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Th anks for the Advanced Class
Stu dy Guide wit h my new subscri p
t ion to 73 magazine. ( passed my
Advanc ed Class Licen se Exa m in
Hou ston , Texas. August 21, 1972
(just two days ago) by using th is book
and by using Advanced Handboo k by
Howard Pyle W70E (Howa rd W. Sams
book). Bot h boo ks are excellent study
C}Jides.

Ben W. Thomas

Six mete r activ ity is rare arou nd
her e. especia lly 6 CWo I dec ided to
brave the TVI with a good LP filter,
and t ry to build up 6 CW act ivity.

I' l l only run BOwwi th a 6 element
beam, until I see how th e TVI is, with
channel 2 only 25 miles away. Then,
maybe more powe r if t hings wor k ou t .

J will welcom e any sked s wit h
anyone looking for Iowa on 6, CW
prefer red, but will also work AM.

Robert Lucas WAtJDXZ
Iowa City IA

Recently I ordered parts fo r you r
current frequency cou nter project
from yo u r adve rtise r , Circuit
Spec ialists . The y do not carry some of
the it ems, but because of my remote
locat ion, they shopp ed for me outs ide

SSTV continued
niche on t he neck ... if it shows
where it was filed, it is soft. And I
understa nd also, this varies in indio
vidual tubes - like some 5 FPTs might
be "soft" and some " hard." VK3LM
has all the info if you 're anxiou s to
have a tube reworked.

Does a Slow Scan station equipped
with a came ra have a just ifiable need
for a flying spot scan ner? T his is one
question Clarence K61V and I dis 
cussed recently du ring a brief meeting.
The advantages of a camera are ob
vious, bu t what are th e advantages of
a flying spot scann er? Possibly heat
dissipation and pre-focusing. Alth ough
modern cameras perform qu ite well
wit h a mediocre amount of light , th is
still adds to the heat produced in th e
shack. (How often do you duck ou t
for some coo l air, eh?l And, if you
show a group of differe nt pictu res, a
po rtio n of t ime is requ ired for re
focusing, so photos and a FSS under
certai n conditions could prove worth 
while. One method of Obtaining t hese
resu lts (fo r those of yo u wit h Slow
Scan cameras) is by the use of a
snap-on adapte r. A minibox (or oth er
suitable enclos ure) can be fabricated
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of their own sto re in·o rder to send me
the whole kit.

Any magazine with tha t kind of
advert ising just has to be somet hing
specia l!

Sa m e g o e s for t h e
adver tiser. _. give them a d iscou nt
rate !

Leo na rd C. Nelso n KW6EG
Wake Island

First of all I would like to tell you
ho w much I enjoy 73, and look
forward to every issue. Please find
enclo sed paymen t for the next 2
years. The purpose of this letter is to
point out somet h ing I read in your
August 1972 issue covering the recent
ex ped it ion to Navassa Island. The
co mment was made th at KC4DX did
not leave any signatu res o r such
painted on rocks and buildings, which
I'm sure they didn't. However, it was
also sta ted that in 1958. KC4AF d id
no t leave any signatures. Upon loo k
ing througn some old CQ magazines
try ing to find another art icle, I ran
across the June 1958 issue of CQ, and
there on t he front cove r. as big as life,
pa inted on th e wall of Navassa Island .
were th e call le tt e rs W2NSD, which I
have to assume were pa inted the re

so pic tures will slide in one end. The
other end is cut to f it over the came ra
len s, an d securely fasten to th e camera
in a light , t ight manner. Then a coup le
of small pi lot lamps are added in the
box , po int ing towa rd the pic ture area.
(The physica l layo ut of a " photo end
of an FSS" is covered fully in the
$STV Handbook if you don't unde r
stand my brief description.) Since this
home -brewed adapter uses all yo ur
exist ing Slow Sca n tr ansmittin g cir
cuitry. nothi ng else need be take n off
or added on to the camera, as desired .
It is qu ite possible Robot may come
out with an accessorv like this in th e
future, if suffic ient interest is genera
ted.

