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WE ACCEPT

12-1 4VDC or 117 VAC.

SPECIFICATIONS

" THE HOUSE THE .HAMS BUILT' .... .
3415 WEST BROADWAY

COUNCIL BLUFFS, IOWA 51501

66MA013-GALAXY FM·210 $199.95
66MA015-GALAXY AC·210 Power 800.ter $ 39.95

WORLD RADIO

Boosler : Provides high power operation from either
Makes an ideal fixed station accessory. ($39.95)

The New Galaxy FM-210 Transceivers!

Power

R.e,ee lver: Sensitivity: SINAD .5uv fo r 12db, t uv provides 20db quiet ing. - Adjustable
squelch - Modulation Acceptance: FM wideband (narrow band available) - Type :
Dual Conversion, FET front end for minimum cross modulation and overload
- IF Frequencies : 10.7 MHz and 455 KHz - Frq . Control : 3 chan. crystal controlled
- Audio Output 3 watts (internal 3.2 speaker)

General: Frequency Range : 143-149 MHz. • Antenna Impedance : 50 Ohms Nominal
Power Beq'mts : 12-14 VDC (or optional power booster) - TRANS/R EC. Crystals :
146.94 MHz included.

Transmitter: Power Input : 5 watts (10 W, with pow. boosterl - Freq . Control: 3 Chan.
crystal controlled - Microphone : High Impedance (PIT) requi red s Deviat ion :
Adj . narrow or wideband with' clipper filter also adjustable for optimum clipping
level.

• T he one the Amateu rs have b een waitin g fo r! A 2-~leter F~I

T ransceiver with Galaxy's well-known fin e q uali ty and perform ance !
This American-made, solid state, FET front e nd transceiver offers no
comprom ise performance for di rect or repeater comm unicatio ns . A
fu ll 5 walts of Power (or 10 watts with the op tional AC·DC Power
Booster!) C heck the se specs and yo u' ll agree - it ' s a lot of Transceiver
for on ly $199.95!
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EDITORIAL BY WA YNE GREEN

Crowded Bands
If you, too, have been invol ved with ama te ur

rad io for so me thirt y years , I thin k you'll have to
agree with me that one of the big all- t ime
comp lain ts has been QRM . Even those with six ty
years o f hamming under their belts will tell you
tha t from the fi rst day of their opera ting, QRM
was mu rder.

Since , in practical appl ication , QRM can be
largely avoided , I suspect that most of the true
suffere rs from the cond it ion are masochists, un
duly st ubborn, or perhaps just not too swift. A t
one time in .our history ama te u r rad io was rat her
well known to the ge neral pu blic, thou gh the image
they had was o ne of yo ung boys stay ing up all
n ight in a ttics. I'm not sure that even that image is
better th an not having one a t all, which is abou t
the shape we 're in these days.

Green's Law
If you insist on forcing ama te ur radi o to fi t

your conven ience, you may be a suffere r from
QR1\'1. T he eve ning hours and wee kends are the
mo st conven ient , so th at o bviously is whe n th ere
are the most stat ions on the air ... and the most
Q RM. T hese a rc prime ti mes for developing a
menta l hern ia tr ying to get a shor t ragchew on
20-40-80. Mean while , up on 2 and 6 meters, this
hea dy peak of activity wi ll, in man y parts of the
cou ntry, give yo u a choice of two sta tions to
contac t instead of one. G ree n 's QRM Law No.1
(an e xtensi on of the Finagle Principle) tells us that
if there are just two contac ts o n a band, they will
probably be just about on the same frequency and
will be QRM'ing each o ther.

The RTTY gang can be hea rd typing up a sto rm
with little in te rference, and, lonely of the lonely ,
th e Ex tra Class CW ops can be heard during peak
operating hours all hudd led near one frequency
d own in th eir exclusive bands.

If you arc too stubborn to head for the wide
open spaces of 2 or 6 meters, don't dig typing out
your con tac ts, and don 't co tton to the untram
meled higher frequencies on 10 m eters, then
perhaps you could bend to the ex ten t of changing
your operating hou rs a bit? I may be ruining a
perfec tly good thing for myself b y telling you
abou t th is, but the bands are almost empty in the
early mornings. That's when you'll hear me operat
mg.

2

G enerall y I'm in bed by 10 p.m. , which means
that along abou t 4 a.m. o r so my eyes open up and
I either lie there staring a t the ceiling or else ge t up ,
get dressed , and head for the office, a tw isty
10-mile drive through th e New Hampshire hills.
After fixing a quick breakfast I head for the rig and
see what is doing. The signals a re few, bu t the band
is mo st cer ta in ly o pen and th e can tacts are
genera lly free of QRM . In win ter I can usually
work just abou t anyone who ha ppens to be on the
air in Asia . th e Paci fic , South Am erica , An tarct ica ,
and even Europe.

Don't Follow the Pack
A little tri ck I learned the hard way nets me a

lo t more OX th an the ave rage opera tor. Now and
the n you will hear me in a pileup , but most of th e
time yo u'll hear me star ting pileups, not con tinuing
them.

Afte r listening to the gangs of operators trying
to ge t th rough to rare spots, you may ge t the
erroneo us idea that the op in {h e rare spo t has it
easy-any time he gets on he is loaded wi th fell ows
trying to contact him. It doesn 't work tha t way.
This fellow has a good deal of fr ustra tion because
he is in an out-of-the-wa y spo t.

The problem is tha t wh en Eu rope is coming
through to the Sta tes, alm ost every beam is
pointed a t Europe. The fe llow d own o n a small
Ca ribbean island can call his fool hea d off and no
one will hear him. I rem ember one particularly
fru strating time . I had just received my license to
operate as VR 2FD in th e Fij i Islands a nd I fired up
on 20 sideband. The band was hopping .. . this was
going to be fun . 1 heard Dorothy K2MGE in a
roundtable with some o ther friends a nd I called in .
No thing. I tried breaking. Nothing. After a half
hour of trying to break be tween eve ry leg of the
roundtable , I heard Doroth y say she thought she
heard someone trying to break th e Q SO . My relief
was short-lived. The nex t stat io n came on and
dismissed me with the remark that whoever was
try ing to break in was not cu tting the mustard .
They never d id sta nd by fo r me . I tried up and
down th e band for another hour, calling CQ,
answering CQs and trying to break in on friends.
The VR s that were in the shack with me exp lained
that it is always like that. Everyone has his beam
pointed toward Europe and there is little chance of
getting through.
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For The BxperimeDter!
International EX Crystal & EX Kits

OSCILLATOR / RF MIXER / RF AMPLIFIER / POWER AMPLIFIER

OX OSCILLATOR

$3.50
• •mixer.

BAX·1 Broadband Ampli f ier $3.75
General purpose unit wh ich may be used as a
tuned or unt uned amplifier in RF and audio
appl ications 20 Hz to 150 MHz. Prov ides 6
to 30 db gain. Ideal for SWL, Experimenter or
Amateur.

Write lor comple te catalog.

SAX-' Transi stor RF Amplifier
A small signal ampli fier to drive MXX- l
Single tuned input and link output.

La Kit 3 to 20 MHz
Hi Ki t 20 10 170 MHz
(Spec ify when ordering)

PAX·1 Transistor RF Power Amplifier $3.75
A single tuned output amplifier designed to
follow the OX oscillator. Outputs up to 200 mw
can be obtained depending on the frequency
and voltage. Amplifier can be amplitude mcdu
lated for low power communication. Frequency
range 3,000 to 30,000 KHz.SAX- l

Crystal contro lled transistor type.
Lo Kit 3.000 to 19.999 KHz $ 295Hi Kit 20,000 to 60,000 KHz
(Specify when ordering)

MXX-l

MXX·l Transistor RF Mixer $3.50
A single tuned circuit intended for signal con
vers ion 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.

l o Kit 3 to 20 MHz
Hi Kit 20 to 170 MHz

(Spec ify when ordering)

PAX-l BAX·l

CRYSTAL MFG. CO., INC.
10 NO lE E • OK LA , C ITY. O K LA . 7 3102
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11240 W. Olympic Blvd., Lo. Angeles, Calif. 90064
213/477-6701

931 N. Euclid, Anaheim, Calif. 92801 714/722.9200
Butler, Missouri 64730 816/679.3127

. . . Wayne

Walt Manek looks sad through a grin th at' s excessive.
Is tha t what you ca ll a Manek depressive?

Horray for Diane who in mini looks racy
And hello there to Roger and Don and Jan e T racey.

Hi, to Joe, Jeann e and Way ne-thc rest of the cast 
And now fo r the bes t which we've saved for thc last.

You r gang sure appears like a fun-lov ing group
And we quite hate to throw an old fly in the sou p

But all through the years, in hamming, in life,
In all of the good times, and a ll of the strife

Past all tribulat ions-past winnings and losings
Past day s being sober, and days filled with boozings,

You ca n tortur e us, mangle us, freeze us or fry us 
There can't be a girl named Whitney T obias"!

Jul es E. Blitz
7934 Winterset Ave

Pikesville MD 21208

Dear Reader Jules: much thanks for yo ur poem.
I t has spiced up the air at our magazine's home.
As to you r comments about Lin and Dot,
We agree with yo u fully-they said "Thanks a lot."
Phil Price thought it funny-he shed a small tear,
And our Manek depressive is no longer here.

As for Diane, well she accepts, with a wink,
A n d Roger and Jane say "Hi, Ju les," 1 think.
Our Joe and our Jeanne sen d 73's,
A nd Wayne, our big chief, completely eqrees.

Yes, we are a fine bunch, and we do have much fun,
But your fly in the soup is such a bad p un.
For in truth and in friendship (I'm not being pious),
There is truly a girl named Whitney To bias.

...Diane Shaw

Gentlemen:
With rega rd to you r Christmas photo in the

December issue:

We've looked a t the pic ture -examined the scene,
Which is qui te reminiscent of Mad magaz ine.

We've paid close a ttention and Lin Green looks n ice,
And so does Dot Gibson -cdit to Phil Price.

Eve ntually I snagged a KH6 and a couple of the
more alert W6s heard the con tac t. Suddenly there
was a p ileup and I was busy hand ing out contacts
as fast as I could. You could almost hear the
rumb le of a thousand beams turning all over the
U.S.

Now, when I get on the air from ho me, I seldom
point my beam along with the crowd. If they are
work ing Eu ro pe I swing my beam aro und and call a
CQ toward Asia or the Pacifi c. If they are work ing
the Pacifi c, then I call for the Ind ian Ocean or the
Mid-East. These d irecti onal CQs work for me. J ust
yesterday I contacted VK6GK mobile (V K6.is the
antipodes fro m up here), 9V I0 H, and VU2GE.
The VU was ru nning 15W of SSB, by the way.
More often than not, a di rectional CQ like that will
bring in so met hing rare, giving you a con tact tha t
you otherwise migh t have t o spend hours work ing
for, fight ing the pileups.

If your requirement is for a tower
of only 30 or 35 feet let us send
you specs and prices on Tristan's
"Mini Mast". It's a little beauty.

The new Magna Mast is a
heavy duty self supporting,
rotating crank-up mast de
signed for ease of installation.
It utilizes the new Tristao
Rotor Base with swing over
design, permitting antenna
servicing at ground level.
The Magna Mast's clean tubu
lar design will support 12 sq.
ft. of antenna in 60 MPH
Winds. Its finish is entirely
hot-dipped galvan ized.

.. .TRISTAO'S
MAGNA MAST

MA·490 49' Magna Mast $389.95

MAR8-40 Rotor base $109.95
(rotor not included)

MAF·40 Raising fixture $59.95

MA·660 66' Magna Mast $799.95

MAR8 Rotor base $199.95
(rotor not included)

MAF Raising fixture $119.95
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STEP UP TO TELREX
Professionally Engineered Antenna Systems

Single transmission line "TRI-BAND'" ARRAY"
By the only test that means anything ...
on the ai r com parison . . . thi s a rray con
tinues to outperform al l competit ion .. .
and has for two decades. Here 's why
· . . -Te lrex uses a un ique trap design
employing 20 HiQ 7500V ceramic con
densers per antenna. Te lrex uses 3 opti 
mum-spaced, optimum-tuned reflectors
to provide maximum gain and true FIB
Trl-band performance.

ONLY TELREX GIVES YOU ALL
THESE FEATURES . •.
• Power rating 4 KW PEP . . .

rain or shine
• Wi nd rating surviva l 11 0 MPH
• Patented broad-band coaxial Balun
• Heavy-duty steel gusset mou nt ing

plate
• Alum inum boom 2 in ., 2Yz in. 0 ,0 .

x 18 ft.
• Large diameter, .058 wall taper

swaged du ral elements fo r minimum

weight and except iona l st rength
to we ight ratio

• Sta inless stee l elect rical hardware

With a Tel rex Tri-band Array you get 49
Ibs. of educated al uminum eng ineered
and buil t to provid e many, many years
of performance unmatched around the
world by any other make. Longest ele
ment 36 ft. Turning radius 20 ft. Shipping
we ig ht 65 Ibs. Shippi ng conta ine r 13 in.
x5 in.x 13 ft.
Note: If not avai lab le from your dealer,
o rder di rect. You ' l get fas t, personal
se rvice.

Tel rex Labs are design engi nee rs, inno
vators and manufacturers of the worl d's
finest ¥4 to 160 meter communicat io n
systems and accessories priced from
$25 to $25,000.

For techn ica l data and prices on com
plete Telrex line, write for Catalog PL 70.

o

BALUN

TRAP

FOB Asbury Park, N.J.

1 KW peak
Model TB5EC
$185 similar structure

TC99D

Elements shortened
to show details.

Some thoughts from Mike Ercolino, P.E. - W2BDS, Telrex Chief Engineer . • •

"I 've been in the game " Good antennas such as "Our 'B ig Bertha' systems
over 50 years (pounded t hose we b u i ld ca n b e cos t more t han a Ro ll s
b rass fo r 25) and found out ruine d in two minutes by a Royce. Three of our cus-
a long time ago that an- tinker. So put 'em up and tamers have bought two of
tennas were the wea k link. leave 'em up the way we them .. . that's living."
We changed all that. " make 'em."

"ex COMMUNICATION ENGINEERING LABORATORIES
• I TV And Communications Antennas Since 1921

Asbury Park, New Jersey 07712 201-775-7252
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Modulated Vibrator Hash

AN
EDITORIAL
BY K6MVH
KEN SESSIONS, JR.

Why This Issue of 13
is Dedicated to WAH UTO

This is an obi tuary.

An entity that lived fast and hard and well has
passed. This living thing was F~I Magazine. For me
it was a promise unfu lfilled. For Mike Van Den
Branden it was a dream tu rned nightmare. For a
world of new people - the repea ter men. the two
way hams, the FM pioneers - the death of FM
Magazine was the loss of some thing that was
uniquely their own.

Mike Van Den Brand en WA8UTB was the
originator of the magazine, back in February 1967.
He put o ut a sheaf of duplicated papers and called
it FM Bulletin. Everyth ing seemed right. There was
a. genera l turni ng to FM on our VHF amateur
bands that was to grow beyond everyone's be lief.
And the Bulletin was to become the widely
approved and unanimously accepted voice of this
new and expanding group.

Matching the contagious popularity of the
mode, the pu blication expanded too ... u ntil it
seemed the bulletin-turned -magazine would bu st
apart. It went from du plicat ion to li thography.
And within mo nths it was a well dressed slick with
four-color cover and professionally prepared inter
ior that could stand abreast with the bes t of the
well established old-time pros.

I was editor o f th is magazine, and shared the
ownership with Mike until it near ly broke my
back. When I gave up , he carried o n, assuming
responsibility for a fina ncial burden that would
make Rockefeller cough.

Oddly, Mike Van Den Branden was no t in the
publ ication business for the money . He was one of
th ose rare, one-in-a-Ii fetime ty pes who foll ow a
dream because of th e d ream. Mike believed in FM
as a commu nications mode. And he believed his
magazine fi lled a defin ite need. This is no t to say
that Mike would not have been pleased to see his
" baby " turn a profit ; but he was not once
discouraged by the fact that it never did .

And Mike was always willing to bear the
financial brunt of new ways by which his baby
cou ld be improved. If you happen to be one of the
very very few fortunates who have a comple te
library of F~f , yo u know the me ta mo rphoses that
cha rac terized the 3-ycar li fespan of FM Magazine.

This is the end of the obituary of FM Magazine.
But it by no means marks th e end of the Mike Van
Den Brandens. So maybe a toast is in order:

Here 's to th e dreamers.

Buffalo Hams Influence

Rulemaking in Canada

The members of the Buffalo Am ateur Repeater
Associatio n are to be congra tu la ted; for these
individu als, who spent man y long and ardu ous
hours drafting a detailed and comprehe nsive peti
tion to the FCC concern ing th e operation of
repeaters in the VHF amateur bands, have achieved
at least a degree of success. The efforts of Gil
Boelke W2EUP, Francis Stengel WB2GUG, and a
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handfu l of others of the BARA organiza tion have
not gone unno ticed. Some time ago. Canada's
regulatory agency , the Department of Communica
tions, sought guidance in layi ng out a plan o f rule s
for prospective Canadian repeater licensees. Using
the Buffalo petition as a foundation from which a
set of realistic regu lations co uld evolve, the DOC
recently pub li shed a ten tative manda te that will
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1970 ISN'T ALL THAT'S NEW •••
Varitr nics introduces the go anywhere,

oanything, work everywhere

2 ETER FM HANDlE-TALKIE
The HT-2

No more versatility possible than this beautifully
engineered transceiver. Powered with ni-cads, it
comes complete with unbreakable ribbon antenna,
battery charger, carrying-case, ear phones, ni-cad
batteries, crystals for 146.34/.94 - .94/.94, and
a barrel of fun with your local repeater.

Specifications:
General:

Frequency coverage-any 500 KHz between
134-150 MHz
Size- J'Vs" x 3Ys" x 814"
Weight-2 Y<1 pounds (includes case and antenna)
Uses Ie's Ceramic and Mechanical filters
Two channels

Receiver:
Sensitivity-O.4 uV or less @ 20 db of quieting
Bandwidth - ± 8 KHz at 6 db

Transmitter:
RF Output power-\.6 watts minimum
Deviation-Adjustable ±5 KHz to ± 15 KHz

purious emission - At least 50 db below carrier

teur Net 269.95
your Local Dealers

VARITRONICS INCORPORATED
3835 North 32nd Street. Suite 6 • Phoenix, Arizona 85018

See us at SAROe February 4th-8th



serve as " interim regulations" until such time as
permanent rules for amate ur repeaters are passed
into law.

Of the mandate's seven points, at least four had
been put forth in the famed Buffalo petition, and
several of th e others were unofficially advocated
by BARA representatives in letters drafted after
the pe tition was originally filed .

T he points o f sign ifica nce to repeater owners
are:

- Licensee will be responsible fo r TECHNICAL
operation of th e repeater, including ultimate
control over any am ateur's access (or
the access of a restricted group) .

• Licen see will maintain a TECHNICAL log
showing malfu nctions, servicing data, on-the
air test s, e tc. (T his precludes the necessity for
running a continuous tape log of opera tion.
presu mably, and is the essence o f the Buffalo
petition.)

- Repeaters will identify a t one-minu te inter
vals by transmission of the repeater call sign
at reduced amplitude.

- Links arc to be in the frequency range above
220 MHz, but they arc exemp t from the
aforeme ntioned identifi cation requirem ent.

e T he licensee is required to put a three-minute
automa tic shu tdown transmitter on each of
his remotely controlled transmitters. And it
must be rigged in such a way that only the
licensee can turn the transmitters on again
once they are shu t down.

These rules are a step in th e right directio n, and
they serve to show that the Ca nad ian gove rn men t
is on its toes with respect to what's happening in
the amateur world there. Bu t there is one aspect of
the rules that has frightful implica tions. I ca n o nly
hope it is a mistake in wording, because it can serve
no useful func tion of itself and can only result in
making repeaters in Canada less ut ili tarian for the
man y users.

The ru le I am referring to, of course, is the last
o ne cited above. The mandate specifically sta tes
tha t when a repeater is timed ou t a t the end of a
three-minu te period , it mus t be reenergi zed by the
licensee only. In prac tice, virtually all repeaters
bo th in the U.S. and in Canada-are already
equipped with such timers; when an incoming
transmission exceeds a d urat ion of three minu tes,
the repeater (and usually the links) sh uts down.
But reactivation is typica lly au toma tic; tha t is,
when the longwind cd individual d rops his carr ier,
the repeater can be energized again by the next
incoming signal.

Ostensibly, the Canadian ruling was pu t fo rth
to assure technical control under all cond itions.
But the DOC should be made awa re tha t such
control could be assured in a variety of other ways,
nearly any of which would result in a more usefu l,
reliable system. For example, the licensee could
transmi t a con trol signal th at would posit ively
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( rather than passively) shut d own the transm itter
when such shu tdown is warra nted. Or he- or
anyone else usi ng the repeater - could keep the
system shu t down by transmitting a con tinuous
low-power carrier on the input frequency until
positive co ntrol was effec ted.

There are a variety of means for achieving the
same end. But the finality of au toma tic timeou t
suggested by th e mandate does not seem to be in
the best in terest of the amateu rs who will depend
on the reliability and dependabili ty of a repea ter
that will frequently be shu t down by individuals
wh o can' t seem to turn themselves off after
2.999999 minutes of talking.

An interesting sidenote: QST published a short
note abou t the Canadian doings in the December
issue. Several ARRL directors were cred ited, bu t
there was no mention ofthe effo rt expended by
the Buffalo group. I consider thi s a bi t odd.
considering the fac t that the A RRL has had jl. copy
of the Buffalo pe tition since the time it was filed.
back in 196 7.

Repeater Petition to
Get Docket Number

A repeater rulemaking peti tion was submitted
to the FCC on December 3, 1969 , and is currently
undergoing processing so that a docket number can
be assigned. T he pe ti tion is too lengthy for
reprin ting here, bu t here is the essence of i t:

1. An am ateur repea ter is officia lly recognized
and defined .

2. Repeaters to be mad e legal on all frequencies
where A0 is authorized.

3. Timed shutdown is req uired after long non
use periods.

4. Repea ters can be turned on from the fre
quen cy of operation provided that UHF
con trol is capable of overriding such turn-o n,
when necessary.

5. Repeaters can be " una ttended," since sh ut
down is au toma tic wh en repeater is not used.
It can thus be assumed that th e repea ter is
being monitored (from the frequency of
ac tual use) when it is on. The peti tion seeks
to di spense with "UHF con trol" monitoring
in favor of the " on-when-used, off-when
not-used " approach, which is essen tially
" unattended" ope ration. but with a realist ic
and workab le twist.

6. Repeaters should no t be logged in the con
ventional sense. A log would cons is t of a few
basic par ticulars and would be filled in only
when th e remote repeater is visited, serviced.
or modified. '

7. Repeaters should be identified at 3-minu te
intervals, and the ID can be nothing more
than the repea ter call letters, in Morse code
or voice.

(con tin ued on nex t page )
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There are more than300
F REPEATERSin the US...

I t's a 3-channel mo
bile unit with a full
5 watts o f t ransistor
power to assu re you
of "making it" even
th ro ugh t he repeat
er's "dead spots."
. ..The pe rfect dri
ver for that final on
the hill!

•

STELLAR
HAS

THE NEW
GALAXY

FM-210 2 meter FM TRANSCEIVER

.. .WANT TO GET IN ON THE ACTION?
519995

•

The SAROC Funfest
In case it's sli pped your mind , time is running

out for those of yo u who haven't made advance
reservations for SAROC, the S tardust Ama teur
Rad io Opera tors' Conven tion , to be held on
February 4 - 8 at th e Stardu st Ho tel in Las Vegas.
The SAROe fun fest has been getting bigger by the
year, and ind ications to date are that this year will
top all previous records.

For the non teetotaling amo ng you, SAROC will
offer a number of advantages for you to mooch
free booze ; cocktail part ies are being hosted by the
magnani mous managements of Swan, Galaxy, and
Ham Radio .

Na tional FM Convention . Ham FM'ers sho uld take
particu lar no te because SA ROC serves as an oper
ating base for the annual national FM co nvention.
Tom Burford W7TDQ is the principal representa
tive for the I'll por tion of the shindig; and if you
drop him a card . he can give you the de ta ils on the
FM programs slated for thi s year (which , inciden t
ally. marks the third annua l national FM conven
tion to be held in conjunc tion with SAROO.
Tom's address is 6 328 Shawnee Ave., l as Vegas.

At this writing I have no idea as to wha t the
agenda is, but I can gua ran tee that it will be
interesting. Last year , a national repeater group
was formed , and nationa l repeater frequencies were
adopted. There were a few d isappointing problem s
associa ted with FM sched uli ng last year, but most
of these were attributable to apathy on the part of
the hotel management. Switching of SA ROC from
its previous base to the Stardust has solved these
potential head aches, I hear.

If you have gripes abou t 73 or its policies, or if
you have pet circuits you wan t to see printed , grab
me' at SAROe. I won 't be ha rd to spo t; just look
for the guy who has the " special deal" on
subscrip tions.

Reservarions. If you don 't know how to get your
reservations or how much money the affair wil l
cost, send SASE to SARGe, Box 73, Boulder City ,
NV 89005 . You 'll get the details back fast.

. .. K6MVII •
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TVI Case

Daniel G. Willis, ss«. USAF
CT2AS!WA2BDA

Box 183, 1605 CAMS
APO New York 09406

Help!

advl pj bv m ~ era t~ t
ou gOJns do I Ar p~oofr

1 s < :or. zb

b~~i~l~[rE< ERP~
Yu i£j,J.; v J., ' « a n. "
I insist that you prillt ev
s~)uld oe boiled in oil ov

Audible 73s
Dear Mr. Green:

Someone men tioned to me the possibility that
your magaz ine was being recorded on magnet ic
tape for the usc of interested blind persons. If th is
is tru e , please let me know where I might apply in
orde r to borrow these tapes.

Oliver K. Mixon W4DJF
Augusta-Richmond County Municipal Building

Augusta. Georgia
R ecorded tapes of 73 are available from:
Science for the Blind
221 Rock HilI Road
Bala Cynwyd PA 19004

Hospitality Notes
Dear Friend.

I am very in terested in your Ham Hospital ity
scheme and hereby offer my home for any visiting
hams, especially Stateside D X.

My interes ts are ham radio , organ music, and
politics (I am a City Cou nselor, J ohannesb urg).
XYL is 45 years old. Her interests are cooking,
garden, stamps and politics. We have two deligh tful
dogs (our children are ma rried and live elsewhere)
and, apart from two fu ll-time servants, we live
alone.

This offer is made in all sincerity-no strings
attached . Visi tors and their children would be
made very welcome. We love having guests and
would be offended if any offer of payment is
made. Reciprocity one day is all we ex pect. Are
there any California hams who could house Corr ie
and self over December 1970? I would like to write
to th em.

Dan Mahony ZS60S
PO Box 1729

Johannesburg , S. Africa

Editor:
I would like to purchase or scrounge, whichever

is applicable, RCA publications:
RCA Silicon Power Circuits.
Application shee t SMA36.
Application sheet SMA40.
Also, any data re ICs used in FM i-f strips at

10.7 MHz and 455 k Hz, na rrowband (15 kHz)
q uad rature detector, etc.

John C. Meyland VK3AMI
Wangaratta, Vic.

Australia 3677
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Study Courses
Dear Wayne :

I hold an Advance ticket , Wayne- t hanks to
your very fine recent series devoted to helping
ama teurs climb the ladder. The exam -which I
took and passed last week - was a cinch, only
because I understood every question and could
answer aU with equa l comp rehe nsion . Any amateur
who feels he ca n pa ss the Ad vance exam by
memorizing the ARRL license manual is fooling
himsel f. It just won' t work . Incidently, your
November ed itorial correctly observed that the
emphasis is now on SSB and transistors. It should
be. Need less to say, I have accumulated and
digested your Ex tra lessons, and this exam, too, I
expect to be a breeze (thanks to you r very fin
handling of the material) . My only problem is my
code speed. which I hope to bring up to 25 wpm.

Charles J. Vlahos WB21CV
Managing Ed itor

Plant Operating Manageme nt
205 East 42nd St.

New York NY 10017

To the editor:
T he other day I spent some time at a frien d s

house, and as I was leaving I borrowed five or six
copies of 73 . When I reached home I sa t do wn to
glance through this magazine and ended up devour
ing one issue. It was sheer pleasure to sit down and
read interes ting ma terial, page after page. As you
can tell, I am sold on 73 .

I believe now is the time to express an opin ion
and ask a question. Firs t the opinion.

In your February 69 issue of 73, on page 36. is
an article " $1,000,00 0 TVI Suit F iled," I read this
through twice and wondered if 73 was th e only
amateur magazine interested enough to speak out.
I found five issues o f OST, for the months of
February, March, April, May, and Ju ne 1969 . I
could not find o ne word about this "amateur
world"law suit.

Now fo r the q uestion. Would you please inform
me of the ou tcome of this case, and does G rid
W4GJO have the backing of the ama teur popula
tion? I hope tha t this will not pose too much of a
problem, but I am interested , as all hams should
be-

l wonder why. afte r two years of QST, I never
wrote a letter ; but after one weekend of 73
magazine, he re I am.

A s a result of the exposure accorded the case in
73, the defendan t has received assistance from a
number of sources: From the A R RL, he received
(withou t strings attached) a mimeographed Jist of
suits involving tower cases; and from fellow ame
teu~s, he has received a great many cash donations,
which have been used to assist him in paying for
the burdensome legal fees. Grid Gridley W4GJO,
th e defendant, tells us he is extremely grateful for
th e publicity in 73 an d the suppor t from with in
our fraternity. He reports that th e suit has been
dropped under a mutual agreement.

73 MAGAZINE
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Self-Appraisal
Dear Mr. Green:

Having just go tten my October issue of 73 and
having just read the letters column I want to make
my opinion heard . We want to encourage new
blood in the hobby. Introducing new people to the
phone bands is most certa inly not the way to do it.

We wan t to show them our better side. But the
questio n is, wha t is ou r better side? I have yet to
find the better side o f ham rad io (better side in my
eyes) . The phone bands are made up of hams that
couldn't copy 3 words a minute of code, d iscour
teo us people, o ld people tha t scorn the "new
breed" o f appliance ops, and you ng people, who
scorn the old timer- a lo t of good ops and fine
personalities. The CW bands are made up of dead
segments where you can call for hou rs without a
con tact , segments so crowded tha t no one can
copy anyone, and you have essen tially the same
crowd thinking much the same way as phone me n
with either the man thinking abou t ge tt ing one of
those higher grade licenses and trying to get up his
code speed, or you have the group that think the
phone me n are all lids that ca n't copy a word of
code and are o nly sligh tly be tte r than CB'ers.

The lure for many newcomers is the old farce
of commu nicating with ama te urs in foreign coun
tries. In two years I have had ca lls from 18
countries. But I haven't comm unica ted with them.
I've communica ted wi th three coun tries (one was
an Am erican working in a foreign embassy). I
sta rted in ham radio to find ou t wha t it is really
like in Iron Curta in coun tries. Oh, yo u can talk to
these countries. You usually have a long QSO of
maybe 30 seconds if someone isn't con tinually
tuning up on you. Some people arc lucky eno ugh
to be able to communicate with foreign statio ns.
They are usually the ones with 2 kW !inears, big
multielement beams on tall towers, with expensive
gear .

And we really expec t to compete with CB and
SWUng'? W4PZS is certa inly correc t in saying
"they have divided the amateurs." They pushed
incentive li censing through, even though there was
much opposition (and much more apath y).

I am having much trouble say ing exactly wha t J
mean . Just the sa me, I think amateur radio is
awfully lucky to get any ne wcomers that keep at it
and get their Gene ral (or any of the o the rs). After
all, what does ama te ur radio really have to offe r a
newcomer'? Many of the sta te men ts that might
have once been true abou t amateu r radio don't
seem to even apply to ama te ur radio now.

Jim Pruitt WA7DUYIAFB7DUV
111 Hirschbeck Heights

Aberdeen WA 98520

New FM'er
Dear Wayne,

I have decided to become a ha m and J am
studying for a Technician li cense. I plan to go on 2
meters FM. but I am having troub le locating an FM
unit. I hope they are not expensive! J am not in an
ideal ante nna locati on and might have trouble
mount ing a large array. I hope I can get good
d istance with a less expensive ante nna. I have heard
of hand-operated rotors from the old days and if I
could fi nd suc h a sys tem, it would be practical
since my shack would be in the attic.

I hope there is enough ac tivity on VHF FM so
that J can get some good QSOs. I star ted interest in

FEBRUARY 1970

FM when I heard so many 80 meter AM hams talk
about suc h 2 meter nets.

My main interest would probably be rag
che wing and possibly DX (especially when th e
aurora kicks up, as it some times visibly does up
hcre). I have most of th e technical part of the
exam wrapped up and the code speed is coming,
slow but sure.

Rae Shortt
Lots of FM gear available. Check th e Double Bonus
su bject index in the back of th is 73.

More Backlash
Dear Wayne:

Your recen t thorough treat ment o f the incen
tive licensing problem, relating it to the miscalcula
tions emanating from Newington , were excellent.
Keep up the good work.

I de tect a grou ndswell of conside rable magni
tude o n this ma tter, with everybody giving up on
ARRL as the sou rce to loo k to . In this sta te hams
are writing directly to the FCC to lodge their
pro tes ts.

I suspect tha t Newing ton will cha nge it s mind
even tua lly . ..as soon as ARRL revenue drops off
and salaries must be cu t.

Louis R. Huber, President
Northern Films

Box 98 Main Office Station
Seattle WA 98111

Still More Backlash
Dear Wayne:

It is no t often I write letters, but afte r reading
so man y comme nts in your magazine and also in
another magazine I thought I wou ld al so comment.

I did not think the ARRL's incentive license
plan would be worth very mu ch and it seems I was
right. I don 't know what th e ex tra education
necessary to get the Extra Class license is going to
do for the greater number who get it. If they are
going to follow a commercial radio future, it might
be of value; o the rwise, I think at least 99% go ou t
and buy a shack full of equipmen t as soon as the
license comes. The ARRL representatives at the
Dayton Hamvention admitted the reason there was
not too many homebrew projects in QST any more
is th ere are no homebrewers any more.

Why should there be so man y classes of
licenses'? I think afte r a Novice license any citizen
with a capa bil ity o f 5 or 6 wpm of CW and the
kn owledge necessary to opera te properly should be
able to get a license to opera te anywhere on any
band available to hams. When you go for a driver's
license it would be the same to have the instructor
tell you tha t with you r limited mechanical know
ledge, you could not drive a Cadillac; only a VW
until you could upgrade you r kn owledge. The
temporary permit to drive is the same as a
Novice-and after you prove you can obey the
driving laws. you get your license to drive on any
highway in any auto you choose to buy. Why
should not any ha m, having ob tained a regu lar
"license," be able to go in to a store and purchase
any piece of "ham" gear, then take it home and
pu t it on the air'?

The sooner some thing is done to allow every
citizen the rights he is enti tled to in this coun try,
the sooner we sha ll have peace.

Harold D. Mohr K8ZHZ
5670 Taylor Road

Gahanna OH 43230
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Manitoba Centennial Award

Dear Sir,
A copy of the starting date, rules. e tc. fo r our

1870-1 970 ~Ia nil oba Cen tennial Award is en
closed. We would appreciate it very much if you
would publish this:

The A mateu r Radi o League of Manitoba will
present cer tifica te awards to amate urs submitting
proof of the req uisite contacts with ama teur radio
sta tions in Man it oba . All con tac ts mu st be made
after Dec. 3 1, 1969. Co ntesta n ts mu st accumulate
100 poin ts. W/K , XE. and VE stations receive two
points per con tac t; all o ther sta tio ns rece ive five
points per contac t. (A con tac t co nsists of exchang
ing signal repo rt s.) Co ntac ts may be made on
different modes on each ha nd. bu t cross-mode
con tac ts aTC not allowed.

Two di fferen t members o f the Amateur Radio
League of Ma nitoba will be designated " Bo nus
IIa ms" each month. Contacts with these sta t ions
will be worth do uble poin ts.

Contes tan ts should send a copy o f the ir log a nd
two IRCs to:

Mr. J. N. Knowles VE4JK
PO Box 365

Carman. Manitoba. Canada

Reciprocal Trade
Dear Mr. Wayne :

I am an Ind ian radio a ma te ur with call VU2J EZ
and a 3 y r subscriber to 73. I a m a high school
studen t and India 's youngest radio ama teur.

We ll, it wa s a sor t of imp ossible urge that made
me write this le tter to yo u, ho ping that v ou will
un derstan d and symp a thize with my problem :

In Ind ia o ut of th e SOO-odd ama teurs, all
depend on war surp lus a nd homebrew eq uipme n t.
The maxim um amount an Indian ham spe nds o n a
rig is SS O- $75 .

I have built my transm itter myse lf, and I t ried
to get a BC 348 work ing (w hich I had boug ht on
the junk market) . But a ll e ffo r ts fa iled . Well. now I
have saved about SI00 afte r tw o yea rs. I got my
ticket 6 mon ths ago. a nd I 'm sti ll not on the a ir.
What I wan t to propose is this: You ask some o ther
ama teu r to send me a ham receiver ( use d will do )
and I shall send him India n goods (ant ique carv
ings, pa in tings, emb roidered shawls. e tc .). I ma ke
th is proposal because impor t rest rictions do not
allow cash payment. .

T hus, he can send me this receiver as a gift a nd
I ca n send what he want s as a gift!

O r, if he pre fers, I ca n give the money in Ind ian
currency to any o f his relatives in Ind ia o r the
USIS in Bombay.

I know I have sa id what I have to say rather
clumsily but, I sincere ly ho pe that yo u understa nd
my situat ion and wi ll help me out by dropping a
hin t to some of your vast mult i tude of U.S.
ama te urs.

I shall certain ly re me mber you all my life lo ng
fo r having helped me to ge t started in a ma te ur
rad io .

Gopal Kama t (VU2JEZ
Municipal SocA /8 . l. J. Road.

Mahim Bombay-16 INDIA
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Two Cents' Worth
Dear Wayne.

A couple of comments a nd op inions on art icles
in th e Decem ber issue :

I. T opographic maps now cos t 50t! each. Infla
tion has hit th e U.S. Geologica l Survey too.
The Bureau of La nd Ma nagement has some
a tt rac tive ma ps of ma ny areas of the West ;
ava ilable fr ee <t he price is right) fro m BLM
offices located in sta te capi tals. These have
almost as much detail as the to pograph ic
maps.

2. T he Swa n T V2's in st ruction book contains a
drawing of prope r connections for a switc h
to avoid cable cha nging from the TVl and its
exci te r. It even gives the Swan pa rt number. I
go t one of these , p lus two cab les with the
J ones plug already a ttached from them a nd
threw together the swi tc h -c wi tho u t resorting
to coax ial re lays (no pain, no strai n). O nly
problem was cha nging one wire o n the plug
for the low voltage de for the PC boa rd. T he
uni t would I'M on 2m SS B: however, a new
zener diode a nd more suitable crysta l
(factory-install ed a t no charge) took care of
it. I even power a litt le 2m preamp from this
line.

Paul Schuett WA6CPP
114472 Davis Road

Lodi CA 95240

Boos and Hisses
Dear Wayne :

I take um brage to W4 NV K's art icle in the
Decem ber 73. I have ye t to align o r service any
piece of ham eq uipmen t that I co uld not ge t a t
least 50 dB supp ressio n o f the ca rrier. Second,
there is no way , under any circums ta nce , tha t bias
sh ift on finals ca n cause an increase of carrier
con ten t on the signal. For the ed ific at ion of Mr.
Dusi na, the aut ho r, I service and repair ama teur
good ies in the Detro it area. My opera t ing be nch is
loaded wit h abo u t $4 ,000. 00 wor th of equipme nt.
I paid fo r these items by repairing equ ip men t fo r
11 meter ope ra tors wi th Genera l class or h igher
licenses. O nly last Sunday, a fellow brough t his
t ransm itter ove r because he could ge t only 40 dB
of suppression and while I checked, he yakked
about how ma ny yea rs he was o pera t ing an d no
sense do ing this o r that to his rig, etc. While he
ta lked, I removed 22 more dB of ca rrier from his
set and $35.00 from his wa llet. Anyway, if Mr.
Du sina will ship prepa id his bucket of bolts to me,
I'll remove his residual carrier free of charge.
Otherwise, let h im properly center th e a ud io in the
bandpass (t hen a S2.00 mi ke won ' t sou nd so good)
and put an rf probe on the antenna outputjack -lo
and beho ld , he will have 60 dB of suppression.
Ne xt , his remark that a 100W CW signa l is 200W
SS B is erroneous. A transmitter can not pu t o u t
more power than i t has been loaded for withou t
doubling plate voltage. If you don 't be li eve tha t.
load your transmi tter fully on CW, and with a
scope, note the he ight of th e so lid rf di splay .
Switch to SSB and the pea ks will no t exceed the
CWo

Paul Kirsch WA8ASQ
14158 Foch

Livonia Ml 48154

(Contin ued on page 128 )
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The GT-550 by GALAXY
Based on the proven Galaxy V Mk 3 design . . . th e GT-550 co mes on stage with an
entirely new look. A nd under this beautiful new exterior Galaxy has packed 550
watts . . . th e highest po wered unit in its field. Henry Radio, always the first with
the best, is proud to introduce this fine piece of equipment along with an equally
fine line of accessories.

Come on in, look them over. Or write or phone. We'll send you detailed
specifications.

GT-550.
AC-400.
G-10oo.
RV-550.

R F·550.

SC-550.

550 watt transceiver
AC Power Supply. 110/230 VAC. includes cables
DC Power Supply. 12/14 VDC. Neg. Ground
Standard Remote VFO provides dual frequency
control for GT-550 only
3000/400 wan Wattmeter/Antenna Selector
(Available after April 1)
Standard Speaker Console. 5 x 7 speaker 8 ohm.
(AC-4oo will mount inside)

$550.00
$ 99.95
$129.95

$ 95.00

$ 75.00

$ 29.95

• Henry Radio ha.s a great anten na package p rogra m . . . big savings . W rit e for lit eratu re . •

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

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

FEBRUARY 1970

11240 W_Ol ympic Blvd _,los Angeles, Calif. 90064 213/477-6701
931 N_Eucl id, Anaheim, Calif. 92801 714/772-9200
Buller, Missouri 64730 816/679·3127

"World's Largest Distributor of Amateur Radio Equipment"
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Part IV- The Terrible Jar At Leyden
The year wa s 1745 , and scient ific circles

were all agog over that strange force called
electricity . In England , several decades earl
ier, Francis Hawksbee had built an electric
machine which produced unprecedented
quantities of this mysterious power, and
Stephen Gray had demonstrated that the
power could actually flow from one sub
stance to another. Two Frenchmen , Francois
de Cisternay Dufay and Abbe Nollet had
discovered two different kinds of electrical
power. each capable of neutralizing the
other.

Many theories had been offered as to the
nature of electricity. The most popular was
tha t it was some kind of an invisible fluid .
(That's why we refer to it today as "juice.")
All in all it certainly was an exciting time.

Leyden is a small town in Holland , about
fiftee n miles north of Rotterdam. It was
there , during these exciting times, that a
distinguished scientist , van Musschenbroek
set out to find a way to collect th is electric
fluid . Could it possibly be collected in a bot
tle? With the aid o f a pupil named Cu neus, van
Musschenbroek connected his Hawksbee
electric generator through an iron chain to a
gun barrel. Another chain hung from the
other end of the gun barrel. Van Musschen
broek had his student hold a jar so that the
loose chain dangled into it. After the
machine had run for a while , the jar was
found to have an electric charge , but there
was no fluid present. Van Musschenbroek
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then decided to put some water into the jar.
He knew that electric fluid seemed to flow
most easily through wet materials.

Soon they were set up and the machine
was running again. Cuneus held the bottle at
one end while the professor turned the
generator. This time they carefully watched
the level of the water, hoping to see evidence
of more fluid . Time passed, and the liquid
level in the jar was unchanged . The experi
menters were discouraged . Van Mus
schenbroek stopped the machine, and
Cuneus reached up to disconnect the chain.

Suddenly Cuneus dropped the jar and
seemed almost to fly backward. The profes
sor rushed over to his st udent. Cuneus was
pale and scarcely breathing. He had received
a shock such as no man had ever felt before.
After his student recovered, Musschenbroek
wrote of his "terrible" experime nt to a
colleague at the French Academy. He ad
vised that no one else try it. Naturally,
everyone else dfd.

At the same time as van Musschenbroek
performed this nearly fatal experiment, the
Bishop of Pomerania , E. G. von Kleist did
essentially the same thing with similar re
sults. He failed to publish his findings
through acceptable channels, that is, by
writing of them to a university or other sea t
of learn ing, so the cred it went to Musschen
broek. The device was named the " Leyden
Jar: '

The scien tists didn't realize it at the time ,

73 MAGAZINE



PAPER

ROLL IT up!

FOIL '" 2

as tight as you can. If you do it right, you'll
have a fairly good capacitor. It should take a
charge up to 10 0 volts or so. Mine broke
down at 150 .

J once made a capacitor to demonstrate
the principle to a group of Boy Scouts, using
a roll of waxed paper and a roll or two of
aluminum foil. Begin by unrolling fo ur or
five yards of waxed paper onto the floor.
Place a strip of aluminum foil on top of this
so that the foil overlaps the paper by a few

. .. W2FEZ ·

L a v _--------l

inches on one side, and the paper sticks out
an inch or so on the other side. Lay a strip
of waxed paper on top of this, exactly
covering the first. You now should have a
sandwich with the fo il in the middle, one
edge sticking out. Lay another strip of foil
over this whole thing, b ut protruding on the
other edge. The ends of the waxed paper
should stick out far enough that the pieces
of foil do not touch . Roll the whole mess up

_ GROUND OUTER FOIL

I'--~~~~~-CHAIN
CONNECTS

IN NER
FOIL,.
CAe

The home experimenter can make his own
Leyden Jar quite easily. All that is needed is
a peanut-butter jar, some aluminum foil, and
a small length of chain . The inside and
outside of the jar are lined with foil up to
within Yz-inch of t he top. The chain is
soldered to the center of the cover, and
hangs down into the jar. It should be long
enough that a couple of inches rests on the
foil on the boltom.

To charge your Leyden Jar, the outside
foil should be grounded. You can use a
battery , high voltage supply, or you can
charge it up by static electricity. Simply rub
a glass rod with a piece of silk and touch the
rod to the cover of the jar. If you do this
enough times, the jar will accumulate quite a
charge.

• v.
CHARGE

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

but they had actually made a capacitor. The
water served as one conductor and the
student's hand as the o ther. The glass was
the dielectric. It was later to be improved by
using foil conductors, but in the meantime
the water was thought to be essential. The
scientists believed that the cool water con
densed the electric fluid, and the Leyden Jar
was nicknamed a "condenser." T hat term is
still used to this day .

Now, since some clod might be stupid
enough to try it, don'! connect it to a
lightning rod . The early scientists who tried
that seldom lived long enough to publish
their results .
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adventurism and ex hibit ionism arise out of a
pro foundly felt need to assert th e ego , Scratch th e
sur face of th e gu y who gives his call as Willie Broke
Four Plate Glass Windows, and underneath you are
likely to di scover an insecure, uncerta in, indecisive ,
vacill ating jerk wit h a pronounced in feriori ty com
plex . who is attempt ing to bolster his inward
wea knesses by ea rn ing a reputation for grea t wi t
and brilliance.

Now please. I beg yo u. .. no more phonetics in
the mail. I just ca n' t tak e an y more. However. if
you're interested in some real cleve r ones. I ju st
happen to have a few dillies. Just five bu cks apiece:
two for eigh t ninety-five: first come firs t served.
But , please keep it under your ha t. I wo ldn't want
anyone to get th e mi staken idea tha t mv ego need s
bolstering. Not it hit of it !

There is a situa tion wh ich has arisen, and I'd
like to throw it out to see wha t you all thin k ab ou t
it.

A friend of mine wh o was a member of ARRL
for man y years. but who dropped his membership
just befo re acquiring his Extra Class ticket. was in
con tac t with an other cha p in the same boa t. Both
these boys arc me mbers of th e highly vaunted A-I
Operato rs Club, and both are wel l seasoned. having
a combined total o f over 65 years of hammi ng
under their belts. They are not given to shoddy
operating habits. nor have I ever found them to be
anyth ing but co nsidera te and cou rteous, From
any poin t of vice.. they a rc decen t peop le.

Because th ey arc no t mem bers of the League.
they seldom read OST, and th ey were unaware that
WIAW had changed it s opera ting frequencies. T his.
desp ite op inions 10 the contrary . is ne ither here
nor there. Even the membership o f the League is
not wholl y aware tha t th e frequencies have been
changed.

Well. anyway, these two guys were in con tac t
one even ing on abo ut 38. 20 , In the midst of a
transmission, and withou t th e sligh tes t advance
warning. in came th e Official Bulletin from
Newington. II wiped out the QSO as effec tively as
if the band had gone dead .

Ever since tha t time a few months ago. when I
wrote, " the ha ndl e here is Igna tz , , .Idiot , Garbage ,
Nuts. Alimon y. Termite. Zilch . , ," I have been
swamped with unsolicited cxumplcs o f this out
rageous phone tic clap trap. It seems that everyone
has a favori te set of phone tics which he wishes to
bequea th to a breathlessly wailing world . ..you
kn ow th e type of stuff. , .vl-loyd ; Funny Little
Old Yellow Dog: ' And.. :'WA2IWS; We Arc Two
Ind ians Wit h Scu rvy ," and all that so rt of penny
d read ful nonsense. The mo re farfetch ed it is. the
more unfunny it becomes.

Now. as a chap who muk cs his living .by putting
words toge ther. I wa rran t that if I desired 10 be a
party to these gro tesque ries. I cou ld do ub tless be
very success ful a t it. But I think th e thing is
star ting to ge t out of hand . We ough t. really , to
sta rt d amp ing down on it. Unless it is a brilliant
work of spark ling genius. I regard it as jus t
sounding brass and a tinkling cymbal: and besides.
it's beg inn ing to fray my nerves.

