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NEW SINGLE-BAND BEAM
FROM MOSLEY

Model CL-20

•
e aSSIC

WITH
EXPANDED OX
CAPABILITIES

ON 20 METERS
DON'T LIMIT YOURSELF I

When you insta ll a 20 meter beam. there is only one
antenna investment you can afford . . . The NEW CLASSIC 20
with expanded OX capab i I l t ies, thanks to the new
Classic Feed System, " Ba lanced Capaciti ve Matching".
This new array promises to be the most universally accepted
amateur beam ever devel oped for 20 meters.

TAKE A LOOK AT THE V ITAL STATISTICS I
• FORWARD GAIN: 9.8 db compared to reference dipole:

11 .9 db over isotropic source.
• POWER RATED: 1 KW AM/CW; 2 KW P.E.P. SSB input to t he fina l.
• SWR: 1.5/1 or better .
• MATCHING SYSTEM: Ba lanced Capaci tive.
• FEED POINT IMPEDANCE: 52 ohms.
• NUMBER OF ELEMENTS: 5. Aluminum tubing: 6063-TB32.

• MAXIMUM ELEMENT LENGTH: 38 ft. 1Y> in. ' ---:::::::::::.......
• BOOM LENGTH: 46 ft. '
• RECOMMENDED MAST SIZE: 3 in. 0 0 .
• TURNING RADIUS: 28 ft.
• WI NO SURFACE: 1B.7 sq. ft .
• WIND LOAD lElA Std. BO MPH) : 364 .45 lbs,
• ASSEMBLED WEIGHT: Approx. 139 Ibs. POl. No. 3419872
• SHIPPING WEIGHT: Approx. 145 Ibs. v ia t ruck.

Mosley is the name. Antennas are our business.
Designed, engineered and manufac tured by hams .. . for hams.
For detai led brochure on the enti re CLASSIC LINE
of s ing le and mult i-band beams. wri te . .. Dept. 198G

".Ie,,~.$.c4610 N. LINDBERGH BLVD., BRIDGETON, MO. 63044



•

Featu res
2 de W2NSD! 1
9 Leaky L in es

52 Easy T uning o f t he Beam
53 Dial D rive Repa ir
75 More Wax
79 F irst Class Keyer Key
8 1 Coax to Phone Plug Adapter
87 Use DC Relay on AC
9 1 Pr opagat io n Chart
9 4 Modulat ed V ibra to r Hash
95 BCI
97 NASTAR / M oonray

100 Letters
105 More Uses for BX A rmor
106 Caveat Empto r
108 T he Combo
110 Ham H ospi tality
112 Ad I ndex Bonus

STA FF
Editor-Publishe r
Way ne Green W2N5D/ l

M anaging Editor
K en Sessions W6MV H!1

Ad ve rti sin g
Diane Shaw

Production
Roger Block
Ph i l Price
Jane T racey
J ean ne Caskie
June Trask y
Whitney Tobias
Caro l R ing

A"
Bill Morello
Wayne Peeler K 4MVW

Circu lat io n
Do ro th y Gibson

Com ptro l le r
Joe LaV igne

Pro pagat ion
John Nelson

WTW Editor
Dave Mann K2AGZ

Book s
Bruce Marshall

JA NUARY 1970

MAGAZINE

#112, January 1970

Contents
4 Single Sideband AM -FM Modulation System W28SP

Using eas ily availab le fi tters.

10 The Transceiver Companion W6AJZ
Does everyth ing bu t change the baby .

2 2 A Simple Bench Power S up p ly ZL2AMJ
For those readers w ith simp le benches.

28 Slow Scan Colo r Transmission W. Tarr and W4UMF
See cover f or ill ustrat io n o f results.

36 Fascinating Fundame ntals : Volta and His Piles W2FEZ
Zap!

40 The Manuscript Game K6MVH
A no t he r co nst ruct ion art icle flu sh ed o u t.

4 2 Base-Tuned Center-loaded Antenna W2EEY
V er t ical an tennas are not basicall y bad.

46 Ouazar QRP 40 Meter DSB Transmitter ....... • • . WA5WWN
So lid state to boot .

48 Sim p le Compact Six Meter Bandpass Filter WA5SWD/6
Cuts down y our channel 2 O X.

50 Low -Cost Electronics: Japan's FM Invasion K6MVH
FM Changes f rom su rp lus to im ports.

54 M obile CW .. . ..• .. .. . . . .. . . . . .••••••. . . . . . . . ..K6RA
On t he f reeways, no less!

57 Ext ra Class License Course, Part XII • . . . . . . . . . . • • • . • .Staff
Sem iconductors. Last chance to learn th is.

76 A Preampl ifier f or T en-Meter Bands WA3HMN
A lso works o n CB, bu t don ' t t ell anyo ne.

77 Proper Use of Silicon Rectifier Diodes •• . K3DPJ and WA3ACL
D iode po ppers, arise stamp out t his stu ff.

80 Converting the 4CX1 000A into a Lamp . . . . . , . , . , . . K3QKO
E xcellen t app lica t ion for you r spare t ubes.

82 Facsimile and the Radio Amateur K6GKX
A re you m issing ou t on FA X f un?

88 Tunable Sol id State IF ...... . •.. .. .. • • . ....... . . K1CLL
28-30 MHz i-f for use w it h U H F converte rs.

73 ,uaj!azine i.~ p(/b/i.~hed by 73. t nc.• Pe terborough. New H am petnre
03 ·158. Subscription rate : $12.00 (or three years. $6.00 for one
year. Second Class Po s tage paid at Peterborouen, New Hu mpshirc,
and a t additional mailing offices. Prmted at Po ntiac , Illino is, U.S. A.
Entire contents copy righ t 1969 by 73, IIIC., Pe terborough , New
H am p sh ire 03458. Pe op le eonerattv fall in to one of two I!rou ps: the
Construction Wo rhe rs or the W re cJd ll .l! Crew. W h ic/l are you?

1



...de W2NSD/l
Wayne Green

Last month we carried Ken Sessions on the
masthead as the I'M edi tor. This probab ly needs
some explanation. Ken (K6 MYH), as yo u may
know, has been the editor of the FM Journal for
the last year, working in conjunct ion with Mike
(WA8UTB), the publi sher. It is easy to go over­
board on this sort of thing, as the pu blishers of
many past ama teur radi o magazines will a ttest. At
any ra te Mike and Ken agreed to split up, with Mi ke
con tinu ing th e magazine as long as he could alone.
Ken wro te to me and offered to ru n an FM
department fo r 73.

Having just re turned fro m a sp len did d emon­
stra tio n of the joys of FM and the ex citemen t of
the repeat er sys tems while visiting with Tom
Nelson \V6QGN, I jumped at the offe r.

Ken, in the meantime, had pulled up stakes
and moved from Califo rnia to a job ed iting
Electronic Packaging an d Prod uct ion magazine in
Chicago. I called him a few ti mes abou t some FM
art icles we had in the works an d my good
imp ression of him gained at the Saroc conven tion
back in January was reinforced . Would he be
inte res ted in coming with 731 I didn ' t have much
money to offer, but I d id have a job that is abou t
as much fu n as a job can be for a dedicated ham,
and New Hampshire is a fabulous place to live. So I
called Ken and though it meant a substa ntial cu t in
salary, he quick ly agreed to make the move. Since
he had bee n working at EPP for just a few mon ths
they were a bit pu t ou t by the sudden change.

A couple of wee ks la ter, Ken, his wife and
seven childre n (count 'em - 7) and a van load of
ham gear (and furn iture) arrived. Fortunately I was
able to locate a nice home fo r him less than a mile
from the 73 headquar ters.

Ken will be running th e ed itoria l end of 73,
while I tend to increasing th e circu lation, ge tting
around to a few conven tions, talk to a few clubs,
maybe get off on a short DXpedition or two, work
on plans for 73 to even tually go pub lic, ge t Radio
Today int o gear, help with the new jun ior op th at
is due abou t t he time this goes to press, work on
plans for several othe r new magazines, and perhaps
run ski classes for the 73 staff on bright snowy
mornmgs.
Exit the Youth Forum

The Youth Forum in the October issue d idn't
wor k out too well, every th ing considered. This was
the brainstorm of Ralph Irace WAIGEK, a 17 year
old wit h mo re t han the average amount of drive .

Ralph turned up here last July and wan ted to
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do some th ing abou t gett ing more teenagers in ter­
ested in ama teur radi o. He felt that bo th 73 and
Radio Today cou ld help with th is and he wanted a
job with us. Being ex tremely shorthanded, I agreed
to give him a trial proofread ing art icles as an
editorial assistant. Afte r a few days it was obvious
that thi s was a mistake. His moods were mercurial,
running from virtual ca ta tonia to gre at agitation.
Frankly, he sca red most of the girls here and my
wife was truly frightened. I laughed at her prepos­
terous worr ies. I suppose tha t I should have
known, for I laughed at her when she tried to warn
me abou t Don Miller.

At any ra te, afte r a couple of wee ks Ralp h went
away. Shortly thereafte r I received a fantas tic
letter from him say ing that he had made copies of
many of the documents here and wou ld use them
against me unless I came to terms with him . Since
there is absolu tely nothing here to hide, none of us
could figure wha t co uld be in his mind at why he
thought copies of old bill s and letters would be of
value to us or ou r compe ti tors. I ign ored him.

In late October, wh ile I was out in Califo rn ia a t
the Bay Area hamfest, someone broke in to the 73
offices and stole my two rifles, plus who knows
wha t else. Our list of missing items is a long one. I
reported the theft and dismissed it from my mind .

Then Dave Mann (Leaky Lines) sent me a
clipping from the Hartford Times say ing that
Ralph Irace was being held for murde r. According
to the clipping, Ralph and a friend were re turning
from Florida in ea rly November. The police dis­
covered the body of Wayne Rubenstahl shot three
times with a .30 caliber rifle on highway 1-91
in Lumber to n , N. C. The police there put out a
warrant for Ralph's arrest for mu rder and he was
arrested in Richmo nd, Virgin ia. The police said
they were at a loss for a mot ive for the murder.

I was dumbfounded.
As I thought about it, 1 became suspicious, so I

called the police in Lumberton to check on the
murder weapon. I explained about my two stolen
30 caliber rifl es an d gave them the serial numbers.
Yes, they had t he guns an d one had been used in
the killing.

We have no plans for con tinuing the Youth
Forum that was published in the October issue ...
a t least no t under the same byline.

I have p romised to le t Lin check on all
employment applications for 73, even those on a
short trial , in the future. If her intuiti on says no,
no it is. I know wh en I am licked.

(con tin ued on page 97)
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For The Ixperimenter!
International EX Crystal & EX Kits

OSCILLATOR / RF MIXER / RF AMPLIFIER / POWER AMPLIFIER

Crysta l contro lled transistor type.
Lo Kit 3,000 to 19.999 KHz $ 29
Hi Kit 20,000 to 60,000 KHz 5
(Spec ify when ordering )

'......
•

•

Wri te for complel e cal a/o g.

SAX~l Trans istor RF Amplifier $3.50
A small signal am plifier to drive MXX-l mixer.
Sing le tuned input and link output.

La Kit 3 to 20 MHz
Hi Kit 20 to 170 MHz
(Spec ify when ordering )

PAX·l Transistor RF Power Amplifier $3.75
A single tuned output am plifie r des igned to
fo llow the OX oscillato r. Outpu ts up to 200 mw
can be obtained depending on the frequency
and vol tage. Amplif ier can be amplitude modu­
lated for low power commun icat ion. Frequency
range 3,000 to 30,000 KHz.

BAX·l Broadband Amplifier $3.75
General purpose un it wh ich may be used as a
tuned or untuned amplif ier in RF and audio
applicat ions 20 Hz to 150 MHz. Provides 6
to 30 db gain . Ideal for SWL, Experimenter or
Amateur.

•

SAX-1

OX OSCILLATOR

MXX·l

MXX-1 Transistor RF Mixer $3.50
A single tuned c ircu it intended for signal c on­
version in the 3 to 170 MHz range. Harmonics
of the OX osc illator are used for inject ion in
the 60 to 170 MHz range .

lo Kit 3 to 20 MHz
Hi Ki t 20 to 170 MH z

(Spec ify when ordering)

PAX·1 BAX-1

CRYSTAL MFG. CO.• INC.
10 N O . L EE • OK LA CITY. O K L A . 7 3 10 2
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BW Hayes W2BSP
12 Schiller Street
Hick sville L.I. NY 11801

~Ol'

W2BSP ' s co l lect ion o f vcavtt fes."

Single Sideband
AM-FM Modulation System
Much has been said pro an d can about

single sideband in its present form. It
is an ad mitted fact tha t SSB takes up far
less of the radio spectrum than AM or F M.
Sti ll when you tune in an AM or FM
signal with a proper receiver t here is a
difference, With SS B as it is now, tuning
the receiver is critical and stability of the
receiver is very imp ortan t. When the carrier
is sent along as in AM or FM the tuning of
the receiver is no problem.

Being an old time amateur an d liking
AM for so long, when SSB came along I
could not warm up to it at all. I always
liked to hear aU tha t was going on even if
it was on an adjacent channel, beat note
and all . It was somewhat like being in a
room with a lot of people talking at the
same time with all the noise added. Today
the adjacent channel is all mon key chatter
which is almost as bad as the heterodynes.
Sometimes you like to know wha t your
neighbor is saying, good or bad. Tuning a
few he rtz o ff and not be ing ab le to
understand, yet hearing the signa l either
nasal or guttura l is not bes t for me. Also ,
how are we going to ma ke use of this SSB
in the UHF and microwave regions? You
would need the stabi lity of an a tomic clock
at both the transmitter and receiver. FM
has made the deepest penetrat ion into

4

these frequencies. Narrowband FM is being
used fo r most mobile communication, and
many improvements have been made over
the years.

By now I guess you can gather from the
above that ] am not happy with SSB as it
is and ] am not about to chuck the old AM
rig that is gathering dust in the basement
shack. I am dreaming about the idea l
system where the carrier wo uld be sent
along with a bandwidth no wider than that
required for a single signal the same as CWo
If someone sneaks alongside I don't wan t
to hear anything other than his own
speaking voice .

So now, to get started and narrow
things down , I decided to start playing
around with filters . Crystal filters are
excellent and everyone uses them, but I
wanted a filter that I could tune. Just for
kicks I decided to build around 30 mhz.
Crysta ls having a fun damental at 30 mhz
are pretty hard to come by , so I decided to
investigate the resonant cavity ty pe filter as
they are quite easy to make. My first
thought was the re-entrant type cavity , so
I started to look for one. Down on
Newbridge Road there is a water tank
about 25 feet in diameter and 100 feet
in the air. It looked like it would resonate
at 30 mhz. This turned out to be wishful

73 MAGAZINE
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I experi mented with two ty pes of
re-entrant arran gemen ts. One was made as
shown in mos t tex tbooks , with a large
re-entra n t post and capacity loaded a nd the
other with a single wire thro ugh the midd le
of the drum as a re-en trant element. Bo t h
of t hese cavities had a se lf resonant m ode
around 200 mhz. With a 100 pf varia ble
capacitor, resonance at 30 mh z was found
at about 65 pf. The cavity wi th a sin gle
wire as the re-entran t element had a higher
self-resonant freq uency as it required less
capaci ty loading.

With the equipmen t in t he shop it was
impossible to make accurate Q measure­
ments; to make even comparison mea­
surements a good VTVM was needed, so I
had to tap the piggy bank fo r a VTVM kit. I
fo und th is to be a very worthwhile
invest me nt and every ham shack should
have one. Making comparisons of the
characteristics of the two different t y pe
cavities showed that the one as shown in
the textbook wit h the large re-entrant
element had very little insertion loss, but
did no t have as sharp a band pass as the
single wire job. T he size of the coupling
loops into the cavities was arbitra ri ly
chosen and no grea t attemp t was made to
get a per fec t impedance match to both
input and o utput.

-.,- -'-

UH'
CONNECT~

A sight f or sore e y es on t h e L ong Island E xpresswa y .

VARIA8LE
CONDENSERS

' ..,./ .,/

F ig. 1 . D ru m cav it ies.

COUPLING
LOOPS

thin king as it was pre tty solidly mounted
and I assume that the water de pa rtment
wo uld be a little relu ctan t to let me
borrow it for my experimenting. T here
is one in Garden City that is nearly ro und
and the spherical type is known to have a
Q o f around 53,000. Well m y hopes

sta r te d to shrink and I fi nally succum bed
to a smaller cavity like a S5 gallon drum . It
was quite a sight seeing my litt le Bianchina
500 Fiat going down the highway with a
55 gallon d rum lashed on the hack. I ended
up with q uite a collect ion - th ree 55
gallon , one 30 gallo n and one 14 gallon .
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There are many things one can do to
im prove the Q of cavities, such as silver
plating the inside or changing the shape
and, for stability, temperature control or
use of materials unaffected by temperature ,
etc . Considerable research on resonant
cavities has taken place and by searching
into past publications one can learn a lot. I
was anx ious to put the m to use and , as far
as the othe r sizes (30 and 14 gallon drums)
were co ncerned . my research ende d by
finding resonance using the single-wire
center element. The 30 gallon drum
resonated around 40 mhz and the 14 gallon
at 200 mhz using a 50 pf va riable capacitor.

Not having a stable signa l source on 30
mhz, I de cided to build a transmitter that
would have a 30 mhz output and when
fi nished with my ex perime nting, successful
or unsuccessfu l, I would a t least have a
usable rig on 10 meters. The rig would be
FM and as stable as possible.

Having many old-fashioned tub es kick­
ing arou nd , I de cided to build a rig as
described in an old Radio Handbook
(Ed itors and Engineers Limited. Eighth
Edition). The tube lineup is a 6N7 audio
amplifier, 6SJ7 reactance modulator, 6F6
electron coupled oscillator, 6 K8 oscillator­
mixer, and a 6H6 di scriminator.

Starti ng with broad cast componen ts in
the elec tron cou pled oscilla tor. the first
frequency is 1.1 72 5 mhz with a 2.345 mhz
output. A tripler multiplies the freq uency
up to the 7 mhz freque ncy and some of
the output signa l is mixed with a crystal
co ntro lled oscilla tor. The out put of the

"vv-

mixer produces a 465 khz signa l, which is
fed into a discriminator, thus producing
a dc voltage that is used to stabilize the
electron coupled oscillator.

Another output of the 7 mhz tripler
is then fed into doublers that multiply the
freq uency up to 30 mhz. (Mode rn tubes
were used fo r this.) The signa l ended up
with a 6AQ5, giving enough output to light
a small neon. I encountered the usual
parasitics and other th ings and had to back­
tra ck many times. Also , listening to the 28
mhz signal, I fo und it to have considerable
60 her tz hu m wit h no au dio going into the
reactan ce modulator. The elec tron coupled
oscillator called for a coil in the filament
lead of the 6F6 , and the AM broadcast
frequen cies require quite a few turns. There
was a filament voltage drop an d, with low
voltage on the filament and ac in the coil ,
some modulation of the carrier was taking
place. 1 decid ed to put dc on this filame nt ;
with good filtering th e hu m on the carrier
decreased su bsta ntially.

Now I had an FM signa l generator ready
for the drums. I connected the output to
the input of o ne of the drums and, using a
sensitive meter with a crystal rectifier , I
wa~ able to observe the chan ges of reading
as I tuned through resonance. Th e single wire
re-entrant drum tuned very sha rp ly and I
was pleased . When to ne modulat ion was
app lied , the reading went down just as it
should. Using an on-off tone at about 2500
hz I fo und I could tune to both the upper
and lower side bands. I also fou nd that 1
could get wideband modulation and

6

s-x
t"lICRO- AUO <> REAC TANCE El ECTRON DISC.
O'HONE AIoA P. ..00. C~ED CO~TROLsc. vorr.

'"
II] ~

SUB - DIODE R. f . ~ IXER
CARRIER " 00. AIoAP. TRIPLER ~'5KHZesc. '" DU'.

L I~E~ LI ~EAR ~.f. R. f . CPYSTiDol
AIoA P, AIoAP. DOuBLER DOUBLER O;C.

F'X24 I'"X24 I'"X24 r x 12 r .5 IoAHZ

ANTENNA

H ICH 'Q' LINEAR -" \ 1/F ILTER AIoAP. ..,
FX2.~ I/2"f I'"X24 . 1/2 ..' F"X24' V2 4r

F ig. 2. Modulating c ircuit.
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F ig . 3. Carri er, sub-car r ier & aud io m odu ­
latio n.

This arra ngeme nt made a tremendous
improvement -so mu ch that not only co uld I
understand what a person was say ing but I
could also make out the music. The AM
receiver I have was not up to receiving this
type signal too well, so I need ed something a
little be tte r. I fo u nd an o ld 30 mhz i-f strip
out of a surplus radar in my junk and started
to work on it. The st rip need ed a going over
as one of the rf amplifie rs oscillate d when
plate voltage was appl ied. I insta lled a ratio
detector afte r the last rf stage and afte r a

the audio range. o n the lower sideband.
Then there wouldn't be much left anyway
because the carrier would be spread out as
if hit by an atomic bomb .

Those low amplit ude aud io signals
neede d a litt le push. Why no t in troduce a
subcarrier tha t would push those little sig­
nals out to the filter, just far enough that
they could be heard? The fre q ue ncy of the
subcarrier would be above the audio range
and wou ld not be heard. I star ted immed i­
ate ly to build an oscilla to r out o f transistors
and ended up with an oscillator on about 35
khz. I fed this d irectly in to the grid of the
reactance modulator mi xing it with the
audio. Making all the necessary adjustments
I listened, but those low audio signals just
didn't come through . I then decid ed to look
at the aud io going into the reactance mod­
ulator on an oscilloscope; sure enough, it
was riding up and down with the carrier and
not mod ula ting like o ld fashio ned AM
sho uld . We needed a better arrangement. I
decid ed to put a diode modulator to work
and get good AM modulation of th e sub­
earner.

FX24

•
FX24 - 1! 2'"-

Ti LlE

detected sidebands as mu ch as 200 khz
away from the center frequency of the FM
signal.

I also found that I could peak the final
amplifier to the upper or lower sideband
and get an increased signal reading depend­
ing where resonance of t he drum was
tuned . The max imum sideba nd signa l also
varied with changes of audio level or
deviation . The tone of the on-off oscilla tor
was good when I list ened on my oid AM
receiver and it was quite easy to locate the
carrier cente r wit h no audio. With very
little shielding of the chassis an d the
bottom plate off there was pl enty of rf
floating a round the shack.

Well now, what will happen with voice
and mu sic fed into the sys te m with all th is
deviation and how much in te lligence will
get in to the filte r? I co up led a microphone
into the unit and turned up the gain and
listened on the AM receiver . All that I
could hear was a lot of pops of the high
level audio peaks and it sounded very
similar to our present side band without the
carrier added. By increasing the deviation
there were a greater number of pulses due
to mo re rf getting into the filte r, but it
sounde d pretty a wful . None o f the low
amplitude audio was gett ing to the filter
and a t this point I thought of using vo lume
compression and clipping. I saw an article
in 73 on a compression amplifier and
imme dia te ly built one. The out put o f this
was fed into the unit and after a few more
days of tuning, testing, and listening to a
little less awful sounding signal I proceeded
to the local liquor store and bought a
bot tle of scotch and drank it. This did n't
help so I decide d to try clipping. I
incorporated it in the compression ampli­
fier , u sing a couple o f diod es for the
clipping. Now. this made an improvement
and with all the distortion created by very
heavy clipping I finally was able to
understand voice modulation . Music
sounde d like 2000 cats on an equal number
of different sized tin roofs.

After analyzing the situation [ found
that those low amplitude audio inputs
would never make it, or would only when
all o thers were deviated into the microwave
region on the upper side ba nd or back into

JANUARY 1970 7
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Main c hassis.

•• •
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Many improvements can be made for
band switching with tunable filters. One
disadvantage for amateur use is that the
filter is at the fundamenta l frequency
transmitted and it has to be good as it is
the fre quency det erminan t and must be
stable.

In that the system contains both AM and
FM and a filter I guess that the best name
for it would be Frequency Aperture Modula­
tion, or FAM.

. .. W2BS P •

...

istics that are needed . Using a 6AU6 to
drive the 12BY7 brought the filter output
up and dro ve the power up to a good level.
Wit h t his additional power I was now able
to take the receiver some distance from t he
equipment and listen to the quality. After
listening I became very encouraged and was
pretty we ll convinced t hat I had a different
means for getting a sideba nd signal tha t
would be pleasan t to listen to.

In that this type of modulation as far as
I know is not on the FCC list I have not
put t he system to test on the air. With the
pro per FCC approval I will give it a try ,
bu t in t he meantime will continue to use
the dummy load for tests .

In that the first unit constructed grew
like To psy , future plans are to build
another chassis using better components
and newer layout. T here is considerable
room for experimentation with the system
and I also have plans to try using two
arrangements having two diffe rent sub­
carriers so as to get a compatib le ste reo
output. T his will require a different or
double detection receiver .

$34.95
Postpaid

••

T R .A N S K E Y {TM )

I

CiJ·
Li n ear a mplifier.

•

)-

Electronic Keyer and Monitor
+Tranlisfor iled , r"av outpUt .
+Key built -;n ; .... ired, ready 10 operete.
"Continuously variable sp",,<b 5-50 WPM ,
"Penlight ceue 0 ' 6V ."tern,1 101,..CII.
"Key conteeh adjull.ble.
"Push switch on beck, lIutomatic: Or Mmi'automatic operation.
-tDOT-IIP'c. ratio edjul'labl•.
-tVa.iab'etone control On monitor .
.. KeVer 3 ~ " 5 Yo " 1% . Weight 2 lbs.
"Uncondit ional 0"" V.'lIu •••"t...
Calif . dealers: seen Radio, Long Beach;
Wireleu Shop Inc.. Vallejo, Calif.

DEALERS WANTED

W6PHA - GLOBAL IMPORT CO.
BOX 246, EL TORO, CALIF. 92630

Now what would happen if the output
of the filter were coupled into a final linear
amplifier? I decided to build a linear
amplifier with a circuit using a 12BY7
driving a 6146. This linear amplifier was
built on a separate chassis using t wo
well-regulated power supplies, one low
voltage and one high voltage.

After the usual problems with neutral­
izing and parasitics I found there was
insu fficient gain and anothe r stage of

amplification was required. Also J might
point out that for the filter I now had two
55 gallon drums hooked in tandem. This
introduced considerable insertion loss and
the amount of power output was small, but
contained the sharp band-pass character-

few additional problems I got the strip to
work. I lowered the su pply voltage, as the
strip had quite a bit more gain than I needed
to make tests. Using a small tra nsis to rized
audio amplifier and speaker. I started to
listen to the output of the filter. It sounded
pretty good.

,

8 73 MAGAZIN E



Writing a monthl y a rticle fo r a magaz ine like
this is not a lead-pipe cinch. It can be shee r
drudgery . ted ious and mon o tonou s. beca use of
the limited su bjec t /l1 :JttCT. By precedent it has
been es tablished. mo re or less. that publicat ions
o rie nted to ward specific act ivities shou ld con­
fin e th emselves to tho se a lone.

One 's intel lect , however. fa irly sh rieks for
varie ty, above al l. For the discip lin ed, princi pled
view, which alwa ys characterizes sma ll an d la rge
crusades, demands cons ta nt itera ti on a nd rcit cr­
a tion. The mo ral obligat ion to mainta in a con­
cen tra ted p ress ure in order to effect :J desired
cha nge (and it is an o bliga tion) demands allc­
glance to the idea ... comple te ly a nd whole­
hear tedly. Yet . th ere do ex ist othe r things,
other matters of fa scinating in terest. even
th ough they may he less appropria te , or may
appeal to be light er. when weighed in the scale
o f compara tive importance.

It is so me ti mes necessary to take a look
a roun d and cons ide r th ese ligh te r topics. in or­
der to preserve a ce rtain quot ien t of balance in
the total equa tion o f ex iste nce. Fo r. one-sided.
ovc rfc rvcn t. hype rin te nse crusades crea te one­
sided, overfcrvc nt. hyperin tense bo res ... peo­
ple who. despite the correc tness of their view....
succeed genera ll y on ly in repell ing the very ones
th ey a rc most an xiou s to co nvince and co nvert.

Just to demonstrate tha i three prohibited ('X­

amplcs out of th is groupvull o f whic h ha ve been
pronounced " taboo." may he d isc ussed wi thou t
provoking any th ing. more a larming tha n the gray
matter. I w ish to conce rn mysel f with them in
t his installme nt o f my pe rsonal journa l. Fo r
many yea rs the t imid and timorou s have stud i­
ously avoided any open dia log upon these mat­
ters. les t they offe nd the sensib ili t ies of that
huge mass o f shadowy. fucelcss a nd nameless
crea tures ca lled " the public."

But this " public " is not merel y an am or­
phou s glob of inorganic goop. without vo li t ion
or the ability to dist inguish be tween co mmon
sense and id iocy. The ' public" is com posed of
individuals. in each of whom res ides. if on ly
d ormantly. the intell igence to de termi ne for
himself th e dimensio n.. a nd limi ts of dece ncy,
propriety . and virtue.

And so. despit e the upra ised hand s a nd ho r­
rifi cd tongue-c lucki ng of a ll th e alarmists who
ccasctcxsly wa rn of impending doom and disas­
ter, J shall make a few obse rva tions and specu l­
a tions conce rn ing th ese three un mentionable
subjec ts: Politi cs. Religion, and if you'll pardon
the exp ress ion, Sex!"!

Now th is. as if you didn't know it , is an elec­
ti on yea r. And in suc h periods we seem always

(continued on page 93)

HOW IT WORKS .. .

At your di stributor o r write to

R. L. DRAKE COMPANY
'-- 540 Richard St., Miamisburg, Oh io 45342

NOISE
BLANKER

for
TR·3 or TR·4

34-NB 512900
Amateur NetModel

Kill ignition noise
and other strong impulses

with a

Unlike the usual noise clippers or limiters, the
34-NB is an advanc ed noise blanker wh ich actually
mutes the rece iver for the duration of the noi se
pulse. Between noi se pul ses. full rece iver gain is
restored. (The receiver AGe is affected on ly by the
desired signal strengt h, not by the noise at the an­
tenna.l Low leve l signals masked by noise impulses
without the noise blanker can be copied when the
blanker is used. The 34·NB is a must for the mo­
bile operator.

A noiseless electronic series switch is inserted at
the output of the rece iver mixer. Th is swi tch is
operated by the output of a special receiving cir­
cuit which is tuned to the 9 MHz IF with bandwidth
of 10 uh. The switch opens for noise impulses but
closes to allow the signal to pass.

The kit consists of these main parts: 9·NB board
(composed of 17 transistors, 4 diodes and ci rcui try) .
NBK board, capacitor assembly, switch assembly,
lever knob. and miscellaneous hardware.

Avai lable only as a factory installed accessory .
Includes noise blanker and transceiver alignment.

LinesL eaky

-
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The Transceiver Companion
Peter A. Lovelock W6AJZ
235 Montana A venue
San ta Monica CA 90403
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type boards, for all the transistor circuits
incorporated , You can buy such boards
ready made, or build them yourself. They
permit great ease for trying out different
circuits, o r substitut ing tha t bette r one wh en
it comes along with a minimum of con­
struction cha nge. And they are real great for
testing and troubleshooting, or incorporating
the occasional mo dificat ion.

Thus, the companion isn't a static piece
of equipment doomed to even tua l obso­
lescence .

Besides the t rans istorized circui ts, o ther
accessories are incorporated in more con­
ventional form. Right now my transceiver
co m panion incorporates the following
which , apar t fro m the tape recorder, mike
and separate power su pply, is everything I
use with the transceiver :

(I) speaker, and head phone jack .

(2) low-pass speaker filte r to elimina te
SSB monkey chatter.

(3) phone patch/tape recording and play­
back fac ility with selectab le mode.

(4) digital clock.

The transceiver companion is not just
another control console; in fact , it s ap­
plicat ion isn't limited to tran sceivers, and
it might well find a place with any receiver­
transmitter combination. It start ed out as a
desire to integrate all the associated acces­
sories which su rrounded the transce iver in
the corner of our apartment living room.

What with a com pressor preamp, elec­
tronic keyer . phone pat ch . tape recorder, CW
filter , clock and spea ker with associated
cab les, the corner was gett ing me ssy and the
XYL unhappy . Besides, there was a problem
of plugging and unplugging for each mode of
operation , and the tape recorder would be
more useful if .. .. . !

Thus the transceiver companion evolved
to integrate the necessities of a fi xed sta tion
transceiver , with the one exception of the
tape recorder itself. But it took care of
ut ilizing the recorder fo r various purposes
wit hout to uching a connector.

Actually this article presents ideas fo r
consolidating the ham station accessories
ada ptable to the individual const ruc tor 's
needs. My compan ion was designed to pro­
vide associated funct ions for my Galaxy V
Mark 2, though with a mind to eventual
equipment replacement , and the flexibili ty
to work with some thing else.

So if you use some other equipment and
your opera ting habits dictate ot her acces­
sories than described, you may well be able
to build a companion of your own . It may
not even look the same, for you will likely as
not want to utilize a housing to match your
other equipment. And how many hams
exactly copy any co nst ruction article?

The heart of the transceiver companion's
flexibility is the use of plug-in, computer-

"
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(5) transistorized noise limiter and squelch.
(6) variable selectivity audio amplifier for

CW operation.
(7) electronic keyer.
(8) microphone compressor! preamp.
(9) power supply for transistorized cir­

cuits.
The entire unit is housed in an 8 inch x

8Y4 inch x 8 inch cabinet, taking up just
1/3 cubic foot of space.

Fig. 1 shows the complete schematic of
my transceiver companion, and the follow­
ing is a description of the elements enumera­
ted above:

Speaker

A 6 inch by 2 inch, 8 ohm voice coil
speaker was selected because of the excellent
response range and convenience of fitting
this configuration into the available panel
space. This type speaker is available from a
number of sources (including a replacement
for several popular brand table model TV
sets). However, TV manufacturer replace­
ments run around $7.50, while imported
makes cost from 89 cents to $1.98. Usually
the lower the price. .the. smaller the magnet
and the lower the efficiency. Some imported
makes have 3.5 ohm voice coils, requiring
use of the 4 ohm tap on T2. (See recom­
mended parts list.}

Low-Pass Speaker Filter

The switchable 2.1 khz low pass filter
is a Chinese copy of that described by
W3NQN (QST, Technical Correspondence,
November, 1967). Transformer TI elevates
the transceiver output impedance to the
500 ohm impedance of the filter. T2 matches
the filter to the 8 ohm (or 3.5 ohm)
speaker. T2 also serves double duty as
a component of the hybrid phone patch
circuit described below.

This excellent filter circuit provides a
maximum attenuation of -60 db at about
2.6 khz, and no less than -40 db at all
frequencies above that. It is considerably
superior to constant K and m-derived filters
in the sharp cutoff above 2.1 khz, which
knocks out high pitched "monkey chatter"
and heterodynes without affecting speech
intelligibility.

The filter on-off switch is therefore not

12

essential as it may be left permanently in
circuit. However, since I anticipated using
the speaker for other monitoring purposes,
the switch was included to permit optional
full response range. In addition, it provides a
convincing demonstration of the effective­
ness of the filter, which has to be heard to
be believed.

The filter coils are made from surplus 88
mh taroids by removing turns until the exact
values are measured on an impedance bridge.
Similarly, the odd capacitor values are built
up from standard value units in parallel and
measured on the bridge to obtain the precise
values shown. Not every ham has possession
or access to a high precision bridge, unfor­
tunately. Use of approximate values will
result in degradation of performance from
the optimum. Therefore, I can't over­
emphasize the value of borrowing a bridge,
or prevailing upon some engineer or tech­
nician friend who has one at his disposal, if
you plan to use this filter. The results will be
worth the effort.

Digital Clock

This was obtained by extricating the
works from the plastic case of my former
desk clock (Tymeter twenty-four hour clock,
Lafayette catalog 40 T 9102). The entire
clock movement is assembled on a casting,
mounted by two screws to a bottom plate.
The plate was removed and discarded, and
the tapped holes in the casting utilized to
mount it to the companion chassis foun­
dation. Two miniature pilot lamp holders
were attached to the numeral mask to
provide illumination.

Phone Patch/Recording Switcher

The phone patch is a duplicate of that de­
signed by Katashi Nose, KH611 ("An Inex­
pensive Hybrid Phone Patch," 73, Nov­
ember, 1965). This circuit permits the use of
low-cost transformers and a 50k balancing
pot, with impedances widely in variance
with the conventional 600 ohms. This results
in fantastic losses, but as KH61J pointed out,
the loss in gain is appropriate when matching
a 0 db level phone line to a -55 db mike
input. In fact, the "imperfections" of this
circuit serve to reduce hum and rf suscepti­
bility, and it works like a charm at a fraction
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INTRODUCING THE

DELUXE S IVAIV G
L
../

MODEL 270 ... 5 BANDS ... 260 WATTS

$35

$48

SMI'AItI
ELECTRONICS
OCEANSIDE. CALIFORNIA

A Subsidiary of Cubic Corporation

@ CYGNET CARRYING CASE
Genuine leather, hand crafted in Mexico. With space
for Mic., antenna and l og. $32

OTHER ACCESSORIES:
@ PLUG·IN VOX. FOR 270

Model VX·2

@ PHONE PATCH
For all Swan Transceivers. Model FP·l

@ SWANTENNA
MOBILE ANTENNAS

10, 15, 20, 40 and 75 melers.
SOD watt power rating. High ef­
ficiency. 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 business trips, field day, or mobile operation. At the same t ime it provides all
the necessary power and versatil ity for a complete home station. The 508 external VFO or 510X crystal
oscillator will piug 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 comes 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 L1TILE GIANT @ CYGNET LINEAR AMPLIFIER
DELUXE CYGNET TRANSCEIVER 1200 watts, P.E-P. input, 10 through 80 meters. Has
MODEL 270 self-contained ACpower supply. and same cabinet size

. as Cygnet Transceivers. Utilizing a grounded grid, suo
260 watts P.E.P. Input on, 10 th~oug ~ 80 '!1eters. per cathode drive circuit with four 6l0G's, both ef-
A complete amateur radio station including II? volt ficiency and linearity are exceptiona lly high. Plugs
and 12 vol,t DC power supply and loudsp eaker .In one directly into Model 270. May be easily adapted to
p~ck age With a ~andl e . Ha.s lOOKe crystal calibrater. the 260 and other transce ive rs. $295
Dial Set, A.F. Gam, R.F. Gam, AGe, AlC, s.meter. Side-
band selection, all the features required for home
station operation with enough power to work the world.
Yet, the Cygnet is small and light enough for mobile
or portable operation; an ideal traveling compan ion on
business or vacation trips. $525

@ CYGNET MODEl 260
Standard ve rsion of Deluxe 270. Same power and cir­
cuitry, without some of the Deluxe features. Still a
magnificent talking machine. $435
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Position 4
Position 5
Position 6

While position 3 is denoted as "off," it
will be noted that the station mike is
connected to the tape recorder input in this
position . Therefore, activating the recorder
in position 3 will permit recording of trans­
missions made. If PTT can be deactivated,
the station mike can be used for making any
recording, such as directional CQs, which

can then be played back as often as required
to the transmitter input by switching the
mode switch to position 2. Alternatively,
another station's transmission may be re­
corded (mode switc h in posit ion 1) and then
played back for his edification (position 2)
or held over for later telephone relay to
some third party (position 6).

The mode switching permits flexible
utilizatio n of the tape recorder wit hout
having to plug or unplug a single connector
for any mode.

With a high-impedance recorder input,
no loading or gain loss from the stati?n
mike is experienced when simultaneous­
Iy transmitting and recording with mode
position 3. However , some transistor­
ized recorders have input impedances which
are intermediate, even though they function
with a crystal mike. Such recorders may load
the mike line and cause significant loss of
gain to the transmitter input. In such cases a
resistor of SOk to 2S0k should be inserted in
the wire between sections d and g of S I,
until no noticeable loss of level to the
transmitter can be observed. Tape recorder
input level can be compensated by its own
gain control.

In mode positions 4, 5, and 6, all of
which involve connection to the phone line,
section c of 81 activates a warning light
mounted in the top left hand corner of the
front panel, to remind the operator to return
the mode switch to a nonphone line posi­
tion at the conclusion of this type of
operation.

Two 10k pots mounted at the rear of the
companion provide preset level adjustment
for station receiver output to the recorder,
and phone line input to the transmitter and
tape recorder.

To adjust the hybrid phone pa tch bal­
ance, first call an obliging friend and have
him hold the line. Switch mode to position 4
and VU meter to line. Feed a steady signal
from the receiver (such as the beat note
from crystal calibrator, tuned to approxi­
mate a I khz tone), and adjust the receiver
gain control for a VU reading of 0 db .
Switch VU meter to NUL and slowly adjust
the SOk balancing pot for null (zero) reading
on the VU meter. This first null may appear
somewha t broad. Actually the null position

I - Record from receiver.
2 - Playback to transmitter.

3 - Off (usual position during
normal station operation).

Phone patch .
Record from phone line.
Playback to phooe line.

Position

of the cost tor the components of a high
grade circuit.

As mentioned above, T2, which IS a
center-tapped transformer providing two
arms of the bridge, also serves the dual
function of matching the output of the
low-pass speaker filter to the speaker. When
this was tried experimentally, it was feared
that switching the filter would cause a
change in the null balance, but this proved
unfounded, and T2 serves its dual role
beautifully.

T3, the two I mfd capacitators and the 10k
potentiometer (TX input level), make up
the balance of the patch components. A
refinement to the original circuit was the
addition of a VU meter which, by means of
a DPDT slide switch, can be selected to read
transmitter input level for null adjustment
(null position) or output level to the phone
line (line position) . I personally consider the
use of a VU meter essential to prevent
feeding too high a level to the phone line,
which is all too easy if "ear" measurement
is depended upon.

Null adjustment is described at the end
of this section.

J7 and 18 provide for permanent con­
nection to the mike input and speaker
output of a suitable tape recorder. (I use a
small transistorized recorder, with high im­
pedance mike input, 8 ohm speaker output.)
Phone patch /recording/playback mode
switching is provided by Sla-g which is a 4
deck, 8 pole, 5 position, nonshorting rotary
switch wired to provide the following fun­
ctions :

Position
Position
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of the pot is quite sharp , but the null is
about -40 db , while the VU meter range is
limited to about 25 db. It will now be
necessary to temporarily cra nk up the re­
ceiver gain in o rder to feed enough level to
the meter to find the exact null adjust ment.
This must be done as quickly as possible
since it means feeding more than the normal
level to the. line. Once set , the null pot
requires no furt her adjust ment u nless the
companio n is connected to a di fferent line­
such as when cha nging QTH . However, it's
worth rechecking o nce in a while , in case
the company has modified so met hing at the
other end of your line which would affec t
t he balance.

T he VU meter must alwa ys be switche d
to line position when using the ph one patch,
and the receiver gain contro l adjusted so that
VU meter readings do not ex ceed 0 db on
voice pea ks. If t he switch is left in null
position during operation, the VU meter will
load the transmitter input and result in
severe loss of gain from the phone line.
However, during normal , itonpatch opera­
tion the null posit ion may be used to
provide visual monitoring of the re ceiver
output , since the hybrid circuit is unbal­
anced when the phone line is disconnected.
Thus, a ctual signal versus noise reports may
be given to stations in addition t o the
traditional S-meter readings. The meter is
automatically disconnected in the line posi­
tion , when the mode switch is in position I,
2, or 3 to prevent possible damage from high
signal levels at the unloaded phone-line
switch connec tions .

In the event your transceiver doesn't
permit taking audio from the detector stage,
as required by J4 in Fig. 1, an alternate
circuit which will permit re cording from the
receiver is shown in Fig. 2. This involves the
addi tion of a sma ll transformer, T6, with an
8-ohm primary and 500-ohm seconda ry im­
pedance to mat ch the tape re corder o ut put
to the patch line terminals when the mode
switch is in position 2.

