reminded them th at 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 pen cils. It was therefore mu
tually agreed that if their knowledge of the
written portion of the examination proved
equally satisfactory, Larry and F:\ would
administer the formal code examination at
the next session, two weeks hence. The writ
ten portion would necessarily h ave 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 exam iners
at the time of the code tes t,

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 b ooks?"

"Sure, Cramps", replied Judy, "I've been
gett ing in some time every afternoon and
I've been reading m yself to sleep at nigh t
w ith one or the other of them . .. Joe and
I h ave b een swapping them between us.
Kind a rough going in spots but Joe's been
able to straighten me out on some of the
puzzlers so I fi gure I'm get ting the hang of
' t "I ,
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the maximum legal power allowed novi ce
stations?" to which she promptly replied,
",.5 watts" but Larry wanted more; "Input
or output Judy?"

Looking a bit confused Judy countered
with, "Input I think, isn't it? Gosh, I guess
I 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
you more fully some tim e."

It again being FN's turn, he asked Joe,
.'\ Vhat frequ ency 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 H ertz who is the acknowledged
discoverer of the phenomena known as
'Hertzian waves' or, as we have more com
monly referred to them, 'rad io waves'. Just
remember that if the word 'hertz' appears
where you have stud ied 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
abbrevia tions . 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 correc t answer in reply
jug 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. \Ve 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, "w ell 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, 1 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 il . . she may want something shorter
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DELUXE ADDITION TO THE SWAN LINE
5 BANDS-480 WATTS

HOME STATION-PORTABLE-MOBilE
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 circu it efficiency
provides increased power ratings of 480 Watts P.LP.
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
installat ion 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 sat isfy the most critical
operator. Sensitivity is better than .5 uv and the pre
cision tuning mechanism is easily the smoothest you
wi ll f ind on any piece of amateur gear. Improved pro
duction techniques result in even better VFO stability.
A new product detector circuit provides you with suoerior
audio quality. and a new AGe system responds more

smoothly to wide variations in signal strength.
The new SOD is equipped with the finest sideband ti lter
used in any transce iver 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 cove rage of the five bands is complete: 3.5-4.0
me, 7.0-7.5 me, 13.85-14.35 me. 21·21.5 me, 28·29.7 me.
(In addit ion, the 500 covers Mars frequencies with the
405X accessory crystal osci liator .J
Along with higher power, improved styling and many de
luxe features, the new 500 has the same high standards
of performance. rugged reliab ility and craftsmanship that
have become the trademark of the Swan line. Backed
up by a full year warranty and a service pol icy second
to none, we feel that the Swan 500 will estab lish a new
standard of value for the industry. Our new "Star" is
now in production. $495 ~:;.ateur

See your Swan deafer today.

ACCESSORIES :
FULL COVERAGE EXTERNAL VFO
Model 410 $ 95

95 DUAL VFO ADAPTOR
Provides for separate control of
t ransmit and receive frequencies.
Model 22 $ 25
PLUG·IN VOX UNIT Model VX-l. $ 35

MATCHING AC SUPPLY
With speaker and phone jack.
Model 117XC $
12 VOLT DC SUPPLY
For mobile or portable operat ion.
Model 14-117 $130
MARS CRYSTAL OSCILLATOR
Five crystal-controlled channels
with vernier freq. control.
Model 405X (less crystals) $



and morc rhythmic like DA or BR or some
thing."

"How about BK, Cramps?" Judy broke
Ill.

«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 Cramps,
making it 'RN' .. how about that?"

Looking smugly pleased FN replied, "Sure
. . it's OK ,vith me; I don't th ink any of
the boys will take you for a member of the
Royal Navy or think you're a Registered
Nurse" he finished with a chuckle. F rom
there on out, Judy became 'HN'!

With th e little pick-up snack out of the
way, F N reminded them that he had prom
ised to talk about the equipment th ey'd
need for a novice station . "Let's start with
the receiver; that's the first thing you
should have and it wouldn't 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 th at your

.. the second

-

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 rea lly crowded 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 med iocre receiver which will cost you
about as mu ch as if you had bou ght 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 etc. 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 he wary

tc of tackling it."
1:: «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 ran ge. 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 you 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 hring a good trade-in
value if and when yotl want something
better later; home-buil t jobs arc rarely ac
cepted as trade-ins."

"Here's another npprcach... J ud y, l arry a nd J oe parted .. .

-
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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 reason ably good care, these can
often be had for half or less than th eir
original cost. Don't buy a 'p ig 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 tryout 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 1 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 bv 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
hand use:'

Right here, Joe broke in with, "Say, F N,
a couple of years ago when I 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 I
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 Davco solid state job I'm using now.
The RC-312 is built like a battleship and
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is plenty sensitive and selective to pull ir
ham signa ls from all over the world ann
you'Il find it will fill the hill 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
th e 20, 40, 80 and even the 160 meter
hands in fine shape. \Vhen you reach the
point where you think you'd like to play
around on 15, you can build a simple con
ver ter to extend th e range of the BC-312 in.
to this band. So, you're all fixed with a
receiver for a long time to come . . . how
about you Judy?"

"Oh, I'm not so lucky 1 guess; Dad's got
some kind of an F.M rig but it's 11 0 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
thnts' a good way to spend if' .

Larry chimed in with a suggestion th at
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 tu m up something that looks
good . I'Il be glad to take a look at it and
check it over for you. J im will Jet 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.

\ Yith the receiver situation pret ty well
in hand now, F N suggested, "Let's call it
quits for today then . .. it's about lunch
time for all hands anyway. You young 'uns
he out here two weeks from today, sharp
at nine a. m. and we'll put you through
your code exam. Don't forget now, write
a postcard to the FCC and ask for your
amateur rad io operator license application
forms, soon as you get horne. Don't put it
off or you may not get 'em in time . . .
remember, FCC's mail basket is piled moun
tain high!"

"OK Cramps' Jud y 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 off
after a friendly wave and an exchange of
the now familiar "73" . . BC:\U . . "

. .. \viOE
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Fred DeMoHe 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 6AQ5 is
shown.

This relay will permit you to key the
transmitter through the keyboard 01 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
WE276, 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 01 850 Hz.

The terms applied to this difference in

OUTPUT

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.

\Vhat 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
mfl. 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.

. W4RWM
6A05

,

---- -~. RELAY
2 ~ WE276 H
ow
-- --- ,
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Fig. I. Adding a keying relay to the terminal unit
described in the December 1964 73.
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Pulling in the Weak Ones
that demand the sensitivity of DAVeO'S
exclusive Field-Effect front end .•.

SUDDENLY YOU'RE WORKING MORE STATIONS ...
Knifing Through the QRM

by choosing t he optimum selectivity for
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 with out it . . .

or nulling a n offend ing carrier with th e T-notch. The DR·30 eommunica tions receiver covers all the ham
bands from 80 meters t hrough 50.550 Me in the 6-met et ba nd. It has a built-in crysta l cali brator, full
AGC, Teflon wiring and plug-in mod ules for a ll active circuitry. It is the most versatile receiver ever
produced. a nd it can be o pe ra ted from a n AC pa d or fro m batteries in fixed, mobile. and portable
operations.

Frequency coveroge: 10 550 kc segments cove ring
the entire 80, 40, 20, 15. r0 meter ham bands
plus 50.0·50.55 in b meters and 9.5-10.05 W WV.
Provision for two extra ranges.

Sensitivity: Better than .6 microvolts for IOdb sIn.
Selectivity: SSB: 2.1 ~c Collins mechanical fi lter

AM: 5 ke ceramic/transformer fi lter
CW: 200 cycle crystal filter

Stability: Neglig ible wa rm·up: less tha n 100 cps
per hour; less than 25 cps for 20'Yo power supply
variation. Extreme resistance to shock and v i~

breflen.

Detectors: Separate AM and SSB/CW product
detectors ; eryste l-eent rclled BFO.

Noise Limiter: True blan ~in g action preced ing
selectivity; has sepa rate ANL amplifien and
detector; fron t pan el t hreshold control.

Th e DR-3D is fully compatible with any transmitter.

At a cost equivalent to an accessory PTO, the DR-3D
gives the transceiver-equipped station an unequalled

receiving capability. It is the app ropriate nucleus

for any amateur station.

DAVCO receivers for telemetry, radio astro n·
omy, WWV, SWl's and other special epplice
tions are available from stock or ca n be
provided to your specifications. Your inquiry,
detailing your req uiremenh, is invited.

RF Stage: Low noise premium Field·Effect RF empli
Il er and first mixer; tuned circuits employ high-O
toroidal ind uctors.

Semiconductor Complement:
23 bl-peler transistors
2 Field·Effect trenslstcrs

10 signal diodes
I power d iode
2 zener diodes

Size: 4" high, 71/8" wid e, 6" deep. Weig ht : 7 pounds
Power requirements: 12 volts DC @ 300 mao

•mexrmum.
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
portab le operatio n; speaker, earphone jack. (II.
lustrated a bove ) _. _ _ $19.50

Send us your ca rd for an information package con
tain ing eva luations of t he DR-3D by the sta ffs of
CQ [December 1966). QST (Jenuocy 1967) end 73

. (May 1965), a n 8 page techn ical brochure and a
complete schemat ic. DAVCO products are avail.
able direct from the factory.

DAVCOHECTRONICS, INC.
P. o. Box 2677

2024 South Monroe Street
Tallahassee, Florida 32304



Robert Sexton W B6CHQ
2806 E. Norwich Avenue
Fresno, Cal ifornia

A Solid-State Product Detector
Improve t he perfo rmance of your receiver on SSB and CW with this simple
transistor product detector.

Fig. I. Schematic of WB6CHQ's simple product
detector. The transistors are not critical; IR TR-06's
were used in the auth or's version, which was in
stalled in a Heath Mohican.

All receivers not specifically d esigned for
SSB reception suffer, to some extent, III

quality and ease of tuning when used for
this mode. Distortion of the received signal
occurs for a number of reasons. \\'hen this
includes BFO pulling, reduction of the rf
gain may prove necessary . This in turn leads
to loss of sensitivity and d oes not allow the
AGe system to operate effectively. This is
'it less than satis factory state of affairs.

With the advent of SSB and the almost
total disappearance of A\l from the HF
amateu r bands, good SSB reception is man
-latory. To date, a combination of hang-AGe
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,
AGe lion-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".

In the GC-IA, the primary cause of dis
tor tion 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-pi capacitor from the
collector of th e 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 osclll
a tor, 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 Bf'O, it is
casy 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 sit uation the closer BFO gets to the
signal frequency, or vice-versa, than, of the
two feedbacks present, that from the signal
and th at from the llFO 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 frequ ency.

When this occurs, the frequen cy differ
ence between the signal and BFO is neces
sarilv zero. Since the desired audio output
is that frequency difference, there can be
no aud io 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.

BFO ,"I
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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 irresistabIe 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
muffled, quacking, semi-speech with which
we have become familiar with the rising
popularity of 88B.

These components are also the output
when the BFa locks onto one of the fre
quencies of an 88B 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 omy BFa and signal, rather
than BFa and signal, signal and signal, etc.
This type of distortion will be recognizable
to hi-fi fans as inter-modulation distortion.

The AGe in a receiver can be another
source of distortion. In receivers such as the
GC-IA, AGC respouse is fairly fast, capable
of following the syllabic rate of an 88B
signal or the keying of fast CWo With a
perfectly linear AGC, the only effect 0" 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-IA, Heath recommends that it be
turned off for SSE reception.

Theory
The product detectur offers a solution to

most of thses problems. It allows far better
isolation for the BFa, 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
rf 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 aud 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 BFa, which combined with the
isolation inherent in the transistor, makes
the BFa far more immune to pulling. This
immunity is such that in the GC-IA, a local
broadcast station about a mile distant, will
not pull the oscillator more than about 50
Hz.

In operation, Ql is an emitter follower,
whose vacuum tube coronary 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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Fig. 2. Layout for the etched cir 
cuit board used by WB6C HQ.

--oSk POT

'I--O,AF OUT

'I--OGND
to the base of Q2 and the sigu.d sho uld
not exceed this value at the base of Q 1.
These values are va lid for the circuit when
it is correctly adjusted.

To ad just 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. \Vhen 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.

Wh en an this accomplished , it is possible
that the BFO will need adjustment to get
a zero-beat at the zero-beat mark on its
contro\. In the GC-IA, this is remedied by
tuning an AM signal for maximum on the
Scmeter, 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-IA or any other
receiver, operation begins to approach that
ideal.

BFO INSIG. IN

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
your 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
he 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

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.

Y
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the Heathkit' SB-llO ...fuli features ... new lower price-$299.00

• The on ly truly high-performance SSB transceiver on
six meters _ Uncompromised engineering - the 5 8-11 0
features the same q uality crystal fi lter found on H eat h ki t
80-'0 meter S8-Series r igs . The same He ath lM O (Linear
Master Osc illa t o r ) fo u nd on 80-10 meter 58-S e ries rigs
• Bu il t - in VOX. Built-in Crystal calibrato r . Upper &:
l o w e r sideba nd se lection . Full CW pro vis ions , i nc luding
bu ilt -in s idet one

PARTIAL 58_110 SPECIFICAnONS-RECEIVER SECTION : Se nlitlvlty :
0.1 uv for 10 db lignol·plus·noise 10 noise rc tic . Selectivity: 2.1 ~ Hz @
6 db down, S kHz mOK.@ 60 db down. Ima ge rejection : 50 db or better,
IF re lect lon : SO db or better. Audio output power: 1 woll . AGC
characterl ltlCl : Audio outpu t level vc rfes less Ihon 12 db fo r 50 db
chonge of inpu t signolle~el (0.5 Uv to 150 uv). TRANSMITTER SECTIO N :
DC power Input : SS8, 180 wolls PEPI cw, 150 wolls. iF pow e r aUlput :
SS8, 100 wotts PEP. CWo 90 wolls (SO ohm eco.recctive load ). Output
impedance : SO ohm nominal with not mor e tha n 2:1 SW R. Carrier
l u ppreu ian : 55 db down ' rom rc ted oulpul. Unwonted l id eband
luppreuian : 55 db down Irom roled oulput @ 1000 Hz & higher. Oil
lo rt ion productl : 30 db down Ira m ra ted PEP oulput. Hum & naile :
40 db or beller below taled ca rrier. Key ing cha ra cterll liCl: VOX
operaled Irom keyed tan e using grid·block keying. GENERAL: Fl'itquency
coveru ge : 49.5 10 54 .0 MHz in sao kHz legmenls (SO.O 10 52.0 MHz w ith
cryslats supplied ). f req",ency l e lectlan : 8uilt_in LMO or crystal control.
Freq uency Itability : Less thon 100 Hz drift per hoo r a fter 20 minules
wa rmup under normal ombient condilions. Less Ihon 100 Hz drift for
"*' 10% supply vollage \/aria lions. Dial Accurucy : Eled rical , wilhin 400 Hz
on all band segmenls, afler calibrolion 01 necrest 100 kHz poii'll. Visual.
wilh in 200 Hz. Dial bac. lalh : No more thon 50 Hz. Calibration : Every
100 kHz. 'ower , eq",iram e ntl : High voltage. +700 v. DC @ 250 1'1'0

w ilh I % mo• . ripple . Low vollage. +250 v. DC@ 100 rna w ilh .05% rna• .
ripple . 8ios vollage, - 115 v. DC@ 10 mo w ith .5% rna• . rippie. Fila menl
volloge, 12.6 v. AC/DC @".35Somjl1. Dim e nl io nl : 14Ji· W. 6~· H.
13"'· D.

Kit 58·110, 23 Ibs. . . . . .. . . . . . . . . .. .. . . . .. . . . . . . . . . .. . .. $29!.OO
Kit HP· n , Mobile Power Supply, 1Ibs 564.95
Kit HP-Z!, Fi.ed Stalion Power Supply, 19 Ibs S4U5
Kit 58A·100-1, Mobile Mounting Bracket, 6 Ibs 51 U 5
Kil 58-600, SB Series Speaker, S lbs. _ 517.15
Kit H5-Z4, Mobile Speaker, 4 Ibs 57.00
HoP-Z1l, SSB "Ham" Microphone, 4Ibs 529.40 ~

FREE IHEATHCOMPANY.-o.-;.:;;:'-@ ~>~l
I Benton Harbor, Michigan 49022 I

CATAlOG I 0 Enclcsed rs I • p'" .hl"I" . I
Describes these and over 250 I Please send model (s) 1
kits lor stereo/hi- Ii, color TV, I 0 Please send FREE Heathkit Catalog. I
amateu r radio, shortwave,
test, ca. marine, eduealional, I Name I
home and hobby. Save up to I (Please Print) I
50% by doing the easy assem- I Address I
bly yoursell. Mail coupon or

- - wri te Heath Company, Benton S 7' , _=""~
L_ -'-_ _ ~-~-~-""-' Harbor. Michigan 49022 I City tatelp_ , I

L J~~~~~~U~~~~~~~~~~_~~~~

You Can Work " Six " With A Truly High-Performance
Rig, , . get lowbnnd stability, I k Hz dial calibration,
linear tuning, a nd a backlash-free dia l mechanism, plus
all of the other standard " built-in" features found o n the
Hea thk it 80 through 10 meter 5 8-Series equipment. The
58-110 runs 180 watts P.E.P. SSB inp ut, 150 watt s input
CW . .. con sidered the ideal transceiver power level by
most ham ra dio communica tions engineers. It is one un it
of the famous Heath 5 8-Series, mea ning availability of
ma tching low-band transmitters, receivers, and trans
ceivers, plus accessories such as the S8-600 Communica
tions Speaker, 58-630 sta tio n console, and 58-61 0 Signal
Monitor. And the 58-11 0 goes fixed or mobile with the
appropria te power supply ... the same versatility you
experience with the famous Hea th SB-IOI. Call it the
o ne "no compromise" six meter SSB transceiver.
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Robert Cox K3C EE
1411 Medford Road
Wynnewood, Pe .

AMCOM-

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
AMCo:rvl , Amateur Mobile Co.Mmunications.
This is being accomplished through the
equipping of an independently powered mo
hill' communications trailer, \V3RQZ/port.
able, with its own prime mover also fully
equipped to operate as an independent me
bile relay station, W3HQZ/mobile.

Photo I shows the com-truck, a 1949 In
ternational Metro, and the com-trailer made
hy the Schulte Company in 1953. The truck
was obtained from the Township of Spring
field, Delaware County, Pennsylvania, as a
former bookmobile. It is now painted a
bright emergency red, and well-marked as
W3HQZ, 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 Hustoleum sil
ver paint.

The emergency Red Truck contains equip
ment mainly for 10 meter AM operation, a
GO-watt unit with VFO and tunable receiver,

and a 30-watt fixed frequency unit for op
eration on the club frequency of 29.493
Ml'lz. 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 lOG-ampere Leece-Neville
generating system.

Two other operating positions are avail
able for 2 meter and 6 meter Conser Com
municators, with ac and de power cords in
stalled. The units 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 wall public address system which oper
ates on 6 Vdc or 110 Vac; nutomatic 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.

=.-.-

-

Photo I. The Phil-Mont mobile communications vehicles. On the left is the communications trailer.
and on the right, the Red Truck.
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Photo 2. The message center position in the trailer.

Photo 3. View toward trailer rear from the message
ce nter position.

address both sides of any or all QSO's In

progress. He can a lso patch any receiver to
any push-to-talk transmitter.

On the ceiling to th e left of th e rack is a
power p anel which distributes the power to
the equipment, lights, an d fans. It also pro
vides comp lete instrumentation of the volt
age, current, frequen cy, and running time of
the incoming p ower.

In the rack, from top to bottom, arc:
broadcast band monitor; NARCa VGTR-2
for use on aircraft freq uencies in emergency
sit uations; message center patching and
monitoring eq uipment; tape recorder; and
p ublic address amplifier.

On the side of the rack is a control-head
for 6 meter F~I with an RCA CMV-3 on
.52..52.5 J\IHz and a telephone instrument
for use with two incoming lines. Seen on and
under the table arc speakers and controls
for several safety service receivers on both
high and lowbnnd p olice an d fire frequen
cies. The binders contain complete schemat
ics for all eq uipment.

Photo 3 is a view from the message cen
ter 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 AJ\I unit ; and
at the 10 meter p osition on the extreme righ t,
an Elrnac AF-67 and PMR-6. Either micro
phones and earphones or operator headsets
are used with floor switches for m aximum
noise red uction and operating ease.

Not shown is a Conser Communicator II,
modified for push-to-talk, and a Model 15
T eletype for future use on 80 m eter 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 MlIz. For such frequ en cies coil
Ioaded mobile wh ips or p ortable wire-anten
nas are used .

Before the acquisition of the com-trailer,.....

•
•

• •• •

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 supp lies for
coffee breaks, and storage cabinets for gal
ley and stationery sup plies. The lounge
floor is tiled for easy cleaning. Each area has
its own door, and eight windows a round the
trailer provide adequate ventilation when
the l }f ton air-conditioner is not in use.

W3RQZ/portabie consists of seven oper
ating positions coordinated by a .\Iessage
Center Chief. Stationed b v the equipment
rack at the door between the lounge and
operating areas, the Message Center Chief
accepts all incoming traffi c originating at
the portable operating site . He di stributes
the traffic to the proper operating position
for transmission and keeps track of its prog
ress. F rom his position he has the capab ility
of monitoring, recording or placing on public
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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-Tour 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. T his 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, [r., 124 Central
Avenue, North Hills, Pennsylvania 19038.

. . . K3CEE

•

Improving the Ham M

MOOIF IEO CIRCU IT RY

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 litt le gadgets can regulate
a voltage with a dynamic impedance of as
low as In or less, far better than a VR
tube. They come in lower voltages and
a wider ra nge, 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 F ig, 1 were installed and the cover
wns replaced. A word of caution is in order
about the installation of the zener diode.
1t should he 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 ]6 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 1 ta lk the linear up, the direction
meter doesn't budge a bit.

... Galen Tustison WB6FGT
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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.

11y complaint is with the direction indi
cating circuit. The meter in the control box
is calibrated in 50 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 rectilied
from the ac line through a transformer and
is directly proportional to it. \Vhat 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

Fig. I. Circuit of the Ham M cont rol box as med 
lfled for consista nt directional readings.
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The Classic Feed System

D E SI GNING E NGI NEER - C LASSIC 3 3 PROJECT
MO SLE Y EL E C T RON I C S, INCOR PORATED

.4610 N. Li ndbergh Blvd. , Bridgeton , Mo. 630.42.

By W. E. "BARNEY" ST. VRA IN, W¢PXE
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S
INCE the intro duc tion o f multi-frequenc y

beams severa l years ago. the method
I of feedi ng s uch antennas has been a
s ubject of much dis agreement. When thes e
antennas were introduced a few years ago.
Mosley Elec troni cs ran a series of adver
tisements in the technical magazines e x
plaining the method used on our T rap-Master
and P ower-Master series . Since that time we
have tried a wide variety of feed systems
endeavoring to imp rove on the original sys
tem.

feed point res istance. (Figure No. 3) Series
capac itors us ed on the Classic 33 are made
by ins erting a suitable length of heavily in.
s ulated wire into each half of the element
tube a t the center. The wires are termina ted
in a plastic tube enclosure with a type UN"
connec tor for c onnection of the coaxia l c able.
To isolate the oute r coa x conduc tor from
gro und, the coax line is coile d for a few
turns near the antenna end. This.is designed
to prevent the very unlikely affect of " F eed
Line Radia t ion".

Fig. 1.

-----.....-----

-----••••-----

•

ZA = 30 + JO

•

ZA=50 + J50

L =l.
2

Converting Other Beams

This Iee d system could feasibly be used OIl

our other Trap-Master beams , but little would
be gai ne d a nd th e ante nna would nee d to be
comple tely rebuilt. T he big difference be.
twe en th e new Trap-Master beam and the
TA-33 is th at th e latter has convers ion Iea
tures, whil e the Classic 33 does not. The
engineers a t Mosle y designed the Classic 33
to give the ham a lit tle extra gai n on all
bands. It is ou r co nviction that discrimina t·
ing DX'ers will find this new tri bander
specifically suited to thei r needs . but hams
buying the wel l-known TA·33 will still enj oy
a s uperior quality OX antenna with a gain
very close to that of the Classic 33.

Fig. 3_._I f-- ~ 1__
ZA = 50 + Jo

Fig. 2.

Testing Other Feed Systems

In testing. we found a three ba nd gamma sys
tem ineffective withou t isolation networks
which resulted in the feed system costi ng
about e qual to the antenna cost; with a
sys tem 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 Mealey system was
hard to beat, for we had found only one
s light dis advantage, the elements needed to
be s tagger tuned to ra is e t he feed point re
s istance from abo ut 30 t o 50 ohms. T his
s light detuning, which proved advantageous
in incre as in g the bandwidth, bro ught about,
in t urn, a slight gain loss of about 0.5 to
1.0 db. at re s onance.

The Classlc ..33 System

In order to give hams a ne w choice in beam
matching systems and an a ntenna featuring
maximum gain with increas ed bandwidth, we
devised the matching me thod used on our
New Clas sic 33 antenna, a method whi ch
takes advantage of the principle that antenna
resistance at the center driving point in
creas es as the antenna length increas es.
Figure No.1 shows th e radiator element of a
three element beam at res onance having an
impedance at the driving point (ZA) of about
30 ... 10 ohms. If the element is made longer,
Z A can be rais ed to about 50 ... 150 ohms.
(F igure No.2) Since the reactance is induc
tive, i t can be canceled wi th a series capac
itor of 50 ohms reactance, leaving 50 ohms
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The Slide Rule Made Easy
The slide rule is a great timesaver for anyone who needs t o 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 m e c han i c a I refresher
courses, and radio amateurs in the elec
tronic. electrical, or mechanical engineering
professions readily realize the value 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
\Vhat is a slide rule? 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 satisfy
your need. It is better to be advised in
advance than to find out later tbat 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 ot 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
fi-Inch rules , In-Inch rules, and circular
rules. So, be careful before you decide which
rule to purchase. The vectorlog 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-decimol 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. I. 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
tron ics 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
rect ly. 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 ).

\Vhen working out problems involving
ultra-high radio frequen cies, 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 rnle.

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

Construction of the slide rule
A slide ru le has three major parts (see

Fig. 1) :
(I) 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, C1, CIF,
CF, D, DF, K, L. LLO, LLOO, LL1,LL2
LL3, S, ST, and T ). There are two C, Cl,
and D scales so that the most commonly
used scales will be available on either side
of the rnle. These scales are found on a
log log rule and there will be fewer on a trig
ru le or on a beginners rule.

If 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 fi nd 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 t he C a lld 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 fund amental 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 d ivided into 10
parts. These are called the seconda ry grad
uations ( 1, 2, 3, 4, 5, 6, 7, 8, 9) . They
arc located between 1 and the primary
graduation 2. To locate the numbers 12
and 8 on the D scale-8 is found at the
p rimary graduation marked 8, 12 is found
at the secondary gradua tion 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 fift h secondary graduation to
the right of primary graduation 3 (3.5 X
10), The number 87 is located at tI 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 hetween 3 and 4 is divided
into 50 graduations, each one having a value
of 2. The numher 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 you 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 r (3.14). To avoid the necessity
of resetting when an answer runs off the
scale, they arc used with the C and D
scales. The Cl scale is an inverted C scale
used in reading the reciprocal of a number.
The Dl scale is an inverted D scale the
same as the Cl scale. The CIF scale is
an inverted CF scale used with the DF
scale in the same manner as the Cl 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
sq uare 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 0

• 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 multiplicotion exercises
Cet 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 I 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/ 04 = .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
I 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 I 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 ond division combined
Find the product of two numbers and

divide the result by an 0 the r number.
24 x 38

Try 12.4 An approximat e answer

could be 8. Set 1204 on the C scale to line
tip 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,

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
di rectly 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 seale as 113.

Circular measure exercises
Convert 7r/2 radians to degrees. Set 2

on the C scale directly over the 7r mark
on the D scale. Move the cursor hairline
ove r the left index 1 on the C scale and
read the answer on the D scale as being
1.57 degrees. Convert 45 0 to radians. Place
R (or PO) on the C scale directly over 4.5
on the D scale. Read the result on the D
scale directly b elow the right index 1 of the
C scale as .785. We koow it will be less
than I because 1 radian is equal to 57.3
degrees.

Simple trigonometry exercises
It is very easy to calculate circle circum

feren ce and diameter. Here we use the D
and DF scales. Find the circumference of a
circle having a diameter of 4 ern . Place
the cursor hairline at 4 on the D scale
and read the result on the OF seale-12.57
em. Find the diameter of a circle having
a circum ference of 50 ern . Place the cursor
hairline at 5 on the DF scale and read
the result on the 0 scale- 15.8 em.

Squaring and square or cube raots
Likewise, squaring numbers and extract

ing square roots turns 011t 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- l 0.9 . Find the
square root of 40. Set the cursor hairline
to 40 00 the A scale aod 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 nght 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 0 scale. Fiod 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
seale.

Logarithm exercises
A slide rule reads only the mantissa of

common logarithms and the characteristic
is to be calculated. Find log» 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 log» 887.
Place the cursor hairline at 8.87 on the 0
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 read ily de
termined by the use of a slide rule. Work
ing with these functions involves the use
of th e C, C l , 0 , 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 he used with the C or
D scale. the left hand (black) graduations
are an gles between 5. ;0 and 90 0 to b e used
with sine value calculations. The right hand
( red) graduations are angles between 5.70

and 84 0 to he used with cosine value cal
culat ions. F ind the sioe 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 0

• Set the cursor hairline
to the red 60 on the S scale and read 0.5
on the D scale. If the sine value is 0 .96,
what is its angle? Set the cu rsor hairline
to 9.6 on the 0 scale and read 74° on
the S scale. On the T scale, the left hand
(black) graduations are angles between 5.7°
and 4.t)° to he used with tangent value cal
culations. The right hand (red) graduations
are an gles between 45 0 and 84.3 0 to be
used with cotangent value calculations. The
tangents of angles between 5.70 and 45 0

arc read on the C or D scale and those
between 4.5° and 84 .3° are read on the (;1
scale. Cotangents of angles between 45 0

and 84 .3 0 are read on the C or D scale
and those between 5.70 and 45 0 arc read
on the CI scale . Find the tangent of 31 0

• Set
the cursor hairline to tlw bl ack 31 on the
T scale and rend 0.6 on the C or D scale.
Find the tangent of 70 0

• Set the cursor
h airline to the red 70 on the T scale and
rend 2.7.5 on the (;1 scale. The ST scale
is u sed when working with sines and tan
gont s of angles between 0.5 ° and 5.7°.

The author used a Lafayette 99-7031 10
inc-h lo!! log dupJi tr ig slide rule in tln
above trig fun ction manipulations. More
detail could be given towards this type of
coverage, but since not all slid e rules are
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hairline to the C scale left index. Turn
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 tr 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.

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 nu mbers
less than unity.

Using the e, p o, 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 em. Set the cursor hairline
to 1.4 on the D scale which does not have
the letter c on it. Place the letter c on the
C scale under the hairline. Move the cursor
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Jim Ashe W2 DXH
R.D. I
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.

\Vhat 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 adeq uate 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 fina lly 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 goodl

Materials Required
,LA scraping knife, a rather fine file,

and some emery cloth.

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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2. A sheet of fine grade wet sandpaper.
A fine-textured abrasive on waterproof
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 few 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: ruler,
pens, and waterproof India ink.

9. Rustoleum #717 clear spray euamel.
Purchase emery cloth and wet sandpaper

Choose unpainted metal parts for construction, and
save yourself the trouble of cleenlnq off the manu
facturer's inexpensive soft paint.
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Simple spr~y 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. Crease 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 metall

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 deepl 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.

\Vhen 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
lion 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
~nife 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 he
carried around to the painted surface just
ahead of the enamel. Rinse thoroughly, and
by now your 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
clown, 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.
\Vhen dry, wrap it in a clean newspaper
and you can store it without deterioration
of the surface.

If you're 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 starling.