Ca n you envisio n the result if t his preposterous
tri pe is allo wed to continue n ou rishing'! Web ster's
Thi rd New Internatio nal indudes ove r 450.00n
en tries. each of which i" fai r gris t for the phonet ic
feti shist's mill. The possibilities are menacingly
infinite! And . bear in mind . plea se. that 's only one
side of the problem; our own Eng lish language.
flow abo ut all the o the rs? There's Afro-A siat ic.
Altuic. Indo-E uropean. Macro-Kboi san . ~I ala yo

P olynesian . lndic. Lu orawctlan. Niger-Congo .
Si no-T ibe tan. Uratic. Aztcco-Tanoan . Hokan
Siou an. Macro-Chibchan and Pcnu tian.....a series
of main linguistic stocks. cove ring some 700
diffe ren t tongues. no t coun ting regional dialects.
Add to this the languages to tall y unrelat ed to any
others: Basque, Andamanesc. Ligurian . Yeni sci
Ostyak...eac h of the 96 Australian aboriginal
ton gues, an d all 132 of the Papuan languages. and
perhaps you'll get an inkling of th e u tte r incon
gru ity and ho pelessness o f it al l.

A long time ago I decided that th e usc of fu nny
phonetics is {lot so mu ch a me thod by which to
clarify spe lli ngs as it is a di splay of other things
altoge ther: would-be cleverness...sa rcasm...and
mo st of all. ego! T he wildest flight" into this

• • •
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checked the frequency befo re transmitting the text
of the bulle t in. The opera tor rep lied . " I ca n' t
comme n t about th at. If you wish to co m pla in. you
ma y write to the Leagu e. and tak e it up wi th
th em."

Well , that 's it. What do yo u fee l abo ut it '! Do
you thi nk that \\'IAW, despite its undeniable hel p
to amateurs. sho uld ha ve the right to igno re the
good ope ra ting practices which we arc all con
sta n tly e njoined to o bse rve'! I do not think so. But
that' .. onl y my opinion. What's yo urs'?

• • •
This isn ' t an o rigina l idea . o f course... .I' m

sure so me body must have propo sed it. Why, if
the re' s a thing called Operator of the Mon th , isn 't
it feasib le to publi sh a list called Lid of th e Mon th '!
Some o f the c ha racters on t he ham band s real ly do
deserve this sor t of publicit y , as you w ill un
doubtedl y agree. 11'\ j uv t too bad that th e most
iniq uitous ones inva riab ly o pera te anonymously. \0

that it ' s di fficult to identify them.
One thing is ce rta in. If you would like to

discou rage the intrusions of unwelcome carr ie r
th rowers, burpcrs. wh ist lers, razzers. and othe r
intruders, never. ...but never. never com me n t
openly abou t them. That's exac tly wha t th ey wa nt
in th e fi rst place . So don ' t give them the sa tis
faction of success fully provo king you into an
alterca tion o n the ai r. If you igno re t hem. chances
a rc that they will move off your freq uency and
see k so me one el se wh o might jus t rise to the ba il.

----AMECO---

FEBRUARY 1970

Now, if \\'IAW is a n amateur sta t io n. operating
within the same rest rict ions as the re st of us, then
why may they be ex c used when they commit a
breach of co urtesy toward o ther sta t io ns. We arc
all ex pec ted to observe the e tiq ue tte which the
ARRL pre scribes: to check the frequency before
tran..rnitting. Even if a net with a sched uled
operat ing time discovers that i ts frequency is
occ upied. the SCf\.t has the decency to request t hat
the occupant QSY so that the ne t ma y ope rat e un
a clear channe l. If the c hap who is thus asked is a
gentleman. a nd most o f them a re, he will most
assuredly move. But, to co me right on the
frequency without eve n c hec king to set', seems to
me to be the mu st arrogant and unwarranted type
of rule-flouting in the book .

Since WIAW happens to be th e Leagu e ama teur
sta tion, I feel st ro ngly tha t it should be o pe ra ted in
an exemplar y fashion. There is no valid e xcuse for
breaking this ba sic regula tio n. In fact, if some
extenuat ing ci rcums ta nce were to excuse an indivi
dual ham for doing thi s, \VIA\V sho uld be operated
so superla t ively that tile case would neve r have
a risen. No sta tion sho uld break thi s rule. It is most
di stressing when the ru le is circumvented by th e
Headquarte rs sta t ion.

When the bulletin was ove r, the operator signed
th e ca ll and announ ced that th e sta t io n was

' stand ing by for ca lls. My friend gave them a call
and th ey came righ t back to him . Il l' too k issue
with th e operator, asking him wh y he had not

• Monitors Transmitter 's CW • Transistorized
• Kit or Wired • Built-in Speaker • Low Cost
The Model OCM is a combination Code Pract ice Osc il lator and CW
Monitor. It monitors your CW sending with a simple (no modification)
connection to the keying terminals transmitter. It may be used wi th
any transmitter or transceiver employing negative bias keying. A tone
control, as well as volume control, and head phone jack are included
on the front panel. Built-in back-to-back diode swi tching makes it
unnecessary to turn the unit on and off, even when switching from
CW to Phone. Current drain only takes place when the key is actually
depressed. The model OCM contains one transistor and two diodes.
Size: 6" x 3" x 2"

Model OCMW (Wired & Tested) (less batteries)
Model OCMK (Kit form) (less batteries)

Leader in Compact, Quality Ham Gear
P.O. BOX 6527, RALEIGH, NORTH CAROLINA 2760B

A Division of Aerotron, Inc.
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, I d di 'b "Apropos 01 my recent r iymc la ir! c against
T V commercials. I recall with deliciou s am usement
a n incident of about six years ago .

~Ir father. who had a marvelous admixture of
bored cynicism a nd a highly sophisticated sense of
hum or. loathed and abominated TV commercials.
One of these in pa rt icular used 10 offend him very
mu ch . The re wa s an an ima ted chu ructcr wi th a
head formed of a se ltze r tablet. He sang a childish
little j ing le which ended with an advertbing sloga n
for the product. You "imply could nol avoid thi..
th ing ...it wa;", lik e th e plague ; re pe tit io us and
red und ant .

Dad go t hold of a n o ld mezzo-tint o f Socra tes.
dri nking the cup of hemlock . In bo ld leiters. and
wi th a red marking pen. he inscribed it. and sen t il
to the adverti sing agen cy which h andled the
account . His inscript ion rc..d. simply , " RE LIE F IS
JUST A SWA LLOW A\VAY,"

I'd like to di scuss :JIl even t which rankle s in the
breast o f almost every amateur even now. seve ral
years afterw ard. I refer . of co urse. to the re moval
of 27 7\lHz fro m the ama te ur sped rum . and its
rea ssignmen t and de te rioratio n in to the mons tros
ity and misbegotten mishmash it wa s inevitab ly to
become.

\ Iost of us have to take a position . We canno t
hiow hot a nd co ld with the same breat h. We
cannot pla n t bo th feci fir mly in mid-ai r. Yet. the re
are those who pre tend to be the c hamp ions o f bo th
conte nd ing forces. both unalterably in opposition
to each o ther. ...both of wh ose in teres ts lie dearly
in diametrically opposite d irections.

Can you imagine a man playing bo th sides of a
chessboa rd? Can you conce ive o f o ne ge ne ra l
acting as stra teg ist fo r two warr ing a rmies? Can
you pic tu re one attorney representing both plain
tiff an d defendant in a lawsui t" And. if such a
lawyer we re to adv ise you (0 act in such and such a
manne r. wou ld you he e xpected t o follow his
advocac y with imp licit fai th and confide nce" I
think not. You wou ld be most imprudent. if you
did .

A cer tain publishi ng compa ny issu es two maga
zines: one for hums : the other for Ch'crs. Now this.
in and of itse lf. is cer tainl y no sin . I t is pe rfec tly
possibl e 10 serve the in terests of both , SO LO NG
AS THEY DO NOT ATTDIPT TO GAIN AN
ADVANTAGE j'OR ONE, AT TI lE EXPENSE OF
THE OTHER . Through the yea rs. however, in the
pages ofCQ Magazine. we have see n hint s. ou tl ines.
drau gh ts. sugges tions, proposa ls. reso lu tions. and
motions. all calli ng for the creat ion of add it iona l
frequ encies for Citizens' Band . They ha ve called
fo r th e im plementation of a new class o f am a tcur
license which would o pe n up th e ham ra nks to
Cb 'cr s. (a s if the doors were closed to them now).
T here is a pe rsisten t su b te rfuge - a nice little
fict ion -that th ese peop le consti tu te a paoloI'
pote ntial amateur o pera to rs. th e encou ragemen t of
whom all will ultimatel y su ppleme n t o ur growth .
and mak e us strong and healthy . In othe r wo rds...
"Let' s ha ve th is tec nt sy-wccnt sy slice of 10

A few weeks ago it was decided that I would lie
"doggo" on the subjec t of the League for a while .
Way ne felt , and I agreed with him. th at there would
be no poin t in con tinuing to ta ke issue wit h certain
aspects. since I had a lready exp ressed most of the
reasons for my objec tions. and had given voice to
many of the sen time nts unexpressed by the com
mon . garden-type variety of ham, which deserved to
be ar t iculated. I fu lly inte nded to concern myself
wi th o ther ma tte rs which wou ld be of in te res t to th e
readership. Hut I find that l canno t see m to ge t away
from th ese issues, a f ter all. The latest issue o f OST
includes a League proposal , which . if advanced to
FCC as it is now proposed , ca n possibly be eve n more
dangerous tha n any other A RRL-spon sored change
within memory. incl ud ing inccn tivc lice nsing.

me ters. fe llows. You're no t using it anyway. Let' s
allo w these nice, deserving fo lks to u sc it so that
they can deve lop thei r sk ill a nd ta lent. They are
really different than you think . way down deep
inside. They a re ser ious, earnest, purposeful a nd
dedicated, and we owe them an opportun ity to
develop these sp lend id a nd ster ling q ua li ties so thai
they may tukc thei r rightful place beside LIS as
full-fledged ama tcurs.

Now, really . I ask in all candor. .. is there a
single ham who has the sligh tes t inclina tion to take
this stu ff se riously '? I certainly hope not ! The o nly
quarte r in which it might meet with app rova l is
a mo ng the C B manufac ture r...

Picture this fantasy. T he momen t the se fine ,
misunderstood fell ows are given these addi tional
frequencies, they will instantly beg in to oh..crvc all
the 1:C(" reg ulations. By some stra nge a nd mira
culous a tav ism. they will become fir st-cla ss ope ra
tor... The on ly thing. you see. tha t keeps them
from doing this righ t this very minute, is because
the poor dears are all squeezed and squishcd into
those horr id . little 23 channels . T ha t's why they
call skip. use VFOs , ru n high power, usc mega1
an te nnas. don' t give proper cullsigns. in te rfe re
inten tionally, pe rsis t in the usc of profa nity and
ob..ce nity. and break all the other rules. Hut never
you mind; th e moment th ey a re granted this
allocat ion. they will cha nge. They will become
fin e. law-abid ing me mbers of the ham fra te rn ity ,
a nd ded icate themselves to const ruct ive pu rpose s.
They will he a credi t to us all. Jus t do away with
the nasty o ld code and th eory requirements...
please .. .pretty plea ..c . . .and you 'll be surprised
a t how th ey 'll change.

r ill no t an xious to pillo ry CO. I have so rne ve ry
good friends there - people for whom I have the
utmos t regard . Bu t I can't help fee ling that the
front o ffice allowed it s "d ru thers" to be seen in
publ ic print. in spite of-not because of-c thcsc nice
people. And I th ink that we hams ough t to express
our un ited o pposi tio n to :1 11 such plan s. tho ugh
they may sound ever so lo f ty and cons truc tive .
They can have but one rcsult. .. the weakening of
amateur radi o. And there has never been a lime in
our history when we needed so bad ly to main tain
all the stre ngt h we ca n muster.

•••
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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 favo rite DX contacts. You'll swear
you 're talking to the guy next door!

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

The price kinda surprises a guy, too. Doesn't cost as much as you
figured to own the best. You can add those great matched accessories
one at a time u ntil you have everything a ham cou ld want.

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

See the Galaxy line at your Dealer's. If he doesn't
have it , write U8 fo r one near you who does.

GALAXY ELECTRONICS
" Pacesetter in Amateur / Commercial Equipment Design "

10 South 34th Street · Dept.73·H H50· Council Bluffs, Iowa 51501
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At this point . allow me to emphasize uneq uivo
ca lly that I have absolutely no prejud ice against
those wh o hold Technician grade licenses. If I do
object to any of them. it is on the ground tha t some
of them operate in viola tion o f the sp iri t, if no t the
le tte r o f the FCC regula t io ns. Many of th em. prob
ably a majority . conduc t themselves conscien
tio usly . bu t it is simply impossible to ignore the
infantile an tics o f the violat o rs among them . T his is
no t 10 S:Jy that the re arc 11 0 culpri rs among other
classes o f ama leurs. But the rea sons arc not the sa me.
In my j udgme nt. o ne of the important reasons for
the misbehav ior of ce rta in ind ivid uals amo ng Techs,
is th at they obta ined th eir lice nses fraudu len tly to
begin with . Man y well-meaning o perators. ac t ing in
the prescribed role of vo lun teer examiners. and
probably in a sp irit of ovc rpcrmissiveness. have given
an ino rdina te measure o f assista nce to applicants for
the T ech ticket. In so me cases the CW req uirements
were comple te ly by passed. In o ther cases the exami
ner rendered illega l aid o n the written port ions o f the
e xaminations. In thi s fa sh ion a grou p of persons who
we re never rea lly in tercsted in co nfo rming to the
sta ted purpose o f th is pa rticu lar grade of license , but
who were me re ly de sirous of pursu ing th e comm uni
ca t ions e nd of the hobby. were permitted to infil
t ra te th e ra nks o f the T echnicians. They became
figurat ively and lit erally maroo ned in that ca tego ry,
becau se there we re but few avenues through which
they migh t upgrade their ski lls in o rder to meet the
sta nda rd requirements for the other grades. There
have bee n Tcchs, of co urse, who buckled d o wn to
work . and developed th eir code speed. But. on the
who le. the y did no t seem to care too m uch abou t
becoming General class o pera to rs, being co n te n t,
rather. with stay ing in th eir own special niche .

There is no point beating abou t the bush . You
hav e heard. as I have. the expression "mail-order
license" used ove r and ove r agai n. T here is no do ubt
th at a siza b le segme n t of those wh o hold this tic ke t
ea rned it as a result of less than fastidio us observa nce
of the rule s by the volun teer e xaminers. And this
p ractice, tho ugh it migh t appear to be negligib le in
actua l nu m bers, has te nded to lo wer sta ndards for
en ti re gro up.

Now ARR L has decided to propose that T echs be
permi tted phone and othe r privileges between 29 .5
and 29 .7 Mllz . T here is no men tion of any qua lifying
exami nation for thi s add it ional privilege . And I be
lieve tha t each and eve ry ham wh o had to go and
upgrade hi s ticket in order to co n tinue to opera te,
no t on newly gra n ted frequencies. bu t on the same

•freq uencies where he had previo usly been e n tit led to
do so, should be raising hi s or her voi ce in pro test. It
may be perfectly true that th is particular slice of the
spec trum is no t overused . It may be ly ing comp letely
fa llow. Bu t this fact should not const itu te j usti
fica t ion for cheapening or vulga rizing it in this fash
IOn.

I say. com pe l all Technicians who w ish to avail
themselves of this or any addit iona l privilege to
submit to a proper examination in the presence of an
official FCC exami ner. T ho se T echs who w ish to get
this add it io na l slice of the spec tru m shou ld be, and
undou b ted ly will be. in my view, willing to buck le

-,.~ ... '

• Radio Amateurs ' Prefins
by Coun tries!

• A.R.R .L. Phonelic Alphabet!

• Where To Bur !
• Creat Circle Bear ings!
• International Pu ta l
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• Plus much more!
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ISSUE NOW!

Over 283.000 QTHs
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COMPRESSOR- PREAMP
MODEL ACP·1 KIT $18.50
30 db compression range _ Low-noise
FET input stage a 5-tranSlstor and 1
diode circuit _ Adjustable input and
output levels • Printed ci rcuit construc
t ion with easy -to-toltow inst ructions a 3
way jacks for PTT operation • Easily
installed in m ike line

Other K its
Audio Amplif iers _ Power Supplies _ Tett
Equipment a Treasure Locators _ and
many other.

CARINGELLA ELECTRONICS, Inc.
P.O. Bo~ 327 • Upland , Calilorn la 91786
Phon. 714·985-15,(0
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Dept. H, 196·23 Jamaica Ave., Hollis, N.Y. 1142]
VANGUARD LABS

Mod.1 407
$39.95

ppd .

THE BEST

2 METER
CONVERTER

. ,
•
.---

144·146 MHz In. 28·30 MHz out
or 146-148 MHz with 0 second crystal

Ava ilable at $4.~)5 each.
A full descriptio n o f this fantastic converter
would fill this page, but you can take our word
fo r it ~or those of thousands of satisfied users)
that it s the best. The reason is simple-we use
three RCA dual gate MOSFETs , one bipolar,
and 3 diodes in the best circuit ever. Still not
convtncedv'I'hen se nd for o w free catalog and
get the fuU description. plus photos and even
the schematic.
Can't wait?l'hen se nd u s a postal money order
for $39.95 and we'll rush the 407 out to y o u .
NOTE : The Model 407 is also available in any
frequenc y co m b ina t io n up to 450 MH z (some
at h igher prices) as lis t ed in our catalog .

"New York C ity and State re~idenh add local sales tax,

down. as did the rest of us in similar circumstances.
This privil ege, if offered at all, shou ld not be a free
gift. but an incentive. If the league truly believes
that incent ives will really upgrade the quality of
ama te ur operations. then it must not allow this
concep t to be torpedoed with an inconsistent ap
proach toward one segmen t of the ham popu lation!
If the league is thinking tha t it will gain membership
as a result of a huge and en thusiast ic influ x of
gra tcful Ted }s, respond ing to th is magnanimous ges
tu re on the part of Newington. let them co ntemplate
the who lesale hegira from th e ranks by thousands of
members. already disen changed with the way things
have been going. For every grateful Tech who joins
AR RL, I believe there will be a score of members of
long sta nding who will simply quit in di sgust.

I am very unhappy with this proposal. I would be
much more unhappy if I thought that my fellow
amateurs would allow this proposal to go through
without a mighty outcry of d issent. If we do not
yamme r to our directors and to the League ex ecu
tives abou t this inj ustice, we will not have t he right
to complain about it afterward! No r wo uld we de
serve that right.

Here is a golden opportunity for us to te st the
League's willingness to be responsive to the desires
and needs of its members. Typically, of co urse, in it s
time-hallowed att itude of paternalism, the League
will tell us that it knows what is best for us. Is th ere
anyone left who ac tually believes this? Is there any
sou l who has obse rved the debacle o f th e unused
sub-bands, and the horrendous conges tion in the
unrest ricted port ions, who can be gu llib le eno ugh to
buy this ancient and worn-out canard'?

I would be very much su rprised if th is atrocious
proposa l shou ld meet with the app roval of the
major ity of the amateu rs. Since it would result in
an adva ntage to "orne, gained through preferen tia l
bias for this one license grade, it spe lls a di sad
vantage, in effe ct , for all th e rest of us.

l et us all make cer ta in that we express our
feelings on the q uestion. Let no ama teur fail to
commu nica te with ARRL and its leaders, so that
we may avoid a perilous situa tio n in future years.
This proposal constitu tes a dangerous precedent. It
would enable so me FCC, as yet unnamed, perhaps,
to reassign port ions of our bands to whomever it
wi shes, on the simple ground that it is righ t to
exac t sta nda rds of ability from some, while permit
ting o thers to ignore any standards whatsoever! It
wou ld also es tablish that frequen cies whi ch are not
widely utilized may be preempted by groups which
might make more use of them. On this basis it
would be possible to witness a gradual att rition of
the en tire ama teur spec trum, through their reas
signmen t to anyo ne or any group with sufficient
influence to convince o r mislead the Commission.

Please, l entreat you with all earnes tness and
sincerity, do not let this proposa l get to first base.
This could be the most important d ecision you can
make during your entire ama teur life. Don 't le t it
get th rough , especially by default. Write , wire, and
call your director . Do it today!! !!

... Dave Mann K2AGZ.
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Emergency Net
Changes Name, Frequency

M EDINET-Medical I n f o rm at io n Network 
is the new name of the Public Health
Service Emergency Radio Netwo rk, the Secreta ry
of Health, Education, and Welfare announced
today. The network was organized a year ago by
t h e Division of Emergency Health Services, H ealt h
Services and Mental Health Admi nistrat ion . to
p rovide communication during h eal t h emergenc ies
when downed t e lep h o n e lines have closed n o r m al
communication c hannels.

ME DIN E T is m ad e u p of emp loyees o f the
D ep art m en t o f H eal th , Educat ion, and W el fa re
(H E W) w h o li ve ou tside t he Washingto n , D .C.
m etro p o lit an are a a n d w ho a re lic ensed amateur
r ad i o operato r s, o r " hams," MEDINET' s most v ita l
f unc t io n is t o p rov ide rap id com m u nicat ion among
h eal t h o f fic ia ls at th e local , state and federal level s
duri ng d i sasters. When norm a l com mu nica tions
ch ann e ls are closed, MEDIN ET steps in to insu re
the f ast est possib le response t o t h e hea l t h needs of
disaster a reas. Par t icip at io n in M EDIN E T is vo tun .
rerv. It is undertaken as a pub lic serv ice bv t he
HEW emplovees invo lved. W hen an emergency
occurs, MEDINE T members are excused f ro m their
normal duties so that they can participate in the
network . Network control for M E DINET is pro 
v id ed bV the National Institutes of H eal t h Radio
Amateur C lub station, K3YGG, a t Bethesda,
Marvland, a Washington, D .C. suburb.

T h e ch ange of name, j. from PHS Emergencv
Radio Network to MED IN E T, w ill p erm it ro u tin e
e n -me-et- meetings of the networ k's m em b ers
w ithout any F ed eral connotat ion . T o p romote t h e
u se of a sing le freq u enc y bv all m ed icall v or ien ted
networks-such as th e Medica l Am ateur Rad io
Cou nc i l , Ltrf. , an organ izat ion o f ph y sician hams
M ED INET's frequ encies were recenuv c han ged t o
7260 k Hz and 14280 k Hz (with 2 136 0 kH z as an
alternate) .

Presennv , ME DI NET is meeting on th e ai r every
Mondav at 12 :00 noon and every Wednesday at
5 :00 p.m. Eastern T ime. MED IN ET Contro l,
K3YGG , operates at 20 meters on 1428 0 k Hz and
4 0 meters on 7260 kHz stmvrtaoeousrv at these
times.

A few of the MEDINET members do not have
transmitters powerful enough to communicate
rfirec ttv with Washington, D .C. M ED INET, how
ever, is set up so that it c an relav messages from
station to station across the c o n t in en t. T h i s tech .
nique w as used with dramatic success in the recent
Hurricane Camille disaster on the Gulf coast.

Announcement
12th Annual Dinner

The East Coast V H F S o ciet y' s 12 t h annual
d inner w i l l be held Saturday, March 2 1 , 1970, at
t he Neptune I nn, Route 4 , Paramus, N.J ., starting
at 7 p .rn, T ed Mathewson W 4F J w ill t a lk o n
"V HF -Past, Present, and Future." Awards will b e
g iven nv Ed T ilton W 1HDO, inc luding awards f or
h ighest single and mult ioperator station in t he
September VHF contest. T he menu w ill be pr ime
r ib s of beef and ti ckets w i ll be so ld for $7.50 .
Group reservat ions are ava ilable in blocks of 5 to
10 . Ticket deadl ine is Wednesday, March 1 1. For
tickets and reservations write t he East Coast V H F
Societ y (W A 2W E B), PO Box 126 3 , Paterson NJ
07509.
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Amateur Radio
AMATEUR RADIO IN INDIA

Marie Welsh W6JEP
Reprinted from LERC Bulletin

G. v . Su lu (VU2GV) was kind eno ugh to send a
copV of t he R ad io & E lect ronics Society o f India
( R ESI ) B o o k Ser ies 1 Amateu r R ad io R egulat ions
in India, comp i led bv M . V . K in i (VU 2SZ ). T his
19 68 First Edit io n is very interest ing and o ur
readers m ay apprec ia t e the f ollOWi ng h ighl ights
w hich I ' v e ex t rac ted from th e boo k:

1. No 160 or 6 meter pr ivileges.
2 . 10 kHz o n l y o n 8 0 m et ers; 3890-3900 k Hz.
3. 10 0 kHz o n tv o n 40 m eters; 7. 0 -7. 1 MHz.
4.20, 15 , and 10 m e t ers are t h e same as our

band s.
5. 2 m eter b and i s 144-146 M H z,
6 .420-450 M Hz also used nv rad io al timeter s.
7.1 21 5 -1 300 MHz shared w ith f ix ed and

mobi le services.
8_ 230 0-2450 M Hz primarily assigned to f iXed,

mobile, and radio lo cation services. 2450
M Hz shared with f ndustrv, Medicine, and
Scientific groups.

9.330 0 -350 0 MHz shared with fixed and
mobile services.

10. 5650-58 50 MHz shared with fixed and
m o b ile services; 580 0 M Hz is for industry,
m ed ic al , and scien tific purposes.

11 . 10.000-10.500 G H z and 2 1 -2 2 G Hz are used
as ham band s.

12 . The top license i s called Grade L T his t ick et
is avai lab le t o t hose w h o are 16 o r o lder,
The code t est is at 12 w p m and the th eory
t est is abou t t he same as o ur Nov ic e exam ,

13 . The o ther l ic en se is ca lled Grade I I. Th is
ticket i s ava i lab le to th ose 14 o r o lder. The
code t est i s at 5 wpm and the th eory test i s
2 5% easie r t han t he G rade I ex am.

14. T h e max imum input power for SSB oper
ation h as been increased from 100 to 400W
PEP.

15 . Mobi le operation is n o w au thorized on the
V HF bands.

16 . There are about 5 00 licensed hams in I n d ia ,
and the majority of them are quite new to
the hobby.

17. Ham literature is ver y scarce in India and
o rdinary electronic c o m p o n en t s are just
about nonexistent.

18 . Amateu r licensing exams are conducted (bV
appointment on ly) at 5 monitoring st a t io n s
of the D ep ar t m en t of Commun ications and
C iv il A viat ion with requests addressed to the
W ireless Adviser, Wi reless P lan nin g and
C o ord in atio n , Ministrv of T ransp o rt and
C om m u nicat io n .

19. The Grade I exam fee is 10 r upees and the
G rade I I fee is 5 rupees.

2 0. Grade I station app l icat ions cost 1 5 ru p ees
and G rade II ones cost 10 ru p ees.

2 1. G rade I l ic en ses w i l l soon b e ren ew ab le f o r 3
y ears at 42 ru p ees.

22. G rade I I licen ses are n o t renew ab le after 3
years; the holder must upgrade to Grade I or
lose his license.

23. H am licenses can be gran ted to nationals of
other countries.

2 4 . Station particu lars must be detailed on the
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FCC Notes

station applicatio n . I f not comme rcia l or
su rp lus equipment, 8 diagram of t h e trans
mitter mu st be attached. Receiver detai ls
m u st be attached . A sketch of th e a nten na
(showing dimensions and mechanical sup 
por ts) m ust be included.

2 5 . The powers at the (1) power supply, (2)
final amp li fie r input, and an ten na inp u t
m ust be st a t ed on th e stat io n app lic a t io n .

26. Th e des ired transm itting and re ceiving f re
q ue nc ies mu st be stated o n t h e statio n
applicat io n.

2 7 , Th e equ ipment f requ ency range ca p a b ili ty
m u st b e stated o n th e statio n ap p lic a t io n.

28 . T w o cesso o r t -stee p hotographs are required
w ith t he o pera to r app licat ion.

29 . The app lica nt's p hysi cal d e scription and p er
sona l data are required on the operat or' s
app l icat ion.

CB Traffic Reporting Authorized

CB ru les (S ection 95.83(a) (1 4) h ave been
amended t o permit licensees to transmit tn torme
tion on highway conditions to persons o r emer
gency organizat io ns fu rnishing such information t o
the motoring public by way of radio b roadcast
facilities ( Docket 18625 ; A M -1 3 8 8) . The amend
m en t w ill p rovid e for road in format ion furn ish ed
by a C 8 rad io statio n to b e comp iled and edited by
the b roadcaster and t hen annou nced o ver a bro ad 
cast fac ility.

40 Meter Segment Opens
for Ham Band Marine Operation

A mendment of the amateu r service rules Sect ion
9 7.95(b ) (2 ) c o n cerning m aritime m obile operation
perm its U nited States amateu rs , w hen o u t side the
j u risdict ion o f a fore ign go vernmen t , t o o perate in
t h e 7 .0 ·7 . 1 MHz b and in areas o f E uro pe, A f rica ,
and Nor t hern Asia ( Regio n 1 ) and South ern Asia
and Oceania ( R eg ion 31, effective Decem ber 3 1,
19 6 9 . T he 40 meter freq u encies f rom 7 to 7.1 M Hz
have been allocated for exclusive use of t h e
amateur rad io serv ice on a worldwide basis.

Page~

The 3rd Annual Blossomland Amateur Radio
Auction wil l be held March 15 ,1 9 70 at the Youth
Memorial Bui lding, Berrien County F airgro u n d s,
one mile north-west of Berr ien Springs, Michigan.

L ast year o ver 3 0 0 amateurs t urn ed out for
Southwester n M ichigan's f astest g ro w ing ham
even t , and wen t home with ca r loads of fine gear
(o r money ). Th e 19 70 auct ion p rom ises to be
b igger and bette r.

Ac res of free parking wi ll b e ava i l ab le f or t h e
tra il erl o ads of b argain s t h et w i l l no d o ubt show u p .
D on't pack a lunch . . . h ot food w i l l b e ava i lab le.
P refer t o d o y ou r own sellin g? Rent o ne o f t he
swap tab les. I f t hat fai ls, a sk illed auctioneer wil l
pu t your gear on t he b lock .

O ne hap py ham went away w ith a H eathk it
H o twat e r laO-th e gra nd prize last year. A lot of
others won smaller it em s. W hat w ill this year's
door p rizes b e? Be t h ere March 15 and find out.

Coming f rom out of town? Just get on US
3 1-33 to the F airgro und s north of Berrien Springs.
Running mobile on 75 or 2 ? Direction service and
c all -in on 3925 or 146 .9 4 F M .

Check you r shack now. ..and be at the auction
between 10 a.m. and 1 p .m. (starting time) to
convert t ha t old gear into some th ing easier to
car ry• . .money.

... WA6YZO, as lifted from
t he Sacramen to Club paper

Storm Warning
I n the March 1969 issu e of Popular S c ience

there was an in t erest in g art ic le expla ining the
Newton Weller system of u sin g your TV set as a
tornado w ar n in g device . The mechan ics are simple:

• Tune your TV set to c h an n el 13
• Turn the brightness con t ro l u n t i l t"e sc reen is

dark
• Tune to ch an n e l 2
If the screen is wh ite , then there is a tornado

nearby. White streaks on the screen are an indica
tion o f lightn ing acti vity . A dark screen shows there
are no electr ical storms in the area. If there is a
loca l station on channel 2 , you may see its picture
inst ead of a b lank sc ree n .

Newton We l ler fou nd t h at tornados have an
oscilla ti ng elec t rical f iel d arou n d t he eye. T h e
f requency of t h is oscil lating f ie ld i s ve ry c lo se to
55 M Hz ( that is, ch an n e l 2) . One darkens t he
screen wh ile tu n ed to channel 13 to give a
ref er en ce as f ar fro m 55 M Hz as possible. The high
signal level p ro d u ced by the tornado or electr ica l
storm is enough to turn the screen white on
c h an n e l 2 .

Blossomland Annual Auction

Fest
hamfest will take

on February 2 2 . For
Sill AAC, Box 892,

Fort Sill
The annual Fort Sill

place in L aw t o n , Oklahoma
details, write L aw t o n - F o r t
L aw t o n OK 73501.

News

OLD TIMERS

•

T h e " O ld Timers Dinn er" f o r th e Southeast
U.S . spon so red by th e Birmingham A mateur R ad io
Club w i l l be held at 7 :30 p.m. , F ebruary 14 , at t h e
H o liday Inn E ast (H ighway 78 E ast ). L el an d
Sm it h, W4AGI /W5 KL, w i ll b e th e featu red speak 
e r.

Thi s ap pears t o be an annua l even t , p redic ated on
th e trem en d ou s c ro w d attendin g last year . A
lic en se issued before 19 3 0 ent itles a h am and his
w i fe t o a f ree din ner.

An tique equipment, magazines and " hams" will
be on disp lay.

For further information contact W 4GET 0"
W 4AXL, Box 603, Birmingham AL.
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The circuit boards were hand painted
with photoresist after fir st ruling the edges
o f the lines with a resist pen . Then the
circuit boards were etched with ferric chlo
ride . The ends of the st raight dipole section
were plugged , and the coils held in place
with a single screw in each end . There is one
left-hand and o ne right-hand coil, so that
with the conduc ti ng sides of the coils turned
toward each other, the cur re nts in the co ils
oppose each other to reduce premature
radiation.

The final touch is the tuning means,
wh ich consists of telescoping brass tubings
(I o btained them from a local hobby shop).
The inner tubing is 1/1 6 in. G.D. an d the
outer tubings are soldered to the ends of
their respect ive coils.

This little antenna turned out to be my

FEBRUARY 1970

favorite, as it was inconspicuous and could
be taken down and lost in a small piece of
airplane luggage. Since it is matched to a 50
ohm coaxial cable (usually RG-58{U), all
t hat is necessary is to connect it, tune it , a nd
go on the air.

Good results were ob ta ined fr om the
outset with the antenna sitting on the
nylon web of a lawn chair on the balcony.
In the fa ll I hung it in two plast ic waste
baskets, one inverted on top of the other;
there it sat all winter long bringing in the
contacts. The maximum power used was
provided by four 162S ·tubes in a homebrew
grounded-grid linear. Estimated input is
300W PEP with addi tional feed through
from the exciter. That power level is about
the limi t for the print ed circuit coils.

These an tennas have been a real fun
thing, from the very first successful model 
which was a 2 ft dipole on 40 meters. A
prototype 4 ft antenna was made for 40
meters and a few were made and sold to test
the market. There is presently no commer
cial product available, but a patent " has
been granted on the antenna .

The antenna system comprises an end
loaded dipole with ma tch ing impedan ce in
the center. The st raight dipole has a high
radiating efficiency , and there is undoubted
ly a substantial contribution from the strong
electrical dipole prod uced by the two end
coils which are opposed magnetically. This
accomplishes two things :

I. Radiation at right angles to the prin
cipal field of the st raight dipole is reduced
or nearly eliminated .

2. Radiation off the ends is also greatly
reduced , thus avoiding or reducing losses
which migh t othe rwise occur through cou
pling with nearby lossy objects.

Although a highly efficient antenna
should be possible in this configuration, the
efforts have been concentrated on making
small lightweight antennas, for economy,
ease of handling, and with minimum space
requirements. The actual efficiencies would
be very difficult to calc ulate since the
dist ribution of the current in the coils is a

" Paten t No. 3,432,858 owned by the au thor. The
author does no t object to having ama teurs bu ild
these antennas exclusively fo r their own experi
men tal use.
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The keycase and ruler are shown beside the 18 in.
15 meter dipole for size comparison. A string
attached to a clamp under the screw on one end
permits hanging the antenna from a convenient
support. One word of caution : the coax must be
kept several inches away from the coil edges to
avoid a de tuning effect.

complex phenomenon, However, with an
tennas, performance is the prime criterion 
and this has proved very gratifying; the
antennas have been tested and used by

•
several of the author's friends with consis-
tently good results.

One of the greatest advantages of the
antenna is its small size and weight which
permit it to be placed more favorably at
times than such antennas as the ground
based vertical or a half-wave dipole, Taking
advantage of its size and independence from
the ground, it can be placed at an optimum
height for the desired angle of radiation. Or
it can be used either horizontally or vertical
ly to achieve optimum propagation over
short o r long hauls. For example, the 4 ft 40
meter dipole worked very well vertically for
the long hauls, but better horizontally for
distances of 60 to 100 miles.

26

•

The advantage of ratsmg the antenna to
an optimum height, which for longer skips
may be one-half to one wavelength above
the ground, may be seen from the graphs
contained in an article by W. H. Anderson
VE3AAZ (Antenna Behavior Over Real
Earth, QST, June 1965 , pages 61-64). The 9
ft 40 meter antenna weighed 3 1/2 pounds
and thus could be placed on a light support
anywhere on the house or other structure
where a little free space was available. Thus
in a vertical position at some height above
the ground , it might perform as well, or
better, than a quarter-wave ground-based
vertical. As seen from the above, there is no
reason why the antenna cannot be mounted
horizontally and rotated. This, of course, has
been done, and although the tests made were
not extensive, it was found that the short
dipole (4 ft on 40 and 8 ft on 80 meters
have been tried this way) behaved direc
tionally about like a half-wave dipole.

Very good results have been achieved
with the 40 meter dipole in the vertical
position at a height of 25 ft. Africa and
Ireland were worked from the W9 location
with this arrangement. However, one thing
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196·23 Jamaica Ave., Hollis, NY 11423
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THE EASV WA'i!
• N~ 1001... To Read
• No Vlluol Gimmick.

To Dhtroct You
• Just LII'en And Le.rn
Bosed on modern psycho lov1col
techn iques-This c~ur.e will toke
you bey ond 13 w.p.m. In

LESS THAN HALf THE TIMEI
Ava ilab le o n m agnet ic
tape , $ 9 .9 5 . Cassette , $ 10 .95
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•
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DUAL GATE MOSFET

PRE-AMPS

....
'e

t o 175 MHz. S21.95 ppd.
to 300 MHz. S25.95 ppd.
to 400 MHz. S29.95 ppd.

NEW FOR 19 70 !
The above mod els no w have rf ga in co n t ro l.

to 300-450 MHz.
See Mod e l 2 0 2 in o ur cata log.

• Avai lable from 5 MHz. to ",,50 ""'1Hz . BandwIdth is
appro.lmately 3-;. of frequency.

• Vo ltage gain 30 to ",,0 DB depending on frequency.
• Two Dual Ga.. MOSFET amplifier stag es with eac h

having a t uned Input . nd tuned ou tput. Each Dual
G. te MOSFET Is a ct ually an integr.ted cascod e ci r
cui t thus <;lIving you 2 cascode circuits eq uivalen t
to "" tr iodes.

• E.cept io n. lly low nohe 12.5 DB . t 175MHt .), great
ly reduced crou modulat ion .nd 10 t imes the d y
namic range (signa l hand ling capab ility) of the best
bi-pola r transistors. Also superior ta preamps usino;
'Iunction FEls and Single Gate MOSFETs.

• nternal connections for high Impedance AGe or
ma nual <la in control if needed .

• Type BNC input and output recepta cles for minimum
lou at UHF. Standard Impedance Is 50-75 ohms.

• Ca refully tuned at a ur l<lI bora tor'( with sweep ge nera
tor a nd oscill osco pe for t he best b a ndpan chracter
tstrc.

• Full wave UH F d iodes protect inp ut transistor.
• Operates on 6 to " vo lts DC , 5 to 15 Ma.
New Yor. City and State residents ad d local sales tax.

VANGUARD LABS

Albu,. "nllllll thru 12"
LP', 2V, hr. Inllructloll

was learned wit h the 40 me ter a nte nna on
the top o f a telescoping st eel pole. The base
of the pole was on the ground , an d when
the grou nd was wet and t he pole extended
to a quarter-wa velength, the pole sta rted reso
na ting and cha nged the rad iating resistance of
the short dipole and , conseq uent ly, the vswr
which is normally kept low ( I: I at the
cente r-t uned frequen cy in the vert ical posi
tion wh en opti mu m adj ust me nt is achieved) .

The ex pe rience wit h the radiat ing sup
port , of course, is ind icative of what ca n
happen with any por table antenna. It is
subject to variations in cha racte r ist ics when
brought near ot her objects wit h nearly the
same freque nc y o f resonan ce . When t he
lower end of the telescoping stee l pole was
insulated fro m th e ground, it was po ssible to
extend it to any heigh t (with in its 40 ft
capacity) witho ut cha nging t he tuning of
the antenna. Of course, t his was with the
an tenna in the vertica l po sit ion . Wi th t he
short di pole in t he ho rizontal posit ion , it
could be expec ted to cha nge its charac ter
istics as it s height was c hanged due to
imaging in the ground.

T he possibi lities of ex pe riment ing wit h
antenna heigh t vs propagat ion effec ts on the
40 and 80 meter bands with small ligh t
weight an tenna s of this t y pe are excellent
since they require only ligh t weight supports
an d may be easi ly mo un ted in eit her t he
horizontal o r vertical posi tions down to a
very sma ll frac tion of a wavelength from the
ground . The 4 0 me ter dipo le worked very
well 6 ft above the ground and co uld
undoubt edly be used even lower. This was
in the vert ica l position which, with a half
wave dipole, would put the current node 40
ft off the ground (i ns tea d of 8 ft ). In the
horizo nt al mode, bo th the 4 ft antennas on
40 meters and the 8 ft ante n na on 80
meters have bee n mount ed di rectly to a
steel mast with right-angle clamps with good
results. The clamps were placed close to the
cente r of the st raigh t dipole section and on
the same side to which the coax shield was
connec ted.

One of the first q uestions asked is
whether multiband o pera t ion is possib le
wit h t hese shor t dipole antennas. First , t he
antennas may be tun ed to the odd har
mo nics of the fu ndame nta l freq uency of the

-
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antenna . Thus, the 4 ft dipole for 40 meters
worked very well on 15 meters. One 2 ft
dipole for 15 met ers and 20 meters tuned to
a low vswr on 6 meters.

T he 2 ft dipole for 15 and 20 meters
contained a trap in eac h coil to permit
operation on the two bands. Fine adjust 
ment in both bands was accomplished by
adjusting taps on the inside turns of the end
loading coils. The coils tune sharply, mu ch
like mobile antennas, as the radiating resis
tance is low and the overall Q of the
antenna is h igh . It was foun d tha t wit h the
18 in . dipole for 15 meters , the entire phone
band could be tuned wit h my SSE Model 34
transceiver. However, the 4 ft dipole re
quired adjustme nt to cover the entire phone
band on 40 meters , as when tuned I : I at
the cen ter of the phone band, the vswr at
7.2 and 7.3 MHz was about 3 : I. An
experi me ntal remote t uning device wit h a
reversible motor was built and operated on
40 meters. This device permitted tuning
right "on the button" o n both 40 and 15
meters.

The coil dim ension s for 15 meters are 7-318 by
7-3/4 in., an d the turns are purposely made wider
in the center where the curren t is higher. The inner
conductor (first turn ) is 114 in. wide, and th e next
two graduations in conductor width are supposed
to be 3/1 6 and 118 in . respec tively. On the left side
may be seen th e tu ning stub, which is a 1/16 in.
O.D. brass tube which slides in a larger tubing. The
larger diameter tub ing is soldered to the end o f the
printed circu it coil.

T hree 4 ft dipo les were wide-spaced 6 ft
above the ground to fo rm a beam. As they
were fixed and could not be rotated the,
direction of the bea m was cha nged by
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running out and quickly interchanging the
director and reflector or front and back
dipoles. The beam seemed to have a good
fro n t-to-back ratio , but the gain was no t
checked. It appears t hat two or three such
dipoles on a boom might be great for 40 or
80 meters. They could be used as a rotatable
beam either with horizontal o r vertical
polarization . This could be changed remote
ly by a motor drive , which should lead to

some interesting experiments in propagation
effects .

Tuning t hese antennas requires some
type of instrume ntation to determ ine opti
mum operating cond itions. The minimum
should include at lea st a vswr meter. The
antennas should be tuned so that near zero
o r very low reflected power is in evidence. If
the center matching impedance is proper,
the o nly tuning required is to adjust the two
coi ls un til the an tenna is resonant at the
o perating frequency. Then the vswr should
be near 1:1 . Init ially , if the match ing
im pedan ce is a litt le off , it may not be
possible to bring the reflected power down
near zero, but a low point will be found
indicat ing resonance has been ac hieved. In
creas ing or decreasing the mat ching imped 
ance should t hen permit ac hieving a low
vswr. Re tuning the coils may be necessary
if a large change is made in the cen ter
matching impedan ce .

A grid d ip meter or o ther instrument
such as the Omega-t Systems antenna noise
bridge can come in handy to find out the
resonant frequency of the antenna before
tuning. The an tennas arc generally made with
sligh tly longer coi ls than necessa ry to permit
adjustment to various cond itions. The 18 in .
di pole for 15 meters has a jumper from the
center cond uctor to the first tu rn to bring
the antenna into t uning range. T he jumper is
a piece of bare copper wire so lde red at the
ends.

For t he amateur who likes to experi
ment , or the amateur with limited space fo r
antennas, these antennas have many inter
esting possibilities. For the amateur who has
every thing, one for portable use , o r maybe
for use just for the fun of shocking so meone
by saying, "I'm using a 4 ft dipole ante nna
on 40 meters," ma y be the order of the
day. . . . K9 LGH-
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MODEL 508 V FO-SWAN 500C T RA N S C EI V ER -1 1 7 X C POWER SUPPLY-MARK I I LINEAR

~ 12 VOLT DC POWER
SUPPLY FOR 500C TRANSCEIVER

Model 14-117, designed for mounting under hood. In
cludes cables, plugs and fuses. Can operate from 117
volt AC by detaching OC module and plugging in 117
volt line cord. $130

A Subsidiary of Cubic Corporation

SWAN HORNET
8EAM ANTENNAS
latest addi tion to the Swan-line. High quality, high per
formance antennas for the amateur bands. Best known
are the famous Hornet Tribanders, made in 2, 3 and 4
element models. The TB-IOOOseries is rated at 2000
walls, the slightlysmaller TB-750 at 1500 walls.
T8·1000·4 4 element $159
T8·1000·33 element 129
T8·750·2 2 element . . . . 89
T8·750·3 3 element .... 109

SMrAItI
ELECTRONICS
OCEANSIDE. CALIFORNIA

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

~ TOP OF THE SWAN·L1NE
THE FAMOUS 500C TRANSCEIVER

520 walls P.E.P. input on10, 15,20,40 and 80 meters.
Finest crystal lallice fil ter with 1.7 shape factor. ~
microvolt receiver sensitivity. Voice quality, perform
ance and reliability are in the Swan tradition of being
second to none. $565

~ MODEL 508
EXTERNAL VFO

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

~ CRYSTAL CONTROLLED
MARS OSCILLATOR

For Mars or Net operation. Model 510X. 10 channels.
Plugs directly into 500Cor 270. l ess crysta ls. $55

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

~ MODEL 117XC
MATCHING AC SUPPLY FOR 500C TRANSCEIVER

For 117 volts, 50·60 cycles, with speaker and phone
[ack. $105

-



HIGH PERFORMANCE
CONVERTER

FOR S

\.io'- --- ----

A lan Wilson WA9HES
308 East Wood Street
Hillsboro IL

Heell l(Jobllg around [rantically [o r olle oj tli c good old
converter circuits: llerc ','i on e thai Inif' S a N uvis/or for high
gain and loionoise 011 (j met ers.

The first addition to my 6 met er stat ion
was the converte r descri bed be low. The
unit is designed with t he idea of obtain ing
high performance with a mi nimum of cir
cuitry. I will attempt to describe the unit in
such a way that it can be easi ly duplicated.

Circuit

A 6CW4 Nuvisto r serves as the rf ampli
fier. Oscillato r and mixer fun ct ions are
provided by a single 6U8A. The 6CW4 must
be neutralized , but the low noise figure

30

obtained by the use of t his tube mak es the
extra effort worthwh ile. The pen tode section
of the 6U8 A is uti lized as the mixer. This
arrangement provides adequa te ou tput fo r
any reasonably sensitive receiver.

The oscillator uses the triode section of
the 6U8A. A third overtone crystal dete r
mines the fre quency . In my un it a 4 3.2 MHz
crysta l gives coverage from 50.2 to 50.5
MHz using the 40 me te r band as an i-f. Other
crysta l frequencies could be used to cover
o ther segme nts of the band , or if a ge ne ral
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coverage receiver were employed , a 43 .0
MHz crystal would cover the entire band
with out put between 7 and II MHz.

Construction

In order to obta in o ptimum results the
convert er should be built in accordance with
good VHF practices. All components should
be mounted rigid ly, keeping the leads as
short as possible. Prewound Miller coils are
used th roughout. Note that the mixer o ut-

•
put coil is from the 2 1AOOOR BI series. A
coil of the same induc tance but from the
smaller 20AOOORBI series would not allow
fo r winding the o ut put link . I used silver
mica ca paci tors for all tuned circuit and
coupling purposes. Small tubular ce ramics
would serve as well . All bypassing is done
with 1000 pF cera mic discs.

The only crit ica l part o f the conver ter is
the neutralizatio n circuit. The 1.5-7 pF
neutrali zing ca paci tor must be secured solid
ly. The body of the 6.8 kn resistor shou ld
be positioned as close to the lower end of
L3 as possible. This is necessary because the
resistor has a dual purpose . It functions not
only as a series dropping resistor but also
serves to keep the bottom of L3 above
ground.

