


try World travel. ..first class!
Sit down to one of the new GT-550s ... switch on that tremendous

power. .. and pick up one of your favori te OX contacts . You'll swear
you're talking to the guy next door!

This is the rig. The one they all want. And now you understand why.
Makes you want to go home and th row rocks at your own outfit.

The price kinda surprises a guy, too. Doesn't cost as much as you
figured to own the best. You can add those great matched accessories
one at a lime until you have everyth ing a ham could want.

Wonder what you can get on a trade-in ? Ask your dealer.

See the Galaxy line at your D ealer's. If he doesn 't
hace it, write us f OT one near you who does.

GALAXY ELECTRONICS
" Pacesetter in Amateur/Commercial Equipment Design "

10 South 34th Street· Dept.73·CC44· Council Bluffs, Iowa 51501
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Commemorating m a n 's fint landin& o n the
surfa ce o f t h e m o on , this special 73 Christmas
cove r reminds one not oni)" o f the universal
Quest fo r pea ce o n t"arth but a lso som e o f the
good that has c ome from modern ejectromc
tecnnotoev . Early-and r e ce n t -e-e m a t eur radio
e xpertrnentanon a n d ploneenng h a s contr i­
b u ted va suv to the n e w ptorreering in space
exploration. Ye t , not surpris ingly , many sta n­
d a r d swit chi ng co m p o n e n t s USt'd ex tensively in
cur rent ham p ro jects a lso p la y ed a vi ta l r o le in
the Apo llo m iss ion in b o t h space c ra ft a nd
g.round su ppor t e qu ipment .

All st a n d a rd d istributor uems, t h e fo ll o lt.ing
are shown o n the cover from bo tto m to top

tv ou 'u re coenne A static D -I04 m icrophone a t
r ight, we 're ce r t a in ) : Oak :\Ianufactu ring Co.'s
10 -p o si t io n , O.300-in . diameter rota r y s w it ch
{tbe w o r ld 's s m a llest, by the wa y) ; a t bottom.
Oak's o n e-ha lt inch d ia m eter p recision rotary
sw itch: a t bp ttom r ight, Hart -Advanc e 's micro '
min iature ner meucanv se a le d r e la y ( b lu e color) :
in fro nt o f p u shb u tto n comp lex is Hart ­
Advance's l'as ily re co gn iza b le continu ous du ty
general p u r pose rela y : cen t ers tage. Oa k 's push­
butto n s wi tc h , (our-po le, d o u b le -t h row p er
plunger: as t ronaut is "workin g" on Oak 's c e ra ­
mi c se c t io n rotar y sw it c h: in fa r b a c k gr o und .
H an -Ad va n ce's " Ve rsaPac" mlniat u re ind u st r ial
r e la y . Both Hart -A d va n c e and Oak :\1an ulactur·
in g Co. are d iv ision s o f Oak Electro / :';etics
Cor p. , Crystal La k e, Ill . 6001 4 .
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...de W2NSD/l
Wayne Green

SEASON'S GREETINGS
from the 73 staff

Here is the wh ole gang!

In the top row you will see Phil Price, an
actor turned production man, who super­
vises the typesetting, drafting, layout and
makeup of all the articles in each issue. Next
to him is Lin Green , wife of the publisher,
who helps with circulation, though her
primary occupation is painting.

In the middle row we see Walter Manek,
our resident sculptor, who keeps the 73
Headquarters in repair , helps with the mail­
ing, and several hundred other jobs. Next to
Walter is Diane Shaw, our advert ising mana­
ger. Diane is knocking the advertisers for a
loop. Diane writes poetry. rides horseback,
and is an all aro und doll. Dolly Gibson
handles our subscriptions and battles our
ever efficient computer service down in
Massachusettes. Roger Block, to her right , an
artist , is our production manager and gets
the magazine ready for the printer each
month. The November cover was his work.

2

By the "e" is Don Weiss, our circulation
manager. Just below Don is Jane Tracey,
who sets most of the type for each issue on
the IBM Composer.

On the bottom row is Jeanne Caskie,
who lays out most of the pages of the
magazine and does finished paste-up of the
pages and ads. Jeanne has a hobby of
painting Cymbolics. . .we'll try and get her
to do some on amateur radio. Wayne is next ,
eager to be operating from Y1, but too
overloaded with editorial and publishing
work to get away. Whitney Tobias, Wayne's
right arm, is on his left (your right). On the
right is Joe LaVigne, our bookkeeper, who
runs an antique shop in his spare time.

What About Christmas?

Christmas is, for most of us , by far the
most outstanding time landmark, measuring
off the years even more definitively than
birthdays. Coming as it does at the end of
the year, it is a time of tidying up things for
the year just past .. .a time for remembering,
a time for thanking. It is fitting that
Christmas is followed quickly by New
Year's, a time for looking to the future.

_Though it is admittedly a great effort, I
shall attempt to refrain from joining the rush
to commercialize on Christmas by suggest­
ing, even casually, that you remember your
amateur radio friends with a subscript ion to
73 . Restraint such as this does not come
naturally to me, you realize. It is even more
difficult to exe rcise this restraint when I
recall t he pleasure that I felt all through the
last year when gift subscript ions to maga­
zines arrived each month . My moral fib re is
firm, however, and my convictions resolute ;
I sha ll say nothing.

Instead, I would like to suggest that you
take a few moments to remember back over
this past year and add the name s of your
particular amateur radio friends to your
family Christmas card list. Perhaps you have
made some interesting contacts in some of

(continued on page 128)
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CRYSTAL MFG. CO., INC.
10 N O lEE • OKlA C ITY . O KLA . 7 3 10:>

SAX-1 Transistor RF·Amplifier $3.50
A smal l signa l amplifier to drive MXX41 mixer.
Single tuned input and link output.

La Kit 3 to 20 MHz
Hi Ki t 20 to 170 MHz
(Specify when ordering )

PAX·1 Transistor RF Power Amplifier $3.75
A sing le tuned outpu t ampl ifier designed to
foll ow the OX osc illator. Outputs up to 200 mw
can be obta ined depend ing on the frequency
and voltage. Amplif ier ca n be amplitude modu­
lated for low power co mmu nication. Frequency
range 3,000 to 30,000 KHz.

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

Write f or com pl ete cata lo g.

INTERNATIONAL,

SAX·l

OX OSCILLATOR
Crystal contro lled transistor type.

La Kit 3,000 to 19,999 KHz $ 295
Hi Kit 20,000 to 60,000 KHz
(Specify when ordering)

BAX·lPAX-l

MXX·1 Transistor RF Mixer $3.50
A single tuned circu it intended for signal con­
version in the 3 to 170 MHz range. Harmonics
of the OX oscillator are used fo r injec tion in
th e 60 10 170 MHz range.

La Ki t 3 to 20 MHz
Hi Kit 20 to 170 MHz

(Spec ify when ordering)

JE CEMBE R 1969

or experimenter!
International EX Crystal & EX Kits

OSCILLATOR / RF MIXER / RF AMPLIFIER / POWER AMPLIFIER

•



Leaky Lines
Unfortuna tely , I must depart from the subjec t

of Amateur Radio at the very start of this, because
of a disturbing turn of events. In all this time . . .
six months or so, since I have figuratively thrown
down my gage in an attempt to challenge the QST
editorialist to a dia logue within the pages of both
magazines, no one has accused me of any thing
underhanded or dishonest. No one has taken
umbrage at my remarks in a violen t way. No one,
that is, un til now.

I am in receipt of a letter, unsigned of course,
which among other things, calls me a left wing
radica l, communist , socialist, anarchist, pinko,
S.O. B. , nigger-lover (sic). and God save the mark , a
homosexual, although the term used refers to a
specific act of sexual deviat ion, rather than the
aberration itself.

As if this weren' t enough, I have go tten three
phone calls, also anonymous. l'he first was another
choice selection of unflattering appellations, the
second was a threat to break both my legs, and the
third . . well, the thi rd came at two o'clock this
afternoon (Sunday, October 5) and awoke me
from my complacency. I am worried about thi s
one , I don't mind telling you. This phone call
threatened my wife and little son!

I called the police and telephone company at
once, and reported the incident, of course. I have
also made sure that my S & W Magnum is always
close at hand. I wan t to assure the screwball who
called that if he sho uld be rash and stupid enough
to try out his threat , he is likely to learn a lesson
that he may no t survive long enough to profi t
from. I will not hesitate to put a slug right into his
belly .

I wish to assure everyone that I do not be lieve
in using ad hominem argumen ts. I do not believe in
personal vende ttas or below-the-belt kicks. I say
this, not because I consider it necessary to issue a
position statement to anyone but the over-zealous,
super-loyal anonymous foul-mouths who are re­
sponsible for this agony into which I and my
family have been plunged.

It is cowardly and scurrilous enough to write an
anonymous le tter , filled with foul, filthy names.
But when you make a phone call, threa tening the
lives of my wife and child . . that is the most
unspeakably debased level to which you can sink. I
urge that you seek the help of a doctor, whoever
you are. You are sick, and your sickness will not
only destroy you ; it will destroy those whose
interests you believe you are furthering. You are
doing them about as much good as Jack Ruby did
for the Kennedy family ... . none.

* * *
Conceptually, there have always ex isted differ-

ences concerning priorities in the scale of values in
Amateur Radio. Traffic people regard rag-ehewers
with an att itude of rage and in tolerance. Rag­
chewers loathe and despise contest enthusiasts.

(continued on page 124)
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Modol 407
$34.95

,pd.

o Gold
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All illust ratio ns
or. a d uol sil• .

o

Redlo Ameteur
Emblems . ngrewed
with your celi lette,...

THE BEST

2 METER
CONVERTER

:~

, ....'46 "HI hs. 21~30 NHs ollt
or 146-14' MHz wHtI a ••cod crystal

A full d"cription of t his fantastic converter
would fill this page. but you ca n take our word
(or it (or those of hundreds of sa t isfi ed users)
that it's t he best . The reason ia aimple-c-we use
three RCA dua l gat e MOSFETI. one bipolar, and
3 diodes in t he best circuit ever. Still not eon ­
vtnced t Then aend for ou r free cataloc and get
the full delu:ription. plus p hotos a n d even the
8c:hema t ic.
Can't wait T Then send us a poetal m oney orde r
for $34 .96 and we'll rush t he 407 out to you.
NOTE: The Model 407 is a lso available in any
freque nc y combina tion up t o 460 MHz (lome at
higher p rices) &8 liated in ou r ca t a log.

- New York City and Stat. resid.nh add local salas tn.

VANGUARD LABS
Dep•• H, 19&-23 Jamaica Ave. , Holik, N.Y. 11423
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The SPR·4 is a general purpose receiver which
may be programmed to sui t any interest: SWL,
Amateur, Laboratory, Broadcast, Marine Radio,
etc. Frequency Coverage: 150·500 KHz pius any
(23) 500 KHz ranges between .500 and 30 MHz.

FEATURES: • linear dial with 1 KHz readout . 4.pole
crystal filter in first IF • 4-pole lC filter in second
IF • Three bandwidths: 0.4 KHz, 2.4 KHz, and 4.8 KHz
for: CW, sse, AM • Ave time constants opimized
for each mo de . Superior cross-modulation and
overload performance • Power: 120 VAC, 220 VAC,
and 12 VDC • Crystals supplied for LW, standard
broadcast and seven shortwave broadcast bands •
Built·ln speaker. Notch Filler.

ACCESSORIES: 100 Khz calibrator, noise blanker,
transceive adapter (T-4XB). DC power cord, loop
antenna, crystals for other ranges.

•

MODEL SPR-4 ...$37900 NET

• Direct Frequency Dialing
• Programmable Coverage

COMMUNICATIONS RECEIVER
• All Solid State
• FET Circuitry•

I-+-DRAKE -+-I

Precision tuning dial . ..
tune station frequency directly

.. . no searching.

Programmable frequency
coverage ... change crystal

and label on dial,

For more information write ~ R.L.ORAKE COMPANY

r Dep1.3D9 , 540 Richard 51., Miamisburg, Ohio 45342



Q. E. D. Quick, Easy,

Dependable Transistor
Charles Witkowski W6lCC
7859 Compass Lake Drive
San Diego, CA 92119 D iode Checker

P"IP ( FOR "I P"I TR A"I SI STORS REVERSE OH~ ~ E f ER l E ADS AT PA"I D '"

Fig . 2 .

Next in the lower center IS a DPDT slide
switch SI marked F and R for forward and
reverse readings. Next, on the left is a black
push button E/B shorti ng swit ch. On the
right is the C/B gain black push button
switch. In the center on the left is a SPDT
slide switch marked S2 to connect the P line
to either the emitter or co llector and marked
E and C.

In the center is the IEB/1CB leakage test
red push button . This button undepressed
allows a protective 27 K resistor to be in
series with the 3v battery and a 100 micro­
ammeter. In the event of an EB or CB short ,
the meter would show fu ll scale reading or

...
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Fig . 1 . C o m p le t e c irc u it diagram .

The o hm-meter method of checking tran­
sisto rs is not new, and no claim for origin­
ality in this category is made with the
instrument to be described. What is to be
presented is an inexpensive switching device
used in conjunct ion with an ordinary volt
ohm-milliameter t o quickly measure the
more co mmo n tran sistor parameters. We
leave the more sophisticated and expensive
types of transistor testers (some costing
close to $100) to the design engineers and
manufacturers .

The schematic shown in Fig. 1 is st raight­
forward and self explanatory, the entire unit
being built into an LMB box chassis 5%" x
3" x 2 1/8" .

Referring to photo Fig. 2 , starting at the
bottom the two insulated t ip jacks marked P
and N are for connection to the ohm-meter.

6
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zero ohms. If so, do not depress this butt on ,
as you would end up with a blown micro­
amme ter. If the reading is in the neighbor­
hood of SO K or plus ohms, then it is safe to
depress the leakage button, shorting out the
27 K resistor and reading the true leakage
current in microamperes.

To the right of leakage push button in
center is an SPDT slide switch marked S3 to
connect the N line to either the base or the
collector and marked Band C. Above the
leakage button is the transistor socket, and
to either side are t he two tip jacks fo r the
100 microammeter.

On the top row are three insulated tip
jacks marked E, B, and C and connected to
E, B, and C of the socket. Make three 6"
leads with a phone tip on one .end and a
sma ll alligator clip on the other and color
code them to match the co lor code of the
three E, B, and C tip jacks. These will be
useful in testing power diodes and power
transistors. S4 (mounted on the side of the
box) is a DPDT polarity reversing slide
switch used in conjunction with the internal
3 volt battery and the 100 microammeter
fo r testing PNP and NPN types respectively,
and so marked.

F ig . 3.
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Placement of parts is not critical but the
symme trical layout sho wn in Fig. 2 is
desirable for convenient orientation of tests
as will be shown later in detailed step by
step procedure, not only. for checking but
also to identify all leads of unmarked transis­
tors and diodes.

The first thing to determine is the true
polarity of the o hmmeter leads. Most o hm­
meters, with the exception of the Simpson
model 260, have their polari ties reversed on
ohms. That is, the black or common lead is
tied to the positive of the battery and the
red lead is tied to the negative side of the
battery. A quick check of your ohmmeter
can be made as follows. Take any marked
diod e and measure its resistance. In one
position the resistance will be low, and in
the reverse position the resistance will be
high.

The nega tive lead of the ohmmeter will
be the one t hat is on the cathode of the
diode when it is in the low resistance
posit io n. The cat hode end of a diode is
usually marked wit h a black band . In any
case, it is the lead opposite the arrow in the
diode symbol.

The fo llowing tabulated tests will be for
PNP type transistors only . For NPN transis­
tors, reverse the positive and negative leads
at the ohmmeter. The same thing can be
accomplished by reversing the position of
slide switch S I with a corresponding mental
change of the markings F and R for the NPN
types. It was found to be less confusing to
just change the leads at the ohmmeter and
forget the cerebral gymnastics when testing
the NPN's.

Most transistor tests will be with the
ohmme ter in the R x 100 position . This in .
most cases will apply a maximum of I~
volts to any configuration of the transistor
and should not harm it. To get a more
accurate reading of the reverse resistance of
both junctions, it may be necessary to go to
the R x 10K position, but here again take
into consideration the voltage rating of the
transistor as most ohmmeters employ volt­
ages an ywhere from 4 1> to 15 volts in the
higher resistan ce positions. A word of warn­
ing to the wise!

Now for the tests -

7



Unmarked Transistor Leads (Base Identifica­
tion

A. Consider E as ( 1) unidentified lead
Consider B as (2) unidentified lead
and Cas (3) unidentified lead

B. Swit ch set up

D. - 100 u« meter lead to b lack 100 /1a pin
jack.

E. S2 to E ~ press red leakage button
F . S2 to C· press red leakage bu tton

I . Low and medium power transistors
(IOta 15 /1a at roo m temp 200 c-680 F)

2. Power transistors -s I 00 J1a o r more.
3 . Silicon junctions-Fractions of a micro­

ampere
4. Estimate leakage currents at ot her tem­

peratures by do ubling leakage cu rrent
for each 10 0 centigrade rise in temper­
ature.

Beta Measurements

A. Remove Ohmmet er leads from P and N
B.S2to C
C. S3 to C
D. + of 3v battery to emi tter
E. - of 2 rna meter to - of 3v battery
F. + of 2 rna me ter to collector
G. Press rt . black C/ B gain beta button

Beta = Ie = 1000/1a = 100
( D-C) Ib 10/1a

(I f meter reads I rna or 1000/1a)
Beta A-C

1. Take collector current readin g with base
o pen

2. Press C/B gain beta but to n and note
change in Ic current.

3. Change in Icll O/1a = AC Beta

/

Forward Resistance of Both junctions.
EB-CB

A. Ohmmeter ( Rx I00 scale) Leads in P and N
B.Slto F
C. S3 to B
D. S2 to E and to C

High resistance readi ng=open junction
Below 500Q reading= no rma l transistor

Reverse Resistance of Both Junctions.
•

EB-CB

A. Change Ohmmeter to R x 10 K position
(See warning paragraph in tex t .)

B. S I to R
C. S3 to B

D. S2 to E q!1~ to C
I . Low :: r.~~ istance reading denotes a

s!lort ef-! or leaky junction.
2. Lo w Or medium power germanium

transistors should sho w a resistance
read ing of at least 500KQ
(A verage about 700 K to 1.5 meg.)

3 . Silicon transistors sho uld sho w high
resistance readings

4 . Power transistors sho uld show readings
of 50K o r greater

Current Gain (I ceo)

A. R x 100 Ohm meter Scale
B. Slto F
C. S2 to E
D.S3toG
E. Depress rt. black C/B gain butt on

1. Meter sho uld show increase in current.
(Decrease in resistance reading)

•
Dynamic Test (Go-No go)

A. S I to R
52 to E High resistance reading
S3 to C

B. Press E/ B short button
Transistor is O.K. if low resistance
reading indicated (less than 500Q)

C. If o nly slight resistance change noted o n
pressing E/B short button, the transistor
is defective.

CD S2-E

'f.->
\'<'

S3·C 0
",<0

G:i

Leakage current -lebo and lebo

A. Remove Ohmmeter fr om P and N
B. S4 to PNP o r NPN
C. + 100 /1a meter lead to red 100 /1a

jack .

8
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C. 5 I to F and R

CD F-H i

.0(\

('
o

R-Hi 0
o....,

«"

C. S2 to E E will be +, C will be -
D . S3 to C
E. Connect diode to pin jacks E and C,
F. Take res istance read ing
G. Reverse d iode at pin jacks E and C
H. Take resistan ce reading
I. With the lo w resistance the negative lead

of the Ohm me ter ( Pin jack C) will be
connected to the cathode.

Base is lead not involved in the two high
resistance readings in the 1-3 position a bove.

Unmarked Transistor Identification

A. Type PNP or NPN
1. Low resista nce reading whe n base is nega­

tive and positive is connec ted to either
co llector or emitter then transistor is a
PNP type.

2. Low resistan ce reading when base is
positive and negative is connected to
either collector or emit ter then transis­
tor is a NPN type.

B. Collector and Emitter Lead Iden ti fica t ion
1. Take forwa rd and reverse readings be­

tween collector and emitter.
2 . The lo wer resistan ce reading sign ifies

that the negative terminal of the Ohm­
meter is connected to the collector
lea d of the transistor.

Diodes

A. Ohmmeter (R x 100 scale) to P and N
B. 5 I to F
C. 52 to E
D. 53 to C
E. Connect anode to pin jack E
F . Connect cathode to pin jack C
G. Forward reading soon o r less

(Ion or less on R x I scale)
H. S I to R
I. Reverse reading -SOKn or higher

Unmarked Diode -Cathode Identification

A. Oh mmeter (R x 100 sca le) to P and N
B. S l to F

DECE MBE R 1969

Alternate Method -Quick Check of Power
Transistors for Leakage and Gain

A. Ohmmeter ( R x I scale) leads in P and N
B.Sl to F
C. S2 to E
D. S3 to C
E. Connect po wer transistor to corres­

ponding pin jacks E-B-C
F . Leakage

I . The lo wer the Ohmmeter reading the
h igher the leakage .

2. Zero indication = t ransistor shorted.
G. Gain L •...,

I . Shunt B-C pin jack terminals with a
1.5K·Yz w resist or

2 . Reading o f over 60 ohms = lo w gain
3 . Reading Of between 25 and 39 ohms =

medium gain
4 . Reading of between 6 and 12 o hms =

high gain
As an exercise to check o ut the tester, a

"surprise" pack of 25 unmarked transistors
was p urchased from a lo cal radio store for
$1.00. Some twenty minutes later, it showed
10 PNP and 6 NPN transistors that were
perfectly okay . Nine transistors were defect-
•
lye .

At a litt le over 6 cents a piece , one can be
a little liberal , an d in fact a little ca re less in
his use of some of those moderately unsafe
experimen ts and applicat ions. As we sa id in
the beginning, Q . E. D.

... W61CC
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W. Edmund Hood W2FEZ
223 Pullman Ave.
Rochester NY 14615

Did Samuel Morse
Really Invent The Telegraph?

,

Long before the birth of Samuel F.B.
Morse in 1791, the English were communi­
cating via a system which they called "tele­
graph." This system, however, had nothing
whatever to do with electrical communica­
tion . It consisted of a series of high towers
with large wooden vanes at the top. The
vanes were moved by a cable and pulley ar­
rangement, sending a semaphore message. A
system was set up in this country in 1800 to
advise Boston merchants of incoming ships.
It flashed word all the way from Martha's
Vineyard.

Even before the semaphore telegraph sys­
tems, electrical communication had been
possible. It was just that nobody had
thought of it. In 1730, for instance, a man
named Stephen Gray had carried out the
first experiments in cond uction, and had
sent currents over hundreds of feet of hem­
pen rope. In 1747, Wilbur Watson sent Ley­
den jar impulses from the rooms of the
Royal Society over miles of wire strung on
the London rooftops. Both of these men
could have used their set-ups to send some
sort of elementary message - - if they had
thought of it.

It was not until 1753 that anything even
vaguely resembling the idea of a telegraph
was so much as suggested. The credit goes
to an unknown magazine reader who sug­
gested to the editor that messages could be
sent from one location to another by means
of as many pairs of wire as there are letters
in the alphabet! A system using 24 wires
was installed at Geneva in 177 4. It was
quite expensive, each wire being buried in a
separate glass tube, and the signals were Ley­
den jar discharges. not sustained currents.

A system was set up and operated in
1812, which used 35 separate circuits, and
detected the signals by producing hydrogen
and oxygen bubbles in jars of water, one for
each circuit (and we think 5 wpm is slow!).
Operating systems were set up in England
and on the continent in the 1830's, but

10

while they did work, they were still very
complicated. Giving credit where it is due,
the Russians had Baron Schilling who made
a workable system in 1825, but the Czar
thought the idea of people communicating
from one end of the land to another was
subversive! He forbade any mention of it by
the press.

At long last Morse was to enter the pic­
ture. He was born in 1791 in what is now
one of the poorer sections of Boston, Mass­
achusetts. Frankly, he didn't know a blam­
ed thing about electricity, as some of his
earlier sketches reveal. Originally he was an
artist , and a good one at that. In 1817, for
example he was able to pull down as much
as $240 a week. Even at today's prices, that
ain't hay. For a time he was the nation's
number one artist. He visited the Louvre in
1831-32 and made copies of many great
masterpieces which many of his countrymen
otherwise might never have seen. The return
trip was the great milestone of his life.

He boarded the packet "Sully" to come
home, a talented and inspired painter. While
enroute, he got into a conversation about
the works of such men as Michael Faraday
and Joseph Henry. Then the bug bit him.
The voyage lasted a month, during which
time he occupied himself making rough
drawings of a daring idea. While the
sketches clearly showed his ignorance of
electricity , the principle was well illustrated.
"When you hear of the magnetic telegraph,"
he said to the captain , "remember that it
was invented on the Sully."

As soon as he got home, Morse started
work. His ignorance of electricity was play­
ing against him , however, the darned thing
just would not work. For three long years
he swallowed one disappointment after an­
other. In the meantime his wife died and he
was left with three children to care for. He
had to turn back to painting. In 1835 he
was made a professor at the new University
of the City of New York. It didn't pay
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Meet The Adaptable 2 - Meter Rig
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Heathkit HW-17A
Adapts to AM or FM Modes, Fixed or Mobile

Wouldn't it be nice to have a 2-meter base station
that installed in the car in seconds or worked FM
o r A M when you wanted? The H W-1 7A is your
piece of gear, OM. Has a built -in 117 VAC supply
fo r fixed use, and once you've installed the optiona l
H WA-17·1 Mobile Po wer Supply in your car, you're
ready to run mobile.
A nd to operate wideband PM, to use those repeaters
aro und the count ry. just install the HWA-17-2 FM
adapter .
The Heathkit HW-17A is really a separate receiver &
transmitter on one chassis (only the power supply
and audio output/modulator are common) . Covers
143.2 to 148.2 M Hz ... ideal for MARS & CAP ops.
The solid-state dua l conversation superhet rece iver
with a prebuilt, prcaligncd FET tune r has 100 kHz
calib ration, ANL, squelch and I uV sensitivit y. Selec­
tivity is 27 k Hz @ 6 dB down. A front-panel me ter
monitors received signal strength and relative power

o utput. The 3-positio n front-panel switch has a " Spot"
position for finding transmit frequency, a R eceive/
Transmi t position and a Battery-Saver position that
cuts current drain wa y down during those lo ng periods
of mobile moni toring. A space-saving 3 x 5" speake r
is built in .
On the transmitt ing end is a h ybrid tube-t ransistor
circuit with a 25-30 watt input and a health y 8-10
watts A M o utput. Modulation is automatica lly lim­
ited to less than 100 %. A front-panel selector switch
chooses any of four crystal frequencies or an external
YFO (the Heathk it HG·I 0B at $39.95* is ideal). Tunc
up is quick and easy.
The HW-1 7A goes together in abo ut 20 hours with
circuit board construction & measures a slim 14 %1" W
x 6 1/ 8 " H X 8 1/ 2 " D with everyth ing in place. Ceramic
PTT mike included. Star t having one rig in two dif­
ferent places . .. order yo ur HW-1 7A now.
Kit HW-17A.1 8Ibs $129.95·

Solid~StateMobile
Power Supply

Supplies operating voltages
for HWA· 17A. Large heat
sinks for cool 50 % duty cy­
cle . Circui t breaker p ro­
tected. For neg. gnd. sys­
terns. Cables & connectors
included.
Kit HWA·17·1 . 5 Ibs. $24.95·

FM Adapter
For HW~17 Series

Transmits wide ba nd (15
kHz) F M . Just f1jp a switch
for AM or F M. Two crystal
positions (1 46.94 M Hz cr-y­
sta l included). Installs with­
out hole drilling.
Kit HWA-17-2, 2 Ibs. $17.95 ·

I.E ~~-,rH;:;y;-ciOMP;;;v.-D-;~i1..69--- . . I
I Benton Ha rbor, Michigan 49022 " Schlumberger subsidiary

I 0 Enclosed is $ , plus shipping. I
I Please send model (s) I
I 0 Please send FREE Heathkit Catalog. I
I Name I
I Please Pri nt I
I Address I
I City State Zip I
I Prices & specifications subject to ch ange without notice. I
L ~~~~~~~~~~ ~~~J

FREE CATALOG
Describes these and over 300 other

Heathkits. Save up t o 50% by build­

ing them yourself. Use c oupon and

send for your FREE c o py!

"



much, but it helped keep him and his chil­
dren from starving. At last he could get
back to his inventing.

Try as he might, however, it just would
not work. He wound magnet after magnet,
but somehow they didn't magnetize. It
was pathetic. Morse had a friend named
Leonard Gale who had read some of Joseph
Henry's work. Gale looked over Morse's ap­
paratus and then told him what was wrong.
We shouldn't be too hard on Sam. After all,
he was an artist, not an electrician. Nobody
had told him the wire used for a magnet had
to be insulated! Morse tried again, and this
time the results were encouraging.

Morse's set-up was much simpler than any
others which had been tried in Europe, but
still it was unnecessarily complicated. There
was no key such as we use. The circuit was
made and broken by a series of metal slugs
notched in the proper places and inserted in­
to a machine which moved them past a met­
al finger. As the finger passed over the high
areas of the slugs, the circuit was made and
broken sending a pulsed code down the wire.
The code which Morse first used was too
complex to be read by ear. It was automat­
ically traced on a moving paper tape by a
stylus operated by an electromagnet.

Batteries in those days were nothing to
brag about, and Morse's using a single bat­
tery didn't help his system any . Still, with
Gale's help he did manage to get over 20
feet, then a hundred , and finally a thousand
feet. Beyond that, the resistance of the wire
was too much. In 1837 he was demonstrat­
ing his apparatus at New York University
when he attracted the attention of a wealthy
businessman, Stephen Vail. Vail offered to
subsidize Morse with $2000 and lab space,
provided Morse would let his son Alfred be­
come his assistant. Morse agreed, making
one of the luckier decisions of his lifetime.
Alfred Vail proved to be a hard worker and a
good thinker. Over the next few years he
ironed some of the bugs out of Morse's code,
got rid of the composing stick with its metal
slugs, and greatly simplified the system to a
practical and compact set-up. He invented
a telegraph printer which he patented in
Morse's name.

Long before, in the early 1800's a thirty
thousand dollar prize had been offered by
the government for anyone who could come
up with a practical telegraph system for the
east coast. Morse got wind of that and ap­
pealed to congress. One congressman, Fran­
cis O. J. Smith was so taken by Morse's ideas

12

that he resigned from congress to become
Morse's "partner." Smith was to later prove
to be a crook. An economic panic in 1837
put an end, at least for a while, to Morse's
hopes for a federal grant. Morse, on Smith's
advice, went to Europe to secure patent
rights. He failed, since a couple of other
telegraph systems had been long since work­
ing. They were, however, far more compli­
cated than Morse's.

After his return, Morse called on Joseph
Henry, inventor of the electromagnet, for
help. Now Henry was quite capable of mak­
ing a telegraph system. He just wasn't in­
terested in doing it himself. Years before he
had proposed a telegraph system that would
have worked by ringing bells. (What a
racket!) He took a liking to Morse and
consented to help him. Very carefully
and diplomatically he pointed out some of
Morse's more glaring mistakes and showed
Morse his newest invention, the relay. Morse
had the brains to take Henry's advice.

Morse's crooked partner, Smith, managed
to get a request for federal funds into con­
gress by 1843. It was the last day of that
session, and the congressmen were having a
ball making corny jokes about the idea of us­
ing magnetism, which in that day was look­
ed upon about the same way we look upon
E.S .P. Bitterly disappointed, Morse went
home. Next day, the daughter of the Com­
missioner of Patents brought Morse some
badly needed good news. His grant had by
some miracle been approved. Delighted,
Morse promised her the privilege of being
the line's first customer. It was she who
composed the now immortal message, "What
hath God wrought?"

The grant, for a sum of $30,000, called
for a test line to be strung from Washington
to Baltimore, a distance of 40 miles. Smith
awarded the contract to himself, and charg­
ed $20,000 for the first few miles. The line
itself was a coax type of an affair. After
Smith got his money, Morse found out that
Smith had not spent good money on such
stupid things as insulation.

The contractor, Ezra Cornell, suggested
stringing the wires overhead. Morse turned
to his old friend, Henry, who seconded the
suggestion . The wire was strung, using
broken bottles as insulators, from posts and
trees. It was completed just as the Whig
convention was starting in Baltimore. Morse
and his assistant, Vail, tested out the line by
sending the news of Henry Clay's nomina­
tion. Politicians arriving by express were as-
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SPECIAL!
COMPLETE MONOSTA BLE
FLlp·FLOP KIT
Includes Sprague Printed Cir­
cuit, 2 Transistors, 2 diodes,
and Circuit diagram.

Stock No.
.40 each, 6 for 2.00, 12 for 3.50 AI IO I

•
f

COMPLETE BISTABLE FLIp·
FLOP KIT
Includes Sprague printed Cir­
cuit, 2 transistors, 2 diodes
and circuit diagram.
Stock No.
AllOO .50 each, S for 2.00 , 12 for 4.00

SPECIAL!

8 11.00
8 /1.0 0
3 /2.00

1011.00
8 11 .1)0

8 11.00
3 12 .0 0
8 11.00
5 11.00
4 11 .00
3 /2 .00

1.00
5 /1.00
3 12.0 0

1.0 0
1.00

.7 5
A tom litic
T wist Lo k
Twist Lok

Vertilitic Printed
Circu it m ount
Ex t ralit ic .7 5

T ranslitic
Translitic
6 0 1 D .7 5

601 D .7 5
6 0 1 D
T wist L o k

25
50
50
50
50
50

6
75
75

100

50 0
2

50
2 5 0

1000
2000

22
45

260
500

SPRAGUE CAPACITORS
Mfd. Vdc.

100 3
50 12

930 15
10 20

100 20
10 25

Stock No.
A2000
A2001
A2002
A20D3
A2004
A2005

A2006
A2007
A200B
A2009
A2010
A2011
A2012
A20 13
A 20 1 4
A2015

To-18

.50 5 12.00

.50 5 12.00

A9 0 0 0 Slide S w itches
SPDT 5 11.00

A9 0 0 l Sub Miniature Slide
S witches DPDT 3 11.00

A 9002 Miniature Togele
Switches .50 5 12.00

A9 0 0 3 Fuse H olders (Pane l
Type) 6 11 .00

A9 0 0 4 Power Transi sto r
Sockets (TQ·3) 8 /1.0 0

A401 6 FET F ield Effect Tran sistor
25 Volt Sourc e t o
Gate N Channel

A4017 Tunnel Diode S im ilar
t o 1N3717

Stock No. DIODES
A4005 1 N 629 HU~he s PI V

17 30 Ma 8 /1.00
A4006 1N1200 Sylvania PIV

10070 Ma B/1.00
A4007 1N2326 R C A R e ctifier

PIV 20 0 100 Ma 5 11 .00
A400B 1N3195 R CA R e c tifi er

PIV 600 50 0 Ma 10 11.00
A4009 1N3255 R CA R e ctifier

PIV 5 0 0 Ma 1011.00

5 /1.00
3 11.00
5 11.00
2 11.00
3 /1.00
4 /1.00

lilt
·.

, " .
~, c'
-,' .~-~ " "

• •• .."=--....".!

ft_·...........,
- ~,:,

.75

915

923

4 Input
Gate

A 30 0 1 9 14 Dual 2
Input Gate 1.00

Dual 3
Input Gate 1.00

(3M4) JK
Flip Flop 1 .00

A3004 926 JK Flip Flop (High S p eed ) 1.00
ZE NER D IODES

IN751A 5 .1 volts 400mw
IN3039A 62 volts I Watt
IN3822 3 .6 volts 1 Watt
IN3000B 62 volts 10 Watts
I N 3048B 150 vo lts 1 Watt

IM\o13.0 3 volts 14 Watt
TRANSISTORS

A4000 2N277 Motorola Po w er 'reanststor
PNP Germanium 5 5 Watts .7 5 3 /2 .00

A4001 2N 11 8 3 B R CA Po wer T ransistor
P NP Germanium 7.5 Wa tts .7 5 3 12.00

A4 0 0 2 2N1204 Motorola 5 /1.00
A 4 0 03 2N23 1 PNP G ermanium (RF) 5 /1.00
A4004 2N 29 25 NPN Silicon Ge n Purp o se511.00

A4010
A4011
A4012
A401 3
A4014
A4015

A3002

A3003

INTEGRATED CIRCUITS
Stock # T y pe
•A3000 9 0 7

L ots of o ther ite ms - send for free flie r; All m etID.­
chandise fu lly guara n teed . Ple ase include poe t- 0
age ; excess w ill be re fun ded.

DELTAELECTRONICS CO.
BO X I, LY NN, MASSACHUSETTS 01903

tounded to discover that the news had got­
ten there ahead of them. Morse was asked
to move his gear into the Supreme Court
room of the Capitol. A large crowd gathered
there to witness a delightful qso between
Washington and Baltimore. Morse had it
made.

From there, the telegraph took a one-way
•

trip - up. Newspapers were quick to
catch on, and the Associated Press was or­
ganized with its own wires. Thanks to a
clever public-relations man . telegraph wires
were strung as fast as poles could be set up
and wire run. The rest is st ill happening.

The original question was, "Did Morse

really invent the telegraph?" The answer de­
pends on how you define the word invent .
Now, Morse certainly did not conc eive and
build every little detail himself. Although he
was to later deny the help of Henry and his
friend s in order to protect his patent rights
against outside parties, their contributions
are today well known, and all of them
shared in the material rew ards. Morse was
the driving power behind an idea which,
while others may have also conceived it , was
still the pro duct of his own imaginat ion , and
in spite of tremendous obstacles. Morse had
the guts to push it through .

... W2FEZ
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Combination Dummy

John J. Schultz W2EEY
1829 Cornelia Street
Brooklyn N Y 11227

Load / .Auenuaior Ne tuiork
/1 .... iniple, inexnensu»: unit is described f or u....e bet toeen (f

tra nsmitlcr-s u....ed as all exciter-and a lin cur aHljJltjier iohicli
will boll: allo w propel' lilli e-lip oj llu: exciter alon e and
redu ce th e power drive level, as desired, 10 lh e lin ear
amplifie r.

•
T here are many instances when it is

desi red to use an ex isting transmitte r as an
exciter unit for a high-power linear amp li­
fi er. Many such linear amplifiers require a
drive level that is only a fraction of the
transmitter's output. To some degree, the
transmitter can be detuned in order to
reduce its output level, but this procedure is
rare ly possible when several orders of magni­
t ude red uct ion in the power level are neces­
sary . In such a case one can either interna lly
mod ify the tra nsmitter for a lower out put
level or use an alterna tor network between
the transmitter and linear amplifier . In the
latter case, the transmitter can be operated
at its normal power inp ut level and with its
tuning controls at the ir normal sett ings.

The uni t described in th is art icle func­
tions as both an rf attenuator and as a

Power Resistor
Factors »z "Reduction a b INPUT OUTPUT•

1/4 (6db) .3 1.3 '" (lJ
az

1/5 (7db) .4 1.1
1/10 (lOdb) .5 .7

-

1/20 (l3db) .6 .5

F ig. 1 . App rox im ate resistor fac to r s f o r " T"
network artencet o rs over t he ra nges nor ­
mal ly desired for exciter power o utpu t
reduct ion .

14

A si mple method o f construct ion is ern ­
p loyed. B ased ma in ly o n "sandwichi ng" the
r esist ors u sed between two pieces of vecto r­
board. Deta i ls are g iven in the t ext . SO-239
is used as coax input co n necto r. T h e c i rcu it
f unctio n sw i tch is lo cated b elow t he output
co nnect or.

dummy load. The latter capability allows a
transmitter to be properly tuned alone for
correct operation befo re it is used to drive a
linear amplifier. An optional wa ttme ter cir­
cuit is included which when calibrated al­
lows direct rea ding, in watts, of the full
t ransmitt er . outp ut or of the drive lever
supplied to the linear amp lifier.

The unit described was built for use with
a nominal 100 out put transmitter used
primarily for SSB service. The construct ion
used, however, can be extended to other
power levels for transmitters operating on
80-10 meters. Also , using the information
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ROHN. as the largest tower man­
ufaoturer In the United States,

provides outstanding com­
mercial quality equip­

ment for amateurs.
We're best known

i n th is field for our
crank-up, fold -over and
# 25G towers. Like all our big
commercia l towers , they're hot­
dipped galvanized after fabricat ion
according to EIA specifications. We also
make commercial hardware and accessor­
ies amateurs use, too, and it's all designed
with an understanding of your needs, par­
t icularly In the area of qua lity. And don't
overlook our constant search for new ideas,
processes and products - just for you .
Keep an eye OUt for the ROHN name. It's
well worth your while.

Systems Office -
801877, Rkhardso"i Teus 75080
Phone 214·Aol·348
Western Office
310 Qu incy Street. Reno, Nevad. 89502.
Phone 702·322·9300
Eastern Office
P.O. BOl2101
Hanover, Mass. 02339
Phone 617·826-2511
Southern Office
P.O.Box 6537. Birminaham, AI•• 35217
Phone ZGS-S41·1789

Home Office - Factory
P.O. BOl 2000. Peoria, Ill. U.S.A. 61601
Phone 309·637·8416 TWX 309-697-1488

ROHN ~

RDHN ~
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F ig. 2 . Circuit of o ne possibl e dummy lo adl
atten u at o r ne twork providing about 10db
power reduction. O p t iona l w attm et er circ u it
is a lso inc luded. -supplied, the same type of attenuator/

dummy load can be designed for o ther than
50 ohm transmission line syste ms. Theatten-

•uator was not designed as a precision net-
work in order to allow the use of inexpen­
sive resistors. However, the attenuation char­
acteristics are quite satisfactory for the
intended usage.

Besides its application as a power reducer
when driving a linear amplifier, the unit can
be used with a transmitter whenever a quick,
kno wn level of power output reduction is
needed for operati ng purposes, approximate
gain measurements, etc.

Circu it

F ig. I shows the circuit values fo r a
generalized T network attenuatorthat can be
used in any impedance ,J nbalanced transmis­
sion line. The scaling factors are only shown
for those power reduction levels most likely
to be needed when driving a linear amplifier
with a 75-200 watt t ransmitter, in order to
avoid unnecessary detail. Factors for inter­
mediate power reduction values can be
found by interpolation to a satisfactory
degree or one can consult an electronics
handbook. The basis of t he attenuator/
dummy load network is to find the combina­
tion of resistor arms tha t will provide the
desired attenuation and still be ab le to be
connected together to form a du mmy load
of the correct value. Fig. 2 shows one
possible combination. Each resistor bank has
a value of about 20 ohms (5 resistors of 100
ohms each in parallel). In one posi tion of the
DPDT switch, the resistor banks are formed
into a "T" network attenuator. In the other

L __A OU TPUT
~ 501t

1
r-­
I
I
I
I
I,
I
'--- -,
~ ( WATT~E TER CIRCUIT
, OF FlG2 . 1F OESIREOl

1
~

~

F ig. 3 . Another d ummy lo ad / a t t en uat o r
configu ratio n p o ss ibl e w it h the 10 0 ohm
resistor blin ks. It p rov ides abo ut a 1/ 5

~

power red uction (7d b) w hen used as an
attenuato r.

INPUT o_~_-._~:;""'_~
>o n

switch position, all three banks are placed in
series as a dummy load connected across the
input only; The resistance values which
result are not exactly t hose shown in Fig. I
for a 10db alternator. However , they are
close enough to be effective and some
tailoring of the individual legs is possible
since each of the resistor bank values vary by
a few ohms due to the tolerance of the
resistors used. An optional voltmeter circuit
is also shown in Fig. 2 connected to one po le
of the DPDT switch. It can be used as a
relat ive power out put indicator or if cali­
brated, as described later, act ually measure
the power output of the transmitter and of
the attenuator.

Many variations of the basic idea are
possible. Fig. 3 shows the use of four banks
of 100 ohm resist ors. All fou r are used to
form an attenuator that comes reasonably
close to the values required for 7db attenua-

• •
tion in a 50 ohm system. Only three are used
in series for the dummy load function . In
this case only a simple SPST switch is
necessary to disconnect the output. The

•
same rf volt meter circuit as used in Fig. 2
may be added if desired. The switch, in fact,
could be eliminate d entirely if one were
willing to disconnect the output termina tion
in order to use the dummy load feat ure .

Whatever combination of resistance banks
are used in order to achieve a desired
attenuation value and the correct dummy
load resistance , care must be taken that each
resistance bank has sufficient power dissi­
pation capability. The dissipation in each leg
of the "T" network varies according to the
attenuation level and can be calculated by
Ohms Law. In general, a continuous power
rating for a resistor bank equal to about

OUTPUT
5OOH~S

'"
~•

Al l RESISTORS
ARE 1OO0HM.2 W

~ -
50 OHMS ! b .,.--J

~
--

L
~,

WATT~ET'". J. co
-,
• ,

3.3K
~--

"1 IN270T
,
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• • .Fig . 5 . Sketch showmg d etaits of resistor
"sandwich" assembly.

Operation

When used between a transmitter and the
50 ohm input of a linear amplifier, the unit
is first used as a dummy load fo r tune-up of
the transmitter. The unit is then switched
(with the transmitter unkeyed) to its atten­
uator position . In most cases, no returning
of the transmitter should be necessary unless
the input of the linear amplifier is particu­
larly reactive.

Summary

The unit described is not intended as a
precision attenuator or power measuring de­
vice. However, it will perform very well for
its intended applications and costs far less
than more sophisticated units performing
the same functions .

Calibration

If it is desired to calibrate the voltmeter
circuit as a wattmeter, it is necessary to use a
probe and VTVM . Using the unit as a
dummy load , the rf voltage is measured at
the input and the power calculated . The 50K
ohm potentiometer is used to set the meter
at full scale for the highest power level used.
The rf voltage is measured and the power
level calculated in order to calibrate the
meter for lesser power levels leaving the
potentiometer at its "set" value. The same
procedure is followed to calibrate the meter
for the output power level by measuring the
output rf voltage when the unit is used as a
"T" attenuator and connected to a regular
dummy load . The calibration should be
made on the lowest frequency band used
and rechecked on the highest frequency
band used. If the readings differ significantly
on the highest frequency band from those
established, it may be necessary to add a few
mmf capacitance across the diode in the
voltmeter circuit in order to compensate for
the slightest reactance present in the circuit.

VECTOR
10 HOLE

2 WATT
RESISTO

Fig. 4 . Similar resistor 'banks are connected
together on the underside of the assembly.

one-third of the 88B peak power rating
seems to suffice, including for quick tune-up
on CW. For keyed CW service, the power
rating should be increased to at least one­
half the key-down power level.

Construction

The approach of using a relatively large
number of 2 watt composition resistors is far
less expensive than using specific value rf
non-inductive resistors of 10-30 watts power
rating. In quantities of more than 10, IRC
type RC-2, 2 watt, 10% tolerance resistors
cost about 9 cents each. So, one can achieve
a 40 watt unit for less than $2 resistor cost.
Banks composed of these resistors work well
up to 30 me as long as the interconnecting
leads are kept short.

The photograph shows the construction
used by the author for the circuit of Fig. 2.
Similar construction can be used for larger
size units as well. As shown in the photo­
graph, the 15 resistors in rows of 5 each are
sandwiched between two 1-1 /8" x 1-7/8"
pieces of vectorboard. None of the resistors
physically touches. The wiring is done using
the resistor leads. This construction is some­
what compact to expect full, continuous
power dissipation from the unit but suffices
for intermittent use. The frame measures
2%" x I*"x I~" . A cover is not absolutely
necessary since the minor radiation that
takes place is not important in this applica­
tion. If a cover is used , it certainly should be
of a perforated type to allow maximum air
flow. A 5D-239 connector is used at one end
of the frame for the input. A dual co nnector
is used at the o ther end, but normally one
would use two RCA type phono jacks-one
for the output and one for a meter circuit.
The switch is located immediately below the
output connector -a miniature Alco MST
type.

TOP VIEW

,-, '-, ,- '-, ,-,, , , , ' ' , ,
, ~, , , , ' , ,,

'-' '-' '-' ' -' '-,

,-, '-, 1'--" 1-- .... --, ' ' , , , , ' r ", , ,.' -, ,
,j '- '.' ,

,- ->, ,-' ,-, ,-,, , ( , , ' , ' , ,, ,,
,j '-'

, , , , ,
'-' -- --I

DECEMBER 1969 17



Neil Johnson W20LU
14 Pine Tree Lsne
Tappan , NY 10983

Tuned Filter Chokes

- The Easy way
Amateurs and experimenters who "roll

their own" often find themselves in a bind
when it comes to designing power supplies
which use a choke input filter. At low
current, the power supply voltage will soar,
unless a substantial amount of power is
"bled" off through the customary bleeder
resistor. An article in 731 went into detail
with respect to a way out of this dilemma.
For the benefit of those who missed this fine
article by K6ZGQ, we might recapitulate his

thesis that by tuning the input filter choke, a
much higher impedance to 120 cycle ripple
is obtained. Not only does this give a lower
ac ripple to the de output voltage, but it
greatly improves the regulation of the power
supply . Somewhat in the same vein, a
shorter article by W6HPH described the
means he utilized (an oscilloscope) to obtain
basically the same objectives.?

I have discussed these methods with other
amateurs, but the idea hasn't caught on to
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Better power regulat ion is evident .
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Spend Christmas anyplace

in the worldggdlt:!!J%!J21tP

Treat yourself to a 2K-3 Linear Amplifier this
Christmas and give your voice wings. Wings of
power that will send
cleaner, sharper signals
than you thought pos-
sible. You have heard
some of these signals ... there are thousands of
2Ks in use all over the world ... why not join
them, treat yourself to the best. And the 2K-3
is the best. Even if you want to spend much more,
you can't buy a better linear. Years from now the
2K-3 will still be the best ... a classic.
The 2K-3 (console or desk model) $745.00

EASY FINANCING • 10% DOWN OR TRADE·IN DOWN • NO FINANCE CHARGE IF PAID IN 90
DAYS • GOOD RECONDITIONED EQUIPMENT • Nearly all makes and models. Our reconditioned
equipment carries a 15 day trial. 90 day warranty and may be traded back within 90 days for full
credit toward the purchase of NEW equipment. Write for bulletin. Export inquiries invited.

TED HENRY (W6UOU) BOB HENRY (W0ARA) WALT HENRY (W6ZN)

11240 W. Olympic Blvd., Los Angeles, Calif. 90064
213/477-6701

931 N. Euclid, Anaheim, Calif. 92801 714/722·9200
Butler, Missouri 64730 816/679.3127

Attention: Military and commercial users.

DE CE MBER 1969

Henry Radio has representatives in different
areas of the U.S. to simplify ordering for
those living near one. Or you can order
direct and we will ship ... across the street
or around the world. Call or write for
specifications and terms.

Texas area: Stewart E. Fason, W5RER
New York area: John Richardt, W2WIY
Chicago area: Bill Reynolds, K9ZXD

The new 3K amplifier is now available for con­
tinuous duty high power RlTY and eX(C3 power
SSB operation. $895.00 F.D.R Los Angeles, Calif.
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Fig. 2. Power supply test setup utilizing a
high.quality choke rated at 8 henries @

475 rna.
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capacitor rated at 0.1 mfd and this will
result in a value (L x C) of 1.75, very close
to the desired figure of 1.77 - this is not the
least bit critical.

In my case, we had a high-quality choke,
rated 8 henries at 475 rna. We estimated the
low-current inductance to be approximately
1.75 times the rated inductance. This would
indicate an inductance of 14 henries at low
current. Theory indicates that a shunt capa­
citance of 0.125 mfd. would give a product
of 1.75, close enough to the 1.77 figure. A
series of test runs was made at various values
of capacity, and the results are presented.
Not only do these graphs illustrate the fact
that we have obtained improved power­
supply regulation, but the curves also show
that the capacitor values may vary over a
range greater than 3: I and still effect an
improvement over the "straight choke"
input. Any good home-brew experimenter
can come much closer than that, so the
various curves are presented not so much as
verification of the results obtained, but
mainly to show how very simple the process
can be. In our own case, the curves show
that the filter capacitor used in shunt with
the input choke could be of any value from
0.1 mfd. up to 0.167 mfd. with very little
change in performance.

The 400 volt c. t. transformer was used
for reasons of safety. The results were then
checked on our large power supply, using a
2,000 volt transformer. Whereas our former
bleeder current had to be 70 milliamperes at.
1000 volts dc (an impossible figure), it is
now greatly reduced to a more reasonable
figure of 20 milliamperes, an improvement
of 3~ to I. The results are most gratifying:
less heat loss, lower strain on the power
supply, and more power for the rig.

By this time there must be a few

any great extent. It seems that many hams
arc not too eager to experiment when a
high-voltage power supply is the subject.
Some hams do not possess the necessary
equipment to run the required CUlVCS on the
power supply output, showing voltage vs

•
current. And a few may not understand the
technique involved. It's a simple thing, and
to make matters even easier, I have devel­
oped a method which works out very well in
the majority of cases. This solution does not
involve any complex testing equipment or
needless exposure to high voltages.

Most amateurs are familiar with the
ordinary 2.5 millihenry rf choke. If we shunt
this choke with a 50 pf condenser, the
resultant circuit will resonate in the neigh­
borhood of 450 khz. In similar fashion, it is
possible to shunt a filter choke with a
suitable condenser and obtain resonance at a
much lower frequency, in our case, 120
cycles. The values would be slightly different
for hams where the supply lines furnish 50
cycle ac, and full-wave rectification would
result in a ripple freq uency of 100 hz. s

What values to use for resonance at 120
hz? The ARRL handbook.' states that the
magic number is I.77, that is the prod uct of
Land C should be 1.77 or close to that
figure. Example: if you had an 18 henry
choke, shunted by a condenser of 0.1 mfd,
the resultant product would be 18 x 0.1 or
1.8, very close to the 1.77 figure. It might be
well to stress the fact that exact resonance is
not required, a broad type of resonance
seems to work out very well.

How to determine the inductance of the
filter choke? Easy. Measure it on an induct­
ance bridge, if you can do so. We are
interested in the inductance at low current,
or close to zero current. If the foregoing is
not convenient, I have determined a simple
formula that works out very well: read the
manufacturer's rating for the choke, let's say
it is rated at 10 henrys. Multiply this figure
by 1.5 or by 2.0, depending upon the
quality of the choke. This will be the
approximate figure for the real inductance
of the choke at low milliamperes. Thus our
10 henry choke, of good quality, would
presumably show an inductance of 15 to 20
henries at low current. Assuming an average
of 17.5 henries, we can shunt this with a
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LETDOW-KEY HELP SOLVE YOUR ANTENNA
SWITCHING PROBLEMS . . .

SPDT
REMOTE 115V ae
60·262842

SP6T
MANUAL
78·0604

SP6T
REMOTE 115V ee
71·260401

SERIES 78 The series 78 coaxial switches are manuall y operated with true coaxial switching members (no t wafer
switches). They are offe red in 2. 3, 4 & 6 position (illustrated) types, plu s a transfer or crossover and DPDT. The
usefu l frequency range is 0-1 Ghz except 500 Mhz using UHF connectors. The unused positions are open circuited
or non-shorting. Also avail able with other type connectors such as N, BNC, TNC or C.
SERIES 60 The series 60 are rem ote operated, o f rugged const ruc tion and de signed for low-level to 1 KW use.
The unit i llustrated is equipped with a special high isolation connec tor ("G" type) at the normally c losed or te­
celve position . Th is " G" connector increases the isolation to greater than -100db at frequencies up to 500 Mhz,
although it reduces the power rating through thi s connector to 20 watts. This is also available with other type con­
nectors such as BNC, N, TNC.. C or solder terminals.
SERIES 71 High power 6 position switches commonly used for switching antennas. transmitters or receivers
at frequencies up to 500 Mhz . The unit is weatherproof and can be mast mounted. The illustrated unit has the
unused input sho rted to ground. It is also avai lable with a wide range of connec to rs, different coil voltages and
non-shorting contac ts or resistor terminations. Each of the six inputs has its own actuating coil for alternate or
simultaneou s swi tching.

ORDERING INFORMATION:
Contact your local electronics d istributor or Dow-Key

COM PAN Y sales representative, or write direct to the factory.

226 0 INOU STRIAL LANE· BR OOMFIELD ,

T ELEPHONE AREA CODE 3 0 3} 466 -7 30 3

C O L O R A OO 8 0 0 2 0

• P . O . BO X 34e

doubters : the method outlined is so simple,
how can it possibly work? Perhaps a refer­
ence to a well-known amateur publication,
the Radio Handbook" may be of help. In
the 17th edition, there is shown the sche­
matic and description of a I kilowatt power
supply, designed for continous commercial
service. The input filter choke is rated 6
henries at 700 rna. Ordinarily, this would
call for a monstrous bleeder, capable of
carrying umpteen mils at 2500 volts.
Instead, the designers chose to "tune" the
input filter choke, and to reduce the bleeder
current by so doing. There is no doubt that
these results were obtained in the laboratory
after a thorough examination of the prob­
lem, and reflect careful engineering. The
choke, 6 henries, would have roughly 12
henries true inductance at low rna and the
filter capacitor chosen to "tune" the choke
was rated at 0.15 mfd. These laboratory
results come very close to the mystical figu re
of 1.77 (12 x 0.15 = 1.80).

Don't forget to use a high quality oil­
filled capacitor for this application. The

stress on the condense r is high , so make it a
point to choose a condenser with a de rating
of at least double the output voltage. It
shouldn't be necessary to say the electrolytic
condensers are "taboo" for this function ,
alt hough they may be used in other parts of
the same supply. Some builders may find it
more convenient to place the choke-and-con­
denser combination in the negative lead of
the power supply. This will simplify the
problem of voltage insulation, and the in­
creased filter efficiency will be the same as
when the filter choke is wired into the
positive leg of the power supply.

... W20LU

References:
1. Some Thoughts on Desjgnjng High­
Voltage Power Supplies, Bob Nelson, 73,
November, 1966 , p. 30.
2 . Tuned Choke Inputs, F red Brown , CQ.
October, 1967, p. 80.
3.ARRL Handbook, Fortieth Edition, p.
227 . •
4 . Radio Handbook, 17th Edition, p. 743.
5 . RSGB Handbook, Third Ed ition, p. 438.
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Hey OM

E. Dusina, W4NVK
571 Orange Avenue West
Melbourne, Florida

You've Got Carrier There!

In listening to some hams on the au, it
appears there is still some confusion about
how to tell if you have excessive carrier
leakage on an SSB rig. Quite frequently I
hear some ham being ribbed about his carrier
leakage by listeners close to his QTH, while
his signal sounds fine to me.

Before going further, though , let me say
there are some unreasonably critical hams on
the bands, judging fro m a purely technical
standpoint. This appears to be due, first , to a
healthy ignorance of facts and, second, a
determination to keep from learning facts
different from long-held prejudices.

The particular ham I refer to here,
however, is the one that will complain that
"you've got carrier there" when the signal is
really quite acceptable. This, of course, is a
great disservice since such a report can cause
needless troubleshooting on a perfectly okay
rig. It could also be mentioned that if the
listener were adept at tuning his receiver, he
would never know the station had carrier,
since carrier presence is inaudible in any
decent SB rig until the receiver is mistuned
by more than twenty to fifty cycles.
Evidence that many hams have not mastered
SSB tuning is abundant on any net. It is not
uncommon to have many hams call in 50 to
100 cycles off frequency. However, a review
of certain facts might clarify this "excess
carrier" situation and prevent uncertain
hams from getting overly excited if some lid
gives them a "you've got carrier" report.