Spray Paintin9
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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Take this with you when you go looki ng for lettering
supplies. Here are a pen holder, a l e roy adapte r,
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. \Vith practice you can
learn to paint a vertical surface with little
or no bead developing along the boltom
edge.

You'll find a little note on the spray
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Closeup of a conven ient scale for drawing guide
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 instructionsI

when you're done spraying, get right away
from the work. Come back next dav. Some
heat will help things along if you're in a
hurry. But this wilJ 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 dear finish coat. A nail wili take a
good point, use it gently! A transparent
five-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 fJattish 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 hlow
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 letterin g. You may get
so involved with neat lettering your hand
wanders off the protective paper. Sorry
about thatl

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
l ance 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.
1£ 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 dean.

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. You'll be very
pleasantly surprised at your results, and it
really is worth the time it takesl

••. W2DXH

Another simple panel. Oops, seems to be a bread.
board in there.
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• E. C. Reich W 5FQA
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 uni

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
clock 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 Vdc. 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. F ig. 1,

and the logic chart, F ig. 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 Ql (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 Bop 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 Bop 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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Construction
The authors keyer is constructed on n

Vcro printed board, however, for one who
does not have an integrated circuit soldering
iron the T I Mech-Pac connectors arc ideal.
Wiring is not critical and phone 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. C1 and C2 shunt any
rf to ground. Shielded lead should be used
to minimize rf pickup. The battery drain is
30 rnA key lip and 50 rnA key down. A 9
and power ob tained from transmitter or
receiver B+ .
volt zener may be substituted for the battery

.. . W5FQA

The dash operation is as follows : The key
is moved to the dash position and a positive
voltage is applied to K. through CR1 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 CPo (The clock pulse
input for the dash flip flop. ) The input
at CP triggers the dash llip flop causing Q
to go positive since K is positive. The next
clock pulse triggers the dot flip flop, but
~ 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 opera tion of the gate SN7360 is as
follows: If either and lor 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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J. l. Eljhcm e
3009 WesHnolls lane
Cincinnati, Ohio 4521 1

Edison-The Fabulous Drone

Was Edison really the great genius schoolbooks tell us

he was? O r was he simply very diligent and hardworking?

The Great Man confided that he tried
'every thing' while working on inventions.
\Vhen 10,000 experiments with a storage
battery wen t down to failure, he said: "I
have not failed. I have just found 10,000
ways that won't work."

lIe 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 buncb of Chinese laundry
markings," he remarked of his hired mathe
maticians' worksheets.

He said : "Genius is one per cent inspira
tion 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. or his first phonograph, he said :
"Maybe we could use it for some sort of
telephone repeater."

In later years he said of its first success
ful test: "I was never so taken aback in all
my life. Everybody was astonished. I was
altmys 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 programmin g the broadcasters
provided.

In 1926, though very hard of hearing,
Edison tested an electronic phonograph per
fected by Berti! 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 deal-
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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 aJIowed 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 T esla : "It was a regular prac
tice with Edison to sit down in his Iabora
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 NikoJa Tesla
carne to this country, he had a letter of
introduction to Thomas Edison , four cents
in his pockets, and the key to alternating
cur rent electncity-ctodav's h Oil S e po wer
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.
rnents for Edison equipment. \Vhen Tesla
suggested research toward improved dyna
rno manufacture, Edison told him : "There's
fifty thousand dollars for you in it-if it
works." Inside the week, Tesln 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 theml

George Westinghouse, industrialist and
inventor himself, offered Tcsla one million
dollars for the rights and the Westinghouse
Electric Company was formed . This was
prologue to the biggest battle of the 19th
centu ry : 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 hy \Vestinghouse 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 d ynamo commutators heated badly, Too,
line losses necessitated either large, expen
sive cond uctors or power stations spaced
every mile or so.

DC power left the generating plant at
about 120 volts; 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 , altern ating 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 wiII kill a customer within
six months after he puts in a system of
any size . . . it will never be free from
1 "( anger.

W estinghouse argued that of thirty deaths
by electricity in 'recent' years, sixteen were
from "safe' DC circuits, and none from
Westmghouse eq uipment. During one period
Edison lost abou t 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. Learn
ing that there was a genera ting 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 Batcheller
- ironically the man who gave Tesla the
letter of introduction to Edison-demon
strated the horrible dangers of alternating
currents by elect rocuting ca ts 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
" Test Orange stood in danger of being
annihilated. During one of these edifying
illustrations for guests, Batcheller lost his
hold on the dog he was about to electri fy
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 \Vesting
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
\\'ill iam 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
tablin g 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. I1igh 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 sightinljs.
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
mcrcial value. At best airships would only
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be toys:' A few years later, he was COIl

gratulating Alberto Santos-Dumont for in
venting powered flight , not recognising the
achievement of the \Vright 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-cle
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 .

\Vith the diode, his discovery of the
'cthe ric 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 Ilertz demontrated the existence of
rad 'o waves. Later in life, he said th at it
was a pity he had not seen any connection
between them.

His first major invention, the carbon but
ton microphone, is virtually th e same today;
it was a symbol of much of his work, since
it improved an existing idea, th e 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
years. lIe did enough th at he could well say
in later years 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 arc all but forgott en.

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
mvsteries, He is little known today.

·1\ikola Tesla, besides giving the world AC,
demonstrated radio control before the tum
of th e 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.
. . . Elkhome
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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 usuullv limited
to an upper frequency range of somewhere
around 250 Mlfz. Another serious limitation
of the familiar VTVM rf probe is that the
lowest voltage range on the \ r, \ ~ is typ
ically 1.5 volts. come of the la test . ' "deh
have voltage ranges down to 0.5 VO' l " tuli
scale. but the vast majority are n-t that

sensitive. \Vhen working with transistor rf
stages, the millivolts (thousandths of a volt)
become very important, and a more sensitive
rf voltmeter than the common household
\ 'TV.\1 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
millivo lt full scale or less are quite com
plicated; they rectify the rf, chop it up at
1000 li z, feed it intu 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

73 MAGAZINE



]

"

GROU"O CO/oINECTIO'"

270

INo>UT

"" .
--If--~

P g . 2. Th e sensit ive rf probe. For UHF use the
( ·,pacitors should <!I II be button typ es t o minimize
series inductance; for th e lower fr equencies, con
ventional types will suffice.

response gradually fa lls off below 50 ~IHz;
at the expense of flat UH F response. the
ca paci tors may he increased for response in
the 3 to 30 ~IHz region. For the high fre
quency range tile input coupling ca pacitor
sho uld 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 struc ture of
the probe nor to uso the more costly button
capacitors.

The se lection of a diode depends on the
frequency range desired . Up to about 100
-'1Hz, a lmost any germanium diode will work
quite well; the I N34A is an excellent choice
for this range. For higher frequencies how
ever, manv diodes are constructed in such
as way that they exhib it high values of
series inductance and leakage capacitance.
For this reason, the familiar I N21 and I N23
microwave mixer diodes rep resent excellent
choices for a voltmeter of this type which
is design ed for VHF use. The I N82A is an
other diode that works quite well up to 1000
..\IHz or so. Each of these d iodes exhibits
d ifferent characteristics and even diodes of
the same type are not exactly identical.

It is a pretty well known fact that all
semiconductor diod es exhib it a sq uare law

L l OOO p1 SUTTON~
FEEDTH/!:U CAPACITOR

(2 PLACES)

ecce

L :l')()O pi STA"'OOff

8IJTTOI'l~ITOR

\"" GlGA/!: TUBE \ ~18' 00 BRASS TUBE

~........===

L .00 8RA SS TU8E

KU~ZON ,W INH·MlO
I GC TYPE 33-13' 1

voltmeter I will describe here is not nearly
sensitive enough to read 1 millivolt fu ll scale,
hut with care in construc tion, you can
readily detect 30 or 40 millivolt signals at
500 MHz. This is about V5 times more sen
sitive than the most sensitive VTV~I and
about 50 times more sensitive than the aver
age one. Hi gher sensitivities are obtainab le,
but noise becomes the limiting factor with
the simple construction described here.

With this rf probe, respon se is relatively
nat from about 50 ~IHz all the way up to
500 MHz. The secret to this unit's wide
frequency range lies almos t exclusively with
its layout and construction . First of all. the
probe itself is essentially coaxial in nature.
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 you can
still get meter deflections with small rf volt
ages. but the response gradua lly falls off.
This frequency roll off is a result of the para
sitic and leakage elements that start to take
effect a t these higher frequencies. Above
.~OO ~IHz for example, it is d ifficul t to p re
dict the dielectric characteristics of molded
carbon resistors. In some cases there is suf
ficient leakage between the two lends of the
resistor to completely nullify the resistunce.

In addition to the compact and coaxial
nature of this probe, the low vulue of load
resistance, 270 ohms. tends to ma intain an
input-output characteristic which is almost
completely independent of frequency from
several MHz lip to SOD ~Inz . 'Vith tile CO Ill 

ponent values shown in the schematic, the

Fiq. r. Cutaway view of th e sensitive rf probe. Note tha t the elqer tube co nstruct ion results in an essen
tially coaxial structure; this type of construction ensures relatively flat resp onse up to 500 MHz.
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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.

generator for I 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 VTVM 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 switchnble attenuator such as that de
scribed bv WB6AIG and WA6RDZI. 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 'lI. inch brass tubing
from the hobby shop. This tubing is popular
with slot car enthusiasts, so it shouldn't 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 lH.6 rubber gromment around the
tube and push it about haH 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 % 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 'lI. 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 FiR. I, 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 lenuth of cable;
this lead will be connected to the microarn
meter. Install the complete assembly (mini
prod, CI. CRI , RI and the filter) into the
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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 IN34A
~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 he calibrated at 100 MHz or so; most
VTVM's are accurate enough at this fre
quency for calibration purposes. All you
have to do is set the output of your signal

o

c
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Disassembled rf probe. The Klipzon Mini-prod is
on t he left, the button cou pling ca pacitor, diod e
and 270 ohm resistor t o t he rig ht, followed by the
filter a nd phenolic tube. The cigar t ube housing is
in th e background .

cigar tube uud cut a length of % inch phen
olic tubing so that it protrudes about 1Js inch
from the end of the cigar tube. \Vhen the
cover is in p lace this tube will compress the
un it 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 a t
bargain basement prices, but usually an
other approach is necessary; th- sensitive
microammetcr illustrated in Fig. 4 is a good
example. This meter uses a high gain tran
sistor meter amplifier to ob ta in full scale

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

The sensitive microammeter illustrated
sche matically in Fig. 4 consists of a current
amplifier with the 1 mA meter in a bridge
circuit". This circuit is quite stab le with tern
perature and slight variations in supp ly volt
age may be compensa ted by the zero C()I1~

trol on the front panel. Almost an) 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 ga in 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. '''ith a
1 milliampere movement. this cc rrcsponds
to a current gain of 100. For full scale rend
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 ampli fier will main tain a current gain
of 100. For meter readings of 1 milliampere,
the transistor amplifier is disuhled and the
meter is op erated in the normal munuer. The
value of the shunts ma v he calcula ted bv

• •

using the formula found ill any of the hand-
books.

2.N3392.
IlOTTOM VIEW

FOR Vo\Ll.ES OF Stt.INT
RESISTORS RSl AHll ese
SEE TEItT.
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Fig. 4. Transistorized microammeter. This instrument will provide full scale readings down to 10 /lA. Al
though 1I 2N3392 was used here, any high gain silico n transistor that maintains high current gain at low
collector current levels is suita ble.
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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 p robing. If a 5000 ohm resistor
is used, it represents less than one pF coup l
ing above 30 ~IHz; this should eliminate
any dctuning effect of the p robe.

There are many other uses for the sen
sit ive rf probe, limited primarily by the In
genuity of the user. But in it main app lica
tion, that of measuring very small rf volt
ages, it is unbeatable for its expense and
complexity. Although high rf voltages or
mechanical shock may cause permanent
d amage to the diode, my probe has proven
to be particularly resistant to burnout and
has accepted pcak surges of 500 Vdc and 120
Vac with no apparent effect on calibration .

. . . WIDTY

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.

In my transis torized microammeter I
mounted the transistor amp lifier circuitry
and meter sh unts 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 cab le was used in the input and the
amplifier and meter were built into a metal
box. In ad dition, the input was bypassed
with a 0.01 «F disc capacitor.

\Vith 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 vcry op timistic
readings. ]f there is any harmonic content
in the waveform you are reading, it is ap t
to be quite a bit higher than predicted, and
the nos valne will not be 0.707 of the peak
reading; the 0.707 value applies only when
the waveform is sinusoida l. This is not us
ually the case with rf oscillators and am
plifiers, but if the harmonics are suppressed
with high Q tuned circu its, the error will
be negligible.

In addition to measuring actua l rf volt
ages, this probe has severa l other uses. It
may be used as a vcry sensitive untuned
field strength meter by simp ly clipp ing a
short length of wire to the tip; in some
cases where the rf field is strong and the
probe can be placed close eno ugh 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 \ :11 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 swep t and connect the output
to your oscilloscope. It may a lso be used to
measure the S\\'R along a p iece of open
wire transmission line (or twin lead). \Vhen
the probe is brought in close proximity to
the transmission line, it will provide an up
sca le reading on the microammcter. 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 on ly interested
in peaking the circuit, and many times this
is the case, this effect may be minimized
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Tom Lally KIUBA
28 Amory Rd.
Waltham, Mass.

SDRAWKCAB Power Supply
Articles have already been written about

bui lding k\V 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. \Vith 115 V in, the outputs are as
follows :

Unregulated 16, 21, 32, 41 Volts
Hegulated 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
switchcraft, 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
ad justment 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

zencr 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 Iowan output when con
nected backwards. Also, their HV windings
may exhibit h igh resistance which reduces
the stiffness of the dc 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 ad justment.

The aluminum chassis acts as a heat sink
for the bridge and zener diodes. All d iodes
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 "HICH" 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 l: 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 WOC rise at full
load, and should be adequate until the ad
vent of the solid state kW.
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Here's KIUBA's transistor power supply. . .. KlUBA
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2K·2 FLOOR CONSOLE $675.00
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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 exce llence established by the world famous 2·K, the
new 2K·2 reaches prev iously unattainable levels of achievement. Its except iona l sirn 
pl icity of design, ext raordina ry concern for reliability, superb li nea rity with attendant
signal sharpness, remarkable power output and modern design all combine to make
the 2K·2 the finest linear ava ilable to the amateur today.
Wouldn't you like to own the finest? Write today for full information. Note to corn rner
cial and military users: please ask about the new 4·K high power linear.

6 "f, FINANCE CHARGE · lO "f, DOWN OR TRADE-IN DOWN • NO FINANCE CHARGE IF
PAID IN 90 DAYS · GOOD RECONDITIONED APPARATUS· Nearl y all makes & models .

Our reconditioned equipment carries a 15 day trial, 90 day warranty and may be traded ba ck
within 90 days for full c redit toward the purcha se of NEW equipment . Write for bullet in .
TED HENRY (W6UOU I BOB HENRY (WaARA) WALT HENRY I W 6N RV)

CA LL DIRECT • . • USE ARE... CODE

Butler 1, Missouri, 64730
11240 W. Olympic, Los Angeles, Calif., 90064
93 1 N. Euclid, Anaheim, Calif., 92801
6116 N. 27th Ave., Phoenix, Ariz., 85017

816 679·3127
213 477·6701
714 772·9200

602 AM 4·3895
East Coast Rep.: Ho ward Laughrey , 2 El izabeth St.• Ch app aqua, N .Y. 10514 , (914 ) CE 8·3683
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James Forney WB2CCM
New Canaan, Conn.

A Panadapter Converter

Having trouble getti ng those pretty pictures with your panadapter? May
be you need an isolating amplifier.

• .. WB2CCM

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 s u b s tit ut e d with only minor
changes in the circuit. A more compact unit
could probably be built easil y hy using a
triode Nuvlstor. 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.
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I recently got a pnnndapter It worked
fine with a signal generator, but gave pretty
dismal results when I connected it to my

A simple panadapter converter.

•receiver.
A careful search through the literature

turned up all sorts of interesting notions on
how to conned 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
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Jim Fisk WI DTY
RFD I, Box 138
R;ndge, N.H. 03461

73 Useful Transistor Circuits

Useful transistor circuits for audio and speech equipment, re
ceivers, t ransmitters and test e quipment.

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
yields 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 Rl 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).

Since Rl 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 Q1 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 Rl. 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 de resistance of the headphones is
very important in this circuit because the

e. e. e.

"
r
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r ,
- 00
( Vco I

Fig. 2. High voltage d irect coupled amplifier. The
ga in of this amplifier is equivalent to both sections
of a 12AU7. All t ransistors are 2N384, SK3 008,
G E·9 0' HEP·51.
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Fig. I. Simple direct coupled amplifier. Tranststors
QI, Q2 end Q3 should be the 2N207, 2N584,
2N1098, SK3003, GE.2 or HEP.254.
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Fig. 5. Th is wideband amplifier elh ib ih 26 dB
gain from 5 Hz to over 30 MHz and will d.liver
a 7 volt signal into a 100 ohm load. Transistors
01 and 02 are 2N2218.
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Wideband amplifiers
In the wideband amplifier shown in Fig. 4,

the ga in is controlled by the feedback re
sistor He. \Vith a 10 kilohm feedback resistor,
the gain is grea ter than 30 d B from 10
Hz to 17 MHz. \ Vhen the resistor is com
pletely removed from the circuit , the gain
is grea ter than 50 dB up to abo ut MHz,
but the biasing of the input transistor be
co mes very critical to prevent signal dis
tortion. Note that the large e lectro lytic cou
pling capacitors should be paralleled with
smaller capacitors that have good high fre
q uency characteristics .

Another wideband am plifier is illustrated
in Fig. 5; this amplifier has a frequency
response from 5 Hz to over 30 MHz. The
voltage gain over th is range is 26 d B and
the amplifier will deliver an undistorted j"

volt sine wave into a 100 ohm load. Th is
circuit has excellent stahility and linearity,
and by adjustin g the bias and emitter by
pass capacitor C l experimenta lly, the fre
quency response may be increased up to
.50 ~lH z.

·-,.
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Fig. 3. This simple direct coupled amplifier pre
vides 30 dB gain and identi cal 1500 ohm input
and output imped a nces. For higher gain. similar
units may be cascaded up until 10 volts peak to
peak is obta ined at the output.

voltage drop across them determines the
operating conditions of all three stages. For
optimum operation, the de resista nce of
the earphones should be in the neighbor
hood of 1000 ohms. Most phones with an
impedance of 2000 ohms have a de re
sistance of 1000 ohms, but if you' re i ll doubt ,
the resistance may be easi ly 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 va lue of B+ . Its gain is equiva lent
to a single 12AU7 (both sections) and be
cause of the direct coup ling, provides ex
tremely wide bandwidth. Although the io
put impedance of this circuit is only 2000
ohms, it is still very useful for many ap
plications where a simple amp li fier is re
quired.

Another very simple direct coup led ampli
fier is il1ustrated in Fig. 3. This amplifier
provides almost exactly 30 dB gain and
has iden tical 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 obta ined. This
amplifier is a lso quite wideband , and with
the transistors specified. the gain is essen
tially flat up to about I ~lHz.

..,,.

'" ..".5.6 _

* ",..
*" * '100'" + IOO pF

Fig. 4. The gain of th is
wide band amplifier may be
controll ed by the value of
the feedbac~ resistor Rt •

The 10K resistor shown
here provides more than ) 0

dB gain from 10 Hz to
17 MHz. 01 and Q2 ilI re
2N2J88, SKl006, GE-9 or
HEP-2.
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Fig. b. Th e g. in of this
amplifi er is controlled by
the nonlinear feedback pro
vided by two bad to b.d
diodes and the value of
the feedbad resistor Rt.
01 is a 2N706, 2N708,
2N33904 or HEP-50.
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Fig. 8. High impeda nce preampl ifier provides up
to 1.2 meg ohms input impeda nce: the exact value
depends upon the build-out resistor R. Both QI
and Q2 should be a 2N2613 , 2N2614, 2N2953 ,
SK30004, GE-2 or HEP-2504. A balanced output
for reduc ed hum and noise may be obtained by
using the pa dded out put in B.

remote gain adjustment circuits. The only
difference be tween the circuit shown in
Fi g. 7 and a sta nda rd common emitter ampli
fier is tha t a 1N34A diode is used in place
of the emitter resistor. In an amplifie r of
thi s type, the gain of the stage is critica lly
dependent upon the impedan ce 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 1i'\34A was
chosen because it provides an extremely
wide impedance variation with a relatively
grad ua l 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 impedan ce
change is required to minimize distortion.
This circuit is useful in ALe and AGe
circuits , feedback regulation and other cases
where wide dynamic range and instant re
sponse are required.

Preamplifiers
The simple low cost preamplifier in Fig.

S provides extremely flat response from 10
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Gain controlled amplifiers
It is a well known fact that the gain

characteristics of an amplifier may be shaped
hy applying nonlinear feedback. In the ampli
fi er of Fig. 6, the nonlinear feedback is
furnished by two back to hack 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 bv the value of
the feedback resis tor (R,) a; shown in the
amplifier response curve. If it is desirab le
to have the nonlinearity occur at a higher
level (greater than 0.6 vo lts peak to peak),
more than one diode may be added to each
leg of the feed back network. For lower
levels, germanium diodes rnav be substituted
for the silicon diodes specified in the sche
matic. \ Vith the germanium diodes in the
feedback path, nonlinearitv will occur when
the signal is greater tha~ about 0.1 volts
peak to peak.
. A voltage controlled, variab le gain ampli

fier has many applicat ions in automatic
volume control, amplitude modulation and

Fig. 7. Vo ltage controlled amplifier uses the vary
ing impedance of a germanium diod e in th e
emitte r circuit to control ga in. Transistor QI may
b•• 2N696. 2Nl56~, SKlOI9. GE.IO 0' HEP-5~.
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Fig_ 9. This preamplifier provides 11 dB gain
from 0.5 Hz to 2 MHz and has an input impedance
of 32 megohms. Transistors QI, 02 and Q4 are
2N338, SK3020, 0' HEP·53: 93 ;•• 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-

monic and intennodulation 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, 8D 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 QI, 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 VTVM
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
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(A) (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 WillS developed from circuit A by creplacing
the emiHer resistor in A with 03 and adding an emitter follower to reduce loading. The inp...t im
pedance is further increased by the components shown by the dashed line. All trenslsters are 2N2188,
SK3005, GE·9 0' HEP-2.
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Fig_ II. Microphone amplifier using • field effect
transistor has an input impedance of 5 megohms.
QI is 1lI 2N4360, TlMI2, U-112 or U-IIO. By re
versing the polarity of the supply voltage, a
2N3820. MPF-I04 or HEP-SOI 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 QI 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 tbis
circuit, the input impedance is slight ly 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 wiII 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
occurs.

The high impedance microphone pream-

Fig. 12. Two stags dipper/preamp will increase
the talk power of your rig _ Transistors 01 and
Q2 ere 2Nl104, 2N2926, 2N3391 , SKlOII, 0'

HEP 54. The diodes are IN456 or HEP.158.

plifier illustrated in Fig. 11 makes use of
the inberently high input impedance of field
effec t transistors. This impedance is raised
still higher by the use of the 2 pF boot
strap capacitor from source to gate; in this
case to about 5 megohms. This circuit's
output impedance of 2k is suitable for drfv
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

23 456 789101112

OUTPUT VOLTS

o

1.Ik

""".

" ."
Fig. 13. This simple dynamic rang e compressor provides more than 50 dB range ; it exhibits gain
with a 20 millivolt signal but will not saturate with input volt ages up to 6 or 7 volts. All the
diodes are IN914; transistor 01 should be a 2N2926, 2N3391 , SK3010, GE·8 or HEP·S4.
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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 outp ut 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 ga in 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.

Compression amplifier
The compession amplifier illustrated in

Fig. 13 provides a minim um outp ut signal
with only 20 millivolts (0.02 volts) input,

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 H z for ex
ample, this circuit provides 20 dB gain and
furth ermore, the bandwidth may be de
creased to the limit of intelligibility. T he
gain stab ility is increased in this amplifier
b y the use of negative feedback from col
lector to base of Q1; this also serves to re
duce the outp ut impedance and increase the
power transfer to the succeeding stage.

At frequencies far removed from the reso
uant 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 predom inates 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
.3.30k resistor is regenerative , As the gain
of the amplifier increa ses 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 va ries from transistor to transistor,
so the va lue of this resistor should be chosen
experimentally. This resistor should iust
produce osci llation when the bandwidth pot
is advanced to the maximum feedback posi
tion. To use this circuit , simply plug it into
the phone jack on your receiver, connect
a pair of headphones across the outp ut 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

'" " ."
10 ~F

,( ,

" ""-
~

ca

*',
'" 2,7 1( " 4 ,710;

:,

l 'r "'" '00'
0 1,02 2 N2925, 2 '1339 1, 2.N3~65

( t" 2'12712, 2 N~15, 2 '13%6

QI, Q2 - 2 N46~, 2N295~, 5 1( 5004

Fig. 14. This simple audio bandpass filt er may be
narrowed to the limits of unintelligibility. At a
bandwidth of 80 Hz, it provides about 20 dB gain.
Th e input is connected to th e ph one jack on your
receiver whil e headphones are connected across
the out put .

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 approp riate for your particular trans
mitte.

BANDWIDTH
CHOOSE LAND C FOR RESONANCE AT THE DESIRED FREQUENCY.
FOR CO lTER FREOIJENCY OF 1000 H. , USE 2.50 mH AND 0,1 I'F

Fig. 15. This three stage a ud io filt er uses two
series resonant circuits to provide a very narrow
aud io passband. Th e Q of the circuits , and there
fore the bandwidth , is controlled by the a mount
of feedba c~ .

6A 13 TRANSISTOR CIRCUITS



•

•Q• • •_ N •

fREQUENCY ( HZ)

01-+1-++1

-~+-+

-'0a•,
<
0

-~

r--- --., '"on I iN ...;.,
"

, ca "
j t-H~--1 (

cor

" n
:~\F

m
~ m~ INa-:, ~6~ H, ,
", • - en;, r reo HIG H 0' ;+;='" . ,

" "
ec,

". 2.2k 2 .2 . 410 C ___J
.b~

,.,
,h r h r ,

'~T I

Fig. 16. This highly verse
tile audio filter may be
used to completely shape
the aud io spectrum of your
receiver or transmitter ; it
may be used with th e fil 
ters out, or with the vari·
able low- and high.pass fil.
ter networks connected. All
the transistors are low cost
audio ty pes such as the
2N1305, 2N1380, 2N2b13 ,
GE·2 or HEP-253.

BASS,.

'00'TRE BLE

Fig. 17. Resistance-capa citance to ne controls are
usua lly not too satisfactory with junction tra nsistors
because of heavy loading . The high impeda nce
characte ristics of the FET eliminates th is problem
with no loss in the dynamic range of th e tone
control. Qt is a 2N2943 , 2N3820, MPF.I05 or
HEP·801.

other center frequencies.
One of the problems in amateur SSB com

rrumicutions is that the audio spectru m of
the speech ampli fi er sho uld be shaped so
that it amplifies on ly those signa ls between
abo ut 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 filt er shown in
Fig. 16. \Vh en the high- and low-pass filt er
of this amplifier are out of the circuit, it
is nat withi n I dB from 100 H z to ,50 kHz.
\Vith the filters in the circuit, the audio
may be shaped between the limits shown
in Fig. 16.

Tone cont rol
Aud io tone cont rols using conventional

junction transistors are difficult to build
because the low input impedance of these
devices seriously limits the tone control's
dynamic range. An obvious solution to this
problem lies in app lying the inherently high
input impedance of the field effect transis
tor. T he tone control illustrated in Fig. 17
should be fami liar to old vacuum tube hands;
it is a stra ightforward tone control for both
treble and bass using a mod ern FET in place
of a thermionic triode.

300 ~

0.,
0.,

0--1 f-----1

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 va lue. The 47k resistor in the
feedback line should be ad justed experi
mentally so that the circuit will just oscil 
late when the lOOk bandwidth pot is shorted
out (maximum clockwise position). Although
the LC values shown in the schematic are
for a center frequency of approximat ely
Inoo H z, other values may be usee! for
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Fig. 18. This phase splitting circuit provides two
out of phase signals for driving II. push pull am
plifier without an expensive transformer. The gain
of the dage as shown is 150, but th is may be
adjusted by changing the value of the 22K feed.
back resistor. 0 I and 02 are II. complimentary pair
such as the 2N652 and 2N388 or 2N2430 and
2N270b.
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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

4

back to the emitter of Ql and determines
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.
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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 pnll 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-

'"
Fig. 19. This phono preamplifier uses frequency
selective feedback between the collector and base
of 0 I to obtain proper equalization during play
bad. Transistors 01 and 02 are 2N584, SK3003.
GE-2 or HEP-254.

0 1 - 2 N2429
02 - 2N2106
03 - 2N2430

Fi g. 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 02 and 03, they are available
as the 2N2707.
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Fig . 23. A lerqer power version of the single tran
sistor push pull circuit of Fig_ 22 is shown here.
The operating characteristics are sim ila r to the
50mW circuit except that approximately I waH
ma y be obtained. Transistors QI and Q2 are
2N21S. 2N404, 2N29Sl, SKl004 or HEP.2Sl; os
ls • 2NSS4, 2NI012. 2N1666, SKl009 0< HEP·212.

rig. 22. An audio power ampliner with push pull
output using a single transistor in the nna' stage
may be obtained with this simple circuit. Only
about 50 mW is available from this l.Impliner, but
the gain is flat up to 30 kHt. 80th 01 and 02
should be germanium audio transistors such as
the 2N21S, 2N404, 2N29Sl. SKl004 0' HEP.2Sl.

Sin91e 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.

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 de 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 m\V output.

00''''OHMS
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''''
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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 QI. Stabilization at de is provided by
the direct coupling between QI and Q2 and
the current feedback path through the 10
ohm resistor in the base of QI. 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 rnA; this will insure a mini
mum of crossover distortion. \Vhen properly
adjusted, this amplifier wiII exhibit a ± 3

Ql - 2H24Z 9
0 2 - 2 H2706
03 - 2 " 24 30

Fig_ 21. Th is 470 mW complementary audio am
plifier exhibits less than 2% distortion and is
flat within 3 dB from 15 He to 130 kHt.
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Fig. 24. This line operated
audio power amplifier pro
vides about 500 mW out
put with an 80 millivolt
input signal. QI is a
2N35b5, S~02, SK3020 0'

HEP-54; Q2 is a 2N391b
or SE100S.
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power amplifier
This amplifier is

" 0

operated
Fig. 2.5.

Fig . 25. H igh performance with low cost is ob
tained with this line operated audio power am·
plifier because expensive electrolytic capacitors aro
eliminated by direct coupling between stages. This
circuit delivers 1 watt t o the speaker with 3 mW
input.

ca

Line operoted omplifiers
The line operated one watt amplifier in

Fig. 24 provides about 500 m\V outp ut with
an 80 mV input signaL The lise of transis
tors with high collector to emitter voltage
ra tings pennits 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 he connected
across the primary of the outp ut trans
former.

Another line
is illustrated in

".

These amplifiers are de connected , thereby
eliminat ing many components, wh ile at the
same time assuring excellent low frequency
response.

In the circuit in Fig. 22, the first transis
tor serves as both an uc 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 (R I) sho uld be adjusted experimenta l
ly to obta in eq ual voltages across the co l
lector and emitter loads as illustrated in
the schematic.

The freq uency response of this amplifier
may be adj usted by changing the value of
the 0,05 " F capacitor (C f ). When this ca
pacitor is left completely out of the circuit ,
the heavy negative feedback around the
ci rcuit provides a freq uency response that
is flat from de (with the input capacitor
shorted) to 30 kH z. However, under these
conditions, the gain is only about 35 dB.
The maximum power outp ut ava ilab le from
this circuit is on the order of 50 m\V; above
this level severe dipping occurs with notice
able audible distortion.