Noise limiter and CW Filter

In orde r to use the noise limiter and CW
filter it is necessary to be able to take audio
output directly from the product detector
and feed input to the audio a mplifier of the
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Fig . 2. Alternate circuit for st at io n record ­
ing and ptavback , T6-Miniature transistor
output transformer . 600 ohm pr~ 8 ohm sec.

transceiver. The Galaxy V Mk2 and the Mk3
t ransceivers have such a provision built in to
accommodate an audio filt er manufactured by
Galaxy. If your equipment has no su ch
provision it can easily be incorporated by
mounting a dual RCA type phon o jack on
the rear o f the unit and wiring the detector
out put to one jack and the amplifier input
to the o ther, using shielded cable. If you
don't care to make such a modification you
obviously can't make use of this section.

Both n oise limi ter and CW fil ter are
constructed on a single plug-in board (see
construction section ).

The noise limiter is a transistorized ver­
sion of the popular TNS circuit , comprising
Q4 and Q5 , and was adapted from a circ uit
by Tom Kneitel K3FLL (" !O3 Simple Tran­
sisto r Projects," J ohn F. Rider Publ ishing,
Inc. l . Q3 is an audio derived age circuit
furnishing fast attack, delayed release nega­
tive bias, to replace t he more commo n
carrier derived ave from an AM detector
which this circuit requires to "gate" the
squelch action. As with its tube predecessor,
this circuit provides a squelch feature by
varying the load re sistor value in the col­
lector of Q5. The load resistor IS a front

-
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panel control, 50k potentiometer labeled
SQUELCH. The 10k pol connecled to the
base of Q5 is for preset adj ust me nt of
squelch threshold, and is mounted on the
rear bracket. Setting of this control depends
upon the exact character istics of the tran­
sistors used , and the input signal level to
some degree. To adjust it with signal applied
from the receiver, the squelch thresho ld
control should be advanced from zero circuit
resistance t o a point where n o further
increase in signal level is observed. Any
further advance of the control will result in
overdriving the transisto r bases with resul­
tan t distort ion and degrad at ion of noise­
limiting action . The adjustment is best made
with random noise , and setting slightly
below the point of maximum signal may
improve noise limiting. At the opt imum
setting of the squelch threshold control,
squelch action will occur at about the
midpoint sett ing of the front pa nel squelch
control.

It should be noted that , for the circuit
constants shown , Q4 and Q5 and the diodes
D5 and D6 must be germanium types.
Silicon types will not function with the
resistor values shown. Q4 and Q5 may be
any audio-type, germanium NPN t ransistors
with an h FE of about 100.

The selective CW filter comprised of Q6,
Q7, and Q8 is ada pted fro m a circui t by Jim
Fisk WI DTY (73 Transistor Circuits, pub­
lished by 73 Magazine) . Q6 and Q7 have a
controllable feedba ck loop between their
emitters, which is correctly phase shifted by
the series tuned circuits in parallel wit h the
emitter resistors , so that feed back takes
place only at a frequency determined by the
tuned circuits. The I ui, 3v cera mic capaci­
to rs and 50 mh coils used in my uni t provide
a resonant freq ue ncy of 700 hz. These values
were used because they were available, but
other combinat ions of L and C may be
substit uted, providing they resonate at a
desired audio frequency. Ho wever. as the
value of L in increased so is the im pedance
of the circui t . and the fee dback control
potentiometer will also have to be increased .

The 50 mh coils I used are surp lus
miniature shielded toroids, and regardless of
the value of the coils, toroids are strongly
recommended to avoid stray coupling,which

16

will degrade the selectivity of this circuit.
The use of high value ceramic capacitors
requires matching the values of the compo­
nents used to ensure that both circuits are
resonant at the same frequen cy , since cera­
mic capacitors have wide tolerance ranges. If
test equiprrent is not available to match the
capacitors, you can try padding each capa­
citor with smaller value capacitors until
regeneration (audio oscillation) occurs with
the lowest sett ing of the 10k pot entiometer.

The CW select ivi ty co ntro l varies the
amount of feedba ck between Q6 and Q7 and
thus changes the bandwidth . At a point just
before oscillation occurs, selectivit y becomes
extremely sharp with the character ist ic ring­
ing of a crysta l filter , so that only the
slowest speed CW can be copied . The 3.9k
resistor in series with the selectivity potenti­
ometer should be decreased or increased
experimenta lly until t he circuit is just on the
threshold of oscillation when the select ivity
control is advanced fully clockwise (zero
resistance ).

Resistor RI is provided to attentuate the
output of the product detector, which in the
case of the Galaxy V was too high for the
input of Q6. The value will have to be
determined experimentally for the receiver
used, but in the case of the Galaxy it is
lOOk.

The original Fisk circuit included an
emitter follower ahead of Q6 to provide
input isolation. This stage was found to be
unnecessary with the high input level from
the Galaxy V product detector, since the
l OOk series attenuating resistor required to
drop the level to Q6 furnished a suffic iently
high input impedance to prevent loading the
detector stage. If this circuit is to be used
with equipment requiring an isolated input,
the emitter fo llower input circuit may be
required, and Fig. 3 shows this optional
circuit.

"" ""29"~
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Fig. 3 . Alternate input emitter -follower
stage for CW filter.
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$349.95 *• ••

It's not just a rumor anymore ... the S8 ·220 is here, with a price and per­
formance worth the wait.
The New Heathkit 58·220 uses a puir o f conservatively rated Eimac 3·500Z·s
to pro vide up to 2000 watts PEP inp ut on ssn, and 1000 watts on CW and
RTTY. Requires onl y 100 watts PEP drive. Prctuncd broad band pi input
coils are used for maximum effi ciency a nd lo w distortion o n the 80- to meter
ama teur bands.
Built -In Solid State Power Supply ca n be wired for operation from 120 or
H O VAC. Circuit breakers provide added protection a nd eliminate ha ving
to keep a supply o f f USeS on hand . Operating bias is Zener diode regulated to
red uce idling plate current for cooler o pera tion a nd longer life.
Double Sh ielding For J\faximum TV I Protection. The new " 220" is the only
fi nal o n the market that 's dou ble shielded to reduce stray radia tion. The
heavy gauge chassis is pa rtitioned fo r extra strength and isolation o f com­
ponents. When yo u pu t this k ind of power on the air, you'd better be sure.
With the 5 8 ·220. yo u arc.
Really Cool Running. The la yo ut of the S8 -220 is designed for fas t, high
volume air n ow, and a quiet fan in the PA compartment does the job. The
"220" act ua lly runs cooler than mo st exci ters.
Other Features include ALe o utput for preven tion o f overdriving .. . safety
interlock o n the co ver . . . easy 1.5 hour assembly and sharp Heathkit 58­
Series styling:.
T ired O f Stumbling Barefoot Through The QRM? Put 011 big shoes . . . the
new Heathki t 58 ·220. Ano ther ho t a ile from the Hams At Heath .
Kit 5 B-220, 55 Ibs $ 3 49.9 5 ·
S6·220 SPECIFICATIO NS - 8and cove.age : 80. 40. 70. 15 and 10 mete. omoteu. bandl. D, lying
power ,equi ~d : 100 walli. Ma>timum power input : SSB, :rooo wath P.E .P. CW, 1000 wa" •.
RTTY , 1000 wotll . Duty cycle : sse: Continuous vo ice modulation. CW, Continuoul (ma ximum
key·daw n 10 minulu). UTY: 50"~ (ma ximum transm it lime 10 minute.) . Thi. d o rde . d illo rt io .. :
-30 d8 or beller . Inpu t impedance : 52 ohm unbalanced. Outpu t Impeda nce: 50 ohm to 75
ohm unbal anced; SWR 7:1 or len. f.ont panel conlro ll: Tune. tood, Bond. Sen.itivity, Meter
Iwitth. Power CW/ Tune - sse, Plate meter. Multi.meter (Grid mAo Rela tive Power. and High
Voltage). Rear Panel: Line tord. Cir<ui l breakers (two 10 A), Antenna Reloy (phono). ALe (phono).
RF Inpul (50·739). Ground post. RF outpu t (50.239). Tube l: Two E'moc 3·5001. Power requ ired :
120 VAC, 50/60 cycle•• at 20 ampere. maximum. 240 VAC. 50 /60 cycles at 10 amperes. Cobinet
Ihe: 14Y8' W • eli' H • \4%' D. Net weight : 48 lbs.

r---------------~ ~~-,
I HEATH COMPANY, Dept. 11·11 I

• SchlumlJ''''f/'' comp.ny
Benlon Harbor, Michil an 49022 II0 [ nclou d ts $ , plus shippinl· I

I Pleas e send model ($) I
I 0 Please send FREE Heathkit Cata log. I
I Name I
I Address I
I City . . Sia le Zip I
I Prices & $~if~c.a hons su.bjecl to chlnge without notice. AM·230 I
L ~~~~~~~~~: J

New 58-220

FREE '70
CATALOG

Describes these and
over 300 other Heath­
kits. Save up to 50%
by building them your­
s61. Use COU /)Oll and
send l or you r FREE
copy!

-

The New Heathkit®2-KW Linear Is Here
(at last)

=

Two rugged, dependable Hmac 3-5001 hnals
l or top performance. Zener regulated operati ng
bias reduces id ling Ip for cool running.

';~-:::. ,.~; ~

Continuous monitoring of Ip plus switch selected
moni torin, of Rei Pwr., Ep & Ig.

Reliable power supply ... plale transfOlmer on
tight, capacitor bank in center lor excellent
regulati on, f ilament & bias circuitry on left.

•



of the power transistor to the Micro-TO
Keyer. Just about any PNP 5 watt power
transistor will function in this circuit, which
is intended for grid-b lock or low power stage
keying.

Compressor Amplifier

A number of circuits have been tried out
on this board over the past year, and if you
find a compressor useful in your operation,
the bibliography may prove helpful. Un­
fortunately , for proprietary reasons the actual
circuit now in use cannot be reproduced here
but typical controls and connectio ns to the
board are included on the schematic.

Switch 52 is a 4 pole triple throw,
nonshorting rotary swit ch, whi ch switches,
in either the electronic keyer or the com­
pressor amplifier. A single switch, with
cente r position off, was utilized , since quite
obviously simultaneous o peration of keyer
and compressor is never required. In the off
position power is removed from both keyer
and compressor, and the microphone is
connected di rectly to the transmitter. When
the switch is in keyer position, the micro­
phone is disconnected from the transmitter
to avoid unintended modulation .

Power Supply

The internal power supply, which fur­
nishes all the voltages for the various cir­
cui ts, comprises T5 and the regulated power
board. T5 supplies 24 vac, center tapped
ground to the board . A fu ll wave rectifier
consisting of Dl and D2 and associated
filtering components supplies +15v to the
voltage regula to r circ uits o f QI and Q2. The
regulator transistors furnish +9v and +3 .6v
respectively . The +9v supply is used for the
CW filter, no ise limiter and compressor
circuits . +3 .6v is used for the elect ro nic
keycr. Q I and Q2 are arranged in series to
give particularly stable regulation o f the
+3.6v , since the key er current requirements
are quite heavy dur ing " key down ," and any
volt age flu ctuation causes keying speed vari­
ation .

A word about the zener diodes Zl and Z2
is in order. If 9.1 and 3.6 volt zener diodes
are used in these positions, the output
voltages will be the zener voltages less the
0.6 volt base to emitter drop in 01 and 02,

~ WATT

4 (2N1643 1 '"
) toPIN 1

L9 '" '-'f f RAN

'" """' ....,
IIL91.

If«;. 1(1
cea ( REED Q

RELAY )

Fig . 4 . Power transistor switching output
modification for K3CUW kever.

-s e

Sin ce the output of Q7 across the 820
ohm load is quite low, Q8 is a simple stage
of gain to raise the level to that required for
the transceiver audio input.

Jacks J3 and J4 connect to the product
detector output and audio stage input via
shielded cables. Both the noise limiter and
CW filter circuits are switched in and out of
circuit by two 3-pole doub le-throw slide
switches mounted on the front panel. One
section of each of these switches provides
the +9v regulated power required by both
circuits. It will be noted that the switches
are wired in combinat ion so that the noise
limiter is ahead of the CW filter when both
are used simult aneously. This is important,
since high impulse noise peaks, such as
ignition , switching transients, ctc., can cause
extreme ringing when the CW filter is
adjusted close to maximum selec tivity .
Removal of such pulses can rna ke possible
th e copying of weak signals through ORM
wh ich would be re ndered intolerable by high
noise impulses.

Electronic Keyer

The keyer board incorporates the circuit
of the Micro-TO Keyer by K3CUW (QST,
August 1967, and ARRL Handbook, 1968).
Consequently, the complete circuit is not
included on the schemat ic, although external
connec tio ns to the board are shown. The
sidetone oscillator in K3CUW's keyer was
excluded since my transceiver has built-in
provision, but the board has plenty of room
to include the oscillator if req uired. The
only other deviation from K3CUW's circuit
was the use of a power transistor, instead of
a reed relay , for direct keying of the
tran smitter. Fig. 4 depicts the incorporation
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Construct ion
For those who may want to duplicate my

transceiver companion , Figs. ,5 and 6 show
th e chassis and fro nt panel layouts with
major cu touts and hole dimensions and
locations. Not all component mounting
holes are shown due to the likely subst itu­
tion of componen ts with dissimilar mount­
ing requirements ,

resulting in outputs of 8.5 and 3 .0 volts. But
zeners , like any components, are subject to
tolerances so the voltages may be sligh tly
higher or lower. While the +9v circuits aren' t
too critica l, the +3.6v required by the keyer
is, and sho uld be adjus ted as closely as
possible, Too low a voltage will result in
inability to o bta in the lowest keying speeds ,
wh ile the voltage should not ex ceed much
over 4 volts to avoid damage to the inte­
grated circuit co mpo nen ts. Voltage adjus t­
ment can be atta ined by selec ting zener
diodes with high to lera nce values. However ,
an easier me thod is to add forward biased
sil ico n or germanium diodes in series with
the zen ers. The drop across the diodes will
add to the zener voltage -0.6 volt for silicon
diodes and 0.3 volt fo r germa nium diod es.
Having first assembled the circu its with the
zener installed alone, measure the output
and no te the drop below the desired output.
Then add silicon or germanium diod es as
requ ired to bring the voltage up to the
proper value. Since the voltage d rop across
the fo rward biased diodes in constant wi th in
their current lim itations, they have no effect
upon the zene r regula ting capability. Bo th
zener and regular diod es should be rated at I
watt.

D3 and D4 provide full wave rectificat ion
to supply - I Sv unregula ted, utilized by the
age contro l circuit Q3 fo r gat ing the squelch.

+I Sv unregulated is also ava ilable at pin 5
of the board , though not curren tly u tili zed
• •
In my comp anion .

Fig. 5 . Chassis lavout .

IT
T t • ~'I: I-,.,-+-,:__,~ ~,~,.__,~J '\

...411l~ >lOll F()Fl Ct21 ~0 4 Cl- £ .t. R .t. ~C£
, • (l n WIR£ S >lOl- £ S

I ' IGRO M"'U! .0

J
:<1 M.t.TC>l ORI l-U21

L/,t J ~06 CLOC I< MTG >lOL £ S I '
Cl£ .t. R .t. ~CY A -, . 1-IOl£ F()Fl

..... T3 "'T G - - ,

t 4;:"" l?l £»orr s FOR W'Ri ~G .1'r v .. . IG"O"' ''' ETl ._, ... .. n 4

CUTOU T .t. R£.t. FOR 1l00RO SO( I<£ TS

F ig. 6. Front panel major layout cfmen ­
sions.

The front panel is part of the 8" x 81'." x
8" cabinet , (Premier Compact Cabinet,
Lafayette stock nurrber 12 T 8436). Pre mier
Metals manufactures this type o f cabine t in
various dimensions, for those who may have
different requirements. The speaker grill was
fabricated fr om a piece of perforated metal
stock. Bottom part o f the fron t panel was
fini shed with two spray coa ts o f ligh t gray
lacquer. Lettering and dial markings were
applied with Lctrasct instant letter ing, and
the entire sect io n given two fini sh coats of
clear acrylic lacquer to protect the lettering.
Top portion of the panel and the grill were

,.
'.
••

...,

•••
,.'.
1-
,.,­,
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The plug-in boards used fo r the transist or­
ized circuits and power supply are Vector
type 83 7 WE, 4 \4 .. x 3" . These boards are
equipped with twelve co nnector pins. The
WE suffix denotes epoxy glass material.
While they are also available in epoxy paper
material (type 837), the slight extra cost of
the glass material is considered well worth­
while, since it is impervious to heat, permit­
ting stripping and reusing boards for new
circuits. Flea clips are used for mounting the
components to one side of the boards, while
interconnections are wired on the opposite
side , as shown in the photo .

Toroid coils and capaci tors for the 2.1
kh z low-pass speaker filter , together with
transform ers Tl and T ::!. are mounted on a
piece of perfo rated phenolic measuring 5Vz x
2Y4 inc hes.This board is mounted by standoffs
to the fron t panel through the speaker
mounting holes. The 2 in ch sta ndo ffs are
assembled from two 1 inch spacers com­
monly used for expanding three-hole
binders, and available from industrial sta­
tionery stores. The spacers have 8/ 32 studs
at one end and 8/32 tapped holes at the
other. Hole ends of the assembled standoffs
are used to secure the speaker to the front
panel with !4" 8/32 Flathead screws. Stud
ends of the standoffs are used to mount the
board with 8/32 nuts.

Rear mounted " prese t" controls are
mounted on a bracket fabricated from 1"
aluminum angle stock, fastened to the top­
rear o f the chassis. Fig. 7 shows locations of

Fig . 7 . Rear co nt ro ls and co n n ec t o rs.

sprayed with two coats of black crackle, so. all rear controls and connectors. _'"!!_ _
that the speaker opening was "lost" in the ~

overall black finish . The front panel is
secured to the 7 x 7x 2 inch foundation
chassis by the lower front control nuts.
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• Dependable operation
• Rugged Eimoc 3·1 OOOZ
• In.tant Tran.mit • ALe
• Fast Band Switching
• Easy Load and Tune
• Real Signal Impact

BTl LK-2000 , .. F.,
maximum legal amateur
in p ut • •• SSB, ew, RTTY .
Price ••• • $7 9 500

BTl LK-2000HD . ..
For heavy duty applica ­
tio ns such as MARS, high .
power RTTY and SSB.
Price •••• $89500
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"T he Audio Booster:' J im Kyle K5JKX/6, 73
Magazine, October, 1960.

" An Audio Peak Limiter for Voice Transmission,"
Sydney H. Moate W6 ZEM, QST, August, 1965.
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"Audio Compression With Transis tors," Edward
Arvonio W3LYP, QST, June, 1959.

Sockets are provided for six boards (sock­
ets are Vector R61 2-1 ), with sufficie nt
spacing to allow fo r component clearance.
At present only four boards are utilized in
my co mpanion, leaving two vacant sockets
for the addition of u p to 50% more circuitry
when the need arises.

Since a board-socket combina tion costs
around $4.30, t he budget-minded may want
to make their own, which can be cut from
suitable perforated stock sheet with .062
holes, a nd mounted to an a ppropria te male
connector.

T he sharp-eyed may note from t he
photos that two of the top-mou nted panel
slide switches are u nwire d . Well , together
with the two unused Vector sockets , an d the
vacant control holes in the rear bracket,
there is still room for expansion . And if
additional front pan el contro ls are required,
wit h space gett ing a t a pre mium , there are
always those dual pots with concentr ic
shafts, used in T V receivers.

Anyway, I think my companion will be
around the shack for quite some time , even
though it may pass through a continuing
process of evolution .

-
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Fred Johnson ZL2AMJ
15 Byron Street
Upper Hutt, New Zealand

A Simple
Bench Power Supply

Ripple:

Output voltage:

Output current:
Internal impedance:

3, 6, 9, or 12 volts
(switched)
200 rna maxim um
Less than 5 ohms,
preferably about 1
ohm.

To be less than 10
mv peak-to-peak .

Overload protect ion: To reduce the out­
put voltage to a
low level in the
event of excessive
load currents or
short-circuits on
the output ter­
minals.

A further requirement that the trans­
former used should not be a "special" meant
that one with a 6.3 volt secondary would

This power supply provides the choice of four popular
output voltages, three wrrent overload limits, and has an
overload indicator, ye t requires very few components. This
prin ciple of current overload protection can be easily adapted
to existing power supplies. The size of heat sink required fo r
a series regulat or transistor can be redu ced if th is overload
principle is used.

It soon became apparent after building a
rather complicated bench power supply that
this was not the end o f my power supply
requireme nts. This complex sup ply provided
a to 20 volts at 500 rna maximum with full
regulation and overload protection and is
ideal for development projects. Unfortu­
nately, when it is being used on the "latest"
project it cannot also be used to supply
other devices in use in the shack . It was
apparent that a small supply with choice of
fixed output voltages (3, 6, 9, or 12 volts)
and moderate current capacity (200 rna)
would fill the need . Overload protection was..
desirable to eRsure that an unexpected over-
load or short-circuit could not harm either
the supply itself or other equipment. The
specification for this new supply therefore
became :

D.C.
orrwr

c-1,,
, r-c

-" m
'----'---<"'-",,:-:'

\. OUTP\IT VOLTAGE:

"""""'"ISE E fie>!}

is shown but the system can be easily
adapted for 110 volts (see text) . The "over­
lo ad" ind ic ator extingu ishes w hen excessive
output c u rrents a re drawn.

\
TYPE 47
PIl.Df LAMP

·OVERLOA O·
INDICATOR

-
4 .7 M4
ow

\

...
ow

\
·~ ON·

INDICATOR

"""~.,.."...
CCM"I:HE'<T (sa FlG.'II

r--- - - - --,
I cs-r Cp I

• ~"1"'....H---...,"1
L____ _ _ ...J

C
Z30V ~MZ

EARTH~

t£llTRAL~---,

Fig. 1. C irc u it diag ram of t he regu lated
power supp ly. The compone nts in t he
dashed squares are simp lif ied examp les for
purposes of exp la noi[lt ion. A 2 30 vo lt supp ly
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ri g . 3 . T he outpu t vo ltage swi tching
a rra ngements. Two S P O T switches select t he
required zener reg ula t or diode. Switch
positions in (a) a re also shown in (b) which
show s the panel labeling . Note that for 3
volts (as shown) t he 3 volt zener is in
para lle l w it h a 6 volt zener- wh ich of cou rse
wi ll not b e operat ing.

The Circuit

The regulator circuit is basicaIly a transis­
tor series regulat or with a zener diode as
voltage reference. Two transistors are used in
a compound circuit as cascaded emitter
followers to ensure a low value of output
impedance and to preven t any wide load
variations from causing excessive changes to
the zener diode operating conditions. A
zener diode refe rence voltage is selected by
means of switches to provide the output
voltage required . The switching used is
shown in Fig. 3. Two toggle or slide switches
select the required zener reference diodes.
Note that three diodes are used to provide
four reference voltages.

The zener diode reference voltage has to
be slightly greater than the resulting power
supply o utput to allow for the base-emitter
voltages o f the two transistors. The transis­
tors shown are NPN silicon types but many
other types could be subst ituted, silicon or
germa nium. If PNP transistors are used , aU
diodes and all elec troly tic capacitors will
have to be reversed to provide voltages of
the opposite polarity. If other t ransistors are
substitute d they should have as high a

•current gain as possible consiste n t with the
current they are expected to handle.

I built the supply in an aluminum box 5
inches by 4 inches by 3 inches and the
2N215 l power transistor is bolted to the
case but insulated from it by mica washers.
A heat sin k is not really required owing to
the modest current output of this particular
supply . More will be said about th is lat er.
Other construc tional details will not be given
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Fig. 2. T he outp ut c haract e rist ics o f th e
p o wer su p p ly. Not e that fou r o utput volt­
age s (3, 6, 9 and 12 vo lt s) and t hree c u rre nt
limits (at 5 0 to 100 rna , 130 rna, and 240
rna a pp rox .) are ava ila b le. Th e maximum
current lim it m a y b e increased (see text),
The figure s in c irc les rep re sen t p e ak -to-peak
rip p le vo ltages (in mi llivo lts) a t t h e load
points show n, measu red with an osc illo­
scope. Output impedance is abou t 2 ohms
(at worst) on the flat part of t he c urves .

have to be used. This meant that some fo rm
of voltage doubler would be required to get
a 12 volt output. This, however , represents a
saving of two rectifier diodes over the four
generally used in bridge circuits so in some
ways is an advantage-provided the output
ripple can be kept within the limits accep­
table.

This, then, was the background to this
proj ect. The resul ting circuit diagram is
sho wn in Fig. 1 and the de output characte r­
istics shown in Fig. 2. Note that the input
supply voltage is 230 volts at 50 hz. This is
the domestic supply used in New Zealand
and has been retained in this circuit in order
to show the overload pro tection arrange­
ments. Some component values will have to
be changed when I 10 volt primary trans­
formers are used. As access to 11 O-volt 60 hz
systems are just about impossible in ZL-Iand,
details wiIl be given later on the me thods
used to select component values for other
systems of power distribution . It is hoped
that some enterprising U.S. ham will inves­
tigate this with local components and write
and tell this magazine about it, giving pa rt
numbers and component values.

JANUARY 1970 23



for there is nothing at all critical about the
layout.

The 390 ohm resistor was selected to
ensure that the zener diodes do not dissipate
more than their 400 mw under any con­
ditions. In fact they are considerably under­
run. Other zener types could be substituted
to provide other output voltages if required ,
but if this is done then some adjustment of
the 390 ohm resistor may be necessary. The
zeners may be individually selected if
enough are available, to provide accurate
output voltages.

Thl'! voltage doubler is conventional and
again a wide range of diodes could have been
used in place of -the ones' shown. A pilot
ligh t using a type 47 lamp is co nnected to
the secondary of the transformer. A 4.7 o hm
resistor is used to protect the lamp from the
rise in secondary voltage on no-lo ad , but this
will be discussed later.

Overload Protection
The regulat or system is capable of regulat­

ing the output against wide changes of
input voltage fro m the main supply and it is
this charac teristic that is used in this unit to
give overload protection. From the secon­
dary of the tra nsformer to the output , the
regulator is of quite common design. Such a
regulator will normally regulate up to the
rat ed current limit of the series regulator
transistor and other co mponents, but will
have little or no immu nity against overload.
Excessive load currents will generally cause
overheat ing in the regulator with ultimate
failure of one or several components. Many
different te chniques have been devised to
protect this type of supply from overload.
The most elabo rate methods use some form
of trigger circuit to elec tro nically switch off
the supply after a certain load current has
been reached. This enta ils a reset procedure
to restore the output after the cause of the
overload has been removed . Another type of
overload system ensures that the output
voltage is abru ptly reduced to a low and safe
level after a certa in load curren t has been
reached . This type of pro tec tion is usually
self-resett ing in that once the cause o f the
overload has been remo ved, the supply will
im mediately return to its normal output
voltage. It is one form of this type of
protection that is used in this small power

24

supply.
The simple addition of a capacitor in

series with the transformer primary provides
a convenient current overload protection
with some other advantages. This capacitor
is sho wn as Cp in Fig. I . The effect is to
cause the "vertical" voltage drop as shown
on the characteristics in Fig. 2. It may seem
at first to be a highly unlikely result so an
ou tline of the action will soon be given . The
high-current overload does double back as
sho wn on Fig. 2.

SI PaS S2 PaS

0 _ 6 '1 _ ,, ,
",

'><I 1~
(62VI 0'

sa• , _ 9V_ •,,,,.
OUTPUT(68Vl 11011.6

(3.!VI voos

,
' 0) '"

Fig. 4 . The current-limiting switching
arrangements. Two S P O T switches provide
" o ff " and c h o ic e of t hree output c u rre n t
limits b y se lecti ng o n e o f two c apacitors, o r
b oth in series. The neon operates w henever
the supp ly is " o n," irrespective of which
current limit ra nge is in use. Swit c h
positions a re shown on both d iagrams for
ease of reference.

The switching arrangements for the
current overload are shown in Fig. 4 . Two
SPDT toggle or slide switc hes (similar to the
zener-switchi ng ones) provide a "mains off '
facility and the choice of three overload
current limits. Two capacitors are used and
these are connected individually and in series
to provide a range of three capacitance
values.

The Indicators

The neo n pilot lamp is used to indicate
that the su pply is on. In one set of switch
positions the neon is fed with 230 volts
through the 0 .5 Ilf capacitor. This capaci­
tor has a reactance of 6400 ohms at 50 hz so
has negligible effect when in series with the
neon current-limiting resistance. This form
of connection is necessary to ensure that the
neon glows when the switches are in all three
current-limit ing positions, and ye t is ext in­
guished when the switches are in the "mains
off" position.

It may seem st range that two pilot lights
are necessary. The neon shows when the
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A 5 BAND 260 WATT SSB
TRANSCEIVER WITH BUILT-IN
AC AND DC SUPPLY. AND
LOUDSPEAKER. IN ONE
PORTABLE PACKAGE.

Just hook up an an tenna and microphone, connect the '270' to a power source, and
you're on the air. And don't let its small size fool you. The Cygnet 270 is loaded
with features that make its price tag even more attract ive. Besides being a great one
piece home station, it is a wonderful unit for use on business trips and vacations. The
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power is on while the other lamp shows
when an overload has occurred. The ty pe 4 7
lamp extinguishes when an overload has
been applied, While both lamps are lighted
the supply is delivering its rated voltage. If
the type 47 goes out then an overload has
occurred. This arrangement works irrespec­
tive of the voltage output setting or the
current overload range that is being used.
With no voltmeters or ammeters used in the
output (they were not considered necessary
for the application in which this supply is
used) this twin-lamp system has proved to be
quite effective.

Overload Circui t Operation

The action of the series capacitor in the
primary can be explained when it is realized
that the input impedance of the primary of
the transformer (when the de output is on
open-circuit) can be regarded in its simplest
form as an inductance in series with a
resistance. The inductance value is made up
of transformer leakage reactance and some
primary inductance wh ile the resist ance is
made up o f resistances representing the
transformer losses and the load presented by
the regulator components. The primary
circuit is thus a series-tuned circuit, co nsist­
ing of Cp, and the transfo rmer inductance
and resistance. This tuned circuit must not
be at resonance at the mains fre quency or
excessive primary current wo uld flow. The
resonant frequency is made higher than the
mains frequency and a change of Cp has the
effect of changing this resonant frequency.

The primary current (with no load on the
output terminals) is increased considerably
with the inclusion of Cpo The current
flowing is not in phase with the supply
voltage so the power dissipated in the
primary is small. The voltage across the
transformer primary is increased to about
300 volts when the 0.5 /If capacitor is in
circuit. This in turn means that the output
of the voltage doubler is increased to about
20 volts de when the supply is on "no load."
The series transistor regulator accepts this 20
volt input and reduces it to 12, 9, 6 or 3
volts at the dc output terminals, even on
no-load. When a load is connected to the
regulator dc output terminals it has the
effect of changing both the inductance and
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resistance values seen at the transformer
primary. The resistance value increases as the
load increases while the inductance value
decreases. The resonant freq uency of the
primary tuned circuit t herefore rises and the
imped ance presented to the mains input
increases, causing a decrease in primary
current. The Q of this series tuned circuit
thus falls . The output of the voltage doubler
and the 20 volt dc level at the input to the
regulator drops. At some value of load
current this dc voltage will have dropped to
a point where the regulator can no longer
operate satisfactorily and the output dc
voltage now takes a downward plunge. The
exact mechanism causing this steep fall is
rather complex for the current and voltage
waveforms at the transformer primary
become distorted even though core satura­
tion has not been reached .

At the overload point at the top of the
downward plunge of the voltage curve, the
type 47 pilot lamp goes out , showing that
the transformer secondary voltage has
dropped to a low level. With an overload
current at the de output terminals, the
voltage at the output of the voltage doubler
has dropped to about the same voltage as
that at the de output terminals, and with a
short circuit, it drops to zero volts.

The overall result is most effective and
especially is this so whe n component econ­
omy is considered.

The voltage rating of the capacitors must
be high because under no-load conditions
the voltage across the capacitor rises to
about twice the mains voltage . The voltage
rati ng should be I kv for 230 volt systems
and 500 volts for 110 volt sys te ms to be sure
that the component will not fail.

Determining Component Values

This current-limiting technique has been
applied to another power supply and it was

found that a 4 /If series capacito r (I kv
oil-filled) produced as steep a falloff as the
0.5 Ilf on the supply described . The value of
capacito r to use for a particular value of
current limiting is just about impossible to
calculate for little is usually known about
the transformer input impedance fo r the
resulting de load . The capacitor valu e is best
determi ned experimenta lly by substituti ng
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the effect o f changing the current-limit level
but this is unlikely to be bothersome if you
draw your power from a large distribution
system. A change o f input mains voltage has
a very sma ll effe ct on the limit level and can
be overlooked.

Ripple voltages, measured with a
Tektronix 54 5B oscilloscope are shown in
circles o n Fig. 2 (millivolt peak-to-peak
values). at vario us load levels. The lower
output impedance and inferior ripple of the
3 volt and 9 volt curves can be attributed to
the use o f the 3 volt zener with its high
dynamic impedance.

This supply has met my requirement
quite sat isfactorily and is giving good service .

Acknowledgment

I wish to thank Louis W5KFV for pro­
viding many of the compo nen ts used in the
development of this and many other pro­
jects.

value after value (sta rt ing off with a 0 .1 JIf
for 230 volt systems and a 0 .25 pf for 110
volt systems) and plotting the output char­
acteristics using an ammeter, voltmeter, and
adjustable load resistor o f suitable value.
Increase the capacitor values in say , 0.25 JIf
steps until the desired cu toff current is
reach ed .

One point must not be overlooked. If you
try this with an existing supply (as I hope
you will) make sure that the voltage ratings
of any filter capacitors are not exceeded.
Remember that the dc voltage o u tput o f the
rectifier is increased by approxi ma tely 50%
when the supply is o n no-load . The prima ry
voltage is increased by a like amou nt, but this
is not as serious as it appears to be for the
power factor is far from unity and little
increase in transformer operat ing temp~r­

ature (i f an y) will result. An ac voltmeter
across the primary ca n be used to keep this
under observation while substit ut ing capaci­
tor values. Remember that excessive primary
currents can be drawn if the primary
approach es resonance, so start o ff with the
values o f capacity quoted and increase it in
small increments until t he desired limi t is
reached , keeping an eye on filt er capacitor
voltage ratings. Remember too that you are
playing with mains power so play it safe .

Other Advantages

Two other unexpected ben efits also
accrue from this series capaci tor current­
limiting arrangeme n t. When firs t switching
on , all the filt er capacitors are discharged
and the diodes would normally pass a very
high current during charging. Wit h th is serie s
capacitor in circuit , this charging current
appears as an overload current and the initial
chargi ng current is limited. A resist or in
series with the transformer secondary to
limit the -switch-on charging current as often
used is now not necessary. The second added
advantage concerns the size o f the power
transist or heat sink (if used). Because the dc
input voltage to the regu lator falls as the
load current increases, the power dissipated
in the series regulator is not as high as would
norma lly be expected, and large dc output
currents can be handled before a heat sink
becomes necessary -this alone is an economy
10 space.

A change in ma ins frequency will have
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the light received from an object. Young's
investigations were extended by Helmholz
and others, who showed through mixing
experiments that almost all colors could be
matched by a mixture of three colors. The
three colors used in the matching process are
not specified; but then, there are no three
unique components that must be used for
color matching. It can be shown, however,
that red, green, and blue components permit
matching the greatest spectral range of
colors (without using negative quantities of a
component), and for this reason, red, green,
and blue are considered as the primary
colors.

James C. Maxwell, in 1861 , demonstrated
that the above principles could be used to
reproduce a colored scene, and thus laid the
foundation for current three-color photog­
raphy, printing, and television. Maxwell
exposed three separate photographic plates
to a landscape scene through red, green, and

F ig . 1. Color m ix tu re by addi t ion.

Introduction

In 1861, James C. Maxwell demonstrated
the principles of three-eolor photography.
Max well analyzed a landscape scene through
red, green and blue filters, and from the
black and white negatives so produced, made
three positive lantern slides. Then, by pro­
jecting the black and white lantern slides
back through red, green, and blue filters, and
superimposing the three pictures, he pro-..
duced a color picture of the landscape. The
principles of tricolor analysis and synthesis
first demonstrated by Maxwell are still used
today in the field of color photography,
color printing, and color television. For
example, the first close-up color photo­
graphs of the moon's surface were produced
by a Surveyor satellite suitably equipped
with a black and white television camera and
color separation filters. More recently, the
color photographs of the earth taken by an
Application Technology Satellite iScientific
American, 1969) are but another example of
color photography by means of color
analysis and synthesis.

The application of color analysis and
synthesis techniques to amateur television
follows as a logical step in the development
of this communication mode. In particular,
the technique is here applied to the field of
slow-scan television, giving the amateur a
capability for the long-distance transmission
of color information.
Color Principles

In 1801 , Thomas Young put forth a
hypothesis that human color vision is based
on a three-part color analysis, in the eye, of
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suitable mixture. This process is illustrated
in Fig. I, where white-light sources are
projected onto a screen through three pri­
mary color filters. Besides the areas where
the primary colors are observed, and where
all three colors are superimposed (white),
three additional colors are observed. These

•
are: cyan, (white light minus red); magenta
(white light minus green); and yellow (white
light minus blue). This suggests that color
mixing may be performed using the colors of
cyan, magenta, and yellow ; that is, by
subtract ive mixing.

Fig. 2 shows a subtractive mixture of
colors produced by projecting a single white
light source through an overlapping set of
staggered subtractive filters (i e., cyan,
magenta, and yellow filters). Besides the
three subtractive colors observed on the
screen, we can see areas of red, green, and
blue. Where all three subtractive filters over­
lap, no light (black) is projected. Thus in
Maxwell's experiment, let us dye the positive
silver image prepared from the red filter
separation negative cyan. Similarly let us dye
the positives prepared from the green and
blue filter-separation negatives magenta and
yellow, respectively. If we now place all
three dyed transparencies in the same projec­
tor, we obtain a color picture (without
having to use any filters in front of the white
light projector) by ·subtractive color
synthesis. Our present color photography
and color printing methods employ the
principles of subtractive color synthesis, and
it is this technique we used to synthesize the
first color picture transmitted by slow-scan
television.
Method

The general method employed to analyze
and synthesize the slow-scan color television
picture is shown diagrammatically in Fig. 3.
The subject here, a black circle containing
red (R), green (G), and blue (B) circles, is
first illuminated with white light. The sub­
ject is then viewed (in sequence) through
red, green, and blue filters by an SSTV
flying-spot scanner or vidicon camera, and
the three black and white pictures ob­
tained - which might be called the separa­
tion pictures - are recorded on a conven­
tional audio tape recorder. Once taped, the
pictures may be transmitted over the air or

MAGENTA

YELLOW

CYAN

F ig. 2 . Co lo r m ixture by sub tract io n .

blue glass (filters). The photographic emul­
sion exposed behind the red filter, when
developed, showed, in terms of silver
densities, the amount of red light reflected
from the scene. Areas of the landscape
which reflected greater amounts of red light
yielded greater densities on the corre­
sponding parts of the black and white
negative. Where a lesser amount of red light
was reflected, a lesser density was obtained.
Similar statements apply to the negatives
made with the green and blue filters (substi­
tute "green" and "blue" for the word " red"
in the above sentences). Colors formed from
two or more colors were recorded on two or
more negatives in proportion to the amount
of each primary color reflected. Thus, the
set of three black and white separation
negatives recorded the tricolor analysis of
the scene.

To reproduce the landscape analyzed by
tricolor analysis, Maxwell first produced a
positive transparency from each of the three
separation negatives. These positives were
then placed in magic lanterns, and a colored
filter corresponding to a given positive's
separation filter was placed in front of each
lantern. That is, a red filter was placed in
front of the lantern containing the positive
made from the "red" negative, etc. With the
intensities of the lanterns properly adjusted,
a reproduction, or synthesis, of the land­
scape appeared on the screen. Although the
reproduction was poor by today's standards,
the basic principles of three-color photog­
raphy had been established.

Maxwell reproduced his image by additive
color synthesis, wherein three colored light
images are added together to obtain a
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Having outlined the basic principles of
color analysis and synthesis, and the applica­
tion of these principles to the transmission
of color pictues by slow-scan television, let
us now turn in detail to the techniques
employed.
Color Analysis

Ideally, one would wish tha t the response
of his television syste m be similar to that
shown by the dashed line in Fig. 4. The
response is seen to be flat over the entire
visible spectrum, and thus, it should be
possible to select single-color filters which,
when placed in front of the imaging system,
produce an overall camera-filter response
which can match the standard color­
matching functions (Co mmission Inter­
nationale de l' Eelairage, 1931). That total
system response fu nctions close to the ideal
can be achieved is evide nced by the spectral
response curve of the Surveyor 1 television
cameras (clear position on the ftlt er wheel,
solid line, Fig. 4). Overall camera-filter
spectral response functions for Surveyor I
can be found in the report of the Surveyor

MODIFIED AFTE R SURVEYOR I ' PRE LI MI NAR Y RE ­
suets. SURVEYOR SCIE NT IF IC
AN D EVALUATION AN D ANA LYSIS
TEAM , SCIENCE . VOL 152 ,
2 4 JUNE 1966

F ig. 4 . T he idea l roter -svsre-n resp o n se for
co lo r analysis work . This response is shap ed.
u sing sin gle-c o lo t'" filters, to produce a
response w h ich matches the standard co lo r­
mat ching functions. The total -syst em
response for the camera ab o ard S urveyor 1
is shown for comparison .
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Fig. 3. Color rep roduction by means of
c o lo r an alysis and sy n t h esis. T his was t he
method u sed by W4UMF and M r. T arr t o
reprodu ce t h e f i rs t co lo r pictu re transmi tted
by amateur SST V .
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on the telephone lines; the tape can also be
forwarded through the mail. Whatever the
means of transmission, the pictures are
eventually played back at the receiving end,
whereupon three black and white photo­
graphs, corresponding to the three separa­
tion pictures, are taken of the monitor's
display. Note that no filters are required at
the receiving station; the three black and
white pictures transmitted already contain
the necessary tricolor separatio n infor­
mation.

Once the monitor' s out put has been
photographed using a conventional camera
(time exposures are taken of the three
separation pictues), the film is developed.
This yields a set of separation negatives from
which are prepared three positive prints.
Halftone negatives are now made from the
three positives, and these negatives processed
using the Color-Key printing technique. If
the three processed Color-Key films are now
superimposed on a white background, the
resulting color image is a reproduction of the
originally televised color subject

TA U TH_EE [I POSU RES
THROUGH PRI "~ R T nc T[~~ Y. Yo f:\

[ fl'1 HG -SPOT SC ~ H HER OR YIO ICO H CA HE U) D ~ ~
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F ig . 5 . Thre e classes of image .tube re sp o n se
used in ama t eu r SSTV systems. T h e re o
sponse of a conventiona l v idico n is p referred
for co lor ana lysis w o r k . fo llo w e d by the
response for an S 4 ·P7 flying ·spot scann ing
system.

* REF. : SLO W-SC AN VIDICO NS ; L IGHT IN TE­
GRATlO N e STORAGE, NA RROW -BAND
VID EO TRAN SM ISSION , WESTING HOUSE,
APRI L , 19 6 B.

** REF.' AVERAGE RESPONSE; 'S4 SENSIT I VIT Y
( 28 70 ° K TUNGST E N SOURCE) T IMES
AVERAGE P7 SPEC TR AL- EMi SSION
CHARAC T ERIS T IC , RCA HB -3 TUB E
MAN UAL.

Scientific Evaluation and Analysis Team
(I 966), and for Survey or 3 in Shoemaker,
et aL (I 968).

As television cam eras with "ideal" spec­
tral response curves (like those of the Sur­
veyor cameras) are necessarily expensive, we
should not be surprised that the imaging
systems employed by amateurs use tubes
with response curves far from the ideal. Fig.
S shows the response curves for three classes
of imaging systems used in amateur slow­
scan television work. Flying-spot scanners
(e. g., see Hutton, 1967) typically use 931 A
photomultiplier tubes (S4 response) together
with a P4 or P7 CRT raster source. Slow­
scan vidicon cameras, on the other hand,
generally employ image tubes like the
Westinghouse WL-7290. Only recently,
Taggart (I 968) and Hutton (I969) have
demonstrated the use of conventional fast-

scan vidicons (e. g., 6326, 7038, 7735A,
etc.) in the slow-scan mode. Thus, we
essentially have three classes of image-tube
response to choose be tween. Of these, the
conventional vidicon's response is superior,
followed by the spect ral response of the
S4-P7 flying-spot scanning system. The slow­
scan vidicon, however, peaks in the violet ,
and experiments at W4UMF have shown that
its ext remely low output in the red (visible
wavelengths greater than 6 10 millimicrons)
eliminates it as a possible image pick-up
device for direct color separation work.