First, all rigs have carrier. It is impossible
to get rid of carrier completely. Even a very,
very good rig will consistently have an actual
carrier suppression factor of only about 40
db and this will vary over normal environ­
mental condition changes. If the final CW
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power output capability of such a rig is 1
KW, the residual carrier is at least 100
milliwatts of r], That's over twice the rf
power output of a CB handi-talky which has
a range of many miles if put into a ham
antenna. Obviously, persons in the same city
or nearby cities will hear "carrier" between
words and phrases. The reason is simple . The
AGC of most rigs will make all signals from
Sl to 40 over S9 about equally loud in the
speaker. This is because AGe is derived from
the audio instead of if signal. The KW rig
across town is going to boom in at about 20
over S9. Therefore, his -40 db carrier is going
to be about S7, which will create quite a
noise in a mistuned SB receiver. (Each S unit
is about 6 db.) The solution to the
annoyance of such, a residual carrier is to
learn to tune the receiver . Complaining to
the station operator won't help any because,
believe me, he isn't about to replace his
crystal filters at their high price. The above
case is rather obvious, so let 's take a more
typical case - one with 30 db carrier
suppression, which is still not a sloppy rig.
Thirty db is far more carrier suppression
than is necessary to get all the signal-to-noise
improvement which SSB has to offer.
Twenty db suppression is all that most SSB
filter manufacturers will guarantee, and a
balanced mixer can give from 10 db to 30 db
more carrier suppression, depending on
degree of balance, voltage, temperature and
vibration. In commercial gear, balance is not
always too stable over environmental
extremes. Therefore, it is reasonable to
expect carrier suppression to run as low as
30 db on perfectly normal rigs.

Now, a 200 PEP (l00 WCW) exciter with
30 db carrier suppression puts out 100
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SSE
full

course

dinner•••

58-34 and SB2·LA, a full course dinner with
all th e trimmings in the guise of a bi g,
economy-size sandwich!

Select "SSE COMBO" from your dealers menu
-v- s a ndwich in a plump, powerful, performing
thousand watter into almost any car---and
still have ample room left for the family
to ride in comfort.

First course-·SB·34, 80-40-20 -15 meter trans­
ceive r with buill-in 12V DC and 11 7V AC
supply and replete with suc h condiments as
solid-state swilching (no relays), USB or LSB
by panel switch, steep slope Collins rnechan­
ical filter, delta receiver tuning ( z transmit
frequency). Varactor control dial set. 500 rna

receiver-only standby drain at 12V DC. 20
diodes, 23 transistors and only 3 tubes. One
knob, dual-speed tuning.

Second course·-SB·2 lA linear with 1000 tasty
watts p.e.p. input on 80·40-20 and 750 watts
on 15. And smallili . .. only 5 V. "H , 1I %"W,
I I %" 0 , 43 pounds. Built -in 117V AC supply
uses si licon rectifiers and voltage mu ltiply ing
to reduce transformer size/weight. Low voltage
(BODV), high current operat ion-v -easier on ca.
pacitors, diode rect ifiers, components . Built-in
antenna and control relays (2)---internal block.
ing bla s-e-meters for plate current and output
-v-uses 6 inexpensive 6J E6 parallel tubes.

Write for full menu-oerrr- i-catatog.

liNEAR SYSTEMS. INC.
220 Airport Blvd . Watsonvi lle, Calif. 95076.



milliwatts of carrier. One hundred MW of
CW on most bands will go a long way. In
fact, 30 db is only 5 S units less powerful
than the 100 watt signal itself. So, if the
fellow with a 30 db carrier rejection rig (and
there are lots of them) is putting in an S8
signal for instance, his carrier is going to be
about S3. Most SSB receivers will give out
the same audio level for an S3 signal as they
give for any stronger signal, courtesy of their
good audio derived AGC systems. Con­
sequently , between phrases the carrier
simply has to be there ; and if the receiver is
off-tune, it will boil through quite
noticeably. That adequately makes the
point. The solution is not in complaints
about "carrier" but in acquiring a little more
skill in tuning an SSB receiver.

Now, what if you do have carrier? Well,
that's easy enough to tell from your plate
meter reading. You don't have to depend
upon listener reports exclusively. With an
exciter, when you push the talk button and
cover the mike with your hand to keep out
room sounds, the plate meter (usually the S
meter) reads PA idling current. In a normal
rig with no audio input, only two things are
likely to make this current higher than it
should be. These are too little PA grid bias,
which is adjustable by pot on almost all
exciters, or carrier leakage .

So, a knowledgeable ham glances at his
plate ammeter occasionally and notices
whether his PA is idling at about the current
it should have. If current is high, he will look
for bias drift or carrier leakage. But if the
plate current is okay, he will take any
"carrier" reports with a large grain of salt.
For a very unfounded complaint he may
even counterattack with a "poor audio
fidelity" report to even things up.

If you have a linear it is very simple to
tell whether the exciter is putting out
excessive carrier. The idling plate current is
quite low on most linear amplifiers. For
instance, on my linear, a Gonset 201 , the
idling current is 50 rna . Full I KW CW
current is 650 rna. Suppose the linear idling
current, with exciter in the receive position,
is 50 rna and the current rises to 60 rna with
the push to talk button on, but with no
noise going into the mike. The amount of
carrier leakage is defined by this slight idling
current increase. The I KW output
corresponds to roughly 600 rna of plate
current increase. Thus, lOrna of increase is
one-sixtieth as much as full output. The
plate current of a linear is fairly proportional
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to power output because linears have pretty
good voltage regulation in the plate supply.
Therefore, any additional rf output takes a
proprotional dc current input. The increase
in plate current can be used as a handy
indicator of power being put out by the
linear after it is tuned up .

The carrier leakage in the example given
is about one-sixtieth of a full KW output or
about sixteen watts, which is not good.
Carrier leakage should not be above ten
walts with a KW rig even for a 20 db carrier
suppression exciter. So, 60 rna on the rig
would mean real trouble. In actual practice
the plate current changes about 1/2 rna,
meaning I have \->/600 of I KW or about I
watt of carrier which is -30 db. This agrees
pretty well with a spectrum analyzer reading
of 35 db carrier suppression. The manu­
facturer claims 45 db suppression but that is
at one voltage, temperature, and pot setting.

Therefore, we have seen how your plate
meter on a linear tells you what carrier is
going out. Of course, it is possible if you
have just fixed up the rig that the bias has
shifted in the linear to cause a higher plate
current at idle, but if you concern yourself
only with the change in linear amplifier
current as the PTT button is pressed, bias
drift won't foul you up.

If you have only an exciter, without
linear, bias drift can only be distinguished
from carrier leakage by pulling out the tube
which drives the final amplifier. With the
tube out, no carrier can reach the final, so
the plate meter must read just the idling
current without carrier. Note the reading
and replace the tube to see if there is any
change in idling current. If so, use the
method just given to estimate the fraction of
full power leaking through. By this simple
technique you can tell whether you have
excessive carrier for your rig easily enough,
and you won't need to be needled about it
by listeners. Listeners may do well also to
bear in mind that not everyone has the same
quality rig. Ham radio is a hobby , and it
shouldn't be made unpleasant by a few
immature hams who think perfect carrier
rejection or perfect audio fidelity or perfect
VSWR is something very desirable. The most
desirable goal is enough carrier rejection to
do the job intended without wasteful over
design or needless time wasted achieving the
last few percent of perfection. The same
goes for VSWR and fidelity ; and some of the
hams who complain about fidelity and boast
of their expensive microphones are really
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70 feet
(for 20·15·10M)

SEE YOUR LOCAL DISTRIBUTDR
OR WRITE

FOR COMPLETE INFORMAT1DN

Aluminum Tower
*so light you can
put it up all by
yourself! No
climbing, no jin
poles, no heart
attacks.

+ hinged base+ fits any rotor+ costs under $350+ no painting+ no rusting+ doesn't depreci­
ate like steel.

*A 64 foot tower
weighs only 140#

HEIGHTS
MANUFACTURING CO.

4226 MAYBURY GRAND

OETROIT. MICHIGAN
48208

WHAT IS
THE BEST
WAY TO

GET THERE!

The HEIGHTS

WHAT
IS
THE
BEST
ANTENNA
HEIGHT
FOR
DX'ING!

,

A HANDY SUGGESTION
TO KEEP WIRE NEAT

... W4NVK

uninformed. Anyone who tries for high
fidelity through a 2 KC SSB if filter might
also try to build a ladder to reach the moon.
I get unsolicited co mments on good audio
quality using a $1.99 ceramic mike cartridge,
simply because even a cheap mike is about as
good as a 2 KC receiver if is capable of
reproducing. The old AM boys who try to
get fidelity out of SSB rigs like they used to
get out of 10 or 15 KC bandwidths are
kidding themselves. That, however, is
another story which I'll set a pen to one day
soon.

In summary1 this discussion has reviewed
the facts about real carrier suppression
values versus manufacturers' claims; also,
ways to judge whether your carrier leakage is
excessive were reviewed. It is hoped that
frank discussions such as this one will cause
those picky hams, who by nature must find
a little fault , to realize they are on shaky
technical ground when they complain about
moderate carrier suppression on a signal.
This is especially so if they are not very far
from the transmitter involved. Also , the fact
that a complaint of carrier leakage auto­
matically means the complainant's receiver is
pretty well off frequency will remove the
psychological air of superiority involved in
such situations, which in itself should go far
toward reducing the frequency of occur­
rence. The unspoken thought that "maybe I
can't get my carrier suppressed completely
but then you can't tune your receiver
either" could go a long way to keep com­
plaints to a minimum unless there is a real
need for one.

. " R. A. Watson WIZOA

A simple solution to the problem of
reaching for an odd length of wire or test
leads and jumpers only to find them tangled
up with each other came to mind recently.

The cardboard tubes from toilet tissue
rolls are what I usc. The pieces of wire are
simply coiled and shoved into the tubes
which can then be put into a box or drawer
without the usual tangled mess that usually
results. This method also works well with
excess power lead lengths which may be
behind the operating desk.
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Bandswitching
T. W. Banks K3LNZ
426 Orange St. S.E.
Washington, DC 20032

the Swan-250 and rTl-2
,

,-----¥,~:oL-- -:r- e

mike, etc. from the operating table so that
the equipment could be pulled forward .
Accordingly, plans were laid to install the
band-switching capability the manufacturer
unacc:ountably left out.

Quite a bit of time was spent discovering
that it was impossible to modify only the
TV-2 . For those who want to know why
not, let me point out that the 12-volt de
relay supply will not accomoda te any more
drain; in fa ct the TV-2 plus the 250 is too
much if the line voltage drops to as much as
a volt or two below normal. Were the exciter
B+ not routed through 3 separate wires in
the cable (7, 9 and 10), 110 volts could be
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I sure was anxious to try out my newly­
acquired TV-2 two-meter transmitting/
receiving converter. Considering that I had
to (I ) drive back from York, Pennsylvania,
to Washington, D. C., (2) make the necessary
modifications to the Swan-250 six-meter
SSB rig, (3) take one side off my operating
bench which was ~ inch narrower than the
transceiver/power-supply!converter combin­
ation, and (4) actually make the necessary
connections, I guess 1 did pretty good in
being operational on two meter SSB by 2:00
3. m.

Unfortunately , there isn't much two
meter activity (SSB or anything else) at 2:00
3 . m. on a Monday. After ascertaining that
the gadget was, in fa ct, receiving 145 to
145.5 mhz and putting out an upper side­
band signal in the same range, I said to
myself, "Now I'll switc h back to six meters
and see who's still up." It was then I
discovered there are lots of knobs and things
on a TV-2 converter, but a switch to get
back to six meters isn't one of them! I went
to bed, thinking I must have missed some­
thing, but a quick look at the TV-2 manual
the next morning confirmed that it was not
I, but the Swan Com pany , who had missed
something- it is necessary to undo and re-d o
a couple of coax fittings and some Jones
plugs to change bands.

Now maybe some operators are content
to spend five minutes changing from two
meters to six meters, or vice versa, but
K3LNZ isn't one of them, even discounting
the difficulty of start ing a 12-pin Jones plug
with 800 volts on it by Braille only-or the
equally disgusting alterna tive of unplugging
the doggone gear and removing logs, pencils,
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brought down the cable fro m the power
supply for relay-operating purposes, but this
would involve modificat ion of something
beside the TV-2.

The final decision to build an outboard
unit was based then on three factors (I)
retaining interchangeability , (2) somebody
else might build such a unit if they knew it
wouldn 't affec t that old bugaboo, " re-sale
value," and finally , (3) I could sell the article
to 73 more readily.
. Actual construction is quite simple , once

it is determined that 8 of the 12 wires in the
power cables can be ignored in working o ut
a band-swit ching arrangement. So , get a
chassis, a relay wifh a 110 v ac coil and the
contacts to break one connection and com­
plete five when energized, an SPST switch,
two each Jones P31 2Ccr plugs and
S31 2Ccr sockets, a 11 0 v ac chassis­
mounted receptacle, about five feet of
12-wire cable, some terminal strips, and start
building.

First, mo unt a Jones plug or socket on
one end of each of f our sections o f 12-wire
cable. Keep track of which color goes to
which pin, and make them all the same,
using heavier wires and/or extra wires (if
available) on pins 4, 5 and 6 which carry low
voltage at relat ively high current. Bring the
o pposite ends o f the cable sections through
rubber grommets into the chassis. Connect
all II I wires together on the same lug o f a
terminal strip. Do the same with all 11 2, 3 , 4 ,
6, 7, 10 and 12 (in other words, all except 5,
8 , 9 and I I). Now wire the remaining four
wires as per Fig. I ,noting that RYI is ener­
gized when switching to two meters fro m six
meters. F inish off by wiring up SW I and S3
to provide 110 v ac to the coax relay socket.
S3 at the same time RYI is energized.

CO... X I ... L CO N N ECTIO N S

.QUADS ARE BETTER BECAUSE: They have more gain .• • •e than Oat tops, e leme nt for element- Are qUieter-less static .

I
and ignition noise-Possess lower vertical radiation an81e-- 1
Require less space--( lh width of flat tops)-Greater capture
area. so better on weak signals-Negligible corona losses­

. Excellent SWR/Freq. characteristic-Light weight (30 Ibs for
2 d . 60 Ibs for 4 el) Detuning less from nearby objects. ·

I
v our choice. bamboo or fiberglass- no aluminum spreaders.I
Bamboo exceptional quality and half the cost of fiberglass.
SPECIAL DEAL on purchase of an E Z WA Y Tower/quad

I
combination . Free litereature. I
SKYlANE PRODUCTS Tllmp~O\e~~a~e~irf~~e'33617

• • • •

I

•

• • • •GUARANTEED CUBICAL QUADS
PRE.TUNED-COMPLETE-PRE-CUT-PIlE·DRILLED

Remove the normal cabling between the
power supply. transceiver and TV-2. and
plug in via the adaptor, as shown in Fig. 1. A
check at this point will show (assum ing you
were on two meters) normal operation on 2
wit h SW I closed, and normal receiving but
not transmitting (check this only briefly)
with SWI in the six meter (open) position .

Now connect up that old coaxial relay
left over from AM days as per Fig. 2, which
will route the output of the 250 into the six
meter antenna for six meter operation , and
into the TV-2 for two meter operation . In
addit ion, a Dow-Key or other good relay will
short the six meter antenna to ground during
two meter operation , preventing six me ter
signals from over-riding those on two while
listening, or stray six meter signals being
transmitted while transmitting on two.

Another sore spot, on the 250 (with or
without the TV-2), is the necessity to hold a
push-to-ta lk switch while talking. Since I like
to throw a switch and have my hand s free
(such as for logging contests) , I made o ne
more small modification which can be made
to any 250 in which there is no crystal
calibrato r. Examination of the schematic
will show a contact on SW2 which is
grounded in the calibrate position. (This is
the one thai shows a lead going to Pin 7 of
the 12BA6 calibra tor , but ac tually is unused
when the calibra tor has not been installed .)
Running o ne wire from this contac t to the
"tip" contact o n the micro phone jack , J3,
will result in the 250 going to full t ransmit
when SW2 is thrown to calibrate. Thus,
SW2, ptt o r vox will put the 250 on the air,
as you please.

I

6 .. ETER
ANTENNA

N OR .....llY
CO N N EC TE'p T O

"RECE I VER

2 .. ETER
ANTENNA

S WAN
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IN ANT
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"TR ... NSM ITTER"
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•... N TENN ...
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2>0

Fig. 2 . Co axia l co nnections. . . . K3LNZ
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Glen Thomas W5INU
10207 East 6th Street
Tulsa, OK

Cheap and Easy Selectivity

STA "'COR .. 19 41

88," 1'1

CW FILTER

" r a
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' 0 0
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( SEE TElC T)
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n

< 32 J\.. OUT PUT

J7---"--7>
Fig. 1. Circuit for the filter for improved selectivity .

A new receiver was purchased for this
QTH about eighteen months ago . It was a
big improvement over the much used RME­
69 which had served so faithfully over the
years. After a few weeks of use, it seemed a
little more selectivity would be nice. Not
wan ting to add an out board if filter or a Q
multiplier, an investigation of audio select­
ivity was begun. This meant digging in all the
back issues of radio magazines I co uld find.

A short article by W6SA 11 was found
•

along with several other ideas. The result is

88mH

the filter I am now using with my SX 130'.
The capacitor C4 can be anything from
10-25 mfd depending on your ear. Halli­
crafters uses 25 mfd . If you are using a
Hallicrafter R48A speaker capacitor, C4 may
be omitted as the speaker has one in the 3.2
ohm lead.

The high frequ ency response cuts off
rapidly above 2000 and below 400 hz when
C4 is in the circ uit. The CW filt er peaks
sharply at about 1000 hz. Fig. I is the filter
I am using. A simpler one is shown in Fig. 2

TO r z

3 2 J\.. 3.2 J\..

.~
1:100 J\.. ~OO J\..

CI ca
STANCO Fl A8 101STAN COR A8 101 ." ."

PApo EFl po "po EFl

"
4J \J

2'...F

" "V ",:tJ" sr

~3 .2 J\.. I ".poU T • i 32
( ••

J., J7
J\.. OU T PUT
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F ig . 2. This filter ci rcu it wa s also used , and, althou gh sim pler in d esign, produced goo d results.
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• 6 THRU 160 METERS • FEEDS 2nd RECEIVER
Model PT. with built-in power supply, transfer relay, connecting

cables. wired and tested. Amateur Net $59.95

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

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

AMECO
DIVISION OF AEROTRON. INC.• P. O. BOX 6527 • RALEIGH, N. C. 27608

TOROID CORES
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$3.00

.75

.6•

.50

.45
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H
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.31

.25
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.56

.50

.37
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Red "E" Cores-500 kHz
to 30 MHz- 1J. = 10
# 00 10

1·200·2 2.00" 1.25"
T-94-2 .94 .56
T-80·2 .80 .50
T-68· 2 .68 .37
T-50·2 .50 .30
T-37-2 .37 .21
T-25·2 .25 . 12
T-12-2 . 125 .06
Yellow "SF" Cores-IO MHz

t o 90 MHz- 1J. = 8
T-94-6 .94
T-80-6 .80
T·68-6 .68
T-50-6 .50
T·25·6 .25
T-12-6 .125
81ack "W" C ores-30 MHz

to 200 MHI- = 7
T-50-10 .50 .30 . 19 .60
T-37-10 .37 .21 . 12 ,45
T-25-10 .25 .12 .09 AD
T-12-10 .125 .06 .05 .25
FERRITE BEADS: .125" x .125" , 1J. = 900. With Spec
Sheet & Application Notes Pkg of 12 , $2.00
KILOWAIT TORO ID BALUN KIT: Still only $5.00
EXPERIMENTER'S 2 CORE TOROID KIT-Th is famous
kit conta ins cores, wire, a nd charts so that you can
make your own high 9 mode rn ind uctors for hun­
dreds of pract ica l applications .: $1.50

MINIMUM ORDER: $1.00
Please Add 25¢ per order

for Packing & Shipping

AMIDON ASSOCIATES
12033 Otsego Street

North Hollywood, Calif. 91607

which worked very well.
The ew filter won't work so well on 500

ohms as it will at 2000 ohms or above. If the
ew filter is included , it is suggested the
output transformer is a multitap one from
500 to at least 2000 ohms. The ew filter is
connected to the 2000 ohm or higher tap.

Most of the time the filter is left in the
speaker circuit, but the noise limiter is
seldom used because the filter does such a
good job of taking out the sounds outside
the middle audio range. A very worthwhile
improvement is the 5 x 130 which was noted
when the 6BE6 in the product detector was
replaced with a 6B Y6.

This is about the easiest way I know of to
get more selectivity without digging into
your receiver or spending the week's grocery
money (less than $10). The results in my
case were much better than I had ever hoped
for ; in fact, this little building project was
one of my more successful ventures.

. .. W5INU
I Notes
1. 73 , February, 1965, p.71.
2.73 , June, 1962, p.36. Hallicrafter R48 speaker.
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VH F -FM -Part III

Hand Held Portables

Richard Zach WB2AEB
33 Pike Place RFD 4
Mahopac NY 10541

The abundance of portables is one of the
st rongest points for FM. In time of emer­
gency, you need not he connected with
commercial power in any way, thus giving
operation in the most extreme conditions. If
you have access to a repeater, one unit could
be your portable, mobile , and base station.
If the repeater is out of commission during
the emergency. you had better he able to go
"direct" for maximum reliability.

The usual FM portable is quite different
from the usual 100 mw II meter rig. When a
C.B. walkie-talkie weighs, say 16 oz., a
co mmon F~I portable may weigh over 16
Ibs. (yes, Ibs.) . As for power, FM portables
seldo m run under one-watt or over five-watts
output. The rigs are either in packset form
(hand-held unit at waist level with external
mike) or if you've got the money, a single
hand-held unit like the 27 mhz type. Power
is ofte n supplied by Nickel·Cadmium (ni­
cad) batteries. The price of the unit itself is.
brought up with ni-cads over dry batteries,
but the savings in buying new batteries
overcomes this.

The care of ni-cads is an art in itself. One
can easily ruin one of these batteries. Before
you even turn the unit on fo r the first time,
you should become very familiar with ni­
cads with regards to charging, discharging,
and storage. With used ni-cads running up to
$ I5 and new batteries going for around $65,
you can ' t afford to destroy them! You do
not have to use ni-cads with many of these
rigs, however. You can use Mercury, Alka­
line, and the common Carbon-Zinc battery,
but they just do not respond to charging and
over-all li fe as well as the ni-cad. With proper
care, the ni-cad should last indefinately.

In general about packsets -i these can also
co rne with te lephone-type hand sets as well
as the standard external mike and internal
speaker. Also, when planning t o purchase
any recent vintage portable , you can co unt
on getting one with a narrow-band receiver.
With transmitters, you can usually select
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wide or narrow-band operation- by merely
adjusting the deviation pot, while receivers
will require a fair a mo unt of conversion.

Following are descriptions of just a few of
the more popular portables. Since 2 meters
is where most FM is, we will d iscuss high­
band gear. In most cases, however, there is a
6 meter rig with fairly similar specs. MOTO·
ROLA FPTRU-J AND FHTRU- I : These
are two old " war horses" which are ent irely
made of modular tube construction. If un­
converted , these sho uld be avoided unless
you have plenty of time. Due to their age,
these are someti mes in poor co ndit ion.
MOTOROLA P-33: Production was stopped
around 1965 . These have quick heating
tubes in the transmitter. Some have a partly
transistorized receiver ( P-33 AAM) while
others have an entirely transistorized re­
ceiver (P-33 BAM). Receiver sensit ivity is
IJJv and 0.35 JJv with an FET pre-amp. One
side note ... to install an FET pre-amp in this
unit all you need is a 3 N12S. You put this
FET between two tuned front-end stages
already in the unit and that 's it. ..no addi­
tional components needed! (thanks to
WI RYL for this information). Po wer out put
is 5 watts with a 2E24 in the final. Power
can come from ni-cads, dry ba tt eries, your
car's 12 vdc ignition system or other ex ter­
nal source. When not running on internal
batteries, be sure that the unit is getting
exact ly 12 vdc the transmitter has three
6397's as the driver (look up the price on
one of these some time) and it has been
found , the hard way , that these will blow if
the power supply is not giving the correct
potential. The weight of the unit with
ni-cads is IS Ibs. Electrically , the P-33 can
compare with a Gonset Communicator 1,11,
or III as well as o ther 2 meter transceivers.
You can get a P-33 BAM for about $SO less
ni-cads and as-is. Ready-to-go units go for
around $ 140. MOTOROLA H·23 : same as
P-33 , but one-watt and 12 Ibs. with ni-cads.
Price : about $65 less ni-cads and as is;
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Return Loss Response Band Pass Response

All prices F O B Stockto n

$39.95

1
14.95
19.95
24.95

$14.95

50 MHZ to 52.5 MHZ
8 element-12 DB

142.5 MHZ to 149 MHZ
7 element - 10 DB
9 element-13 DB

11 element -15 DB
220 MHZ to 225 MHZ

9 element- 12 DB
400 MHZ to 500 MHZ

12 full wave elements- I I DB $19.95
21 full wave e lements- 13 DB $29.95
Saluns for above antenna's $5.00 each

Do-it-yourself Insulator Kits
with instructions: -5 0¢ per element

RG 196 AU 50 o hm "tlon co.. ,.1 c:.bl• . O,," id. d,.m.IIff .080" RF
lou ,29 db IMI' 1001 . 1 400 Mhz 5 i"'., plltld stl,.ld ing IF\d cond"clOf
Ulid la, ,ntlffn" ct\ , ...,, ;ng. Inllnn. co" p lino. AF cOupling betvwlen
ttliO"'l. • tc. A.ndom I Q1h. I,om 35 100110 I SO tcce Colors bllCk . 'Id,
bro...n. bl" • . go-.y . 0' AIQuI... pr il;• . 23t PI' 1001. 0 ". pr ic. 5C IMI'
1001 53 00 PI' t OO II
456 Kh, <:I'lm il; fiI"" IyPl e F"'S5-A Th.. Ii"... , ... ill "-'p to thlrp'"
th. wlICI ...OIy 0 1 mott _" ",ino 4 55 Khz If '.. U. le'OU athod. b ..,
" ""0< ,n pIlei 0 1 • CIPIOC,to< , 0< in tr.....tto< iZId 1Ia.. 1e,0. lh..... itl...
b.. '." 10<. l"'P"dlnCl ', 20 oh t 455Kh z.• DC '''''"'''<:1 i, inl,n ,"
1"'P"d_ inc:._ •.,ldly • YOU I 455 Khz . P,-" yo". o...n LC
" II... cora"" II ~..., low COl'!
10 l Ot 51 00 25 for 52 00

TOROIO POWE R TRANSFORMERS
, T.,2 Th,. lo.o,d .... dItlgf>ld 10 ' ule ,n I hyb'id f .M. mobil. " nit . u ' ing
I " ngl. 8604 7 tubl ,n l he Rf imp. lOt 30 ....11' o "tpul , Sd'>e...." c in­
cludld 12 VOC llf' , u ''''9 2N1 554', Of lQu"'.I.... I. Seoc , ' 1 5OOvolli DC
Oul " 70 .... " , SIc: 12 '65 ..01 15 DC b,1I. SIc:,'3 1.2 volts A C 10'
1i.......1 01 8647 I" to. SIc: ' 4 CfT IHd bICl ... i ncli"'ll tor 2N I 554', 1%"
thick . 2 ,," " d.1 S2~ N , · 2 for S500
, T-3 H powd.rrd "on co•• """ i, built Itk . I TV fly b.,k t..' 'lSIOf.......
0J:>t0r " ~I 800 CPS. 12V DC P.;. ""no 2N....2·' a . lQ" i~.._ . DC
O"lput 0 1 V/OeLR 475 ..0 111 90 "'.11' CfT IMid b«k ...inchng for 2N....2·'

52.95 ••. -2 for SS,OO

BAND PASS ANTENNAS

All llf'cn f OB All _ ,ghll !tiled ..e net . PINw 1110... 10' PlCk~'ng
P19••110'" enou,gh for PD11Ige. We ...,11 'et",n any e.".

TO ER
COMMUNICATIONS

122Q.22 Villa SIc; Racine. WI 53403

TRANS FORM ER S
P·1 111 VAC P... S«. II 185 C AV . 120 ...... Seo;,'2 6 3 VAC. 4A
Daub.. HI I' Shell '011" .1 Bo . TyPi S X 1~6 1YPI S2.7S eI · 2 ..... $500
P-9 111 VAC P" S«, '900V AC .300 ...... Se<; . ' 2 100V AC . ,0 ....
8.. SIC fJ 126 VAC . AMP WI 16 '>10 11)1 Do"bI. H..f Shell S4 50
P-10 111 VAC P" Set; II 960 V AC C T til 160 "'" S e<; . /12 425 VAC
C .T , If'Nj liIIP • 100 V A C 10 .... 8", Se<; , fJ 126 VAC. 4 SA DOubli
Shell '011 . ,1 80. type WI 8 ... lbl S3.15
OuIPUt 1" "" o'merl . 1I1t.,-PIS S9 cert tl or 3 for Sl .50.
O T·1 T'I "" " or TO·3 Power D"mortd,. Imp 15 oh.... to 3.2 on"" OC
An . P... 60hm Sec .3 onm.
OT·2 P, i un" 7000 ohm Sec. 3-:2 lind 500 Olvn ' 0' Pl>on... 0< 70 volt
II.... 3 "'1111. f "n ....!did Double HII' Shell.
a T-3 P" . imp, 5500 OhfTl$ SIC 3 2 o hm, SC 122 !yPI

SWAN ANTENNA COMPANY
646 N. Union Box 1122 464-9897

Stockton, California 95201

$125 ready-to-go. MOTOROLA H·23 DEN
(DCN) or HT·200 : These rigs are the same
units, but the names are different. The
HT-200, as it is now called by Motorola, can
come with 1.4 or 2 watts, remote speaker
and mike, an d Private Line (con­
tinuous tone squelch). If you wish, the
antenna can be built into the mike cable!
Receiver sensitivity is 0.5 uv, with the
weight o f the unit varying between 32 and
38 oz. This unit can also come in a 45 0 mhz
version fo r use in a "down-link, up-link"
repeater set-up. The entire unit is hand-held
like a CD rig with the size varying between
the size of 3 to 4 packs of cigarettes.
Needless to say this unit is in great demand.
You might obtain a used unit fo r about
$200. MOTOROLA PT-200: This unit is a
new breed of P-33's which can come in
either 2 or 5 watts. The transistorized unit
has a receiver sensitivity of 0 .2 /I f with an
FET. Weight : just 5 Jbs. If you can find a
source, the price used is about $225. G.E.
VOICE COMMANDER SERIES: These are
quite popular because they are light weight,
small and are not as ex pensive as one might
imagine. They weigh roughly 5 Ibs., and are
about the size of the Handbook. One watt
out is about what to ex pect for power. The
Voice Commanders can be used with dry
batteries or ni-cads, with ni-cad chargers
going for about $ 10. Receiver sensitivity is
about 0 .35 J1V with a pre-amp. There are
three types of Voice Commande rs: VOICE
COMMANDER I : This version has tubes in
the fina l bu t the res t of the unit is
transistorized . The speaker and mike are
buil t into the case so you have to talk right
into the unit. The standard supplier will
wan t about $75 for this unit wi th ni-cads.
VOICE COMM ANDER II : This unit is fully
transistorized , but you still have to talk into
the rather large case using two hands. The
price is about $100. VOICE COMMANDER
lll: This unit is fully transistorized like the
above, but it has a provision for an ex ternal
ITT mike and speaker. The Voice
Com mander III very often comes with a
built in pre-amp , This version is hard to find
as surplus. With the new unit going for about
$700, $175 is aboul what to expect used
with ni-cads.

. . .WB2AEB

DECEMBER 1969 31



Sunspots

And The Ham
Frank MacHovec WB2VFX
Box 361
Chester NJ 07930

One of the most interesting occurrences
on the, sun's surface is the appearance and
disappearance of dark spots known as sun­
spots. These dark areas range from 500 to
50,000 miles in diameter, and generally
occur in pairs. They appear dark since they
are much cooler than the solar surface they
hover over (30000 K compared to 60000 K
on the surface I ) . The life span of a sunspot
can range from several hours to as long as 18
months, but the average life span is about
one week. Sunspots occur singly or in groups
ranging in number from two to over one
hundred . Groups generally have a large
leader spo t toward the west and nearer the
solar equator which generally lasts longer
than its companion spots.

The number of sunspo ts varies from year
to year, but generally reaches a peak every
eleven years. The average period between
minima.' is eleven years, but cycles have
varied from about 8 .5 to about 14 years.
Sunspot cycles with numbers over one hun­
dred (like the present one) generally have a
10.7 year period between maxima and mini­
ma, rise for 3.5 years, and decline for 7.2
years. Lesser number cycles have an 11 .08
year period between maxima and minima,
rise for 4.94 years, and de cline for 6.14
years. The cycles with higher sunspot num­
bers generally rise more rapidly and decline
more slowly than cycles with lower sunspot
numbers.

The number of sunspots is determined by
the following formula:

Number = k(10g + n)
where g is the number of groups observed, n
is the number of individual spots observed
within the groups. K is a constant deter­
mined for each telescope, which gives results
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in accordance with the calculations of the
Zurich Observatory. This formula was devel­
oped years ago by Rudolf Wolf of the
Zurich Observatory. Before his death in
1893, Wolf had determined the sunspot
numbers back to 1749 and the years of
maxima and minima back to 1610 .

Sunspots have strong magnetic fields. The
strength of the magnetic field is related to
sunspot size since larger spots have fields of
about 3500 gauss 3, and smaller ones have
fields of about 100 gauss. The magnetic
polarity of the leader spot is almost invari­
ably opposite to that of the follower spots.
about 150. Several dips occur in the critical
grequency (foF2) curve after the 150 sun­
spot number. F2 reflection is highly depen­
dent upon sunspot number. Both the muf
and foF2 reach their peak at the peak of the
II year sunspot cycle.

The Sporadic E layer, which is important
to ten, six, and two meter operators, is an
area of patchy ionization! about 50 miles
up. The upper frequency limit fo r E reflec­
tion is not known, but Sporadic E skip has
occurred as high as 144 mhz. The critical
frequency for the E layer can be determined
by the following formula:

foE = 0.9[(180 + 1.44 R) cos x] 0.25
where R is the Zurich sunspot number. The
exponent varies slightly, but 0.25 is a good
value for amateur use. X is the solar zenith
angle" . This formula will give results within
0.2 mhz of the observed frequencies." The
Sporadic E layer, like the F2 layer, has its
muf peak and foE peak at the peak of the
eleven year sunspot cycle.

The eleven year sunspot cycle is very
important to every amateur radio operator
because of the way if influences propaga-
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in direct relation to sunspot number up to
tion. At the peak of the cycle 80 and 40
meters can be nearly useless, but the higher
frequencies (20 to 10, occasionally 6 and 2
meters) rea ch their DX peaks. At sunspot
minimum the reverse can be true - 80 and 40
become useful and the higher freq uencies are
useless. With a basic knowledge of sunspots
and their effects upon propagati on. the ham
can choose the correct band for DXing or
local work on any day.
Notes . . . . WB2VFX

1. KO are degrees on the Kelvin scale of absolute
tem perature on which 00 is equa l to -459.40

Fahrenheit.
2. Minima refers to minimum points, max ima

refers to maximum points.
3. The gauss is the unit of magneti c induction.
4. Crit ical frequency refers to the freq uency at

which vertically transmitted signals fail to reflect
back to the point of transmission.

5. Ionization is the process of removing electrons
from atoms by the action of solar radiation.

6. Solar zenith angle is the angle formed by the
sun's rays and a line perpendicular to the
ground.

7. The formula gives the critical frequency for the
E layer. The muf and critical frequency for
Sporadic E (foEs) can be mu ch higher than the
observed values for the E layer.
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SSTV

Ar. Backman SM0BUO
lbsengaran, 44
5-16159 Bromma, Sweden

A Taped Lecture delivered at the Congn!s /ntemational de
Television d'Amateur, Armentieres, France, /969.

Gentlemen, greetings from Sweden.
I am very pleased to have the oppor­

tunity to inform the participants of the
international amateur television congress at
Armentieres about the slow-scan television
activity in Sweden and slow-scan TV in
general.

We are today four amateurs in this
country who have complete slow-scan TV
equipment, namely SM3BCV, SM5CMM,
SM5DAJ, and myself.

The possibility of being able also to see
the fellow at the other end has certainly
caught the imagination of many amateurs,
and the longer the distance that can be
covered the more exciting it is.

I became interested in SSTV in the end
of 1967 and soon got a monitor working.
After some weekends of patient listening I
succeeded to monitor and record on tape
transmissions on the American SSTV-net
on 20 meters. That did it, and now I
became really fascinated and started to
build my first slow-scan camera.

Those of you who have followed the
activity of narrow-band television know
that the system in use is a compromise
between three interrelated factors; namely,
bandwidth, transmission time per frame
and picture detail. The SSTV-signal can
principally be described as a voltage-con­
trolled subcarrier of 1500 hz that is
periodically shifted down to 1200 hz for
sync-information and then is varied from
1500 hz to 2300 hz for video information.
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1500 hz is black, and 2300 hz is top white.
The occupied bandwidth is about 2500 hz,
and it takes 8 seconds to transmit one
picture. The pictures have a resolution of
about 120 lines in horizontal and vertical
direction.

A few words about the system para­
meters: In general, the greater the deviation
in an FM-system, the better the signal-to­
noise ratio in the presence of a given
amount of interference. The maximum
allowa ble deviation is determined by the
bandwidth available and the maximum
moduJation frequency. Commercial fac­
simile operations have standardized on a
frequency shift from 1500 to 2300 hz to
represent the transition from black to
white. When used with radiotelephone
equipment having essentially flat response
from 1200 to 2500 hz, modulating frequen­
cies from 0 to 900 hz can be reproduced.
If the white frequency is made much
higher than 2300 hz, it will be attenuated
by the audio cut-off characteristics of some
transmitters and receivers. If the black
frequency is made much lower than 1500
hz, the number of subcarrier alternations
per picture element drops to too low a
value, and horizontal resolution is lost.
1500 and 2300 hz are therefore adopted as
the standard black and white frequencies
with shades of gray being represented by
frequencies in between.

To retain the advantages of amplitude
limiting for the transmission of sync as well
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as video, a sync frequency of 1200 hz is
employed. A horizontal sync pulse is
transmitted as a 5-millisecond burst of
1200 hz tone and a vertical sync pulse as a
30-millisecond burst. To permit the trans­
mission of horizontal resolution equivalent
to 120 lines, a horizontal sweep rate of 15
hz is selected. To give a l2o-line raste r a
vertical scanning rate of 8 seconds is used.

The sweep frequencies are not at all
critical and may be plus or minus J0%or
more wi thout seriously affecting the useful­
ness of the picture. For best results the
sync frequency should be kept within 50
hz of 1200 hz. The black and white
sub-carrier frequencies may be off 100 hz
without causing trouble. A plus or minus
20% tolerance on the sync pulse duration
should be all right .

The system can be used with any type
of single-sideband equipment. The camera
output is simply connected to the micro­
phone input of the transmitter and the
monitor to lhe audio output of the
SSB·receiver. An audio tape recorder can
be used to advantage for recording or
playing back pictures.

This amateur slow-scan television system
was developed by Copthorne MacDonald ,
WA2FLJ, about ten years ago. Today
there are about 75 slow-scan amateurs in
the United States and Canada.

Because it is impractical for me to
describe the slow-scan equipment in detail,
it may suffice to mention that the heart of
the monitor is a cathode-ray tube with a
long persistance screen, such as 5FP7 or
5ADP7. The signal is fed via the input
limiter stages and video discriminator to the
video amplifier, detector and filter and
modulates the beam current of the CRT
thereby producing brightness variations.
The sync signal is separated in the sync
discriminator, is amplified, rectified and
used to control triggering of a horizontal
and a vertical multivibrator which delivers
drive pulses to discharge tubes. Across the
load resistor of each discharge tube is
generated a sawtooth voltage for the sweep
amplifiers.

A slow-scan camera looks very much the
same as a conventional fast-scan camera. A
horizontal and vertical multivibrator gener-
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ate sawtooth waveforms and retrace pulses
for blanking. To minimize hum-effects, the
vidicon beam current is chopped at a 10
khz rate. The signal is amplified in the
video amplifier and the output is connected
to a modulator which shifts a voltage
controlled subcarrier oscillator from 1500
hz to 2300 hz depending on the level of
the light falling on the vidicon target plate.
Sync signals from the vertical and horizon­
tal oscillators are combined in the sync
mixer, and the resultant co mposite sync
signal is connected to the modulator which
shifts the subcarrier down to 1200 hz.

Many American amateurs use the West­
inghouse 7290 vidicon, which was especial­
ly designed for slow-scan. In the camera an
electro-mechanical shutter synchronized
with the vertical retrace ex poses the
photoconductive layer of the vidicon for a
fractio n of a second at the beginning of
each frame scan. This exposure establishes
charge patterns in the photoconductor t hat
are scanned off by the electron beam. In
addition to giving rise to a varying
electrical output signal, the beam also
erases the previous scene's charge patte rns
and readies the tube for another exposure.
Conventional vidicons act in a similar
manner when scanned at 25 frames per
second but are unsatisfactory when shut­
tered and when scan rates are slowed down
because the charge patterns leak away too
rapidly .

Some amateurs, for instance Ralph
Taggart WA2EMC, have proved the possibil­
ity of using unshuttered conventional
vidicons. My present camera uses the
well-known 55875 Plumbicon by Philips,
which has a very low dark current at the
slow scan rates used. Most conventional
vidicons, however, have a too high dark
current with these sweep rates, and they
are not able to erase immediately the
previous picture.

Because of the slow scanning rates, a
slow-scan TV camera requires much more
time and patience to adjust initially than
does a conventional fast-scan camera. With
normal TV 25 complete pictures come
along every second and one can see the
results of an adjustment imme diately . Not
so with slow-scan TV; one must wait at
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least eight seconds to see the results of
many adjustments.

Because of these disadvantages and the
time-consuming setting-up procedure. some
amateurs have started designing sampling
systems. These consist in short of a normal
fast-scan camera, the output of which is
sampled to synthesize a slow-scan signal. A
normal fast-scan monitor is used to quickly
set up the camera for optimum focus and
contrast and by the flick of a switch the
system is made to work in the slow-scan
mode.

One cheap and very simple method to
generate very high quality slow-scan pic­
tures should not be overlooked. That is the
use of a flying-spot scanner. In this system
a raster is produced on the seven centi­
meter screen of a cathode-ray tube with
short persistence. The light from the raster
is focused on the transparent photograph
to be transmitted, passes a set of condenser
lenses and strikes the photocathode of a
photomultiplier tube. The optical signal is
amplified several thousand times by the
photomultiplier and is then fed to the
modulator. The rest of the circuits cor­
respond to those of a slow-scan camera.

Here in Sweden, we still operate
slow-scan on individual temporary permis­
sions valid for one year at a time. Last year
the American FCC and the Canadian
Department of Transport authorized slow­
scan television for the North American
amateurs. For the United States the
segments chosen are those which after Nov.
22nd, 1968 are restricted to holders of
Advanced and Extra Class licenses, whereas
in Canada parts of the phone portions in
general are allocated for SSTV.

It is interesting to note some comments
by the FCC in its report following the
authorization as quoted by QST, Sept.,
1968 :

Generally the recommendations for reduced
frequency availability or for operation in
telegraphy sub-bands were based upon the
fear that disruptive or destructive in ter­
ference to telephony communications
would result from narrow-band TV. Since
May, 1966, a number of amateur stations
throughout the United States have been
authorized to transmit slow-scan TV signals
for test and demonstration purposes. No
cases of interference resulting from these

DECEMBER 1969

authorizations have been reported to the
Commission. Slow-scan TV is more sus­
ceptible to interference than is radiotele­
phony requiring a ratio of desired to
undesired signal of 10 db to 20 db for
marginal or good picture quality. This
requirement would appear to be such that
slow-scan TV would generally not be used
in the more heavily populated portions of
the available frequency bands. Further­
more, there is some evidence that a
single-sideband transmitter, operating in
the slow-scan TV mode wi thin the same
bandwidth as radiotelephony, has less
interference potential than the same trans­
mitter using radiotelephony at its rated
peak envelope power.
The first transatlantic two-way SSTV

contact was established on June 24, 1968
by Syd Horne VE3EGO, in Ottawa,
Canada, and SMOBUO in Stockholm,
Sweden. Since then many contacts between
North America and Sweden have been
carried out. My friend, Willy Everaert
ON4WM will demonstrate for you, besides
SSTV from my own equipment, also
tape-recorded transmissions over the air by
W4ABY, W2PMV, W9NTP, VE3EGO and
WB2LUM. These specific transmissions
were made on 28.7 mhz and will give
examples of how interference and fading
affect the SSTV signal. The transmission
from Don Miller W9NTP is of outstanding
quality. His signals peaked 30 db over S9 at
that time.

It is certainly possible to further im­
prove the transmitting and receiving slow­
scan equipments. I hope that with this
little lecture some more European amateurs
will become slow-scanners and help to
create world-wide visual amateur commun­
ication.
Note ... SM~BUO
Information about ATA International may be
obtained from Mr. Erik Platteeuw ON4LP, Dude
Brusselseweg, 119, Gentbrugge, Belgium.

YOUR CALL

Please eheck your address label and make sure
that it is correct. In uses where no call letters
have been furnished we have had to make one up.
If you find that your [abel has an EE3·&· on it
that means we don't know your call and would

appreciate having it.

•
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High quality. high performance antennas for the ama­
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Iy smaller TB·750 at 1500 watts.
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TB·1000·3 3 element. .. 129
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FOR 500C TRANSCEIVER

For 117 volts. 50·60 cycles, with speaker and phone
jack. $105
@ 12 VOLT DC POWER

SUPPLY FOR 500C TRANSCEIVER
Model 14·117. designed for mounting under hood. ln­
eludes cables, plugs and fuses. Can operate from117
volt AC by detaching OCmodule and plugging in 117
volt line cord. $130

~ MOOEL 508
EXTERNAL VFO

Provides full coverage of 80, 40, 20, 15 and 10 meters
in 8 ranges of 500KC each. Enables you to transmit
and receive on separate frequencies. Plugs directly
into either the 500C or 270. $145

~ CRYSTAL CONTROLLEO
MARS OSCILLATOR

For Mars or Net operation. Model 510X. 10 channels.
Plugs directly into 500C or 270. less crys tals. $55

@ POWERHOUSE MARK II LINEAR AMPLIFIER
2000 watts, P.E.P. input, 10 through 80 meters. Uses
two 3·500Z tr iodes. Complete with match ing power
supply. $660

For several years Swan Electronics has been specializing in value engineering of single sideband
transce ivers to give radio amateurs the best possible equipment at the lowest possible price. We're
pleased to say that we have thousands of satisfi ed customers all over the world, many who have
purchased thei r thi rd or fourth Swan as we continue the evolutionary improvement of our product.
(Trade-in value of a used Swan is well above average.) We would like to say that the station illus­
trated above is a typical Swan station, but that would be misleading. Actually, the average Swan
owner finds the quarter kilowatt or half kilowatt transceiver very adequate for his operating needs.
What the picture illustrates is some of the Swa n accessories that will add more versatility and
greater operating pl easure to your Swan station. For the OX operator, the model 508 external VFO
provides separate control of transmit and receive frequencies, or for the MARS and Net operator,
the 510X crystal oscillator provides up to 10 fixed channels. For breaking through those weekend
QRM pile-eps there's no better cure, legally, than the Mark II Linear Amplifier with its 2000 watts
of P.E.P.

@ TOP OF THE SWAN·lINE
THE FAMOUS 500C TRANSCEIVER

520 watts P.E.P. input on 10. 15, 20, 40 and80 meters.
Finest crystal lattice filter with 1.7 shape fac tor. \12
microvolt receiver sensitivity. Vo ice quality, perform­
ance and reliability are in the Swan tradition of being
second to none. $565



M OD EL 1 2 0 0W LI N EA R AM P LI FI E R - S W A N 270 CYG NET TRANSCEIVER

$48

$35

SIMAIfI
ELECTRONICS
OCEANSIDE, CALIFORNIA

A Subsidiary of Cub ic Corporation

~ PHONE PATCH.
For all Swan Transceivers. Model Fp·I

8 CYGNET CARRYING CASE
Genuine leather, handcrafted inMexico.With space
for Mic., antenna and log. $32

OTHER ACCESSORIES:
~ PLUG·IN VOX. FOR 500C OR 270
Model VX·I

SWANTENNA
MOBILE ANTENNAS

10, IS, 20, 40 and 75 meters. .
500 watt power rating. High ef·
f iciency. No more coil changing.

MODEL 55 $95
(Remote switching modell
MODEL 45 65
(Manual band selection)

The new Cygnet line is our latest development, and promises to become tremendously popular. Being
self-contained with AC and DC power supply and loudspeaker, it is designed for easy portability,
ideal for vacation or bu siness trips, fie ld day, or mobile operation. At the same time it provides all
the necessary power and versatility for a complete home station The 508 external VFO or 510X crystal
oscillator will plug directly into the deluxe Cygnet 270, as will the VX·2 Vox unit or Fp·1 Phone Patch.
And, if you feel the need for more power, the Cygnet linear provides a 5 times increase to better
than 1200 watts. The Cygnet line com es with the same high quality and reliability that is traditional
with all Swan products. And with the famous Swan customer service, if and when required.

~ THE LITTlE GIANT ~ CYGNET LINEAR AMPLIFIER
DELUXE CYGNET TRANSCEIVER 1200 watts, P.E.P. input, 10 through 80 meters. Has
MODEL 270 self-contained AC power supply, and same cabinet size

o as Cygnet Transceivers. Util izing a grounded grid, SUo
260 watts P.E.P. rnput on 10 through 80 meters. per cathode drive circuit with four 6l06's, both et-
A complete amateur radio station rncludrng 117 volt ficiency and linearity are exceptionally high. Plugs
and 12 volt DC power supply and loudspeaker m one directly into Model 270. May be easily adapted to
package With a handle. Has 100KC crystal calibrator, the 260 and other transceivers. $295
Dial Set, A.F. Garn, RJ. Gain, AGC, AlC, Smeter, side­
band selection, all the features required for home
stat ion operation with enough power to work the world.
Yet, the Cygnet is small and light enough for mobile
or portable operation; an idea l traveling com panion on
business or vacation trips. $525

~ CYGNET MODEL 260
Standard version of Deluxe 270. Same power and cir­
cuitry. without some of the Deluxe featu res. Still a
magnificent talking machine. $435



Robert Wood K0HUD
510 Elm Street
Vermillion, SD 57069

Amateur Radio

«

•

Ln the Classroom

It is becoming increasingly important that
amateur radio attract the youth of our
nation into its ranks. Many times I have
heard amateurs speak of recruiting the stu­
dents from the junior and senior high school,
but very seldom do I hear the phrase, "Let's
try to recruit some of the students from the
elementary school." While teaching in the
elementary school, working with high school
students in amateur radio, and presently
teaching on the university level, I have had
the opportunity to analyze students accord­
ing to their interests, motivation, and avail­
able time. It becomes apparent that students
in the upper elementary grades (4, 5, 6)
would be very receptive to an amateur radio
recruitment program. My objective is to
discuss an experience in one of my class­
rooms and how we might be able to interest
more elementary grade children in amateur
radio.
Try Ham Radio

When conceiving the idea of taking radio
equipment into my sixth-grade class. I did
not intend it to be an elementary recruit­
ment program for future hams. It was meant
to be an instructional lesson relating the
fields of electricity, radio, and the art of
communication. My radio was to be a
culminating activity with all children having
the opportunity to speak to hams in the
United States, and hopefully, in another
country. What actually happened became
one of the happiest and most exciting
experiences in my teaching career.

While teaching an instructional unit one

40

day, I mentioned that I would be bringing
my amateur radio set into the classroom. A
few of the boys had a somewhat foggy idea
of what this meant, but the majority of the
children had never been exposed to this
media of communication. After making the
proper arrangements with my principal, who
was strongly in favor of the idea, and
erecting a multi-band antenna, I set up my
transceiver one night after school with the
aid of several curious children. That night I
spent" several hours in my room making sure
that all equipment was in perfect operating
order. Several parents called the school and
wanted to know what was going on in my
room. Curiosity was being generated!

The next morning I checked into several
nets from my classroom. It was the earliest I
had been in the classroom all year. The

children started arriving. "What's that?"
"Can we listen to some music?" "Is that a
ham radio?" I said nothing while trying to
build up excitement and interest for the
upcoming event. After the typical opening
tasks-pledge to the flag, collecting milk
money. and making sure all of the children
were present -I proceeded to introduce my
reading lesson for the day. Wow! The child­
ren just would not have that. at least not at
this time. So, I decided to tune up the rig
and attempt to make contact with some ham
in the states. Still no formal introduction
had been made of amateur radio. Contact
was made with a ham in Minneapolis on 80.
This is really nothing for an amateur radio
operator living in Minnesota, but it is quite
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an accomplishment to a neophyte. The
children were just wild! Questions began to
fly! "How does it work?" "May we talk over
it?" Finally came the question, "Will you
teach us something about that radio?" God
bless that student. This was the moment I
had been waiting for. Thet now wanted to
learn about the subject because their interest
had been stimulated.

Rumors mushroomed around the school.
Students started coming into the room as
early as 7 :30 am. One morning there were
over thirty-five fifth- and sixth-grade child­
ren talking and listening to hams around the
country. I did not have to ask them to come.
They were motivated by their strong interest
and excitement of who would be next to
talk into the microphone. . Finally, several
teachers asked if I would let other children
come in and have the opportunity to talk
over the radio. Why not! During the next
few days over 175 students visited my room
with well over 100 having the opportunity
to talk. Many did not want to talk and they
were not forced into doing so. On the last
day of the week while we were making
contact with several hams in California,
Mexico, and the Canal Zone, a photographer
from the local newspaper walked into the
room. He, too, had heard of the excitement
that had been generated by our radio. A
picture and a short write-up telling about
amateur radio in our classroom appeared in
the next night's edition.

During that week , my class was exposed
to new understandings relating to amateur
radio. Also, they learned more geographical
locations in five days than I had been able to
teach them is several previous weeks. Why?
Because now they had a purpose in locating
and remembering the originating points of
various contacts. All in all the week was
most exciting.

After the radio was taken home, and the
room started to get back into a normal
routine, I had time for introspection. This
had been one of the happiest moments of
my teaching career. I did not have to
motivate the children; they were motivated
by amateur radio . I did not have to squeeze
questions out of the children; they asked
question after question because this was
something exciting and something about
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Try Ham Radio-A study of communica­
tions by the sixth graders of Robert Wood
at Washington School was highlighted this
week by an actual demonstration of "ham"
equ ipment, owned by Wood. an amateur
operator. Wood, shown at right above, looks
on while Kim Schumann. 11. son of Mr. and
Mrs. Milton F . Schuman, talks into the
microphone. Other students in the picture
are Denise Link, 11. daughter of Mr. and
Mrs. Kenneth Link, and Steven Edgar, 11,
son of Mr. and Mrs. William Edgar. During
the week the children made contacts with
an operator in Mexico, several in California,
with a ship passing through the Panama
Canal , and numerous contacts throughout
the country. Youngsters in other classrooms
at Washington visited Wood's room to view
the unusual activities. The children also
were taught how electricity is related to
radio and communication. The bulletin
board display in this picture centers around
electricity .

(Post-Bulletin Photo)

which they wanted to learn. I found that
many of the children were actually capable
of learning things that I had thought to be
too difficult. But, most important, I learned
more about my children. They came early in
the morning, at noon hour, and stayed late .
During these periods we really got to know
each other. And most hams would agree that
getting to know people and to respect their
interests is an important phase of amateur
radio.

You Too Can Take Amateur Radio Into
the Classroom

After this most enlightening experience,
and reading Wayne Green's comments about
getting new blood into the amateur radio
ranks, I believe the following ideas will serve
as a guide for other amateur radio operators
to demonstrate their hobby in classrooms,
and hopefully , to recruit a few new rnern­
bers .

There is a trend in public school edu­
cation to enlist the aid of lay people to serve
as resource persons to enrich the curriculum.
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PREFERRED AND SPECIFIED WDRLD-WIDE BY
COMMUNICATlDN ENGINEERS AND ADVANCED AMATEURS
Don' t set tle for anyth ing less tha n the very best! Use te trex Communica­
ti on products - for long lasting opt imum performan ce and value!
FREE . . . Tech data and pricing catalogs describing off -the-shelf and cus­
tom-built antennas, syst ems, " Inverted-vee kits " @: , towers, mono-poles
an d rotebre " Berthas" .
For com mercial and military applicat ions write for CM69 ... for amateur
applicat ions write for PL69.

ASBURY PARK,

NEW JERSEY 017 12, U.S,A.

XYL HERE'S A
GUD IDEA
FDR XMAS

Communication

I,iiiri:b.,.tori..SYSTEMS
Sl NC[ 1921

e/rex_

•
The perfo rma nce line _..
wit h a material diffe rence!

This may be the first important step in a
pla nned recruitment campaign. I would re­
commend the following procedures to one
interested in serving in the capacity of a
resource person:

1. Contact t he person responsible for the
instruct ional program of the school. This
person might be the superintendent, an
assistant superintendent in charge of cur­
riculum, or maybe the elementary school
principal. Tell them what you could offer
the teachers while they are presenting a
science or social studies unit. Remember,
when you are planning at this level, you
must emphasize the instructional aspects and
how this will aid the education of the child .
We hope that we will interest some children
to the exte nt that they will become ama­
teurs, but first let 's just expose them to this
hobby for fun and enjoyme nt.

2. If you are the friend of a teacher, offer
your services to help her teach a unit on
electricity, radio, communicat ions, etc.
Again remember, we are trying to .provide a
service to the teacher. Once teachers find
out about a person who is interested in
children and educa tion, half of the battle has
been won.

Now that some fo rm of initial contact has
been made with the people resp onsible for
the inst ructional program, what should you
consider when you are called upon to serve
as a resource person?

1. Get in contact with the classroom
teacher. You may wish to ask the follow ing
questions : What instruct io nal unit are you
presently teaching and how will I be abl e to
best serve you "in your tea ching? What grade
level do you teach? How old are the child-

ren? Have they had any previous contact
with amateur radio? What do you know
about amateur radio? Could I give you some
material to help prepare yourself as well as
the children? Could I come to survey the
classroom and area to determine the antenna
placement and power outlets? (This could
present a problem for some schools.) .

2. Remember, the classroom teacher IS

the person directly responsible for the in­
struction of the children. Work closely with
her and aid her in any way possib le. Many
teachers do not know about amateur radio
and this may be their first contact with it.
Expect questions that you may take for-granted when it comes to your license,
equipment, safety factors, etc. This is the
time to remain cool, calm, and collective.

The big day arrives. The proper school
contacts have been made ; the antennas and
equipment may be in place, or, depending
upon the time factor, let the children watch
you set it up'. The children are anticipating
the guest speaker who will demonstrate
amateur radio. What do you do? How do
you act with sixty eyes upon you? The
following suggestions may make your first
classroom presentation a bit easier:

1. Relax, this will be fun. Your voice has
probably been heard by more hams at one
time than by those who will hear you today .

2. Watch your vocabulary. These are
elementary school children, not electrical

. engineers ; however, don't coo and gurgle
with them either.

3. Have your presentation planned. You
will probably have only a set amount of time
so know what you can do within that time
limit.