Tuneup Procedure

The first step aft er applying po wer is to
adjust L7 for maxi mum rf o utp ut as indica
t ed by a grid dip meter in the wavemeter

The rt stage wim the associated neu tretizinq cir
cuitry is at the upper left. Output from the mixer
is coupled to J2 via a length of RG·58/ U.

positi on. Next, connect a short length of wire
to J I and se t the grid dip me ter to gene ra te a
6 meter signa l. Now connect the converte r
to the receiver with a short piece of coax
and adj us t L5 for ma ximu m signa l as indi
cated o n the receiver's S-meter. Next, se t the
neutralizing capacito r at midrange and tune
L2. L3. and L4 for maximum signa l
strength . Now disconnect the 6 .8 kn re sistor
from the high voltage source and adjust the
neutralizing trimmer for min imum signal as
noted on the S-me te r. Finally , reconnect the
resistor a nd repeak all five coils. The con
verter is now set fo r near opti mu m perfor
mance .

000 "

g

cr "
6(: W4 , 2~r- 112 6 US. • IO pF± "1re..

ca • • '(>0' ,
--- L3 L4 2 ---

'~ I !-. '" ; t::
IOPF 1 )

r~" , "'00'1 ,.

,~'1
I ~'7pF ,.

'50

±, 000 " 6e~ ",. ,.
, 30pF

"1/2 6V8A ,
lS p F1,

---
4 3 2 " HI ~ ~. • "I ;t OOlIlF, , ,J, , .

ro ' •
ig. 1. en is a ceramic trimmer. Cl is a 2.5 pF ••
gimmick " m ade by twisting two p ieces of 22 • • •
WG hookup wire together fo r 1 ~ inches. Jl and 6(\, ~~.2 are RCA female p hone connec tors. PI is a ~ " , .
assis-mounted m ale octal plu . ,

"
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J
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",.-------'N,--,-,EED CRYSTALS?

~'!f::f 48hr.
, .~DELIVERY

Power Su pply

The power source used should su p ply
+ 150V and 6 .3V with minimum cur rent
rat ings o f 50 rnA and 75 0 rnA , respectively .
T he high vo ltage shou ld be regulated . In my
applica tio n a single OD3 regu lated su pply
St.: rvt.:s both the 6 meter converte r d escribed

24008 Cr~1I1 Dr., Ft . Mylu, fla . 15101

$160 4 tor 5500
'50
35.
225
1.50 4 lor SSOO

3Y2 turns No. 2 2 in sulated o ver L2
Miller ~O A 687 R B I

Miller ~OA 827RB I

Miller 2IAI 55RB I
5 turns No. 22 insulated o ver L5

L4 spaced .Y.; inch center to cen te r

LI
L2. L4
L3 . L7
L5
L6
L3 and

Coil Data

... WA9II ES-

here and a simila r 2 meter converte r. The
high voltage is con tin uously o n in both units
a t all times, and the fi lame n t voltage is
ap plied to the con verter in use.

Results

After using t he con verte r fo r severa l
months , I am co mpletely sa tisfied wi th it s
performance. At no time have I experienced
problems wit h sta bility o r the " bird ies"
commonly encou nte red in VHF co nverte rs.
When t he hand is o pe n t he con verte r pulls in
the weak o nes, ye t does no t suffe r from
cross-modulat ion effects with t he lo cals. If
you h uild t he co nvert er as shown, I am sure
tha t you will he tho ro ughl y pleased . Be
seeing you o n 6 .

ORDER DIRECT
w ith check o r money order t o

S p ec ia l Q uan t it y P rices
to Jobbe rs a nd Dea lers

We have in stock over six million crys tals
which inc lude types CR IA /AR . FT:!4 3 .
FT ~4 1. ~1 C7 . Fr ~4 ') . IIC6 / U. 1IC1 3/ U.
e tc . Send lO~ fo r our !Y70 cat alog with
osci lla to r circui ts. listi ng thousand s o f I re
quen cics in stoc k fo r immediate delive ry .
(Add I O~ per crysta l to above prices for
shipmen t 1st class mail : 151/ each for air
mail. l

Because GBC offers top
quality, fully guaranteed,
factory sealed vidicons for
less than halfthe priceyou'd
have to pay anywhere else!

HITACHI 7038H 29.50
HITACHI 7735A
High sensitivity ....... .34.50
HITACHI 7262
(Replacement for Sony
& Panasonic!. 34.50
HITACHI 8507
(separate mesh!. .74.50

All vidicons sold in lots of five.
Add 10%for lesser quantities.

/GBC/
Closed Circuit TV Corp.

74 Filth Avenue, N.Y. ,N.Y. lOOIl / 12121989-4433

,---SPECIALS------,
Color Tv C ,y~ I .1 (3519. 54SKH / 1wile leads
l DOKH] trellllency st.nd. rd c.yn"lj HC 13 Ul
IOOOKH I 1rl'lIUl'IlCy sund.rd (HC6 Ul
Ally CB (. ytl.t lI"n$ll'" D. receive
Any " OldleUI band Cl ySI.1 m FT 143 holders

le_crpl 80 melers)
Any n"1II1t' h ellut .,Cy (HC6 Ul 285
80 meter Cl yslals m FT 243 hold ers 2 SO
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Cleveland Institute of Electronics
has been successfully teaching Elec
tronics by mail for over thirty years.
Right at home, in your spare time,
you lea rn Elec tronics step by step.
Our AUTO-PROGRA M M ER@ lessons and
coaching by expert instructors make
everything clear and easy, even for
men who thought they were "poor
learners."

Your FCC License •••
or Your Money Back!

By the time you've finished your CIE
course, you'll be able to pass the FCC
License Exam with ease. Better than
nine out of ten CIE graduates are
able to pass the FCC Exam, even
though two out of th ree non-CIE
men fail. This startling record of
achievement makes possible our fa
mous FCC License Warranty: you'll
pass the FCC Exam upon completion
of your course or your tuition will be
refunded in full.

Find out more. Mail the bound-in
po st-paid card for two FREE books,
" How To Succeed In Electronics"
and "How To Get A Commercial
FCC License." If card has been de
tached , use coupon below.

Name -;;=...=,, A" _

Add ress _

ENROLL
UNDER NEW

G.I. BILL

AU e I E courses
are available un
der the new G.1.
Bill.Ifyou served
on active duty
since January 31,
1955, or arein ser
vice now, check
box on card for
G.I. Bill informa
tion.

maintain at least 15 base stations and
85 mobiles. This would add up to at
least $12,000 a year.

H ow to Get Started
How do you break into the ranks of
the big-money earners in two-way ra
dio? This is probably the best way:
1. Without quitting you r present job,
learn enough about electronics fun
damentals to pass the Government
FCC License. Then get a job in a
t wo- way rad io serv ice shop. and
"learn the ropes" of the business.
2. As soon as you've earned a reputa
tion as an expert, there are several
ways you can go. You can move out,
and start signing up your own cus
tomers. You might become a fran
chised service representative of a big
manufacture r and then sta rt getting
into two-way radio sales, where one
sales contract might net you $5,000.
Or you may be invited to move up
into a high-prestige salaried job with
one of the same manufacturers.

The first step-mastering the funda
mentals of Electronics in your spare
time and getting your FCC License
can be easier than you think.

r---------'r-------------------------,
<l

C IE Clevelend Institute of Electronics
1778 E ..st 17th Street. Cleveland. Ohio 44114

Please send me without cost or obligatlonl
1. Your 44-page book " How To Succeed In Ele ctronics"
describing the job opportunities in El ectronics today, and
how you r courses can prepare me for them.
2. Your book on " How To Get A Commercial FCC License."

H ow WOULD YOU LI KE to earn $5 to
$7 an hour. .. $200 to $300 a week

... $10,000 to $15,000 a year? One of
your best chances today, especially if
you don' t have a college education, is
in the field of two-way radio .

Two-way radio is booming. Today
there are more than five million two
way transmitters for police cars, fi re
trucks, ta xis, planes, etc. and Citizen's
Band uses-and the number is grow
ing at the rate of 80,000 per month.•

This wildfire boom presents a solid
gold opportunity for trained two-way
radio service experts. Most of them
a re ea rning between $5,000 and
$10,000 a year more than the average
radio-TV repair man.

Why You'll Earn Top Pay
The reason is that the U.S. doesn' t
permit anyone to service two-way ra
dio systems unless he is licensed by
the FCC (Federal Communications
Co mmiss ion). And th ere a ren' t
enough licensed experts to go around,

This means that the available li
censed expert can "write his own
ticket" when it co mes to earnings.
Some work by the hour and usually
charge at least $5.00 per hour, $7.50
on evenings and Sundays, plus travel
expenses. Others charge each cus
tomer a m onthly retainer fee, such as
$20 a month fo r a base sta tion and
$7.50 for each mobile station. A sur
vey showed that one man can easily

More than 5 mill ion two-way teens
millers have skyrocketed the demand
for service men and field,system, and
R&D engineers, Topnotch licensed
experts can earn $12,000 a year or
more.You can be your own boss, build
your own company, And you don't
need a college education to break in.

How to get into one of today's hottest
moneYimaking fields-servicing 2-way radios!

H p' . fl yin g high . Before he got his CIE training and FCC License , Ed Dulaney 's o nly
professional sk ill was as a com mercial pilot engaged in crop dusting. Tod ay he has
his o wn two-way radio com pany, with seven full-time employees. " I am m uch better
00 financially , and really en joy my work ," he says. " I fo und my 'electronics lessons
thorough and easy 10 understand. The CIE COJ4rse was the best investment I ever made."

• •
••

Bu.in plS ,. boomb,g . August Gtbbemeyer
was in radio-TV repair work befo re study
ing with CIE. N ow, he says, "we are in
the marine and two-way radio business .
Our trade has grown by leaps and bounds."

• •
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PC Construction

Fig. 1. '!'erminal strips simplify pro to typing because
of the ease with which they can be soldered to a
copper-clad printed circuit board. (photo by G.
Gfrerer.)

and the terminal lugs can be used again. I am
still using the same dozen lugs that I
originally purchased five years ago!

Once an operable circuit is realized, you
will no doub t wish to put it in some finished
form. The most common packaging tech
niq ue is the printed circuit mounting
arrangement. This appears to be a lot of
work to the average person, and most of the
"simp le" methods described in art icles on
the subject tend to leave doubt in readers'
minds.

After trying many methods I found a way
which satisfied these basic requirements:

-Only one chemical required
-Minimum artwork
-Minimum time between circuit and

printed board
- Capability of small quantity production

if desired
- Ability to directly utilize PC layouts

already in magazine articles

The key to the entire system is a flexible
clear plast ic sheet which has adhesive on one
side. This is sold as an inexpensive method
fo r plastic laminating of documents. One
large envelope conta ins two 8 x 12 in. pieces
for 994.*

If you would like to build an item from a
magazine article and the author has printe d
the artwork for his board, you 're home free.
Cut the artwork out, and st ick one or two
layers of laminating plastic on each side of
it. Take a razor blade and cut ou t all of the
conductor areas and remove them. Yo u now

"Clean-Vu Plast ic Film Pro tector, Sterling Plastics
Co., Moun tainside, NJ .

Since the average junkbox seldom yields
all the specified co mponents fo r any project ,
how are we to avoid unnecessary effort in
construction projects? After many miles of
solder joints a method has evolved which I
believe is the most direct route from circuit
to fin ished product, be it chassis or printed
circuit board ..----......

Breadboarding

The first step was to evo lve a minimum
effort me thod of breadboarding a circuit,
particularly eliminating drilling, mounting,
and hardware wherever possible. An arrange
ment was sought whereby minimum material
was used and this rna terial could be used
over, time and time aga in for o ther circuits.
Another requirement was tha t the method
be co nsistent with good VHF wiring tech
ruques.

What followed was an extreme ly simple•
system consisting of two basic components,
a piece of copper-clad printed circuit board,
and a q uantity of inexpensive miniature
terminal strips. The board can be purchased
at almost any electronic supply house or
from any number of mail order firms fo r
about $2 a square foot. The miniature
terminal st rips are also inexpensive.

At first a selec tion o f multilug strips
w~re purchased as well as the single-lug
st rips; however, afte r many projects if was
fo und that the multilug strips we re seldom
used as most circuits were co nst ructe d with
the single-lug strips. The miniature terminal
strips are a lot easier to work with than their
normal sized predecessors, and enable you to
get a higher component density for a given
area of copper-clad board.

The method is simple to use; merely
decide where on the board a connection is to
be made bet ween two conductors and
simp ly solder down the foo t of the terminal
strip in that spot (see Fig. I ).

Cond uctors to be grounded are solde red
directly to the board. In th is manner the
entire circ uit is co nst ructed and changes
require only the resolderi ng of a terminal
lug. I usually keep my componen t leads as
long as the circuit considera tions will allow;
after completion of the breadboard p hase, I
can unsolder everything. The components
are then used in the actual finishe d product
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have a piece of plastic laminated paper wit h
holes in it, which we will call a mask.

Cut a piece of copper-clad board to size
and place t he mask on t he board. Use a
couple of small alligator clips to keep the
mask fro m moving position. Take a can of
opaque sp ray lacquer (any color), a nd using
minimum paint, spray the board and mask.
The board and mask should be ly ing on a
flat horizonta l surface, and you should be
spraying straight down.

Be sure to shake the paint thoroughly and
hold it about 12 in. away from the board .
Some practice may be necessary in spraying
to keep the paint from running. The job may
be done with a series of light sprayings with
about 5 min. drying time between . Once you
have finished spraying, lift the mask u p
vertica lly from the board to avoid smearing
the pain t.

After allowing the painted surface to dry
30 min. we can correct any fea thered edges
in the painted areas. These will sometimes
occur to varying degrees because the mask
will not usually lay perfectly flat on t he
board. T his can be alleviated to some extent
by using mo re layers of plastic on each side,
but it t hen becomes more di fficult to cut the
ma sk. A sharpened ink eraser wi ll easily rub
away smears.

Aft er t he board is prepared to your
sa tisfaction, immerse it in a plastic or glass
tray of ferric chloride o r iron perchlo ride.
These solutions are now commonly sold in
supply houses under t he descrip tion of
"etchant. "

T he etching time will vary wit h the
strength of the etchant , its temperature, the
th ickness of the co pper layer, the amount of
agitation , etc.

Once the unpainted copper has been
completely etched away, remove the board
from the solution . But be especially careful
to avoid getting any acid on you or your
clothing! Carefully wash the board with
lukewarm water and soap.

The lacquer may be removed by a variety
of means. The easiest way is to brush on
lacquer thinner, which removes it very
quickly . Or it can be removed with steel
wool or a kitchen scouring pad.

The remaining co pper should be coated
with solder to protect it from corrosion .

"tr $peaks for Itself"

6lgnS/jDne
A Division of ECI (An NCR Subsidiary)

2200 Anvil Street No,
St. Petersburg, Fla. 33710

SIGNAL/ONE engineers did it by putting
state-of -the-art technology to work in a
precision counter no larger than a small
book. This remarkable unit actually
counts each individual cycle of VFO out
put during a precise Icrvstal-contrclledl
1/100 seco nd time interval . . . and dis
plays the last four digits of the total on an
elect roni c readout . (For example, a VFO
frequency of 3521.7 kHz (3,521,700
cydes/second) yields a 1/100 second
count of 35.217 ... and the d isplay
shows 521.7 kHz). The readout is as
accurate as the 1/100 second timing .
Timing is derived digitally from the 100
k Hz reference standard. So, by simply
zero-beati ng the 100 k Hz oscilator to
WWV lor a BC station) you automatically
ca librate the VFO to 100 Hz accuracy ..
everywhere .

Electronic counters belong in the
laboratory ... because they're big,
expensive, precision instruments ...
right? So what's one doing in the
eX7? Well, it gives you .

• CALIBRATION ACCURACY OF
100HZ at every point in
every band

• READOUT DIRECT TO 100 HZ
. .. without interpolation

• LIFETIME PRECISION . . .
free of error due to aging or
environment

SIGNAL/ONE'S eX7 GIVES YOU

KHZ

• BIG. BRIGHT DISPLAY . ..
virtually impossible to mis-read

-Feature This......
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Geo rge Patak! Y02B0/2
34·2 4 76th Street
Jackson He ights, N . Y . 11 3 7 2
(2 12-639·3 195)

Visiting DX'ers: Tour CBS, VISit radio clubs,
meet other hams . I' ll serve as your g u ide ' a ro u nd
town.

HAM HOSPITALITYI

The techniq ue is simple. Using a piece of
copper-clad printed circuit board as a base
plate, mount all sockets and major compo
nents such as i-f cans on thei r sides. An
example of this is the i-f sect ion of a
rece iver, such as tha t shown in the photo of
fig. 2. The transistor sockets are epoxied to
the board and the i-f cans are soldered to it.
The minor components are then soldered
onto the te rminals of the sockets and i-f cans
as required . An inherent disadvantage to this
type of system is that it is not as rugged and
cannot take as much physical abuse as a
printed circu it.

I It is hoped tha t this discussion will give
some ideas to experienced bui lders, and
encourage the novice to delve deeper into
this reward ing hobby .

My home wil l be open to visi ti ng D X Hams.
W illiam G , (Jerry) A llnoc h WA4TS T
5 07 Pinecone Street
Waycross, Georgia
(9 12·283·0285)

Hospital ity o ffered : meals, snacks, a nd possibly
overn ight accommodations, if t h e y don't m ind
sleeping on a couc h in the livingroom.

How about Johannesburg?
Da n Mahony 25605 o ffers his home for visiting

U.S. hams. H is add ress is 88 Milton Road, Lom 
bardy East; te lephone 6 08 ·145 4. Area: 1 ac re. (9%
miles southwest of J ohan n e sb u rg Centre. Children
welcome!
Accommodat ions : Guest ro o m w it h pr ivate bath.
Ham shack makes nice spare bedroom for jun io r
ops.
Recip roci ty; 1 day , par t icu larly in Ca lifo rn ia area.

limited Ham Hospitality
David G. F linn, Starlane Farms, R idge Road,

Ludlowville, New Yo rk 148 6 2 . ·
Eng lish speaking DX and U .S . hams we lcome.

Plenty of advance notice requested. We have two
boys (ages 6 and 8) and 330 acres. Overn igh t
accommoda t ions are 10-15 mi les away, but we
cou ld put up 1 or 2 people in a n e mergenc y .
Interests are fly ing, mod el railroading, music, and
art. Wife's tastes: weavi ng, crafts, music, art.
Particu larly interested in meeting Rota r ian hams.
" E rf . Note. Dave Fl in n is owner of Stellar Indus
tr ies (ham equipment dealer and 73 adve rtiser).

Fig. 2. With a copper-clad board as a base plate,
very high -density packaging can be achieved by
mounting bulky components, such as miniature
relays, i-f cans, and crystals, on their sides. This
receiver section packs 90 componen ts within the
volume of a 3 x 5 in. board! (Photo by G. Gfrerer.)

This also builds up the conductive cross
section . Do this with 60/40 so lder and a
soldering iron. After deposit ing the solder,
wash off excessive resin from the board with
lacquer thinner.

The only remaining steps are to drill holes
in the board at the appropriate spots for the
compone nt leads, and the actual mounting
and soldering of the components themselves.
The mask may be stored and used to ma ke
future copies of the circuit board, if needed.

What we have done so far is pe rhaps the
easiest method, that of us ing an already
existi ng conductor layout. Only a few addi
tional steps are needed to design an original
layout. Plan the conductor pa ttern on a
sheet of quadrille graph pa per (8 x 8 sq uares
to the inch ), drawing in the symbols for the
components, actual size. Transfer the con
ductor pattern below the drawi ng on t he
same page and use this as your mask, saving
the original as a guide to drilling holes and
installing actual comp onents in the boa rd.

High-Density Packagin

Sometimes we may wish to get a large
number of components in a small volume, or
our circuit has ma ny conductor crossing
points and does not lend itself well to
printed circuitry. Classic "chassis" const ruc
tion can be ruled out because by using such
things as transistor sockets you have most of
the components under the chassis, and the
socketed components, transistors or what
ever, protrude from the top. This dimension
fro m the top of the chassis can be eliminated
and a saving in space realized .
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C. W. Wandrey WA9EHE

THE CAMPER
·. 915 North President St .

Wheaton I160187

Mobile and Portable

•

•

More than just a mobile,

the camper can become

a base sta t ion on wheels.

One o f t he th ings I was an ticipa ting with
joy when I took an ea rly ret ireme nt was the
additiona l time that I could spend operating
my rig. Unfortunately , I also enjoy traveling,
S0, during two years o f retirement , my wife
and I spent only seven months of this lime
at home. So me of our traveling was done
overseas, bu t that which we did in the Sta tes
was primarily done in our VW ca mper. With
the adven t of the many de luxe overn ight
tra iler and camper parks throughout the
country . traveling in a VW camp er allows
one to do a maximum amount of traveling at
a minimum of cost , a must when living on a
retirement income! So now our problem was
how to enjoy traveling and ham radio at the
same time . One of the things that spurred us
on to find a solution was the fact that our
son , in Thousand Oaks, Californ ia (W6GST)
is also a ham and enjoys follo wing us on our
trips via ha m radio. Here 's how we worked it
out.
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The ambien t noise level in a VW camper
is relatively high , parti cu larly when driving
at high speeds. Also , the available space
below the instrumen t panel is rather limit ed .
We decided that we would limit our mobile
ope rati ng to Citizens' Band and operate the
ama te ur bands on a portable basis. The first
problem to be solved was the an te nna
mount. The standard ones ava ilab le didn 't
seem to have the desirable mechanical
strength to allow us to mo un t a variety of
ante nnas ( including a full-length telescoping
vertica l for 40 meters. With the use of
sta inless steel (ordinary plated steel or brass
could be used) and some plasti c rod , I
concoc ted the mount shown in Fig. 1. We
normally drive using the Citizens' Band for
on-the -road co mmunicat ions (F ig. 2). It is
surprising how many of the long-haul tru ck
drivers have CB units in their truck cabs.
They are usually most anxious to carryon a
co nversa tion, pa rticularly when they are
driving the lonely ope n stre tches o ut west.
In addi t ion to providing a deligh tful pastim e
while driving, CB com mu nica tion can be
reward ing. Some gas sta tion cha ins on our
major interstate highways co nsta ntly moni
to r Channel 9 , which makes them available
in case one runs o ut of gas, has a flat tire or
othe r mechanical trouble , or- most im por
ta nt - in case o f emergency. The Heath kit C8
t ransceiver was mounted as shown in the
photo without any interferen ce with the
driving cont rols. It was sim ple to trim the
antenna to it s proper lengt h wit h the hel p of
a vswr meter and the ground plane area
provided by the large area of the VW camper
roof gives about a 5 mile range for reliable
mobile opera tion with enough volume to
overcome the ambien t engine noise.

For o perat ing por table in the ham ba nds,
I selecte d appropria te Heliwh ip antennas,
wo und and tuned at the fact ory fo r my
selecte d favorite freque ncies; ho wever, they
are fairly broad banded and allow o pera ting
over a spectru m eit her side of the specified
frequen cy . I'm sure a Hustler or some othe r
multiba nd antenna will be just as sat is
factory, and it is jus t a ma tter of personal
preference . At home, I use the Heathki t
5B-30 I , 5B-40 I , 5B-200 combina t ion, and
we chose the S8-l00 and the Kompact
Kilo watt HA-1 4 for use in the ca mper. The
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Fig. 1. Hom ebrew mount places antenna high above
[he street, yet is stable and electrically sound.
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Fig. 2. On the open road, the Heathkit CB trans
ceiver keeps us in touch with the world. It is com
forting to know that one CB channel is monitored
on a national scale by many of the gas station chains.

combinat ion icebox and porta ble sink which
is standa rd equipme nt in the camper was
removed an d replaced wit h a foa m ice chest
purchased for 88¢ and a plast ic wa ter jug
cos ting less than one do llar . T hese are
stowed in any convenient place in either the
trailer and camper, and to us are actually
more convenient and flexible than the origi
nal equipment. The space vacated by the
icebox provided an excellent place to mount
t he radio equipment. To make the insta lla
tion neat and stable we const ructed a rack
(Fig. 3 ) from some old plywood that many
yea rs ago had done duty .<I S a Ping Pong
table. As shown in the photo, adequate
vent ila tion must be provided by drill ing as
many holes as possib le without impairing the
strength of the rack.

Wooden stops are positioned behind the
two rear rubber feet of the Kompact Kilo
watt, the transceiver, and the power supplies.
This prevents them from sliding to the fron t
(rea r of the rack); large washers, wi th off
cen te r holes drilled in t hem , screwed to the
front of t he rack, prevent movemen t in the
o pposite d irection . The heigh t of the shelves

42

is such that if the equipment should bounce ,
it will still be held captive by the' stops and
screwed-on washers. The bottom of the rack
holds a Hond a 300W gasoline engine power
supply. This unit is very quie t in o pe rat ion
and surprisingly ligh t in weigh t, conside ring
its ou tput capability. This un it also delivers
l 2V de for battery charging in case of
emergency. I d rilled a sma ll ho le to run the
coax from the antenna inside the ca m per.
The hole was then sealed with a plastic
rubber scaler compound. This made a per
fectly waterproof joint. Though most of the
private trailer parks include free electricity ,
some of the sta te and national parks do not.
When juice is ava ilable, of course we use it,
and this allo ws us to use the full kil owatt.
When the gasoline po wer supply is used , we
operate barefoot. It is quite a sensat io n to be
sitt ing on the side of the highway talk ing to
so meone severa l t housand miles away and
get 20-over-9 reports.-

-

Fig. 3. Equipment rack replaces icebox of original
camper. Lots of air holes help to dissipate the heat
generated by the units.

I'm sure my wife would ra ther leave the
cooking eq uipment ho rne than t he radio
equipment -especially when we have a
schedule with o ur son.

. .. WA9 EHE-
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You Think You Have Troubles?
Take the case o f Charlie Dami co W3VXO.

Charlie is one o f o ur sightless hams. Ho w
ever, he has not allowed his handicap to get
in his way. He is emp loyed in electronics,
repairs all his o wn gear, with few excep tions,
can rig up an antenna without help , and
seems to get along j us t fine .

A few months ago , he began ge tt ing TV I
comp laints fro m one of his neighbors. This
fellow (who lives in the City of Brotherly
Love , inciden ta lly) rea lly got hot u nder the
collar and began circulating a petit ion
around the neighborhood .

The FCC ste pped into the picture and
invest igated the compla ints. After finding
that Charlie was putting o ut a clean signal
and was no t crea ting interference o n a good
T V set, a committee q uestioned the 20
signers of the petition to find that 14 of
them thought they were signing a petition
fo r so meone running fo r Mayor o f Philadel
phia . Of the remaining six, four had had no

inte rference, but were friends of the original
comp lainant ; the remaining one was willing
to drop the subject upon installation of a
highpass filter. So , Charlie was left with o ne
ira te neighbor.

One would th ink this wou ld be the en d of
the story. Unfortunately, this was not the
case. One nigh t , Cha rlie came on the air and
said , "You know, some thing seems to be
wrong here . I'm not gett ing the right read
ings on the o utput of this rig, and I can' t
figu re o ut what might be wrong. " We all
no ted that his signal was not up to its usual
st rength, but he was st ill readable. After
checking his swr, he came to the conclu
sio n that some thing was wr ong in the
ante nna. He left the air . The fo llowing night
he told us the story. Someone had cut his
coax feedline to his 75 meter d ipole.

Charlie had go ne up to the roof and
stru ng a Marconi anten na to get back o n the
air. . . . Ka yl a Hale WI EMY •

•
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400 channels,

frequency-standard accuracy

with just one crystal!!
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by Gilbert Boelke W2E UP

A complete and comprehensive arti
cle covering theory and techniques
of indirect frequency synthesis, plus
schematics and a description of a
practical 400-channel synthesizer
used in a two-meter FM transceiver
with only one frequency-determining
crystal.

I
THE PROCESS

Freque ncy synt hesis is the te rm used to
describe the process of synthes izing (or
"putti ng together" ) many freq uencies from
a small number of sta rting freq ue ncies. In
th eory. any number of channe ls may be
so genera ted from only o ne master oscilla
tor. using th e electronic techniques of ad
ding. subtra cting, multi plying. and dividing
freque ncies. In pract ice. th e la rger the nu m
ber of ch annels the more worthwhile it is
to go the synt hes izer route.

A direct synthesizer uses suc h conven
tional techniques directly, filtering the un
desired output products at each step in th e
process. Thi s technique has th e disadvan-

•
tage tha t many high quality filters are re-
quired to reduce the undesired (sp ur ious)
output freq ue ncies to the desired extent.

An indirect synthesizer uses a voltage
cont rolled oscillator to gene rate th e output
signa l. electronically "steers" it to th e cor
rect freque ncy and " locks" it th ere. Its
main advantage is that th e output need s no
fi ltering; it comes from an on-freq ue ncy
oscillator. All spurious products are kept
with in the co nfi nes of th e synthesizer loop
(with any luck ) and do not appea r in th e
output.

F igures I and 2 illustrate two ways a
synthesizer can be used . In F ig. 1. the syn
th esizer covers the full range of transmitter
and receiver f requencies for a G eneral Elec
tric T PL unit. An ext ra X8 multiplier must
be added to the receiver so th at both re-
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FIG . J How to use synthesizer for 60 kHz incremental switching in existing units

ceiver and transrmtter multiply the synthe
sizer output by 24, to make channel spacing
the same for both receiver and transmitter.

Although a synthesizer could be bui lt as
a crystal oscillator substitute for existing
types of equipment. it can be more effec
tively ex ploited in a "start from scratch"
design, as shown in Fig. 2 . True FM can
be produced hy direct modulation of the
synthesizer, eliminating the need for a
phase modulator or frequency multiplica
tion to build up the deviation level. Or, as a
receiver local oscillator. a synthesizer can
just as well be designed to deliver the oscil
lator injection frequency di rectly, eliminat
ing the need for frequency mult ipliers.

Figures 3 and 4 show block diagrams
representing the synthesize rs used in Figs.
1 and 2. The synthesizer block diagram of
Fig. 3 generates 2.5 kHz steps in the 6
MHz range. Used to drive exist ing trans
ceivers. th is a rrangement produces 60 kHz
steps in the two-meter band . If the range is
extended to 5.7 MHz and the output multi
plied by 24, the same synthesizer can be
used for the receiver.

Addition of a mixer and a multiplier as
in Fig. 4 makes it possible to generate 60

kHz steps direct ly in the two-meter band.
A separate crystal oscillator is used to
heterodyne the output signal down to a
frequenc y su itable for division. By switch
ing crystals - in this case to 141 MHz
the synthesizer output can be moved down
9 MHz to provide osci llator injection for a
receiver having a 9 MHz i-f. T hese mixer
injection frequencies could also be obtai ned
by suita ble means from the basic reference
oscillator, ra ther than adding two more
crysta ls.

How it Works

Consider the sim plified synthesizer of
Fig, 5 , This example is for a 5 - 6 MHz
output range in 10 kHz steps. A tunable
VCO (voltage-co ntrolled oscillator) is used
to generate the outout signal: in doing so,
o f course. it must tune electronically from
5 to 6 MHz by varying the dc input voltage.
The stability o f such an oscilJator doesn't
even begin 10 match that of a crystal oscil
lator. but it does have the flexibility of
ope rating on any channel in the desired
range . So the remainder of the circuitry is
devoted to detecting the VCO frequency.
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FIG.2 Synthesis of local oscillator and transmitting frequencies eliminates
frequen cy multipliers and greatly simplifies receiver design

relating it to the desired frequency, and
adjusting the oscillator electronically to it.

Spacing of the output steps is determined
by the reference frequency. In this case, a
10 kHz reference means that the circuit
can lock to any harmonic of )0 kHz such as
5.000, 5.010, 5.020, 5.030 .. . etc. to 6.000
MHz. Direct multiplication could be used
to get the same result , but it would be
nearly impossible to eliminate undesired
harmonics of the I kHz signal, even with
the best of filters. So, instead of multiplying
10 kHz to, say, 5 MHz, start with the yeO
at (or near) 5 MHz and divide it by 500
instead. This function is accomplished in
the programed divider ("-:- n, or "divide
by-n" ). Consisting of a chain of flip-flops,
this circuit can be programed to divide by
any ratio between 500 and 600. When it
divides the 5 MHz output of the yeO by
500, the result is 10 kHz.

The phase detector circuit compares the
+ n output to the reference signal, deliver
iog a de output proportional to the phase
difference between them. This de level
controts the Yeo. When the yeO output
drifts from exactly 5 MHz, the output of
the -:-n will drift in exact proportion to it
since it always is 1/500th of the output
signal. The phase detector sees this as a
phase change and shifts its de output to the
phase detector immediately to steer it back
10 5.000 MHz exactly. Since it compares

48

phase instead of frequency, the frequency
at the ....;- n output is never permitted to shift
so much as one hertz either way, and the
output of the yeO is held precisely to
5.00 MHz. Frequency accuracy depends
only upon the stability of the reference
frequen cy oscillator.

To change frequency to 5.760 MHz it is
only necessary to change the divide ratio
of the -e-» circuit by switching the program':'
ing inputs of the -;-n. Since this is a larger
divide ratio than 500, the -;-n output will

at first be below 10 kHz. The phase detector
senses this shift as a phase change in the
very first cycle following the shift and
immediately starts action to correct it.
When the correction is complete, the -;-n

output is again on 10kHz, but the yeO
is on 576 X 10 kHz, or 5.760 MHz.

The synthesizer of Fig. 3 is only a little
more complicated than the basic unit of
Fig. 5 . Since 2.5 kHz steps are desired, the
reference frequency must be 2.5 kHz. Stable
crystals of this frequency are not notably
practical, so a I MHz master oscillator is
used, divided down to 2.5 kHz by a series
of flip-flops. A harmonic of the I MHz
signal is conveniently adjusted to zero-beat
with WWV, thus precisely aligning all chan
nels to frequency. A higher divide ratio
is necessary in the -;- n circuit due to the
lower reference frequency, as shown.
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FIG.3 Block diagram of synthesizer for use in existing transceivers (see also Fig. 1)

The loop fi lter, necessary in all cases,
must remove all traces of the refe rence
frequency at the output of the phase de
tector (in this case 2.5 kHz). A simple
RC low-pass filter configuration is usually
employed.

The next step in synthesizer development,
shown in Fig 4, has a yeO operating in
the 135 - 148 M Hz range, heterodyned to
the 2 - 6 MHz range. This mixing process
is necessary because present-day low-cost
fl ip-flops can only divide to about 8 - 10

35-139 AND
MHz
EPS

NG

•

REF OSC
OUTPUT I

VCO 144 -1 4 8
300 kHz 60 kHz ST

DC

MIXER

5 LOOP XTAL OSC- 150 OR 14 1MHzFILTER 0\

, 2 T0 6 MHz

60 kHz FREQ -'-N
COMPARATOR 4 0 TO 100

FREQ
SWITCHI

FIG. 4 Block diagram of synthesizer incorporating a mixer and multiplier [or
generating 60 kHz steps directly in two-meter band
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FlG.5 Simplified synthesizer diagram

MHz in a programed divider circuit. A 60
kHz reference can be used to generate 60
kHz steps because the signal is not multi
plied in the receiver and transmitter as in
Fig. 3, thus simplifying both dividers
greatly. Frequency stability in Fig. 4 de
pends mainly upon the accuracy of the 150
and 141 MHz oscillators. Frequency adjust
ment is necessary in all three oscillators
with this scheme. Judicious selection of the
frequency spacing, reference oscillator fre
quency. receiver i-f, and the mixer injection
frequencies can result in a design that uses
a single crystal.

The Phase-Locked Loop
Indirect frequency synthesizers are basi

cally feedback systems, where phase error
is detected and fed back as a correction
signal. Such a closed loop is called a
phase-locked loop. As a consequence, cer
tain rules must be followed to keep the sys
tem stable, as in any feedback system.

The phase-locked loop must have a loop
filter at the output of the phase detector to
prevent rf from leaking into the VCO con
trol signal (which should be as clean a dc
signal as possible). If any rf or ripple ap
pears at this point, it will frequency-modu
late the Yeo. If the ripple is deliberately
applied as audio, a desired PM signal can
be produced. Undesired high frequency
components such as the reference frequency
will produce spurious sidebands. Thus, it is

the function of the loop filter to remove
these undesired products. A second func
tion, however, is to determine the phase
gain characteristics of the loop, which deter
mine its response time, stability, and "cap
ture range."

Capture range is the term applied to the
maximum frequency difference the loop
will tolerate between the VCO output and
the desired output frequency and still lock
up. Capture range is directly proportional
to loop bandwidth. The higher this band
width, the higher the adjacent spurious
levels - the lower it is, the closer the VCO
must be before it will lock up to the desired
frequency. A low loop bandwidth also takes
longer to lock up. So a compromise is
necessary. Despite all of these design cri
teria, the loop filter is usually a very simple
circuit when used in conjunction with a
good phase detector.

Phase Detectors
Since the reference frequency of an in

direct synthesizer is typically equal to the
frequency spacing between channels, the
phase detector also operates at this rela
tively low frequency. The best phase detec
tor circuits are those which deliver the
highest ratio of de to inherent ac ripple. A
flip-flop can be used as a digital phase de
tector, but its output is quite high in ripple
content, and it requires a more sophisti
cated loop filter than other circuits. The
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best phase detectors in current use work
on a sample and hold principle. One of the
two input signals is converted to a saw
tooth. the other to a narrow pulse. The
former is called the ramp. the latter a
sampling pulse. As shown in Fig. 6. the
sampling pulse operates a series switch for
brief intervals so th at the value of the ramp
voltage at th at instant is transferred to a
"holding" capaci tor. If at the next sa mpling
time there was no change in relative phase
bet wee n the two signals. the output will not
change from the first sa mple. If th ere is a
difference, the output capacitor voltage
shifts abruptly up or down to the new
va lue. It ca n be seen tha t as long as the
two signals are in phase lock the output
ripp le is (ideally) zero. With practical im
plementat ion it isn't zero, but it can be
made extremely low with careful design.

False Locks
When the phase-locked loop is initially

turned on or the frequency is changed. the
veo may be out of the capture ra nge of
the loop. Under this condi tion th e synthe
size r output is that of the free-running
veo : unstable and at an unknown fre
quency. The veo must therefore be tuned
to the nea r vicinity of the desired frequen cy
before th e loop will lock up. W ith most
phase detectors a number of fa lse lock
conditions can occur. A fa lse lock is pres-
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ent when the -r n and the reference frequen
cies are not equal. but the phase detect o r
"thinks" th ey are and locks the veo to the
wrong place. A circuit which assures proper
acquisitionof the desired freque ncy is called
a "search ." It acts as an AFC-type control
of the veo by detec ting frequency differ
ences between the -r n output and th e ref
erence frequency. rather than phase diffe r
ences. The sea rch is normall y turned off
whe n the phase detecto r locks th e loop.
T here a re a number of ways in which a
search can be implemented . Digital methods
a re compatible with the pulse-type signals
available, a nd th ey offer simplicity of con
struction and freedom from adjustment.
Best of all, they are nea rly foolproof.

+n Circuits
Except for the advent of low-cost inte

grated circuits. this part of an indirect
synthesizer would probably be impractical
to bui ld. It consists of a chain of flip-flops
whose function is to divide the veo signal
down to the reference freq uency. T he num
ber of flip-flops depends upon th e maximum
di vide ra tio. Since each flip-flop can divide
by a maximum of 2. two can divide by 4.
three by 8. etc.; and n flip-fl ops can divide
by 2n. If the maximum divide ratio is 100,
as in Fig. 4 • it takes 7 fl ip-flops. which can
divide up to 27 = 128. Six would not be
enough because they can divide by only
26 = 64. In Fig. 3 . a divide ratio of 2240

•
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is needed ; 2" = 2048, too low; 212~ 4096,
Therefore, 12 flip-flops are needed,

The next problem is to find some way to
change the ratio of the -i- n by switching so
that channels may be selected. Two corn
rnon methods are used. To understand
them. some of the properties of binary
dividers must be known. First. the divider
can be considered a counter since at each
input pulse, or step, the flip-flops take on a
unique combination of states. A useful
analogy can be drawn to an automobile
odometer (mileage indicator), which works
in a similar way but counts in decades (pow
ers of ten) instead of binary (powers of
two). Including the tenths decade, a typical
car odometer can count up to 999,999
tenths of miles. and the millionth step brings
it back to all zeros. If a switch was pro
vided to close only when all zeros are
present. the switch would close once for•
every 1.000.000 input steps, thus dividing
by one million.

One method of changing this ratio would
be to reset the odometer to zero whenever
it reached the desired count. For example.
if a divide-by-567.000 count is desired, it
could be accomplished by providing a

reselling device which detects the 566,999
state, then resets all decades to zero on
receipt of the 567.0ooth input. By program
ing the desired state when this occurs, the
divide ratio can be any desired number.

Another way is to preset a number into
the divider each time it recycles to zero.
Achieving a -<-567.000 with this method
requires that a 433.000 be inserted when
the counter reaches a natural state of all
zeros. The counter then counts from 433,000
to 1,000,000. where it is again preset. This
count is J ,000 .000 minus 433,000, or
567,000,

Presetting IS the preferred method be
cause it is usually easier to implement:
Design of high-speed ....;- n circuits is full of
subtleties which make it deceptively easy
to design on paper. but another matter to
make workable.

Frequency Display
Up to about 12 channels. switching and

display of the channel in use is a simple
matter. For 30 or more channels it can
become a problem, because even if a
3D-position switch could be obtained. it
would be considerably less convenient to

T
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I 4300 W. 62nd St., Indianapolis, Ind. 46268 I
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RADIO HANDBOOK.
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Completely revised and updated.
This is the comprehensive com
munications manual which is the
industry standard lor radio ama
teurs, electronics engineers, and
technicians. Explains in authorita
live detail how to design, build,
and operate all types 01 radio
communications equipment.

LATEST HOW-TO-BUILD DATA

Order from your electronic parts distribu,tor
or bookstore, or send coupon.

by WILLIAM I. ORR, W6SAI

biggest selling book for the amateur
COMPLETELY UPDATED-INVALUABLE
Provides a complete understanding of the
theory and construction of all modern cir
cuitry, semiconductors, antennas, power sup
plies : full data on workshop practice, test
equipment, radio math and calculations. In
cludes aspects of the industrial and military
electronics fields of special interest to the
engineer and advanced amateur. The 18th
Edition of the RADIO HANDBOOK provides
the broadest coverage in the field-scomplete
information on building and operating a com
prehensive variety of high-performance
equipment. All data is clearly indexed. 896
pages: 6Y> x 9%" : hardbound.
No. 24020. RADIO HANDBOOK 18th Ed., only $13.50The new 18th Edition of the famous Edi

tors & Engineers RADIO HANDBOOK pre
sents complete design data on the latest
transmitters, receivers, transceivers, am
plifiers, and test equipment. Covers SSB
design and equipment, RTTY circuits, and
latest semiconductor circuits, as well as
IC's. Also includes coverage of r-f feed
back amplifiers and special-purpose and
computer circuitry. All equipment de
scribed Is of modern design, free of TVI
problems.
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find the channel you want than with only
12 channels.

For this reason, switches are usually
arranged in a power sequence, such as a
MHz, hundreds of kH r , and tens of kHz
arrangement, extended to as many places
as desired. If the -:-n were left in its natu
ral state. the switches would have to be
set in a binary fashion, which could be
awkward. However, the decade type of
display is easi ly accomplished by designing
the -;- n circuit to work in decades instead
of straight binary. It takes 4 flip-flops to
produce a + 10 section; cascading three
such decades results in a capabi lity of up
to 1000 channels.• If the channel kilohertz
spacing is I, 10, 100, etc ., the frequency
display is in familiar decimal numbers.
Other schemes can be worked out for
different channel spacings. but the decimal
method is the most convenient. since most
of us think in terms of decimal numbers.

It should be kept in mind that the veo
o utput is the output of the synthesizer, and
even though the loop keeps it exactly on
frequency, it can't correct for audiofre
quency variat ions (below the loop fi lter
response) . Even if it could. it would be
necessary to slow it down fo r modulation

FEBRUARY 1970

purposes: otherwise the loop would attenu
ate the audio. Therefore. the veo of a syn
thesizer is as sensitive to microphonics as
a VFO is. and good YFO construction
techniques should be used . veo tuning
range should just overlap each end of the
desired output range, and its temperature
drift should be kept low to maintain band
coverage.

The following text describes the synthe
sizer used in a lO-kHz-step. 400-channel ,
144 - 148 MHz transceiver ut ilizing a
si ngle 5 MHz crystal.

II
A PRACTICAL 10-kHz-STEP

SYNTHESIZER FOR TWO METERS
Figure 7 shows the full transceiver block

diagram. Output from the synthesizer is 1
mW in the frequency range of 144 - 148
MHz (transmitte r) . and I mW, 135 - 139
MHz. to th e receiver first mixer. Modula
tion is applied directly to the synthesizer
for the transmit funct ion . The block labeled
T{R logic is the circuit board that changes
the synthesizer output range when the trans
mitter is ke yed : it a lso serves to swi tch the
receiver and transmitter and drive the
antenna relay.
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W2E UP'S homebrew t wo-meter FM trans
mitterI receiver looks unbelievably profes
sional. The synthesizer controls are th e [our
at th e right of the panel. The top pair sets
the receiver frequency , the bottom pair sets
the transmitter. The basic frequencies of
operation are selected by the integral [our
position switches (under the X 100 knobs).
The frequencies of operation on the pic
tured unit are /46.34 MHz for the trans
mitter (national repeater input fre quency) ,
and 146.94 MHz fo r the receiver (national
repeater output fre quency).

Figure 8 shows the transceiver transmit 
receive circui ts and the system wiring. Two
power supply regulators are used: one gene
rates + 9Y at 250 rn A and the other + 3.6Y
at 1A. Nine volts is the B+ level used in
the receiver circuits. the transmitter modu
lator. and the synthesi zer. The schematic
for the + 9V regulator is shown in Fig. 9 .

The + 3.6Y supply is used to provide
power for the digital integrated circuits.
which are rated for a temperature range
of + 15 - + 55"C (guaran teed performance).
Instead of a zener diode. a series str ing of
si licon diodes is used as a voltage reference
for thi s regulator. This technique produces
a temperatu re-progra med supply that de
livers over 4V when cold and less than
3.5Y when hot. The logic works reliably
over a very wide range of temperatures
when operated in thi s manner.

Figure 10 shows the synthesizer block
diagram. The single 5 MHz crystal oscil
lator drives. th rough an ampli fier, a -=-500
fi xed divider to obtain the 10kHz reference
frequen cy. and a dual-frequency multipl ier
section. When in the receive mode. a multi
plication factor of X28 is used. producing
a 140 MHz signal. When transmitting, a
X30 mult iplier supplies a 150 MHz signal

56

to the mixer. The mult ipliers are selected
by the transmit - receive (T /R ) logic. \Vhen
receivi ng. the veo output range is 135
139 MHz (9 MHz below the corresponding
transmit frequency ) . When mixed with the
140 MHz signa l. the mixer output ranges
from 5 to I MHz (140 - 135 = 5: 140 
139 = 1) and the -=-ndivide ratio is preset
to divide by any number between 500 and
100, to deliver the 10 kHz output. Since
10kHz is the reference frequency. the
channel spacing is 10 kHz. In the transmit
mode the mixer produces from 6 to 2
MHz ( 150 - 144 = 6: 150 - 148 ~ 2 ) ,
and the -e- n is preset to any rat io between
600 and 200.

The YCO and YCO amplifie r are shown
schematically in Fig. II. The B+ to the
veo sho uld be ke pt small to maintain
maximum tuning range. As it turned out in
the unit pictured, tuning range was no
problem and had to be reduced by trim
ming the high end of the range with C6.
The veo is housed in a section of the
oven assembly. which also contains the 5
MHz oscillator and an electronic tempera
ture regulator. The veo itself could have
been mounted in a nonheated environment
without stability problems because fre
quency drift with temperature turned out
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T op view of unit shows circuit boa rd con~

struction and " plug-in" accessibility concept
01 two-meter FM transmitter/receiver. The
two rearmost cards are for receiver. Card
next to i-I filter is i-f am plifier. Th e sy nthe
sizer section is sho wn at right . Left to right,
the cards are: phase detect and divide-by
500; search; diode matrices; divlde-by-n;
m ixer-multiplier. The hea vy white leads
from switches to matrix board are insulat
ing sleeves: each slee ve contains 8 - 12
leads of 32 A WG magnet wire. Slots and
holes in shields are similarly guarded with
insulation to prevent the possibility of
shorts hy chafing.

• •

I

•

conventional and their outputs are con
nected in series to feed the mixer. Only one
multiplier operates at a time. selected by
the T /R circuits. Grounding the X28 or
X30 lines selects the desired o ne.

Mixer output is amplified by several
resistance-coupled stages. Transistor Q8
squares the waveform and Q9 acts as an in
verter to provide the two out-of-phase sig
na ls needed to drive the + n circuit.

The -:-n sche matic is shown in Fig. 13.
N ote th at the divider is sectioned into
decades I and II and a + 8 section. The
terminals shown along the bottom are the

•

Detail of frequency selection switches sho w
how "MHz" section connections are ske wed
J MHz offset on receive m ode. At right an
extra detent (switch clicking and lock ing
m echanism ) is reversed and m ounted be
hind. A 118-inch shaft is attached and
brought to panel through drilled-out shaft
of fro nt detent. R ear deck is X/DO (hun
dreds of k ilohertz , fro nt two are MHz
selection decks. Solderabte magnet wire
was used for connections to keep the wiring
manageable.
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to be very low. However, in the author's
transceiver, the oven insulation also acts
as sound and vibration shielding ( polyure
thane foam), minimizing veo microphonics.

Radiofrequency shielding is absol utely
essenti al in the veo. In the protot ype unit.
the veo amplifier was mounted in a
separate shielded box, but it was later
combined with the veo itself.

The steer input of the veo comes from
the frequency comparator (consisting of
the phase detector and search) for elec
tronic lock . An extra varactor (D 4) is used
to accomplish thi s by means of a voltage
supplied from a presteer circuit (described
later ) and switched by the T /R circuits.