Robert Tschannen's (W9LUO) dual-93I A
flying-spot scanner was used for the color
analysis phase. This scanner, similar to that
described by Hutton (I 967), employs a 15
hz horizontal frequency and an 8-second
frame period (I20 lines). The total-system
spectrum response function was shaped for
color separation by inserting red (Wratten
No. 25) and blue (Wratten No. 47) filters in
front of the photomultiplier tubes. No filters
were used in producing the green separation
picture. While the green separation picture
therefore contained, in reality, blue-green
information, this color bias was compen­
sated for in the production of the Color-Key
print.

The subject chosen for the init ial color
se parat ion tests is shown on the cover,
bott om left. Anyon e who has ever tuned a
color TV set or viewed a color slide can
attest to the fact that the fait hful repro­
duction of skin tones is essential to good
co lor imaging. Thus, it was felt that a subject
such as that chosen would provide a good
test of th e techniques to be employed.

To correct for th e non-uniform spectral
response of the system, the following pro­
cedure was used in preparing each of the
separation pictures. With a given set of color
filters in place (or no filters, in the case of
the green picture), a white card was substi­
tuted for the subject picture, and the photo­
tube outputs set to a predetermined level.
This level, which was the same for all three
white-card separation pictures, was suffi­
ciently high to produce a white picture on
the slow-scan monitor. Following equaliza­
tion of phototube outputs, the subject
picture was placed in the scanner, and 8
separat ion-picture frames were recorded on

\
\
\
\
\,

\
\
\
\
\
\
\

\
\

\
\

\
\ ,

, .
I <,

I /"I
I \

\
•
\
•

\
•
\
•
\
\

\
•
\

\
•,

300 4 00 500 60 0 70 0

WAVEL ENGTH - MILL IM ICRONS

SPECTR AL SE NSITIVITY CH ARAC TE RIS TIC S

__ TYPIC AL FAST SC AN VIDICON
l EG 77 35 AI

_ . SLO W·SC A N VIDICON -
IE G WL-72 901

__ S4_P 7 RESP ONSE- *
I E G 93 JA a 3 FP7)

20

100

w 80

'"z
o
Q.

'" 6 0W
0:

w

'"I- 4 0

'"--'
W
0:

JANUARY 1970 3 1

-



magnetic tape. Every effort was made to
replace the subject picture in the same
position following each equalization adjust­
ment; an attempt was also made to maintain
a common size for the scanning raster. The
necessity of alternately changing picture and
card for primary output adjustment could
account for some of the misregistration seen
in the synthesized picture. It is to be noted

•
that slight defocusing did occur on the red
separation picture. This is a result of having
to drive the raster source CRT quite hard
before obtaining the desired output
equivalence.

The recorded pictures were mailed to
W4UMF for color processing. The question
of whether these pictures should have been
transmitted by SSB on 20 met ers, via the
phone lines, or by tape through the mail is
purely academic; tests conducted during the
past two years have proven all three trans­
mission modes capable of yielding high­
quality SSTV pictures.

Color Synthesis
To produce the required separation nega­

tives, the taped separation pictures were
played back through a 3" monitor, and
photographed on black and white 35mm
film. The camera used was a Bell and
Howell-Canon single-lens reflex with a
35mm f/1.8 lens. A close-up lens was also
attached. The camera was tripod mounted,
and a remote shutter trigger employed. to
minimize changes in the camera's position.
While small lateral and vertical changes in
the camera's position c~n be corrected for in
printing the Color-Key picture, changes in
the distance between the camera and
monitor will produce variations in picture
magnification. Such variations in image size
are difficult to compensate for, and can
result in significant color fringing.

Use of 35mm film necessarily required
that the separation negatives be enlarged
prior to printing. This suggested that fine­
grain film be employed. The film chosen was
Kodak Panatomic-X.

The Panatornic-X film has an ASA rating
of 32. Because of this rating, and the low
light level of the CRT flying spot, it was
necessary to experiment with aperture
settings. Aperture settings of 1.8, 2.8, 4 and

32

5.6 were used in obtaining the 3-picture sets.*
All pictures taken were 8--second (one frame)
time exposures. The black background of
the original subject was used as a guide for
proper adjustment of the monitor. That is,
the brightness for each picture was set such
that the CRT beam was just extinguished in
the black portion of each frame.

The exposed film was processed in
accord ance with the film manufacturer's
specifications. This not only assured us of
obtaining proper silver densities in the nega­
tives. but should also permit duplication of
the results obtained to within narrow limits.

The 35mm separation negatives photo­
graphed from the monitor were quite con­
trasty. This was due in large part to the lack
of tonal gradation in the pictures displayed
on the monitor. As the P7 cathode-ray tube
is capable of reproducing only 4 or 5 shades
of gray, some tonal adjustments had to be
made in the synthesis process. These adjust­
ments will be discussed in detail later in this
section.

From the 3-picture sets available, separa­
tion negatives were chosen for Color-Key
processing. The choice of negatives was not
too critical, as one can exert some control
over picture characteristics {i. e. density,
contrast, etc.) in a separable subtractive
color process such as the dye transfer or
Color-Key process. The white flar ing was
introduced in the analysis process (glare).

The Color-Key method for color printing
was used to synthesize the tricolor-analyzed
picture. For a complete survey of Color-Key
printing the interested reader is referred to
the literature on color printing processes.

Color-Key is primarily used by lith­
ographers to produce proofs of separated
negatives for multicolor printing. The pro­
cess can be used by anyone with access to a
high intensity lamp. In addition, materials
are available in most areas of the country,
which is not true of other processing mate­

"The monitor at W4UMF employs a 3RP7A CRT,
with an accelerat ing voltage of 1600 volts. Most
monitors usc 3FP7A, or 5A BP7 CRT's. which
generally emp loy accelerating voltages closer to
3100 volt s. If tu bes of the latter type are em­
ployed , and Panatomic-X film is used , it is sug­
gested that slops between 2.8 and 8 be tried . If a
film such as Plus-X is used wit h a high accelerati ng
voltage CRT (-) toO vol ts). f/s tops between 8 and
11 shou ld produce good 8-second tim e exposures.
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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 favorite DX contacts. You'll swear
you're talking to the guy next door!

t

This is the rig. The one they all want. And now you understand why.
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rials investigated (e. g., dye tranfer mate­
rials). Color-Key is easily handled in subdued
light and has a one-step developer which is
applied with a cotton swab.

Because of its lack of tonal range, Color­
Key must be exposed using a halftone or
screened negative.

The Color-Key process uses three sheets
of film, each dyed one of three colors: cyan,
magenta, and yellow. The halftone negative
for the complement of each Color-Key dye is
exposed and developed separately. The re­
sulting Color-Key positives are then aligned,
one on top of the other. Viewing through
the composite film should produce a color
reproduction of the original color scene. We
use the word "should" because of the
problems encountered.

It was mentioned earlier that the nega­
tives photographed from the monitor were
of high contrast. As such, the glossy photo­
graphs were also without tone gradation, and
thus, the halftone negatives had relatively
little tone variation. The reason for this
follows . Let us examine the synthesis pro­
cess in detail. Consider that black and white
picture on the monitor which had been
analyzed through the red filter. The picture
had white areas on the screen where the skin
tone was on the original. As the skin tone
(large percentage of yellow-red) would pass
through a red filter, the face should have
appeared light gray. The green area of the
dress, co mposed of cyan and yellow, was not
entirely passed by the red filter, and should
have appeared dark gray on the screen. This
area however, was displayed as black. This
shift to higher co ntrast is a product of the
monitor's CRT limited dynamic range. Thus,
it was not possible to accurately reproduce
the tones of the original picture. Similar
statements apply to the green and blue
separat ion pictures as observed on the
monitor. As such, we were required to use
some color correct ion to reproduce the tone
values between white and black.

After all the Color-Key positives were
made, it was determined that more magenta
and yellow was needed to reproduce a
realistic skin tone. Adding these colors
would also make needed corrections in other
areas of the picture to correct for the
blue-green bias in the original SSTV separa-
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tion piotures. Color-Key sheets containing
dot patterns of 50% color value at 85 lines
per inch were added. This corrected the
color to within reasonable limits over the
entire picture. No attempt was made to
correct particular areas of the print ; all areas
were treated uniformly.
Results

The processed color prin t is shown on th e
cover. at the right. In judging the quality of
the reproduction, we should be aware of the
inherent resolut ion limit ation ( 120 lines) of
the slow-scan system, and th e limited
dynami c range of the monitor 's CRT. To the
extent that the Color-Key print approx­
imates the color of the subject. however. we
class the quality of the synthesized color
print " fair:'

Comments and Conclusions
In the case of the picture processed

above, the original color photograph was
available to be used as a guide in the
synthesizing process. To eliminate the need
for viewing the original color photograph
during color synthesis, it is suggested that a
small color-bar set be included in pictures to
be analyzed. Upon synthesis, accurate
reproduction of the color bars will insure
proper color balance in the subject.

We have demonstrated the feasibility of
transmitting color pictures by slow-scan tele­
vision, using the method of color analysis
and synthesis. In particular, picture recon­
struction was performed using a separable
subtractive color process - the Color-Key
process. Though the color analysis phase of
the test and the production of the separation
negatives may seem heuristic in character to
the critical experimentalist, the procedures
described nevertheless do work. We would
hope that more experimentation will be
done using the Color-Key process as this
process can produce excellent results given
separation negatives of good tonal gradation.

That prints made using the Color- Key
process are considerably more expensive
than conventional color prints, and that an
experienced amateur photographer is more
apt to obtain the desired results when using
this process, would seem to limit the applica­
tion and use of the color transmission
method described. However, given today's
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technology in quick-processing films (e. g. ,
Polaroid Polacolor), and a continued experi­
mental effort on the part of the amateur­
photographer, it is expected that technically
and economically more appealing synthesis
techniques will be developed shortly for the
color transmission by slow-scan television.
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Fascinating Fundamentals

VOlta and His Pile
Although this article is about Volta and

the invention of the electric cell, it would be
incomplete without at least a mention of
another Italian, Luigi Galvani. Both these
men stumb led over the same principle, and
both men misinterpreted it, although Volta's
interpretation was most nearly accurate.
Galvani's main field of operation was electric
detectors. After his wife was scared out of
her wits by a pair of frog's legs t hat jumped
without having the rest of the frog attached,
and after she suggested to her husband that
the phenomenon just might have something
to do with his electric machines, Ga lvani
"discovered" this very sensitive me thod of
electric detection.

Galvani worked for a number of years
with his frog legs, and during the course of
his experimenting, he completed a circuit to
a pair of legs by way of a copper wire and an
iron fence. He observed that the legs would
ju mp when connected through two d ifferent
metals. but not when only one kind of metal
was involved. Not being concerned with
electric generation, he continued his experi­
ments in the field of detection.

This was in the la t ter part of the eight­
eenth century, and in those days, the only
source of electric power was from electro­
static machines. Just a few decades before,
Franklin had discovered atmospheric electri­
city through his famo us kite, but th is had
proven to be a difficult source to contro l.
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Nobody had, as yet, said so, but the thing
most needed to further the progress of
electricity was a source of continuous cur­
rent.

Galvani had been convinced that his
connection of the frog legs to the metal
strips had shown evidence of what he called
"Animal Electricity:' Volta thought dif­
ferently. He felt sure that the source was not
in the animal tissues, but rather in the
connection between the two metals. He
came awfully close. For quite a while he
experimented with a great many combinat­
ions of metals, and eventually came up with
a list so arranged that any metal shown
would genera te a positive charge whe n con­
tacted with any metal below it. His one
misconception, and it was a minor one. was
that it was the CONTACf between the two
pieces that produced the charge.

Volta had tried to improve the connec­
tion between the me tals by mo istening them
with brine. In time he found that the same
result could be had if the two pieces were
altogether separated. He still believed, how­
ever, that it was only the connection be­
tween the metals, and not a reac tion with
the brine that produced electricity. Soon he
was making stacks of his cells piled one on
top of the other. This, naturally. produced a
mo re powerful charge and, while its power
was nowhere ncar tha t of the static mach­
ines, it never had to be recharged. Here ,
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Fig. 3. The "can-fufl-of -vineqar" cell.

I once made a demonstrat ion cell by
filling a tin can with a solution of vinegar
and immersing a co pper pipe. Between the
copper and the tin , there was about half a
volt, and if I had used sulfuric acid instead
of the vinegar. that would agree quite we ll
with t he tab le .

Fig. 2. A simp le j a r ce ll. See t ab le fo r
solut ion a nd m e tals.

volt. Try it yourself. All you need is a
peanut butter jar (empty), so me metal , and
some acid. You can get the acid at any gas
sta tion . Just ask for some battery acid .

A storage battery is one in which the
chemi cals can be renewed by sending a
curre nt through it in the reverse direct ion.
Take t wo str ips of lead, and score cr iss-cross
lines o n them with a scriber. The n roll them
together between two pieces o f blott er,

SIl.VER
DIlIlES

BLOTTERS - WET WITH ACID, SALT ".I,TE Il
SALIVA . EeT

PENNIES

Fig. 1. Vo l ta's p i le (a lso call ed t h e sp it-a n -a­
dime ba tte ry). Blo tters sh oul d b e m oi st­
ened. This always used to be made wi t h the
older silver dimes. I dan't know how well it
will work with the new ones.

S Olution Sulphuric A cid Lye Salt

Metal

Zi nc 0. 0 -0.32 1
,

Lead 0 .513 0 .3 18 0 .5 1 2

T in 0 .513 0 .002 0 .503
Copper 1.007 0.802 0 .809
Silver 1.2 13 0.958 1.0 13

Tab le 1 . When immersed in any of t he so lu­
tions shown , any two of these metals will
produce a vol t age equal to the difference of
their potentials. For instance, Zinc and
Sil ver in a solution of lye: E = 0.958
( -0.32 1) , or 1 .1 7 9 volts.

then, was a source of con tinuous current.
Volta published his conclusions in a letter
which was read to the Royal Society in
England on June 26, 1800 . On tha t day,
electricity took a giant step forward . In the
next half cen tury, many im proved cells were
deve loped by such men as Faraday and
Davy , but it was Volta who started it.

Volta's one misconception, that elect ri­
city was being genera ted by the action of the
two metals with each other, was not too far
off. Actually. it is the actio n of the two
metals AND A CHEMICA L. In the table, we
see the potentials which can be produced
with a few commo n metals and various
solutions. To determine the potential you
will get, take the DIF F ER ENCE betwee n
the potentials of the two metals you will
usc. For instance, with a sulfuric acid sol­
ut ion, zinc has a potential of 0 .0 , and
copper, 1.00 7. If you immerse a strip of
copper and a strip of zinc in a jar of sulfuric
acid, there will be a potential of 1.00 7 vo lts
between them. Lead , however, ha s a poten­
tial of 0.513. A cell made of co pper and lead
will produce only 1.007-0.513, or 0.494
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plays the last four digits of the total on an
electronic readout. (For example, a VFO
frequency of 3521.7 kHz (~.52 1 .700

cycles/second) yields a 1/100 second
coun t of 35,217 ... and the display
shows 521 .7 kHz). The reado ut is as
accurate as the 1/100 second t iming.
Timi ng is derived digitally from the 100
kHz reference standard. So, by si mply
zero-beating the 100 kHz oscilator to
WNV (or a Be stat ion ) you automatica lly
calibrate the VFO to 100 Hz accuracy . .
everywhere.

-Feature This........
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Roll them up.

8 LOT TERS

S core th e lead l ike t his.

Put th e m in a ja r and charge them .

Fig . 4 . A simp le sto rage cell. Ma k e su re t he
lead p iec e s do n ot tou c h each other . F ill th e
ja r with battery acid ob ta ined f ro m a lo c a l
gas sta tion . Once it has been charged t he
first time , mark t h e polarity and always
observe it in future chargings.

. .. W2F EZ.

making sure that they do not to uch each
other. Put the whole thing into a jar and add
some battery acid . Now " charge" it by
connecting it to a two or three volt d c
source . After an hour or so, remove the
source and you will fin d you have made a 2
volt storage cell.
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Dear Wayne,

Since I have enjoyed reild11llt the material fOIl have written
over thl' years. I have made up a little antenna story lor yw .
I h~ yw enjoy reading U.

If by chance It lIu publication value, the re 18 an automatic
discount for r e wr iting d. 27':(,.

The com me rcial pri ce ill therefor e your choice of 73~. $7 . 30 ,
$73.00, or $730.00. 1 p08 lUvely will not accept more.

1.

James M. Fishe r, W3KNG
The 20 Met er OX Copper Ball Antenna

On a recent t rip through a l a rg e hardware store, It was d iscovered

that. the re Is a plastic toilet float on t he marut . ThllJ may mean the

eventual demise a the etaee tc cq>pt'r toilt'1 fi oat. . In cue this could

hawen, it was thought advisable to des cribe the old "toilet ball' 20m

DX antenna before parts for this famous old antenna are no longe r

avail able .

The orlgi.ns of this tl'\l.sty old .lr.)"tVI~, If dOC\lmented, a~ not avail­

able to tl'l1s author. Like legends, the deBlgn has filtered down tll rough

word a mouth. However , a tip d the hat to th e Inventor , wherever he

m ay be . It ' s a good one.

It wu developed -.tIen 20m flnt became a ham band, long eercee tile

beams of today were In use. Basically, it is a very simple anlenna to

build and use, and will perionn as weU as any dipole. Tile components

themselves are Inexpensiv e, and no elabor ate tcweee o r r otator -a a r e

r equi red . It lias no appa r ent d irective pattern. Ulllng this antenna on,
20m CW, and the modest power devel",ed by modern t r ane cetve ra ,

barefoot, It is easy to work around the world.

The theory bPhind the des ign l!I very s lmplt': Hall the transmitted en­

e rgy l!I concentrated on the outs ide of a coppe r toUet fl oat , and half III

lo ade d Into a 32 ft. wir e counterpoise. The ball dl!'Y t'lopli a Herce con­

centration at an e lectro8taUc fi eld , and r eally shocts th1B enugy out,

covering the entire world (wlch , Incidentally. Is also globe-shaped).
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• • •James M. fl8he r W3KNG

Cons truct ion III not diffi cuU. T he t ll8ul a tors around the ball mount

should be cerami c, and if you an' gotl'lg to use a kW , they should be

a minimum 01 .. In. long. The counterpoise Should run in fai rly clear

apace , lIeverallel't from trees or buildi ngs , if poIIlIlble. The ladder

line should be mounted by f!gular TV s t andoffs , except fo r the t~

th ree fe et, which shoold be either In the clear or on good wlllte cer­

ami c . The enti re ladder s hould be guarded from contact by c hi ldr e n

o r peta ,

•

T he caunterpo~e. loaded p r hnarUy wtth the e lectromagnetic COmponl!'nl

of th e t ran8m1t1er" output , nice ly prcvtdee background fill for t he ball '.

r ad1atlon, gi ving depth and emoceheeee to the ll\gnal . T he ladde r line

feed not only s eparates the e lect l"08tat lc and e lectromagnetic neiee to

tIletr ball and rounterpalle. but actually convert the low tmpedan~

eDerlY tn the ooaxlal cable to the tid. Jui ce needed t o make' the ball IIb ­

ate,

2.
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John J. Schul tz W2EEY
1829 Cornelia S tree t
Brooklyn NY 11 22 7

Base - Tuned

Center - Loaded Antenna
No, th e title is not incorrect. A n antenna call be cente r­

loiuled without having th e reactive ele ment phy sically present
at the center oj the antenna. Tran smission line tronsf er uJ th e
react ive element is th e key.

F ig. 1. Imp rov ed current dist r ibu t ion of cen ­
t er - l oad ed antenna (8) over base - loaded
antenna (A) allows highest currents to flow
wh ere ohmic losses are low.

simply take the approach of making the base
loading inductor as hefty as possible in an
effort to re duce its Iosses. T his article
explores a method by which the efficiency
of such an antenna can often be consider­
ab ly improved by a form of pse udo-cente r
loading using a transmission line to tran sfer
the reactance of a loading eleme nt located
physically at the base of the an te nna electri­
cally to its center.

A note should first be made concerning
the function of the loading inductor in a
cente r load ed antenna . The inductive re­
actance is necessary to ma ke the electr ical
length of the antenna equal a Y.tX so that the
base impedance will match a coaxial trans­
mission line and the antenna will accept a
transfer of power fro m the transmission line.
Unless the loading inductor is ext re mely
long or wide, it does not radiate any

'"'"

There is certa inly nothing new about base
inductive loa ding of a vertical antenna. T he
method is convenient and often allows easy
construction of an antenna. The disadvan­
tage, of course, is low efficiency whe n the
antenna is shor te r than Y.tX long at the
operating frequency . As shown in Fig. I, t he
high current flow at the base of the antenna
means that the greatest current flow takes
place through the coil's relatively small
conductor. Vari ous so lut ions have been tried
to get around the problem of distributing
the curre nt flow in an an te nna such that the
reactive elements necessary to bring the
antenna system into resonance do not also
produce the greatest losses. The helical
antenna was one solut ion. By dist r ibuting
the inductive loading along essen tia lly the
entire length of the antenna, the average
current flowing through the base section of
the antenna was reduced . Cente r lumped
induc tive loading (Fig. I) has become the
most popular method, however , since it
allows the heavy base current to flow
through the bottom section of the antenna,
which is not loaded, and because of its
construct iona l advantages, particularly fo r
mobile antennas.

The method is not always practical fo r
fixed station sit uat ions, however, where the
antenna center may not be accessib le to
cha nge coils fo r various bands. Usua lly, the
fixed sta tion operator who is constrained to
using a vert ical an tenna on several bands has
had to set tle for base loading and could
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appreciable signal. The radiating is done by
the rest of the an tenna. If the copper losses
in the inductor are not kept low, the
inductor will act in a manner similar to a
dummy load and simply produce heat. The
inductors used for the center loading of
short mobile antennas are usually not shield­
ed because weather protection can be
obtained by epoxy coatings and a shield
mu st reduce the inductor 's IQ or efficiency.
The coil, however, could be shielded with a
large enough enclosure so that the effect
upon the Q would be small and antenna
performance would not be affe cted thereby.

So, if the antenna saw the proper value of
loading indu ctance at its center, regardless of
where the physical inductor was placed, it
would operate the same as it did with the
physical loading inductor at it s center.

Reactance Transfer

One method that can be used to transfer
a remotely lo cated reactance to the center of
an antenna is via a transmission line. Trans­
mission lines can actua lly be used not on ly

to transfer reactances but also to sim ulate
them. The latter feature is commonly used
when stub matching is employed to simulate
the necessary inductive or capacitive re­
actance to correct a mismatched trans­
mission line condition. By a combination of
using a lumped reactance at the end of the
stub and the effect of the stub itself, almost
any value of inductive or capacitive re­
actance cari be created . The reactance so
produced Can have quite high Q and a low
power fact or depending upon the quality of
the lumped reactance and the losses of the
transmission line. By using the proper length
and/or termination for a transmission line, it
can also reflect an open or short circuit and
be used as a remote switch .

Fig. 2 shows how a length of transmission
line also can act as either a capacitive or•
inductive reactance. The chart shows how a
short circuited stub can increasingly act as
an inductor until it is ¥.aX long and then start
simulat ing a capacit ive reactance beyond
~A. If the stub were o pen-circuited, the
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Fig. 2. (A) illustrates how length of transmission line can simulate a series of reactances
depending upon its length. (6) shows some of the transfer reactances possib le w hen a lum p ed
reactance is used on the end of a stub. A line exactly Y.X long will transfer exactly the same
value as the lumped reactan ce.
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F ig. 3. Coax ia l line p laced ins ide lo w e r an ­
tenna element to effec t r eac t anc e tran sfer
f ro m base to j unction of upper and lo w er

antenna elemen ts.

Practical Applica tion

Fig. 3 sho ws how the principle o ut lined
for transfer o f the cen ter-loadi ng reactance
ca n be applied . By using the proper value o f
loading react ance, the o vera ll a n te n na is

resonated either as a Y.. o r ·~X vert ical , and so
it s feed point impedance will match a

50 -o hm transmission line directly . The coa x­
ial line u sed to transfer the base reacta nce is
placed ins ide the lower e le me nt of the
an te nna. T he rea ctive co m po n e n ts t he m­
se lves can be pla ced in a shiel ded e nclosu re,
if des ired, b ut note tha t both sid es o f the

coa xia l tra n sfer line mu st rema in in sulat ed
from ground . There will be some radiation
from the coax ia l t ra nsfer line a lt ho ugh t he
port ion e nclosed in the lower an ten na sec­
t ion will not ca use any prob lem . T he ex­
posed portion ca n ca use various problem s,
incl uding pa ttern distortion o f the ve r t ica l if

it is made to o long. Basically , the method o f

reactance transfe r was meant to function
with the physical reactance at the base of
the antenna and no t 100 feet away . T here­
fore, t he dimension ing of t he antenna sec­
ti ons and t he length of t he coaxial transfer
line must all mu tch to achieve proper oper­
ation of t he antenna on var ious bands and
positioning o f the base reactive e le ment s.

With some ca re, many co mb ina tio ns can
be found that will work . One co mb ina tion
that was e x perimented with used a sta nda rd
10 foo t TV mast as the a n te n na lower clement
and a sm a ller diameter 5 foot tube, in sulated

opposite reac t ive condition would apply .

T ha t is, ca pa ci t ive reacta nce would be pro­
Juced u ntil the st ub weft: J4A long and then
11 e xac t ly Y.! A le ngt h it would act as a sho rt
circu it .

For those who d on 't mind a b it o f math,
the rca cum ce prod uced by the st u b when up

to a Vax long is :
XL (short circuited stub) = Z ta n (21f L/ A)
Xc (open circui ted stub) = Z/ tan (21f L/A)

Z is the impeda nce of the t ransm issio n
li ne used to make up the stub and L/X is the
line le ngth in waveleng ths. T he phy sical line
length is affected by the veloc ity factor
(usually .66 for co a xia l lin es) and shorter by
that factor thun a free-space wavelength .

Although the rea ct a nce values re pea t as
the st ub is mad e odd multiples of a Y.!A long,
such long le ngt hs shou ld be avoid ed if
possible . The hig. rcst Q will b e obtain ed
whe n t he st ub length is less than I,4X. On ce
one knows the react an ce produced by the
sfuh. one L'J n calcula te o r look up a n..-ac­
ra nee gra ph 10 det e rmine how m a ny m icro­

he nrys o r pico furud s are p rod uced at un y
pur! icu lur frequency .

Also , 10 obtain th e best Q , a ca b le o f t hc
lo west loss possib le sho uld be used and a lso

one with an inner co nductor radi us to inner
rad ius of ou ter cond uc tor ratio of 3 to 5.
:'\1 01 a ll ca bles ca ll sa t isfy t he latter crite rion .

RG / 59 can no t. for example . RG /5S and

RG fl4 both arc usable and the la tt er ca b le is
pa r ti cularly useful. although it is a bit large
( .5 5'" diameter) to sa t is fy the requireme nt
for lo w loss and Ihe proper geometry fo r
high Q as a stub.

Short o r open-e nded stubs al one are
limi ted in a b ility to produce simula ted
va lues of capaci tance or reactan ce sim ply

because o f t he fi xed impeda nce o f the cab le
used . Replaci ng t he shor t o r open-ended
term in a tion wit h a lum ped rea ctan ce will,

however, ex te nd t he range to any desired
va lu e. The termina l rea ctan ce produced by a
st ub wit h a lumped reactan ce a t one end can
be ca lcu la ted or foun d by a Smit h chart p lot
fo r va rious stub lengths. Reference sho u ld be
made to an antenna or transmi ssion line
ma n ua l for t he method . Ho we ver, as a
genera l indication of w hat effect lumped
consta n t termination will ha ve in order to
experimen ta lly dete r mi ne the req ui re d reac­
ta nce , Fig. 2 can be used as a guide.

SO 011'"
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from t he lower eleme nt, as the to p element.
ins ide the te n foo t sect ion. Since VI A of th is
cable o n 10 meters was 10.8 fee t , it provide d
a very con venient length to t hc base of
the an te n na . Either a B & W st ock 3905- !
coil (6 TPI, 21/z" diameter) o r a 500 pf
varia ble ca pac itor was used to resonate the
anten na, depend ing upo n the ba nd and t he
antenna's mode of operation.

On 10 mete rs, some slight ind uctance was
used at the base to ma ke the a ntenna
operate in a ~A mod e in orde r to ma tch the
transm ission line to the transmitte r. On I S
met ers, capac it ive react ance was used to
make the an te nna opera te in a !4A mod e. On
20 meters so me very slight capaci ti ve reac­
tance was also requ ired . O n 40 an d 80
meters, t he tran sfer line length is q uite short
in terms of wavelength and addi tional ind uc­
t ive reactance at the base was used.

Tu ning of such an a ntenna ca n initially be
done using an SWR meter in t he transmis­
sion line to the transm itter. One should try
both the induct ive and capacitive clement at
the base on each band , vary ing t heir value
unt il the SWR is bro ught do wn as dose
to I : 1 as possible . Generally , the minimum
amount of reacta nce that will ac h ieve reso­
nance sho uld be used sin ce add itional reac­
tance mea ns additional losses. Some con­
fusion will occur on t he higher freq uen cy
bands becau se the length of t he t ra nsfer line
and antenna may allow various comb ina tio ns
of base reactances to resonate t he syste m.
The o nly sol ution in such a case is to use a
field stre ngth me ter or, preferably . check
signa ls with a dista nt sta t ion to determ ine
which reac ta nce value produces the best
rad iated signa l. O nce the proper reactan ce
va lues are fo und , they can be ba ndswitched ,
if desired , although the tuning d oes become
cri tica l on some bands ; a be t ter so lut ion
might be to switch the ind uctor and ca pac i­
tor (wit h various taps on th e former) and use
a sim p le tuning chart on each ba nd to loca te
th e correct settings.

With a vert ical an tenna, the tra nsfer of
the loading to the ba se does not affect the
fac t that either a radial sys tem or good
ground con nection must be provided if the
an tenna is always operated in a !4 or -%A
mode fo r d irect match to a 50 ohm transm is­
sion line.
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Summar y

T he method presen ted for tran sfer of t he
cente r loading in an an tenna to a more
convenient locat ion presen tsvar ious in terest­
ing antenna const ruction possibilit ies aside
from the on e described .

If a lo cat ion is used where no adequate
grou nd connec tion is possible , it would see m
possible to use the react an ce t ran sfer idea to
resona te the antenna in a 1/zA mod e . The base
of the an te nna would then be at a high
impedance point an d an antenna co up ler
wou ld be necessary to couple to a coa xial
transmission line. Anot her approach to make
an anten na wi th less ground dependence
would be to form a dipole antenna, center
loading ccch eleme nt via a reactance transfer
cable to t he ce nte r of the d ipo le.

Re moving the physical reactance a d is­
tan ce away fr om the base o f the a nte n na
presents the problem of line radiation which
was mentio ned. A possible solut ion to this
problem may be the use of triaxial ca ble
with t he outer shield grounded and t he in ner
shield an d inner co nduc to r used for the
reactance transfer. How long the cable co uld
be while still retaining good loading Q and
without having the tuning be come too cri ti­
cal are questions tha t only trial and error
experimenta tion can answer.

. W2EEY/l.
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Charles O 'Grady WASWWN
12 12 Prelude Drive
Fe Wor th TX 76 134

Quazar QRP

40 Meter DSB Transmitter
For several years now I have been trying

to make a Q RP side ban d rig and fina lly
achieved this with the aid of th e March 1969
issue of 73 a nd th e ar ticle written by
WAIFRJ . I had gone through about five
different balan ced modulat ors over a per iod
of the past two years and could not achieve
any sat is fac tion until using his method wi th
the toroids. Keeping 18 volts on the trans­
mitt er. no ca rrier is no ted. A ~Ov and above
carrier can be observed on the rf o ut put
meter that is incorporated in the tra nsmitter
output. The diodes in the modulator d o not
seem to be .too critica l, but keep the forward
resistance of each diode as close as possible .
I used the usual junk box diodes from a
print ed circuit board I bought for 29¢ and
with no designation on them (same goes for
the di rect conversion receiver I built o ut of

another artic le). Possibly the hot carrier
diodes may work better but I have achieved
good results with WA SNTN who is about a
mile from me an d has worked pa tient ly in
testi ng' t he transmi tter for t he past three
months.

The rig works good on CW, too . I have
made q uite a few contacts a nd several
contacts over 200 miles. With a little pa­
tience one could do quite a bit better I'm
sure.

Const ruction notes: Parts layout does not
seem to be too critical. Each section of the
transmit ter was built on a sepa ra te module
an d tested individually in line as it was
const ructed. I used 1/1 6 inch circuit boards
and breadboarded th e componen ts on each
board an d made the connections on the
under side. This allows positioning of each
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module where it best fits in the desired
cabinet. The coil winding data on the rf
amplifiers was just a guess and it turned o ut
that each coil co uld be peaked to maximum.
The audio amplifier is a one watt u nit and
was purchased at Radio Shack. It seemed
easier to buy than bu ild the unit. And
the output imped an ce mat ches the ba lanced
modulator well.
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Edward Lawrence WA5SWDI6
218 Haloid S treet
Ridgecrest CA 93555

Simple Compact

Six Meter Bandpass. Filter

I plotted the response of bot h filters In

Fig. 1. so you can compare the character­
istics. Both filters were peaked for best
response and lowest loss at 50 .5 mhz.
(Note: The low pass was constructed in a

•steel Minibox which might have added
some loss at the higher frequencies.)

The filter is built in a Bud Minibox ,
CU3003A with all parts mounted on the
"U" portion. This is 2~ x 2~ x 4 in. The
coils are 7 turns no . 12, 5 /8 I.D. One is
wound lefthand, and the other righthand.
The turns should be evenly spaced and be
I 5/6 in . fro m the top turn to the bott om
turn. Solder directly to the coax connector
at exactly one turn fro m the botto m. For
powers up to 500 watts, use Johnson 148-4
capacitors. Above that, use something wit h
a higher voltage rating. Mount the coax
connectors at a 45 degree angle to the
edges of the box and use a solder lug on
the lower screw to ground the lower end of

•
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(TVI eliminator, or luno to keel' y our happy hom e happy)

Would you like a good filter that reall y '~I I'"

works, low loss, doesn't need to be retuned
if you Q5Y 50 khz '? Well . this one can be
built in less than an evening. Then you can
hook it up and forget it. Total cost with all
new parts is only S4.42 .

When I started on six meters in 1963, I
o

naturally had my share of TV!. 50 I built
the low pass fi lter for six meters fro m the 0

Radio A matcur 's Handboo k: I . This did
o

help b ut didn't elimina te a ll the com-
plain ts. Also it had about 2-3 db loss
besides. So I rea lly wasn 't too happy wit h
it but suffered the loss in order to stay on
the air.

Then, about two years ago, I req uested
and received several Amperex Application
Reports". One of these was Report No.
S-I24, "Designing Varactor Tr'iplers"

Sounds far out? I thought so too until I
looked in the back and saw information for
three bandpass filters with low insertion
loss and good skirts. The filters are for 50
mhz, 150 mhz, and 450 mhz.

The 50 mhz filter had 0.4 db insertion
loss at just under 50 mhz but the nose of
the curve was very sharp an d appeared to
be about I mhz wide at I db do wn. So I
constructed a filter based on this informa­
tion , but wit h less spacing in order to
slight ly overcouple and broaden the nose
of the curve while sti ll keeping good sharp
skirts. The result was a fi lter with a
minimum loss of 0.3 db, less than I db loss
from 50 to 52 .5 mhz, and better than 40
db down 10 mhz away .
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+ 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#

WHAT IS
THE BEST
WAY TO

GET THERE!

The HEIGHTS

WHAT
IS
THE
BEST
ANTENNA
HEIGHT
FOR
DX'ING!

70 feet
(for 2O-15·10M)

Aluminum Tower
'so light you can
put it up all by
yourself! No
climbing. no jin
poles. no heart
attacks.
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Notes
1. Radio Amateur 's Handbook . page 567. 1965
Ed ition.
2. Amperex Electronic Corporation. Providence
Pike. Slate rsville. RI 02876

F ig. 3. Sc h ema tic .

MOVING?

. . . WA SSWD/6.

F ig . 2 . Filter d ime nsio ns an d constr uct io n.

"

To tune the f ilt er, inse rt it In the
transmission line, set your receiver to 50.)
mhz, and tune fo r ma ximu m noise or
signal. Then t ransmit and notice the
reduction in TVI. I think you will be quite
pleased . Look for me the next time 6 is
o pen , because o therwise I can' t get out of
this valley . Out here, the dial impulses
from the telephone tear up the TV more
than my 45 watt home brew with the fi lte r
installed.

the co il. When you are finis hed, the coils
sho uld be spaced 1 inch apart. Position as
sho wn in Fig. 2.

Every day we qet a handfu l of wrapp ers
back from the post off ice with e it he r a change
of address on th em or a note that the sub­
scriber has moved and left no address. The
magazines are thrown out and just the wrap­
per returned. Please don 't expect us t o send
you another copy if you forget t o let us kn ow
about your new address. And remember that
in this day of the edra rapid co mpute r it
takes six: weeks t o make an address change
inst ead of the few days it used to when we
worked slowly and by hand.

SEE YOUR LOCAL DISTRIBUTOR
OR WRITE

FOR COMPLETE INFORMATION

HEIGHTS
MANUFACTURING CO.

4226 MAYBURY GRAND

DETROIT. MICHIGAN

48208
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Fig. 1. Varitronics FOFM-2 uses modular approach. Snap-on elements change basic low-power trans­
c e ive r from mob ile t o portable, to high-power base station .

ow ost ectronics:
,

a ans
•

nvaslon
Two years ago the door to FM operation

on the VHF bands was narrow indeed. The
only wayan amateur could get started was
by converting FM units that were designed
for two-way use in the neighboring commer­
cial spec tru m. As a result , most amateur FM
o perators were either endowed with special
technological skills or were close friends of
individuals who were thus endowed . A sur­
vey of o perators cond ucted by FM Magazine
in late 1967 showed that 72% of all active
FM'ers were associated in some way with the
commercial radio service -as technicians,
First- or Second-Class Commercia l licensees,
or as two-way users.

Today, a similar survey would likely show
a reversal of that trend. Thanks to enter­
prising American businessmen and clever
Japanese engineers, VHF amateur FM has
become one of the least expensive and
easiest-to-open doors to ham radio.

The Inoue line of amateur FM units,

50

distributed in the U.S. by Phoenix-based
Varitronics, Inc., serves as an example of
applied Japanese knowhow. Designed modu­
larly so they can be used in every conceiv­
able application for a variety of individual
interests, the units are high power or low;
portable, mobile, or fixed ; crystal con tro lled
but multiple channel.

The basic unit, sho wn with three snap-on
modules in Fig. I , is an underdash-mounting,
six-channel, low-power mobile unit that is
ready to go when a 12V source and an
an tenna are connected. In t his service, the
transmitte r puts a little over a watt into the
antenna. And if a watt is insufficie n t, t he
module shown behind the transceiver will up
the output to bette r than 20W. T he modular
class C amplifier mo unts flush with the rear
of the basic unit and is held on by a
suit case-ty pe snap on each side. (The transis­
torized amplifier is shown disassembled atop
the transceiver.')
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Fig. 2 . Base station module , built in case o f
same co n f ig u ratio n a s transcei ver , permits
high/low p o wer switching a nd o pe rat io n
from 11 5 V pow er so urc e .

•

-

optional use of the amplifier.
The prevalence of repeate rs on 2 met ers

has opened a whole new vista in useful
products for communicat ions. Conside r, fo r
example , the limited usefulness of a low­
power VH F hand-he ld transceiver. For
point-to-poi nt operation, the range and utili­
ty would be rest ricted to near imprac tica lity
except at ha rnf'es ts , t ransmit ter hunts, and
other close-in gatherings. But one of the key
fea tures of a repeater is its abilit y to exte nd
the coverage of eve n the lowest-powered
t ransmitters an d the least-sensit ive receivers.
No w a number of firms are cashing in on this
fea ture by importing a variety of miniatur­
ized commu nications devices.

T he "Handi com" is one such unit. De­
signed specifically for use with re peaters, the
tiny two-channel transceiver (Fig. 3) boast s a
receiver sensitivi ty of 0.4 llV for 20 dB of
noise q uieting and a transmitter output

T he nar rowband 12 -chann el S ta n d a rd FM t ran sc e iver comes equ ipped w ith s impl e x c rystals f o r 146 .94
M Hz. De s ign ed for po rt ab le o r mo b ile operatio n. u n it pac ks a 5W pu nc h a n d d raws o nl y 100 rnA in
st andby m o d e. F reque nc y erro r rated at 0 .0005 % . wi th a rec ei ve r sensiti v ity o f 0 .3 llV. (Stand ard
Comm u nic a t io ns Co rp .. To rra n c e , California. )

A battery module (lower left in photo)
converts the unit to a hand-held t ransceiver.
The battery pack uses eigh t D-size flashligh t
cells in series and provides eno ugh sock to
keep the rad io going for about 15 ho urs of
typical intermittent duty . In portable use,
th e tran sceiver sta nds up on end so tha t the
telesco pic whip (prot ruding from the face of
the picture d unit) can be ex ten ded verti­
cally. The whip antenna is a screw-on type
and is removed fo r mobile or fixe d-station
use.

So that the Varitronics FDFM transceiver
will be capable of gobbling up every possible
morsel of busin ess in the ma ny-facete d FM
market, the co mpany is distributing a power
supply/amplifier module designed arou nd
the same case as the basic transceiver. This
unit, shown in Fig. 2, co ntains a converter
that supplies 12V dc from an ac source of
11 5V, as well as a mod ified version of the
class C amplifier. A panel swi tch permits
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integral meter , removable whip , and all the
other accessories typically furni shed with
Japanese-made radios.

Eve n some of the giants a re finding
amate ur F~-1 a lucrative market. Allied Radio
is pushing a low-cost monitor receiver that
tun es from the co mmercial band all the way
down to the bottom of the ama teur FM
spect ru m (146 .0 MHz). The Allied unit ,
FigA, has a self-contained 2-1/'2 in . speaker,
a swivel te lescoping whip, plus provisions for
an externa l antenna and a 11 5V ac adapter.

. . . K6MVII

Easy Tuning of the Beam
Any time a beam antenna is erected, we

run into the problems of how to get to the
elements and matching device to tune the
beam. Fig. I. shows a method for tilting the
boom so the elements are readily available to
a man on the tower. Rotation of the boom
might be necessary and this is accomplished
by loosening the clamps.

Plan 2
You use our special log form and send us
a copy. We sUPf,'V OSLo make out OSLo
deliver OSLoall or 8~ each.

Wri te f or free information sheet.

WORLD 0SLBUREAU
5200 Panama Ave.

Richmond, Calif. U.S.A. 94804
E'lanl

We forward rOU~leasearrange al­
phabetically to or within U.S.A.• Cana­
da and Mexico for ~ each. and 10 all
other places in the world for ~ each.

F ig. 3 . H an di c o m t ransce ive r is 5e11­
con ta ined 1.6 W h and -h el d u n it w ith sen si­
t ive superhet F M receiver, desig ned especia l­
ly for opera t io n w ith rep ea ters. C omes w it h
two-c hanne l capab il i t y so point-ta -poin t o p ­
e ra t ion ca n be assured w hen repeater is not
in range .

F ig. 4 . Allied VHF monitor rece iver i s one
of the first t o inc lude th e FM por tion of the
2 -meter spectrum as part of its regu la r
tuning range.

power of 1.6W. T he lIandi com, distributed
by Tclco (Pomona , California), comes equ ip­
ped with rechargeable ba tteries, cha rger,

@ @

Fig. 1 . Construction details of the tilting
device.

....ST EllTENOEO FOR
I ,/ ST"CIlED BE.... S

TOP OF ....ST FOR
S INGLE BE....S

•
SI lt "LUI' "NG LE ~~.I
• ~LATE

With one man stationed on the tower, a
rope tied to the boom, and the bolt re­
moved, he can bring the elements and
matching device within easy reach. Since the
beam is off center, it will right itself by
letting up on the rope.