4. There is an old Chinese proverb that
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goes like this:
I hear and I fo rget .
I see and I femember .
I do and I underst and .

Therefore, get the childre n involved in dis­
cussion , a nd most important , give as many
children as possible a chance to speak over
the radio. Some will be shy, so don't force
them. There will be plenty of little "hams"
in the room.

5. Conclude your presentation with the
idea that if any of them are interested in
learning more about amateur radio, they
could call you or make personal contact.
Give each student a qsl card.

After your presentation is co ncluded,
equipment taken 'own , and you are pre­
paring to leave, be sure to thank the teacher,
principal , and others directly responsible for
giving you the opportunity to demonstrate
amateur radio. Today there are many pres­
sure and hobby groups that wish to use the
classroom for their own benefit. If we are to
expose children to ama teur radio, then we
must sell the idea of how we can help the
teacher and school ed ucat e the child. When
you "are in the school, you are teaching,
recruitment of future hams is secondary in
nature. If the children are impressed and
genuinely interested, they will contact you.

After taking a poll of several elementary
school teachers, principa ls, and superint en- '
dents in regard to utilizing amateur radio
operators to enrich the school's curriculum,
I fou nd that 99.9% of those polled were
excited and thought this to be an excep­
tional learning opportunity for children and
teachers alike. Many teachers said they knew
nothing about amateur rad io but would like
to learn more. This is a hobby that I have
been engaged in since ninth grade. I wish an
amateur radio operator would have visited
my elementary classroom so I could have
been exposed earlier t o this worthwhile
hobby!

Now that I am teaching at a university , I
have wondered many times about the value
of the a mateur radio in my classroom.
Recently . my ex-principal visited the univer­
sity on a recruitment trip. According to him,
my bulle tin boards left something to be
desired , but " project ham radio" left a
last ing impression. . . . K~HUD
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JUST MAIL IN THIS COUPON-

I~-

Karl Beckman WA8NVW

"A Ham's Christmas"
'Twas the night before Christmas, and from

the hamshack
Came the warm glow of tubes from the

transmitter rack,
The log had been brought up to date with

great care
In case the FCC might some day be there.
Harmonics, XYL and all were in bed
(No Tennessee Indians to addle their heads).
I turned on the receiver, set the BFO,
And was just settling down for a long QSO
When up from the yagis arose such a clatter
That I yanked the big switch to see what was

the matter.
Then between the dipoles and the Trap­

Master beam
Came a loud shout, like a heterodyne

scream:
"On, Clegg, Hallicrafters, on Collins and

Elmac,
On, Allied and Daystrom, on Johnson and

Eimac-
Up the mast clear to the corona ball ,
Now dash away, dash away, dash away all!"
Quite suddenly , as I was turning around
Down the waveguide he came with a bound.
His nose was quite round , like an egg

insulator ;
His cheeks were as red as a hot oscillator.
A new microphone he held tight in his teeth
And coax encircled his head like a wreath.
I peeked from behind as he turned his back­
Was that my name on a new power pack?
He wasted no time, but went straight to his

work
And when he had fini shed , he turned with a

jerk;
Then laying a finger aside of his nose,
Saying, "Pse QSL," up the feeders he ro se­
But as he departed after leaving the gear
"Merry Christmas to all!" I was able to
hear . . .

I
•

WORLD RADIO ••••••
3415 West Broadway •
Council Bluffs, Iowa 51501 •

Dept. DO-DO •

WORLD RADIO

Electronic Equipment
CATALOG

1970 EDITION

OUR BIGGEST EVER!
SHOP BY MAIL AND SAVE ON
Hi-FI, Radios, Recorders, CB Equip­
ment, Ham Gear, Parts and Tools­
e ve ryth i ng in electronics at real
money-saving prices. Use our easy
credit terms, BankAmericard or Mas­
ter C harge, Get your copy now!

11 2 pages of
the best in
electronic
equipment.
Special pack­
age buys and
many exclu­
sfve items
you can't
get a ny­
where
else!

s••• Gentlemen: •
IPlease send me yoar Free 1970 Catalog_I
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• Address •
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• • .If You Can
HOW DO YOU FIND OUT ...
if a product is all it's cracked up to be?

EVEN DETAILED SPECIFICATIONS
CAN'T DESCR IBE . . .

e the smooth feel of a V FO ...
e the solid, stable feel of a quality in ­

strument.
e the natural feel of operator -orient ed

controls . ..
et he pleasure of operating a r ig that

seems to have been designed just for
you . . .

ONLY THE MAN WHO OWNS ONE ...

can give you the straight story. Like Joe
Pontek. He's techn ically trained ... active

SIGNAL/ONE has an except io na l career op­
portunity for a co mpete nt , aggressive, product
d esign engineer with 5-10 years ' exper ience in
state-of-t he -art HF /SSB receivers and transceiv­
ers. BSEE is esse ntial. MSEE and leadership
experie nce d esirable . Send resume incl udi ng
backgro und and salary history to General Man­
ager. SIGNAL /ONE is an equal opp ortunity
em ployer.

2200 An v i l

in traffic and DXing ... SSB and CW ...
club and AR RL affairs . . . the kind of
guy who makes amateur radio go. Joe's
lucky too ... Last summer in Louisville
he walked off with the KENvention grand
prize ... and became one of the first
hams to own a production CX7. Judging
by all we've heard of K8H KM since, he
must be trying to wear it out. When he

•gives up ...

IN A YEAR OR SO, MAYBE ...
we'll catch him for a testimonial. MEAN­
WHILE, if you run across K8HKM, ask
Joe how he likes the instant bandswitch­
ing, razor-sharp selectivity. velvet-smooth
tuning with 100 Hz readout, hard-punch-
ing SSB, full break-in CW in short,

THE FEEL OF THE CX7 .

" It Speaks for Itself"

5/gna// one
A Div ision o f Eel (A n NC R Subsidiary I

Street N . • 51. Peter s burg. Florida 33 7 10



Peter A . Lovelock W6AJZ
235 Montana Avenue
Santa Monica, CA 90403

VFO,

The Galaxy RVSSO

Remote

If you are used to operating stra ight
transceive at the home station, you may
have become accustomed to the idea that
a remote VFO isn't really a must. After
all, don't we always work each other on
the same frequency? So fo r operating
convenience, isn't transceive the best mode?
OK, I figured , it must be nice to be able to
work stations in the foreign phone bands,
but that was a lu xury fo r the rabid DX
hunters. And I had made DXCC in the U.S.
bands . Who needed spli t frequency oper­
ation?

Just one week of using the RV-550 sure
changed my ideas. Now I'm co nvinced that
my station would be only half equipped
with the transceiver alo ne, even if I never
worked another DX station.

The Galaxy RV-550 Remote VFO is the
natural companion to the GT-5 50 Trans­
ceiver (see 73, page 4 8, May, 1969) with
the same elegant styli ng. Incorporating the
same, four transistor VFO circuit that is a
standard-of-comparison in stability. the
RV-550 also has the identical 500 khz
tuning dial and large spinner knob found
on the GT-550 . The only other control is a
four posi tion FUNCTION switch. I em­
phasize the word only because, unlike some
remote VFOs, there is no separate band-

switch control. Whatever band the GT-550
is switched to, so then is the RV-550 . No
chance of getting the VFO switched to a
different band or having to fuss with
several VFO segments within the same
band. Simple , uncomplicated and a pleasure
to use.

In pra ctice the RV-550 adds three useful
functions to its parent transceiver , without
which its hard to imagine how I got along.
The F UNCTION swit ch gives you these
four optio ns at the flick of a wrist :

I) OFF - Just what it says. The RV-5 50 is
ina ctive (indicated by the dial light
being out) and the transceiver operated
in its normal mod e.

2) REC - Receiver tuning is controlled by
the RV-550 , while the GT-550 dial sets
the transmit frequency .

3) XMIT-REC - The RV-550 controls
both receive and transmit tuning in
transceive mode , while the transceiver
VFO is inactive.

4) XMIT - This is just the reverse of
fun ction (2). Transmit frequency is set
by the RV-550, while receiver tuning is
accomplished with the GT-550 dial.

Very sophisticated, you say , but what
do I get out of these several functions?

Well, suppose you are working a net and
want to move off the contro l frequency to
pass traffic with another member. He asks,
'where do you want to QSY? ' You flip the
RV-550 to REC and tune it to find a
vacant spot. Switch to OFF, 'OK Chuck,
7275 is clear, I'll call you . Switch to
XMIT-REC and you are transceive on the
previously selected frequency to call him.
And when you finish the traffic, switching
the RV-550 to OFF puts you right back on
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$ FOR $
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BALUN BUY

UNADILLA, N.Y. 13849
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Tel: 607·369·2985
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Banded 3 to 40 M e.

2. HELPS TVI PROBLEMS By Reduc ing Coax Line
Ra diation
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a. SPECIAL SELECTED FERRITE. Permits High
Power Operatio n Without Brea kdowns.

9 . FACTORY ADJUSTED LIGHTNING ARRESTER.
Bleeds Off H eavy Sta ti c Cha rg es. Makes For
Quieter Listening

10. BACKED BY 50 YEARS OF ELECTRONIC KNOW·
HOW.

Comes in 2 mod e ls. 1:1 matche s 50 or 7 5 ohm un­
balanced (coax line) to 50 or 75 ohm balan ced load.

4:1 mod el matches 50 or 75 ohm unbalanced (coax
line) to 200 or 300 ohm balanced load.

AVAilABLE AT All

-
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UNADILLA RADIATION PRODUCTS

the net fre quency, se t by the transceiver
dial. For emergency wor k you can trans­
ceive o n two net frequencies , switching
between them as the situation requires
without touching the tuning knobs. Great
for inter-net liaison .

You are not a net man? Well, maybe
you have worked one of those nomadic
types, destined to wander awa y up fre­
quency. Tracking him with the transceiver
dial means that he won't find you where
he left you, and his anguished cries will
seemingly go unanswered. Or if he has one
of those transceivers with a I khz differ­
ence between transmit an d receive, you
both 'bunny-hop' some 10khz in the
course of a few overs, tromping across
other QSOs on the way, and leaving a lot
of blistered feel ings . In either case the REC
function is good f or holding o n to the
noma d, while maintaining your transmit
frequency stable.

While waiting fo r tha t rare DX to wind
up his co ntact with a long-winded W6, you
can put the RV-550 on REC to scan for other
hot ones, wit h the capability of going

on XMIT-REC to get a quick contact, then
to OFF and the original frequen cy in time
to catch the rare one as he gets his last of
a string of 73s. Handy for contest
flexibility.

If you're wondering what function 4 is
good for .. .. . ! The VK9 you can copy
loud and clear says you are clobbered and
begs you QSY up ten, which he finds to be
in the clear. A quick check on REC proves
this spot is solid QRM at yo ur end. No
mind-tell hi m to stay put, switch to XMlT
and tune the RV-550 to the frequency he
can hear yo u.

Hooking up the RV-550 to the GT-550
requires all the time it takes to plug in the
two cables supplied, between the units. The
GT-550 furnishes the regulated l2VDC.
Hardest part is getting the VFO out of its
shipping container-those Galaxy packers
must. be trying to set standards fo r the
I.C.C. when it comes to protecting their
wares.

Ohl By the way, the RV-550 is also fine
if you are a rabid DXer and want to work
the fellows in the foreign phone bands.

. . . W6AJZ
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Calculation

Jim Ashe

Made a Little Easier
If you have trouble working with num­

bers and simple calculations in electronics,
you have lots of company. The standard
American high-school mathematics program
comes close to 100% efficiency in producing
graduates who cannot avoid having real
trouble with even the simplest mathematical
calculations. A . part of the reason was
uncovered a few years back by the American
Mathematical Association in a survey which
disclosed that better than 50% of high­
school math teachers were afraid of mathe­
matics. And that indicates you have
probably been exposed, in your formative
days. to one or more such teachers. Very
unfortunately. fear is contagious.

Probably you have noticed when a man is
afraid of something, if he has to work with
it, he becomes slow, tense, and cautious. His
chances of making a mistake may actually be
increased, yet error may be what he most
wants to avoid. How about that? Does this
resemble your style of doing calculations?

Yet , if you cannot handle even simple
math, you suffer under a very considerable
handicap. Electronics is a very fine hobby,
but it is a better one if you can estimate
appropriate component sizes, circuit volt­
ages, signals, and the results of wiring
changes. Perhaps you have to compete in
your work for promotion, or even for a job,
against another person who can handle
mathematics better than you can. This can
be a terribly serious affair, and very frus­
trating too. Here are two key ideas that will
help you to use mathematics more effec­
tively, and in the rest of the article I will
apply these key concepts in several different
ways.

50

My first point is, school mathematics is
unnaturally perfect. Teachers, typically, lack
engineering or scientific experience, and
they draw very sharp lines between "right"
answers and "wrong.n These differences
only rarely exist in real life, yet if you retain
these false standards in the back of your
mind when you are using figures and equa­
tions you may try too hard to avoid error.
And, as a resu lt, fall into it.

And the second key point is that mathe­
matics is a practical art. You do not believe
that? Then, if you have never thought of it
from this perspective look at the instant
results obtained by thinking about resistors,
capacitors, signals, alternating voltages,
antennas, transistors, you name it. The
language of electronics, as of the science
from which that electronics is derived is
mathematics. This fact is only doubtful
because of the large amount of purportedly
technical electronics study material pre­
sented "without that math jazz." The man
who has mastered this kind of learning
comes to an instant halt when asked to
design even a simple circuit, and will fre­
quently make only slow progress when
required to service a circuit that needs only a
little more talent than plugging in tubes.

That's most circuits, nowadays.

Now, About Numbers

Numbers become much easier to work
with after we find out something about how
they are made up. They are quite interesting
and some people become extremely enthu­
siastic experimenters, working with pencil
and paper to discover new things about
numbers.
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is called "rounding off. .,
Sometimes it is convenient to break down

integers in another way. This is called
factoring, shown in Fig. 3. Here we see, for
instance, the integer 1758 is obtained by
multiplying 2 x 3 x 293. When you have
done a lot of numbers work you tend to
watch out for this structure since you may
be able to find an easier way to do the
calculation. Some handbooks contain tables
of factors and prim es and if you can find
such a table perhaps you'll find it sur­
prisingly interesting.

INTEGER TEN, COMPOSED OF
DIGITS ONE AND ZERO

INTEGER THREE HUNDR ED
SEVENTY rwo, COMPOSED
OF DIGITS THREE, SEVEN,
ANDnVO.

•
•••

f'~
4 USE TERMS
5 "DIGIT" OR " INTEGER"
6
7
8
9

10

372

Fig. 2. This is how a large value is built of
decreasing decimal products. Digit value
increases to the left.

Fig. 1. Terms "digit" and "integer" have
same meaning at low end of the number
scale, but different meanin~ for values over
nine.

Very often when we are talking about
numbers, we use two new words. See Fig. 1.
These terms enable us to avoid confusions
which might arise in saying, for example,
"This number is composed of the num­
bers . . . ., Instead, we say, "The integer 456
is composed of the digits four, five, and six."
"Number" is a rather nice word in itself but
rather general and so 1 will use the new
terms when I need to be accurately descrip­
tive.

Here is a rather sizable number: 14756.
This integer is actually a shorthand descrip­
tion o f a sum, which I have worked out in
Fig. 2. Here we discover it consists of a
principal part of 10,000 plus assorted
smaller parts adding up to a respectable
amount in themselves. They make up nearly
one-third of the total am ount, and could
never make up one-half o f it. Why is that?
Now, since the units, the tens, and maybe
even the hundreds, do not add up to much
compared to the thousands and ten-thou­
sands, why not drop them off so we can
work with a simpler integer when cal­
culating? Engineers do this routinely, and it

4 = 22 = 2 x 2
114 = 2 x 3 x I9
247 =l3 x 19
616 =23x7x l l

1758 = 2 x 3 x 293
1759 is prime
1760 = 2s x 5 x I I

Fig. 3. Most integers are composed of
smaller integers taken as a product, but a
few "prime" integers are not factorable.

A prime number is one which is not
divisible by any smaller number, without
something left over. If we divide our 1758
by 2, which goes perfectly into it, the
remaining integer is 3 x 293. Then we can
divide out the three, leaving the 293. But the
2 93 is prime, since there is no smaller
number we can divide into it without a
fractional remainder.

Numbers can become real friends, with
some practice. You can Jearn many things
about them, and if you look around you
find them in almost everything men do, and
in nature too. Many plants grow according
to numbers and simple mathematical rules.
If you would like to develop some feel fo r
this subject, t here is 'proba bly no bet ter
book available than How to Calculate
Quickly , by Henry St ick er, from Dover
Publications.

Sticker provides a series of step by step
exercises, whi ch serve the same purpose as
throwing and catching a baseball again and
again , just for practice. After a little while
you discover a growing feel for what num­
bers are and do . and they become familiar,
reliable friends. Only patience is required.
Intelligence has far less to do with it than
most people believe.

(ONE TEN-THOUSAND)
(FOUR THOUSANDS)
(SEVEN HUNDR EDS)
(FIVE TENS)
(SIX UNITS)

14,756 equals 10,000
plus 4,000

plus 700
plus 50
plus 6
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Fig. 58.

Fig. 5. The effects of rounding off depend
on the change in effective size of the
integer. Rounding off tVYO digits to one as in
5A will ohen introduce sizable errors.
Rounding three digits to two can never
introduce more than 4.3% error.

Fig. 5A.

Original Rounded Percent
integer integer error

l.ll l.l -0.9%
l.l4 l.l -3.5%
l.l S 1.2 +4.3%
l.l 6 1.2 +3.4%
l.l 9 1.2 +0.8%

Percent
error

-1 0%
-29%
+33%
+25%
+5.3%
-4.8%
-20%
-2%
+8.3%
+5.3%
+1%

Rounded
integer

I
I
2
2
2
2
2
5
6

10
10

do to the accuracy of our calculation if we
go ahead and use this pi equals three value?

It's instantly clear a calculation with a 3
in it will be far easier to do than the same
calculation using a 3.14159 ... And if we
work out the percentage error this modifica­
tion introduces, we discover it brings in a
minus 4.5% error. Since we conventionally
use 10% or even 20% components, we can
usually ignore that 4.5 % error and avoid
some useless work. Now let's go into the
ideas behind rounding-off numbers. A little
knowledge can be a dangerous thing, you
know.

Looking back at Fig. 2 we see that some
digits are more "significant" than others.
The left-hand digit, representing ten-thou­
sands, carries far more of the total value of
the integer than does the hundreds digit.
This key point, taken with some thoughts
about error and percentage accuracy, enables
us to work out a practical view of rounding
off for electronics calculations. We can
round off many significant digits to two and
occasionally three, but if we round off to
one significant digit we often generate un­
acceptable error. Sample calculations in Fig.
5.

Original
integer

l.l
1.4
1.5
1.6
1.9
2.1
2.5
5.1
5.5
9.5
9.9

1.4 ? ? ? ? ?
Fig. 4. Replacing one half the digits in this
multiplication problem has reduced the
work by more than half. If we removed
uncertain or unnecessary digits in this way.
there would be no loss of accuracy for
practical purposes.

Now let's think about a familiar number,
often used. Some well-intentioned but not
very mathematical state legislator once pro­
posed a law making pi exactly equal to
three. I read about this in the writings of a
man who felt the idea was pretty ridiculous
since pi is a natural number, which the
rna the maticians call a non-terminating
decimal. As originally proposed the idea is
ridiculous, but it also started me writing this
article, and now we are going to take a
second, practical look at it. What does this

? ? ? ?
• • • •

? ? ? ?
• • • •

24 ? ?
1 2 ? ?

Rounding Off Numbers

When I have to work out a calculation,
my first step is to bring together neatly all
the numbers I need to work with. If the
calculations are invo lved the figures go in a
handy column at the right hand side of the
paper (I'm a southpaw) and maybe I add a
few notes on where some of them came
from in case I should want to check back
later to verify accuracy. But for simple
calculations I will usually write the numbers
in where I am going to use them. Maybe I
look again at one or two of them because I
want to be sure they are correct and that I
did not transpose digits anywhere. That is. I
did not copy 6902 as 6092, for example.

Next, I round off any integersthat have
too many co mplicated digits. This will make
the calculation much easier. For an example
of what you can gain by rounding off
integers, see Fig. 4. Here I have rounded off
two integers by replacing digits with ques­
tion marks, and we see that rounding off
reduced the job of multiplication by better
than half. It reduces the possibility of error,
too, and improves the chance that when you
make an error (and we all do) it will be
easier to find, and you may even spot it
immediately after you goof.

1.2 ? ?
x 1.2 ? ?
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3.75 - 3.8
3.85 - 3.8
3.95 - 4.0
4.05 - - 4.0

Fig. 7. Practice writing numbers in scien­
tific notation by making up new ones to go
between those shown, and then venture off
the ends of the scale. Where do metric
prefixes giga and pica go?

one and 10, we would be able to use an
intuitive check on the accuracy of our result.
For example, if our calculation boiled down
to something like 5.4/2 .6, we see .. instantly
the result has to be near 2. Is there some
way we can do this?

Yes, and it is called "scientific notation."
Science is no respecter of human ' abilities
and presents scientists with numbers larger
than the mass of the universe in grams and
smaller than the radius of the electron in
meters. Very dissimilar numbers often
appear in the same calculation, and so
scientists and engineers commonly use
scientific notation as a way of keeping their
integers down to a usable size and variety.

Here is the key point. The numbers we
use cover a range from indefinitely near zero
up to very, very large. There is another
matching set, exactly the same but provided
with a minus ,sign, on the other side of zero.
See Fig. 7. Here I have written out several of

Metric
prefix

•

mega

kilo

milli

micro

•

106

lOs
10'
3 x 103

103

3 x 102

22.7 x 10
102

3 x 101

101

10°
3 x 10 - 1

10 - 1

3 x 10-2

10-2

3 x 10- 3

10- 3

3 x 10-'

Scientific
notation

etc.
1,000,000
100,000
10,000
3,000
1,000
300
270
100
30
10
1
0.3
0.1
.03
.0 I
.003
.00 1
.0003
.001
.0001
.00000 1
etc .

Original
integer

The best case of rounding off two signifi­
cant digits to one is rounding 9.9 to 10, or
9.1 to 9, and here we find about 1% error
introduced. But at the other extreme, if we
round off 1.5 to 2 we find a 33% error. The
change in value is very great.

But if we are rounding off three digits to
two, the very worst possible case is rounding
off 1.15 to 2, which introduces a 4.3 % error.
Any other rounding off 3 digits to two will
cause a smaller error. Briefly, we can round
off two significant digits to one if the
difference is not too great, and we can
practically always round off three significant
digits to two.

Rounding off is not merely a matter of
dropping digits and increasing the remaining
RH digit by one if the next digit was a five.
See Fig. 6. When the next digit is a five, we
always terminate the rounded integer with
an even digit. This stra tegy averages round­
ing errors over many calculations of the
same type, and offers the convenience of an

5 to be dropped,
always round to
even integer.

Fig. 6. We alwavs round off to next higher
even digit preceding a dropped five.

even number to work with. Maybe we can
factor out the 2 and use it elsewhere.
Standard Notation

Let's review our discussion of rounding
off numbers. We can easily reduce any
complicated integer to a simpler one,
probably consisting of two nonzero digits
and a collection of zeroes at one side or the
other to fill spaces out to the decimal point.
When we use these rounded-off integers in
calculations, we work with the nonzero
digits, and the zeroes come along to help us
find the decimal point's location when the
work is done.

Why not separate the nonzero
digits - the significant digits - from the rest
of the number'? Then we could do our
calculation with a really minimized effort,
and catch up on the zeroes and decimals
later. And this would make our calculations
more reliable too, since if we could reduce
all numbers to significant digits between say
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BUT

!Q74:;; 107+4 :;; iu ' '10-

the bar with it s sign reversed. That is, if you
have a 103 under the bar you replace it with
a 10-3 upstairs. Here is an interesting
thought : what if you had a 103 on each side
of the fraction bar?

That would be as if we wrote down a
1000, and divided it by 1000. A one (l)
must come of this. So we rewrite our
103/103 as 103 x 10-3, and the only way we
can get a result of 100 or one is to add the
ex po nents. Several examples are provided in
Fig. 8.

IC0
103

X 10-3 = 10· - I

10 3 =

10 3

j(j3 =

10'
104 =

I -X60

30 mh 3 x 10-2 3
-------,= -x

120K Q 1.2 x 10' 1. 2
Fig. 8. Ten-powers can be moved around
before and during the calculation to make
the work easier.

And the other change you may want to
make is, what if one of the significant digit
numbers is an inconvenient size? For
instance, perhaps you have come up with an
860 and you would like to have a 0.86
because you are dividing and you see that
dividing by 0.86 will make the answer rather
larger than the numerator of your fraction.
You probably see already that you convert
the 860 to 0.86 x 103, and put the 103

upstairs or maybe you place it next to a
handy 10-3 and they cancel to reappear as a
one (l ). Very often in electronics work you
would break up a 10-6 into a 10-3 x 10-3,
and take out one or both its factors in this
way.

With some practice you can quite con­
fidently kick ten-powers around inside the
calculation you're going to do before .you
come to the actual computation with the
significant digits. This mak es the work very
much easier, and errors far less likely. Well,
let's put all these ideas to work in some real
electronics- type calculat ions.

these integers, namely some of those close to
one (l ). You can extend this list as far as
you please towards zero, although you will
never reach it , and as far as you wish
towards infinity. You have no chance of
reaching that either, since somebody can
always write down a number smaller or
larger than your best.

Yet however far you go you can always
write your integer in the simpler form of
Col. 2. Here 1 have rewritten it as a pair of
significant digits with a ten-power supple­
ment which tells you how far to move the
decimal point, and which way, to recon­
stitute the original integer. The ten ' s ex­
ponent indicates the decimal must be moved
to the right or if the exponent is negative
you must put the decimal off to the left. Try
writing down some numbers between those
provided, and then some larger or smaller
ones than any written here, and you will
sho rt ly develop a strong feel for this nota­
t ion. You're gett ing it when you discover
this sequence forms a kind of rainbow of
numbers.

I' ve listed the famil iar metric prefixes in
the third column. Here you see the prefixes
are made to order for use with the scientific
notat ion system. Indeed, I think they fit in
so well because that is where they came
from. Note the engineer thinks in terms of
numbers fro m one to one thousand, and you
will too if you practice for a while.

Kicking Ten-Powers

Once we have a number rounded off and
then converted into scientific notation form,
we are nearly ready to calculate with it. But
first we may want to make some changes,
just for convenience, and there are two kinds
of alt ern lion we may find useful.

Both hinge on the nature of the ten­
powers left over afte r we have sorted out the
significant digits. You can trace these out in
detail by imagining multiplications and divi­
sions by tens, and you will soon master a
shorthand-l ike skill for this simple work. The
first question is, what do you do with a
ten-power placed under a fraction bar?

Chances are you move it upstairs, since
that is where your answer comes out. To
mak e this change you simply cross out the
ten-po wer under the bar and write it above
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corner frequency , and we want to calculate
this frequency for the network shown. See
Fig. 10.

Perhaps we don't recall just what the
equation is, so we write down something like
it: resistance equals capacitive reactance.
The f and the R change places, and we have
the relation needed. Since there are so few
numbers to plug in we bypass making a neat
table and write the values directly into it.
Besides, they are instantly available from the
schematic.

If we call pi equal to three and double it,
that doubles the rounding error but every­
thing else too, so the percent error is the
same. The resistance 39 K ohms becomes
4 x 104 ohms, and the.00 IS mfd ca pacitor
becomes 1.5 x 10-9 farads.

I didn't plan it that way but all this works
out very easily to 36 x 10-5, and then we
kick exponents to discover a fraction prac­
tically the same as 3. The answer is 3 khz.

Now we can work this out in more detail
to discover how our approximate answer lies
in regard to all the possible answers. Yes,
there are many possible answers because we
did this one using nominal values for the
components. In real life each has a tolerance
of plus/minus 10% or more! Repeating these
calculations in a more detailed and tedious
way (I used my slide rule) brings the result
our exact answer is very near 2.72 khz. and
with real 10% components we should find a
minus 3 db point between about 2.1 5 khz
and 3.29 khz. Our approximate answer was
safely within these limits.

Here is an example that demonstrates
how easily we can work with numbers very
different in value. How many electons could
we place side by side across the diameter of

1.2 X 106 Q

.068 x 106 Q

1.268 x 106 Q

= 1.2 x 106 Q

= 6.8 X 104 Q

Canno t add
these!

Fig. 9. When adding numbers in standard
notation , change them all to the same
t en-power suffix, and then add in the usual
wav·

When we add numbers in scientific nota­
tion, we must cast them all into the same
form. Each must have the same ten-power
multiplier. If we added a len and a hundred
but forgot to make this correction, we could
wind up with a twenty or a two hundred,
both quite in error. If we kick tens the
hundred can be written as ten tens so that
we wind up with a sum of eleven tens or
110. or we can do it in hundreds terms.

Now here is a familiar simple circuit. It is
a simple re circuit whose characteristics we
see at a glance. At very low frequencies the
capacitor has inappreciable effect upon the
signal, and at very high frequencies the
capacitor shunts the signal irresistibly to
ground . At some intermediate frequency the
capacitive reactance equals the resistance
and the two components act as a voltage
div ider. This is the familia r minus-3-db

1.2 megohms

plus

68K ohms

Sample Real Calculations

We can begin with a very simple calcu­
lation that has a twist in it. I have a 1.2
megohm resistor and I think I should add a
series 68 K resistor. What will be the result?
Such a question could come up if we were
doing bridge test on some resistors to choose
a pair adding up accurately to some pre­
determined value. The twist is, to add these
values using scientific notation. See Fig. 9.

IN
39 KQ
~ OUT

1; .00 15 mfd

R=
I

2rr fC ' f= I
2rr RC

If =
2rr x 39 KQ x .00 15 mfd

I
- 6x 4 x l 04 x l.Sx l 0 9

f= _ IL..-".,
36 x 10 5

= 100 X 103 = 3 khz
36

Fig. 10. RC calculation becomes simpler with each step before doing multiplication
and division. I t becomes so simple there is almost nothing to do!
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Sun diameter 1,390,600 km
Electron radius 2.8 1751 x 10-13 em

Sun dia.

Electron dia.

1,390,600 km
- -

5.62502x 1O-I3 cm

1.4 X 109 meters

.56 x 10- 1 4 meters
- 2.5 x 1023 electrons

per sun diameter,
approximately

•

SOLUTION TO ACROSTIC
6 . C lipperto n
7. Ecuado r
8 . Israel
9 . V at ican City
10. Easter I sland
11 . R odriguez

... ..
""..

•

(

,

Turkey
Roman ia
Antarct ica
Navassa
Surinam

•

DUAL GATE MOSFET

PRE-AMPS

Dept. H
196·23 Jamaica Ave., Hollis, NY 11423

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

• Available from 5 MHz , to 450 MHz. Bandwidth is
approximatel y 3'}'. of frequency.

• Vo ltage ga in 30 to 40 DB depe nding on frequency.
• Two Dual Gate MOSFET amplifier stag es with ea ch

having a tuned Input and tuned output, Ea ch Dua l
Gate MOSFET Is actually an Integrated cascode cir­
cuit th us ; lvln9 you 2 cascode circuits equivalent
to 4 triodes.

• El'ceptionall y low noise (2.5 DB at 175MHe. j . great­
ly reduced cross modulation and 10 times the dy­
namic ran;e (si; nal hand lin; capability) of the best
bl-polar transhtors. Also su perior to preamps usinq
'junction FEls and 5ln;le Gate MOSFETs.

• nternal connections for hi;h impedance AGC or
manua l ga in control if needed.

• Type BNC input and output receptacles for minimum
lou at UHF. Standard Impedance 15 50-75 ohms.

• Carefull y tuned at our labora tory with swee p genera­
tor and eseuleseeee for the best bandpass character­
istic ,

• Full wave UHF diodes protect input transisto r.
• Operates on 6 to 16 volts DC,S te- 15 Ma .
New Yo rk City and State residents add loca l sal.s tar.

VANGUARD LABS

1­
2.
3 .
4.
5.

Fig. 11. This example shows that numbers
of very diHerent va lue can be as easy to
handle as those not veP( different from
another. We simply get an extremely large
answer.

.. Jim Ashe

our sun? It must be very many. Looking up
facts in a convenient handbook, I found the
sun's diameter in kilometers and a nominal
electron radius in centimeters. These values
and the appropriate calculation appear in
Fig. II. Most of the work went into kicking
tens around and although we may not be
able to visualize 2.5 x 1023 electrons (I can
picture 7 or 8, I think) we can work as easily
with such a numerical value as we can with
our old friend 47 ohms.

I haven't by any means exhausted the
resources available for making calculations
easier. But now you know a few of the basic
ones, and you can look around for more.
Practice helps wonderfully. There is one
class of aids that deserves an article in itself
which I have not mentioned yet. That is the
various engineering aids available in a nearby
book, a library, or an electronics supply
house.

When you want to find a result, perhaps
you can avoid calculations by looking it up.
A handy engineering table may contain your
problem all worked out. Or you may be able
to use a graph, a nomograph (a sort of
calculating graph) or a chart. Various slide
rules and other calculators are available too,
and all these tools can be used to make your
work easier. Calculate if you must, yet
always look for a better way to find your
needed result.

Still, the key to using any of these aids is
just the basic ideas I've set forth here. You
can always use them. Good for you if you're
using these tools already; this article will
help you use them better. And if you
haven't tried them yet, the concepts I've
described will make mutual introductions
much easier.
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Universal Dual- Frequency

Crystal Calibrator

'1
Fig . 1 . Block diagram of st age functions
i n the ca l ib rat o r.

Circuit Description

Fig.l shows a -blo ck diagram of the basic
calibrator unit. Two Fairchild ilL 9 14 units
form the oscillato r circuit. As can be traced
by following the circuit diagram of Fig . 2
and the internal JlL 914 circuit. the oscillator
is actually a multivibrator which is control-

M an y co nst ruct ion possib ili ties c an be de­
v ised . H ere t h e calib rat o r is assem bled on
a 1 -i nc h x 2 Y2 -inch perforated board. The
p lacement o f th e IC ' s simp ly fol lows Fig. 2
w i t h the t wo oscillator c i rcu i t JlL914's next
to the c ryst a l.

manner desired t o provide multiple fre­
quency outputs or to use any division rati o
that is an even multiple of two . Thus,
depe nding upon the calibration markings on
the frequen cy scale of a receiver or trans­
ceiver, one can build a calibrator that will
sui t these markings rather than accept the
out put of a standa rd calibrator circuit.

1/2 F

uL9 2 3 ru uL914

John J. Schultz WZEEY
1829 Cornelia Street
Brooklyn NY 11227

2)( uL91 4

'U, J BUFFER
)(TAL

DI VI DER - - oo

do 050
'~ BUFFER

T
•••

Here is a simple and inexpensive crystal
calibrator circuit using Ie .s which can be
used as presented - or expended to build a
"tailored" calibrator for any receiver.

It is o ft en desirable to have a crystal
calibra tor with two or more o ut pu t frequ en­
cies and with a rich harmonic content so
that searching for markers on the high er
frequency bands, such as 10 and 15 meters,
is made easier. Both of t hese goals are easily
achieved by the use of digital integrated
circuits. Furthermore, the whole calibrator
unit is far simpler to cons t ruct and more
economical than ever would be possible with
either vacuum tube circuit ry or discrete
solid-sta te circu it ry.

The calibrator to be described , which
provides markers at the fundamental crystal
frequen cy used , is termed "universal" for
several reasons. No tuned circuits are used
and the unit can be used with almost any
crystal from 100 kc to about lO me and still
provide a fu ndamental and ha lf-frequency
out put. The stages are really " b uilding
blocks" and the unit can be expanded in any

TPUT S

, ,
'U
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F ig. 2 . Complete schematic of th e dual f re­
quency calibrato r. I nsert d rawing shows
internal ci rcu i t o f th e IlL 914. T erminal n u m ­
b ers f or t he I C ' s are show n as th ey would
be seen viewing t h e u ni t s from t he undersid e.

•

•

•• L9' " •

• ~'
e r a ,, , , ,

I .

-

leads between the IC units. The photograph
shows how this circuit was assembled on a
piece of perforated board. The leads of the
Ie's were sim ply soldered directly together,
although the use of IC sockets is recom­
mended if one is not adept at soldering
connections quickly, since excessive heat
build-up can destroy the IC units. The
circuit also easily lends itself to PC board
construction.

The IK ohm resistor shown in series with
the crystal may have to be varied in value
somewhat to achieve immediate osci llation
upon the application of power to the unit. A
5K potentiometer can initially be used in
place of the resistor to determine the resist or
value required and then a fi xed value resistor
substitu ted . An oscilloscope is useful but not
absolutely necessary at this point to
optimize the square wave output shape of
the oscillator. The oscillator will work with
crystals up to about 10 mhz and a crystal
switch can be used if desired to obtain a
ch oice o f fundamental frequencies. Each
crystal should, however, be placed in series
with an individual resistor o f IK ohm
nominal value.

The output is taken from each section of
the IlL914 buffer unit through 100 mmf
coupling capacitors and may be connected
to the antenna input circuit of a receiver
through a selector swit ch . The output may

led by the frequency of the crystal used.
Circuit operation is very stable and the
square-wave output not only has the desired
richness in harmonics (remembering that a
square wave is composed of a sine wave
fundamental and an infinite number of odd
harmonics o f the fundamental) , but is the
required wave-form to operate the divid er
circuit.

The divider circuit uses a single Fairchild
ilL 923. The IC contains some 12 transistors
in an arrangement kn own as JK flip-flop. It
probably" would only cause con fusion to
present the internal circuit o f the unit,
especially since its operation can be under­
stood easily (for this applicat ion) sim ply in
terms of its terminal functions. The unit can
be regarded as a simple toggle switch that
will only operate when it receives a positive
going voltage (note that the voltage must be
changing; a steady voltage does not affect
it ). So, if a square wave is applied which
starts out positive, it will trip the switch.
The switch will not be tripped again until
the next square wave cycle. And again the
switch will not be tripped unt il another
whole input cycle occurs. Thus, the switch
changes position half as fast as the input ,
and the out put fr equency is half that of the
input frequency and also a square wave.

The'buffer stage is not absolutely neces­
sary but it does isolate the output from the
divider stage and also insures a maximum
volt age swing at the output. As shown in the
insert diagram of Fig. 2 there are really t wo
separat e dual transistor stages in the ilL 914,
and each of them is used as a separa te buffer
section-one for the fundamental marker
output and one fo r the hal f-frequency mar­
ker output.

One can include as many divide-by-two
ilL 923 stages between t he oscilla tor and
buffer as desired. Only the final divided
output can be used or one can switch-select
out puts at the input and output of each
divider stage. Some of the trad eoffs that
might be involved in constructing a long
string of dividers to obtain a given marker
frequency are discussed later.
Construction and Adjustment

Fig. 2 shows the wiring diagram of the
dual frequency calibrator. There is little
more to the unit than the interconnection of
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also be connected t o the secondary side of
the input circuit o f a receiver .. but then the
coupling capacitors should be reduced to a
few mmf to prevent loading and detuning.
One ne ed use o nly as much capacitance as is
necessary to obtain satisfa ctory signal out­
put. With small amounts of coupling, satis­
factory markers should be heard at least
through 10 meters. Note sho uld be made of
the fact that when using both sections of the
p.L9l4 as buffers o n d ifferent frequencies,
so me intercoupling does take place. The
selected o ut put will predominate , but the
o ther o ut put will also be heard. Normally ,
this cond ition has little practical drawback,
but if it is desired to achieve maximum
separat io n , on ly one sec tion of a p.L914 unit
should be used per Ill914 unit.

Normally, the slight adjustments ne ces­
sary to choose the proper crystal circuit
resistor and to couple the unit to a receiver
are all that is necessary. No provision was
made to " t rim" the oscillato r frequency for
severa l reasons. When using low-frequency
crystals (below about 500 khz), the accuracy
will be sufficient for most normal uses. Also .
normally th is accura cy will be within that to
which it is possible to adjust the crystal
frequency by the usual audio zero-beat
method . When zero-beating a marker with
WWV , fo r example , the response of the
audio .syste rn , headphones. et c.• drops sharp­
ly below 50-100 cycles. So , there will be an
uncert ain area of about 100-200 cycles,
anyway , using this method of adjustment
where zero-beat seems to occur. How ever, in
case it is desired t o try to for more exact
frequencyoutput , a 15 mmf trimmer can be
used either in parallel or in series with the
crystal to alter its frequ ency.

The unit co ns tructed used individuall C's
which ca n now be obtained widely at moder­
ate prices, If o ne builds a more elaborate
unit the use of dual-l 'C's might prove cost
saving.*
Expanded Circuits

As was mentioned before, as many p.L923
divide-by-two units can be placed in series as

"Poly Paks, 1).0, Box 942, So. Lynnfield, Massa­
chuse tts 01 940, for instance, markets the 6M4 unit
for $1.49 which contains two complete p.L914
" chips" and the 10M4 for $1.69 which contains
two comple te p.L923 "chips:'
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desired. The out put ( terminal 7) o f one
Ill923 unit goes to the input ( ter mina l 2) of
the next Ill923 unit. Pin 4 of each unit is
grounded and pin 8 goes to the supply
voltage, In building a calibrator for a specifi c
usage , however, it is worthwhile to explore
the cost tradeoff between the Ill923 units
and the cost or availability of the crystal.
Suppose, for instance , one desired to build a
calibra tor to provide markers every 20 khz
to correspond to the frequency markings on
a dial scale. Fig.3 shows some of the
combinations of crystal frequency and t he
number of III 92 3 units that could be used .
Normall y , 40 or 80 khz crysta ls would not
be fea sible , but 160 khz crys tals can be
purchased for ab out $4. Also , many surplus
low-frequency crys tals are available at low
prices which can be used . Many an odd-ball
crystal frequ ency be comes very useful when
o ne find s the right division ratio to use with
it.

DIVIS IO~ wl92 !I _TAL
RATI O U ~lTS FREQ I KHl )

2 , ec
• 2 eo
• , ".
" • 32.
32 , ..... s 1280

Fig . 3. Combinations possib le t o build a
cal ib rat o r producing 20 k c markers.

Summary

I have tried to present a simple l C
calibra tor sche me which o ne ca n expand, as
desired , to cover almost any marker-fre­
quency need . Simple circu its have been used,
although only slightly more complicated
ones are available to allow freq uency divis­
ion by any number-not just even multiples
of two . But , they are not suggested as a
first-time project, and it is de sirable to ha ve
test eq uipme nt available t o check their
o pera tion. The divide-by-two circui ts are
esse nt ially foo l-proof, unless one makes a
wmng error .

Power for the calibrator can be obta ined
from a fa irly well fi ltered source in a receiver
o r from two I Yl-vo lt batteries in series. A
simple zener regulator circuit is advisable if
the opera ting power is obta ined fro m the
drop across a cat hode resi stor or from a
rectifier across the filam ent line in a tube­
-type receiver,

W2EEY/l
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HIGH
POWERED
TEAM
~ Linear Amplifier
SPECIFICATIONS: Power Rating : 1200 walls P.E .P.
i nput w ith voice .rncc uteucn. 800 watts CW input. 300
watts AM inpu t. • Covers 80 ,40.20,15.and 10 meters. •
' o ur 6L06 tube s operati ng as grounded grid t r i ode~_

T hi rd order rli ... to rt to n dow n aco -cxtmatetv 30 d b •'ioutput tank lo r 50 or 75 ohm coaxial anlennil. feed .
C0f!lpule r g rade el W;lrol ytic tuter .cap~citors. • Si li ­

con d iode recnners. • Complete WIth Interconngct m q
cables, ready 10 plug into the 270 an d ope rate . • 117
vo lts, 50-50 cycles lTt put . Ava i lable on special o rder for
208-220-240 volts. • Dimen sions : 5 112 i n. h igh , 13 in .
w ide , 11 in. deep. We i ght : 25 pounds . (Carryi ng hand le
.ncruoeo.)

Amateur net: $295
Deluxe~270Transceiver
SPECIFICATIONS: Power Input : 260 watts P.E.P. in

. sse vo ice mode. and 180 wall s in CW mode . Frequency
Range : 3.5-4,0 me. 7.0-7 .3 rnc . 14.0-14 .35 me, 21.0-21.45
m c, 28.0·29.7 mc . C.F. NEltwortr.s: Crysta l Latt ice Filfer.
Same as used in the Swan 500 C. 2.7 kc band width at 6
db down . 4.6 kc wide at 60 db down. Ult imate re jecti on
exceeds 100 db . Unwanted si deba nd suppressed 50 db.
Carrier suppresse d 60 db. 3rd orde r d istortion down

Cheap and Easy Burr Removal Too!
An excellent tool for removing burrs

from small diameter holes can be made in a
matter of minutes from a standard 3/8" or
1/2" bit and a knob with a 3/8" or 1/2"
hole. Grind flats on the shank of the bit to
allow the knob setscrews to seat, this will
keep the knob from coming loose.

If you do not have a knob of the proper
description (they are a standard item, but
not too common) turn the bit shank down
to 1/4" and use a standard 1/4" knob or buy
a set of bits with the shanks already turned
down. My local supermarket sells a set of
imported bits wit h turned down shanks for
less than a dollar. While not of very high
quality , they will work quite well in this ap­
plication. Any knob you use should be the
type with a metal insert . The all plastic
types will not last.

William P. Turner, WA\lABI

The response to our ad calling for Dis­
tributors and R eps has been great. We now
have more requests than we can acco m­
modate, theref ore we withdraw our plea.
Thanks for your interest.

D GP
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acnrox. 30 db. • Audio Res pon se: fl at w ith in 3 db t-ern
300 to 3000 cycles in both t ransmit and receive modes
• Pi Antenna coup ler for 50 to 75 ohm coaxial cab le .
Grid Block CW keying wilh ott-set transm it f requency .
So l id stale VFO ct reuur emce retu-e and volt age stabilized
• A El C" <! jY. r ".,." itiYit)' t-etter th an 1~ m ic ro vo lt at 50
ohms lo r s ignal-plus-noise to noise ratio of 10 db . 100
kc Cr ystal Calibra tor and d ial-set cont rol . s-meter for
receiver, P.A. Cath ode meter tor t ransm itte r tuning .
Improved AGC and ALC circu it. Separate R.F. and A.F.
gain COnlro ls . Sideban d selec to r . Provtstc n for plug
in of VOX unit , e xtemat VFO. headphones, and Cygnet
linear • Tu be compliment : 12BA6 VFO a rnp. , 12BE6
trans. mixe r. 6GK6 dr ive r. 6L06 p wr . am p.• 6BZ6 rec . R.F.,
12BE6 re c . mixer, 128A6 t st I. F. amp.. 12BA6 2nd IF
amp.• 12AX7 pro d. det . A.F. arnp. . 6A05 A.F. output. 12AX7
mtc. arno.. 6JH8 bal. mod. , 12AV6 AG C-ALC amp. Dimen­
sions: 5V2 i n . high , 13 in. w ide , 11 in . deep. Net we ight :
24 Ibs.

Amateur net: $525
FRECK RADIO SUPPLY
The Old Reliable Since 1928

38 Biltmore Ave., Asheville N.C_2880 1
phone 704-254-955 1

WE TRADE
BankAmericard & Mastercharge - O.K.

5th Annual National Convention
OTH ... STARDUST HOTEL, Las Vegas, NV.

OTR ."' February 4·8, 1970
o 00°

Cocktail Parties by
Ham Radio Magazine, SWAN, GALAXY.
Ladies Luncheon Program.

SECOND NATIONAL FM MEETING
Technical seminars; meetings by
ARRL, MARS, aCWA, WCARS-7255, WSSBA.

Send stamped, self-addressed envelope
for SAROC accommodations, group rate and advance
regist ration blank.

sar~e Box 73,
Boulder City, Nevada 89005
HOSTED BY SOUTHERN NEVADA ARC , INC.
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E. Babudro VE3ECU/W0
1426 E . 4th St.
Duluth MN 55805

f'ersatilize lOur Transceiver

Fig . 1 . 1a is the or igina l circuit o f the
potentiometer that acts as the control. 1 b
is the same circuit w it h the switch added .
Note that no permanent changes are made
to the rig so as not to devaluate it , and it
can be changed to the original condition in
a c o up le of minutes.

",
VAR IABL E
RESISTOR

B

A

,
•,

\ \
'---- - - - - - - - - - - - - ------------~

VAR IABLE
RESISTOR, ,

, ( 7 ."
V er ",

\, ." ,,,, ,

The o ther end of the cable goes to the
switch as shown in Fig. 1b . The two points
marked X were the original connections. If
you wire d the switch accord ing to the
diagram, you should have:
Positi on I - Receiver offset only (label R) .
Position 2 - Receiver and transmitter offset

(label RT).
Posit ion 3 - No offset (label OFF).

If you are the type of fellow that likes
to go down to the low frequency amateur
bands (t he de bands) such as 75 and 40
meters and join in a round table or a net,
then you probably felt dist ressed because
you had to adjust your dial for every
transmitter that was in the QSO . In most
cases, being slightly off frequency is one of
the evils that comes with having a
transceiver with incremental tuning, be­
cause the thing is either misadjusted or else
you forgot to zero the dern thing, or o ther
innumerable reasons. Also the incremental
tuning on my Eico 753 is so smooth due
to the great bandspread that I wished to
tune my transmit fun ction with it as well .
So, I put my thinking cap on and came up
with a solution that makesIt worthwhile to
add this lit t le tuning aid to rigs that do not
have one.

The incremental tuning device is basic­
ally made up of a varactor diode biased by
a pot on the front panel. As you vary the
bias on this diode, its in terelectrode
capacitance varies, and this variable capa­
city is applied across the vfo tank to vary
the frequency . On transmit the bias is
deri ved from a tap on the pot in my 753,
thus making this frequency independent of
the sett ing of the incremental tuning.

To effect the change you will need a
double pole triple throw switch, four coded
and cabled wires about four feet long (four
lead intercom cable is ideal) and a soldering
iron . A minibox in which to mount the
switch would also be nice.

Locate the receiver offset potentiometer
and disconnect the wire going to the wiper
arm and the one going to the tap. Now
connect tw o of the wires in your cable to
this wiper arm a nd tap . Splice the two
remaining wires in the cable to the wires
that came from the wiper arm and tap and
remember t he co lor codes.
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Tell Our Advertisers
Yon Saw It in 73

See your favorite dealer or
order d ir ec t (add 2SC for
mailing in U.S., Possessions
& Canada. Elsewhere add
SOC ).

GET YOUR NEW
ISSUE NOW!

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

$7.95
Over 135,000 QTHs

in the OX edition
$4.95

• Radio Amateurs ' Prefires
by Countries!

• A.R.R.l. Phonetic Alphabet!
• Where To Buy!
• Great Circle BearinlS!
• International Postal

Information!
• Plus much more!

RAD IO AMATEUR 116 k
J1

c a 00 INC

Dept. B. 925 Sherwood Drive
lake Bluff. III. 60044

• QSl Manalers Around the
World!

• Census of Radio Amateurs
throulhout the world!

• kadio Amateurs' license
Class!

• World Prefi. Map!
• International Radio

Amaleur Prefiles

These valuable EXTRA features
included in both edit ions!

The ._
bridqe !
omeqo-' bUil'
Historic . . . that's what It is. Particu­
larly if you've been looking for test
equipment that will aid in providing
peak performance. You see, our An­
tenna Nctse Bridge will quickly pin­
poInt any trouble you may be having
with your antenna or coax feed line.
Use it to test your antenna system for
resonant frequency and impedance.
And It can be used on all types of
mobile and fixed antennas, or com­
plete antenna systems. Frequency
coverage? 1-100 MHz with Model
TE-701. and 1-300 MHz with TE-702.
The cost is only $24.95 or $34.95 re­
spectively . . . for a bridge that's
quietly making history.
Dealersto ll' inquirie s In""e d.
For descr iptive literature wme :

.omf'lla-, ",-"'PUU incorporated

300 Terrace Vmage • Richardson, T• • ., 75080
(214) 231-5121

WRITCFOR
IR[[

BROCHIJRE!

The advantages of this conversion are as
follows:
Position 1 is the same as y ou have now and
there is no change in function. In position
2 or RT the frequency that you are
receiving is the frequency at which the
transmitter is tuned also. Use this position
only to get a perfect zero beat or as a final
touch up, never when searching for a quiet
spot at the band edges. In position 2 you
will also be able to correct for slight drift
of the vfo and know that your transmitter
is dead on your receiving frequency. In
position 3 of your switch the offset feature
is disabled , and whatever frequency you
tune with your main dial will be both for
transmit and receive. In this position if you
are tuned in for receive properly, you
know that you can't be blamed for being
off frequency on transmit.

In case you like to operate in position I,
you can make a quick check by switching
to OFF, tuning in a signal then switch to R
(pos. I). If the signal is off frequen cy now,
loosen the offset knob , adjust the control
for zero, beat on the signal, and tighten the
knob with the hairline at exactly center or
no offset. You should notice no difference
in a received signal by switching between the
OFF position and any other position when
the offset contro l is adjusted correctly .
offset control is adjusted correctly .

After a little practice you will find that
it is easy to monitor two frequencies
slightly apart simply by adjusting your
receiver to one with the main dial and to
the other with the offset and then
switching between OFF and R.

... VE3ECU/W~

The Editors

Articles We Would Like to See:

Oscar in Ob it Wm . Orr
Twenty Years a Novice L. McCoy
Make Your Hobby Pay D. Miller
73, My Favorite Ham Magazine . J. Huntoon
Hams 1 Hate C. Evans (book feature)
Hams I Like C. Evans (short-short)
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Transistor Class B and C

Power
Roger Harrison VK3ZRY
1 Mary Street
North Balwyn, E9
Victoria, Australia

Ampli er Design

max. VCEO
or Vee ~ 2

It is now possible to obtain transistors
which are capable of producing up to
several watts of If power at frequencies
into the UHF region. Some transistors are
capable of producing 30 or 40 watts of rf
up to 30 mhz-at a price of course! Most
transistors are within the average amateur's
budget though .

The design procedure, especially for AM,
is somewhat different to tubes but it is not
difficult and once familiar with it you
should be able to complete a design fairly
quickly. Don't let all the equations scare
you , not all of them are used in a specific
design . The equations are no harder to use
than Ohm's Law, so little or no trouble
should be experienced .

In this article I will not cover SSB and
transistor Class A linears. This is not
because I don't like SSB (I do), it's just
that I have not experimented with SSB and
transistor Class A linears . Sorry about that.

The following design procedure will be
for Class B, zero bias, If power amplifiers
for the following reasons : (a) ease of design
(I'm lazy); (b) less components necessary
(I'm a miser) ; (c) greater power gain than
Class C; (d) no need to provide or develop
a reverse base bias source.

The first decision to be made is whether
you want to build a CWjFM or an AM
transmitter. Having decided that, you now
decide on what peak rf power output
(carrier power for CWjFM or peak rf power
out at 100% mod. for AM) you want at
the desired frequency. Keep in mind that if
you want more than I or 2 watts at VHF
then you must be prepared to payout
quite a few dollars for the privilege . The
same might apply at hf, though more
power can be obtained relatively cheaply
at HF.
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The second decision you have to make
is, "Which transistor will I use?" You
should obtain the data characteristic sheets
of several suitable transistors (ask the
manufacturer). Now pick the transistor(s)
which will supply the rf output at the
desired frequency. Check that the
minimum gain -bandwidth product, ft, is 2
to 4 times the desired frequency. If this
leaves you with several transistors, choose
one with the highest hfe (high frequency
current gain), or the cheapest.

CWjFM Design Procedure

0) Vcc is determined from the follow­
ing formulae:

BVCES
Vcc.;;; 2

Where BVCES is the collector-emitter
breakdown voltage and maximum , VCEO is
the maximum allowable collector to emit­
ter voltage. Vcc is less than, or equal to
half the maximum allowable collector
voltage because the instantaneous collector
voltage swings to twice Vcc on signal
peaks.

(2) Now the optimum collector load
resistance is given by :

Rc = V
2

CC

2Pf

where Pf is carrier power
decided above.

(3) Now you have to match the
collector load resistance Rc to the output
load RL (see Fig. 1 (aJ (b) and (c)). The
problem here is to take Co (the transistor
output capacitance) into consideration. At
HF Co will, with most transistors, not be
terribly significant. It may become a
problem though at VHF . Now Figs. 1 (a),
(b) and (c) give circuits for the Pi, T, and
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Mlnl·AF Generator for the laboratory or ham work
bench. 10 to 100000 hz In four bands sine or
square wave. World's smallest. 7 y,," x 3~·1 x 4"\ 2
Ibsl Built-in AC power supply stabilized to O. %
The output is maintained at minimum distortion
and constant le vel with FET oscillator and thermis­
ter and heavy inverse feedback .

The day of the great big piece of test equip·
ment is past, made a memory by modern transis­
torized PC test equipment. Now a complete service
lab, including RF and AF signal generators, is built
into a case about the size of an old VOM!

MINIATURE AF GENERATOR

MINIATURE TEST LABORATORY

•

~[j'
- --

ONLY $59.95

• ~. . -....
• o . ~' e- ' 0,,;,I~ -- .u. : ..-

, ~ .....""-'-

This is by far the single
most valuable piece of test
equipment. Built in meter
for measuring gain of each
stage under test . Easy to
find weak or defective
stages. Output speaker
built in or to VTVM or
scope. No line cord since it
is self powered. ONLY
Model SE·35Q Signal Tracer $22.50

Model 6803 AF Generator

RF
Field

Strength
Meter

1-400 mhz

Comes with e -sectton antenna and earphone for
modulation checking. Invaluable for tuning any
transmitter . Magnetic base for mobile use.

AC Voltmeter DC Voltmeter
Ohmmeter Mill iammeter
AF Signat Generator AF Sil1nal Generator
Aesistance Substitution Capacitance Substitution
9V DC Supply RF Field Stren@th
Self Powered 7~")( 3%." x 3~". 1%lbs.
Thanks to transistors and printed circuits you can
hold this complete lab in one hand. Not long ago
this would have been a whole shelf full of test
equipment. 455 khz generator for align ing if's. 400
hz generator for audio circuits. Plus a normal VOM
and R&C substitution. Field Strength meter for
tuning transmitters. Everything in one small box I
Mode' SE-400 Mini-Lab ONLY $25.00

52 Ohm 1 KW
SWR Meter

Simple
I"expensive

Effective
$14.95

Model SE-405

Buy DGP Miniature Test Equipment from Your
Local Distributor or Order Direct Mail from
REDLINE CO., JAFFREY. NH 03452. Please
allow a little extra for postage charges.

ModeIFL-30 ONLY $8.95
Enclose check or MO for:

Call

Miniature Signal Trecer $22 .50

Power Supply $16.95

Miniature Test Lab $25 .00

Miniature AF Generator $59 .95

RF Meter $8 .95

SWR Meter $14.95

Zip

Address, -l
Worth Its weight in batteries. Invaluable for testing
transistorized or Ie gear. Saves its price in batteries

City State -----I for long range operation of rad io.!J.. cassette tape
recorders, etc. 0 -20 vae @ 150-2uu rna. Metered
and regulated. .
Model SE-100 Pow"" Supply ONLY $16.95
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where RL is load resistance (ie. an­
tenna) , RC is optimum collector load
resistance, QL is loaded Q of circuit.
Practical values are in the range of 5 to 12.