T hree outputs a re provided by the veo
amplifier : In addition to the receive r and
transmitter outputs. there is a 0.1 mW sig
nal ted to the synthesizer mixer for loop
feedback. T he resistor network provides
some degree of isolation between the out
puts. Again . shielding of the veo amplifier
is a must.

Figure 12 shows the frequency multiplier
section, the synthesizer mixer and the am
plifier used to square up the waveform to
feed the -+O n circuit. The multipliers are

+
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preset inputs. For maximum divide ratio
(+800) all of these terminals are biased
to a positive I - 4 volts and thus no pre
sets are inserted . Other div ide ratios are
chosen by selectively grounding (or. open
ing) these terminals. For example. if A 1
is grounded, it will divide by 799; if BI is
grounded, it divides by 798; Cl grounded
yields + 796, etc .

A table of presets is given in Table I.
showing how the presets affect the divide
ratio and the resulting frequencies of opera
tion in this synthesizer. A zero indicates no
preset : a "1 " indicates a preset on terminals
A I through C3_ Under the + n ratio head
ing is shown what happens to the normal
+ 800 ratio as different combinations of
presets are inserted. For example, a preset

at A I only (second line ) shows a-I;
this means that the ratio is reduced by a 1
from 800 to 799. If AI and A2 were
both preset, th e -e-n ratio is reduced by a 1
a nd a l O, o r II ; therefore, n = 789. Preset
lines A I to D I thus switch tens of kilohertz.
lines A2 to D2 go to the hundreds of
kilohertz switch, and lines A3, B3, and C3
go to the m egahertz switch .

A to MHz sh ift is accomplished in this
design by changing the injection frequency
into the synthesizer mixer. Since the receiver
oscillator injection requirement is in the
135 - 139 MHz range (to produce a 9
MHz i-f), a 10 MHz shift is necessa ry to
get the output into th is range. As previously
described. this funct ion is accomplished by
the T j R logic selecting the appropriate fre-
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Tomorrow 's state of the art today . . .

THE NEW VARITRONICS/INOUE

DELUXE e 2F
AMATEUR 2 METER FM TRANSCEIVER

I

- - -

j

All the features of the now famous FDFM-2S are combined with the most up-to-date
technology and even smaller. smarter styling to make the Deluxe IC-2F an extraordinary
amateur 2 meter FM transceiver. Look at the specifications of this beautiful, all solid
state equipment .. .

TRANSMITTER: RF input power-20 watts; RF out
put - 10 watts min imum; maximum frequency
deviation -15KHz (adjustable); Automatic Pro
tection C ircuit (APC) - NEW! Not offered in
any other transceiver on the market. Absolute
assurance of final PA protection from shorted or
high VSWR antennas by instantaneous trans
mitter d isabli ng; Electronically switched -no re
lays; Sealed low pass fi lter 10 eliminate spurious
radiation .

RECEIVER: Double conve rsion superheterodyne;
Sensitivity better than O.4pV @ 20 db of quiet
ing; FET front end ; ceramic filters for excellent
bandpass shaping: Integrated Circu it IF; built-in
speaker on front panel.

GENERAL: Six channels (six transmit and six re
ceive crystals) selectable from the front panel;
large RFrS" meter and easie r to read controls;
power requirements 12 to 15 volts DC

•

The Deluxe lC-2F comes complete with high impedance microphone. three-position
chrome mobile mount ing bracket, crystals installed for two channels (Ch. I, 146.34/
146.94; Ch. 2, 146.94 /1 46.94 ) , power cables and plugs and manual. Amateur Net $349.95

O ptional AC Power Supply with built-in Discriminato r Meter, Model IC-3P. Amateur Net
$49.95

Available at your dealer

VARITRONICS INCORPORATED
3835 Nort h 32nd Street . Suite 6 • Phoen ix, Arizona 8 5018

SEE THE IC-2F AT SARGC IN LAS VEGAS, February 4-8
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quency multiplier. However, the MHz pre
set must also be sh ifted by I MHz to receive
the sa me frequency as the transmitter is on.
since only a 9 MHz offset is desired. Thus.
as seen in the table . the receive presets are
offset one place in the MHz column.

The 7 n circuit shown is capable of oper
ation to 10 MHz for all presets and repre
sents the results of a hard brainstorming
session. It should be reproducible a nd will
work as it is shown. as long as the wiring
is correct. Unless yo u understand its theory
of operation com pletely it is recommended
that you simply copy it caref ully! Have
someone else check every connection since
troubleshooting is difficult . Space doesn't
allow a com plete explanat ion of its opera
tion.

Frequency switching circuitry is shown
in Fig. 14. Two complete sets of switches
all ow independent selection of receive a nd
transmit frequencies. The diode matrices
shown permit th e use o f standard 10-posi
tion ro ta ry switches. Input voltage for the
preset lines is provided through the 10K
resistors . When one o f the lines is grounded .
a combination of presets is grounded

through the diodes.

The a rm of S I is grounded in the trans
m it mode, and the a rm of 52 is grounded
in the receive mode. If 51 is in the A posi
tion. the transmit frequency is controlled
by switch set A ; if it is in the B position it
transmits on the frequency on set B. The
sa me is true for 52 on receive.
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Closeup photo sho ws that it is practicable
to get a11 the com ponents of the phase
detect and divide-by-500 circuit onto a
single small card.

T hese switches provide great flexibility .
With both switches in the A position. you
transceive on frequency A . Similarly, with
both in the B position you transceivc o n
frequency B. Receive A and transmit B ,
receive B and t ransmit A are other combi na
tions. It may sound complicated . but this
system is very easy to use and a beginner
can master it in seconds.

Once understanding of the method of
contro ll ing the synthesizer is complete, you
ca n dream up all kinds of ways to control
it. For example. it is sim ple to instantly
select a preset channel. such as 146.94 (the
nat ional FM repeater output frequency) by
throwing a toggle switch. This addition can
be completely independent of other switch
positions. And remote switching is easy
because all control lines to the + n circuit
handle only de and simply are grounded
in diffe rent com binations.

FEBRUARY 1970

Figure 15a shows the master oscillator.
It uses a field-effec t transistor and has an
automatic gain control arrangement for
high stability. It is completely shie lded and
oven-controlled (Fig. 15b. ). . Asterisked
components are thermally mounted to the
oven box; the thermistor senses the oven
temperature. and the other asteri sked com
ponents de liver heat to it. In the o riginal
unit, the temperature control pot is mounted
outside of the oven.

Referring to Fig. I Sc, the 5 M Hz low.
level signal from the master osci llator is
amplified in Q I and Q2. Output from Q2
goes to the multiplier section and to squar
ing am plifier Q3, which d rives the -;'-500
circuit. Two outputs are used from the last
flip-flop ( I) 180 degrees out of phase. One
goes to the search circuit. the othe r to the
phase de tector, below. T he 10 kHz square
wave is converted to a spike by C6 - R9, as
seen in waveforms a and b in Table II. Each
positive spike turns Q5 on momentarily,
charging C7 to + 9V. Between spikes
(waveform c ), C7 d ischarges th rough R15.
producing a sawtooth. (A linear sawtooth
could be used instead of the nonlinear one
used here. but the nonlinear waveform is
actua lly beneficial in this system and is
easier to generate.

Closeup photo shows the search board at
left. the divide-by-n card and, at right. the
m ixer - multiplier assembly. The wall shield
bet ween those boards still in place are made
from a conducting material deposited onto
th e fi brous hoard material: the close spac
ing increases the possibility of card-to-wall
shorting so a M ylar insulation sheet was
attached over th e surface of each of the
shield walls.
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Table I. Presets.

-;- n Ratio
Frequency Reduction Al 8 1 C, 0 1 A, 8 , C, 0 , A, 8, C,

0 0 0 0 0 0
10 -1 1 0 0 0
20 -2 0 1 0 0
20 -2 1 1 0 0
30 -3 0 0 1 0
40 -4 1 0 1 0
50 -5 0 1 1 0
60 -6 1 1 1 0
70 Steps, -7 0 0 0 1
80 kHz -9 1 0 0 1

0 0 0 0 0 0
100 -10 1 0 0 0
200 -20 0 1 0 0,
300 -3D 1 1 0 0
400 -40 0 0 1 0
500 -50 1 0 1 0
600 -60 0 1 1 0
700 . -70 1 1 1 0
800 -80 0 0 0 1
900 -90 1 0 0 1

142 0 0 0 0
143 -100 1 0 0
144 XMT, -200 0 1 0
145 MHz -300 1 1 0
146 -400 0 0 1
147 -SOD 1 0 1
142 -100 1 0 0
143 -200 0 1 0
144 ReV, -300 1 1 0
145 MHz -400 0 0 1
146 -SOD 1 0 1
147 -600 0 1 1

Sampling pulses are produced from the
-: n outp ut in a blocking osci llator (Q3) and
fed to the gate of Q6 (waveform d) . This
pul se turns Q6 on briefly. charging or dis
charging C9 to the value of voltage on C7
at that instant. 'Capacito r C9 can only
charge or discharge through Q6, so it holds
that value of voltage until the next sampling
pulse. Different -;- n outputs and the result
ing voltages across C9 are shown in F ig.
18 . d through i. T ransistor Q7 is a source
follower which drives the following cir
cuitry at a low-impedance level. while main
taining a near-infinite load on C 9 . The
loop filter consists of R1 3. C IO. R14. RI6,

64

diodes D5 and D6, and the rf bypasses at
the Yeo. T he diodes effectively short out
R 16 fo r sudden large shifts in phase-detec
tor output to speed the lockup process. For
small changes. as seen when the loop is in
lock . they have no effect.

A bias voltage is developed from the
high-amplitude blocking oscillator output
with D3 and D4. This bi as is used to hold
Q6 off between sampling pulses and to
bias the varnctor prc stcer input on the YCO.

Figure 16 shows the search c ircuit. It
o perates from the same two frequency in
puts that the phase detector uses. except
that its purpose is to detect fre quency in-
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FIG. 14 Frequency-switching with

stead of phase differences. and to coarse
tune the yeO to the desi red frequency,
where the phase detec tor takes over, It
accomplishes this by checking for pulse
interlace: that is, to see that for every pulse
received on one input the re is only one
pulse received at the other input. Obviously,
if two pulses occur from one input during
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which time no pulse from the other input is
received , the two pulse trains can't be of
the same frequency.

Ta ble III shows waveforms for the
locked condit ion (0. h. c) where the com
parator. co nsisting of gates BCG EHF, etc .,
does not produce any output pulses: and
where the -7'- n output is too high in fre-
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tuned higher in frequenc y. wh ich decreases
the output frequency from the synthesizer
mixer. dec reasing the 7 /1 output frequency
as desired . A correcti on in the opposite
direction is acco mplished by pulsi ng Q4
from gate F. decreasing the C9 charge in
steps.
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quency ( d. e. f) . When this case exists.
gate H delivers pulses. When the -7-n output
is too low in freque ncy . gate F puts out a
series of pulses. Whe n pulses come from
H. Q6 and Q3 are pulsed on. producing a
stepwise increase in voltage across C9. This
voltage is summed with the voltage from
the phase detector. As it rises. the yeO is
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Gates I. J . and 0 do two thi ngs: they
gate the transmi tter off whi le the loop is
searching (so you don't sea rch wh ile on
the air) and they drive the out-of-lock
indicator light (which tells you when some
thing is wrong). The indicator normally
flashes hriefly between rece ive and tra nsmi t
If anyth ing goes wrong in the synthesizer
the light is almost sure to indicate it.

Transistor 08 is used as a presteering
gate". Controlled by the T I R circuit. it is
biased on in the receive mode. placing a
positive vo ltage on the presteer input of
the Yeo. T his vo ltage. adjusted hy R 16,
reduces the voltage across varactor 0 4.

The oven assembly should be thermally
isolated to the greatest extent possible. In
the unit pictured, the crystal oven circuit
is isolated from the remainder of the cir
cuitry hy means of a thick styrofoam sur
round. Shown in the oven are: the crystal
(at tein. voltage-controlled oscillator (in
comer compartment). and 5 M Hz oscillator
with oven control circuit,

68

increasing its ca paci tance and shifting th e
y e O tuning ran ge down. When 0 8 is off
(in the tran sm it mode ) the bias is allowed
to swing to - 10 vo lts. wh ich reduces the
capacitance of 0 4 to a minimum. Diode
D9 regulates this bias level. Modulation is
ac-coupled to the prcstcc r input instead o f
the steer input so th at it docs not interfere
with the o perat ion of the loop. T he 220 pF
ca pacitor is an rf bypass. Modulation input
impedance is 330K. and very lillie voltage
swing is needed for 15 kHz deviat ion. Line
arity for th is level of devi ati on is excellent
and hi-fi audio is possible .

Tra nsisto r 02 is used to prevent a
possible hangup condit ion of the loop.
where the veo gets tuned so low that the
freq uency supplied to the -:-- 1l is beyond
its count ing ca pa bi lity. The -:-- n would then
star t counting erra tically. de liveri ng too few
pulses instead of 10 0 many, due to ski ppi ng
pulses. The search circuit interprets this to
mean that the -';-1l output is too low instead
of too high. so it steers the VCO in th e
wrong di rec tion. perpetuati ng the situa tio n.
Luck il y. the bias supply in the phase de
tector happens to depend upon a continu
ous supply of -';- " pulses. so that when this
han gup condition occurs. it can be detec ted
by a large drop in bias vo ltage. T ransistor
0 2 is normall y biased off by thi s supply.
hut when the loop ha ngs up. bias colla pses .
so Q2 turns on an d turns search transisto r
03 on in good R ube Goldberg fashion.
Tra nsisto r 03 cha rges C9 to maximu m
voltage. sweeping the yeO to the high end
of it s range. where normal lockup can tak e
place. The enti re process tak es place 10

a few mill iseconds. C3 causes a delay to
make sure that Q3 turns on completely.

Shielding

Most of the circ uits are susceptible to
th e high-level rf fi elds typically generated
by a n adjacent transmitter. T he +n ci rcuit
is an efficient hash generator to nearby
rece ivers at nearl y any freque ncy. It is
therefore import ant that most of the syn
thesizer circ uits be shie lded from the out
side wo rld as well as from each other . All
leads should be filtered and bypassed with
R C or LC circuits. Extra B+ by passes in
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once . a nd it is truly enough to make a
grown man cry. Usually, the only hope is
to open the loop and check individual ci r
cuits. With experience you can read the
signs and troubleshooting becomes just as
easy as robbing Fort Knox .

Performance
With a good master osci llator yo u can

get counte rlike freq uency accuracy on all
channels. The author's unit is accurate to
better than plus or minus 20 H z at two
meters with a 20 minute warmup, Even
without a warmup period. it is considerably
better th an most c rys tal-cont rolled rigs a fter
stabiIiza tion.

The big worry most people have about
synthesizi ng frequencies is the potent ial
spurious o utputs. The author's un it was
cheked on an H-P spectrum a nalyzer from
10 MHz to 2.000 G Hz and found to be
clean to -70 dB from carrier. excepting
harmonics. And even at that level there
was only a 5 MHz sideba nd pa ir. originat
ing fro m the master osci lla to r. Adjacent 10
kHz sidebands couldn't be measured d i
rectly. but calculations ba sed ' on th e ripple
level measured in the y eO feedback loop
indicate them to he over 65 dB down, This
figure is consis tent with o n-the-ai r observa
tions.

It is worth the trouble. You must use a
synthesized rig to a ppreciate it!

GILB ERT BOE L KE

U nlimi ted channel flexibility is a recur
ring pleasure th at in tens ifies with time . Any
one who tell s you th at you are off frequency
has just got to be from out of town! Even
if you have a doubt. it takes only one
quick ze ro-beating check against WWV to
guarantee superacc uracy on a ll channels!

And They'll All Wear Green .• .
The A n nual St. Pat ri ck's Day s w eetest. organ 

ized b y the Midland Amateu r Rad io Club, is slated
f or M arch 14 and 15 . W r ite MARC , Bo x 967,
Midland T X 7970 1 f or deta i ls.

Table II. Phase detector waveforms

Table 1//. Search waveforms.

the system will be found helpful in various
spots. The most insid ious form of system
trouble is when complex circuits interact in
ways not anticipated: so make sure the cir
cuits function as they should separately.
and then combine them in sections. Test
everything for proper fun ction before mak
ing a ny attempt to close the loop. When the
loop is out of lock. everything jumps at
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. .. a series of three related articles

PART I: Encoders for Subaudible,
Tone-Burst, or Whistle-On Use

by John Gallegos W6ZCL
14646 Flatbush Ave.
Norwalk CA 90650

PART II: Tone Decoder for Remote
Switching Applications

by Ken Sessions, Jr. K6MVH
73 Grove Ext.
Peterborough NH 03458

PART 'II:Setting Up the Tone-Burst
System

by Les Cobb W6T EE
41 24 Pasadena Ave.
Sacramento CA 95821
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Editor's Introduction;
An interes ting and unforeseen problem

developed as a result of the tremendous
growth in popularity of FM repeaters: When
two or more repeaters operate with overlap
ping coverage on the same input or output
freq uency, mobile o pera tors occasionally
find themselves trigge ring more than one
repeater. The mobi le operator who does so
may thus cause interference by his uninten
tiona I keying of the repeater in a neigh
boring commu nity .

As a rule , shifting the freq uencies of one
of the re peaters is no solution, because bo th
relay stations will want to be on the nation
ally accepted standard (146.34 MHz input,
146.94 MHz output). Such standardization
is a boon to the mobilee r who has a limited
supply of crystals and must travel across the
country or fro m one area to anot he r once in
a while.

But there are workable solutions. More
and more, repeaters in highly congested
areas are going to a " tone-burst entry"
approach or a "whistle-on" system of key
ing. With a whistle-on system, the control
circuits are all at the repeater site. The
repeater is never operative unless specifically
activated by o ne of the users.
A broad whistle on the inpu t frequency ener
gizes a decoder at the repeater si te, which in
turn activates the automatic signal-relaying
system. Typically, the repeater stays on,
once act ivated, retra nsmitt ing the signals of
all carrie rs on the in put. When the traffic
dies down a bi t - that is, after a short period
of no signals-the repeater shuts down again,
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and canno t be used unless so meone deliber
ately calls for it by whistling on the input.

When mult iple-repea ter cond itions are
more severe, the tone-burst keying system is
the mo re satisfactory solu tion . Here, a speci
fic tone frequ ency-usually 1700 to 2000
Hz-must be presen t briefly at the outset of
every transmission before a signa l can be
automatically relayed . ln practice, all who
intend to use the repeat er will install sim ple
aud io oscillators in to their transmitters, con
necting them in such a way that the tone
comes on brie fl y each time the transmitter is
keyed. The tone, decoded at the receiver of
the relay station, is used to activate the
repeater - but only for t he duration of a
single ca rr ier.

The fir st art icle in this series of three
descri bes how whistle-on and tone-burst
repeater systems are used and presen ts sche
mat ics of a simple oscillator suitable for use
in whistle-on systems as we ll as a " micro
encoder" that can be adapted to eit her
tone-burst en t ry o r subau dible con tinuous
tone squelch systems. The second art icle in
the se ries gives construction and t heoreti cal
details for a decoder ideal for use with ei ther
of the two single-tone oscilla tors of Part I.
The third article, by Les Cobb, describes a
network of tone-burst re peaters, and in
cludes informa tion on how to se t up a
tone-burst oscilla to r in a mobile transmitte r
and how to connect a decod er in to a
repeat er sys tem, Together , these th ree articles
provide complete informa ti on for convert
ing an existing repea ter facility to tone access.
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Part I: by Jolin Callego» W6ZCL

Encoders for
Subaudible, Tone- Burst,

or Whistle -On Use
The FCC sanctions the use of semicontrol

techniques such as continuous-tone carrier
squelch systems (very low frequency tones
accompanying all carriers) and single-tone
(tone-burst entry or whistle-on access) in
applications where limited access to a re
mote station or a repeater is desirable . The
W6FNO repeater in Southe rn Cali fornia
went one step further, and the result is a
repeater that is fully compatible with two
way nonrepeater operation taking place on
the input channel.

In many ways, the W6FNO repeater at
Radio Ranch could serve as a model insta lla
tion: The repeater stands ready fo r use 24
hours a day and is never shut down where it
cannot be accessed by a station on the input
frequency. On the other hand, the repeater
will shut itself off if a three-minute period
elapses with no signals on the input. Sounds
a little contradictory, but it isn't -not really.
The W6FNO repeate r was an experiment to
test the concept of subcontrol, i.e., limited
contro l of t he repeater from the act ua l
frequency of operation.

The repeater is equipped with two timers.
The first timer is a transmission-limiting
device: when the input carrier exceeds three

Barely more than a
thumb's width, the
W6ZCL phase·shift
oscillator is small
enough to be pack
aged within the case
of almost any com
m ercially available
hand·held trans-
cesver.
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minutes d urat io n, B+ is removed fro m the
transmitter final; and it can only be re
applied after the input ca rrier drops out
momentarily . The second timer removes the
transmitter B+ also. But in this case, the
timer is activated by the absence of an input
signal. Since the shutdown is only B+ re
moval, the repeater is read y to be act iva ted
immediately upon applica tion of the proper
signal, which in this case is nothing more
than a shrill whistle.

The W6FNO repeater is a "talkback"
type, as opposed to a "prime" repeater. A
talkback repea ter uses a national Fh.f channel
as the input frequency and a nonactive
channel as the ou tput. A prime repeater uses
a nonactive cha nnel as the inpu t and an
active, popular frequency as the o utput. The
popular 146.34-to- 146.94 repea ters across
the country are primes. If the freq uencies
were reversed, they would be talk backs.

The active FM channel for direct non
repeater operation in the W6FNO territory is
146.82 MH z, which also serves as the re
pea te r input. The repeater output frequency
is not used at all except by stations who
want to hear what's going through t he
repeater. When two stations are conversing
on the FM channel, the repeater .Is not even
a part of the operation unless one of the
operators wants it to be (as for instance
when the copy gets rough).

When a user wan ts to mo nitor the active
14 6.82 cha nnel, but he is too far away from
the area of activity to hear the stations, he
mere ly puts a carrier on the channel and
whistles into the microphone. Instantly the
repeater comes on, regard less of the time of
day or night, and the user finds hi mself right
in the middle of the act ion. The only

7 3 MAGA Z INE



THE BEST DEAL IN OUR HISTORY!
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"America 's Largest E xclusive Ham Store"
Wo odch u ck Hill R o ad

Harvard . Massacbw se t ts 01451 _(61 7 ) 4 56-3548

HERBERT W. GORDON CO.

SPECI FICAT IONS
Freq uency Coverage : 14,000 . 14 ,500 e Hz.

3,500 · 4,000 k Hz, 21,000 · 21,500 k H z,
7,000 - - 7,300 « Hz, 28,500 ·29, 100 k Hz.

If yo u are a beginner or even if you have a b ig
ri g and need a second one for a spare, the
NCX-50D should be your cup of t ea. Study t he
specs, read the magazine reviews but send in
your order w hile our stocks last .

(T wo additional cry stals eveueo te at $7 .00 each to
provide expanded coverage of enti re ten m eter band)

Power Input : ·500 watts PEP on side ba nd; 360 watts
on CW; 125 watts on A M ; Derated 20% for mobile
coerenon. Emission : sse upper on 10, 15, and 20
meters; Lower on 40 and 80. O utput Impedance :
40-60 ohms mi nimu m pi network . Receiver offset
t une: By means of a varector contro lled osc illator you
obtain plus or min um 3 kHz. SSB Genera tion : c rvstat
Ian ice fi lter 6·50 DB shape factor 2.2-1, gate 2.8 kHz
on 6 DB; cen te r frequency 5.202 MHz; uses stable
so lid sta te ring modula to r. Dial Calibration : 5 k Hz on
all bands. Tuning Rat io : Excellent mecha nical resotu
t ion with 45·1 rate. Electrical Stabil ity : Nominally
1,500 cycles in first thirty rmnutes. Th ereafter, plus or
minus 400 cycles for room amb ient . Suppression :
Carrier mi nu s 50 DB, rejected side band minus 40 dB,
th ird order products minum 30 d B at full ou tpu t.
Sensitivity : .5 microvolts for 10 dB sIN in SSB mode.
Audio Output : Better than 2 watts into 3.2 ohms.
Metering: PA cathode current in tra nsmit, S un its on
receive. Special Features: Includes side tone monitor
ing plus built in code practice oscillato r for novices;
increme ntal tun ing; provision fo r crys tal calibrator.
Dimensions: 6·3/ 16" h igh by 13-3/8 " wide by 11"
deep. Weighs but 15 pou nds. Accessories Availab le:
AC·500 21 pounds; NCXA 25 pou nds; 400- 12 DC
supply 13 pounds; AC supplies opera te on either 117
or 234 VAC 50·60 cycles; SU Ita ble for expor-t: MobIle
bracket and In structions furnished at no ex tra charge.
Shipments : Preferably via United Parcel Service, Hart
way Ex press or Parce l Post. Specrfv and include
provisions for same otherwise charges will go CO D.
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Price sched ule :
NCX -500 WI th AC·500 Ino spkr & no cab tnetlS299.95
NCX·500 with NCXA sup ply lspk r and cabinet in-

eluded/ ": $319.95
NCX·500 with Linear Systems Universal Mobile power

supply 400-12 S359 .95
NCX -500 without sup plies S24g.95
XC·28 plug in solid state Xtal ca librator (available

February 15th. 19 70l S 19.95

The Nati o n a l NC X-500 wi th its AC·500 cu r
rent ly se lls a t $ 4 25 .0 0 and $99.00 respective ly .
Th us, th is dea l is bot h timel y and t h ri fty . If
you have w ai ted b eca use you cou ld not afford a
modern ri g, here is y o u r buy no w ; even while
the rest o f the world goes u p o n price.

S ince we opened ou r door we have never had
such an attractive ham opportun ity!

We o ffe r to ha ms, w o rld w ide, t he famous
Nat io na l NCX-500 t ra nsce iver new at t he
thr ifty p r ice of $249 .9 5. Wi th th e compan ion
AC-500 powe r supp ly th e to ta l p ri ce is o nly
S29 9 .9 5 ; less than the p r ice o f Ame ri ca 's most
popular ki t.

Here are the salient featu res of th is deal :

al On ly n ew iactory ca rtc n ed m aterial
o ffe red.
b) A fu ll s ix m on ths w arra n ty provid ed .
c] No trades co nsid e red a t these p ri ces.
d ) Pr ices Quo t ed are FOB Harvard , Massach u
setts.
el Bank A mericard, Master Charpe o r Amer
ican E x press charges accepted . F ina nci ng
ava ila ble t h ro ugh G ECC subjec t to thei r
acceptance o f you r cred it .
f) S peci a l overseas p r ices ava ilable to ste r ling
cu stome rs. Remember thi s se t work s on 230
vo lts 50 cyc les eq uall y we ll. .
g) Offe r limi ted to fir st co me f ir st served .
(A lthough we bo ught them a ll the y w ill no t
last long.l
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Fig. I-I. Single-transistor tone osciJlator [or tone
burst or wtnstfe-on use produces 1750 Hz at
sufficient amplitude for most transmitters.
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I didn't connect the whistler so that it
would go on with each transmission. Not
only would this have defeated the purpose
of the repeater's automatic-off function, but
it would have given my signal the unpleasant
characte ristic of a squeal at the outset of
each transmission. Instead , I connec ted the
device into the tra nsm itter so that it is
energized by pressing a momentary-contact
switch on the control head . Figure 1-2 shows
how the oscillator is interconnected into my
Motorola mobile unit.

The oscillator circuit shown in Fig. 1-1
works for tone-burst entry applications, too,
where the tone frequency tolerances are not
particu larly critical. But the interconnection
would have to be a little diffe rent fro m t hat
shown in Fig. 1-2. For tone-burst opera tion,
remember, the audio note must appear for a
short period every time the transmitter is
keyed. A t iming circuit fo r accomplishing
this is shown in Part 3 of this series Les,
Cobb's article entitled "Setting Up the
Tone-Burst System."

Where the tone frequency is critically set,
decoder instability is intolerable and whis
tli ng won't quite cut the mustard . For such
applicatio ns, the encoder requirements be
come quite st ringe nt. But it is possib le to
bui ld a highly stable encode r unit wit h a
minimu m of parts. The circuit described
below, fo r example, represents a very versa
tile transistorized encoder that can be built
small enough to use with hand-held trans
ceivers, yet stable enough for the most
demanding applications normally associated
with FM two-way communications. Because
of its tiny size, I call the device a "microen
coder. "

A particularly attract ive feature of the
microencoder is t he fact tha t it can be used
for eit her continuous-tone sq uelch' (com
monly known in these parts as PL for
Private Line), or fo r tone-burst entry. As
noted in the editor's introduction to this
series, a continuous-tone squelch scheme
utilizes a subaudible very low-frequency
note, . whereas the single-tone method de
pends on generation of a fairly high
freq uency note. Most low-frequency en
coders require vibra ting reeds for stab ility;
t ~e o ne described here is a no table excep
tion.

,..

0'

,..
0'

,..

i --<tj"""

Fig. 1-2. A momentary-contact switch can be used
as sho wn to interconnect the encoder audio into
the mike line at the con trol head for whistle-on
applications.

difference is tha t he hears the 146.82 ac tion
on some othe r channel.

The decoder at the repeater site that
provides the turn-on function is no thing
more than a simple freq ue ncy-to-de con
verter such as the semiconduc tor decoder
shown in the second article of this three-part
series (included with this issue). This device
is set to respond to as broad a range of
frequencies as possible without being ener
gized from ordinary conversations.

Even t hough the W6F NO deco der was set
to respond to a wide freque ncy range , a few
users fo und it difficult to key t he repeater
on by whistling. Perhaps their audio levels
were not quite what they should have been
to reproduce properly the req uired tone
(I750 Hz), or perhaps they were simply not
proficient whistlers. At any rate, I decided
to install a simple automatic whistler in each
of my transmitters.

The circuit. is the epi tome of simplicity: a
single-t ransistor osci llator using a twin-T
feedba ck net work . As can be seen from the
circuit of Fig. I-I , a few minutes and a good
junkbox are all' t ha t is req uired .
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Fig. 1-3. Schema lie diagram sho ws basic circuit as used in a ccnnnuous-rone-squetch repealer access
system , Par-ts values shown are not applicable to single-tone encoder applica tions (see text).

Figure 1-3 is the schematic d iagram for
the unit . which is essentially a phase-shift
oscillator coupled in to an emitter follower.
Since the po wer co nsump tion of t he oscil
lato r c irc ui t is so lo w, a sta ndard 9V
tra nsist or-radio battery will provide an idea l
power source . At full output, th e oscillator
d raws no more than about 3 rn A.

Table 1. Parts List s for CTS and S ingle.Tone Systems

Component 87-112 Hz 1750 Hz

range

Rl 10 pol 50K pol

(mu1titurn) (mult iturn)

R2. 3. 5 10K 47K

R4 10K 22K

R5 10K 47K

R6 5.1 K 5.1K

R7 5K pot 4.7K

(multi turn) 5K pol
(mu lti turn)

R8 3000 3000

R9 O.l I' F 0.001 I'F

C1 . 2. 3 47 I'F. 20V 47 I'F. 20V

tantalum tantalum

C4 1 I'F
C5 0.01 I'F tantalum

•

01 2N930 2N930
02 2N2369 2N2369

Table I shows t wo complete pa r ts lists.
The application of t he encoder (continuous
tone sq uelch o r tone-burst ent ry) will deter
mine t he par ts se lec tion fo r your pa rt icular
use.

The very sma ll size and the apparen t
simplicity o f the microencoder might logical
ly lead you to suspect its perfo rmance. But
these facto rs not withstand ing, the device can
prod uce a very healt hy looking sine wave. as
can be seen fro m the photo of Fig. I -4 .
Labo rato ry temperat ure cycling tests on the
th ree units that I built indicate t hat the tone
out put will rema in sta ble and wi ll not d ri ft
more t han 0 .5 Hz ove r the range of 25-60°C.
My units were built using disc ceramic
ca pacitors, incidentally . substit u tion of

•Mylar capacito rs fo r C I , C2 . a nd C3 wil l
undoubtedly result in even bett er tem pe ra
ture stability.

Fig. 1·4. Scope trace shows the sine wave obtained
with the author's encoder unit. Increm ents shown
are 2 msec per centimeter [or the horizon tal scan
and 500 mV per cen timeter [ or th e ver tical scale.
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Photo shows three separate packaging schem es: printed-circuit
layout; "cord wcod" technique, and the "cry stal-can" method,
using a conventional Pomona Electronics m in iature m ounting box.

J2 (TONE OUT)

R
4 ~ \

C2 R7 RS I LE VEL ADJI

",
Fig. 1-6. Wired-board layo ut was designed for use
with Sealectro push-in Teflon stando ffs and ground
terminals. Transistors can be held in place by
TO-1 8 heatsinks. (Heatsinking is actually unneces
sary. The cases of the transistors are hot and must
be insula ted f rom ground; the hea tsinks perform
this job by virtue of th eir anodized finish.)

L EGEND~

e UROlJNO STAfl)()F f

• lNSlJ,.ATED STAM)QFF

e INSULATED FEED THROUGH
MAlL: BRASS OR CoPPER-CLAD PC .BOARD

,---- GNO

( FREQ ADJI

",

Figure 1-5 is a circuit board layout
shown actual size . Figure 1-5 is for
those of you who intend to do the job up
first class with printed-circuit wiring. The
prin ted-circuit version looks sharpe r, of
course, and it has the added advantage of
ending up wit h a slimmer overall profile. The
layout shown in Fig. 1-6, however, is per
fectly satisfactory for "brass-board" models.
This version requires nothing more than a
few holes and some standoff terminals on a
fiat piece of almost any thing.

The dimensions of the boards are suitable
for mou nt ing the co mpleted un it inside a
Pomona Electronics Model 24 17 shie lded
box ($ 1.50 at practically any self- respecting
elec tronic sales outlet) . The low- freq uency
version that I am using is mou nted o n the
inside rear chassis wall of my mo bile 41 V,

1.2

o \N" :<: C L

000

Fig. 1-5. A ctual-size reproduction of printed-circuit
layout. Th e co pper side of the board is shown ;
componen ts all m ount from far side. (There is no
copper on the componen t side. )

1-<~---z.OS------j

The sche matic shows transistor Q I to be
a 2N930, but this type was chosen arbit rar
ily because it is so mething I happened to have
" kicking around ." Actually, any good NPN
will suffi ce, as long as it is a ty pe wit h a beta
of 100 or so. The transistor used fo r the
emitte r follower is even less crit ical, and can
be effec tively duplicated with just about
anything in the junkbo x that has the same
polari ty _

As a co ntinuous-tone-squelch encoder, the
one mounted in my 41 V has proved quite
capable of keeping me commu nicating
through the local toned repeater, which uses
a GE KT-5 de coder to open the squelch with
an input of 88 .5 Hz. Another of the units,
built from the other parts list, of course ,
very efficiently provides me with a 1750 liz
tone burst when I o perate through the
W6FNO repeater.
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$39.95

1
14.95
19.95
24.95

$14.95

50 MHZ to 52.5 MHZ
8 element-1 2 DB

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

11 element-15 DB
220 MHZ to 225 MHZ

9 element-12 DB
400 MHZ to 500 MHZ

12 full wave elements- ll 08 $ 19.95
21 full wave elements-13 DB $29.95
Baluns for above antennas $5.00 each

Do-it-yourself Insulator Kits
with instru ctions: -SO¢ per elemen t

All prices FOB Stockton
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BAND PASS ANTENNAS
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immediately above the transmit crystals. I
use miniature coax to apply the d e supply
volt age (9V) and to carry the 88.5 Hz signal
to the deviation control pot entiometer
through a 500 kH resistor, as shown in Fig.
1-7. If space is not available in the radio to
mount the Pomona box, the printed-circuit
board itself can be mounted in any available
underchassis spot. The two variable resist ors
can be replaced without detriment by fixed
resistors after the proper values have been

SUGGEST£D CONNECTION TO :>:IoITII

JoM..T STAGES

,.
~.

Fjg. 1-7. SchemaHc showmg manner in which the
low-frequency version of the phase-shift oeoiite tor
can be tied into the transmitter.

SWAN ANTENNA COMPANY
646 N. Union Box 11 22 464-9897

Stockton, California 95201

If the single-tone version is used rather
than the continuous-tone-squelch version ,
the audio need not be co upled to the
transmitter as shown in Fig. 1-7. At these
higher frequen cies, it is practicable and
convenient to simply mount the encoder
unit inside the control head and connect the
audio output lead from the oscillator direct
ly onto the mike line. If you choose to

determined for your part icular frequency
and output-voltage level. But potentiometers
are handy if you have the space. If you can
use them, I suggest the use of the miniature
multiturn devices (Bourns Trimpo ts), be
cause of the vernier tuning they afford.

The parts lists shown in Table I cover the
continuous-tone-squelch range of 87 - 112
Hz and the single-tone frequency of 1750
Hz. For those whose requirements are not
met by either of these sets of values, the
frequency of the encoder may be calculated
from the equation

f = I
2 n V 6 RC

0.085
RC

adopt this method, just connect a 200n
resistor in series with the tone oscillator
output lead before attaching it to the carbon
mike pin on the control head connector.

If the local repeater is the whist le-on
varie ty (rather than tone-burst entry) , you
might also find it convenient to run the
audio lead through a single-pole switch
mounted on the control head. In this way,
you can switch the tone on whenever you
want it, and keep it out of the circuit the
rest of the t ime. (A whistle-on repeater stays
on after the tone is applied for a few
milliseconds, and does not drop off the air
until several minutes after the repeater is not
occupied.)

For tone-burst entry applications, the
timer circuit described in Part I II will prove
very worthwhile . With the addit ion of this
simple timer, the oscillator can be made to
key on briefly with each initiat ion of the
push-to-talk circuit. (Again, a tone-burst
ent ry system requires a short fixed
frequency tone to accompany each incoming
signal to be repeated .)

... W6ZCUI
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Part II: by Ken Sessions. Jr. K6M VH

Tone Decoder
for Remote Switching Applications

The most critical element of a tone-access
system is the decoder. When some problem
exists in the encoder, or when the encoder
frequency shifts a bit or when the encoding
level goes up too high or down too low, the
control operator can solve the problem with
a few local adjustments. But when the
decoder starts acting Up. the impact can be a
great deal more severe : In the first place, the
decoder is installed at the repeater site,
which is, more often than not , situated atop
some remote mountain peak-miles (a nd
sometimes hours) from physical accessibil
ity. Second, while an encoder malfunction
affects one individual's operat ion , a decoder
problem affects the operation of every user
of the repeater. Thus, care in building an d
sound conserva tism in design are paramount
considera tions in deploying a tone co ntrol
scheme .

I have had occasion to use many decoders
during my days of remote control and
repeater operation -some ho me brew, some
commercial. (Virtually every aspect of
remote control involves the installat ion of a

tone decoder somewhere along the way. And
I can truthfully say that I have never come
across a circuit that offered performance
superiority over the one shown in Fig. 2-1.

I hasten to add that I can lay no claims as
to design, for the circuit illustrated was
conceived, built, debugged, and perfected by
Bob Mueller (K6ASK), of Alhambra, Cali
fornia. Nor is this the firs t time the circuit
has been published. I have incorporated
copies of the circuit in past articles dealing
with remote control of te lephones, funct ion
selec tion in repea ters, and code d signaling
for selec tive-call applicatio ns. It simply is a
good sound circuit and can be applied
wherever there ex ists a need to perform a

•
switching funct ion in one place by rad io
comma nd from another place.

Decoder Requirements

The response curve of the decoder .must
be selective enough to preclude the possibil
ity of off-freq uency signals triggering the
system, ye t broad enough to allow decoding
under a variety of input signa l co nditions.

, 21'1'
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F ig. 2-1 Single-tone decoder.
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Ideally , a co ntrol should be available so that
the threshold sensitivity of the decoder
could be adjust ed .

Adjustment of the input sensit ivity
accomplishes the effect of narrowing or
broad ening the spectral response of the
device. At the least sensi tive setting, the
decoder has an input band width of about 50
Hz. As the series res istance to the inp ut of
the transformer is decre ased , the bandwidth
widens. In the most sensitive posit io n, the
decoder will respond to a bandwidth that
includes random noises and h igh-pitched
voices. Thus, the decod er should ful fill the
requirements of the whistle-on crowd as well
as the more crit ical needs of the tone-burst
fans.

The frequen cy of the decoder , using the
values shown in the schemat ic, is 2300 Hz.
This frequen cy can be shifte d by the expedi
ent of changing the value o f capacitor C l.
The 2300 Hz is fully appropriate fo r tone
burst applicat ions, wh ere voice tripping is to
be avoided and whistle-on use discouraged .
(The frequen cy is high enough to make
whist ling a difficult method of access.) It
should be reemphasized , how ever, that
whistle-on use of this decoder is possible
using the values shown - by simp le adjus t
me nt o f the sensi tivi ty control o f the input
transformer.

Interconnection
The simplest pa rt of getting a tone-access

syste m to work is the interconnection of the
decoder itse lf. All you have to d o is provide
the proper po wer to drive the transist ors and
relay , then connec t the speaker audio fro m
the repeater receiver to the low-imped ance
input of the decoder. After that , it is simply
a ma tter of making a few adj ustments with
respect to level (a t the decoder input and at
the receiver output) . When the controls have
been prope rly set, an incoming tone of the
correct frequency will cause the plate relay
in the decoder to close. Use of the relay's
contacts is a mat te r that is best left to the
judgme nt of the repeater owners. If you're
short of ideas, however, you might just read
on . Part III tells how to go about sett ing up
a co mplete tone-burst-entry repea ter system.
And the decoder described here will fill the
bill nicely fo r tha t applica tio n.

... K6MVH-
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Part III: by Le« Cobb W6TEE

Setting Up the
Tone-Burst System

• RENO

machines. To obviate this, a tone-burst
frequency allocation plan was agreed upon.
As shown in Fig. 3-1, t he plan covers four
repeaters and one remote base sta tion with a
burst-protected 146.94 receiver.

While it is admitted that t he tone-burst
approach does no t so lve all of the problems
associated wit h overlapping repea.ter cover
age, it cert ainly tend s to minimize them by
permitt ing the users to call fo r only the
particula r repeater needed for a given two
way commu nicat ion exchange.

If tone-b urst entry is used on open
repeaters on the na tionally adopted fre
quency of 146.34 , some semblance of stan
dardiza tion should be maintained to give
travelers so me hope of universal access capa
bility . Partly beca use of the abundan ce of
Motorola equipme nt, the frequencies long
considered standard by Motorola are most
commo n in amateur use. The following
frequencies are stock outputs for the Moto
rola P-9301A encoder: 1800, 1950 , 2100,
22 50 , and 2400 Hz.

In ama teur service, there are ma ny to ne
burst systems operating in the 1700 to 1800
Hz ra nge, but these lower frequencies might
better be reserved for whistle-on use because
of the ease with which they can be orally
reproduced.

For those wishing to use comme rcial
equipme nt, the Motorola P-9301A encoder
and P-9303 decoder are available on the
surp lus market. More recently , the Motorola
SP-1005-TAAE solid-st ate under-dash oscil
lator has become available. This unit has a
selec to r switch and can generate all tones
from 1800 to 2400 Hz, in 150 Hz Incre
ments.

But if you've a mind to build u p the
encoders and decoders, the circuits shown in

2250 Hl

Fig. 3-1. Tone-burst en try pJan-34/94
repeaters-No. Calif./Nevada.

CALIFORNI A

8 REPEATERS

• SIMPlEX

NEVADA

•

Among the various techniques for selec
tive control of remote devices, including
repeaters , one of the simplest is tone-burst
keying. This method consists of a short burst
of a specific aud io tone automatically sent at
t he start of a transmission. In a repeater
application, a burst detector (see Part II of
this three-article series) is used in conjunc
tion with the carrier-opera ted relay to ac ti
vate t he repeater t ransmit ter upon reception
of the proper burst frequency, and to hold it
on as long as the incoming carrier is present.

The simplici ty and versatility of to ne
burst keying should not be overlooked
where a simple control or selec tion function,
not related to primary control, is required.
As an example, t he number of 146.34-to
14 6.94 repeate rs on the air o r being buil t in
Northern Californ ia and Nevada was such
that it became obvious that overlapping
input coverage was going to cause uninten
tional keying and interferen ce to adjacent
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Fig. 3·2. K6GUC tone-burst timer.
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T()loIE - 8tJRST DECODER

iJiust rates how this might be easily achieved .
The repea ler co ntrol relay (K2) should be
fairly husky ; it can be driven directly by the
decoder relay (K I ). It is not wise to derive
the K2 switching funct io ns by wiring the
contacts of K J direct ly , because K J's con
tacts are li kely to be o f a delicate nature. K I
is a sensit ive , current-o perated relay and it s
co ntacts are best used for no greater require
ment than to control a heavy-duty -d c relay .

. . . W6TEE •

-~~
", ..-~L/o :

Fig. 3-3. Burst decoder and carrier-operated relay
connections.

•

O$CIL L llTOR

the accompa ny ing ar ticles should do nicely .
That leaves only the prob lem o f interco n
nection .

When an encoder such as the one
depicted in Part I is used , so me means m p.H
be employed to limit the oscillato r's output
to no more than a half-second or so with
each keying of the transmitter. To accom
plish th is, the timing circuit sho wn in Fig.
3·2 was developed by K6GUC. In his
approach, the 12V supply fo r the encoder
must be keyed o n and off with the trans
mitter.

At the repeater site , some wiring must be
done at the decoder to kee p the transmitter
locked o n for the durat ion of a carrier ,.even
tho ugh the tone itself d rops out. Figure 3-3

r ............::; '1
I I
I I
I.... _ _...J
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HOW

TO VISIT

FOREIGN

COUNTRIES
by Wayne Green W2NSD/1

I\. reader, about to make a tr ip abroad ,
asked for hint s on how to get in to uch with
amateurs in foreign countries. As one who
has done this sort of thing a lot, I t hink I
have some helpful ideas.

First, by way of preparation, I devote
several weeks to intensive activity on 20
meters. I look for contacts in the countries I
am about to visit, and I find that these
contacts almost invariably lead to interesting
invitations to dinner and sightseeing. They
also lead to my getting to meet many more
of the local amateurs.

I follow up my contacts with a QSL card
and a letter giving my itinerary in detail for
my trip. If I am going to be met at the
airport, I try to make sure that my DX
contact knows just what flight I will be on,
and I let him know immediately of any plan
changes. I realize that he will be taking a lot
of trouble on his end, rearranging his work
schedule, his family plans, and setting: up
meetings with friends, so I try to be as
considerate as I can. If I am not traveling a
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long di stance, I phone ahead and let him
know that I am on schedule.

It is well worth while to wri te ahead to
the secreta ry of the national ama teur rad io
club of the count ry you are going to visit.
The club officer can arrange for you to meet
a representative and this often leads to
introductions to local amateurs, visits to
club meetings, and even getting in touch
with someone to stay with on occasion.

If you are interested in operating, the
club can often help you to get an operating
permit and may even have a club station
available for you. If you use the call letters
of the station, often no permit is required
and all you have to do is just sit down and
operate . I have done this from dozens of
countries. Always offer to take care of the
QSLing brought on by your operating.

Rare Countries
There are very few rare countries where

there is not even one active amateur. If you
are going to DXpedition to a completely
inactive country. you will have to bring
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along your own equipment, obviously . This
is ex pe nsive and difficult , as any reading of
articles by DXpeditioners ma kes very clear.
For my part I avoid co untries o f this rarity
and try and stick to those that have at least
one ac tive amateur.

I have found that the ama teurs in rare
countries are all too happy to have me visit
and sit down fo r a day or so at th eir rigs and
rack up a few thousand contac ts. The
pressure for contac ts and more contacts
every time they ge t o n the air gets to be
depressing afte r a whi le, and they tend to
limit their operating time or keep out of the
American phone band . In just a couple of
days I can take a lot of this pressure off.

English is the native language for very few
DX operato rs, so I find that under Q RM
condit io ns I can make contac ts many times
as fast as can the local op, Knowing English,
I can sort out ca ll letters quick ly from the
mass of ca lling stat ions.

Even when I visit relatively common
countries I find that [ get pile ups. When
operating fro m 5Z4ERR in Nairobi I gave
contacts to a lot of the lower power stat ions
that norma lly miss out on DX. Further, I
found that I was in great demand by mobile
ops by the dozens. My system of working
right down to the weakest signal in each call
area made it possible to work even the
flea-power stations.,

When I visited FK8 I fou nd that the
count ry was in great demand because almost
all of the local ops spoke only French. The
FK8 ops appreciated my gett ing a few
thousand W's off their backs by giving them
a co ntac t with their country. Ditto F08 in
Ta hiti.

Your trips abroad will be infinitely more
fun if you make arrangements to visit
amateurs. They will wine and dine you,
show you their city and co untry , jus t as you
would them. They will offer to put you up
and they will get in touch with fr ien ds in the
cities along your path. You will have an
opportunity to explain the U.S. to them in a
way tha t no Holly wood movie has ever
•

done. Yo u will also have a chance to find
out anything about the ir count ry tha t you
want to know, just for the ask ing . And they
will love you fo r be ing interested enough to

ask . . . . W2NSD •
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WHE RE DO YOU FIT?
The FCC regulations give as the ' purpose of
amateur radio :

(a) Recognition and enhancement of the value
of the amateur service to the public as a voluntary
noncommercial communication service, partic
ular ly with respect to providing eme rgency com
munications.

(b) Continua tion and ex tension o f the amateu r' s
proven ability to con tribu te to th e ad vancemen t of
the radio art.

(c) Encou ragement and improvement of the
amateur rad io service through ru les which prov ide
for advancing sk ills in bot the communication and
technical phases of the art.

(d) Ex pansion of the ex isting reservoir within
the amateur rad io service of trained operators,
technicians, and elec tron ics ex perts.

(e) Continuation and ex tension of the ama teur's
unique ab ility to enhance internatio nal good will.