A higher power circuit that exh ib its es
sentially the same characteristics is illus
trated in Fig. 23. \Vith properly heat sinked
transistors, this unit p rovides usable out
p uts up to one watt. As with the lower
power circuit, the bias resistor (RI) should
be adjusted to provide eq ual 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 thev mav be easilv driven bv other, . .. . .
transistor circuits. Although two separate
speakers are shown as the output load , the
load could just as ea sily he two separate
transformer windi ngs.

lOA 73 TRANSISTOR CIRCUITS



Fig . 2b. This 100 mW mod ulato r may be used to
collector mod ul ate transmitte rs up to a bout 200
mW or to base modu la te somewhat larger power
a mplifie rs. Good performa nc e with a minimu m of
compon ents is o bta ined by transform er coup li ng
betwe en sta ges.

based on the use of a high voltage plastic
transistor, the 2N-lO,'j4. The circuit deli vers
one wa tt of audio power to a speaker wit h
about 3 millivolts input signa l; at this power
level the total harmonic d istortion at I kH z
is less than 10%. T he key to its low cost
performance is the fact that direct coupling
is used , thereby e limina ting the need for
expensive e lectro lytic capaci tors.

Modulotors
The 100 milliwatt modulator illust rated

in Fig. 26 is suitab le for collector modulat
ing small transistor t ransmitters lip to about
200 milliwatts. It may also he used for
hase mod ulating somewhat large r transmit-

tors. T he circ uit is re lative ly stra igh t for
ward, with a single aud io amplifier driving
the class B push pull power stage th rough
a small transformer. T o modulate the col
lector of a small tra nsmitter, sim p ly run th e
collector voltage supp ly through the second
a ry of the "moduation" transformer, in this
case a low cost 5k :200 ohm audio trans
Former.

T he 5 watt modulator shown ill Fig. 27
may be used to modulate transmitters with
lip to 10 watts input. The use of low cost,
hi gh gum silicon transistors and efficient
transformer coup ling significant ly decreases
the comp lexity of the ci rcuit . Us ually many
more transistors are required to ob tain five
watts of audio with a microp hone input.
Although this modulator was designed for
a ceram ic or crysta l microphone, it may
be used with dynamic types wi th slightly
Icss gain. Th is circuit exhibits extremely
low d istort ion cha racteris tics, and when used
to collector modulate a ten watt transistor
transmitter, prod uces extremely d ear and
cr isp audio.

T he transistori zed 25 watt modulator
shown in Fig. 28 is not much different
from other types which have been described,
but with three transformers it is somewhat
more efficient than most . The transformers
a re readily availab le co mmercia l models
which may he obtained from most suppliers.
However, transformer T2 must have a center
tap on the secondary; this is easily accom
plished hy unwinding 46 turns from the
outside winding, bringing out a center tap
a t th is point and rewind ing. Impcdance
matching to the rf amplifie r is accomplished
h y adjusting the rf output loading network.

,
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Fig. 27. 5 watt modulator for tran smitters up to 10 watts input .
transformer co upling inc rea se performanc e at d ecreased circ uit

High gain silicon transistors a nd
co mplexity.
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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
he found from the following formnla:

f. - ftf
h+l

+ 12. .6 B+

Fig_ 28. 25 watt modulator uses readily ava ilable
commercial transformers. Transistors Q I and Q2
are 2NII72. 2N301. 2N15bO, SKl009. GE·9 or
HEP-2l2; ca and Q4 a,a 2NIH, 2N278, SKlOI2,
GE-4 0' HEP-211.

The frequency response of this circuit is
quite good and is essentially flat from 200
Hz to 7 kHz.

\Vhere: £0 Crystal frequency

f. - Signal frequency

flf 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:

Fig. 29. Sing le oscillator and diode provide two
injection frequencies for dual conversion receivers.
Tra nsistor QI is a 2N1745, 2N2 188, TIMIO, G E-9
or HEP-2; the diode should be a IN82A or similar.

D'

f. - f"
h -l

F, -

-4.7k J;TAl..
1.5>

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

Circuits for Receivers

Injection oscillator
If you are interested in building a dual

conversion receiver for single channel op
eration on MARS, 2 meter I'M or WWV,
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 WWV 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 WWV signal in the first mixer
to provide an output at 4092 MHz; this
signal would in tum be mixed with the
3636 kHz oscillator output in the second
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Fig. 32. This super AGe circuit only requires two
transistors to obtain up to 60 dB of control. 01
and 02 are 2N 1613 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.

""",,,

AGe c:lrc:ult
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, QI 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 1000: feedback and th~
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 Ql 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

,,"7 PUT

Ql - 2N~2~, 2 N3192

• 2 ,L"
~'

: " ".
•

~ "
, ~,~,

' ''' ,( ,
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'''''
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~"""" " ". ,
'" - 1 !XlO p' "00 • ~..
80 kll, 2200 pI 9 10 pi 6.2 lNI

100 kll, 1800 pI 7~0 pI 4.7 mil
200 kltI "" ., ' 00 • u~

4~~ k.. sse " ' 00 • ,~
ooסס .~ '"0 ., ". 0 47 _
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well in this ~ircuit. 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. IT 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 ih then the variable
capacitor will operate as a pitch control.

Fig..- ·31. This simple circuit provides an extremely
steble BFO. The frequency of oscillation may be
tailo:red to your needs by simply choosing the
proper tank components listed in the table.

Fig. 30. This beat frequency oscillator may be
added to exiding receivers with a minimum of djf~

ficulty. Th. BFO frequency is determined by the
if transformer which provides feedback from eel
I.ctor to emitter, Transistor QJ should b. II 2N384,
2NI749. 2N2362. TIM 10, SK300B. GE-9 or HEP·2.
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Fig . 33. This simple squelch circuit may be added to any transistoriled receiver with only minor
changes; in most receivers only four additional components ar. required. two resistors, • capacitor
and a transistor. 01 is an ellisting transistor in the receiver; 02 is a 2N404. 2N2953, SK3004. GE-2
or HEP-254.

the constants shown in the schematic, a 60
dB control ra nge is provided by a 0 to 100
IJ.A Ace input. T o increase this range, high
gain transistors and a higher voltage power
supp ly must be used.

Squelch circuits
The simple, but positively acting squelch

circuit in Fig. 33 may be added to any
transistorized receiver with on ly minor
changes in the aud io section and four uddi
tional components . Without an input signal,
normal forward bias to the if amplifier flows
in the AGe 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 conduct ion with the

squelch control pot determining the degree.
When Q2 is sa tura ted , base bias for Q I
is diverted to ground so the driver cannot
amplify incoming noise and the speaker is
quiet. \Vhen a carrier large enough to cut
off Q2 is received, Q I conducts and ampli
fies normally. The 100 ,uF filter capacitor
iu the base of Q2 removes all but the AGe
signal coming from the detector.

To make the squelch less sensitive to
large noise pulses, resistor R1 will ensure
that transistor Ql will be cut off until rf
operates the sq uelch. The value of this re·
sistor sho uld be determined experimentally,
since its value depends upon the type of
transistor used in this sta ge .

Another simple squelch circuit is illus
trated in Fig. 34. \Vhen there is no signal

- i·-· -1
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Fig. 34. This squelch circuit is very versatile and is capable of squelching out a 300 iJ-V signal
and still maintain control down to leu than 1 iJ-V. With the 2.5K pot set to squelch out a signal ,
approximately 3 dB increase in received signal will overrid e the squelch. Q2 is a 2N13CH, GE.5
or $1(301 1; Q3 is a 2N1274: GE·2 or HEP.254.
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Selective audia amplifier
Selective transistor amplifiers are very

helpful in sorting out sta tions from the
QR~I that plagues our HF bands. They are
also quite helpful in VHF and UH F work
for effec tively narrowin g the bandwidth of
the receiver. This is because as the band
wid th is narrowed, the noise in the receiv
inp; bandpass is reduced accordingly.

In the selective transistor amplifier illus
trated in Fig. 3.5, the frequency selected is
determined by a modified \Vien bridge cir
cuit in the co llector of the first transistor.
Although the constants shown in this cir
cui t arc for a center frequency of 1000
Hz, other frequencies may be selected by
the proper choice of bridge components.
The bandwidth of this circu it is determined

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

This circuit is very versatile and is capable
of sq uelching out a 300 ~V signa l 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 cond itions of Q3, depending upon
the setting of the audio ga in contro l. This
distortion is not ordinarily objectionable
however and when the signal is severa l times
greater than that required to just trigger
the sq ue lch. it is not present.

OOTPUT-, ., .."'" w ";
;';"....,

+~~F 1?< " o. ~\,.
; ~ooo..."

000 O .

>' ~ "n ." ~o; ~li</ClI'IlITH
r ~ ~,

·? ~
r

_-. ' ,
" ,,000 ,

I,YJ

»~1 " /

iI'L-1 " :,..
rh Ll_co .....H .TAPPED 4 0 "1. UP

~ COLD EN!)
4~SUU ''''' '" 1" lSEE TOTI

i " ~"' . "Fil. [III r ~ ..
"'" 1"

Fig. 35. This audio filter uses a 1000 H:r. Wien
bridge eircuit to provide bandwidths from 70 to
600 HI wid•. QI and 02 are 2N408. 2N2613,
SKlOO., GE.2 or HEP-2S•.

coming into the receiver, the AGe con
trolled if amplifier Q 1 is operating at maxi
mum gain. Under this cond ition the voltage
d rop across RI is also maximum and is
used to turn Q2 0 11. The current through
Q2 is determined by the sq uelch control,
H2. If R2 is set so that the current flow
through Q3 causes the voltage drop across
the 3 .9k emitter resistor to be grea ter than
the base voltage of Q3. it will be turned
off. Under these condit ions, there will be
no output from Q3 and the receiver will
be quiet.

When a signa l is picked up by the re
ceiver and the ACe is operating, the cur
rent th rough Q I is reduced according to
the signal strength of the received signal.
This in turn reduces the voltage across RI .
red uces the current through Q2 and lowers
the voltage on the emitter of Q3. When the
emitter to base junction of Q3 is forward

eo
10 8 6 4202 4 61510

I'REOIJE"lCY ( Ut,l

Fig . 36. The selectivity of inelpensive communications receivers may be substantially increased
by the addition of this mechanical filter adapter. The transistor is used to ma~e 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
2N16l8 , 2N1727, SKl008 or HEP.l.
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Fi9. 37. Usually the crystal filter circuit in a receiver (A) must be physically located so the
phasin9 capacitor (C,l is accessible to the front panel. By usin9 the vereeter phased filter in B.
the crystal may be located in eny convenient location. QI and Q2 are 2N3478, 2N3564. 2N3707,
40236 or HEP.50; 01 is a 20 pF vereeter 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 ilIustated 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
he used.

Layout of the circuit is not at all critical
except that care should be taken to make

16A

sure that there is no leakage around the
mechanical filter and amplifier. To this end
the piate 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 if 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 (Co)
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 cascade

rf amplifier is that in the high frequency
range it does not require neutralization.
In the cascade circuit shown in Fig. 38,
two transistors are connected so that the
mismatch between them reduces internal

73 TRANSISTOR CIRCUITS



..,.
I

·,.v

,
(

2.5 pH
R 4309

Y'
7.' -I

MILLE

zru

'" y

-8 •

t ,
,

4101(

o.r "
I, •

'-' ,
"".

,

0 .05

' NPUT"OO-

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

Since the emitter of QI 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 Ql (by adjusting the
value of the negative supply),

The high gain cascade 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, de 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 gam.

Another somewhat different cascade cir
cuit is illustrated in Fig. 39, This cascode
30 MHz if amplifier uses FErs and is

Fig. 40. This eeseede video amplifier provides
more than 6 MHz bandwidth with a voltage gain
of 10. Both FET's are 2N3819, MPF10S, TIS34 or
HEP·801. A negative supply would permit the use
of a 2N4360 or TIM 12.

ca
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Mll.L.EFI 4502
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Fig. 38. This cascode amplifier is extremely use
ful because it provides high gain without the need
for neutralh:ation. or is e 2N918, 2N3464. 2N3478,
MPS918, 40235 er HEP-5b: 02 Is • 2NI742,
2N2398, 2N2894, 2N3399, TIMID 0' HEP-2.

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

In single transistor amplifiers the ccllec
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-

r

Fig. 39. This 30 MHz il stage uses two FET's con
nected in the cascode arrangement to provide
20 dB gain without neutralization: the bandwidth
is 4 MHz. Both FErs in this circuit are 2N3819,
~PF105 or TIS34. With a negative supply voltage,
the 2N4360 or TIM 12 would be suitable.

,---.-_ -zov

73 TRANSISTOR CIRCUITS 17A



o.

220 MHz rf amplifier
T he 220 .MHz rf amplifier shown in Fig.

43 exh ibits about 17 dB ga in, although the
exact amount will depend upon the type of
transistor used . Optimum operation for low-

Two meter preamp
The two meter preamplifier 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
fro m scratch, the easiest approach is to use
a spent beer can. Be careful 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 outs ide of the cavity.

Two meter 5uperregenerative receiver
The simple little receiver shown in Fig. 4 1

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 ~IHz.

Basically. Q I 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 transformer
may he connected between Q3 and the speak
er. The 20 kilohm pot should be adjusted
for a total current drain of about 30 rnA.

\Vith the circuit constants shown in the
diagram, this receiver will tune from about
90 to 150 .\IHz. 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.

inductance shown (Miller 4309), this circuit
is characterized by a voltage gain of 10
with a 3 dB bandwidth of over 6 ~IHz.
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 slight ly.

•••

"

2-1/2" 01".
4 -314" HIGH

a-eo

..,
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1/11 · TO 3IlI. Ol.t..

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

The cascodc video amplifie r 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 widebund or video amplifiers
because the input capacitance and its mu lti
plication by device gain (ca lled Miller ef
fect) seriously loads the input. With the
cnscode configm ation, the input capacitancc
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

Fig. 42. Low noise two mete r prea mp lifier uses ell

beer ca n cavity to provid e exce llent d iscriminatoin
aga inst near by kilowatts. Q I j\ , 2N3478. 2N356' .
2N 3564, 4023 5 or SK30l C

..,

-.
Fig _ 4 1. This simple one transistor su perregenera
five receiver for two meters may be used for copy
ing many local signals. With the compone nts
shown. this receive r will tu ne from about 90 to
ISO MHz. It may be used on other freq ue nc ies
by cha nging t he ind uctor and ca pacitor ttl de
scri bed in the text. Q I is ill 2N1742, 2N2198.
2N3199, TIM 10, GE-9 0 ' HEP-2,
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Fig. 4.. . This untuned crysta l oscillator will oscillate
with any c rystal fr om 300 kHz to 10 MHz. Fre·
quency sta bility is very good because th e e mitte r
fo ll ower buffer a mplifier effective ly isola tes the
oscillator from the load. 0 I a nd 02 are 2N991,
2N 1749, 2N2084, 2N2l62, Tl MIO, GE·9. SKlOO6
or HEp·2.

connected as an emitter follower. \ Vith this
a rrangement, Q2 acts as a buffer stage
and quite effect ively isolates the osci llator
fro m the load.

Another untuned crysta l oscilla tor stage
is shown in Fig. 45. This circuit wi ll cscil
late with any crystal between 3 and 20
.\IHz with no tuning whatsoever. If over
tone crysta ls are p lugged into the circuit,
they will oscillate on their fundamental fre
quency. For overtone crystals up to about
60 ~IHz, the fundamental will be approxi
mately !~ the marked frequency ; above 60
!\IHz the fundamental is norma llv about }~

the marked frequency. For best sta'bility with
each of these untuned crys ta l osci llators,
a ll the capacitors shou ld be high grade silver
mica types.

The crystal oscillator shown in Fig. 46
has proven to be extremelv stab le and easv
to adjust. Basically it is a ' standard Colp itts
circuit with the frequency determined bv
the crystal. By using the appropriate indu~
tors and capacitors, this circuit will osci llate

""

..,

0'

.""

Ll 3 .'2L?i~

LI 3 -1/2 TUIINS N)16. 1/4' 01" 1". IJ2 " LONG.
TAI"l"£O ,t,T CVlTEII .

L2 ,-~ ~s NO. 24 ON ~" suxvruHro r()lll" .
L3 'fUR7oIS N) 16, III ' 01.....1 7/'" lOHG TAPPED

ON( TUIIN FIt I" COLO tNO.

0 1 2N50471. 2H3~•• 40233
11Ft 0'. ~H {OHI"ITE Z·2201

Fig. "3. Low noise 220 MHz preamplifier. This
circuit will provide extremely high gain with low
noise on the 11/-4 meter band. Neutralization is
controlled by indu ctor L2.

cst noise figure also depends upon the
transistor type, but usually will be in the
vicinity of 6 volts collector voltage and 1
rnA collector current. Unfortunately, th is
is usua lly not the same operating condition
for maximum gain; maximum gain will oc
cur at somewha t larger values of co llector
voltage and current. \ Vhen this amp lifier is
set up, the 470k base b ias resistor should
he adjusted for the cond it ion that you are
looking for, whether it he minimum noise
figure, maximum gain or a compromise he
tween the two. Remember tha t 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

. ro

"r' ,to ~.II I 1 '17

" .. t------<~__1' f----o OUTPUT

I l~ ~

Fig. 45. Th is crystal osc ill ato r wil l oscillate with an y
crystal between 3 and 20 MHz with no tuning what~

soever: overtone crystals will osc illate on their
fundam ental in this circu it . Q I is a 2N1177,
2N1I80. 2NI742 , GE·9. SKlOO6 0 ' HEP·2.

Crystal oscillators
A compact un tuned crystal oscillator is

a very useful unit to have around the shuck.
The oscillator illustrated in Fig. 44 does
not have any tuned circuits, so almost any
crysta l from 300 kHz lip to 10 .\ IHz will
oscillate satisfactorily. It can be used for
d rivin g transmitters, as a signal source or
for just testing crys ta ls. III this circuit the
firs t transistor is opera ting as an untuned
(crystal oscillator with the second t ransistor

13 TRANSISTOR C IRCUITS 19A



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 1.21< 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 osciHator 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 n ....ncritical
except for the value of Cl 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.

Variable 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 doum in fre
quency. Just how much it is pulled down
is detennined by the inductor L1. For an

u
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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 I MHz region, but the tuned
circuit may be adjusted to any frequency desired.
QI is a 2N4360 or T1MI2.

MIY SERIES MODE -1iIII 2k 1.0
OPERATING XTAL IN ;:g
~rO.!STH,7TH.9TH . OR H AL
I I TH OVERTONE

I
cr

'"

LI ' TUNED TO RESONATE WITH C2 - COLLECTOR TAP
1/3 UP FROt.' COLO END

Ct · CAPACITIVE REACTANCE Of APPROX. 90 ",,
AT OPERATING FREQUENCY

~ ( !.HU ) 1 50 1 14 4 I 220 ~
CI (pf) 36 12 8.2 3.3

Fig. 48. This crystal oscillator was designed spe
cifically for overtone crystals and will oscillate up
to the 11th overtone in the VHF range. Suitable
values for CI are shown for the VHF bands; for
other frequencies, C I should exhibit approximately
90 ohms capacitive reactance for best results.
QI is a T1MIO, TI400 or HEP-3.
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Fig_ 46. This ColpiHs type 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 lind provides a stable output.
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Fig , 50. This two frequency crysta l oscillator
chenqes frequency by simply reversi ng t he supply
voltage. When the supply voltage is ch<llnged, the
transistor inverts itself: usually transistors may not
be used in the inverted mode, but in an oscillator
<lI gain of only I or 2 is needed and this circuit pro
vides a novel and simple way of obtai ning fwo
frequencies from , a single st<llge with • minimum
of switching.

Two frequenc:y c:rystal osc:lllator
In the two frequency crystal oscillator

illustrated in Fig. 50, . the bilateral char
acteristics of the transistor effectively pro
vide two separa te common emitter stages.
Either of the two frequencies may. be se
lected by simply applying a positive or
negative voltage to the circuit. ' .., ,.

When a positive voltage is applied, cur
rent flows through 01 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 Ll and Cl is shorted out by D1. In
addition, since crystal YI 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
LI , Cl and Yl determine the frequency
of oscillation. Diode 02 shorts ou t the 'other
tuned circui t and the crystal Y2 is con
nected between the base and emitter of
the inverted transistor; therefore, there is
no output at Y2's frequency.

Transistors may not normally be usee in
the inverted mode because rather large

80 turns #36,
tapped at 27
turns
62 turns #36.
tapped at 21
turns
40 turns #36.
tapped at 13
turns
36 turns #36,
tapped at 12
turns

24-35,aH MUler 4508

35-60 ,u.H Miller 4509

16-24 ,u.H Miller 4507

16-24 ,u.H Miller 4507
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Fig. 49. This var iable crystal oscillator (VXO) may
be used to V<llry the frequency of <lin 8 MHr: crystal
4 or 5 kHz when t he 365 p F duel verieble is
tuned t hroug h its rango. When multiplied to two
meters or 432, this provides a very sta ble verleble
frequency. For 8 MHz crys<llls, 1I is a 20-25 uH
slug tuned coil; l2 is chosen to resonate at 8
MHz with the 30 pF eepeelter.

Tab le 1
L,Crystal

5.0 MHz

3.5 MHz

9.0 MHz

"w ou nd on ~!t. " slug tuned for m .

8.0 MHz

+ IZ V

8 ~ IHz crystal, this inductor should have
a center value of about 22 ~H; it should
exhibit re latively 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 Ll 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 capaei
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 L2 is chosen to resonate
at 8 MHz with the 30 pF capacitor; the
tap is " up from the ground end.
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in Fig. 52 gets over the high rf power/high
price hurdle by using three inexpensive
transistors in parallel in the final stage.
The three paralleled transistors used will
produce three watts output with a 15 to
18 volt supp ly and about 2.25 watts with
a 12 volt supply. The rf drive is provided
bv a 28 MHz crvstul oscillator uud drive r

• •
amplifier. For maximum efficiency, modu-
lation is applied to both the final amplifier
and driver through the modulation trans
former; about 1.5 watts of audio power is
required for 100% modulation. Since the
transistors used in this transmitter have
an f.r of 500 MHz, a similar transmitter
could he built for six meters; the only
change would he in the resonant circuits.

UHF oscillator
The simple UHF oscillator circuit shown

in Fig. 51 will deliver up to about 2 m\V
of power at 1000 Ml l z. Although this amou nt
of power is insufficient for some applica
tions, 2 m\V is more than enough for many
mixer and converter circuits. Many transis
tor types, when selected, will osci llate up
to 1500 .\. llIz in this simple circuit.

Ten meter transmitter
The three watt ten meter transmitter shown

amounts of gain arc desired. However. as
an osci llator, the gain need only be sufficient
to produce oscillation; this usually req uires
a forward current gain of only one or two.
For this reason almost any germanium tran
sistor may be used in this application. Sili
con NPN transistors will also work, but op
e ration will he just opposite to that de
scribed above.

Diodes D I and D2 limit the output voltage
to about 0.7 volts, so for some applications,
further amplification may be necessary. The
tuned circuit va lues shown in the schematic
are for a resonant frequency of 455 kHz,
where this circuit provides an excellent
method for upper and lower sideband selec
tion. It may be used on other frequencies
by simply changing the va lues of inducta nce
and capacitance in the tuned circuits.

"
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Fig . 52. This three ....aU ten meter tr"nsmitter maint" ins high efficiency end low cost by par"Ueling
three inelpensive silicon transistors in the fi n,,1 st"ge.
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transformers should be b ifilar wound. Both
the input and output of this unit arc de
signed for 50 ohm coaxial line , so it fits
in nicely wi th other equipment being used
0 11 ten meters.

The ten meter single sideband linear
power amplifier shown in Fig. 54 is capable
of delivering an output power of 8 watts
PEP. The power gain at this frequency is
l3 dB, and a ll odd-order distortion products
are at least 30 dB below the desired out
put .

The main difference between this ampli
fier and one designed for class C operation
in C\ V, A.\I or F M transmitters lies primarily
in the de bias ci rcu it . For class C operation,
the only dc bias normally applied is the
collector supp ly voltage. T he 18 ~H rf choke
and resist ive divider in the base circuit
would he omitted. The transistor is biased
on by the driving signal on the base. This
results in one of the big advantages of the
~ ransistor transmitter-if the driving signal
IS suddenly removed, the power amplifier
merely shuts off and sustains no damage.

To obtain linear operation, a small amount
of forward bias is applied to the transistor.
This is a function of the resistive divider
and the isolating choke in the base circuit .
T he bias is adjusted so that a small collec
tor current flows without any input driving
signal; when a driving signal is applied,
the transistor is biased on to fu ll operating
co llector cur re nt. In this circuit the 2N2947
d raws 20 rnA with no drive and ,350 rnA
with fn ll drive.
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Ten meter linear amplifier

Up until the present time transistors
haven 't been used too much in SSB trans
mitters because linear amplifica tion a t even
low signal levels has been a serious prob
lem. However, the transistors in the ten
meter SSE power amplifier illustrated in
Fig. 53 were designed specifically for linear
amplifier service and perform quite well.
T he measured distortion of these devices
is less than three percent without feedback,
which is somewhat better than tubes under
the same conditions.

Actually the circuit of this amplifier is
q uite straight forward. T he onIv critica l
pa rts are the co up ling transformer; between
succeedi ng stages. These are wound on small
J2" toroids which are suitable for use at
30 ~lHz (Ami-tron T-50-2). Coup ling be
tween stages must be very tight and the

."
Fig. 54. This t en meter sing le side ba nd linear
power amp lifier will provid e up to 8 watts PEP.
Th e power gain of the 2N2947 is 13 dB at th is
f req uency, a nd th e odd o rde r distorti on products
are at least 30 dB below th e desired out put .

"'J;
Fig . 51. This ten meter linear a mplifier for SSB service uses transistors which were designed
speci Fi.cally for . single. si~eband linear o peration. Many junet ion transistors ca nnot be used satis·
factorlly for thIS a p plica ti on, because linea r amplification at low power leve ls is a serious problem.

73 TRANSISTOR CIRCUITS 23A



~-l/l TU'lNS ~ III
IIZ' LG. ON 1M FORM

..0
0-00

"1!l -.19 ~H

(MILLEFI 40AI~1t8 I l

.000

" -
"' ~I

...~--t--lr----_-,-__mm ~__- - - - r-- - "l .~
.000

~ ,...l/l T~ NO. 16
=~~

/ 1f4' F(lRI,I

U'l I~ ~A

ce
21'1 3961

"2N40n

Fi.g .. 55. Tbis 6 meter transmitter provides up to - 50 watts of power with very good efficiency
and very low harmonics. The 2N3950 in the final provides a minimum power gain of 8 dB on six
and _is rated at .50 watts continuous service.

Six meter transmitter
The six meter transmitter of Fig. 55 will

provide 50 watts of power into the antenna
with very good efficiency and very low har
monics. The second harmonic is suppressed
on the order of 28 dB while the third har
monic is more than 34 dB down. The ef
ficiency of the final stage is 69:1: and the
overall efficiency of the entire transmitter
is 62:1:. The bulk of the total current drain
of 2.9 A is required by the final amplifier
- 2.6 A. By choosing each of the circuit
components very carefully, a transmitter
evolved which uses only three transistors
where severa l more stages are normally

,
-lOY

2'111 41

~-- HAL I I(

,.

U 81'l.1'ttlS 8aWl~ lJ6 n.-sP(R INCH, '12· 0I..l. iIl·1
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Ll 3 TURf6 0l0 " 81Fl l 4R WDUtl O 0lסI 0010 ['10 or L2.
01 - 2"1184 , 5 1( 3008, T1 XiIl03
Rrc l e ~H (OH.. IT£ 2 ' 14 4 )

Fig. 56. This simple two meter tr<1nsmitter m<1Y
be used as a driver for a larger 144 MHz trans
mitter or a signal source for testin9 receivers,
converters and antennas.

required. The mainstay of this transmitter
however is the 2N3950 transistor in the
power amplifier; this transistor can provide
50 watts of cont inuous power at 50 MHz
with a minimum power gain of 8 dB.

Two meter driver
The simple two meter driver shown in

Fig. 56 is just about the minimum that is
suitahle for driving a small 144 MHz trans
mitter. The first stage of this VHF driver
consists of a crystal controlled oscillator
operating at 48 MHz; the 48 MHz output
from the oscillator is capacitively coupled
to the 2N1l41 tripler stage tuned to 144
MHz. The two meter output of this circuit
is quite low, hut sufficient to drive a small
power amplifier to a quarter watt or so.
This circuit may also be used as a two
meter signal source, or as a source for a
VHF SSB mixer.

Circuits for Test Equipment

Signal tracer
The signal tracer is a universally used

unit of test equipment which may be used
for trouhleshooting and isolating defective
stages in all types of electrouic equipment.
With a suitable rf probe it may be used
to check the operation of rf and if ampli
fiers ; with an audio pickup probe it may
be used as a straight through audio ampli-
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Fig. 57. This signal tracer provides more than adequate audio output with only 100 · microvolts
of modulated rf at the input. It may also be used for tracing audio circuits, but do n't depend
on its fidelity. All the transistors are germanium types such as the 2N404, 2N 1450, 2N2953, SK3004,
GE-2 or HEP.253; the diode in the probe is a IN34A or IN67A or similar.
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- 1.5 V

01,02,04,05 - 2 tj130 4 , 2 N2924, 2 tj3393, 51(301I
0 3 - 2N404, 51(3003, 51(3004

Fig. 59. This YOM renqe extender increases the
sensitivity of your velt-ehm-milllemmetee to 50
millivolts full seale; full scale readings of 150 a nd
500 millivolts are also provided by the ran g_
switch.

•

1

Itj5 6 A :
,. "" ~I(,"',

Itj56A : ~

" ;7'\"""f 1~~2A
3.31(

00'

" ">6..'" vc

,_ 211 '" '" :~

".ea .,
~ so ecc '"

: . i .... .,
Itj56 A

1eec : Itj56A

Si9nal injector/ t ra c:e r _.
The circuit illustrated in Fig. 58 functions

as both a signal injector and signal tracer.
Furthermore, no switching is required; it's
all accomplished automatically when
the headphones are plugged in for signal
tracing. In the inject mode the circuit is
a clamped multivibrator with extremely nar
row pulses and high harmonic content. In
fact, with this circuit, sufficient output is
available for signal tracing from audio (750
Hz) to well above 40 MHz. This frequency
range is more than adequate for most re
quirements.

The unit is switched to the signal tracer
mode by simply plugging in a pair of high
impedance magnetic headphones, In this mode

1.ca cz
.oa c i'}"

T i'}" z.~~
, " "~ ".

~

; . .., r r r ~

+ 1.5

Fiq. 58. This sig nal injeetor/tracer switches from
the injection mode to a siqnal tracer by simply
plugging in a pair of high impedance magnetic
earphones. As a tracer is worts from audio up
to 432 MHz. Transistor QI is a 2N170. 2N388A,
2N1605, SK3011 or GE-7; Q2 ;,. 2N188A, 2N404,
2N2953, SK3004 c r HEP-253.

ficr to check microphones and preamps and
to detect noise and hum in amplifiers.

The signal tracer shown in Fig. 57 uses
a push pull output stage which produces
more than adequate audio output to a
miniature speaker with only 100 microvolts
input. The output from the probe is applied
directly to the 250 kilohm pot, which serves
as a gain control and as a diode load when
an rf probe is being used. The signal is
coupled to the base of the first transistor,
amplified, and fed to the driver stage and
transformer coupled push pull output.

Only a very small amount of audio signal
is necessary to opera te the signal tracer
as a straight through audio amplifier. How
ever, don't use it to check fidelity because
it is designed primarily for maximum sensi
tivity without regard to frequency response.

\Vhen using this signal tracer always start
with the audio gain control turned all the
way down because it is easy to overload
the simple amplifier, the result is a highly
distorted output signal. In some receivers
the rf probe may load the mixer plate or
if grid. If this happens, a tone modulated
signal should be injected at the antenna
tenninals of the receiver to obtain a usable
output from the signal tracer.
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Fig. bl. Simple 1000 Hz oscillator is very useful
for testing and musurement a ro und the shad.
The Colpitts c ircuit is used with compone nt values
chosen for maximum stability and good waveform.