.. .P.L. Simandl , K9SQV
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25.0 0
49 .00
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3 49.00
89.0 0
35 .0 0
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Write for 6-page "Co il Forum"
construc tion article.

J. W. MILLER COMPANY
19070 Reyes Ave. • P.O . Box 5825

AU Gear UnconditionaUy Guaranteed

Collins 32V2 transmi tter
Collins 625 1 6 & 2 meter trnsvrtr
Collins 75A 1 R ece iver
Collins 755 1 Revr. w / w ts rjtn . tuning
Galaxy 3 0 0 T riband xcvr . w / ae su pp l y
G lobe Scout D elu x e AM/CW xmtr .
H allicraf t ers S R 42 meter xcvr.
H am m arlund H 01 DD R eceiver
H ammarlu nd H Q 1 10C Recei ver

w ith m at ch ing speak er
H ammarlu nd H Q140 X A Gen . Cov.

x c vr . w/ sp k r.
H eath H G -1 0 vto
H eath HR1 0 H amband R ece iver
H eath D X 60 AM/CW Transm itter
H eat h k it H X 20 SSB xmt r.

w /hp 20 sply .
Mi llen 922 0 1 Transmatch ant. tune r
Swan 228 switch 2nd vf o or Mars

oscillator
Swan 120 20 meter transce iver
Swan 260 Cygnet xcvr. - li k e new
Swan 4 1OC vfo (n ew) f o r 350c/50 0c
Swan 5 10 -X M ars osc i ll ato r
Swan TV -2 ( 14 m c. if ) 2 m t r . xcvr ,
Sw an t en na all b and mo bi le an ten na

IC Stereo Decoder Uses
Miller High n Coils
A mono lith ic in tegrated FM stereo decoder
sys tem developed by Motorola p rovides
excellent channel separati on, good ultra­
sonic rejection and low THO co ntent at the
output.

BO X 37A PH O NE 6 0 5-8 8 6 ·5 749
WA T E RTOWN . SO. DA K OTA 57201

•

SI..OT

,, _ _ DI"'L
----j l /~ PULLE T

t DIAL ESCUTC!'IEN1"-- --- Jrt0446-40

DIIIY[ S HAF T 8 USMlJrtG
ASS[MBLY NO 4~S·.2

DIIl IVE SH...FT
llUSHING
ASSEIIIBLY

LOCI( NUT-­

.......SHEIt--

Fig. 2 . Prof i le ( N o shims).

To eliminate the problem, I simply made
two wood shims (one above and one below
the "dial shaft bu shing assembly" ) as shown
in Fig. I . This simple addit ion removes all
the stress fro m the plastic escutchen and al­
lows the dial to o perate 100% o f the ti me
with the lock nut only " finger tight. "

Phil Writer , W6TRU

_"'"[11I
\

Dial Drive Repair
" The Heathkit S8 series o f ham kits are,

in general, a fine piece of electronic equip­
ment. " This is the kind o f stateme nt you can
hear on almost any ham band where you
might listen. There is, however, o ne bad
co mment one does hear o nce in a while :
"That darn dial drive." (It must be pointed
out that the dial drive is a real joy to most :
however, to some... ) I became o ne of the few
after building two kits <a n 5B-300 & 5B-400 )
with no problems. As is normal with such
endeavors, it was a kit I was bu ilding fo r a
friend that "went amuck." The problem was
that no matter how hard I tried to align the
thing, the drive would operate for a short
time, and then, for no reason, just quit.

Fig. 1. Cut away drawing showing added
" sh im s" (A&8).

It seems the problem is in the fundamental
design. Once the " Dial pulley" (Heath part
100-444) is pressed down and lo cked in
place with a lock nut , sometimes the unit
just " walks" up o n the slot in the escutchen
and slips. (The plastic material used to make
the escutchen prevent the builder fro m ma­
king it too snug.)
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Roy Ferren K6RA
131 S. Anita Avenue
Los Angeles CA 90049

Mobile CW
After operating CW mobile in one of the

heaviest auto populated sections in the
U.S.-the Los Angeles freeways -for over a
year and receiving comments from, "how
brave you are" to "what an idiot;" unspoken
but unmistakable , I decided to write about
some of the tricks that make mo bile CW a
real ball .

First, mobile CW is hopeless unless you
•are a true CW man. You must be motivated

to communicate by that wonderful pure
code and give up the "by gollies" and "fine
business, here" jazz of SSB. Mobile will

.never convert you to a CW man, but a CW
man can be converted to mobile.

Second, you must be prepared to accept
the frustration of having your report or the
DX call blanked out by the ignition QRN
from that miserable little VW who is staying
right behind you staring at that big whip.
Murphy's law reigns paramount here. When
you have been waiting for 30 miles to hook
that JT I just invariably when he calls you,
on comes the ignition or power line QRN.
You will begin to notice that all the major
roads and freeways follow the path of the
highest QRN. I am sure they put in the
power poles first and built the roads next to
them. Also, you will find yourself looking
for different ways to drive to work to avoid
what I call "QRN Alley" or else you time
your Q50 so you send in the high QRN
areas and receive in the low-tricky, but
possible.

The basic solution is simple. Acquire the
patience of Job and train your ears (what
the headshrinkers call "the cocktail party
syndrome" where you can pick out one
voice and copy it solid over other masking
voices) to copy through 55-57 QRN and
develop the tricky use of audio filters, rf,
and audio co ntrols. The code can sound
mighty st range by the time it gets through
all those windows, but it can be copied solid.
As a bonus, your home receiver will sound
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so very nice and quiet to you that you keep
checking to see the antenna is connected ­
sort of like after you lift heavy weights for a
long time then light weights seem very light.
All this is for free.

Third, you mu st be prepared for strange
looks, staring kids, and slow shaking of
heads as people pass you on the freeway .
Especially when your car is a white Cadillac,
the whip sticking way up high as it is
mounted on the center of the car just back
of the rear window forward of the trunk
deck , earphones on, and then have a beard­
like me. I have a speaker mounted by my
left ear, but as I like to chase OX even
mo bile, I use pho nes-in fact, I 'most always
use phones as a hangover from the "every
signal is weak" old days. If you are shy­
fo rget it.

This article describes what could best be
called a "human factors ap proach." It is not
a const ruction article, as many ex cellent
ones have already been written, but it shows
one way to integrate the amateur, the driver,
the car, the freeway, and the rig all into one
smoothly operating loop to dramatically
lessen the hazard of operating CW while
driving.

My basic "human factors" design require­
ment for CW mobile operation was the rig
and all co ntrols had to be operated without
the driver ever taking his eyes off the road.
To do this, all controls must be close enough
to the driver and capable of operation
without reaching or looking to reach.

As each mobile installation is different,
the firs t step is to make what the aerospace
indust ry calls a "mock-up," or a simulat ion
of the rig, controls, and mounting in the car.
This can be done by supporting the rig,
controls, SWR unit, etc., with wood blocks,
rope, books, beer cans, etc., and using stiff
cardboard and tape to simulate the st ructure
of mounting of the final installed operating
position of the rig, the key or paddle, and
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SWR un it in the fro nt seat o f the ca r.
Then, the second step is to shut the

doors, move the seat to the driving position ,
start the car and ope rate all the car cont rols
like the lights windshield wipers, steering
wheel adjus tment, air condi t ioner cont rols
and outle ts, ashtray , glove compartment ­
don 't miss a one . Obviously, in all cases they
should not be co mp lete ly obst ruc ted by the
rig or suppor ting mounts. In specific cases, a
co mpromise can be mad e. In my insta llat ion
the govern ing fac tor was. the dashboard
ashtray. I compromised on using half of it. I
pull it out u nt il it hits the rig an d that gives
eno ugh cleara nce to use the light er and half
of the ashtray. I don't smo ke wh ile driving,
but girls do!

The third ste p is to simula te a complete
QSO operating all the rig contro ls and key
with your eyes doing just the normal (?)
scan of odome te r, fuel and tempera ture
gauges, rea r mirror, side mirro r, and the
blonde in the next car. In no case look at the
rig-except for the fir st quick glan ce to see if
you are in the band . To do this wit h a flick
of the eye, mark on the dia l in black wit h

,•V

Brush up - Tone up - Shape up
with AMECO Technical Books

and code practice records.
EASY TO UNDERSTAND BOOKS
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tape or paint a Yl inch bar at each band edge
so as long as you are centered between the
black bars you are safe. Now, make the final
adjustme nts to the " mock-up" so the basic
design object ive is met ; i.e. , opera tion of all
controls without looking or stretching to
reach them.

Great -if you feel silly after this litt le
experience, then you did it just right , but
you would be amazed at how much time and
money is spent and how seriously such
simulation is done in the ae rospace indust ry.

My installation, which resulted from the
" mock-up," was a little wooden desk mad e
from soft pine. The desk bottom is co n­
toured to fit over the floor hump and is
secured to the car floor with angle brackets.
The art of drilling through the car floor into
a clear space for nuts and washers under­
neath is sheer black magic. However, some
judicious measuring from the car edges or
othe r reference point helps n ot drilling
through the muffler or a brake line.

The desk is made so the Swan 500 sets
into a recess on top placing the front panel
on a slanted plane easily reachable and
seeable from the no rmal driver's position.
The rig is held down in the recess with one
bolt and a wing nut.

The desk has a small "L" shaped nat top
going in fro nt and along the left side of the
rig. The front portion holds a paper pad and
the left hand side of the" L" has the vertical
plane of the right edge of the steering wheeL
Thus the driver's hand just slips off the
wheel onto the desk and the fingers drop on
the key and paddle with an ar m res t. The
hand key and the keyer paddle are mounted
in the same posi t ion on the desk. The keyer
paddle is mo unted vertically at an angle
above the hand key so the paddle finger
plates are forward and above the hand key
knob -just far enough away so the fingers
can handle the hand key without hitting the
paddle plates. In this manner whe n your
hand falls off the wheel, your fingers are on
both the paddle and the band - so without
looking you can move your finge rs to wo rk
whatever key you want. Both keys are
installed so if the keyer flunks the course,
you still are on the air with a hand key to
get in practice for the Extra Class exam . T he
5WR unit is mounted on the top and back of
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the Swan 500 where it is visible by glancing
over the top of the rig toward the car floor.

All other controls, like the keyer speed
control, speaker switch, etc., should be on
th e left side of the steering wheel to balance
up the huma n fac tors programming of the
rig operation on the right side. An added
refinement is to duct some cool air from the
air conditioning ducts into the final tube
compartment of the rig. After an hour's
operating even the dial on the Swan 500
would be hot to touch. After building a
plenum chamber on the outs ide of the
enclosure right next to the final amplifier
tu bes and installing a duct fro m the air
conditioning system, the whole rig is cool.
This lets the power output stay up and must
prolong component life. Even the use of
ambient air from the blower alone has
significant effect. 50 far, no one has com­
mented on the fact I disconnec ted the entire
car's right hand air co ndit ioning for this
wo rthy purpose ! It is an interesting and
uncomfortable example of thermodynamics
to feel how much heat can be transmitted
into the front seat area from a little black
box burning up those watts not going into
the ante nna.

If you have been faithful to the design
objectives, you now have a " huma n factors"
designed mobile inst allat ion . You should be
able to tu rn on the rig, tune and esta blish
control without looking or reaching so your
head bobs down . In the real world you will
find many clear opportunities to look while
stopped in freeway jams, but you will be
amazed at how quickly you can scan every­
thing you need to see .

One wo rd of warning while driving: By all
means avoid the trap of looking at the rig
and trying to troubleshoot if it doesn't
work. The feeling is almost irresistible to try
to get it working again -right now . Don't do
it! Shut off the rig and listen to AM/FM
until yo u get home or else get off the
free way and stop. It cost me $450 over the
de duct ible insurance o ne rainy night on the
freeway trying to get the rig working. It
started working just as I slid off the side and
down the embankment-a sadder, but wiser
CW mobile type. Human factor engineering
helps, but it can't think fo r you.

. .. K6RA .
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Getting Your Extra
Class License

Part XII: Semiconductors

STAFF

Just a little more than two de cad es ago, a
trio of Bell Telephone Labs researchers put
toge ther a device which had all the externa l
charac teris tics of a resistor-with one thing
added : it would transfer a signa l from one
circuit to another, and if the circuit was
properly pUI together it would amplify the
signal in the process.

The learned gentlemen coined a name for
their device by combining the wo rds " tra ns­
fer" and " resistor" into " t ransisto r:' Today ,
it's ha rd to realize t ha t the transistor was
unknown 25 years ago, and even 15 years
ba ck was pretty mu ch a laboratory curiosity.
Now, of course, it's just abou t the usual
thing to fin d transistors in al most any
receiver, and not too u nusual to find them in
low-power-Ievel stages o f a transmitter as
well.

Semiconductors- of which the transistor
is only the most widely used example ­
are such an important part of the art of
elec tronics to day that the Ex tra Class exam­
ination includes a number of questions
dealing with them. Those quest ions are our
subjec t t his month .

The official FCC study list of questions
includes five spec ific questions dealing with
semi conductors in its total of 90 questions
covering the entire knowledge required for
would-be holders of the Extra Class ticket.
These questions are : 15. Define the alpha
cutoff frequency o f a transistor. How is this
parameter of use in circuit design?

38 . How are the emitter, base and
collector of a t ransistor biased fo r amplifier
ope ration? How are they biased fo r cutoff
(open circui t) and sat uration (short circ uit )?

39. How do N PN type transistors
differ from the P NP type? How does their
bias differ?
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52. What is the phase rel ation between
t he input and out put signals in the com­
mon-emitter, common-base, a nd com mon­
collec tor transistor circ uits?

84. Co mpare silicon and vacuum tube
diodes. What is meant by t he "forward
voltage drop" of a conducting silicon diode?

Question numbers, as always, are those
assigned in the Commission 's st udy list.

We'll fo llow our usual procedure. Rather
than answering these five ext remely specific
ques tions . with equally specific replies, we'll
reword the questions into less specific
queries which cover the same rna terial but
much more as well. Then we'll hunt for
answers to our more general questions, and
along the way come up with the answers to
not only the spec ific st udy list questions,
but most o f the similar ones which may
appear on the ac tual exam.

All o ur questions deal with sem icon­
ductors, so let's make o ur first general
question simply " Why Is A Semiconduc­
tor?" The answer to this will provide
answers to both questions 39 and 84, as well
as a fou nda tion fo r o ur subseq uent ques­
t ions.

From there , let's find out "How Do
Transistors Amplify?" This will provide
partial answers to questions 38 and 52, as
well as to the second part of question 39 .

When we know h ow transistors am plify,
then we can ask " What Factors Affect a
Transistor's Amplification?" and that will
bring us into the answer fo r question 15. To
wind up our exami nat ion of tran sistors, we'll
ask " Is Amplification All?" and that will get
us an introduction to the world of semicon­
ductor switches. This subject in it self could
fill several large volumes, but affec ts only a
part o f question 38 o n the study list.
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For our final question, we'll drop transis­
tors and ask " How About The Rest Of The
Family?" Here, we'll take very brief looks at
some other members of the semiconductor
clan and compare them with their more
historic equivalents.

As alwa ys in this study course , we run the
risk o f oversimplifyi ng complex subjects
when we attempt to compress an entire field
of study into one or two articles. This time,
the risk is higher than usual -because semi­
conduc tors came to us from physicists rather
than from more mundane ex perimenters,
and the whole basic theory is deeply inter­
twined with the physics of subato mic par­
ticles.

Fortunately , nobody needs to be an
atomic physicist to get a fairly clear under­
standing of how semiconduc to rs work. This
was made abunda ntly clear more than 10
years ago with the pu blication of Depart­
ment of the Army Te chnical Manual TM
11-690, "Basic Theory and Application of
Transistors" In that 253-page volume, only
one chapter required any knowledge of
mathematics-and that chapter could be
skipped without any harm at all, because it s
purpose was to provide the algebra ic proof
that the "equivalent circuits" used by trans­
istor-circuit design engineers actually do
represent transistors accurately. And the
math required to get through that single,
opt ional cha pter was hardly any more com­
plicated than that necessary to apply Ohm's
Law!

We have leaned heavily upon the
approach and examples used in TM 11-690
in preparing the first 4/5 of this installment,
because the basic theory has not changed
and 11-690 does provide an accurate picture
of it without introducing errors because of
o ve rs im p l i fying. The final discussion,
though, involving "the rest of the family", is
based upon a number of other sources,
because the kinds of semiconduc tors kn own
have increased hugely in the decade since
1959.

Why Is A Semiconductor?

To have any u nderstand ing of how a
transistor operates, we must have a fairly
clear idea of what a semiconduc tor is and
why it can operate. But to get that idea
clear, we mu st first turn our sights to
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something even more basic-the theory of
the struc ture of matter.

We already know quite a bit about this
theory, although we may not know it by
name. It's the theory which tells us that
electrons exist !

Let's start out assuming that we know
nothing about it , though, and begin at the

.very beginning by defining "matter" as " any
substance that has weight and occupies
space." This includes all gases, liquids, and
solids. .

Chemists tell us that aU matter IS com­
posed of either " elements" or " com­
pounds," with most of it being " com­
pounds," An element is a substance that can
neither be broken up into other substances
by chemical action , or made from other
substances. A compound is any substance
which is not an element. Such things as
copper, alumin um, oxygen , and hydrogen
are elements. Water , ru st , and salt are com­
pounds. Water is a compound of two parts
hydrogen and one part oxygen, but its
chemical properties are very different from
those of either of its elements. Salt is made
of equal proportions of the metallic elem~nt

sodiu m and the gaseous element chlon ne,
both o f which are highly poisonous in their
pure form-but salt is essential to life .

Whether a substance is an element or a
compou nd, it is made up of many "mole­
cules." The molecule is the smallest particle
of any substance which can exist by it self
and st ill retain it s chemical properties. The
molecule is co mposed of atoms, which are
the smallest particles of elemen ts that can
take part in chemical actions. A molecule of
water contains two atoms of hydrogen and
one atom of oxygen. A molecule of gaseous
hydrogen conta ins two atoms o f hydrogen.
A molecule of salt contains one atom of
sodium and one of chlorine.

Since there are at least I 02 elements, 92
of which occur in nature and the rest of
which are man-made in nuclear experiments,
there are at least 102 different kinds of
atoms. At one time it was thought that the
atom was the smallest particle of matter­
but the advent of our electronics art brought
that belief to an end . To explain the action
of electricity and vacuum tubes, the physi­
cists had to move on into the world of
subatomic particles.

73 MAGAZINE



•
In

' 1

' Includes
fin ished wal nut

console. (Only $193
if you build your

own console.)
Amplifier, speaker

syst em! optional
eccesscnes extra.

for a gift horseDon't look

a haystack.

the permaflex key •
• th • twi.. I.... . '" ....i. ht h..... It.,.
i pivotl 1 paddl. d•• i....•.n.-.; te..t choic. of . " to",etic
.....i.."toon. tte '" i. ht ....... It.,.i....
• "I. d" ectly ....th , b.,..",ith•••
th,o".h ledr ic It.,.••.
• 3 ."'p ld diH"l.d ••1...., c.o ..t.ct•
• dj"d From 0 •.060 ' '" '...50 ••• "' ••
• di.ti ..cti bl". p.ddl ~
"'lied G.IO Jibe".I po..,.
• ubi...t '" 16 I."'· poli.h... chrom. 1995.te.l, 1.9 ,0 t1 . • 3.7'· , paddl.. compl....
• ...."" 1.13 0 i. ht . " . I po"..... pp4 _&'_n.
• . ilic..... ...b feet for d .bility. ..IHI. et.ck _ "'...
• 100~ US ",•.1. '" .".....t.ed 10.1 ,.. aoI.. by .....n ."'y

James Research company,dep't: AR- K
11 schermerhorn st. brooKI n n•• 11201

You couldn't touch an organ l ike t his in a store for
less than $1800-and th ere never has been an organ
of the Consolelte 11'5 graceful small size wit h 22
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By now, they have mo ved st ill another
step smaller into " subnuclear" particles as
well, but we don ' t need to carry things that
far. OUf purposes will be adequately served
when we meet the three major subatomic
particles : the electron, the proton, and the
neutron.

Nobody has actually seen any of these, so
what follows is only theoretical. The theory ,
however, has withstood the test of time
since 1889, and has fi t all observa tions, so
we assume that it is an adeq uate picture of
the atomic st ructure.

If we co uld enlarge an atom some 100
million times, it would appear to be about
the size of a penny. We could then dis­
tinguish its t wo major parts (Fig. I ), which
are a central nucleus and a cloud of electrons
orbiting around the nucleus mu ch as the
planets of our solar system orbit the sun.

-Fig. 1. Atom is smallest unit of any element.
Views shown here are t hose descr ibed by
c u rr ent atomic theory ; no b od y h as ever seen
either so they may n ot be correct. Top view
shows major par ts o f atom -cent ra l nuc leus
and o rbi ting c louds of electrons su rrou nding
it. E rect-ons o rbit in "shells" which repre­
sent definite energy st...~..s. f\,Iudeus is cern­
posed of neu tro ns and protons as shown in
lo wer view.

At a billion time enlargement, we could
see that the nucleus resembles a bunch of
grapes, and contains two different kinds of
part icles. This pa rt of the atom provides
nearly all its mass. Both kinds of particles in
the nucleus weigh the same - 185 0 times as
much as the electron. One of the particles is
charged while the other is neutral; they take
their names (proton and neut ron ) from this
fact. The proton has a positive elec trical
charge.

The positive charge of each proton is
ba lanced by an equal negative cha rge on the
electron. It's st ill an o pen question just what
an electron is; some feel that it's merely a
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unit of electrical charge while others feel
that it's more than that. For our purposes
either idea is all right, so long as we
remember that the atom is balanced electri­
cally.

The electrons are held in their orbits by a
balance of opposing forces, including electri­
cal attraction and repulsion. The orbiting
electrons shield the nucleus so that it cannot
take part in ordinary chemical reactions, but
the number and kinds of part icles in the
nucleus determine the mass of the atom and
how many electrons it has, and so are the
factors which make one element different
from any other element.

In some respects, the cloud of electrons
in anyone atom is something like an onion.
If you keep peeling an onion, you'll never
get below the skin - and when you finish
you'll find you have nothing left.

Similarly, the orbits of the electrons in
each atom are arranged in layers sometimes
called "shells." Each shell represents a
balance of forces at a specific distance from
the nucleus, and each shell can hold only a
specific number of electrons. The first
(innermost) shell can hold only two elec­
trons. The second shell can hold only eight.
The third is limited to 18 electrons, and so
forth. If an atom has only one or two
electrons, it will have only one shell. If it has
3 to 10 electrons, it will have two shells.
With I I to 28 electrons, three shells are
necessary . The outermost shell need not be
filled .

Because of repulsion between like charges
•

(and all electrons are negatively charged),
the outermost shell (Fig. 2) is the only one
able to participate in chemical reactions.
Chemists call it the "valence shell," and
know its electrons as the "valence elec­
trons," for this reason . The number of
valence electrons in any atom determines
how that atom will combine with other
atoms to form molecules. For instance,
hydrogen has only one electron, but the first
shell can hold two electrons. Because of this,
hydrogen atoms combine to for m hydrogen
molecules of two atoms each, with each of
the atoms in each molecule sharing its
electron with the other. Both positions in
the shell are now filled, and additional
chemical combination is difficult.
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F ig. 2. Gene rel struct u re of ato m as it
ap p lies to semiconductors is mapped h ere .
N ucleus, in center, is su rrounded by etec­
t ron shells. Outermost shell, termed
"valence shell," is only one involved in
c rysta l structure o r chemica l actio ns.
Nucl e us and a ll inner shells, co m b ined, are
ca lled "co re" of ato m. In c ry sta ls, ato m
co res are f ixed into position but va lence
elec t rons are f ree to move to limited d egree.

The various kinds of rna tter may be
divided into groups in many ways. We have
already seen the physicists' grouping into
gas, liquid, and solid. Chemists group things
as elements or compounds; they also group
by "organic" and "inorganic" structure, in
which organic structure includes all co m­
pounds containing the element carbon, and
inorganic structure is everything else. We will
be concerned only with matter of inorganic
structure from here on; this elimi nates any­
thing which was o nce part of a living
orgamsm.

Another grouping, which is why we've
gone through all this in the first place, is in to
the categories of "conductors," "insulators,"
and "semiconductors." This actually isn't a
very good set of words to use, because no
perfect conductor or perfect insulator exists.
Everything, actually, is a semiconductor­
but some things are more, and some things
less, "semi" than others.

Copper. silver, and gold, for example, are
considered good conductors because they
offer extremely low resistance to the flow of
electric current. Air, glass, and mica, on the
other hand, are considered insulators
because they offer extremely high resistance.

The resistance of any substance is directly
related to the valence electrons in the
molecules of that substance . If the electrons
are rela tively independen t of anyone nucleus,
they can migrate easily through the materi­
al-and that material is a good conductor as
a result . If, on the other hand, the electrons
are tightly bound in to place and there are

•
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few «free" electrons able to move, then the
resistance will be high and we have an
insulator.

Our commo n semiconductors, germanium
and silicon, are actually fairly good insula­
tors in their absolutely pure state. T hey gain
their semiconductor properties because of
carefully controlled impurities which pro­
vide a few free electrons or their equiva­
lent -but before we can see how this is done
we must turn from che mistry to physics and
look at the structure of crystals.

Most solid inorganic substa nces are made
up of crystals. In many cases the individ ual
crystals are too small to see except through a
microscope, but in some cases the crystals
are large. A quartz crystal in its natural state
(before cutting) is a single large crystal. So is
a diamond, or the ruby rod in a laser.

X rays have been used to examine the
int ernal struc ture of crystals, and from the
pictu res obtained we have been ab le to
construct models of this internal structure.
These models revea l the not-too-surprising
fact that the structure of the crystal is
determined by the characteristics of the
atoms which compose it (not necessarily the
molecules), and the somewhat less expected
point tha t each atom is related not to just
one adjacent atom or two , but to a nu mber
of adjacent, eq uidistant atoms.

The specific arrangement of atoms in any
crystal depends on the size and number of
atoms present and on the electrical forces
bet ween them. All other characteristics of
the crystal depend on these forces between
the atoms.

For insta nce, to turn to carbon crysta ls
momentarily, the carbon atoms in a crystal
may take either of two different arrange­
ments. One of them produces a structure
which is soft and opaque; we use it (graph­
ite) as a lubricant and to write with. The
other produces a structure which is the
hardest substance known, and is transparent.
On ly another diamond will cut a diamond.
And the difference between a diamond an d a
pencil lead is just the difference in arrange­
ment of atoms of the same element.

The structure of a crystal is determined
by the valence electrons of the atorns in the
crystal. In a crystal, the rotation of one
valence electron of a given atom is coordi-
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nated with the rotation of one valence elec­
tron of an adjacent atom . Such a coordi­
nated rotation of two va lence electrons (one
from each of two adjacent atoms) is called
an "electron-pair bond" by physicists, or a
"valence bond" by chemists.

The electron-pair bonds cause the nucleii
of the two atoms involved to be attracted
toward each other, while the positive charges
on the nuc1eii repe l each other. When these
forces of att raction and repulsion balance,
the crysta l st ructure is in "equilibrium."

Once a valence elec tron is involved in onc
electron-pair bond, it cannot par ticipate in
any other such bonds, nor may it drift
through the substance as a free electron.
Thus, in a crystal, each valence electron of
each atom can form an electron pair bond
with an adjacent atom.

The first element widely used as a semi­
co nductor, and sti ll o ne of the mo st popular,
was germanium. This eleme nt has four
valence electrons in each of its atoms, and so
each atom in a crystal of germanium is
linked by electron-pair bonds to four
adjacent atoms. The resulting crystal struc­
ture looks something like the sketch in Fig.
3, wit h one atom at the cente r of a pyramid
and its pa rt ners at the corners of the
pyramid .

a

,

,

GE:_ l\JIrIl CRYSTAL STRUCTUAE

Fig. 3 . Germanium and silicon, the two
most widely used semiconductor materia ls.
eac h have fo u r electrons in their va le nce
shel ls and so f orm c rystals in w hich ea ch
co re is joined t o fou r o t her co res b y
etectrco-cet r bonds. Other materials may
a lso fit into the structure, w ith e lec t ro ns
either missing f rom bonds (holes) or left
over {freel , This produces P·type and N ·type
material, respectively.

We have already seen that crystals may be
sma ll o r large. The crystal structure we have
just examined is that which ex ists inside the
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crystal; at the edges, of course, there are no
adjacent atoms to link to. Because of this,

•materials which exist as many small crysta ls
(such as mo st metals) behave considera bly
differently fro m those which exist as a single
large crysta l. In particular, a pol ycrystalline
(many-small-crysta ls) substa nce is likely to
be a good conduc tor because the valence
electrons in the outside a toms of each
crystal are free to drift through the materi­
als, and a single-crystal substa nce is likely to
be a good insulator because almost all its
valence electrons are fixed in place as part­
ners in electron-pair bonds.

What we call semi conductors are always
single-crystal substances. If every atom in a
crystal o f germanium is ac tua lly a germa­
nium atom, then the crysta l acts as an
insulator. However, if a very few (about one
in ten million) atoms of some other sub­
sta nce with either fewer o r more than four
valence electrons are in the crystal, the
valence elect ro ns will not all be fixed in
place.

A number of such o ther substances are
able to fit into the structure of the germa­
nium crystal. Arsenic, phosphorus, anti­
mony , and boron, all of which have five
valence electrons rather than four , will fit in .
So will aluminum, gallium, and indium,
which have only three valence electrons.

The substances with five valence electrons
are called "donor" materials because they
"donate" an excess valence electron to the
crystal. A cry stal conta ining donor impur­
ities has a surp lus of elec trons and so is
inherently negative in charge ; it is called
" N-ty pe" germanium.

The substances with only three valence
elec tro ns are called "acceptor" materials
because they "accept" only three electron­
pair bonds and leave a "hole" which may be
filled by any st ray electron . This absence of
enough electrons to fill all the possible
bonds in the crystal results in a positive­
charge characteristic, and such a crystal is
called "Pctype" germanium.

It's important to remember that the
crystal as a wh ole is electrically balanced in
either case, because the donar o r acceptor
atoms were electrically balanced before they
became part of the crysta l structure . The
"posit ive" or "negative" imbalance we spoke
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o f in the preceding two paragraphs refers
o nly to "free" particles which are able to
drift within the crysta l. N-ty pe crystals have
electrons which are free to"move without
disturbing 'the crysta l structure, while P-type
crysta ls ·have «hol es" which may be filled
by elec trons introduced from outside.
Of course , whenever a hole is filled, the
crystal itself has too many electrons for
balance and mu st get rid of one, which
produces a hole some where else , so that the
original hole appears to drift through the
material just as would the free electrons in
N-type material.

Either P-type or N-type germanium is a
better conducto r than pure germanium
would be, because the impurities provide
either free elec trons o r fr ee holes which can
carry electric cha rge through the material.
The free electrons or holes are called " charge
carriers" or just " carriers" fo r short.

Now that we have seen how charge can
move through the st ructure of a semicon­
ductor crystal in the presence of impurities,
we're ready to look at the reasons a semicon­
duc tor can work as it does. First , let's look
at a diode.

If we take a crystal of N-type germanium
and connect a battery in series with it , a
current will flow. It is carried through the
crystal by the free electrons in the crystal
structure.

If we use a crystal o f P-type germanium
instead , the same thing will happen, with the
holes carry ing the current through.

If we disconnect the battery from both
crysta ls, no cu rren t will flow. The atoms
inside each crysta l would be vibrat ing
because of hea t energy which is always
present, and the carriers in each crysta l
would be "diffusing" at random throughout
the structure, but nothing would escape
from the edges of the crystal.

Now let's join these two separa te crysta ls
to form a single crystal , which is N-type at
one end and P-type at the other end.

We might expect the holes in the P-typc
to move toward the junction, in their ran­
dom diffusion, and there meet the elec tro ns
from the N-type, combine into a filled
eJect ron-pair bond, and thus eliminate all
carriers fro m the crysta l.

This process ac tually sta rts to happen
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the amount of charge in a capacitor. Normal­
ly , this is a sort of "reverse English" manner
of defining voltage -but in this specific case
it lets us think of the barrier in terms of
voltage, and this equivalent voltage defined
by the charge surrounding the depletion
region is known as the "height" of the
barrier.

For any particular junction, the height of
the barrier depends upon many things. Some
of these things are the amount of impurities
present in the crystal st ructure. the tempera­
ture (which determines how much bouncing
about inside the crys ta l the carriers may do),
and the amount of light reaching the crystal
(which provides energy. just as does heat).
The most important, though, is the material
of which the crystal is made. The barrier in
any germanium crystal junction runs
between 0.2 and 0.3 v in height, while that
in a silicon junction runs between 0 .6 and
0 .7 v height, in the absence of any external
forces.

It's important to remember that the
barrier comes into existence when the junc­
tion between N-type and P-type material is
formed in a single crystal. It 's always there.
Whenever we have a junction, we have at the
junction a depletion region and a barrier.
The barrier height depends upon the crystal,
but is somewhere around half a volt in
most cases in the absence of external forces.
Now let's see what happens when we con­
nect this crystal to a battery.

Let's try it first with the positive pole of
the battery hooked up to the N-type end of
the crystal. The battery provides elec trons at
its negative terminal and forces them into
the P-type end of the crystal. This fills even
more holes in the P-type material, while the
positive terminal of the battery is drawing
electrons out of the N-type end of the
crystal and so is taking out even more free
electrons than were already used to form the
depletion region.

As free electrons are drawn out of the
crysta l toward the positive pole of the
battery. the random diffusion within the
N-ty pe material tends to move them away
from the barrier to fill the gaps. Similarly,
the holes in the P-type material move away
from the barrier to rep lace the holes filled
by electrons from the battery . The net result

,
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when we form such a crystal- bu t it stops
it self soon afte r it starts, and long before all
the carriers are eliminated from the crystal.
When a hole from the P-type and a free
electron from the N-type join to form a new
electron-pair bond at the junction, this
leaves a nucleus short one electron in the
N-type material, and a nucleus with one
electron too many in the P-type region. The
charge across the junct ion is no longer
balanced. The next free electron which
diffuses toward the junction is repelled by
the excess negative charge now present in
the P region, and cannot get to the junction
to join with a hole .

So long as any point exist s at the junction
where holes and electrons can meet without
repulsion, they will do so - but as soon as
every electron-pair bond across the junction
has been filled, no more carriers can cross
the junction because of the " barrier" estab­
lished by charged nucleii jus t outside the
junction area. This barrier area is kn own as
the " depletio n region" ( Fig. 4) and also as
the "space charge region." It has definite
physical width.

•
IXP'lE TION

""""
Fig . 4 . Wh en P-type and N -type ma terial are
joined into a single c r ysta l st ruc t u re, holes
and electrons recombine at the ju nction to
form a barrier or depletion regio n, shown
shaded here. Ho les a re co n c e n tra t ed at
P-type s id e o f barrier a nd free electrons are
at N -wce side. Crystal a s a w h o le is e lec tr i­
c a lly neutral, however .

The unbalanced nuclei i which esta blish
the barrier are (or may be co nsidered to be,
which amounts to the same thing) near the
outer edges of the depletion region ; since all
the elect ron-pa ir bonds within the depletion
region are filled, this area acts as an insula­
tor-and we have, in effe ct , 11 charged capaci­
tor inside the crys tal.

One way of defining voltage is in te rms of
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F ig. 5 . Battery connected as shown here
supplies more electrons to fill holes in
P · t y p e end of c r y st a l, and w ithdraws free
elect rons f rom N -type material. Result is
widening of depletion reg io n until vo lt age
ac ross b arr ier equals vo ltage of ba ttery. or
u ntil c rystal structure break s down if vo lt­
age is t o o gre a t . Co nd it ion is k now n as
" reve rse b ias."

is that the depletion region becomes phys­
ically wider- and the barrier becomes higher.
This process continues unt il the height of
the barrier exact ly eq uals the voltage of our
battery. When th is occurs, no current can
flow. because the voltage of the battery is
exactly balanced out by the height of the
barrier at the junction.

Under t hese conditions ( Fig. 5), our
junction is an insulator.

If we re verse the co nnect io ns to the
battery , though, things change . Now, every
time a fre e electron an d a hole combine at
the junction, they are replaced by a new
elect ron put into the N-type end of the
crystal from the negative pole of the battery
and a hole crea ted in the P-type material by
the battery's taking away an eJectron. This
reduces the width of the depletion region

• ~-"-'--<~

•
OEPLUION.."""

BATTERY
F ig. 6 . W hen positive po le of battery is
connec ted to. P · t y p e end of c r y s t a l, battery
supplie s fr e e e lectro ns t o N -t v c e a nd draw s
e lect ro n s o ut o f P -type t o p rod uce m o re
ho les. Thi s narrows the dep letion regio n a nd
reduces re sistanc e of c r y s t a l structure.
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( Fig. 6) and the heigh t of t he barrie r. It does
even more -when the barrier is complete ly
overcome, it makes the crystal into an
excellent co nducto r.

The junction. then, is effectively a polar­
ity-sensitive switch. For current flow in one
direction, it is an open circuit, but if current
attempts to flow in the reverse direc tion it
turns into a conductor.

Such a device is, by defin it ion, a diode
and a rectifier. If we apply ac, instead of
using our de battery, the polarity will
reverse every ha lf-cycle. Those half-cycles
which oppose the ba rrier are blocked, but
those whic h reduce t he deplet ion region
width go th rough uncha llenged - an d the
output is pulsating de.

We call the open-circuit condit ion
"reverse bias" and t he closed-circuit con­
dition "forward bias," the "voltage drop" of
a junction diode is simply the barrier height,
because even in the forward-bias condition
the applied voltage must overcome the bar­
rier before the depletion region's width
drops to zero and closes the switch .

It is possible to force current through a
reverse-biased junction diode ; if th e applied
external voltage is so grea t that the ent ire
crystal is used by the depIction region , for
instan ce, any increase in volt age canno t be
overcome by addi tiona l expans ion of the
depict ion region. In such a case, the crysta l
structure actually breaks down and current
flows unchecked. If the curren t is limited by
something outside the crystal so tha t exces­
sive heat cannot be generated, the break­
down heals automatically when the over­
voltage is removed; if nothing limits the
current, the crystal material is usually vapor­
ized by excessive heat. Zener diodes make
use of this reverse breakdown, but in most
cases it's something to avoid; that's why
diodes are rated for "peak inve rse voltage"
or "PIV"-tha t's a ll they will stand in
reverse!

Most rec tifier diodes now in use are of
silicon rather than germaniu m, but they
work in just the same way. The reason
silicon is used is that it is much less
temperature-sensitive than germa nium, and
has higher resistance when reve rse-biased.
The reverse resistance of a good silicon diode
may be greater than 10 megohms, while the
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resistance in the fo rward directio n is usua lly
less t han 500 ohms.

A part of t he voltage drop associated with
a silicon diode is simply the result of Ohm's
Law, because of the 500-ohm forward resis­
tance. Ho wever, the forward resistance varies
with the amount of current flowing, so that
the voltage drop is hard ly ever more than a
volt ( the barrier in most silicon rectifie r
diodes averages 0.65 volts without current
fl owing). In fact, it 's necessary to put
current-limiting resistors in series with sil­
icon diodes to keep them from destroying
themselves in normal operation, beca use
they will permit ex treme curren t flo w in the
forward direct ion. These resistors are usua lly
47 o hm 1/2-watt u nits, which serve t he
purpose adequate ly in mos t cases.

The action of the silicon is a direct result
of the crystal structure including the junc­
tion between P-ty pe and N-type silicon . This
is different from .a vacuum diode, which
boils electrons off a heated cathode and
permits them to flow to the plate whenever
the plate is more positive than the cathode .
The major differences which result fro m the
di fferent action are :

I . The vacuum diode requires power to
heat the cathode while the sil icon diode does
not.

2. The vacuum diode requires an envel­
ope to maintai n its vacuum; the silicon diode
is a single crysta l and can be qui te sma ll.

3. More fo rce (external voltage) must be
applied to move electrons across the distance
between ca thode an d plate in a vacuum
diode than is necessary to move charge
across the junction in a semiconductor,
because of the 10-million-to-one variation in
the distance (atomic in the case of the
junction, easily visib le in the vacuum diode).

4. The heater in the vacuum diode
eventually burns o ut; t he semiconductor
diode has no known failure mechanisms
which are inherent in the unit itself, and
most failures are cause d by fa ilures of o the r
items in the circuit. No semicon ductor has
ever been known to "wear out" with usc.

Most of these differences are also appli­
cable whe n comparing vacuum tube ampli­
fiers to t ransisto rs-but that's our next
subject. At t his point, we have a fair
(although incomplete) idea of what a semi-

73 MAGAZINE



$39.95

1
14.95
19.95
24.95

$14.95

CU STOM SYSTEMS
KITS . ACCESSORIES

I

~()\\ f>,\.\.

t/lOB\lt \l"ns

Return Loss Response Band Pass Response

BAND PASS ANTENNAS

MORE RANGE •••
with NO NOISE

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

Stockton. California 95201

50 MHZ to 52.5 MHZ
8 element-12 DB

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

11 eleme nt-15 DB
220 MHZ to 225 MHZ

9 element-12 DB
400 MHZ to 500 MHZ

12 full wave elements-11 DB $19.95
21 full wave elements-13 DB $29.95
Baluns for a bove antennas $5.00 each

Do-if-yourself Insula tor Kits
with instructions: '50q per elemen t

All prices FOB S tock ton

ELIMINATE IGNITION NOISE
ELECTRO. SHIELD fJ

YOUR ENGINE
FROM

,,
\

•

OUTlER SASE CClU..£CTOA

'""""""

•

_ --,_, ,,,,, ..., _~--l

- II + - II +

conductor is and why it can act as it does ,
and it's time to move on to study the
transistor.

How Do Transistors Am plify?

We have just seen ho w the polarity of
voltage applied to a single semiconductor
junction between P-type and N-type semi­
conductor ma terial controls the width of the
depletion region which exists at the ju ne­
tion, and so controls the resista nce of the
junction. This is enough to give us diode
action, but so met hing more is necessary in
o rder to get amplification.

Let's sand wich a slice of P-type material
between two pieces of N-type material in a
single crystal and see what happens. Each
N·P junction is immediately surrou nded by a
deplet ion region ; since we have two N-P
junctions, one on each side of the P-ty pe
region in the cryst al, we have two deplet ion
regio ns.

Either of these junctions alone will act
just as does the single junction of a diode.
For instance, if we forward-bias the leftmost
junction in Fig . 7 and leave the right -hand
junction disconnected , the depletion region
becomes narro wer. If we apply reverse bias,
the depletion region widens.

But since bo th junc tions are in a single
crystal structure, so met hing more compli­
cated happens if we apply bias vo ltages to
both. If the thickness of the P-type portion

Fig. 7 . Pl acing t wo junctions in a s ingle
c ry st a l structure produces tw o barriers and
two dep let ion reg ions, as shown at top.
When bias vo lt a ge is applied as in bottom
view, one junct io n is fo rward b iased with
sma ll d ep let ion reg ion and o ther is re verse
biased w it h large depletio n . This m a k e s
ampli fication possible.
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of the crystal is small enough, and we
forward-bias the one of the two N-P junc­
tion, many of the electrons which go into
the N-type material shoot right on through
the P-type region without meeting any holes,
picking up enough energy on the way that
they shoot right through the barrier of the
other junction into the other N-type region.
There, they may meet holes-or, if polarities
are correct, may flow right on out into an
external circuit.

In order for these shot-through electrons
to be able to continue into an external
circuit, the right-hand N-type material must
be connected to a more positive voltage than
is the P-type material in the center. This,
however, amounts to reverse bias on the
right-hand P-N junction.

And as we saw when examining action of
a single junction, a reverse-biased junction
has extremely high resistance.

The left-hand junction, being forward
biased, shows a very low resistance. Yet it is
the electrons injected into this low-resistance
circuit which shoot through and affect the
current flow in the high-resistance reverse­
biased circuit. This is a transfer of signal
from a low-resistance to a high-resistance
circuit, with very little loss of current, and
such a transfer amounts to a power gain (l
rnA in a IQ-ohm circuit is 10 microwatts; the
same I rnA in a I O,OO<k>hm circuit is 10,000
microwatts, or 1000 times more power).