Where d o you fit?
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The

DX-35

REVI ITED

Many of us, when we first started in
amateur radio as a Novice, purchased the
Heathkit DX-35. This transmitter was capa
ble of 75W input and was running quite hard
to achieve this power level. The oscillator
and final were both keyed, so with certain
crystals there was an inherent chirp .

We were contemplating the use of the
DX-35 as a CW exciter for a kilowatt linear.
OUf main goal was to modify the circuitry of
the DX-35 to improve the efficiency and
eliminate the chirp.

r--~'.

15K 80llF
lOW 450'1

15K 60 j.lF
lOW· 450.,

Fig. 1. Existing 20 1JF capacitors can be replaced
by 80 J.1.F cans to up the filtering to 40 J.lF total.

The first modifications to be made were in
the B+ filtering circuit. Normally, two 20 j.lF.
450V capacitors were being used in series to
give a total of 10 IlF, 900V of filtering. We

86

; ;

Warren MacDowell W2AOO
11080 Transit Road
East Amherst NY 14051

replaced these paper capacitors with can
type 80 ,ufo 450V capacitors to give a total
of 40 IlF for filtering (See Fig. I). Appro
priate holes were cut in the chassis so as to
mount the can type capacitors. One of the
capacitors will require an insulating mount
to isolate it from the chassis due to the fact
that these capacitors are in series. The
original equalizing resistors (15 kn, lOW)
were retained and placed in parallel with the
new capacitors.

The 5U4 rectifier was replaced with a
1N1239 silicon rectifier unit. This solid state
rectifier plugs directly in the socket of the
5U4. (An alternate method is to build up
your own replacement in the base of a
broken 5U4.) You conserve on power trans
former drain through the use of this because
the 5V filament source is no longer neces
sary. The solid state rectifier will also pro
vide an increase in total plate voltage.

We had received reports of chirp using the
DX-35 as a barefoot transmitter. Of course
this would be undesirable when using the
linear. A considerable voltage drop was
observed on the oscillator plate when the
transmitter was keyed. Also, both the final
and oscillator are keyed. We removed the
cathode grounding lead of the oscillator
from the front panel keying jack and ran this
to a single-pole toggle switch that was also
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M o t o ro l a Si l k o n R ec tif ier
5 0 vcus. 15 A m p s J / l .0 0

RCA
S y lvania B ulle t Diod e P t V

600.750 rna ... • •• • •... 8/ 1.00
Z en er Diodes
5. 1 Val IS 4 00 m 5 / 1.00
6 2 VOlts: ' Wall . • • • • •. . . J / 1.00
3.6 Valls. 1 W .. tt . . .. . . . . • 5 / 1.00
62 VaIlS. 10 W .. n l ••.•. .. . 2 / 1 .00
15 0 VOIIS, 1 W au ••••••• . 3 / 1.00
3 ValIS. Yt W ..II .• •.... ... 4 /1 .00
5.6 Volls. 1 Wall . • •.• . • .. 4 / 1 .00

MOlorola PNP Germanium
Genetal P",pose 5 / 100

PNP Germ..nium Genera!
Pu,pose . . .. .••..••.. . . 5 / 1_00

NPN SIlICOn General
Pu,p o se · ..• • . • • .• •... . 5 / 1. 00

T e"as Inst. PNP Germa
nium Pow er 15 0 W an s ..•• 1. 75

M OIOro la MP1 546 H igh
R eli ah ili f Y 9 0 WBt ls .. . .• .. 1, 0 0

M OlOfOl a o r D elco Sim il .. r
to 2 N l 10 0 4 0 W al l1 ... .• J /2.00

FBi rchi ld NPN S i l Icon
G en eral Pur p ose • • . .. . . • 5 / 1.00

Sp,ague•.. ...... • •• ••...4 / 1 .0 0
Sy lvaniB N PN S ilic o n

V H F 1 w..n · 5 / 1.00
M otoro l a PNP G ermanium

Po w er J5 W aIlS ..••• . . . 312.00
O i od\!5

H u gh. S PI V 17 5 JOma ... . 8 / 1,00
S ylvania PIV 10 0 . 7 0 ma ••• 8 / 1.00
R CA R ect i' ier P IV 2 0 0 ,

10 0 m · · ··· 5 / 1.00
R CA R eot i' ,er PI V 6 0 0.

5 0 0ma ...... ..•. 10/ 1 .00
R CA R ect if ier PI V 600,

5 0 0mB . .... • . . . . . • . . 10 /1 .0 0

2N 12 04

2N2J l

2N2925

2N 19 0 7

2N 15 4 6

l N629
l N 12 00
I N 2 3 2 6

l N J 19 5

l N 3 2 5 5

l N 5 4 1
l N 3 2 0 8

l N4 78 5
I N 2 0 71

# 108

2N356 7

M ADT
2N 7 0 6A

2N I 0 1 1

A 4002

A 4 0 03

A 4004

A401 8

A 4 022

A 402 3

A 4 0 2 4

A 402 5
A 4021

A 4 028

A 4 005
A 4 oo6
A 4 007

A 4 0 08

A 4009

A 4 030
A 4032

A 4 034
A 4 0 50

1- -

2N277

Seml ·C ondu ctor Specials
Complete B,stable F l ip Flop Kit .5 0 5/2. 0 0
Complete MOnosl ..ore F l ip Flop Kit. . .4 0 612 .00
FE T CF iel d Effe<:t T r ..n si n o rl N Chan·

nel. 25V souece to Gate T O · 1S .. • .5 0 5/2. 00
Tunnel D ,odeslm;I.., 10 l N 3 71 7 ..•.5 0 512 .0 0

Misce llan eous I t em s
2 0 0 0 Ohm M u l t I turn trimme' , .. 75
T O ·3 Pow er T","si 'lOr Sock.lls . , 8 11. 0 0
F an M o lOr 11 0 A C ., .. , . . , , 1 ,0 0
Suh·mini"lu re slid e sw i t c hes 3 / 1, 0 0
F u . e H o ld ers CP ..nel t ype) 6 / 1.00
D ialco 28 Vall pilo l light bulb and

..ssembl y . , ........ ....•...... .. . 3 / 1. 00
Mercu ry Wened Relay Clare HG 10 0 2 ••.• 1 00
Po......erslal T yt:e 10 8 1.7 5 Amps

IRe"1oved ' a m equipment ) 2 .50
'solal lon T r..nsl orme, Trl ..d N 5 1X ....•.• 2 .0 0
D .C . Ser vo Malar . 24 ValIS. 4 2 Amps 9 .95
Nickel ·Cadmium Balte"es 1.25V , 4 AH 1.2 5
PreciSIon ReSIn..... l O M e<;! 0 .1 ' • .••.. 3 /1.00
Precision Resinor 500 Ohm 0 . 1'l. 31 1. 0 0
Del .. y L ,ne 1040 use<:: Imp . 20000 Ohm•. . 2.00
Mini.. ture v l",a!>l., Capacilor 3 75 uu ld 3 / 100

A 4oo0

A 4oo 1

Inte<;jra led CirCUIts II

Sik . No . Type Cne F u nCl lo n P rice A 4 0 10 I N 1 5 1 A
A3000 9 07 T O 5 Four ' n p u l g at e 15 ! A 4 0 1 1 1N 3039A
A3OO 1 91 4 TO 5 Dual 2 Input ga le 1.00 A 40 12 lN382 2
A3008 9 14 FP Dual 2 ,n p u t g.. te 1.00 A 40 13 I N 3 0 0 0 B
A3002 91 5 T05 Du ..13 inputgale l .oo IA40 14 l N 3 0 48 8
A3003 923 T O 5 J K F lop Flop 1.00 A 4 0 15 '4M3.0
A30 01 3M 4 923 FP J K F l ,p Flop 1. 0 0 A 4 0 2 9 I N 4 2 9
A 3 0 05 l M 492 5 F P D u al 2 inpu t 9",e e "P 1 00 A 4 0 38 l N 9 6 1B
A30 0 4 9 2 6 T O 5 BuH ered J K F l ,p Flo p ..1. 0 0 A 4 0 4 0 l N 3 0 48 15 0 v et-s. 1.1 rna
AJ0 06 926 FP Buffered J K F l ip F l o p . .1 .0 0 (M alch ed pai d . . • • . • • . • . . . .1 5

CFP . F IBI Pack l Specia l W it h eve ry o rder o f ten do lla rs or
S i l i co n Co n I ro lled A ectifi ers (SC A 's) more, c hoose tw o m ore d o llars FA E E.

5 0 Volts 1 Amp TO·5 . . , .... , .... ,4/1 .0 0 L o f o t her ite m s-send f or fr e e fli er: All
10 0 Vola 1 Amp T O ·5 . . .. . . •.. .•. .2 / 1 .00 uts
200 Volts 1 Amp TO 5 312.0 0 m erch a ndise full y gu a ra n t e e d. Pl ea se inclu de post -
3 0 0 Voln 1 Amp T O ·5 ••.••.. .. .4 / 3 .0 0 I a ge: ex ces s w ill be re funded .

.J;:~:~~:o;~p G"m."~m A DELTA ELECTRONICS COPower 55 Wa ilS .....75 J /2 .00- •
2N 11 8 3 B RCA PNP German'um 0

Power 7.5 WaIlS . • •. 7 5 3 /2.0 0 BO X 1, LYNN , MASSACHUSETTS 01903

A l 100
A 11 01
A 4016

A 4 01 7

A 4200
A 4 :?01
A 4202
A 420J

A80 10
A9004
A 9040
A900 1
A90 03
A9 032

A 9 0 6 &
A90&6

A9067
A9062
A9063
A80 12
A 8 01 3
A90&4
A203 1

mou nted on the fron t panel. T his switch was
wired so as to ground t he osc illator ca t hode
and allow the osc illato r to ru n a t all times
when t he fi na l was keyed . Less chirp was
noticed but there was st ill a sma ll amoun t
present.

• 4 11 fr 3 5 0 V

100
I W

d iodes were placed in se ries to give a 3UDV
regulation level. Resist o rs (220 k0. , I W) are
para lle led acro ss the 003's to eq ua lize the
vo ltage and a 5 k0., IDW curren t-li mi ti ng
resisto r was placed in se ries with the OD3's
( Fig. 2) . This assembly was inserted bet ween
the osci lla to r B+ and chassis ground . T he
voltage o n the 12B Y7 osci lla tor now rema ins
at 30DV duri ng the .key ing seq uence , and
t he chirp is elimina te d .

•
2 20K
W

2201<
W

lOW

e

a I

2

s

a
. -

I

2

0 0

00

OSC
B'

Fig. 3. Key ing shaping circuit.

Fig. 2. The 220 k0. resis tors across the series regula
tors help to equalize the oscilla to r vol tage d istribu
tion.

The
voltagc
present

next step W :.lS to get rid of t he
va ria t io n o n the oscilla t o r that was
when key ing . T wo 0 0 3 regulat o r

T hough no t really necessary, we added a
keying shaping circuit consist ing of a 1000.,
I W resistor in series with a 4 ilF, 350 V
capacito r. T his circuit shown in Fig. 3 , goes
from the key ing " ho t" lead to ground .

. . . 1V 2AOO·
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Sergio Lovisolo J1SLO
Via Ravina 70,
Malnate, Varese, Italy
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PAN RAMIC RECEIVER

FOR VHF

.. . Lets you see the whole band at once

o

One of the mo re typical aspects of my
father's (I I LOV) personality is that he wants
something new in his ham shack every day,
and this requires a lot of brainwork fro m
me, to satisfy his never ending need for
strange gadgets.

A few evenings ago, he was as usual
having his complicated QSOs on 2 meters,
tuning the band with three different
receivers at the same time, when he said,
" How nice if I could ta ke a look at the
complete band, and know every moment
wha t goes on the air."

There was no possibility of mistakes! I
lighted a cigarette, as usual, before I went to
explore in the junkbox and began to work .

88

A day later, there was the panoramic
receiver, with his calibrated scale showing up
every signal on the 2 meter band. And now
the complete story.

The first approach was quite fast. J took a
genera tor, injected a sweep signal in the
socket of the crysta l in the local oscillator of
the converte r ( 144-28 MHz), co nnected the
oscilloscope to the last i-f in the rece iver.
and in a few minutes I had the band on the
screen (Fig. I) , Bu t the local osc illato r
wasn't working properly, and sensitiv ity
wasn't very high.

If you are a lazy fellow, have a scope and
a sweep generator, and a few extra con
verters for the various VHF bands, this is the
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t---; LAST 1.1': TRANSFORMER

0 "4·146

WF <COY. 2.50 AECElVEA
VEAT, """- CAYSTAl. CI I,."'" I"'PUT SOCKET

I. O~

,/, , LAST 1.' OUTPUT~

SWEEP GEN.

0 (!)

~ It, OUTPUT

m m

Fig. 1. Block diagram. Above, firs t assem bly:
sweep on VHF converter. Below, connect the
sweep scope on vertical inpu t to the last i-t trans
former with a 5 to 15 pF capaci tor.

Circuit Description

The receiver circuit is qui te conventional
and requires only a little care in isolating the
circuit s working at different freq uencies to
prevent spurious responses that will appear
as pips on the screen . The input signal is
link-coupled to the grid coil of an EC88
triode mixer. (You can use a 6AM4, or

trip, you will see a pip on the scope every
. time a signal is tuned in . This is due to the

fact that the signal gen erates an output
voltage o nly during the short time in which
its conversion frequency allows it to pass
through the narrow ba ndpass o f the re
ceiver's seco nd i-f. If you tune fr om 5 to
6 MHz, the left side of the screen will be
5.0 and the right side 6.0 . Every signa l will
show up o n the scope in a place on the
screen in direct relat ion to its frequency.
Now the problem is that you cannot
manually tune your receiver up and down.
This function is provided by a Variac, to
which is applied the same voltage that
sweeps the trace. This provides synchroniza
tion between the scope and the receiver local
oscillator .

job fo r you. For me, it was nice to see that
everything worked as it should, but I was
sure that there was a simpler approach, one
requiring no modifica tions in the conver te rs,
and giving the possibility of hearing and
see ing with o nly one anten na and one
converter. So, it was clear I had to work on
the tunable i-f receiver. But you cannot put
your hands in the station receiver, especia lly
if it is a 75 A I or 51 S I , as it was in our case ;
so, there are two possibilit ies: you have
some old i-f receiver aroun d, or you build it.
Fortunately , I found an old receiver I had
made some years ago, a d ouble co nversion
unit with no rf stage in it.

I disconnected the tuning capacitor from
the local oscilla to r coil and connected a
varicap diode in parallel. A wire from the
sawtooth gen erator in the scope furnished
the sweeping voltage . A few more modifica
tions to the detector and firs t audio stage,
an d the output of the receiver we nt to the
vertical plates of the oscilloscope. After a bit
of tuning, the panoramic receiver was ready
to monitor the 2 meter band .

Principles of Operation

A few words to explain how it works fo r
those who are not acqua inted with oscillo
scopes, sweep generators, and panadapters.
In every oscilloscope the t race you see is the
result of the rapid sweep of the luminous
spot across the screen which is produced by
a sawtooth voltage applied to the horizontal
plates. Now if you apply an ac voltage to the
vertical plates, the spot will be subjected to a
double force , one compelling it side to side,
and the o ther up and down. Let us assume
that the frequency of the alternat ing voltage
driving vertical plates is two times that of
the horizontal ones. Then in the time it
ta kes to go from left to right , the spot will
be deviated up and down twice , and will
show a two-period sample of the volt age
under examina tion.

Now, if the vertical plates of the oscillo
scope are connected to the detector of the
re ceiver, a signal will appear on the screen
every time the receiver is tuned to a stat ion.
Now, imagine tuning across the band very
fast -exactly as fast as the spo t on the screen
runs on it s way from left to right. If you
tune a full megahertz while the spot makes a
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L l - P r im a ry . 8 turns 26 AWG close wound 3/8 in .
stug-tuned coil.

Secondary. 8 turns 26 AWG close wound.
L 2 - Pr im ary . 2 turns 26 AWG on co ld side of
gr id coil, 1/2 in. slu g-t uned co i l.

Secondary. 7 tu rns 26 A WG close wou nd.

L3-l 0 .7 M Hz i-f transformer.
"r t , T 2 , T3, - 4 55 k Hz f·f t ransformers.
A ll re si stors 1/4W except o t h erwise noted .
01 capac ito rs are mica or ceramic d isc .

Fig. 2. Schematic of the panoramic receiver.

something like tha t; any rf triode will work.)
A BA 102 (5 - 15 pF range), driven by a
sawtooth voltage coming from the scope's
sweep generator, is connected across the grid
co il of a 6J4 local oscillator, sweeping its
frequen cy from 21.120 kHz to 23.120 kHz
to provide a first i-f of 6.8 k Hz. A 6U8
second mixer local oscillator converts this
signal to 455kHz with a quartz crystal
resonating at 5.425 kHz. I was compelled to
use such unusual i-f frequencies by the
crystal I had on hand. You can try other
combina tions, but be sure you don't use a
first local oscillator frequency starting at 24
MHz; otherwise, you will have a spurious
response at 144 MHz that will probably be

heard by your VHF converter. The same
care in selecting the second oscillator's
quartz crystal must be used in order no t to
have spurious responses in the 28-30 MHz
range. Two 6 BA6 stages at 455 kllz provide
plenty of gain and are very stable, showing
no tendency toward oscillation . One diode
sec tion of a 6AT6 tube is the detector, the
other provides a little age, wh ile the triode
section is the video preamplifier. You can
omit it and use a crystal diode if your scope
has a mult itube vertical amplifie r. B+ voltages
are provided by a GZ34 full-wave rectifier.
As you can see from the photo, screening is
provided between rf and first i-f stages and
4 55 kHz i-f section.
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,.~-- I- --l Fig. 3. Output section .
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ANTENNA STUFF
In 100 foot rolls only

450 ohm open w ire . Per 100 feet $ 4.'5
300 ohm open w ire . Per 100 feel .. ..• . . .•••• 4 .&.5
Sta ndoff·Mlsl o r Screw. ln •• ••• • •• • •••• •. . . . . . 19

500 ledyard St., Hartford, Conn. 06114
203.527.1881

(I Ilodl East of W.thenfl.rd Ave. off
Ail-port Rd., It. 6)

hl .phone: .203-527.11181

S•• CORKY, WJKXM or WARD, WJWRQ

••••••••••••••••••••••••
HATRY ELECTRONICS

In 100 ft. in l.rconn.ctld coils
18 Coppe rweld . Per 100 feel • •• • • • • • ••... ... $ 1.19
14 Copperweld . Per 100 fe el •• ....••.. .. ••.. 2.95
12 Copperwe ld. Per 100 teet 3."
14 Copper-Sol id. Per 100 feel . . . . . . . . . . . . . . . . 4.29
12 Copper·Solid. Per 100 feet . . . . . . . . . . . . . . . . 5.7'
Times T4·5O l / l ou BU . Per fool ..... .. ... ... . 111
Times 15-50 LI Lan 58U. Per foot. .. . . . . . . . . . . 10
Times So lid Sheath Alumafollm in stcck
Kits wlth conneclo rs 501100 ft
Gl an Line·guy w ire. Per 100 feel 500 Ib, Tes' 3.52
Glen Une-guy w ire . Pe r 100 feet 1000 Ibs Test 5.27
Hy·Ga ln B.lun. Each • •• •• •• • • • • •• • • •••••• • • • 14.95
W2AU Balun. Each •• • • ••• • ••• • ••••••••••• •• . 12.95
Blitz Bug s. Each.. • • • • • • • • • • • . • . . . •••• . .• • .• 4 .95
Al l major lines of Amateur gear . Rcbn 1 25 towers
and sccesscries • Wil le rs Prctex swi tches • Dow Key
re'llys • DPZ Vaca tioner (40·6) Antenna 27.95 New.
Troniu Hust le r Mobile All entenne insulators in stock

(Ca na d ia n Amateurs. Send U.S . Fund. Only)
F.o .b. Hartford

E'1~tU~ Includ~ E'orl6£~

CONNECTICUT'S OL D EST IlAM STORE

••••••••••••••••••••••••
•

Bottom view of unit.

...

Const ruction Details

You can get an idea of the disposition of
the vario us parts by looking at the photos.
(The tuning condense r and the screened tu be
near the last i-f transformer are no longer in
use, due to the fact that the receiver was
built as a normal audio unit.) As you can
see, the power transformer is a very big one.
Yo u can simplify the supply without degrad 
ing the performa nce o f the receiver. This will
allow you to usc a smaller chassis.

The positions of the various components
are no t too critical, and you have o nly to be
careful that you make good ground connec
tions and use good qua lity bypass capaci
tors. As shown in the picture, I used a lot of
big old mica capacitors from surp lus st rips .
In the rf and i-f stages, con nec t ions should
be as straight and short as possible. Bypass
every hot filament pin . Coil L3 is a 10.7
MHz i-f transformer, and you must modify it
to tune around 7 MH z. Take the coi l out of
it s can and parallel sma ll-value ca pacito rs to

Top view of panoramic receiver.
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the internal ones, if any, until you find
resonance around 7 Mllz (with the slugs half
in) o n a grid di p oscillator. After that , you
can close the cans again. (Mine tuned with
50 pF.)

The crystal co ntrolled local oscillator is
very simple, wi th nearly nothing to tune,
and starts without any difficulty. Coupling is
provided by a I pF capacitor fro m pin 9 to
pin 2. A few twisted turns of wire work
eq ually well. The i-f am plifier , having a very
high gain, requires a little care. Short wiring,
bypass capacitors connected to the i-f trans
formers where the leads ente r the cans, and
eventua l shielding connected across the tube
sockets will keep every thing quiet.

My receiver was built on a normal chassis
(that of an old 5-102 Hallicraft e rs 2 meter
receiver), but the second time, I found that
it is mu ch easier to build converte rs and
little receivers o n prin ted circuit boards.
They are easy to drill, offer a very good ,
easily soldered ground , and you can read ily
make a chassis o f any dimen sions you want,
and begin to build whi le you wait for the
box to be made.

Tuning Up

First , connect the vertical amplifier of
your scope to the video output of the
receiver. Then , with no B+ on the 6U8, 614 ,
and EC88 tubes, connec t a 455 kHz gener
ator to the grid pin (2) o f the pentode
section of the 6U8 tube, and tune all the
slugs in the 455 kH z i-f transformers (begin
ning from the last one) for maximu m height

of the trace. Keep the outpu t fro m the
generator as low as possible, co nsistent with
a readable trace on the scope. Too much
output will cause distortion, and no more
t race he igh t. Repeat two or three times.
Next, connect B+ to the 6U8 tube . The local
oscillator should start immediately . Connect
the generator, tuned near the first i-f fre 
quency (6.88 kHz in our case) to the gr id
pin of EC88 tube, and try to get an output
(be careful not to tune on the image, which
is about 900 kHz lower than the fun da
men tal. Tune the slugs in L3 an d trimmer
capacitor from pin 9 of EC88 for maximum
output. Now disconnect the 10 k!1 resist or
in parallel with LI and tune it at 29 MHz
wit h a grid di p oscillator. Find the saw tooth
generator tube in your scope. Normally ,
when the sync selec to r is in the internal
position , the output from this tube is con
nected across the "horizonta l gain" poten
tiome ter. Be sure that there is no high
voltage o n this control. With a VTVM or a
scope, verify that there is 5 - IOV o f the
sawtoot h voltage between the ho t side of the
potentiometer and ground .

If everything is right , connec t a shielded
wire from the hot side to the "sawtooth
input" in the receiver. Now, co n nec t B3 to
the EC88 and 614 tubes. With the generator
con nected at the ant enna plug tuned at 29
Mllz turn R I (swee p width cont rol) till you
sec a pip on the center of the screen . Rotate
the sweep frequency of the scope t ill you get
the narrowest pip. (Sweep frequen cy must
be as low as possible, around 30-60
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WHEN IT COMES TO ANTENNA SYSTEMS... IS YOURS
a space problem? a budget problem? an applications problem? an installation problem?

or simply a problem of where to buy?
Your one-stop solution is ANTENNAS, I N C.
Exclusively specialists in rad iat ing systems, c omp let e sy s t e m s o r any co m p o n e n t part .
Arrays-complete o r in ki t for m , quads, v a g is, d ip ole assembl ies, ve rt ic a ls - f ix ed o r m ob ile. t owers,
masts, rotors, guy and con t ro l cab le , transmission line, c o ax relays and $ll\t it c h e s , c o n n ect o rs and
adaptors, test gear, techn ical p ublicat ions, c o r ro s io n res istant h a rd w a re , corrosion proofing chemicals,
insu lators, instat lation and w ir in g hard ware, aluminum tUbing and plate, w ire, and much , m~ch more.

If your requirements are for a co m p le t e system, major components, o r the smallest yet Important
piece o f hardware -

Our prices and de liveries are hard to beat . . . anywhere.

ANlrNNASINC Dept. B. 512 McDonald Road ::Te::~~:: ~~~~ ~;,~: 'o~u~u~n::~~:g
[ , • Leavenworth, Kansas 66048. . .. no charge of course.
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Hz.)Tun e arou nd with the generator and
notice how many MHz you are seeing o n the
scope. If the sweep is too wide or too
narrow, rota te R J till you get the wanted
wid th. No w, wit h the generator again at 29
MHz, rcccntcr the pip o n the scope, tu rning
the slug in LI . Repeat the preceding steps
several t imes, till you get the wanted band
pass.

If yo u are not int erested in the cente r
frequency being at the cen te r of the screen,
with slight adjustmen ts , you can put 28 Mlt z
at the left side and 30 Mll z at the right side
of the screen. (Naturall y , if you want, you
can select o ther freq uencies, from about 26
to 32 MHz just tuning the slugs, with up to
4 - 5 MH z bandwidth .) Now, tune L2 fo r
maxi mu m response at the cen te r of the
trace, and selec t a swamping resistor tha t
gives an equal re sponse in every point of the
trace. Usually, the 10 kn unit marked on
the diagram will do, depend ing o n coil Q and
the desired bandpass width .

,,

I
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Now you can calibrate the screen with a
frequen cy sca le. As yo u can see from the
photo, the sca le is not linear, as in any
capacity-t uned oscillato r. Another source of
nonlinearity can be an irregula r sawtooth
tension. Differen ces o ften fo und in inexpen
sive varicaps make it d ifficult to track
oscilla to r and antenna coi ls. The fir st time , I
tried to track L2 wit h another varicap fed
with sweep voltage (you can see two little
black controls near LI), but that resulted in
sweep noise coming into the stat ion receiver,
and this approach had to be abandoned . This
happens when the 2 me ter converter used
for the panadapter and the receiver is the
same.

Now you can connect the o utput o f your
VHF converte r to the panoramic receiver
and see t he band . If th ere is too much
"grass," it is better to reduce it, de tuning the
last i-f transformer a little instead of re
d ucing the vert ical gain on the sco pe.

On-I he-air Performance

It is possible to see many signals jus t
above the noise level. (In the photo you can
see six). The panoramic view proves useful
on many occasions-to have an idea of
activity on VHF, while working o the r fre 
quenc ies, fo r round ups, for turning the
ante nna to the best compromise position in
a multisided 050, to tune VHF co nverters,
for zero beating, etc .

The best part : I got a reprieve, o f sorts.
This toy has kept my father busy enough
that he's lost the kick for some thing new
every day.

. . . IISLO ·
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73 Books for Hams

Ineludes giant world
country-zone wall map.
Articles on OSl design
secrets" winning OX COn
tests, DXCC ru les. DXpeditions. reciprocal li
censing and many more. World postage rates,
WAZ record lists, time charts. propagation. etc.
Special ham maps and bearing charts. A must
for the 0 Xer. $3

DX HANDBOOK

'J"-,
.,

ADYANCED
CLASS

LICENSE
.STUDY GUIDE

\

ADVANCED
CLASS

STUDY GUIDE

128 pages of up-fa-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

Ii . Fisk IIDlY
•

For the ham who wants
to work OX on the
bands about 432 MHz.
there is nothing that can
beat the gain and noise f igure 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
• '0
,-COAX

HANDBOOK

Invaluable book for the
ham or the lab and for
everyone else who does-
n't want to have to keep II

a whole library on hand for reference. . .or even
worse, have to write to the manufacturer for
coax spec. $3

VHf ANTENNA
HANDBOOK..

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 po pular elec
tronic and amateur magazines from 1945 to
1966. $1.50

- '

~ 1- . ........
.-

VHF

ANTENNAS

This handbook is a com
plete collection of up-to
date information about
VHF and UHF anten
nas, with design h ints. construction and theory.
If you've been vvondering what array you need.
this book will give you enough background to
make the right decision. $3
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73 USEfUL ;

TRANSISTOR CIRCUIIS~

~

73 USEFUL
TRANSISTOR

CIRCUITS
If you've been looking
for a transistor circuit to
do a special job, chances
are there is a c ircuit in
this book that will give yo u a head start . It
covers circuits for audio, receivers, transmitters
and test equ ipment. $1

I

,

DIODE

CIRCUITS

HANDBOOK
An invaluable reference
book . Covers recti
fiers. mixers, detectors.
modulators. FM detec- '-
t ors. no ise limiters. AGe. BFO'/Q-multipl ier,
AFC. Varicap tun ing audio clippers. balanced
mods, field ·strength meters, RF probes, zeners,
control circuits. etc. III different circuits. $1

Vol. I. This book is largely a co llection from FM
Bullet in, edited by K6MVH and WAB UTB.
The material is taken fr om the editions of
February 1967 through February 1968.

Vol. II. This book contains selected techn ical and
construction articles taken from FM Maga·
zineafter March 196B. $3

FM ANTHOLOGY

Chronicles of an Amateur FM Channel
by K6MVH
A humorous accoun t of the antics of a grou p of
lids du ring the early days o f FM in Los Ange les.
I neluded are deta ils. sche mati cs. a nd plans for a
remotely cont ro ll ed ama teur stat ion. $3

"
- _. - --

---- ~_.-

- ----- ----
HAM

TELEVISION

The Amateur Television
Anthology is a collec
t ion of the technical
and const ruction articles
from the ATV Experimenter. edited by W0 K Y Q .

If you're interested in ATV . this is the book for
you . I t covers the gamut from the simple to Ihe
complex in amateur television equipment . ~3

RADIO DATA REFERENCE BOOK,
filled wi th f ormu las, c harts, d esign specificat ions
for every type of circui t , antennas, power sup
plies, math tables, conversion tables. Hard
bound. While they last- $3

CW by W6SFM explains code and how to
learn It. 501!

MILITARY SURPLUS TV EQUIP
MENT by W4WKM is a necessity to the sur-
ptus-scrounqinq ATV addict. $1

CUMULATIVE INDEX llsts ell the ar
ticles in 73 up through December 1966. 25e

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• •
• _ Co ax Handbook $3.00 :
: _ T ransisto r Circuits $1 .00 •
: _ Index to Surplus $1.50 Please send me the books checked at left : :
: _ Pa rametric Amplifiers $3.00 :

H RTTY $3 00 Name Call................ •
: _ am •
• _ VHF Antennas .$3.00 Addre$$ .•.••.•.••.•.•.••.•.•.••••.••••.•.•..•.••.•••..•.•.••••.•.•..•••.•••••••••.•.••. :
: _ FM Antho logy $3.00 :
: _ AT V Anthology $3.00 City •.••.•.•...••.••.•.•..•.•.•..•.•.••• State .••••.•....•.•.• ~ip •.••.•._..••
: _ CWo $ .50 Books shipped prepaid in US and Cene a. :

: _ Milit ary T V $l .00 73 M' :
: _ Cu mulat ive Index $ .25 agazine :
• _ OX Handbook $3.00 :
: _ Advanced Class $3.00 Peterborough. N. H. 03458 :
: _ Rad io Da ta Ref $3.00 •
: _ Ama teu r FM Channe l. $3.00 :
• •• •
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Kayla Hale W1EMV
Box 224
Dublin NH 03444

VARIABLE-IMPEDANCE

MOBILE M UNT •

151-' POSITION CERAMI C SWITCH)

Fig. 1. S chematic diagram.

10 0 0 , F

o

o 4 0 0p'

COA X FROM e AlIE MOUNT

Sl
COAX FROM RI O

operation using the Waters 75 meter coil
with the Band-Adder (see Dec., '67 , 73
Magazine) makes it possible to operate
1(}-15-20 and 75 without getting out to
change coils.

Waters and New-Tronics claim a 52 ohm
match and require no further matching
device. Webster suggests the use of some
type of impedance matching on 80 and 40
meters. Tests have shown that a 1,000 pf
silver-dipped mica capacitor from the center
conductor to ground provides a good
impedance match on 80, and a 400 pf
capacitor provides the proper match on 40.
No matching is required on 10-15 or 20
meters. Now, let's face it - connecting and
disconnecting capacitors at the base of the
antenna every time you want to change
bands becomes Excedrin Headache No. 74.

After knocking head s with Bill
McCracken, K1GUU, we came up with this
nice little switching arrangement. In this
case, a deck mount is used . A ceramic switch
and an Amphenol S0239 connector have
been mounted on a bracket attached to the
backing plate. The two capacitors have been
connected from the switch to ground,
leaving one position a direct connection with
no capacitance added . In this way it is a
simple matter to hop out of the car, change
the coil and tip, and merely turn the switch
to the position required for the given
antenna. My thanks to Bill for the actual
construction.

By far the most popular mobile antenna
is the center load coil variety. These come irl
various sizes, shapes, and colors, depending
upon the whim of the manufacturer.
The New-Tronics mode l, fo r ins tance, comes
in a quiet shade of gray, and depending upon
power rating and frequency , varies between
about ~•• and 2" in diameter. Waters Manu
facturing favors black for the color and has
an assortment of shapes for the coils.
Webster has recently come out with a new
KW series. The coils are white in color. They
are sometimes referred to as the " White
Bubble."

Each of these has its advantages. and
efficiency varies from band to hand. So it is
highly possible that one might use different
coils and tips for different bands. In my
particular case, the Webster KW-80 has
proved very successful for 75 meter opera
tion. However, on a long trip , multiband

. . . WI EMY -
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An amateur I co ntac ted the o ther day
said he was using a 10 meter dipole for 20
meters and was gett ing an swr of 1.2 : I
- which is hard to believe. He said his " swr
is low and the transmitter load s up" and
therefore he was perfectly happy with this
arrangement. However, on 40 and 80 meters,
he could not use this 10 meter dipole sin ce
the swr was greater than 8 : I .

The idea o f a two-band dipole intrigued
me, so I pressed for more details. He was
using 200 ft of RG-5 8 /U coax and a 1 kW
amplifier. The weather was cold (New
Englan d winte r) , he was getting ou t , and
therefore he was not about to change this
arrangement .

His transmission line was act ing as a "loss
pad ," an impedance matching scheme which
is used extensively in audio work. A loss pad
can take the form o f a T , H, ladd er, or even
a simple series resist or. Its gain is always less
tha n unity.

Consider the simple case of a 5 kn plate
load to be rna tched to a Ion voice coil. A
perfect match results if a 4 .99 kn resistor
were put in series wit h the Ion voice coil.
But look wha t happens to the useful power
output. Approximately 1/500 of the power
appears across the voice coil and the rest is
lost as joule hea t in the resisto r.

This also reminds me of two experimen ts
which I developed for lecture demonstra
tions. In o ne experime nt I load up a pa ir of
oldfashioned bedsprings co nnected back-to
back in dipole fashion, gamma matched, to
perfect swr. The transmitter loads up but
there is little radiation.

The o ther experiment uses 225 ft of
RG-8/ U coax ial line of mongrel origin which
sho ws good swr but blisters badly when I
kW is pumped into it.

.. . Ka tash i Nose KH61J/1 •
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CUSTOM TRANSFORMER DESIGN ~ MANUFACTURE
weue today for I tree Quot alloll 011 any tran srorm~r, choke,
or nturable ' ruclo r. Each uni t will ht dnlln~d and manu 
tlclu t~ to Jou r U IN st/ffi llcatlons. S tan du d E · J and tlp~
wound "C" coru are IU l llh l ~ . QuanUliu from sln rle units
( 0 t/roductlon r una may be I ccommodlt~ .

PETER w. DAH L CO .
5325 Annette Au .. EI PliO, TUII 79924

Tele : 915·751 ·4856
•

• Depencfable operatian
• Rugged Eimac 3-1000%
• Instant Transmit. ALC
• Fast Band Switching
• Easy Load and Tune
• Real Signal Impact

BTl LK-2000 ... '0'
maximum legal amateur
input ••• 5SB, CW, RTTY.
Price •• •• $79500

BTl LK-2000HD ...
for heavy duty applica
tions such as MARS. high
power RTTY and 55B.
P,I,. . . .. 5B9500

In AMAT£ua DIVISION

Hafstrom Technical Products
4616 Santa Fe , San Diego, Ca. 92109

RF MU L T IMETER , R FM -1
S"nphh~s construc t.on <lnli t~Slln<J o f sene S I a1~ corcUllS.
an le n lla5 <lnd t ran51nlS510n SySleU15

MEASUR ES
1 mv 10 100 ,,' u C. !. n.
1 In" 10 1 " R F 10 500 Mtll , !. 5 ""
V5WA 1 35 and 3 0 Is to '1 Ghz
o 10 60 Ol!(:,bels

Man y InO'~ lea lu res W"te lo r de ta ,led unx:hure - Rad,a tlon
Devices Co 8 0_ 8450. Bauunore , Ma. y la nd '1 1'134

WORLD 0SLBUREAU
5200 Panama Ave.

Richmond, Calif. U.S.A. 94804
Plan 1

We forward rOU~18ase arrange al
phabetically to or within U.S.A., Cana
da and Mexico for 341 each. and to all
other places in t he world for 4C' each.

Plan 2
You use our special log form and send us
a c opy. We supply OSL, make out aSL,
del iver aSL, all for 811 each.

Write for free information sheet.
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Getting Your Extra
Class License

Part XIII: Examining
Filtering and RTTY

STAFF

In the beginning, ham radio had only one
k i nd of commu nication ava ilable- tele
graphy . using a hand key . (We can't call it
CW. because in those days continuous-wave
transmissio ns didn ' t exist ; spark gaps ge ner
ated the rf.}

As the years passed , the spark gave way
to CW, and telegraphy gave way to voice
co mmunications to some degree. Voice work
was all done with AM originally, but as t he
art progressed F M and the many varieties of
sideband joined the procession .

Today, ham radio has its choice of many
kinds of commu nica tion techniques. Hand
key CW, automatic-key CW, AM voice, FM
voice, SSB, and DSB are the most widely,
used , bu t facsimile, television, a nd digital
telegra phy ( more commonly known as
RTTY) are also very much in t he picture .

Since the Ex tra Class license is the highest
grade issued in the Amateur Radio Service ,
the FCC rightfully insist s that aspiran ts to
this ticket be familiar with t he e nt ire range
of techniques available to hams. As a result ,
the exa mination fo r the Ext ra Class license
includes questions o n the lesser-used
techniques as well as on the more common
practices.

In this sect ion of our study course, we'll
look at so me of these more specialized
quest ions. Specifically , we'U cover the
subjects of RTTY and filt ering. On the
officia l study list , these subjects are the basis
of t he following questions:

5. What is meant by " frequency shift
keying" and how is it accomp lished ?

98

13. Draw a block diagram of an RTTY
system showing the primary fun ction of each
stage. What is the proper way of identifying
an RTTY transmission? What is the most
widely used frequency difference between
the mark and space freq uencies in a conven
tional RTTY transmitter?

4 1. How do filters attenuate harmonic
emissions?

49 . If a crystal lattice filter has band
wid ths of 3 kc/s at t he 60 dB points and 1.5
kc/s at the 6 dB points, calculate the shape
factor. At what frequ ency is the best shape
factor achieved in a crysta l lattice filter?

64. How do phasing condensers help
sta bilize crysta l filter circuits?

Following our usu al practice , we'll sup
plant these highly specific questions with a
set of more general questions for our discus
sion. This ti me, we will actually have two
sets, one fo r each of our two subjects.

The starting point for RTTY is most
general-"What is RTTY? " Filling out this
subject is our second quest ion, "How is
RTTY tra nsmitted and received? "

On the subject of filt ers, we must be
almost as general and begin by asking, "How
do filt ers o perate?" We ca n t hen ask, " How
is filter pe rfo rmance rated?" a nd finally
become a bit mo re specific when we
examine "How are rf bandpass filters con
structed? "
Radioteletype

What Is R TTY? The first elect rical
commu nicat ions technique wa s, of course,
telegraphy. Samuel F. B. Morse is generally
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credited with the invention of telegraphy
(although, like Marconi in the case of radio,
Morse's major cont ribution was to gather a
number of discoveries made by o thers into a
working system and promote it to the
world). The familiar hand key was, for
several decades, the o nly means of origin
ating any electrical communication.

As the years passed , a number of inven
tors a ttacked the problems imposed by the
hand key and its requirement for an oper
ator who knew the telegraphic cod e. Eventu
ally , Joy Morton and Charles L Krum
developed a machine which was able to
bypass the o pera tor requirements. It was,
essentially , a cross between a typewriter and
a telegraph system. In 1915 , the Associated
Press adopted the Morkrum machine.

Me anwh il e , Edward Kl einschmidt
independently came up with a machine to
perform the same purpose. In 1925, the
Morkrum and Kleinschmidt companies
merged, and five years later AT&T bought
the firm. The machine was named "Tele
type" by blending the prefixes of "tele
graph" and "typewriter," and the firm was
named the Teletype Corpora t ion . The word
"Teletype" is, in cidentally, st ill a registered
trademark of the Teletype Corpo ration and
cannot legally be used to refer to any o ther
make of teleprinter equipme nt. It s commo n
abbreviation, "TTY," is not a trademark and
can be used as a general term.

TTY machines were designed with the
requirements of land-line telegraphy in
mind, but during World War II it became
apparent that radio transmission could
replace the land-lines with little change in
techniques- and RTTY (radio TTY) was
born .

Amateur RTTY got it s star t in 1946
when it number of hams on both coasts , in
a parallel bu t apparen tly unconnected action,
persuaded several companies to release
obsole te machines to ham use instead of
smashing them for junk.

Today, TTY equipment has many uses
besides the o riginal land-line telegraphic
applica tion, and as a result machines are not
too difficult to locate. For instance, TTY
equipment is widely used in the digital
computer industry (where the ma chine is
known as a "remote termin al") and as of the
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summer of 1969, at least a dozen firms were
producing machines fo r th is purpose which
had never participa te d in the telegraph
communications use.

The principle upon which TTY operates
is similar to that of normal CW transmission,
with one majo r differe nce. Where CW makes
use o f five different kinds of signals - dits,
dahs, and three lengths o f spaces to indicate
in-the-character space, word space, and
sentence space-TTY uses only two . The two
kinds of signals used by TTY are called
"mark" and " space" and may be re prese nted
in several different ways. The advan tage
gained by using o nly t wo kinds of signals is
that a machine can then interpret the signal
with a minimum o f "logic" o r decision
making circ uits; conventio na l CW with its
one-unit di t, three-uni t dah, and one-, t hree-,
and five-unit spaces would req uire much
more interpretation to decode. This is simple
for humans, but most complicated for a
machine to perform (although machines
have been built to do so).

Because o f the differences in the kinds of
signals used, TTY equipment does not
employ the Internat ional Morse Code.
Instead, it uses one of severa l other codes
which assign cha racters to combinations of
the mark and space signa ls. Amateu r an d
most commercial equipmen t uses the "I nter
national Five-Unit Code," but equipment
designed for use with computers is more
likely to employ the "American Sta ndard
Code for Interchange of Informat ion" or a
differenl code o riginally in troduced by the
Friden Company fo r it s " Flexowri ter" eq uip
ment.

Regardless of the code used, the signals
sent and received by a TTY machine consist
of groupings of " mark" and "space" signa ls.
At the machine itself, "mark" is usually
represented by the presence of curren t in the
line, and "space" by the absence of current.
so that they can be thought of as "on" and
"off" conditio ns. This same represen ta tion
can be used in the circuit from one machine
to anot her, and the result is known as "make
and break keying." Ordinary CW is sent by
make and break keying, for instance. For the
machines, however, the use of make and
break keying makes it impossible to dis
tinguish an ex tended "space" condit ion

/
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from a circuit fai lure and resu lti ng tota l loss
of signal-and so other representations are
usually employed instead.

The most common techniq ue used to
represent "mark" and "space" conditions in
RTTY is to use two radio frequencies rather
than just one. One freq uency rep rese nts
"mark" and the other is "space." Now a loss
of signal can be recognized by the absence of
both the mark and the space signa ls, while
an extended "space" condition is signaled
by the presence of the space signal.

The two frequencies are usually very
close together. The difference between the
mark frequency and the space frequency is
known as the "shift," and the normal shift is
only 850 liz. This tends to minimize
fading because the two signals will fade
together. Narrow-shift is also used, with a
shift of as little as 150 Hz, to min imize
fading effects still more. Any shift less than
900 Hz is legal for use .

H makes no difference which of the two
frequencies is used for "mark" and which
for "space," but common ham practice is to
use the higher of the two frequencies for
"mark." In case one station chooses to
reverse this, all the other station need do is,
to reverse the polarity in his rece iver-which
may be done by merely tuning to the other
side of zero beat. The situation is exactly the
same as the choice between upper and lower
sidebands in SSB opera tion .

In TTY work, again regardless of the
actual code used (and for the rest of our
discussion we will assume tha t the Inter
national Five-Unit Code is the one to be
used, since it is the one required for ham
RTTY by FCC regulations), each character
begins with a "start" signal and ends with a
"stop" signal. This makes the total character
length with a five-unit code actually seven
units.

The "start" signal is always a "space" and
the "stop" is always a "mark." These two
signals establish t iming synchronization
between the transmitting machine and the
receiving machine, and thus make it possible
for the intervening code signals to be
decoded.

When no character is being transmitted, a
steady "mark" signal is sent. The "space"
condition produced by the start port ion of a

1()()

character then starts the machine's decoding
mechanism. The decoding mechanism sorts
out the next five signal conditions to de te r
mine what character is being sent, and stops.
The "stop" portion of the character simply
provides enought time for the decoder to
co me to rest before another character can be
sent.

Norma l speed fo r amateur RTTYequip
ment is 60 wpm. At this speed, each part of
a single character (except for the "stop")
lasts for 22 milliseconds. The stop is half
again longer, or 3 1 msec, for a total char
ac ter duration of 163 msec.

A TTY machine has the appearance of a
typewri ter ; its major parts so far as the
operator is concerned are the keyboard and
the printer.

When a key on the keyboard is pressed, it
sets up in some type of memory device the
actual code to be transmitted . This memory
device may be either mechanical or elec
tron ic. The machines in genera l use all
employ mechanical memory; pressing a key
pushes down a notched lever, which then
latches in the "down" position . Each key
has a different lever, and the notches on
each lever correspond to the "space" por
tions of the characte r for tha t key . All these
notched levers rest on top of and across
another set of five levers, so that when a
notched lever is latched down it pushes
down any of the second group of levers
which do not have notches above them, and
leaves up any of the second group which are
matched by notches.

This second group of levers operates a set
of five contacts, one for each unit of the
character code. A motor-driven distributor
then wipes a selector brush across the five
contacts in turn (the "start" bit of the
character is built into the selector mechan
ism, as is the "stop" bit at the end). If the
contact lever for anyone unit is up, a
"space" is sent when the selector brush
wipes across that co ntact; if the contac t
lever is down, a "mark" is sent. When the
selector brush leaves the last contact, the
dis tributor motor stops and the keyboard is
unla tched in preparation for the next charac
ter to be sent.

Figure 1 shows the internationalS-unit
code, without sta rt and stop bits. The
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CHAR . I COOE BITS
LTR FIG I 1 2 f 3 4 5

A - x x 0

B ? x 0 x x
C • x 0 x x•

0 $ x 0 x
E 3 x 0

F , x 0 x x
G & x 0 x x
H lbs 0 x x
I 8 x 0 x
J • x x 0 x
K x x 0 x x
L x 0 x
M 0 x x x
N 0 x x
0 0 x x
p 0 x 0 x x
Q 1 x x 0 x x
R 4 x 0 x
S be l x 0 x
T 5 0 x
U 7 x x 0 x

til:
• x 0 x x x•

x x 0 x
X I x o x x x
Z •• 0 xx .
space o x

car ret x x
line fd x 0

f; x x 0 x x
it, x x o x x x

F ig . 1. In t erna t io n a l 5 -U n it Teleprinter
Code, required by F C C r eg u l at io n s f or use
in ham TTY . "s c" entries rep resent "mark"
p ulses and b lan k en t ries represent " space"
pu ls es. S e e F ig. 2 fo r ti m ing of si gn a l a nd
sta rt -stop f ram e w hic h su r rou n ds e ach char
acter code.

column headed "code bits" shows the co de
as it would be represented o n paper tape ; bit
I is the first one sent after the sta rt bit, and
bit 5 is the last sent. The " f" column with its
all-"o" entries represents the sprocket feed
hole of the punched paper tape, and is not a
part of the code. An "x" in any entry
represents a "mark" co ndit ion , and a blank
represe nts a " space."

We have see n how the operator's pressure
on anyone key is translated int o the code
pattern to be transmitted to represent that
cha racter. The reverse ope rat ion, translation
of a received code pattern into a charac te r to
be printed, is accomplished in ' much the
same way by the printe r. However, the
printers o f the various models of TTY
mach ines are the areas in which the most
dras ti c differences occur.

The explana tion of printer action which
follows is based o n the act ion o f the
Telety pe Model 12 machine, which is now
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obsolete. More re cent machines operate in
substa n tially different ways, but the model
12's operat io n serves to explain the basic
idea without complicating the description
with the complexities of single-magnet oper
at ion .

The received signal is applied to the
prin ter as a ma ke-and-break keyed cu rrent,
with "mark" represented by the presence of
current and " space" represented by it s
abse nce. In the absen ce of any receiv ed
signa l, " mark" condi tio n exists and curre nt
is fl owing through the printer line .