."'.
""'"

1 kHz osc:illatar
The simple 1 kHz oscillator shown in

Fig. 61 is very useful for many testing de
vices around the shop. This circuit is simp ly
a Colpitts oscillator. but the circuit values
and feedback have been chosen for maxr-

Manitorjdetec:tar
The simple VHF monitor/detector illu s

trated in Fig. 60 may be used for measur
ing field strength , monitoring modulation
or even ill hidden transmitter hunts. The
freq uency of use may be simply changed
hy changing the len gth of th e dipole nn
tcnna. In some cases where the rf field is
strong enough, a simple vertical pickup an
tenna will be sufficient for signal monitoring
purposes. Furthermore. the lise of this moni
tor/detector is not limited to the VHF
bands; the addition of an appropriate an
tenna will permit its use at any frequency
up to about 500 Ml'I z. For lower freq uencies
where the size of the dipole antenna would
he impractical. a simple vertical pickup
antenna and tuned resonant circuit may be
substituted at the input.

range switch. \Vith the va lues shown in the
schematic, this ci rcuit provides gains of 3,
10 and 30. which extend the 1.5 volt scale
"f th e VO~I to 500, 1.50 and 50 millivolts
filII sca le.

There are two zero controls which must
be adjusted when using this unit ; fir st the
500 kilohm pot (Rl) in the base bias lead
to transistor Q1 is adjusted to zero the
output with no input and the base isolated
from ground. The 1.5k zero adjust pot (R2 )
is then ad justed for an output zero with
the input leads shorted together.

3.H PHONES

I
I

4 10 I l 1k
I
I

! '°t'1-.'l-+r~
: 1\,,
I,
: r
I

o.{ mil
;+;
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Fig. bOo This monitor/detector may be used for
measuring field strength , monitoring modulation
or finding hidden transmitters by simply attaching
a resonant dipole antenna at the input. 0 I and
93 are 2N408, 2N2953 . SK3004. GE·2 or HEP-253i
Q2 is a 2N170, 2N388A, 2Nlb05, SK3011 o r GE-7.

VOM range extender
Most volt-ohm-milliammeters are 1I0t too

suitab le for use with transistor circuits be
cause their lowest voltage scales a rc ei ther
1.5 or 3 volts full sca le and they are not
sensitive enough to accurately measure the
bose to emitter voltage of a transistor wh ich
may be 120 millivolts or so. The low volt
age de preamplifier shown in Fig. 59 is
inexpensive. stab le with temperature and
supp ly voltage variations yet extends the
ra nge of any VO~I so it call he used cr
fccttvely in semiconductor circui t measure
ments.

In this circuit transistors QI and Q4 con
stitute an emitter coupled amplifier; Q5
is all emitter follower connected so the c ir
cuit's entire output voltage is fed back to
Q4. Transistors Q2 and Q3 are constant cur
rent sources in the negative and positive
lines respectively. These constant current
sources reduce the sensitivity of the ampli
fier to voltage supply variat ions and result
in substantially lower drift. To control the
gain of the amplifier for different voltage
ranges, a portion of the output voltage is
fed hack to the buse of transistor Q4
through the voltage divider selected by the

it will detect and amplify signa ls from 20
Hz to above 432 '\IHz. Since this circuit
only requires about ] 00 microamperes, no
on-off sw itch is provided. This vcry sma ll
current drain insures thnt the life of the
battery will be nearlv that of its shelf lift',
By using miniature components and a little
care in layout, it is possible to m ount this
complete injector/tracer in an old penlight
case or metal cigar tube.
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to em itter junction of an NPN silicon planar
transistor is connected as a zener di ode.
when connected in this manner. these
transistors provide a regulated voltage of
approximately 11 volts. The value of the
series dropping resistor may be determined
by using the formula shown in the schematic.
The 5-80 pF capacitor is for zeroing in
with WWV.

T he 100 kHz crvsta l controlled osci llator
shown in Fig. 64 uses a low cost silicon
transistor, and provides both a sq uare wave
and sine wave output with excellent fre
quency stability. T he osciJIa tor ci rcuit is
basically the Hartley type with positive feed
back from the collector to base through a
phase reversal in the tapped tank circuit,
consisti ng of two 240 ~H chokes and a 4700
p F silver mica capacito r. The oscillator fre
quency is determined by the resonant fre
q uency of the very h igh Q series LC net
work in the feedback loop. This network is
made up of the 4-30 pF variable capacitor
and q uartz crystal which opera tes in the
parallel mode. T he variable capacitor pro
vides a fine frequency ad justment control.
Feedback is sufficient ly large to assure
normal circuit opera tion a lmost comp letely
independent of transistor ga in. The large
amount of Feedback drives the collector
fro m cutoff to sa turation, making a sq uare

'0'

Fig . M. This 100 kHz crysta l ca librdtor uses ill

crysta l in th e parallel mode and provides either a
sinusoidal or square wave output. The cal ibrator
m.y be zeroed to WWV with the 4-30 pF trimm er.

100 i1 Hr II(
CIlysr"L

,-----,---1lh
. "3Q pl

4 70 ~
-~"0]

R (~ I'\). ( 8 tl- 'IV.,

Fig. 62. The 100 kHz calibrator shown here is just
about the simplest circuit that will provide usable
results. For zeroing in with WWV a small pcldder
ca pa cito r may be added in series with the 100
kHI crystaL

mum stability along with good waveform .
It may be used for testing speech and mod 
ulation eq uipment, or even as a driver for
a code practice oscilla tor.

..

100 ..... _

"""~

0 1 ... ",y lOP'" Pl. "' '''R SILICON TRANSISTOR
02 2 N292~. 2"1 3392, 2"'3~3. SE4002

Fig. 63. This 100 ~Hz crystal cal ibrator is only
slightly more complicated than th e on e shown
in Fig . 62. but has a built in voltage reg ulato r
(01) and provides usable harmonics up to 150
MHz.

01 · 2 1'11'01 , 21'12111 , 21'1292). 2N~91

·"

'"

100 kHz crysta l cali bra t a rs
The 100 kHz crysta l oscillator illustrated

in Fig. 62 is just about as simple as you
can build and still get a usable outp ut .
This circuit will provide usable harmonics
lip to about 30 ~IHz but it has no pro
vision for zeroing in with \V\VV. This Iea
ture may be added by simp ly pl acing a
small variab le padde r capaci tor in series
with the 100 kHz crystal.

The ca librator circuit shown in Fig. 63
is only slightly more complicated than its
counterpart in Fig. 62, but provides usab le
harmonics lip to 150 .MHz and has a built
in voltage regulator. In this case the base
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Fig'. 66. This two meter band edge mar~er pro
vides useful harmonics up to leveral hundred MHz
with 18 or 24 MHz crystals. If modulation is de
sired, the audio oscillator from the circuit of Fig.
65 may be coupled into the base. Qr is a 2NI745,
2N2 362, 0' HEP.2.

ll~2 TURNS "fO_ 18 AWG
ON 3/8 " FORM

.,
Xf,t,l

' 8 OR 24I MHI

4.H

may be accommodated by changing the
number of turns in Ll.

The two meter band edge marker illus
trated in Fig. 66 provides very strong har
monics of an 18 or 24 MHz crystal on 144
MHz; when a sensitive converter is used
on 432, harmonics may also be heard on
this band. This circuit will oscillate with
crystals throughout the 18 to 24 MHz region,
so it may be used as a marker at almost
any VHF frequency. The use of a 20 MHz
crystal for example would be very useful
for marking the lower edge of the amateur
220 and 420 MHz bands. If a modulated
marker is desired, the aud'io ~scilla tor (Q2)
of Fig. 65 may be coupled into the base
of the oscillator through a 0.2 ~F capacitor.

Sweep f requency generator

More and more hams are finding out
that the sweep generator is one of the most
useful test instruments to have around the
shack. It may be used to align communica
tions receivers, VHF converters, to plot re
sponse curves and to check bandwidth. The
circu it illustrated in Fig. 67 is a very simple
unit that may be used at any spot fre
quency between 100 kHz and 60 MHz. Al
though a three range bandswitch is shown
in the drawing, it may be omitted if only
one spot ' frequency is required (455 kHz
for example). - "

The sweep generator shown here consists
of a single unijunction transistor sawtooth
generator which provides the sweeping sig
nal for the osciIloscope and the fixed tuned
rf oscillator. The output of the sawtooth gen
erator is connected across a 56 pF varicap
in the oscillator tank which varies the fre
quency of the oscillator in step with the
scope trace. The sweeping frequency may

·"
80 TIJRl'j:$ tlO. 30 AWG
SCIWIlll.E -WOUNO ON-, '-' - 1/1"f OR.. ,.

f "m • Ll ~ ~2- ;r:
'h.< *l~O 8 .2_

-=~H'..
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Fig. 65. Thil crystal controlled oscillator provides
very distinctive mar~ers up to 30 MHz. The mod
ulation frequency is approximately 1000 Hz. but
by changing the value of CI it may be changed
, I;ghtly. QI ;, • 2N384, 2NI742, 2N2362, 2N2084.
TlMIO, GE-9 0' HEP-2; Q2 ;, • 2N261 3, 2N2953.
2N1303, SK3004, GE-2 0' HEP-254.

wave available at the output. A sine wave
is developed across a tunable high Q tank
and is also available at the output.

Modulated band edge marker

The crystal controlled calibration oscilla
tor shown in F ig. 65 is especially useful
for band edge marking and providing dis
tinctive crystal controlled markers up to
30 MHz. To assist in identification of the
marker, particularly at the bigher frequen
cies where the harmonics are quite weak,
the note may be modulated by simply turn
ing on the audio oscillator. The modulation
frequency of this unit is about 1000 Hz,
but it may be changed slightly by changing
the value of Cl. If the oscillator fails to
oscillate when power is applied. reverse
the connections on one side of the trans
former. At the lower frequencies the output
of the calibrator may be coupled into the
antenna circuit of the receiver by induc
tive coupling, but on 15 and 10 meters, a
direct connection to the antenna terminals
may be necessary to obtain sufficient out
put. Although this circuit is designed for a
one MHz crystal, other crystal frequencies
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Mill.,.. No.

9007
9006
9005
9004
9003
9002
9001
4508
4507
.506
.505

'50'
4503
4502
4304
' 303
4302
4301

O ' •

..
f-o OUTPUT

Table 2
COILS

Frequency

65 k H z -140 k H z
95 k Hz -190 kHz

lSO k Hz -300 k Hz
190 kHz -550 kHz
380 kHz -1000 kHz
700 k Hz - 1.8 M Hz
1.4 M Hz- 3.7 MHz
3.7 MHz- 4.7 MHz
4.7 MHz- 5.9 MHz
5.9 MHz-7.S MHz
7.5 MHz- 10 MHz
10 MHz- 14 MHz
14 MHz- 18 MHz
18 MHz- 23 M Hz
23 MHz- 29 MHz
29 MHz- 36 MHz
36 MHz- 45 MHz
45 l\ffiz- 60 MHz

Sawtooth <:lenerator
Sawtooth generators are very useful in

many measurements and their circuitry may
be greatly simplified by the use of field
effect transistors. \Vhen conventional junc
tion transistors are used for this purpose,
complex feedback networks and methods of
compensation must be used to generate a
linear voltage ramp. The output waveform
of the sawtooth generator shown in F ig. 68
is linear within 2% and may be adjusted
from 1 kHz to 3 kHz by the center fre
quency control. The thermistor RI provides
temperature stability and circuit loading is
reduced by the use of a source follower
at the output.

Square wave <:lenerator
The square waves available from most

inexpensive signal generators deteriorate
pretty badly at the higher frequencies. In
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~
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Fig_ 67. A sweep frequency generator is a very
handy gadget, but many times the commercial
units are more complicated tha n the ham req uire••
This simple sweeper may be used at any spot
frequency between 100 kHz and bO MHz by slm
ply using the coils listed in Teble 2. By using II

three position range switch, the three most pep
uler freque ncies may be used, such as 455 kHz,
1600 1Hz and 10.7 MHz. 0 1 is a 2NI671, 2N 21 60,
2N2646, 2N3480. or HEP.310; 02 is a 2N74I,
2N1747. 2N21 88, GE·9 or H EP.2. The verleep is a
56 pF capacitance diode such as the 1N955 or
TRW V56.

INPUT

+ 1Z

-1Z

Fig. 68. This simple sawtooth generat or is linear within 2% and may be adjusted from I kHz
to 3 kHz with the center frequency _control. 01. 0 3, 0 4 and 06 are FEr s such as the 2N38 19.
2N3820, TIS34, MPFIOS or HEP 801; 02 is a 2N388, 2N2926, 2N3391, SK3011 or H EP.S4; OS Is
• 2NI671, 2N2 160, 2N2646, 2N3480 or HEP·3 10, •

be varied between 5 and 30 sweeps per
second with the 500k sweep rate control,

The center frequency of the swept out
put is determined by the coils that are
connected across the range switch. A list
ing of coils for all frequencies from 65 kHz
to 60 MHz is listed in Table 2. When using
this generator, always use the slowest sweep
speed that will provide a usable trace on
your oscilloscope. The slower the sweep
speed, the more accurate the reproduction
of the response curve; if the generator is
swept at too fast a rate, the resonant cir
cuit being swept may ring and distort the
curve.
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Fig. 69. The sq ua re waYe output of many inexpen
sive signal generators deteriorates qu ite badly at
high frequencies, but this circuit will square them
off again . The diodes may be any inexpensive com
pute r typ e such as the IN91-4.

of Q 1 from + 3 to -5 volts. The silicon
diode Dl provides protection for the emitter
base junction of Q2. Diodes D2 and 1)3
prevent the clamp voltage from reverse
biasing QI.

Capacitance meter
The direct reading capacitance meter il

lustrated in Fig. 70 has four direct reading
capaci tance ranges from zero to 0 .1 «F. Al
though elect rolytic capacitors cannot be
measured with this circuit , any type of 11011 

elect rolytic capacitor may be checked . In
fact. it works as well with variahie capaci
tors as with fixed ; the meter deflection
will follow the capacitance change as it is
tuned. The four direct reading ra nges are
0-200 pI', O-lOOO 1'1', O-O.OJ _I' and O-O.J
«F. The lowest capacitance which may be
accurately read is 4 pF, but 2 pF may be
estimated quite easily.

In this circuit transistors Q l and Q2 are
connected in a convent ional free running
multivibrator. The output from the collec
tor of Q2 is a constant amplitude sq uare
wave whose freq uency is determined by the
va lues of the resistors and capacitors con
nected across the base circuit of Q1 and
Q2. The sq uare wave output from the col
lector of Q2 is coup led through the unknown
capacitor connected across the test terminals
to the metering circuit consisting of the
1:'\34A diode, the poten tiometers and the
de microammeter, For any givcn square
wave frequency, the deflection of the meter
will he directly proportional to the capaci
tance across the test terminals. For example,
if a precision 100 pF capaci tor is connected
across the test terminals and the calibra
tion pot is set for full scale deflection, the
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addition, the output amplitude often varies
with frequency. The addition of the simple
circuit illustrated in Fig. 69 to the output
of the signal generator will provide a good
sq uare wave output with an amplitude that
does not vary with frequency.

In this circuit , Ql is an inverter, while
Q2 and the 5 kilohm amplitude control pol
provide a variable clamp voltage for the
output. In most cases, the necessary positive
and negative voltages may be obtained from
the signal genera tor's internal supp ly. The
input potentiometer should be adjusted for
best output waveform. Once this control is
set, it will not change unless the signal
generator varies significantly. Ideally, th is
control should be adjusted so that the input
signal provides a voltage swing at the base

see

flANGES
IAI O- 200 pF
(8) 0 -ccc pF
(0 0 - ,()l"+' (0)0 -0.1 .,
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Fig. 70. Although th is ca pacita nce meter will not measure electrolytic capacitors , it will measure
any other type from zero t o 0.1 ,uF with reasonable accuracy. On the lower end -4 pF can be
read accurately and 2 pF easily estimated. Transistors QI and Q2 are 2N168, 2N1605. 2N2926.
SK30 11 or HEP.54 ; the meter is a 0-50 microampere unit and the range switch a Centralab PAI021.
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Fi9. 71. This high impedance probe provides .bout
1200 me90hms input impedance with unity 9ain.
Upper frequency equa lization is provided by the
SK pot. 01 is a U11 2. 2N2607. 2N4360 or TIMI2 ;
02 ;, • 2N706, 2N70B, 2N2926, 2N3 l 94, 0< HEP·50.

High impedance scope probe
Most oscilloscope probes are unsuitable

for use with high impedance circui ts he
cause they severelv load them down. B\'

• • •
using the high input impedance chaructcrts
tics of the field effect transistor, an ex·
tremely high impedance prohe may be pro
duced. The circuit shown in Fig. 71 uses
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Microammeter amplifier
The sensitive microummcter amplifier il

lustrated in Fig. 72 may be ad justed fro m
ap proximately 2 ,u:A to 100 ,u:A full sca le
deflection each side of zero. The input im
pedance of this circuit is 60 kilohms a t 2
p.A sensitivity and 2.5 kilohms at 100 p.A
sensitivity; total battery drain is 1.5 mAo

In this circuit a differential amplifier with
degenerative biasing and collector meter
feed provide a sa tisfactory compromise be.
tween sensit ivity and stab ility . The transis
tors used in this circuit should be chosen
for high current gain throughout the emi tter
current range ; in addition, they should ex
hihi t very low leakage currents. The 50
ohm null potentiometer is used to com
pensate for any differences in the base
emitter voltage of the two transistors. The
balance pot is used to compensate for dif-

the bootst rap action of the 500 megohm
resistor to ra ise the input impedance of
the circuit to 1200 megohms. The 2 kilohm
feedback resistor from the co llector of Q2
maintains unity gain while the 5k potentiom
e ter provides circuit equalization . The rise
time of this ci rcuit is extremely fast , typically
less than half a microsecond. In addition.
it can handle lip to two volt signals (peak
to peak) without distortion.

~,

o

PIOf.SS TO tllJLL

Fi9. 72 . This very sensitive microammeter amplifier
may be adjusted from 2 ,u:A to 100 p.A each side
of zero ; the input imped ance varies from 60K at
2 ,u:A to 2.SK at 100 p.A . Transistors 01 and 02
are 2N930, GE. IO or HEP·SO.

rc.,..,

... +"
• '"

" " ~,

,. I I
" ",
~

Q '
±2.2.,F~,

r r ., ;h

soc

.oa
'''PUT0---{

meter will have a range from zero to 100
pF. The response of this circu it is essen
tially linear, so 50 pF would provide half
scale deflection, YJ.n scale deflection would
indicate 10 pf, etcetera. To change the
range, the frequency of the multivibrator
is changed by choosing new values of re
sistance and capacitance in the base circuits
of Q1 and Q2.

Calib ration of the direct reading capaci
tance meter req uires the use of four ac
curately known capacitors-D. I «F, 0.01
#F, 1000 pF and 200 pF. These capacitors
should be very carefu lly chosen because the
accuracy of the completed meter depends
on the tolerance of the calibration capaci
tors. In addition, it is essentia l that they
are not leaky; if they are, the calibrat ion
will not be accurate. To ca librate the meter,
set the range switch ill the appropriate
position, connect the respective calih rat ing
capacitor across the test terminals, and
adjust the calibrating potentiometer for full
scale deflection of the meter.

Although electrolytic capacitors cannot
be measured on this instrument, it will
check all other types. If a capacitor is open,
there will be no deflection on any range.
If it is leak y or shorted , the meter will
deflect below zero. It is imperative that
leaky and shorted capacitors be immediately
disconnected from the test terminals to pre
vent damage to the diode and microammeter.
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Fig. 73. This logarithmic amplifier mak es use of the fact that when two back to back diodes are
driven by a current generator, they exhi bit a logarithmic output of the input signal. With the
circuit constants shown, this amplifier follows a nearly perfeet log.uithmic curve over a 60 dB
range; selected diodes will increase this to 80 dB. QI, 02 and 03 are 2N2924, SK3019, GE-IO
or H EP-54: 01 and 02 ar. IN914.

ferences in components and transistor cur
rent gain.

The null adjustment is made with 53
depressed, 51 on and 52 on "amplifier." The
balance is adjusted with 51 on and 52 on
"direct." Although the null is completely in
dependent of the balance adjustment, the
balance must be changed each time the
null is changed. For improved sensitivity
a 50-0-50 pA meter may be used instead
of the 100 pA movement, but at the cost
of reduced stability.

Logarithmic amplifier
Logarithmic amplifiers are very useful

for making measurements that require very
large changes in input voltage or current.
The 60 dB logarithmic amplifier shown in
Fig. 73 makes use of the fact that when
two diodes are driven by a current genera
tor, they exhibit a logarithmic output of
the input signal. Two 1N914 diodes were

chosen for this amplifier because they fol
Iowan almost perfect logarithmic curve over
a 60 dB range; by selecting diodes, it is
possible to obtain the same type of curve
over an 80 dB spread.

To insure that load changes are not af
fected by Q1, its output impedance must
be extremely high; to cover the 60 dB range
for example, the impedance must exceed
100 kilohms. This is accomplished by the
Darlington pair, Q1 and Q2 and the 470
ohm resistor in the emitter of Q2. 1£ Q3
is maintained in its linear range, its ac
collector current is completely independent
of the collector load. Hence, it presents a
very high output impedance to the diodes;
greater than 100,000 ohms with almost any
silicon planar transistor. The input impedance
of this circuit is approximately 2000 ohms,
so it may be driven from a variety of
sources.

... WlDTY
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Ron Gunn WAbKll
358 Alb.tross Ave.
livermore. C... lif. 904550

The Importance of

Being Grounded

Crouud paths und ground connections arc
important at all frequencies from clc on up.
As the frequency increases, however, the
ground path becomes trickier and harder
to predict. When time is spent making any
ground path neat, direct and predictable,
a potentially serious source of trouble in the
circuit is eliminated.

Have you ever had rf all over the shack
or a power amplifier or if strip just not
act right? The trouble could be lack of a
secure. solid, short rf return path to the
cathode or emitter of the stage. An example
of the need for a good return path is prob
ably a few feet away as you read this.
Notice the cord to the lamp you are prob
ably reading by. It contains two wires, one
to supply current to the lamp, and the other
to allow the current to return thru the
transformer. Notice (or be informed!) that
both wires are the same size. correctly in
ferring that both are of equal imparlance.
Remove one of the wires and no light! So
watch your grounds and regard them as
equal in importance with the coils, capaci
tors and other components of your rf cir
cuits.

An unpredictable ground on a power
amplifier can produce rf a ll over the shack.
To see why. let's remind ourselves of a few
things abou t radio frequency energy. rf
current always takes the path of least re
sistance and inductance. If a less inductive
route exists around a long path than thru
a shorter path broken by a bolted joint or
partition, then the current wiII go the long
way. Partitions are harmful to the return
path because when they are tight, rf cu
rents cannot go around them. nor can they
penetrate thru to the other side. A phenom
enon called skin effect causes rf currents
to run only along the surface of a conduc
tor, penetrating Jess than 10 mils at even
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the lowest amateur frequency in aluminum,
(.'\'(.'11 less ill copper.

Additional things to remember are that
bo lted joints are always lossier than a
stra ight plate , and rf energy does not like
to go around sharp corners or around edges
of material to get where it's going.

The way some power amplifiers are built ,
it's a wonder that they are as stable or as
interference free as they are. Imagine the
rf return current from a high power ampli
fier having to sneak along the chassis. once
it leaves the output connector. going under
partitions and across bolted joints to get
back to the PA cathode. More than a bare
minimum of it is going to go around, travel
ling along the outer surface of the rig.
\ Vhen this happens, the chassis radiates
nud sometimes develops an appreciable dif
ference of potential from surrounding and
perhaps better grounded metallic objects.
Presto- a rig tha t produces rf in the shack.

\Vhat does one do about all of this? Sim
ply provide a neat , direct and predictable
ground for the stage. A flat piece of cop
per or other conductor run directly from
the output connector to the cathode is best.
a heavy wire can be used to get by on .

If no reasonably thin copper strap is
available a favorite (and enjoyable ) stunt
is to cut a beer can at the seam (must be
emptied first ) and scrape away the lining
where it is desired to solder. The half quart
size is (smack) best. Aluminum is less sat
isfactory to use as all connections are nor
mally only bolted down and a connection
to the tube base and the cathode pin di
rectly from the nearest point of the strip
is not easy to obtain.

The rf current will flow along one side
of this strip as the edge tends to restrict
current How to the surface upon which it
was launched. When tying components to
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of every stage. Where a d irect path from
one cathode or emitter to the next is not
obvious, continuous and relatively unim
peded-put it in yourself.

T he results can be quite dramatic. A
thousand watt class C amplifier that was
recent ly designed and put into service here
at WA6KLL was constructed using a 3"
wide copper strip down the front panel
and directly back to the cathodes of the
two 8 13's. All bypasses from the tube socket
were tied directly to this strip . The output
connector and the tuning capacitors all
mou nt thru the strip and the front panel
and are strapped to the strip. The shield ing
to the compartment consists of aluminum
screen with the frame secured by catches
spaced at a quite wide 7 inch interval.
There is no rad iat ion of energy from the
cabinet even with this minimal shield ing.
A portable TV ten feet away using an in
door antenna in our frin ge area is unaf
fected when the transmitter is keyed, even
on channel 2 (50 miles over hills), The
ground re turn may not be the whole answer,
but nohod y's touching it l

The problem with specifying good return
paths on circuits is that the schematic re
mains the same. If you are homebrewtng
from someone else's schematic, you had
better know at least as much abou t the
ground return problem as the designer or
problems may occur. It is the rare construe
tion article that delves far enough into
"well-known, fundamental" concepts as
ground ing. Usually the requirement for con
sidering the returns is your responsibility
as the builder. Failure to consider the
ground path (since it is not particularly
specified on most schematics) may be the
cause of a perfect circu it that just doesn't
work well for some reason.

If you ever have any doubt abou t the
path return curren ts must take in any stage.
provide one yourself that you can depend
on . T he resul ts will often be well worth the
trouble.

the str ip , usc the same side for best results,
particularly at the higher amateur Irequen
cres.

To complete the job, tie all bypasses
and tuning capacitors directly to the strip,
or run a large lead d irectly to them. Don't
depend 0 11 a shaft bushing to provide the
return path for these critical rf components
as this path may be longer than the one
d iscussed earlier that went from the output
connector to the cathode. Most components
that are adjusted in operating the gear end
up bolted thru the front panel and really
deserve a much better re turn path to the
cathode than they usually end up with.

As the frequency of operation increases.
the effects d iscussed \..·ill become more pro
nounced . Currents will travel ever closer
to the surface and di rect ground paths will
become more importan t. They are already
important at even the lowest amateur fre
quency.

Let's review the important points now that
the groundwork ( !) has been laid :

1. Usc a neat, di rect, predictable ground
plate from output or load back to the
cathode.

2. Avoid bolted joints in the return path.
3. Avoid going under tight partit ions.
.1. Tie all bypasses and tun ing capacitor

fram es back to the ground plate.
Hcmr-m bcr that:

I . rf currents do not penetrat e very deep
but flow along the surface of a conductor.

2. rf currents wiII not go thru a plate.
3. rf curents tend to stay on the suface

upon which they arc launched.
rf power amplifiers are not the only

thi nr s that req uire J!ood ground re turns.
That has been the main topic here, but the
ideas arc 100% applicable when construct
ing stable drivers, oscillators, rf and if
amplifiers, and even audio amplifiers. They
all deserve the same treatment: a neat,
di rect and predictable cathode return path.

The essential tbought here is that the
lnnlder of any piece of gear should sit
down and trace out the ground return path • • • WA6KLL

Mfd.
under Telrex

Pat. No.
2,576,929 PL67

TILREX COMMUNICATION
ENGINEERING LABORATORIES
ASBURY PARK, N.J . 07712
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Gus Browning W4BPD
Cordova, S.C.

Gus:

Part 2 1

The trip to Mombasa was very enjoyable,
plenty of good food and plenty of good rest.
No/MM this time, the ship had a new wire
less operator who knew nothing about ham
radio, plus the fact he was new on the joh
and did not want to "take a chance", even
tho I were willing and ready to get going
from the ship. The rest did me plenty of good
and I had time to get all my logs ready to
be mailed to Ack upon my arrival in Mom
basa. Good old Leny 5Z4GT and 5Z4AA
met me at the docks when the ship arrived.
5Z4AA was way up in the Police Dept. and
a nod from him to Customs did the trick,
and in a few moments all my equipment
was in Leny's car and away to my hotel
we went. I spent only one or two days in
Mombasa, did a little shopping down at the
local market place-where all those carv
ings are-REMEMBERI I had nothing to
trade them this time so I had to do it the
hard way-by bargaining a few hours, even
though I spent only about maybe $10.00 I
got a big armfull of some FB carvings. I
had found out how to "bargain" with these
people while "drinking their Cokes", and I
still think they love it. A few even remem
bered me being there before-One referred
to me as that big business man from Amer
ica. They never say the U.S.A.-You know
they call us Americans, this is true in every
country I have ever visited. Not just Kenya.
They were referring to my big business
deal" that I had with them a few years
previously when I traded all that "genuine

Iall

plastic" jewelry to them. THEY WANTED
TO KNOW DID 1 BRING SOME MOREllI
They all thought I was a "Big Deal"
fellow.

The evening's train was caught for Nai
robi, you know it only makes that trip at
night, I guess it's too hot to be made in the
daytime, plus the fact at night they sell you
a "sleeper coach ticket" and that puts a
few more pounds in someone's pocket I sup
pose. Arriving back in Nairobi was sort of
like coming back home, all the sights was
familiar to me, even the taxi drivers with
those LON G earlobes with the hole in
them and the tall, Fez-sort-of-Iooking hats
they wear. Good old George 5Z4AQ met
me at the train and away to his home we
went, outside the city limits of Nairobi a
few miles. Right besides hole Nr. 5 of a
golf course which had that sign near hole
Nr. 5, saying, "beware of the lions near
hole 5". And don't think this sign is there
just to be funny-there are LIONS around
there, George said one night he saw five of
them walking across his lawn. There are
also hyenas there, George put a piece of
meat on his front steps one night and about
midnight there was that laughing hyena
sound out on the FRONT PORCH, and there
they were fighting over that chunk of meat.
George at that time was working with
Kenya Television near Nairobi and he had
the usual "understudy" following him all
over the place when he was on the job. His

13 MAGAZINE



MEAT AND POTATOES AND
SOMETHING CALLED VALUE

I am always on the lookout fo r elect ron ic
components or a ssemblies which possess po
tential ham va lue. J have a lso been interested
in any it em which makes it possible for more
hams to enjoy sideba nd. You can, therefore,
under stand how happy I was when on a re
cent western trip I f ound one lot of 225 watt
core power tra nsformers and in another a rea
a batch of computer grade electroly t ic con
denser s. Immedia t ely, I f el t that we could
put out a da rned good universal transceiver
power supply and when I got back, the boys
in the shop confirmed this.

I sa y universal because with two of these
power t ransformers and two 500 mil chokes.
12 diodes , assort ed resisto rs and other corn
ponents, we were able to make up a supply
which met t he requi rements of the latest
Swan , Collins , Drake, Hallicrafters, Heath,
and National transceivers. Talk about value!
we ca n offer this complete a ssortment of
parts including a 16 gauge s teel chassis and
bottom plate, a z ood PM spea ker and mating
plugs for you r particular transceiver for just
$50. T he t ra nsforme rs in t his set weigh 17
lbs. and al toge t her the complet ed supply will
weigh close to 40 lbs. This is what I call
meat and potatoes. The filter ing is excellent;
the regulation is ex t remely good; and we
have schema t ics and a printed s tory to be
suppfiod with each kit, giving detailed infer;

mation a s to how to make the connections for
your rig . You will have to tell us what model
you own.