This is, about as precisely as we can put it
without resorting to pages of higher math,
just how a transistor operates. What we see
in Fig. '7 is an NPN transistor; the N-type
material at the left is the emitter, the P-type
region in the center the base, and the N-type
material at right is the collector.

The names applied to the elements of the
transistor may make a little more sense now.
The emitter emits electrons, under the
influence of the forward bias between itself
and the base. Actually, the electrons are
pushed out by the battery which establishes
the forward bias. They shoot right through
the base region into the collector, which
collects them.

The amplification comes about because
the emitter-base circuit is at low impedance
while the base-collector circuit is at high
impedance, and the flow of electrons all the
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way through from emitter to collector is a
series circuit in which constant current
flows.

Not all the electrons make it through the
base region, of course. A few of them must
recombine with holes in the base, to main­
tain a current flow in the base circuit and
keep the emitter-base junction forward
biased. Almost any transistor, though, will
let at least 95 percent of the electrons which
leave the emitter reach the collector. High­
gain transistors permit only a very small
fraction of one percent of the emitted
electrons to be trapped by the base.

In the early days, a factor called "alpha"
was used to rate the gain of transistors, and
it was, specifically, the ratio between the
number of electrons reaching the collector
and those which left the emitter.

It wasn't measured by counting electrons
directly, of course. Instead, current in the
emitter circuit and current in the base circuit
were measured and compared. An alpha of
0.99 meant that for every 100 rnA in
emitter circuit, 1 rnA flowed in the base
circuit and the remaining 99 went on
through to the collector circuit. Alpha
always ranged between 0 and 1; a very high
gain unit might reach 0.9999999999, but it
could never quite get to 1.0 because if it did,
no current would be left to flow in the base
and keep the transfer action going.

Partly because of this bit of rna thematical
confusion, and more because of a change in
the preferred type of circuits as designers
gained experience with the transistor, a
different rating called "beta" by most and
" Hfe" by some came into widespread use,
and today most gain comparisons are made
on the basis of beta rather than alpha.

The beta of a transistor is the ratio
between the current flowing in the base
circuit and that flowing in the collector
circuit. Our preceding example, for instance,
with I rnA in the base and 99 rnA in the
collector, would result in a beta of 99.

Beta and alpha are mathematically related
by the fact that all the current reaching
either the base or the collector normally
goes through the emitter; if you know alpha
and need beta, simply divide the alpha figure
by the difference between I and alpha (to
apply this to our example, 0.99/0-0.99) or
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0 .99/0.01 ) and the result is beta.
Actually, a small amount of leakage

current may flow, so that these and other
mathematically based relations do not
always hold true in practice - but they 're
usually plenty close enough for our pur­
poses.

The NPN transistor we have just looked
at operated with polarities very similar to
those of vacuum tubes, except that the base
(which corresponds to the grid of the tube)
is positive rather than negative with respect to
the emitter (which corresponds to the tube's .
cathode).

Transistors differ from tubes in one major
respect, however. Tubes can only employ
electrons as their carriers, because holes
cannot exist in a vacuum (they are an
inherent part o f crystal st ruct ure and cannot
exist outside that struc ture ). Since the tran­
sisto r uses crys tal st ruct ure to achieve its
effe cts, it can just as easily sandwich a slab
of N-type material as a base between two
slices of P-type , and we then have a PNP unit
instead o f NPN.

The PNP unit operates exactly as does
the NPN, except that holes replace the
electrons as the charge carriers, and all the
bias-voltage polarities must be reversed.

The existence of both NPN and PNP
transistors makes many circuits possible
which can not be done with tubes. For
example, a single-ended input signal can
drive a push-pull amplifier direct without
any need for phase inverters or center­
tapped driving transformers, if o ne half of
the push-pull stage used an NPN transistor
and the other half is PNP (providing that
bias is properly set) .

when we compared junction diodes and
vacuum diodes, we found a n umber of
differences which also apply to a comparison
of transistors and triode vacuum tubes. Here
are a few more :

I . The main current flo w in a vacuum
tube is from cathode to plate ; in an NPN
transistor, the main current flow is from
emitter to collector. In the tube, the current
passes through the grid; in the transistor, it
passes through the base. Thus the emitte r of
the transistor corresponds to the cathode of
the tube, the base to the grid , and t he
collector to the plate (Fig. 8).

2. In most applications of tubes, no
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The corresponding transistor amplifie r
circuits are known as the commo n-emitter,
co mmon-base, and emitter fo llower or
co mmon-collector. The co mmon-emitter
circuit is most frequently employed now,
and corresponds to the grounded-ca thode
tube circuit. The emitter follower or
common-collector circuit is freq uently used
to increase input resistance of transistor
circuits.

Characterist ics of each of these transist or
circuits are roughly simila r to those of the
corresponding tube circuit , keeping in mind
the inherent lower input resist ance of tran­
sistors.

Like the grounded-cathode tube circuit,
the common-emitter transistor amplifier
offers moderate input resistance and reverses
the phase of the signal between input and
output.

The emitter-follower, like the cathode
fo llower, has high input resistance and a
voltage gain of less than one. Phase of the
output signal is the same as that of the
input.

Any transistor circuit, whether com mon­
emitter, co mmon-base, or common-collec­
tor, must be biased properly in order to
amplify. The bias voltages establish the
required reverse bias of the collector-base
junction and forwa rd bias of the base­
emitter junction. The collector bias voltage
corresponds directly to the B+ or plate
supply voltage of the vacuum-tube circuit,
but the base bias voltage differs from the
grid bias of a vacuum tube because current
normally is allowed to flow in the transis­
tor's base circuit.

For proper amplification, base bias is
somewhat critical-but no more so than is
the grid bias of a tube. If too mu ch current
is permitted to flow in the base circuit, the
transistor will act as a switch rather than an
amplifier; if insufficient current flows, the
transistor will be cut off (litt le or no
collector current). The overbiased CO Il­

dition is known as "saturation," and the
underbiascd co nditions as "cu toff." For
proper amplification in most circu its, bias
should be adjusted to a value halfway
between cutoff an d saturation ; this will
permit the largest possible input signal swing
between these limits.
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Fig . 9 . T he th re e basic types o f transistor
amplifier c ircu its a re shown here as com­
pared to t he c o rre spo n d ing vacu um -tube
circuits. On ly signa l paths a re show n ; eac h
transistor circuit requires b ias a rrangements
also as shown in F ig. 10 for the corn-non .
emitter case.

F ig . 8. Sch em a tic symbols f or both NPN
a nd P NP transist ors as compa red w ith
sym bol for t r iode tube. Ty p e o f trans istor is
ind icated by direction o f ar rowhead on
emitter le ad ; t he a rrowhead po in ts in th e
d i rection o f positive cu rren t fl o w . S y m bo l
correspo nds c losely to that f or sem icon­
d uc t or d iode, i n wh ich arrowh ead al so
points in direction of posit ive cu rrent flow
(as opposed to negat ive e lect ro n fl o w ).

curre nt flows in the grid-cathode circuit, so
that the grid of th e tube is a very high
impedance. In most transistor applications,
the base-ernitter junctio n must be forward­
biased and current flows; the circuit is a low
impedance. Thus the input resistance of the
tube is usually much higher than that of a
transistor.

Since the emitter, base, and collector of
the transistor do correspond to t he catho de,
grid, and plate of the triode tube, transistors
can be hooked up as amplifiers in circuits
(Fig. 9) which correspond to the three types
of vacuum-tube amplifiers: conventional
g ro u nde d -c a tho de, grounded-grid, and
cathode follower.
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the circu it constants, and many ot hers. Let's
look at the transistor's construc tion first ,
because in practice we have no con tro l over
this except to choose a particular type of
transisto r which has the type of construct ion
we desire.

The transistor which we used as an
example (Fig. 7) was a single crystal of
semiconductor material with the base sand­
wiched between the emi tter and collec tor.
We drew it in the shape of a long narrow slab
to ma ke the explana tion easier to follow
visually - but very few ac tual transisto rs use
this shape. In prac tice, the designer of a
transistor must juggle such factors as the
width o f the base region , the capacitance
across each j unc tion, the thickness and
volume of the collec to r (which sets the
power rating o f the unit), and the area of the
emitter junction . Most of today 's commo n
transistors, as a result , resemble tiny ham
sand wiches; they are sprea d out over a wide
area but are not very thick. The collec tor is
the largest part, wit h the base on top of that
and the emi tter covering the base ; both
emitter and base are normally very thin .

The width of the base se ts a limit on
signal frequ ency, be cause any carriers which
remain in the base region for an appreciable
fra ction of a signal cycle cannot be control­
led by the signal (it will be pulling them part
of the time and pushing them the rest o f the
time). Early transistors were limi ted to audio
frequenc ies because of this, but modern
units are ca pa ble of amplify ing well into the
rf range and many "ordinary" transistors
opera te nicely up to 5 or 10 mhz. For higher
frequen cies, different construction techni­
ques are used ; transistors which operate in
the ghz frequen cy range are available al­
though expensive.

Base width also determines to some de­
gree the amplification ability of the tran­
sistor; a thick ba se can capture more ca rriers
than can a thin one, which means that fewer
carriers will go o n through to the collector.
This increases the ba se-current /collector cur­
rent ratio , which reduces bot h alpha and
beta .

Circuit constants affect transistor ampli­
fication in the same manner as they affect
tube amplification; a high value of load
resistor will give increased voltage gain , if

... 100 IllFD
av
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00

F ig . 10. Emitter bias ci rcuit as a p p lied t o a
commo n-emi tter au d io amp li fier ci rcuit
using an N PN t ra nsisto r. Emitter resistor' s
va lu e is c h osen to gi ve a c o nve nie n t amount
of vo l t age drop w h en desired em i tter c u r ­
rent flows, and vo lt age divider su p p ly in g
bia s to base is then set to pro vide this same
vo ltag e plus barrier o ff se t (about 0 .2 vo lt
for germanium tran sistors o r 0 .6 v o lt for

silicon). Emitter c u rre n t will stabilize at
desired value. Change in su p p ly voltage
requires only c h a ngi n g of b ase vo lt age
divider to k e ep b ase vo ltage constant.

What Factors Affect a Transistor's Amplifi­
cation?

No w that we 've met the transistor as an
amplifier, it's time to take a deeper look at
the fa ctors which affect the transistor's
performance in this role .

Among these factors are the signal fre­
que ncy, the construction of the transistor,

In a vacuum tube, amplification can be
controlled by varying the grid bias. Changing

•the base bias of a transistor has much less
effect upon the amplification, although a
limited control is possible by this means.

Bias can be supplied from separa te sup­
plies, but it's more common to USe a resistive
voltage divider to put the base at Some
voltage between the collector-supply level
and ground, and include a moderately small
resistor in the emitter circuit as shown in
Fig. 10. This corresponds to the " cathode
bias" arrangeme n t used frequently in tube
circui ts; it ma kes the bias au tomatically
self-compensa ting to just that a mo unt which
will permit a desired level of emitter current
to flow. While Fig. 10 show this" in a
common-emitter circuit, the same bias ar­
rangement . can be used for any of the three
types of circ uits by moving the ac grounds
and signa l input/output points while leaving
the de portions o f the circuit unchanged .
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en ough current can be made to flow through
it. Increased forward bias will permit greater
current flow. However, each type of tran­
sistor has an optimum operating point which
provides maximum amplification consistent
with linearity. You can get higher gain, but
at the cost of possible distortion.

Is Amplification All?
•

The most famili ar use of transistors, to
most of us, is in amplifiers or amplifier­
related circuits such as oscilla tors or active
filt ers. However, as we've already glimpsed ,
the transistor also has the capability of
acting as a switch if the base bias is varied
between saturatio n and cutoff - and in fact,
the most common use of transistors today is
not in amplifiers at all, but as the switching
element in digital co mpute rs.

A switc hing transistor and an amplifier
transistor are essentially the same, except
that the switching unit is designed to
emphasize its switching properties and is not
tested for use as an amplifier. Despite this,
most switc hing transistors make highly
acce ptable amplifiers if you 're willing to
develop your own circuit constants for
them.

When a transistor is saturated, that is,
when so mu ch base current is supplied that
no additional change of collector-emitter
resistance can occur, it is a better switch
than many mechanical swit ches. The voltage
drop from collector to emitter under these
conditions is usually much less than 0.1 volt
(as compared to the O.25-volt drop between
base and emitter at the same time).

In cutoff, however, almost no current
flows through a silicon transistor, and very
little through a good germanium unit.

By removing the base-bias network from
a co mmon-emitter amplifier circuit and
bringing the base lead out (through a cur­
rent-limiting resistor) as the input terminal,
we have the basic transistor switching circuit
sho wn in Fig. II. If voltage is applied to the
input with a polarity that provides forward
bias to the base-emitter junction, current can
flow in the load circuit. In the absence of
input voltage , or with reverse-bias polarity ,
current flow in the load circuit stops.

Placing a resist or in the load circuit , and
then co nnec ting two such switc hing circuits
back to back as in Fig. 12, gives us a
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Fig. 11 . Basic transistor switch c irc u it is
simplicity itself. Transistor is c o n n ec t ed in
series with the load to be switched, and
c o n t ro l voltage is applied through a resistor
to the base, to assure c u t o ff in the absence
of control voltage input, but in many c a se s
the zero-bias leakage c u rre n t is small enough
that no more comp onents than shown here
are necessary .

"memory" circuit. If we ground terminal I,
this will cut off transistor Q 1 and halt the
flow of current through R 1. With no current
flowing through R 1, the collector of 0 I will
rise toward the supply-voltage level. This
provides forward bias to Q2 , driving it
toward saturation and permitting current
flow through R2. When 02 saturates, the
voltage at its collector is virtually ground
level and we can now remove the ground
from terminal I because Q2 has turned into
a permanent ground at the same point in the
circuit.

,-- - ------.- .

Fig. 12. Two simple transistor switches (Fig.
11) with resistors for loads, and c ro ss­
coupled to each other back to back, form a
simple memory circuit which is actually
used in some digital c o m p u t e r designs, and
which is the heart of most of the more
complicated flip -flop circuits. This version is
known to computer designers as the " DT L
flip -flop" (direct transistor logic). Operation
is explained in the text.

This circuit will "remember" that con­
dition until we ground terminal 2, no matter
how long we wait. When we ground terminal
2, we remove the voltage from the base of
02 and thus cut it off. The voltage at 02's
collector rises, driving Ql into saturation.
When 0 I saturates, it holds 02 cut off. The
circuit is now remembering a new condit ion.

This circuit , called a "flip-flop" by most
computermen in this country and known to
engineers as a bistable multivibrator, is the
heart of most computers. In practice, more
elements are needed in order to speed up

73 MAGAZINE



24 HOUR

OESK CLOCKIclJrt

Yo u r operat in g desk
w ill stand ou t wit h
this day -date cl o ck .
G rea t for t h e off ice JOo . Set th e 24-hour model on
GM T and n e ver ma ke a ti me or date mistake agai n.
8" x 3y"" br u shed a lum inum case. self -start ing. 11 0
v 60 cy. Please spec ify 12 o r 24 hour c loc k .
SPEC IA L Calend a r C loc k ONLY $ 40.00 postpaid.

SHOP-BY-MAIL
SPECIAL VALUES!

24 HOUR

CALENOAR CLOCK

CASSETTE
TAPE RECOROER

RE D LI NE presen ts t he Va liant.
T his neat litt le c assette tape re o
co rd e r has excellent fi d eli t y and
a n e asy p ush butto n system that
means everyon e in the fam ily can
use it and h a ve fu n . It has a battery leve l m ete r .
rec ordi n g le ve l meter. a jack for feed ing hi -f i o r
yo u r receive r (o r tv). and operates fro m a sw itc h
on t he mi k e. R eco rd th o se rare OX con tacts as well
as your r egul a r fri ends o ff t he a ir. Th e price is
rid ic ul o u sly lo w . S PECIA L, ONLY $33.00 post ­
paid .

T hi s c lock ca n be read
f ro m 1 5 feet in a dense
fog. Avai lab le in char­

coa l gra y . co ral red, l igh t blue, w h ite o r b row n.
Ple ase spec ify 12 o r 2 4 hour c lock . T h e y are
beau t ifu l. O N LY $24.95 postpaid .

action, etc.s-but the simple samp le circ uit
here will work as described .

While the transistor 's use as a switch is its
most common application, and its use as an
amplifier is the most familiar to most of us,
there are still other uses.

One of the more interesting is its use as a
current-controlled resistor .

Both amplifica tion and switching action
in the transistor come abo ut , as we have
seen, by a change in the resistance of the
collector-to-emitte r circuit caused by a
change in the curre nt flow in the base­
emitter circui t. We can, then , simp ly use the
collector-to-emitte r circ uit as a variable resis­
tor, and change its resista nce by changing
the curre nt flow in the base circuit.

This offers, as one example, a simple
automatic gain control technique. The age
control voltage is converted to current by a
series resista nce and applied to the base of a
transistor ; the transistor is in series with a
fixe d resistor which forms a vol tage divider
for the signal being controlled.

If co nt rol voltage and co nseq uent base
curre nt are high, the transistor's resistance is
low and the voltage divider has low output.
If contro l voltage and base current are lo w,
the transistor 's resistance is high and the
voltage divider has little effec t.

The circuit , diagrammed in Fig. 13 , can
be ap plied to many other uses. It has been
used , fo r instance, as a motor speed co n­
trol- but in such a use the transistor must
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F ig. 13 . Tra nsisto r m a y b e used a s cu rre nt­
con tro lled va r ia ble res istor t o p rov ide A GC
circuit as sh o wn here . App lication o f p o s­
it ive co n t ro l cu rrent or vo ltage redu ces
c ol lecto r-em itter resista nce o f tran si st or,
red ucing ou tp ut vo ltage. Reduct io n o f c o n­
trol c u rre nt inc reases tra nsi stor re s ista nc e .
raising ou tp ut vo lt a ge. T opmo st resist o r is
t o isolat e si gna l f rom lo w imped a n c e o f
power su pply . V a lues are onl y su gges t ed; in
a n y specif ic app licatio n t h ey wou ld h a ve to
be t a ilo red t o th e needs o f t h e c irc uit.
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dissipate large amo unts of power (in the
age applicat ion, almos t no power is involved ).
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Fig . 14. A ctua l s t ruct u re o f S C R is fo u r­
layer PNPN sa ndw ic h as shown a t left, bu t
operation is ver y similar to that o f two
perfect transistors as shown in cen ter,
hooked up as shown in schematic at right. If
both transistors have a lmost zero le ak age,
circuit at right wi ll wo rk ; in SCA , le a k ag e is
h e ld to min imum by action withi n the
c ry st a l structu re .

Fig_ 1 5 . Cutaway v ie w o f theoretical f ield ­
effect transistor show s how deplet ion regio n
c re a t ed by re verse bias of the gat e m ater ial
(in this exam p le, a ring ju nction au t h e way
around th e m a in sem ic o n d uct o r) " p inc hes"
down the avai la ble c u rre n t p ath a nd so
inc re ase s the device' s sourc e-oea tn resis­
ta nce. A ctual FET' s a re considerab ly m ore
comp lex than t h is si mr:: le mod el.

ly different device. It has only one junction,
and injection of current into this ju nction
affects the current flow through the main
mass of semiconductor material. This device
does not amplify , but is excellent as a switch
in timing circuits similar to neon-bulb
oscillators.

The field-effec t transist or is something of
a cross between the ordina ry transistor and
the unijunction. Fig. 15 shows how it works
in principle . Only one junction is involved,
and it is always reverse-biased . The amoun t
of reverse bias varies the depth of the
depletion region in the main mass of the
material, which varies the resistance between
the source and drain terminals. The FET has
operating characteristi cs very similar to
those of a vacuum tube -input resistance is
high and no current flows in the inp ut
circuit.

Voltage-variable capacitors and varac tors
are simply specially processed junction
diodes, making use of the variation of the
depletion region thickness with variation in

What About the Rest of the Family?

We've examined junction diodes and
junction transisto rs, both silicon and ger­
manium types. We have by no means seen all
the semiconduc to r fa mily. We have com­
pletely skipped over the ' point-contact
diodes and transistors, partially because they
are little used today but primarily because
modern theory indicates that they are
actually junction devices in which the junc­
tions are created at the points of contact
during use (which means that they operate
in essent ially the same manner).

Some of the other semiconduc tor devices
ope rate in totally different fashion although
based o n the same basic events in a crysta l
structure, and some bear the same relation
to t ransisto rs that transistors bear to
diodes- an appa rent co mbination, modified
by the fact that the whole co mbination is in
a single crystal.

The silicon co ntrolled rectifier (SCR) is
one of these combina tion devices. It can be
simulated by a hookup of PNP and NPN
transistors as shown in Fig. 14-but only if
both transistors have essentially zero leakage
cur rent. It is a switching device only ; when
"off;' almost no current flows through, and
when triggered "on" by a small signal in the
gate circuit, a large flow of curre nt can flow
with no mo re voltage drop than an ordinary
silicon diode.

Fig. 14 indicates that such a device
should be able to be turned either "on" or
"off" by co ntrol signals; most SCR's only
turn "on" by co ntrol signa ls, and must be
tu rned "off" by other means. A similar
device based on the same principles, known
as the silicon co ntrolled switch (5C5), has
both "on" and " off" capabilities.

The four-layer diode is similar in char­
ac te ristics to the SCR but has only two
terminals; the "fum-on " signal is generated
inside the crystal struc ture by the applied
voltage. The result is that the device is an
o pen circuit for voltages below a critical
" th reshold " value, and a closed circuit for
voltages above tha t value.

The unijunction transist or, origina lly
called the double-base diod e, is a complete-
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bias voltage to change capaci tance across the
junction.

Zener diodes and tunnel diodes are also
specia lly pro cessed junction diodes. A zener
diode is built to maintain a consta nt break­
down voltage in the reverse-bias direct ion
and serves the same function as a vr tube.
A tunnel diode contains mu ch higher levels
of impurities and apparently ope rates in
precisely zero time ( the physics of it are st ill
somewha t unclear to most students); the
effec tive result is the establishment of
theoretically impossible negative resistance,
which in turn makes any reson ant circuit
capable o f oscillation .

The "integra te d circuit" is today 's
frontier of semiconductor study ; anyone
integra ted circuit contains tra nsist ors,
diodes, resistors, capacitors, and conductors,
aU of which may be grown int o a single
crystal structure . When each individual
component of an IC is examined by itself, it
is found to be identica l to tha t same
component in any other applicatio n - the IC
is more a means of packaging com plete
circuits in very small spaces than it is a
sepa rate member of the semiconductor
family.

This is not all the list by any means;
semiconductor technology is moving so
rapidly today that no list could ever be
complete, because new types would be
invented in the time between writ ing the list
and its publicat ion. However, these are most
of the members of the fa mily that you' re
likely to meet soon in the radio world - and
this is enough of their basic theory to
provide answers to all the semicond uctor
quest ions o n the Ext ra Class exami nation.

. . . Staff

...WA3HWI.

More Wax
Besides emergency fluxes and lubricants,

wax can be used to set those set-and-forget
cont ro ls, like the regeneration po ts o n the
Heath Lunchboxes, and bias sett ings. Hold
the candle [Iit l] half an inch over the control
and let wax drip into and around it for about
half an inch around it. You can also tell if
someone has been tampering with the rig.
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A Preamplifier
Mark Gutekunst WA3HMW
27 Rorer Avenue
Hatboro, PA J 9040

for the CB and

Ten -Meter Bands
Step 1. Remove connector from 6 inch

cable and add extension cable or other
provision for connections to power supply.
Connections are: Black, chassis ground.
Blue, 6.3 volts at 0.45 amps heater ac.
Orange, 120 volts de screen and anode
supply, about 30 rna. Green, chassis ground.
Brown, not used.

Step 2. Replace black bakelite plug under
the chassis with a BNC connector, and label
this "Input." Remove coil form L130!.

Step 3. Wind 6-8 turns of No. 20 enam­
eled wire around coil T1302, grounding one
end and connecting the other to the BNC
connector previously installed.

Step 4. Replace connector Jl30l with a
BNC connector, and label this "Output."

Step 5. Remove the two pi-wound chokes,
one at each end of the chassis along with the
red wire that connects the two chokes.

S tep 6. Co m plete the power connections
and install the preamplifier in your receiver's
antenna circuit . Turn it on, let it warm up,
and then peak T130l and Tl302 in the
center of the 10 meter band. You may need
to use solvent to soften the cement holding
the slugs in place, or you will chew up the
slot on the coil slug.

Results

This preamplifier should make any sur­
plus or cheap ham receiver come alive on 10
meters. It is quite broadbanded, shows a
possible 30 dB gain, and has a very low noise
figure. Any questions will be answered if an
S.A.S.E. is enclosed. Gud Luck!

.. . WA3HMW
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Did you ever want to listen in on the CB
or 10 meter bands and find your receiver
sounded completely dead? Perhaps it is too
noisy and the signals are there but you
cannot hear them, or maybe it simply is not
sensitive enough.

What you need is a high-frequency pre­
amplifier, and a nice surplus item can be
converted very easily to boost your receiver's
performance.
The Conversion

Begin with a No. MFP-50 10 meter pre­
amplifier. This co mes unconverted at around
$5 plus postage.

The conversion consists of installing two
BNC connectors and appropriate power con­
nections; adding a link input circuit, and
tuning up. You may need to build a power
supply. Here is the conversion process :

Fig . 1. Power suppl y c ircu it . Parts list :
C1-dual - 20pt, 150 vo lt electrolyti c ;
01 -400 piv 500 ma silicon rectifier ;
Rl -22ohm 1 watt resistor ; R 2 - 10 0 0 o hm 1
watt resistor ; R3-1 50K Y.w att resistor ;
S l -SPST toggle switch ; T1 -Power trans­
former , Allied 54 C 1411 , primer 117 vo lt s
ac, seco nd a ry 125 volts ac , SOma, 6 .3 volts
ac 2' amp s.
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Proper Use 0 Silicon

Recti ier Diodes

One or two of these t iny components,
closely resembling resistors, can do the same
job as a large vacuum tube of not too many
years ago. They cost less than the tubes, and
are more effective. But if abused they can
depreciate to zero value in part of a
millisecond. What are they?

They are silicon diodes, available on the
commercial or surplus markets at very
economical prices. Their basic electrical
property is very simple : in the forward
direction they will pass up to several
amperes (for a small silicon diode) at a
constant voltage drop under 1 volt. And in
the reverse direction they will pass a tiny
current. T he details of these propert ies are
different for various types and for individual
specimens of a given type of diode. Rectifier
diode failures in practical applications are
directly associated with these two properties
of forward conduction and reverse resis­
tance.

The Forward Current Rating

When a diode is in forward conduction,
which normally is during the part of each
half-cycle when the voltage applied to the
diode exceeds the voltage appearing across
the filter input terminals, the combined
voltage across the diode and the current
through it indicate a certain amount of heat
energy is released in the diode. In normal
operation the diode gets warm.

If the current becomes large enough, the
diode may be heated to a point at which it is
either unable to resist the reverse voltage
appearing during nonconducting parts of its
operating cycle, or to a point at which the
semiconductor doping atoms begin to
migrate to new sites. Either condition is
likely to prove fatal, since a breakdown
condition or doping atom migration in­
creases diode temperature and resistance.

JANUAR Y 1970

R. T. Brackman WA3ACL
Physics Dept.
University o f Pittsburg
and
M . Weinschenker K3DPJ
Box 353
Irwin PA

Once the failure process starts, it develops
regeneratively to a catastrophic end. This is
why manufacturers are very specific about
forward surge and inverse specifications. A
key point in forward rating specs is that the
diode does have a certain internal resistance,
and heat dissipated in this resistance in­
creases as the square of the current. Surges,
such as tend to occur when turning on a
capacitor-input supply, immediately after an
accidental short, or during sideband or
photoflash operation, may destroy diodes.
See Fig. 1. If your power supply consumes
diodes at an unreasonable rate, this
possibility deserves investigation.

.--'iTREWEHDOOS CUR-
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Fig. 1. If a power supply is turned on at the
instant the supply voltage is at its peak , the
transformer sees a short-circuit and may be
required to deliver tremendous amperages
through the rectifier diode circuit.

PlY Rating

When a diode fails, the typical conclusion
is that its PIV has been exceeded . This con­
clusion may be correct. If the diode's forward
current ratings have been given due respect ,
the possibility of inadequate PlY rating be­
comes quite likely.

There is an instant during each operating
cycle when, if there is any kind of filter, the
filter voltage and the applied ac voltage
combine to apply a maximum reverse-
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F ig. 2. There is an instant during each cycle
in normal supply operation when the diode
is facing into full capacitor voltage, with the
transformer in back of it exerting an cc ­
poslte voltage. This is the instant when
diode failure from PIV stress is most likely.

Fig. 3 . Real transformers typically have low
secondary resistances, if they are high-current
transformers, or designed to deliver large
amounts of power. This simple c i rc u i t will
generate current surges on turn on In the
hundreds-of -amperes range.

an emptyfilter capacitor. This is a short, for
practical purposes.

Circuit resistance being around 0.1 ohm
here, a surge current of 750 amperes might
be expected. That's why the primary fuse is
so large! A scope test would show real surges
of only a few hundreds of amps since the
real transformer probably cannot deliver
really heavy surges. But it can blow l-amp
fuses, and that's what the schematic
specifies.

One answer to this problem is a series
surge resistor, which is shorted during
normal circuit operation . A l-ohm resistor
pares these surges down to 75 amps
maximum, and if regulation is not too
important, the shorting provision may be
omitted. Another answer is a thermistor,
which offers a relatively high cold resistance,
but as it becomes warm its resistance drops
to a low value.

Now let's examine the string of diodes
appearing in Fig. 4. These diodes are healthy
and the supply has been turned on without
any harm because you have carefully
provided a primary resistor to limit the
turn-on current surge. When the voltage
across the filter capacitors reaches about
two-thirds of full value, a relay shorts the
limiting resistor for normal operation. Now,
having finished your work, you turn off the
supply.

But you notice it makes a rather heavy
"thunk!" Feeling suspicious, you turn it
back on again, and within seconds the
limiting resistor is emitting clouds of smoke.
The fuse blows. What went wrong?

Looking at Fig. 4, we observe the diodes
do not all have the same PIV ratings.
Here we have the measured, not the adver­
tised, breakdown voltages. At the moment
we turned off the supply, the turn-off
transient overvolted the st ring, and pushed
the other string into conduction. Otherwise
it would have been a much larger transient,
suggesting to us that half-wave rectifier
diode strings must be more conservatively
designed than full-wave systems.

When the string was overvolted, one or
two of its diodes went into reverse con­
duction, increasing the stress on the
remaining diodes. They collapsed like a row
of dominoes. The initial breakdown was
followed by a powerful reverse current surge
as the filter capacitor discharged back
through the transformer, producing that
"thunk" you noticed. Possibly the surge
overvolted the other diode string, and that
failed too.

1 10 0 0
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voltage stress to the diode. See Fig. 2. Ifthe
diode is unable to resist the stress it goes
into conduction. This is not necessarily fatal,
and zeners normally operate in a breakdown
mode.

But since there is plenty of power avail­
able from the transformer and stored in the
filter, a large reverse current flows. The
diode becomes very hot, doping atoms
migrate, and the junction loses its rectifying
properties. It conducts about as well as a
piece of wire in either direction. It has
failed.

Manufacturer's PlY ratings tend to be
realistic, and the ratings of surplus diodes
may be optimistic. That is, these ratings are
exceeded only with expectations the diode
may fail any cycle now - and at 60 hz the
failure is generally not very far off.

Practical Applications

In Fig 3. is shown a simple power supp ly
for 48V with a large filter capac itor. After
several days of operation, it fail s. Why is
this?

Looking at the schematic, perhaps you
think of forward-current overload . This
possibility deserves attention, since nothing
in the schematic seems provided to limit the
forward current upon tum-on, and the fuse
is very large . But could the forward current
ever be disastrously high?

Suppose the supply is turned on just at
the instant the transformer secondary
voltage swing is at its peak. At this time the
emf is around 75 volts, and it will feed into
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... Ed Marriner W6BLZ •

•
This key has the advantage of feeling like

the old bug, but after a few weeks practice
with the automatic key you'll never go back
to the old bug again. It does take a while to
break the old sending habits, but after you
hear the dots coming out so much cleaner
than those scratchy old bug dots you will
never regret the effort spent in learning the
new technique.

First Class Keyer Key
Having built several of the push-em and

squeeze-em gadgets used to key todays auto­
matic keyers, I was in doubt as to whether
keys made with magnets, polar relays, brass
stock and hinges were really worth all the
effort . After all of my experimenting I came
back to where I probably should have started
in the first place. I modified my original bug.

My bug happened to be a Lafayette 99­
2552 , which sells for $10.95, but it is no dif­
ferent from any other bug. I like it because
it has plenty of lead in its beUy and rubber
suction cups to grab the table.

Here is what I did . First 1 cut off the
vibrating spring and weight end piece with
electricians shears. This definitely co mmits
you to the change. Tin snips won't fit down
into the space to get at the spring. The two
wire original cord was replaced by a three
wire lead. The back original terminal is con­
nected to the key lever arm underneath and
this co nnects to the keyer ground . The dash
terminal is the forward terminal. Run the
third lead over to the left side of the key and
fasten under the knurled nut used to adjust
the stop. This is now the dot contact and
the old dot contact is not used. Check out
the key leads with an ohmmeter if there is
any question.

' 00 " 0 "0

'" '" '"

~I
' 0 '"450V

" 0 ' 0 0 '00
' 0 "''" '" '" 4 50V

USE 60 0 PIV ' 0 '"4~OV l'DIODES

Fig. 6 . List giving the approximate current
deratings for various types of power sup­
plies.

RESISTORS 41K IW NOTE : IW RESISTORS
CAPACITORS .cce N IICV ARE REUABLE
DIODES BOO PIV AT 300V, USE

TWO IN SERIES_

To avoid this accident, replace the
original string with a more conservative
arrangement as shown in Fig.S. The sum of
all the PIVs might be twice the estimated
maximum inverse voltage the circuit can gen­
erate, and a factor of 2.5 is good practice.

Fig. 4. This circuit may not show very good
diode life. Diode PI V s shown are measured ;
the nominal specification is given in the cor­
ner of the drawing, and would be used In
ordering diodes.

Fig. 5. Revised diode string for improved
reliability . The PIV spec has been increased
from 600 to BOO volts, and an RC network
added to equalize DC and transient voltage
stress along the string. Note the network
must be connected to every junction between
diodes, not just at the ends.

Further good practice is to place resistors
and capacitors in parallel with the diodes.
The resistors act as a divider to equalize
voltage stress along the string for de and
low-frequency ac voltages. The capacitors do
the job for the high-frequency transients.
This string is now quite dependable.

Full wave CT choke input . .. . . . . . . .. . . . . • . .No derating necessary
Fun wave CT capacitor input Use only 70% of the current rati(lg
Full wave bridge capacitor input Use only 50%of the current rating
Full wave bridge choke input Use only 70%of the cunent rating
Full wave doubler circuit Use only 20%of the current rating
Simple half wave circuit Use only 40%of the current rating

Other Suggestions for Supply Design

Manufacturers' transformer current
ratings are sometimes rather optimistic, or
rely upon test conditions not known to you.
For a specific application, good practice is to
make up a breadboard circuit that will load
the transformer in the sarbe way as normal
operation in the proposed circuit. That is, if

100 rna load is expected , and a 1000 uf
filter capacitor, this is quite different from a
resistive load. Making up a complete rectifier
circuit, you can check out the resulting
system and see how hot the transformer
actually becomes. See Fig.6 for suggested de­
rating of transformers in various power sup­
ply applications.

. .. K3DPJ. and WA3ACL.
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5122 Alberta Ave.
Baltimore, MD 21236

Converting
the

into Lamp
The average well-read ham knows ex­

actly how to put to effective use his old
TV set , burned out transistors, and half shot
surplus diodes, but what to do with that $20
to $150 gassy final power amplifier tube
presents a problem that almost defies even
the most clever homebrewer. You can not
just toss such an old friend into the trash
can . Besides, who knows, wishful thinkers
might expect it to start working again, after
a well-deserved rest. Well , instead of storing
it in some out of the way place until it's
forgotten , here is a way to keep it intact and
useful at the same time. Make a lamp out
of it. Don't let out with the, "Oh boy, that
caps everything" until you read a little
farther. This project is very easy and I
cannot think of another one more likely to
go on without trouble. It will transform the
XYL back into the loving wife when she
finds that you must depend upon her shop­
ping skill to select a lamp shade that matches
the decor of the ham shack .

Construction

Glancing at the drawing (Fig. 1) you can
see how a 4CXlOOOA was transformed into
a really unusual conversa tion piece. This
method can be used for any tube with a

The finished lamp is a real conversation piece.

plate cap. The only changes that will have to
be made are in the diameter of the copper
tube post and the mounting holes in the
base. All the connections to the power tube
are press fit so as not to damage it. I could
not get up courage enough to drill into such
a magnificent dud; besides, the appearance
of the lamp is enhanced with the tube
showing signs of being in mint condition.
The wood discs in this case were made of
maple but only because there were two
small pieces available. Any hard wood will
do but it must be finished to as neat a polish
as possible in order to provide the proper
setting for the tube. After shaping and
drilling, the bases should be sanded to
remove all scratches with 200 grit garnet
paper. Staining them to the color indica ted
by the wife is accomplished with ease using a
Kleenex to wipe it on. The final finish is a
coat of clear plastic spray that can be picked
up at the variety store when you buy your
socket and wire. The copper tube post likely
will not fit the plate cap . In the case of the
4CXIOOOA the tube had to be expanded a
little by driving a greased socket from a
wrench set into it and then doing a bit of
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Fig. 1. Diagram of lamp construction .

scraping with a penknife. In other cases it
might require some type of filler, but select

. . . K3QKO

a tube of a diameter where the least amount
of modification is required. A great deal of
strength of con nection will not be necessary.
The so cket can be mounted as shown in Fig.
I or a complete lamp socket kit can be
obtained from the variety store that contains
many cork bushings that can be used to
adjust the diameter of the socke t mount so
it will fit almost any size tube. After
completion, the copper post is polished with
steel wool and along with the other metal
parts is sprayed with clear plastic to prevent
tarnish.

The effort of converting your defective
power amplifier tube cannot in any way be
in vain. If your wife returns to the XYL role
and orders the thing out of the house
because there is no place to plant Philo­
dendron in it , pen your call in some prom­
inent place and give it to a deserving chap
to take to college with him. There certainly
will not be a more " Now" lamp at the
school and you will enjoy the bravos of the
artistic world with Michaelangelo and Salva­
dor Dali.
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Drill a 3/8" hole in the copper end cap
and solder the phono plug in place. Snip off
about 1/8" of the coax terminal, to prevent
it from shorting to the phono plug when the
unit is assembled . Solder a 3" length of insul-

Coax to Phono Plug Adapter
Several pieces of ham gear, notably Heath­

kits , use a phono connector for the antenna
terminal. While these work well , most ham
stations are set up to use coaxial termina­
tions, and adaptors for this type of plug are
not readily available.

An inexpensive adapter can be made using
an 50-239 coax fitting, a phono plug and a
yz" diameter copper plumbing cap. The re­
sults are a structurally rugged adapter with
electrical properties considerably superior to
the usual "plug dangling at the end of the
connector" type that are so common!

ated wire to the terminal, and pass it through
the phono plug. Solder the copper cap to the
coax fitting, then solder the wire to the phono
plug. Check with an ohmmeter to make sure
there are no shorts between the center con­
ductor and the outside of either fitting.

Originally, I intended to flle away the
flange around the coax fitting , but later
found it to be an advantage as it provides a
firm finger gripping surface when attaching
and detaching the adapter.

The total cost of the adapter, using all new
components, came to sixty cents.

Bud Michaels, WB2WYO

INSUL ATED
WIRE

"""112' COPPER
f'\.UMBI IolG CAP

$0-2 39 CHASSIS MOUNT
COAX CONNECTOR

-,
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The death of Ralph L. Steinberg in
September was a loss to 73 and its
readers. His articles have always been
of unusual interest, and all of us ex­
tend our sympathy to his wife, Lillian.

Facsimi e
and the Radio Amateur

In the December 1968 issue of 73, this
autho r made mention of severa l pieces of
facsimile equipment which were used in the
summer of 196 8 to transmit pic tures to the
Antarctic. Since then many requests have
been rece ived to give more details about the
equipme nt an d operations.

To get better acquainted wit h facsimile ,
this review will cover some of the mechan­
ical and electronic operations of the TXC-I B
facsimile transceiver, MD· 168/UX mod ula­
tor, RD-92/ VX recorder and the CV-I066A
(CV-l n A/V) receiving co nverter. These
are necessary for receiving and transmitting
at any facsimile sta tion .

-011

TXC-IB Facsimile Transceiver

This transceiver is quite versa tile and can
receive photos, sketches, rna ps or any
printed matter either by electro-mecha nical
optical or sty lus needle operat ion and also
record photographs in either negative or
positive for m. Fo r t ransmitting, it will
ha nd le four 5 x 7 or two 8 x 10 inch
photographs in one operation. Color pic tures
may he t ransmitted but all reproduc tion is in
black, white or shades of gray.
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Three operations are required in trans­
mit ting an d recording. These are scanning,
transmitting,and recording. (See Fig. 1) The
scanning operat ion is that of dividing the
picture in to a large number of elemental
segments and this process is accomplished in
the facsimile transmitter by a scanning drum
and photocell arrangement.

The pic ture to be t ransmi tted is mounted
on a cylindrical drum, which revolves at a
revolut ion speed of once per second and
t ravels along a lead screw (96 threads per
inch) at the rate of 12.5 inch es in 20
minutes. Light from the exciter lam p illum­
inates a small segment of the moving picture
and is reflec ted by the picture through an
aperture to a photocell. The amount of ligh t
reflected back to the photocell is a measure
of the ligh t and dark segme nts of the picture
being scanned. During the transmission o f a

LEAD SCREW

PHASE MAGNET=TI\:

s'"""="':'Jf,~o~

....

1<''''''''' ''1 ~"

I 1
~"~O~oo"o"o """• REti FER j PLUG

PWR UNIT

F ig. 1. R eceiv ing b lo c k diagram , fa c si mil e
tran sce ive r TT -l/TXC-l.
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on the photocell varies, the resistance of the
cell var ies. This ac tion unbala nces the bridge
and produces an output vo ltage that varies in
amplitude with the variations in ligh t. Thus,
the 1800 hz voltage is a mplitude modulated
in the bridge modulator.

MD.168 jUX Modula tor

This modulator is designed to convert
am pli tude modulated facs imile signals from
the TXC-I B tran sceiver to freq uency mod­
ulated signals.

The input signal to the modulator has a
freque ncy of 1800 hz and an ampli tude that
varies wit h t he light and dark segments being
scanned at the facsimile transmitter. The
output signa l from the modulator is an audio
signal in which 1500 hz represents the
maximum signal (in amplitude) and 2300 hz
represents the minimu m signal input to the
modulator from the facsimile t ransmitter.
Amplitudes between maximum and min­
imum signals are changed to corresponding
freque ncies between 1500 and 2300 hz.
Since the audio frequency shift signal from
the mo dulator is of constant amp litude, the
emitted radio frequency carrier is modulated
at a constant percentage of modulation.

F ig . 2 . Block diagram of CU-172A Conver­
t er.

CY·I066A (CY- l72AjU Conver ter)

This converte r is used to convert the
1500 to 2300 hz facsimile signals received
from a radio receiver to AM signals suitable
for operat ing the facsimile recorders like the
RD-92AjUX or the TXC-I B facsimile trans­
cerver.

The facsimile signa l fro m the rad io
receive r is fed through an amplifie r and filter

complete picture , this light traverses every
portion of the picture as the drum slowly
winds around past the fixe d lighted area.
The reflected beam of light into the photo­
cell, crea tes voltage variations into the out­
put circuit and establishes the picture signal.

Signals being received by the facsimile
transceiver are am plified and serve to ac ti­
vatc a recording mecha nism that makes a
permanent record on the sensi tive recording
paper and at the same t ime synchronizes the
transce iver drum until the complete pict ure

is reproduced. Sy nchro niza tion is obtaine d
by driving both the receiving and the trans­
mitting drums wit h synchronous motors
opera ting at exactly the same speed. The
drums can be operated at 30, 60,or 120 rpm.
The older type models are usually opera ted
at 60 rpm but the newer models operate
mostly at 120 rpm.