POI NT · Y·

I:.. cL

"I

XL = O:2·Rc

RL
Xc! = QL

XI x X2
XcL = Xl + X2

(5)

(4)

(7)

(6)

(3)

The T-Network configuration is shown
in Fig. I (b). In this circuit the loaded Q is
increased by raising point Y above 1,000
ohms and then transforming down to the
load impedance RL. The reactances of the

components can be found by using the
following equations:

(I) Ry = Rc (CiL + I)
where Ry is the impedance at point V,

RC is the collector load resistance, QL is
the loaded Q. Practical values in the range
5 to 20.

(2)

Fig. 18. The T-network. In this circuit the
loaded Q is Increased by raising point Y a­
bove 1.000 ohms and transforming down to
the load of impedance RL '

The capacitance of CI can be found '
from the nomograph on page 505 of the
Amateur Radio Handbook by the R. S. G.
B. or the reactance chart in chapter 2 of
the ARRL Handbook .

(2) XL ~ Xci 1. The inductance (L) can
be found from the same handbooks
mentioned above.

(3) XC2 = XClv'RLIRC. The value of
XC2 can also be calculated from the above
mentioned handbooks.

Pf = one quarter peak rf power at 100%
modulation as decided previously.

(3) The matching network here is the
same as for CWIFM procedure and the
same remarks apply.

Matching Networks

The Pi Network configuration is shown
in Fig. 1 (a). The equations for determining
the reactances of the components are as
follows:

(I)

Xci

parallel-tuned networks respectively. The Pi
circuit is good where Co is only very small
or insignificant. Also the Pi network will
feed through subharmonics of the output
frequency, more so than the other net­
works. This may not be important. The T
and parallel-tuned networks are very handy
at VHF as Co will not drastically affect
them, note that they are easily adaptable
to coaxial or trough-line configurations.
For the design of these networks refer to
the heading matching networks.

AM Design Procedure

(I) Vee can be determined from the
following formulae:

BVCES mIX. VCEQ
Vee ~ 4 or Vee ~ 4

Vcc is less than or equal to one quarter
the maximum allowable collector-emitter
voltage because the instantaneous collector
voltage swings to four (4) times Vee on
modulation peaks. (100% mod.)

(2) Now the optimum collector load
resistance (Rc) is given by:

Rc = 3V
2

CC

4Pf

•
'"

rr
R

L
(A) CIRCUIT

Fig.1A. Circuit for the pi network config­
uration.

The values of L, C2 & CI can be found
from the previously mentioned handbooks.

The Parallel-tuned network in Fig. I (c)
is a parallel-tuned circuit with the load
tapped up the coil. The transistor is
capacity coupled to the circuit via C2. The
coil, L, transforms RC to a higher
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in range 5 to IS)

~--rlR~- ro
OUT PUT
COUPLING

NETW ORK

C2 RFC

P A ,

' "'"

DRI ... ER

F ig, 3 . RCOis the collector load resistance
of the driver.

The equations for determining the co m­
ponents in Fig . 3 are as follows :

, ,
RL= 16 ReD or R L= 9 RCD

efficient power t ransfer. Keep in m ind that
these networks are no t 100% efficient and
allow for a reserve of power in the driver
above that which is necessary to drive the
PA.

By referring to Figs. 2 and 3 it can be
seen that the matching networks are similar
to that in Fig . 1 (c).

The equations for determining the com­
ponents in Fig, 2 are as follows :, ,

R L= 16 Rin or RL = 9 Rin
where RL is the resistance seen across the
coil. Rin is the base spread ing resistance
(rbb) or hie of the PA transistor. The same
remarks apply here as before .

Now, (I) XCI = RL (QL in range 5
to IS ) QL
. (2) XL = XCI

(3) XC2 = ReD (j~) - I

- 'Icc

Where RCD is the co llector load resist­
ance of the driver found from the equation

V 2
CC

RCD = 2 Pin

Pin from manufacturer 's data
sheet.

Now (I )XCI -

t,
I

' c
j

" c

F ig. 1C. A parallel tuned circuit with the
load tapped up the coil.

t
resistance RL. Now for practical circum-
stances the turns ratio is around 3 to I or

, r
4 to I. Thus : (a) R L = 16 RL or (b) R L =
9 RL.

Above 100 mhz the equat ion in (b)
should be used . Below 100 mhz the
equation in (a) should be used .

The reactances of the components can
be calculated from the following formulae :

R'L
(I) Xe.I = QL QL in range 5 to IS

(2) XL = XcI

(3) Xc2 = Rc(j~) -I

·vCC

LI , CI & C2 can be found from the
ARRL or RSGB Handbook as mentioned
before.

Drivers

The driver has to deliver a certain
amount of power to the base of the PA
transist or, and this drive power ( Pin) can
be found on the manufa cturer's data
charts. A number of graphs will be given
either showing r f power output (Pout)
versus frequency for di fferent values of Pin
at a cer tain value of VCE or a graph of
Pout versus Pin for different values of
collector voltages at a specific frequency.
By referring to the appropriate graph the rf
power needed to drive the PA ( Pin) can be
determined .

It will also be found necessary to match
the driver to the PA base to achieve

'" '",, 01 ' 2

1 1

k
,

.< \c,

' "r. ,

• ...cc (2 ) XL = XCI

r o
(3) XC2 = Rin(j~;~)- IOUTPUT

COUPLING
NE TWOR~

F ig. 2 . A'Lis the res istance seen across the
coii and Ain is the base spreading resistance.

DRIVER , ,
Parallel and Push-Pull Operat ion

If you wish to achieve more power
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output than one transistor will supply then
parallel or push-pull operation could be
employed.

Fig. 4 shows two transistors in a parallel
configuration. The resistors in the emitters
are to prevent one transistor "hogging" the
current. The values of the resistors would
be in the I to 20 ohms range depending on
the power involved . Once initially adjusted
so that the emitter currents of the
transistors are equal, the circuit should
okay. I would recommend that the T­
network or parallel-tuned network be used

-V ee

The remarks about design equations and
power output given for Fig. 4 above, apply
here as well .
Class "C" Operation

Class C operation can be achieved by
putting a low value resistor in the emitter
or base connections as shown in Fig. 6 (a)
and 6 (b). The drive required is greater

."

" tAl

F Ig.~ . Two transistors in a parallel config ­
uration.

t,

F ig. GA . Class C operation by putting a low
value resistor in the emitter connection.

tA,

''0

Fig. G8 . A low value resistor in the base
connection for Class C operation.

-+ VCC

than that for class B but the efficiency is
somewhat greater. The value of the resistor
and the drive power are best juggled in
practice to achieve best effici ency and
output. It appears to be a matter of
individual adjustment for each type of
transistor. Even different transistors of the
same type in the same circuit require
individual adjustment for optimum opera­
tion . Note that the emitter resistor is in the
order of tens of ohms and the base bias
resistor in the order of hundreds o f ohms.

' c

c,

c,

"

"

in the output owing to a higher value of
Co- The same equations as given in the
previous design procedures can also be used
here. In choosing your transistor, don't
forget that the power it sho uld be capable
of providing is a little greater than !h Pf.

Fig. 5 shows two transistors in a
push-pull arrangement. Note the similarity
to tube circuits. Land C can be found by
judicious use of a GOO and the link
co upli ng to the drive should be adjusted
for optimum output. Make sure that
everything is quite symmetrical to ensure
that both transistors receive equal drive.

."

F ig . 6 . Two transistors in puSh-pull arrange­
ment. Make sure both transistors receive e­
qual dr ive.

Frequency Multipliers

Frequency multipliers are just another
application o f a Class C amplifier. The
tuned circuit in the collector should be
tuned to a frequency two or three times
the frequency being injected at the base. I
would suggest that a frequency multiplier
should not be used as a final owing to the
presence of subharmo nics in the output.

When using a frequency multiplier as a
driver, it should be no more than a tripler
as it is difficult to get sufficient drive

LI NK
COUPLI NG

T O ORIV ER
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a space problem? an installation problem?
a budget problem? an appl ications problem?

or simply a problem of where to buy?

ms...en i comes

is ours
Your one-stop solu ti on is ANTENNAS, INC.
Exclusively specialists in radiatingsystems, co mp lete systems or any component part.
Arrays-complete or in kit form , quads, yag is, dipole assemblies, verticals-fixed or
mo bile, towers, masts ro tors, guy and contro l cable, transmission line, coax relays and
switches, connectors and adaptors, test gear, technical publicati ons, corrosion resistant
hardware, co rros ion proofing chemica ls, insulators, insta lla t ion and wir ing hardware,
aluminum tubing and plate, wire, and much, much more.

If your requirements are for a complete system, ma jor components, or the sma llest
yet important piece of hardware­
ANTENNAS, INC. has:
Amphenol
Antenna Specialists
Belden
Bi lada
CDE Rotors
Cubex
Cushcraft
DGP
DPZ
Dow-Key

Productos Joga
Rohn

E Z Way Int I. Wire Saxton Wire
R. L . Drake E. F. Johnson Sky lane
Ham-Kits Millen Swan
Heights Mi ni-Prod ucts Telrex
Hy-Gain Mo r-Gain Times Wi re
Ge nera l Cemen t Mosley Tri-Ex
General Elect ric Newtronics Tristao
Gentec Omega-T Unadi ll a
Goldline Phasar Vesto
Gotham Polygon Plast ics Waters

Our prices and deliveries are hard to beat . . . anywhere.

ANI[NNASINC Dept. 8, 512 McDonald Road ~~gTe::~~~: ~~~~~~:: 'o~u~u~n:~:~~~
[ , • Leavenworth, Kansas 66048. . . . no charge of course.

owi ng to lowered efficie ncy. When fre­
quency multiplying , it is probably better
and cheaper to use doublers throughout
owing to greater efficiency and output.

Conclusion

Think over your next project - can you
transistorize it? Don't just " lift " circuits­
design them. It 's not hard ; don't let t he
equations fool you . Many of them are as
simple as Ohm's Law equations. You don't
have to own a slide rule or possess a
Communications Engineering Diploma. Just
sit down and carefully follow the pro­
cedure. Check your results, a nd there's
your design. All you have then to do is
build it. I hope it works for you.

. . . VK3ZRY

I
.'"•

You realize, of c our se, you ' ve r u ined
y our amateur stand ing.

-
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Two or Mobile

Alton Glazier K6ZFV
3154 Jordan Road
Oakland, CA 94602

' 0 ,",
'ow

s
'ow

2N I14

x=MAY HAVE TO
BE TRAto.lSf'OSEO.

2NI74

12-14V, •o-r--t-~N--+,

250UFlasv

NOTE ' INSULATE BOTH 2NI74"
F"RO~ CHASSIS.

A~r--,

JOO'
JOOmA
'Ow

Fig. 2 . Schematic of seco nd mobile power
supply, del iver ing 90 watts o u t p u t, 3 0 0 v at
300 ma o

Start feeding the WIre through the window.
Leave about 10 inches fo r a lead to the
transistor base. Next wind five turns, using
the second piece of wire . Continue the
winding. The two center leads are scraped
clear of insu lation, tw isted together and
soldered. This will give you a ten-turn coil
with a center tap . Use needle and thread and
bind the feedba ck coil together in several
places.

Note : Just tack the feedback leads to the
bases of the transistors. These lead s may
have to be transposed when you fir st try the
power supply . You can te ll if it is oscilla ting
by the audio note. If the note is not present ,
shut off power and transpose leads. In wiring
the supply, use at least No. 10 wire from the fuse
to the emitte r. Use a fuse holder to make

n
'ow

ts
'ow

2NI74

2N I14

NOTE ' INSULATE SOTH
2N I74'~ FROM
CHASSIS,

J2SV
12Sm A
. OW

•

The first unit is capable of better than 40
walls output , 325 volts at 125 Ma. It will be
noted in Fig. I . that feedback for oscillat ion
is established by an RC networ k.

The second unit is capable of 90 watts
out put, 300 volts at 300 Ma. It will be noted
in Fig . 2. that a feedback winding has been
added to the transformer.

In selecting the transformer, be sure the
wind ow is large en ough to accommodate the
winding. The window is the inside opening
of the core . In winding the feedback coil ,
cut four pieces of plastic tape three inch es
long, slip the tape (st icky side toward the
core) be tween the core and the coil. Now
pull the tape against the core . Do this on
both sides. This will pro tect the enamel
covering when you wind the feedback coil.
Cut two pieces of No . 24 wire, 48 inches long.

F ig. 1 . Mobi le pow er supply sch emat ic w i t h
an RC netw or k est ablish ing feedback . Th is
un it is cap ab le of 40 w atts output, 525v at
12 5 ma o

The purpose of this article is to present to
the reader the choice of two mobile transis­
tor ized power supplies using filament trans­
formers. Having examined a rrumber of
articles on the subject, an d after hours of
ben ch testing, I have found the circuits
which follow offer these basic advantages
low price, simplicit y, and reliability . The
tw o units described here were made up of
materials at hand , and und oubtedly many
variations could be used , parti cularly the
transformers and the transistors.
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positive contact (it is surprising how many
do not). If holder heats up during use,
replace with a better grade. The wire size
from the battery to the relay, and fro m the
relay to the fuse holder should be the largest
you can use, and should not be smaller than
No. 10. The relay contact should be capable of
at least 50% more current handling capa­
bility than you would normally use. I prefer
to use a double set of contacts wired in
parallel.

I \ \

I

.~"o-!<eq

/(if

Send perfect morse code - from 5 to 50 words
per m inute. Exeetle nt to build u p you r code speed ­
anyone can send practice code.

• Self-completi ng cnerecters wi th automat ic
charac ter spacing .

• Precision ki t includ es all parts, such as metal
case and p rinted CIrcui t boards, and de­
teued, illustrated instructions.

• Pre-assemb led keyboard with s tandard type­
writer key arrangemen t and spacing.

• Specia l charac ters included. such as A R,
SK , BT, period, comma, q uestion mark,
slant bar.

• Self-contained battery operated - two
standard '"0 " cells. All solid sta te.

• Bui lt-in sidetone and speaker, fast ac t,"g
relay output .

' O··W. 2>S·· H. 7 ""0 $14950 . .. Price l'"cl. shipping)

•

The frequency of these uni ts is deter­
mined by the inductance and capacitance of
the transformer, as well as the bias. Natur­
ally, the frequency is lower than a toroidal
transformer, and it will be necessary to
increase the value of the filter network to
take care of the lower frequencies. It was
not found necessary to use large heat sinks
as such, just the chassis is used for this
purpose. Be sure to use silicon grease on
both sides of the transistor insulator and
mount bias resistors away from the transis­
tors.

The filament transformer used is a Triad
Fl8X, 6.3 volts at 6 Amps. The filter
capacitors were from a tv set, also the filter
chokes. In the 90 waIt unit, use tw o chokes
in parallel. For the purist, use .00 I, I kv
capacitors and 475 K, ~ watt resistors for
spike suppression and voltage equalization
across each diode. See Fig. 3.

Both of these units were bench tested,
using full power output, with a resistive

CHOKE
FROM TV

Mic,.o·Z CO.
Box 2426 Rolling Hills. Calif. 90274

load. The tests were conducted for a rmru­
mum of one hour.

In mounting the power supply, be sure to
use the coolest spot possible. The space
between the grill and the radiator is excel­
lent. I long ago gave up using the driving
compartment, not only due to heat, but the
audio note produced after a few minutes
becomes quite annoying.

In constructing either unit, use proper
mechanical layout. Be sure to mount the
bias resistors, bleeder resistor and trans­
former so that their heat does not add to the
heat of the transistors. If you use a chassis
for a heat sink, mount the transistors away
from each other.

Although the efficiency of these units is
not as high as totoidal units, from the
standpoint of power input to power output,
they d o a good reliable job, and until
toroidal transformers are readily available,
and their cost is lowered, for the amateur
who needs one or several mobile power
units, these will give years of reliable service
under normal conditions.

J2K
oow

=

TOO. ' TAOrh 3.50V rh I.lF
.f----~

Af-- - ---,..

F ig. 3 . Filt er ing meth od . K6ZFV
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MicroLuave

Frequency:
Meter

10 130hz

A F ,,,P l,lT

William Hoisington K1CLL
Far Over Farm
Peterborough, NH 03458

------,k- HOLE FOR SET SCREW

r,.-r-HOLE FOR 1lF: PR08E

Fig. 2. Shape of the cavity .

ved saddle piece to fit exactly over the outer
wall? Possible, but too expensive. And then
how do you introduce the rf probe coupling
into the cavity? Add on a "saddle" with a
hole in it? These considerations and others,
such as mounting (more saddles?) led to the

cross sect io n , with two thin walls and two
thick side walls. Believe me, this co nfigur­
ation was not arrived at in one day! De­
signing tuners for X Band, I gaily started in
with sections of thin-wall round pipe, the
way I'd always done on uhf. The first thing
you run up against is, how do you make the
diode bypass capacitor? Machine out a cur-

• t

•" -';l~.-t---j-+-t--jj+412 10 9 e 7 6 3 GHZ .

[[ITDJJJ]JJTI1
Fig. 1 . Coax ial cavity. basic circu it.

Wavemeters from 40 to 1400 mhz have
been described in a previous article in 73
Magazine, This one covers the range from
1,000 mhz up through 10,000 mhz. (l to 10
ghz)

A quarter wave coaxial cavity is used up
to about 5 ghz, and from there to over 10
ghz the three quarter mode is used. A
complete explanation of these types of
operation is given.

The same type of unit can be used as a
very good tuned mixer from I to 10 ghz.

The Coaxial Cavity

The basic circuit of "t he coaxial cavity is
shown in Fig. I. A cylind rical outer cavity
wall encloses a round rod some 4 inches long
which is the center conductor s-t his center
conductor is grounded at one end .

The Shape of the Cavity

The exterior shape of the cavity is shown
in Fig.2. and is seen to be rectangular in

o c "::=-~OUTPUT.
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SUII RIGID
COAX- CASlE
141 MIL. 0 D

..
I" "UT

COAX CABLE
TE f lO .. I.. SUlAno ..

- - --- - - - - - -- fT-~

C OP P E ll "lATI:
!SOLDER TO C!.NTtIl COHO.l

IHSUlAno..

Fig . 5 . AF p ro b e detai l.

-- - - - ---- -- ---)--,

walls, where "more saddles" was the only
solution. All " saddles" are elimina ted by the
rec tangular shape. Small semi-rigid cable is
used for the connector. I have some short
lengths wit h X-Band antennas connected to
them for use as " In-S pace" pick-ups, feeding
directly into the wavemeter cavity. There is
at times an advantage in this type of " energy
collection" (antennas) wh ich will be taken
up later.

Fig. 5. shows detail of the treatment of
the cavity end of the rf cable , or probe. T he
outer conductor is cut awa y for about one
quart er inch in length and re moved. About a
sixteenth or so of the Teflon is left , which is
then removed from the center co nductor. A

soldering lug for the dc connection is used
under one of these, and a three mil (three
thousandth of an in ch) thick sheet of fiber­
glass cut out to fit , larger than the plate.
This he lps to keep metal part icles from
lodging inside the tiny crack that might be
there if the fiberglass sheet did not extend
out beyond the plate all the wa y aroun d.
You can begin to see some of the detail
needed at X-Band .

The rf probe, input and o utput con­
nectors

Further reasons for the rectangu lar cross­
section now show up in Fig. 4.>which details
the rf probe con nec tions. This item was also
very troublesome in first models using pipe

2-M eer S CREW

Fig. 4 . RF probe con n ector detail.

CE NTE R
COHDUCTO R

DIODE PLATE
CAP ACI TOR

f iBERGLA S S
3 MILS . THICK

o c.
Q

m

·Plll· TYPE
X_ BAND OIODE

HYl O..

Fig . 3 . D io de holder and capacitor.

The second answer is also evident fro m
Fig. 3. as the diod e bypass capacity can now
be made efficient at X-Band . As mentioned
before, you cannot " buy" a capacitor "good
for X-Band . You can ma ke it t hough. as
shown in Fig. 3. , if the cavity body has been
designed correctly for it. One of the thin
wall sides of the cavity is drilled out (o r
machined out) just wid e enough to clear the
diode and it 's hold er, which is the 8/ 32
copper screw. The co pper capacitor plate,
which is thick enough to take at least a half
dozen 2/56 threads, is drilled and tapped fo r
the 8/ 32 screw, and clearan ce drilled in the
corners for the 2/56 mounting scre ws. A

abandon ment of the pipe as a shape fo r
microwave cavities; but not until a lot of
time had been spent on the above mentioned
items.

Diode holder and capacity

Looking at F ig. 3. you will see the first
answer arrived at ; but only after weeks and
weeks of making different types and shapes.
The center conductor is slightly flattened
and drilled out to fi t the diode ptong. An
8 /32 copper mach ine screw is drilled out to
fit the ot her prong, t hen slotted with a fine
jeweller's saw, and then compressed sligh tly
to an inside diameter a shade less than the
OD of the diode prong. In this way the
cop per scre w will hold the di ode as you
insert it into the cavity. Believe me, that
helps!
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thin copper washer (which I generally cut
out of shee t co pper since the hole to solder
the center conductor is quite small) is then
soldered to the center conductor, making
the "capacity probe", as shown in Fig. 5.

Mylar tape or other good insulation is
fastened to the side of this washer facing the
center conductor. With this insulation in
place you can push the probe all the way in,
while testing, and still not have a dead short.
Differen t thicknesses o f fiberglass sheet can
also be cemented on , to make up more
permanent types of fixed capacitors, of
different values.

For some uses, particularly in this one as
a wavemeter, loose coupling is desired, but it
must be securely locked with the set screw,
otherwise your dial calibration and fre­
quen cy reading will suffer.

Plunger fingers

Here is the most difficult item . It is
hoped to have stock pieces made up for this
work that you can purchase at reasonable
cost. The fingers should be made of tem­
pered beryllium-copper, which is not easy to
work with.

Fig. 6. shows some details of the plunger
and fingers. I assume, having been told so by
"well-informed sources" (mechanical engi­
neers) that these units should be made in a
machine shop by competent machinists.
Maybe so, as the ones I have made here in
the shack by hand tend to lose their tension
if not handled care fully.

,- - ......

F ig. 6 . Pl unger details : A ) E nd v iew B)Outer
fingers, C)Center fi ngers. ' .

Fig. 7. shows the desired fit for these
fingers. The plunger body should be an
easily slide-fit inside the v.. inch cavity , and
the center hole in the plunger after the
fingers should also be an easy fit o ver the
center conductor.

74

Fig . 7. Desired shape and curvature of the
plunger fingers.

Two steel push rods lead back from the
plunger through small holes in the back end
of the cavity (see Fig. I.) ; these terminate in
the brass block which is furnished with a
pointer for the frequency scale. Maximum
extension of the plunger should be up
against the end piece, as a positive reference
point for the dial, in case of trouble after
calibration. This point should be indicated
on the scale as "minimum frequency" in
order to reset the pointer if it should ever
become displaced after calibration.

The diode

At present , the diode used is an X-Band
"pill . package," with a prong at each end as
shown in Fig. 3. These are point-contact
diod es, like the famou s IN23 ceramic car­
tridge types of World War II fame , only a lot
smaller. Referring again to Fig . 3. always
make sure that the ceramic part of the diode
is, as nearly as possible, in the open space
between the inner and outer conductors.
This space is where the rf is! It is also
important to make sure that there is as mu ch
metal surface continuity as possible along
the cavity wall , across the fiberglass sheet
X-Band capacitor insulation onto the diode
capacitor plate , and from there over to the
diode holder and onto the metal end of the
diode.

The rf is at a maximum between the inner
and outer conductors, which is an air space
of a sixteenth of an inch. and that is where
the diode should be.

The diode rf bypass capacitor , formed by
the diode plate and the flat top of the cavity
body, need only have a capacity which is
relatively small; anything over about 20 pF
is suffic ient. What it must have is the proper
lack of inducta nce! The details of how this
act has been covered in previous paragraphs,

and if you follow those details you will find
little or no rf on the outside of the diode
capacity plate or the de lead from it.
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X-Band is not just short waves. It is really
short; like a quarter wave at X-Band equals
9 /32 of an inch as you can plainly see, if you
get one (o r more) of those lit tl e plastic
millimeter rulers in a stationery store for 5
oc IOr!. Be sure and get some, by the way , if
you're going to do anything above two
meters.

Fig. 8 . shows the millimeter scale, with s,
C, and X-Band plainly showing.

s- B AN D

jumped ,mode" , or, " Spurious showed up."
Here's the st raight dope. Fig. I 0 shows

the quarter wave "mode" of operation.
Start ing at I ghz you will find one point of
ma ximum dc out put. If the oscillator under
measureme nt is "running hard" with lots of
2nd and 3:d harmo nic energy content , these
will be fou nd at 2 and 3 thousa nd mega­
hert z, and possibly higher o nes , which
should drop steadily in power as you go up.
The diode itself may cause some of these if
hit too hard wit h the rf input.

C - lU N D

X - B A ND

2 3 <4 ~ 6 ., 8 9 10 II 12

"'A ll .
R.F
VOLT S

FUL L ""'A VE S
oL ....:::"'- _
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DISTANCE ALONG CAVIT Y

*
"/I

D C, F I . 10 . Quarter wave in cav tt ,

"'All .

"VOLTS

Fig.ll . shows the 3/4 wave mode, which
is a very "natural" type of operation. Don't
fo rge t tha t in an instrument of this kind yo u
are lo oking for sta nding waves and you want
them to be of the grea test amplitude pos­
sible (wi thin reason). So, if you tune the
cavity by the plunger so that it measures

" ~ eo sc ec ~ I · A ~ ~......

,
-,

l'::::
I'

" :s•
• K

•
, "I,1

F ig. 8 . F u ll waves fo r S. C a nd X -Bands o n
m illimeter scale.

A handy wavelength-frequency chart is
included here for yo ur convenience, which is
useful from the khz range way up abo ve
X-Band. See Fig. 9. Get to know the easy
reciprocals, like I centimeter equals 30,000
mhz, 3 centimeters equals X-Band , 10 centi­
meters equals S-Band (3,000 rnhz) , 1,000
mhz equals 30 centimeters, etc . Very useful!

' . W"'V(UNGT H .. '(lET

,
•"

I

,

y .q

DISTANCE AL ONa CAVITY

9·

i
"II

DC F; 11 T h re e uarter waves in cavit

10 I!I 20 2~ 30 40 50 t o 8 0 100

F ig _ 9 . Wave-length/f requency converter.
Use of mu ltiplying factors su ch as those at
t he bottom of the graph will cover a ny
portion of th e e lectromagne tic-wave spec­
t ru m.

The 3/4 mode and harmonics
Don't worry about that word "mode."

Generally when something od d takes place
in a cavity or waveguide , certa in types of
engineers tend to fallback on obscurantism
(I seem to have fallen for that $64 word . It
just means covering up). They say , «It

... ...."'VEU NGTH IN NETtRS
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Fig . 14 . T est antenna-S -Band . Dimensions
suitab le fo r amateur S-Band 2,400 m hz
(om ru-d i rectto nan.

Use as a Microwave Mixer

This same type of cavity can be used
from I to 10 ghz as a mixer for the front
end of a superhet receiver covering those
frequencies.

T his application will only be touched on
briefly here as the whole receiver is detailed
in another article in 73 Magazine .

fig. 12. shows how to do it, so you can
plan on this use, and make more than one. if
you wish to .

Looking at Fig. 12. , you can see how
useful it is to have two thick sides on the
cavity, one fo r rf input and one for the local
oscillator input.

Conclusion

That about covers the details and some
uses. The whole unit can be mounted on a
piece of copper-clad, along wit h a 50 rna
meter, the dial scale, an d the centime ter­
frequency chart. I broke down on this one
and used a "regular" small microwave input
connector for the rf. (Inst ead of an " RCA
Phono Jack", ) For connect ions to other
units , such as oscillators and multipliers,
small flexible cable may be used.

Fig, 10 shows a test anten na for X band,
not the best in the world but good enough
for a star te r . With a lens in fro nt it really
picks up signals. Fig. II shows an S band
antenna for the 2,400 mhz amateur frequen­
cres.

Hope to make arrangements to have this
unit (cavity tuners) available fo r you.

... K ICll
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Fig . 13 . T e s t antenna-X -Band "two­
e lement" .

Fig. 12 . Doub le inp u t detai l.

some t hree quarter waves on it (allowing for
length-loading of the .d iode on the fi rst
quarter), you will find two peaks on the
meter due to the situation shown in Fig.lt.
The higher the Q, and the lower the losses
along the li ne, the more quarte r waves can
be found . For the 4 inch cavity shown. three
quarter waves at S-Band are the longest that
will fit.

A check on this operation is easy. Using
the millimeter scale on the "dial' , take
several readings between maximums, for
example, 22, 37 , 51, and 67 , add the
spacings together , which comes to 45 milli­
meters. d ivide by three (t he number of
samples), and you will find an average of 15
millimeters for the waves which are standing
on the center conductor (or "along t he
cavity", if you prefer) and there you are, 15
millimeters for the half wave, 3 centimeters
for the full wave. Which is X-Band at 10,000
mhz or 10 ghz.

If you find nu mbers whic h ar e not well
known, you can find the freq ue ncy on the
chart, at least close enough to put you in
one of the microwave amateur bands, such
as 5,650 or 10,500 mhz.
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•

Bud Michaels WB2WYO
510 High Street
Victor, NY 14564
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VARIOU S
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be more than adeq uate. T he r emaining
switches can be either slide o r toggle type.
Connectors can be phone jack o r phono
type, either will work . You can see that this·
gadget lends itself to junkbox ra iding o n a
grand scale.

Use a good grade loudspeaker, wi th 4
inches as a minimu m size . A baffl e mad e of
wood is better than a metal cabine t, but if
you d o use a metal bo x , line it with fib er­
glass or audio damping mat erial , or at least
several layers o f folded newspaper. Th is
simp le acoustic t reatment will make the
audio quality o f your speaker system sou nd
considera bly better.

If you d o intend to include a CW filter ,
there have been several articles writen in the
past few years o n effective , sim p le to con­
struct u nits. So me of t he mo re recent o nes
are : " F ilter / Monitor fo r the CW Man ," Feb.
68 QST p.47 ; "Added CW Select ivity for
Tra nsceivers," Mar. 68 CQ p.32; " A Solid­
State Aud io F ilter," Dec. 68 QST p.35 .

... .WB2WYO

Examine any of the new lines of SSB
transceivers. Chances are they require an ex­
ternal loud speaker. And on the less expen­
sive ones, chances are also in favor of the
need for an outboard audio filter for CW
work . Add to the list of accessories , head­
phones, phone pat ches and tape record er,
and on top o f this whole mess, more than
o ne rig in the shack! You could have a night­
ma re switching a ll th is stu ff arou nd .

With just a litt le o rga nizat ion and plan­
ni ng, you can turn all of this chaos into a
neat , efficient audio control system flexible
enough to fit just about any sta t io n situat ­
IOn.

This audio o rganizer lets you select any
n umber of receivers o r t ransceivers, couple
your headphones In without having to
fumble with the phone jack , switch your CW
filt er In and o ut as needed, plus provid ing
auxilia ry outputs for p hone patch or tape
recorder.

My organ izer is built into the same cab­
inet which houses the speaker, but you can
use any convenient box, as long as it IS

placed within easy reach for o pera tion. All
connections are made at the back of the
box , so the operating area is kept free fr o m
exposed wires.

Selector switch S I IS a single-pole
m ult iple con tact switch, t he number of
positions depending o n t he number of
different n gs you want to switch In . Fo r
mo st stations , a four-position sw itch should
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Converting a CB
Clifford KUnert, WB6BIH
520 Division Street
National City, California 92050

Transceiver to Six Meters

•

This article is a report on a recent project
that was undertaken to determine the feasi­
bility of converting a typical eleven-meter
citizen's band transceiver to the six meter
amateur band. The conversion was done on
a Knight c-n that was obtained in a trade
with a local CB'er. The conversion involved
considerably more effort than was expected,
and is not recommended for the beginner.
However. the results were very successful,
and this was a very rewarding project.

The C.B. Rig
The transceiver as it was originally, had a

transmitter with a single tube, a 6CX8 . The
triode section operated as an overtone crys­
tal oscillator. driving the other section as a
final straight through on 27 mhz. The audio
section consisted of a 12AX7 driving a 12AQ5
which acted as both audio output amplifier
on receive. and as a modulator on transmit.
The receiver had two if stages on 1650 khz,
both 6HR6's. The converter stage consisted
of a 6EA8. The triode section served as local
oscillator, and could be switched between
either tunable or crystal controlled. The
other section of the 6EA8 was the mixer.
There was no rf amplifier stage in the receiv­
er. A squelch and noise limiter were also
included . Power was supplied by a self con­
tained power supply that could be operated
from either liS VAC or 12 vdc.

: <~

-- ---

-
Converting the Transmitter

The conversion was done in three major
parts, the first of which is the transmitter
conversion. This was done first because it
seemed easiest. Just plug in a six meter crys­
tal after changing the values in the tuned cir­
cuits, and it should work. It did work, but
this path was eventually doomed to failure.
Components and circuits that worked well at
eleven meters were inadequate for vhf. Also,
overtone crystals that would have to be used
are expensive, and often difficult to find. It
was finally decided to go to the configura­
tion shown in Fig. I. The old reliable 8 mhz
crystal oscillator and tripler circuit was used
with the triode section of the tube. The other
section was used as a doubler and final amp­
lifier stage. When this circuit was first con­
structed with the 6CX8, the drive to the final
was inadequate for acceptable modulation,
and the tube was changed to a 6BA8A. This

6BA8A,,---, "50MHJ

•
sox

cor

;;; _001 TO.250

•
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Fig. 1. Transmitter circuit.
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tube provided the slight increase in drive that
was needed , and good results were finally
obtained.

All the original bias resistors were retained,
and it is assumed that they are of proper
value. The tank coil was rewound with five
turns of number 18 wire, ~ .. in diameter.
The plate blocking capacitor and the rf choke
as well as the pi net capacitors were left as
they were originally, and they work well.
Both sections of the tube were connected to
the B+, and the cathodes were grounded by a
relay to transmit.

The power input to the final stage is about
five watts, and the output is about one walt.
This is typical performance when a tube is
operated as a multiplier stage. More output
could have been obtained if another stage
were included in the transmitter, but the ef­
fort required and the lack of space more than
offset the small increase in output that could
be obtained .

On the first tests with a short length of
solder for an antenna, solid contact was ob­
tained with a mobile station about a mile
away. It was decided that a ~etter antenna
was needed, and the rig was connected to the
40 meter dipole. This quickly brought a visit
from a neighbor, with a TV[ complaint. Per­
haps it was just the antenna, but one of the
characteristics of this type of transmilter is
its high TV[ to power input ratio. Since this
transceiver was intended for a mobile instal­
lation, TVI was not considered a serious pro­
blem, but if it is to be used as a fixed station
near television receivers, precautions should
be taken to prevent interference.

The rf Amplifier

The methods used at 27 mhz are often un­
satisfactory for vhf work, and to provide add-
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ed sensitivity and selectivity, an rf amplifier
must be added to the receiver. An MPF-I02
was chosen because of its low cost, simple
circuit, and good performance. Power was
obtained from the cathode of the 12AQ5
audio output tube, and about IS volts was
obtained. The circuit of Fig. 2 was used. The
grounded gate configuration was used in or­
der to avoid the necessity of neutralization.
The two diodes, DI and D2; were placed in
the input to protect the transistor if the re­
ceiver is near a strong 50 mhz rf field that
could cause damage. The diodes are of the
high speed switching variety, and were ob­
tained from a friend. He argued that the
I N34A diodes used in the Handbook I are
inadequate for protection of transistorized
receivers,

In spite of all these careful precautions,
the FET was soldered into the circuit, back­
wards. No amplification resulted, and the
error was discovered. No damage seems to
have been done, however, because the stage
worked quite. well after this error was dis­
covered and corrected.

The MPF-102 works well with any voltage
between 9 and IS volts, and has shown no
tendency toward instability. Considering its
small size, low cost , good performance and
low power consumption, the MPF-I02 was a
good choice for this application.
The Converter Stage .

Here, in the converter, the greatest prob­
lem was encountered. At first , the tunable
oscillator was padded down to about 24 mhz
so the second harmonic could be used for
local oscillator injection to the mixer. This
worked, but resulted in very poor conversion
efficiency, and is not recommended. This was
discovered when the grid dip oscillator was
left on the table near the receiver.

The GDO sitting a foot away put out a

' 0
MIXER
GRIO

TO T.R.
RE LAY
· '~ VOC:

Fig. 2 . RF amplifier.

LI -9 turns on ';4" diameter iron-slug form
with 2 turn link. CI, C2-disc ceramic.
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better local oscillator signal than the one in
the receiver!

After a great deal of experimentation, the
circuit of Fig. 3 evolved. The oscillator cir­
cuit is similar to the Handbook- circuit that
was used with an FET. A considerable am­
ount of trouble was experienced with this
circuit, and it was finally discovered that the
long and sloppy leads used in the CB rig were
inadequate for vhf. After the wiring was
cleaned up, the oscillator was giving reliable
service,

The bottom half of the original oscillator
coil was used . The can which shields the os­
cillator coil should be removed to check ter­
minal connections. This coil consists of sev­
en turns on a li..' diameter slug tuned form.
Actually, a few more turns should be added
because this circuit is just barely on frequen­
cy with the slug all the way in and all capa­
citors at maximum capacitance . The compon­
ent values given may not be optimum, but
wi1l work if careful at t ention is paid to the
wiring and layout. NPO disc cera mic or mica
capacitors should be used in the tuned circuit
t o prevent thermally caused frequency drift.

The mixer half of the 6EA8 also gave some
trouble. At first, the mixer was oscillating,
and the trouble was thought to be the fault
of the rf amplifier stage. The trouble was
traced to an un-bypassed cathode in the mix­
er, and so me other problems were discovered.
The screen and cathode resistors were too

""

112 6£01.8,

•
TRI MMER

!Opt 8 ,2 ~~

"'0'"
MAIN T UNING
CAPllClTOR

Fig. 3. Converter .

"Indicates original component.
Resistors V: watt carbon.
CI-NPO or mica.
C2-NPO or mica.
Other fixed capacitors are disc ceramic.
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high in value to allow optimum mixer perfor­
mance, and had to be changed t o the values
shown in Fig. 3.

After these problems were corrected, the
front end of the receiver was tuned up and
found to be operating very well.

Switching Considerations

The relay in the transceiver had two doub­
le throw contacts and one single throw con­
tact, normally closed. One double throw
section switched the B+ for certain parts of
the audio stages, and the other double throw
contacts ground the transmitter cathodes on
transmit, and ground the speaker terminal,
connecting the speaker, during reception.
The third single throw contact was used to
disconnect the receiver from the antenna dur­
ing receiving. The transmitter v!~s originally
permanen tty connected to the antenna.

This arrangement was considered unsatis­
factory, and the following modifications were
made. The single throw contact was used to
control the voltage to the FET rf amplifier.
The double throw contacts that switched the
speaker and transmitter were used as an an­
tenna change-over switch. Now the transmit­
ter tank circuit is completely disconnected
during transmit. Interconnections were made
with Amphenol 21-597 Subminax 75 ohm
coaxial cable that was in the junk box. RG­
174 could also be used, and is a little smaller.
Another relay was added to perform the func­
tion that was not handled by the original re­
lay. The relay used was obtained from sur­
plus, and was the sensitive type with an 8000
ohm coil. A 50 K ohm resistor was placed in
series with the coil, and connect ed to the
250 volt B+. The other end of the relay was
switched to ground by the microphone push
to talk swit ch as was done with the original
relay. The relay was mounted under the
chassis, and takes up very little room. Also,
the power consumption is small .

Final Results

The results from this project showed that
a CB to six meter conversion is practical, but
more difficult than was expected. If a CB
transceiver is available, and there is a desire
for a compact six meter transceiver for mobile
or portable use, this is an excellent project .
The inherent qualities of the CB transceiver
with its squelch and noise limiter make it ex-
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cellent for mobile use. The transmitter,
though low powered , is easy to build, has
good audio quality, and provides good short
range communication. A comparison with a
similar commercial transceiver j under mobile
conditions showed similar performance on
transmitting, and decidedly superior perfor­
mance receiving. The transceiver, with its
small size and built-in power supply is easy to
mount, even in a compact car.

The complete conversion took four days
of aft ernoons and evenings, and cost less than
five dollars. The more experienced builder
could probably do it in a weekend, especial­
ly with the help of this article.

So, considering t he successful results of
this conversion, the technician or vhf ent hu­
siast with a "useless" eleven meter transceiver
on his hands should be encouraged to know
that a successful conversion is possible, and
pract ical. i

.. .WB6BIH

••

<-""''''' ..,...GlI -" .,..
-

COMPRESSOR-PREAMP
MODEL ACP·l KIT $18,50
30 db compression range _ l ow-noise
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Getting Your Extra
Class License,

Part XI - Oscillators

STAFF

Some 50 years ago, a revolution hit ama­
teur radio. Up to that time, the spark gap had
been king-but about the time hams returned
to the air after WWI, a different sound
began replacing the roar of King Spark. The
continuous-wave oscillator had become avail­
able, and its much narrower bandwidth
permitted dozens of operators to work in
the space required by a single spark trans­
mitter.

It was much the same story as the battles
when SSB came onto the scene one and a
half wars later, but the revolution toppled
King Spark from his throne and today the
spark-gap transmitter is illegal. All amateur
radio communication makes use of the CW
oscillator in some fashion, either as a CW
source in itself, as the source of a carrier to
be modulated, or as the source of a carrier to
be suppressed after sidebands are generated
for transmission.

Because the CW oscillator is so fundamen­
tal to modern radio communications, the
FCC insists that would-be Extra Class opera­
tors have an adequate knowledge of oscilla­
tor operation and adjustment. In this
month's installment, we'll cover five of the
Extra Class study list questions which deal
directly with oscillators -and also quite a bit
about oscillator operation which doesn't
appear directly in the study list but which is
essential to other questions which do.

The specific study list questions with
ooich we're dealing this time are (numbers,
as always, are those assigned by the FCC):

17 . How does the positioning of a po w­
dered iron tuning slug affect the
frequency of the oscillator it is
tuning?

28 . What frequency should a crystal
oscillator circuit be tuned to for
maximum stability?

29. What determines the fundamental
operating range of a multivibrator?
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31. What factors determine the frequency
at which a quartz crystal will oscil­
late? List some of the advantages of
using crystals in amateur equipment.

36. How can the safe power input to a
crystal oscillator circuit be deter­
mined?

We'll follow our usual custom of re-phas­
ing these five questions from the study list
into other, more general, questions, and then
examining our broader questions as well as
to any similar ones which may appear on the
actual examination.

To start, we must examine oscillator
principles in detail. The major question
involved in this study, which will be our first
broad query, is "What Keeps An Oscillator
Going?" Of course, we must also determine
what gets it started in the first place, but the
important thing about an oscillator is that it
does keep going, and that's where the details
are to be found.

With a base of oscillator theory on which
to build, we can then turn our attention to
more specific oscillator questions. Most of
the FCC questions deal with the use of
crystals in oscillators, so let's make our
second question simply "Why Use Crystals?"
and in the course of getting some answers to
this we should wrap up FCC question 31
rather thoroughly. Then we can continue by
asking "What Limits The Use of a Crystal
Oscillator?" and take care of questions such
as numbers 28 and 31.

Not all oscillators use crystals, nor do all
of them even produce sine-wave outputs,
and we need to look at these lesser-used
types as well. To do so, we'll ask "Can The
Inductors Be Left Out?", and the answers
should take us through not only several
types of multivibrators but even some coil­
less sine-wave oscillator circuits for both rf
and af.

Most discussions of oscillators and oscilla-
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tor theory fall into one of two broad
groupings -either they are overly simplified
and so fail t o mention many everyday
problems t o which oscillators are subject (in
efforts to avoid any math at all), or they are
overly precise and require a knowledge of
engineering rnath (particularly the area of
Laplace transforms, poles, and zeroes) to be
comprehended . We'll try to steer a middle
course. We won 't be able to avoid all the
math , but we should be able to keep things
at least as simple as Ohm 's Law. This may
lead us into some oversimplifica tions here
and there , but if we can't keep them minor
we'll try to flag them out to you so that you
will know where any potential trouble spots
may lie. Fair enough? Let's get on with the
questions.

What Keeps an Oscillator Going? An
" oscillator ," in it s most general sense , is a
circuit which produces from de-only inputs
an output which contains an ac component.
The out put of the oscillator may be ac , or it
may be pulsat ing de, but in either case it
contains an ac component which was not
present in an y of the input voltages or
curre nts. The purpose of the oscilla tor is to
produce this ac conponent.

In mo st oscillator circuits we use in ham
radio, the ac o ut put is a sine wa ve or very
nearly one, but this isn ' t necessarily true of
all oscillators.

The frequency of the oscilla tor's out put
may be anything from subsonic (below 10
hz) audio frequencies to rf in the EHF range;
a laser, in fact , is an oscillator which has an
output frequen cy in the visible light region.

But the oscillators we're most interested
in right now are those which produce sine­
wave rf output in the region fr om say 250
khz up through 30 mhz ; these all work in
about the sa me basic way. All co nventional
oscillators in this applications area based
upon feedback principles; in the UHF region
especially, some non-feedback oscillators are
used .

Any feedba ck oscillator can be separated
into two main sections for analy sis. When
this is done, the differences between the
many types of oscillator circuits-and the
basic similarities of a ll of them -become
more evident. We've done so in Fig. I.

The two main sections of any oscillator,
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FEE DBACK
NET WO RK

F 19. 1. Basic com pone n ts of any electronic'
oscillator a re s ho w n here . A m p lif ie r is heart
of t he ci rc u it, w h ile feed b ack n etwork ta kes
a p art of t he a mplif ier's output b ack t o
pro vid e inpu t and t h u s permi t osc illat ion to
con tinue. If feed b ack facto r time s amp lifie r
gain is equal to o r greater than 1, ci rcuit can
o scillate . D ifferenc e s amo ng oscillato rs
come abou t by th e m a n y d iffere nt t y p es of
am p lif iers w hich ca n b e used, a nd t he ma ny
w ay s of a rra ng ing the f eedback n etwor k .

as in Fig.1 shows, are the amplif ier and the
feedback network. The amplifier part , in
itself, is usually a comp letely conventional
amplifier fo r the frequency range at which
the oscillator is to be used . In fact, almost
any amplifier can be t urned into an oscilla­
tor by providing a suitable fee dback net­
work-and this feedback network often gets
provided by accident , giving us an unwa nted
self-driving a mplifier. Such a situat io n is
known as " spurious oscillatio n," and is often
the subject of much grief. "Parasitics" are
another instan ce of this same prin ciple at
work.

We'll get into undesired oscilla tions and
what to do about them in a fut ure insta ll­
ment; this time around we're sticking to
desired oscillations.

The fee dback net work suitable for any
particular amp lifier circuit in order to turn it
into an oscillator depends to a great extent
on the amplifier circuit it self. What the
feedback network mu st do is to feed back to
the input of the amplifier just enough of the
output to provide adequa te drive , and do so
in the proper phase.

Most co nventional amplifier circuits
reverse the phase of the signal between grid
and plate circuits , an d a phase-reversed signal
tends to cancel itself out. For such circuits,
the feedback network must introduce an­
other phase reversal so that the fe d-back
signal is in the proper phase to produce the
same o ut put signal.

In addi tion , most conventiona l amplifier
circuits have some gain between input and
out put; the fee dback network must have
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corresponding loss, so that just enough signal
is fed back to keep things going. Too much
feedback will at the minimum produce
distortion of the output signal; it may go so
far as to prevent steady oscillation.

An oscillator is usually intended to pro­
duce an output signal of some single speci­
fied frequency. This requires that some­
where in the oscillator there be a tuning
circuit to select that frequency and reject all
others.

Normally, this tuning circuit is made a
part of the. feedback network, because most
tuning circuits also automatically provide
phase-shifting. The phase reversal necessary
in the feedback and the frequency selection
necessary to restrict output to a single
frequency can thus be combined into a
single set of elements.

At this stage, we have established the
minimum requirements for an oscillator-but
we haven't even looked at our main ques­
tion, "What keeps it going?" Let's start that

.study by assuming that it is, in fact, already
going (then we can find out how it gets
started later).

Just to make things definite for our first
example, let's select some figures out of the
air. Let's assume that our amplifier has an
exact 180 degree phase reversal between
input and output, and a voltage gain of 10
times. That is, one volt peak-to-peak rf input
will produce 10 volts peak-to-peak output in
reversed phase.

We won't specify the feedback network
right now. Instead, we'll try several different
sets of characteristics for the feedback.

With no feedback network in the circuit,
we have simply an amplifier. When the input
is removed, the output disappears also.

Let's try a feedback network which feeds
back 1/100 of its own input (which is the
amplifier's output). and leaves phase un­
changed. Now our l-volt input will produce
10 volts output, but 1/100 of this 10-volt
output, or 1/10 volt, will be put back into
the input. Its phase is reversed from the
original input, so it cancels out 1/10 volt of
input·and leaves 9/10 volt available for the
amplifier. This. in turn, cuts the output
down to 9 volts-and so reduces the feed­
back voltage to 9/100 of a volt. This action
increases the available amplifier input volt-
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age from 0.9 volt to 0.91 volt. The round­
robin action finally settles down when the
output becomes 9.1919191919 ... volts,
because when 1/100 of this is fed back the
input available for the amplifier is
0.9191919191... volts. The amplifier itself
still has a gain of 10, but the effect of the
feedback network was to reduce the effec­
tive gain to 9.1919.

If we put in a feedback network which
feeds back 1/10 of its own input, in the
same phase, then a l-volt input signal will
produce 10 volts out (originally) and I volt
in reverse phase from the feedback which
cancels out the original input. With the input
gone, there is no output to feed back. The
resulting round-robin action finally settles
down when amplifier output is 5 volts.
Feedback then is 0.5 volts, which cancels
out half the original input and lets the
remaining half be amplified ten times to
produce the 5-volt output.

If all of the output is fed back (a
feedback factor of 100%) without phase
change, the effective amplifier gain will be
reduced to something less than 1. In our
example, the gain will drop to 10/11. A
l-volt input signai will then produce 10/11
volt output. This will be fed back to cancel
most of the input; only 1/11 volt of input
will not be cancelled. The amplifier will
boost this by ten times, providing the 10/11
volt output.

All of these examples so far left the phase
of the feedback voltage unchanged, which
with our specified amplifier meant that the
feedback voltage was out of phase with the
input. Such feedback is known as negative
feedback, and is used to improve amplifier
action (as examined in some detail in our
Advanced Class study course).

If we use a different feedback network
and change the phase of the feedback
voltage so that it is IN phase with the
original input. things come out differently.

Feeding back 1/100 of the output as we
did in our first example, but with phase
reversal included in the feedback network.
we find that a l-volt input gives us a l u-volt
output, which produces 1/10 volt of feed­
back. This increases our effective input to
1.1 volts, giving us II volts output and
increasing the feedback to 0.11 volt. The
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effective input rises a li ttle more, to 1.1 1
volts ; the feedback rises with it to 0.11 1
volt . Each pass around the feedback loop
brings the effective input voltage up just a
lit tle bit more -but even an infinite number
of passes can never bring the output any
higher than 1.11 1112 volts, because each
pass merely adds 1/10 of the previous input.
The effec tive gain of this arrange ment levels
out, then , at 11 .11 1111111 .... . times.

Let's see what happens if we bring the
feedback percentage from I up to 9%. A
I-volt input gives us 10 volts out the first
time, and we feed back 9/100 of this to
bring the input up to an effective 1.9 volts.
Output rises to 19 volts . Feedback rises to
1.71 volts, which adds to the previous I-volt
input to give an effective input of 2.71 volts
and an output of 27.1 volts. Feedback
comes up to 2.439 volts, and output con­
sequently climbs to 34.39 volts.

It might appear that output in this case
would climb forever, but it doesn't. When
the output has climbed to 100 vo lts exactly,
the resulting feedback voltage is 9/100 of
that or 9 volts. Added to the original I -volt
input, this gives 10 volts effective input, and
the amplifier's original gain of 10 boosts this
to the 100 volt output level.

What happens if we make the feedback
percentage 10% now? Let's assume that the
amplifier was producing a 10-volt output
signal with no feedback, and we suddenly
con nect a 10-percent feedback network to
it. The fee dback voltage becomes 1/10 of
10, or I vol t. If the I -volt input signa l is still

•
present, this will give us 2 volts effective
input and a 20-volt output. The next pass
around the feedback loop will have 2 volts
feedback an d 1 of inp ut for 3 volts in and 30
volts ou t ; the next after that will bring us up
to 40 volts out, and so forth. The rise in
output will never stop because of running
out of feedback; the only limit is that
imposed by the available power-supply volt­
age swings. And if we remove the l-volt
input signal at any time after the fee dback
loop is connected, what happens'? If we're
getting 20 volts out then instead of rising to
30 volts next time around the loop the
output would remain steady at 20 volts,
because the 2 volts fed back would provide a
2-volt input signal.
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If we had been gelling the 10 volts out
when the input signal was removed, then we
would hold steady at 10 volts output ,
because I volt would be fed back and this
would keep output constant.

In fact, no matter what output we were
getting when the input signal disap peared,
we would hold steady at that level, because
the feedback factor is just right to give the
amplifier an artificial input signal developed
from its own output signal. We now have an
oscillator.

Notice that this happened with a feedback
factor of 10% and an amplifier gain of 10
times. Had the amplifier gain been 100, a
feedback factor of I% would have been
enough to do the job. What is required is
enough feedback so that the feedba ck frac­
tion times the amplifier gain is equal to I. If
the signal fed back is in phase with the input
signal, and feedback fraction times gain
equals I, the circuit will oscilla te.

In practice, of course, the gain of the
amplifier may vary as tubes or transistors
age, resistors change value, and power supply
voltages change with load . Any time the
product of feedback fraction times gain
drops below 1, the oscillator cannot keep
going. However, the product can be greater
than I , and most oscillator designs make it
slightly greater just to give a safety factor .

If the feedback is greater than the mini­
mum required for oscillation, output will
not be steady at some accide nta l level.
Instead, it will climb to the point at which
available power-supply voltage or some other
factor limits it , and level off there . For this
reason, the amplifier portions of most rf
oscillators operate in Class C, with curre nt
flowing only during parts of the cycle .

This fact, in itself, introduces some new
problems into the action of keeping the
oscillator going. When the amplifier works
only a part of the time, as is always true in
Class C operation, then something must
provide a " fl ywheel" effect to carry the
circuit through those portions of the cycle in
which the amplifier is effectively "dead."
The same resonant circuit used for tuning
the oscillator usually provides the "fly­
wheel" by storing energy in its fields and
releasing it a fraction of a cycle later.

The resonant circuit is not necessary,
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though, so long as some energy storage
capability is included. The multivibrator, for
instance, stores its "flywheel" energy in the
coupling capacitors. A crystal oscillator uses
the crystal itself for energy storage, by
converting electrical energy into mechanical
energy and back again. We'll get into these a
little later, however. To keep things rela­
tive ly simple at this stage, let's concentrate
on the types of oscillators which store their
energy in resonant circuits.

In previous installments of this study
course we have exami ned the idea of "Q,"
the "quality factor" of any energy-storage
element, at some length . Since an oscillator
operating in the Class C condition requires
some type of energy storage within its
circuit in order to keep going, we might
guess that the Q of that energy storage (in
the present case , of the oscillator's resonant
circuit) is of some interest to us. And that
quess would be correct.

One of the ways in which Q is defined is
as the rat io of energy stored per cycle to
energy dissipated per cycle. This definition
tells us that a circuit with a Q of I must
dissipate all the energy it stores; such a low
Q is usually avoided, and tha t's why. A
storage device which dissipates everything
you attempt to store in it doesn 't do much
towards keeping the energy around for
future use .

Any energy taken out of the resonant
circuit fo r any reason is lost so far as the
circuit is concerned , and in the definition of
Q just quoted, the energy deliberately taken
out is included in the energy "dissipated."
Thus the Q of a working circui t is affected
by the degree to which the circuit is loaded ;
the heavier the loading the more energy is
taken out per cycle, and the lower will be
the Q.

The resonant circuit of an oscillator must
have reasonable high Q in order for the
oscillator to operate; this requirement comes
directly from the fact that the resonant
circuit is storing the energy to provide a
flywheel effect, and the circuit Q serves the
same purpose as does the high mass of a
mechanical flywheel.

If circuit Q is too low, the circuit may fail
to oscillate despite all connections being
correct; this is frequently a rather perplexing
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problem to a homebrew artist who has
modified a "borrowed" design to operate at
some new frequency range, and tuned the
circuit to resonance by using a dipper
without considering the Q which may be
req uired to keep things going.

Q may be increased in either of two ways.
The circuit may be less heavily loaded, so
that less power is taken out, or the capaci­
tance of the circuit may be increased (and its
inductance decreased to match, to maintain
the proper frequency). Increasing the capaci­
tance is preferab le.

Should this fail to solve the problem, it
may be that the circuit is simply not
providing enough drive to its amplifier por­
tion. In this case, the remedy is to increase
drive by increasing the amount of feedbac k.
The technique for in creasing feedback will
vary with the particular circuit ; in general,
the idea is to couple more of the output
back to the input .

In many cases, both remedies are applied
simultaneously . Increasing the feedback of­
ten permits a decrease in loading of the
resonant circuit (achieved by reducing
coupling between the resonant circuit and
the amp lifier input , as by using smaller
coupling capacitors), which increases the
effective working Q.

One of the most frequent causes for
oscillators turning balky is the effort to
obtain maxi mu m output power. An oscil­
lator, whether crystal or variable, is intended
only to establish frequen cy. Once the fre­
quency is established, its power level can be
amplified as much as you like by ordinary
amplifiers. If oscillators are not expected to
furnish power, they usually behave beauti­
fully.

Before we move on to take a look at
crystals, let's see what starts an oscillator.

Remember, so far we have assumed that
it was already going, and have looked only at
the mechanisms which keep it going once
started . However , it's obvious that any pract­
ical oscillator does not run all the time.
When power is turned on, it has to start.
How does this happen?

We make it happen, by using grid-leak
bias rather than fixed bias on the oscillator.
This assures us that when we turn the pcwer
on, the amplifier portion of the oscillator
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will (at least in the first few instants) be
operating without bias, and so will be able to
amplify signals.

When we turn on the power, th is ac t in
itself puts a pulsed signal in to th e power
lines to the amp lifier stage as the power
supply voltage comes up fro m zero to it s
opera ting value. This signal pulse causes the
reso nant circuit to " ring." Even without the
pulse caused by power turn-on, an amplifier
always has some random noise in it , and this
too is amplifier. Any noise pulses which
happen to be near the frequency to ....which
the resonant circuit is tuned will a lso cause
ringing, so that we can always count on at
least a little bit of action in th e resonant
circu it.

As the amp lifier stage warm s up and
comes to life , any ringing in the resonant
circ u it provides it a small amount of in put,
and this input is amp lified. Since (for safety)
we included a litt le more feedback than was
absolutely necessary, the fed-back portion of
this amplified input is larger than was the
original input level. It continues to build up
in th is manner, until the amplifie r begins to
draw grid current. At th is point , the grid
current esta blishes a bias voltage across the
grid leak and sets up the opera ting bias
voltage . Amplification continues, bu t the
oscillator is running now. When the signal is
limited by the available supply power, full
Class C operation of the amplifier part of the
circuit is going on.

While all this is happening, the frequency
of the signal changes. Once stable operating
conditions are reached, the freque ncy sett les
down. The. cha nge in freq ue ncy during the
start and stop port ions o f the oscillato r's
opera tion ca nnot be avoided; so me of it
comes from ac tual physical changes in cir­
cuit elements such as expansion d ue to
heating from the rf current flowing, and
some is more exotic in origin-it comes from
the change in phase of signal through the
amplifier as operating voltages are cha nged.