This is what the power supply will do :
800-1000 V at up to 400 mils on peak
285-320 V at up to 300 mils
bias of up to 125V at 100 mils
12V DC a t 1 ampere
12.6V AC at 6.5 amps
Remember, this is a n a ssembly of parts.

We do not furni sh a drilled chassis; we do
not furnish the hardware; we do not furnish
t he solde r and the wire but literally every.
thing else is supplied.

Please allow for 45 lbe. shipping weight or
otherwise be prepared to accept Railway Ex.
press or motor truck shipment.

AMERICAN BEAUTY 3138 100 watt SOLDERING IRON - S4.95
This remoue Iron hJUI been s t a n da rd in ou r trade for over 25 yean.

It will operate year in and year o u t without fail u re for it is built li ke
t he p roverbial battleship. E8p('('ially well balanced for heavy use. H eavy
enough to aolde r- to a challsi!l and IiKht enoug-h for all R"eneral work.
The eotde r tne tip ill iron p la ted which greatly reduces pitting and re
dl"f"811ing and ..nves you time i f sou work with an iron all day IOOit .
The casins: and bod y are o f o n e-p iece sea mless s teel. T he s ha tte r -p roof
wooden handle is coated w ith a durable rubber-oid for personal ha nd li ng
r-ornfor-t , Has a eoon ne bafrle; uses an extra-flex ible cord which with
..tands repeated kinking. and bending. Supplied with tip and stand.
One of the most use f u l and best values I han' ever offe red. Abso lu te ly
new. $12. 50 \'alue--my net is $4 .95. Allow postage for 2 "h lbe . Only
:?' 5 avaflab!e.

6146B/8298A
by SYLVANIA

only S4.50 each
T he lalest, freshest, m ost durable,

and highest-r ated 6146 ever made
ill o ffered t h is month a t a s pecial
pf-ice of but U.50 each. Compare
quality and price; th en order 2 or
more as spares. Absolu t elv new
and guaranteed, of course. A llo w lh
lb. postage per t ube.

HERBERT W. GORDON CO.
"Helping ham, to help tbemselues''

Woodchuck H ill , H arv ard , Mass. 0 145 1

Telephone 6 17·4 56-3548
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understudy I think he said was "Kyuku ,"
one of the natives of Ken ya. Ccorge suo
denly has left 5Z4 land you know for ZS(j
land so I guess that 5Z4 fellow has stepped
into his job. Boy I bet tha t Nairobi T .V. is
not on the air 100% of the time. I guess
being from ZS land (that's where George
is from you know) is sort of tough on a
fellow ill 5Z4 land. Must be gett ing sort of
tongh all around now because Leny 5Z4GT,
I understand will be leaving, I think next
year for U.K. Sort of looks like all of them
are leaving. Robb ie is still there, had a QSO
with \Vayne Green \V2i\SD/1 from 5Z4E RH
a few weeks ago. I wonder if he will be
leaving one of these days? Maybe the day
wiII come when 5Z4 will become a rare one?
Ma ybe someone will have to go there to give
the boys a new one some time. George told
told me ALL ABOUT the situation when I
were there, a very interesting story too.
Ti me to depart for Ruanda and Burundi
soon arrived and George took me down to
catch the train. George's wife is incidently
a good cook, fellows, hunt them up if you
happen to get down to ZS6 land sometime.
Tell em, "Gus sent me".

The trip to Lake Victoria was only a few
hours, I saw the "Great Rift Valley" from
the train. In fact the train goes thru the
Rift Valley, a sunken portion of the country
quite a number of miles across in this por
tion of Africa. I understand this Rift Valley
extends from down near Northern Rhodesia
all the way up thru Africa , across Asia
Min or across Iran maybe even into Russia.
Maybe part of it is in Eastern Turkey where
they had the hig earthq uake a little while
hack. It could bc seen very easily from thc
t rain. The land had sunken down some hun
dreds of fee t I ' vauld estimate .

Arriving in Kismu on Lake Victoria the
weather was extremely hot. Loading the
Lake steamer took abo ut four hours it
see med to me. The boat was full mostly of
nat ives. some returning to their homes from
working ill Na irobi or maybe Nnkuru or
mnybo even .\lombasa. Quite a number of
Europeans ill their \\'hite sui ts also went on
hoard . The steamer headed across the lake
for Kampala , Ugundn. Tak ing about one
hal f the day to ge t there. The ship was close
to the land quite a wh ile and many croco
diles were seen, even a few hippos and even
some dozen or so wild water buffalos
thats those "mean ones" tha t you don't
monkey around with at a ll. Those arc the
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ones you had better "kill" if you shoot a l
them 01' you arc in for a lots of trouble. I
was glad we were on a sh ip and they some
d istance away, even then they gave the boat
a "mean look". The crocodiles just sank
below the water and disappeared fro m sight.
Upon landing in Kampala everyone went
ashore and we were taken to a nearby wa
ter-front hotel and told to have a drink on
the house, some of us wandered out and
walked around town. I picked up a few
carvings and some native-made items. The
weather was too hot for me to walk all over
so I headed back to the hotel /restaurant.
Stayed there some three or four more hours
until we were told to go back to the ship .
The little wh ist le tooted a few times and
we were away for the Sourthern part of
Lake Victoria . The ship docked at .\1wanza
which is in Tanganyaki. This ' vas where I
was to meet 9U5JH from Ruanda. He was to
arrive late that afternoon. I was met at the
docks by a VQ3 fellow from either Kanama
or Shinvanga where he was managing a
diamond or gold mine. He was originally
from ZS land so I am quite sure he is not
in Tanganyake at this time. He d rove me
in hi s car all over the little town and we
had a very fine meal at a local hotel-restau
rant and chatted until late in the afternoon
when John, 9U5JH arrived in his 19SD
Chevrolet wh ich he had driven all the way
from Burunda. All three of us had a big
"eye hall QSO" for an hour or two. the VQ3
cha p departed for his home QTH, John
gassed tip fillin g a few five ga llon cans full
of ~: l solille for the trip back to Buruudn
across unchartered roads with 110 filling sta
tions uud no signs of civilization at all were
seen by \IS as we drove to 9U5 land that
night. All THREE SPARE tires was careful
ly checked , two spare cans of water was
Hll r-d , a few extra quarts of oil were bought,
and away for 9U5-Burunda we went. Now
don't get the idea that there is nn «inter
state highway between these two places,
don't ret the idea that it's eve II a paved
road , or von will be complete ly wrong. This
auto trip was nearly what you might call
a safari. We were packed fo r a safari I
would say. \Ve had every thing a safari has
except "guns". Later on I sure wish we had
a gun or two with us. This was going to be
another of those trips I was to remember
a ll my J ays. Dirt roads a ll the way. not one
single road sign and many many roads turn
ing off to the right and left. All of them
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HY-GAIN ANTENNAS

ANTENNA MART

-.
Rippey, Iowa 50235

req. price our price

TL20 7.95
moibl e t opper

TL40 9.95 14.95
moible topper

TM36 7.95
fold ove r mo st

SWI 14.75 9.95
indoor short wave listening

HB6 12.95 8.95
6 meter base st a t io n halo

SJ2S2 29.90 19.95
2 meter J·pole

BSWC 17.12 9.95
C8 c:omplete mobile kit

SG P6 13.95 8.95
6 meter ground plane

HB2S2 24.95 16.95
2 meter stoc:ked home halo

HB2S4 53.95 36.95
2 meter s t a c: ke d home halo

LP62 59.95 47.50
6 & 2 meter Jog periodic:

HB6S2 36.50 23.95
I> meter s t oc:ked home halo

THESE WON'T LAST

VERY LONG AT THESE

PRICES-ORDER TODAY!

AS MUCH AS 40% OFF

REGULAR PRICES

80x 7

W e also ca rry a co mplete stock of Hy-G a in
a ntennas. new an d used . All materia ls fo r a ny
a nten na insta llation . Write for information a nd

,
prices.

looking right to mo. A fcw times we chose
the road by refering to ou r compass. OR
YES we took quite a few wrong roads. John
could speak Swah ili so we had no trouble
getting back Oil the righ t road. but if you
don't speak Swahili- Brother don't you dare
make this trip or yo u will end up staying
there all the rest of your life. No one we
met all the way spoke ONE WORD OF
ENC LISH , and Brother this can get rough.
Most of the natives were more or less
friend ly, but a number of them looked
downright "mean" to me, not a sign of a
smile could be seen on their faces. \ Vhen
yon leave the town limits of Mwanza ana
are out on that road a few hours, you know
you are in "deep Africa", you smell it, you
see it, you hear it, you hear in the distance
the beating drums (this trip was an all
night affair you know), even the stars sort
of have that African look, the trees are a
dead give away. You remember seeing those
"flat top" t rees in African movies? W ell
they are here, and I mean all over the place.
Those darn beating drums are what got to
me more than anything else, some sounded
like they were saying bong, bong, bong
diddy bong, others sounded like bang, bang
space bang bang bang, All had a different
sound and were beat in a d ifferent sound
ing way. I was thinking to myself something
like this- HI wonder what those things are
saying to each other". Because some of them
were most certainly answering the other
drummer's CQ. I wonder when they sign
off do they have a certain thing that says
73? Those jungle sounds were sometimes
frightening, at times smooth, and sort of
soothing. I had been in the African jungle
before a number of times between Mombnsa
and Nairob i, Kenya and twice between Nat
robi and Dar es Salaam, T anganyaki, but
I was in a bus along with about 25 or so
people all the time and on at least a
"marked road", You might say the other
roads were roads that were traveled on by a
good number of cars every day. But this
was now a real "back count ry" road and
lead us straight in the middle of real wild
country-a part incidently where Dr. Liv
ingston went for supp lies to Dar es Salaam
and very definitely a portion was used by
Sta nley when he was hunting Dr. Living
ston. This was an all night trip and half of
the next day. You know wild anima ls are
dayt ime sleepers and roam around at night.
So doggoned many different kinds of ani-
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VANCUARD
MODEl 501
M•• In USA.

"" ". ' . '.---

$279.95
SHlrrlNC CDlLECT

COMPLETE WITH L.EMS

SUB·MINIATURE SOLID STATE

TV CAMERA
FOR CLOS ED CIRCUIT O R AMATEUR TV

THE VANGUARD 501 is a completely automatic
closed circu it television camera capable of tra nsm it
ting s ha rp, clear. live pictures to one or m ore TV sets
of your choice via a row-cost antenna ca ble (RG·S9 U)
up to a di stance of 1000 ft without t he need fo r ac.
cesscrtes or mod ificat ions on the TV sets. The range
can be extended indefin itely by using line amplifiers
at repeated intervals or by us ing radio t rans m itters
where reg ulat io ns permit .

The re are h und reds of practica l uses in busines s .
home . school. etc. for any p urpose t hat requi res yo u
or a nyone chosen to observe anything t aking p lac e
a nywhere t he camera is placed. Desig ned for ceonn
uou s unattended operation , t he ett-t rans tstor ci rcuit ry
of the 501 consumes only 7 watts of power.

SPECIFICATIONS:

• M• • sures 2¥..'" x 4" x 7" (.xcluding I.ns and connedors).

• Weighs 3th Ibs.

• Op.r"11 on 100·130 volts 50 or 60 cycl.s, 71N,tts.

• T. st.d , t 10· to 125· f .

• Adv.nc.d circuitry utilizing 35 semi·conductors most or
which .r. , ilicon.

• Fi.ld .ff. ct input ewcu;t for minhnum vilHo noi,• .

• Resol ... t ion g r'nl••d '0 . xc••d , t'ndard, set by 525
lin. TV r.c.iv ..

• Rf outp... t 30.000 microvolts . d just.ble for ch'nnels 2
to 6 .

• Video output 1.5V p.p composit. with st.ndard neg.
tive sync (random int. rl,c.).

• Vi.w,bl. pictu r. s obt. in.bl. with iIIumin,tion as low
II 1 ft. Clndl• .

• Vidicon conholl.d light comp etlution; 150/1-

• Adjustab l. iris on I.ns etl,blq 1,1,. in bright sunlight.

• N.w long lif., sub_ini, lur. vidicor'! w ith Spech,! re
uton,. simiI" to Typ. n 35A.

• EI.ctroniClIIy r.gul,tecl pow.r supply .nd therm ally
comp.nuted circuits . Iiminat. ch,nge in pictur . qu,lity
wh. n lin. volt.g••nd t. mperatur. f1uctu.t• .

• All p. rfS l(Iu." nt••d for 1 y." (. xcept for op.n fil ..
m.n' on vlduon or br••kag.).

• fnt, low-cost serv ic. , Iw.ys ,v,i l.bl. "'om our ' .ctory
in Hollis, N.Y.

Pr.....t . lfjlRtabt. ",nl"1I Indulf. Ihe f. IlDwinl : Vllf M 1.10.
wilf.. cDmpen SllU.n. p.dest.l 1....1. tarlet ..Itale. bUill n il....
be.", . lIl nment. e lectrieal fDcUS. her lzont. t 'reoueney. IMrlZDnt.1
lilt , vertical 're,uency, nrUeal lilt, u rtlc.1 l inearity. .... lful••
ti.n .nlf Rf' frellueney Dulput .

Senel your oreler elirecf to our facfory

VANGUARD L.ABS
196-23 Jomaica Av . . D.pt. 5 Hollis, N.Y. 11423

mals was seen it's hard to remember them
all. John (9U5JH) had along in his car a
head light sealed beam light mounted on
the end of a short handle with the end of
its cord a plug that we plugged into the
cigarette lighter on the dasboard of his
car. when we saw a pair of eyes in the
distance I would snap on the light and zero
in on them and keep the light in their eyes
until they disappeared into the jungle. Most
of them did not try to evade staying in the
light. Many many Hans, big baboons, ante
lopes, zebras, rhinos, elephants and best of
all quite a few big beautiful leopards set
ting up on rocks beside the road really to
pounce on anything that happened to pass
their way. " 'hen we passed them you can
bet the windows were rolled up. We did
not want a leopard jumping in our car.
These rascals usually would just set there
watching the car as it passed. A few times
we pulled up and stopped parallel to them
and I kept the light in their eyes and had
a good chance to look them all over. Boy,
if we only had a gun along with us, Peggy
would have had a few leopards skins to
wards a leapord skin coat. It would have
been so easy to shoot them smack between
the eyes and not even leave a bullet hole in
their skin. But all we could do was just
"look" at them from the safety of our car.

Lions: this was their hunting grounds,
they were to be seen at least every half
hour. \ Ve would see from one to three or
four, I mean right beside the road. They
were like the leopards- not afra id of any
thing. The most numerous of all animals
was those hyenas. Marry other animals were
seen. Many of them, not even John knew
their name. some looked sort of like our
American racoons and opossoms. My flash
no pictures was taken I am sorry to say.
Even a few very large snakes crawled across
the road, probably pythons. This was the
rea l African jungle and I was a little bit
on the edge everytime we stopped the car.
wondering if it would start again O.K. My
only regret was that it was a fast trip with
out many stops along the way. After the
all-night trip from Mwanza and driving all
the next morning we arrived at Kitega,
Burundi and drove a few miles from town
to the home QTH of 9U5JH which was at a
missionary settlement on top of one of those
hundreds of little hills that you see in
Burundi. As a rule the Eruopeans build their
homes on top of these hills and the natives



Send for your free 1961 converter catalol_

VANGUARD LABS

,

,. $39.95$14.95

MANY NEW MODELS TO CHOOSE
FROM OFFERING A TOTAL OF THE
FOLLOWING: Crystal control, veri
able t uning, UHF e pit axial transistors,
FET tra nsistors, noise figures as low as
2.0 db, full wave va ractor diode t ran
sistor protection , sensitivity better than
2/10 microvolt, fully shielded cscil
letcrs a nd band-pass filters to ellmi
nate spurious frequ encies, zener diode
voltage regulation , b to 12 volts posi
tive or negative ground, slug tuned
coils, double t uned R.F_ stages, tuned
mixer stages, wide ba nd I.F. amplifiers .
All th is plus t he hig hest q uality corn
ponents carefully assembled, t ested ,
a nd guaranteed.

We ha ve exact ly what you want at a
lower price and better quality than you
can obta in elsewhere. See our new
multiple oscilla to r converters for moni
toring two or more frequencies simul
ta neous ly!

24-hour special delivery service eveil
able on many models.

NE1N! IMPROVED!
SOLID STATE

FREQUENCY CONVERTERS

Dept, H

196·23 Jamaica Av e. Hollis, N. Y. 11423

OVER 5000 FREQUENCY COMBINATIONS FROM
.45 MC TO 415 MC AVAILABLE FROM STOCK.

Priced from only

build tbeirs down in tbe valleys between
tbe bills. Tbe natives lived in typical
thatched huts with many many banana trees
all around their settlements. I asked john
why all the banana trees, thinking they ex
ported bananas, and he said they made
huuanu wine from the fruit . He said this
banana wine was very powerful stuff and
that grea t quantities of it was consumed by
the natives. '''e a lso S3W quite a few tea
plantations here and there usuallv on the
side of the hills. The temperature was not
too bad on top of those little hills . Usually
a slow breeze blew during the daytime and
at night it was very pleasant, late at nigbt
getting a little chilly. John had up a real
nice 20-rneter quad, maybe it was a lso 10
and 15 because it was of the center spider
construction . His equipment was cleared
from the operating table and mine was
placed there and tuned up. I was on the
air as 9U5JH, the band stayed open until
about 3 A~f and was opcn to everybody
all at the same time. All my "Gus watchers"
were in the pile-up and I had a ball with
FB signal reports from everywhere. Nearly
everyone saying I was a new country for
them, which I doubt since John had always
been quite active and many oth er 9US's
from Burundi had been on for many years.
I am a firm believer that, "if you are the
rarest thing on the air, you automatically
become DX to everyone everywhere, and
they will join in the pack just to be working
DX. Of course this suited me FB because
the bigger the pile the better I like it. A
DXpeditioll wants big business, that's the
reason there are DXpeditions you know,
John filled lip the coffee pot and told me
how to heat up the coffee, Milk and sugar
was on hand and everytime I got a little
sleepy, to the coffee pot I went. John had a
nice wife and she was a good cook so th ere
was always plenty of good food there. My
stay with John was one of those good ones.
The kind you arc always looking for when
you get away from home. John told me
many stories about what has happened there
since he had arrived, lots of good ones about
lions getting into native huts, gobb lin g up a
few of them , then their lion hunt to get
the "man cate r", You call he sure these
things do happen in deep Africa , they right
now have lion trouble in some of the out
laying places I am sure, T hat's it for now
fellows, MORE NEXT MONTH.

• • • W4BPD
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Jim Fisk WI DTY
RFD I, Box 138
Rindge, N. H. 03461

Waters' Dummy Load and Wattmeter
The new d ummy loads from Waters

Manufacturing down in Wuvland, Massa
chusetts, nicely fill the amateur need for a
dummy load and /or wattmete r that he can
depend upon. The two models are basically
th e same load, hut the Model 374 has a built
in wattmeter while the Model 384 does not.
These loads consists of a structured mono
lithic 52 ohm non-Inductive resistance unit
designed to present a constant Impedance of
52 ohms over the frequency range from dc
to 230 "'1Hz. To provide adequate cooling
when large amounts of power arc dissipated
bv the resistor, it is sealed into a steel con
tuiner filled with oil ; a thermostat is also
sealed into the container as an indicator of
maximum safe operating temperature.

Since the impedance of a load of this type
is d ictated solely by the physical geometry
of the load resistor, once it is sealed into
the can, it cannot be adjusted. However, the
manufacturer states that the m a x i mum
S\VR is less than 1.3: 1 from de to 230 }'IH z,

lOb

and tests with a commerciul S\\'R bridge
bear this out. The load is somewhat flatter
(closer to 52 ohms resistive ) on the high
frequency bands up to 30 ~ I Hz than on the
VHF bands, but even at 230 :\IHz the mea
sured S\VR was less than 1.3 : l.

The two loads appear to be identical ex
ccpt that the 374 Dommy Load-Wattme
ter has a built in rf wattmeter. This watt
meter consists of a semiconductor rectifier
and filter network which furnishes a de volt
age to the meter movement from the rf
voltage across the load. The d e voltage is
connected to the meter through four resis
tive uttenuntors to provide full seale read
ings nf 15, 50, 300 and 1500 watts . T his
Inst rument is calibrated at the factory with
a precision low frequen cy wattmeter and
the guaranteed accuracy from 2: to 30 ~IHz

is ± 5% of the full scale reading on each
range. This means that 0 11 the 1500 watt
range the reading is -I- 5%of 1500 or ± 75
watts. The accuracy from 30 MlIz to 230

13 MAGAZINE



,' l n ll l" l a74 IJIIIIIIII,- 1,0:111 _ \\'n11ule1er
Spc-'('Iff('u 110lls

" 'literII" )Iollel 384 UUOII.. ,. Load
S l)e<."lflc-'1l tloos

Sam e as for t he Mode l 384 a bove e x c ep t
as rottow s :
\\'nHllu'fl"r r:1I1A"t'SI 0· 15 , 0· 50, 0- 300, 0-1500

watts.
A ('('11 1':11',-: ± 5 % of f u ll s cale

value fr om 2 to 30
M Hz. May be used as
a power indicator
f r om 30 MHz to 230
M Hz without e t a t e ,
ment of accuracy,

p.·h·(': $135.00

DC to 230 MH z.
52 o hm s n om in a l.
1500 w att s (inter
mittent) . (Max im u m
in n er case temper-a ;
ture of 220 0 is
r ea ch e d in 4 to 6
minut e s at 1500
wat t s i n p ut ).
He rmetically s ea led
80-239 U H F mates
w it h s t a n d a r d UHF
PL-25 9 plug.
120 Vac, 60 H z (f or
o v e r temperature
warn ing light) .
4 %. "xuvx 1 0 % ':
12 p o un d s.
$65.00

\V(-'fJ:,hi:

l'u\H"r H('llulrI"IlII"1I1sl

Frl"IIUf'r1(" - rnll~(":

I ,nnd 11l11'l."dJlII('l."l
Pun-('r r1l1ill,l.:."1

1111111' (·"I1I1I·('1nr :

for checking and adjusting S\VR bridges. If
you suspect that old W orld War II coax
you're using is lossy, a quick check on the
Waters 374 will confirm (or deny) it.

Once you have one of these units in your
shack, whether it's the 374 D ummy Load
W attmeter or the 384 Dummy Load, you'll
wonder what you did before you got it. Be
sides , all your ham buddies in town will be
over to borrow it! . .. \ VIDTY

,MHz is not sta ted by the manufacturer be
cause the power readings above 30 ~UIz

will be somewhat higher than predicted.
However, the 374 may he used as a relative
power indi cator up to 450 ~I Hz; above 230
.\ IH z the power input should not exceed 250
watts .

One very nice feature of the wattmete r is
th at it is possible to run a quick check on
the calib ration with normal 120 Vue, 60 Hz,
line voltage. Immediately after calib ration ,
the technicians down at Waters make a note
of the reading obtained on the 50 watt scale
when 120 Vue is applied to the input ter
minals of the model 374 and record it on the
rear pan el of the instrument. No attempt
should be made to correlate actual power
levels at 60 Hz with the wattmeter readings,
because the circui t is not compensated for
thi s frequen cy, hut it d oes give the ham out
i ll the field an opportunity to check the call
brut.ou.

These loads are very useful for loading
your transmitter without radiating a signa l
and for measuring the power outp ut of your
transmitter. The Model 384 does not have
a built in wattmeter, but it may be used
with the \Valers 369 Heflectometer to pro
vide accurate, direct measurements of rf
power. If your antenna is very closely
matched to 52 ohms, you r transmitte r may
be loaded into the dummy load and then
switched to the antenna with no changes
in final amp lifier tuning. If a coaxial switch
is used to switch the transmission line from
load to antenna, make sure you turn off
the transmitter when switching.

The wattmeter is also useful to checking
the loss of coaxial transmission lin es and

WTW News
We've printed up a small \VT\V countries
list which vou can use to check o ff each,
\VT\V country as you work it. It has a place
For the date of each QSO and a place to
check when you receive the QSL. Please
send a self-addressed b usiness envelope for
your copy.

WTW Awards
SS B WTW-200
SSB WT W-IOO

Issued
1. Bob W agner W 5K UC
I. Gay Milius W 4NJF
2. Bob W agner W 5KUC
3. A. A. Hopple W 3DJZ
4. Rob Gilson W 4CCB

?i . Jim Lawson \ VA2SF P
6. Joe Butler K6CAZ
7. \Varren Johnson

W0NGF
8 . Ted Marks WA2FQG
9. Lew Papp W3MAC

10. George Banta K1SHN
II. Don Redman K81KB
12. Paul F riebertshu user

W 6YMV
13. Jay Chesler W1SEB

CW WTW-I 00 1. Vic Ulrich WA2DlG
2. James Hesler W8EVZ
3. D an Redman K8IKR
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9uestionnaire
Who!lt with new breaHhroughs in semiconduc

tors. two meter moon bounce , Do n Miller. lasers
and incentive [icenainqs, we wan' to know your
interests. Please clip , tear, rend, or in some way
rem ove this questionnaire lor even just COpy it)
a nd let us ~now post haste your interests.

I . Are you licensed? yes no__

2. Do you wor~ in electronics? yes no,_ _

3. How long have you been licensed? 0- 1
year ; 1-5__ ; 5-up__.

4. CI<'Iss license ? No v : Tech,__: Gen__
Cond : Adv : Extre__•

A Hint for the TR.4
Occasionally a TH-4 transceiver owner

lives ncar a h igh power broadcast station
that concentrates an antenna pattern in hi,
direction. The result maybe an annoying
signal appearing on one of the ham bands.

To eliminate the trouble it must be de
termined if the interfering signal is the
Iundnmental or a harmonic of the station.
Generally this is very easy to do. If the
signal comes ill loud and clear with 110 dis
tortion it can possibly be the fundamenta l.
If there is dis tortion or garble the signal is
a harmonic because every time the frequency
do ubles, the audio stgunl components double
and the station sounds distroted. The fre
quency of the incoming signal has to be
determined so that a trap can be installed
ill the transceiver.

In my particular case I was troubled by
XERB at 1090 kHz coming in on the twenty
meter ham band. It was found that this sig
nal could be almost eliminated by using a
series tuned trap across the neutralizing ca
pacitor in the driver grid circuit to trap out
the interfering signal.

For this particular station the fundament 
al was the culprit and a trap was made by
from a 37-250 pF trimmer capacitor and
0.1 mR rf choke in series across a 865 pF
capacitor (C-43 ) located in the grid circuit
of the driver.

After the trap is installed, listen to the
station and tune the trimmer for a minimum
signal. If the trimmer closes without tuning
through a minimum connect a 100 pF ca
pacitor across the trimmer. The choke in
series with the trimmer resonants at 1090
kHz which does the trick. Frequencies not
in the broadcast band will take different
values which would have to be calculated
for the interfering frequency.

Essentially what we have done is to trap
out the interfering signal at the grid of the
6EA8 mixer tube. There is no reason why
other transceivers using the. final amplifier
grid coil as the antenna coil coupled to the
mixer, and having similar interference prob
lems, could not he fixed by the same method,

. .. Ed Marriner W6BLZ

•

SSB transceive r- yes,__

TELEPLl:X COMPANY

:--~- 1I 111 11 11 111 11 111 1 11 111 11 111 11 11 11 11 L:--Master Code ::--------------------------------------

5. Do yo u own en
0 0 __

9. H a m octivi ty : Rag c he wi ng__: DX__;
Traffic : C o nstruction C onte sts__
ot he r _

10 . Do you belong to en emeteur rad io club-
yes no_ _

II . How muc h d o you expect to spend on ern e-
teu r re d io in th e next ye fJ r? _

12. Wh<'lt me ie r it ems are you co nsid e ring p ur
c heslnq ?

6. About how meny ho urs a wee k d o you d e.
vote to amate ur redlc?
Pleese indicate the ep proxirn e te perce ntag e
of your ti me you spend on the following:

7. Bends used: 160M 80M 40M__
20M 15M 10M 6M 2M_
220M Hz 432MHz o the r _

8. Modes used: SSB AM----,_ Mobi le__
CW RnV TV FAX__ FM__
N BFM other' _

the sure and easy way
TELEPLEX METHOD Code In
struction 9ivitS you 'rol"I"9
",0 ' makes you proud of you r

~
~~ accomplishment. The greatest

plea sure d erived from any= hobby Is on e . hibi ti on of yOlif
- skm. Shaky speeds of a few words per minute=may be goined In most ony hophozord, hi.-o,...
- miss system. Professiona l $klll wlll be /io1ned=only from professional training . Brochure 7·5 Is
:: f ree-it gives yOll th e fac ts .-----§ 739 Kazmir Court. Modesto. Cal. 95351-:lllllllllllllllllllllllllllllllllllllllllllllllllllillIIIIIF:

13. You like to b uild . you soy? Wh fJt construe
t ion articles wou ld you p<'lrticularly I j ~e to
see ?

PLEASE INCLUDE YOUR ZIP CODE
WHEN YOU WRITE 73.
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AMECO

--------
NUVISTOR LOW NOISE PREAMPLIFIER
For 27 (CB), 28, 50, 144 or 220 MC. (Also available
for 150-170 MCS)

Add this Ameco Nuvistor Preamplifier to your re
ceiver (or converter) to improve the sensitivity and
noise figure. Two t uned ci rcu its also improve rejec
tion of image and spurious frequencies. Compact,
easily connected and low power requirements, wi red
and tested with tube.
Model PV 27 $11 .95
Models PV 28, 50, 144 & 220 $13.95

Write for details on 150-170 mcs and others.
Ideal for improving performance of surplus FM Two-Way equipment for " NET"
operation on the 2 and 6 meter bands.

MAI~u'=ACTURERS OF FM AND AM TWO-WAY RADIO, SSB AND ISB
COMMUNICATIONS, CONTROLATOR FUEL CONTROL AND DATA EQUIP
MENT, AMECO * HAM, CB AND SHORT WAVE LISTENING EQUIPMENT.

SMILE • • • You're on TV
Just thinkl Televising your family and relatives on
the living room TV leI wilh YOUR OWN TV CAMERA.
Interested?? No molter whether you're considering a
camera built primorily from junkbOll: porb or from a
complefe kit, ATV RESEARCH hes just whol you need.
Over 8 different tube ond tronsislor models to select
from. STARTER KITS $18.95 up ••• MAJOR COM·
PONENTS KITS $58.25 up • • • COMPLETE KITS
(tronsistorized & printed circuit) $149..50 up.
Get storted in this FASCINATING H08BY teday by
writing fCK 0 copy of our NEW 1967 cotolog. It .een
toins a comprehensive listing of kils, lenses, vidicon
tubes, tripods, focu s/deflection coils (both regular ond
slow scon), plus pIons, outomotic light kits, chorts,
etc, PleoH include 10¢ to cover cost of moiling.

Est a blished dea ler i nq uires irt'lll.d.

You won't be able to put it down!
We should qive fair warnlnQ to tho" who order

this new book from the Radio Sociaty of Graat

!rlt.ln. ODC. you pick it UP. you won't b••bl.

to ••d, sl••p, talk or watch TV unfll you'ye r..d

It a ll. It's • fa,c!natl nq. dansely-packed. 100
paq. book full of .very ImaQTnable practical clr.

cult for ham radio. Hundreds of clrcuih and Idaas

ar. discussed, and .ach one Is vsaful to h.ml.
H.r••,. the chapters: samlcondudon. compo

nantl and construction, reui....r topics, oSCill.tOfl,

transmitter topics, audio and modulation, power

supplies, urlals end electrical Interference, troll

bl..hootln9 end ted equipment. Once you'.. di

gested this book thorou9h1y. you won't be able to

b uild or mod ify eny 9..r without consulttn9 It .