In the printer, this current flows through
a latch relay and six selector magnets. So
long as current flows through the latch relay,
the printer is inactive.

When a character appears, its arriva l is
indicated by its " start " bit which is a
" space" condition. This drops o ut the latch
relay and permits the drive motor to turn
the receiving dist ribu tor through one revolu
tion.

As the receiving distributor rotates, it
connects each of the six selector magnets, in
turn , to the signa l line at 22 msec intervals.
Each selector magnet is either tripped or
un affected by the signal lin e; if the line
co nditio n is " mark" when the selector is
connec ted to the line, the magnet is tripped,
an d if the line condition is " space" nothing
happens.

The first five selector ma gnets cont rol
notched levers, which in the "tripped"
position block movem ent o f the key levers
which do the actua l printing. When all five
of these notched levers have been tripped ,
only one key lever can mat ch the no tches in
all o f them. Every o the r kcy lever will fail to
match a notch in a t least one of the co de
leve rs .

T he sixth selector magnet, which is
tripped by the stop bit , permits the printer
motor to drive the key-lever mechanism and
print the o ne charac te r which ma tches. After
the print ing, the ent ire mechanism is reset to
it s initial conditions and the receiving dis
tributor sto ps, ready to start again which the
next start bit arrives.

In later machines, o nly a single selector
magnet is used and its mechanical act ion is
routed to the appro priate po ints for each bit
by a cam whi ch sets up toggle action at the
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Fig. 2 . This waveform shows th e appea rance
of the character "S" as t ra n sm it t ed in the
asy nc h ro n o u s seri a l RTTY c o d e. Whi le c o d e
co n t ains o n ly five units. character as sent
incl u d es seve n. Eve ry c h a rac t e r has a
"sp ac e" start unit , and a " m a rk" stop u nit ,

in add it ion to t h e f ive u n its w hic h ca rry
c h a rac t e r' s mean ing. A ll bits except stop bi t
are equal le ng t h , 22 msec at 60 wpm speed.
S top bi t is lo nge r, 3 1 msec at 60 wpm . to
" p a d Out" to transmission rate and allow
time for equ ipment to stop between c h a r
acters.

proper time. Some machines do not use key
levers ; instead , they posit ion a " type box" in
front of a hammer so tha t the selec ted
character will be printed when the ha mmer
strikes.

Not all characters in a TTY machine
cause printing. So me, such as "carriage
return ." "line feed ," "letters," and "fig
ures" cause mechanical action in the prin ter
instead .

What we've looked at so far in this
exa mina tion o f RTTY principles is simply
th e key boa rd and printer portions of the
TTY ma chine itself, and applies eq ually to
land-line or wireless operation .

In a land-line setup (called a " local loo p"
when one is set up in a ham shack, as fo r test
purposes) , the keyboard contac ts are con
nected in series with the printer selector
magnets and a power supply which fre
quently is l 50V de at 20 or 60 rnA. Pressing
a key causes generation of the code char
acter, and the serial code character opera tes
the selector magnets and causes the printer
to print. If this all happens in the same
ma chine the result is an elect ric typewrite r ;
if the keyboard and prin te r are in different
machines, the result is telegraphy without
Morse co de.

To convert the telegraphy setup to rad io ,
all we need do is find so me way to put the
"mark" and "space" informa t ion on rf
rather than o n copper wires, and then
recover it to drive the printer.

START,.IlI.L ,.ll!!.L IBIT3 1.1!!.!±..1"T5 I STOP
BIT elt

Q<,lRilGTEA
1163 _ I

F ig. 3. Block diagram of t y p ic a l RTTY
stat io n. AM statio n wo u ld be sam e except
that speaker would rep lace termina l unit
and printer at receiver output , and micro
phone wou ld replace keyboard, together
with AM or FM modulator o r sideband
gene rato r rep laci n g TTY modu la to r, at
transmitter inpu t . M~j o r diffe rence is
p resence of T T Y mac hine, and add itio n of
TU and T TY modulator to interface with it .

We could sim ply substit u!e the key board
for the ha nd key in a CW installatio n, and
we would have make-and-break keying. The
first amateur work over long di stances was
done in this manner beca use no othe r for m
of teletype operation was pe rmitted by the
FCC. At the receiver, the audio was con
verted to dc cu rren t to drive the selec tor
magnet and that was all it took .

However, make-and-break is no longer
used in RTT Y. Frequency shift keying
(FS K) is almost universa lly used . The fre
quen cy shifted may be the ca rrier itself
(FS K). or an audio frequency modulated
upon the carrier (AFSK). FS K is used in the
HF bands, but AFSK is used by VHF RTTY
enthusiasts because o f the d ifficulty in
controlling small sh ifts at high freq uency.

A typical RTTY station is shown in block
diagram fo rm in Fig. 3, and compared to an
AM sta tio n. You can see tha t the major
differences lie in the TTY machine itself,
and the circuits co nnecting it to the t rans
mitter and the receiver.

The transmitter and receiver themselves
serve the same purposes as in any other radio
co mmunications system. The TTY machine's
keyboard generates the proper code fo r the
characte r to be sent, and the "TTY modula
tor" converts this co de into the proper
modulation for the transmitter (frequency
shift or FM for FSK, and a shifting audio
freq uency plus audio modulator circu its for
AFSK). The "converter" or "terminal unit "

\11
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WITH CALL

converts the receiver's output into a make
and-b reak-keyed curre nt suitable for the
TTY machine's printer, and the printer then
converts this intermittent curren t now in to a
character image on paper.

In the early days, amateur RTTY stations
were required to identify themselves by
ordinary CW at IO-minute inte rvals, as well
as id entify ing in the TTY transmission .
Rules have since been modified to perm it all
identification to be done in TTY. T he
general requirements for iden tificatio n are
the same as for all other amateur stations;
both the transmitting sta tion and the
rece iving sta tio n must be ide ntified by call
sign.

Ho w is RTTY Transmitted and R eceived ?
We've already examined the means by which
the operator's pressure on anyone key of
the keyboard is converted into an electrical
code representing the chosen cha rac te r, and
the received elect rica l code is conve rted back
into a printe d representation of the char
acte r. But what goes be tween?

Of course, a radio t ransmitter and a
receiver are used, but the TTY modulator
and the converter or terminal unit are the
items we're most inte rested in at th is point.

T here are almost as many different TTY
modulator circuits and terminal unit designs
as there are RTTY en thusiasts , but most of
these different designs have many items in
common.

The major differences, In fact, are
brought about by the choice of FSK or
AFSK for the modula ting te chnique, and by
the choice between FM discrimination and
simulated make-and-break for the terminal
unit.

If FSK is to be used, the TTY modulator
must vary the freq uency of the transmitter,
and the terminal unit may eit he r generate
the driving signa l to the printer directly from
the receiver's i-f, or indirectly from audio
tones produced by the bfo.

If AFSK is to be used, the TTY modula
tor must first provide a freq uency-shifting
aud io tone and then modulate the trans
mitter with this tone. Except for the keyed
audio oscillator, normal AM tra nsmitter
techniques are usually used. The terminal
unit for FSK must be of the audio variety.

Since an audio terminal unit can be

-
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F ig. 4. A FSK oscil lator f rom W2 P A T ·
designed installat ion. Ind u c t o r is TV wid t h
co il, Output of this oscillator feeds com/en 
none! AM transmitter's mike jack. C apacitor
C2's va lue is varied to adju s t fo r p roper
shift .

A F S K ope ra tors normally indicate
" mark" condit ion with a tone of 2 125 Hz,
and "space " with a tone of 297 5 Hz. The
oscilla to r is tuned , by adjus tme nt of the coil
ind uctance and the value of capacitor C l , to
produce outpu t at 29 75Hz when the keying
circuit is o pen-circuited .

When the keying circuit is closed, R I is
shorte d out. This permits diodes D I and 02
to swit ch capacito r C2 into the circuit in
parallel with C I, thus lowering the output
freque ncy . The value of C2 is adjusted by
trial and error until the output fr equen cy is
2 125 Hz.

Operation of this diode sw itch may
appear a trifle mysterious a t first, since no
externa l power is supplied to turn the d iodes
eithe r "on" or "off." What actually happens
is that the diodes rob enough power from
the oscillator tank circ uit to develop their
own switching voltages. 02 conducts for half
of each cy cle regardless of the keyboard
co ntac t position ; during the half-cycle that
D2 is "off,' D1 attempts to con duct. The
current flow through D I , however, must
fl ow through R l , and a voltage is develo ped
at the "hot " end of R I wh ich tends to keep
C2 isolated from ground.

When the keyboard contac ts are closed,
R 1 is no longer in the circuit and the cu rrent
flow is direct to ground on both halves of
the audio cy cle ( through D2 on o ne half and
D I on the other). The diodes now ac t just
like a closed switch, and cut C2 into the
circuit.

Because of the diodes, the keyboard
co ntacts handle only a small amount of
de rather than being required to switch
ac or high-current de. This minimizes rf
interference to the receiver - in RTTY this is
an important point, because the printing
ac tion on the machine normally results from
the signals which have gone all the way
through the sys tem, rather than on any
direct connec tion between keyboard an d
printer.

The receiving-converter portion of the
W2PA T terminal unit (Fig. 5) is not so
familiar-looking as the oscilla tor. It co nsists
of a double-diode limiter fo llowed by a
two-stage amp lifier which is operated in an
over-driven co ndition to serve an additio nal
limiting function. Out put o f the active

' 0
XIll TR

;-;-. ....
' " ~ o~~ • ---)
• 6~ '"

° ,~ "'- r-

'"~ II *z. '" -
' ';'

m ,

,
'"0

employed fo r either AFS K: or FSK operation,
most of the po pular designs have been based
on this principle. For FSK-only use , however,
t he straight FM technique can provide the
ability to dig much deeper into the crud and
noise of a crowded ba nd for so lid copy of a
wea k signa l.

Let's examine at least one of each of
these types of equipmen t to see how it
funct ions. Since RTTY in ama teur radio
began with AFSK, we'll examine an AF SK
modulator and terminal unit fir st , followed
hy the FSK equip ment.

One of the most popular RTTY terminal
units ever described was that designed by
Marvin Berstein, W2PAT , and ,originally
published in QST. The W2PAT unit provided
an introduction to RTfY for a majority of
the pioneer RTTY enthusiasts -and more to
our point, is an excellent example of a
complete AFSK unit. It included both the
oscillator to provide a keyed audio tone to a
convent iona l AM transmitter , and the
receiving converter to turn received tones
into serial character codes to operate the
prin ter.

The AFSK oscillator ( Fig. 4 ) is almost
completely conventional. The Hartley circuit
provides a stable sine wave ou tput with a
minimum of co mpo nents, but any o ther
oscillator circuit could have been used (and
most other circuits were, in one or an othe r
of the various designs which fo llowed). The
part which makes th is circuit different fro m
an ordinary oscilla tor is the diode switch and
fre quency-shift capacitor circuit, co nsist ing
of resistor R I , diodes D I and D2, and
capacitor C2.
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Whe n the AFS K signal's freq uency
returns to that to which the detector is
tuned, the detector stage cu rren t in creases
and plate voltage d ro ps . When plate voltage
falls below about 55V, the neon goes out
and the gri d of that side of the current
amplifier returns to ground voltage. At the
same time, pla te voltage in the o t her half of
the detector was rising and turn ing on the
o ther side of the curren t ampl ifier, th us
reversi ng curren t through the o utput relay
and driving it to its o ther position.

The milliammeter connected between the
plates of t he current amplifier stage is a
tuning indica tor. When t uned to a TTY
signal which has a ma rk -to-space ratio of I : I
(as much time spen t in mark cond it ion as in
space cond it ion), the meter will indicate
zero average current. T h is is because the
meter movement is unable to follow the
rapid fluctua tions of current, and if the
mark-to-spa ce rat io is I : I , the average current
flu ctuatio n will be zero.

Another way to provide such a test signa l
is simply to key an AFSK oscillator with a
square wave o r an electronic key set for all
dits; the RYRYRY sequence is traditional
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varying over the range of 450 ill V to
more than 30V. This 15V signal is
applied to the detecto r, which ac tually
consists o f two separate gri d-lea k detecto rs,
each tuned to a separa te audio frequency.
One half o f the circuit is tuned to the mark
frequency and the other hal f to the space
frequency. Since only o ne of these two
frequencies is presen t at anyone time, o ne
side of the circu it is always d ra wing more
curren t than is the o ther side, and this sw ing
of the heavy curren t flow from o ne side to
the o t her in the detec tor stage corresponds
to the ma rk-or-space condition of the TTY
signal.

T he plates of the two detector circuits are
coupled t h rough neon bulbs to the grids of
another dual-tr iode tu be. T he neon bulbs act
as threshold devices. Until firing voltage for
the neon is reached, grid voltage o n the final
tube rema ins zero. When curren t flo w in one
side of the detecto r d ro ps d ue to lack of
signa l at the associated frequency, the pla te
voltage rises, and when the neon fires the
grid o f that side of the cu rren t amplifier
tube goes posit ive. This makes that hal f of
the fina l tube draw heavy curren t, thus
pulling the polar relay to the corresponding
position.
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F ig. 7. Block diagram o f typical direc t-FSK
o r i·f RTT Y term in al u nit. L imi t er a nd FM
dete ctor a re comp le t e ly co nve n t iona l, bu t
from F M detector o u tp u t all t h e way
thro u gh t o T TY pri n t e r se lector mag n ets d c
coup ling is employed .
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amount of shift , by varying the effect of the
added capacito r. When cha nging fro m one
ba nd to another, this resistor normally must
be adjusted to ta ke into accoun t the fre
quency mult ipli cation introduced by most
transmitters at the higher ba nds.

Many RTTY enth usiasts receive FSK by
using AFSK terminal units, conve rting the
FSK signal to AFSK by turn ing on the
receiver bfo and tuning carefully.

However, an FSK signal is an FM signal,
and an FM detector opera ting a t the re
ce iver's intermediate frequency can in many
cases give superior performance. The FM
detector can be any of the convent iona l FM
detector circ uits - discriminato r, ratio detec
tor, or pulse coun ter. Its major poin t of
difference from au dio AM detectors is that it
must respo nd to low-frequen cy signals, since
the 22 msec duratio n of a TTY bit is abo ut
23 Hz in sine-wave terms.

but the keyed oscilla tor is more reliable
since it does not depen d upon the keyboard
being in proper adjustment.

Many other AFS K units have been des
cribed an d put into use since the W2PAT
unit mad e its appearance ; a large portion of
those in usc today use transist ors rather than
tubes. T he basic principles of all are similar,
however, in that the two audio tones are
split in to separate cha nnels and the TTY
code is recovered by detection of both
channels. The limit er is also a usual feature
since it provides the ability to operate with a
minimum of critical receiver adjustment
betwee n sta tions.

r SK eq uipment is similar in many ways
to AFS K gear, but differs in some im portan t
respects. The modulator consists of a circuit
to switch capaci tance across the tuning
circuit of the regular transmitter vfo (c rys ta l
oscillato rs arc difficult to get enough sh ift
on). Such a circui t is shown in Fig. 6. Like
the AFS K oscillator, a diode switch is used ,
but this diode switc h is powered by voltage
stolen from the transmitter B+ supply. The
func tion of the switch is to connect the
added capacitor C I across the tuning capaci
tor when the keyboard contacts are open,
and to rem ove it when the contac ts are
closed. This mak es "mark" the lower fre
quency and "space" the higher one . No te
that this is the exact reve rse of AFSK
practice.

The frequency shift is usua lly 85 0 Hz,
but any sh ift less than 900 Hz can be used
legally. The variable resistor cont ro ls the
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Fig. 6 . T y p ic a l switching circuit for direct
FSK. 3 ·30 pf t rimmer is coarse adjustmen t
on maximum amount of shift atta inab le; 1
meg pot is o perat ing adj ust me n t. A ll corn
po nents to righ t o f rf choke sho u ld be
mou nted as close as possible to vfo ta nk
circuit, and be made mechanically sol id t o
avoid frequency instability. Components to
left of rf c h o ke may be located anywhere.
Keyboa rd con tacts m ust be in sul a t ed f rom
grou nd for use in t h is ci rcu it .
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Such a direcr-Pxk termi nal unit is sho wn
in block-diagram fo rm in Fig. 7. Both the
limit er and discriminator stages are com
pletely co nventional. The ca thode follower
between the discriminator and the driver
stage permits direct co upling for good low
freq uency response.

The driver stage is a switc hing circu it, so
hooked up that a " ma rk" signa l produces
current flow through the output terminals
and a " space" signal stops the flow of
current. Both positive and nega tive power
supplies are use d so that the output ter
minals will be at approxima te ly ground
potential to minimize shock hazards.
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Filtering Devices
Ho w Do Filters Operate ? The temptation

is always present to answer a quest ion
phrased " How do . . ... with " Very well ,
tha nk you !" and let it go at that -but this
would hardly be fair , since we asked the
question o urselves in the first pla ce. Besides,
many filters operate only poorly, if at all ,
because until very recently filter design was
essent ially a cut-and-try proposition. Clas
sica l theory upon wh ich the design was
based called for physically impossible com
ponents in the filter, and substi t ution of
realizable items led 10 inaccuracies in the
design. This sit uatio n, fortunately , has now
been cured, and we'll look at " ho w" a litt le
later.

The purpose of a filt er is to separate ac
signals. In general , a filt er mu st fall int o o ne
of fo ur ca tegot ies -"highpass," "Icw pass,"
"band pass," or "bandstop." A highpass filte r
passes all signa ls higher in freq uen cy than its
cutoff frequency and stops all lo wer
frequency signals. A lowpass fi lter does the
reverse . A ba nd pass filter passes all signals
between its lower and upper cutoff frequen
cies and blocks signa ls either higher or lower
in frequency than it s passband limits, and a
bandst op filt er block s passage of frequen cies
within it s band while permitting all others to
pass.

These four catego ries of filters are based
upon the action performed by the filter.
Any filter, though, must operate at some
specific frequency or frequencies. The fre
quencies involved may be subsonic, audio,
intermediate, or radio freque ncies. The
design of any specific filter depends upon
both the action to be pe rformed , and the
operating frequencies involved. Components
employed in the filter, and the apparent
principle of operation, may vary widely with
the action and the freque ncy.

However, when we get right do wn to the
basics we find that all filters opera te on the
same basic principles despite apparent dif
ferences. These apparent differen ces are best
illustrated by some examples o f various
filters : The filter portion of a power supply
is a lowpass filt er operating in the su bsonic
freque ncy range . while the TV I filter o n a
tran smitter ou tput is usuall y a low pass filt er
operating in the rf region . A TVI filter o f the
sort connected to affec ted TV receivers is a
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highpass filt er operat ing in the rf range. The
mechanical filter used in SSB work is a
band pass filter operati ng at th e int ermedi ate
frequency , and so are the crystal lattice
filt ers also used in SSB. For that ma t te r, an
i-f transfo rmer is a ba ndpass filter, as is any
resonant circ uit. RTTY filters are also ban d
pass designs, but o perate in the af regio n.

All filters are based on the freq uency
dep endent properties of reactances (even the
mechanical filter makes use of the mechan
ica l eq uivalent of electrical reactance).
Capacitive reactance X c decreases as signal
freq uen cy f rises, while inductive reactan ce
X j goes up with increasing frequency. By
proper choice o f the type and amount of
reactance any desired filter ac tion can be
obta ined (within reasonable limits, as we
sha ll see a little later).

To illust rate the principle, let's examine a
single stage, subsonic. Iowpass filte r typical
of those used in man y power-supply designs.
The sche ma tic appears in Fig. 8.

,
•

I e
~ •

'. orr

• T •

F ig . 8 . S in g le sec tion low pass f ilter. Va lu e s
01 Land C determine cutoff freq uen cy 01
f ilter sectio n .

At freq uencies far below the "cutoff"
frequency of this stage, the inductor pre
sents a very low value o f X j and the
capaci tor has a very high value of X c' Both
reactances are so ext reme that they may be
ignored. and the filt er becomes in effect a
straight piece of wire with no effect on the
signal.

At frequencies far above cutoff. the
situa tion reverses. The inductor's reactance
is very great and the capacitor's reactance is
very low. The filte r becomes in effect a dead
short , with no path from input to output.
and the signa l is blocked .

The " cutoff" freq uency of this type of
filte r is defined as being tha t freq ue ncy at
which X j eq ua ls X c. At th is freq ue ncy , since
reactance is eq ual in both directions, half the
signal curren t flows to ground and the other
half flows through the filter. The signal is
neither passed without loss nor blocked
co mpletely.
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At frequencies near cutoff, the situat ion
is similar to that at the cutoff frequency .
Signals slightly below cutoff freq uency will
be slightly attenuated , but the lower the
frequency becomes the more of the signal
goes through an d the less of the signal is
bypassed to ground. Signals slightly above
cutoff are st ill partially passed , but as the
frequen cy rises less and less of the signal
makes it through the filter. There is no such
thing as a perfect filt er which passes every
thing below cutoff and blocks all above.

Filter performance can be improved ,
though. by adding more stages. If two of
these stages are cascaded o ne after the other,
then at cutoff frequen cy the first stage will
block ha lf the signal and permit half to pass.
The second stage will block half of the half
that passes th rough the firs t, and permit
only 1/4 of the o riginal signal to get through
the composite filter.

Adding a third such stage will reduce the
output signal level to 1/8 that at the input.
A fourth stage will halve this, to 1/16 the
original level. Five stages will cut the output
to 1/3 2, and so fo rth.

When extra stages are added. though, the
definition of " cutoff frequency" must be
changed. Each stage's cutoff frequency is
defined exactly as before, but the cutoff
frequen cy of the filter as a composite unit
becomes lower with each added stage,
because for any filte r the definition of
" cutoff freq uency" most generally used is
that frequency at which the filt er reduces
output signal level to half the level present at
the input.

Our two-stage filt er in the example would
have a co mposite cutoff freq uency only
0.7071 times as grea t as the single-stage
filte r; the three-stage filters cutoff would be
at a freque ncy half that of the single stage
filte r. These ratios apply only to the simple
design shown in Fig. 8 ; more complex filter
designs have different rates o f cutoff
frequency change, and in genera l a filter is
designed fo r specified performance rather
than being built up of some arbitrary
number of identical stages.

We have just examined the basic prin
ciples as applied to a simple lowpass filte r.
A high pass filter wo rks the same, except
that the inductor and capacitor are inter-
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changed so that signals above cuto ff are
passed and those below cutoff are blo cked
rather than vice versa as in the lowpass
circuit.

To get a bandpass filter. we could simply
build a high pass filter with cutoff set at the
lower band limit, and follow it by a lowpass
filter with cutoff set at the upper band limit.
For extremely wide passbands this is some
times done. One example is the 300-3000
Hz band frequently used for voice com
munication ; this is too wide a bandpass for
simple bandpass filte rs to handle , and the
economical way out of the problem is to
first trim off one limit and then trim the
other.

For narrow passbands, though, something
more like a tuned circuit is genera lly used.

Not all filter stages are as simple as that
shown in Fig. 8 . T uned circuits may be
included instead of simple reactances, and
the reso nance freq uencies may be far dif
ferent fro m the inte nded cutoff fr equency in
order to modify filter performance. The
variations possible in filter design on this
basis gave rise to the " image-parameter"
theory of fi lter design, which ruled the
design of most filters for more tha n 30 years
and even today is still widely used .

However, reactances which sat isfy the
demands o f image-parameter theory are
physically im possible , because the theory
demands that the resistive portion of the
circuit be zero at cutoff fr equency . changing
in the same manner as a capaci t ive reactance
below cutoff, and changing in the same
manne r as an inductive reactance above
cutoff, while actua l resistances are inde pen
den t of frequency .

Because many fil ter requirements are
only approximate. this design method has
been able to give circuits acceptable for most
purposes. When more accurate designs were
required . cut-and-try fitting of values was
the normal course.

Any filter, though. is a network of
components connected together. and any
such electrical network must obey certain
basic rules known to engineers as " Kirchoff's
Laws." These state, in essence, that as much
current must flow into any point as flows
out and vice versa . We might say simply that
the current must go somewhere -it can't just
disappear !
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Fig. 9 . "rvotcet response c u rves of t he fou r
majo r catego ries of f ilters. T h e se response
curves are id e aliz ed ; actual re sp o nse curves
h a ve more rounded co rners and never Quite
reac h the zero-output point.

Another factor in common for all filters
is " cutoff frequen cy," but now that we have
established the meaning of "attenuation" we
are in position to define cuto ff frequency

\/
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Every filter possesses so me definite value
of attenuation at every frequency . A low
pass filter has attenuation both below and
above it s cutoff frequency , as do high pass
fi lte rs. bandpass, and ba ndstop varieties.
Attenuation is usually expresse d in dB .

If the out put level at some specified
frequency is t he same as the input level, the
attenuat ion at tha t frequency is IP d B. If the
out put level is zero for any value of input
leve l (a condit ion theoretically possible but
not attainable in practice be cause of st ray
coupling around the filter ), the attenuation
at that frequency is infinite.

A plot of attenuation versus frequency
gives t he "response curve" of the filter. Fig .
9 shows ty pica l response curves for the four
categories of filters.

provide the filtering action. We'll look at this
in more detail in a subseq uent section. First,
let 's see how filter performance is rated .

lIo w Is Filter Perf ormance Rated? Filter
performance is ra ted according to several
factors, and the factors involved vary to
so me degree with the type of filter in
question . Onc factor prese nt in the rati ng
of every filter is it s "attenuat ion"; this is a
measure of the signa l level at the out put side
of the filter compared to the level at the
input side.

\

These rules can be written as a series of
algebraic equations, and to apply them to
t he ana lysis of any arbitrary network we
must do just that. The laws state that all the
current must be accounted for , and t he
equations do the accounting.

Since a filter is a network, the filter can
be described by a suitable series of equa
tions. The filter designer ca n then solve the
equations to find the network parameters
which will produce optimum performance in
some desired respect. Performance will be
poorer than opti mum in so me other respects
when this is done , since all design represents
compromises, but t he "modern network
theory" design technique for filters permits
t he designer to choose the performance he
w an t s w here the "image parameter"
approach permitted only one or two para
meters to be designed for.

We won't go any deeper than this in to
modern network theory, since it is a
mathemat ical technique and one of our
guiding principles in this course is to stay
away from all mat hematics which we can
avoid. If you're interested, the fourth
edit ion of "Reference Data for Radio
Engineers" (and presumably the just-•
published fifth edition as well) contains 47
pages (pages 189 through 235) describ ing
the techniq ue.

We'll merely note that the modern
network-theory design approac h permits a
nu mber of di fferent filter response curves,
and the result ing different filt ers are usually
identi fi ed by names associated with the
shapes of these curves. The two most widely
known are the Chebishev (also spelled
Tshebysh eff, Chevishef, and Tshebishev) and
the Butterworth filt ers. The Chebishev
design provides the sha rpest possible rate o f
cu toff at the cos t of permitt ing ripple in the
passband, wh ile the Butterworth design
ma intai ns passba nd resp onse flat at the cost
of moderate phase shift and less steep cutoff
rates,

It may seem a .bit odd for us to declare
that a ll filt ers are based upon reactance
when crystal lattice filters composed of
several quartz crys ta ls are so widely used ,
but elec trically the crysta l is just a very
high-Q t uned circuit an d conta ins bot h X i
and Xc' When used in a filter , the X j and X c
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more accura tely than we did ea rlier. The
cutoff freq uency fo r a given attenuation
may be specifie d as the frequency at which
the filte r has t hat value of attenua tion . Thus
the 3 dB cutoff freq uency for a lowpass
filte r will be lower than the 6 dB cutoff
frequency. The definition we d eveloped
earlier - tha t freq ue ncy a t which output level
is half of input level -actually defines the 6
dB cutoff frequency of any filter.

A glance at Fig. 9 will show that bo th
bandpass and bandstop filte rs have not onc
but t wo cutoff frequencies, since for any
specified value of attenuation there is a
frequency below the fil t er 's center fre
quency which has t hat attenuat io n, a nd
another freque ncy above cente r frequency .
The two cutoff freq ue ncies of band filters
are designat ed as " upper" and " lo wer"
cutoff frequencies.

Sometimes filters are compared accord ing
to their "slo pe" or "cutoff rate." This is a
relative term referring to the rate at which
a tte nuatio n c h anges with frequency .
Engineers speak of slope or cutoff rate in
units of " d B per octave" ; th is mea ns the
number of d B change in attenua tion whe n
t he freq uency is doubled. A single reac tance
has a slope of 6 d B per octave; tha t is, if
frequency is doubled the reactance is either
doubled or halved , and the resul ting ratio is
6 d B (2 : I vo ltage or curren t, an d 4 : 1 power
ratio ). Filters wit h two reac tances usua lly
have slopes of 12 dB per octave , wit h t he
slope increasing 6 dB per octave fo r each
added react ance in the filte r. T his is not an
airtigh t law; however ; many f ilte rs have
slopes which do not follow this rule, and
al most no filt er follo ws this rule at frequen
cies near the cutoff poin t or within the
passband .

All filters have a "bandwid th," but the
term has different meanings depending on
whether the filter is (l) lowpass or highpass,
or (2) bandpass or band stop . F or lowpass o r
highpass filte rs, t he bandwid t h for a speci
fied attenua tion is the actual frequency at
which the filter has that attenuation . The
"width" means the numb er of cycles from
zero freq uency to t he frequency in question .
Thus the bandwidth for 3 dB att enuation of
a lowpass filt er with a 3 dB cutoff frequency
of 100 Hz is 100 Hz.
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For symmetrica l bandpass or bandstop
filters, the band width is the difference (i n
hertz) between the t wo cutoff points fo r the
specified attenua t ion. A band pass filter with
an upper 3 d B cutoff freq uen cy of 10 kHz
and a lower 3 dB cutoff freq uency of 8 kHz
would have a 3 d B bandwid th of 10-8 or 2
kII z.

Bandwidth is always specified for a
definite attenuation level , because it is
defined in te rms o f cutoff frequencies,
which are the mselves defined only by atten
uation level. Unless the attenuation level is
specified, any use of "bandwidth" as a rating
fac to r is meaningless.

For bandpass filters in part icular, the
bandwidth is one of the primary measu re
ments-but it is by no means the only one.
Consider two different bandpass fil ters, both
having 6 dB band wid ths of 3000 liz. The
first , however, is a very simple filt er with
only a fe w reactances and consequently ha s
a very slow rate o f cutoff, while the other is
a complex Chebishev design wi th steepest
possib le cutoff ra te. The first filt er may have
a 60 d B bandwid th of 30 kHz and t he 60 dB
bandwid th of the second might be as narrow
as 6 kH z. ( F ig. 10 ).
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Fig. 10 . Sig n ificance o f "shape facto r" is
sh o wn here. Both fil t ers whose response
c u rves a re ill u strat ed h a ve 6 dB bandwidths
of 3 k Hz . Th at in so lid li nes has a 6 0 dB
band width of o nly 6 k Hz, while that in
do tted li nes has 6 0 dB bandw idth o f 30
k Hz. D iffe rence in e ffec t ive passband is
c lea r ly e vi d e n t .

Obviously , the second of these filters will
do 'a fa r better job of trimming applied
signals down to it s passband .

The term "shape factor" is used to
describe the property we have just com
pared ; the "shape" referred to is that of the
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filter's response curve. A perfect bandpass
filter would have ab solutely vertical sides to
it s response curve, with zero attenuation
between the two cutoff frequencies and
infinite attenuation outside that range.
Actual bandpass filters have response curves
wh ich vary from a barely perceptible hump
up to a steep-sided curve very much like that
of the perfect filter.

The " shape factor" of a bandpass filter is
the ratio between its bandwidths at two
different attenua tion levels. In ham practice,
the 6 dB and 60 dB bandwidths are the ones
most ofte n used . The shape factor ratio is

~

always o btained by dividing the larger band-
width by the smaller, so that it is always
greater than I . A perfect filter with vertical
sides to the response curve would have the
same bandwidth at all attenuation levels, and
so would have a shape factor of l. Pract ical
filt ers always have greater bandwidth at high
attenuation levels than they do at the
lower-attenuation points, and so their shape
fact ors arc always greater than 1. If the 6 dB
bandwidth of a filter is 1.5 kllz and the 60
dB bandwidth is 3.0 kH z, the 6-60 d B shape
factor of tha t filter is 3.0 /1.5 or 2; this
represen ts excellen t performance. Many
bandpass filters in use today have shape
factors as great as 10. The shape factor of a
single tuned circuit when used as a bandpass
filter may be as great as 100.

/low A re RF Bandpass Filters Con
structed ? One o f the requi rements fo r any
receiver intended to operate in today's
crowde d rf spect ru m is that it have extreme
selectivity. Ideally, it should be ab le to tune
in either sideband of an AM signal while
rejecting both the carrier and the other
side band . This is known as selectable side
band capa bility, and marks an extremely
selective receiver.

Almost universaIly, such selectivity is
achieved by use of bandpass filters operating
in the rf or i-f range. Since normal i-f's are
ac tua lly radio fre quen cies, we 'll lump these
filt ers together for our discussion.

RF bandpass filt ers capable of providing
sha pe factors sma ller than about 10 are most
ofte n one of two major types-mechanical
filters and crys ta l filters. We won't go into
details of the mechanical filters here, since
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they have little to do with electrical and
electronic phenomena .

Crystal filte rs themselves divide into two
major groups. One of them uses only a single
crystal, to provide a very narrow response
curve with relatively poor shape factor. This
ty pe, which was standard equipment on
older communications re ceivers, provides
excellent results on CW but is not so hot for
reception of voice signals. The second group,
which used two or more crystals, provides
greater bandwidth than the fir st , with
smaller shape fact or. It is widely used in SSB
operation , since the shape of its response
curve matches the requirements for voice
communication .

The single-crystal type of filter is nor
mally known simply as a "crystal filter,"
while those using two or more crysta ls are
generally called " crystal latt ice filters."
Technically , a lattice filter must use four
crystals, or multiples of four, but an electri
cally equivalent circuit called a "half-lattice"
requires only two crystals, and is possibly
the most popular type of lattice filter in use
now.

Let's examine both groups of filters
separa tely , taking the older single-crystal
filter firs t. The schematic of a ty pical single
crysta l filte r circuit appears in Fig. 11 . The
driving transformer splits the signal into a
pair of signa ls, eq ual in st rengt h but opposite
in phase. One of these two signals is applied
to the quartz crystal while the o ther is
applied to a "pha sing condenser" which is
simply a variable capacitor. The two signals
are then put back together at the input to an
amplifier stage.

•
h
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F ig. 11. Typ ic al sing le -crysta l i-f f ilter of
type used for CW reception . Adjustment of
capacitor tunes o u t para llel resonance of
c ry st a l to g ive symmetrica l passband , or c a n
rncve parallel resonance to either side of
series resonance to insert a " rej ec t io n
notch" anywhere within passband except at
serte s-resonant frequency itself .
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The q uartz crysta l is eq uivalent to a very
high Q resonant circuit; it has both series
and pa rallel resonances, At the frequency of
series resonance, it is an ex t remely low
resistance, while at the freq uency of parallel
resonance it is an ext reme ly high resist an ce.
In the absence of the phasing condenser, this
circ uit would permit signa ls at series
resonance to pass through a lmost un
changed , while attenua ting signals at other
frequencies greatly and providing almost
infinite attenuation at parallel resonance.

The phasing condenser, however, provides
an alterna te path for the signal around the
crystal. When the phasing con denser is
adjus ted so that it s capacita nce exactly
balances the parallel capaci ta nce of the
crys tal and it s holder, the parallel resonance
of the crysta l is elim ina ted and the filter's
respo nse curve becomes a single sharp peak.
The reject ion notch at pa rallel resonance is
elimina te d.

When the phasing condense r is adjus ted
fo r eithe r more o r less capacitance than that
required to balance the crys ta l, t he effect is
to tune the parall el resonance of the crystal
to some definite frequen cy. This introduces
the rejection notch, and makes it possible to
move the rejection notch relative to the
passband peak, permitting a single inter-

'.

•

'.

Fig. 12 . Full -lattice filt er arrangement in
blo c k d ia g ra m f o rm. Each block represents
an im p eda nc e hav ing c h a racteris t ics of the
circuit shown in Fig. 13. When intercon 
n ected a s sh o w n here, passba nds of " A " and
"B" sec t io ns interact to pro vide a flat 
t op ped passban d w ith e xc ellent shape fac 
t o r.
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F ig. 13. Equivalent c irc u it o f each impe
dance in full lattice f ilter. Para llel -resonant
ci rc u it at left represents parallel resonance
composed of c ry s t a l and stray c ircuit capaci
tance, together with lo a d in g resistances.
S e ri es- re so n a n t ci rc u it at right (w h ic h may
be extended indef initely as indicated by
dotted lines) represents ser ies resonances of
each c r y s t a l in each leg. Im p e d a nc e s "A"
and " B" are para llel resonant at lower
cu t o ff frequency . S er ies resonances intro 
duce "infi nite rej ection" notches j u st o ut
sid e p a ssb a n d to sharpen ski r t s of f ilter.

fering frequency to be "notched out" of the
signal.

Adjustment of resistance R I modifies the
loading imposed o n the filt er , and varies the
effec tive bandwidth . T he 6 dB bandwidth of
such a filter circuit can be varied from ab out
50 Hz when R I is extre me ly large, o ut to
grea ter than 6 kH z when R I is very small.

The multiple-crystal filter designs are
based on the lattice structure sho wn in Fig.
12. Each section of this lattice structure
consists of o ne or more crys ta ls, and pro
vides the equivalent of th e circ uit shown in
Fig. 13. Much of this circ uitry can be
eliminated by replacin g th e lattice with its
equivalen t shown in Fig. 14; the lattice arms
themse lves now require only single quar tz
crys ta ls using their series resonances.

Charac te rist ics of such a filte r are deter
mined primarily by the number of crysta ls
used , and the degree to which they are
ma tched. Those crystals marked A and those
marked 8 must not tune to the same
frequency . In fact , the spacing between the
series resonant frequen cy of crystals A and
that of crystals 8 is the major factor
determining the filt er's bandwidth.

Design o f such a filt er is done by modern
network theory, usually using the Chebishev
techniques, and is too co mplex for us to
ex plore here. In general, the bandwidth
determines the spacing between resonant
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fre quencies of the two groups of crysta ls.
Within each group, charac te ristics of each
crysta l must match as closely as possible
(many commercial crys tal filters use a single
crystal with multiple electrodes on it, each
pair of such electrodes serving as a " dif
fere nt" crystal in the lattice , to assure
identical charac terist ics). So long as the
filter 's ce nter frequency is not greater than
about 250 times its desired bandwidth, aood
sha pe factor ca n be attained eas ily . That is,
for a "phone" bandwid th of 3 kHz, any
ce nte r freq uency up to 750 kHz could be
employed . In fact , successfu l lattice filters
with ce nte r frequencies as h igh as 10 MHz
and bandwid ths as small as 2 kH z have been
built , but de sign is more critical.

Fig. 14. Load resistances and stray cir cu it
cap ac i t an c e of full tatt ice f ilter can be
moved to i n p u t and output terminals as
indicated here. This c irc u it is electrica lly the
same as that o f Fig. 12. Each " A " and " S "
block is still the c irc u it of Fig. 13 , w h ich
ma y in practice co n sist of a single c r y stal for
each block.
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..... THEY'RE NEW, HOT, AND CHEAP!

Hams have been using integrated circuits
almost since they were first int roduced
comme rcia lly at reasonable prices. The ear
liest ham uses were keyers and freq ue ncy
standa rds using digital ICs. ICs are so useful
in these applications that it is difficult to
imagine anyone building a keyer out of
discrete semiconductors, or (perish the
though t ) vacuum tubes, anymore. ICs with
their low-voltage operat ion and great circuit
simplification make even comp lex projects
relatively easy and inexpensive to build.

The resistor-t ransistor logic ( RT L) fa mily
(the Motorola MC700P series and the Fair
child ~L900 series) has been the most popular
type of integrated circuits for experimenters.
Both are packaged in inexpensive plastic
cases, an d though the Motorola devices have
won out in most uses because they are lower

•
in cost and furnish more fu n ct ions per

•
package, many of the Fairchild parts have
also been used .

There has been rela tively little
use by hams of linear integrated
circuits up to no w, though a few
of the audio power amplifie rs that
have been int roduced by RCA,
Motorola, and GE in the past
few years have seen some use.
This would be surprising at firs t

FEBR UA RY 1970

glance because most ham applications are
linear or analog ones. rather than digit al.
However, the digital circuits were much
cheape r and more widely ava ilab le. hence
att rac te d more attent ion in the past.
Recently , however, many different ty pes of
linear integrated circ uits have be come very
att ract ive for ham use. They are now avail
able at reasonable prices for many applica
tions.

Many of the new linear integrated circ uits
that are of particular inte res t to hams have
been designed for consumer use. This assures
that they will have reasonable prices; expen
sive ICs can find little use in consumer
eq uipment. Table I lists many of the linear
in tegrated circuits that are now available.
They include voltage regulators, audio ampli
fie rs of various ty pes, i-f amplifiers, a unique
new circuit ca lled the balanced modulator,
and ope ratio nal amplif.iers. Any one of these
ICs can re place many discrete devices, and in

many cases can provide much
higher performance than any
practical combina tio n of discrete
devices co uld . They also are rela
tively inexpe nsive, ranging in
price from $ 1.50 fo r an i-f ampli
fie r to $7 .15 fo r the balanced

60 5
modulator/demod ula tor, a recently
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Fig. 1. Hiqb -pertormence IC regula tor
using the MC1460. The input voltage,
V IN must be at least 3V greater than the
output. Maximum input for the MC1460
is 20V. The MC1460 is good for 35V
input An etched circuit board is recom
mended for construction. Use VHF tech
niques.

introduced part. All of the parts described
are manufactured by Motorola, and are
readily available from the many Motorola
distributors, including Allied Radio and
Newark .

Voltage Regulators

One of the most dramatic examples of
the simplification that ~ linear integrated
circuit can provide in a circuit is the voltage
regulator.

The MC I460 series of voltage regu la
tors can provide up to 600 rn A of out
put current at over 30V with no ex ternal
tran sistors or other semiconductors. On ly a
few small resistors and capacitors are
req uired to produce a complete regulator
with excellent charac te ristics .

Four me mbers of the MCl460 famil y are
of part icula r interest to ha ms. The MC1460
has a max imu m input of 20 V an d the
MC1461 , a maximum inp ut of 35 V. The
"G" versions (in a package very much like
the TO-66 case used for silicon power
transisto rs except that it has 9 pins instead
of 2) can handle 600 rnA whe n it's mounted
on an adequate heatsink . Four simila r regu la
tors are available in the MC 1560 series with
a full temperature range which makes them
more suitable for military use. They cost
significantly more.

The MC l460 series has a typical low
output impedance of only O.025-0.035r1 at
frequencies up to 100 kHz. Regulat ion for
changes in input voltage is typically only
0.003% per volt, a remarkably low figure .
The ~IC1460 can put out voltages as low as
2.5V and as high as 17V. The output voltage
must always be at least 3V less than the
input voltage for the regulator to work
properly. Another interesting feature of the
MCI460 series is its short-circuit protection.
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The regulator will not be damaged by a
continuous short circuit.

A basic MCI 460 circuit is shown in Fig.
I . It can put out a maximum of 250 rnA. It
uses only a few small 0 .25W resistors and
capacitors. In the circuit, resistor R I is
selected to give the desi red output voltage. A
potentiometer can be used for a va riable
output, but this circuit is reall y more sui t
able fo r a fixed rather than a variable
voltage.

The regulator as shown will lim it output
curren t to 250 rnA. If you t ry to draw more
current tha n this, the regulator will auto
ma tically reduce the output voltage. This
short-circuit current is determined by the
2.5n resist or co nnecte d to pin I. This
resist or can be changed to get other max
imum o utput currents .

The MC1460G, whi ch is in the TO-5
package, will require a heatsink for currents
near its maximum, and the MCl 460 will
likewise require a heatsink for high current
values. Probably the mos t pract ical ty pe of
heatsink for the R package is one wit h a hole
large enough for all 9 pins to pass th rough
without short ing. This is mu ch more prac
tical than trying to drill holes fo r each one
of the nine pins. A socket is available for the
MC 1460 R, but it is hard to find and
relatively expensive.

One word of caution if you are used to
building de power supplies: The transistors
used in the MCl460 are very high-quality
VHF devices; hence, the circuit must be
treated properly or it's likely to oscillate at
very high frequencies. You' ll notice in Fig. 1
that a number of capacitors and resistors are
included for high-frequency suppression to
prevent the circuit from oscil lating. You
should use an etched circuit board for
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Fig. 2. Ie voltage regula tor with 2A . capabiHty
using external series-pass power transistor.

const ructing this regula tor so that you can
get very short leads and a good ground.* It is
not practica l to go in to all the fine points of
the circuit ; however, the data shee t fo r the
MC l 460 series is comprehensive and pro
vides comple te informa tion on using the
device.

Two other circuits using me mbers of the
regulato r fa mily are shown in Figs. 2 and 3.
Figure 2 is a 2A voltage regulator using an
ex terna l PNP series-pass power transistor. A
similar technique can be used to provide up
to lOA fo r applica tions requiring this
amount of curre nt. More information is
given in the data shee t.

Figure 3 is a laboratory power supply
with an output adj ustab le from 0 to 25V. It

will provide up to 400 rnA. This circu it,
unlike many power supplies, can go all the
way do wn to zero volts. It is also interesting
because of the ex t reme simplicity of the
circui t. It would be interest ing t o compare
Fig. 3 wit h a ty pical regulate d power supply
using d iscrete devices. The discrete version
wo uld be far mo re complex and expensive,
and ye t would not provide the sa me perfor
mance.

The Motorola MC I469 is a regulator
similar to the 1460 , but even less expensive,
and designed for less exacting uses . No
circui ts are included fo r this device because
they were not available at the time this
article was prepared . However , the data
sheet on the devices will give considerable
informa tion.

Another voltage regulator of part icular
interest is the MCl466, which is designed for
use with externa l tra nsistors. It can be used
to regulate voltages as high as 1aoov o r even
higher. In this applica tion, the regulator is
fl oating, but it can be pro te cted against
shorts even though the ex te rna l pass transis
to r used with it may no t be able to stand
this high voltage if the output is shorte d.
More practically , or perhaps of more in ter
est, the 1466 can be used to provide very
high current at lower voltages, or provide
medium curre nt with voltages in the 100 to
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200V range. This would be useful , fo r
example, as a screen supply for a trans
mitting tube. Other voltage regulator ICs are
available; most are made for use with ex ter
nal transistors for curren ts of more than
about 10 mA.

All in all, the new IC voltage regulators
make it very easy to design and build a
power supply to provide almost any current
or voltage with very little work, and assur
ance that the circuit will work properly
without needing any adj ustments. The day
of the discrete semiconductor regulator
seems to be rapidly approaching its end .

Audio Amplifie rs

Many of the new inexpensive linear ICs
are audio amplifiers. Some are designed fo r
low-level use, others for moderately high
power; that is, a watt or more. St art ing at
the low end of the price and complexity
scale is the MFC40 I0, a wide band amplifier
that can provide up to 60 dB of gain at I
MHz, so it's suitable not only fo r audio, but
also i-f applicat ions.

The MFC40 l Ois one of the fi rst of a new
breed of consumer ICs. It has only fo ur pins;
the package is a sma ll version of the dual
in-line package that has become so popular.
The four pins are positive voltage, ground, and
the input and the output. That's all; no
complex compensat ion is needed as has been
required in the past for mo st ICs.
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Fig. 4. High-gain audio amplifier usmg MFC4010
wideband amplifier.

The MFC4010 is especiaily useful as a
microphone amplifier or as a general-purpose
455 kHz i-f amplifier. A typical circu it using
this device is shown in Fig. 4. It opera tes
from 6V; it's an audio amp lifier for a
microphone, and as you can see, very few
external components are required to provide
high gain . The MFC40 10 itself contains
three transistors and five res istors.
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Fig. 6. Audio power amplifier has 1 W gain of 10;
input impedance of 10 kil A n ex ternal heatsink
is required. The HEPS93 can a/so be used in this
circuit with similar resu lts.
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Figure 6 shows a IW audio power ampli
fier. Yo u'll notice that it uses no trans
formers, and operates directly from 12.5 to
14 V. The gain of th is circuit is 10, and the
input impedan ce is 10 kQ. An ex ternal
hea tsink must be used with this device for
ma ximum power ou tput.

The HEP 593, readily available at almost
all electronic stores in the count ry, is similar
to the MC1454G. Either of these devices
makes an excellent output amplifier for use
in mobile or home equipment. Its I W of
au dio power is adequate fo r most ham uses,

audio amplifie r for use in a portable receiver.
Its tota l gain is 1000, or 30 d B. Only a few
ex te rna l co mponents are required , but as
wit h all these ICs~ the component leads
should be short to prevent high-frequency
oscillat ion .

The next IC has been availa ble fo r some
time in an expensive hi-rei (m ilitary term fo r
"high reliability") version . The recent int ro
duction of a low-cost , relaxed-spec version
makes it much more interesting. This device
is the MC1454G. It is similar to the older
MC1 554G, but as mentioned, has relaxed
specifica tions and a much lower price, $3.30
instead of $14.25.

T O'
•

Another low-level audio amplifier is the
MCl303P in the popular dual in-line l4-pin
package. This d ual audio amplifier was
des igned to be used as a preamplifie r in
stereo phonographs and similar eq uip me nt.
It provides 60 d B of gain and is useful whe re
high gain and two separate amp lifiers are
needed .

The MFC4000 is a 0.25W audio power
amplifier with 15 mV sensit ivity. It contain.s
six transistors, th ree diodes, and five resis
tors. The MFC4000 uses the same sma ll
package as the MFC40 I0 and also has only
four termi nals: input, output, supply volt
age, and ground . Its 250 mW of audio output
may not seem like much, but it is quite
satisfactory for many applications, such as
pocket radios, and home equipment , where
the noise level is not very high . When used
with an efficient speaker, that quarte r watt
will drive you out of the room.