Even those most stable of prac tica l oscil­
lato rs, the crystal circui ts, are not immune
to these changes. But crystal oscilla to rs a re,
in themselves, the subjec t o f a d ifferent
question. Let's move o n to that one.

Why Use Crystals ? The vast majority of
amateur transmitters, and an appreciable
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fraction of the receivers as well these days,
make use of at least one crysta l-controlled
oscillator in some stage. Our question now is
simple-why?

Most of us probably know, o f course,
that the crysta l contro lled oscilla to r is nor­
mally much more stable than a variable
wid ely used whenever accurate and stab le
contro l of frequency is desired . Bu t why
should this be so?

To begin our look at the reasons why,
let 's back way, way off for a moment and
observe that virtually everything we do with
electronics depends to a pretty large degree
o n geometrical rela tio nships among physical
o bjects. A vacuum tu be, for ins tance, gets its
amp lificat ion beca use of the rati o in spacing
and in area o f the grid struc tu re and the
pla te. A capaci to r's capab ility to store en­
ergy is determined by the area of its plates
and the spacing between them, as well as by
the " dielectric constant" of the insulating
material (which is, itself, de termined by the
mo lecular geometry of the material) . An
inductor's inductance is determi ned by dia­
meter, spacing, and number of turn s, all of
which are physical quantities. The list goes
on , and includes almost all o f o ur compo­
nen ts.

What 's mo re, when we ma ke use of the
electronic results of these physical rela ti on­
ships, many relatively sma ll physical changes
int ro duce large changes in the results. T he
movement of a metal diaphragm changes the
resistance of ca rbon gra ins enough to make
the carbon microphone practica l, but this
movement is so slight tha t you can' t see it
wit h the naked eye.

The crystal oscillator gets its frequ ency
sta b il ity pri mar ily from the fac t that it uses
physical resonance rather than electrical
reso nance. T his elim inates one whole level of
relat io nships from physical to electrical and
back again.

The material most often used for fre­
quency-controlling crystals is quartz. Cry­
stalline q uartz shares with many other sub­
stances an interest ing property known as

"piezoelectrici ty ," which means that it is
capable of producing elec t ricity in response
to physical p ress ure, and conversely of
cha nging its shape under the infl uence of
electrical pressu re: of all the piezoelectric
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Fig. 2 . Id eal qua rtz c rystal is six -sided pr ism .
Most natu ral c ryst a ls are imperfect, with
chipped or broken edges or ends. Illustra­
tion shows an idea l crystal. Z -axis of t he
c rystal is t he line t hro ugh th e cen ter of the
c rysta l, t he long way; in t h is one it wo u ld
pass t h ro ug h the point at each end.

substances, quartz crystals are the most
durable and because o f this have come into
wide use.

When an alternating voltage is applied
across the proper faces of a quart z crystal,
the crystal will vibrate. The frequ ency at
which the vibra tion occurs depends only
upon the dimensions of the crystal. If the
applied ac voltage happens t o be at a
frequ ency at which the crystal is me chani­
cally resonant, though , the exchange of
ene rgy between the electri cal and mechani­
cal stages (and back again) is extremely
efficie nt and very little energy is dissipated
within the crysta l.

This small energy dissipation means that
the Q factor of a crystal (we'll quit pointing
out that we really mean "quartz crystal"
every time from here o n) is high . Astro­
nomical might be a better word. Typical Q
figures for crystals range from 10,000 to
100,000 ; a good LC resonant circuit might
reach a Q of 500 with extre me care in design
and generous amounts of luck .

The natural form of crystalline quartz is a
six-sided prism. looking somethi ng like Fig.
2. If we slice it st raight through the mid dle
and look at it end-on, we will find a
hexagonal shape like Fig. 3. If we then join
the midpoints of each pair of opposit e flat
sides with line s ( Y I, Y2 , and Y3 in Fig. 3)
and the vertices at which the sides meet with
other lines (X I , X2; and X3), we can
establish three pairs of axes (axises, if you
prefer); a third axis is provided by the
crystal's center line where all the other axes
meet, and it is called the "Z axis." These X,
Y, and Z axes are established to guide the
cutt ing of the "mother crystal" into blanks
having the desired electrical properties. If a
blank is cut so that it is perpendicu lar to the
X-axis, it is known as an "Xscut" crystal,
and similarly a Y,-cut blank is o ne perpen­
dicular to any one of the three Y axes. At
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However, alteration of allY dimension will
change the resonant frequency to some
degree . So, also , will changing the mass of
the crystal; this can be achieved by
"loading" the crysta l surface with pencil
lead or by rubbing solder int o the surface .
Plated crystals are adjusted to frequency by
contro ll ing the thickness (and so the mass)
of the plated-an electrodes.

Once the basic vibration frequen cies of a
blank are established by grinding or et ching to
final dimensions, and. proper precautions
against excitation of the unwanted modes
are built in so that only one of the several
possible frequenci es is used , the crystal is
ready for use in an oscillato r. There, it
replaces the resonant circuit as both the

Fig. 5 . Quartz c ry st a ls have several different
"modes" o f v ib ra ti o n, and the same crystal
may be capable of v ib ra t in g in any of severa l
modes (a lthough manufacturer s a tte m p t to
p revent this by grinding the crystal blank in
such a way as to favor one mode to the
exclusion of any others). I n these d ra wi nqs,
the solid -line view shows the c r y st a l' s shape
at rest, and the dotted lines indicate the
shape at one extreme o f vibration in the
applicable mode. While most discussions o f
crystals action tend to leave the imp ression
t hat vib ration is in f lexure mode, most
common crysta ls actua lly u se either thick ­
ness or face shear mode .

other than the lowest-frequency mode inher­
ent in the crysta l's dimensions.

While the crystal's dimensions de termine
its operating frequency, ·it' s not always the
"thickness" dimension which turns out to be
critical. Only the types which operate in the
thickness-shear mode (Fig. 5 shows the five
vibration modes) are contro lled primarily by
thickness. The other cuts are influenced
more heavily by the width or length of the
crystal.

A ELEMENT
B ELEMENT
C ELEMENT
D ELEMENT
E ELEMENT
F ELEMENT
G ELEMENT
H ELEMENT
J ELE MENT
M ELEMENT
N ELEMENT

MILITARY
DESIGNATION

VIBRAT ION
MODE

THICKNESS SHE A R
THICKNESS SHE AR
FACE SHEAR
FACE SHEAR
EXTENSIONAL
EXTENSIONAL
EXTENSIONAL
L-W FLEXURE
L-T FLEXURE
EXTENSIONAL
L-W FLEXURE

AT CUT
BTCUT
CTCUT
DTCUT
+50 X CUT
-180 X CUT
GTCUT
+50 X CUT
DUPLEX
MTCUT
NTCUT

Fig. 4 . Designations of various types of
crystal cuts. Military designation is the type
number placed on c r y st a l elements for
military use. Vibrat ion m odes are shown in
Fig. 5 .

X3 Y2 ;1(2

F ig . 3 . Slicing the ideal quartz crystal of F ig .
2 across would give this hexagonal c rass­
section. Z-axis now is vert ical to t h e illust ra­
t io n , protruding straight up f rom center of
section. The six lines jo in ing side mid p oints
IV1, Y2, and V3) and side corners (X l, X2,
and X3) show the X and Y axes of the
crystal. All the X axes are alike, and all the
Y a xes are alike, b ut blanks cu t with X -axis
orientation differ greatly from those cut
acro ss the v -exts. Most crystal b lanks are
cut at a n angle t o all three axes to o bta in
the desired characteristics. F ig. 4 lists t he
" stand ard " cuts by common name and
m ilitary designation .

least I I "standard" cuts exist, and today
neither the plain X-cut, Y-cut , nor Z-cut is­
considered standard . Fig. 4 lists the 11 cuts
designated as "standard" for military use ;
the differences between them are all caused
by the different angle made between the
plane of the crystal blank and the major axes
of the original natural crystal.

As listed in Fig . 4, the crystal can vibrate
in any of five modes depending upon its cut.
Actually , a surprising number of crystals cut
to vibrate in one mode will vibrate in not
only the design mod e but several others, and
many will vibrate at a number of different
frequencies. This fact is used in the design of
"overto ne" crystal oscillators, which are
designed to operate at some vibration mode

,,-+- -_....:::

COMMON
DESIGNATION
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frequency-determ ining element and the
energy-storage device . Most variable or LC
oscillator circuits have their crystal counter­
parts, which we will examine later.

At the moment, though, we' re st ill
looking at the reasons for the extreme
frequency stability of the crystal. Its astro­
nomical Q is the primary reason, and the rela­
t iye freedom from effects of the surrounding
environment is a strong supporting cause.

The crystal, however, is not a primary
frequency standard . It can lose its stability,
especially if mistreated . The more its motion
during a cycle, the less stable it is. The
greater the ac current through the crystal,
the greater will be the mo tion . The higher
the feedback fraction , the more current can
flow. Thus excessive feedback can produce
frequency instability . It can also do other
things we'll look at during our next
question .

Since the crystal operates with mechani­
cal resonance and physical vibration , but
converts the physical vibration into electrical
signals, it acts just as if it were an exception­
ally high quality resonant circuit. Fig. 6
shows the schematic of the equivalent circuit
of a crystal ; the values are those typical fo r a
7 mhz AT-cut fu ndamental crystal approxi­
mately 1/10 inch thick and 3/8 inch square,
which includes a Q of approximately
25,000.
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F ig. 6. Equivalent circuit of a typical 7 rnhz
quartz c ry st a l 1/ 10 inch thick and 3 /8 inch
square. A l l quartz crysta ls show t he same
electrical characteristics, but the va lues
given here apply only to the particular
crystal element for which they were calcul­
ated. Note extremely large equiva lent in ­
ductance and sm all series cap ac itance; large
shunt capac itance helps account for stabi l ­
ity, since several picofarads additional stray
c ap ac it anc e will have relatively little effect.
Q of c i r c u it equa ls induct ive reactance
divided by series r esistanc e, or in t his case
3 42000/13 which works o u t to a l it tl e m o re
than 26,000.
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What Limits Th e Use of a Crystal Oscil­
lator? The extreme utility of the crysta l
osc illator is proven by its wide use. SSB
transmitters use them to provide the original
carriers, vhf transmitters employ them for
freq uency co ntrol, many mob ile rigs are
rockbound, and not a few receivers make use
of crystal-controlled front ends together
with variable intermediate-frequency tuning
to obtain top performance. But the crystal
oscilla tor does have limit ations; wha t arc
they?

Fore most of the limitations is the rela­
tively low power capabil ity of a crysta l
oscillator. So long as the oscillator is used
only to establish frequency, and power
generation is left to other parts of the
equipment, this causes no problems. But
when the maximu m of power is required
fro m the minimum of stages, the power
limitation may rear its many-fa nged jaws.

This limitation stems direc tly from the
inherent fragility of any crystal. Just as
Caruso was able to shatter a wine-glass by
singing a sustained note at the glass's reso­
nant frequency, so will the quartz crysta l
shatter if driven ha rd enough at its own
resonan t freq uency . The excessive drive
causes the crystal to bend farther th an its
strength will permit, and the result is a
fractured frequency-controller.

Long before actual destruction of the
crystal occurs, though , the stability of the
oscillator will disappear. An overd riven
crystal heats internally, and the hea t causes
the dimensions to change. Although the
change is microscopic, it's enough to move
the frequency several dozen cycles per mega­
cycle.

A crystal which has been abused in this
manner may not return to its original fre­
quency for several hours or even several days
after the drive has been reduced, either.
Occasionally, the change in freq uen cy is
permanent.

The preventive, of course, is to keep
crystal current as low as possible while
assuring active oscillation. Crystal current is
controlled by feedback ; the less feedback,
the lower the crystal current. For maximum
stability, feedback should be just great
enough to assure tha t the oscilla tor starts
every time. In the grid-plate circuit, feed-
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back is controlled by capacitor C I. In other
circuits, it may be necessary to modify other
circuit co nstants such as plate voltage to
co ntrol feedbac k.

Crys ta l cu rrent may be measured by
connecting a low-current pilot bulb, such as
a 60 rna 2-volt bulb, in series with the
crystal. Most crystals, except for fragile
high-frequency fundamental blanks, can
wit hstand 60 rna for short periods of time,
and so the bulb serves double duty as bo th
current ind icator and fuse. The objective
should be to keep the bulb as dim as possible
while maintaining reliable start ing character­
istics on the oscillator.

Most crystal oscillator circuits in use
today are of the electron-coupled variety,
making use of a pentode tube in which the
screen grid serves as the virtual plate of a
tri ode tube in the oscillator circui t. This
permits the actual ou tput to be taken from
the pentode pla te circuit with minimum
loading of the oscillator itself, and also
permits the plate circuit to be tuned to the
crystal frequency with the least possible
effect upon the oscillator's action.

If electron coupling is not used, tuning
the plate circuit to the exac t frequency of
the crys ta l may preve nt oscilla t ion, by shift­
ing phase of the feedback current far enough
away from 1800 so that the feedback
fraction times gain, at the frequency where
180 0 phase shift is present, is less than 1. In
such cases the plate circuit must be turned
slightly off-frequency for reliable, stable
operat ion . Most often, the plate circuit
should be tuned to a freq uency above that
of the crystal. Feedback voltage (and crystal
current) in such a case will vary with plate
tuning, and the adjustment should be made
to a point which provides the minimum
amount of crystal current necessary to pro­
vide reliable starting, This will provide maxi­
mum frequency stabili ty.

Can The Inductors Be Lef t Out? All of
the oscillators we've examined so far in this
installment make use of a resonant circuit
(either LC or the physical equivalent, a
crystal) for frequency control and energy
storage. However, the resonant circuit is not
absolutely necessary.

Th e m o st popular type of high­
performance audio oscillator, for example,
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F i9 . 7 . Equi val enc e b etween non-crystal
Clapp osci llato r ci rcu it (AI a n d Pi e rc e
crystal oscillator circuit Ie) is shown here .
By substituting the crystal's equiva lent ci r ­
cuit from F ig. 6,85 at 8, we find t h a t two
c ircuits a re a lmost iden ti cal. G r id-ca t h o de
capacita nce o f tube ser ves as f e edback capa ­
citor C2 , w hile plate-cathode capacita nce
provides equ ivalent of C3. C4 is not neces­
sary in either circuit. C ry st al ' s shunt cecect­
tance me rely bypasses the resonant circuit
s lightly . C rystal's ser ies re s ist anc e is al so
pre se nt in c o il at A , alt h o u gh it is not
shown , since any coil has at least some
resist anc e present.

As shown in Fig. 7. we can replace the
resonant circuit in a Clapp LC oscillator
(Fig. 7A) with a crysta l, and we have the
Pierce circuit (F ig. 7C). Similarly. we can
develop the grid-plate crystal circuit (F ig.
8A) from the Colpitts ( Fig. 8B).

,.

Fig. 8. Similarit ies between grid -p late c ry st a l
oscillator c i rc u i t (A) and Colpitts vfo circu it
(B) are even more evident than are those
shown in Fig. 7 . Crystal in this case sub ­
stitutes directly for resonant ci rcuit, with no
n eed for a dc blocking capacitor (C 3 in B).
Va lues shown in A are t y pical ; sim i lar va lues
may be used in ci rcu it at B but care m ust b e
taken to assu re that resonant ci rcu it Q is
great enough to permit oscillation.

4 9 .00
69.0 0
99.0 0

5 49.0 0
99.0 0

299.0 0
139.00

4 9 .00
89.0 0

125 .00
109.00
99.0 0

CURRENT

BO X 37A P HONE 605·886-5749
WATERTOWN . SO . DAKOTA 5 7201

USED GEAR LIST
A llied A 25 15 R c v r. w/m tch g. spkr. $ 8 9.0 0
Ameco CM A all b and converter 160 thru

2 . L ess c rysta ls
Ameco R 5 R ece iver
C o ll in s 3 2V2 tran sm itter
Collins 62S 1 6 & 2 meter t r nsvrtr
C ollins 7 5 A 1 R ec eiv er
Coll ins 7 5 $1 R c vr. w/wts r j t n. t u n ing
Drak e 2A wi t h m atchin g speaker
E ico 7 52 D C mob ile pow er supply
H all ic rafters HT30 SSB/ AM/CW xmtr .
Hallicrafters HT3 2 SSB/AM/ CW xmtr .
Hallicrafters SR42 meter transceiver
Hammarlund H0 100 Receiver
H ammarlund H 0 110C Receiver

w i t h m atching speak.er $ 129.0 0
Ham marlund HQ1 70A- VHF at ! b and s

160 t hru 2 $269.0 0
H eath k i t H X20 5S B xmtr.w/hp 2 0 sctv . ,$ 14 9.0 0
Johnson V ik ing Ranger factory wired 89.0 0
Jo h n so n Viking R anger 69.0 0
Johnson D Ix mtrd kw match box 110.00
K n ight TR 106 6 meter xcvr 89.0 0
Swa n 410C vfo ( new) f or 350c/50 0c 89.0 0
Swan TV-2 ( 14 m c . if) 2 mtr. xcvr. 199 .00
Swanten na alt band m obile ant. 3 5 .00

All Gear Unconditionally Guaranteed

•

8

.fl. 6 AK6
no.----- ,F.!. ce s

~ ." l"" ."
TO

T
"""cr

'00 ." J.
~

DECEMBER 1969 93



,

In both the Pierce an d the grid-plate
crystal oscillator circuits, the crystal serves
as a parallel resonant circuit. However, as
may be seen from Fig. 6 , every crystal has
both a series resonance and a parallel reso­
nance near its fundamental frequency, and
some oscillator circuits are designed to make
use of the series resonance although most of
the po pular circuits use the parallel-resonant
mode.

In a series-resonance crystal oscillator
circuit, the crystal is connected as a series
element in the feedback circuit. Most such
circuits require more co mponents than paral­
lel-resonant oscilla tors, as well as requiring
tuning of additional circuits (since the series
resonance does not lend itself to providing
the necessary energy-storage capability). Fig.
9 shows the Butler overtone oscillator cir­
cuit , which is one of the most popular
series-resonance oscilla tors. This circuit uses
either the fundamental , third , fifth , seventh,
or ninth overtone of the crystal, depending
upon the tuning of the parallel-resonant
circui ts in the plate circuits. Using a crystal
ground especia lly fo r 7th-overtone operat ion
in this circui t, it is possible to produce direct
output at 144 mhz without frequency multi­
pliers.

10- POSITIVE
FEE OBACK

L FREOUENCY~ SENSIT IVE
NEGATIVE FEEOBA,C )(

F ig. 1 0 . Inductors a ren't a lways necessary .
Pa ired feedback netwo rks as shown h ere
may be used instead . If t he negative feed ­
back network is frequency sensitive so that
feedback is reduced at o ne spec ific fre ­
quency . then circu it c a n o sc illa t e only at
that frequency. At any other frequency,
negative feedbac k w ill c a nce l out the posi ­
tive feedback and c irc u it can only amplify .

Because of the frequency sensitivity of
the second network, the amount of negative
feedback present depends upon the fre­
quency of the signa l. At almost all fre ­
quencies excep t the one at whi ch oscillat ion
is desired, there's enough negative feedback
to cancel out the positive feedback from the
first network, and the circuit is just a
co mplica ted amplifier.

At the desired operating frequen cy,
th ough, the negative feedback is less. Some
of the positive feedba ck remains; when the
circuit is properly adjusted, the positive
feedbac k left after the pa rtial cancellation.is
still enough to sustai n oscilla tion. The result
is that the circuit is capable of oscillating at
one and only one frequency; and any har­
mo nies which might be produced in the

••
process arc reduced by the negative feed-
back.

Oscillators based on this principle are
capable of provid ing sine waves in the aud io
range with less than O. I% total distortion.
Since no induc tors are present, the fre­
quency range over which such a circuit can
be tuned is much greater (typically 10-to-l ,
co mpared with a 3-to-1 figure for the normal

co ntains no resonant circuits. Instead , as Fig ,
10 shows, it makes use of two feedba ck
networks rather than just one. One of these
feedback networks provides t he positive
feed back necessary to sustain oscilla to r
action . The o ther network is frequen cy
sensit ive, and is connected so as to produce
negat ive feedback .

c

E--;OUT
6 1 TO

'"
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F ig. 9 . Bu t ler over to ne osc ill a t o r c ircuit
ma kes use of c rysta l's series resonance in
feed bac k p a t h. I n co nsequenc e , additional
reso nant c irc u it is need ed for energy stor ­
age . S tage a t teft act s as grounded-grid
amplifier , w it h its o utpu t coupled to
cat hode-f o llower stage at righ t . C rysta l in
s igna l p ath fro m c athod e-fo llow e r o u tpu t to
grou nded~g r id inpu t f ilte rs o u t any signa ls
except those which exci te seri es-resonant
vibratio n capacitanc e of c rystal a nd h old er
to pa ral le l reso na nc e ar.c t hus remo ve it
fro m t h e eff ec t ive ci rcu it. Cathod e follower
stage se rves e xtra d uty as frequenc y do ubler
o r tr ipler to p rov id e outpu t at up to 2 1
t imes c ry sta l's f undamenta l frequency (7th
ove rto ne, tri p led ).
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L-C tuned circuit oscillator). Circuits which
are based on this principle includ e the Wein
bridge oscillator , the Twin-T oscillator, and
the Bridged-T oscilla tor. Unfortuna te ly ,
while the principle remains valid at rad io
frequencies, the feedba ck is mu ch more
difficult to control properly at high fre­
quencies and so these oscillators have a
typica l upper-frequency limit of about 200
khz .

No t all oscillators produ ce sine waves,
and most oscillators which produce non-sine
waveforms are based on principles o ther
than the resonant circuit. One of the most
basic types of non-sine-wave oscillators is the
mult ivibrator.

Whole volumes have been writen on the
subject of rnult ivibrators, and most dis­
cussions of them are sprin kled with detailed
design equations which make the subject
appear to be difficult to understand . Under­
neath it all, though, the mult ivibrator fo l­
lows the basic principle of any oscillator as
diagrammed in Fig. I. It contains both
amplifier and feedback sectio ns. The prob­
lems emerge because of the difficulty in
separati ng the two sections whe n a multi­
vibrator schema tic is examined.

The fir st problem appears when an at­
tempt is made to isolate the "amplifier" part
of t he circuit. All multivibrators include not
just one, but two amplifier stages. These
stages may or may not be mirror images of
each other, but they are connected so that
each gets its input from the output of the
other. So far as any signal within the circuit
is concerned , the path of it s flow is a closed
nng.

We can give a ring a half-twist and turn it
into a figure-8 pattern , and the various ty pes
of multivibrator circuits begin to show their
similarities and differen ces if we draw th eir
block diagrams in such a manner. Fig. 11
shows such block diagrams for the three
major classes of multivibrators.

In each of these, the " amplifie r" stages
shown as tri angl es are considered to be dc
amplifiers, with 1800 phase inversion from
input to output. The three classes are dis­
tinguished by the manner in which . the ring
is closed . We can close the ring through
coupling capacitors at both output-to-input
connection points, as shown in Fig. IIA ; we
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Fig . 11 . Possibly t he most widely used c tr ­
cuit in electron ics today ( a l t h o u gh not so
generally encountered in radio) is the multi ­
vibrator . Three types exist : astable (A),
monostable (B) , and l5istable (Cl. Only
major differences between types are in the
manner of co u p ling stage s. Astable has ae
c o u p l ing only. monostab le has one ae and
one d e c o upling, and bistable has only d e
coupling . Only t h e astable is a true o sc illa ­
tor. bu t the bistable is the backbone of the
comp uter indu stry and the monostable finds
w id e use as a timer . See text for details.

until things levelled out) begins to fall as
capacitor discharge continues.

This fall in voltage at 2A's input appears
as a rise at the output, and the rise in the
output is coupled through the other capa­
citor to 1A's input. There it becomes an
input signal for 1A, and causes the output
level at point Xa to begin falling.

When the level at Xa begins to fall, the
drop is coupled through the capacitor back
to 2A's input. This accelerates the fall of the
voltage level at 2A's input and drives the
entire circuit to a levelling-off point exactly
opposite to its previous condition , with 2A's
output high and I A's out put low.

As soon as voltage change in the circuit
reaches it s limit in th is direction, things
reverse once again and the level at the input
of I A begin s to fall. This brings us back to
the point at which we started examining the
circuit. We have gone through one complete
cycle of multivibrator action . It will con­
tinue so long as power is supplied to the
circuit.

Since both of the couplings in the ring are
capacitive or ac couplings, the cirucit can
never reach a " stable" condit ion but must
continue vibrating from one state to the
other. This circuit is called an " astable"
multivibrat or. Other names include "free­
running" and, unfortunately , merely " mult i­
vibrator" or "multi ." This is the only class
of multi circuit which is capable of oscil­
lating on it s own - but the other two classes
of multi cir cuits are of equal if not greater
importan ce.

If we replace one of the capacitive ac
connections with a solid dc co nnection as
shown in Fig. 11 B, fo r instance, we get a
circuit which does have a stable state and so
will not oscilla te on it s own.

For insta nce, as drawn here, the sta ble
state provides a low-voltage level at point
Xb. The input to amplifier 2B is low , which
makes its output high, and this high-level
output from 28 is connected directly to the
input of I B. In turn, the output of I B is
low. With voltage low on both sides of the
capacitor, it is no t cha rge d. The circui t sits
idle, doing no thing.

But if we momentarily insert a high-level
input signal into amplifier 2B, this will drive
2B's output down to a lower level and since

>--t- xe

c

>--r-'.

•

>--t-,.

•

can use one de connection and one capacitor
as shown at B; o r we can make both
connections solid so that the de path
through the circuit is complete. These dif­
ferent connections give us three different
ty pes of circuit ac tion.

In Fig. 11 A, fo r instance, let's begin our
examination with th e assumption that the
voltage at the input to amplifi er IA is at its
lowest level. Since the amplifier has 1800

inversion, the output will be at its highest
level. If a change has occurre d in this level
recently, only the change will pass through
the co upling capacitor. On emerging from
the capacitor as the input signal to ampli fi er
2A, this rise in signal level causes the output
of amplifier 2A to fall.

The fall is similarly coupled through the
capacito r to the input of amplifier IA to
drive the level st ill lower. Eventually the
limitations imposed by available power sup­
ply voltage will cause the output of I A to
stop climbing regardless of action at the
input. No more changes can occur and
every thing levels off. However the capacitor
coupling l A's output to 2A's input is con­
nected to high voltage on one side and to
ground on the o ther, and so is cha rged.
When circuit act ion levels off, the capaci tor
begins to discharge.

Aft er a time delay determined by the size
of the capacitor (which establishes how long
it takes to discharge), the voltage at the
input of amplifier 2A (which had been rising
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1B's input follows right with it the signal
level at Xb will begin to rise. The rise is
coupled through the capacitor to 2B 's input,
causing 2B's output to fall even more . The
momentary trigger input can be removed as
soon as the internal signal gets all the way
around the loop, because the feedback will
take its place and drive the output of 2B as
low as it can get. While this is happening, the
output of I B at point Xb rises.

Once 2B's output gets as low as possible
it cannot change any more, and levels off. At
this instant, Xb is at its highest level. Since
the trigger signal is no longer present, there's
a voltage difference across the capacitor, and
discharge begins. As the capacitor discharges,
the voltage at 2B's input fa lls. This causes
2B's output level to rise, which in turn drives
Xb back down to a lower voltage .

Just as in the astable circuit . the action
around the ring is cumu lat ive and the voltage
at Xb is rapidly driven as low as it can get.
When it gets there, the output of amplifier
2B is at its highest possible level.

But u nlike the astable circuit, when 2B's
output goes to its high point the input to I B
is also high and stays high . There's no ac
coupling there to force it to fall back down.
And when Xb gets back to its low point to
cause this, there 's no voltage across the
coupling capacitor, so everything is stable
once again .

The result is that the momentary trigger
input produces a single pulse at Xb . Since
the duration of this pulse is determined
almost entirely by the time it takes to
discharge the coupling capacitor, the pulse's
characteristics will be the same no matter
how short the trigger input was.

This circuit, then, produces a single stand­
ardized output pulse for every input pulse it
receives. The duration of the output pulse
can be adjusted by choice of capacitor size
and time constant. Such circuits are wid ely
used to provide fixed time delays in the
microsecond to mult isecond ra nge .

Because the circuit has one unstable state
and one stable condition, it is known as a
" monostable mul tivibrator. ' ot her names
include "one-shot" or "single shot;"

If we replace both ac couplings with de
connections, as in Fig. 11 C, we get a similar
circui t but both sta tes are stable . The signal
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at Xc may be high, or it may be low.
Whatever its condition , the level at 2C's
output will be the opposite level, and things
will remain unchanged until something is
done from outside the circuit to change
them. Then they will remain stable in the
new state, until something else is done to
change them back .

For example, let's assume that Xc is at its
high level. This holds 2C's output low
because of the direct coupling, and 2C's
output being low keeps Xc high .

If we can momentarily ground point Xc,
or drive it down with a brief negative-going
pulse, this wilJI make 2C's input low and the
ou t put of 2C will go up. When 2C's o ut put
goes up, point Xc co mes to its low level and
stays there.

Nothing else happens in the circuit, until
we hit Xc with a positive-going pulse from
outside. This increase in level at 2C's input
drives the ou tpu t o f 2C d own, and starts Xc
moving up. The rise at Xc, coupled back
through 2C's input , drives 2C's out p ut still
lower, and the cumulative action switches
the circ uit back to it s original stage.

This «bistable" multivibra tor circuit ap­
pears to be far removed from an oscillator,
but as Fig . 11 sho ws, the only difference is a
co u ple o f ca pacitors. The circuit provides a
"memory" since its two states may be used
to "remember" some previous condition .
Under its more popular name of "flip-flop"
it's the backbone of the com pute r industry .

Now that we've gone through the basic
multivibrator action and watched it perform
in all of the three classes o f multi circuits,
we ought to take a little closer look at the
points which establish the timing of the
astable and monostable varieties.

•
As we have seen, the timing depends

crit ically upon the charge and discharge of
the coupling capacitors in the circuit. They
are , in fact, fr equently called " t iming capa­
cito rs."

The fundament al opera ting range of a
multi is determined en tirely by the timing in
the cou pling circ u its - bu t this t iming is it self
influenced by many fa ctors.

The capacitance itself is the primary
factor, but the time constant is just as much
affected by the circuit resistance as by the
capacitance. Most usually, capacitance is
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used to select a major timing range , and the
resistance is then adjusted to provide a
fine-tuning of the time constant.

Timing is also affected by the operating
voltages supplied to the circuit. The high er
the voltage, the smaller the portion of the
discharge curve which will be used.

While the multrvibrator's fundamental
timing is established by the time constants
of its cou pling networks, the actual o pera­
ting frequen cy for a multi can be changed
over a relatively wide range withou t adjust­
ing time co nstants. This is done by sy nch ro­
nizing the multi to some other signal.

Because the action in all multis depends
upon a trigger signal (i n the astable circ uit,
the trigger signa l is provided interna lly by
capacitor discharge; the monost able requires
one external trigger but provides it s own
second trigger internally; the bistable re­
quires that both triggers be external), a
switch from o ne sta te to the other can be
made to occur " early" by injec ting ' an
external trigger near the end o f the multi' s
' <normal" cycle . This external trigger
touches off the switchover wit hou t wai ting
for capacitor discharge to provide an in ternal
trigger.

If the t rigger-signal level is properly
chosen, it will affect the circuit o nly ncar
the end of the no rmal cycle . This mea ns that
the trigger signal may be applied at a
frequen cy as much as 10 times that of the
multi , and the fi rst 9 triggers during each
multi cycle will be ineffect ive while the l Oth
one triggers off a new switchover. The multi
then beco mes a freq uency d ivide r; th is is o ne
of it s most frequent applica t ions in ham
radio .

For inst ance, triggers may be developed
fro m the ou tput o f a 100-khz crystal oscil­
lator and a pplied to a 10 khz multi. The
multivibrato r will then be lo cked in fre­
q uency to the crysta l. More triggers can be
developed fr om the 10khz multi output,
and applied to another I khz multi. The
pro cess can be conti nued as long as we like.
All the intermedia te signals we get will be o f
the same frequency ac curacy and stability as
o ur original 100 khz signal.

Normally , o nly one div ision occurs, be­
cause marker signals a t 10 khz intervals are
usually adequate for amateur measurement
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WE HAVE EVERYTHING IN HAM GEAR
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CB Radio Co., Inc.
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needs-but this is a matter of choice, not a
situation dictated by limitations of the basic
idea.

The monostable may be synchronized in
the same fashion, because most practical
monostable circuits ignore any triggers
which arrive during the unstable period (the
circuit of Fig. II will not necessarily do so .
being simplified t o the absolute essentials).
The monostable, in fact , is more reliable as a
frequen cy divider than is the astable, be­
cause an astable multi will keep running if
the sync signal disappears. The monostable,
on the other hand, produces out put signals
only so long as the input signal is present.
This lets you know that any signal you have
is accurate ; with an astable divider, failure of
the 100 khz signal would give you no
indication of failure -but the multi's output
signal might be almost any frequency, rather
than 10 khz.
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73 Books for Hams

Includes giant wortd
country-zone wall map.
Articles on OSL design
secrets, winning OX con­
tests, DXeC rules. DXpeditions. reciprocal li­
censing and many more . World postage rates,
WAZ record lists. time charts. propagation, etc.
Special ham maps and bearing charts. A must
for the OXer, $3

DX HANDBOOK

'J!

,

\
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"

ADVANCED
CLASS

LICENSE
STUDY GUIDE

ADVANCED
CLASS

STUDY GUIDE

128 pages of up-to-the­
minute simplified theo­
ry. written with the be­
ginning radio amateur in
mind. This unique book covers all aspects of
the theory exam for the Advanced Class license
and has helped hundreds of hams to sail through
the exam•.•nothing else like it in print. $3

COAX

HANDBOOK

Invaluable book for the
ham or the lab and for
everyone else who does-
n't want to have to keep ...
a whole library on hand for reference...or even
worse, have to write to the manufacturer for
coax spec, $3

PARAMETRIC
AMPLIFIERS

PARAMETRIC

AMPLIFIERS

For the ham who wants
to work OX on the ~> Jim Fisk WIOU
bands about 432 MHz,

c-""there is nothing that can -..::;:,
beat the gain and nOise Lf~i':'gu=r=e'-:O"fC-:aC-:p"a"raC:mp ,
This book shows you how they work and how
to build and use them. Lavishly illustrated with
photographs and drawings. $3

INDEX

TO
SURPLUS

Do you have a piece of
surplus equipment that
you want to convert but
can't find an article?
If so, this is the book you need. It lists all of the
surplus articles and conversions in popular elec­
tronic and amateur magazines from 1945 to
1966, $1.50

--- -

---
VHf

ANTENNA
HAND~

-
VHF

ANTENNAS

This handbook is a com­
plete collection of up-to­
date information about
VHF and UHF anten­
nas, with design hints, construction and theory .
If you've been \IVOndering what array you need,
this book will give you enough background to
make the right decision . $3

•
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TRANSISTOR

CIRCUITS

73 USEFUL ;

TRANSISTOR CIRCUitS...

~

If you've been looking
for a transisto r ci rcu it to
do a specia l job, chances
are there is a circuit in
t his book that wi ll give you a head start . It
covers circuits for audio. receivers. t ransm itters
and test equipment. $1

1

An invaluable reference
book . Covers rect i­
fiers, m ixers. detectors.
mod ulators, FM detec-
tors , noise limiters. AGe. BFO'/O-mult iplier,
AFC. Varicap tuning a ud io clippers. ba lanced
mods, field·strength meters, RF probes. ze ners.
control ci rcu its. etc. III different circuits. $1

DIODE

CI RCUITS

HANDBOOK

"Tve:'IFfR~r ER
lNTHllDt:y f962 ·64

SIMPLI FlED

MATH

CW by W6S FM explains code and how to
learn it. 50e

Does math sca re you?
- It shou ldn't . This
easy-to-understand book
explains the simplified
exponential system of arit hmetic . simple for­
mulas. logar ithms. and thei r appl icattcn to the
ham shack. 50e

u

---~ ~ - -
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HAM
TELEVISION

The Amateur Television
Antho logy is a collec­
t ion of the technical
and const ruction art icles
from the ATV Experimenter. edited by W0KYQ.
If you're interested in ATV, th is is the book for
you . It covers the gamut from the simple to lhe
complex in amateur television eq u ipment. ~3

MILITARY SURPLUS TV EQUIP­
MENT by W4WKM is a necessity to the su r-
plus-scrounqinq ATV addict. $1

CUMULATIVE INDEX l istsallthear­
t icles in 73 up through December 1966 . 25e
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TOpographical Maps

or the Radio Amateur

•

Fig . 1. Con tou r lines at 8 0 ' interval s.
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both for the hunter and the hunted . In
emergencies, t opographic maps can help
your organizat ion place its equipment
quic kly and in the mos t efficient location.
These maps may help you t o obta in a
realistic idea of the capabilit ies of your uhf
or vhf station or possible performance of
your hf sta tion on groundwave. I will
discuss these applications more thoroughly
later in t he article.

As wit h any tool, it is no more effect ive
than your ability to use it. I will attempt
to provide you with a shor t course in the
reading of topographic maps. In addition ,
you may want to send for the fre e bo oklet ,
"To pographic Maps," from the Map Infor­
mation Office, U. S. Geological Survey,
Washington , DC 20242.

I will relate t o you those map skills

~ .:-.- ..
(~ "'"' ..• .eve r \ { ...... Htt h~.

•

. J ."
akr-, Ldl{ '. \

, .... '>
• •

Charles Klawitter W9VZR
462 7 N. Bartlett Avenue
Milwaukee WI 5321 1

For those of you who are not familiat
with this fine addition to the resources of
the radio amateur. allow me to formally
int roduce you. UA topographic map is a
graphic representation of selec ted manmade
and natural feature s of a part of the earth's
surface plotted to a definite scale. The
distinguishing characteristic of a topo­
graphic map is the portrayal of the shape
and elevation of the terrain .,,1

"Topographic maps record in conven­
ient, readable form the physical character­
istics of the terrain as determined by
precise engineering surveys and measure­
ments. They sho w the location and sha pe
of the mountains, valleys , and plains; t he
network of strea ms and rivers, and the
principal works of man.',2

These maps have many uses such as
planning airports , highways, pipelines, trans­
mission lines, and other co nstruction.
They are an old friend to the outdoors­
man who may have discovered t heir
advantages in such activiti es as hunting,
fi shing, or camping.

Why then , do I feel they are of
importan ce to the amateur radio operator?
Let me mention a few of the uses that I
have experienced in the last several years.
These maps do an excellent job of showing
elevation and terrain . This would obviously

•

suggest a simple method of finding a high
spot for field day , a relay point for vhf and
uhf equipment, a nice pla ce to build a
home and an antenna farm, and a good
place t a ta ke the family for a ride and a
picnic and possibly do a little hamming.
They are very helpful in transmitter hunts,
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In Fig. I , it is 80 feet. This information
can be fo und in t he map margin. This will
also tell you about t he general elevation of
an area represented by the ma p yo u are
studying. For instance, if the contour
interval is 5 or 10 feet , t here is usually
little elevation change , and it is a rela tively
flat area ; if the contour interva l is 50 to
100 feet , the map will represent an area of
great elevation changes, mountains, ridges,
valleys , etc. Figures in bro wn along contour
lines give the elevations of the lines above
sea level. The elevation at any point on the
ma p can be read directly or interpolated.
There fore, point A in Fig. 1 is 80 feet
above sea level.

Another simple method of fur ther inter­
preting elevation changes on topographic
maps is iIlustra te d in Fig. 2 . Circle A
indicates an are a where the contour lines
are very close together ; this shows that the
elevation changes quic kly as it would on a
steep ridge, valley or canyon . Circle B
indicates an area where t he contour lines
have greater spacing; t his sho ws that t he
elevation changes slowly as it wo uld fo r a
gently sloping hill. This infor mation in
conjunctio n with contour interval should
make it possible for you t o interpret
terrain, primarily elevation change .

Also of aid in understanding and using
these rnaps are the margins. The rnap
margin is the space outside t he projection

which will apply to an amateur's use of
these maps.

Symbols are the graphic language of
maps. Symbols fo r water features are
generally printed in blue ; man-made objects
are shown in black and green is used to
indicate wo oded areas as opposed to
clearings. Red is used to emphasize im por­
tant roads, show built tip urban areas, and
public land subdivision lines. Symbols
which show the shape and elevation of land
surfaces are printed in brown. Some
symbols of special concern to the amate ur
radio operat or may be power transmission
lines, boundries , swa mps and roa ds.

The symbols which are of primary
importance to t he radio amate ur are the
brown contour lines which indicate eleva­
tion and .are in turn an interpretation of
the terrain. To understand the contour
symbol, think of it as an imaginary line on
the ground wh ich takes any shape neces­
sary to maintain a constant elevation above
sea leveL See Fig. I. Rememb er , these
maps are made from aerial photos, and you
are always looking from directly above the
terrain, but in real life you have a vertical
or worm's eye view of the terra in. It may
take you a while to get used t o looking at
t hese maps from a new perspective. The
shoreline shown on the map illustration is a
contour line representing zero elevation or
sea level. If the sea were t o rise an d cover
the land, the shoreline wo uld trace out
each of the contour lines shown on the
map. It is just like when you sit in the
bathtub , the wate r rises at an even rate .
When you get out , the rings you leave
behind are like t he contour lines on the
map. Try this next time whe n you are
playing with your rubber duck and your
batt leship . Since t he vertica l difference in
heigh t between cont our lines is 80 feet , the
shoreline would coincide with a new
contour line for each 80 feet that the sea
rose.

For easier reading, index cont our lines
are added ususaIly every fourth or fifth
cont our line. They are accented by making
the lines heavier. This will depend upon the
contour interval. The contour interval is
the number of ' feet tha t the elevation
changes between concentric can tour lines.

(
j

Fig. 2. Co ntou r lines cl oser t og ether indicate
steep ly sloping ground.

3;

6

DECEMBER 1969 103



the permoflex key •
• ....t}, • twin I. ..., 60 .~. i9ht h."d h "
in I piyotl . .. 2 p.ddl• .1.1;11",
• ,i"," i.ub."t cho;c. of l utometic
••mi-automatic 60 , b .ight h.nd ".y;ng_
• ul. dir.ctly with . ny tr.n.mitt., or
tftrou, h I n ,I. ct.onic Io..,.r.
• IS I mp. 101.1 diU",," . il..... contub
. djud ffo a..DbO· r, ' .50 ,r.ml.
• didindi 1.11.•• ".ddl ..,. of
""911H G·ID robe.,l po.,.
• u ltinet i . Ib g'",. poli.hed chroma 1995. t-I, I.q5" MI.' 3.75 " , ",",G,Il.. complm.
.xtend 1.15" . _ i,l},t . pp. I pound. ppd _&can.
• . ilkon. rubber f ••t for l!;abil ity . MrHI. dMock or 11'1.0.

• IOO~ US mid. Go l "'I ••nt." hor I y.. .014 by mall only

James Research company, dep't: AR ·M
20 willits road, len cove, n. y. 11542

lines of the maps. This space conta ins such
useful information as the scale, contour
interval, area covered by t he map, and the
date that it was last revised.

Now let us consider specific amateur
radio uses for our new found co mpa nion.
When considering field day or that family
picnic, access to many areas can be
determined quickly and accurately. Topo­
graphic maps far exceed road maps in
detail and accuracy. Since they are at a
larger scale, they often indicate roads or
trails considered unimportant by makers of
road maps. Rural areas are divided into
towns hips which makes it easier to locate
the owner of a prime transmitt ing and
receiving area . Generally if you have
information concerning townships and
range lines, you can locate an owner by
checking with t he register of deeds, sur­
veyor, or assessor of the town shi p or
co unty seat. Later you may even decide
tha t you would like to purchase a
particular piece of rea l estate because of its
radio potential ; DXCC, here we co me!

For those people engaged in transmitter
hunts, the afore mentioned ideas will also
apply. If you are the hunted and are trying
to place the hidden transmitter intelligently
and slyly, consider placing it at the base of
a steep rid ge ; at vhf frequencies you will
obtain some weird effects . You might also
consider a placement which would cause
several reflections of the signa l. This will
rea lly drive them nuts. The map will give
you a panoramic view of area considered
"fair game" for hiding the transmitter and
will proba bly stir many ideas as you
consider the overall picture presented to

104

you .
Have yo u or your organizat ion ever

considered placing a vhf or uhf relay
station? It is an efficient and reliable
method of condu cting co mmunications
over a short route. By checking the
topographic maps, you may find that there
are already some commercia l installations
in your area . Often they can be prevailed
upon to allow you use of towers, buildings,
and electrical connections as a public
service. If not , you may be able to find an
accessible location for the relay equipment.
There may even be a fellow ham who
already owns or lives at a location which is
suitable.

How co uld you go about assessing your
present location as a vhf or uhf site?
Obviously, elevation is very important.
How your location's elevation compared
with your surroundings will greatly deter­
mine your ability to communicate . Here is
one method which you co uld use to
determine whether you co uld consis te ntly
communicate with another site several
miles away. Fig.3 will illustrate what I
mean . Sup pose your location is point X
and your friend's location is point Y. Draw
a straight line be t ween them. Follow this
line carefu lly and check the elevation of
the contour lines in between the two
points. This will te ll you what problems
your signal will run into as it travels from
point X to point Y. Depending upon
distance between points, you may have to
consider the curvature of eart h, the type
and height of an tennas; you should be able
to make some re liable prediction about
your ability to communicate. This same
procedure may be used for severa l di fferent
points at varied distances. Yo u will soon
have a pattern of communications. Now
you should be able to pick out which
stations yo u can work directly and wh ich
stat ions you may have to reach by relay.
This method could also be very helpful to
a group run ning a net. It should be possible
to pinpoint that site which would be best
suited as ne t co nt ro l. This co uld save a
great deal of tim e and cause a lot less net
members t o become discouraged because
they have trouble communicating with the
net control and receiving important net
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bulletins. Many of these same techniques
can also be applied to hf groundwave
capabili ties.

All of the ideas I have already men­
tioned can be used to attack the most
important problem; quick and efficient
emergency communications. You should
have previously prepared a map of the area
you or your organizatio n may have to serve
in an emergency . Important point-to-point
communication lanes should be marked and
tested by on-the-air trials. Alternate routes
should be available. Other important things
which could be keyed to this map would
be the locat ions for emergency power,
hospitals and first aid stations, alternate
routes fo r transportation, etc. These maps
are inexpensive enough so that each
member of an organization could have one
in his car and/or home. They could make
the difference between lives lost o r lives
saved.

Now that I have convinced you that you
really need some topographic maps to be
an effective amateur radio operator, I will
give you the necessary information to
obtain them. Indexes showing published
topographic ma ps in each state, Puerto

Rico, and the Virgin Islands are available
free on request to the U. S. Geological
Survey, Washington DC 20242, or Federal
Center, Denver CO 80225 . The index of
your state will show you how to obtain

.,
maps of your specific location. These
indexes also contain lists of special maps,
addresses of local map dealers and federal
map distribution centers. An order blank
and detailed instructions for ordering maps
are supplied with each index. To give you
some idea of how inexpensive t hese maps
are, one of your location which averages 18
inches by 36 inches in size, costs thirty
cents when ordered individually. That also
includes postage. There are discounts when
larger numbers of maps are ordered . I think

•
you will have to admit, it's a very good
deal.

. . W9VZR

Notes
1. Topographic Maps, Geological Survey.
2. op. cit.
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W. Edmund Hood W2FEZ
223 Pullman Ave.
R ochester NY 1461 5

Fascinating Fundamentals II:

Magnetism,

The Mysterious Lodestone

,

Just when magnets were discovered, and
by whom, is lost in antiquity. While the
Chinese are known to have used magnetic
compasses around 300 A.D., wild and
wonderful ta les of this my sterious force
circulated around both the eastern and
western worlds cen turies earlier.

For instance, there was Magnes, a
shepherd boy whose nailed boots and iron
tipped spear were clamped to the ground .
His name is thought to be the origin of the
word Magnet

Or was it derived from Magnesia, a place
where great quantities of this magical stone
were found ? Who knows?

For a long time, though, lodestone, a
naturally magn etized mineral, was shrouded
in mystery . In the west , the co mpass came
into widespread use around the turn of the
13th century, but su perstition sti ll took
priority over knowledge. It was believed that
garlic wo uld int erfere with the compass. (l
wonder how Marco Polo survived! ) Also ,
while scientists agreed that the earth was
fla t, they knew that it had magnetic
properties, and magnetic poles.

In 1269, Peter Peregrinus used a
magnetized need le to discover the
concent ra ted areas of power in a chunk of

It was a balmy spring day in the year 435
B. C. A sturdy ship made its way slowly
across the wat er. The captain stopped pacing
the deck and looked sleepily out at the
towering mountains on the nearby island .
Sudde nly there was an ominous creak .
Something flicked by the captain's car ,
drawing a little blood as it went. Puzzled, he
looked around. He opened his mouth in
astonishment at the sight of three shields
sailing th ro ugh the air toward the distant
island . A warning shout from behind , and
the capta in hit the deck as a sword whipped
past his head . Looking up caut iously, he
gasped as he beh eld planks whieh had fallen
from his ship bobbing in the wake. The
awfu l t rut h dawned on him. He had sailed
into t he gr ip of the terrible Lodestone
Mounta in.

T hat looks like the start of a king-sized
fish story. but the fact is, sailors of o ld
actua lly believed such a mo untain existed . It
was one of the calcu lated risks of going to
sea. So great were the magnetic powers of
the fabled mountain that t he nails would be
drawn from passing ships, and they would
disin tegrate! T his was typical of the legends
concern ing lodest one and magnetis m in the
days of yore.

,-I" 'AI"-I/-'''-'V''I-f'II:, \-, I,-~. "~I t I1,,_ I ",1,
_"'II,i"\"1 n"-"_I,.-_ II'-"~,-.:.'.::i~_:;:-,' ..':i'lh ..tIl" I
Fig. 1 . W hen a p iece of meta l is NOT m ag ­
netized, the mo lecu les al l poin t in d iffer ent
di rec t io ns.

------------------------s ------------------------
Fig . 2 . M agneti zing cau ses the m o lecu les t o
line up so t ha t a ll their magnet ic fi elds
comb ine.

•
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73-the Bigg est- Best - and wides t
read ham magazine. "
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3.1 The filings will
line up to show the
lines of magnetic
force. r....:.---"....--"..------.,

Fig. 4 . Sketching a magnetic field .

2.1 Sprinkle iron fil ­
ings over the paper
(8 salt shaker is a @.
handy way to hold&'-/-,
the filings.) rrk~

1 .) L ay a piece of
paper o n t o p o f the
m agn et . ....__'"

A magnetic fie ld can be seen quite easily .
Simply lay a sheet of paper over the magnet ,
and then sp rinkle iron filings on the paper.
T he iron filings will line up in a very nice
sketch of t he magnetic field .

F ig. 3. Magnetic power can b e transferred
f ro m t h e magnet to t he sc rewd r iver.

Simply rub the magnet from one end of t he
tool to the ot her. Take the magnet away,
and go back to the point where you began
and rub the tool again . Several strokes like
this, and the tool should be
magnetized.There are two ways you could
de-magnetize it. First you could heat it, but
that would destroy the temper. Better still,
hold the tool within the loop of a soldering
gun tip, pull the trigger , and slowly
withdraw the tool. The alterna t ing current
through the tip produces an a lternating
magneti c fie ld which destroys the fixed
order in the tool. Try it; it works.

lodestone. William Gilbert, In 1600 ,
confirmed Peregrinus' findings, and pressed
the theory that the earth itself was a large
magnet.

Today there is still a lot t ha t is unk no wn
about magnetism, but scie ntists nonetheless
have a pretty good idea as to how it wo rks.
T here are only three elements whic h are
strongly affected by magne t ism; namely ,
iron, nickle, and cobalt . All other elements
are either very weakly affected or not at a ll.
The alloy, alnico, most widely used of all
magnetic substances, is a mixture of
aluminum, nickle, and cobalt.

In a magnetic substance the molecu les
can be pictured as if they were themselves
t in y magnets. Norma lly, t hey are all point ing
in di ffere nt directions. But when the
substance is magneti zed , the molecules line
up together so t hat their magn etic fie lds
reinforce one another. Anything that will
cause a disarray of the molecules, such as
jarring or heating will weaken or destroy the
magnetic powers.

You ca n easily magnetize a tool or other
magnetic object with a magnet.
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4 tor 55.00

4 lor 55.00

8 1.60
4.50
3.50
2,25
1,50

ORDER DIRECT
wit h check or money order to

Specia l Q ua nt ity Prices
t o J o b b e rs a nd Dealers

24008 Cryttal Dr.. Ft. My.n. FI.. 13901

We have in stock over six million cryst als
which include types CR I A/ AR, FT243,
FT241, MC?, FT249, HC6/ U, HC13/U,
etc. Send 1O¢ fo r our 1970 cat alog with
oscillator circuits, listing thousands of fre­
quencies in stock for im mediate delivery.
(Add 10¢ per crystal to above prices for
shipment 1st class mail ; 15¢ each for air
mail.)

~~R 48hr.
. DELIVERY

r----SPECIALS----
Color TV cryslal (3579, 545 KHz) wire leads
100KH zlrequency standard crystal (HC 13/U)
1000KH z trequeucv standard (HC6/UI
Any CB crystal transmit or receive
Any amateur band crystal in FT-243 holders

(except 80 meters!
Any mar ine frequency (HC6/U) 2.8 5
80 meter crys tals in FT·243 holders 2.50

."...---'N,--,-,EED CRYSTALS?

•
NORTH

"'~~~~~'" TH IS END
TOUCHES GROU ND

--1"~ POI NT S T O NORT H

Fig. 6 . To magnetize a stee l ba r, touch one
end to the ground, point it north , and rap it
a few times with a h am m er .

Try this one. Take a long steel rod , point
it north and touch one end to the ground.
Strike the other end a few raps with a
hammer. Now bring the rod close to a
compass. When one end of the rod is
brought near the compass, the "north" end
of the needle will swing toward it. Turn the
rod end-far-end, and the other end of the
compass needle will point to it. That is
iron-clad proof of magnetism. If you're
lucky , it may even be strong enough to pick
up a small p in. You will have magnetized the
rod from the earth's magnetic field!

.. . .W2FEZ

Fig,5. A bar magnet , hung up so t hat it can
swing free ly, w ill point north.

The ends of the magnet, or the points
where the power is concentrated, are called
the POLES. They are so called because , if
you hang up a bar magnet and allow it to
swing free , the ends will line up pointing
north and sout h. If you bring two
north-seeking poles together, they will repel
each other st rongly . If you bring a
north-seeking and a south-seeking pole
together, they will attract.

The needle of a compass is really a small
magnet. I remember once, as a Cub Scout,
sticking a magnetized needle through a cork
and letting it float. Sure enough, it turned
around until it pointed north.
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FCC ANNOUNCEMENT
1. On August 24, 1967, the Commision

adop ted it s Report and Order in Docket No . 15928
(FCC 67-978, 9 FCC 2d 8 14), which made the
allocation of certain sub-bands as " incentives"
exclusively to the Extra and Advanced Class
amateur opera tor licenses. The firs t phase of these
allocations went into effec t November 22, 1968,
and the second phase is scheduled to become
effective November 22 , 1969.

2. In its Rep ort and Order, the Commission
said: "Notwithstanding this schedule, the Com­
mission intends careful review and if it is deter­
mined tha t there is insufficien t occupancy of any
par t of the reserved frequency segments, then the
effective date of the implementation schedule will
necessarily be stayed in whole or in part , as
appropria te." In its Order denying RM·1 287,
August 9, 1968, the Commission said regarding
Docket No. 15928 that : ..... it is its intention . . .
to make necessary changes if the effective utiliza­
tion of the frequen cies involved is threatened ." In
the same Order, it said: "So that Commission
review may be meaningful , it is planned to gauge
the results following each stage of implementa­
tion."

3. Three petitions and mu ch correspondence
have been received suggesting varia tions and
counter proposals to the current rules and the
scheduled frequency reservations. RM-1 357 , filed
Oc tober 7, 196 8, by Neil W. Petlock, proposed an
advanced telegraph license which would require
only a high speed code test to qualify for use of
the Ex tra Class telegraphy alloca tions. RM-1 393,
filted January I , 1969, by John A. Attaway,
proposed that the exclusive Extra Class telegraphy
segments 7000-7025 and 14000- 14025 khz not be
expanded on November 22, 1969, and suggests
that a reservation of a 10 khz instead of 25 or 50
khz would provide a better balance of band usage.
RM- 149 3, filed August 6, 1969, by Emery T.
Mitton, proposed that the Extra-Advanced exclu­
sive sub-band 50.0-50.1 mhz be reduced to
50.0-50.05 mh z and a telegraphy only segment of
the band be established at 53 .5-54.0 mhz so as to
be available to Technician Class operators.

4. The Commission has considered the above­
mentioned petitions an d corresponde nce, occu­
pancy surveys of the reserved sub-bands, and
license sta tis tics which show a definite shift toward
the higher classes of licenses in reaching the
following conclusions:

a. The exclusive telegraphy sub-bands for
the Amateur Extra Class licenses are relatively
lightly used co mpared to the telegraphy usage of
the balance of the band by the o ther Classes of
operators. Therefore, furth er expansion is not
justifiable as a produc tive incentive to qualify for
the Extra Class license at this time.

b. T he telephony sub-bands reserved for
exclusive opera tion of Advanced and Extra Class
licensees are so well used du ring periods of
moderate and heavy amateur activity that the
previously adop ted further expa nsion is necessary
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for the purpose of providing a continuing incentive
to qualify for these classes of licenses. Comparison
of the current number of licensees of each class
and the space available to them in each of the four
amateur high frequency telephony bands under
consideration confirms the need for such adjust­
ment. Therefore, the telephony allocations in the
3.8, 7.2, 14.2, and 21.25 mhz bands will go into
effe ct on November 22 , 1969, ex actly as pre­
viously adopted by the Commission on Augu st 24 ,
1967.

c. The interest in , and use of, the current
space reserved for Advanced and Extra Class
operators between 50.0 and 50.1 mhz 'Is so
moderate that the further expansion to
50.00-50.25 mh z scheduled for November 22,
1969, is unwarranted.

5. In reaching the above conclusions, the
Commission has given consideration to the pro­
posals advanced by the petitioners. The proposal of
Mr. Petlock (RM-135 7) is not consistent with the
Commission's intent to encourage a balanced
achievement at the highest level, both in code and
technical ability, and is therefore denied. As noted
above, further expansion of any of the four Extra
Class exclusive telegraphy sub-bands is not justified
by the present level of activity. However, a
reduction at this time from the present 25 khz
segments as proposed by Dr. Attaway (RM-1393 )
would not be consistent with the desirability of
cont inuing an incentive to qualify for the Extra
Class license. Accordingly, his petition is granted to
the ex tent provided herein and denied in other
respects. In view of Mr. Mitton's statement
(RM-149 3) that the 50 mhz band is very lightly
occupied, and in the absence of any affirma tive
showing for a need to realign the frequencies in
that band, his peti tion is denied.

6. In view of the foregoing, the Commission
finds that the amendments to Part 97, Amateur
Radio Service, as set for th in the attached Appen­
dix , are in the public interest , convenience, and
necessity. The authority for such amendments is
contained in Section 4(i) and 303 of the Co mmun­
ications Act of 1934, as amended.