Framing (posit ioning) the receiving drum
with respect to the transmitte r drum , at a
dist an t sta tion, is done by t ransmitt ing a
series of phasing pulses just be fo re a picture
transmission is to begin. The pulses operate a
clutch mechanism that starts t he scanning
dru m in the transceiver so that it is properly
phase d with respect to the sta rting position
of the scanning drum in the transmi tter.

A start motor mechanica lly coupled to
the synchronous motor serves to increase the
synchronous motor speed above sy nchro­
nism during the starting period after which it
coasts down to synchronous speed when
operating on 1800 hz power.

The facsi mile signal from the rad io
receiver is attenuated at the gain cont rol of
the facsimile transce iver and then amplified
in the voltage and power amplifiers. The
power amplifier ou tput drives either the
photographic recording or the recording
stylus for direct record ing. Another circuit
fro m the power amplifier transmits phasing
pulses to the phase amplifier, wh ich operates
the phase magnet and clutch during the
phasing process just before each picture
transmission.

The fo rk oscillator unit develops an
output voltage that is applied across the
bridge modulator. The frequency of t his
voltage is 1800 hz. When the bridge is
ba lanced (photocell dark), the output volt­
age is zero. When the amount of light fa lling
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to a limiter and then through a frequen cy
discriminator. The discriininator is a low­
pass filte r having a cutoff frequency of 1500
hz. The out put of the filler at 2300 hz can

•
be adjus ted to be from 10 to 20 db lower
than the out put at 1500 hz. The input signal
is then cha nged from audio frequency shift
signa l of substantially consta nt amplit ude to
an output signa l of varing amp lit ude in
which the maximum amplitude is 10 to 100
times the minimu m amplitude . See Fig. 2.

RD-92 A/UX Facsimile Recorder

The RD-92A j UX recorder will make
copies of record ings t ransmitted by the
TXC-I B facsimile transceiver or equipment
having the same transmissio n facil ities. See

photo. It has some similarity to the TX C-l B
transceiver in that both are able to use the
stylus needle for recording. Recording by
the RD-92A jUX is done by rotating a dru m
at cons tant speed , wh ile feeding a stylus
needle along the drum, one sca nning line for
each revolution until the complete drum has
been covered.

An amplifier-detec tor uni t receives the
input facsimile signal. This signal, consisting
of phasing pulses and facsi mile information
(messages, drawings, maps, etc.} be tween the
frequency limits of 900 and 2700 hz, is
amplified by a class A amplifie r and dem od­
ula ted through the action of a fu ll wave
rectifier and low-pass filter to form a varying
de facsimile signal. The varying d e facsimile
signa l out put of the amp lifier-de tec to r is
co upled to the amplifier modulator where it
co mbines with a 15 hz oscilla tor in the
modulator stage .

The signa l from the amplifier modulator
is amplified by the print driver and am plifie r
to suffi cient intensity, so that , whe n co n­
nected to the stylus needle in th e re cording
mechanism assembly, it will record on the
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Fig. 3. B lock diag ram of t he t ra nsmitti ng
and receiving facsimi le equ ipm ent.

recording paper points represen ting varying
shades of dark elements of the transmitted
copy.

The RD-92 A jU X recorder is used aboard
ships to receive wea ther maps and informa­
tion. It can copy recordings 12 x 18 x 3/4
inches. The input impedance is 1600 ohms
and the drum speed isat 60 rpm.

Applications

For amateur radio facsimile operations,
the TXC-IB facsimile transceiver can be
used on any of the vhf, uhf or microwave
bands using either AM or FM modulation . If
AM modulation is used, all that is necessary

is to plug the facsimile transceiver into the
inp ut of the mo dulator of your transmitter.
If FM is to be used, it will be necessary to
have the MD-168/UX modulator in the place
of your present modulator.

To receive facsimile, either the TXC-I B
facs imile transceiver or the RD-92AjUX
recorder can be used but it is necessary to
use the CV- I066A (CV-InA) receiving
co nverter . See Fig. 3 if you wish to copy the
weather stations in all parts of the world. All
of them use freq uency mo dulatio n. Copying
weather maps (see Fig. 4) is good experience
to become proficient in facsimile operat ions.
Once you get the knack of it, you can be
your own weather man.

Weather stations are located In San
Francisco, Washington, D.C., Pearl Harbor,
Guam, Tokyo, Kodiak, Alaska, Edmonton,
Canada, New Delhi, India , Canberra, Austra­
lia, Khabarovsk (USSR), and Cambridge
Bay, N.W.T. For time of transmission and
frequencies of these weather stations (F ig.S).
There are o thers in England, Germany,
Turkey, Sweden, Spain, Norway, Morocco ,

Ti me of Time of
C.II Locat ion Frequency Transmission (GMT) Can Loca tion Frequency Transmiss ion (GMT)

N" a Kodiak . Alaska 2356 kh' 0600-1800 RJTZ Tokyo . Japan 32 05 khz Conti nuous
4H25 kh' 0600-1 800 5960 khz Conti nuous
H622 khz Continuous 6940 khz Conti nuous

128 17.5.k hz 1800-0600 79 38 khz Continuous
17045.6 khz 1800-0600

NPM Hawaii, Pearl Harbor 212 2 khz Continuous
VFE Edmo nton . Cana da 5360 kh' 0000-2400 4802.5 khz 0600-1 800

8 184 khz 0000-2400 9440 kh, Co ntinuous
116 15 khz 0000·2400 13862.5 khz Co ntinuous
15770.5 khz 0000-2400 16400 khz 180()...()600

NPG San Francisco. Calif. 3268 khz Continuous AXM Canberra . Australia 26 28 khz 1000-2200
53 45 khz Con tinuous 5 100 khz 1000-2200
945 5 kh' Continuous 11030 kh z 100().2200

14'12 7.5 khz 1500-1000 13920 khz 1000-2200
180 80 kh' 180()-{)600 19690 khz 2200- 1000
21785 khz 1800-0600

VFC 3 Cambridge Bay. N. W.T. 3253 khz 02 15-G4 15
SSS Washington . D.C. 3357 khz Continuous 7710 khz 15 15-171 5

4975 khz 0000- 1030
8080 khz Co ntinuous t-: PN Guam. M.1. 2554 khz 0900-2200

10865 khz 2300-1 900 3377.5 khz All Schedules
164 10 khz 0 51 5-0000 497 5 khz All Schedules
20015 khz Cont inuous 6460 khz All Schedules

7645 khz All Sebec ules
RXa Khabarovsk , U.S.S. R. 3980 khz 0000-2400 9960 khz All Schedules

4 51 6.7 khz 0000-2400 10 255 kh z All Schedules
68 70 khz 0000- 2400 10966 khz All Schedules
747 5 khz 0000·2400 13807.5 khz All Schedules
9 230 khz 0000-2400 15930 khz All Schedules

14737 khz 0000-2400 18620 khz 1900· 1200
20925 khz All Schedules

JMH Tokyo . Japan 3622.5 khz 0000-2400 22865 kh' All Sched ules
73 05 kh' 0000-2400 238 80 kh, All Sched ules
9970 khz 0000-2400

13597 khz 0000-2400 WMfI San Francisco , Calif. 1364 2.5 khz 1800-2400
18220 khz 0000-2400 159 82.5 khz 2000-0400
22770 kh' 0000-2400 WM I 10 190 khz 0400-1 800

86 73 MAGAZINE



Fiq. 4 . A typical w e e t n e r map.

Cypress and Argentina but frequencies, call
letters and time of transmissions were not
available at this time.

Facsimile is growing more popular each
day. Here in the Southern California area
there are twelve stations operating and sev­
eral more have equipment and will be
operating soon.

. .. K6GKX.

.Mr. Steinberg 's articles have been popular
with 73 readers- so mu ch so, in [act, that
th e author f req uently foun d himself engaged
in corresponde nce with his fans long A F TER
publication. His untimely death, of course,
cut off th is corresponde nce flow. Mrs.
Steinberg has, th erefore, submitted a fe w of
Ralph's recently received letters to 73, with
the thought that perhaps they migh t be
answered by another ama teur knowledgeable
in the fie ld:

Dear Ralph,
Recently read your article in June issue of 73 . I

agree with you on FAX. It was a short article and

very practical. I enjoyed it and must compliment
you on it. I'm with the SSTV gang that meets on
Saturdays at 2 p.m. (New York time) at 14.230
MHz. Please send me as much information as you
can o n FAX (self-add ressed stamped envelope
enclosed) .

Philip 1. Lupi WA2NHH
1225 Hillside Place
North Bergen, J . J.

Dear Me. Steinberg:
1 just found your article in the June '67 issue of

73 Magazine about the TS34AP. I have just
acquired a good TS34 withou t the lens or hood
(not modified as in your article). Do you know
anyone who has made the conversion recom­
mended by you-who still has the lens and hood
and would sell them? I used one of these scopes
once and would rather have the original configura­
tion.

David Potter
2844 San Gabriel

Austin, Texas 78705
Dear OM :

My frie nd Ted Cohen, W4 UMF, told me about
your ac tivities in FAX. Because I am working I'AX
some years now and have been unable to con tac t
some boy in the Sta tes, I ask for your help.

In past time, I contacted W2BK (Ray P.
Clurmann), but recen tly I have been unable to
establish contact with Stateside amateurs. I would
like to know the systems and sched ules of opera­
tion so that I may attemp t a FAX QSO with you. I
particularly need to know if you Americans can
use the HI' bands to work PAX. I regularly work
14087 kHz in I'M mode (FSK), with Cooperation
Index 576 or 288, positive or negative tra ns­
mission, 30, 60, or 120 rpm. Some tim e back, I
copied transmissions from Sta tes to Antarti ca with
medium success. Is there a poss ibility that I might
join you in FAX activity?

Ing. Hernando Vargas Marti nex HK7XI
l ngenieria Electrcnica y Communications

Carrera 35 No. 52·75
Bucarama nga, Colombia, S. A.

USE DC RELAY ON AC WITH DIODES

Another good way to use diodes is
shown below. I needed to run a 6 vdc
antenna changeover relay on ac. This is
how I did it.

On the positive half cycle, diode 0 I

JANUARY 1970

conducts, passing current through the relay
coil, which builds a magnetic field . On the
negative half cycle, this field collapses, and
the resulting current is passed through D2,
which shorts the ends of the coil together
for the negative half cycle. You will note
the current always flows through the coil
in the same direction. Thus the relay
operates as if it were on pulsating dc. In
opera tion, there is almost no audible noise
from the relay coil.

Edward Lawrence WASSWD/6.
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William Hoisington K1eLL
Far Over Farm
Peterborough NH 03458

Solid State
Double Bandwidth Tunable IF

Solid State Converters
This may sound like a lot of "solid state"

but it does help get t he idea over that there
are plenty of battery-operated vhf and uhf
converters on the ma rket , bu t what are you
going to hand-carry for a tunable i-f on t hat
mountain top or while camping?

Of course you ca n put your communica­
tion set in your car, haul an ac putt-putt
along, drag it 100 feet away from the car,
and go. It is peculiar though , the dim view
Forest Wardens take of this racket go ing on
all day Sunday with all those visito rs around
each paying 2St. I d id th is for years and
often had to lug the genera tor 100 feet
down the mountain top on the side to keep
it quiet.

So, our tunable i-f will help this situa­
tion , working on your favorite band, six,
two, 432, o r 1296 mhz, and even 2400 a
little later.

Ten meters is used because that gives you
a nice ten meter receiver for portable use,
and when you're on 432, or 1296 you need
at least 30 mhz to keep the image down.

Design Ph ilosophy

This is a straightforward job with one rf
stage, a mixer, and an oscillator, all tracking
on a three gang capacitor from 28 to 30
mhz. See Fig. 1.

"Bipolar" (which means just the old­
fashioned, regular triode type with three

88

leads) transistors are used to keep down the
cost and t ime of constructio n.

An S meter connec tion is shown because
when you're using that high gain sharp beam
up there, it's n ice to know just where it does
pea k ! And by how much , even if it' s only
relative .

General Notes

At th is freq uency, 28 to 30 mhz, almost
any good vhf transistor does a good job.
T he re is gain in the converter ahead , and
gain in the i-f fo llo wing, so you don' t need
much here. Once agai n, though , you do need
tracking. T here is a whole section on a
pai nless method for doing this in this article.

The ma in tuning (or ganged) coils are all
wound identica lly , to help in tracking, and
with t he exception of the oscillator col­
lector, all other circuits are ligh tly coupled
to them.

L l brings in the first i-f from the 6, 2,
432, or 1296 converter, at 28 to 30 mhz on
J 1. If you just happen to put almost any
kind of antenna into J I you may be sur­
prised at the ten meter signals you hear. J ust
incidental.

Note that for the sake of uniformity and
ease of wiring all eleven coils are returned to
ground on one side. This accomplished by de
blocking capacitors from the bases, which
are dc fed by resistors, and by the use of the
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on a mountain in the summer, and on the
air, than to sit in the shack all the year
round?
Details-RF Stage

The rf stage (refer to Fig. 1) has a tuned cir­
cuit in the base, wit h an untuned collec tor
brough t over to the mixer o n L7. As detailed
in the t racking sect io n, the iron core is
used to set the low frequency end of the
tuning and the trimmer C2 sets the high
frequency end . Trimmers C2. C6. and CII
also serve to spread the 2 mhz range
over the dial. Battery voltage is high on the
collec tor end of these stages which makes
things a lot easier, especially fo r bypassing.
as you will see.

F ig. 1. 28 to 3 0 mhz tuneab le i -f.

28-30 MH~

AF JI
I NPUT
FR OM

CONV ERTE A

CI '

collector de voltage being at the baseboard
level. Note that by this method most bypass
capacitors are eliminated.

The copper-clad baseboard also makes it
easy to ground all coils on one end. The
capaci tors are all the 1000 pf little cera mic
jobs from Lafayette, 3/16ths of an inch
square. C I-A, B. and C was a Bud three gang
with II pf per sect ion . For this unit , I
removed one ro tor plate fro m each of the
three sectio ns, and also spread the 28 to 30
mhz tuning range over 80 percent of the
dial.

If you have a converter or converters
having other than 10 meter outputs, you
can change the co ils to suit. The main
reason here fo r choice of 10 meters was the
large number of "amateur band receivers"
with 10 being the only band with nearly
2 mhz tuning range. This should cause
converters with 10 meter outpu ts to be in
the majority , although 1 have not checked
with converter manufacturers on this.

All transistors just happen to be Sprague
2N l726 (four years old right now) but you
can use almost any good vhf o nes, as the
noise figure and gain are set elsewhere. The
main deal here is to tune some th ing so you
can use crystal control for the uhf local
oscillator where it is needed .

No critical poi nts were fo und in the
tune-up of this unit. For permanent use,
inst allatio n in a Minibox should be used,
matched to your favorite dia l.

Summing up, this article is to show you
how easy it is to make a good, lo w cost solid
state, tunable i-f sect ion as a necessary part
of battery ope ra ted rigs for 6, 2 , 43 2, and
1296 mhz. After all, isn ' t it better to be up

T abl e 1 . Co il turn s.

L 1 3 turns, no . 28 OCC , close wou nd on
ground end o f L 2 .

L 2 17 tu r ns, no . 26 OSC , o n 6 /32 tapped
form, 5/32 D.O., with 6 /32 th readed,
powdered iron core.

L3 2 turns. no. 28 DCC, as L 1.
L 4 2 turns, wound close on L5.
L5 As L2.
L 6 3 t urns c lose wound on L 5.
L 7 4 t urns o n L B.
L 8 As L2.
L9 2 turns on LB.
L 10 1 inch long iron core. 5/32 00

wound for 2 mhz, two pi.
L 11 4 tu rns on midd le of L 1 O.
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Oscillator

The oscillator is a sure-fire emitter coup­
led job, with the collector 00 the high end of
L5. This is done to "set" L5 as the "slow­
est" tuning coil of the three. The other
tuning coils, L2 and L8, are then made to

, .
track with a little more trimmer capacity,
matching the collector capacity of the oscil­
lator on L5.

Oscillator output is obtained from L4
and capacity coupled to the mixer emitter.
Starting from ground, wind L4 on L5 in the
same direction as L5 's winding, and put the
emitter of Q2 on the other end. It has to
oscillate! There is a simple law of nature
that says; "If a good transistor has good
coupling back from a good collector coil so
that the base goes negative when the collec­
tor goes positive, it will generate the signals
you want, upon application of good volt­
age."

Mixer

Note first that the mixer uses the gang
capacitor section furthest away from the rf
section. The rf stage has never shown any
sign of nuisance feedback in this tuner so
far, but it's a good precaution anyway, to
keep those sections apart. No shielding was
needed either, but you might just need some
if you try to make the unit smaller. It's six
inches deep, by five inches wide by one and
three quarters high now, not including the
dial.

Tuned energy from the rf collector is
brought to the mixer on 4 turn coil L7, and
local oscillator input is capacity fed to the
mixer emitter. The output coil LIO was
tuned to 2.5 mhz in this unit, although you
can use a little higher or lower if you want.

As a general rule a ten to one conversion
frequency is good, but you are on a trade-off
here: a high ratio will make your next i-f
more selective but your image possibility
will increase. A low ratio will make the
image disappear but then you haven't done
much conversion and you may need more
converters to get you down to the final i-f
you're counting on. More on this in Part Two
where the "double-bandwidth i-f" is detail­
ed. This is where you build a diode into each
i-f section with separate volume controls for
instant mixing into one af amplifier. This

90

will give you broadband for quick and easy
search, and narrowband for demodulating
that weak signal from two states over!

Special Separate Section on Tracking
There is a very straightforward positive

method for lining up coils for ganged capaci­
tors, which will be detailed here, using the
28 to 30 mhz tunable i-f of this article as an
example.

We start here with the circuit already
designed and working correctly with three
separate capacitors, one of which may be the
oscillator section of the gang used.

The ganging together of the frequency
versus rotation of the three section variable
capacitor is not a matter to be taken
lightly, however. Due to slight differences in
the circuitry of the rf, mixer, and oscillator
stages and their coupling, it is not enough to
buy three movable iron core coil forms,
wind six (example) turns on each coil, and
expect them to track. The grid-dipper will
not do the whole job either, although it may
help some to get you started.

The first thing is to cover the range
needed with the variable capacity of one of
the sections of the gang, and still leave some
capacity at the high end for the best Q, This
residual capacity is furnished here by the
parallel trimmers, which are of considerably
greater capacity than the ganged sections, so
that the Lie ratio actually changes very little
over the range tuned.

Assuming you already have chosen the
ganged capacitor suitable for the frequencies
involved, which appears to be less than 10 pf
per section (as I had to remove one rotor
ptate out of three from an II pf unit),
check out which of the three stages takes the
most variable capacity to tune the range.
This will generally be the oscillator stage in
this circuit. This is the one you will line up
first because it is easier to stretch the
frequency over the dial than it is to com­
press it.

Referring to Fig. 2, we will be concerned
with connecting and disconnecting the three
points shown, which will be designated
hereafter by rf, mixer, and oscillator.

Now, using the completed unit, with two
external capacitors temporarily tuning the rf
and mixer stages, and operating into the i-f
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Fig . 2 . Major c o n nect io ns for track ing .
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you are going to use, such as 2 mhz, be
sure everything works correctly. such as
sensitivity. tuning range, absence of feed­
back in the rf stage, etc. Use an "S" meter or
ave meter for this work. Tune the oscillator
with one of the three ganged sections, and
log three or five frequencies on Table 2. The
dial must be in its permanent form. I used
28, 28.5, 29, 29.5 , and 30 mhz for this
purpose. The dial may also have any other
scale as well on it that you may wish to set
up, such as 431.9 to 434.1 for example. To
make this unit you do need a signal genera­
tor, at least one of the $30 to $40 kind.

Some "quickie" manufacturers use only
three points on the dial such as max. ,
middle, and min., but that results in a $9.95
"radio." If you want to do a real job use five
spot freq uencies (as suggested above) for the
I 0 meter band as i-f for this tuner.

You can use 30 to 32 if you are afraid of
rf leakage input from the 10 meter band.
This whole unit should ~t. ready to install in
a Minibox with a good cover, so you should
not have any trouble with i-f leakage on any
frequency.

. L Al x A 2114 1' 1:lA" 1UZIIA

MHZ
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28.5
29
29. 5
30

R F

•
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95
74
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28
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. II0LA NO 78 1 1 :lA 1 7 111 TIl HA 14 7878
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A :; Next higher frequency may b e use ful a lso.

B = D ifficult circu it this per iod .
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Tab le 2 . Dial logging scales.

Now log on paper, the five frequencies
chosen on a simple char t as in Table 2. You
can see now the basic idea of this system.
You have a positive, visible, and exact
recording of the tracking o f one of the gang

U . I . I. 11 _

XAII' CO Al' 1t1111 14 2 1A Z 11A IA
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The procedure is fairly straightforward
now. Just make the rf readings coincide
with those of the oscillat or previously re­
corded by adjusting the core and the paral­
lel t rimmer. Using less core (that is, the core
further out of the winding) and more trim­
mer you will of course "stretch" the read­
ings on the dial. Make several ru ns this way
and you will soon get the hang of it. And ,
you don' t have to guess, it is logged down on
paper for you.

Mixer

Now disconnect the rf, connect the
mixer, and proceed as above. You should
now be able to fill in the third column and
be ready for the big deal.

Oscillator and Three-Gang Tracking

If the oscillator has been previously
logged correctly, and the other sections
fi tted to those readings. on soldering all
three together you should have no trouble.
Don't fiddle too mu ch with the adjustments
after soldering all three connections back

•
onto the gang. because you have no means
of knowing what the curve of anyone
section, except the oscillator. will be.

The reason for some gang capacitors
having different oscilla tor and rf sections, is
mainly because the broadcast band has a
three-to- one tuning range in frequency,
whereas the oscillator fo r a Be band radio
needs about a two-to-one tuning range.

When you are running at 28 mhz how­
ever, and the mixer is at 28 to 30 mhz, the
oscillator is only some two mhz away. The
t racking ranges are so close to being identical
that no effect can be noticed. So in this case,
use a ganged capacitor in which all the
sections are alike.

That's about it for this positive method
of tracking procedure. It has always worked
for me since 1928!

Conclusion

All you need now is your favorite band
converter in front. one or two fixed tuned i-f
strips following, two lantern batteries fo r a
12 volt supply. an af amplifier, a crystal
controlled transmit ter, another af for modu­
lator, a good portable beam, a carry ing rack
of plywood with shelves, a walk-up moun­
tain, and the right companion!

CHICAGO STANDARD
TRANSFORMER

P·6013 Prima ry 117 VAC
60 eye Sec. 350·0·350 a t
120 MA. 6.3 V CT ­
• .7 Am p 5 V CT ­
3 Amp. NEW.....__._... ;:2 .95

SQUIRREL CAGE
BLOWERS

very. very Quiet 10 0 CFM
3 x 4 x 4 . 11 5 V 60 e ye
NEW $5.95

BUD M ET A L UTILITY CABINETS CU· 1099
5"0 x 6"W x 9"H. gray hammertone-one cover
pre-drilled for other uses & one side not drilled.
NEW $1.50 each. 101$12.50

INTEGRATED CIRCUITS
New st raig ht from f acto ry Fa Ir­
ch i ld I. Co's UL 9 14 with 30 pre]­
eets Diagra ms. BOt! ee. . 10/$7.50

100 /$65.00
Ul 923 J .K. flip f lop with spec .
sheet. $ 1.50 ea . 101S 13.5O

100/$ 110.00
SMA L L HEAVY CHROME CABINETS No front
or back plates-5 l /S"W x 2 5/8"0 x 3 l /S" H.
NEW 95. each. 10/$8.95

Two Locations A d d S',\f6;i~~~1
R & R ELECTRONICS
311 EAST SOUTH ST.
INDIANAPOLIS. IND.
46225
R & R ELECTRONICS
1953 S. VellowsprlnB.
SPRINGFIELD, OHIO
45506

ea se re er all ma il orde r to Ohio s tore.

sect ions set up. Leave the oscil lator core and
trimmer set from now on so that these
settings do not change unless a new start is
to be made. This sometimes happens!

Now take the oscillator off the gang and
solder the rf on. All you should have to do
now for the rf is to set the iron core to trim
the low end of the range. and the parallel
pad trimmer to set the high frequency end.
It's not always that easy though.

Right here you may have to do some
readjustment of circuit values, and possibly
some hard work! The rf may not track in the
middle after lining up both ends! Or vice
versa.

This is the reason for those funny­
looking saw cuts you may have seen in the
two outside plates of millions of ganged
capacitors for over forty years ! However,
wit h the components and circuit shown in
the ove rall schematic you will probably
make out all right, alt hough this section is
intended to help you use other components.
as well as helping on other frequencies.

,
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NEW
SUBMINIATURE

~GJiIr,l:--,

Free Spec. Sheet 96902 (less lens)
Brand new model TK-204 V D·4 T V cameras. Solid sta te, random scan, 6me video amplifier, l V video
ou tput composite, 500 : 1 A Le, 117V AC 60 cyc les l OW. 9· 1/2" L, 3·3/16" H, 6-13/16"W. Accepts any
sta nda rd "C" moun t lens. Extra Specia l Va lue less lens $ 169 .95

Ask fo r new flyer 969D 1 and Warehouse Clearance Ilver (j 70J I free.
OENSON ElECTRONICS CORP.

PO Box 85, Longview St. 203-875-5 198 Ro ckville, Conn. 06066

(con tin ued (rom page 9)
to fi nd more bores per squa re inch than at any
o ther time in our cycle. We arc fed a diet of
ind igestible pap. the asininity of which is so
transpa rently de signed - solely to get our vo tes ­
as to be in tolerab le!

Hut don't imagine for a single mome nt t hat
on ly American poli ticians conform to this sorry
pa ttern . O the r lands, far-flung and remo te, suf­
fer greatly from thi s same lamen table pa tholog­
ical d isorder. They too are faced with the same
loudmouthed , self-procla imed gen iuses, spou t­
ing the same claims of omniscience, with the
same panaceas and nostrums for curing all the
world's ills. ( I do believe that when certain for­
eign politician s threatened that they would one
d ay bury us. they really meant that they wou ld
bore us to death !)

The main trouble with poli ticians in general
is that they have absolutely no sense of humor.
They refuse to regard themselves with any th ing
less than utmos t seriousness. T hey are sublimely
pompous because they claim to have abso lute
solu tions for evils which have ex isted withou t
any solutio n since the earlies t beginn ings of
mankind. I some times think that they create
some o f these problems deliberately , so as to
use them as fulcrums upon which to poise their
perpetual q uest for public office.

Years. ago, and for what seemed an inter­
minable period, a pig farmer in Secaucus, New
Jersey , persis ted vainly in runni ng for the Pre­
sidency. Now, in re trospect, and spea king with
serious objectiv ity , do you suppose , really , tha t
he would have do ne terribly worse tha n some of
our recen t Presiden ts, governo rs, or mayors'!
Truly , I am incl ined to doub t it.

* * * *
I've always found it fa scinat ing to specu late

upon the odd and wholly illogicall y logical sigh t
o f a clergyman blessing an art illery piece, a tor­
pedo, or a roc ke t launcher on the eve of battle.
Undou b ted ly this monstrous distortion takes

place o n both sides , so that Providence must
eventually either choose a preference through
favoritism, or throw up the hands and ordain a
pox on both houses.

Enlightened socie ties long ago d ispensed with
tha t old anach ronism, the divine right of kings.
But they have never qu ite overcome the per­

. vcr ted morality of religio us righ teousncss of
mili tary adve n ture. Some how there has devel­
oped a duality between armed conflict and reli­
gion. Sain t Joan was above all a sold ier. T he
Crusades were holy wars. Ki ngs were called
" Defenders of the Faith:' And the most heinous
cruelt ies ever known were commi t ted in the fif­
teenth cen tu ry by the Inquisition, a qu asi­
military arm of the church, whose entire thrust
was based upon punishment for the crime o f
heresy.

I do not know, nor can anyone calculate the
n umberless masses slain in ho locausts wh ich
were coun tenanced and blessed by religious au­
thorit ies. F rom the time of the Israeli tes and
Phillistines upon the plain before Shochoh an d
Azekah, and even before that, when Joshua
chose o ut men in Rephidim and fough t Amalck.
people have perished in agony , fighting in wars
..anctioncd by Divine Authori ty. The en tire lexi­
con of mankind is fi lled with examples of this
carnage, running through the tapestry of our
history like a scarle t thread .

lsi t not a strange and ine xpl icable wonder,
that all the combined prayers of wives, siste rs,
fa th ers, mo thers, and brothers have no t had the
potency of a single incantatio n, mum bled over
an artillery she ll or a fragmentation bomb by a
mili ta ry cha p lain?

It is possible, of course, that ou r world has
periodically been we ighed in the balance, as in
ancien t times, and has been fou nd wan ting. It is
like ly that Armageddon will co ntinue to recur
over and over again. until we humans finally
decide to beat our swords into ploughsha res.

(cont inued on page 96)

GIANT
ONL Y $24.95

Postpaid

l\U ~IIlF:RS-24 HOUR DESK CLOCK
Ca n be read from 15 feet in a dense fog.
Ava ilable in Charco al Grey. Co ra l Red , Li ~ ht
Blue, White o r Bro w n . I f yo u don' t spec ify
we will send o ne a t rando m . T hey are all
beaut iful. 12 h our m o vem ent also ava ilab le .
REOLINE CO., Box 231 , JaHrey, NH·03452
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Spread the Word

There is lo ts of room in 73 pages for ar ticles.
and the pay has never been be tter . So those of you
who have come up with a bet ter ca rrier-operated
relay for a repeater, or who have deve loped an
ante nna that gives better vertical separation. or
who have found new ways to get higher repeater
sites, start writing. Show the rest of the world

could to get information about frequencies, oper­
ating prac tices, ideas, and such.

73 's Role
So it was that I proposed to Wayne the

in itiation of an FM/ repeater segment of 73
Magazine. Categorically, 73 is opposed to depar t­
mentalized publications. Wayne's experience began
in an amateur publication that was so depart­
men ted st ructurally that little room remained fo r
general techn ical articles. His fee lings along the
lines of columns, mu lti part articles, and depa rt­
men ts have no t changed to this day. But Wayn e
sha res with me the thought that FM operat ion is a
cow in another stable. What was once a splinter
group has become a chunk group. And it promises
to engulf an even larger share of VHF operation in
the immedia te future.

T hu s Wayne was no t particularl y keen on the
idea of a colu mn, bu t he cou ld see the need fo r
in tensified coverage of the fast-mov ing field of
repea ters, remo te operation. and amateu r F M. As a
coun terp roposal , he sugges ted that I move to New
Hampshire and serve as editor of 73. where I could
work in FM articles regularly as a balance to the
already abundan t fare being served up mon thly for
all phases of ama teur rad io . It mean t broaden ing
my interest s, of co urse, but a quick self-appraisal
revealed the desirabili ty of this- so, 1 packed my
bags.

Now that I 've been sold on the other interests
amateu r radio has to offer. I fee l obligated to tell
others about the advantages of FM. (let's A l l be
well balanced.)

The reasons for the popularity of FM arc as
varied as the interests of the opera tors, as any
seasoned FM'er will attest. But P M's strongest
points are these: Ge tting star ted is easy, and the
results are more than proportionate to expendi­
tures -particularly where repeaters are 'involved:
there is an acknowledged superiority of equipment
pe rformance and ope ration over AM equivalents;
and fina lly, FM is st ill an area whe re innovat ive
thinking, pioneering, and ex perimen ta tion arc
possib le, in such bra nc hes as contro l design , lin k
inte rconnection and dep loyment, telemetry, and
even public relations.

That's the background. Now, 73 Magazine will
carry FM articles with regularity. They may be
technical, construction, instructive, generally infor­
ma tive. o r conversion types, and they will be
geared to the needs of the new discoverer of FM as
well as the long-time operator. 73 will a tte mp t to
carry the same overa ll ph ilosophy as it has carr ied
with the entire magazine in the past: plenty of
meat for every reader of every level. every month.

•
•

•

-

Mollulated Vibrator Hash

ANew Involvement

What Ever Happened to FM?
FM Magazine almost wen t the way of all prio r

splin te r mags. Like VHF Horizons and th e YHF 'er ,
FM Magazine was we ll received by the ama teu r
rad io operators but virtually ignored by the adver­
tisers. The journal was costing more than it was
making. Mike Van Den Branden. its originator.
paid for the enormously expensive printing.
binding, and distribution costs; I paid for the
typese tting cost and au thor remu ne ra tions. But
there came a time whe n the costs were simp ly t60
muc h for me to bear. I accep te d employmen t with
an out-of-state firm, and was forced to abandon
my expensive but pleasu rable hobby of support ing
the financially ailing FM journal. ~Iy partner
elected to stay with it. He cut costs by thinning
down the magazine and changing the page size, and
is de termined to make it go. He deserves success.

The fac t th at so man y ama teu rs we re ac tive in
FM (with repeaters, mobile te lephones, and rem ote
base sta tions) was suffic ient jus tification fo r me to
want to stay in the fie ld. So, after turning over my
share of F M Magazine to Mike Van Den Branden, I
got in touch with Wayne Grecn.

To my mind, Wayne is a smart cookie; he is
ever watchfu l for tre nd s and new things. li e was
publish ing ar ticles about the real FM while the
othe r journa ls were ignoring th e fact th at F1\f
ex isted excep t as a switch posit ion o n a piece of
AM gear. And la tely , he has been emphasizing the
repeater clement even to the extent of personally
communicating with as many repeater owners as he

The call "K6MVH" on the masthead of 73 will
doub tless cause the eyebrows of about 4 ,0 00
subscribers to raise an inch or so. That's how many
73 readers there are who also receive monthly FM
Magazine . a "splin ter-group" publication tha t I
have co-owned and edited fo r the past several
years.
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pho tos of what you have done , schematics o f what
you bu ilt . or system diagrams of wha t you have
designed. And watch these pages to see wh at the
others are doing.

. . . Ken Sessions .

Ed. No te.
For th ose new to FM, Ken Sessions' recen tly
p ublished, hard boun d "Radio Amate ur's FM
Repeat er Handbook" starts at th e technological
rock bottom and goes righ t thro ugh all the simpli­
fied details of building a repeater an d k eeping it on
the air. His book is currently available at all major
electronic distr ibutors or from the pu blisher,
Editors & Engineers, Ltd..New Augusta, Indiana.

BCI in Stereo
Some transistorized stereo systems are sus­

ceptible to Bel from rf energy in the 3.5 to
30 mhz range. What happens is that the long
lengths o f the speaker leads and power cord
act as antennas, feeding rf energy to the first
audio stage where it is rect ified and amplified
in succeeding stages. The solution is to add
ferrite chokes in each lead .

The ferrite chokes consist of a 3" piece of
ferrite rod about ~.. in diameter or larger,
wound with at least 25 turns of each speaker
lead and power lead. Begin winding as close
to the chassis as possible. Some units are
equipped with plugs for each speaker lead,
which is a good place to begin. The speaker
leads are usually zip cord as is the po wer cord,
so that when you have at least 25 turns of
wire wound on each rod there will be about
three layers of wire on each which can be held
in place with any ordinary tape you have a·
vailable.

The ferrite rods can be obtained at most
rad io supply houses as ferrite antenna coils
or loop st icks . They come with a coil of wire
on them which is removed and discarded .
Some rods are 6" in length. To make two 3"
pieces, score the rod with a file at the 3"
length and tap it on a hard surface and the
rod will break cleanly.

After installing the chokes in each speaker
lead, try out the system, both radio and re­
cord player; you may be lucky and not have
to choke the power cord . But if there is a
t race of BCI in either the radio o r the record
player add the power line choke, again begin­
ning the winding as close to the set as possi­
ble, although it will probably work if you
begin winding at the plug end of the cord .

.. .KI ZYG
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PEP'$ Dollar Sale

$1 Money Sack guarantee $1
1 Amp S i licon Rectifier SCR

choic e o f package Sili con Controlled
Bullet -Miniature Glass- Rectifier

Metal TO-5 Package
0 5 -800V u n it s $1 .00 0550V units $ 1.0 0

I !:J4 .10 0 0 V u n it s $ 1.00 o4·TOOV unit s $ 1.00
11 13 -1 20 0 V un its $ 1.00 0 3 20 0 V un its $ 1.00

3 AMP Epo x y Package 0 2 -40 0 V units $ 1.25
0 10 -10 0 V u n its $ 1.00 7 AMP SCR
0 5 -40 0 V units $ 1.0 0 8 4 50 V units 5 1.00
0 2.10 0 0 V u n its $1.00 3 ·10 0 V units $ 1.00

5 A MP Epo xy Pack age 0 2 200V units $ 1.00
0 8 -10 0 V units $1.00 0 1 500V u n it 51.00
0 6 .20 0 V u n its $ 1.00 01 ·800V unit $1.50
0 3 -800V units $ 1.00 20 AMP SCR
SI LICON ST U D MOUNT 0 2 -50V units $ 1.0 0

12 AMP 01 ·300 V u nits $ 1.00
o 5 -1 0 0 V un its $ 1.0 0 Genera l Purpo se PNP
o 2 .8 0 0 V units $ 1.0 0 Germ Transist or Similar
ol ·1 00 0 V uni ts $ 1.00 t o 2N404
SI LICON ST U D MOUNT 0 8 F or S 1.0 0

20 AMP ZENER DIODES
0 3 -1 0 0 V un its $ 1.0 0 1 Watt
ol -1 0 0 0 V uni ts $ 1.0 0 1 EA 4 V -6 V -8 V -l 0 V
SI LICON ST U D MOUNT 0 4 u n its $ 1.0 0

03 . 50v 40 Au~~ s $ 1.0! 16 Bit
o 2. 100 V uni ts $ 1.0! Memory' Cell
SILICON STUO MOUNT S4.25

60 A M P GERM GLASS DIODES
0 2 -50 V uni ts $ 1.01 0 07 G EN PURPOSE
0 1-10 0 0 V u n i t $ 1.25 0 20 units $ 1.0 0

SILICO N GLASS Rep lac es IN ·3 4 ; l N 6 0 ;
DIODES 00-7 I N -64 ; I N -29 5

o 101 0 0 V units $ 1.0af Zener D iodes 250 to 400
SPECI A L Millawatt

INTEGRATED CIRCUllS 1 EA 2V ·4V -6V -8V · l 0V
D ual 4 I np u t N and G ate 0 5 uni t s $ 1.00
D ig ital $ 1.50 16 Bit Memor y Cell
Quad 2 Inp ut Nand Gate $ 4.25
D igi tal $ 1.50 RADIATION_~REE
J K Flip Maste r S lave TUBE FOR
D igi tal s 1. 75 CO L O R TV
Linear I C O p erat io nal
Amp 709 C Type . . $ 1.75 50,000 V o lts r eplac es
PO WER TR ANSISTOR AC~ 3A3. 3 A3A o r

85 Watt S imil ar H equ lv~le nt . Guaran teed
2N 2 12 -1724 1208 for l i f e o f set or 5
1 Unit S 1.0( years. E lim in a tes heat

t o p ro lon g life of o t her
tubes.

$ 8 .99 eac h

PEP Light Guard
Outdoor automatic light cont ro l. Photo­
elect ric eye t urns light off and on . . $4.50

PEP Light Control
For living roo m, bed roo m, etc. Turn light
on " t dusk, off at dawn 54.50

PEP Dial-A-Light
Sol id state cont ro lled light ing as low as
candle light , as bright as 400 watts. 54 .50

NO SA LES TAX - WE PAY POSTAGE

PARK ELECTRONIC
PRODUCTS

P. O. Box 78 N. Salem, N. H. 03073
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(continued from page 93)

T here ha.. to be an answcr to all th is somewhere.
I find it hard to understand how anyone can place
o ther considerations highe r than thi .. one on his Ii ..t
of priorit ies. Everyone in this world sho uld be
hop ing. pray ing and working fo r peace. A nd. for a
cha nge, we o ugh t to be blessing not ca nnons. but
schoo l book..... not mach ine guns. but co nst ruc­
tion tool s a nd ag ricultu ral im plements.

If we do no t accompli sh thi s cha nge no w, we
may not get anot her cha nce to do it. As the
highway signs ..uys ... " Last stop be fore ex itll!"

* * • *
T here has been a rid icu lo us emphasis on bust

fetishism over the past twenty years or so. which
has proliferated into gigantic proportions. no pun
intended. We seem to have carried this mammary­
mania \0 far that it appea rs unl ike ly for it to
develop furthe r (aga in no pun intended) short o f
maki ng th e to pless fad univcr..al.

Now. for myself. I object strenuousl y. When
there is no thing fo r the ima gination to conj ure .
what is left'!

T he re we re times in the past when th e same
shamelessness became a n accep ted way of life . The
ancien t Etruscan ladies adorned their bod ic.. wi th
jewels. metals. cosmetics and heavy d rapery. hut
allowed their bosoms to remain bare. a display
which was thought 10 be esthetically attractive.
Hut it did not help the Etruscans to avoid fa lling
into ruin. The Roman legio ns. unhampered by the
distractions of abundan t feminine pulch ri tude.
were a ble 10 heat the Etruscans into submission.
wit hout any difficult y wha tever. T hus pe rished one
of the ea rlie r powers of Europe. a vic tim of its own
unhealt hy preoccupation with prurie nce.

h om wha t I have see n of the o pen disp lay of
the fe male thora x in the more prim! live areas o f
th e wor ld. it seems dea r that these ma ni festa tio ns
occur in d irec t inve r..c proportion to the degree of
civiliza t ion. :\l o .. t of these savage socic tie.. arc
th ro wbacks to the prehistoric eras. with scant
development of agriculture. communications. or
t ranspo rta tion . They consist principally of tribal
groups. limited in a rea, governed by taboo and
j u-ju. unaware of the slightest advance in the
huma n state of being.

II \vo uld probably be quite pleasant to spend
lazy day.. and sof t night s lolli ng o n the tropical
Sout h Sea sands. or listening to the plas h ing of
river wavelets lapp ing a t the han ks o f an African
savannah. wh ile tall. sta tuesque, ebony- or cin na­
mon-hued vcnuscs slink seductively by. I can even
dream of being handed a ta ll. icy drink of
wha t-you-may-please by an amply endowed vixen
with soft-us-velvet epidermis whose sale function in
life is to make me realize my masculine irresistibi l­
ity. Hut when I think of riding in the New York
subway on a ch illy Februa ry morn ing gaz ing at
huge expanses of pale. flabby . goose-p impled,
nak ed f'l c..h , somehow the pictu re of the tro pical
idyll fades into the background of forget ful ness.

A friend of mine , hun gr y as a ravenou s hear .
unsu spcc nngly stop ped in at a place in Green wood
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Lake. where they employ top less wa it resses. He
had in mind a juicy sir loin. f rench fries. . the
whole hit. \\'he n the wait ress came over to take his
o rder. he arose. stumb led spast ica lly to the bar.
o rde red a bourbon boi lermake r. and wen t h is way
... a chastened and a shaken man . mu mbli ng to
h im sel f.

So. if you don 't mind . I take my sta nd agains t
all thi s o pen di splay of superdevelo pcd th oracic
ana to my, Down with th e Playboy ce n te rfo ld.
Do wn w ilh cleavages, uplif ts. a nd bikini s. A fell ow
has 10 he able to reserve some th ing fo r quiet
con te m pla tion and so li ta ry appreciat ion. If a ll o ur
sec re t little fetishes are pe rmitted to Flourish o u t in
the open. we might sta rt to cu lt iva te vices that arc
tru ly harmfu l and destructive. T hree cheers for
puri ty. modesty. chastity.

• * * •
We ll, there you are ... and as the de nti st said.

"Now tha t wasn ' t so bad , was it?" We've covered
the three taboos, and I dou b t whet her I've t rod on
anyone's toes, or hu rt an yone, or vio la ted many
scnsibi lities.