The MFC4000 draws very low standby
current, typically only 3.5 rnA at 9V.
Perhaps the best feature of the MFC4000 is
compactness. A whole audio output stage
takes up very little space .

The MCl306P is also a 250 mW audio
amplifier , but it includes a preamplifier,
giving it a sensitivity of 3 m V for full
output -considerably higher gai n than the
MC4000. It 's packaged in a new eight-pin
plastic package that looks like a shortened
dual in-line package. Four transistors in the
preamplifier sect ion and ten transistors in
the output section are contained in the small
package. The two pa rts are independent and
can be used in cascade with other circuitry,
such as a volu me cont rol or filte r be tween
the m. Like the MFC4000 , the MCI306P is
designed for 9V operation and has a similar
low zero-signal current drain (4 rnA). Typi
cal harmonic distortion is only 1%.

A typical application of the MCl306P is
shown in Fig. 5. This is a high-gain 250 mW

,.
,.

470p r

f-m

Fig. 5. High-gain (30 dB) 250 mW audio amplifier

for use in portable receiver.
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CompOfM'fl t 455 kHz 10. 7 MHz 45 M Hz

Cl 80 -450 pF 90 3S pF

C2 - 50 80· pF 2 .0-8.0 pF
C3 0.05 ",F 0001 ",F 0.001 j,lf
C, 005",F 0.05 ",F 0.001 ",F

C5 0001 IJf 36 pF ' 1 0 5.0pF

CO 0.05 ",F 0.05 "F 0.001 IJF
C7 O,05",F 0.05 "F 0.00 1 "F
L1 46 "W 0.8 ",H

T1 Note 1 Note 2 Note 3
•

Note 1 Poma.y 120",H lcenlllf-laPP«t1
Qu ·140at455kHI
PrImary Secondary turns r ano "" 13

NOIli! 2 Pr lma,y . 6 .0,llH
Pnmary WInding ~ 24 t urns 11136 AWG Ictosewound on

1/4 " rna form l
Core " Arnold 'rvoe 1H or equrv
Secondary winding " 1-1 / 2 turns .\136 AWG. 1/4 " d,a

(wound over center-lap)

Note 3 Prunary wlndmg " 18 turns;l22 AWG Icenterteuped]
Second..,.,. winding " 1 turn 122 AWG lover- ....ound OIl

c.n,er of pmn..-vl

Fig. 7. High-qain i-f amplifier with wide-range age action. Circuit values are shown for 455 kHz,
10.7 MHz, and 45 MHz.

except modulating large AM transmitters,
which hardly anyone does any more. Motor
ola A p p lication Note AN-401, " The
MC1 554 : A One-Watt Mo nolithic Integra ted
Circuit Power Amplifier," gives more infor
mation on applicat ions of this useful circuit.
As ment ioned , the MCI454 is a relaxed
version of the 11C155 4, and the circuits
described apply in almost cases.

I-F Am plifiers

A number of new i-f amplifie rs have been
introduced recently; many are of great
inte res t to the ham. In addition, one tha t's
been around fo r a few years tak es on a new
inte res t in view of its recent re duction in
price from $4 .25 to $1 .50.

T he MCI350P is perhaps of greatest
interest. It features very high gain at fre
quencies up to 60 MHz and also includes
provision for very wide-range age . Power
gain is typically 50 dB at 45 MHz, and age
range is 60 dB minimu m. It has very low
fee dback capacitance, thus does not need
neutralizat ion in spite of its very high gain.
The device is designed for opera tion on 12V
from a single power supply, unlike many of

the earl ier ICs. The MC I350P was designed
fo r use in television rece ivers; however, it's
equa lly valuable for many other uses, suc h as
i-f amplifiers at an y frequency u p to 60
MHz. Ty pical gain at 4 5 MHz is 50 dB ; at
10. 7 MHz, it ' s 58 dB , and at 4 55 kH z, 62
d B. Noise figure at 60 MHz is a respectable 9
d B, but you probably wo uld want to use a
low-noise preamp if you were using this i-f
amplifier in a microwave receiver. For other
applications, this noise figure is more than
adeq uate. Typical circuits for the MCI350P
are shown in Fig. 7. Component va lues are
given fo r frequencies o f 455 k llz, J 0.7 MH z,
and 4 5 MHz.

Very similar to the MC 1350P is the
Me1590G, a higher-pe rformance version
sealed in a metal can for use in military
equipment. The MC I590G C05ts S5.60 in
single quantity, so you can see that the
MCI350 P at S3,75 would be of much more
interest in most ha m applications.

Either the MC1350P o r t he MCl 59 0G
also makes an excellent video or audio
amplifier for any application req uiring very
wide range age, suc h as speech co mpression
circui ts.
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Rockville . Conn. 06066

"''''tv
Itvo (J"'L Zo

c (JsrRI",f~/P'" Letvs
"11110111 eLe"!400'" c'te /7"" ISIOtv

13-99" '~s.too~oo", (.
.... 0 W' "'''', t , I!lIIs

'3977~ • • I·e
An exceptional buy in a first quality new Cannon Zoom lens for your TV or 16mm
Camera - Standard "C" mount _.. 113977 $399.00
Ex cel lent condition used lens of same focal range & speed .#3973 $245.00

(limited quantities on above)

Ask for flyer 969D 1 and Warehouse Clearance flyer 9 70J I free .

DENSON ELECTRONIC CORP.
12031875·51 98PO Bo x 85, Longview St.

Fig. 8. MHz amplifier with 25 dB gain and good
agc characteristics. The HEP 590 can also be used
in this circuit with similar results.

Many circuits have been described using
the MC1550G, increasing it s appeal to the
ham builder. A typical example is shown in
Fig. 8 . This is a 60 MHz amplifier with 25
d B gain; it can furnish excellent age. Motor
o la Applicalion Note AN-247 "An ln te-

N 'SPEEC~H
eWe e ompressor
- Increase talk powerdraslieaD, !
- lastall. iDtemalJ, - al.a,swith , ou •

Futd - Mobilt· DXptditioning!
- Works with Phont Palch
- Fully wirtd· bot a kit
- No Holtl 15 miD. install.tiOD in

HWlOO, SSIOI, SB401 aad .th.n
- Full year warra.aty .!rtf liltramrt

MOD EL RPC-3 R, Electtonics
$ 24.'5 BOX 1201

POSTPAID CIfAMPAlGH,IL 61820

HAMS! DON'T BUY USED TUBES
COMPARE OUR PRICES

FOR NEW TUBES
RCA·GE-EIMAC·AMPEREX-ETC.

81IA-5.75. 4-125A-27.50. 4·65A- 12.00.
5R 4GY-1.75, 807- 1.75. WE35018071 - 1.25.
4·400A-38.50. 8 I 3-20.95. 4X I 50A- 19.95,
4 · 2 5 0 A - 3 6 . 5 0 . 4PR608 -55 .0 0 ,
4CX250B-21 .00, 8236- 13.25. 2E26-2.95,
162 5180 7·1 2V FILI - l.50. 417A-2.25, 404A
- 2 .25, 6 146-2.95. 6360-3.50, 2X2-.50.
OD3-0C3- .95. 5879-1.75, 588 1-3.25, WE ·
CV677 1000watt tetrode-5.95, Eirrec
Machlett VT-158 1200-3000 watt bottle-read
March, 1969 issue 73-How Great This Is-9.95,
12V·20 amp. d iode power supply (less xtormer!
-5.95, RCA 6-12 vdc converter, del. 20 amp
19 .9 5, (aprvd. by Volkswagen), CD 3.Y.
mfd·2375V. Oil capac itors-.49, CD 1 mfd.
5000V-2.95 (Ideal fo r lazarl , 5BPl-5HPl-5JP1
scope tubes-4.95 ea., 100 asst. A-B resistors
%-%-1-2W- 2. 50, 12V relays- .79. Add post. &
ins. Send for our list of over 3000 types of
American, British & European imported tubes.
Largest stock of xmitting tubes in the world.
Send fo r large parts catalog (prices lowest in
USA!.

UNITED RADIO COMPANY
56-A Ferry Stree t, Newark , New J ersey 07 105
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A very sim ple receiver providing quite
good performance could be made using a
few of these integrated circuits. Discrete
dual-gate MOSFETs are better in the front
end: an MFE3007 is an excellent rf ampli
fier. An MFE3008 mixer with a separate
oscillator could feed an MC l350P i-f ampli
fier, then a detector and MCI306P audio
output amplifier.

An older, but very good, linear IC is the
MCl550G rf/i-f amplifier. This is a much
simpler circuit than the MC1350P, but it
also offers very wide age range, h igh power
gain ( typica lly 30 dB at 60 MHz) , good noise
figure, and extremely low feedba ck ca paci
tance. The MC1550G used to cost $4.25 ;
now it's down to only $1.50, which makes it
very attractive for many applications.
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grat ed Circuit RF/IF Amplifier," provides
more informa tion on using the MC 1550G.

The lIEP590 is similar to the MC1 550G.
Bo th are packaged in t he '1'0-5 metal can .

One o f the most interesting of new linear
integrated circuit s is the MCl 3 51 P. This
wideband Fl\1 a mplifier provides i- f a mplifi
cati on , limiting, de tection, and audio a mpli
fication. This circuit is almost a complete
FM receiver, fitting in well with the recent
amateur repea te r trend . The Me 135 1P ty p
ically has" 65 dB gain . It uses an inter
esting FM detector that requires only one
exte rna l 'ce il and capacit o r in its reso
nant ci rcuit.

The MCI3 5 1P was designed for use in the
4 .5 MHz sound channel of television receiv
ers (5 .5 MH z for Europeans) ; however, it's
very adaptable for use in FM receivers, ei t her
commercial FM broadcast receivers at 10.7
MH z, o r in mobile commu nications receiv-

ers. A typical circuit using the MCI350P is
shown in Fig. 9 . T his is a com plete FM i-f
system. It is most adap table for use in t he
home, since it requires 140V de for the
audio power amplifier. However , a simila r
type of circ ui t can be used at 12V with a
different aud io amp lifier . Moto rola Appl ica
tion Note AN-468, "A Monolithic Circuit
fo r Television Sound Systems," describes the
use of the MC135 1P in TV reception. The
ham can easily convert t his fo r F M reception
in commu nicat ions work.

•

Balanced Modulator

An interesting new linear IC is the
MC 1596G balanced modulator /demodula
to r. This circui t is a complete SSB product
det ecto r or a balanced modulator for genera
ting DSB with no coils or external t uned
circuit s. It requires only a few resisto rs and

+240 V

v

•

Hz Dev iation

H z Dev iat io n

140 V dc+Vee

l r

~ 15 pF.,. po · 0 .5 W at 7.5 k
Pg.3.5 W at25 k

0.01 /-IF

BrJ0 I(

ow±
A

3
10 . 1

- '<, 134
"<, 14

O.,J.1 F1 ...
l N4001 OR eQUIV

tI '-.... .
<, "7

I MC 1351P MJE3 4 0 O R e c ut

../.: /,
10

1.0 k; ~
c'" 6

~~ 9 , 0. 0 0 3 "F

1/ 5 I2 T en P t .

, ," 0 .01 - A"-
o.';.k I J.lF 2"

3 0

"F _
A "-O. l IJ. F ~!:- 10k vcc r r ' .

A - -
4 " 0 .0 31

0 .01 J.l F

/ I,

INPUT

50 p F

L1

50~H

26 k

VO LUME
CONTROL

Fig. 9. Complete FM i-f sys tem. Though this circuit was designed for use in T V rece ivers, it is also
excellen t for ham FM reception . For portable use, another type of outpu t stage wo uld be preferab le.
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Fig. 10 (A) . Balanced modulator using MC1596G
and (B) double-sideband o u tp u t spectrum. Carrier
rejection is greater than 60 dB without using any
coils.

capacitors. Figure lOA is a typical balanced
modulator circuit using the MC1596G.
Figure lOB also shows the typica l double
sideband-output spectrum that it prod uces.
The 500 kHz carrie r is comp lete ly elimi
nated, at least to the definition of the
spect rum analyzer used, about 60 d B down.
The MCI596G can easily provide 40 d B of
carrier suppression at 9 MHz, perhaps the
most popular frequency for generating SSB
signa ls these days.

2 .50
3 .95
KEY

GATEWAY
ELECTRONICS

6150 Delmar Blvd.. St: louis, Mo. 63112
314·726·6116

BURGLAR ALARM FOI L TAPE -300 foot
roll.

MA~h~~~I~S'JvIV'C:fES " $ 3 .50
SPST Shipping wt. % lb. . $
SPDT Shipping wt. %Ib $

BURGLAR ALARM SHUNT LOCK
SWITCH
Shipping wt. 1 lb . .. , $ 3 .75

48 VO L T DC @ 3 AMP POWER SUPPlY 
Solid S t ate-input 1 15 vee
S h ipping wt. 25 lb . . $ 12 .5 0

IC E CUBE M A K E RS (A UTOMAT ICI-Fits
most refr igerators and freezers ( new) with
diagram and installation instructions.
Sh ipping wt . 12 lb $ 9 .50

T ex t ro n ic 531 O scilloscope
Shipping wt. 125 lb $450.00

BRUSH CHART RECORDERS-1 , 2 , and 4
channel (write for oricesJ

SWAN 250 6 meter SSB Transceiver with AC
power supply .
Shipping wt . 75 lb. ' ~ . ""' .. "" $ 175.00

SQU IR REL CAGE BLOWER A SSEMB LY 11 5
vac 4 x 4 x 350 cfm (newl
Sh ipping wt. 2 lb. . $ 4.95

MODE L 14 T YP IN G R EP E R F
Sh ipping wt. 75 lb . . $ 39.50

MODEL 14 TD
Shipping wt. 35 lb. . ..•...... .. $ 25.00

M in im u m order $5.00. Sorry, no catalog at this
t ime. W rite for specif ic i t ems. Watch for our
ads in 73. Sto p in and see us w hen you 're in St.
L ou is.
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USED TEST EQUIPMENT
All in Good Work ing Condition

H ·P 200AB audio oscillator. rack
mount ' 1 60.0 0

Ballantine 300 AC vtvm 25.00
Measurements 111 c r y st al ca lib ra t or. . 60.00
Measurements 71 sq . w ave generator . . 60.00
Tektronix 18 0 A time-mark generator . $150.00
Fluke 101 V A W meter w/3 sh unts ... $150.00
Triolab 131 ·1 p hase-sensi t ive ac v tvm,

full sca le, 1 m V to 300V near new ...$150.00
Precision E-200-C sig. gen. 90 k c ·30 m c$ 35.00
Dumont 294 -A 5 " scope. Response t o

12 m c, high vol t age accelerat ion for
photography of transients, scope &
power supp ly $125.00

H ic ko k 6 10 TV sweep generator, less
cabinet & d ia l bezel. $ 25.00

Sorensen Nobatron DCR -150-5; 0 "150
vdc , 5A max ., adj . current limiting .. $150.00

JEFF·TRONICS
4252 Pearl Rd . Cleveland. Ohio 4410'

Check our lo w er prices
before y o u buy you r new equip ment.

You can also trade your excess test equipment
or photography equipment on new ham gear .

Send IO¢ for fly er listing surplus elec
tronics, new & used ham gear.

Please include sufficient shippfng charges with
order. H undreds of other barllains in our flyer of
surplus elec tro n ics. new & used ham equipment
& parts. Send 101 for )'our cop)' .

At S1.75 , the MCI596G is not inexpen
sive ; however , its versatility and the simplifi
cat ion and high performance it brings to a
circuit should make it very popular and we
will likely see many applicat ions of this type
of device in the future.

Incidentally , to those of you who follow
the engineering magazines, the MCl 596G is
a simplified co usin of the MCl595 multiplier
that has been attracting a great deal of
attention . The monolithic multiplier seems
to be the new analog building block, similar
to the op amp in its versatility . and can be

DRAKE
Distributors for
GALAXY AMEeO

-
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Fig. 11. Product detector using MC1596G balanced
modulator/demodu lator.

$2.70 in single quantities. This op amp is a
relaxed version of the MC l539 , which is
widely used in military and commercia l
equipme nt. This circuit, though inexpensive,
is extremely versatile, and can be used in
almost any circuit requi ring an op amp.

Conclusion

This article has provided a quick look at
some of the new linear le s of particular
interest to hams. It has provided only very
sketchy information, however. For more
information on any device in which you are
int erested , you can write to the Technical
Information Cente r, Motorola Semicon
duc tor Products, Inc. , PO Box 20924,
Phoenix ,AZ 85036. The data sheets on the
devices provide a great deal of information,
and where mentioned, applicat ion no tes are
also available.

I hope this description of these circuits
helps to convince you that linear lCs are
now at the stage wh ere hams can use them in
their equipment. They are more economica l
circuits using discre te devices in many cases,
and are much easier to work with.
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used in many different applica tions. The
MC1596G is considerably simple r and less
expensive ; however, it still provides excellent
performance in many applica tions.

Operational Amplifiers

Many circu its have been described using
operational amplifiers, or op amps. Op amps
have been around fo r many years, and cost
as much as $200 a t one time . Now you can
buy a very high-quality, high-gain opera
tional amplifier, the MC1439 L, fo r only

Table I. Linear ICs of Particular Interest to Hams

TYPE
NUMBER

Voltage Regulators
MC 1460G
MC 1460R
MC 1461G
MC 1461R
MC 1469R

DESCRIPTION

20V. 250 rnA
2QV . 600 rnA

Voltage Regulators 35V. 250 rnA
35V.600 rnA
35V. 600 rnA

CASE

602A
614
602A
6 14
6 14

PRICE
11 ·991

$ 5.25
6.75
6.79
8 .25
6.75

6 0'

Aud io Amplifiers

M FC4Q1Q Wideband amplif ier. 60 dB gain . to 1 MH z
MC 1303P Dua l aud io preamplif ier. 40 dB gain
MFC400D 250 mW audio power ampli fier, 15 mV sensit iv ity
MC 130GP 250 mW audio power ampli fier, 3 mV sensit iv ity
MC 1454G- 1W audio power amplifier

629
605
629
626
6028

1.85
5.25
2.10
2.90
3.30

3.75
1.50

4.10
614

7.15

" T h e HEP593 is similar ~
"" T h e HEP590 is sim ilar ~~

6 29 ij U 6 26

2 .70

632
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What makes the Radio

Hand book so d if f erent f rom
t he others? Th is is the only
handbook t hat has all o r igi nal
material rather than just being
a bunch of reprints of maga
zine articl es. The hundreds of
co nstruction projects were
bui lt specia lly for t his hand
book by some of the top
amateur radio builders . This is
a hardbound book, w it h some
850 pages of theory, const ruc
tion projects and referen ce
data cover ing every aspect of
amateur radi o.

Ten dollars doesn 't stay
around very long these days,
but this book wi ll be fun to
read and valuable for years to
come .

These may we ll be gone by
next month , so be su re that
you are one of the 500 . . .
send in your $10 tod ay and
receive th is book in a fe w day s
postpaid .
Send to : 73 MAGAZ INE , Peterborough, NH 0 3458

The ed itors and Eng ineers Radio Handbook is by far the b iggest and the
best handbook in print. Here is your chance to get thi s great book at a
substanti al discount, i f y ou act fast. We have ju st 500 co pies on hand and
when they are so ld that w i l l be the end of the bargain. Y ou ei ther w i ll get
one o f these 500 or else have to pay t he full price to buy t h is fabul ous
handboo k .

IHEGIANI fDIlOHS AND fNGINffHS HANDBOOK
Regularly ... .. $12.95

$ .00

-- - - -- - - --- ----- ------ -----
Yes - $10 enc losed - send me the Radio Hand book!

Name' Call _

Ad dress; _

City' State Zi p _
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Neil Johnson W20LU
74 Pine Tree Lane
Tappan NY

THE GL P WILL ET Y U

IF Y U DON'T WATCH OUT
This is an old story but it 's worth

telling again. Twinlead can deteriorate in its
performance at radio frequencies, especially
when it's wet. This is old hat to most hams
that have been around a while, but we te nd
to forget. This forgotten point was re
emphasized to me a few nights ago. I tried to
fire up the rig on my favo rite band, but the
antenna just wouldn't take any power. All
received signals sounded normal, so my
suspicion was directed to the twinlead;
about 75 feet of it feeds the antenna.

There had been a small rain shower, and
the twinlead was covered with a thin layer
of moisture, something resembling dew.
Since it was late, I resolved to do something
about it the first thing in the morning. Next
day, the flat-top was lowered and the twin
lead was scanned . Sure enough, there was a
thin coating of dirt , dust and a dark sooty
looking compound . This was carefully re
moved with a soft piece of paper towel ,
which had been dampened with water. It is
surprising how this stuff will pile up on your
antenna insulators and transmission line.
This is the same stuff that attaches itself to
your car , only you are more awa re of it since
you must see through the windshie ld in
order to drive . It's also piling up on your
antenna system at the same time, the big
difference being that you can't drive your
antenna to the carwash every time it ac
cumulates a fresh layer of dirt. But it's piling
up nevertheless.

This is not something peculiar to the
amateur fraternity . Couple of years ago,

126

there was a big blackout in a Canadian
province. It turned out that carbonaceous
compounds had attached themselves to the
high tension insulators -those big six foot
insulators-and the next time it got damp,
the circuits arced over. Everyone gave up
on TV for that night, and went back to
candles for light !

Once the black glop is wiped clear of
your twinlead, it is fairl y simple to wipe a
little "magic compound" over the twinlead
and your troubles will be gone for guite a
while. The magic stuff in this case is the
Dow Corning type 4 com pound, a silico ne
base surface-eoating co mpound, sometimes
called " DC-4." This stuff will make your
twinlead shrug off water like a d uck's back .
It is available at Allied Radio and at other
well-stocked suppliers. The cost is $2.00 for
a two ounce tube. At first blush, this may
seem dther high . But you don't smear it o n,
you wipe it on with your fingers. And
remember only a thin, thin layer is needed .
Anything thicker than one molecule deep is
unnecessary. I have a tube on hand that's
been around for years. Sure it's an old story,
but worth telling once more.

By the way , you can use the same
compound for waterproofing the ignition
wires and other components in your car
which handle high voltage. The family car
will be less prone to fail when yo u drive
through a deep puddle, and the XYL will
think you're an electronic genius.

.. . W20LU·
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STATE__ Z IP _

-------

MINIATU RE TEST LABORATORY

REDLINE prese nts t he Va lia nt .
Th is neat little c a sse tte tape re o
co rd e r ha s excellent fidelity and
an easy push button system tha t
mea ns everyone in the family can
use it and ha ve fun . It has a battery le vel m eter ,
recording level meter , a ja c k for feeding h i-fi o r
you r rec eiver (o r tv) . and operates from a swi tch
on the m ike. n eeorc t h o se rare O X c o n t a c t s as well
as your regular fr iend s o ff the a ir . The price is
ridicu lously lo w . S P E C IA L. ONLY $33.00 post 
pa id .

CASSETTE

TAPE RECORDER

•

This is b y far the single
most valu a b le p iece of test
equ ipment. Built in meter
for measuring ga in of each
stage under test. Easy to
find weak or defective
stages. O u t p u t speaker
bu ilt in o r to VTVM o r
sco p e. No line c ord s ince it
is se lf powered . ONLY
Model SE·350 Signal Tracer $22.50

AC Voltmeter DC Voltmeter
Ohmmeter Mil liammeter
RF S ignal Generator AF S ignal Generator
Resistance S u b st it u t io n capecttance Substitution
9V DC Supply R F Field Stren~th

Self Po w e red 7Y~" x 30/." x 3l1,,", 1 %Ibs.
Thanks t o trenststo rs and p rinted circ u its you can
hold thi s c o m p le t e lab in one hand . Not lo ng ago
this would have been a whole shelf full of test
equ ip m e n t . 455 k h z generator for allg'ning if 's 400
hz generat or for aud io ci rcu its. Plus a normal VOM
a nd R&C substitution. Field Strength meter for
tuning transmitters. Everything in one sma ll box!
Model SE-400 Mini-Lab ONLY $25.00

ONLY $8 .95

NAME _

A D D RESS _

ClTY _

Send or der [ 0 :

REDLINE CO. Box 431 , Jaffrey NH 03452
Please allow a little extra for postage charges.

----

24 HOUR

DESK CLOCK

o 5E-400
Mini·Lab

o 5E·350
o Cassette

R e cord e r

----

IclB

--

o FL·30
o Cal. Clock
o D esk C lock
o Name Pla t e
o 5E· 4 05

We so ld a bood le of
th ese at th e la st big
hamfest . You ca n or
der your name and call on thiS handsome desk
plate in up to 20 letters and spaces. Immediate
del ivery on all o rders, too . The plates are brown
walnut sta ined and a re a l value at only $2 .00 pp.

Model FL·30

Comes with 5 -sect ion antenna and earphone for
mceutatton checking . Invaluable for tuning an y
t ransmitter . Magnet ic base fo r mobile u se .

DESK

NAME PLATE

52 Ohm 1 KW
SWR Meter

Simple
Inexpensive

Effect ive
$14.95

Model SE405

RF
Field

Strength
Meter

1-400 mhz

This clo ck ca n be r eed
from 15 feet in a dense
f og. A vai lable in char 

coa l g ray . cora l red . l igh t b lue, white or brown.
Plea se specify 12 o r 2 4 h o ur clock . T h e y are
bea u t if ul. ON LY $2 4 .95 postpaid .

24 HOUR

CALENDAR CLOCK
You r operat ing desk
wi l l stand out with
th is day-date c lock .
G re at for t h e office too . Set the 24-hour mode l on
GMT and n e ve r make a time o r date mistake again.
a u )t 3 Y2" bru shed a luminum c a se, self -starting , 110
v 60 cv , Please spec i fy 12 o r 24 hour c loc k .
SPECIAL Calendar C lock ONLY $40.00 postpaid .

I
I
I
I



(continued from page 12)

Mismanagement, Incompetence, or Both?
D ea r Mr. G reen:

Your November ed itorial and Dave Mann 's
article regarding the ARRL were a pleasure to read .
1\ly experience as a ham has been limi ted a s I have
held a General license for less than six mon ths. I
have no basis to ju d ge y our s t a t e m e n ts regarding
ARRL's lack of leadership and initiative in the
t echnical area s su rro u n din g amateur radio . H o w 
ever. a s an attornev, I (f'E"1 co m p e t en t to comment
on the other matters raised .

If what y o u have reported is true . I must
conclu d e that the leadershtp of A R RL is grossly
incompetent. dedicated to the demise of amateur
radio , or mi sm a n a ged in order to suit t he se lf
interest of a sel ec t few . A viab le. d yna m ic com
pany or organization, if it is seeking its grea t e s t
prod u c ti ve effort, can not afford t o ho ld
S6tH,noo,Oo in cash secu ri t ie s , I would immedi
ately questio n those in c h a r ge as t o where t he
fund s are kept, at what in t erest a n d on wha t b a si s
d o cs ARRL d ecide w hich ban ks w ill be fa vored
with th t- ir de p o sits?

A s you m a y know. any ca sh reserves over
$ 100,000,00 are u sua lly su sp e c t by Internal
Re venue as a ccumulated su r p lu s. G o o d reason
m u s t be sh o w n a s to wh y the amou n t is carried
instead of distributed to sh a re h o ld e rs . A pe na lty in
the form o f 27 1h % can result if a reasonable b a sis
fai ls t o exist . Does a reasonable b a sis ex ist fo r
ARRl.. to ca rry funds in ex cess of $100000.00
w it hou t distributing the re st in benefits' to its
m embers? I think not . Why isn 't this money being
u sed In the many ar eas o f amateur radio that are in
d ire n eed o f increased a ctivity? :\Iy experience in
com me rcial aHairs lea ds m e to conclude that
so meon e's self-in t e rest is b e ing held in higher
regard than that of the majority . I belie..-e that
from reading you r co m men ts under ARRL
National Convention Report, ARRL Articles of
A ssociation Waived , et c .. that y o u h ave reached the
sa me conclusion .

The success o f y o u r maga zine is an indication
that the masses o f dedicated amateurs agree . T h ey
ca n see what is happening to thei r dollars a nd
p rivileges . H o w c o u ld ARRL ever give its ble ssing
to m cerru ve licensing and st ill ma intain the inter
ests of the majority, of amateurs?

I have compiled a list of so m e obj ectives w hich
I ~.dlt~Vl' would be in the b est interests o f the ~reat
m ajority of ham s . Unfortunate ly, I a lso b elie ve
t hat AIl R L wo u ld not lvnd su p p o rt t o them. Th e y
an' :

I , D e vis in g of a plan of incentive lic ensing
wh ich wo u ld return the frequencies lo s t , and
fu r t h er grant new frequencies f o r those who
have ad vanced past General.

2 . Establishment o f e ffective representation in
Washington . G reater pnvtleges for t he a ma
teur ca n only co me through the FCC and
Co n gress: without th eir help we are power
le ss. How c re a tive e ffo r t has never bee n
u t ilize d in this area previously is b eyond
b elief. The p o ssibilitie s are endless. It is not
hard to foresee th e d a y when amateurs could
b e c o m p e nsat e d directly b y the Government
in return for the maintenance of an emer
gency c o m m u n ica tions network . Govern
ment sur p lus equipment c o u ld be offered
directly t o the amateur at reduced costs .
These ideas ma y be "way out" to some but
think a , moment about the great advantages
now bemg extended to other special interest

fro u p s.
3. mproved publi c relations .
4 . Recruiting drives,
I cannot im a gi n e how an educated populace

lik e the a mateur radio commu n ity could remain
sile n t fo r so long a period o f ARRL inactivity , The
ARRL leadership s t r u c t u re is, in m y o pinion
guilty of gross m isma nagement. '

L ike yourse lf, Mr. Gree n. I be lieve tha t a
ch a nge in AR R L thought and d irection wo u ld
mean greater growth for amateur radio.

I believe the time has come for a n all-o ut drive
to elect a complete slate of new directo r s w ho
share our thoughts and opinions . Your magazine is
o n e of the few vehicle s available for su ch an
obje cuve. I str o n gly urge y o u to consider such a
ca m p a ign. If I can b e of any a ssistance. please do
not h esitate to c o n ta c t m e ,

Sheldo n A. H a rris WB9B C Z
A tt o r n e y at L a w

C hic ago IL 6 0 6 0 3
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What Price ARRL?
D ear 73,

I have been reading y o u r magazine for a few
years now and I have yet to become tired of its
content. I was disgusted with the others within a
year. T hey a lw a ys have the same articles in them. I
a lways look fo rward to 73 arriving at m y shack .

I have been reading with interest your feature
"Leaky Lines." One paragraph of it is w orth a
w hole issue of QST. The boy s at ARRL h ave been
in a mateur radio so long they have fo rgotten what
it's like to be a relativel y new ham like m e o f o n ly
seve n years . In m y opinion. it 's the ARRL that is
s tagna tin g. n o t the general ham population . They
b eat d o w n any idea for imp rovement which is t he
le ast b it co n t rary to t heir way of t hink in g .

I read t he minutes t o the May b o ard m e e ti n g in
Q ST a fter read ing them in 7 3 and Q ST's version is
funnier. H o w t hese people can waste so much time
and mo ney do ing a bso lutely not h ing is unbeliev
a ble. I fe el sorry for those who join A R R L
e xpecting b et t er m en t o f amateur r adio a nd t h en
se ei ng it spe n t o n t h o se wor t h less board meefings,
You tell m e to support A R RL because it's the on ly
natio nal o r ga nization we h a ve . B y jo ini n g I would
support this clown circus in Newin g t u n No sir ! I
won't give t hem any more of m y mone y.

They sit and argue about putting in fo on
repeaters in the h andbook", when th ere should be
no argument at a ll. T'hen 1q!'ST has the guts to ask
for a rticles on the su b ject , which the v don 't nav
for, and yet they have a PAID technical s ta ff at
ARRL. What are th e y d otngv Uustmg 0 11 rne spark
r igs in the museum?

Any outfit can print handbooks, Iogshee ts. and
DX maps. And WIAW ought t o be in th e ce n t e r o f
the country, not si tt in g out o n the east coast. They
even had to sta r t up a cod e pra ctice station o n the
west coast because n obod y could hear that o n e
squeak ing o u t east. A s fo r FCC p e ti t ions, a n y o n e
can get one up so w h o need s ARRL?

J erome G r o k o w s k y WA9 HCZ
•

Pulsars, Quasars, and the Like
D e a r Sir,

As Mr, H o isin gt o n's article was, to me an yw ay,
a rather cont roversial o n e , and perhaps inaccurate
here and there, readers may fi n d additional com
me nts interesting ,

The subject ma tter is very t ricky and I o nly
wish I were capable of understanding more a b o u t
these seemingly basi c laws . I recall f ighting m y way
thro u gh a quantum mechanics course on tv to
find electric fie ld s are q u a n tized , too! That 's where
I st o p p ed !

Your magazine is very enjo yable. and has s ti m u
lated me to the point where this is the first letter
I've written in response t o a n article in a ny maga
zin e ,

Ed Schweitzer

D e ar S ir :
The arti cle b y Bill H oisington , KI CLL, in th e

September 1969 issu e o f you r maga zine refle ct s
the work of a good irrqutsifive and aertve m in d , a n d
I certainly agree tha t sat isfac t o r y ex p la na tions of
quasars and pulsars a re in sh o r t su p p ly,

I recall a book written by a Mr. Dolbear,
entitled .l1a tle r, stotton and Ether . The b ook w as
written around 1900. a n d D olbear was a ph y sicist
at a u niversity in this c o u n tr y, perhaps a t Duke,
but probabl y at Tufts U n iver sit y. It has b e en five
or more years si nce I 've see n the book , and it is not
now available to me , a n d I apologi ze for the sca n t y
details o n t he book and its author.

H o w e ve r . I recall he investigated the ether
p roblem fro m a similar point of vie w , t hat is,
vortex w a ves , or rings, I was in t r igu e d enough to
b u ild a n umbe r o f vo rtex ring generators a nd sp e n t
many day s fa sci n a t ed by t heir be havior . Por
example , o ne ring m a y be m a d e to pass through
ano ther if t hey are directed on t he sa me path but
head o n in exactly o p p o sin g direction s. I also recall
t h a t a slight angle between the pat hs was su ff icie n t
to upset t h is a musing effect. Note that this is
rather contradictory to the behavior of e lectro
magnetic radiation .

After reading e lse w h e re that so ld ie rs during the
Civil War were repo rtedly observed to fall as the
result of cannon blasts far from the soldier (this
refers to so m e so ld ie rs whose position was not
coincident with the traj e ctor y of th e proje ctile), 1
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experimen ted with devices capable o f p roducing
much larger vortex rings tha n the coffee can
devices could. I succeeded in extinguishing candle
flames at 20 to 30 feet ranges with a ring about
fou r o r five in c h e s in diameter . This was do ne in a
college d ormi t o r y where d rafts perpendicular to
the propagatio n direction were u ncontrollable.
T hat the dra ft s interfered has more signi ficance
than m aking it d iffi c ul t t o aim my generator at a
sma ll . distan t target,

Co nsider th e experi ments o f Michelson a n d
Morley in Ca li fo rn ia a roun d 1900. The e t her
m y stery was one target of their classi c and famous
interferometer e xperime nts. I refer t o Studies in
O ptics by A. A. M ichelson, where h e d escribes t he
d e t ail s o f his work in relation t o the con t roversial
th eories of t he d a y . Any e t herea l wind , pe rhaps as a
resu lt o f t he eart h speed ing a long it s orbi t , shou ld
cause diffe rence s in p ro pa ga t io n times a long t he
legs o f t he in terferome ter. No differences were
observed. a result strongly supporting the no
mediu m- necessary camp. P lea se recall how the
cross d rafts upset my vortex ring experiment, and
note the conflicting but. I think, explained results.

T he e ther matter d e se rves qUl:stioning on other
bases. but the proo f is in Michelso n's ex periments.
Ba sing theories o n t h e post u la tion of a n ether w ill
le ad t o results as disastrous as t he r e su lt s for
p lanetary motion ba sed o n an earth -ce n te red sys
tem.

Ma y I a lso co m me n t o n Mr . Hoisington 's
d isc ussio n of t he unacceptable n atur e o f the d ual
nature of light, i, e' h waves and particle s . In q u an
t u m mechani cs, t e wave-pa r ti cle problem is
attacked from a p robabilisti c poin t of view . and
the re sults a re in excellen t a gree me n t wit h o bserva
t io n . For examr:le . rad iation in quanta (photo ns )
and H eise nberg s u ncertainty principle a re r esults
p redic ted b y q ua n tu m m e cha n ics. a n d a pparen tly
not questio ned b y Mr . H oisin gton .

At this point, where q ua n t u m mechanics and
relath'ity a re starting to merge on m e. I stop. But
the theory and con firmi ng experiments from here
on add more and more support to two points t've
trted to iIIustra te.

I . T here has never b een evidence presented to
support t he e xistence of a n ether.

2 . A d u al na ture is evidenced in light whe n
co nsidered in ter ms of o u r concep ts of p a rticle s
and wa ves.

I hope I am n ot insu lting b y wri ting that I a t
first thought th is t o b e a n April Q ST t y pe o f
a r t icle, a nd further h ope that I ha ve n ot been ta ken
in on a sp o of.

Edmund O . S chweitzer III WA3LPD /K9ZX E
3507 Lancer Drive

Hyattsville MD 20782
Ed. Note. Mr. H o is in gt on is quite earnes t in his
theories.

CW in Perspective
Sir:

For the la st fifteen years of my life 1 have been
directly involved in the fie ld of electron ics and
radio: my d u ties have taken me from design to test.
to maintenance sales and every other aspect of the
field of e lect ro nics, not necessarily in the a bove
order: a numbe r of these years to t he present time
I have sh a red w ith a m ateu r rad io, a nd I must say .
they have b een most en joyab le.

My in terest ha s b een fo cused la t ely in the
curre n t contro versy a bout the la test c h a n ges in
regulations b y t he regulator y b od y of amate ur
radio, the F CC . I ha ve follo w ed wit h interest t he
opin io ns of di ffe r e n t sectors o f t he " ham p o p u la
tion" in th e S tates, as well as r e action from out side
t he co u n try. and w hen viewed individ uall y. I think
t he a rgu me n ts i n fa vo r a re as stro ng as the
arguments against t he m.

I . h o w e ver, decided to look at them f ro m a
di ffere nt point o f view . .. The purpose o f amateur
radio in the U n ited States as well as in most
countries around the world . is one of "service to
the community" " ser vi ce to society ." and self
improve me n t 01 the operator, in both technica l
and mental aspects.

The a mate u r frequencies in th is cou n t ry ha ve
been divid ed in severa l portions, w here operations
in o ne or o t her m ode a re permitted o r restricted:
m ainl y w e c a n o bse rve a lo wer par t o f a b and o f
fre quencies used for CW a nd a nother part being
used for " p ho ne " work, with so me more d ivisions
allo wing certain privileges to cer t a in classes o f
li cense , In o r d er t o q u alify for t hem, pro spective
amateurs have t o p a ss a t est wh ich w ill m easure
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their ability and knowledge in the fie ld of ra d io
ama teurism.

I have been very interested in t he emphasis
being placed on CW operation, higher and higher
speeds are re q u ire d in order to quali fy for general,
adva nced or extra class: presumable we are assum
ing tha t this a bility t o operate the key at higher
ra tes is 'a service to society or a way to improve
the operator and prepare him for a b e tte r future ...
nothing could b e furth e r from t he t r u t h . and do n't
get me wro ng: I ha ve absolutely n othing aga inst
CW o peratio n per se, like I h a ve n othing against
radio contro l or R TTY o r any other fo rm o f
expressi ng o ne 's preferenc es in th e field of rad io,
b u t I d o feel th a t t he u n n ec e ssa r y r estric tio n s a nd
regu lations placed on the a mateur commun ity b y
t hese laws are re pressing progress a nd producing a n
e ffect completely opposite to t he o ne originally
intended by the FCC. Le t me make this clear. I a m
going to submit to you very convincing argu me nts
that can be checked b y anybody at a ny time. b u t I
do not propose that we do away with CW
operations; quite t he contrary. all the amateurs
that prefer this type of operation should continue
to do so without any restrictio ns of a ny k ind, but
the emphasis p laced o n it should be c hanneled to
some o ther fie lds o f researc h more useful to
society and the count ry.

F o r th e past fe w m onth s I ha ve b een re search
ing ind ust ry, sc hools, and government a gencie s in
t he Western a rea o f t he USA , and sa d as it may be.
the c o nse nsus is unanimou s, wit h o u t excep tion:
CW is a thing of the past. o f another ti m e, long
go ne. It see ms that onl y t he ham frat ernit y clings
to it, it will not le g go -perhaps d u e to th e F CC,
perha ps due to t he fact that we a re s t agna n t. m o re
p r o bab ly a co m binat ion of b oth fa c t s . t he tru t h is
that CW regulatio ns are holding d o wn pro gress in
ama teu r radio, it occupies a great por tton 0 1 our
fre q u e n cies that co u ld be used t o r e sea r c h some
more advanced means of communication a nd
perhaps recover t he le a d e rsh ip that we lo s t w hen
Teletr.Pe and compu ters were given the job o f
trans erring intelligence from one point to another.

A Lo s Angeles City School official t o ld me that
as fa r as h e can remem b e r . there was only one
school in Los A ngeles t hat ever ha d a course in
t e legraph y, and tha t course was disco n ti n ued a
long t ime ago F O R LAC K OF J O BS in the
industr y to p lace the grad ua tes,

A h ead e n gineer for th e tele p hone compa ny
told me t hat as far a s he remembers, t e le grap hy is
not being used nor had it bee n used for a lo ng
PERIOD OF Y EARS.

Goo d o ld Wester n Union r e presentatives told
m e tha t t elegraph y was t o o slow a nd inefficien t a
way o f commu nication to be used any m o re . he
kn o w s o f n o o pe ration in t he USA t hat uses CW.
a nd h e can remember no n e ,

It seems to m e tha t those are p retty conclusive
statements. a nd a quick check a round the country
will show that conditions are the same. The
question is: What a re we being le d to; are we
preparing ourselves to serve the country in case of
need; are we ready to be a service to society in case
of emergency o r are we preparing ourselves to
provide a disservice to t h e community, with our
antiqua ted practices: a n d perhaps event ually lose
our fr eq uen c ie s t o some other se rvice t hat proves
t o h ave m o re foresight t h an we did . Are we get ti ng
r ead y t o go t o th e plane t s a nd stars w it h o u r high
sp eed: 2 5 w o rds a minute ; or sho u ld w e b e getting
ready fo r a mo re sophisticated wa y t o convey
intelligenc e at millions of b its per second and
m ore ...

I t is t im e t hat t h o se w ho represent t he amateur
com m u nity. lo ok at t he f u ture . at th e p resen t. a nd
a t o u r activities. Since t he fir st wireless was turned
o n , we ha ve p rogressed to the fantastic speed (new
re gula tions ) of 2 5 words per mi nu te. It is ti me t hat
we rea lly make so me pro gr ess. it is tim e t ha t t h e
FCC a nd t he members o f t he regulatory bodies
take a n e w lo o k at amateur radio. t he A R RL. the
amateur publications: a nd all amateurs shou ld
express their opinions a nd views o n t he subject.
T he growth 0 a mateur radio has come t o a
sta ndst ill. a nd it is o ur re sp onsibility t o d o some
thing for it . to give a ne w c hallenge to our grou p :it
is the r esponsibility of its leade rs to p etition the
F CC a nd Co ngress for t he ne c essa ry law s a nd
regula t io ns t o mak e o ur goal possib le.

Edgar A. Romo HC2RP
7312 Mason Ave

Canoga Park CA 91306
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Tom Orr W6EIF
2 49 Juanita Way
Placentia CA 92670

Tir e Rare DX Sta tion

,

Tir e QS I, /Ill r eall
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TIll! Tower ,\1allufaclll rer

TIr (' DX 'e r

Th e Nooic«

Tire Conera!

Tir e DX Station's QSL
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Lee Zipin WA 3GGH
101 3 Melrose Avenue
Melrose Park PA 191 26

Micro ·Min er com pared to a V ibro plex Lightning Bug.

MICRO- .. . TEENSY-WEENSY QRP ON 40

..

In the March , 1968 issue of 73, an article
was published entitled , " Mini-Mitter ; the
Ultimate in Miniatures!" Mr. Pyle suggested
the possibility of having built the smallest
CW transmitter to date . Several months
earlier, however, I const ruc ted a complete
CW transmitter which , with the power sup
ply , fit s into the case that the crystal came
in (fo r convenience, the crys tal remains
outside, plugging into an internal socke t ).

The circuit is a typical crys tal oscillator
circuit , using a 2N2 l88 transist or. The unit
was built to o perate o n 40 meters, but with
proper adjus tme nts in the LC sect ion and
crystal value, any low frequency can be
obtained . The pa rts are stric tly junkbox,
an d the sma ller the be tter. I used a miniature
tuning capacitor from a junked transist or
rad io, and wou nd the coil so the pair would

c
+------'

:.g OL__---<- · r ..- '1----'-
""

Fig. 1. Schematic of Micro-Mitter. L an d C should
resonate at the crystal frequency.

FEBRUARY 1970

resonate at 40 meters. The battery is a
watch-type mercury cell, with its socke t
made from two pieces o f sponge rubber and
wire contacts. Any suitable glue can be used
to hold every thing together.

Fig. 2. Case layout. The case is opened on its back,
and the ba ttery is removed for clarity.

To operate the unit , attach antenna and
ground wires to their respective clips. Push
the key down and tune the variable capaci
tor fo r maximu m signal (as ind icated on
your re ceive r-don't worry , it won't burn
out the front end). I haven't measured input
or output power on the rig, bu t I carried on
a QSO with a station 50 miles away. No t bad
for some thing you can lose in your shirt
pocket !

... WA 3GGH -

13 1
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A MUST FOR

REPEATER OVVNERS

REPEATER PLANNERS

VHF ENTHUSIASTS
REMOTE OPERATORS

---
,

State Zip

----- - ---

VHF * REPEATERS * FM

* SHACK DEOORATION *
Here is the last word in maps fo r

the shack ... three dimensional maps
of your area . Maps are availab le for
just about any area where there is
mountainous or hilly terrain .

T h e se maps are 18 " high by 26"
wid e a nd are t h e most exact th ree
d imensional maps ever made. T h e oe
teu is incred ib le . Most maps have -
even t h e sma l le st d i r t road s shown as
we ll as al ti t u d e ma rk ings f or every
100 feet and th e height o f t a ller
mou n t a in s. R oute nu m be rs a re gi ven
f or roads; t o w er s a nd o t he r o utstand ·
ing phys ical fea tu res are shown.

U sin g a repea ter o r pl a nni n g o ne?
You' l l n eed this accu rate 3D map t o
see you r service a rea. Ac t ive on six or
t w o m e t e rs? Use this m a p to back
you r rotat in g indicator .

T hese maps a re mad e of perma 
nent ly molded sturdy plastic , and
come to you packaged flat in a large
box . _

The maps may be cut with a pair I
of scissors and glued together to f orm Send me maps at 57.95 each
a la rge mosaic wall mural. You ' ll need -
a wall 1 5 fe e t high to mou nt all of I
Cal ifornia. Each map shows a north - Name Call - _
sout h a rea o f 75 m iles a nd an east - -
west a rea of 100 mi le s . I

MAPS AR E $7.95 each , Postpaid! StreetS e n d c a sh; c hec k, m oney o rder t o _
D GP, Bo x 4 31 , J a ff re y NH 0 3452 . I

Yo u r m a ps w il l be sent t o y ou
w it h in three to f ive wee k s. City

DIMENSIONAL GEOGRAPHIC PRILlECJlONS!
,SJ
J¥
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Fig. 1. Placement of Q-multiplier after SSB filter
provides ef f ective narrowband response f or CW
reception .

A Lmos t auy i n tegrated circuit
opera tio nal amp lifier call be used 10
build this Q-muLtil' lier. Its advall ta15es
(Ire exlreme circuit simp licity (lful (l

usefu l [reqnency mllge that extemis
from audio [requ encies to almost (ILL
i-f [requencic s. Both the l'eakillf; [re
,/"e"cy and Q mil be made cariable.

- .."..,
r------ ......· ,, Q :
I Mll.TIPl.. IE If~• •· ,"- J

/
"..,'"FILTE RMIXER

Both vacuum tube and transistor Qvmult i
plier circuits find wide application in im
proving the selectivity of transceivers and
receivers, particularly on CW when the
Q-multiplier is used to peak the i-f response
following a steep-skirted crys ta l or .mech
anical SSB filler. The Q-multiplier provides a
very narrow bandpass but if used alone does
not provide steep skirt select ivity. When
used in conjunction with an SSB filt er, how
ever, the latter provides the necessary skir t
selectivity (see Fig. I ).
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The Q-multiplier described in this article
is meant to be inserted between any i-f stage
in a transceiver or receiver following an SSB
filter. It can be easily switched for broad
band ope ration so it does not affect normal
SSB ope rat ion. Since it is adjusted for unity
gain, it does not upset any gain relation
ship in the i-f stages. As compared to
vacuum tube and tran sistor-ty pe Q-multi
pliers, the circuitry of the unit is extremely
simple due to the use of an integrated circuit
operat ional amplifier. The unit can be sue
cessfully used on frequencies far higher than
those normally used with vacuum tube or
transistor Q-mult ipliers up to 5 MHz or more,
depending upon the integrated circuit used.
The circuit can also be used at audio
freq uencies, if desired . One can also build an
audio selectivity unit for outboard use when
it is not desired to make internal modifica
tions to a transceiver or receiver.