7. Accordingly , IT IS ORDERED, That effec­
tive November 22, 1969, Part 97 of the Commis­
sia n 's Rules IS AMENDED as set forth in the
a ttached Appendix.

8. IT IS F URTHER ORDERED, That the
petitions filed by Neil L. Petlock (RM-135 7), J ohn
A. Attaway (RM-1 393), and Emery T. Mitton
(RM-1493) , to the extent that they are a t variance
with the rule changes adopted herein, ARE
DENIED.

FEDERAL COMMUNICATIONS COMMISSION
Ben F. Waple

Secretary
Appendix

Part 97 of the Commission's Rules is amended as
follows:

Sec tion 97.7(a) & table, and par (c) [Note
deleted I are amended to read as follows:

§97.7 Privileges of operator licenses.
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Dollar Sale
EACH PACKAGE

MONEY BACK GUARANTEE
Tel. 603-893-0276

1 AMP ZENER-DIODES
Silicon Rectifier 2M .4 ()(1 MW

Choice of pac:kage I EA 4V.6V·8V.IOV

B ...llet-Glass.Mln-Metal§21'l ·f,oV §Ii-Roo V 1 WATT
17 ·IOOV 4. 1000V
12 ·200V .~ ·1201IV

1 F.A 4V ·6V·8V.IOV

1 .5 AMP 2 WATT§18 •.·'O V §:;.!'IfIll V
].; _l OO V 4 . JOIltlV 12 to 6llV

1O·200 V 2· J2!lflV CHOICE O F" T Il ItF.E

3 AMP 3 WATT
~ 1,; · :,(lV 8 ~ · t;OOV

1II · looV a.soov I OV 3· $1.00
8·200 V o 2· 11ll111V
5·400 V n 1·! 2UflV 10 WATT

S AMP
12 10 GO V TH REE

~ ro.sev B4 · ,II~lV
1l· IOO V •.1·1Il"l V SILICON·CONTROLLED
6 ·200V [1 2 . WI" IV RECTIFIER
;; · .~OOV o 1· 12f1I1V TO·;; PA CK .va:

8 AMP STUD B!",.'-~ I V B:I_ZOO V8 6·1fI0 V 8 :l·400V ~ . I OllV _ 2· 400 V
4·200V - 2 · II01lV

12 AMP STUD 7 AMP

8 :;. !OOV Ha-sonv n 4 · '-~ I V B2· 21 "IV
:I. sow I • lUI)" \ . o :!· IIIlI V ! .8 00V

20 AMP STUD 20 AMPR4 ·.-,oV R2 ·;",' lIlV C 2 ·;~ lV o ! ·:lIIf) \ ·
:1· IOO V J I d UI" IV

40 AMP STUD GENERAL PURPOSE8 3·;oIl V C l ·allllV GERMANIUM
2 ·1l"IV TRANSISTOR

60 AMP STUD SI \ I I I. ,\fl 10 2S40 ~

o 2. 5IlV o 1· IOl IIIV II USITS

RADIATION FREE TUBE FOR COLOR TV

50,000 Vo lts . Re pla ce s RCA 3 A · 3 A or e quiva lent .

u eu re nteed fo r life of set or 5 years , Eliminate s heat

to prol o ng li fe or ot h e r t u be s .

$8.99 each

SPECIAL

INTEGRATED CIRCUITS

D ua l 4 In pu t :-Ja nd Gat e Digit a l . . . •••• • • . . $1.50

Qu a d :.l In put Na nd Ga. t e Dig it a l . ....• . . .. . $1 .50

J K F lip F lo p xrc ste r Slave Di ~ita l . . . • . . . . . $1.75

L i n e a r I C Opera tio nal Amp 709 C Type . . . .. $1 .75

POWER TRANSiSTOR

8 5 Wat t Simi la r to 2N-2 1 2-1724 - 1 208
1 Unit. ..... . . $1.00

$1 HOBBY CORNER SPECIALS $1
SILICON RECT LOW V COMPUTER DIODES

1 AMP FAST SWITCHINGo 5 0 u nits $1.00 NO TEST

3 AMP o 100 units 51.00
LOW VOLTAGE

o 35 u ni t s $1 .00 HALF' POUND

STUD MOUNT
Rect . D iod es . 'rre n s !s-

IS AMP tors Et c . Ea ch different
o 25 unit s $1.00 $1.00

NO SALES TAX-WE PAY POSTAGE

OTHER PRODUCTS ON REQUEST

PARK ElECTRONIC PRODUCTS
P.O. Box 78, N. Salem, N.H. 03073

LET us TRY YO HELP YOU WITH YOUR ENG PROBLEMS

Class of license
authorizedFrequencies

(c) Tectuucisn Class.
All authorized amateur privileges on the frequen­
cies 50.1-54.0 Mc/s and 145-147 Mc/s and in the
amateur frequency bands above 220 Mc/s.

,,
rh

Lowering Values
A quick method for lowering the maxi­

mum value of variable resistors and capaci­
t ors is shown in the illustration. The simple
parallel combinat ion of resistor and pot will
restrict the upper resistance value of the pot.
With a 1 meg pot and a 1 meg shunt resistor,
the maximum t otal resistance of the combi­
nation will be held t o SOOK. The on ly dis­
advantage of this circuit is that the linearity
of the pot (if it was linear to begin with)
will be destroyed , but this isn't too serious in
amateur work. The shunt resistor should
not be less than o ne-tent h the value o f the
pot for smooth o peration . All of the
above applies to capacitors except that a
series combina tion is used . By using t he
parallel resistance or series capacitance form­
ulas in a slightly modified form you ca n de­
termine the value of the shunt resistor or
series capacitor. For instance, wh en the
total resistance and the valu e of the pot
are known, the value of the shunt resist or

(a) Amateur Extra Class and A dvanced Class.
All authorized amateur privileges including exclu­
sive frequency operating au thority in accordance
with th e following table.

3500 - 3525 kc/s
3800 - 3825 kc/s
7000 - 7025 kc/s Amateur Ex tra Only

14000 - 14025 kc/s
21000 - 21025 kc/s
2125 0 - 21275 kc/s

3825 - 3900 kc/s
7200 - 72 50 kc/s Amateur Extra and

14 200 - 14275 kc/s Advanced
21 275 - 21350 kc/s

50 - 50.1 Mc/s
• •

can be found by using t he formul a R2=RtRI
/ R I -Rt wh ere Rt is the total resistance. The
same formula can be .used for capacitors in
series. As an exam ple , a 36S /pf broadcast
replacement variable can , in effect , be t urned
into a 100/pF variable by soldering a 140
pF fixed capacitor in series with it.

... Charles Jimenez WA4 ZQO
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1970 Amateur Radio Buyer's Guide
The ni[ ornusliou com p iled herein is, (l .~ (1("('111'(11(' (l!'i n Ul ln­

,'x/"'eled. conside ring that it IfIIS cOlli /Ii/I' d In' llu: editor
during llu: shorl 11111., bct icoon nu-uls. co}ii'" breuk s. sla}f
uprising». halll/'·sl.<. utul hlllllillg trip»: Till' prier» listed Ill"."

or IWI\ - not be (Ie{'um/t', urobublv, l 'oxx ib lv not , lJi ll o
• I . ·

flmdllel s/"·cijicaliolls. II I' ho/", .'"'11I II' ill [itul till' /i.,tillg

//1' //I}i11. x0 11/1' II'hIll.

Antennas & Accessories
e Amido n Asso ciatcv, 11033 Ot­

sego. Nor th Holly wood C \ 9 1607

Toroid ba lun kit . e ithe r 4 : I or
I : 1 ra tio. fo r matching balanced to
unbalanced li nes. coas to twinlcad .
e tc. Used for d ip oles. q uads. in­
ver ted vees. e ll', 5S with complete
instruc t ions. Amid on also ha ndles a
wid e range of to ro id for ms . send
for list.

• An tenna Specialists, 124 35
Euclid . Cleveland on 44106. Mo­
bile and base stat ion antennas for
2-6-10 meters. Accessor ies for mo­
bile whips.

• Barker & Wi lliamson , Canal
Street . Bristol PA 19007. Coax ia l
ante nna sw itches . coaxia l dipole
an tenna co nnector. T VI low pass
filters.
• Bilada Manufacturing. Box 26 3 .

Manasquan NJ 08736. Balun for
d ip oles.

• Corne ll Dubilier, 50 Pari s S tree t.
Newark NJ 07 101. Ante nna rota­
tors. Ham-M. AR 33. e tc.
• Cubex. Bo x 732. Altadena CA

91 003. Cubica l q uads. 2·3-4 ele­
ments. 3 bands.

• Cushcra f t, 62 1 Hayward . Man­
chester NH 03 103. Vagi & collinear
VHF beams. HI-' beams. mob ile an­
tennas. ligh tning arresto rs. verticals.
halo s. b ig wheelv, e tc.

Th is is the Cushcra ft Trik-Stik , a

11 2

dip ole that can be moun ted hori­
zon ta lly o r vertically and u sed for
any VHF band. 3,4 thru 10 me ters.
airc raft . wea ther. TV, F~t , e tc.
• Dow-Key. Box 265. Broomfie ld

CO 80 0 20. Coaxi al switc hes and
r e la ys.

• Drake Manufacturing. Miamis­
burg 0 11 45342. High and low pass
filters.
• lJusina Ente rpri ses. 57 1 OrJ IlI!C

Grove• .\felbourne FL 3290 1. ~
40 meter su per gain an ten na

(sec 73. Octobe r 19691. All yo u
need arc five S' st icks and th is an­
tenna. S14.75 PI'.

T he Guerilla , 40/75~1 dual ha nd
1 kw antenna. 501,'?, power gain ove r
dipole . Easy to erect . $33.75 PI'.
• Ga m Electro nics, 19 1 Varney

Street, Manchester Nil 0 31 02. Mo­
bile and base VII I-' ante nnas.

Gotham, 180 5 Purdy , Miami
Beach F L 33139. II I' beams. q uads,
vert ica ls.

• O. Wa tso n Green e. Wakefield RI
02~80 .

Coaxia l ce n te r con nec to r fo r d i­
poles. e li.'. Wa te rpro of.... an d protects
connec tion to the antenna from the
feed line. Wit h balun bu ilt in for
matchi ng balanced antenna to un­
balanced feed S I O. Wi tho ut balun
S6.
• Hi-Par. 347 Lunenburg. Fitch­

burg .\11\ 0 14 2 1. .\Iobile halo s, VHF
beams.

Sa tu rn 6 mobile ha lo an tenna.
S17.

tJ.\tHT portab le si'c meter th ree
c lemen t beam. S J ..L

HT 2\- t po rt ab le two me ter 8 ele­
ment beam. S17.

54 bump er hit ch. S3.

• Hirsch Sales. 21 9 Californ ia
Drive, Williamsville NY 14 2 21 .
Lightening arres tor. Zap-Trap. right
angle connecto r-a rresto r, 52.90.

• Hy-G ain . NE Highway 6 . Lin­
coin NB68501. Beams, quads. vcr t i­
cals, dipoles. mobile whips. acccs­
sones.

• E. 1-" . Johnson Co.. Waseca \-I N
56093.

SII'R coupler. 25 0-37 . 5 1 \.75 .
5WR indicator . 250-38. $25 .
TR switch 25 0·39. 530.
275 wa tt ma tc hbox 250-23-1 ,

56 5.
Matchbo x with 5WR indica toi

25 0-30-3 . S154 .50 .

• .I SX Prod uc ts. Box 47 . Newberg
OR 9 71 32.

Ham ster 213 com p ac t antenna
for 40-HO meters, $7 1.70 pp. com
ple tc in travel ing casco

• Kirk Electronics. 6 15 1 l);lytOI
Liberty Road, Day t o n 0 11 4 54 1H

Fibrcglass qu ads and comport
cuts for quads.

• Lattin Radi o Lab ora to ries, Bo x
44. Owensboro KY 4230 1. A I
band doublet 535.00 .
• Mo sley Electronics. 4610 t'­

Linbergh Bvd. Bridge to n MC
63042. Dipoles. beams, gr oun(
planes . accessories, verti cals. e tc.

•

.\Iodel 01·2. 5 /8 wave omm
directional vertically polarized 2t1
ground plane. SI 0.5 8. I kw.
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• Redlinc Company, Box 4 3 1,
J affrey Nil 0345 2.

R F Field st reng th meier 1-400
mba. with five sec tion antenna and
earphone for checking modulation,
listening to carr ier. magnetic base
for mobile. model FL30. 59.5 0 pp.

• Sky lane Products, 406 Bo n Air
Drive, Temple Terrace F L 336 17.
Q uads.

SWR meter. I kw. 5 2 o hms.
model 5E405, 5 16 pp.

o
~ 'f " ' Q '........ ,,,,,

Two. three, fou r. five and six
element quads, one and three band
quads. bamboo or fib reglass ele­
ments. Four elemen t fib rcglass
10-1 5·20M quad on ly 5 199.95.

• Swan's Antenna Co.• Box 1122,
Stockton CA 95201. Two and six
meter beams.

Band pass is increased by using
four driven eleme n ts. Two me ter 11
element beam covers 143-149 mhz
with 15 db gain , 12-1 /1 foot boom.
6 lbs, 524.95 .

• Swan Electronics Corp. . 4 17 Via
Del Mon te, Oceanside CA. Mobi le
an te nnas.

Model 55 Swantenna. five band

Coveya 6 antenna , 10 db gain.
kw, six meters, 539.90. Hustler
mobile antennas for 10 thru 75
meters, folding fase sec t io ns. bases.
sp rings, gu tte r cl ips. and a pro­
fusion of accessories.

H u stler II mobile antenna.
shorte r than 40" . sho rt enough for
ga raging. su pplied co mple te from
rad iator to PL259 connec to r. in­
stalls in minutes wit hout drilling.
wi re tri mming. or soldering. for
10-05-10 meters.

• Omega T Sy stems. 300 Terrace
Village . Richardson T X 750S0.

Antenna noise bridge tests an­
tenna system for resonant fre­
quency and impedance. tests an y
type an te nna. 1-100 mhz, 515 pp.
The TE7-0 ::: is an ex tended range
model. covering 1-300 mhz, S35 .

• Prod uc tos J oga. Calle 50 x 45
Num. 431 . Merida, Yuc.. Mexico .

Two clement three band quad .
handles a kw, single feed line,
un iq ue sha pe allows 4'6 " boom
length . Withstands 100 mph winds.

• Qucment. 1000 S Basco m. San
Jose ('A 95128.

In line SWR bridge. kw. read ..
forward and refl ected powe r simul­
tanco usly. $ 17 pp. SWR bridge and
fi eld st rength meier. kw. good
through two meters. S IO. '.

accessories. Models available for
open wire line or coax line , 40 or
80 meters. Model 5 1-5 1-5. kw.
10-80 me ters 534.50.
• New-Trollies Corp.. 3455 Vega

Avenue, Cleveland OH 44 113 .
Antennas, mobi le antennas, acces­
sones.

element.

"-
C la ssi c 36, s i x e le m en t ,

}-15·20M, I kw, 5171.92.

,

Fully adjustab le dipoles and

Clas sic 33. three
1- 15-20M, 5145 .15.

Classic 10. three element single
nd , $57.64.

Classic 15. three element single
nd. 566.50.
I Murch Elec tron ics, Box 35 ,
u nklin ME 046 34 . Dipole antcn­
rs.
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Crysta l calibrator 100 k hz. kit.
PC hoard , bat tery operated . wit h
crys ta l. 55 .

Calibrato r Kit for 25 khz and 50
kh z markers. harmonics to 50 mhz.
S8.

e Sent ry Ma n ufacturi ng Co.,
Crysta l Park , Chichasha O K 730 18.

Precision q ua rtz cry stals and
electronics for the Commu nica tions
Ind ustry.

e N u t S t i nn ette . Drawer Q.
Umati lla rt, 3 2784.

Desks
e Design Ind ustries. lnc. . Bo x

19406 . Dalla< T X 75 2 19.

Crystals and Calibrators
e Am erican Crystal Co.,

2366 , Kansas Ci ty MO 64 142.

• Cry ste k , 1000 Cry stal Dr .. Fort
Code records for all license Myers F L 3390 1.

grades. code pract ice oscilla tors. e Denver Crystals, Rte. I, Box
books on learn ing code. 8-18 wpm 357, Parker CO 80 134.
record. S3. 95 . number 103-33. • HA L Devices. Bo x 365 L, Urbana
104-33. sup plemen t. S3 .95. 104-3 3 IL 61 801.
fro m 13 to 22 wpm, 53.95 . 106-33, The HA L mar ker generator is a
t 9 to 24 wpm, $3.95. ._ frequency divider requiring 3 ~dc

CWo a 5 ~l/ book on h0'Y to learn which can be ar ranged to provide
the c.ode using a new and Improved 15 khz or 5 0 khz markers fro m a
learn ing sys te n.l tha t has all the LOO khz crystal calib ra tor. For
others .beat a mile" .Lays th e foun~a- 54.95 it is sh ipped wired and tested
non. tor ~e~e.loplllg truly high wit h comple te insta lla t ion instruc-
speed code ability. tions.

e Epsilon Records. 206 E Fro nt e International Crysta l Mfg. Co.,
St ., Florence CO 81226 . Inc.. 10 N Lee , Ok lahoma City OK

RevolutIonary. new word me- 73 102.
thod cod e learning co urse . Three
12" records with 2-1/ 3 hours o f :e Jan .CryFstals, 2400B Crys ta l Dr.,
instruction fo r o nly $9. 95. Based I t . Mye rs L 3390 1.
upon modern psychological techni- e Mid we s t Crys tal Company.
qucs. Available also o n magnet ic 151 6 Parkwood Road, Cleveland
tape at 59. 95 or on cassette fo r Of! 441 0 7.
$ 10.95. This is a very easy way to e Paxitro nix Inc.• Box 1038 (B) ,
ge t th at 13 per. Boulder CO 80 302.

e Heath Company Benton Harbor G ives you 25 kh z markers from
MI490 22. ' your 100 k hz calibra to r. Circu it

HDP-32 se t of th ree code board. 56. 25 pp.
record s. S9.50. e Q k EI . B 2 15ua er ect ro mcs. ox •
el n s t ru c t o g r a p h Co m pa ny. Hu nlock Creek PA 186 21.

4 70?-Q Crenshaw Blvd .. Los An- • The Rad io Shop, 4 8 Elm si .,
gelcs CA 9004 3. New Canaan c r 0684 0 .

e Pickering Rad io Co., Box 29 , Fr eq uen cy marker k it , P
Portsmouth RI 02871. board . uses your 100 khz cry stal.

eM-I 5-7-9 w pm tape code ou tp u ts o n 100, 50. 25 . 10 a nd 5
groups and p unc tua t io n. C~t· I - I / 2 khz mu ltiples up to 50 mhz. S15 .00
code at 1 1-1 4- 17 wpm. eM-2 (for
Extra Class) 20-2 5-30 wpm. Each pp. .
tape abou t 90 mi n u tes. 55 .95 for • R & R ~l,ectron.lc s . 3 I I ..,L South
o ne. SI I for two , 5 15 for atI three. Stree t. Ind ianapo lis IN 46_25.
pp. Availa ble o n T ' reels a t 3-3/4
ips or 3- 1/4 " reels at 1-7/H ips. both
two track .

e Rand Labo ratories, Box 102.
Win throp ME 04364 .

15 wpm ta pe, S5.49 for 3-3/4
ips 5" ree l. comple te \..·ith QR~t .

very realistic. Ex tra Class tapes
(two hours) wit h 40 minu tes each
at 15-20-25 wpm, 20 minu tes each
speed sprink led ...-ith Q IU,l to pre­
pare you for gly real it y , 55 .4 9 pp.

• Hay den roo k Company, Inc.,
New York r-.. r.

Sight-Nciound courses. Novice .
59.50. 0-8 wpm. 3 record s. Ad van­
ced. 59 .0 0. 9-20 wpm. 3 records.
Complete cou rse 0-20 wpm. six
records, 5 16.

e Te lcplex Company, 739 Kazmi r
Cour t, Modesto CA 95 35 L

Tclcplex sys tem with tone gene­
ra tor. S58. Withou t tone oscillator,
549.50. Code is reco rded on d ru m.
speed is in fin ite ly var iab le.

Digit al clock. available in 24 o r
12 ho ur moveme n ts. cases in cha r­
coal gray , cora l red . light b lue,
wh ite , bro wn. or clea r plast ic wh ich
sho ws mechan ism clea rly, 525 p p.

Calend ar clock. availab le in 24
ho ur or 12 hour move ments. sel f
star ting. indica tes day or mon th
and day of week. brushed alum­
inu m. 540 pp.

Code Records & Tapes
e Ameco. 8 0x 6 52 7. Raleigh NC

27608.

Clocks
e The Farmcrie Corpora tion . 114

Spencer Lane. Glenshaw PA 15 I 16 .
e Pe n nw ood Numechro n Co..

7249 Frankstown Ave .. Pittsb u rgh
PA.

e Red line, Bo x 4 31 . Jaffrey NH
034 52 .

remo te band switc h ing mobile
antenna. About 8' high , 500 wa tts,
5- 1/ 2 Ib s, $95.

• T c Irex Labora tories, Asbury
Park NJ 07 712. Antennas, LV. kit s,
towers, accesso ries, etc.

Broad band baluns. inverted Vee
antennas, antenna rotato rs, beams
for all amateur bands from 3/4
meter th rough 40 meters (th ree
element wide spaced beam. 177 Ibs,
under $900 ), two band , three band
and eve n fo u r band beams.

• Unadilla Radia tio n Products,
Unadilla NY 13849 . Quads, baluns.

W2AU nav y type broad band
balun, sta inless steel hardware. full
kw, I : 1 or 4: 1 types. see page 49
for d etai ls.

e Wa tcrs Manufacturing, Wayland.
MA 01 778 . .

Coax switc hes. SP6T $ 14.50.
SP5T S14 . SPOT S 13. Also m obile
an ten nas and accessories.

e Westem Electronics, Dept. A,
Kearney NB 68847. Antennas.

114 73 MAGAZINE



.'

'- 'l _

channels, 12 vdc, $310. Two watt
model $250.

• VHF Associates, Box 22 135,
Denver CO 80222.

FMT- I two me ter F.M trans­
ceiver, all solid state, 13.5 vdc, six
channels, $289.95.

Keys & Keyers
• Digi-Key, Box 27 146, Minnea­

polis MN 55427.
Solid state, 5-50 wpm, self com­

pleting, for grid block rigs (opt ional
relay available) , S IS pp.

• Elcctrophysics Corp. 898 W 18
St. . Costa Mesta CA.

Autronic Key, $20 ; Autronic
Keyer. SHOo

• Global Import Co. , Box 246, EI
Toro CA 92630.

Transkey Senior ($74.5 0 pp.) is
a on e unit transistortzcd kcyer with
key enclosed in the unit, ac or
ba ttery operation , all contro ls on
fron t panel including speed, moni­
tor t on e and volume, semi­
automa tic or automa tic keying.
spacing or weigh t adjustme nt. Out­
puts on back include both transis­
tor and relay for operating any type
transmi tter.

Tran skey ($34.95 pp.) , electro­
nic keycr and monitor. Relay out.
put, built in key, 5-50 wpm, bat.
tery built in or ex ternal 6v source,
au tomatic or semiautoma tic opera­
tion , va r ia b le tone moni tor,
dot-space rat io adjustable, 2 Ibs,
guaranteed.

• Global Research & Supplies,
Box 271 , Lombard IL 60148.

HAL Devices. Box 365L, Ur­
bana IL 61 801.

The all new model 31 1B IC
keyer contains all of the featu res
which make the HAL line the most
versatile line of keyers available.
Offering triggered time base, iambic

"-- - --

FM-210 FM transceiver, solid
state, FET fron t end, 12-14 vdc,
th ree channe ls, squelch, compres­
sor, $ 199.95 pius $39.95 for a
Dower booster.

e ICE , 8507 Speedway, San
Antonio T X 78230.

ICE-2 two meters FM trans­
ceiver, three channels, bu ilt in
power supply, 4 watts, $285 . IC£ -6
six meters, same as IC£ -2 other­
wise. Nicad ba ttery and charger
$47.

• K- N Electronics, Inc., 107
Moorewood Ave.. Avon Lake OH
440 12.

• Newsome Electron ics, 19675
Allen Road , Tren ton MI 481 83.

Surplus FM equipment, particu­
larly Motorola.
• Standard Communica tions. Box

3727. Torrance CA 90502

Solid state FM transceiver, 12
channels,S watts , $300, 10 watts,
$335 , both for two meters.

• Two-Way Radio Engineers, Inc.,
11 00 Tremont St., Boston MA
02120.

Motorola FM schematic digest
$3.95 pp. Schematics, crystal infor­
mat ion , alignment instructions, ser­
vice hints.

• Vanguard E lectronic Labs
196-23 Jamaica Ave. , Hollis NY
114 23.

FMR -1 50 FM mon itor receiver.
Dual ga te MOSFET front end for
very low noise, minimum cross-talk,
squelch , 12 vdc, fou r channels
$69.95 . Plus two and six meter
converters.

• Varitronics, Inc., 4 109 N 39th
sr., Phoenix AZ850 18.

FDFM-2S two meter trans­
ceiver, 10 watts solid state, six

-

FM

•

0-- .,. . ...,

• Megart , Box 2097, Des Moines
IA 5031 0.

~

ox
• G lob al Co m puta tions, Box

2245, Rockville MD 2085 2
Beam head ings computed for

any place in the world. Send $4
with exact location and ge t a great
circle bearing [ 0 over 500 locations
distance in miles or kilometer~
(please advise), re turn beari ngs, call.
sign prefix and t ime difference for
each loca tion. If you can' t give
your la titude and longitude, add
.50.

G lobe plotter, small globe
mounted to indica te bearing from
you r sta tion to any part of the
world. Reciprocal bearing can be
found easily too, clever inven tion .
$ 18 pp.

• Montgomery Geode tic Services,
Box 5107, Bethesda MD 20014.

• World QSL Bureau, 5200 Pana­
ma Avenue, Richm ond CA 94 804.

The only QSL Bureau in the
USA t o handle for a fee outgoing
QSls to anywhere in th e world in­
eluding intra USA, Canada, and
Mexico. Bureau operates in accur­
ate, efficien t man ner, and has use
of comp uters, postal sta mping ma­
chines and mechan ical equipme nt.
Majority of QSLs are sorted, pro­
cessed and mailed out wi thin 48
hours of receip t. See page 131 for
details.

• 73 Atlas, 73 Magazine , Peter­
borough Nfl 03458 .

Engravers
• Arnold 's Engraving, 204 1 lin­

den St., R idgewood NY 11227.
Personalized on the a ir sign,

lights up , S12.95. Engraved tie call
bars-sta tion call pla tes, call pins.

• Galaxy Electronics, 10 South ·
34th St., Council Bluffs IA 5 1501.
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S20.95 to
new Vibro-

Vi broplex keys,
$43.95, including the

The K-1 Micro-Ultimatic pro­
vides dot and dash memories for
either conventional or squeeze pad­
dles. 10-60 WPM; internal monitor
osc; models for blocked grid or
relay output available. One-year
warranty, S85 .00 FOB.

is stored within micro-seconds and
cannot be disturbed until com­
plete-permitting you to move on
to the next key at your leisure.
Completely self contained battery
operated. with relay output. Kit
includes all parts. pre-assembled
keyboard, two printed circuit
boards, and detailed, illustrated as­
sembly instructions.

• Palomar Engineers, Box 455,
Escondido CA 92025 .

Ie keyer, all solid state, built in
key, fully digital, dot-dash ratio al­
ways perfect. keys any circuit up to
100 rna. $67.50. Free brochure.

• Pickering Radio Company, Box
29, Portsmouth RI 02871.

The ultimate in CW operation.
The KB·l generates any of 47
characters with precision and auto-­
matic letter spacing. Press the right
buttons; get perfect code. 12-72
wpm; variable weight; internal men­
itor osc/amp; keys most blocked­
grid rigs or external relay. Only 2 x
4 x 10 inches. S265.00 FOB.

• Ten-Tee, Inc., Hwy. 411 E,
Sevierville TN 37862.

• The Vibroplex Co., Inc.• 833
Broadway, New York NY 10003.

The Pro-Key IS an easy-to­
assemble kit that provides perfect
Morse code from 5 to 50 wpm.
When a key is pressed, the character

Permal1ex Key, price: $19.95
pp. This twin lever key is for use
with modem high speed electronic
keying circuits. It also converts to a
straight hand key for slow speed
CWo The independent fibregJass
paddles flex to make contact, have
adjustable gap and tension. and are
fully enclosed in a polished chrome
plated cabinet. Contacts and con­
ductors are gold plated for high
reliabili ty. ,
• M & M Electronics, 6835 Sun­

nybrook NE, Atlanta GA 30328.

Dah-Ditter model EK-I. electro-­
nic keyer to 40 wpm. solid state.
self-completing with 3/1 ratio, ac
powered, built in monitor, works
with present key or bug, S34.95 pp.

• Micro--Z, Box 2426, Rolling
Hills CA 90274.

Oscillator/monitor, mark 2.
price: $14.95 pp. This versatile
product for the CW operator and
ham experimenter is a super-sen­
sitive rf type of CW monitor, a code
practice oscillator, and rf tester,
and a non-destructive component
continuity and semiconductor
tester. It features a 4 transistor 2
diode circuit , a single AA cell for
power. and a rugged black and
silver anodised aluminum cabinet.

HD-16 code practice oscillator.
transistorized, battery operated,
with speaker. $10.

eA.T. Hunter, 6201 Jumilla
Avenue, Woodland Hills CA 91364.

HDK Digital Keyer, IC built,
battery operated, $28.

• Hunter Sales, Inc. , Box 1128,
Des Moines IA 5031l.

• James Research Company, 20
Willits Road, Glen Cove LJ . NY
11542.

operation with dot memory, moni­
tor with tone and volume controls,
regulated AC power supply.
150v/500ma transistor switch for
both grid block and cathode keyed
transmitters, automatic and semi­
automatic operation, and tune up
switch, the 311 B is completely as­
sembled and guaranteed, $43.95
pp. Other models from SI5.00.

• Hallicrafters Co., 600 Hicks
Road, Rolling Meadows IL 60008.

.Heath Company. Benton Harbor
M149022.

HD·lO solid state electronic
keyer, 15-60 wpm or 10-20 wpm,
self completing dashes, semi-auto-­
matic if desired, variable dot-space
ratio, side tone and speaker, built in
ac power supply, use with grid
block keying transmi Hers, $40.
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4 .8 khz selectivity. Built in noise
blanker, calibra tor, notch filter,
$430.

• Galaxy Electronics, 10 South
3 4th St. , Council Bluffs IA 5 150 1.

R-530 solid sta te receiver, "0.5 to
30 mhz, 1 khz dial, 50 khz calibra­
tor, noise blanker. $695. Speaker,
$40. Receiver has 2.1 khz passband,
other crys tal lattice filters, 545 for
500 hz, 1500 hz and 6 khz.

• Hallicrafters Co., 600 Hicks
Road, Rolling Mead ows IL 60008.

SX-122A receiver, 538 khz to
34 mhz, calibra ted bandspread of
ham bands, $395; accessory speaker
and calibrator, $20.

SX-1 46 ham band receiver,
80-10 meters, accessory calibra tor,
speaker, and 500 hz filter.

5X-130 general coverage reo
ceiver, be band plus 1.7 to 34 mhz
in three bands, accesso ry speaker.

• The Hammarlund Manufactur­
ing Co., Inc., 73-88 Hammarlund
Drive, Mars Hill NC 28754 .

HQ-215 sol id state receiver,
covers 80- 15 meter ham bands plus
13 more 200 khz segme nts from
304 to 30.2 mh z. Also covers
28.5-28.7 mhz. 2.1 khz selec tivity
with supplied filter, S400.

• Hea th Company, Benton Harbor
M1 49022.

5 8-301 ama teur band receiver, 1
khz dial, calibrator bu ilt in, 5260.
AM or CW crystal fil ters, $2 1. Six
or two meter converters, S20.

• Lafaye tte Radio Elec tronics,
Box 10, Syosset , L.I. NY II 79 1.

HR- IOB receiver, 80-10 meters,
ham bands only, $80. Calibrator,
$9.

• Ameco, Box 6527, Raleigh NC
27608.

SWL-4 solid state receiver, 540
mhz to 23 mhz in four bands.
Model R-5 receiver 540 mhz to 54
mhz in five bands, all solid sta te
with ac supply, S100. R-5 is also
availabl e in kit form. Ameco also
makes a wide range of converters,
solid sta te and tube, with models
for any band.

PV nuvistor preamp li fiers for
28, SO, 144 , & 22 0 mhz, also
excellent for improving FM two­
way equipment, $14.95, each
band.

PT preamplifier, covers 6-160
meters, built in power supply, de­
signed to work with SSB trans­
ceivers and improve the sensi tivity
of the receivers, $59.95.

• Collins Radio Co., Cedar Rapids
IA.

7553B receiver, 3.5 to 29.7 mhz
amateur bands or any frequency
except 5-6.5 mhz in that range with
extra crystals, $795.

• Drake Manufactu ring, Miamis­
burg OH 4 534 2.

SPR-4 solid sta te programable
receiver. Can be programmed for
short wave listening, ama teu r rad io,
broadcasti ng, marine radio, etc.
Dual gate FET rf amplifier, 23 500
khz ranges, three bandwidths, high
and low freq i-f stages, notch filter,
etc. Accessories-noise b lanker, cali­
brator, speaker, loop an tenna,
transceive adaptor, d c power cord,
etc.. $379.00. Can handle signa ls
like the best in tube receivers.
Extremely stable.

Model 2C receiver, wh ile de­
signed for hamband use primarily,
will tune any 500 khz segments
from 3-30 mhz. Bandspread calib­
rated in 1 'khz. Selec tivity of A,
204, and 4. 8 khz, $230. Accessori es
available: speaker, $20; Qem ult i­
plier/speaker, $40; calibrator. $17.

Model R4B receiver, covers 500
khz segments from 1.5 to 30 mhz. 1
khz calibration. Will transceive with
T4XB transmitter. A , 1.2. 204 , and

-~.'

/ .
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Model Aep ·1 c o m pressor­
preamp kit , 30 db range, FET
mput, PC construc tion, adjustable
input and output, connec ted tor
PTT, $18.50.

• Heath Company, Benton Harbor
MI 49022.

HD·15 phone patch. hybrid, op­
erates VOX and PTT, $25.

HDp·2 1 SSB microphone &
sta nd, switch, $29040

• Waters Manufac turi ng, Way-
land MA 0 1778.

Hybrid phone patch $55. Patch
with Compreamp $76. Compreamp
alone $28.

Noise Reduction

keyer for use with electronic keyers,
$2 1.00.

• Waters Manufacturing, Wayland
MA 01 77 8.

Codax automat ic keyer $98.

Electro-shield system eliminates
ignit ion noise, custom complete
shie lding set for any car, $69.95 for
eight cylinders, $61.95 for six cy­
linde rs. This is the system used for
quieting airplanes and is the only
way to achieve complete quiet
mobile.

• Estes Engineering Co., 543 W
184th St, Gardena CA 90247.

Microphones & Preamps
• Caringclla Electronics, Inc., Box

327, Upland CA 91786.

Receivers & Converters
• Allied Rad io Corp. . 100 N west­

ern Ave., Chicago IL 60680.
A·25 16 80-10 me ter ham band

receiver (plus WWV on 10 mhz) .
Solid state vfo, mechanical i-f filter,
preselector, product detector for
SSB, crystal oscillator for very low
drift, ac operated, $170.

,
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Arcturus Electronics, 502 22nd
St., Union City NJ 07087.

Arrow Sales Chicago Inc.. 2534
5 Michigan Avenue, Chicago IlJ
60616.

Atlantic Surplus Sales, 250
Columbia St., Brooklyn NY 11231.

Barry Electronics Corp., 512
Broadway, New York NY 10012.

B & F Enterprises. Box 44,
Hathorne MA 01937.

Bigelow Electronics, Box 71,
Bluffton OH 45817.

Brigar Electronics, 10 Alice St.,
Binghamton NY 13904. .

C. & H. Sales Co., 2176 E
Colorado St., Pasadena CA 91107.

Columbia Electronics, 4365 W
Pico Blvd. , Los Angeles CA 90019.

Communication Sales Co.• 7231
Hinds Avenue, N. Hollywood CA
91605.

Cornell Electronics, 4205 Uni­
versity Avenue, San Diego CA
92105.

Ted Dames Co., 308 Hickory
St. , Arlington NJ 07032.

Denson Electronics, Box 85 ,
Rockville CT 06066.

Dow Trading Co., 1829 E Hunt­
ington Dr., Duarte CA 91010.

Fair Radio Sales, Box 1105 ,
Lima OH 45802.

Gadgeteers Surplus Electronics,
5300 Vine Street, Cincinnati 011
45217.

G a tew ay Electronics Corp.,
6150-52 Delmar Blvd., 5t. Louis
MO 6311 2.

G & G Radio, 778 Leonard ,
New York NY 10013.

J. J. Glass Co., 1624 S Main St.,
Los Angeles CA ~00 1 5.

Goodheart Co., Box 1220,
Beverly Hills CA 90213.

Hayden, Box 294 , Bay S1. Louis
MS 39520.

Jan Crystals, 2400 Crystal
Drive, Fort Myers FL 33901.

.I. & H. Outlet, 476 Industrial
Way, San Carlos CA 94070.

J e f f' tronics Unlimited, 4252
Pearl Road, Cleveland OH 44109.

J enni ngs , 2730 Chanticleer
Ave., San ta Cruz CA 95060.

Jet Crystal Co., 171 8 W Lomita
Blvd., Lomita CA 90717.

Liberty Electronic, 548 Broad­
way , New York NY 10012.

Mazer Enterprises, 17740 Bay
Circle, Fountain Valley CA 92708.

Mendelson Electronics Co., 516
linden Avenue, Dayton OH 45403.

Meshna, 19 Allerton St., Lynn
MA 01904.

• A II tr on ics-Howard, Box 19,
Boston MA 0 2101.

· .]i~_

, it £.
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Teletype equipme nt, printers
perforators, rcperforators, polar re­
lays, distributors, accessories, and
converters.

•• Aquad yne, Box 175, East Fal-
mouth MA 02536.

Surplus
Aer o sp ace Electronics. Box

48-495, Miami FL 33148.
Alvaradio Industries, 3 101 Pico

Blvd., Santa Monica CA 90405.
Amber Industrial Corp ., Box

2129 So. Sta., Newark NJ 07114.
Anker Elect ronics, 1617 S Main

S1. & Anker Rd., Wilkes-Barre PA,
ARC Sales, BOx 12, Worthing­

ton OH 43085.

RTTY

Model 407 six meter du al gate
MOSFET, $35, same for two
meters.

3/4 meter converter, three dual
gate MOSF ETs, 550, 10 meter out·
put. Send for the free catalog of
preamplifiers and converters from
Vanguard, sta te of the art in VHF.

• VHF Associates, Box 22135 ,
Denver CO 80222.

• Westcom Engineering, Box
1504, San Diego CA 92112.

Noise blanket for use with
mos t receivers, transceivers, 529.50

RTY 3 converter, 850/425 / 175
hz shifts, 3 stage filt er, loop supply
incl., $140. RTY3SB tuned for use
with SS B transceivers, S180.
RTY 3K, same as RTY3, but built
in AFS K genera tor, S 160.

• Essco, 324 Arch Street, Camden
NJ 08 102.

Solid state RTTY demodulator,
single channel, incl. loop supply
5132.25, kit. Dual channel unit ,
kit, $138.25. Factory wired single
channel $ 156. 25. Wired dual chan­
nel$ 163 .

• Tuck Elec tro nics, 233 1 Chest­
nut Stree t, Camp Hill PA 17011.

RTTY terminal equipment, so­
lid sta te, modules, etc.

. . ._..._- ..- _.. ~_ .~ ~••-- ......
'" r . '., 'P'., "J t" •. r , r ,_ #_-- ---

X line converters, tunable, 9v.,
$33 . Can be crystal con trolled also.
Squelch uni t $18 extra. Models
cover 150- 164, 33-48, 11 8-1 28.
144-148, 50-54 . and 26.9-30 mhz.
See ad on page 21, March 1969 is­
sue of 73.

• Vanguard Labs, 196-23 Jamaica
Avenue. Holli ".NY 11423.

,

OX-I SO all wave receiver. Tunes
de band. plus three short wave
bands to 30 mhz , S120. Matching
speaker. $8.

• Herbert Salch & Co., Woods­
boro TX 7839 3.

Pro line converters, crystal con­
trolled single frequencies, any two
between 108·175 mhz, squelch,
$40 with one crystal, $45 with two;'
12v.

se li ne converte rs, single fre­
quency from 26 to 250 mhz. l 2v. ,
$25. Weather converte r for 162.55
mhz 520. Squelch accessory S18.

,
'.

HRO-500 solid state receiverv S
khz to 30 mhz, I khz dia l, $1675.
Speaker, $40. Tunes in 60 bands of
500 khz each , continuous coverage.
50 khz calibrator built in .

• Radio Shack Corp., 730 Com­
monwealth Ave., Boston MA

022 15•._ ...""""""""",,~~::

• Nat ional Radio Company, Inc.,
37 Washington sc, Melrose MA
02176.
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G rand, Detroit MI 48208 .
Self-su ppo r ting tapered al um­

inum crank-up and fo ld-over tow-
crs.

Build it yourself solid sta te vidi­
con ca me ras , accessories. modu les.
lenses. instructio ns. Camera kits as
low as S 11 7. Video mod ule, S20.
Vert. module, S IS. Horiz. module.
S IS. RF osc modu le. S I D. HV
modu le. S IO. Free detail s.
• Denson Electronics. Box 85.

Rockville CT 06066 .
Used came ras. TV crys ta ls, vid i­

cons. accessories. lenses. gadge ts.
send fo r free flyer and be amazed.
World 's largest collec t ion of TV
stuff.

• GBC. 74 Fifth A venue, New
York NY 100 11.

Video tape recorders. vid icons,
etc.

Vidicon; Hitachi 7038H, $29 .50;

t

• Micro tlect Towers, 35 75 25th
Street SE, Sa lem OR 9 7302. Light
weight alumi n um towers to 120
fee t h igh in 10 foot sec tions. 12-1 /2
Ibs per sec tion. Staggered ladder
treads for ea sy climbing.

e Rohn , Box 2000, Peoria IL
6 160 1. La rgest manu facturer of
stee l towers. Ho t d ipped ga lvanized
towe rs of all kinds: free stand ing,
guyed, tilt over. e tc .

. T ri-Ex T owers, 71 82 Rasmu ssen
Avenue. Visalia CA 93277. Steel
towers. Crank up , self su ppo r ting,
guyed , rotating.

. T ristao Towers, 415 E 5th
St reet , Hanford CA 93230. Self
suppo rting a nd guyed c rank up
towers of galvanized steel and sel f
su ppor ting cra nk up mini-musts.

e Universal Manufacturing, 601 7
E McNichols, Detroit MI 48234.
Free s ta nd ing aluminum towers.
Towers to 90 feet.

• Vesto , 19 16 Clay Stree t, Kansas
City MO 64116. Self suppo rting
stee l towers.

TV
e AT V Resea rch, 13th & Broad­

way N. Dakota City NB 6873 1.

:'~I1A-':
"'.. 1'1"

-,

"-

~CJ"
- ". -

,

rf field stre ng th. se lf po we red. $25
pp.

Towers

Signa l tracer model SE350. sig­
nal streng th me ter. ou tp ut speake r,
rf and af amp lifiers , measu re ga in o f
any rf or af stage, self powered.
523.50 pp.

Miniature AF signa l generator ,
laboratory grade. :IC powered.
10-1 00,000 hz. 56 0 pp.

e Spec trum Ltd, 245 Gregg Ct,
Los Ga tos CA 95030.

390-900 mhz frequency meter,
ind ica tes down to .2 mi crowatt s,
500 ua meter , ~39 .5 0 pp. With
bu ilt in 100 uu me ter, $ 1.50 addi­
tiooal.

• Syntelcx. 39 lucille. Dumont
NJ 07628.

S UA solid sta te decade amp li fie r
converts VOM o r VTVM into a
sensi t ive aud io and i-f milivoltmc tcr
or use as p reamp for co un ter.
sco pe. ctc. , $35 pp.

• The Technica l Materiel Corp..
700 Fenimore Road .. Mam aroneck
NY 10543 .

• Waters Manu facturing, Wayland.
~IA 0 1778.

Dummy load wa tt me te r I kw
S135. 1500 watt S 145. Dummy
load $65. .

• Dura Tower Sales. Bo x 322.
A ngola IN 46 703.

Tilt-up and tilt-over s tee l towers;
tilt up to 50'. and tilt -over to 90',

• Gateway Towers, 75 30 Big
Bend Blvd , 5 1. Louis MO 631 19.
Free sta nd ing, crank up. cra nk up ­
tilt over, free sta nd ing-til t over. free
sta nd ing-fo ld ove r towers of alu­
mmum.

• He igh ts Mfg. Co .• 4 226 Maybury

Military Electronics Corp. , 4178
Park Avenue, Bronx NY 10456 .

Norman Electronics Sa les, 141 3
Howard Street, Chicago IL 60626 .

North American Electro n ics.
Box 878, Plattsbu rgh NY 12902.

Park El ectron ics, Box 78,
N.Salem NH 03073 .

Poly Paks, Box 94 2A, lynnfie ld
MA 01942.

Q uake r Electronics, Box 215 ,
Huml ock Creek PA 18621.

Mike Quinn Electronics, Elec­
tronics Bldg., 727 langley St. ,
Oakland Airport CA 946 14.

R & R Electronics, 247 S Mer­
idan St.,lndianapol is IN 46225 .

Re lay Sa les. 2400 Crys tal Drive.
Fort Meyers FL 33901.

Se lec tron ics, 1206 S Napa St.,
Philadelphia PA 19 146.

Slep Electronics Co., Drawer
178. Ellenton FL 33532.

Solid State Sales, Box 74,
Somerville MA 02 143 .

Surplus Specialities, Box I 18,
Pitt sli eld MA 0 1203.

TAB, 56 Pearl St., Brooklyn NY
11 20 I.

United Radio Co., 56 Ferry
Street, Newark NJ 07101.

Unit y Electronics. 107 Trum­
bull Stree t, Elizabeth NJ 07206 .

Test Equipment
e Clemens Mfg. Co .• 630 S Berry

Rd ., 51. Louis MO 63122.

• Heath Company. Benton Harbor
MI 49022.

tiM-I S SWR meter. 160-6
me te rs, 1 kw, 50 or 75 ohms, $ 15.

liM-l OA tunnel dipper, 3-26 0
mhz, ba ttery operated , $3 0 .

lI N-3 I Can tcn na dummy load,
1.5 to 300 mhz. 50 o hms. I kw.
5IO.

HlJ-20 100 khz ca libra tor. to 54
mhz. ba tte ry opera ted. S IS .

P~I-2 100 kh z to 250 m hz rf
fi eld streng th meter. S 13 .

• Lam pkin l aboratories. Inc.,
Braden ton FL 33505.

• Omega-T Systems, In c., 300
Terrace Village. Ri chard so n TX
75080.

• Paxitronix, Inc., Bo x 1038.
Boulder CO 8030 2.
• Qu ement E le ctronics, Bo x

6000, San J ose CA 95 150.

• Radio Shop, 48 Elm St.. New
Canaan CT 06 840.

e Rcdlinc Company. Bo x 43 1.
Jaffrey Nil 03452.

Mini-lab. ten test instrumen ts in
one. VO~1. rf sig gen . af sig ge n.
resi st or and capacity subs t it u tion.
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• Hafstrom Technical Products,
46 16 Santa Fe, San Diego CA
92 109.

SR400 Cyclone transceiver.
80- 10 meters, 400 watts PEP, 5800.
AC supply PS500A-AC. 5 130 .
P500DC supply. 5 16 0.

SR2000 Hurri cane transceiver .
80- 10 meters. 2000 watts PEP.
5 109 5. P2000 AC sup ply. 5450.

IIA20 VFO/VSWR conso le for
400 or 2000. 520 0 .

• The Hammarlu nd Manufactur­
ing Co., lnc., 73-88 lI ammarlu nd
Drive, Mars Hill NC 28754.

• Heath Company. Benton Harbor
~II 49022.

GT-S50 SSE transceiver. 550
watt s PEP. 80-10 meters. S4 75.
Accessories: RV550 remote vfo.
575; RF550 rf co nso le. 569; SC550
speake r. S25: LASSO linear ampli­
fier 200 watts PEP, 5495 : PR550
patch. 549; DC supply. 5 125; AC
sup ply, S9 0; Calibrator, $25 (25
khz); CW filt er. 530 ; VOX. 530 .

lK2000. 2000 watt PE P linear.
579 5. LK2000HD. 3000 walt PEP
linear. S89 5 . RF2000, table top rf
sec tion o nly, S59 5. PS20 00 power
sup ply. 5300 . Heavy duty PS3000
supp ly. 54 00 . DL2000 dummy
load. 575.

e Hallicrafters Co., 600 Hicks
Road , Rolling Mead ows 1L 00008.

II \\'-100 . 80-10\1 transceiver
(SSB) , 180 watt s, 5240. Speaker.
5 19 . DC supply . 56 5. AC supply.
55 0.

lIW-12A . 80M SSB transceiver.
200 wa tts PEP. S I00. II\\'-22 A,
40M transceiver. S105. 11\\'-32A.••

T4XB 200 watt transmitter
PEP. 80- 10 me ters or any 500 khz
range between l.~ and 30 mhz.
Covers 160M wi th accessory cry­
sta l. 5450.

TC-2 180 wa tt transmitting two
me ter conver te r, 5300 .

TC-6 six meter transmitting co n­
vert er, 5250.

C4 sta t io n co nso le includes
clock. timer. patch. wa ttmeter, ro­
tor con tro l, e ll'. 5300.

• Galaxy Electronics, 10 South
34th St. , Council Bluffs IA 51501.

2NT 100 watt CW transmitter,
10-80 me ters, S 150 . L-4B linear
amp lifier, 2000 watts PEP. 80- 10
meters, two 3-500 l tu bes, S750.

TR44B, R4B and T4B in one
case. 58 50 .

TR-4 5SB transceiver, 80-10
meters. 300 watt s PEP. solid sta te
vfo ca libra tor. I kh z dial. CW side­
tone. 5600.

TR-6 six meter 5SB transceiver,
300 wa tts PEP, ca libra tor, S6 00.

• •
30 Lt linear amplifier. 1000

wat ts PEP. 80-10 meters. 55 20 .
• Drake Manufacturing, Miamis­

burg O H 4 5342.

•
•

32S3 transmitter. 175 wa tts
PEP. same range as 75S3 receiver.
5865.

".

IQ
rJ ~

", .
•

KWM-2 transceiver, 175 watt s
PEP, 80-10 meters. S1150 . AC sup­
ply , S 153. PTO. wa ttmeter. patch.
speaker. 535 0 . DC supp ly, S23 5 .
i\lohi lc mou n t. 5 255.

..

Te levision ca me ra , co mplete .
great for closed ci rcuit TV, ham
TV . 5280.

C<lIll CTJ kit , including vidicon
and lens. S100.

Transmitters, Transceivers
& Linears

• Aerot ron , In c. (Ameco) , Box
6527 . Raleigh NC 27608.

AC-I Nov ice CW transmitter .
4~80 me ters, kit. TX-62 , six and
two meter phone-Cw tran smitter,
75 W, S 160. VFO-6 21. vfo fo r usc
wit h a ny VHF transmitter , $7 0.
G SB6 . Go nset six meter SS B tra ns­
ce iver. 20 watt PEP. Gonser 903
li near amp li fier, two meters, 500
W<J US PEP. 91 3 linear ampli fier. six
meters 500 watts PEP. Communi­
cator IV , six meters. tran sceiver . 10
watt s input.

• Allied Radio Corp., 100 N West­
ern Ave., Chicago I L 60680.

TR-I06 six meter transceiver ,
15 watt s input. S9 0. V- I0 7 VFO
kit . six and two meters. S25. T-17 5
six or ten me tcr linear amplifie r
330 watts PEP on SSB. 120 watts
AM . 5 100.

• Colli ns Radio Co .. Ced ar Rapids
IA ...--

1

Hitach i 7735A. 53 4.5 0; Hitachi
7262,534.5 0 (replacement for Sony
and Pano sonic} ; Hitachi 8507.

74 .50 (Separa te ~I c '\ h )'

• Vanguard Labs. 196·23 Jam aica
Avenue. Hollis NY 11423
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Bandit 2000C. linear ampl ifie r,
five bands. kit fo rm. 2000 watts
PEP

• Lafayette Rad io Elec tronics,
Box 10 . Syosset, LJ . NY 11791.

• Linear Systems. lnc. , 220 Air­
por t Hlvd., Watsonville CA 95 076.

SB-34 SSB tran sceiver, 80-15
me ters. $450. SB2· LA linear ampli­
fier. $260. SB3-DCP, d e power in­
verter for mo bile opera tion (SB·34
has ac power supply built in and is
solid state excep t for power stages).

SB·630 sta tion console. digital
dock, swr meter, pa tch. timer, e tc .•
$75 .

• Henry Rad io Stores, 11240 W
Olympic, Los Angeles CA 90064 .

2K-3 li near ampli fier , SD- 10
me ters. 2000 watts PEP (plus) .
S745 , comple te wi th power supply.
Can be driven with most SSB trans­
ce rvers.

3K li near amplifier, 80- 10 me­
ters, continuous 1 kw inpu t du ty
(or more) for RTTY, e tc.. $895.
Power supply built in . Either linear
available in console or desk models.

• Hunter Sales, Inc., Box 11 28,
Des Moines [A 50 311.

S B-40 1 SSB transceiver , 80- 10
meters, 180 watts PEP, 1 khz dial,
will wor k with Heath SB-30 I re­
ceiver. built in power supply , $285 .

A!\I, 5 wa tts, crys tal con trolled,
super regen receiver, $45. HW-30,
same, onlv for two me ters. Mobile
power supply. S18.

5 B-500 ', two mete r transm itting
converter for SSB, used with exis t­
ing 6 or 10 me ter SSB transce iver,
140 wa tts PEP, S180.

SB-200 matching linear amp li­
flcr, 1200 watts PEP. buil t in power
sup ply, S22 0.

S13·I IOA , ...ix meter SSB trans­
ceive r. 180 watts PEP, $299.

SB·lO l, 80- 10 meters. 180
watts PEP, SSB transceiver. I khz
dial. WCW side tone, S370.

•
#

'-- '---'­_.._.-

- .e

SIX me ter transceiver.

- - - ---li- ~ (i- (i (i
- .

f1 W-29

e . -.- -

HW-16 CW trunscerver. covers
fi rst 250 khz of 8Q-40~15 meters
(Novice) , 75 watts input, S l ID.

HG-lOB VFO for use with
!lX-60, fIlV-1 6, e tc., 80 thru 2M
calibra tion, ou tput 3.5-4, 7-7.425,
and 8-9 mh z ranges. 54 0.

HW-1 7 2.\1 A.\1 transceiver, 25
watts input , 5130 . DC supply, 525.

!20M transceiver, S105 . Calibrato r.
$9. Microph one, $8.50. DC and ac
supplies same as above.

DX-6011 transmitter. 90 watt s,
80- 10 meters. ph o-n e or CW. $80.
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linears. 10-300 pf 7500v, 53 2.50
pp. complete with gear drive train,
mounting bracket.

• Spcctronics, Box 356, Los Ala­
mi tos CA 90720.

FTOX400 transceiver , 25 khz
calibrator. 80-10 meters, 500 watts
PEP. sidcto nc. offse t tuning. $600.
Speaker 515.

FTDX 2000 linear ampl ifier.
1200 watts PEP. SWR bridge built
in. solid sta te power supply, $250.

FVDX400 vfo for use with
t ransceiver for split frequency op­
eration, $100.

• Swan Electronics Corp., 417 Via
Del Monte. Oceanside CA.

260 Cygnet 260 watts SSB tran­
sceive r, built in ac/dc supply and
speaker. 80·20-15-10 meters. S435.

270 Deluxe Cygnet 80-10 meters.
5525. 508 external vfo, S125. Lin­
ear amplifi er, including ac power
supply. 1200 watts. for 270 and
260, $295.

500C SSB transceiver, 80- 10
meters, 520 watts PEP, 5520. AC
supply wi th speaker, $105. DC sup­
ply, 5130. Phone patch, 528.

\
I

CX7 de luxe integrated sta tion.
solid state. 10-160 meters. 100 hz
frequen cy readout. dual VFO·s. ac
supply' bu ilt in, 300 watts, noise
blanker. etc. , S1600 (or more).

• Slep Electronics. 24 I 2 Highway
301N, Ellenton FL 33532.

NCL-2000 linear amp li fier.
S685, complete with power sup ply.

• RF Communications, Inc., 1680
University Avenue, Rochester NY
146 10.

• Signal One, 2200 Anvil St. N,
sr, Petersbu rg FL 33 7 10

350C transceiver . similar to
sooe except no calib rator, side­
band switching. AN L. c tc. , $4 20.

250 six me ter SSB transceiver,
240 watts, $4 20.

Mark II Linear amplifier, 2000
watts PEP. $395. Power supply.
5235.
• VHF Associates. Box 22135,

Jennings variable capacitors for Denver . CO 80222.

STICKY RELAY CONTACTS transmitte r using a relay fo r antenna switch-
I bought a new Dow-K ey antenna relay ing, as long as the antenna relay has two nor-

for my Heath Seneca VHF-I transmitter, and mally open contacts. If the transmitter does
experienced a problem wit h the relay con- not have several contacts that must be closed
tacts sticking when the fun ction switch was before the transmitter will transmit , the key-
returned to the sta nd-by posit ion. The trou- ing terminals may be used in the same man-
ble was that the Seneca was emitt ing a signal ner ; just make sure that the keying terminals
before the antenna relay contacts had closed must be shorted before the transmitter will
and thus the contacts arce d and welded to- transmit , and then wire the terminals into
gether. the antenna relay's external contacts.

The problem was solved by utilizing t he Steve Harrison WB6 PKA
"Remote Co nt ro l" terminals on the octal SEXtupler Corrections
socket on the back panel of the Seneca . I Page 62, November, 1969, Fig . 4. The fila -
just wired these contacts into the external ment transformer primary should connect be-
contacts on the antenna relay so that the re- tween the filament switch and the hv switch
mote control terminals were shorted only af- and should not be black-d otted to short out
ter the relay had closed, thus preventing the
Seneca from tra nsmitting hefore t he relay the line . T he left side of the time delay switch
had closed . No fu ther t rouble was exper- sho uld not be black-dotted to the lo wer line.
ienced with sticking antenna relay contacts. As shown the circuit is more of an acme fuse

This same trick may be used wit h any tester than a SEXtupler .

NC X- IOOO, 80- 10 meter SSB
transceiver. 1000 watts PEP. all
solid sta te except power stages,
$995.

vox unit. 538. 25 khz calibrator.
529. Microphone, 515.

• National Radio Company, Inc.,
37 Washington St. , Melrose MA
02176.