SUO

Technica' Topics for the Radio Amateur

by Pal Hawker G3YA

Order from

13 Magnine, Peterborough, N.H. 03458

UGlITSl ACTION!
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Ih'ur I'uul:

I n yo u r r e ce n t e d itoria l you mentioned try
ing to create m ore In teres t In the 2.4 GHz
La nd. Y ou ma y b e i n t e r es t e d In the enclosed
pho tographs s h o w i n g an nma teeu r track ing
e x p e ri m ent orga nized at I n t e r s t a t e E lectronics
b y J im Counter (K6AIP). Thi s g r ou p succes s
full y loc ked o n a n d tracked t h e Surveyor moon
probe. T he a n ten na w a s a s u r p lus 8 foot dish
w ith a ho m e bre w feed mo un t e d o n a home
m a d e t racki n g m ou n t. T h e preamp w a s bor
r ow ed f rom xre t L a b s . The rece iver Is one
whic h the group in th e photograph designed
a n d built for :-;~\SA. It Is called the "General
Concep t Reeelver" a n d is e xtremely fl exible. It
cove rs 70 MIlz to 10 Gllz and Is triple con
vers io n . It s ma in application is fo r reception
of nar-row ba n d telemetry a n d dopp ler from
spnee cr a ft. T un ing is don e by a "push button"
( r-eq ue n cy s y n t hesize r.

The su ccess of th e first expe r iment has re-,
a u l t e d in a n o rga n ize d e ffort to improve the
antenna a n d mo u n t f o r fu r t h e r amateur track.
Ing ex pe ri me n ts.

Al'l y ou can see t he p eople at Goldstone were
q uit e s u r p rise d a t th e r e sults of this effort.

Sam Kelly W6JTT
Garden Grove. California

-------:--:-..:.::.-

• RADIO AMAT EU R116 k
~

ca 00 INC
Dept. 8,4844 W. Fullerton Ave.

Chicago, III. 60639

WORlD PREFIX MAP- Full color, 40" x
28" shows prefiles on each c~~~~r~efer:
OX iones, time zones, c1t1e\ipaid $1.00
encec tables • . .•. .... .po

S CREAT CiRCLE CHART
~~D~~l:~1i~~ f rom the c;,nter ~f ,~~~

~:~t~~e~~a ~~~i,~ Il~~;~i~tS ~ro~~~~i~i ~~~
si',( major ~"S' ~ , ts~~\t1eOSSa n' Francisco
to", D.C., tarm, I postpaid $1.00
& Los Angeles ••••••• •• •

RADIO AMAtEURS MAP OF ~ORT~n:'~~:~
ICA! Full col~r. ~~d Xth~5 Caribbean to

f~~t~~u:t~;.n~~OWing call a~~~~s z~~c
boundaries, ~rerX~fu~n~n}~~~ative (nfor
frequencY c ar

h
, f the 50 united States

matron on eac o. .$1.00
and other ceuntnes ..... ". . ...

WORLD AtlAS- Only ~tla~ comPilego~ii~
amateurs. polar prOJection, SIX full
nents , prefixes on each cOpu~SJaid' $1 .50
color, 16 pages •• ••• · · "

Complete ref erence library Oft ~fgs$3~ti~
of 4 as listed above • . .. pes p
See reur favllrite dealer or order direct.

Radio Amateurs Reference library
of Maps-Order Your Set Today!

Over 275,000 OTH's in the U.S. edition $5.95
Over 127,000 OTH's in the OX edition $3.95

See your favori te dealer or order direct (add 25c for mai l
ing in U.S., Possessions & Canada. Elsewhere add 50c).



17TH EDITION
of the world-famous

ORDER
TODAY

• Most comprehensive hcw-tc-butld-lt source
• Problem-solver for designers & builders

Co mpletely revised and enlarged by William I.
O rr. WGSAI. This is lhe co m pre hensive com
munic a t ions manua which is th e industry
slandard for electronics e ngineers, teehnleens,
and advanced rad io amateurs. Explains in
authorita tive detail how to design and build all
types of radio com m unications e quipmen t.

LATEST HOW-TO-BUILD DATA
T he new 17th Edition of the RADIO H A N D BOOK
presents d esign data o n the la t est a m pli fiers, t rans
mit ters. receivers, and t ransceivers. Includes greatly
e n la rged sect io ns on single-sideba nd equipment and
design. and semiconductors. Gives exte nded cover
age to r-f a m plifiers. special vacuum-tube circu its .
a nd com puters. All equipment described is of modern
design, free of TVI-producing problems.

THOROUGHLY REVISED & UPDATED
P rovides a com plete understanding of the theory
a nd co nst ruc tion of a ll modern circuitry, sem ico n
d uctors, a ntennas. power s upplies; full data on work
shop practice, test equi pment. rad io math and cal
c u la t io ns. I ncl ud es as pec ts of the indust rial a nd
m ili ta ry elect ro nics fields of special interest to the
engineer a nd ad vanced a ma teur . The 17t h E dition
of the RA D IO H AN D BOOK provides the broadest
co verage in t he field - complete information on build 
ing and operat ing a com prehensive variety of h igh
performance eq ui pment . All d ata is clearly indexed .
832 pages ; 6 ;1 x 9 U "; hardbound . I nvaluable for
a mat eurs. elect ro nics e ngi neers. a nd designers.

NEW 17TH EDITION OF THE FAMOUS

RADIO HANDBOOK
5129 5No. EE 167 Only ••• • • • • • •

Order from your electronic parts4 d istributor or send coupon below.

r-~ ,.

I P.O. Bo x 68003, N~w Augusta. Ind.• 46268 :
II 0 Ship me EE 167. the new 17t h Ed it ion of the I

RADIO HANDBOOK a t $1 2.9 5 73 E-]
I II $ e nclosed . 0 Che ck 0 Money Orde r I
I Na me I
I I
I Addres s I
I City Sta te Zip I
~-------------------~

Then why not send for a fr ee sample of the
VH F'er Mag azine. It's d evoted e ntirely to serious
VHF and UH F hamming . It co ntains articles by
well - ~n ow n a nd capable VHF'ers. All who wa nt
to improve their ~n ow ledg e of VHF a re invited
to subscribe.

Wh il" Il~ ret'i ng with the au thor of th is hotte r on t he
Ilw ri ts nf the ter m "ki loHe r ta" as a unit of frequ ency,
QST III i nelj ned in t his r es pect to f'nllnw the reeom 
1111'11 la rious of the Committee on St 'mdo rll iz fl tiOll of tile
I UJ< / it " t , of Na d io E ll g i ' lu r8, which IS still a t work III

colluborut ion with o ther ae enetes III t he stnudu rdia at io n
nf r adi o defin it.inn s, n cme n cla ture, llW ll sUri ll ~ pra ct ice,
ere. T he cu rrent recommend uttcn e uf that comm ittee
J: iv('s the lIIeani n !:, " ki locycles per second" to the abbre
via rton "kc;", exaetly a8 attnehes to t he ebbrev te t ton
"k H a." Thc "k ilol l e r tz" is not Jet II recognized u nit
o f f re {p l "nt· ~· eithe r III this cou ntry 01' in t he inter .
nntlonal litc r ut ure, nnd for that reaso n QS'l' does not
use it.-El'lTUR.

- lr. Ku ma" , PA OZK.

Interested in VHF?

Fro m QST . pa n 58. Se ptember. 1930.

Edi to r , fiS T :

U llIll' ("eSSllrr to say. I'm a~ f u ll o f udmirarion fo r
p ' lIr fi ue PH!'('!' Il l'! ever-ybod y else, but j ust th is f nc t
U I'!::l' <O; me ti l l ' ~tronger to protest l\l::uin st o n e Inac 
eu r'a r-j-. S OIl1l' ti me IIC"O ~'(l\l poin ted out to 1111 hams
tha t it is much be t ter to spea k about f r-equenr -i ea t ha n
wavel..neths, und th e whole world has follo wed )"OUI'

l ' XIl IlIJI! l ' . Bu t when spea k ill\:; nbout Irequencies , we
1I 1" HI1 t ile numher- of cyde" per secon d, in a ny case
t h.. ll u IJII1('1' of (')-dl's i" a (",.rtain time , a m i t bc-e ro re
it ' s wrurnr 10 s.penk nbou t fr('(!uenc)" of, (HI' instunce,
1-.1 , ;10 0 kiku-veles ; one should s llI>ak 1I 1,,,u l kjlocycles
/ 1'/' III"''''H/ , abb r-evia ted \\('/ '" Nobody wou ld "peak
lIh..u t ('''u l<>1 l1lo1'1 instead of a lllpe rf'~, bu t neither should
'It' SI""l1k of kiloc)'clE'8 when we menu k il""ycle!l per
"",·, on, l.

S o w \If' have a new n nure for th is un it , t he Hertz ,
nhlnevint ed 1[ 1" wh ich WlI S i nte r-un tinunlfy adopted by
"lime cnn2:resli . As H e jnr-ich H e r tz W:IS w ithout doubt
an emtuent and I" "d i n~ f i::-ure in phyvics, an d as it iil.
f' '''' IN to type a nd pri nt k H z tha n k../~ , I think you
hu-l hetter- adopt it , too. h.·fore )'H U 1,>:1 .1 ull ha ms in
tho wo rl d ns t r uy h)' the wronjr un it , tir e kilocycle ,
which you are usi olt to-da y.

RTTY TTG]A/FGC REPEATER $29.29
NEW - NEW _ NEW

with AC cord and spare rela y . 110 VAC, 1
phase . 60 Hz. Shippin~ weight 40 Ibs .

MANUAL TM 11·2247 $3.00
DIXON'S RADIO KEY

1983 E. 79th St., Cleveland, Ohio
21&-421-2230

Caen Va n Xecklau n 227 ,
Rij ~ w ijk , Z. H.

Kc. or kHz.?

PCl rtS LCi bo rot o r ie s
4 19 SW Fi,.,t. Beaverton , O r e gon

The VHF'er



What's New for You? different base. The MPFI05 has the highest
transconductance and the lowest noise fig
ure. Its best NF is at zero bias, also like
the 2N3819. MPF is about a buck; the 3819
is about four. The MPFI05 is equal in noise
figure to a 6CW4. I got 4.1-db NF at 220
Mllz with the best of the Motorola units
and 2.5 dB for the best 2N3819.

Fairchild 2N4122: I am really impressed by
the Fairchild 2N4122. II isn't more anything
than anything, but it is silicon, and it is a
goad replacement for PADT and such ger
manium transistors where heat turns out a
problem. (Note that silicons may not be very
good below zero degrees F, though the ger
manium transistors get better down as low
as you are likely to get.) The 220-MHz NF
of 4-5 dB of those I measured beats the
Phi lco T2028 and is about even with the
2N2398 and 2N2494-5, considered very good
three years ago. Price under a buck. Also
good for audio.
GEI6K2 : CE's 16K2 is a good NPN silicon,
cheap, for local oscillator chains and such.
NF is 3.5 to 4.8 dB at 220 !\IHz for 20 units.
It's similar to the Fairchild 2N3563.
T1 XMIOI os T1 XMIO : We've run some
interesting comparisons of the Tl XMI01
(about $20) and the TI XMIO (about 94c ).
220-MHz NF of the IOl's was 1.9 dB. One
lot of X~flO's ran 2.0 to 2.5 dB. The late,
lamented, XM05-6's ran about 30% under 2
dB, with 1.5 and 1.75 measured.

reo

' 0

'"8
s e c

8

•

1 ~- 7

2 01 381' "'PF ~ 1'9 to 1'1 V
BOTTOM VIEW

220 or 144 MHz preamp using $1 Motorola MPFIOS's
or $4 Texas Instruments 2N3819. The $4 one is about
oS dB better. Dip the coils to frequency. The input
tap is .bout 50% up, output is 20%. Adjust every
thing for best NF. WIOOP got 1.8 dB.

.~'"
•

OOP Transistor Notes
SIFErs I tried the inexpensive Motorola
FEYs in a number of circuits and found
them quite satisfactory. I would use them
without hesitation in the second stage and
mixer of the 2 meter converter described by
K6HMO in the October issne, and would
use them for all stages on six or below.
They are about a decibel noisier at 220 MHz
than the TI plastic-cased units (2N3819),
but nevertheless quiter than a 417A at that
frequency, which is pretty good for a buck.
The numbers are MPFI03, MPFI04 and
MPFI05, These are N-channel symmetrical
FET's similar to the 2N3819, but with a

SYSTEMS
SINCE 1921

- with a MATERIAL DIFFERENCE!
Use. is one of the most dependable

test im onials of en dorsement. l!!..d Tel rex
p rod ucts are in use in 139 lands

"Beamed·Power"ANTENNAS,"BALUNS"
I. V. KITS and ROTATOR SYSTEMS!

You, too--can enjoy World renown TELREX
performance and value! Send for PL67 tech
data and pricing Ca ta log , describing the
World's most popular communica tion anten
nas, rotator-selsyn-indicator systems and ac
cessor ies ! Expanded data sheets , including
your favorite band, also available.

Communication
Engineeringrex Laboratories

ASBURY PARK. NEW JERSEY 07712, U.S.A.
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A~1ATlC

-N~p..u
~p..\U"5

00\/,/·\<.1'1'

< MICRO-MA1CH
JONE01

L'. I : J DIIlSU.,-

f Il0 ""c.~\
5,0'"
A COM PLETE " lINE· UP" OF ACCESSORIES

FO R YOUR HAM-SHACK

150 MIIz conuerter: Last week 1 made a
150 ~l Hz converter for lab use. \Vith four
under $1 types, 1 had a 3-dB NF. For any
thing better, another rf amplifier would be
needed.
Fairchild 2N4342: 1 tried out the Fairchild
P-channel 2N4342 FET. NF 6 to 7 dB at
220 MHz, which, with a 5 dll second stage,
is about even with a short . Don't know if it
had any gain or not. I had five, tried only
three.

The above notes are all from Hank Cross
\VlDOP, who is generally accep ted as know
ing what he's talking about. The information
on prices is approximate and subject to
change or error. Get the specifics from
your d istributor.

SEE YOUR DEALER OR WRITE FOR CATALOG.

$31.95
42 .95
39.95
59.95
49.95
77.50

621 HAYWARD STREET

MANCHESTER, N . H. 03103•- -

Cush Cra ft Mono beam s combine su perio r elec
trica l and mechanical Iec tures w ith the b est
qua lity ma te ria ls a nd wo rkma nship . They w ill
p rovide relia b le day to day a ma teur communi
cations and tha t ex trc ox pu nch , when needed ,
for contest work or eme rgency commu nica tions .

FOR
MORE
OX PUNCH

w. maintain the la rgei t i lack of .....d e-q"'ipm.ent
in the Nor lheoil - Engineering Deportment - TIme
Poy ment PIon " vo iloble.

WRITE FOR LA TEST COMPLETE LIST

10 - 15 - 20 METER
MONOBEAMS

CHECK W ITH US FOR YOUR REQUIREMENTS!

A28·3 10 Mete r, 3 Ele ment, Boom 10'
A284 10 Me te r, 4 Element, Boom 18'
A21·3 15 Mete r, 3 Element, Bo om 12'
A21.4 15 Me ter, 4 Eleme nt, Boom 22'
A14·2 20 Meter, 2 Element, Bo om 10'
A 14·3 20 Meter, 3 Eleme nt, Boom ~2~0_' _ "";':";;;,;,,1

Kindly Keyer
Dea r Paul ,

I have had considerable correspondence
considering "The Kind ly Keyer" in the Ju ly
73". It appears that there were a couple of
min or problems in the article as it appeared,
which we failed to catch.

F irst, there arc a few discrepancies be
tween the schematic and the p.c, board
layout :

Corrections to p.c. layout, p age 49
1. Q" and Q" (labels on same ) should be

interchanged.
2. A 33K resistor should be show n be

tween b ase of Qr. and emitter of Q6'
These are the only real errors which

should he straigh tened ou t. H owever, in the
case of o. .

3 . The 100 k could be changed to a 220 k.
4. The .1J... F capacitor could be a .22 F.
4. T he .1 F capacitor could be a .22. 1'.
( T hese only a ffect the time constant of
the blocking oscilla tor, and any comb ina
tion would work, with a dif fe rent sett ing
of th e speed pot. ) .
5. The 820 resistor could be attached to
+ 4.5V. (T his m akes the side tone louder. )
Notice that the order of components in

the base of Q I is different, but sin ce they
are in ser ies, there is no electrical d iffer
ence. Even a novice should know this, but
it seems to bother some l

6 . Labels could be affixed to th ree ter
minals in Q l - Q:: b lock as shown.

These changes would result ill perfect
agreement of p .c . board a nd schem a tic, hut
only I and 2 seem worthy of mention.

George Daughters WB6AIG

I



:' Patented•••

( lr·2NSO jHlm pa" , 2)

stltute had p lenty to do on its hands just
filling in those areas where the League
should have been active, out wasn't . Pos
sibly this was a m istake . I suspect now that
many more amateurs migh t have joined the
Institu te if it had been formed as a direct
opponent of the ARRL, complete with hun
dreds of appoin ted officials all over the
count ry to spread the gospel from head
quarters to the grass roots members, hoked
IIp elections of cardboard directors with no
real say or even awareness of the real forces
running things. offic ial bulletins. incense
quentin ] "services" and the whole h all of
wax.

No, J goofed it. We set lip with minimum
of overhead. sent inexp ensive letters to Con
gress, and ran the Institu te without all the
hoopla and hig salaries. ' Ve also ran it
without very many members for I found,
to my inten se disappoint me nt, that without
the Big Show there were very few dollars
.. . or members to speak of. I tried telling
the straight facts in my ed itorials, but Found
myself being culled interesting names for
trying to ruin th e ARR L. Oh , I've centainly
been critical of a couple of the top men run
ning the Leagu e, no question of it. Few
people have noted that none of these gentle
men will face me in public and an swer my
criticisms. Hut I've intentionally kept the
Institute completely out of any hassel with
the League and kept it on its published a im
of speaking up for amateur radio in Wash
ington.

All current members will receive a long
and detailed acc-ount of the h istory and
p hilosophy of the In stitu te . as well as a
complete and det ail ed account of th e income
and expenses. And there'll he none of this
vague coverup you find in the ARHL annual
report .

How great is the disaster? In August 1966
there were six new members . . . September
five . .. etc. There is no question at all that
very few amateurs beli eve that there is any
importance in til goals of the Institute. I
suspect that the b est plan is to not make an y
furt her effor t to promote membership. I'll
do wha t I ca n at my own expense to send in
forma tion about amateur rad io to Congress.
Barn ' Goldwater has made some excellent
suggestions for gett ing the most out of the
least effort along this line . I'm going to keep
pi tching . . . sorry I failed to interest very
mauv of YOl! ill the idea.. .

"

• 20·15·10·6·2· Meters
• Very Low SWR
• Folds to 19 inches
• Weighs only 2pounds
• Complete for 5

Frequencies

$24.50

the NEW

DPZ CORPORATION
P. O. BOX 1615

JUPITER, FLORIDA 33458

ask your local dealer
or

NEW \~ _ UNICj>UE

~-
C)\I .

',,"

(JK'S BARB'D WIRE ANTENNA
Full rad iat ing surfa ce but sho rter tha n a d ipole.
No coils or tra ps to distort the radi 'ltion pat .
tern. Th e d e i iq n results in inc reased ee peei
t a nce, a nd ther efore , shorte r le ng th , for reso
nan ce. Idea l for p'eees where d full-le ngth
d ipole is too long .

The 160 m Berb 'd wire antenna is only 186
feet long . The 80/75 Berb 'd wire ante nna is
only 94 feet long. Th e 40 m Barb'd wire a n.
tenna is only 48 feet 100 :;1. The 20 m Baeb 'd
wire d ipole and be arn is only 24 fe et long .

Feed with 50/75 ohm coax-no matching
c'ovice s requ ired .

Send a $2 U.S. mon ey order for ma iling a nd
handl inq of p id urc s and instructio n sheet for
b uilding you r own.

C. LeRoy Kerr, WA6CTK
P.O. Box 444

Montebello, California 90641

PORTABLE ANTENNA
with Non-Shatterable Base
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Mica Condsr .006 @ 2500V . . • .• . . • • .. 4 /S I
SnlHlpeneop. Tube 2" $.5•• . •• ••• • • • •21$9
Mlnni .Fa n 6 or 12Vac/ IiO CY' $2@ B/U
4Xl 50 C.ram!c Loktill l S I. 2 5~ 12
Linf r uter 200Amp / 130 VAC U fi • . . 5 / S20
DC 31/, " Meter 'RD ,800M a $4 @ 21S7
DC 2' 2 ~ MrlcriRD / 3(tVDC S!~ 2!S5
DC ., .. . . MrtH /RD / IM a / $5 (iil •.. .. .2 / 59

Saket Ceramic 1625 Tube . . . .4 /S! . 10/$2
Socket e ra mie -IX 150 / Loktal 4/S2

W anl rd 30 4T L · T op $$ Pa id II
25 M H P i,,", ound 500 Ma Choke .. 3 for $1
I( ~ob S p:n-Cra lk BC3-l8 , 1(iil, .. 3 for .S2
M l~if an 6 or 12 VAC $1.50""" • . . 4 lor $5
Beam In diulor Sel syn s 2-1 VAC .. 2 for $10
Prtc is ion TL I47 Fee ler Re lay Ga ta ..• $ 1

Fuse 250 Ma/3AG 50 fo r $ 1. 300/$2
XMTTG Mi ea Cond sr .OO6rw 2.5Kv .. 21S1
W.E. Pd ar Relay -# 255A/ SS1il 2for S9
w.E. Soe\ ct for -# 255A Re lay, $2.50
Toroid s f:8Mhy New Pcklj s'rw 6 /SS
6.3VCT (jlJ 1 5 . ~ A &. 6.3VCT (jlJ 2A $5 @ .
200 KC Freq Std Xtals S2(@ •. .2/53 . 51$5
P r inl -d Ckl Bd New Blank 911. 12" 51@

Killon SA Reset Ckt Breaker SI @ . . IO/ U
Lin e Fi lter 4 .5A @11 5VAC . . . . • . s tcr st
Li ne fill er SA /@ 12SVAC 3 10r$ 1
86 A Xfmr 2.5 V/ IOA/lO Ky/ lns l $2
Choke 4HY 10. 5A/ 27i!$3@ . • . . . •. . . • /$10
S :rvcns P r-ee isi on Choppers $2 @ 3/$5
Hel ip Is Multi Ten -Turn @ $5
Hel i pot Dia ls $-l @ • • • •• .. . . • • • •. •3/ SI0

2500 V«i:IOMa &. fll 52@ 3/15
H OOVer @ 3OO Ma. 6V l A, 5 V @ SA &
125V Bias a bt 12ooVO C $5 @ .•. . . 4 /S1 5
2.:IV@2A 51@ 3for52
6.3V e IA SI.50@ fDrl'
• Brun ing " 6" Parallel Ru le @ •. • • • .. I
PL259A &. S0239 CO- AX M& F P n . . 3n,
Phone P atch Xfmn Assld ..•...... . 3/' 1

Insltd B inding P osts 20/$ 1
Sun-Cells Sel en ium Autd . . . .•.•.•• .6/1'
.01 Mica 600 W V Con ds 6/ I
.001 10 .006 M;ea / 1200WV Cdsr .• ••. 4/S 1

" l A B"
" T AB" • SILI CO"" ONE AMP DIO DE S

FactOfY Tn ted &. GuaranteC1l
Plv f Rms IPiv/Rms Pivl Rms Piy/ Rms

50 / 35 100 / 70 200/140 300/210
.05 .07 . 10 . 12

400 /2&0 600 /-120 800 / 560 toOO/ 630
.u . 21 . 3(1 .40

1000/700 1100 /770 1700/ 1200 2-100/1680
.50 .70 1.20 2.00

*J. /l T esl s A OiEDOtl:Fwdtl:Loadl

1700 P iyll 200 Rm s (ill 750M a . . 10/ $IO
1400 P :y lI 680 Rms 750M a . . 6/' 11

S IL IC ON POWER DIDOES S T U DS
& P .f . · ·

D. C. SOP ;v IOOP ly 200 Piy 300 P iv
Amps 3S Rms 70R ms 140Rms 2 10Rms

3 . 10 . 15 .22 .33
12 .25 . 50 . 75 .90
18 .20 .30 .75 1.00
45 .80 1.20 1.40 1.90

HiO 1.60 2 .90 3.50 4 .60
2-1 0 3.i5 4 .75 7.75 10.-15

D. C. 400Piv 600 P iv 100P Iv !>OOPiy
Amps 280 Rms 420Rms -I90Rms 6EORms

3 .-1 0 .50 .60 .85
12 1.20 l..50 1.75 2.50
18 1.50 Query Que ry QuerY
. 5 2.25 2 .70 3. 1.5 -1.00

160 5.75 5. 75 QuCl')' Query
240 1-1.40 19.80 23.40 Query

We B uy ! lVlI S eUI W e'Trade/-"TAB" TERM S : Money BaekGuaranteel Our 23rd
Year. $5 Min . Onl..
f . O. B.• N. Y. C.

II I ML Liberty St. • N.Y .C.• 10006. N.Y,
Phon e 732·6245

S end 25c l or Oataloil
PHONE 732 · 62-15

• TRANSISTORS · SC R' S • ZENERSI!I

Full J.Md8 Fa ctorJl T~8ted tl GM /
PNP r50 Watt/I S Amp HIP.r T036 CA S E
2 N '. ' . ~42 . 277. 278, OS501 Up To
QIVeaO SI.25~. . ,_ 6 t Of' U

zr:Z78. 413. 174. Up t o 80 '1 U@ • . . 21S5
P HP 30 W.lt! 3"'. 2 N1I5. 156, 235. 212
254. 2 .5. 256 257 301 392. 40e~ a for $1
P NP 2N6i O ' 3COMW 35c@•. .. . .. 5 tor 51
2 "'t r3~ 2H6F I@f Amp / , .
PNP 25W / TO 2 N538. 539, 540 2 for 51
PW R Fi nned Heat S ink 180 SQ" . . $ 1.50
P .... R F i nned Si nk Equiv. 500 SQ.. , . . . $5
S I l. ICON P NP / T 05 &. TOl 8 P CK G
2N :27A, 332 to S. -174 t o 9.
541 / 3. 93 - /7 _ 7/$2
MICA Mr C KIT T036 . T03. TOIO

3Cc{@. " " . _....... .. . .. . . . . • . . . • . . • / SI
ANf) OIZEO TO PWR 30c(iil . .•. ... .4 / ' 1
ZENER S I Watt 6 to 200 V $I Each
Z EN ER S 10 Watt 6 to 150V, .. ' 1.25 Each
'J TA B IS T OR UJI t o I Watt 10 for SI
GLASS DIODES Equiy I N34A 20 lor $1

18 Amp PWR Pressfit Di odes to
100 Ply 5for$1
MI CRO. MU S WITC H 35 Amp AC/O C
CAS E D ALU M(SI) 5 f~'!-

S CR.SL ICO N-CONT RO L R ECn FIE RS !
PRY 7A 25A PRY 7A 25A

100 Q Q 500 2.5 0 3. 75
200 Q Q 600 3.25 4.25
300 1.80 2.25 700 • .00 500
-1 00 2.00 2.90 800 4 .75 5.65

UNTE S T ED " S C R" Up t o 25 A mps. 6/ $2
Glass Diodes I N3-l . 48. 60. 6-1 • •• 20 for $1

2 RCA 2 N408 &. 211 N232 6 Ckt Bd s
I N ~326 Ca n Un$Old 4/ ' 1

OIS CAP .002 Mfd @ 6KV 6 1or S I
DISCAP ~ IKV .. •... ....• • . . IOlorSI
DISCAP Antmnl UJI 10 6 KV 20 lor SI
6 or 12VAC MinHan &. Blade $1
..Ia ndswt h Cerarll ie 500W 2P/ 6P" •. $3~
5 Hy . 400 Ma Choke $.@, 2/$5
6 Hy· SOO Ma $5/!iiI 2/ $6
250M'd (ill -150 WV Lecllyt ie 4 /SSB S! @
Cndsr Oil 10Mld J: 600 '1 !iiI •. .4/53. 121"
Cndsr Oil 6 Ml d@ 1500V '4@ , .. 5for$IO
880 Vet @ 735M a for SSB $12 @ •.. 2/'22
480 Vct @ -lOM a. &. 6.3@ 1.5A CSO .• $1 .50
10 Vct ew 5A &. 7. 5 Vet @ U @ •. . . . . 2/$9
Wanted Tran8 i8lorl, Zenen, D iode81

Octobe r 1960-December 1966

Now available for 25¢

73 Magazine

Pe t e r boro ugh. N.H. 03458

WE WANT TO BUY
Surplus Aircraft Radio 81 Test Equipment

We wi ll pay cash o r t rade you (whatever you need )
for the fo llowi ng item s:
Test Equipt. Signa l Genera tors .
Measure ments Corp. Mode ls 65·B
Boonton Red ic Co. Mode ls 232A 235A.
Hewlett-Pa ckard Co. Mod els 6OBb, 61 2A 624C.
Milita ry Mode ls. SG .IA, SG -2, SG. 13, SG.66A, MD -83A,

TS ·510A.
Ai rc raft Navigat io n & Communica tion Equ ipt.
A RC-H , ARC -3B, ARC-52, ARC-H, ARN - 14 ARN 59

ARN·73. ' ,
Airc raft Inst rum ents.
ID-249A, lD-250A, ID·25IA, ID·35IA, 10 ·387.
We also want la te type Airc ra ft R.'ld io and Rada r equ ip
ment ma nufa ctu red by Collins Rad io Be nd ix Rad io a nd
Aircraft Ra d io C o rp .
W rite, Wire o r Phone if you ca n supply any of t hese.
Ask for No rm Eic hne r.

Norman Ele ctronic Sales
/41 3 Howa rd St . Ch icag o, III. 60626

DX Flash
The DXers may be interested to know

that as far as \VT\V credits for countries arc
concerned that not only <10 we accept any
thing as a country that is accepted by any
national amateur radio society. but we feel
that if a fellow operates from a country then
contacts with him should count for that
country. \Ve do not feel that we should try
to set ourselves up as official arbiters on
exactly how legitimate a license IS for any
spot.

In the U.S. there is litt le question about
licenses . Either you have one or you don't .
But once you get off the beaten path it is
d ifficult to set up firm rules. In Nepal there
IS, the last I heard, one and one only Iegiti- Ii
mate licensed amateur and that IS Father I.
Moran 9NIMM. But other amateurs can .
and do operate with the knowledge and
unofficial consent of the government. This
sumo situation IS true in several other conn-
tries I have visited . . . and things are even
looser elsewhere. It becomes almost capn 
clous to try to set oneself lip as the «official"
decider as to what is or is not licensed .
Hence our decision that if he IS there it
counts.
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Technical Aid Group

The first members of 73's Technical
Aid Group are listed below. They are
willing to help other hams with their
technical problems. If you have a con
cise question that you think can be
answered through the mail, why Dot
write to one of the hams on the list?
Please type or write legibly, and include
a self-addressed stamped envelope. One
question to a letter, please.

If you'd like to join the Technical Aid
Group and you feel that you are quali
fied to help other hams, please write
UJ and we'll furnish complete informa
tion. It's obvious that we need many
helpers in all parts of the country and
in all specialties to do the most good.
While 73 wiIl try to help with publicity
and in other ways, we want the TAG to
be a ham-to-ham group helping anyone
who needs help, whether they be 73
reader. or not.

Don Nelson WB2EGZ, EE, 9 Green
ridge Road, Ashland, N.J. 08034. VHF
antennas and converters. semicondue
tors, selection and application of tube•.

Tom O'Hara W60RG, 10253 East
Nadine, Temple City, Cal. 91780. ATV,
VHF converters, semiconductors, gen
eral questions.

Stix Borok WB2PFY, hicb school stu-

L

(CDtl ti" .ud frOtA fJlJg. 4.)
to pay for equipment to the movement to
form an effective Canadian amateur organi
zation instead of expecting Canadians hams
to be a small division of the US ARRL. In
cfdentally, it sounds like this is an excellent
year to visit Canada. From all indications,
Expo 67 will be a far more satisfactory
world's fair than the one in New York. May
be we'll see you there.

So there are the special issues of 73 com
ing up in the next few months. Each issue
will also feature the usual selection of what
we hope will be interesting, informative and
entertaining articles. Be sure to be with us.