It occurs to me , no w th at I thi nk of it , that all
the o bject ions to havi ng d iscussions abou t the se
alleged ly sensi t ive area" It as. for years. bee n ba..cd
upon a fa lse foot ing. a sub terfuge. While it was
always sta ted that these to pics shou ld be avo ided
so tha t no one's feelings might be hu rt. the true
rea..ens for the proscription was someth ing alto­
gether differen t. Such discus..ions tend to examine
the unde rpinnings of socie ty . the basic .. Iructure
and nature of the en tire human commu nity. A too
dose scrut iny of these ele me n tal fo und ations is
very ap t to d iscl ose some dry rot. A nd it is to the
advan tage of ce rta in grou ps an d individu als withi n
socie ty to pre serve the sta tus quo and resist
cha nge. People have been cond itioned to avo id
such analysis.

I have a su ..picion that the strongest and most
vocal opponents of free di scussion on these points
arc not a t all concerned with the delicacy or
indelicacy of such dialog at all. Pol it ical d iscussions
arc not viewed with favor by poli tical scoundrels
and grafters. Religious discussions are not popular
with bigots. zealots. and fana tics. And sexua l
di scussio n is unpala table to evil -mi nded pur ita n ica l.
in h ibited . perve rted. or otherwise abno rmal misfi ts.
Everywhere they sec revolu tion, b lasphem y. and
carna l sin.

There once was a we ll known sec t ca lled the
Shakers. who believed that man's ph y .. leal natu re
must be con tra ry to the A lmighty 's design - the
wor k of the devil. there fore a sinfu l thi ng. T hey
d id no t even countenance procrea tion among their
own community, with the inevitable consequence
... the Shakers d isa ppea red from the scene. As did
the dodo bird, the woo ly mammoth. and the
pterodacty l before the m. they were una ble or
unwill ing to adapt, so they became extinct. In the
struggle to overcome a hostile . cha ng ing e nviron­
ment an d survive. all species m ust evo lve. adapt,
acco mmoda te. For th e e nvironme nt invari ably
prevail s . . no mailer how strongly the cha nges
may be res iste d.

73 MAGA Z INE



NASTAR/MOON RAY
RTTY!SSB Broadcast Schedule

Broadcast times are GMT on Tuesdays .
This is Monday EST. There will be no
broadcast o n the first Tuesday of each
month.

see it given a try fo r a w hile to see how it wo rks
out.

The present day CW op has fil ters available that
can vir tua lly remove sideband . The sideband op
can vir tual ly remove CW, if he uses a couple of
no tch filte rs. Our band s can ho ld many times the
number of phone and CW signals that they cou ld a
few shor t yea rs ago j ust because receivers have
come such a long way.

I note that a grou p o f ama teurs is about to
petition the FCC to open th e phone bands fo r an
ex tra 100 khz on 75-40-20 me ters. Good plan, o f
course, but why no t go all the way and open all
frequencies to eve ryo ne? Inst ead of taking more
and mo re frequen cies away from the active oper­
a tors, why no t give them all more? Is there really
tha t much har m to be d one? We could try it fo r six
mont hs on one band and sec wha t ha ppen s!
ARRL Board Meeting

The special November meeting was supposed to
come up with reco mmendations fo r the FCC
regarding incen tive licensing freq uency changes.
Unfor tu na tely the FCC d idn 't wai t fo r the advice.
so the Board found itself with a lo t o f little matters
and no main topic. The 1970 nat ional ARRL
convention will be in Boston. Fine. I ho pe that 73
will be permitted to atte nd this one . .. the. last
Boston National saw us ex cluded by personal
di rective of Hu ntoon.

The board agreed to pe tition the FCC to grant
coun terpa rt call le tt ers to ama teurs moving from
one call area to ano ther. I'm glad they did t his. But
I do wish that some interested ARR L mem ber
would buy a subscrip tion to 73 fo r the direc tors so
they would know that this petition has already
been entered. I rep orted this in October on page
127 as RM-1455 . If any one of the directors or the '
headq uarters gang had read 73 they wou ld have
known that this had been done. A read ing of the
FCC actions would have also alerted them ab out
this. 1"11 bet you'll never guess who sen t in the
petition to the FCC o riginall y. lIeh, heh!

.. . Wayne .

Inexorably , our world will become more and
more aware of its true nat ure. The tho ugh t censors
do not enjoy an optimistic prognosis . In time they
will be forced to give way altoge ther, fo r truth is
on th e march. All revolu tions need not be political.
Revolutions of the spirit of man arc ever so much
mo re drasti c. The spheres of materialistic concepts
. .. money, power, war, possessions, and o thers,
may still be in the fo refron t o f man 's interest and
desire. But there is an irresistib le motion toward a
grea t and migh ty goal . . . a fulfillment. T iny
quan ti ta tive changes, a ll bu t imperceptible, will
result in a tremendous qu alitat ive leap . . total
intel lectual emancipa tion.

There is nothing so powerfu l <I S an idea which
comes int o it s proper time. There is noth ing so
futile as an outworn princip le, fighting agains t time
and progress. Change is incv it iblc. and we arc going
to see man y changes. There is a new world
a-coming, a brave, new wor ld of tomo rrow. Those
who refuse to change alo ng wit h it arc goi ng to
become ex tinct. It's jus t that simple.

. _. Dave Mann K2AGZ •

de W2NSDIl (continued from page 2)

Are Sub-bands Meaningful Today?
In the early days of amateur rad io, when pho ne

opera tion was fir st inven ted. it raised such hob
wi th CW that it was split off in to the higher pa rts
of the bands, the freq uencies that no one used
mu ch. This was just fine with the pioneer phone
men because they d idn't li ke those con founded CW
signals in thei r phone band any more than the CW
men wanted the mass of heterodynes tha t made up
the phone ba nd s.

By the 30's we had 100 khz o n 20 and 75
me ters for the Class A operators. Both bands
generally were jammed up tigh t with about ten
solid kilowatt signals. When one o f th ese rock piles
wou ld go off yo u co uld hear ten weaker he te ro­
dynes co ming through the gap from ten lower
powered hopefu ls. No wonder that about 90%> of
the activity was in the CW bands in those days.

Phone DX was worked ou tside of the American
phone bands. Few OX sta tions had signals that
could cut through the enormous hete rodynes that
fill ed our phone bands. In the good old A,\l d ays it
took about two sta tions to have an unreadable
pileup.

Then came sidebands and the layers of he te ro­
dynes gradua lly d ied away. We began to hear
more and mo re OX opera tors work ing righ t in the
Am erican phone bands. Today most o f the phone
OX is wor ked in the American ba nd, wit h the
exception o f an occasional backwa rd DXpedition
operator.

Now that AM is abou t gone from our OX
ba nds, pe rha ps it is getting to be time to do away
with the concep t of separa te American and fo reign
phone bands? For t hat ma tt er, wi th the percentage
of amate urs using CW growing smaller every year,
perhaps the time is no t far away whe n we will be
abl e to do away with sub-bands en tirely? I'd like to
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RTTY to Europe
RTTY to Africa
SSB to Europe
SSB to Africa
RTTY to southern USA
RTTY to western USA
SSB to southern USA
SSB to western USA
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73 Books f'or- Hams

Incl udes giant VIIOrid
country-zone wall map.
Articles on OSL design
secrets,. winning OX con­
tests, OXCC rules, OXpeditions, 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

']'

\

ADYANCED
CLASS

LICENSE
STUDY GIIIDE

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

For the ham who wants
to work OX on the
bands about 432 MHz,
there is nothing that can
beat the gain and noise figure of a paramp.
This book shows you how they work and how
to build and use them. Lavishly illustrated with
photographs and drawings. $3

PARAMETRIC

AMPLIFIERS

PARAMETRIC
AMPLIFIERS

...........

.-COAX

HANDBOOK

Invaluable book for the
ham or the lab and for
everyone else who does-
n't want to have to keep sa
8 whole library on hand for reference...or even
worse. have to write to the manufacturer for
coax spec. $3

-
VHF

ANTENNA
HAND~

,
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

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

~"..
----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 'NOndering what array you need.
this book will give you enough background to
make the right decision . $3

VHF

ANTENNAS

73 MAGAZINE
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73 USEFUL
TRANSISTOR

CIRCUITS

SIMPLI FlED

MATH

I f you've been look ing
for a transistor circu it to
do a special job, chances
are there is a circuit in
t h is book that will give you a head start. It
covers circuits fo r aud io, receivers. t ransmitters
and test equipment . $1

"73 USEFUL ,

TRANSISTOR CIR CUlls ...

~

Does math scare yo u?
- It shou ldn't. This
easv-to-understand book
explains t he simplified
exponential system of arithmetic. simple for­
mulas. logarithms. and their appl ication to th~

ham shack. SOt

CW by W6S FM explains code and how to
learn it , 50!!

CUMULATIVE INDEX Iists all the er­
ticles in 73 up through December 1966. 2Se

Please send me the books checked at left:

73 Magazine
PeterborOU9h, N. H. 03458

City State Zip
Books shipped prepa id in US and Ca nad a.

Na me •.•.••.•.•.••••.••.••• ••••••••.• •••• •• ••••••••••••••••••

Address .•.••.•..•.•.••...•....•.•..•.•.•....•.••.•••.•..•.••••••.••••••.••••.•••..•.•••

II

-" -- "

---- _.~ ..-

_Coax Handboo k .$3.00
_ Transistor Circuits $ 1.00
_ Index to Surp lus $ 1.50
_ Paramet r ic Amplifiers . . .$ 3.00
_ VH F Anten nas .$J.OU
_ S implif ied Math $ .50
_ATV Anthology $3.00
_CW, , , , , , , , , , , , , ' , , , , $ ,50
_ Milit ary TV $ 1.00
_Cumulative Index $ .25
_ OX Handbook $3.00
_ Advanced Class $3.00

HAM
TELEVISION

An invaluable reference
book . Covers rect i­
fiers. mixers, detectors,
modulators, FM detec-
tors, noise limiters. AGe. BFO'/O-multiplier,
AFC. Varicap tu ning audio clippers, balanced
mods, field -strength meters, RF probes. zeners,
cont ro l circuits, etc. III differe nt circu its. $1

"Tvf.YPERWJ'ITf.I'.

ANTIWlGl' rm·64

DIODE

CIRCUITS

HANDBOOK

The Amateu r Television
Anthology is a cctlec­
t ion of the technica l
and construction articles
from the ATV Experimenter. edited by W0KYQ.
If you're interested in ATV. this is the book for
you . It covers the gamut from the simple to I he
complex in amateur television equ ipment. ~3

MILITA RY SURPLUS TV EQUIP­
MENT by W4WKM is a necessity to the sur-
plus-scrou nging ATV addict . $1

•••••••••••••••••• •••••••••••••••••••••••••••••••••• •••• •• •••••••• ••••• •••••••••••••••••••••••••••••••••••••



LETTERS
Dear Wayne,

Without question, your magazine is by far and
away amateur rad io's superior pu blication. In the
September issue on P. 134 was a le tter by Arthur
Woods W4GJW in which he made many sugges tions
for new subject matte r for your magazine. T his]
heartily endorse.

I wo uld like to sec owners repor ts of manufac­
tured amateur gear suc h as t hose au tomobile owner
reports in Popular Science, e tc. Proper editing
wou ld bring ou t the strong and weak poin ts or
limita tions of each piece unde r investigation. Sim­
ple mod ifications could be thrown in, if desi red .
T he series wo uld be self perpe tu ating by asking at
the end of each article ... Owners of the Super
Whamce Mark IX (or whatever gea r desired ) please
send your comments to 73 Magazin e.

I am certain tha t a series of this kind would be
successful as ha ms from arou nd the world would
feel that they are con tributing in a small way to a
fine publica tion as well as to amateur radio. I can 't
think of an easier way for ama teurs to ge t invo lved.

Stan Pugh WA7KSC
2521 North Proctor
Tacoma WA 98406

Dear Wayne, .
Been reading 73 now for several years - just like

I read CQ when you were ru nning the show there.
Even met you once in San Antonio a t the Gulf
Sta tes Co nvention about fifteen ye ars ago! So
long?? Anyway, I have enjoyed the reading.

Like a lot of other hams I am also in terested in
mak ing things th at are not always for the ha m­
shack. Right now it is metal detectors. I'm won­
dering if there aren' t a bunch of other readers who
h~ve _th.e same interest. I would like to swap
c.lrcUi ts If anyone wants to and I wou ld part icularly
like to have a good BFO circuit using a crys tal
con trolled oscillator on lOOkc- like the unit made
by White's Electronics in Oregon.

So how abou t it? Can someone do an article on
the subject'? Or just prin t th is letter - maybe some­
one will come up with a good one.

Les Spoonts W5WWX
1600 S. Jones Dr.

Arlington TX 76010

Dear Wayne:
In the " . . .de W2NSD/l " portion of yo ur issue

for November, at p. 126 , I seem to read an echo of
my letter of March 7, 1969 to you - under Public
Relati ons. 1 do understand th at QST has now
retained a PR consultan t, or some such. Hope the
rumor is correct, or tha t it at least indica tes a
change of att itude.

Hopefull y, this may all lead to some construc­
tive effor t to lobby for ama teur rad io in
Washington. Too often I have found that PR work ,
per se, me rely serves to lock the barn afte r the
horse has been sto len. Yo ur very pertinen t remarks
concerning the obvious result s of the im plementa­
tion of Docket 15928 see m to me to show pretty
clearly th at horse, barn , and most of the crops are
long gone.

Of cour~e. a l~ of this, involving frequencies,
spec tr um utiliza tion and ama te ur po pulation are
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matters tha t many of us brough t to the atte ntion
of ARRL and FCC when 159 28 was first weaned.
T ha t our protests were very gene rally ignored must
b y now be accep ted and recognized as a grea t
disse rvice to ama te ur radio by tho se whose de­
clared reason for being was the orderl y and
cons tructive developmen t of the hobby, art, service
or wha tever one likes to call it.

I ca n remember when very few ama teurs had a
good word for that hot-headed ra dical, W2NSD. I
suspect that if a poll were taken today you wo uld
be considered some thi ng of a dedicated prophet!
Some miles northwest of you there is, in Hanover,
a college that has the mo tto - "Vox Clamantis In
Descrto." or some thing like tha t. My recollection is
that it means some thing along the lines of ' -'A
Voice Crying In T he Wilderness."

It must be so wi th you. It can on ly be hoped
that in some way t he larger body of amate urs will
really liste n to wha t you have to say, and will give
tangible support to <I movement towards a sane and
cons truc tive program to give vitali ty and purpose
to th e ama teur game.

AI Smith W2AFJ/K3ZMS
Penury Priory

Doylestown PA 18901

Dear Wayne,
I sure do like your magaz me and its unbiased

(?) opinions. Wha t I rea lly wro te abo ut, however,
was to enlis t the services of anyone who knows the
" magic trick' : bow to use the Cen tra l Elec tronics
lOB as an SSB exciter with the Heath T Xl Apache
transmitter. Also , any teens or Novices wish to
star t a net on 15m? Please con tac t me.

Gregg Marco WN61ZT
2880 Ridgeway

San Bruno CA 94066

Dear Wayne,
T he reason everyone is so interested in ";;ex,

religion and politics' may be that most ama teurs
arc far behind the professional world in techn ical
matters.

T he biggest problem seems to be th a t manufac­
tu rers of componen ts gear themselves for industry
not th e ind ividual ama teur. There arc integra ted
circu its that con tain an i-f amplifier, and de tec tor
including AGe. Ano ther IC for the aud io, a th ird
for the rf, add a couple tuning coils and a speaker
and you have b uilt a high performance po rtab le
receiver. With the manufact urer's da ta sheets, you
don't even have to know how a transistor works to
have a good time build ing.

But there is th e prob lem : Bow does the average
ham find out about the la test circu its'? The only
way seems to be to read trade magazines and wr ite
for data sheets. Either that, or wai t unti l some
other ham does so and writes <In article fo r 73.

What we need is more information on these
new devices so hams need on ly read ama teur
magazines to keep up to date. Maybe the ultimate
would be a special' newsle tter" for ama teurs only.

What say?
Paul Zander WA8JCM/9

25-5 Ross Ade Dr.
W. Lafayette IN
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D ear Mr. Green;
It is seen that the growth of 73 Magazine is like

that of the field in which you are dedicated. T his
may seem to you as a way of saying congra tula­
tions to you and your staff for this is true.

It is with grea t sad ness that it is easy to see that
there are those who cannot see that the usc of that
which is called, telegraphy, is th at which canno t
serve the growth of the nation. There was a time
when th e state of the art was suc h that telegraph y
was all there was. When we see the advancemen ts
which arc kno wn to us today, we see that
telegraphy is not responsible fo r these advance­
ments. We see that these advance ments would not
have been possible had it not been for those who
saw that te legraphy can never serve in th e successes
of the electronic con tro l sys te ms of all kinds which
were used for posit ive control in the automatic
control of the space p rogram and in indu st ry as
well. High speed Telety pe has rep laced telegraphy.
All of this gives more work for many more people
in a growing coun try in the sense that elec tronic
technicians far outn umber the few remaining tele­
graph opera tors.

In the public view, the repair of an elec tronic
device or a television set requi res a technician . !n
the pu blic view, the public does not loo k for a
telegrap h opera tor to repa ir a televisio n set or any
of the elec tron ic devices which the public uses
and/or enjoys. Th is is to say, telegraphy is no t
important to the public.

When we sec th is, we see that the public will
never be convinced that telegraphy can serve them
in their needs. Their needs are not that which
telegraphy rep resents. In th e public in terest , tcle­
graphy is no t known nor is it neede d.

Te legrap hy is li ke a man who los t one leg. He
cannot walk as can a man who has bo th of his legs.
The previous paragraphs explain th is in other
words.

It is seen that there are those who seem to
believe that te legrap hy is needed in order to prove
that a technician is no t a techn ician un less the
technician knows telegraph y. We all know tha t t his
is not true for we see tha t a kn owledge of
telegraph y can neve r repair a te levision set or any
electronic device used in the public interest. This
clea rly tells one, there is no need for te legrap hy in
industry and commerce of a nati on. It is seen that
thi s is true.

When we sec tha t the military services have
been abandoning telegraphy for more exo tic means
of communica tion, it is seen that the military
services recognize the fact tha t the ir only use of
telegraphy is in ba ttle. Even here we find that the
military frequently uses eq uipment which is no t
designed for telegraphy in th e sense tha t voice
commands are more qu ickly understood. We refer
here to armies committed in ba ttle and eac h knows
the others posi tion. We find that there is no time
to be lost in these conditions. Th is is to say, no t
even telegraphy serves he re.

It is seen th at there are those \vho believe or
who seem to believe tha t it is-necessa ry to provide
a limit or to limit the nu mber of radio amateurs in
the belief that telegraphy is the means whic h they
see as being effec tive. The manner in which this has
been done in th e d ivision of the bands is seen as
that which the Government of the United States
cannot do in th e sense that the Government cannot
discriminate. It is seen clearly that this d ivision
discr iminates against some and in favor o f others.
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HAMS! DON'T BUY USED TUBES
COMPARE OUR PRICES

FOR NEW TUBES
RCA~E-EIMAC-AMPEREX-ETC,

811A-4.75, 4-125A-27.50, 4-65A-12.00,
5R4GY-l .75, 807-1 .75, WE35018071-1.25,
4-4ooA-38.50, 813-20.95, 4X150A-19.95,
4-250A-36.50, 4PR608-55.oo, 4CX2508-21 .00,
8236-13.25, 2E26-2.75,16251807-12v lill-1.50,
1~17A-2.25, 404A-2.25, 6146-2.75, 6360­
,.,.50, 2X2- .50, OD3-0C3-.80. 5879-1 .75.
5881-3.25. WE-CV677 l000WATT TETRODE­
5.95. EIMAC-MACHLETT VT-158 1200-300

ATT 80TTLE -READ MARCH 1969 ISSUE 7,
HOW GREAT THIS IS-$9.95 12V 20AMP DIODE
POWER SUPPLY (LESS XFORMERI -4.95. RCA­
6-12 VDC CONVERTER DEL. 20AMP-12.95
IDEAL FOR VOLKSWAGEN. SEND FOR OUR
LIST OF OVER 3000 TYPES OF AMERICAN,
8RITISH AND EUROBEAN IMPORTED TUBES.
LARGEST STOCK OF XMITTING TUBES IN
THE WORLD. SEND FOR OUR LARGE PARTS
CATALOG (OUR PRICES ARE THE LOWEST IN
THE USA!.

UNITED RADIO COMPANY
56-A FERRY STREET

NEWARK, NEW JERSEY 07105

BACK ISSUE GUNSMOKE !
30, count 'em 30, stupendous tremendous
(more handbooks than magazines) fascinat­
ing enormous devastating incredibly ener-
vating back issues of 73 ..

ONLY $5.00
postpaid worldw ide

Y es.. . y es.: . y es.. .here is a
golden opportun ity to
blow y o u r mind on 30
back issues of 73. You
jiend us $5 i n negotiab le
securities, cash or check
and we w ill send you an
unbelievable miscellany
o f thirt '{ d ifferent (all
different' back issues,
all from the 1960·1966
era. These are all rare
collectors items. Every
one coul d l ikely be we -

rth a fortune to you . Who knows, y o u might
even find a rare January 1961 in this pilel We
do n't even know w h at IS in these packages. To
keep costs down w e have had these magazines
packed int o sloppy bundles by' the Chimps
from Benson's Wild A nimal Farm (nearby) .
Watch o u t for banana skins. - I f you want
sp ecif ic i ssues o f 73 they are ava ilable at the
low low (h igh) p r ice of $1 each. U n less we
d on 't h ave them, In w h ic h case the price is
hiJlher. -How about sending a bundle t o 8 OX
friend? Back issues o f 73 are w o rt h their weight
in unicorn dung in most countries. -Money
recei ved without a sh ipp ing address will be used
f or b eer.

73 Magazine Peterborough NH 03458
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SURPLUS BARGAINS

Bi rd " Th ruline" line sec t io n s as used in b ird
wattmeters. Dual slug t y pe w ith var ious
"qu ick.-c hange" con n ectors. With cables t o
con nect t o ind icato r (30 }J.am p m et er ).
Used . 8J<C.•........ ....... ... .. . $ 2 0 .0 0

S lugs f o r bird wattmeter.
2 0 0·50 0 m e. 5 watts $ 10 .0 0
275-450 m e. 1 watt $ 7 .50

Bi rd " T e rmaline" lo ad , model 81 B. 8 0 wa ttsij
5 0 ohms. Exc . condo , $50.0

Com mand receivers, used, with tu bes.
190-5 50 k c. . _115.00
520-1500 kc. 20.0 0
3-6 me. . . . . . . . . . . . . . .. 15 .00
6 -9 me..... .. . . . . . ..... 10.00

Command xmrrs.• used w ith t ub es.
3 ·6mc $15.00
4 -5. 3 me $7 .00
7 -9 . 1 mc ' . $1 7.50

Quartz-iodi ne high-intensity t u bes. s vive n te
4 2 5TY. Q/C L. 4 2 5 watts, 11 5 votrs. 4 110" long
x 5/ 16" diam : $3.0 0 each

Sc ree n b ypass capac ito r fo r 4 x 150, J ohnson
124·11 3. 1450pf, 6 0 0 vd c , n ew ..... $2.25

J Oh nson mi n ia tu r e var ia b le cap acitors:
#1 6 0 -110, 2 . 7 -1 9 .6 pf 1.70
#1 6 0 ·1 30, 3 -3 2 pf 8 0
#160-2 0 3.1 .6-3 .1 pf butterflli 80
# 160-2 1 1.2.7- 1 0 .8 p f bu tter IV 8 0

G e ar head moto r, G E 56 rpm 5 0 tncb-oo u nos
torq u e, 30:1 gear rat io , 115 vo lts 60 c vc tes.
Used, e xc ,
S hipp ing w t . 14 .bs $ 6 .5 0

BC ·221 f req. m eter w it h xte t & calibra t ion
b o o k, e xc $60.00

Prec ise m Odel 111 m utua l co nd ucta nce tu b e
t ester, exc $ 5 0 .0 0

Na t iona l h fs receiver w it h p o w er supp ly $70.0 0

Please include su f ficien t sh ipp in g charges with
order. H undreds of o ther bargains in our fl yer of
surplus e lectron ics, new & used ham equip m en t
& p arts. Send 10rt for you r copy .

JEFF·raosncs
4252 Pearl Rd . Cleveland, Ohio 44109

RG 'M AU 50 o llm l.llo n coui.1 ubie. OuIiOd. d,.m.l...080" RF
loa ,29 db per 1001 -'. 400 Mil • . SiIY., pleled "' ie ld ing end conduclor,
U-.l 10, inl..nlll ell......." ,ng. • nl.nn. roup lil'l!l, RF coupling ~tw",n

nlO". etc , R.nc\om I.ngt h. I.om 3S 1001101 501001 . Co lo..: bleck . 'ed,
brown. blu•. ll'.Y. o .~, Regu l. pric. 234! per 1001. Ou r p<ic. 54! per
' 001 $3.00 per l00fl
456 Khz ce•• mil: l ilt... Iype BF"5!i-A Til... liller ....ill he lp 10 Ih.rpen
til• .-l.cl i.-;Iy 01 mon lit" u 'ing 455 Kllz IF' ,. U. IC:.o u Ultlode biM
'",110. ,n pl_ 0 ' I CllPlCito•. 0< in If.",inori.Ml IItts. K.oalll••mitt e<
b•• •• ,no•. Imped.netl i, 20 ohm' .1 455Khz.. DC ."ill"'ce i. inl inil.
Imp«lence ;nc._ .epidly • yOU 1. .... 455 Kh• . Plln you ' O...n LC
filler C" cv ,u.t vIHy low con
1010' $'00 2S lor $2,00

TOROID POWER TRANSFORMERS
'T'2 Tlli. lo.oid .... design..:llo . ute in . Ilyb ri<:l F.M. mobil. unil. u. il'l!l
• IIngl. 8647 tube in Ih. RF . m p. lor 30 ....ns oulPUI. Sell.m.IIe ;n­
duded. , 2 VDC p,i u1ing 2 N1&&4 ', o. lQ"iv. l.nt , S.c. 11 500 volts DC
ou l II 70 ....1It' Sec . n -65 volli DC bias. Sec. II'J 1.2 volt, AC 10'
l il. menl 0' 8647 lube Sec, '" CIT I.ed beck ... ind;<llI 10. 2N 1554'.. 1'.4"
IIli<;-k. 2'4" d;.. $2.9S ••, ·2 lor $5.00
'T·) H• • powd.<I'd i.on co'. I nd i. built lik• • TV Ily beck t'.nsfor ..... .
Ope'e11S .t ebou t 8 00 CPS 12V DC Pri , u.il'l!l 2N.....2·, o. aq u;v. l.nt. DC
OUlpUI 01 V/OaL R 47&\'01" 90 .... tl1 CIT IftCl beck ... iroding 10. 2N442·.

TRANSFORMERS $2 95 • • ,·2 for $5,00

P-7 117 VAC Pri, Sec. ' l 18& CAV@ l 20me. Sac. 12 6 .3 VAC " 'lA ,
Doubl. H. II Shell 1.1.,1Box Type , SX 14 6 type . $2.7S ... ·2 10' $5.00
P·9 117 VAC P,i . Sec ' 900 VAC ~ 300 me. Sec. ' 2 100 VAC ~ 10m.
8,... S.c. 1I'J '2 6 VAC /il AM P. WI. 16Y, lbi. Double H. II SIl.1l $4 ,SO
P·' O '17 VAC P.i, Sec. ,l 960 VAC C,T, 1lI ' 6O me, Sec. ,2 415 VAC
C, T, end lIP II 100 VAC 10 me a,.. S.c,,3 ' 2.6 VAC i> 45A Doubl.
SIl.lI M. il Box type, WI. 8+.1 lbi $ 3 15
OuIPIJII••n.I(...n..... ell typ.. 59 cen" o . J 10. $' .50.
OT·' T•• nllilm TO·3 Power Oilmo nd .. Imp. 1& o hms 10 3.2 ohms DC
R.... Pri. ,60hm. Sec, .3 ohm,
OT·2 P.i, imp , 1000 ohm Sec . 3-2 .nd 500 o hm 10. Pho n" o . 10 voll
lin. 3 ....n s. Full ... i.lde<! Ooubl. H.II She ll.
OT·3 Prj imp. 5500 ohm•. Sec, 3.2 Ollm•. SC'22 ty pe

All p.ic•• F.O. S All weight. liiled .'. nel . PI••••110...- 10' f)« kegi"ll.
Pl.....110.....nouqh for poil. We ..... 11 'elu.n .ny . xUI ,

TOWER
COMMUNICATIONS

1220..22 Villa se. Racine, WI 53403
•
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This is to say that the Govern ment is not an
individual who can select his or her own friends.

The selection of one's own friends results from
commo n. interests or common desires. Electronic
theory is not easy to learn and is never fully
learned . Those who know electronics are those
who know this to be true. Those who do not know
electronics find that for them it is not that which
interests them. This can be said of any profession.
The practice of medicine is an example of this.

It can be seen that the interest in elec tronics is
that which has given and will con tinue to give more
technological advancements which are in the public
interest. It can be seen tha t the amateur bands have
provided the radio amateur with th e means by
which he does develop a technical skill which
industry needs and which industry does not pro­
vide. Industry wants a man already trained. It can
be seen that were there to be no ama te ur bands
there would be no developments in industry . It is
the radio amate ur who has been responsible for the
technological advancements.

Industry requires men who are trained in all of
those fie lds which are available to the radio
amateur who is a technician. The only reward for a
radio amateur is a grea ter knowledge which he has
gained .

Mr. lin Carol
Avenida Cometas 180-8

Colonia Contry
Monterrey N.L Mexico

Dear Mr. Green.
I have been subscribing to " '73" for several

years, and I think it is getting better with each
issue. I wish to add my thanks for the Advanced
and Extra Study art icles. They are mu ch clearer
than many other study guides, and con tribu ted
greatly to my getting the Advanced ticket. My
code speed is improving gradua lly, and I will have
the Ex tra one of th ese days.

I hope you will allow me to comment on some
of the issues which you and o thers have raised in
letters and articles which you print. F irst, I
disagree with \V I DIS's opinions (page 40, Nov.
issue) on what can be discussed on the air. T here is
nothing in FCC regulations which says we cannot
use the ham bands for an open forum. For those
who have no t read it or can no t find their copy,
subpart E of FCC amateur regula tions says ONLY
that, "NO LICENSED RADIO OPERATOR OR
OTH ER PERSON SHALL TRANSMIT COMMU­
NICATIONS CONTAINI NG OBSCENE, INDE­
CENT, OR PROFANE WORDS, LANGUAGE, OR
MEANING." (Par. 97. 119 FCC regulations). I have
gone over these regula tions time after time and
nowhere can I find any other mention of what we
can or canno t talk abou t. In o the r words, I believe
the PCC gives us the benefit of the doubt th at we
will cond uct ourselves on the air with common,
ordinary decency, and if we do otherwise as sta ted
in Par . 97.119, we can expec t ou r tickets to be
suspe nded. I will, therefore, discuss any subject
with anyone in as gen tlemenly a ma nner as I know
how, but will break off or refra in from such a
discussion if it becomes ungentlemenly!

I do not agree with t hose who are fu ssing about
the diffi culty of the license ex ams. The FCC uses
only 98 words to describe the basis and purpose of
Amateur Radio, (Part 97 .1) , and these words
include the following; " . . .provide emergency com­
munications; ...advancement of the radio art;

73 MAGAZINE



2400B Cryttal Dr., Ft. • ~n, FI.. UH'

ORDER DIRECT
with check or money order to

Special Quantity Prices
to Jobbers and Dealers

4 for 55,00

4 for 55.00

51 .60
4.50
3.50
2.25
1.50

~~R 48hr.
DELIVERY

,.----sPEciALs- - - ---,
Color TV crys tall 3579. 545KH z) wi re leads
100KHz ftequencv standard crystal (H C 13!U)
1000KH z freq uency standard lHC6!U)
Any CB crystal transnut or receive
Any amateur band crystal in FT·243 holders

[except 80 meters)
Any mari ne fr equency (HC6IU) 2.85
80 meter crvstals In FT·243 holders 2.50

We have in stock over six million crystals
which iVclude types CRIA/AR, FT243,
FT241 , MC7 , FT249, HC6/U,HCI3 /U,
etc. Send 10¢ for our 1970 catalog with
oscillator circuits, listing thousands of fre­
quencies in stock for immedia te delivery.
(Add 10¢ per crystal to above prices for
shipment I st class mail ; 15¢ each for air
mail.)

GATEWAY
ELECTRONICS

6150 Delmar Blvd.. St. Louis, Mo. 63112
314·726·6116

115 V A C t o 4 8 V olt DC Power supp ly at 3
A mps.
Sh ipp ing w t. 25 Ib $ 12.50

115 V AC to 24 Volt Cen t er t apped transformer
at 20 A m ps.
S h ip ping wt. 20 Ib $ 10.00

Silicone G rease - 2 oz. tu be.
S h ipp ing w t. % lb $ 1.00

Epoxy R esin - w it h catev uet - 1 p t . can.
Shipping wt. 2 % lb $ 1.00

G .E. RT V S i l ico n e R ubber - Paste form w it h
curing age n t.
Shipping w t. 2% tb . . $ 1.00

D OW CO R N I N G 200 S i l icone Liquid - pint can.
S h ipping wt. 2 .b $ 2.0 0

Textronic 53 1 Osc il losc ope
S h ip p ing wt. 125 Ib $450.00

T ex t ro n ic 5T3 Timing Unit Plug In for Type
661 Sam p l ing O sci lloscope - new bu t mis­
sing o ne c i rc u it board .
Sh ipp ing wr. 2 0 Ib $ 50.00

Bruel & K j aer T ype 1505 Deviation Bridge­
new con d it ion.
S hipp ing w t. 40 Ib $500.00

Minimum order $5.00. Sorry, no catalog at this
time. Write for specific items. Watch for our
ads in 73. Stop in and see us when you 're in St .

l==L:ouiS.

..----'-N~EED CRYSTALS?Dear Editor :
I am writing to commend au thor R .J . Zach and

the editors of 73 Magazine fo r the series of articles
on FM. We arc in favor of any means of furthering
the cause and have no ted that severa l articles on
the subjec t have been recently published.

J have noticed , however, that only o ne of the
many articles p ublished (Bill Orr's in Ham Rad io)
even mentioned th e ex iste nce and availability of
any new equipme nt made fo r the ama te ur market.
I think it only fair that some mention of this new
equipment should be made - no t only of the
Varitronics-Inoue line, but also of several o ther
man ufa cturer's equipment -so that your readers
will know that used gear is no t th e only thing
available.

I am enclosing specifica tion sheets on our
current models for you" information. Again,
thanks to you and the editors for f ur thering the
FM cause.

. ..rules which provide for advancing skills,

...trained opera tors, technicians, ..." . An old
timer told me many times that anyone can learn
the code and can increase his speed if he is Willi ng
to practice, so those who gripe abou t it are just
plain lazy. The FCC provides the Citizens Band
Radio Service for those who do no t care about
advancing their skills or improving themselves as a
trained operator.

For those who do not like the present incentive
licensing program, I suggest they write the ARRL
and also write the FCC even if it ta kes 14 copies.
Here are my suggestions for a better incentive
licensing program, and I have written my ARRL
director. and in tend to write FCC also :

1. Drop Advanced Class license.
2. Restore to Generals the frequencies allowed

prio.r to Nov 22, 1968, in the interest of public
service.

3. Allow Ex tras to use phone in what is now
known as the " Foreign" phone segments.

4 . All licenses excep t EXTRA cla ss, sho uld be
non-renewable. Conditional shou ld be for on ly one
5 year period excep t for di sabled with d octor' s
cer tificate sta ting inability to travel. Anyone else
should be ab le to find his way to an FCC office or
field examiner some time in 5 years.

I can hear the moans and groans abou t hav ing
to take a new exam every 5 years, but how else can
we ful fill the basis and purpose of Amateur Radio
if we don't upgrade ourselves? I hope you will
print this letter to get some reactions, and also
maybe it will stimu late some more thinking on
how to improve the situation.

J. W. Harrison, Jr. WB4TBX
1234 Little Bay Avenue

Norfolk VA 23503

Wayne Green:
I have subscribed to 73 for four yea rs, now, and

it IS the best that I have read. I also subscribe to
Ham Rad io, QST and CQ, so I think that I have all
the num bers covered . 73 Magazine, in my opinion,
gives me the grea tes t pleasure of them all and I
shall stay a very satisfied one - t ill d eath due us
part. or something. 1 passed the Ad vanced without

Sharon LaTraille
Vice President

Varitronics. Inc.
See editorie! "V HF FM: A New In volvem en t" and
" Low-Cost Electronics: Japan 's FM Invasion ," th is
issue . ..ed.
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Dear Wayne :
There are occasions upon which I wish you

would base your wri tings upon fac t.
On page 127, Novem ber 73 , you sta te that I

publish two magazines on a commercia l basis
comp lete with ads and subscriptions. I d o not
publish any magazines whatever. I do print th ree.
The Auto-Call is published by the Founda tion for
Amate ur Rad io, of Washington , O.c. , a fact which
can be de termined from the address side of any
issue. The DARA Bulle tin is published by the
Detroit Amate ur Rad io Association. The AR NS
Bulletin (surely you're not accusing this one of
being commercial" ) is published by the Amateur
Rad io News Service. Each of these is printed in my
basement on th e basis of ma terials cos t o nly
without any charge or retai ner whatsoever for
labor or machi ne dep reciati on . Each publisher
receives, di rectl y, all money for subscri ptions,
adverti sements or dues and any profi t (or loss)
accr ues directl y to them. not me.

I am gra tified that you arc concerned abou t the
time I spend in prin ting these publica tions, bu t I
can assure you that only a sma ll portion of my
time is involved in the printi ng.

Since you arc now set up for pr int ing (page
129) I wou ld be most happy to turn the entire
affair over to you, providing you will do th e wor k
at the same price.

For yo ur info rma tion comp lete fi na ncial deta ils
of my entire opera tion were furn ished the mem­
bers of the Executive Co mmittee of the ARRL
who passed on my eligibility for Vice-Direc tor, and
who adhered strictly to the provision s o f Ar ticle
12.

I insist that you prin t th is lette r in its en tire ty
as a correct ion to your sta te ments.

Ralph V . Anderson KQNl
Vice-Director

Mid-West Division, ARRL
My Oxford Universal Dictionary de fin es a pub­
lisher as, "One whose business is the issuing of
book s, periodicals, music, erc., as the agent of the
author or owner; one who produces copies of such
work s, and distributes them to the booksellers and
other dealers, or to the public." The dictionary
says no thing a bout profit. You admit in your le tter
that you are issuing periodicals and distributing
them to the public and this ma kes you a publisher,
whether you or the Ex ecutive Committee like to
call it that or not. Article 12 has been violated,
o bviously. . .Wayne.

Dear Mr. Green,
Mr. Hartley 's recent ar ticle' Religion, Politics or

Sex' has raised two basic ideas:
I . Why can ' t ama teur radio be a for um for

exchange of ideas? There is nothing wrong with
calmly discussi ng poli t ics, whe re a real dialogue
exists and ideas and ideals arc exchanged and
expressed. People who objec t to one's ideas must

your help-no sarcasm in tended, and wou ld pass
the Extra-elf you could get the FCC to lower the
CW to 15 wpm. What is this- proficiency in CW or
theory? Of course, as you have sur mised, I am
excellen t on theory and lousy on CW, bu t I am
honest. I am wri ting like mad to QST and
directors, to forge t the second half of th is incent ive
thing, which, I am Afra id, will kill or set back Am.
Rad. Anyway, good luck to you.

Jack Golden WA2YPW
Portville NY 14770

-

Now BIGGfR ond
BfTTfR Thon fve,!

SANGAMO

SPRAGUE

ELECTRONICS
10 ALICE ST. BINGHAMPTON. N.Y.

13904, AC 607 723 -3111

BRIGAR

Offices and Warehouse 10 Alice St reet
COMPUTER GRADE

ELECTROLYTIC SALE
LARGE QUANTITIES AVAILABLE

Minimum Order 10 pes.
All Sizes- 50li ea.

•

Q
'!@,

VA L UE S I Z E
50 0 MF O-200 v ee 2" x4Y."

1, 2 50 MFD-lao v ee 2" x 4%"
1 ,500 MFD- 10 0 v ee 2" x4Y. "
3,500 MF D - 55 v ec 2" x4Y,"
3,500 MFD · 75 voe 2" x4Y,"
5,000 M FO· 36 v oe 2" x4Y."
5, 500 MF O- 45 vee 2" x4y,"

11,000 M F O· 19 v ee 2" x4W'
11 ,500 MF O- 18 v ee 2" x 4 y,"
12 ,500 MFD · 16 v ee 2" x4Yo "
10 ,000 MF O · 15 v ee 2 " )(4 110 "
14,000 M FO· 13 v ee 2" x4Y. "
15,000 MFO- 12 v ee 2 " )(4Y,"
1 5,5 00 M FD· 10 VDC 2" x 4W'
1 5 ,000 M FD· 10 V DC 2" x4 Y."
25,000 M F D· 6 VDC 2 " x4Y."
30,0 00 M F D · 10 V DC 3" x4Y."
60,000 MFD - 5 \lDC 3" x4Y."
20,000 MFD- 15 VDC 2y'''x4W'
15 ,000 M F D · 15 V DC 2y'''x4Y.''
35,0 00 M F D · 12 VDe 2" x 6 "

7,0 00 M F D - 13 VDC 1 3Ii' x4Y. "
3,0 00 M F D - 25 VDC 13Ii'x4Y. "
2,500 MF D - 4 5 V DC 131i · x4Y. "
3,750 M F D · 75 VDc 2" x 4Y."

No C.O.D. Include necessar y postage.
• JU ST BOUG H T OUT O R IG I N A L C A S E F OR

CB R A DI O. Inclu des m t g bracket f or m obile
use & slide- in chassis, Holes pre-punched for
p ower supp ly tran sistor & pow er co rd. May be
u sed fo r m obile power supplies, P,A. system o r
speaker b o x o r ma ny o ther uses. S ize - 3 Y," H x
7" W x BW ' D . Weight 3 Ibs. O r ig ina l co st
$9.95. O u r p rice , . . . . • . . . , $ 1.9 5

M IN O RDE R $ 5 .0 0 FOB Binghamton

" - - - MAIL THI S COUPON NOW---
I

NA~E ; , II 'OO'ESS , . I
I CITY : ". ". STATE: , ZIP; , IL .::.. I
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TRADE EVEN UP

· · · ~ .. .... • .. ... . . . . ... .. $149 .50
IP-69 / ALA -2 PANADAPTER

T h is co mpact um t can be used wi th most Ham
Receivers after co nve rsion . Compl ete w ith con­
v ersion info and schemat ic. L ik e new cond it ion

ANTENNAS wh ic h v irtua l!yGU A A AN T E E YOU
WI L L GE T OUT BE T TE R. N ew

· bOOk gi ves step·b y ·ftep i nR r~ '
tlons ( 176 pages. cv..r 200 illust r8t ions) for m .. k inl .. 11 stan d ­
a rd lyp es (long wiras . d ipoles. yag is. trap . "tc. l p u s MANY
not d ..so::r1bed .. Isewh..r.. : low cost mini..t u r .. b ..ams from
conv"rted TV an t"nnas; IN D O O R BE AMS. "in v is ib l.... a n ·
ten nas. 4 0 M E T ER OX ; vertical beams , NOVI CE B Q"N Q
DX,- many. MANY o t h e... S EC RE TS of tun.. ·up for M OnE
OU t PU T . How to hOOk UP a nd use A N T E N NA T ES T G E A R.
Buy boOk " Ha m A ntenna Const ruc t io n P rO!'ecu · · fro m your
n ..a rby "H.W. Sams"' d ist rib uto r , Onl y 3 .95. O r o rde r
A UT O GRA P H E D copy direct fr o m autho r J. A . SUnl..v,
855 ·A Sout h Fi llmor .. Str ....t. D..n v..r. COlorad o . STAN
8 0 209, INCL UDE 25 11!' FOR POST AGE

NEW 1970 SWAN 2 70 TRANSCEIVERS

We need •••
• MILITARY SURPLUS ELECTRONIC

EQUIPMENT & TEST SETS

• COMMERCIAL TEST EQUIPMENT
manufactured by:TE KTRONI X.H.P.

GENERAL RADIO
CO L LI NS

.NEW BOX T UBES by EIMAC
Send you r list to :

SLEP ELECTRONICS COMPAN Y
24 12 H ighway 3 0 1 N , E llenton, F lor ida 33532

(8 13·72 2 -1842)

COLUMBIA
SPACE RACE

(We have to get rid of these items
no w - 'cause we qons have the space !)