NCX-500, 80- 10 meter SS H
transceiver. 500 watts PEP, $4 25.
AC power supply, ~ 9 9. AC supply/
speaker console, S110. J 00 khz
calibra tor . 26.60.
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NOW! USE YOUR TAPE RECORDER TO LEARN CODE!
Read code like a Pro! It's easy! PICKERING COOEMASTER tapes give

(r!j)
professional in st ruc tio n on your own tape mach ine from d ig ita l com -

'/4~ puterized tapes! They can't be matched for ti mi ng accuracy! Beginners~
1..'( :" get cou rse of professional in struct ion at 5-9 WPM right on the t ape! ~::

Pra ctice for General and Amateur Extra ran ges from 11 t o 30 WPM.
Noth ing else like it! See below for CODEMASTER tapes you need . Get
up to speed! Order today!

ellll·l: f or the btlinner. A. ecm- CM·I Yz : An interm,di.I, t.p., IS- e M·2: For Extra -Clns Ucense
pl,t, COII(14 of instruction is on p«l.lly for Genlre' Clus 111m stud,. Mostly slllllCht lut; lOme

n , th, Ilpe . Puctin ITIIItlri.1 .1 ,~\ sludy. No instructIon: just pr.c- j": cod, afouDs. I hour .t 20 WPM;
• 5. 7. 9 WPM . Pupares you fo r \ tice. lh hr 11 WPI.\: 1 hr 14 WPM: ~ Ih hour IIch et 25 end 30 WPM.

Novice ellm . Int rudes code troup. % hr It J7 WPM. Includes coded For real QRQ . pllr lhi. t," . t
Ind punctUl tion. Iroups Ind strlilht text . twice speed!

CODEMASTER tl Pes I re 2·treck monlurll : ,vair.ble in two .ius: 7·inch rll r (3',4 IPS) I nd 31,4 ·inch r"1 (It. IPS).
Wi ll pllY on Iny but full-Irick m. ch;ne. SPECIFY both type .nd size of ti P' you . , nt . Any IIPI . $5.95 postPi id USA
4th cr.ss . Any two IIpes. $11. 00: . rr three, $15.00 PPO. rmmedi.le delivery. COO EMASTER t. PlS Ire midi onl, by
P;chrinr Redlo Compln" P.O. B Oll 29·A, Portsmouth, R. I. 02871. SI Usf, ction I Ulrllnteed.

YOUR CALL
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Please check your add ress label and make sure
that it is correct. In cases where no call letters
have been furnished we have had to make one up.
If you fin d that your label has an EE3*&* on it­
th at mea ns we don 't know your ca ll a nd would
a pprec iate having it.

.90

frequency at 29 .0 mhz. The (X8) multiplier
divided by the (X2) multiplier gives the
required multiplication of (X4),

So replace that pad and pencil with a
straightedge for those quick answers when
you don't need to know a precise number.
Think of the time for rag-chewing.you might
pick up . . .. E. R. Davisson K9VXL

Low-Band Nomograph

How many times have you picked up a
40 meter crystal and wondered whether or
not it was usable on 10 meters? Or, how
about the times you wanted to check for
spurious radiations on other bands when you
were on 80 me ters? In such cases, you got
out the pencil and paper and started multi­
plying the crystal frequency by different
multipliers until you arrived at the answer
you were looking fo r.

Well, here is a nomograph which takes a
considera ble amo unt of the figuring out of
it. By laying a straighte dge from your 80
meter crysta l freq uency through t he locating
point, you can tell at a glance whether the
same crystal is usable on another band. At
the bottom of each band, the correct multi­
plier, with reference to the 80 meter crystal
freque ncy, is also shown .

Additionally you can check whether or
not a crys ta l is usable on a higher fre quency
band by laying a straigh tedge through the
frequency and the locating poi nt. If t he
multiplier of the lower band is an integer
and not a. fraction, then it is usable and a
glance will show the approximate frequency .

The dotted line shown on the nomogra ph
serves as an example. An 80 meter crysta l
marked 3.625 mh z will produce harmonics
on both 40 meters and 10 me ters at approxi­
mately 7.25 mhz and 29.0 mhz respectively.
Additionally, of course, it shows that by
using a quadrupler and doubler or three
doubler stages (X8), you could use the 80
meter crysta l on 10 me ters. One step furt her
says that if you had a 40 me ter crys ta l
marked 7.25 mh z, a quadrupler stage or two
doubler stages wo uld provide a 10 meter
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(continued from page 4)

Contest buffs detest net personnel. Phone opera­
tors constan tly denigrate CW practitioners. RTTY
fans demean phone patchers. VHF men have
contemp t for low band operators. AM boys are
revolted by SSB'ers. Designers and cons tructors
hate "appliance operators." T echnicians distrust all
higher grade licensees. Old timers resent "Johnny­
come-la telies. " Youth malign s age. And so forth,
and so on, ad infinitum.

Is it any wonder that in the world at large,
where the divisions are even more marked , there
are irreducible tensions and schisms? Is it so
strange that human society suffers constantly from
the syndromes of fear, distrust and hatred, since
the stakes are so much higher . " life or death;
destruction or survival. The microcosm reflects the
macrocosm, does it not?

Whatever your persuasion, or even if you have
none at all, one thing you must grant. It took a
Roman Catholic Prelate to make the most mean­
ingful attempt, to date, to overcome this universal
problem. Pope John XXIII was the one individual
who ac tually formulated a viable modus operandi,
through which some progress might eventually be
made. I am speaking of Ecumenism. This is the key
to every thing. This is the foundation stone upon
which an indestructible ba stion of unity may
finally be built.

This is true of differing faiths and nations. And
it is no less true of all sor ts of contending factions,
no rna tter how small, no rna tter how trifling in the
larger scheme of things. The spirit of Ecumenism,
if applied to situations where contentiousness and
angry confron tation exist, may overcome all these
problems, when all else has fallen short.

Well, how about us? How about the cons tan t
intra-mural tensions in ham radio? Are they pid­
dling little differences of no concern? Are they
unimportant trifles wh ich do us no injury? Are
they mere annoyances, to be tolerated with a shrug
of insouciant resignation? Shall we continue to say ,
"T hat 's th e way of the world. That's human
nature, and you'll never change it"?

In my judgment is is still not too late. I believe
that these differences are s till too small and
unimportant to ou tweigh the positive areas in
wh ich we all see eye to eye. But th e world is
changing fast, and extreme po sitions are polarizing
rapidly toward even wider and more unbridgeable
gulfs. I feel deeply that all of us must seek the
means by which to build a mighty sense of
solidari ty throughout our ent ire fraternity. I think
that if we do not do this, that if we fail to
understand that there are st ro ng exterior forces,
bent on compro mising or destroying our privilege,
we may find ourselves be coming witnesses to the
death agonies of Amateur Radio as we know it ,
end as we would like to see it remain.

Le t's not forget th at grea t slogan of the early
American colonists , " United we stand .. . Divided
we fall. "

More people are complaining about TV com­
mercials these days. This is one of th e fastest
growing topics of discu ssion on the bands. Since
my business is writing a sor t of doggerel, I've
decided to register my comments in the disreput­
able and rather gauche manner of my craft. I will
not, however, se t it to mu sic. 1 write good songs.

Ode to TV

Banal, revolting nau seating box,
A plague, a pest, foul pestilence, 3 pox,
:\. smell, a ste nch. an odor rank and ripe,
Dull, crashing bore, insufferable tripe.

Nicholas Johnson, concern ing a recent appearance
on network television, in which he made some
allega tions with which I totally disagree. I took the
additional opportunity, since I was also disturbed
over o ther matters with respect to Amateur Radio ,
to give voice to some opinions shared by many of
you. While there are those who will feel that any
individual expressio n of ideas to the FCC would
tend to be inimical to the cause of our hobby, in
my view there has been ample precedent for this.
When ARRL communicated with FCC in this
self-same manner, urging the adoption of Incentive
Licensing, it was clearly an exercise of this type of
unilateral contac t. Yet, I do not seem to recall any
prior discussion in the pages of QST with respect
to the forthcoming changes that the League was
about to propose. The discu ssion occurred after­
wards . . . and how! On the air, in magazines like
this one, in private conversation ... yes! There was
sure ly plenty of discussion ; but not in QST. There.
excepting for a few letters from dissident and
clearly benighted ignoramouses, all such discussion
was conspicuous by its utter absence.

About my letter to Johnson itself ; there isn't
anything in it tha t has no t appeared in these
monthly journals of mine. I told the Chairma n
exactly how I and tens of thousands of licensees
feel about the past year of re-structure. I to ld him
wha t I and the o thers think of the second phase,
and what it will mean in terms of our good and
welfare. This, despite object ions from those who
feel differently, is not "making waves." It is merely
an exercise of that peculiarly unique American
birthright, good old Freedom of Speech.

The mo st important thing; I urged him to see to
it that FCC hold public hearings, whenever any
changes in struc turing are co ntemplated. If ever the
Commission should decide to consider any cha nge
in any area of the licensing struc ture, there should
be as wide and open a di scussion as possible, with
all interested and concerned parties participa ting;
no t merely one group which alleges that it speaks
for everybody.

I cannot see any possible objec tion to such
public hearings. At least , all views would be heard ,
and a fair, objective, impar tial body of fac t would
emerge, thus enab li ng the Commission to deliber­
ate in a mu ch more intelligent and representative
fashion.

* * *

* *

I've just wr itten a letter to FCC Chairman
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Thi s shallow, vapid , rank inanity
Must deal destruction to our sanity.
I sta te with validity and lucidity
To hell with audio-video stupid ity.

Sq uirt your armpits, soak your den ture.
Win a mate who'll share your pillow,
Use SOS instead of BriBo.
Revl on for yo ur fingerna ils
Enden for your dand ru ff scales
Maybelline for longer lashes
Unguentine for sunburn rashes
Roto Rooter for a flood
Gerito l for tired blood
Kraft for all your midnight snacks
Dingy fl oor s? Use John son's wax .
Solid sta te by Motorola
Liquid sta te by Pepsi Cola
Wonder Bread to make kids thrive
Groom your hair with VO Five
Switch to this brand, Change to that,
Smoke a thin smoke, smoke a fat.
All up and down the who le damned map
The air is tilled with solid crap!

Almost every foreign amateur radio society
provides an ou tgoing QSL service. I would be the
very last to critize the work that QSL bu reaus are
doing. It is a thankless job , tedious and monoton­
ou s. But only half the job is being done.

It seems incredible that ARRL consistently
refu ses to consider the establishment of an out­
going service, so that our cards might be sent out at
a saving of many dollars. The cost of QSL'ing is
becoming prohibitive to the average man, who has
to work for a living. It is going to rise even higher,
according to indications. Postage rates are going to
ri sc again, md it is ridiculous not to avail ourselves
of the economy that thi s type of serv ice could
provide.

I suggest th at those who find th is idea meritor­
ious shou ld write their Directors and ask for his
position on the quest ion. Perhaps, if enough hams
write and ask about it, there will be more than an
ambiguou s platitude for an answer.

* * *
There 's a little story about a rather crus ty,

fron tier- type United Sta tes Senator, who was
invited to a very posh Embassy banque t in Wash­
ington. The soup was served, and it was scalding
hot. The Senator took one spoonful of it, and it
burned his tongue so badly that he spit it out, all
over the rather amply endowed bosom of his
dinner partner, who was the wife of some foreign
ambassador. There was stunned silence, and an air
of shocked disbelief a t his fau x pas.

The Senato r was non-plussed for only a brief
moment. Then he looked around the room and
said, "You know, I'll bet some damned fool
would've swallowed that stuff."

Well, friend s, some damned fools'Jl swallow just
about anything!

Take, fo r example, some of the letters that crop
up in the correspondence sec tion of a certain

VIBROPLEX
ENJOY EASY,

RESTFUL KEYING
520.95 to 543.95

THE VIBROPUX
CO., INC.

B33 Broadway,
N .Y ., N.Y . 10003

PETER W. DAHL CO.
5325 Annette Ave.• EI P aso. Tn.u 79924

Tele : 915-75 1·4856

IP -69 /ALA-2 PANADAPTER
This compact uru t can be used wi th mos t Ham
Receivers after conversion . Complete with con ­
version info and schematic. Like new condition

PANTRONICS OF VIRGINIA, INC.
6608 Edsall Rd.

Alexandria, Virginia 223 12

• , • , , , , , , , , , , , , .... ....• , , , , • . . , •• , S24.95
COLUMBIA PAYS CASH FAST

For your surp lus m il i tar y electronic equipment and
all kinds of lab grad e test equ ipment. Write or call
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prove to you what we prom ise.
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SPACE RACE

(We have to get rid o f these items
now-'cause we goua have the space!)

TAMAR 12V. MOBILE RF POWER AMPLIFIER
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ized power supply. Uses 1 ea. 6360; 1 ea. 0 82,
supplied w ith schemati c. Less tubes . Special c1 ose-
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... • . ... . .. . • ... • • •....... . ..•.. • •$149.50
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1.5-3MC Marine Band Exl. Condrnon.......•...S19 .95
3-6MC 75&80 Meters Ext . Cond ition ....••..•..S14.95
6·9MC 40 Meters Good Condition.. .. _ •• • • •$14.95

TELETYPE CONVERTER TERMINAL UNIT
AN/FGC-IC D ual D iversity Aud io RTTY Converter
can be used with any type receiver . These are new
and shipped in o r iginal fact ory crates w it h all spares

o ut price.. .. .. .. .. .•...•.•... ••.. ••. .•.•.••.•.•. ..••.•.. .. .. .. . .$9.95

Speci~ li~ t in the maintenance and calibra tion of school'~ e lectronic
Ja bordtor y equIpment . test equlpmen t olnd amateur equipment Prompt
"",<V Ice by holders of ..mateur and co mmercial FCC hcenses Wme for
~hlPPlnq msrrucucns

CUSTO M TRAN SFORM ER OESIG.N & MANUFACTURE
wrne today fOf a t ree quot ation on any transformer. choke.
or fatu rabill- reac tor. Eac h unit ..-ill he dt's1gn ed and manu­
factu rf'd to )'OUf nact speetncauces. ~t andatd F. · I and tape
..·ound ·'C· · roft'S are a~allahlt'. Qua nll t les fr om alnltle un its
to production r una rna>· be I trommodated.

COLUMBIA ElECTRONICS
D ept . 743 6 5 W. Pico Blvd. Los A n e les Cal.90019
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U •• • minority which invokes to force its will
. . .by their own se lfish. self-righteousness and
narrow-mindedness they will destroy."

A clear case of the pot calling the kett le
black. The only minority forcing their will
in this fashion is the en trenched minority in
Newington. The membership, not the lead­
ership, is the majority. And the total League
membership is but a minor ity within the
total ham populati on.

" .. .1 think the number of Extra Class opera-
tors will increase greatly after November 1969:

If FCC believed this canard, why did they
fi nally rescind the Phase Two CW provisions
Wholly? The FCC examined Phase One in
retrospect, and found noth ing to indicate
that fur ther impl ementation as originally
projected , for CW, at any rate, wou ld
accomplish the expected results. This idea
sta ted by the correspondent was based
solely upon the wishful thinking of the
original proponents of re-structing. How
ego tistical to refuse to allow for the possibil­
ity that they might have been wrong in the
first place.

Well, folks, as I said in the beginning. some
damned fools' ll swallow just abou t any thing! Nicht
wahr?

In November of 1963. when President John
Kennedy was assassina ted in Dallas, a tremendous
hue and cry went up to illegalize firearm s. Despite
the fur or and the public clamor for act ion, the
final upshot was that no effectual legislation was
enac ted. Why?

Later, when Rev. Martin Luther King, J r.. and
Senator Robert Kennedy were gunned down,
similar demands, eve r more insistent , were made.
Again the movement toward firearms control was
circumvented. Why?

Every single time a program of an ti-gun laws is
instit uted , it is an ticipa ted . met , and foiled. Why is
this always the case? And how does it come about?

The answer is no mystery. One force, dedicated
to one purpose, has withstood all these attacks for
man y years . The National Rifle Association has
stood between these public onslaughts and the
Second Amendment to our Constitution, par t of
our Bill of Rights, which guarantees the citizens'
right to bea r arms!

Well, how is the NRA able to accomplish this
Herculean mission? It docs so through the so-called
"gun-lobby." What is a gun-lobby? It is a combina­
tion of forces, within and ou tside of the NRA,
which. by many methods, constan tly works in the
in terests of the gun sport group in all possible
areas.

It supports a large effecti ve informati on center,
which publi shes and distributes educational ma ter­
ial, legislative bu lletins, new s let ters and other
printed matter. It wor ks in conjunction with sta te
fish and game authorit ies, training youth in safe
gun handling, and au thorizing the issuance of
hunt ing licenses. This has alon e created good

periodical. These indicate that the writers have
been brainwashed into a belief that anyth ing which
emanates from the Newington "fountainhead'
must be true, beyond peradve ntu re. There seems to
be a precept; an ax iom. if yo u like, amoun ting
almost to an article of fai th, that if anything
concerning ham radio is published by the League ,
then it's just got to be so,

The ton e of some of these letters is so
insufferably pious as to make the gorge rise. These
goody-goody boys, fired with all the zeal of a holy
crusade, make me wan t to vomit!

Here arc a few examples from recent issues of
QST. I need not make too probing an examination
of them. for they are fairly transparent. Besides,
why denounce them'! They're not worth it. We all
know about sow's cars and silk pu rses.

" .. .inccntive licensing is good for. ..nation al
preparedness."

Outside of sta temen ts to this effect in QST,
I canno t fi nd a single piece of evidence to
sup port any con ten tion that anyone in the
Defense Depar tmen t or any other Depart­
ment of the Governmen t sa id it.

" ... reawakened my interest in learning more
theory, particu larly solid-state techniques."

Very interesting. So how come the Extra
Class exam has no more about solid state
than it did five years ago'!

" .. .l'rn now ready to app ly for another DXCC
endorsement. "

A total non-sequitur. 90% or more of the
avid D'X 'ers are in the genera l class. And no
single gro up has been more opposed to
Incentive Licensing that the generals. And,
inciden tally, no other group has lost more
freque ncies.

".. .recent polls taken by the League (my
emphasis) concerning po licies indicate our League
.. .is tapping the members for new ideas."

This is certainly news to every ARR L
member. Where in the world has this guy
been? Or out of the world?

" .. .believed for yea rs that strength in amateur
radio is the quality and not the quantity of
opera ters."

So who 's cla iming that Elements 4A and 4B
will transform lousy operators into good
ones? This is arran t nonsense, and I can't
believe that even the fellow who wro te it,
actually believes it.

" .. .1 consider the League to be the most
important and most influential driving force in
amateur radio today."

True. But how much better it would be if it
were also the most democratic and repre­
sentative force as well, instead of a compla­
cent, se lf-sa tisfied, unresponsive one.

" . . .the majority arc behind and beside yo u.'
Evident ly he means the majority of Direc­
tors. SCM's, and other League appo intees.
none of whom ever seem to have any
differences of opinion with the offic ial line.
The same writer states further. . .

* * *
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POEM

Murphy saw th e tube turn blue .
Said. " I know ju st what to do .

publi c relations, because it has cu t do wn gun
accide nts tremendously . It engages in legislative
propaganda among members of the Congress. It
issues press releases which acq ua in t the public with
the positive side of gun spo rts. It keeps in co nstan t
touch with the gun o wners, hun ters and collecto rs,
urging them to write to the ir representatives in the
Se na te and the Co ngress. In short , it does a jo b of
publi c relations which has been emine n tly success­
ful in pro tec ting the interests of this particular
gro up o f A merica n citizens.

You can go down the line. Hundreds of
organ ized groups have main tained their secu rity
from unwa rran ted a ttack (and some times war­
ran ted attack) by means of this method. Med icine,
manufacture , finance. press, rad io and TV, agri­
cult ure. sh ipp ing. vetera ns. men ta l health grou ps,
fra te rna l orga niza tions. religio us groups. trade un­
ions...and co un tless o th ers.

And what is Amateur Radio do ing while this is
going on? I'll tell you wha t Amateur Radio is being
told to do . It is being advised to volunteer for the
Kiwan is club luncheon. to put o n a hobby show
for the local PTA, to write a little story for th e
business house o rgan. to delive r a message to a
serv ice ma n's mother and then tell the local press
abou t it, etc.• e tc.

When is the League going to wake up? When is
it going to realize the fact tha t we need to get into
the wa ter in order to swim?

T housa nds of dollars are be ing accumulated by
the Leagu e. yet it refuses to spend any of it in the
interest s of Amateur Radio . We co uld be doing a
splendid job of public relations in Washington ,
D.C.• where it would really co un t ; among the
law makers of thi s Nat ion. We could be accom­
plish ing more good for o urselves a nd our hobby in
o ne month that in the ways sugges ted by the
League in twe nty years!

Well. ",'hat's the objec tion to es tab lish ing suc h a
program ? Only this: tha t we might jeopa rdize o u r
tax-free sta tus. Can you imagine it ? T he ma in
reason we are not doing this is for the sake of
saving more money: taxes. in fact ! Wha t is th e
League in tend ing to d o with the mo ney it amasses
th us? Good ness knows. I don' t!

It is freely admitt ed that we must ha ve a good
pu blic image . I quote fr o m a recent issue of
QST . ..

" Good pu blic relations arc impo rta n t to
nearly every society, co rpora tion o r charity .
but especially important to us-our very
li censes depend upo n our ac tivities being in
the publ ic intere st , conven ience or neces­
sity . We mu st leave no do ubt in the minds
o f the public that we fill thi s req u irement to
ovcrflo vving...

Very nicel y pu t. Mr. H. No w, ho w about the
League pu tt ing its money \vhere its mo u th is?

Case re sts!

•

. .. Dave Mann K2 AG Z
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Thunder. canno ns, roc ke ts. guns,
Stars and come ts, moons and suns.
T hat' s wha t Murph y heard a nd saw
When he di sputed Murp h y' s law.

R . I. P.

Murphy said . " The re's no th ing to it. "
T hen he se t about to do it.
Stuck a fo lded-up match box
In each o f the in te rlocks.
Grabbed the tu be that had been gassy
Didn' t ground it to the chassis.
Plus. . .he left the AC wire
Plugged in to h is rec tifier .
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Disconnect the braided s tra p
From the fi nal's anode cap.
Pull th e tube out . gen tly rock it.
Put a fres h one in the socke t.
Peak the grid and d ip th e p late.
Dive right in , don ' t hesitate ."
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(continued from page 2)

the rarer countries and would like to thank
the operator for helping to make amateur radio
more fun for you. In addition to cards , you
might take a look around your cellar, attic, work­
shop, garage, barn, or whatever and see what radio
equipment o r test equipme nt you have stuck away
that you can manage to do without. A lot of thi s
stuff is too mu ch trou ble to turn into cash or really
not wor th all tha t much for trading. and could use
a good ho me. This gear, which is just junking up
your place, is needed desperately in dozens of
countries and can help the ca use of amateur radio
incalculably if you will take the time and trouble
to get it where it is needed.

How do you lind out where to se nd equip­
men t'! Well. if you are active on any of the DX
bands all you have to do is ask any of the ops you
con tac t just abou t any where in Africa. Asia, the
Pacific area. and a ny o ther rem ote island or coun­
try. ! doubt if yo u will find one of them that does
no t know a number of fellows who would like to
be on the air, bu t cannot possibly afford to buy
the equipment.

If you are not a DX'er, th en you can pick up a
copy of the foreign edition of the Callbook and
find most of the ama teur radio socie ties of the
world li sted there. Just drop them a letter explain­
ing what you have in mind. I think you will find
them cooperative beyond yo ur expectation. Pages
116-117 of the 73 DX Handbook list foreign ama­
teur rad io socie ties.

The DX operator will explain how to ship the
equipment (and parts). In many cases it is best to
ship the equipment with the tubes and perhaps the
power transformer removed, send ing it as inopera­
tive used eq uipmen t. The tubes can go later as used
tubes. They may not need th e transformer since
their power is pro bably 220 volts, or worse.

T here may possibly be a country in Africa, the
Midd le East. the Far East (ex cept Japan), or the
Paci fic where ama teur equipment is no t in great
need, but I doub t it.

New Year's Resolutions

Trite. I admi t, but still a worthwhile concept.
1970 is a new year, and we all have a good chance
to be be tter people this next year. Perhaps we can
do a little be tter at keeping ou r cool when there is
a pileup. Maybe we can sit back and listen a little
more while o thers are falling apar t jamming the
cha nnel with wasted rf. Perhap s we can try a little
harder to maintain our dignity when attacked or
ann oyed by some idiot or rascal that is using his
ama te ur rad io license as a means for airing his
psycho logical problems. One of the main marks
of mat urity is no t seriousness, but the ability to
not be forced to react emo tiona lly when provoked .
Can someone make you mad? There is a world of
d ifferen ce. psych ologically, between getting mad at
someone because it is the best and appropriate re­
sponse to his actions. and getting mad at him be­
cause you can' t help yourself. In one case you are
in contro l of yoursel f, and in the other he is in
con trol o f you. The mature individual is a self-
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determined person, not one driven by the emotions
of others. The mature person is freely emo tional,
not just closed down like the schizophren ic.

In practice this means accepting the immaturity
of others with good spirits. When th e QSO is inter­
rupted by a break-break-break, you acknowledge
the chap, but explain to him that you wish that he
wouldn't do that. .. that he wait until a contac t is
comple ted unless he has urgent traffic. When }'OU

hear some th ing on the air that makes you mad,
hold that switch. . .try a nd reason why this is bug­
ging you. No matter how terrible the provocation,
your angry response just can' t help matters.

Many operators, particularly the newer ones,
are thoughtless and inconsiderate. Children are thi s
way too, and the cure is education. Unless the op is
in the throws of a serious menta l breakdown. he
will learn if given the information in a friendly
way.

The most serious mental illness of the aged is
said to be self-righ teousness. Try not to age before
your time and help people as friend s rather than
being overbearing or inclined to lecture.

ew vs RTTY
The results of the Armed Forces Day code and

RTIY copying contests are interesting. 466 copied
the CW message and 424 copied the RTIY
message! Perhaps that tells us some thing ab out the
direction that things are going. By next year the
RTTY'ers may outnumber the CW ops.

Where Are They Now?
Way back in 1942, while getting my radio

fundamenta ls at the Radio Materiel School on
Treasure Island, I ran across a bunch of ham call
letters listed on a bench in "build ing 9B. For some
reason I copied them down, thereby preserving
them for posterity. Does anyone know where these
fellows are these days? In 1942 they were among
the tens of thousands of ama teurs who turned their
hobby into a valuable asset for their country .
W9LSX W90CX W6SJB W8RVX
W8CXY W3HYL W9KKA W3FGA
W7FOP W6UKE W9GED W4BAD
W6FUK W6LLS W5IRR W7HAD
W3HZM W7FHM W7HSL W7GOF
W9AUQ W6EQS W6ERM W9AOP
W5GYK W4EXG W6ECB W7EXB
W7EWM W8T1Vf W71ZL W1MA
W6ECB W5ATC W9KLR W511A
WIMWY W9YAL W6QEIl W9CSE
W9XER W2JDT W1MOL
W41lVR W3lXD WIKQF

Improving the Station

In my travels around and my contac ts on the
air I am surprised at how many amateurs arc
making do wit h a lot less equipment than they
could be using. Sure, yo u can make contac ts with
inexpensive unstable gear, running low power and a
poor antenna, but the contac ts are a lot better and
more fun if you have a beam up there and arc
running at least medium power. You don't have to
have a twelve cleme nt beam lip on a $ 10,000 rotat-
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TACHOMETER KITS
We bou gh t a la rge qu a n t ity o f t e c h -

o m e t er met e r mOllement and dials as shown,
and w h ile we were wo ndering h o w to sell.
t hem . one of Our customers show ed us lOme
i ~en ious t echo m e ters he d .... el o p ed. us ing
th,s meter movement . We bought the de­
signs and are o ffering them to you as k iU of
electric.1 parts only, which we are selling a t
fer below t h e p r ice of the meier a lone.

K it 1. T ech o m e te r & dwell m a ter . o p ....-
etea from distr ibu to r o f 4 , 6 & 8 cylinder engines.
T rans istor izad TJ( 1 $ 5 .00 ppd .

Kit 2 . Ou t b oard m o tor. engin e t ac ho m e te r. Simply ho ld
wire le ad near spark p lug wire & pu lses ere p ic ked u p and
reg istered. Work s on 2 o r 4 cycle ' . 2 . 4 . 6 o r 8 cylinder
engines.
T ra ns is to r ized TK2 $12.50 ppc ,

Kit 3 . PhOtO e lectric techomater. Th is is lIe ry ingenIOUs.
Point the pickup head . t propeller o f model airprane. or
oth er rOla tin g pertl & met.r registers rp m by meall,lr ing
f requenCies o f intarrupt ed light T K3 $12.50 ppd .

PRINTED CIRCUIT CARDS

Make your own printed circuit card s. We
p rovide a 4 " x 5 " dou ble copper cl ad card & an
18 pi n c o n n ec t o r (u sed) ... ECPC B $1.00 ppd

For other surplus bargains, Catalog - 251/

Enterprises
PO BOX 44, HATHORNE MASS

Send for our Christmas catalog 01937

EXPOSURE METER CONTROL
Th is litt le unit ligh ts up a lam p

w h en illu mination is be lo w pre­
det erm ined th r esh old . C o ntains
high sen si t iv i t y cds p hotocte t ec ­
tor, tr ansist or , potentiometer.
lamp & relay . About the si ze of a
quarter . May r eq u i re relay adjust ­
m ent t o w o rk properly . Com p le t e
wi th c i rcuit applications & design data infor-
m ation E M C 2/$2 .00 p p d

TANTALUM CAPACITORS
Buy these b rand new tanlalum

capac itors for less than the p rice
o f IIQ uilial ent alum inum foil u ni ts.
& get high reliabi lity. infinite life.
sma ll s ize . & high temp erature
performance in the bargain. T he l:'~::;;~regular g rice o f t h ese u n its is fr o m
10 to 2 times ou r lo w p r ice.
L eft .•.......... 25 mfd " 180 lIo lti . : •...• : 1.7& ppd
Left 8 mfd .. 270 lIo lts . . . . . . .. 1.75 ppd
Center 3.9 mfd 0 7 5 110111 feed thru JI 1.00 ppd
R ight 400 mfd . 75110111 2 .00 ppd
Right 1000 m fd" 5 0 lIoFlI 3. 00 ppd
M iddle . 26 .5 m fd@301l0 It!.!.nonpola r 1 .00 ppd
M iddle 2 mfd ~ 100 vet ts 3/ 1.00 ppd
Bo ttom l mfd @75 vol ts 4/ 1.00ppd

L eft illustrat ion - T eeh n ip o wer 2 0 ·24 lIol t 3 .0 a m p ere
lIariable II,lpply . S ize aPprox . 6~" x 7Y>" x 5 " . Remolled
trom new equipment. Last price $180.00 T eeh P .S . 1 $ 2 7 .50
Same !flee's as a bolle e x cept 6 .0 ampere... Size e!Jprox. 8 " x
9 " x 6' _ ..• Tech P.S. 2 $47 .50

R igh t illu l1 re tio n - SOlar constant lIoltege regulated
II,lpp ly 15 lIolts 15 empe res u nu sed. but may halle sligh t rus t
spO ts which w ill nO t impair electrica l pedormanceSCVPS 15
SCV PS $ 37 .50
Sam e IPftC' s bu t 15 vct rs 10 amperes & 5 lIo lts 1 5 amperes Ou t
putsSCVP
Not illustrated ... A rers con tro ls 12 IIOlts @ 5 0 amp eres a nd
·5 2 lIol t 10 a m p eres lIariable 1 15%. Size 18" x 7 Y," x .10 ".
about 75 Ibs. w ith buss bar c o n nect ions on one end . Only
four .lIeilable ..•..................•.....ACPS $60.00
Power II,lpplies shipped freight ce uec t.

TRANSISTOR POWER SUPPLIES

mg pole to have a subs tantial signal around the
world, just a plain three clem ent single band beam
or a quad up thirty feet or so. For well under $250
you can have a nice cran k-up tower, beam and
rotator, so expense isn't a real excuse for most of
us.

When you operate from the more rem ote spots
in the world you begin to apprecia te the value of a
good signal. The ops in Afghani stan can hear the
loud signals just about every night. The med ium
strength signals come through severa l times a
month . The low power boys are heard a few times
a year. It doesn't take mu ch time fro m a loca tion
like that before you begin to look at the matter of
power from a much more practical viewpoint.

. . . Wayne

Buy or Rent?
If you have a job to be done around the

house and do not have the proper tools or
equipment, you can find many shops that
make a practice o f renting everything from
simple hand tools to complex machinery.
The radio amateur who wants to make a one­
time test requiring an expensive piece of test
equipment has no such opportunity. If he
works at a place using the desired equipment,
sometimes he can arrange to borrow it. Us­
ually, though, he has to buy a seldom-used
item, which sits idle thereafter , perhaps never
to be used again.

Why hasn't somebody established a busi­
ness of ren ting electronic test equipment? A
good question. . .and one that has been
answered . LeasaMetric has issued a catalog
listing hundreds of items of test equipment
that may be rented at reasonable monthly
rates. The company has branches in many
cities (I counted 33) in all sections of the
nation. No amateur should be too far from
one.

This leasing or renting service should solve
many problems for th e serious experimenter.
For instance, suspose you want to test a new
SSB transmitter you've buil t . The only way
an SSB transmitter can be tested so as to
show its behavior under the transients of

•
speech is with a spectrum analyzer having a
speedy scan r"le. Unfortunately, the least
expensive model of such a device costs a­
bout five times as much as the most expen­
sive SSB transmitter on the amateur market.
The solution is to rent one.

Interested? Contact LeasaMetric, 4580
East 50th Street, Tulsa, OK. 74 153.

. . .Carl C. Drumeller, W5JJ
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Dear Wayne :
I just recently bought 30 back issues of your

mag. (I'm fourteen and that is the kind of term we
use.) I've been reading them day and night and I've
just about blown my mind on page after page of
technical and constructional articles. But I'm
hooked!

Mark Salisbury WA2EWK
Kitchell Road

Convent Station, NJ 07961

Dear Wayne,
There are some pretty good possibilities for

amateu r talen ts in Radio Astronomy. Presently,
there are abou t fifty or so individuals who have
banded together and formed the Socie ty for Ama­
teur Radio Astronomers. The address is: Society
for Amateur Radio Astron omy, F lat 5, 68 Derby
Road , Heaton Moor, Stockpor t, Chesire, SK4 4NF,
England. The annual membership dues are $3.50
and include Radio Sky, the socie ty journal. But I
have an idea tha t alt hough they may make use of
amateur technique s, that they are not licensed
amateurs and consequen tly, not very knowledge­
able.

I put together and opera ted an interferometer
at 137 mhz a couple of years ago in Illinois, but
due to space limitation s I haven' t been able to do
any thing like th at here in Mich igan. But I know I
could certainly put toge ther a small dish. . .or
stacked beams as one-half of a phone-linked or
radio-linked interferometer pair. (With amateurs
doin~ Moon Bounce at VHF and UHF, they could
certainly do a good job at Radio Astronomy.)

I think the idea of aperature syn thesis is parti­
cularly interesting.

Albert G. Krieger W8BXV
1063 Cranbrook Drive

Jackson MI 49201

Dear 73,
KI CLL's art icle in the Sep tember proves once

again that 73 is the most progressive HA~I publica­
tio~ . Bill's theories ~re inte resting and would ex­
plam. ~evera l confusing problems presently facing
physicists but are open to question a t several
points. The slowing down of a vortex wave without
a decrease in flux density (" increase in volume") is
probably impossible. " Friction" would not be re­
sponsible because individual ph oton s have never
bee n affected by any other wind. If the slow down
is th ~ result of ph otons losing energy without ex­
pan~lng, the photon mass would be inversely pro­
portional to velocity - this is impossible. If the slow
down is the result of energy soakup, the photons
would be more energetic bu t still confined to the
same volume; thi s violates the entropy law.
. ~ IC.LL also confuses the role of Fourier analy­

SIS 111 his super-short pulses. When information is
broken down to N components and transmitted on
N channels simultaneously the waveshape is unim­
portant. Instead of denying that short pulse-X can
be analyzed (which it can) , it should be said that
any amplitude modulation presen t carries no infor­
mation; only the aggregate effect of the various
f~equencies is meaningful. Actually, Fourier analy­
SIS takes amplitude vs. time waves and converts
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them to a specific set of periodic waves which are
pu re carriers of varying intensity.

John T. Nogatch WA2FDR/6
California Institute of Technology

Pasadena CA 91109

Dear Youth Editor,
You started your Sept. letter by saying you th is

speaking ou t all over the world. I wonder if this is
the reason for all the unrest throughout the world
now. On whom are yo u putting pressure , the
mo thers and fathers who no doubt were too kind?

Funny th ing, this count ry has reached an eco­
nomic condition where only the disabled, sick and
lazy do not work. This prosperit y certainly was not
brought on by the so-called teenagers.

As much as I disagree with the policies of the
ARRL, I agree with its rule whereby a person must
be of age to become a director. ~ have worked
many teenagers on the bands and enjoyed their
brigh t enthusiasm. They all seemed to show a cer­
tain amoun t of respect for an old timer. As a
youngster, I had the highe st regard for the fellows
before me becau se they made it possible for me to
enjoy a wonderfu l avocation . Then there are others
like you who think with the possession of a little
knowledge, you should be allowed to run every­
thing. We seek your part icipation, suggestions and
know-how but to become president of this grand
country. I advise yo u to wait unti l you reach the
constitutional age. Our founding fa thers were not
teenagers but I strongly suspect they knew wha t
they were doing.

By the impatient tre nd shown by a very small
minority of our youth , I have concluded that they
think they will remain a t age twenty or die a t that
ripe old age. What happens when they reach matur­
ity? Do they fold up and say " let the kids do it"? I
have an idea that when they get older they will get
pushier.

So in a friend ly manner I say to you, an older
guy never has to get young but if you arc lucky
you will have to grow old. Think about it.

Until recently, the hams have been members of
one big fa t fra terni ty. Now added to the contro­
versy crea ted by incentive licensing, there are
those, like you, who would pit young against old.
OK, let the olde r ones take their asse ts out of cir­
culation and let the kid" start from scra tch.

Come on , fellows, regardless of age or any other
thing let's go back to having a little respec t for
each other, like.

Theodore DeCrescenzo W2DAD
244 Columbia Avenue
Jersey City NJ 07307

Gentlemen:
This morning I heard WA1KFJ come out with

what must be the hardest-to-u ndersta nd phonetic
of the mon th , when he referred to KIM ON as KI
Motion Ocean Notion. It doesn' t take gnu, xy lo­
phone, and mnemonic to blow somebody's mind .

John A. Carroll K6HKB/1
34 Clark St. Apt. 13

Arlington MA 02174

73 MA GA ZINE



Plan 2
You use our special log form and send us
a copy. We supply QSL, make out aSL,
deliver aSL, all for 8e' each.

Write (or free information sheet.

Because GBC offers top
quality, fully guaranteed,
factory sealed vidicons for
less than half the price you'd
have to pay anywhere else!

HITACHI 7038H ..... 29.50
HITACHI 7735A
High sensitivity 34.50
HITACHI 7262
(Replacement for Sony
& Panasonle) . 34.50
HITACHI 8507
(Separate meshl .74.50

Thousands (/Parts
NO FLIERS

DOW TRAOING CO.,INC,
ELE CTRONI C PARTS & EQUIPMENT

1829 E. HUNTI NGTON ORIVE
OUARTE. CALI FOR NIA 91010 357-3763

WORLD 0SLBUREAU
5200 Panama Ave.

Richmond, Calif. U.S.A. 94804
Plan 1

We forward rou;QS'l;'l'Please arrange el­
phabetically to or within U.S.A., Cana­
da and Mexico for 3C each, and to all

-cther places in the world for 4': each.

All vidicons sold in lots of five.
Add 10%for lesserquantities.

A~=-==-==/ Closed Circuit TV Corp.
74 Fifth Avenue, N.Y., N.Y. 10011 J (212) 9894133

Dear Wayne,
J am 18 years old and have been a ham for a

little more than five years. So I guess I am relative­
ly new in Amateur Radio compared with most
hams and especially the Old Timers. I thought
WA IGE K's article, • Youth Forum," was simp ly an
ou tlet for his frust ration of maturing. Reading it
objectively (which is hard for some of us teenagers
sometimes) it sounds like he just wanted to use the
article for an a ttac k against the "establishment"
which supposedly restricts so much freedom from
teenagers.

Certainly I don't mean to say that I agree with
everything the ARRL does, but I don't really see
the urgent need for a teenage SCM. Why not try to
influence the League's policies by writing to the
SCM's, directors and other officers already in elec­
ted posi tions?Then there is also the question of
whether or not a teenage r has a sufficient amount
of time for the job of that importance. We have
our college or school commitments and some of us
have time in the armed forces to do, and we like to
run around a lot. I find it hard to believe th at a
responsible SCM consciously discriminates against
teenagers who run for office if they have the ab il­
ity for the job.

The article starts by briefly relating the youth
protests against alleged evils of form er generations.
This discontent does little to improve the situa tion
and many teenagers make it wo rse by dropping out
and going hippy, yippy, or jus t p lain left-wing reac­
tionary.

Sure many adults are "dead from the neck up,"
but we should learn first how to become a more
responsible, mature citizen before stepping in
where perhaps wiser people fear to tread.

To affect product ive changes in the ex is ting or­
der we must pu rsue a rational program with Old
Timers helping younger beginners ins tead of repe l­
ling them from our great hobby-service by making
distasteful remarks pointing up our inexperience
and immaturity which we so desperately try to
hide.

I th ink we accomplish mo re as hams help ing
other hams rather than as divid ed into " young
generation hams" and " old generation (also called
dead, apathetic, snobby, old fogie, e tc. ) hams."

Some minority groups in my generation ques­
tion old standards and princip les. We must real ize
that these ideas and institu tions have the positive
aspect of being time tested and have proved th eir
soundness through more years than we have exi­
sted . Many can be improved; things must change
with changing times in order to adapt to new situ­
ations and customs and to con tinue to be versatile.
But things must change for the be tter. Indiscrimi­
nant experimenta tion can lead to confusion and
regression rather than progress. It has been said
that progress follows order. We should n' t make
hasty changes in basic institutions. Only until we
believe it will be better after careful consideration
can we modify ex isting ways.

I certainly hope ham radio will continue as one
of the world's best hobbies. It can through mutual
co-opera tion between the DT's and the beginner.

Sam Wells, Jr. WA5KTW
Bo x 7128

Louisana Tech
Ruston LA 71 271
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Dear Wayne,
Regard ing your comments about the diet colas,

etc., th is summer we started buying Tab (Coca
Cola Co.) for the first time. Almost at the same
time both the XYL and myself became bo thered
by constipa tion. I came to the same conclusion
you did, that the warning on the bot tle is just ex­
actly that. However I took it lightly the firs t time I
read it, due primarily to the indiscrimina te way
they advertise those diet products-for everybody !
The FDA ot FTC sho uld get on those companies.
I'm convinced on the basis of your experience and
ours that they are harmful if consumed by the
non-diabetic.

Robert G. Wheaton W5PKK
White Farm pr.. RR 2 Box 3240

San Antonio TX 78228

Dear Sir:
We are pleased to inform yo u that , on our re­

presen tation , Wireless Planning & Co-ordinat ion
wing of the Government of India, the Licensing
Authorities in India, have permitted Indian Hams
to operate under a new prefix VU0 from 1st to
31st Octobe r 1969 in celebration of Mahatma
Gandhi Birth Centenary Year.

We have also pleasure to inform you that we
shall issue a Special Award " Mahatma Gandhi Birt h
Centenary Award" for 10 con tac ts made with VU0
Hams during thi s period . Contac ts may be made on
any mode and band as permitted to Ham s.

Log ex tract for 10 VU0 con tacts with eight
IRe's to be sen t to: R. E. S. I, Post Box 6538.
Bombay - 26.

Saad Ali VU2ST
Hon. Jt . Secretary

Radio & Electronics
Society of India

•
Dear Wayne.

Your comments re Marathon Nets (Oct. '69) ,
are reasonable and fair, and with them I concur. I
am not a net enthusiast , and therefore seldom
check into them; but, I am aware of their utility
and am glad to QSY when in their way.

It is, however, a pet peeve of mine that, on
occasion, when having moved by request of net
control to ano ther frequency, two net sta tions
(with kilowa tt s!) QSY from net frequency on top
of me to pass traffic without conside ration of
o thers whatsoever! Here, in my view, is a practice
of par ticipating stations which needs atten tion.

Your tenth anniversary special is superb.
Guy N. Woods WA4KCN

4921 Edenshire Ave.
Memphis TN 38117

Dear Wayne,
I honestly canno t understand why there are so

many detractors, and so few who stand behind the
rulings of the FCC for Amateu r Radio. Why do so
many complain of the di fficulty of learning CW
and abou t incen tive licensing?

How much knowledge one accumu lates wit h so
little effort is worth tak ing a moment to consider.
How many words (in on ly the English language)
does the average ind ividual know by sight as well as
sound? Words tha t are peculiar to a particu lar trade
or hobby are known and used without second
though ts -and some words-peculiar are real lulu's,
as anyone who has taken up a hobby know. And
yet. individuals who have learned to read, write ,
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hear and talk a language as difficult as the English
language find it diffi cult to learn the sound of 26
letters, 10 numbers, and an additional 20 assorted
characters - a mere 56 items to commit to memory.
Totally insignificant when compared to the myriad
of things one knows and recalls with little or no
effort. As examples: telephone numbers of friends
and associates -anniversary dates & birthda tes ­
coins and currency values-street names and ad­
dresses-recogni tion of probab ly a hu ndred mode ls
and makes of automobiles- and so many more
things tha t we consider so commonplace that we
do not consciously realize tha t we are learning
them. And st ill the thought of learning the code
terrifies some people. Why? A little effort, coupled
with the desire to become an amateur, is all that
one requires to master the code.

Incentive licensing is here to stay , and I, for
one, am in favor of it. About the same time as I
was First licensed (1 952), the real incent ive licens­
ing .ceased to be. My Condi tional license was just as
good as my friend's Class A, for there were no
bands I could not use, nor any mode of transmis­
sion that I could gain by getting a higher license.
Without Incentive Licensing. I would undoubted ly
still be a Conditional, and would remain so unless
the FCC called me before an examiner. But , being
of the 'old school' of Americans and despising re­
strictions, the threatened loss of even a small part
of my operating privileges goaded me into obta in­
ing the ex tra class license. If any other class of
license is ever issued with attendant privileges. I
shall endeavor to obtain that one, too , if for no
other reason than self-satisfaction and the privilege
of operating on any authorized frequency that I
may wish to try.

By the way -for the edi fica tion of George
Taylor W4PZS, not only do my oid friends st ill
talk to me, but I have made many new ones as
well. I recom mend that he try it instead of
knocking it.

R. E. Smith W5VFZ
Bo x 97

Organ NM 88052

Gentlemen:
The Super-Gain Antenna for 40 Meters which

was frequen tly mention ed ove r the air during the
latter part of Sep tember in trigued me to the point
tha t I drove over to a neighboring city, Eau Claire,
and purchased an October "73." Incidentally, last
Saturday I erected a "Super-gain 40 meter sky­
wire" as described and it works like a charm!Thus
my in troduction to 73 Magazine, and I am pleased
by its conte nts.

Wayne M . Taber W9BlU
422 Macomber Street

Chippewa Falls WI 54729

Dear Wayne,
Your article Youth Forum in the October issue

was nice, bu t I hope you don't expect any
smashing results. If you wan t teenagers taking over
the lead ership posts of amate ur radi o, that's fine,
but I know of no teenagers tha t arc respon sible and
crea tive enough for a leadership post of any impor­
tance.

Some teenagers are loaded with ideas and want
to be heard, but after you listen a while you find
they dislike every thing as it is and want change.
bu t ask them how the changes should be made. and
there is dead silence.

73 MAGAZI NE
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*TWO·WAY*
COMMUNICATION CRYSTALS

AMERICAN CRYSTAL CO.
PO Box 2366 Ka n sas Cit y , MO 6 4 1 4 2

1816 - B42 - 5571)

/.1'-{
lIed..c.. Inu,lerence and ~ o r A LL A mtteur T ...mmitten.
NotH On All Mlku ShOll '11'1>( GUlrln teed for 1000 Wi tts Pow·
Reu l"en Mlhs World·Wide Light Nllt Wllthlrproot.
Rrceplion Slron, e" Complele .... ' . • .
....il h 96 II 72 ohm feedline. Selled resonln l n l pl Fo. no" " t ond on cllSl ,"d,o
omal.....' Ehn"nol" 5 .ep"..le Inl. nnll ....'t h Mile, performlnc. , ul.IRl n d
t().4().2O: I5.10 meier binds , Compl.l. 102 It , Sit U . 4'0-20-15·10 mel. , bl n~ ,
54 fl (b«! to. . or ld·.... ,.,e shon .. .... receptIon) SlI.U. . Send OIlly U .OO lca

f
.

ck. ";0) I nd poy postmln bllinc. COD pI'" posll,e on lmyal Of.end fll.1l pnn Of
POSI'~ld delivery , Comjtlel. ,"Uruc!lOM lIId uded . ... '" .. . . .. ,
""ESTER N ElE' RONK S DeOl , I t n. ro e U

REGU~ . PWR SPLY FOR COMMAND. LM. ETC.
PP·l06 U : Metered . Knob ·adjusta ble 90·270 II up
t o 8 0 ",. d e , etso selec t a n AC o f 6 .3 v SA. o r 12.6
II 2 Y. A or 28 v 2:;" A . With mating out p u t p lug &
all tec h da t a . Shpg w t 50# . ... .. ..... . .... .. .... . .. ... 19.50
BARGAINS WHICH THE ABOVE WIll POWER:
LM ·(-' Freq. Meter : . 12 5 ·20 mh z• .01 " . CW or
AM. wi t h serial-matc hed caUb. boo k . tech. d ata.
ma ting plug. Checked & grtd .. .. ... .. .... ... ... ... ... 57.50
TS-323 Freq . Meter : Sim ila r t o above but 20-480
m h z. .0 01 %. Wit h da t a .. .... ..... ... .. . ....... ... ......169.50

A .R.C. Rl1A : Mod e rn a ·5·e r 190·550 khz ... 12.95
A .R.C. R22 : 5 4 0 ·160 0 khz w/tuning grap h. ..17.95
A .R.C. R13B: 108·132 m h z w/tuning gra ph.27 .50

ULTRA-WIOE-8AND RECEIVER :
AN /ALR·5 : L at e p o s t w a r A M/ F M
Cou n termeasu res rcvr . Has S-Met a r; va riab le t F
At ten . & Rassba nd (0.2 o r 2 m h z fr om 30 mh z
cen ter ) ; F , V id eo & Pan . ou tputs. New
mOdifi ed fo r 1 20 v 6 0 h z, inc ludes new (Method
II pack ) 4 ·band p lug-in co nver t e r .03 8 ·1 ghz . 4
T ype·N p lugs a utoma t ica lly sel ect co rrect ant. as
bands a re sw it c hed . S e n su. at -6 d b sett inV,l : 6 Y,
uv thr u 132 mh z . 13 t h r u 78 0 mh z & 4 5 ' , at 1
ghz_ BRAND NEW. w it h book & matino
pwr -input plug . o n ly .. . . .. . . . . . . . . . . 275.0

R-390/URR Receiver: T w o com ing in c h ec k ed
100% perf ect a nd grt d , w ith b ooks. S UB J E CT
T O PRI OR S A L E !
E ac h . . . . . . . • . . . . . . . . .. . . . . . . . . 795.00

R-595/ARR-7AX : Double-co nvers ton ve rs io n
o f the p opular R -45; c ascode input c k t : 550
khz t o 43 m hz . With p wr spl y, r ead y t o use.
O K grt d .... .. ... . . .. .. ..... ... .. 190.00

VERSATILE PLATE & FILAM. TRANSFORMER
D;8ot ~res for SP-600·JX : Pri . 95/ 10511 t 711 3 01
19 12 1 12 34/26 0 v 50/60 hz . Sec . 1 : 305·0 ·305
v . 150 mao Sec. 2 ' 5 v 3 A . Sec . 3 : 6 .3 v SA.
Sec . 4 : 1 Y. v , 3/4 A . S ec . 5 : 1 Y~ v, 1 % A . L~egg
to r pins is pla inly ma rked . H e rm. sealed ... .. .. ... •

FAIRCHILD SOllD·STATE SCOPES all w /d ual·
t race o toq -I ns 25 & 50 mh z. w/delayed t ime-base
p lug ·ins , w/ boo ks , overhauled &. grtd . As lo w
as.. ........... . ......... ... ... .. .. ...... .. .... .... ......... ..... ...825.00

FOUND! A NEAT & COMPACT SCOPE XFRMRI
F reed 12691 : DAS Loran S pa res, supplied 5" CR.
~ l a t es &. htrs . P r i. 105 -1 3 0 v 50 /60 hz . Sec's. insu l.

kv : 1490 &. 11 00 v . 5 ma; 3 90·0·39 0 v 100 ma;
elec t rostatica lly ·shielded 6 .3 v , 0 .8 A ; t wo 2% v

2
2

A . S ec ' s. insu l. 1 'I. kv : t w o 6 .3 v, 6 A ; 5 II . 3 A ; Y.
v , 5 A . Case 5 %x5 x7% . W ith d iag ra m . Sh ipped.
on ly b y co llec t R EA Express... .. ... ... ... ... ... . ... .... 2 .95

We p robably heve th e b est inventory of good la b
t est equipme nt in th e country . Bu t , p lease do n o t
a sk for c a t a lo g I A sk f o r scectt tc items o r ki nds of
it ems you needrw e al so bu y I What d o you have ?

R. E. GOOOHEART CO. INC.
Bo x 1 2 20·G C , Be verl y H ilts , Cali f 9 02 13

Phones : Are a 2 13 ~ttice-272 5707
Messages - 5 5342

-

O.K., so you think that thi s is all wrong! Well
here is another po int. Teenagers are busy, very
busy. They are tied up in school and school studies
around 35 hours a week. Most teenagers have part
time jobs, there is anothe r 10 hours a week. Then
add to th is all the social ac tivities and you have a
very busy schedule!

what gives me the right to say all this?Well, I'm
a high school senior, 17 years old, an Advanced
Class amateur, and RACES officer for our county.
I'm ashamed to say it, but with all my activit ies I
just don't have time to do a good job with my
RACES duties (unfortunately no one else seems to
h~ve the time either) : I feel that other teenagers
will fi nd the same thing to be tru e, despite wha t
they way , if they hold posts such as SCM, EC, or
any o ther posts of leadership.

Chuck Schmidt WA9ZEH
306 East Vienna Street

Anna I L 62906

D ea r Way ne,
Several months ago I completed the construe­

tion of a CW-A M rig which was featu red in the
1967 ARR L handbook, 120 watts inpu t with a
6 146B in the final. I have been an inactive ham for
many yea rs and decided to build this rig so I could
operate AM instead of CW only. It has been a
source of grea t pleasure and pride to operate this
fine li tt le transmitter. I t is used mostly on the 10
meter band on AM. The an tenna is a Mosley RV4 C
vertical which deserves a review in 73 magazine.

I have always bu ilt my own transmitters since I
felt that an ama teur should be interested in mak ing
a thi ng he crea ted himself speak for him and his
hobby.

Since the re seems to be such a grea t exodus
from the AM ranks to the SSB ranks, for obvious
reasons, many hams with a considerable investmen t
in good AM equipment seem to be forsaken. This
equ ipment is good for a trade in va lue on SSB
equipment.

We are given man y reasons why we should go
SSB but no one discusses the fi nancial part of this
changeover. This equipment is expensive and must
certainly be one of the major factors involved .

There is concern about how few people join the
ama teur ranks each year, bu t consider what a nov­
ice has to look for ward to.

After he acquires his Ge neral Class license he
most probably will wan t to do some phone work in
the portions of the amateur bands now open to
him. Consider at this point his fru stra tion over the
financial outlay he is now faced with. SSB equip­
men t is not easy to construct so he probably pu r-

N.A.S. F itch G3FPK
Honorary Secretary

BCM/ARMS
London W .C.l

G entlemen :
There has been a reorgan ization of the Post

Office in Britain, as a result of which th e Depart­
men t to which applica tions for Reciprocal Ama­
teur Radio Licenses should be made, has changed
its name.

The new name and address is: Ministry of Posts
and Telecommunications, Telecommunica tions &
Radio Regulatory Departmen t, Radio Regulatory
Division, Amateur & Special Licensing Branch,
Waterloo Bridge House, Waterloo Road, London,
S.E. !.

-
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John A. Hunt W0POF
10626 St. Matthew
St . Ann MQ 63074

A is the output load resistor of the lead ing
circuit , whatever value it may be. B is the
input resistor of the following circuit , what­
ever value that may be .

Dear Wayne,
Thanks for the PC boards-it looks like an ex­

cellent job. T he VFO seems to be working out well
because I have had only o ne co mplain t from a guy
who t ried to use some flEP experimenter's transis­
tor instead of the ~IPF-l 02. The MPF-I02 usually
must be obtained from a Mo torol a dealer or cata­
log ra the r than a general rad io supply store. Ano­
ther problem I found is that the ou tpu t voltage is
inadequate to d rive some transmitters on all bands.
This can be helped by adding a tuned circuit at the
ou tput of the amplifier with a few turn li nk coup­
ling to the collec tor o f the transistor. A toroid
transformer would be more efficie n t and no t have
to be tuned, but I don ' t happen to have any toroid
cores at the moment.

Cliff Klinert WB6 BIH
520 Divisio n St.

National City CA 92050

Errata & Addenda
Base Clipp ing-September

Figure 5 of the article " Improvement of
Phone Intelligibility by Base Clipping" on
page 69 of the September issue of 73
showed the input connected directly to the
grou nd in the circuit. Quite a few readers
caught this error and wrote to Ronald lves,
the autho r, about it. The corrected schem­
at ic is sho wn at the top of the next page.

chases used AM equipment and then finds he has
practically no one to ta lk to excep t o n 10 meters.
I'm no t knocking 10 meters however since as you
see , I'm work ing this band my self and I have had a
lo t of fun doing so .

H73" should attemp t to lead the way in this
SSB cha ngeover by fea tu ring simple, low cost , low
power trunsmitters and then perhaps we will find
more of the AM fellows willing to make the
changeover, and this would perhaps be of assist­
ance to the novice wh o I believe has a problem.

In past years many good construc tion articles
were used by the co mmercial builders to place on
the market equ ipmen t ama teurs found useful. If
these builde rs fou nd low cost, low power SS B
equipment filled a need to certain members of our
ranks, pe rhaps we would see so me of it on the
market.

I believe more of the old timers wou ld make
the changeover if it wasn' t necessary to sell the
XYL's mink coat and jewelry to do so .

In any even t " 73" is a grea t magazine, keep up
the good work.SANGAMO

Offices and Warehouse 10 Alice Street
COMPUTER GRADE

ElECTROLYTiC SALE
LARGE QUANTITIES AVAILABLE

Minimum Order 10 pes.
All Sizes-SOC ea.