Writing fo r 73
So many people have sent for copies of

our booklet, "Writing for 73," that we've had
to reprint it. If you've thought at .11 about

116

dent, 209-25 18 Ave., Ilayside, N.Y.
11360. Novice help.

George Daughters WB6AlG, BS and
MS, 1613 Notre Dame Drive, Mountain
View, Calif. Semiconductors, VHF con
verters, test equipment, general.

Roger Taylor K9ALD, BSEE 2811 W,
William, Champaign, Ill. 61820. Anten
nas, semiconductors, general.

Jim Ashe W2DXH, R.D. I, Freeville,
N.Y. Test equipment, general.

J. Bradley K6HPR/4, BSEE, 3011
Fairmont St., FaIls Church, Va. 22042
General.

Howard Krawetz WA6WUI, BS, 654
Barnsley Way, Sunnyvale, Cal. 94087.
HF antennas, A~l, general.

Robert Scott, 3147 E. Road, Grand
[ct. , Colorado 81501. Basic electronics ,
measurements.

J. J. Marold WB2TZK, OJ Div USS
Mansfield DD728, FPO San Francisco,
Calif. 96601. General.

Hugh WeIls W6WTU, BA, 1411 18th
St., Manhattan Beach, Calif. 90266. A~I,

receivers, mobile, test equipment, sur
plus, repeaters.

Richard Tashner, WB2TCC, 163-34
21 Hoad, Whitestone, N. Y. 11357. High
school student, general.

Wayne Malone W8JRC/4, BSEE,
3120 Alice St., West Melbourne, Fla.
3290 I. Cenera\.

writing for publication, why not send US a
self-addressed business envelope and we11
mail one out immediately. I have also com
piled a list of articles I'd like to have for 73.
Please mention if you'd like the list.

TAG
The Technical Aid Group (TAG) is

starting to help harns with their technical
problems. However, we need many mere
helpers to be ahle to work effectively. If
you feel that you're competent to help, and
have a few extra hours to devote to helping
other hams, we'd like to hear from you. Your
main reward from this work will be a sense
of satisfaction and a little publicity, though
there arc a few other benefits. Please write
for details.

... Paul

73 MAGAZINE
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1295 '.... '...,
ppd UJo&. can

se nd eer' cit or m ,o"
n y 1'. ' odd 5" ta x

2 db NF• .2 ~v l or 6 db ,ignal to noill. ratio, m il.
epee. epoxy glass printed circu it board, Ta r iable for
wa r-d gai n control, bu ilt-in power su pply • • allabl.
fo r a ll models. 2N8l<23 FET f ront end u a iiabJ. t or
1.5 tlb NF and reduced cross-modu la t ion effecta.

Turn your hobby into
steady high-pay job

CONVERTER SALE
6 METER SOLID STATE

RF CONVERTERS

WORLD 'S HAPPIEST MEN love their jobs.
W ouldn't you Jove a career in radar o r AM , FM.
TV. or microwa ve broadcasting? Or in servicing 2
way systems as you r own boss? Learn a t home. Nine
out of 10 who complete our personalized home study
course pass the Commercial FCC exam on their first
try. (You will too, or your tuition is refunded. )
Without our training, 2 out of 3 men fa il.

FOR IREE BOOKLn, " How to Get a Commercial
F CC License," plus our school ca talog, send name
and address to Cleveland Insti tu te of Electronics,
1776 E. 17th sr., Dept. ST-IO, Cleveland. O. «11".

• a sensi th·. broadbQnd AF detector
give'S a ud ible lone s ig na l in the
prese nce o f a n y IF fi e ld f rom 10m ....
'0 lit .... and lOOk( 10 1000m(
eo CW monltor w ith posl, h' e '"R'"
sw it ch uses only 8 "plckup onte nna
ond NO connection '0 r ig or key
eo code pract ice' oscillator w i t h
odjunoble 'one &. bu ilt in spea ker
• h ig h g ai n" 'ra n t h , o r circuit
power e d b y long life AA pe nce ll
• 16gouge a lu m inu m cabine' in
w hi t. &. bloc k . pollY fi nish , 3 1/2 "
by 2 ~. " by t 1/4'~ w e ight 8 o u n ces
el00 " US mode and gua ra nteed

TH ESE CO NVERTERS CAN REALLY PULL IN THE OXI

Model Inpu t ~ 1 l iz Outpu t M liz Prl~

88610 50-54 U-18 $21.16
S8610F Sa me as above but FET rt a m p . 3~.95

88611 :'0-54 7-11 21.11
8S611F Same as a bove but FET rt amp. 39.16
88510 SO-54 MHz r( pre-amplifier I .U
885 11 60-64 MHz FET rf p~amplifter 29.96
SS600X Special IF (.6·30 MHz ) 2".96
SS660XF FET s pecia l IF 1.6-30 MHz ) 42.95

For built-in power supply, add 1.00

For I. rum pt abipmenj, of et oek models include poatal
money order o r cashie r 's check . Specia l models
shipped w ithi n six weeks. P ersona l ebecke mus*
clear before ahip me nt. Inelude 200/. deposit tor COD.

Uncondlfionall1 gua rantee d ,

Southwest Semiconductor Specialists
P.O. BOX 12312, SAN ANTONIO, TEXAS 18212

the James research company
11 schermerhorn st, brooklyn n.y. 11201
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Propagation Chart
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# Very difficult circuit this hour"

e Next hig her frequency mey be u5eful this hour.

Good: I·S, 7.17. 19.22, 26.31
Fair: 23. 25
Poor: 6. 18. 24
YHF DX Likely: 6, 13, 14



GENERAL SURPLUS SALES
"LET ONE DOLLAR DO THE WO RK OF TEN"
0-1 MA METERS-E x t r a large, 2%"H x 2% "W
full c lea r plastic face, ca lib ra t ed in four easy
to r e ad ranges, 0-9 5 units, 20-60 db, 0-100, 0-3
watts, 0-6 watts. M ounting bracket included
SJ ·95-BRAND NEW.
POWER TRANSFORMER- 1l7 vac . 60 cy pri
mary, 30 vet l!! 1.0 a m ps secondary. Excellent
for transistor power su pp ly $2.3G-BRAND
NEW.
ROTARY SWITCH, sprin g r eturn, Oak Mfg.
Co . 2 sect ions , 3 positions 7 p oles. 3 throws, 22
fixed con tacts , 7 moving contacts. Ceramic in
sulation 1 ~BLxl~4Wxl-5/16H. Made for trans
mit switch-BRAND NEW 98c.
TERMINAL KIT, neat co nven ien t terminal
boxes . Makes a proresston e t wiring j ob o f any
installation. Conceals unsightly wiring, pre
vents accidental sh or tin g . R emovable terminal
strips. Spec ial adhesive b acking allows mount.
ing directly to desks, p anels, e t c . Available in
three sizes: 2 s t a x 4 lugs $1.49, 6 s ta x 4 lugs
$2.95, and 6 sta x 8 lugs $4.95 BRAND NEW,
Knobs a ll a lu min u m fits ~." h alf flat shafts,S
for $1.00.
Residors, capac ito r s , switches, pots, coils-no
oddballs another General Surplus buy at
$1.00 per pound
Terminal Boards, ex cellent fo r ex per tmen tor s .
loaded w ith resistors, diodes, cap acit o rs ex ce t 
len t va lues 2 for 98c

TERMS-no C.O.D. all prices FOB Bingham
ton, N.Y. Add 25c for postage and delivery.

GENERAL SURPLUS SALES
10 Alice St., Binghamton, N. Y.

WE TRY HARDER TOO. OUR PLAN IS MORE
EQUIPMENT FOR LESS • • • READ ON ••

Frequency M-ter coven from 125 kc to 20 me and UP. eJI: _
eenent construction. Inte rn al cry, lal. Itn lghlronrard desi gn.
lYI'O i..\{ (I. lke DC221 ).• ..... .......• , $34.50
Scope. Mu lt i -Hea rn , IP31/APA-14. pe rfect for bulld ina proJ_
eets, vel']' neat caUl with few holetl . alze and Ihape or I taDd.
ard I('()peS .... . ••.•. .• . . • .• . •..•••..••..•• •• •• • • • • •$i4.50
Scope well known Tekt roniJ: SUD. with del.., line. Imool.h
cp..utlon. proteil ional Quall l1 ..•...•..... • •• . • . .• $225.00
Scope. equlvalent 1.0 ahove. but costs less, D umont ty pe 336A
delay Une too •••• ..• •••••• •• ••• •• •• •• • • • • • •• ••• •$ 139.00
Tran,mittel". } ·:U . bb; band. vhf. !-'HTItU . • ••. . •. . .. •$49.98
Transmitter. 400 watt!. T \' 435 mc. rlre and haro to fln4
.-\RT·~I'l. pu<h pull 4X l 50s. barn ln • . • . •• . • . • • .•• $79.50
ART · I' & commercial power auppl.J. 115 vac •••• ••• . .. $95.00
Fun. lllU· rollS and SI>ff.-ll'rs or other fun games with APN·l
dormler ~tf l e radar, excellen t • • • • • • • • • • . .•• •• •• • •. • •$9.48

H..nd stamped addressed enteloPe tor Hst

THE R & C W ILSON COMPANY
"!!!""1111!1~BOl 393, LiHleton, Colo. B0120

TT63A REPEATER · REGENERATIVE. H elps recehe
btaseed -d tstorted s1~als. a lso senes as a RTTY converter.
Compl..te wilh tubes. wet ted relay . cable and inl tructlonl
on putllnl' t b.1s unU Inlo sl'T'l'IC1l. L llr.e new .•.•. .$25.00 ...
RTTY DUAL FREQUENCY SHIFT TONE CONVERTER.
~orthem Radio L1pe 152. nch tone eeeeereee is self eon
lalned lneludlDI' power su ppIJ". toIllplete with tubes. 01)11

rers ten detills and schemallc. Usl"d. good. $32.00 ...
Send u. your teletype ",qul",menb.

ATLANTIC SURPLUS SAL ES
250 C.lulIIbia ec. Breokb·.... N.Y.

liB

New Products and Books

Eico 711

E'co's newest communications product is
their 711 Space Hanger Short \\' ave Com
munications Receiver. It covers .55 to 30
Ml-iz with a BFO, handsprcud , Scmete r. It s
cab inet is attractive enough for the living
room. In kit form, the 71 I is S...J. 9.9,5; wired ,
it's $69.95. You can get more information
from Eicu, 131-01 39th Avc ., Flushi ng, N. Y.

Denson Catalog
A surplus catalog to really make you

drool is the new, 160-page catalog from
Denson Electronics Corporation . Al Denson,
WlBYX has spent a tremendous amou nt of
time photographing, listing and organizing
his stock and the results are very impres
sive. Al specializes in te levision eq uipment,
but the catalog contains surplus and used
equipment of every description. Of special
interest to the TV ham is a complete bibli
ography of articles on ham TV and many
reprints of articles on TV in the catalog.
The catalog costs SOc; it's worth far more
than that for the reference data alone. Den
son Electronics, P. O. Box S,=), Rockville.

Oscilloscope Measuring Techniques
The s e r io us electronics experimenter

knows that an oscilloscope is the most val
uable piece of eq uipment available for test
ing. However, few hams take full advantage
of their scopes. An excellent book about
scopes and their uses is OsciUoscope Mea
suring Technicques by J. Czech. The book is
the English edition of a book puhlished in
Cennan by Philips, and it is very complete.
The first 250 pages of the book are devoted
to scope circuits and construction, the next
120 pages to general measuring techniques,
the next 170 to specific techniques and the
last 50 pages to scope photography and pro
jection. The hook costs $15.80- and is avail
ahle from Springer-Verlag, 175 Fifth Ave.,
New York, N.Y. 10010.
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COMPRESSION AMPLIFIER S29.95

29 VOLT 50 AMP DC REGULATED
operate on 115 volt 60 cycl e input w ith o ut put o f
29 vol ts DC 50 amps fil te red and regulated. So lid
state component s w ith standard 19 inch rack
panel mounting. Excellent condition. Shipping
wgt . 175 Ibs. $75 .00

These government su rplus limiting amplifiers ct.
fered at a fraction of their cost and they are brand
new unused . Input & o ut put impedance o f 600
ohms. self cont a ined 115 vo lt 60 cycle power sup'
ply . Gain 36 db plus o r minus 1 db. Upgrade you r
shack for professional performance with this beau .
tiful rack panel commercia l grade equipment . DB
out meter o n front panel.

$2.75
3.00
3.40
3.80
4.20

2/$1.25

$7.50
$4.00

AMP SILICON DIODES
$ .80 600

1.00 700
1.50 BOO
1.75 900
2.00 1000
2.40

40
PI V

INTEGRATED CIRCUITS
TO·8 5 flat packs with specs.
Comput or quality 3M magnetic tape.
New boxed . 1" x 1800'.
240 Amp 100 PIV si licon diodes.

50
100
200
300
400
500

29 VOLTS DC 35 AMPS REGULATED
Same t ype power supply as above wit h lesser ou t
put of 35 am ps. $65 .00

1600 VOLTS DC 1.8 AMPS REGULATED
Solid state circui t ry, 115 volt 60 cycle input. rac k
pa nel mounting. f il t ered with 0 .5 % r ipple. Only a
few of these on hand . Shipping wgt . 175 Ibs. $75.00

Low Cost VHF Antennas
A new line of low cost VHF "Space-Saver"
antennas for 120-480 is being manufactured
by Intern ational Crystal Mfg. Co. The an 
tennas feature full pe r for man c e, solid
molded hast's, ease of installation. Mob ile
and fixed base units include a vertical mo
bile for $5 .2.5, vertical ground plane with
universal mount $8.50 or with pipe mount
$10.95, dipole with pipe mount $11.95, and
the attic or base antenna with universal
mount for $6.9.5. Special coax cable kits for
use with antennas are priced at $3.95 and
84.95. For complete information write Inter
national Crystal M fg. Co., Inc., 18 North
Lee, Oklahoma City, Oklahoma 73102.

RCA Receiving Tube Manual
The new edition of the RCA Receiving

Tube Manual ( RC-25) contains over 600
pages of information on electron tubes and
their uses. The first 100 pages contains a
wealth of data on general characteristics of
tubes and how they should be used. The next
400 pages lists all receiving tubes made by
RCA- virtually all receiving tubes-with all
of their characteristics. T he last section of
the book contains many applications of
tubes, with specific circuits and description
of how they work. T he book is a tremendous
huy at $1.2.:'). BlIY at your dealer, or order
from RCA Commercial Engineering, Harri
son, N. J. 07029.

Hammarlund HQ.20S
The new lIammarlnnd IIQ305 is a gen

eral coverage receiver with a built-in 5 w att
10 meter or en transmitter. Electrical band
spread is on 80-]0 meters as well as CB. The
receiver tunes .540-30 ~ t Hz . It includes a
variable nro. Q multiplier, :\L and S meter.
Price is 8259.00. You can get more infor
mation from Hammurlund Amateur Prod
nets, 73-S,s Hununurluud Drive, ~t ars Hill,
N. C. 28754.

1.5 AMP MIDGET SILICON DIODES
1000 PIV 50¢ each 12 for $5.00
1400 PIV 65¢ each 12 fo r $6.50

GEIGER COUN TER CH ASS IS assembly. fully wired,
transistor power supply operated from 9 volt s.
with 100 m icroamp meter. Less geiger t u be. With
schematic. $4 .00 each

LIGHT ACTIVATED SCR (LASCR)
Function of an SCR triggered by light thru the
glass window t op o f the TO-18 unit. Va rious ap
plications in tape readers. characte r recogni t ion,
log ic c i rcu it ry.. relay rep lacem ent, night l ighter
brain . Offered at a fraction of list price . . . on ly
sm all quantity avail able.

25 PIV s .75 200 $2.30
50 1.00 300 2. 70
75 1.35 400 3.20
100 1.60 500 4.00
150 2.00 Under 25 V .50

New Fall catalog hot-off·the-press. We keep no
mailing lists. Send 25¢ for the best 80 page eet
a log we have eve r pr int ed. More ba rg ains tha n
ever before. All m aterial FOB Lynn.

MESHNA
19 ALLERTON ST., LYNN , MASS. 01904
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INVERTERS

We also make 12vdcto 12.,dc 12vdc t o 2a.,d c
12.,dc 10 11 S., 60cps I SO or 300 waft

12.,dc to 11 S., 400cps I SO or 300 W(ltt
12vdc to 4S0.,dc

WRIT E for com plet e inform(ltion

A.R.C. SALES
Filament . nd Bias Transformer. l1Sv. 60 eye.
pli. Sec. I , 12.6v.C.T. @ 7.5 A . Sec. 2, 185v. @ 50
rna . Wt. 7 lb. $4 .50.
Filament Transformer. 115v. 60 eye. on. Sec. 1.
6.3v . @ 6A. Hook Sec. 1 and 2 together Sec. 2.
6.3 @ SA. for 12.6v use. Sec. 3, 6.3v @ 6A. Wt.
5 lb. $3.50.
Plate Transformer. 120v . 60 eye . p ri. Sec.850v.
C .T. @ 200 rna . Wt. 8 lb . $2.50.
Hammarlund Dual section variable condenser.
20-450 mmf, per section..125 spacing, 4%"w x
2 ~jz "h x 11" long p lus 1" for ~~ " shaft. Wt. 3 lb .
$4.50.
Cardwell variable condenser. 25-500 mrnt. ,125
spacing, 4 ~."w x 2~2"h x 7" long plus I" for
~." shaft. Wt . 3 lb. $3.75.

All items are new
and F.O.B. Worthington, Ohio.

A.R.C. Sales, P.O. Box 12,
Worthington, Ohio 43085

INVERTRONICS

Designs & Construc:tion of
Elec:tronic Equipment

In this new book by George Sblers, the
author acquaints beginners with the proc
esses and problems of designing and build
ing electronic equipment while at the same
time providing experienced technicians and
des igners with much practica l assistance.
This text covers chassis design and layout,
panel layout, component boards, wires and
cables, connection methods, printed CJr
cuits, fasteners and finishes. It also pro
vides a great deal of practical information
on circuit protection, interference, shield 
ing and grounding and environmental prob
lems such as heating, cooling techniques
and corrosion. This book is filled with ex
cellent illustrations and drawings; a num
ber of useful tables are also included for
the prospective electronic designer. For the
amateur who builds his own equipment, this
book provides a wealth of very useful and
practical information. $14.00 from your
local bookstore or write to Prentice-Hall,
Inc.. Englewood Cliffs, New Jersey 07632.P.O. BOX 342

PINE BROO K. N.J .

TO 12 v DC

66 WATTS s 43 . 50
130WATT5 $69.50
250 WATTS s 73.50

sv DC

ul rllz e 12v equipm e nt

on 6 v sys te rn s

VHF-UHF
Co nve rters and Prea mps for 50 thru 432 Me.

Write for literature.
Send for a sample cop y of the VH F'er, the
on ly magazine for VH F and UHF hams.
Parks Electronics, 419 S,W. First Beaverton, Ore.

CQ de W 2KUW
5% BONUS!!

PClid ov er any t op oHer for Clny , ieee of Clircroft or
qround r a dio units. also t es t e quip ment . All types of
tubes. PClrtlculorly lookinq for 4·2!;O • 4·400 • 83JA
• 304TL • "·l OOOA • 4CX5000A e t et . 17l • 51X
• J90A • ARM. GRM • GRC • UPM • URM • USM
uni ts.
TED DAMES CO.• 310 Hickory St. , Arlinqton , N.J .

G ond G Cotolog
A new 24-page Catalog of Communica

tions E lectronic Equipment has been pub
lished by G & G Badin Simply Compnuy.
75-77 Leonard St.. New York, N. Y. 10013.
The catalog, which is full y isllustrated and
contains complete technical information .
covers military surplus receivers, transmit
ters . power supplies, test sets and associated
equipment. including dynamotors, tranmit
ting crystals, special purpose tubes and head
sets. Copies are available from G & G Radio
Supply Company for 25e refundable with
first order.

- Amperex Components CotaJog
Amperex makes some very nice electron

ics components that aren't well known to
most readers of 7:) because tbev aren't
handled by any of the distributors we usual
ly buy from . However. they've put out a
catalog that should be nf interest to all de
signers and buyers for manufacturing com
panies. The catalog contains condensed list
ings of electrolytic, foil , ceramic and vari
able capacitors, linear and non-linear resis
tors, speakers and knobs. Copies may be
obtained by writing on company letterhead
to Ampcrex Component Division . Hicksville,
N. Y. 11802.

*IWU·WAY*
COMMUNICATION CRYSTALS

AMERICAN CRYSTAL CO.
PO BOX 2366 KANSAS CITY. MO.....,I

PLATE TRANSFORMERS-S39.95
J6oo-o·3600 VAC @ 1000 Ma ., CCS, with 1201240 VAC 60
cps primary. Commercial quality' Clnih ma nufact ured
by Wagner Electric Co. measure 13" high. 12" wide
and 9" deep. Net weight Is 85#. Price $39.95 F.O .B:
Minneapolis. One year unconditional money back guar.
antee. Terms : Check or M.O. with order . Immedia te
delivery . Write or phone:

PETER W . DAH L CO.
3314 Diamond Drive EI Paso, Texas



Fit "'LL ... ..at..r Trans.. lt·
ttrl, Rated I t 1000 WI",
"'M 2000 SSB PINel If
Link Direct Feed. L1lhl,
Nnt, Wntherptllol.

21 31 41 51 61
FORGET 'EM ALLl

12t

Tho usands of fr equencies in stoc k,
Types incl ude HC6!U, HCI8!U,
FT· 241, FT· 243. FT·171, . tc .

SEND 10f; for c,Jta log .... ith oscilla tor
circuits. Refund ed on fiut order,
2400B Cryst.1 Dr•• Ft. Myen. Fla. "tolCRYSTALS

Ild I C" IlItit ferellu I II.
• • ne .n All Makes SIIort
Wue Il u eln n . Make. W,thl
Wide Reception Sl fo n~er.
Cleant 1111 All Ban ~ s !

a; zi:D-/ /

LARGEST SELECTION In Unifed Sfates
AT LOWEST PRICE5-48 hr. delivery

Complete .. aho...'n total !enl:th 102 ft . wlth 96 n. o! 12 ohm
balanred t ...lnUne. III-impatt melded resonant traps. ( \H . 3
01. I " r S" lonl:). Y.. jut t llle t. du lred lI,nd t or tJl',nlllke
~Its. EX('l'UfI1 t !ot ALL 1fOtId·... ide IlIort· ...are I"l't"e h~rs lind
a ml l tur tranamltun.. For So,'I r E ASP ALl. ('L.%S-<i A!oIA 
TEl"RS: xo t.:XTR.\ Tt:\T.RS OR GAllGETS sto:W!'D! Elim
Inates S k'll&l'Ite antennu ...ith urellotnt performlnre DtO«n.
IlIc' II Sll lu " . Ilf hSly Nel, hllerh" d' ! Xo HAY·WIR!' HOUSE
Al'rEAKA:lin ; ! EASY lSSTALLATIOS I ThollSindi o! ~n.

1.5· 40 -20·15·10 meter binds. CompM f . .•. .• • . •• • . $l 9.95
40·20 ·15·10 meter. 5 4·n. ( best tor I lI' l'sl.Comlllele • $l 8.95
SEND ONLY $).00 (eash, ek., mol I nd pay DOsllnln balan~
COD plua posta;e on alTl 'al or lIelld tull pnee for poslpa.ld de.
U'fl'J. Comllifle InlJlanation Ii tfehnl~al lnst.rutllonl !nrnlwd.

MIDWAY ANTENNA. Dep!. A7-1 • Kearney, Nebrasko

The woods o ro full of com petito rs
....ho try to tell you ho.... ma ny mil.
lio ns they have , ho .... b ig-hea rted
they a re , ho .... much they' ll pa y
you for your eq uipme nl--o nd b lah.
bfeh, bla h. FORGET III FOR GET

' EM All! You can "Hord to Iorqet No .2. J, 4, 5, 6
when you do business .... ith Numbe r One l W h.!lt ot he"
promis_ CO LUMBIA deliversl We w.!I nt to b uy erec
trce tcs end test equ ipment-both mi lit" ry end com 
mercial . If you heve 0 single piece o r " trainload
....e'H pev you the top d oU" r for that equipme nt
ba r nonel We " irma il your chec k the same d" y you r
g oods arrive. On top 01 t h" t- ....e pev the f-ejq ht l
S.!I ve time, money, headaches eec " ggr"v"tion! Tell
us wh.!l t you ho'lve-wh.!lt you w.!I ntl And P.S.: Do it
toda.,. !

COLUMBIA ELECTRONICS, Dept. 1
4365 Wesl Pico Blvd•• Los Angeles, Calif. 90019

Phone: (213) 93B·3131

WE BUY • • •

TUBE S FOR CASH
UNITY ELECTRONICS

107 Trumbull SI•• ELIZABETH, N.J. 201 • FL 1·4280

~UKt'LU~ rU:l:LlI:LI
Guaranteed highest prices . Shipping paid. We'll buy,
trade or give you new equipmen t of your choice. Send
list or tel ephone tor immediate Quote. Payment in 24 hrs

MILITARY ELECTRONICS CORP.
SPACE ELECTRONICS DIVISION

4178 PARK AVE., OX.• N. Y. 10457. 212) CY 9-0300

FET Projects
The latest book in Motorola's line of HEP

publications in Field Effect Transistor Pro
jects. It is a step-by-step instruction manual
on projects that can be made with Motorola
HEP FET's and other components. The pro
jects are a vibrato for electronic musical
instruments, an audio mixer, a timer, a crys
tal oscillator (such as a 100 kHz calibrator ) ,
and hi-fi preamplifier, and a de voltmeter.
The book also includes a short section on
FET theory and construction practices. Com
plete building instructions are given for
each project, including layouts.

Quoker Electronics Tech Manuals
Quaker Electronics has published a cata

log of technical manuals they have for sale.
The catalog also lists a number of very com
mon pieces of surplus for which they have
schematics, You can get the catalog for 25e
from Qnaker Electronics, P. O. Box 215,
Hunlock Creek, Pennsylvania.

Directory of Electronic Circuits
III his new book Matthew Mandl presents

a unique and valuable took for amateurs,
technicians and engineers; a very compre
hensive directory of more than 150 circuits
used in all fields of electronics. Each of
these circuits is completely analyzed in a
very readable manner, and typical circuit
values are provided along with the equations
and formulas that describe their operation.
To provide a more useful tool, the author
has grouped the circuits into general cate
gories and provided a detailed cross-refer
ence system throughout the book. while
the emphasis has been placed on transis
torized circu its, vacuum tube circuits are
detailed for comparison purposes or where
they find a special application. Some of the
categories of circuits are amplifiers, modu
lation and demodulation circuitry, filters,
attenuators and pads, oscillators, power con
trol and supplies and pulse circuits. In addi
tion, a handy glossary of the most frequent.
ly encountered technical words is provided
along with an appendix containing unit
values, conversion factors, color codes and
other useful electronic information . In all,
this book is a very useful text that should
be of interest to old timer and novice alike.
$10.00 from your bookstore or write to
Prentice-Hall. Inc., Englewood Cliffs. New
Jersey 07632.
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* Pri~_52 per 25 words for non·commer~ial ads: 55
per 25 word s for business 'Venture s. No di splay ods
o r agen~y d iscount. Include your check with order.

* Typ. copy . Phra se o nd punctuote e l.octly o s you wish
it h;J oppeor . No oll-cClpitol ees,

* We will b e the illdge of suit ob ilit y of ads. Our re
sponsibilit y for urors .1Itends only to printin9 a cor
rect od In 0 loter issu••

* For 51 elltro we con mo intClin 0 rep ly bOll for you .

* We conn ot check into ea ch od'Vertiser , so Caveot
Emptor •..

ALL Makes of new and used amateur equipment.
Write OR call Bob Grimes, 89 Aspen Road, Swamp
scott, Mass. Tel: 617-598-9700 or 617-598-2530.

CONVERTERS. Wo rld 's la rges t selection of fre
quencies. Ham TV vidicon cameras and parts at
low factory-direct prices. See them now in our
full page ad in this issue. Vanguard Labs, 196-23
Jamaica Ave., H ollis , N .Y., 11423.

WE WILL PAY CASH: Wanted. popular. la te
model unmodified amateur equipment. Highest
pr-ices paid for clean good operating gear. Write
Graham Radio , Dept. 100. Reading, Massachusetts.

ARE YOU SINCERE? Are you rea lly looking for
the best deal on a new or fully guaranteed used
unit? Let us convince you with a specific quote
that will really save you money. Graham Radio,
Dept. 10, Reading, Massachusetts.

MOTOROLA new miniature seven tube 455 kc if
amplifier discriminator with circuit diagram.
Complete at $2.50 each plus postage SOc each
unit. Rand R Electronics , 1953 South Yellow
springs. Springfield, Ohio.

COMPLETE CONVERSION instructions for the
AN/VRC-2 . just $1 while the supply lasts. 73
Magazine, Peterbirough, N . H. 03458.

WANTED case for Morrow receiver. WAICCH,
c/o 73, Peterborough, N.H. 03458.

SIX ASSORTED ISSUES of ATV Experimenter,
circa ·6..· ·65 , $1 from 73 Magazine, Peterborough ,
N.H. 03458.

SCHEMATICS FOR either the ARC-508, or the
ARR 15. both described in June '65 issue of 73,
only SOC each. 73 Magazine, Peterborough, N .H.
03458.

1963 BOUND VOLUMES OF' 73. $15 each from 73.
Peterborough, N.H. 03458.

ROCHESTER, N. Y. is headquarters for Western
New York Hamfest and East Coast Spring VH F
Conference, Saturday, May 13. Top programming
plus huge "flea" mar ket. F o r more information.
write : Rochester Amateur Radio Assn .. P .O. Box
13l'lS . Rochester, N .Y. 14603.

122

WANTID: G eneral Ra d io model 1140A wave
meter. W I DT Y , RR #1, Box 138, Rindge. N .H.
03161.

HAND.OOK OF' HAM RADIO CIRCUITS b y
W9CGA . Complete s chem atics a nd operatio n d a ta
on many popular h am r ecetvere. transmttte rs .
tr-ansceivers and power amplifie rs. $2.95 f rom 73
Maga;::!ne, Peterborough, N.H. 03458.

CONVERTERS, three transistor, 50-54 min , 14-18
mc out. Wired, tested, printed circuit. Crysta l
controlled, $10 ppd. Tuneable, $8 ppd. Syntelex,
39 Lucille. D u m o n t , N.J. 07628.

25 WORDS FOR $2. Sen o r b uy t h rough t h ese
wan t ads, a terrific bargain. Caveat Emptor, 73
Magazine, Peterborough. N .H . 03458.

NOVICE AND TECHNiCiAN HANDBOOK by
W6SAI a nd W6TNS. Limited quantity for o n ly
$25U each. 73 Ma ga zine, Pe terborough, N. H. 03458.

RTTY GEAR FOR SALE. Ust Issued monthly. 88
or 44 mH toroids five for $1.75 postpaid . Elliot
Buchanan, W6VPC, 1067 Mandana Blvd., Oakland ,
California 94610.

ESTATE SALE and bargain list. Send for it and
include SASE_ W r ite Paradd Sales and Engineer
ing Service, 280 Rou te 10, Dover, N .J. 07801.

PLASTIC HOLDERS-each d isp lay 20 QSL cards.
3 fo r $1.00 or 10 for $3.00 prepaid and guaran teed.
Free brochure o f o ther ham goodies Included.
Te pa bco , Box 198N, Gallatin, Tennessee 37066.

FREE CATALOC- Io ad s of electronic bargains.
R . W. Electronics, Inc., 2244 So. Michigan Aven ue,
Chicago, IIlin iis 60616.