Circuit Description

The Q-mu lt iplier is constructed around an
integrated circuit operational amplifier.
Many such amp lifiers are available on the
market at prices star ting at a few dollars .
The main requirements for choosing a suit
able u nit are that it have a differential input
(inverting and noninverfing inputs), and a
single-ended output and a bandwidth suffi
cient for the frequency of ope ration. For
example, Fairchild 709T ampJjfiers are avail
able for about $3 and are usable up to at
least 500 kH z. I built a unit using a Fairchild
74 1 which is usable up to 1-2 MHz. Other
amplifiers such as a Motorola MC1530 can
be used up to 10 MHz .

FEBRUAR Y 1970
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Fig. 2. Basic type of in tegrated circu i t operational
amp lifier w i th a differential input and single-en ded
ou tp ut that is needed for the Q-multip Jier circui t.

Figure 2 shows the sche matic of the type
of operational amplifier which is used and the
formula for the output voltage o f an ideal
amplifier. The Fairchild 741 amplifier which
I used requires no external frequency co m
pensation components. Other amplifiers may
require a few external components for this
purpose as specified on their data sheet. The
frequency rolloff co mponents should be
chosen such that the amplifier gain starts to
decrease just above the frequ ency where it is
used as a Q-multiplier. There is no advantage
to having the gain "rolloff" at any higher
frequency and would just make the amplifier
more susceptible to oscillation due to a stray
feedback path via external components. As
noted from the gain formula, the gain of the
amplifier depends upon the ratio of R2 and
Rl. If R2 is made equal to Rl , the gain is
unity. The Q-multiplier effect is based upon
replacing R2 with a parallel resonant circuit
which will present a very high impedance a t
one frequency an d, therefore , maximize the
overall gain at that frequen cy . Positive feed
back is also used to enhance the Q-multi
plying effect of the circuit.
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Fig. 3. Circuit of th e Q-mu Jt ip Iier as constructed
for a 455 kHz i-f

\

transceiver , receiver , or together with the
potentiometer used for feedback contro l if
the latter is panel mounted .

If the Q-multiplier is not made tunable. '
the initial adjustment consist s of peaking up
the LC circuit. This can be done with the
unit connected in an i-f strip and using any
test signal centered in the i-f bandpass. The
adjustment is best done with the feedba ck
control set for minimum Q and with a barely
audible C'W test signa l. The input resistor value
should be then chosen for approximate ly
unity gain . The adjustment is not difficult
and need not be made exactly. The out put
level produced by a test signal without t he
Q-multiplier connected is noted. Then when
the Q-multiplier is used , the input resistor is
chosen so that the out put level remains
appro ximately the same . With mo st transis
tor i-f stages, the value of the resisto r needed
will be about l-Sn .

Bypassing of the Q-multiplier can be done
in a number of ways in order to allo w for
normal SSB reception. If the Q-multiplier is
made frequ ency tunable, it can sim ply be
tuned outside the i-f bandpass. In order not
to have the i-f gain decrease too far when
doing this , the input resistor must be chosen
for unity gain t o take place when the
Qvmultiplier is just tuned outs ide the i-f
bandpass. This will result in so me increase in
gain when the Q-multiplier is t uned to the
cen ter of the i-f bandpass but normally the

The Q-mul tip/ier componen ts can be directly wired
together using Vector board mounting. In this case,
a PC board potentiometer is used to set the oper
ating Q rather than making it continuously variable.

s or
> '-1>-) r--o OU T PU T
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Figure 3 shows the schema tic of a practical
Q-multiplier circui t with the LC circ uit reso
nant at 455 kHz for use in a 4 55 kHz i-f
chain . Posit ive feed back is supplied via a I
kQ potentiometer. As with ot he r Q-muIti
plier circuits , the Q can be increased by
regulating the feedback until a point is
reached when the unit will break into
oscillation. The Q-multiplying effect is most
effective when components are used for the
resonan t circuit which in themselves have a
good Q. T he inductor used for t he 455 kHz
Q-multiplier is a molded type which provides
a Q of about 55 at 4 55 kHz by it self. The
circuit can multiply this value by about 50
times or more . Another suit able inductor
can be obtained by using only one or two
sections from a regular I mH rf choke. The
trimmer ca pacitor is used to set the fre 
quency of the Q-multiplier in the middle of
the i-f passband. It can, of course, be used as
a variable tuning contro l for the p~aking
frequency of the unit. The input resistor. ,
although shown wit h a nomina l value of I kn,
should be chosen so that the gain of the
overall circuit is approximately unity.

Construction and Adjustment

There is nothing critical about the con
struct ion of a unit utilizing the circuit
described as long as the vario us lead lengths
are ke pt short. The photograph, for instance,
shows how the var ious components can be
directly wired toge ther on a sma ll piece of
Vecto r board . T he board it self can be
directly mo unted near the i-f chain in a
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CI CLOSE TO THE ~OTOR

sW<

My ante n na rotator is a homebrew type
made wit h a 1{3 hp motor. A n ea rly
problem I notices was that the ro to r had a
tendency to keep turning fo r a few degrees
after the sto p comma nd. So I use a discharge
of capac itors in t he motor as an elec tric
brake. I also a pplied t his techn iq ue to a
sma ll lathe that I bought to build 432 Mllz
cavities. It works great. When used in the

QUICK STOP
&

REVERSING
For

Antenna Rotator

antenna rot ator, th e brake also provides a n
ins tan t reversing ca pability. You need only
an ex tra contac t in the o ff-one switch to
command a heavy dut y relay near the
rota tor. When you a re tu rn ing t he antenna.
the silicon rec tifie r charges a bank o f capaci
tors. and when you s top. t he condensers arc
di scharged in the moto r, bringing it to an
instant halt. Put t he capacitors in one by one
unti l you get instant stop with your motor.
( I t is not good fo r de motors.)

. .. Jose Vicente PY2AUC-
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It's new and f resh . .. it's accur
ate and up-to-date. A nd best of
all - it's free to 73 subscr ibers.

your
hat!

THE GIGANTIC
FM

REPEATER
DIRECTORY

IS
COMI NG!

result will not be o bjectionable. Another
way to bypass the unit is to rep lace the LC
circuit with a simple resistor equa l in value
to the input resistor (as in Fig. 2). The
switching a cti on can be accomplished by
using a I k!1 potentiometer fo r the feed
back con tro l which also incorpora les a
.?P OT switch. T he switch m ust be wired such
that the resistor repla ces the tuned circuit
when the wiper arm of the po tentiometer is
at ground pot ential.

Summary

The simp le Q-multiplier circuit described
can be used for a variety of purposes besides
that o f improving i-f se lectivity. It is useful
for improving the Q a nd selectivity of a
variety of tuned circuits as they might be
used in FSK converters, audio filters for
distort io n test s. etc. S tagger-tu ned circuits
used in series ca n be formulated to provide a
variety of bandpass shapes, often replacing
more expensive co mponen ts where bandpass
shape fa ct or is not important.

The permission of Dick Gerdee of Optical
Electronics to present th is circ uit , whi ch he
originall y develo ped . is gra te fully acknow
ledged . . . . 1V2 EEY •
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Swan Oevelops Bandpass Antenna
For VHF Bands

T he Swan bandpass antenna, developed
for use in home television recept ion, has
recently been adap ted for the 2 and 6 meter
ama teur bands. Swan's bandpass antenna has
the combined properties of constant impe
dan ce ma tch across the ent ire passband of
res ponse, with gain superio r to tha t of an
equivalen t-size d yagi. The an tenna features a
very high fron t-to-back ratio as well as
fro nt-to-side in both the X and Z planes.
Mat ch is in the order of 1.1 : I , and gain
across the entire design bandpass remains
virtually constant.

The Swan bandpass array uses four driven
elements, and saturates the first director
with virtually all of the power ra dia ted from
those active elements. Since the first director
sees four driven eleme nts at four d ifferent
distances, it responds to t he design ed band
wid th, giving gain at four different fre que n
cies, hence the bandpass response. Similarly,
each dipole is ma tched to four separa te
frequencies, giving a constant impedance
match across the design bandpass.

T he advantages are:
• Co ntrolled bandwidth response
• Cont rolled bandwidth impedance
• Rejection of u ndesired freq uencies and

noise above and below desired bandpass
response,

• Unid irectiona l response
• Improved signa l-to-noise ratio
• Greater gain than the yagi array for the

SIze

The bandpass antenna is a product of the
Swan Antenna Company, 646 N . Union S t.,
Box 1122. Stockton CA 95201 .

an tenna from the ground, a safety feat ure
which should appeal to ama teurs with weak
hearts. Both models are hot-d ipped galva
nized steel. Drop a note to Tristao, Box 115,
Hanf ord CA 93230.

•

PRODUCTSNEW
Hi-Power Balu n Offers
lightning Protection

The Big Signal W2A U balun comes in
either 1: 1 or 4: 1 conversion ratios, and
boasts a fu ll kilowatt (the California kind)
capability, built-in lightning arrester, and a
bandwidth of 3 to 40 MHz. Manufactured
and dist ributed by Unadill Radiation Pro
d ucts. Unadilla NY 13849.

$/STEEL~

.Q ~

Crank-Up Mast has Tiltover Feature
Tristao is now ma rketing a crank-up mast.

T he two-section mast goes to 49 ft and the
three-section version reaches a towering 66

EASY 2 STEP INSTALLATION

f t. The ro tato r rests righ t 'near t he ground,
sim plifying service of this mechanism. The
complete system (called Magna-Mast) can be
insta lled ent ire ly by one man . T he tiltover
mast enables work to be do ne on the

Portable Checker Tests FET Gain, Leakage
The Model FT l55 is an FET teste r

designed for easy use by technicians. Field
effec t transisto rs, like vacuum tubes, cannot
be chec ked out on a conve nt io nal transistor
teste r. The FET is measured like a cold
vacuum tube and requires charts t hat
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Plus 9 0/: sh ipping

- - - - - - - -- - - - - - - - -

ORDER TODAY
95

R ED LIN E· JAFFR E Y · N H ·03452

Ohms: 12K, 120K, I.2M. 12M ONLY I
de rnA: .05. 5, 50, 500
d B: 0, 14, 28. 34. 40

The only low priced
V·O·M with a 5000

vdc range!

de volts: 2.5. 10, 50, 250, 500, 5000
ac volts: 10, 50. 250, 500 (al 1K/volt No tax es an ywhere

HAM
V-O-M

20.000
OHMS/VOLT

measure the gam In transcondu ctance an d
leakage in di fferent terms than a regular
transist or. Use is not limited to the service
trade but is ex pected to fill the need of the
many industrial technicians and engineers
who can no w test transistors but canno t
check the FET. Sencore. lnc., Addison II.
60101 .

t ransist ors in para llel , with a thin-film
Nichrome resisto r in series wi t h each emit
ter. If current should increase in anyone of
these transisto rs, the rise in volt age across
the e mitter resistor will decrea se base-t o
emitter voltage, red ucing t he curren t flow.
The equivalent pa rallel resistance of all the
resistors is very low, hen ce does not cause
significan t degenerat ion. Beca use of the
balanced-emitter co nst ruction, t hese t ransis
tors are very resist an t to damage from
misma tched loads or det uning. Mo torola
Semiconductor Produ cts Inc., Box 20924,
Phoenix AZ 85036.

The Motorola 2N5646 rt power transis tor has an
output 01 12 W in the 450 MH z band wHh a 12V
supp ly. Balanced emitter cons truc tion makes
device resistant to detuning and m isma tching.

Semiconductor Book in the Printing
The just-released Motorola Sem icon

ductor Data Book (Fourth Ed it ion ) provides
specificati ons on all EIA-registered semicon
ducto r devices, and com plete data sheets on
all d iscrete se micond uc tors ma nufactured by
Motorola (362 6 types). The 2 160-page hard
bound and fully indexed book also includes
useful se lec tor guides, package and applica
t ion informa tion , and vital semiconductor
sta tistics. .Mo torola Semiconductor Products
Inc., PO Box 20912, Phoenix AZ 85036.

.,

12V Power Transistors for 450 MHz FM
A chain of balanced -emitter rf power

transistors is ca pable of providing 12W in t he
450 MHz band with a 12V supply. The new
tran sistors, 2N5644 th rough 2N5 64 6, are
inte nded for use as po wer amp lifie r stages of
mobile transmitters in the UHF FM ba nd .
The 2N5646 family is su pplied in the pop
ular 3/8 in. ceramic stri p line opposed
emitte r package. Wide, low-inductance leads
provide easy design and adj ust men t, especial
ly in broadband circuit ry .

An important featu re of the new transis
tors is thei r balanced-emitter const ruc tion :
Each unit is composed of many monolith ic
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REGUL. PWR SPLV FOR COMMAND. LM, ETC.
Pp·l06/U : Metered . Knob-ad ju stable 90 ·2 70 v u p
t o 80 ma de : a lso setect an AC o f 6 .3 " SA. or 12.6
v 2Y. A or 28 v 2% A . W ith m a ting output plug &
a ll tech . data. Shpg WI 5 0* 19.50

BARGAINS WHICH THE ABOVE WILL POWER :
lM·(· ) Freq . Met er : . 12 5 -20 m h z•.01 %, CW or
AM , with seria l -matc hed calib . book , tech . data ,
mating p lug . Checked & gftd .. . . ... .. ...•. . ... . . . . .. . 57 .50
TS·323 Freq . Me'er : Similar t o a bove but 20·480
mhz ..001%. With dat • . . . .. . . . . . . . . . .. . . . . . . . . . . . . . . ...l69.50
A.R.C. R11A: Modern a ·s'.,. 190·550 khl 12.95
A .R .C. R22 : 54 0 ·1600 khZ w / t u nin g graph 17.95
A .R .C . "'3B : 10 8 ·1 3 2 m h l w/ tun ing graph .27.50

HIGH·SENSITIVITY
WIDE·BAND RECEIVER

COMMUNICATIONS...BUG DETECTION
•• .SPECTRUM STUDIES

38·1000 M HZ: AN/ALR-5 consists of a brand
new Tu ner/Converter CV·253/ALR in original
factory pack and an exc. used, checked OK &
grtd.. main revr R444 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 tu ner is the facto ry
checkou t sheet . The one we opened showed
SENSITIVITY: 1: 1 uv at 38.3 mhz, 0.9 at 133
mhz,S at 538 mbz. 4 Y2. at 778 mhz 7 at 1 9hz.
The rcvr is actually a 30 mhz I F amp!. wi th all
that fo llows an IF, including an S meter. Has
Pan, Video & 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 f urn ish Hand
book & pwr-input p lug, al l for . . . $275.00

R.390/URR Revr : Collins xt l-synthesiz ing drift-
less receiver, grtd 100% perfect 795.00

SP-600·JX( · ) Revr : 0 .5 4 mne. t he popu lar
lat e -t y p e H am m arlund Super-p rOba ligned ....9.rt~
axe. physical condit ion t oo , w ith ook. 325.0u

VERSATILE PLATE & FILAM. TRANSFORMER
Depot Spares for SP-600-JX : Pri. 95/105/117 /1 301
1901210/ 234/ 260 v 50/60 hz . S ec . 1 : 305-0-305
v, 150 ma o Sec . 2 : 5 v 3 A'. Sec . 3 : 6 .3 v 5A.
S .:: . 4 : 7 Y, v 3/4 A. Sec. 5: 7y;, v , 1 % A. L89.eClC
f or pins Is p la(n l y m.rked. ·H8rm. se.led 2 .95

Add postage for 14 lbs. and 20d insurance.
We probably h ave the best invent or y of good
lab test equ ipment in the cou ntry. scopesrSigna l Generators V TVM's, DVM's, RF
Meters, etc.. etc . aut

l
p lease do no t ask f or

cat a lo g ! Ask for speciflc items o r k inds of it em s
you need! We also b uy! What do you h ave?
How much do you want for it?

•

WE PAY CASH

FOR TUBES
Lewispaul Electronics, Inc.

303 Wesl (rescent Avenue
Allandale, New Jersey 07401
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Magnetic Latching RF Relay
Develo pment of a new single-pole,

double-throw magnetic latching coaxial relay
has been announced by Dow-Key. The relay,
which measures approxima tely 2 x 2 x 3/4
in .• will handle SOW CW or FM , IOOW PEP
at frequencies up to 1.2 GHz. The no
bounce latching feature of the new relay
makes it especially suitable for satellite and
other applications where power consump
tion is o f critical importance. The maximum
vswr is 1.3 : J at 12 GHz. Coil voltage is 26V
(de). Dow·Key Co.. Broomfield CO 8 0020.

Scan Receiver has Lockout Feature
Among the first in a new series of 2 meter

FM receivers that provide autoscanning, the
Kris also contains switches that allow chan
nels to be skipped over in the scanning
process.

• • • • •

The autoscan receiver samples 7 channels,
sequentially and co nt inuously , and "locks
on" whenever a signal appears on one of the
7 channels. The scan rate is 20 samples per
second. Crystals are not included in the
$149 price , Kris, Inc.. 10268 S. Washington
AI'e.. Cedarburg W/530/2.
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5-Element Single-Band Beam Offers
High Gain, low SWR

The "Classic 20 " is a 20 me ter single
band beam fea turing the Classic Feed Sys
tem (Pat. No . 34 198 72). An improved elec
trical balance, "Balanced Capac it ive Match
ing," combines with optimum spacing to
provide maximum gain, increased ba nd
width , and more efficient performa nce than
othe r antennas of it s class. The rugged
construction typical of all Mosley beams is
incorpora ted into the Classic 20: high
impact insulators and clamping blocks, alu
minum tubing, and stain less steel hardware .
Specifica tions:
Power rated : I kW AM/ CW ; 2 kW PEP SSB
Forward gain : 9.8 dB ( 11.9 dB over iso-

tropic source )
Front-to-back ratio : 20 dB
SWR : 1.5: 1
Feedpoint impedance: 52n

T he Classic 20 is a product of Mosley
Electronics I IlC., 46 10 N . Lind bergh Blvd.,
Bridgeton sto 6]042.

Electron ic Keyer has Multiple Functions
In add iti on to provid ing perfectly fo rmed

and spaced cha rac ters when used with a
paddle or sq ueeze key, the EK-38 "Elec
tronic Fist" provides sem iautomatic keying
with a st raight key or a "bug" for use

on-the-air or as a code prac tice oscilla tor.
Power supply, side tone osci llator , a nd
speaker are built into the sma ll att ract ive
cabinet. Sid etone pitch and volume con tro ls
are provided as well as mo mentary a nd
locked TUNE switches. A jack is provided
for an externa l manual standby key. Curtis
Electro Devices, Box 4090, Moun tain View
CA 94040.
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mayday
urgently wanted

TOP PRICES FOR;
AN /SGC-l , lA Navy Teletype

Terminals.
AN/SPA-4A, 48 Navy Radar

Repeaters.
Call collect for top offer:

213-938-3731

COLUMBIA
SPACE RACE

(We have 10 gel rid o f these item s
now-'cause we gOlla have the space !)

TAMAR 12V. MOBILE RF POWER A MPLIFIER
This is a very compact RF Amp. Or iginally mfg.
f or l ight aircraft . Freq uency 118 ·1 28MC. Easil y
converted to 2 or 6 me ters . Has bui lt in transistor
ized power supply. Uses 1 ea. 6360 ; 1 ea. 0 62.
supplied wi th schemat ic . L ess tubes . Spec ial close-
out price..: $9.95
CV -25 3 /ALR 38 -1000 MC T U N EA B L E
CONVERTER
E xcel. Condo. L ate ModeL _$ 150.00

COMMAND REC EIVERS
190-550KC Q·5er Good Cond iti on $ 14 .95
190-550KC A .A .C. Type A· 11 Commercia l Late
Model Ext . Co nd i t ion $ 14.95
5 40 -1600KC A .A.C . Type A ·22 Commercial Late
Model Ex l. Co ndit ion $ 19.95
1.5-3MC Mar ine Band E xI. Cond inon $19.95
3·6MC 75& 80 Meters Exl . Condi t ion $ 14 .95
6 -9MC 40 Meters Good Condition... . " •.• . .$14.95

TELETYPE CONVERTER TERMINAL UNIT
AN /F GC -IC Dual D iversi ty A udio RTTY Convert er
can be used WIth any type receiver. These are new
and sh ipped In ori ginal factory crates with all spares
. • . • . • • • ••.. • •. • • •• • • • •• • • •. • • • • • •$149 .50

Ip·69/AlA-2 PANADAPTER
Tt us compact uni t can be used with most Ham
Rece ivers after conversion . Complete w ith con
vers ion into and schemat ic. L ike new conditi on
. , • •• , . , •• • , •• •• . .•. . .• •.•.•• . . •• •• $24.95

COLUMBIA PA YS CASH FAST
For your sur plus mi li tary elect ron ic equ ipment and
all k inds o f lab grade test equipment . Write or call
co llec t for top dollar . Highest cash offers in the
coun t ry . We pay all shipp ing & Insu rance . Let us
prove t o you what w e prom ise.

COLUMBIA ELECTRONICS
Dept. 7 4365 W . Pica Blvd. LosAruJeles Cal. 90019

WE PAY HIGHEST CASH PRICE
for Electron Tubes & Semiconductors
Immediate Payment on Unused Tubes

H & l ASSOCIATES
Elizabethport Industrial Park
Elizabeth. New Jersey 07206

(20 11 35 1·420 0
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... Deadline for ads is the ht of the month two moaths
prior to publication . For e.omple: January ht is ""_
deadline for the March Issue which will be malle-d
on ttle 10ttl of F.bruary ,

* We will be the judge of suitability of ads. Our re
sponslbJllty for errors edends only to printing a cor
rect ad In a later Issue .

* Type copy. Phrase and punduate e.adly as you wish
It to appear, No all-capital ads ,

* Price-52 per 25 words for non-commercial ads: $10
per 25 words for business yenhlres. No display ads
or aqency discount, Include your check with order,

* For $1 edro we can maintain a reply bOI for you.

the permaflexkey •
• WI. • hoi.. Jr.... '" "rajll'" h."" I..,
ill • ,r.otI... 1 pHdl.....i....
• 9ArO' i". g od cllok. of • .,to_t>c
.....i.."loma"c Go lua;,ht 10 "''''",,
• .... di,Ktl, ...ah .", tr itt... 0'
thl'OuliI" 1ft .IKtronic ..~••
• 8 ...., . ,old diU...," .il..... conbdto
.dj ...,t From 0 ••060 ' '" '-'0 Iilr......
• di,ti,..:ti... 101..0 p.ddlo. I •• of
"",.d G.IO r......I... Gpo,,),.

• ulHnot i. 16 '."90 poli.h.d chrom. 1995 ~m.I...,,*1: 1.9'" tq • • 3.15 ". paddl..
...... 1.2.5". wei,ht .pp. I pou..... ,.... "'...._'"
• .,licone ",,!l.b., J..t ~. lubiliq. . Mft4lI_ chldl_ "'.0.
• IOO( US ....d.li- ,u,ual'OteH "" I )'1'. ..I" Illy ftMIll only

James Research company, dep't: AR-M
20 willits road, len cove, n. 11542

BRIGAR
ELECTRONICS

10 ALICE ST. BINGHAMPTON, N.Y.

13904, AC 607 723 - 3111

Offices and Warehouse 10 Alice Street
COMPUTER GRADE

ELECTROL YTIC SALE
LARGE QUANTITIES AVAILABLE

Minimum Order 10 pes.
All Sizes-5~ ea.

* We cannot check Illto each adyertiser, so Cayeat
Emptor , . ,

RTTY PICTURES FOR SALE. Vol. 1- 5 1.00; Vol.
2-$2.00. A udio and perforated tapes available.
W9DG V , 22 10-30 th Street , Rock Island IL 6 1201.

TOUCHTONE DIAL equivalent from Denmark.
Ten button, convert ib le t o al l tw elve in a minu te
w ith data includ ed . Be ige, except green and w hi te
while they last. 12 vd c req u ired fo r oscilla tor
operation. $ 15.00 p ostpaid USA . WB6WI M,
6606-5th St reet, R io L inda CA 95673.

DRAKE R-4A, T -4 X , and AC-3. Perfect co nd it io n.
All th ree for $400. T H ·6 . Cliff D weller and Ham
M . All th ree for $ 150. Also Misc. accessor ies. A ll in
great condition . Stan Towne, 878 Thackery, High
land Par k I L 60035 (312-433-4472) .

SWAN 250 with A C supply and Shu re 444 mike.
All min t cond it ion. $250 FOB . No trades.
M cCormack , 5008 N . Carly n Spring Road , Arli ng·
ton V A 22203.

SELL 56300: w i th SSB-CW-AM fi lters and 2 meter
converter, $200 or best o ffer. H X -20 , $95. Gary
Tater, 40 West St.. L eo m in ster MA.

HAMFE5T. Anno unci ng the 8th A nnual WC RA
Mld-wlnter Hamfest . February 15, 19 70 at DuPage
County Fairground, M anchester Rd., Wh eaton I L .
Open 9 a.m. to 4 p.rn. Tickets $1. 50 at the door.
Some space avail able f or your own table. Further
info w ri te Box OSL, Wheaton I L.

T.O. KEVER A-1 condition , $20. New paddle for
kever , $ 10. Both $ 25.00. Michael Windolph , 3649
E. 65th si., Cleveland OH 411 05 .

-
SANGAMO

SPRAGUE

g~rl

o
VA LU E SIZE

SOD MF O ·200 v ee 2" x4 Y. "
1,250 MFD·180 vee 2" x4}\,"
1.500 M FD- l 00 VD C 2" x4%"
3.500 M FD · 55 VD C 2" x4 Y, "
3 .500 M FD · 75 VDC 2" x4%"
5.000 MFD · 36 V DC 2" x41/,"
5 .500 MFD· 45 V De 2" x4 1/,"

11 .000 MFD · 19 V D C 2" x4 y,"
11 .500 MFD · 18 V DC 2" x4 %"
12 ,500 MFD · 16 V DC 2" x4%"
10,000 MFD· 15 VDC 2" )(4y,"
14,000 MFD · 13 VDC 2" )(4 Y. "
15,000 MFD- 12 VDC 2" x4%"
15,500 MFD- 10 VDC 2" x4 1/t"
15,000 MFD· 10 VDC 2" )(4%"
25,000 MFD- 6 V DC 2" x4% "
30, 000 MFD· 10 V DC 3" )(4%"
60, 000 MFD· 5 V DC 3" )(4%"
20,000 MFD- 15 V DC 2%")(4Yt "
15,000 MFD· 15 VDC 2Yo " x41/t"
35,000 MFD · 12 VDC 2" x 6"

7,000 MFO · 13 VOC 1~'x4%"
3.000 MFO- 25 VOC 1 ;vi'x4Y, "
2 ,500 MFO· 45 V OC 1 " ' x4Y,"
3 ,750 MFO· 75 VOC 2" x4%"

No C.O.D. Include necessary postage.
• JUST BOUGHT OUT O R IG I N A L CASE FOR

CB RADIO, I ncludes mtg bracket for mobile
use & slide-in chassis. Holes pre-pu nched for
power supp ly transistor & power cord . May be
used for mobile power supplies, P.A, system or
speaker box or many other uses. Size - 3Y," H x
7" W x 8Y," D. Weight 3 Ibs. Original cost
$9.95. Our price . ,. " ' " '" $1 .95

MIN OROER $5,00 FOB Binghamton
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1495 ••m , ' . " ,
ppd v,. & c.n.

I.nd. check or m.o.
lold by m .. 11 only

oscillafOllmonifor
• _Ic•••n dibl. toft. hi _ ito.
th. RF 01 y CW tr...""itte. '.0...
10M.. hi I K.. Go- IOOKe to IOOOMc,.
....i ... 0.. 1,. ... 8· piclo ... p ... t .......
• ce.. be ••II-trigg••'" r- cod.
pt"-.:t>c. 0. tft. tedi 01 .olid
ltet. co...po.....h d circ... ih.
• .idl in hI ..i". "'p Go t ••"". RJ:
.sciU.to••r:d po_. ci,e... ih .
• 4 tr... l iltot-. 2 diode ci rc a.,
Ip"lo••, to... <ldj","t,. U , e.II,
t.d I..d" 8" I"t., Go ....gnetic 1Ie1• •
• c.bi...t il 16 g g. blaclo Go- cl...
I ..odi,.d .I...... in 3.4.2.3.1.2"
US mad. Go ' r t .... lor I y•• r,

James Research company, dep't: AR-M
20 willits road, glen cove, n. 11542

U PAGES. crammed ..Ith 00'1"1 "''''11. EIee1.f'O<l1c Gear - the &a••~
BI "'I I.II BIlY. 1<1 Ame r1c.1 11 ..LU pey rill to SEND 2Sc fo r)'Ol,lr copy
R.r...nded ..UII rlllr flnl ordu .

COLOR ORGAN KIT, three 200 Watt Channels
S7.50; cabinet - S8.50; power suppl ies-$ 2. 75 to
$8.50 ; ceramic capacitors- S. l 0; dual flasher 1000
Watt-S3.98; 1000 resistors, sn Watt, 1/2" leads
$2 ; T V cheater cord-S.25. Catalog. Murphy, 204
Ro sly n Ave., Car le Place NY 11514.

DAYTON HAMVENTION April 25, 1970: Spon
sored by Dayton Amateur Radio Association for
th e 19th year. Technical sessions, exhibits and
hidden transmitter hunt. An interesting program
for XYL. For information, watch ads or write
Dayton Hamvention. Dept S, Box 44, Dayton OH
45401.

GREENE . ..center d ipole insu lator w ith. . .or
without balun. . .see 73, November '69, page 107.

SUPER GAIN (RI ANTENNA much gain, makes
exci ter sou nd like linear. See pgs 8 & 144, Oct. 73.
GUERILLA (RI high effic iency ant . See pgs 57 &
113, June 73 .

RAGS HAMFEST Syracuse, New York, A pri l 12,
1970 at Song Mountain , Bo x 88, Liverpoo l NY
13088.

FOR SALE: HEATHKIT Apache transmi tter and
Mohawk receiver. Wi ll sell bo th for $300 p lus
shipping. Wr ite : M . A lbert , Box 12, A ndover M E
04216 .

GET YOUR "FIRST!" Memorize, st udy-"1970
Tests-Answers" for FCC F irst C lass license, plus
" Self·Study Ability Test." Proven. $5 .0 0.
Com mand, Box 26348-5, San Francisco CA 941 26.

8C-659 FM TRANSMITTER/RECEIVER
17 to 38.9 Me. Xlal cootrol 00 any two pn-Iele-el.ed
e h.",.,el., SO "hanoel l . Comple,," wltll 13 l.\Ibe.
I pu ke r , meIer . 15x12!x61". $23 50NEW.... ......... ...... .. .. .. ..... "
VIBRATOR POWER SUP PLY for abo.... , 6V, 12V or
H V , "peel!)' when orderll'l(l:l . Llk. New. ... ' 6. 95

ROCHESTER . N. Y. is aga in Hamfest, VHF meet
and flea market headquarters for largest event in
northeast , May 16, 1970. Wr ite WNY Hamfest ,
Box 1388, Rochester , NY 14603.

. . '27 .S0
'lIt sO
UI . 5O
'ZI . SO

RTTY GEAR FOR SALE . List issued mont hly, 88
or 44 MHy torro ids 5 for 5 1.50 postpaid. Elliott
Buchanan & Associates, Inc. , 1067 M andana Bfvd..
Oakland, Cali fornia 946 10.

73 IS AVAILABLE to the blind and physically
handicapped on magnetic tape from : SCIENCE
FOR THE BLIND, 221 Rock Hill Road. Bala
Cynwyd. PA 19004.

SCR-274·N. ARC·S COMMAND SET HQ!...... . _.c. LIto..
• _ .. T..... VIM ......
_fefIVf.. . e_ol.,. _ltll T.....
, _sso lite. lIe·. 51 111 .•5 '1I1 .50I ·. _ . . lie. • ' . . . 1. ,50 ' ''' .50
• · • . 1 1lIC. . .. . . . Be.•55 .. ' e .115 .n.•• .
I.I·J 1lIC. . . . . . . -1I5 _.... .. . .. '111.'0
T.......'TTI... e_o'.N .1... T......-' .J " c• .. . ... . ee...S7 . . •. • ' . IIS . • I I .n . S Il .1IS
S .J·7 MC•.. . . _ le·.51 I I . • S ..• . • . 11' . . . Sl lI , IIS
, .,., MC Be·.,. IT .'S . . l' .SO ." .n.' .
I .' · ) MC T.1 1 . . . • • .• s .
) ·.Mc. , .. , , .. ' .1 , ".. , ... • 111.'O .. SlI.• '

TERMS: n% Dcpoolt wl1l> order. bal."". C.O. D. -or- Remll.lallce 10 Iwl.
Mlnlm... m order sr..GO F. 0 . B. NYC. SI,IbJe<:t 10 prlo. nle aod po e." ct........

G&G RADIO ILECTRONICS COMPANY
"TOWER HEADQUARTERS'" 11 brands! Heights
aluminum 35% offl Strata crank-ups. low costl
Rotors, antennas and gear discounts. Phone patch
$11.95. Catalog-$.20 postage. Brownville Sates
ce., Stanley, WI 54768.

RGBU FOAM COAX-fresh. 10, pe r f oo t -any
length . PL259-S)239 400i each, 15/$ 5.00. UG 175
9/5 1.00. FOB . Monte Southward, A t. 1 A . Upper
Sandusky OH 43351.

47 Warren 51. (2nd H New York
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Send 25£ for c atalog #70

NOVICE THREE·BAND DOUBLE INVERTED ·
VEE : Tuned assem bled SW R. Under 1.5-1
15-40-80 Novice bands, W3F OJ De sign , $10.75,
Anten na Products, Box 276, Warrington , PA
18976.

SELL MODEL 19 Te lety pe set, $25_00. Pic k up
onlv . A lso sell sideband e ngine ers S8-1 L 1 kW
linear $65.00. W2AH , 151 Rock Creek Lane,
Scarsdale NY 10 58 3.

WANTED: KW plug in coils. Johnson or B&W
Swinging and fixed center link types, link assem
bly , ja ck bars. Will pay cash . W. A llen , 1376
Meadowlark Drive, P ittsburgh PA 15 243.

BEAUTIFUL surp lus 3'h inch round D'Arsonval
meter movements, Westinghouse type N X35 0-1
mil basic with internal shunts and sca les read ing
0-50, 0 -150 , 0 -250 , and 0-500 rnA. Ind ividuall y
tested . S3,50 each postpaid in U.S. No COO's. S.
Brown, PO Box 183, He mingway SC 29554 .

5 x 8" PC BOARD, 1542 labeled so lder po in ts,
Twin-t racks, 39 rows, 3 power loops, YO U RS ,
postpaid . S2.95 with order No. 1· 2-1000. Bert
Adams Enterpr ises, PO Box 101, Miami FL 33152.

CHRISTIAN Ham Fellowsh ip now o rganized for
Chris t ian hams who w ish to fe llowshi p w ith othe r
Christ ian hams. Request free infor ma t ion how to
witness to other hams. Ch rist ian Ham Callbook $ 1
donation . For free detai ls on organization w rite
Christian Ham Fellowship, PO Box 2 18, Holland
MI 49423.

TECH MANUALS-R ~390, R ~390A. OS·8C/U,
$6.50 each. Many others. List 20d. S . Consalvo.
4905 Roanne Dr ive , Washington DC 20021.

HAMMAR LUND SP-600 (R ·274) receiver. CV-59 1
A/UUR sideba nd converter fo r the SP-600. Apache
TX-l transmitter. S B- l0 sideband converter for
T X·l Collins speaker, spare parts, tubes, all in ter
co nnect ing ca bles w/wi ring hook-up d iagram , key,
mik e, and all manuals. $500 fo r the lot, will not
di vide. Fred Bancroft , c/o Cochise College, Douglas
AZ 85607.

WANTED: RECEIVERS 850:Hl506B--<l5~7-85 1 o

3001A-3002A - 128av-Write Box 8352, Savannah
GA 3 1402.

WOR LO RADIO has used gear w ith t ria l-terms
g ua ra ntee! 99 ·er - S79 .95 ; 9 10A-S 179.95;
SR150-5299.95; HW10- $1 29.95; HW32-589.95;
Swan 400/420-$299 .95 ; Swan 250-$229.95 ;
D uoBa nde r 8 4 -$1 09 .95 ; 753-S 1 2 9. 95 ;
NC200-5249.95 ; SB33-5 199 .95; Galaxy
Vmk2-S279 .95 ; Ranger 2 -S149 ,95:
200V-$399.95. Free " b lue -boo k" list for more .
Write WORLD RADIO , 3415 West Broadway,
Counc il Bluffs IA 5 1501.

TR -4, AC SUPPLY. Best o ffer. Wil l hand del iver
Oh io o r ad jacent sta tes. Go rdo n Wo lfo rd WB8C KP.
3 18 South Adams. New Ca rlisle O H 45344
1513·845~946 11.

AN/ART·13 100·WATT XMTR
11 CHANNELS 2 to lB.l Me

200·1500 Ke
Collins A u totu ne Tra ns
m itter , extreme ly s t a b le
and su i t ed f or side
band . Written up in
CST O ct . issue, 1963.
These are in boxes &

c ra tes a s rece ived fro m the Govt & w e will ship
them o u t " a s is" w it h no g ua rantee . They are
su p p o sed to be c o m p le t e & ..... it h t ubes. We are
not even go ing t o open the bo x es and w ill
s im p ly s t ick a labe l on t h em a n d sh ip them o u t .
We must ma ke room for in com ing ma t e ri a l a nd
o ur lo ss is yo ur ga in .
#ART -13 $15.00

HAMMARLUNO APC CAPS
Midget style, brand new , 4 .5-100
m 'l" d .
3/$1.00 12/53.50

APC GRAB BAG

~ [2) (j.
Unused assortmen tof va ri o u s sizes and styles.
Thou sands o n h an d & barga in pr iced.
5/5 1.00 30 /55 .00

TOROIOAL CORES
Insulated p o w d ered i ron c o r e ab out the size of
2 5 c! p iece. V e ry lo w indu c t a n ce. h i-freq . Wind
you r own tranSIstor xfm rs .
'A ·lO 5/51.00 30/55.00

PHOTOFLASH TRIGGER XFMR
Thordarson #22R 44 bra nd new, prod uces
15 KV pulse , With spec sheets.
N22 R44 , ..$ 1. 75 each 10/$15 ,00

RF FERRITE CORE CHOKE
H i·permeabili ty . u lt ra m idget sty le .
coated fo r moi stu re resistance . co lo r
cod ed . Used in xrn t rs. receivers. convert 
ers. TV-peak ing. Brand new.l" worth 40et
each. Assortment of 1.B, 2/,0 . 330 uh .
Pack of 30 $12.00 value.
#A·71 30/51.00 180/55.00

TRANSISTOR MOUNTING PAOS
Round fibre glass insulating pads, used under 3
legged TO -5 . TO-1S . etc . Ra ises and insulates
tra ns istors fr o m PC board . Permits longer lead s
to be used wi th less danger of heat destr uction .
Add s profess ional t ouc h to finished circuits.
Bag of 50"p' re-d rilled pad s.
#A~3 50/$1.00 300/55.00

SILVER MICAS
Misc. assortment of CM
type sma ll silve r m icas.
S up ply varies & w ill g ive a
mix of available o n-ha nd
stock. Upused , lo ng leads, .".
sta ndard codes stamped o n, \ .'>1100
each .
#A ·4 . 30/51.00. 180/55.00

2 METER ARC·3
Just uncover ed a batch of the fa mous ARC ·3
rc vrs & xmtrs wi th all tubes. Range 100-156
me , S x t l c hannels. Cheap wa y to get o n 2
meters, CD nets. MARS nets. etc . With co nver
sio n deteus.
Rcvr S 15/ Xmtr $ 15 ... " .. . " Bo th for $25
Above eq uipment on ha nd. ready 10 sh ip. Terms nC'1
lash, f.o.b . Lynn, Mass. Many other unusual p ieces of
mi litary surplu s clec rronic equipment are dcscribcd in

ou r' r aealog ,

JOHN MESHNA JR.
19 ALLERTON ST., LYNN, MASS. 01'lO4
P. O. 80X 62, E. LYNN, MASS. 01'lO4

144 73 MAGAZINE



LIBERTY
PAYS MORE! LIBERTY

OFFERS MORE!
"

• 6T4G)*Never Anything Like It!

*1Man Can 00 a Better Job
than 3 in the Same Time!

*A Gold·Mine for Antenna tnstslten!
~ Frequency Range: 40 to 230
. .... . - ,.. IilInd 470 to 860 Megahertz.

4 Calibrated outward from 10
to 50,000 Microvolts. Nothing
makes it easie r to properly and
speed ily find the correct place
to insta ll TV. FM and Com
munication Antennas. You can
measure and hear the signals

with this 4112 volt battery economically powered
unit. There is nothing else like itl

Only $120.00 FOB N. Y.

PRESTEL FIELD STRENGTH..METER
( Model

WILL BUY
FOR CASH
ALL TYPES

• ELECTRON TUBES
• SEMICONDUCTORS
• MiliTary Electronic

Equipment
• Test Equipment

WIRE, WRITE, PHONE COLLECT! WE PAY
FREIGHT ON ALL PURCHASES WE MAKE

Liberty Electronics, Inc.
548 Broadway, New York, New York 10012, Phone 212·925·6000

$100,000
"EYE SEE"

Gua ranteea' W,th S pec . Sheets '

PENNY SALE!

o 709C OP AMP 149
Cu a ran te ed! W ,th Sp e c. Sheets '

fo;r(h ild MONEY BACK GUARANTEE! EACH

El 900 BufTE'r 1 for 1.49
o 90J 3 In pu t R"att' N~nd/Nor 2fo.I.9.o 910 Dual Two Input Gate 2 for 1.9'
nO 914 Du a l T wo h \llu t Ga t {" .. ............... ...•. ...... 2 for J .9'

915 Dunl 3 I n p ut Gate Nand /Nor .-·········· .. 2 for 1.69

B923 JK Fli p Flo)l ····· · 1 for 1 .9'
925 Du a l ~ I nput Ga ll' . E ;.;Pilnl!l·r I for 1.49

CJ 927 fJuad In verter 1 for 1.49o 930 Dua l ·1 In p ut Ga te Nand / Nor 1 for I A9

~
933 Dua l I n pu t Oate, E xpa nder I 10.1 .49
944 I lulli 4 I n pu t Power Gate 1 for 1.49
945 n ..eked F lip F lo p 1 for 1.69
946 Quad 2 I n p u t Gate Nantl/Nor I for 1.49

o 948 Cln('kl'll F lip F lo p ···.·.· .···· · ·.··· 1 for 1 .9'o 953 2-2-3-lnput and Gate :z for 1.69

lc. MORE
2 for 1.50
-4 for 1."
.. for 1."
4 for 1."
4fM 1.70
.. for . 99
2 for 1.50
2 for 1.50
2 for 1.50
2 for 1.50
:z for 1.50
2 for 1 .70
:z for 1.50
2 for 1."
4 for 1.70

N~ ~~o:~. 2 ~~.
UHf TRANSISTORS

o 2N3632 Z3W. 3 • .

1O ¢ fOt OUt SPRING UtGAIN CATALOG ON ,o S,m iconduclon 0 Polr Pab 0 Paris

Te.m,,: ad,1 po~ l a lCt' . Ral~d : net 30. cod 's 2.'i S~
P h o ne O.den: W ak t'fi .-l,l. M II." s. (6 17) 2H_382~

Rel a il: :!ll A lh io n . St .. \ \ ·:\k.·fi.. ld, Ma...s.4000PIV
RECTifiERS

1 AMP 149
'1-/}::.

No.

SALE ON W HIGH VOLTAGE
FAIRCHILD PI. SALE 1 AMP
COUNTING "ICs" 0 2000- 1.00o 3000 1.35 lPQ'/.1
Guaran te e d ' $5.95 l] ~ggg t~~ SILICON
W Ith Sp e c . 3 t or $15 J 6000 2.96

:: 8000 3 .50 RECTifiERS
Description' I,~!.2222._2;l~..:.:~.;.:.:..~rf.:~7.i:;:;::::~=ii:='"::::.::.~::r::-ii:;rr-r 10000 3 .95o 958 Decade Counter

o 959 Buffer-Memory
o 960 Decoder-Driver

1 AMP 800 PIV 10 149
RECTIFIERS tor
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Zip

-- --

_ _ _ _ _ _ _ Call

73 MagaZ ine
Books 94, 9 5
Maps 132,1 33
Radio Handbook
Subscript ion 65

Haven't got tim e to browse through the ads?
Ju st put an X by [he subject that makes you flip.

D Antennas 0 Namep lates
o Baluns 0 Oscillators (code)
o Calibra t io n/ Repair Srv c. 0 Osci llators Iff)
o Callbook 0 PC negatives
o Cloc ks 0 Preamps
o CoaXial Relays 0 Receivers
o Code tapes 0 Receivers lFMI
o Components 0 Surplus Etee.
D Converters 0 Test Eq uipmen t
o Crys ta ls D Towers
o Diodes 0 T ransceivers (FM )
o OX 0 Transceivers (VHF)
o Equipment dist. 0 Transceivers (SS8)
o Filters 0 Transformers
o Integrated circui ts 0 Transistors
o Keys, Kevers 0 TV/Fax
o Lsnears 0 Vacuum tubes

MAl L TO 73 tnc., Peterborough NH 03458

I Name _

I
I Address ---- - - ---- - - - - -

l: _

173Readers' DOUBLE BONUS
Want in fo quick? Just check the box next toI th e name of the advertiser of your choice in the

I
index below. We'll rush your name to the f irm
so you can get etl the dope direct from the

I
source. (Don ' , forget to include your name and
address at the borrcm.}

ADVERTISER INDE X

I 0 Ameco 17 0 Mertin Co. 107
o American Crystal 109 0 Meshna 144

I
0 Antennas I nc. 93 0 Microflect 2 1
o Arnolds 103 0 M icro Z 103
o ATV 107 0 M il i tary 143

I 0 Brigar 142 0 M osley IV
o Burghardt 8 1 0 National Radio III

I
0 Callbook 20,91 0 Pantron ics 97
o Caringella 20 0 Park 114
o CB Radio 109 0 POly Paks 145

I0 Cleveland tost. 35 0 C uement 43
o Columbia 141 0 Radiat ion Products 97
o Dah l 10g 0 RP Electronics 121

I 0 Delta 87 0 Redlin. 139
o Denson 121 0 Sams 53

I 0 Denver 109 0 Sentry 46
o DGP 127 0 Signal One 38

I
0 Dow Trad ing 109 0 S te llar 9
o Epsilon 27 0 Swan Antenna 79
o Essco 83 0 Swan 29

I
0 Freck 107 0 Telrex 5
o Galaxy 11 ,19 0 Tower 118
o Gateway 123 0 'rnstec 10 7

I 0 GBC America 32 0 UFO Net 109
o G & G 143 0 United 121

I [J Goodheart 140 0 Vanguard 2 1,27
o Gordon, H. 75 0 vent-cores 7, 59

I 0 Hafstrom 97 0 Vibroplex 103
o Hairy 91 0 Western 103

I 0 Henry 4,13 0 WRl II
o Hunter 107 0 World QSl 97

I
0 H & l 14 1
o International Crysta l 3
o James Research 142,1 43 0

I 0 Jan Crystal 32
o Jeff·T ronics 123

I 0 lewispaul 140
o Uberty 145

I
I
I
I
I
I
I
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Rarely is the amateur radio fraternity offered an important
new product with the engineered-in reliability f ound in
modern professiona l and m i l itary communica t ions equip
ment. NRCl 's new NCX-I OOO is one of t hese exceptional
products. It was conceived and developed for radio amateurs
by the same compan y that gave t he Mar ine Corps its rugged
sol id-st ate A N/ G RR-17 ta cti cal commun icat ions receiver,
that gave the Navy its versatile AN/URT-22 exciter-t ra ns
mitter, and that produced the classic HRO-500 VLF/HF
receiver.

T he NCX-lOOO combines rock-sol id design, exceptional
performan ce, and a power punch . It 's the f inest solid-sta te ,
self-contained, 5-band kilowatt transceiver availabl e t oday
the odds-on choice of the discerning amateur, be he rag
chewer or D X-er. See it now at your dealer's store, or wr ite
fo r complete deta ils.

For complete land impressive) speci fi cations and details, write:

fWM NATlONAL RADIO COMPANY, INC.
NRei 111 Washington Street, Melrose, Mass. 0 2176 ( 6 17-662- 7700)



NEW SINGLE-BAND BEAM
FROM MOSLEY •

ModelCL-20

•
e aSSIG

WITH
EXPANDED OX
CAPABILITIES

ON 20 METERS
DON'T LIMIT YDURSELFI

When you install a 20 meter beam. there is only one
antenna investment you can afford ... The NEW CLASSIC 20
with expanded OX capabilities. thanks to the new
Classic Feed System, "Balanced Capacitive Matchina::.
This new array promises to be the most universally accepted
amateur beam ever developed for 20 meters.

TAKE A LOOK AT THE VITAL STATISTICS I
• FORWARD GAIN: 9.B 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 the final.
• SWR: 1.5/1 or better.
• MATCHING SYSTEM: Balanced Capacitive.
• FEED POINT IMPEDANCE: 52 ohms.
• NUMBER OF ELEMENTS: 5. Aluminum tubing: 6063-T832.

• MAXIMUM ELEMENT LENGTH: 38 ft. 1% in. /.--:::::::::;;.,..~
• BOOM LENGTH: 46 ft.
• RECOMMENDED MAST SIZE: 3 in. 00.
• TURNING RADIUS: 2B ft.
• WI NO SURFACE: 18.7 sq. ft.
• WIND LOAD lElA Std. 80 MPH): 364.45 lbs,
• ASSEMBLED WEIGHT: Approx. 139 Ibs. Pat. No. 3419872
• SHIPPING WEIGHT: Approx. 145 Ibs. v ia truck.

Mosley is the name. Antennas are our business.
Designed. engineered and manufactured by hams . . • for hams.
For detailed brochure on the entire CLASSIC LINE
of single and multi-band beams. write ... Dept, 198G

&.I_1f ~,,&$.:4610 It LINDBERGH BLVD., BRIDGETON, MO. 63044
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