'Ot your '.ff copy. 1111 out COUpOIl 0 ",,11 ,"all . O.,.t. 7J

ELECTRONICS
10 ALICE ST. BINGHAMPTON, N.Y,

13904, AC 607 723-3111

V A L U E SI Z E
50.0 MFD-200 voc 2 " x 4 y,, "

1,2 50 MFD-180 vnc 2" )( 4y,,"
1 .500 M FD· l 00 voc 2 " )(4 y,, "
3.500 M FD ~ 55 V D C 2" x4Y~"
3.500 M F D - 75 v e e 2" )( 4 Y2"
5.000 M FD - 36 voc 2" )( 4y,,"
5,500 M FD· 4 5 V D C 2" x4y,,"

11 .000M FO- 19 V D C 2" )(4y,, "
11 ,500 MFD· 18 voc 2" x4W '
12 ,500 M FD- 16 VDC 2" )(4Yo "
10 ,000 M F D - 15 vee 2 " X4 V2"
14.000 M FD- 13 VDC 2" x 4 W '
15.000 M F D - 12 V DC 2 " x4 y,"
15 .500 M F O: lQ V D C 2" )( 4 Y. "
15 .000 MFD · 10 VDC 2" x4 Y, "
25,000 MFD- 6 V DC 2" X4 Y2"
3 0 ,0 0 0 MFD- 10 v oc 3 " x4 y,"
60,000 MFD - 5 V DC 3" x4Y,"
20 ,000 MF D- 15 VDC 2 Y, "x4 Y2"
15 .000 MF D · 15 vae 2Y2"x 4 Y2"
35,000 MF D - 12 V D C 2" x 6"

7 .0 00 MFD- 13 voc 1 ""' x4y,"
3 .0 00 M FD· 25 VDC 1 w ' x 4y;,"
2 .500 M FD· 45 V D C 1~·x4Y, "

3 .75 0 MFD- 75 V D C 2" x 4 Y, "
N o C.O .D. Include necessar y postage.

• JUST BOUG HT O UT ORIGINA L C A SE FO R
C B R A D I O. I ncludes mtg b racket for mobile
use & sl ide-in chassis. H oles p re-pu nched for
pow er supply transi stor & power cord . May b e
used fo r m o bile p ower supplies, P.A. system or
speaker b o x o r many other u ses. S ize - 3 X .. H x
7 " W x ax.. D. Weight 3 Ibs . O r igi na l co st
$9.9 5 . Our p r ice .• • . . .. •• . . • . .•... • $ 1.95

MIN ORDER $ 5 .0 0 FOB Bingham ton

Now BIGGER ond
BETTER Than Ever!

·--·h4AIL THIS COUPON HOW---
I

• NAME : __._ , ,.._.. II AOOR.,S , I
I CITY : ,_ " . ," " " STATE: ._ ,,_.. .. . ZIP: ,,_. IL ~.:.. I
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RECORDING

BAROGRAPH

!
•

I
-

Su rp lus U. S. A ir
Force aenotx ,
Frie z recording
barograph. The
st a nd a rd ins t ru ,
ment fo r U. S.
We a the r Bureau,

- armed t or ces
a irlines. Re cords a f ull week, powered by ~
Je we led spring -driven clock mecha nism. A val­
~able inst~ument for the yachtsman o r a n yone
In tere sted In weather var iations. An unusual gi ft
fo r " t he man wh o has everything" The se a re
c he c ke d out, with a year's supply of ink and
cha rt s. Should last a lifeti me . Gov' t . cost $367.00.
Our price $125.00 plus shipp ing .

IBM WIRED MEMORY FRAMES.

JOHN MESHNA JR.
19 ALLERTON ST., LYNN, MASS. 01904
P. O. BOll 62, E. LYNN, MASS. lJ1904

Send 25 ¢ [or Ca talog 6 9·2

•
se ecncn 0 unusual & normally high priced Ie s, all

f ac tory f resh . gUdranteed, w llh sheets. Limit ed quart­
tHies.
16 BIT SCRATCH PAD MEMORY
4 )(4 ma trix . 4 inpu ts "X". 4 inputs " V " . DUlll in line

~~C~~I $ 2 . 7 5
FOUR 3-INPUT "AND" GATES, "OR 'O" TO·
GETHER. BUFFERED & INVERTED
D u al inli n e pac kage
#AAAB3 ..•........•...• ..... . . .. ... .. $ 1.75

S YNC HRO NO US RICElESS FlIP·FLOP
Mav be converted to most any fl ip -flop moda ( R.s. 0,
J -K , etc . I 4 separate 2 ·input AND gates . " O R 'd'
together & fed to u n ive rsal fli p · flop. Dual inline
p ackage
(lAAF Ll .....• . . . . . . .• . • . . . . . . . .. . . . . _ . $ 3 .00

DUAL 4-INPUT GATE W/EMITTER FOLLOWER
RESISTORS
D ual inline package
#F 1 1 16 $ 1 .00 12 for $ 10.00
DECOD E R LAMP DR IVER . HIGH CURRE NT
Similar to Fairchild S H 2 0 0 1. Dual 2- input gate
w / amp . 14 pi n dual inli n e c er am ic p ackage
NSH O·579 $2.25
Above equ ip ment on hand , ready to shi p. Terms net
cash. f.o.b . Lynn , Mass. M.my o ther unusual pieces of
milirary surpl us eteceronk equ ip ment are descr ibed in

ou r catalog.

INTERFERENCE 6- NEUTRAL DENSITY
FILTERS

Va lues up to $40 ,00. Our price o n ly $2 .00.
l imi ted sup ply. Se nd fa r spec ifi cation she e t .

Removed from high priced computors..,.
Exlnt condition.

4,000 Wired Core Plane $ 9.00,. 4.096 Wired Core Plane $12.50
B,OOO Wired Core Plane $13.50
8,192 Wired Core Plane $15.00

16,384 Wired Core Plane $19.00
'0'1II0TCH DE PT H

'"~ ,

e
'0
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""SEL ECTIVI TY
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00'

.....e.. .....
, OFF
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The Ball of Wax, A Calibral or-November
•

The pc boards and a parts kit fo r the
c a Ii brator presented by Henry Olson
W6GX N, in the November issue, are avail­
able from A.R.S. En terp rises , Bo x 555 ,
Tempe, Arizona 8528 1. Due to an editorial
oversight , this supplier's name was o mitted
fro m the art icle. Our apologies to A.R.S.
Ente rprises and to W6GX N.

I m e ~

' 108 VR
ea«

.,~

6AL!> '" ... ovons BI AS410"-
',"Pur I lOOK BASEOUTPU T

" 0' CUPPl"'G
8 • " . LEVEL

~ !> IVOLTS
A BI AS

410"- ".

Q.Mult iplier-October

Robert Grenell ex-W8 R HR has let us kno w
that the schema tic for his Q-multiplier,
illustrated in Figure I , pa ge 68, October 73,
was missing some imp ortant bits of circuit ry .
The correct and complete sche matic is given
below.

" Lotta QRM all of a sudden, Jesse ... hold on a
moment and I' ll go check the antenna con­
nections."
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SIGNAL GENERATORS

SG-2/GRM-4
SG·13/ARN

MD·83A/ARN
TRM·1

H.P.606A
H.P.608D
H.P.612A
H.P.618A
H.P.620A
H.p.623C

* Price -$2 per 25 words for non-commercial ads ; $10
per 25 words for business ventures. No display ads
or agency discount. Include your ch eck with order.

"* Deadline for ads is the ht of the month two months
prior to publication . For esample: Januory 1st is th.
deadline for the March Issue which will be mailed
on the 10th of February.

* Type copy. Phrase and punctuate esaetly as you wish
it t o appear. No all-capital ads.

* We will be the judge of suitablllty of ads . Our re­
sponsibility for errOMi eJ.fends only to prlntlM;I a cor­
reet ad In a later Issue.

TOP 00 LLAR PAID

SLE~LEC1RONICS
2 4 12 Hwy 301N , Ellento n F l 3 3 532 (813-722.1843)

3 PLASTIC HOLDERS w ill frame and protect 60
cards, $1.oo-or 10 holders $3.00. Prepaid &
guaranteed. Patent 3309805. Tepabco, Box 19aN,
Gallat in, TN 37066.

NEMS·CLARKE RECEIVERS WANTED. 1400
Series crystal controlled telemetry models covering
215-245/260 MH z preferred but all models in
1300, 1400, 1500, 1600 and higher numbered
series also of interest, Please send accurate descrip­
tion of what you have to TUCKER ELECT­
RONICS CO .• POB 1050, Garland, TX 75040.

RTTV GEAR FOR SALE. List issued monthly, 88
or 44 MHy torro ids 5 for $2.50 postpaid. Elliot
Buchanan & Associates, lnc.. 1067 Mandana Blvd.
Oakland, CA 94610.

NOVICE THREE·BAND DOUBLE INVERTED·
V EE: Tuned assembled SWR. Under 1.5-1
15·40-80 Novice bands. W3F OJ Design, $15.75.
Antenna Products, Bo x 276, Warrington, PA
1B976.

WIRELESS SHOP-new and reconditioned equip­
ment. Wr it e, call or stop for free est imate. 1305
Tennessee sr.. Vallejo, CA 945901 707-643-2197),

"TOWER HEADQUARTERS! " 11 brands! He ights
aluminum 35% of fl St rato crank-ups, low cost !
Rotors, antennas and gear discounts. Phone patch
$11 .95. Cata log-$.20 postage. Brownville Sales
Co., Stanley . WI 54768.

* We cannot check into each adyertlser, so Caveat
Emptor • •

* For $1 eJ.tra we can maintain a reply boJl. for you.

S 21'.1
S 1.'l!i

Sl1 ~

5 1196

11396

· "· "· ~· "· ~· ~· ~· ~· ~· "· "· ~S 196·".""

HAM GEAR AND ElECTRONIC PARTS

4 [)M f D ;>OOOVOC 0, ' $ 2 % 041MfO WI.' ~'.,.,

l.OMfD rcocvcc 0,1 95 71"'.0 !>O" Myl...
4000' f O 4>O" OC ~I"", 29 1~""fO 50" "'Vi ..
I:/SMfO 45O'VOC EIOC' 59 l000'fO 50" My'"
l0000.'FO 10"OC [IOC' 69 ()4,..,fO 'illV ,.
~lfO I~VOC £10<:, ..t9 02....·.0 >OV " ..
4~FO 2OVOC [;0,;' .9 OOoIIMFO 0;0" ~' ..l..
,(O,'fO :>OVOC ~Io<:' iI9 D03Jf.'FO 501,1 ", ..'"
'001.<'0 I~"OC £I"", 29 !itW10 6001,1 "' .1..
100... FO )\fOC EIOC' 19 ' .... 0 600v ...
';OII'fO :>OVOC [_, J9 25-O.OfO 6OO'V l.' ...
10000 fO ,~VOC EIoc' 19 ' ... fO 100V l.'.I...

RELA Y ~." 12V=oI.3 ....... -.1oI• •h.-l0 ....... """'.ct<
SWITCt<U. I ....... 6 pol'"'''' C",fi OC

6_.3""""""
.... proc.. f 0 a 1'It_ ...""". en<I<.OJI' t", ""',_ .. . " ........,11 ho '.'m"'"
M,n,"'~rn O«Joo' S~ 00 C.",,,,~.. ,.,,,1..,,, odd~' ..I.. I. ,

MOllilE ,,"V£llT(F1 KIT IdUll, r ........ "*",,•., .. ... 11 T.........­
34OVOC 4001>'''' ... r" 13 5VOC ",-, 0:" one""," oil eIoc"""", _"
__,'" l"'~, """"""'".. _ "",.......

ecen E ''''''(1'1' EI'l KIT 61!>VOC .. 24lJP,1A J:lOVOC 4' 33M"', '18VOC
. , DU' .. '" lJ!>VOC '" 1(" _ .1I..... ',"""'IW'''I1_

M08ll~ ,NV( R T£ R KIT 300\fOC, 2!>OMA .. II. 13!>VDC"",.., l"tl_
.. ' ....." ....<; _ ... -

POWER XFOR"'U, FOR 11(W LINEAR OR K"',fHA UTe . S48_1~
I'!iOOMA '" "''9'''''' l>O 'n. Co, "".... ~2

SWINGING CHOKE f OR ABOVE ' KW RIG UTe 0 36. 10 4 HY
f Il "' ''' l I'f T KFOR'" ERS , In "''9''''' bO . ..

TI>oo__ _ 2 1F ll 63'" . ,(jA
11>",<1.."", . 2 1Fo:' loW' . ,0...
1"OId",..," • 2lFHl 11611 .2SAC,1

C!-lO KE S In ""9""'1><""
Tn '" • C14A 6HV;>()()_
UTe . 52q GHY liS" ••

CAPACITORS New, Am.",,,,, mode , no",. 1"..><1>, I'''''h" "on QUO""""

NEWPORT MARINE
ENGINEERING

• 010 ' 'J06"[WOOA'8IAC" c-"", 9l'663

COLOR ORGAN KIT, three 200 Watt Channels,
$7 .50. Cabinet, $8.50. Power Supplies, $2.75 to
$8.50. Ceram ic Capacitors, $ .10. Dual Flasher
1000 Watt, $ 3.98. 1000 Resistors, 1/2 Watt, 5%,
1/2" leads, $2.00. T V Cheater Cord, $ .25. Catalog.
Murphy , 204 Roslyn Ave., Carle Place NY 11514.
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WE PAY CASH

FOR TUBES
Lewispaul Electronics, Inc.

303 Wesl (rescenl Avenue
Allandale, Ne.w Jersey 07401

RF MUl TIMET ER , RFM- l
$ lInl->l d ,,,,s l;o nSlfuct ,o n and leslmy o f solid SHill! I;IU;u' 15
,lrll ennas and tr ansr russrcn systems

MEASUHE-S
1 IllII 10 100 II' DC, '- 3 '1;,
1 mil to ll/ RFIO!iOOMhl, :!: 5%
V$Wf{ I 35 and 3 0 Is 10 2 Ghl .
orc so necuets

Manv more fea tur es Wro te fa . de tailed brochure - Rad'i!ltan
Dev ices Co 60" 8 450. Baltimore. Mmy land 21234

FT 243 CRYSTALS
3000 10 8500 Khz.
± 2 Khz, $1.25
:t .01 ~ 2.50

Surface mail 6c.AirMu.illOc extra

DENVER CRYSTALS
RI. I , Box 357 Porker , Colorodo 80134

UNITED RADIO COMPANY
56·A FERRY STREET

NEWARK, NEW JERSEY 07105

HAMS! DON'T BUY USED TUBES
COMPARE OUR PRICES

FOR NEW TUBES
. RCA-GE-EIMAC-AMPEREX-ETC,

811A-4.75, 4·125A-27.50, 4·65A-12.00,
5R4GY-1.75, B07-1.75, WE350(B07)-1.25,
4-4ooA-38.50, 813-20.95, 4X150A-19.95,
4·250A-36.50, 4PR60B-55.00, 4CX250B-21.00,
8236-13.25, 2E26-2.75, 1625(807·12v fill -1.50,
417A-2.25, 404A-2.25, 6146-2.75, 6360-

.50, 2X2- .50, OD3-0C3-.80, 5879-1.75,
58!l1 -3.25, WE-{;V677 l000WATT TETRODE-
5.95, EIMAC·MACHLETT VT-158 1200-3

ATT BOTTLE-READ MARCH 1969 ISSUE 73
HOW GREAT THIS IS-$9.95 12V 20AMP DIODE
POWER SUPPLY (LESS XFORMER)-4.95, RCA·
6-12 VDC CONVERTER DEL. 20AMP-12.95
IDEAL FOR VOLKSWAGEN . SEND FOR OUR
LIST OF OVER 3000 TYPES OF AMERICAN,
BRITISH AND EUROPEAN IMPORTED TUBES.-LARGEST STOCK Of' XMITTING TUBES IN
THE WORLD. SEND FOR OUR LARGE PARTS
CATALOG lOUR PRICES ARE THE LOWEST IN
THE USA). '

ESTATE SALE : T hree complete Coll ins setups,
owned by late Dr. Sam Sosnov, includes 75A4,
KWS· l, 30L 1, KWM2, etc .. w ith all accessories p lus
new tower and beam. Equipment now stored at
W6AG and priced righ t for fast sa le. SASE for
complete l ist wi th prices asked. 213-764-4401.
13048 Cantara Street, N. Holl ywood CA 9 1605.

COLLINS S LINE 32S 1. 7553. 312B4 complete .
A· l Cond it ion, $895.00. First Money order or
cert ified check takes al l. Ray mond C. Miller
K2QWG, 25A Hillcrest Rd. , Warren NJ 0 7060.

COMPUTER BOARDS·over 30 silicon transistors,
tantalums. diodes, some with several trirnpots. Two
sizes 6 x 11 @ $3.00; 6 x 7 @ 52.00 plus 30t
postage. Check or M .D ., aquarius enterprises, box
20898. Da llas T X 75220.

SELL : NCX5 MK2 spk/AC-PS, xta t ca l ib, mint
cond, little used, $400 firm. HQ·180, noise
blanker, all new tubes, $200. Viking I
AM·DSB·CW, 16D-l0M, V FO, Dowkev Relay , 2
unused 4D32 f inals, D· l 04-G stand, 5 100. 6N2, all
new tubes w/ps, Dowkey Relay, S100 . Fi lter King
6M ccnv w/ps, 5 15. 2-8122 unused f inals, S50.
Will ship. 513·561 ·5330. Curt Gamble, 7283
Thomas Drive, Cincinnati OH 4 5243.

THE AUSTRALIAN EEB is on ly for enthusiastic
Electronics Experimenters. Send for sample copy.
The A ust ralian EEB, P.O_ Bo x 177, Sandy Bay,
Tasmania 7005, A ust ral ia.

73 IS AVAILABLE to the blind and physically
handicapped on magnetic tape from : SCIENCE
FOR THE BLI ND, 221 Rock Hill Road, Bala
Cynwyd, PA 19004.

ROCHESTER, N. Y. is again Hamfest , VHF meet
and f lea market headquarters for largest event in
nort heast, May 16, 1970. Write WNY Hamfest ,
Box 1388, Rochester, NY 14603.

GREENE. . .center dipole insulator with. . .o r
without balun...see 73, November '69, page 107.

WORLD RADIO used gear has t ria l-guarantee­
t e r m sf KW M 2-$695. 00; G5 0 -$ 159 .95 ;
S R 15 0 -$299 .95; S R 160 -$ 169.95; Swan
25 0-$279. 95 ; DuoBa nder 84-$ 1 19.9 5 ;
753-$ 129.95; T R3- $ 369 .95 ; NCX3-$169.95;
NC200-$249.95; SB33-$ 199.95; SB34-$299.95;
Galaxy 300-$ 139.95. Many more and f ree list.
Write Box 9 19, Counci l Bluffs IA 5150 1.

UCS·300 VACUUM VARIABLES (1 D-300pfd at
'l Okvl wi th manual drive un it, $25.00. SK-400
metal sockets for 4-4ooA, 55.00. F.M . Pow ell
WA 4ETD, 80x 106, Fayetteville NC 28302.

SELL : HT37 SSB TRANSMITTER $ 165., SX 11 1
SSB receiver $ 10. Both in mint cond i ti on with no
modifications. Pickup only . WGOIH , 10844 Wood­
ward A ve., Sunland CA 9 1040. 2 13-353-4062.

INTEGRATED CIRCUITS: new Fairch ild M icro­
logic; epoxy TO-5 package. 900 buffer, 914 gates,
GOe! each; 923 J-K fli p flop, 90i each . Guaranteed.
Add 15rt postage. HAL Devices, Bo x 365W, Ur­
bana, Illinois 61 801.
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SURPLUS BARGAINS

JEFF·TRONleS
4252 Pea rl Rd , Cleve land, Ohio 44109

ARC -3 xm t r. 100-156 me, 25 w AM with tubes,
less xt a ls & pwr supply . used , good . . .. $17 .50

Blowers, scutrre t-caqe. 3 Y, .. diam. Silent oper-
ation. 115 V. 60 cv _ $5.75

Screen bypass capacitor far 4X 150, Johnson
1 2 4 -11 3 . 1450 pf . 600 vdc. New $2.25

AP R -4X receive r, less p lug-in tu ners, 11 5 V .
6 0 cy $45.00

TS -13 x -benc test set for power, freq, se nst t tvtt v
t ests. 11 5 V . 6 0 cy. Ex c. co ndo 65 Ibs . . $35.0 0

G. A. 14 6 4 ·A decade votteae div ider . E xc.
cond o .. .... ..•. . ... ... .... ... ... $ 4 0.00

H -P 256-A vid eo amp . Plug -in f or 524 counte r .
Vy good _ $25.00

AAC-27 a ircraft transceiver w i t h control box , n o
c abl es. Vy.gOOd $75.00

Hammarlund SP·6 00 receiver, 540 kc ·54 me.
Good condo No cabinet $265.00

Hammar lund MC·l00-SX variab le capac itor. 100
pf , do uble spaced. New $1 .50

Johnson miniatu re variable capacitors: 160 · 110 .
2.7-19.6 pf, 70e ; 160 ·130. 3 -32 pf , 80t ;
160-203 , 1,6 ·3 .1 pf butterfly, soe. 160-211 .
2. 7 ·10.8 pf bu tterfly. 80t.

Latching re lay , P & B KB, 3PDT, 11 5 V . 6 0 cy .
start. 6 V, 60 cv, stop. Consist s .of 2 re lays
linked together , can separate. mak ing a DPDT
relay wI llS V . co il & aSPDT relay w /6 V . co il.
$ 1.25 each , 6 fo r $6

Please include su f f i cien t shipping charges with
order. Hundreds o f o th er bargains in our flye r of
su rp l us electro n ics, new & used ham eq u ip m en t
& parts. Sen d lOt for your cop y.

'<l

I.-

II

CHICAGO STANDARD
TRANSFORMER

P·6013 Primary 117 VAC
60 eye Sec. 350·0·350 at
120 M. . 6.3 V CT ­
4,7 Amp 5 V CT -
3 Amp. NEW. _ $2.95

DYNAMOTORS. PE-l01C. 600/300 volts at 200
ma, 12 vo lts input. $3.95 plus 13 Ibs postage. Free
data sheet. Bedford Electric , Box 16. Bedford MA
0 1730.

ARC-27 UHF t ransceiver, RBL·3 VLF receiver.
BC603 w/ESSA Satellite Conv. Dynamotors, mis­
cellaneous. SASE for list. J .D. Wood, 201 Monte­
bello , Cha rlottesvi lle VA 22903.

FOR SALE : Drake T R-6 , all accessories, 3 months
old. $750,00. Cash or consider Swan 25Q-C. J .
Gvsan W1VYB. 53 Lothro p st., Beverly MA
01915.

SELL: S R1 60 transceiver, matching AC. DC power
supplies, cables. co mplete, $275.00. H0170 AC
like new, $250.00. WA9NII . Owen Station, R 1.
Crawfordsville IN 47933.

HEATH IM-17 Solid State Voltmeter-$14; Knight
P·2 SWR Bridge , $10; James Resea rch Oscil lato rl
Mon itor Mk. 2, $ 10 , Danie l Seidl , 17 Pine Ave nue,
Ka ne PA 16735.

SELL: DRAKE 2·C Receiver, 2·CS Speaker mint
condition, no scratches. with original carton­
$210. Dow-key T-R switch-$ 10. Johnson Adven­
turer novice transmitter-exce llent co nd it ion-$ 25.
Heath GR-64-$20. Heath GD -125 O-multiplier­
$ 10 . Lafayette 99-1015 signal generator-$15.
WB8DBN, 16260 Greenfield. Detroit MI 48235.

MERRY XMAS and a HAPPY NEW YEAR from
W0CVU . Join the Old Timers Club if licensed for
forty years. Send QSL card for application. Chas.
W. Boegel , Jr. W0CVU, 1500 Center Point Road ,
NE, Cedar Rapids, IA 52402.

INTEGRATED CIRCUITS 20 page article . Anyone
can design successfu l projects. Send $ 1.00. Solid
State Tekneex, Rt. 1, Doniphan MO 63935.

SQUIRREL CAGE
BLOWERS

very . very q uiet 100 CFM
3 x 4 x 4 . 115 V 60 e ve .
NEW $ 5.95

INTEGRATED CIRCUITS
New straight from fa ctory Fa ir·
child I.C.'s Ul 914 with 30 p roj·
ects Diagrams. 80 ". ea .• 10 / $7 .50

100 /$65 .00
UL 923 J.K. fl ip fl op with spec .
sheet . $1.50 ea. 10/$13 .50

100/$110.00

Two Locations
R & R ELECTRONICS
311 EAST SOUTH ST.
INDIANAPOLIS, IND.
46225
R & R ELECTRONles
1953 S, Yellowsprlns a
SPRINGFIELD, OHIO
45506

Pleue refer all mai l order to Ohio sta r• .

Add Sufficient Postage
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SALE : MINT R4A T4XB wi th extras. Power
supply with speaker and case. Cables and manuals.
$695.00. W6GC. 737 12th Street , Manhattan
Beach CA 90266.

COLLINS 5 1J3-immacu late-less than 1KHZ
t rack ing error each band w/Co ll ins S peaker, $395.
CENTRA L ELECTRONICS 100V. $300. ELDICQ
R-1 04 (comparab le to 755 1 wl2.1 and 0 .5 KHZ
COL LINS Mech ani ca l Fi lters) $ 195. S P·600, $200.
8C·221 w/power supply, $50. HORNET TB-750
w/new traps, $45. W8QJ I/0, 16 Crestv iew Drive,
Co uncil Bluffs IA 5150 1.

SELL. HT37. mint. 5200 , 8 13's linear with po wer
supply, $ 95. 65 ' EZWay tower, house moun t. H.B.
rotator. $90. W91MS, 1204 Inverliet h Rd .• Lake
Forest IL 60045.

SWA P MA TCHED PAIR RCA CMU·15A. UHF .
Fa ctory overhauled. New crysta ls, re t ubed .
manual , al l accessories, for two meter base. Gordon
W2MPT. 25 No rma , Lincroft NJ 07738.

FOR SALE: 75S3 rece iver, mint co nd it io n.
$295.00. Fred Fetherolf, Lau relville OH 43 135,
phone 614·332·3421.
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GENERAL ELECTRIC Stat ion T ype EU·
D0 37 NK6 FM tran smi t ter receiver 80 watt
150.8-1 74 MC. Mint condition , $475.00. J . Hoev,
25 Metcalf Drive, Cu mberland RI 02864.

PROPAGATION CHART
J, H_ Nelson

December 1969
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SPECIAL OF THE MONTH RG ll V Coax ia l
Cable, 1st quali ty, Brand New-1 2i a foo t o r any
le ngt h to 2500 feet. Anten nas, lnc. , Dept . B, 51 2
McDonald Road, Leaven worth KS 66048.

SELL DRAKE AC-4 powe r supp ly, $89. Never
used. Need educat ion mo ney. Jack Hermann
W8TS F/9, 2409 East Nevada, Urba na IL 6 180 1.
Phone 217-367-39 19_

SEll - SWAP: SB300 for SB 110-A; HX-20, $95;
power inver ter 12 vdc- l l0 vac, 120 watt , $ 15;
Gary Tater, 40 West St. , Leominster MA.

DAYTON HAMVENTION April 25, 1970, Spon­
so red by Dayton Amateur Radio Associat ion for
the 19th year. T echn ical sessions, ex hib its and
hidden tra nsmitter hunt. An interesting program
for XY L. For information, watc h ads o r write
Dayton Hamvention , Dept S, Box 44, Day ton OH
45401.

EICO 753 Transceiver. SSB-AM-CW o n 80.40-20
mtrs, p lus power supp ly/spks. Model no. 751, in
o rigina l factory ca rto ns, $ 170. S teven J . Bartha, 9
Dixon Ct., Sea Cliff , L.1. NY 11579 .

WANTED: TEST EQUIPMENT HP608 gen erator,
RX meter, 704 Jerro ld FSM , 601, 900 J errold
Sweep Ge nerator, HP1 30 osc illoscope or eq ur­
valent . VE3BVX, 11 Sussex North , Lindsay ,
Ontario Ca nada.
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11. GR UZOR IDE

2 . MA RON IA
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3 . RACACT INTA

6 . PLINPR OC ET

600l CENTRAL ELECTRONICS linear amp ­
exce llent condition. Price, $ 175.00.

OX ACROSTIC

5 . NIMSURA

4 . SANSAVA

8 . RI ALES

D ave Mann K2AGZ

Unscramble the mixed-up words to form
DX countries . When fini shed , the firs t letters
form a key word, known to all hams. Clue:
two devices in one.
1. RYU K ET

9 . C INC IVATATY

(So lution on page 57)
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.Index To Articles
That Have Appeared in 73 Magazine in 1969

Antenna s - Feeders
See Beams
For Twoer-Jan 78
Slingshot-Feb 92
t;, Wave feed-Mar 68
Whip Repairs-Mar 58
VSWR Outmoded-Apr 55
Loading-Apr 58
Turnstile-May 8
Vacation Special-May 10
Short Vee-May 28
40 M Dipole-May 30
Antenna scope-May 36
Two Band Vert.-May 40
Meas. Ant. Gain-May 42
T-R Switch-May 45
Novice Ant.-May 60
Long Wire Ants.-May 62
Basement Beams-Mar. 66
160 M Vertical-May 70
Gamma-May 73
15 M Ant.-May 74
Kite Ant.-May _77
Better AngIe-May 78
KW Dummy Ant.-May 92
Coax Switch-May 93
L50-30MHZ Curtn.-May 122
Vacation Ant.-May 130
Troubleshoot Inms-Jul 44
CR Beam-oct 73
SWR Mox Nix-Nov 28
RF Bridge-Nov 32
Umbrella Ant-Nov 46
Interaction-Nov 96
Hanging Ants-Nov 125
Coat Hngr Ant 2M-Jun 10
2M Whip-Jun 58
40-20-2 Ant-Jun 70
Coat Hangers. etc-Jun 80
Twist 2M-Jun 83
Mini-Vee-Jun 106
Passive Reflectors-Jul 91
Whip Add-on-Jul 104
5 /8 Wave vertical-Aug 14
160M Ants-Aug 49
Skeleton Cone-Aug 133
15M Curtain-Sep 4
Cable Pickup-Sep 36
40M Super Ant-oct 8

ARRL
See QST

Audio
Suppressor Comp-Jan 6
Selective Filter-Feb 12
Compo PreamP':"""Mar 10
Zero Cycle Filter-Apr 60
Ancient Modulator-Jul14
Notch Filter-Ju1 72
Cable Pickup-Sep 36
Base Clipping-Sep 68
Taylor Mod.-Sep 84
Sine Generator-Sep 88

(correctinn-oct 131)
Mod Percentage-Sep 106
FET Compressor-Sep 138
Mike Mixer-Sep 140

Beams
Tuning Beam-Jan 16
New Support-Mar 56
Tunins; Quads-May 32
Matchmg Shortcut-May 38
Quad Feeding-May 52
Mini-Vee-Jun 106
Circular Quads-Aug 101
CR Beam-oct 73

Blind
Bridge-Jan 82

Cabinets
EQ. Cabinets--Oct 64

Careers
FAA-Feb 82
Broadcast Eng.-Aul 117

140

•

FAA-Qct 124
CB

CB Sets on 6M-Qct 52
Clock

Economy Clock-May 118
Kitchen Clock-Nov 121

Clubs
Oper. Pub. Service-Jan 96
Ideas-Mar 79
Ham Jamboree-oct 108

Code
Learning Code-Apr 85
Code ase-Oct 75

Commercial Equipment
Drake R4A & T4X-Jan 76
Heath HW-18-3-Mar 50
Redline Minilab-Mar 82
Drake VHF Can.-Apr 56
Galaxy GT·65Q-May 48
James Monitor-May 68
James Key-May 68
Heath IT-28-Jun 64
Caringella ACP-I-Jun 71
M & M EKI Keyer-Jul 126
Paxitronix tc-a-Aue 71
Knight V-I07 vro-oei 123
Galaxy R V55O--0ec 48

Commercial Equip. Mod.
HW·12 on 160M-Jan 12
88-610 Mon. Scope-Jan 26
Twoer-Jan 78
88-610 Mods.-Apr 42
2M Cony. for

Swan 250-Apr 50
S8100 to 6M-Aug 74
NCX-3-Sep 6
NC-30o-Sep 52
HX·I0 Neutrlztn-Sep 80
88-200 Mod-Sep 148
HW32A VFO-Nov 22
Swa.nTCU & 350-Nov 82
SB~aa-Nov 90
SB-34-Nov 122
Swan 250 & TV2-Dec 26

Compressor
Suppressor Oomp-c.ran 6
Compo Preamp-Mar 10
SSB Escalator-May 127

Console
Operating Console----Jan 52
Cabinets-Oct 64

Conventions
See Hamfests

Converters
See VHF
See Receivers

Corrections & Mods.
Vackar Oct 68-Jan 102
Robbins Sep 68-Jan 102
6M xcvr Sep 68-Jan 102
Micro Ult. Jun 6~Jan 102
2M Rec. Oct 68-Apr 63
IC Counter Nov 68-Apr 63
Ham IC Dec 68-Apr 63
2M xmtr Jan 69-Apr 63
6 Net Jan 69-Apr 63
QRP Jan 69-A~r 63
SSB Clip. Dec 66-May 127
Tesla Feb 69-May 137
Antennascope May 69-Jul87
Audio Gen Sep 69-oct 131

Covers
Dec-Feb Ampheham-Feb 76
Editorial-Jun 120

Cross-Words
Oct 114

CW
See Keyingl filters
CW Here OM-Feb 90
CW for VHF xmtrs-Jun 12
CW VOX-Aug 45
Magikey-Aug 68
CW VOX-Sep 125

Q-mult.-oct 68
Unikey-Nov 66

nx & Contests
Yasme DXpedtns.-Jan 32
Around the World-Jan 71
European VHF-Jan 100
Cold Down There-Feb 74
No Borders-Mar 32
WlFZJ/WlHOY/KP4-May90
KV4AA-May 91
Without 6 elements-May 26
S1.!per SS-May 51
DX from DL-May 96
Phonetics-May 98
DX Desk-Jun 54
Rio de Oro-Jul 38
Greatest of All-Jul 80
Navassa Open-Aul 111
Iran Amateun-Aug 138
JA Prefixes-Sep 150
OX Corner-Oct 12
VP2KC-oct 70

Extra Class License
See License Study

FAX - Facsimile
See SSTV
Facsimile-Jun 84
Converter-Jun 130

FCC
Number of Licenses-Feb 4
New Amateurs-Mar 4
RM-1311-JuI99
RM-1429-Jul138
RM-886-950·981-Sep 153
RM-1455-1456-oct 127

Fiction
Charlie's

Broken Dream-Mar 66
Field Day

See Operating
Filters

Selective Aud.Filt.-Feb 12
Zero Cycle Filter-Apr 60
Notch Filter-Jul 72
Xtal Phasing-oct 58
TVI Filter Test- Nov 65
Tuned Filt. Chokes-Dec 18
Easy Selectivity-Dec 28

FM
ANfVRC-19-JuI76
Listen to Repeater-Aug 4
Multi-ehannel-Aug 12
Basics-Aug 72
Deviation Meter-Aug 96
Rec. Noise Fig-Aug 112
What About FM?-Sep 96
AM Xmtrs on FM-Qct 50
FM Practices--Oct 66
Repeater Freqs .. -Oct 139
Mobile Jnst.-Nov 80
R ec, Align-Nov 80

Frequency Marker
See Test

Hamfests
Editorial-Feb 78

History
Tesla-Feb 38
Lamb Dyer-Mar 64
Ecstacy-Apr 14
Who's Who-May 4
First QSL-May 87
Facts & Fads-Jul 68
G enesis of Recep.-Aug 22
WWV-Sep 39
Tesla-May 137
Electrostatics-Nov 56
A p o llo 'IV & Radio-Nov 58
Morse-Dec 10

Hoisington
432'er Solid State---Jun 24
Light Runs Down-Sep 24
432 Xmtr-Nov 50
1-10 GC Freq. Mt r.-Dec 7 2
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Humor
Zero Cycle Filter-Apr 60
In the Beginning-May 20
Mondo Hamme---Jun 14
Field Day Fever-Jun 40
Appliance Op-JuJ 2
ewean Get

Your Goat-Jul 36
Uncle Will-Sep 19
Vidiots I Have

Known-oct 34
Cat's Paw-oct 116
Call Letters-Nov 94

I. F.
Alignment-Jan 61
Alignment-Mar 65

Incentive Licensing
See License Study Course
Number of Licenses-Feb 4
New Amateurs-Mar 4

Integrated Circuits
In~roduction-Aug 26

K~tng
Sequential-Jan 74
Charmin Keyer-Mar 22
James Monitor-May 68
James Key-May 68
CW VOX-Aug 45
Maidkey-Aug 68
UnIkey-Nov 66

Leaky Lines
Jun 68
Aug 66
Sep 144
Oct 28
Nov 4

Legal
TVI Suit-Feb 36
More TVI Suit-Apr 4
Suit Report-May 138

Linears
Linear Improve.-Jan 22
Tri-band--Feb 10
Mini-80mb-May 94
6M Linear-Jul 20
3-400Z-Sep 124

Math
Easier Calculations-Dec 50

Mobile
See FM
Go Mobile-Feb 58
Generator-May 24
Theft Protector-Jul 12
Clothes Line Ant-Jul 25
Heater Switching-oct 39
Power Supplies-Dec 70

Modulation
See Transmitting

Modules
Pill Box Module-Jan 51

Monitorill2
Heath SB610 Scope-Jan 26
Panadapter-Jan 44

Morse Code
See Code

Nets
Interest Nets-Jan 104

Networks
LC Power Reducer-Jan 38
Attenuatot Network-s-Dec 14

Noise Limiting
Series Gate-Sep 50

Operatin¥:
Operatmg Console-Jan 52
Phonetics-May 98
Field Day Fever-Jun 40
Memorable Field

Day-Jun 44
Ad Libbing-Jun 133

Oscillators
Freq sh ift calc.- J a n 58
X str osc.-Mar 44

Panadapter
See Monitoring

Patching
To or Not To-May 56
Phone Beeper-May 88
Telephone-Oct 24

Phone-Patch
See Patching

Poetry
Rhyme with

Reason-Jul 78
Power Supply

HV Supply lmpr.-Jan 22
Voltage Control-Jan 24
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Adjustable Supply-Mar 40
Transformer Rpr.-Mar 42
Var. D.C. Load-Apr 18
OA2 Problem-Apr 26
Triac-Aug 59
Tubes to Diodes-Aug 111
Diode Stacks-Sep 74
Capacitor Covers-Sep 83
Protector-Oct 40
P.S. for Xcvrs.e-Oct 83
Sextupler Supply-Nov 62
For Transistors-Nov 72
Elect. Variac-Nov 88
More va Current-Nov 125
Tuned Filt. Chokes-Dec18
Current Limiter-Dec 31
Mobile P .s.-Dec 70

Preamplifier
See Audio

Propagation
Better Angle-May 78
6M DXing-Jun 48
Forecasting-Jul 62
Solar Flares-Jul 80
Primer-Sep 98

Public Relations
Classroom-Dec 40

Public Service
Operation Pub Ser-Jan 96
No Borders-Mar 32
Amateur & C.G.-Aug 122
Our Purposes-Aug 134

Pulsars
What's Out There-Feb 24

QRP
40M 1 tube-Jan 62
Quick & Easy-Jan 72

(also see Apr 63)
8M Rig-e-Apr 48
New World-May 46
8M Rig-Sep 12
Xstr Rigs-Sep 64
2 1J1w Xmtr-Sep 78

QSL
New Way to QSL-Jul 24
Outgoing Bureau-s-Aug 109

QSO's
Interest Nets-Jan 104
Avoid Routine-Apr 28
Religion & Sex-Nov 40

QST
Letter W7ZC-Mar 71
Suggestions-Mar 77
W7ZC Letter-May 132
W2AFJ Letter-May·133
W4PZS Letter-May 134
Board Meeting-Aug 2
Pro ARRL-Auit 107
Replace ARRL1-Aug 140
Elections-Sep 136
QST Board-oct 76

Radio Control
R C Revisited-Jul 49

Receivers
6M Net-Jan 48

(correction Apr 63)
Weather-Mar 18
Simple Preamp-Apr 10
2M converte~A~r52
6M FET Con un 34
Compleat A VC-Jun 36
Police Converter-Jun 104
Tubes to FET-Jun 114
S-Mtr. de Pegging-Jul 43
Simple BFO-Jut 71
Solar Flare Rec.-Jul 80
2M Converter-Aug 4
FET Regen-Aug 6
FM Noise Fig-Aug 112
6M Converter-Seg 13
Series Gate Lim-e-Sap 50
Autobandwtdtb-c-Oct 31
Slower Tuning-oct 42
Calibrator Harm.-oct 46
Xtal Filt. Phasing-oct 58
Q-Multiplier-Oct 68
II" Notch Filter-Nov 14
Calibrate Dial-Nov 18
6M Converter-Nov 25
Rec as Test Eq.-Nov 60
Rec Tweeker-Nov 80

Rfi'l}brator-Nov 84

Why Ham RTTY-Jan 42
Autostart-Jan 56
FSK Exciter-May 84
Scope-Jun 78

T. V.-Jul 65
Tone Generator-Aug 32
AFSK Gen.-Sep 53

Scanning the Flyers
Radio Shack-Aug 137
Six Flyers----Oct 129

Slow Scan TV
See TV
Converter-Jun 130
VS Facsimile-Sep 150
Color-Nov 20
SSTV-Dec 34

Soldering
Tip Tip-Mar 73
Tip Last Longer-Jull27
Soldering Outfit-Sep 20
De-Solder-Sep 79
P.C. Soldering Aid-oct 11

Spectrum Analyzing
See Monitoring

Speech
Suppressor Comp.-Jan 6

S"",lus
TCS Mods.-Mar 8
Kluge Tube-Mar 68
Catalog-Mar 97
Oonversron List-Mar 96
Band Scanner-Jun 127
ANIVRC-19-Jul76
Ft Surp. Xtals-Aug 76
Freq. SUl'p, Xtals-Aug 76

SWR
SWR Bridge-Apr 22
VSWR Outmoded-Apr 55
Indicator-May 60
Connectors-May 66
VSWR Letter-Jul 133
SWR Mox·Nix-Nov 28

Technical Aid Group
Jan 80
Mar 94
Jun 110

Telephone
Inside BeU-oct 24

Test
Rack Test Leads-Jan 54
IF Alignment-Jan 61
Si~htlessOps Brdg-Jan 82
Mini-Lab-s-Mar 82
Scope Preamp-Apr 6
Var. DC Load-Apr 18
SWR Bridge-Apr 22
100 khz gen,-Apr 24
SB610 Mods-Apr 42
Burst Gen.-Apr 50
S-unit Atten.-May 14
Antennascope-May 36

(correction Jut 87)
SWR Indicator-May 60
IC Count. Readout-May 66
Tube Substitution-Jul88
Transistor Checker-Aug 41
Ft Sul'P Xstrs-Aug 46
430-470 Sweep-Aug 62
Xstr Parameters-Aug 128
Meter Resistance-Sep 72
Audio Generator-Sep 88
Xstr Testers-Sep 133
Incr, Dillper Rnge-Sep 158
FET ChU'eer-Oct 20
Scope Calibrator-Oct 32
Calibrator Harm.--oct 46
RF Bridge-Nov 32
Rec as Test EQ.-Nov 60
Calibrator-Nov 84
Diode Checker-Dec 6
Xta) Calib-Dec 58
Freq. Meter-Dec 72

Theory
See License Study
See Transistors
Reactance-Mar 14
VSWR Outmoded-Apr 55
Loading-Apr 58
Tuning a Circuit-May 124
Intro. to I.C.-Aug 26
Triac-Aug 59
Tunnel Diodes-Sep 8
Light Runs Down-Sep 24
Transistors-Sep 42
Capacitor Usage-e-Sep 90
Propagation Primer-Sep 98
Class A-B-C Design-Dec 64

Towers
New Support-Mar 56

Transceiver
Heath 160M HWI8-Mar 50
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INC UNITS
Brand, new camera switching units in heavy aluminum case, which will accept the output
from a 4 PD·150 or other camera heads & provide instantaneous push-button selection .
Complete with dc power supply for filaments for all 4 camera heads together with
regulated voltage for focus coil. Net wt. 43 Ibs. 117V 60 cycle operation. Stock #lB, 353.
Regular 5995. Close-out Special 579.95 FOB Rockville.
Ask [or ne w flyer 96 9DJ and Wareho use Clearance Fly er 970J1 - f ree.

DENSON ELECTRONIC CORP.
PO Box 85, Longview $1. 12031875-5198 Rockville . Conn. 06066

negatives for
p. c. boards

BIGELOW ELECTRON ICS

BLUFFTON OHIO 45817

What's with UFO's?

Check in the UFO NET

on 14,300 kc

WEDNESDAY NIGHTS at 9 pm EST "-J

Soldering Outfit-Sep 20
WTW

Report-Mar 74
- Jun 54
-Oct 12

WWV
Description-Sep 39
432'er Solid State- Jun 24
FET Pre Amp-Jun 76
Coat Ha n gers-c-J u n 80
KW A m p-.JuI 27
432'er- Jul 32
Xmtr-Nov 50
Freq. Meter-Dec 72

2 Meters
Xstr Xmtr + I-Jan 28

(correction Apr 63)
Twoer-Jan 78
Twoer-PTT-Apr 16
Converter-Apr 52
Turnstile Ant.-May 8
Vacation Ant.-May 10
Coat Hanger Ant.-Jun 10
Whip Ant .-Jun 58
Monitor-Jun 68
Pre Amp FET-Jun 76
Twist-Jun 83
AN-VRC-192M-FM-Jul 76
Xstr Exciter-Jul 108
Converter-Aug 4
2E26 Xmtr.-Aug 42
CR Beam-oct 73

6'1
Six Net Rcvr.-Jan 48

(correction Apr 63)
Portable Rig-Apr 48
SSB Exciter-Jun 18
FET Converter-Jun 34
DXing-Jun 48
6M Converter-Jun 66
KW Linear-Jul 20
IC Converter-Jul 46
S8100-to 6M-Aug 74
Solar Powered Rig--Sep 12
Converter-Sep 13
2 1h w Xmtr-Sep 78
CB Sets on 6M-oet 52
SSB with NCX3-Nov 6
3 Xstr PC Conv.-Nov 25

40'1
1 Tube Xmtr.-Jan 62
Dipole-May 30

160M
HW-12on 160M-Jan 12
Heath HWI8-3-Mar 50
Vertical-May 70
VFO for HWI8-3-Jul 100
Antennas-Aug 49

Cooling-Sep 87
TV

See Slow-Scan TV
Vidicon SSTV-Feb 6
Video Modulator-Jun 74
SSTV Sig Gen-Jul 16
V idicon Camera-Sep 129

TVI
Suit Filed-Feb 36
Ban The Ham-Apr 4
RF Tape-May 121
Report on Suit-May 138

UFO
Sudden Interest-Jan 70
What's Out There-Feb 24
Letter-Mar 70

Velcro
New Material-Feb 32

VHI-· and UHF
See 2 meters & 6 m eters
European VHF-Jan 100
Twoer PTT-Apr 16
Burst Gen-Apr 50
Drake Converters-Apr 56
Vacation Ant.-May 10
Microwave Power-Jun 4
CW [or Xmtrs-Jun 12
432'er-Solid State-Jun 24
Designing Tuners-Jun 60
6M Converter-Jun 66
Promoting VHF-Jun 73
FET Pre Amps-Jun 76
Cavitiest Lines-Jun 102
Band Scanner-Jun 127
6M Linear-Jul 20
432 Amp-Jul 27
432'er-Jul 32
61\.1 IC Converter-Jul 46
Passive Reftectors-e-Juj 9 I
2M Exciter-Jul 108
2M Converter-Aug 4
2M Xmtr-2E26-Aug 42
SBI00-6M-Aug 74
Circular Quads-Aug 101
FET Chirper-Oct 20
CB Sets on 6M-oct 52
CR Beam-oct 73
6M SSB-Nov 6
432 Xmtr-Nov 50

Weather
Weather receiver-Mar 18

Workshop
Rack Test Leads-Jan 54
Soldering Tip-Mar 73
Wrinkle Finish-May 142
PC Board lmp.-Jul 75
Solder Gun Tip-Jul 127

Cool It-Mar 54
Transistors

Unijunction-Feb 14
Oscillators-Mar 44
RF Pre Amp-Apr 10
Silicon Survey-Apr 30
Class A Design-May 72
Microwave Power-Jun 4
Checker-A ug 41
Ft . Meas .-A ug 46
Triac-A ug 59
2 Xstr Xmtr-Aug 98
Parameter Tracer-Aug 128
Magic T-Sep 1 4
T hcory-Sep 42
Blowing Transis.-Sep 64
Testing Technqs.-Sep 76
21hw Xmtr.-Sep 78
Testers-Sep 133
Bias Design-Nuv 74

Transmitting
2M Xstr+ I -Jan 28

(correction Apr 63)
Power Reducer-Jan 38
40M 1 tube-Jan 62
Quick QRP-Jan 72
Sequential Kevmg-c-Jan 74
Tti-band Linear-Feb 10
VFO Hum-Feb 91
TCS Mods-Mar 6
Balanced. Mod .-Mar 36
Cool It-Mar 54
6M QRP-Apr 48
4 x 150 Sockets-May 120
6M SSB Exciter-Jun 18
6 + 2 VFO-Jun 124
Ancient Mod.-JuI14
160M VFO-Jul 100
2M Exciter-Jul 128
3.5-30 mhz VFO-Jul 128
2M Xmtr-Aug 98
Magi c T-Sep 14
21ft w Xmtr-Sep 78
Taylor Mod-Sep 84
Mod. Percentage-Ser 106
3 ·400Z Linear-Sep 24
Plaje Choke-Sep 147
AM Xmtrs. on FM-oct 50
Spotting Switch-Nov 145
Crystal Oven-oct 54
G .G. Fit Chokes-c-Oot 62
Attenuator-Dec 14
SSB Carrier-Dec 22
Incremental Tun.-Dec 62

Tubes
Tube Substitution-Jul 88
Tubes to Diodes-Aug 111
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P.O. BOX 942A
lynnfield. Mass-.

01940

,
Terms: a d, t n ost aee. Rated: net 30. eod'a 21>%
Phone Orders: W akefield . Ma s s. (617) 245- 3829
Retail: 211 Ai llion . s c. \Vnkl,fio.· Jd . Mass.

o

INTEGRATED~
CIRCUITS

10¢ fOR OUR SPRING BARGAIN CATALOG ONIo Stmicondudon 0 Pol, Poks 0 Patti-- -- -- ----- ----------------------_.

2 99
ea

400 me
NPN HIGH pown
o 2NJ632

23W.3A.
Fairchild No.

Bm!!;jk.:~t··~~~~~~~:~ : :: : :·CHOOSE
o 910· Dua' Two Input Gat. . ANY
~ 914 Dua' Two Input Gata .

t:1 :~~ ~K~Il~ 1;1:~t ~.:.~~ .~.~.~~ :.~~~ ..o 925 Dual 2 Input Gate. Expander

. 8 932 A Input Nand/Nor Buffer

20AA P I V 933 Duolln,u' Go", E.,ond.;···:::
o 944 Dua'" 'nput Power Gat. .......

- 0 946 Quad 2 Input Gata Nand/Nor
EPOXY SILICON 0 952 Dual 2 Input Inverter Gat. "$179§ 953 2.2.3.lnput and Get. ..
TRANSISTORS' 954 Dual4 Input and Gat. :: :::::::

. 955 8 IOfut and Gat. w/2 outputs

5 for $1 ,- B;:} ~rl:I.4~:r:t ~:.~~.~.~~~~~~~.....
Type Sale .....\o 2N2222 Sfor$l ,.O"~~O 10-2 AMP 400 PIVIOfor$1o 2N2368 S for $1 ~\.\\,,; f\E.: 0 7 - 2 AMP 600 PlY 7 for $1

8 2 N27 11 Sfor$1 St.C"'( \ ,0 5 - 2 AMP 800 PIV 5 for $1
2N2368 5 for $I \\ U 5 - I AMP 1000 PlY 5 for $1o 2N3396 5 for $1 0 6 - 1 AMP 800 PlY 6 for $1

0
0 2N3565 5 for $1 0 4 - 2 AMP 1000 PlY 4 for $1

2N3568 5 for $1

B 2N3638 5 for $1
2N3641·3 5 for $1

08
0 2N3645 S for $1

2N3662 5 for $1
2N3683 5 for $1
2N3793 5 for $1o 2N4248 S for $I

§2N4284·5 5 for $1
2N4288·9 5 for $1
2N4290 5 for $1

HIGH. POWER

GERMANIUM

.... (W.lls) 11 5

o BVCBO2 00

(AMP) 15

U..
D.C. Amplifier " , .
Operational Amp ."" .
Differential Comparator .
Sense Amplifier

LOWEST PRICES ON
LINEAR AMPLIFIERS

Guaranteed! With Spec. Sheets!

$2.22

SALE ON $ (.

FAIRCHILD 5.95
COUNTING 3 '0' $16

"ICs" ~,
No. Description"11l11!I

o 958 Decade Counter
o 959 Buffer·Memory
o 960 Decoder-Driver

~~

2N1906
. qt~

,~~~

Typeo 702
0709
0 7 10
0 7 11

ARCTURUS ELECTRONICS CORP.
502-22nd se., Union City, N.J. 07087. Dept. 73

Phone 201·UN4-5568

Buy 73 binders and win the love
of a beautiful girl. Still only
$3.00!

LATEST
ARCTURUS
SPECIALS

• Color focus rect ifiers, 14,000 PIV
at 1 MA, 9ge each. 6.5 K V - 79i.

• Color TV yokes. 70'1nd 90
0

types.
Fit almost all sets - $ 10 .9 5 eecb

.1700 Transistor tvpes . 39t each .
• OS-501. 2N278 power transistor

types. Cat.#349 - 69t each.
• HEP170. Motorola HV/Current

epoxy silicon rectifiers, 2 .5 amps at
1000 PIV - 4ge each.

• Fully transistorized UHF tuners.
Fit most sets. Cat.#UHF567 - $4.95
each.

• UHF tuners, 1 tuba tvpe. Fit most
sets. Cat.#UHF3 - $3.95 each.

Complete listings of electronic items at
similar bargain prices are available. Write for
our latest catalog. Minimum order $5.00.
plus postage.

•
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LIBERTY
PAYS MORE! LIBERTY

OFFERS MORE!
PRESTEL FIELD STRENGTH..METER

IMadel 6T4GI

Only $120.00 FOB N. Y.

Frequency Range : 40 to 230
a nd 470 to 860 Megah ertz.
Calibra ted outward from 10
to 50,000 Microvolts. Nothing
makes it easie r to properly and
speed ily find the co rrect place
to install TV, FM and Com­
munic at ion Antennas . You can
measure and hear the signals

t his 41f2 volt batte ry economica lly powered
There is not hing else like it!

with
unit .

*Never Anything Like It!

*1Man Can Do a Better Job
than 3 in the Same Time!*A Gold-Mine lor Antenna Installers!

WILL BUY
FOR CASH
ALL TYPES

• ELECTRON TUBES
• SEMICONDUCTORS
• Military Electronic

Equipment
• Test Equipment

WIRE, WRITE, PHONE COLLECT! WE PAY
FREIGHT ON ALL PURCHASES WE MAKE

Liberty Electronics, Inc.
548 Broadway, New York, New York 10012, Phone 212·925·6000

INDEX TO ADVERTISERS
A d iro n dac k 9 5
A ld e n 99
Amateur Wh lsle E tee. 35
A m eco 29
A mer ican C rystal 133
A m idon 29
An tenn as I nc. 69
Anten na Mart 8 7
Arcturus 143
A rno ld s 9 7
AT V 99

B e, F 129
B igelow 142
Briger 134
B urghardt 93

Call boo k 4 , 6 3 , 9 1
C ar in gella 81
CB Rad io 9 9
Col umbia 12 5
Cushcraft 81

Epsilon 13 4
Estes 93

Fa ir Radio 97
Freck 6 1

Galax y II
Gat eway 91
GBC America 131
G & G 12 7
G lobal Import 97
Goodheart 133

Hafstrom 85
HAL Devices 87
Hatry 89
HJC 97
Heath 11
Heights 25
Henry 19
Hirsch 95
H & L 99

Linear Systems 23

Megan 8 7
Meshna 13 5
Microflect 109
MicroZ 71
Mosley IV
Murch 85

National Radio I II
Newpor t M ar ine 13 6

Omega-T 63

Pantronics 125
Park 11 1
P ickering 123
Poly Paks 143

Quement 33

S lep 136
S tardu st 6 1
Stellar 55
Sw an Antenna 3 1
Swan 38,39

Telrex 44
Tower 31

UFO Net 14 2
Unadilla 49
U nited 13 7

Vangua rd 4 , 5 7
Varitronics 4 3
VHF 89
Vibroplex 125

Western 133
W RL 46
World QSL 131

Dahl 12 5
Delta 13
Denson 142
D en ver Crystal 137
D G P 65
D o w -I{ey 2 1
D o w T rading 131
Drak e 5

I n t ernat io n al Crystal 3

James R esearc h 104 , 10 5
Jan Crystal 109
Jeff-Tronics 138

Lewispaul 139
L iberty 144

Radiation Prod ucts 13 7
R & A 138
Redline
Aohn 15

Salch 4 5.
Signal One 47
Skylane 139
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Subscriptions 107
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111 Washington Street , Mel rose , Mass. 02176 (617-662-7700)

by strong interfering signa ls. The result ? High
pe rformance for SS8, AM, CW, a nd FSK.
Sensit iv ity o f 0.5 EMF m icrovolt (fo r a 10 db
S + N/ N rati o ].

In the tra nsmitter yo u'll find th ree stages of
speech amplifi cation fol lowed by a balanced
modu lator, a crystal-lattice filter , a fi lter ampli­
fie r, and an IF speech processo r (clipped . A
m ixer conve rts the s ignal to a fir st I F fr equency
for processing by two crystal passband filters,
and t wo IF amplifiers. A second mixer conve rts
the signal to the transmitting frequency where
it is amplified in five RF stages before it gets to
the grid o f the 68M6 d river. Fi nal power
amplification takes p lace in a forced -air-cooled
8 122 ceram ic tetro d e which feeds the anten na
t hrough a pi network. O the r feat ures? Yo u bet !
Grid block keying for CWo Complete metering.
Amplified automatic level co nt ro l IAALCI.

So here's a package that ca n give you 1000
watts PEP input on 8 0 through 10 me ters, 1000
wa tts on CW, and 500 watts fo r AM and FS K.
The speech processor lets you double you r sse
average power outpu t wit h min imum distor­
tion . No frills with the NCX -l000. Just top
performance.

For complete (and impressive) specificat ions and details, write :

NATIONAL RADIO COMPANY, INC.
NRCI

Here's a transceiver designed fo r the amateu r
who would rather spend his hard -earned rad io
d ollar o n pe rfo rma nce than fr ill s. The
NCX -1000 is buil t to meet the demands of the
operator who needs and desires a high perfo r­
mance SSB -AM-CW-FSK rig with solid-state
dependabil ity and plenty of power. Add to this
t he co nven ience of havi ng you r transm itter
(includi ng li near amp lif ied , receiver, power
supp ly, and mo nitor speaker in a single, com­
pac t, smartly styled 59 pound package .

So let's look at the NCX -l000, sta rting wi th
the double-conversion, solid state receiver.
Aher the rece ived signa l is processed by a
dou ble-tuned p reselector , a stage of R F ampli f i­
cat ion, and ano ther p rese lec to r, it is app lied to
the fi rst mixer fo r conversion to the fir st IF
f requency. The fi rst IF con tains passband fi lters
and a stage o f amplification . A second mi xer
then converts the signal to the second IF
frequency for add itional p rocessing by a a-core
crystal -lattice f ilter and four IF stages. F inall y,
t he sig na l is detected and amplif ied by four
audio stages. The unpa ra lle led high d ynam ic
range lets you tune in weak stat io ns surrounded
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from the OldMan himself.
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