DAYTON HAMVENTION April IS, 1OO7-Dayton
Amateur Radio Association's 16th annual H a m 
vention , Wampler Arena Center, Dayton, Ohio.
Participate in the technical sessions, forums, ban 
quet and hidden transmitter hunt . Bring X YL
for best in women's activities. For information
write Dayton Hamvention, Department C. Box
4·1 , Dayton, Ohio 45401.

CHRISTIAN HAM FELLOWSHIP is now being
organized. For free details wri te Christian Ha m
Fellowship , Box 218, Holland , Michigan. (Ch r is t ia n
Ham Callbook $1).

4-1000Al G-G a ll band fina l with spare t ubes. 3.5
kW supply , 110-220 input. Both $325. Immaculate
S W-140. $125. Will deliver either up to 150 miles
from Bakersfield. Mike Gibson WA6MWA, 3917
Reno Lane, Bakersfield , California 93309.

HEATHKIT VHF.1 Seneca t ra n sm itter like new.
120 watts. 6 and 2 meters . Will ship prepaid . Cer.,
tified check , $135. David H . Richardson WA4GNA.
P.O. Box 213, Demopolis, Alabama 36732.

COLLINS 75A2 $185. HT-40 $50. SX-140 $50 a nd
SX -I00 with speaker $140. A ll like ne w . W A 7CQX ,
808 East 4th Place, Mesa , Arizona 85201.

FERRITE BEADS-Mod e r n Slip-On ferromagnetic
VHF chokes for Parasitic Suppression, RF Shield;
tng, RF Decoup lfn g and Ra d io fe r ric Indu ctor s .
Doze n Beads p lus Spec S heet: $2.00. P acka gin g
a nd Postage: 25( . AMI-TRON Associates, 12033
Otsego, North Hollywood. Calif. 91607.

DAVCO DR-30 new model includ ing FETs, $350.00;
2M Tecraft xrnt r , u sed , $25.00 a nd new power sup
p ly, $35.00; Knight 4 track stereo tape recorder,
used. S75.00: Ed Jurow, 30414 Harding, Olympia
Fields, lIIinois 60461.

73 MAGAZIN E
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AUCTIONFEST- B ro w a rd A RC-New loca tio n this
year. Chaminade High School, 500 North 51st Ave .,
H olly w ood , Florida . March 11, doors open 8:00
am, auction begins 10:00 am.

NOVICE CRYSTALS, all bands . $1.30 ea ch. Also
other freqs. F r e e list . Dealer a n d club inquiries
invited . Nat Stinnette , Umatilla . Fla . 32784 .

WANTED: Lampkin lOS-B, III PPM Meter. 205A .
John Crosby, K 4G B L . 1421 B ell Terrace. Titus
ville, Florida 32780. Condition, a ge , and price in
first letter please .

50 FOOT MAST DESIGN. D esigned for ccmme r -,
cially ava ilable m aterials . Why pay $360 for a 50
foot tower? Send $1. Joe Shaw. 2014 Boston.
I rving , Texas.

RADiO OPERATOR-TECHNICIANS NEEDED:
second class ra d io - t e le p h one lice nse . so m e typing
ability, good character references a nd diction,
hig h school graduate. Illino is State P olice R ad io ,
777 S . S tate, E lgin, Ill. 60120.

UNIQUE relay to build variety of remote controls,
model ra ilroads, liquid le v e l control. weather de
t ector, burglar a larm, games , t rick c ir cuits. 20
design ideas i n c luded free . 3.95 p repaid. Dept . E .,
Aleo, Lawrence, Mass .

JOHNSON RANCER I with PTT, Johnson Viking
6-2 transmitter, both excellent condition w ith
power ca b le , $200. WAOAGP. 1139 Crest D ri ve ,
To p eka , K a n sas 66604 .

DUMMY LOAD 50 ohms. fl a t 80 thru 2 meters,
coax connector , power to 1 KW, kit $7.95 wired
$11.95 pp HAM KITS , box 175, C ranford , N .J .

COLLEG E EXPENSES. E ICO 753, 751 p .s., f actory
a ligned, 8.5 . VFO, $280. S X -140, $65.; HT-40, $55.;
H A -5 VFO, 6 mtr . xtai, $55. A ll three $165. Webcor
" Co m p act Deluxe" Tape Recorder, $65 .. with
mike. $70. Turner Dynamic Mi ke. stand, $14.
Mosley "El Toro", (80-40- 20-) , $9. Command T -19/
ARC-5 Xmtr. $14. WA5JVL. 8704 Belfa st , New
Orleans , Louisiana , 70118.

Vottl Voth Voltl Volt.
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6.4 13 22 :-16 58 9 1 1M>
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COAXIAL CONNECTORS. Similar to old Gen'l
Radio type 774. Set co n sist s o f CBWU 49121-A
plug , CANS 62112 cable adapter and CN 49120
jack. If you have any of the o ld e r model G -R
test equipment. these a re the connectors y o u
need . $1.25 each in lots of 10. Large qty ava il;
dea ler inquiries invited . K . Y . H oo , 3233 Conti St .,
New Orleans, La . 70119.

RHODE & SCHWARTZ type KZ8-BN5500 limit
bridge with a ll m anuals. Like new laboratory
equipment. Will sell o r swap. Make o ffe r .
WASAW O , Box 79, Port Gibson. Mississippi 39150.

HALLICRAFTER SX117 with speaker, like new;
DX40 Transmitter, VFO. Astat ic mike . A ll per.
feet $250.00. Never got G ene ra l license. Pershan,
WB2HPS 142 B r ittl e L ane , H icks vi lle , L .I. , N .Y.
Tel OV 1-3145.

WANTED: Copies of 6-UP M aga z in e . N umbers 5,
6. 7 and 8 t o complete personal collectio n . A lso
copies of VHFER for 1963 a nd 1964 ; April 1965
also n eed ed . WlDTY. RFD I , Bo x 138, Rindge ,
N .H . 03461.

COLLINS , MP-l a nd 351D·2 mi nt condition,
$175.00. Also crystal ha n k , co n ta ins 126 crystals i n
p lastic ('Rrryin,g CH" l' , :tA Me" 10 :JO ,{J Mcs . $17:i .UO.
R. C . Canter, Rt , # 1, Freder ick , Md . 21701.



TOP HATS, EPOXIES. STUDS, SCR'S PLASTIC CALL & NAME BADGES. Money Back
Guarantee. Slip-on shirt or suit pocket. Your call
p lus up to 10 engraved permanent white letters
o n 1" x 3" b lack background. $1.00 postpaid .
WOKSL, 606 N . Main. B'nlnwood. Kansas .

HERE'S A PERFECT MATCH

TOOOOBE9: &llA-$4 .25; 7094-$26.90; 6146A-$2.25;
6CW4-$1.40; S8i4-$15.50; Extra power 614GB
$4.00; 6360-$3 .45; 8236-$9.50. All new. boxed . guar
anteed . F R EE ca t a log. VAN BAR Dislributors . Box
444Y. StirHne . N .J . 07980.

HT-l2A. H Q-170. Both in good condition , $420.00.
A lso DX-40 and VF-1. Need money for college
expenses. K e n Eigstl K90FB , Route 2, Morton,
Ill inois 61550,

NEW AND EXCELLENT reconditioned equipment
at lower prices . 'I'e-ms . Collins 75S-3. 325-3.
KWM-2 ; D rake 2- B . T-4X; Gonset GSB-IOI , GSB
201; G-50. Ha tttc r a rt e r s SX-llO. SX-Ill , SX-IOIA.
HT -37. SR -I60. SR-I50; Hammarlund HQ-1SO. HQ
170. HQ-170A ; National H RO-60, NC-303. NCX -3.
NCX-5. NCL-2000, NC-183. Much ot he r equipment.
Writ e fo r price lists . Hen r y R ad io Company .
Butle r. M is sour i.

WANTED-T e le t yp e 288. parts. what have you.
SE IJ machines. parts. Fred Schmidt. W4NYF.
405 NW 30th Ter.• Ft . Lauderdale. Fla . 33311. 305
583-1340 (9 P .M. EST .)

BARGAIN! Ameco TX-62 with relay $100 match
ing 621 VFO $25. sx·no R cvr. with Q mult o $50.
Shure Unidyne III mic . $25. WB2VHW. Call (212)
449-4326.

HALLICRAFTER SR 160 transceiver $175.00. Orig
inal stan da rd Vibroplex $12.00. Heath H D19 phone
patch $20.00 . Workshop ten meter beam $10 .00.
/Beam local only). W . F . Walsh W2BTE 3&8 Dur
ham Court. Union . N .J . 07083.

GOOD HW-32 a nd HP-23 for $100 ; DX-40 with
b uilt-in a n te nna relay, $30; Vanguard 6 meter
converter (N e w ) $5 ; K OM VR. 424 Twentieth Street
N .E.. Cedar Rapids. Iowa 52402.

WRL'. u sed gear saves money! Reconditioned
guaranteed-trial. F r ee list. Special! My personal
anten na 'farm". One package. $1.000 . 2 Aeromotor
70' towers, 1 each Telrex 10. IS. 20 beam 6 element
and I HyGaln 3 element 40. 2 rotors . Write for
details. Leo, WOGFQ, Box 919. Council Bluffs.
Iow a 51501.

TEN METER SIGNAL GENERATORS, $5.95 each.
Postpaid . Crystal controlled tone modulated . On
PC board . 2 x 5 inches. Like new. Tested . Your
choice in 10 kHz steps, 28.615 to 28.905 MHz. Less
battery and switch . Specify frequency . Sorry . no
COD. W a y n e Lafayette, 5429 North Detroit St.,
Toledo. Ohio 43612.

HALLICRAFTERS SX-I0l MKIII, $140.00; M T.40,
$35.00; homebrew six meter kilow att. rack mount
ing wit h thre e m eters , $40.00. S h ip R EA collect.
Andrew Borsa . WA I F R J . 977 Westford St .. Lowell.
Mass. 01851.

NEW AMECO CODE OSCILLATOR, $14. Variable
capacitors. Ha mmarlu nd MC-140-S $2.00. Bud 1876.
$1.65 . both 140 pf. Plus postage . Norman Rusch.
2222 Newberry Avenue. Green Bay. Wisconsin
54302.

THE EASY WA'I!
• No Book. To Read
• No Visual Gimmick.

To Dlstrad You
• JUit Llst.n And Learn
Based on mod. rn psychological
techniques- ThIs course will toke
you beyond 13 w .p.rn , In

LESS THAN HALF THE TlMEI
Abo a va ila ble on magnetic tope.
Se. your deole r nowl

206 Eolt Fr!?nt Street, Florence. Colorado

QUAD AND BEAM BREAKTHRU
QUADS: PROVE N SENSATIOHAL! All metal (neept !P&tlnr
lnsul&wr oowels): full 8lze ; two element; absolutely complete
with st eel boom; all hardware; wire and ftttlngs ; terrlnc pin
and d1tectlvtty; one man Installation ; no bamboo or nbreglass:
all quads use single 62 ohm coutl l feedllne: 10·115·20 Quad,
$35; 15-20 Quad, $32; 10·15 Quad. $30; 20 Meter Quad,
$25 ; 15 xtet er Quad. $2-1 : 10 Meter Quad. $23.
BEAMS: new complete wltb boom and hardlll'au; 6WB 1:1:
handles 5 KW: adjustable entire band; ~iI" and 1" alum,
allOY tuhlnG: ; single w ulal feedllne:
4Et20 $32,. 2EI15 $12.
3 EI20 . , • . , 22.· 6EII0 . , .• • •• , •• . 28••
2 EI20 •.. ... ,."., 16, 4EII0 ., ..•...... 18.
SEIlS . , 28..;. 10E16 32.•
4 EI 15 , 25,* 4 EI6 " , 15.
3 EllS 16. ' Has 20' steer boom
ALL BANO VERTICAL V80 ( Ii Ill ru 80) ,.,. ,., •. ,$16.95
All BAND VERTICAL Vl60 en thru 160) 18.95

Ur mlt lliith order; sh ipped eharges ecueet.
GOTHAM , 1805 Purdy Aft., Dept. 73, Miami Buch, Fla. 331.39

ARROW SALES·CHICAGO, INC.
2534 S. MICHIGAN AVENUE
CHICAGO, ILLINOIS 60616

Now you can get a perfect match for Hy Gain two
meter modeh 23, 28 and 215. This Is an l-matc h a r
rangement that l;ivf's 1.05 to 1.00 SWR at the an tenna .
Only $2.50 ppd. Send for the l -Match to:

Sound and TV Systems
316 Ma rie mont Dr l..... Ledn9. u , Ky. 40505

800 PIV .., Am, EpolY . . . . . .. . . .. • •.&~ 5 for $3.00
' 00 PI V I.' Am, TOllhat . • . . . . . ... .• •59' 5 for 2.80
600 PIV I • Am, Toph at .. .. . . .. . . • •. 39a 5 for 1.75
.00 PI V I. Am, Tophat ......... ..• . 29. 4 tor 1.00
100 PI V •• Am, Top hat ............. 39. 5 tor l.75
100 PIV .2 Am, T.phat ...........•. 15• ,,~ 1.00

" PIV 150. Am, Stud . •.. . . . •. • . . . $2.95 <to< 10.00

" PIV •• A., Stud ..••• ..•. .•...•98c ,,~ "'0se PIV ., Am, T.phat ...•......... 15c ,,~ 1.00
' CR Gen. Elee. ""08 (2 N6B5) 200 PIV 25A ..•. • . .• . . 2.95

A lbulII dlntllns tllrel 12H

LP' , 2Vr hr. Instructloa
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B C Electronics

ROCHESTER AMATEUR RADIO ASSOCIATION
P .O B OX 1366 R O C HES T E R . N . Y .• 14 6 0 3

WESTERN N. Y. HAMFEST and
EAST COAST SPRING VHF CONFERENCE

8/'2.20

4/$1.10

30/ $2.00

MAV13
Rochester. N.Y.

VINCES ISO ACRES

FASCO. 117'f. 60 C)'c1• • •65.4.. 1700
HP)I : Dual 5/1 6" I haft , 1·3/ ....
& 3n·. .. mounUn&, I t udl , 2· $4.50 ...
cent..n . Quiet. NEW. 6 pounds
shlppln&, wt.

2-3/ 4 ~ dis. 1·'1/ 8" deep. BA L.
A NCED . Fltll 5/16" Ihart. With I I 75 ..
hous ing. t akel 2· no;r;l\]e. BRAr-."D · •
SEW. 2 pounds shipp In&, wt.

BOlh aoove. (no mounllll&" bracket $5.75 aet
u ·all ible j .

j pin giant ceramic 'lfafe r. EFJ " .00 ....
:: 122· 2H -201 (mlUtary ). BRA.."\"D
:"'F.W . " /'3.'15.

" u lable eapadtor . Vel1 beat,.
sliver pll te. Iaquered, Split sta tor. 12.00 ...
on mica filled base. Du al 1/".
shatto 1/2"" & 1/4· Ion&, . BRAND
:-IE" ' . 1 pound. 4/$'1.50.

3 piece, UHF CO·IX male. SVR_ 4/S1.10
I'I.VS. Discolored. 29....

rt. angle UHF adapter . SUR· S/SI.IO
I' I.VS . Dlseolo~d. 39...

I ~ ", 1 pin. 1!07 tubes. BRA:"o"D
:"'EW . sun. order.

COMBINATION

IM P ELLER
HOUS ING

BLOWER
MOTOR

M·S5t

PL·259A

I N·S.$A

SIS TUBE
SOCKET

j pi n Iu&,e, for 161.831. 3AP I.
~:.'.1 #1:12 ·:121.

(lHlIlanlum dlode~ Untested term
Illation . Averace 50 to 60'k &'God.
AS IS. )Unlmum orde r.

All orden. neep, In emerrency. or I ' m at a llarlltest,
shipped eame da )' reeerved . ~or f~e " GOOOU:" eneei. l end
se lf ·addressed, stamped envelop&-P I,!o;ASE , Pl.EASE tneiuoe
Immel ent for pollat e, anJ' exce~ s re turned with order. I carr.!'
priva te (Tru eler. ) parcel POSt Insurance. tor dome. tlc parcel
post. For Items too heavy. or too large tor pI1'l'll1 POlt,
I sllR&,elt bUI pa rcel eXPres~ . PEnse advise na me ot bua
line. and eur . where )'OU can pick up the shipment.

1625

SOCKET

6 ·24 PF DUAL",..
APACHE, TX-1. Excellent. not a scratch. best
offer: AF-67. PMR·7 transrrntter-recetver. with
supply, converted 6 through 80. best offer. KIPNI.
133 Larchmont Rd ., Warwick, R.I. 02886.

HEATHKIT dc power supply HPl3, $50. R. Steph
ans W2NTZ, 3048 WHson Avenue, Bronx, N .Y.
10469.

DRAKE 2B, calibrator. low frequency converter.
speaker. Q multiplier, $240. Heath KW amplifier.
Original owner of both. like new. Nick , 5750
Yukon, Sparks. Nevada 89431.

SWAP: rzc-base. mother of pearl Wurlitzer ac
cordian for HQ.I80AX, SX·115 or R'ITY gear.
John weskowtte, 541 Marcy Ave.• Brooklyn. N .Y.
11206.

SWAN 250, 110 vac power supply and speaker,
crystal calibrator. S meter. and audio control.
New condition. $400. WB6SML, phone 714-278·9442.
2430 Galahad Rd., San Diego, Cal. 92123. J . Horgan.

SIX METER EQUIPM ENT Clegg Venus and Na
tional PS, $400. Clegg SSB booster, $50, Electro
Voice 664 microphone. $30, Bendix Microw Match
S WR Bridge, $25, Heath monitor scope, $40. All
of the above in one package if possible. looTH
linear with PS, Variac, 0-3500 volts. at 1 amp.
No TVI. $100. Five element Telrex and AR22
rotator, $60. Two meter Poly Comm transceiver.
$160. All above equipment in excellent condition.
Joseph Cladi, 106 Maple Street. Weehawken. N .J.
UN 3-0290.

QSL CARDS?t?? America's Finest. Samples 25t.
Deluxe samples, 35f . Sakkers Printery. W8DED.
HoHand, Michigan.

SELLING OUT large collection of AM and FM
gear, going SSB. Send stamped envelope for liBt.
Warren Waterman W2JRX, Middletown, N .Y.
10940.

GREAT BAYS catalog lOr. Electronic . electro.
mechanical bargains. AUdio output transformer
61..6'5 match $2.95. Gear bonanza 3 lbs . per peck,
age. $2.00. Fertik's, 5249 D, Philadelphia, Pa. 19120.

DX-60 $55, HG-IO VFO $25, NC 109, $80. AH excel
lent condition with manuals and extra tubes.
Wa nted : phone patch. Stephan Budensiek, Rt. 2,
Salem, Ohio 44460.

SELL KW RK65' s GG linear, com mercia l cabinet
no supply. $95. Power supply, 1000. 1250, 1500
switched , $25. SRI60 with both supplies, 40 meter
Hustler antenna . perfect. $350. L . E . Lane. 922
Mount Ranier Way. EI Dorado Hills. Calif. 95630.

Telephone 31 2 CAlumet 5·2235
2331 5. Mlchl9GII Aven ..e Chlc090. illinois 60616

MOVED TO LARGER STORE
Many More Parts and Equipment

We Invite Your Inspection.

DOW TRADING CO., INC.
1829 E. HUNTINGTON DRIVE HY. 66

DUARTE. CALIF. 91010 PHONE 357·3763

TRANSMITTERS-RECEIVERS:

14.95
3. 95

12.95
9.95
9.95

18 .95

TRANSMITTERS, RECEIVERS REPAIRED. AIJgn
ment, calibration, kits wired . Work done by li
censed engineer. All lab test equipment. J a nd J
E lectronics, Windham Road. Canterbury, Conn.
06331.

TELREX 2OM~17B. Excellent condition. $85. 710
Arnold. Alamogordo, New Mexico 88310.

BC·453 Receiver- l90 to 550 KC Used :..$ 16. 95
BC.-t55 Receiver-6 to 9 MC.-

Gov 't. Reeondltloeed , w/ Dyn . :
!C·456 Modulator _ Used:
BC·696 Tra ns.- 3 to 4 MC., Gov't Recond . :
T·20 Trilns.~ t o 5.3 Me _ _..New :
T·21 Trilns.-5.3 to 7 MC __ _ New :
T·22 Trans.-7 to 9 MC _..__ _ New:
BC·348 Receiver-200 t o 500 KC.-

1,5 to 18 MC_ .. Used : 69,50

qSL CARDS. Free samples. Send stamped enve
lope to George WA4QKD. Box 282. Valpariso,
Florida 32580.

HALLICRAFTER5 SX110 receiver, perrect condi
tion. general coverage with ham bandspread,
crystal fiIter $90. Local only. Pullman, 758 Brady,
NYC, 597-8293.

Send 2S¢ (coiss or ".mps) for
NEW CATALOG- your copy & receive 50¢ credit

on .J ou r order.
Prlcel F.O .B.~ Umil. O• • 251. Depotit on C.O.D.', •
Min imum O raer $5

FAIR RADIO SALES
DE PT. 73, P. O. Bolt 110 5, LIMA. OHIO 4 5802



LIBERTY ELECTRONICS WANTS TO BUY FOR CASH
Electron tubes and

semiconductors

Most any type or quantity
Receiving, transmItting, special
purpose, magnetrons, klystrons
We will make you an immediate

offer in cash.

Special sale

HP·200BR audio
oscillator $65

Surplus communication and tlSt equipment
AN/GRC·3, 4, 5, 6, 1, 8, 10, 19, 26, 21, 46, YRC·12

AN/PRC·B, 9, 10, 25
Test equipment with ARM, SG, UHM, UPM, USM, and TS prefixes

Communications: AN/TRC·1, 24, 35, 36
Receivers: AN/APR·9, 13, 14, R·3BBA, R·214, R·390A, R·391, etc.
Indicators: 10·250,251,381, 251A, etc.
Aircraft: AN/ARC·21, 34, 38, 44, 52, 55, 51, 13, 14

AN/ARN·14, 59, 61, 10
AN/APS·42, Bl
AN/APN·I, AN /CPN·2A

Also: Tektronix, Hewl:!tt Packard, Boonton, Ind Oentral Radio
equipment, etc.

Liberty Electronics, Inc.
548 Broadway. New York. New York 10012, Phone 212·925·6000

SPACE AGE KEYER INDEX TO ADVERTISERS
Only

$67.50

• Planar epitaxial inlegrated circuits for reli..
ability. No tubes-No separate transistors.

• Precision feather-touch key built-in,
e Fully digital-Dot-dash ratio always per.

fect,
e No polarity problems-Floating contacts

switch I-amp,
• Rugged solid construction_will not walk,
e Send QSl or postcard for free brochure,

PALOMAR
ENGINEERS

BOX 455, ESCONDIDO, CAL. 92026

Ameco, 109
American Crystal, 120
Amrad E!ectronic, 124
Antenna Mort, 10]
A.R.C. Sales, 120
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B C Electronics, 125
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DPZ, Iee., 114
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Porks Electronics, 120
Poly-Pob, 12]

Ro"n M1g:. Co .. 16

Solid State Soles, 127
Sound & TV, 124
Southwest Semicond ., 117
Swon Electronics, 27

TAB, 115
Technical Topics, 109
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INTEGRATED CIRCUITS ARE NOW AVAILABLE
~~ .. IF1:ra n~~~sr -~t;~·-·--·--···--········· _._.._ _ $1 .1 S

9 ._ _..__ ...._...... $1.00
GUARANTEED TO WORK

TO -85 f lat pack ca se. They come com ple te with scbe
mafic e lectrica l cha ra c teristic sheet and some typica l
a p plica tiol'ls. $' .00-$15 .00 ",.. lues from origina l rnilnu
fad urer. We have othe r type s of IC 's in these se ries
<Iva ila b le . Se nd req ucsis.

TERMS: FOa Cambridge, Mao;;s. Send check or money order, in
clud ed postaKe. average wt. per package Ih lb. Allow for COD.
Minimum order $3.00.

P.O. BOX 74C, SOMERVILLE, MASS. 02143

SEND 20¢ FOR CATALOG

DIODES

20 A
.BO

1.35
1.90
2.45
2.85
3.50

SiLICON CONTROLLED
RECTIFIERS

7 A
.50
.70

1.05
1.60
2.10
2.80
3.00
3.50

PRY
50

100
200
30 0
400
500
600
700

Similar to 2N247 PNP g ermanium .
Good for rf wo rk. 10/$1.00
Similar to 2N255 20 watt PNP ler·
manium power transistor In TO·3
case. 4/1 .00
Similar to 2N327A PNP silicon TO-5
unit used in aud io. 6/$1.00
Similar to 2N519 silicon PNP un it
used in rf circu its. 10/$1.00
Similar to 2N389, 424. etc . 85 watt
h igh vol ta ge NPN silicon un it In
TO-53 case. 75~ each
Similar to 2NI209. 2N 12 12. etc .• w ith
sim ila r electrica l c ha racte r ist ics In
11/ 16" stud package. 75~ each
FET'S N channel t ype s imila r to
C6 10 used as am p. sw itch. c hopper
ve ry h igh input Z. $1.50 each

10 watt zenere, 2·180 vo lts, stat e vott 
ages desired. 75,. each
IN429 6 volt dou ble anode regu lator.
2 watts. 5/$1.00
SV176 7 volt reference diode 5/$1.00
Silicon bilateral switch. Repl aces two
SCR's by f iring in etth-r d i rect ion
when b reakdown vol t age exceeded .
Used in light d trnme rs. etc. 75,.
Silicon voltage references. These a rc
a seri es o f p recision regu lators tie·
signed to operat e f rom 2 vo lt s up.
s im i la r t o SV140. SV3207, etc. 50,:
IN251 a h ig h f requency silicon d iode
used to 1000 m e. May be used as
disc rim inator o r det ect o rs . PI V of 20
vo' ts. 10 '$ 1.00
S284 sim ila r to I N25 1 bu t w it h PI V
of 30 vo lts. 10/$1.00
Glass diodes. Color coded. Si 20/$1 .00

Ge 30/S1.00
Micndiodes si m ila r t t') M027 , etc.. up
to 200 PIV at 30 ",a. Th ese are swltcb 
Ing diodes w ith a sho rt recove ry time
(.3 ",sec). 6/$1.00
High vo ltage assembnes. 3000 ·6000 V
at 150·200 m il s. Th ese s ilicon assern
cues m ay be put in ser ies to achlev..
higher vo lt ages . $1.50

SA Insul
nase

$4.00 each

TOP HAT &
EPOXIES

PRY 750MA
100 .07
200 .09
400 .12
600 .20
800 .25

1000 .50
1200 .65
1400 .85
1600 1.00
1800 1.15

$2.50 each
1.25 each

21$ 1.00

4/$1.00
3 /$1.00
3/$1.00

40¢ each
6/$1.00

Sil icon Power
Rectifiers

PRY 404 240 A
100 1.00 5.00
200 1.50 7.50
400 2.00 15.00
600 2.50 20 00
ROO 3.no

1000 4.00 35.00

PRY
200 .40
400 .60
600 1.00
800 1.25

TRANSISTORS
NPN dual transistors. A TO·S pack
age (2 N20 60J .cont ai n ing two high g ai n
100 MHz smccn N PN t ransistors.

PNP
$1.50

dual tran5i~t~rs. A TO-S, package
(2N2807) c~!"talntnR two h igh gain
100 MHz stnccn PNP tran ststors.

NPN h
" $1 .50
Igh vo'tage transretors. 150

VBCa at 2.5 A with a high ga in In
a TO -66 package. $150
PNP . sillc~n ep itaxial low l ea k~ge
trenststor In TO·I 8 package. Simila r
to 2N2 185 30 volts at 150 mw.

3 /$1.00
Similar to 2N329A genera l pu rpose
PNP epita xial tran s istor in TO·5 pack.
Low leakage 30 vol t unit wi t h a 400
mw dissipation ra t ing and a 30-80
Comr.' with a $9 val ue. 4/$1.00
Simi ar to 2N3060, a 60 volt s ilicon
P':"!P in TO -46 pack has a B of 30
with 4 W dissipat ion . Used in DC
am prrtta es. high vo lt age work an-t
audio systems. 4 /$1.00
;;Imllar to 2Nl640 bid i re ct ional tran s.
istor, a. TO·5 s ilicon un it. in w hich
the emitte r and collector are Inte r
c hangeable. 75~ each
Similar to 2N339·2N341, etc. High
v!> ~tage medium power units . NPN
stllc~m . 7/$ 1.00
SimIlar to 2N728. A. h i2h frequ ency
N PN TO·18 unit extend ing t o t he
U.HF range 3 / $1.00
S~mll.r to 2N545. a 5 w att NPN TO-5
~Iah voltage unit used fo r last switch
I~g . 1 5/$1.00
Simi.ar to . ~N I 648 !"lPN h igh vol t age
20 watt SIlico n un it used in power
o ut put s tages and power transist or
d~ lv~ r'i. 75t
SImIlar to 2N2875 PN P si licon 20
watt pow er tran sistor wit h cut off
freq uency to 30 m e. 75t
Similar to 2N2885 NPN " nd TM T8035
PNP m icrotran s istors . 75 mw power
at high f requendes. Both units $1.00

SOLID
STATE
SALES

-



THE NEW

MOBILE OR
FIXED STATION

r

i

5 BAND TRANSCEIVER

NOW--even Better than Everl

YOU CAN'T MATCH ALL THESE FEATURES
ANYWHERE .. .AT ANY PRICEI

" 'rite f or free Broch ure, com plete specs on th e GALAXY V AIARK 2-

• Complete 80. 10 M ete r Ccv
erage. 500 KC on all bands,
with 1 Megacy..cle on 10 M e
ters.

• Buth U ppe r and Lower Se
lect ih le Sideband.

<Highest Stab ility. Drift le ss
than 100 C Y in an y 15 min..
ute period after warmup•

• The personal drift chart of e ve ry Galaxy that comes
off our li ne goes with the un it to it s new ow ne r!

Plus all the great features that put the
GALAXY V in a CLASS by ITSELF!

• Smalles t of th e High-Pow
ered Transceive rs. (6" x lOY4"
xli%").

• Great for e ithe r M obile o r
F ixed Sta t ion. ;';0 compro
rm se III power.

• H o tt e s t H C l ,(,j'· CT o f an y
Transce iver - Spe-cial N ew
Six-Crystal lattice filter.

• New 400 Watt Power

• New Precise Vernier
logging Scale

• New Solid-State VFO

• New CW Sidetone Audio

• New CW Break-In Option

• New CW Filter Option

These NEW Features...

GALAXY ELECTRONICS
"Pacesetter in Am ate ur/Comm ercial Equipment De sig n"

10 South 34th Street· Dept. 73. 15R • Counci l Bluffs, Iowa 51501

,



•
e alona

The most versatile
5-bander on the market
•• .priced even lower
than a kit rig!

Here's the fastest way to move up from single
band or triband operation ... the all-new National 200. It's a
fabulous five-bander, an ideal rig for mobile, portable, or home operation ... and it's only
$359! For the first time at this amazingly low price, you get top-notch SSB, CW, and AM
performance on the 80 th rough 10 meter bands . .. plus National's traditional quality and
full One-Year Guarantee.

Only National gives you these important features: • Complete coverage of the
80 through 10 meter bands. • 200 Watt PEP input on SSB, plus CW and AM . - Separate
product and AM detection plus fast-attack slow-release AGC . • Crystal-controlled front
end and single VFO for high stabili ty, and identical calibration and tuning rate on all
bands. • Crystal lattice filter for high sideband suppression on transmit, and rejection of
adjacent QRM on receive .. . plus solid-state balanced modulator for "set-and-forget"
carrier suppression.• Operation from new low-cost AC-200 supply or from NCX-A or
mobile power supplies, • ALC. • 45/1 planetary/split gear tuning $359
drive.• Automatic carrier insertion in AM and CW modes . • Panel
meter automatically switched to S-units on receive. • Universal ONLY , h N' " f I ·

• • w t 81ana s ul
mobile mount mcluded. one-veer Guarantee

<@:> National RadioCom~nv
37 Washington Street, Melrose, Massach';s~rts 02176
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