TAMAR 12V. MOBILE RF POWER AMPLIFIER
Th is is a ve ry compac t RF A mp. Or igina ll y mfg.
f or ligh t airc raft . F req uency 118-128MC. Easil y
converted to 2 or 6 meters. Has built in t ransistor­
ized powe r supply. Uses 1 ea. 6360; 1 ea. 0 82.
supp lied WIth schematic. Less tubes. Specia l close-
out price..: $9.95
CV ·25 3 /ALR 38 ·1000 MC TUNEABLE
CONVERTER
Excel. Condo. Late Model $ 150.00

COMMAND RECEI VER S
190-550KC Q-5er Good Condit ion $14.95
190 -550KC A .A .C. Type A -ll Commercia l Late
Model E xl . Co nd i tion $14.95
540· 1600KC A. A.C. Type R·22 Co m mercial L ate
Model Exl. Cooo inon $19.95
1.5.3MC Mar ine Band Ext . Condi t ion S19 .95
3-6MC 75& 80 Meters Ex l. Cond it ion $14 .95
6 -9MC 40 Meters Good Condi t ion... ..• . ... .$14.95

TELETYPE CONVERTER TERMINAL UNIT
AN /F GC -IC Dua l D iversi t y A ud io ATT Y Converter
can be used w ith any t ype receiver. T hese are new
and sh ipped in or iginal factory crat es w ith al l spares

• • • • •.. •••• • •. • • • . . • •.•• •. • • •• •• ••• $24 .95
COLUMBIA PAYS CASH FAST

For your su rp lus m il i tary elect ro n ic equ ipment and
al l k inds o f lab grade test eq u rornent . Wr i te or cal l
col lect f o r top dollar. H ighest cash offers in the
coun t ry . We pay all shipp ing & insuran ce. Let us
prove to you w hat w e prom ise.

COLUMBIA ElECTRONICS
Dept. 7 4365 W. PicoBJvd. Los A nii'eles Cal. 900 19

•

Ham Tips: More Uses for Bx Armor
When running antenna leads from the

roof to the house, it is almost impossible to
avoid subjecting the cable to abrasion from
either the building or the roof edge. In tim e,
this abrasive action will cause the wire to
fray, and then break.

A section of Bx armor, placed at the
point of stress, and secu rely taped in place
will guard against the effec ts of abrasion and
insure that the an tenna ca bles you put up in
June will st ill work well in December.

Elliott S. Kanter, W9KXJ

Thomas Laffin W1 FJE
Hillsboro NH 03244

APOLLO TV & RADIO (Nov. 73) Addenda : An
adjus tmen t shou ld be made for Westinghouse
Elec tr ic Corp ora tion and Radio Co rpora tio n of
America as fo llows. The monochrome TV camera
used on the Apollo 7 and 8 space m issions was
mad e by RCA, as sta ted. However , the mono­
chrome TV camera used on Apollo I I , which was
left on the lunar surface, and the mo nochrome T V
camera used on Apollo 9 was made by Westi ng­
house as well as the color TV cameras for Apollo
10 and 11. T he sta temcn t to the effec t that the
RCA came ra was utilized in Apollo 11 and 9 was
based on incorrec t in forma tion. I am thankful for
being corrected.

ADDENDA & ERRATA

James Altman WAClUWL
1921 Pinehurst

St. Paul MN 55116

Dear Wayne:
The error o n page 76 of the November issue of

73 should read : ,. fhis is possible if we assu me tha t
the de curren t ga in hFE is much grea ter than one,
and tha t the collec tor curren t is very nearly equal
to the emitter curren t. " This is because the high
hF E makes the base curren t m uch m uch smaller
than the collec tor current. Recall tha t the emitter
cu rre n t precisely eq uals th e collec to r curre nt plus
the base cu rren t.

I have received le tte rs, bu t I was su rpr ised to
rece ive a couple of long distance phone calls.
Le tters are fine beca use it gives me time to sit
d own with the m agazine and work ou t an intell i­
gent answer, but a phone call catches me sudde nly
without a chance to think , and I usually can ' t give
an answer righ t off.

either learn to accep t o ther's ideas or change
freq uency.

2. To preserve ou r socie ty, we all must learn to
accep t eac h other's ideas, and accept his r igh t to
say his ideas any time and anywhere he wishes. (If
he breaks the ru les, he must be pun ished , how­
ever.)

It is ironic that we have the fantastic comm uni­
ca tion capability , but we have nothing of any value
to say to each other.

Cliff Klinert WB6BIH
520 Division St .

National City CA 92050
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* Price-52 p er 2S words for non·commercial ods ; $10
pe r 25 w ords fo r b usiness ventures. No display ads
or oqltncy discount. Include your ch eck w ith order.

"* Deadline for ads Is the ht of tt1e month two months
prior to pllbllco'lon . For nample: January ht is th_
deadline for the March Iss ue which will be moilHi
on .fIe 10th of hbruory.

* Type copy . Phraslt and punctllat. elloc+ly as you wish
i t to opp.or. No all'CC1pitol ods.

* W. will b. the lud9. of sllitabili'y of ods . OMr re­
sponsibili t y for e rrors Itxt e nds only to prlntinljl a cor­
rect ad In a lo'e" luue .

* For $1 u +ro w it con mainta in a reply bOll: for you .

* W. cannot check Int o each advertiser. so Coveat
Emptor •• .

50 TELETYPE PICTURES for sale for $ 1.00.
Perforated and audio tapes avai lable. V olume tw o
pictures needed. W9DGV, 22 10 30 St., Rock
Istand IL 6 1201.

GOING MOBILE -SELL-HQ170C- $170; Heath
TX· l & 5B lO-S 165; Dow-Key T·R relay - S14; o r
all together for S335 pre-paid . Plus NOVICE
stat ion Ei co 720 & 4 x tals & Ntl. NC1 21 f or $85
packed FOB Durango. Clean excel lent gear in dail y
operation with all manuals. Bi ll Watts WA 05QL,
Box 774, Durango CO 8 1301.

ELECTROLYTIC CAPACITORS 1240 /lId
360VDC. Unbelievable 3 inch x 1% inch diameter,
S3.5O-formed and tested. Peterson K6ZSJ/2, Box
20, Rosel le Park NJ 07204.

HAM-AUCTION February 1, 15th A nnual by
To ledo Mobile Radio Ass' n, at t he Lucas Cou nty
Recreation Center, 2901 Key St., Maumee, Ohio.
51.00 Registration, open table sales, map and
f urther information-write Ron WBST A, 4654
Monac Dr.. Toledo OH 43623.

NOVICE CRYSTALS, 40-15M SI .33. 80M SI .83.
Free fl yer. Nat St innette Electronics, Umatilla FL
32784.

SUPER GAI N (RI A NTENNA much gain, makes
exciter sound li ke linear. See pgs 8 & 144, Oct. 73.
GUERILLA (R) high eff iciency ant. See pgs 57 &
113. June 73.

CHRISTIAN Ham Fellowship now organized for
Christian fellowship and gospel t ract efforts among
Christian licensed amateurs. Christ ian Ham Call­
book, 51.00 donat ion. For details and sample
copy of ham gospel t ract. wri t e to Christ ian Ham
Fellowsh ip. P. O. Bo x 2 18. Holland, M ichigan
49423.
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"TOWER HEADQUARTERS!" 11 brands! Heights
aluminum 35% offl St rato crank-ups, low cost !
Hotors, antennas and gear discounts. Phone patch
$11.95. Catalog-S.20 postage. Brownville Sales
ce.. Stanley, WI 54768.

HOT CARRIER OIODES , New HP 2800. 90••
12/$10 pp. HAL Devices. Box 365L. Urbana IL
6 180 1.

13 IS AVAILABLE to the blind and physically
handicapped on magnetic tape from: SCIENCE
FOR THE BLI ND. 22 1 Rock H ill Road, Bala
Cynwyd, PA 19004.

3 PLASTIC HOLDERS w ill frame and p rotect 60
cards. S1.00-or 10 holders $3.00. Prepaid &
guaranteed. Patent 3309805. Tepabco, Box 198N.
Geltarin, TN 37066.

NOVICE THREE·BAND DOUBLE INVERTED.
VEE : Tuned assembled SWR. Under 1.5-1
15-4Q.BO Novice bands. W3FQJ Design, 5 15.75.
A ntenna Products, Box 276, Warri ngton, PA
18976.

WIRELESS SHOP-new and recond itioned equip­
ment. Write, call or stop for free estimate. 1305
Tennessee St ., Vallejo, CA 94590 (707-643-27971-

DAYTON HAMVENTION April 25. 1970: Spon­
sored by Day ton Amateur Radio Assoc iat ion for
the 19th year. Technical sessions exhibits and
hidden transm itter hunt. A n i n ter~st i ng p rogram
for XY L . For informat ion. watch ads or wr ite
Dayton Hamvent ion, Dept S, Box 44 Dayton OH
45401 . •

GREENE.. .center dipole insulator with...o r
wi thout balun...see 73, November '69. page 107.

DIAL PLATES: all t ypes. Give you r home brew
and other gear an attractive appearance. Send for
cata logue. Rad io Dials. 1397 Wash ington Circle.
Forestvill e OH 45230.

WANTED: T urret Tuner w ith coils o r all chassis
w ith tu ner for Hammarlund SP400X receiver.
L ater model with 13 p late stator & 14 p late rotor.
Ralph M. Williams, Bo x 372. D ixfield ME 04224.

2 METER FM-30D for 12 vo lt s, no t conver ted ,
comp lete. $35. Commercial 5 watt portable 6/ 110
battery. 530. Globe CB· l 00, 530. K9K ICI7, 804
48 St. S.• Great Falls MT 59401.

TECH MANUALS- R390. R390A. USM-26.
OS·8C/U. $6.50 each; TS-323/UR . TS· 186D/UP.
R·274/ FRR. 5 5.50 each. Many ot hers. List 2Ck!. S.
Consalvo, 4905 Roanne Drive. Washington DC
2002 1.

HALLICRAFTERS SR -150 xcvr wi th matching
pwr supply and manual. In mint condition. Price,
$325.00_ A. A . Fa raone, 77278 Nelson Loop, Ft.
Meade M D 20755.

GET YOUR " F IRST l " Memorize, study-"1970
T ests-A nswers" for FCC F irst Class L icense. plus­
"Self-S tudy A bility Test." Proven. $5.00. Com­
mand, Box 26348-S. San Francisco CA 94 126.
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SELL : SX-100 receiver, $ 100.00; Triple H m eter
63 1, $40.00 or make offer. L ocal deal prefe rred.
J im-WB6MQE , 517 E . Emerson Ave.. M onterey
Park CA 9 1754.

WORLD RADIO used gear has t rial -guarantee­
t erm s! KW M 2-$69 5. 0 0; G 5 0-$ 159.95;
S R 1 50 - $ 2 9 9 .9 5 ; H W 32 - $ 8 9. 9 5 ; Swa n
250- $229.9 5; DuoBander 84-$ 119.95; EI CO
753- $1 29 .9 5; TR 3- $ 369 .95; NC X 3- $1 69.95;
NC200-$249.95; S833-$199.95; S834-$299.9 5.
FREE " b lue-book" l ist for more. Write WO R L D
RAD IO, Bo x 9 19, Cou ncil Bluffs IA 5 150 1.

INTEGRATED CIRCUITS 20 page article. A nyone
can design successfu l projects. Educational and
in format ive. Send $ 1.00. So l id Sta te T ekneex , Ht
1, Doniphan MO 63935.

WANTED TEST EQUIPMENT HP608 generator,
RX meter, 704 Jerrold FSM , 601, 900 Jerrold
sweep generator, HP1 30 osci l loscope or eq u ivalent.
VE38VX, 11 Sussex N orth, Lindsay , Ontar io,
Canada.

ROCHESTER, N. Y . is again Hamfest , VHF meet
and flea market headquarters for largest event in
northeast , May 16, 1970. Write WNY Hamfest,
Box 1388, Rochester, NY 14603.

FOR SALE: HEATH Apache transmitter and
SB- lO sideband adapte r. Factory assem b led, ex cel ­
!ent work ing cond it ion. $ 128. A . Peterman, 455
T errit orial Hall , Minneapolis M N 55455.
6 12·373·6618.

BUY TRANSISTOR RADIOS direct f rom import­
ex port dealers overseas. A lso many ot her i tem s.
I n fo $ 3.00. H & L Associates, PO Box 474, Port
H uenem e CA 9304 1.

S8-101 & 58-200 w it h matching pow er supply,
speaker and 400 cycle filter. A lso H D-15 and
HM-15. A ll for $600 or best offer. Roger M elen
WB6JXU, Rm 340, Crothers Memoria l Hall , Stan­
ford CA 94305.

,...
y

y
-, '"-, ./

MOVING?

Every day we get a handful of wrappers
bac~ from t he post office with either a change
of address on th em or a note that the sub.
scriber has mo ved and left no address . The
magazines are thrown out and just the wrep-
per re turned. Please don't expect us to send
you an other co py if you fo rget to let us kn ow
about your new address . And remember that
in this day of th e extra rapid compute r H
ta~es six weeks to meke an address change
instead of the few days it used to when we
worked slowly and by hand .

JAN UA RY 1970

NEW G&G CATALOG!
MILITARY ELECTRONICS

24 PAGES, c ....mmed with Gov'~ SU rplus Elec~ron1c Gear - the Bigge st
Barealn Buys In America l It '01111 Pay you to SEND 25c fo r your copy
Refunded wllb you r flut order.

8C-645 TRANSCEIVER 15 tubes. 43" to ,,00 Me.
Easily adapted (or 2 way voice or code on Ham.
Mobile. Television Experimeotal. and CIUzenB
lIands. Wllb tubes. leu power supply $16 95
In factory csrton, liRAI'D NEW..... . . •
SPECIAL PACKAGE OFFER: BC-645 Tn " ace l" e r . Dyno.motor and aU
acces6ories. including mounting. UHF Antenna Anemblies. conlrol box.

~tr~e~~:e~.~•~o::::~u:.r.s. ~~.~.u.g.s: • • • • • • • • • • • • • •• • • • • • • $26.95
a-u COMMAND RE CEiVER ARC 190-650 xe. Commercial $12 95
late model. Excelleo! CondlUoo •

R-4/ ARR·2 RECEIVER 234-258 Me• • Tunab le. complete with 11 tubn
Exce1lelll. Use<:! $5. 95
BRAND NEW. Inoluding dynamotor • • • •• • •• • •• •• • • • •• • •• •• • •• • • $9.95

8C-659 FM TRANSMITTER/RECEIVER
27 to 38.9 Me. XW conkol on any two pre-selected
channels. 80 channels. Complete with 13 tubes

:r;:J'::~'..~~~:~ ', .1.5.X.l.2.
t•~~!:'. ....... $23.50

VIBRATOR POWER SUPPLY fo r abav... 6V. 12V Or
24V (specify when ordering) , Uke New .... $6.95

McElROY AUTOMATIC KEYER Suitable for keying ~ranBmitter or for
code pracUce. Has photo-electric cell and sensiUve relay. $12 95
110 V 60 cycle AC. Complete with tubes. Excellen~ Used • • •• • •

PE·219 BATTERY CHARGER Charge one or two 6V batteries st 1 o.mps.
from 6. 12 or 24 volt source. Uses one plug-In vibrator . Complete wllb
10' power cord. In metal case 11 x 10 x 51" deep . $4 95
Welgh~ 40 Ibs. Signal Corps eqUipment. NEW... . ... .. .. . . . . . •

TELEPHONE TYPE RELAY Made by J . H.Bunoell. h.o.s adjustable
tenSIUvlty. ISO ohm coil. Size 31 x 4 x 11". Shpg w~ 3 lbs . NEW $3.95
8C-605 INTERPHONE AMPLIFIER £ae.l1y converted to home or office
Intercom system. Us"s pall' of 1619 tubes . delivering 10 watts of audio
power. Brand N..w $2.95 Excellen t Used•••••••• •• $1.96

SCR·274·N, ARC·S COMMAND SET HQ!
II"reQ. Exe. Llk.. IIIR...ND
R'''J' T,... u.... New NEW
RIECf:IV(R' . C<>m"I,le wi." Tube.
1" ·$$0 Me •.. . . . OC· . 53 . llB.95 . , 123 . 5 0 .•. U1.50
3 ' 6 Mc._ ...• .. .. BC' 1 5 • . • ". 16.50 .. 5 19.50 .. . , 5 2 1 , 50
6· • . 1 Me•••. • . , .. IIC . S 5 ...•.. 1'.95 . .. 511' . 9 5 ••.. 51 1.50
1 . 5 _:1 Me • . . . . , .. R·2 5 . . .• ···· •.•• 5 19.50 ..•. 521.50
TOI "'N5MITTER5 . CDmDl e~ wltfl TUbe'
. _• . 3 Me IIC" 51' .. " . 16•• 5 _I •.95 .. - $11 .95
5 .3_1' Me • ..... .. • IIC•• 5 . . . . . • • . .95 . . . . . . 95 . .• . Sl2. 95
1'_9 .1 M e • . • • . • • . • lIe ·.59 ••.• ' 11.95 . , •. 1 • . 5 0 .•. • 513. 5 0
2. 1·3 M e • • • • • . . . . 1'.11 _ _ 5 9 . ' 5 _ _ • . "I I 95
3·' Me T·I _ 5 1 2.5 0 U '.9 5

TE RMS; 25% DepDBI~ with ord ..r . balance C. O. D. - or- Remittance 10 ful l .
Minimum order $&.00 F. O. B. NYC. Subjec~ to prior sole aod prico:. change

G&G RADIO ELECTRONICS COMPANY
47 Warren 51. (2nd eu New York N.Y.10007 Ph. 212-267-4605-

FT 243 CRYSTALS
3000 10 8500 Khz.
:t 2 Khz. $1.25
:t .01 ,; 2.50

Surface mail 6c. Air Maill0c extra
DENVER CRYSTALS

RI. 1, Box 357 Porker, Colorodo 80134

negatives for
p. c . boards

BIGELOW ELECTRONICS

BLUFFTON OHIO 45817

Thousands fi,Parts
NO FLIERS

DOW TRADING CO ., INC,
ELECTRONI C PARTS & EQUIPMENT

1829 E . HUNTINGTON DRIVE
DUARTE , CALIFORNIA 91010 357·3763
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The Combo
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Most amateurs cannot send good CW un­
less they monitor what they send, and few
have come up with a monitor which satisfies
them. Here is one that won't win any rib­
bons, but it will do a good job and with per­
fect reproduction. It doesn't think for itself,
so you must control it as it will key the trans­
mitter exactly as you send .

Military Electronics Corp.
11 S u m mit Ave. , E . Pa terson. NJ 07407

(2 0 1) 791 ·5050

PETER W. DAHL CO.
531 5 """,n, An., El Paso. Tun 19924

hit : 915·151 ·4856

CUSTOM TRANSFORMER DESIGN j, MANUFACTURE
wen e today for I. frl't! Quotation on any transtoemer , choke,
or utura bl,, · rnclo r. E.ch un it wIll he dnlgned and manu­
fact ur ed to you r r urt I perlflu tlon1. S tand ard E -I . nd tlPe
wound " C" ' COTti ne anll,hI.., Quantltles from ling le unl ll
10 pmduertnn r una may be I N:ommodated.

".

HIGH·SENSITIVITY
WIDE·BAND RECEIVER

COMMUNICATIONS. •.BUG OETECTION
•••SPECTRUM STUDIES

38·1000 MHZ: AN/ALR-5 co nsists of a brand­
new Tuner/Converter CV-253/AlR in original
factory pack and an exc. used, checked OK &
grtd. main revr R-444 modified for 120 v,
50/60 hz. The tuner covers the range in 4 bands
and each band has its own Ant. input plug
(type Nl. Packed with each tuner is the factory
checkout sheet. The one we opened showed
SENSITIVITY: 1:1 uv at 38.3 rnhz , 0.9 at 133
mhz, 5 at 538 mh z, 4'4. at 778 mhz, 7 at 1 ghz.
The rcvr is actually a 30 mhz IF arnot . with atl
that follows an IF , including an S meter. Has
Pan, V ideo & AF outputs. Has a calibrated
attenuator in 6 db steps to -74 db, also AVC
position. Select pass of +200 khz or +2 mhz.
AND SELECT AM OR FM! We furnish Hand­
book & pwr-jnput plug, all for . . . $275.00
R-390/URR Receiver : Two coming in, checked
100% perfect and grtd, with books. SUBJE CT
TO PRIOR SALE! Each 795.00
R-595/ARR ·7AX: Double-conversion version
of the popular R-45; cascode input ckt; 550
khz to 43 rnhz. With pwr sotv , ready to use, OK
grtd . . . . . • • . . • . . . . . . . . .. . . . .. . . . 190.00
VERSATILE PLATE & FILAM. TRANSFORMER
Depot Spar.. for SP-600-JX : Pri . 95/105/1 t 7/1301
1901210/234/260 v 50160 hz . Sec . 1 : 305·0-305
v , 150 ma . S ec. 2 : 5 v 3 A . Sec . 3 : 6 .3 v 5A.
Sec . 4 : 7 Y. v, 3/4 A . Sec . 5 : 7 ~ v , , % A . L8!iI..~d
for pins is plainly m.rked . Harm. se.led 2.95

We probably have the best inventory o f goo d
lab t est equipmen t i n t he cou ntry . Scop es,
S ignal Genera to rs V TVM's, D V M's, RF
Meters . e tc., etc. But. please do not ask. fo r
cata lo g! Ask. fo r spec if ic item s or k.ind s o f it ems
\lOU need! We also buy! R igh t now w e need
some Beck.man 1/73 70 Counte rs . f or example.
W hat do vou h ave?- R. E. G__DHEART CO •• INC.

Box 12 20 -G C , Beverly Hills, Ca lif. 9 02 13
Phones: Area Code 2 13, Office 2 72-57 0 7

Messages 275-5342

The circuit is very simple ; a single PNP
audio transistor in a common base configura­
tion. All parts except the relay and choke
came from a discarded transistor radio. It
will work well with any general purpose audio
transistor and an NPN may be used by rever­
sing the battery polarity. The key acts as the
oscillator switch, and switch SW controls the
keyer,

Be sure that the choke is placed directly at
the relay points and short the contacts with
a small by-pass condenser at the point marked
X, keeping the leads as short as possible. This
will eliminate chirp and key clicks.

The relay can be any very small make and
break type that will operate at the battery
voltages and must draw very little current or
the battery will not last long. Make sure the
relay will work at the speeds you operate,
and that it does not chatter.

The entire unit can be housed in a small
black plastic meter case (3\Vc6x2 inches) a­
vailable from Lafayette for about 7S cents.
It has enough spare room to house a small
power supply should you desire to include
one .

The keyer will key any type transmitter
as long as the relay contacts will stand the
current and it will need no reverse blocking
diodes.

The ten K pot is a tone control and resis­
tance is not critical and may be changed to
suit taste.

The keyer requires no practice to learn to
use and can be built for a few dollars at most.
It is just the thing to tuck in your pocket for
Code Practice at Scout or club meetings.

Earl Spencer K4FQU
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SPECIAL! SPECIALl
COMPLETE BISTA BLE FLIP· COMPLETE MONOSTA BLE
FLOP KIT • III FLlP·FLOP KIT
Includes Sprague printed Cir- Includes Sprague Prin ted Cir-
cuit. 2 tran sist ors, 2 di odes I cuit, 2 Transistors, 2 diodes,
and circu it diagram. and Circuit diagram.
Stock No. Stock No.
AIIOO .5 0 each ,S for 2.00, 12 fo r 4.00 .40 each, 6 fo r 2.00, 12 for 3.50 AllOI

6 0 1 D .7 5
601 D
Tw ist Lok

811 .00
20/1 .00
2011 .00
20/1.00
20 /1.00

8 11.00
15 /1.00
20/1.00
1011 .00

2.00
10/1.00

Miniature

p.e. mount

P.C. mount

Vdc.

200

50
25

100
400

25
12

MCd .

. 10
.00 1

.0 5

1"?oir,'l
47

5
.0 1
.0 3

31,500
50

CAPACITORS
Stock No.

A2023
A2025
A2026
A2021
A2028
A2029
A20JO
A2033
A2034
A2035
A2036

3 /2 .00
1.00

5 /1.00
3 12.00

1.00
1.00

/l .00
5 /1.00

10/1.00
8 11.00

10/1.00

.75

vae,
50 Twist L ok
50 Twist Lok

6
75
75

100
350
525

50
600

50

Mid.

1000
2000

22
45

260
500

20
1

2.2
.0 1
. 15

Stock No.
A20IO
A2011
A2012
A201J
A2014
A20IS
A2DI6
A2017
A2018
A2020
A2021

INTEGRATED CIRCUITS
Stock No. Type
A3000 907 4 Inrut Gate
A3001 914 Dua 2 Input Gate
A3002 915 Dual 3 Input Gate
A3003 923 (31.14) JK Flip Flop
A3004 926 JK F lip Flop (High Speed)

A4016

A4017

FET Field Effect Transistor
25 Volt Source to
Gate N Channel
Tunnel Diode Similar •to IN37I7

To-IS

.50 5 /2.00

.50 5 /2 .00

.7 5
1.00
1.00
1.00
1.00

VARIABLE RESISTORS
Your Choice 5 f or 1.00, can be mixed

ABaOI lOOK Screw Driver Adjust
A8002 Dual 1000 Ohm P .C . Mount
AS003 50 Ohm
A8004 1000 O hm Miniature

P .C. Mount
A8005 100 Ohm P .C . Mount
A8006 2000 Ohm P.C. Mount
A8007 5 Ohm
A8008 500 Ohm
A8009 5000 Oh m Miniature

Name _

QTH
Ciry Sta te __ Zip _

•

.75

Plus 90/:: shippingNo taxes anywhere

DELTA ELECTRONICS CO.
BOX 1, LYNN, MASSACHUSETTS 01903

- - - - - - - - - - - - - - - -

A9018
A9022

A9032

A9040
A80 10

MISCELLANEOUS ITEMS

A9000 Slide ~~gTh5s/ 1 .00 " . , .
A9001 Sub Miniature Slide

Switches DPDT 3 /1 .00
A9002 Miniature TOg~.

Switches .50 5 2.00 •
A9003 Fuse Hold ers anel Type) 6 / 1.00
A9004 Power T ransistor Sockets (T O -3) B/1.00
A90 05 Earphone ElementS

k(used in p illow spea e rs) 4 /1.00
A90 16 $witchcra ft Lever Switc hes

DPDT 4 /1.00
Neon Pilot Light & Bu lb TEe 4 /1.00
Neon Pilot Light & Bulb
Drake 4 /1.00
2 8 Volt Pilot Ligh t & Bulb
Dialeo 3 / 1.00
1 10 Volt AC fa n mo tor 1.0 0
2000 O hm m ultiturn
trimmer (CTS)

ORDER TODAY
95Ohms: 12K, 120K, I.2M, 12M ONLYS

de rnA: .05, 5, 50, 500
dB: O. 14. 28, 34. 40

R EDLIN E . J AF FR EY· N H ·03452

5 /1.00

5 / 1.00
3 / 1 .00
5 /1.00
2 /1.0 0
3 /1.00
4 1 .0 0

The only low priced
V·O·M with a 5000

vdc range!

de volts: 2.5, 10,50. 250. 500, 5000
ae volts: 1O. 50.250.500 @ l Kjvolt

HAM :,
V-O-M :

20.000 '- - - - - - - - - - -
OHMS/VOLT

ZENER DIODES
1N751A 5 .1 volts 400mw
1N 30 39 A 62 volts 1 Watt
1N3822 3 .6 volts 1 Watt
1N3000B 62 volts 10 Watts
1N3048B 160 volts 1 Watt

IAM3 .0 3 volts 14 Watt

L ots of o ther it ems- send f or free flier; All mer

A
chan dise full guaranteed. Please include post-
age; excess will be refunded. Include 0
sales tax where app licable.

- - - -

TRANSISTORS
A40 19 2N3904 Motorola
A4022 MP1546 PN P Germanium

Power transistor
lOOW .7 5 3 /2 .00

A 4000 2N277 Motorola Po w er Transistor
PNP Germanium 55 Watts .75 3 /2.00

A4001 2NUB3B RCA Power T ransistor
PNP Germanium 7.5 Watts .7 5 3 /2.00

A4002 2N1204 Motorola 5 /1.00
A4003 2N231 PNP Germanium ( RF) 5 / 1.00
A4004 2N2925 NPN Silicon Gen Purp ose5 / 1.00

A4010
A4011
A 4012
A4013
A 4014
A4015
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LIBERTY
PAYS MORE! LIBERTY

OFFERS MORE!

(Model 6T4Gl
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

PRESm FIELD STRENGTH..METER
*Never Anything Like It!

*1Man Can Do a Better Job
than 3 in the Same Time!

*A Gold-Mine for Antenna Installers!
Frequency Range : 040 to 230
and 470 to 8bO Megahertz.
Calibrated outward from 10
to 50,000 Microvolts . Nothinq
makes it easier to properly and
speedily find the correct place

......__..:: to insta ll TV, FM and Com-
_./ munication Antennas. You can

measure and hear the signals
with this 4'h volt battery economically powered
unit. There is nothing else like it l

Only $120.00 FOB N. Y.

Liberty Electronics, Inc.
548 Broadway. New York. New York 10012. Phone 212·925·6000

BRAND NAMES
You can save enormous amounts of money

while choosing from a complete line of trans­
ceivers. receivers. transmitters etc.
WE HAVE EVERYTHING IN HAM GEAR

SAVE MONEY ORDER BY MAIL
CB Radio Co., Inc. 89 A.pen Rd.

tt MI . 01901 617-598.9700;:::..1

. I I
It ••".,.. III't.f....,,« "." •
'"_ ""' All "lak.. Slwxl W'9' Gu.,. rll_ for 101)0 Watts Pow-It""...... "'ak.. Woo1cl·..... . N W _ ,
hUpl101I 51.0<lf;C1 CO"'l'ltl. .... Litht. ..t. _ proo •
...,,11 06 it '2011'" fudw.o x.l,d ,no...'" Ir."" For .....oc••..., . a dl.. ,Moo
. _ ..... ' (10"" 1\1101 S ""J>I'o" ""0111111 wnll twn•• ~<form.,," , """ "U M
~:o-lS.IO '....'01 "...ol< Complrt. 10: fl II ' '5 ' 0-20-15· IO ...",.,. !>aMI.
54 ,. \"'"" 101 ,*orld·.od. u.orl "" ' 0 ,ueptlClIIl IIL 'S. ScM _I, U 00 'c....
ck. _ alld POl pool mID \>oj,,,,,. (-00 ph.. pool '" Oft Irnnl or .nd filii pntt fOf
pClOt·,..,d dol,..., Compl<,. ''''''>oCh'''N II.d,,",".
1HSTEI.1'l ELEI I ONl CS • _ b u . 1'1"" nUl

WE PAY CASH

FOR TUBES
Lewispaul Electronics. Inc.

303 West (rescent Avenue
Allandale, New Jersey 07401
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Ham Hospitality
Dear Wayne, OM

We have just received ou r J une issue of 73
Magazine. Big deal. but this wa s relatively fast , as
man y issues ar rive 3 to 4 months late , due to the
ma il service here .

I no te that on page 119 your article about
hospitali ty fo r hams. Since we have been here in
Brazil for ove r five yea rs. and speak the language
fluen tly. perhaps we can assist any ha ms who may
wish to visit Brazil. We wou ld be delighted to have
a "casal:' couple stay with us in our horne. and I
(the XYL) would be glad to take any XY L
shopping. wh ile the OM made visits to other
localities. such as our kinescope factory. record
factory and if they wish to buy precious stones in
the state of Minas Gerais (,..' he re we have our
receiving tube fac tory). I can assist the m the re also.
We lived in that sta te for ove r three years, a nd I
have learned quite a lot about stones.

J ust reme mber that this coun try is large. and
Recife (w he re some people visit) is about 1000
miles away. III ! Anyone coming to Sao Paulo is
ma rc tha n welco med. O ur home phone nu mber is
6 2-4530.

Con tinue to wor k hard, bu t at th e same tim e
e njoy yo ur work! I\s ye t Brazil does not have
reciprocallicensing so we are no t on th e air. but we
kno w many hams he re who are always a nx ious to
meet American hams.

Let us hea r from you!
Frances L. Gunther-Mohr

(Mrs. J . P. Gunther-Mohr K2UMDI
Rua Cardoso de Almeida 2041

Paceembu, Sao Paulo. Brazil
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1.00
1.00
1 .0 0

$ 1.50
1.00
1.0 0
1 .00
1.00

2/ 1 .0 0
2/1 .00
2/1.00

RECORDING
MICRO

BAROGRAPH

,
•

!
_ I

Surplus U. S. Air
Force Be nd rx ,
Frie z recordmg
barograph. The
sto ndard in st ru ­
ment fo r U. S.
Weather Bureau,
a rmed f o rc e s,

a irlines. Re cords a fu ll week , powe red by a
jeweled spr ing-driven cloc k mechan ism . A val­
uable instrument for t he yachtsman or anyone
interested in weather variations. An unusual gi ft
for "the man who has everyth ing ." The se are
checked out, with a year's su ppl y o f ink and
charts. Sho u ld last a lifetime. Gov't . cos t $3 67 .00.
Our 125.00 Ius shippi

P ure sap p hi re rod , 1 inch lo n g x 1/1 6 diam ete r
polished each end a nd sides. Cuts g lass, u se d fo r
bea rings, end -wtncow fo r UV or l A, e t c .

$1.25 each

••
Photo opt ics sca n n e r, as 'u sed in IB M p unc h
c a rd sca nner system. We o ffe r t h e 12 positi o n
o p tica l sca n ner c o nsis t in g o f 2 ft a ssemb ly light
pip e fa nn ing o ut into a 12 c ha n n e l sc a n n e r. A l l
t erm in a ti ons optica lly pol ished . M ake yo ur o w n
ca rd scanner, Ifgh t c h o p per, e t c . A va lu e f o r the
22 inc h tight p ipe a lone. With 4 page e va luat ion
& ap p t icetton da ta. NLP-3 $5,00

H t-sceee flip -f lop (TO -S)

Buffe r
D u a l 2 -input NOA
Dua l input gat e
D lJa l 2 · inp u t ga t e
D ual 2 · in p u t gate d u a l

ex pa nd e r
J K fl ip fl op
D ua l 2 - input ga t e ex c
DTL 4 z -tn o u r N AN D/ N OR

ga te
DT L C loc k ed flip fl o p
D u al 4 ·i n p u t lo g ic gat e
6 NPN tr ans isto rs in o ne

package, gen u se 3/ 1 .00
12 M 2 Diff Amp 1.00
7 1 1 Dua l Camp A m p 2 . 0 0
Above equ ipment o n hand. ready rc ship. T erms net
uls h, t.o.b. Lynn . Ma ss. Many orhe r unusu al p ieces of
miJirary su rplus eleceron ic equ ipmem are described in

ou r catalog

Removed f rom high priced computors.
Exl nt condition,

640 Wired Core Plane $ 5 .00
4,000 Wired Core Plane $ 9.00
4.096 Wired Core Plane $12.50
8 .000 Wired Core Plane $13 .50
8 .192 Wired Core Plane $15.00

16.384 Wired Core Plane 519.00

1M5
7M6

926
9 0 0
9 10
2 ·903
9 14
9 1 4-92 5

9 23
925
9 46

c

i¥AAF LI $3.00

line fac tory marked. 4 0 0 me , 1 5 volt,

N2N 706A 3 for $ 1.0 0

Mad e for teletype use bu t
w e h alle been adviwd th ey
are just as useful for Other
methods o f data uensmis·
sion when tied i n wi th
compu tors. Rflmoved from
uwd equipment . Last tim e
offered, t h ey sold o ut in
one adve rtising.
T A P E R E ADER . . $ 15.00

5 LEVEL TAPE READER

May be converted to mOSI any fl Ip · f l o p mode
( A -S , 0 , J -K , e tc.] 4 sep a ra t e 2 -input A N D
gates, "OA'd " together & fed to unive rsa l
fl i p -f l o p .
Dua l in l in e package

2N706A HI·FREQ. TRANSISTORS

1 f t . length jacket ed g lass f ibre. (200 fibres)
each e n d sea l~ and op t ic a lly p o li sh ed for
max;imum ligh t conduction . P ip e light arou nd
corne r s, in to d ifficu lt lo c at ions, e tc.

I LP·1 $1.00

An exce-rmen ters delight , fantast ic d isplay of
the uniq ue propert ies o f cteo .tse-e -ooucs to
p ipe light as well as images. Kit #1 includes
P VC sheathed b u nd le of glan fibres with
polished ends lIigh t pipe), b und le o f plastic
fibre optics, bundle of glass f ibre s, c o h e r e n t
ligh t pipe (tra n smi ts images) , instruct ions &
exp errmems.

. . . . . . . .. . . . . . BLlSS ·FULL PA K'l $5.00
Ki t #2 inclu d es al l o f t he abo ve b u t m ore f ibres,
lo nge r le ng th s. fatter bund les and a lia inc lud es
ligh t sourc e , h eat sh r in k t u bi ng , a 5 ft . l igh t
pipe, a longe r cohe ren t b undle ( image tra rrs­
mi tte r) & more ex;per!Lnen t s.
... . . .. . .. ... BLISS-FULL PA K 12 $ 10 .00

FIBRE OPTIC LIGHT PIPE •

Used, g u ar a n t eed OK cond ition .
4X150 . . . . . . . . . . . . . . . . . . . . . . $4.00
81 3 5.00
6 164 . . . . . . .• . ... •.•. . . . .. ...... . 2.00

F ,rst
NPN

BULK LIGHT PIPE
3 feet o f f ibre g la ss ( 2 0 0 fib re. ) with jacketing.
Mak e y our ow n lig h t p ip es, C h r is t m a s tree
disp lays, p sy c h edelic ligh t ing, e re . Any length
y o u w ish a t 3 feet f or $1.00

Se nd 25 ¢ [or Catatog 1/70

JOHN MESHNA JR.
19 ALLERTON ST., LYNN, MASS. 01904
P. O. BOX 62, E. LYNN, MASS. 01904
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o 73 Magazine
o Agents 75
o Books 98.99
o Binders 69
o Gunsmoke 101
o Rad io Today 39
a Subscr ip tion 83

, "What s the matter, Bunky? Don t want to go
through all the ads? Here 's a way to get around
it and still get the information you need.

SUBJECT INDEX
o Antennas 0 linears
o Saluns 0 Nameplates
o Calibration/Repair Svc. 0 Oscillators (code)
o Callbook 0 Oscillators (rf)
o Camera Switching units 0 PC negatives
o Capacitors 0 Preamps
o Clocks 0 Receivers (F M)
o Coaxial Relays 0 Surp lus Elee.
o Code tapes 0 Test Equipme nt
o Components 0 Towers
o Converters 0 Transceivers (AM)
o Crystals 0 Transceivers (FMI
o Diodes 0 Transceivers ISSB)
o DX 0 Transformers
o Eqvipment.dist. 0 Transistors
o Filters 0 TV/Fax
o Integrated c ircu its 0 Vacuum tubes
o Keyers

MAl L TO 73 Inc., Peterborough NH 03458

--
Zip--

I
I
I
I
I
I
I
I
I Name--- - - ------

I
I Address - - - - - - - - -------

1..::__

173 Readers' DOUBLE BONUS

I
Want info quick? Just check the box next to

the name of the advertiser of your choice in the

I
ind.ex below. We'JI rush your name to the firm
so you can ge t all the dope direct from the

I
source. (Don 't forge t to include your name and
address at the bo t tom.)

ADVERTISER INDEX
o Ameco 55 0 Micro Z 65
o 69 0
o ATV 75 0 Miller 53
o Bigelow 107 0 Mosley II
o Bdgar 104 0 National Radio III

I 0 Burghardt 53 0 Pantronics 45
o Caubock 55,65 0 Park 95

I
0 CB Radio 110 0 Poly Paks 85
o Co lu mbia 105 0 Productos Joga 75
o Dahl 108 0 Quement 47
o Delta 109 0 R & fj 92
o Denson 93 0 Radiation 69
o Dow Trading 107 0 Redline 61 , 73.93. 109
o Drake 9. I V 0 Schober 59
o Epsilon 21 0 Signal One 39
o Estes 67 0 Slep 105
o Fair Radio 104 0 Stanley 105
o Galaxy 33 0 Swan 13
o Gateway 103 0 Swan Antenna 67
o G & G 106 0 'retrex 2 1
o Global 8 0 Tower 102
o Goodheart 108 0 Un ited Rad io 101
o Hafst rom 2 1 b Vanguard 27
o Heath 17 0 Vibrop lex 75
o Heights 49 a Weste rn 110
o Henry 25 0 WRL 35
o H s L 69 0 World OS L 52
o International Crystal 3
o James Research 45, 59
o Jan Crystal 103
o Jeff-Tronics 102
o Lafayette 47
o Lewispau l 110
o Liberty 110
o Meshna 111
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H ere's a t ransceiver desi gned for the amateur
who would rather spend his hard-earned rad io
dollar on performance than f r als. T he
NCX·10oo is built to meet the d emands of the
operator who needs and desires a high perter­
rnance SSB·AM·CW-FSK rig with solid-state
dependability and p lenty o f powe r. A dd to this
the convenience o f having your transmitter
(including linear ampli fi ed, receiver, power
supply, and mon itor speaker in a single, co m­
pac t, smart ly sty led 59 pound package.

So let's look at the N CX·1000, starting w ith
the d ouble-conversion. solid state receiver.
After the received signal is processed by a
double-tuned presetector , a stage of RF ernptifi­
cat ion, and another preselecto r, it is applied to
the first mi xer for co nversio n to the first IF
freq uency . The first I F contains passband filters
and a stage of amplificat ion. A second m ixer
then converts the signal to the second IF
frequency f or additional processing by a 6-pole
crystal-la ttice f ilter and four I F stages. Finally,
the signal is detected and ampli f ied by four
audio stages. The unparal leled high dy namic
range lets y ou tune in weak stat ions su rrounded

111 Washington Street , Melrose. M ass. 02176 ( 6 17- 662- 7700 )

by st rong in terfe ring siqnals. The result? H igh
performance f or sse, AM, CW, and FSK .
Sensitivity of 0.5 EMF microvolt (for a 10 d b
S + N /N rat io).

In the transmitter you 'll find three stages of
speech amplifi cation followed by a balanced
modulator, a crvstal-lattice filter, a filter ampli ­
fier. and an IF speech processor te l jpper} . A
m ix er converts the signal to a fi rst IF f requency
for processing by tw o crystal passband f ilters,
and two I F ampl if iers. A second mixer co nver ts
the signal to the t ransmi tting f requency where
it is ampli f ied in five R F stages before i t gets to
the grid o f the 6BM 6 driver . Fina l power
amplificat ion takes place in a f orced -air-cooled
8122 ceramic tetrode which feeds the antenna
thro ugh a p i network . O ther features? Y ou bet !
Grid block key ing for CWo Complete m eter ing.
A mpli f ied automatic level con tro l (AA LCI.

So here's a package that can give you 1000
watts PEP input on 80 t hrough 10 meters, 1000
wa tts on CW, and 500 watts for AM and F$K .
The speech processor lets you double your SSB
average power outpu t w ith m inimum distor­
tion. N o frills w ith the N CX·l000. Just to p
performance.

For comple te (and impressive) spec ifications and detai ls, write:

NATlONAL RADIO COMPANY, INC.
NRCI



Precision tuning dial ...
tune station frequency directly

.• . no searching.

Programmable frequency
coverage ... change crystal

and label on dial.

For more information write ~

The 5PR-4 Is a general purpose receiver which
may be programmed to suit any interest: SWL,
Amateur, Laboratory, Broadcast, Marine Radio,
etc. Frequency Coverage: 150-500 KHz plus 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, 55B, AM • AVC lime constants opimized
for each mode. Superior cross-modulat ion and
overload performance . Power: 120 VAC, 220 VAC,
and 12 VDC • Crystals supplied for l W, standard
broadcast and seven shortwave broadcast bands •
Built-In speaker. Notch Filter.

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

Dept. 310, 540 Richard 51., Miamisburg, Ohio 45342
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