I'm sure most of you recognize the
chap in the photo as K6IV. Clarence
t ransmit ted this picture of himself to
JA3J EW, and th is is a photo of the
received picture. Not bad for a
California/Japan 050, eh?

Colo r Slow Scan is on the upswing.
If you are operating co lor, drop me a
line on your progress. ideas, etc. I will
add it in th e co lu mn and possibly we
can exp and th e colo r SSTV horizons
in the near futu re.

Dave K4TWJ

duri ng the KC4AF exped it ion. J d id
notice that on a similar pictu re of
KC4D X tha t th is wall had been
paint ed black , or the pic ture painted
over. Like I said in the beginning, I
enjoy you r magazine very much and
this is not in the form of a complaint,
only I do thin k an explana tion is in
order .

Keep up the good work, especially
in WA0ABI art icles on th e 50 MHz
band.

Ted Hogan K4VAA
Cheraw SC

I was afraid that no one would ask.
The fact is that rather than paint up
the island, I chose the easy way out
and painted up the photograph just
for thst cover picture on CO. If you 'll
look closely at the picture, you 'll see
that I put in a shark swimming around
the boat to o. That was back when I
was devious.

Wayne

I'm finally back in the land of
infinite var iety after a busy year at
Harvard. Didn't get a chanc e to stop
up and visit with you fo lks again so
see you at the next Dayton conven
t io n if I get there.

Abo ut a year ago The Milliwatt
announ ced two awards for the low
powe r operato r - DXCC QR PP and
DXCC MILLIWATT for working 100
countries at the five and one watt
powe r levels. Well, first QRPP DXCC
goes to K40CE fo r submitti ng prope r
OSL proof. I'm enclosing a photo of
th e award aptly d isplayed by my
ed itorial assistant, Karen Thomas. We

st ill have announcement shee ts for the
awards upon requ est . I'm sure that the
boys wou ld appreciate getting an
eyeball look at thi s OX award . If yo u
can' t use the photo, I'd app reciate
getting it back. Keep plugging away
up th ere old man. I envy you guys for
yo ur id yllic surrou ndings. These flat ·
land s depress me something awful.
But th at 's life, I guess.

Ade Weiss K8EEG/0
Vennillion SD

What? FL A TLA NDS? Maybe you
should reevaluate your surroundings.

continued on page 246
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T HE NEW REGULATIONS
WA YNE'S VI EW

The heavy hand of an insensit ive
governme nt has just dea lt a cruel blow
to the most exc iting and fun aspect of
amateu r radio in many, many years.
FM will never be the same.

It is sad to listen to the voices on
the bands agreeing that, yes, the new
rules do seem rather restri ctive, but
we can live with them . Su re, we can
live with them . Man has show n him
self to be eminently adapta ble - able
to live under almost any conditions,
fro m Russian prison camps to the
Inq uisition.

But now, just as amateu r radio has
at last been staggering back from th e
blow of " incent ive licensing," one of
the last th ings we really need is to
have a hysterectomy in the FM de
partment.

T HE GOOD PART
Many years late, the Commission

has finally opened the 147 MHz seg
ment of the two meter band to Techs.
Th is move appears to have been pur
pose ly held up to try and sweeten the
bitte r pill of repeater restr ic tion. It is
the only major benefit from this
otherwise negative and crushing repo rt
and order.

The other dim ray of light in the
order w as the relaxing of logging rules
for repeaters. Much of the charm of
th is cha nge was taken out by a re
aff irma t ion of the need fo r detailed
logging by everyone but repeaters.
The Commission, can not , I believe,
produce any substa ntial arguments to
suppo rt the cont inuing of such log
ging. It is a ho ld over from the earliest
days of radio and serves little purpose
to day.

TH~ PAD PART
The licensing of repeaters is now set

up so th at it is a great big dea l just to
app ly fo r th e license - and expensive.
You have to have topographical maps
to wo rk out the average ter rain 
antenna rad iation pattern charts, verti
cal and ho rizonta l - d iagrams of the
ent ire repea ter and co nt rol system
(which has to be approv ed before each
and every cha nge) - provision for
monitoring input and outputs of the
repeater - a licen se for each and every
control po int - a license for the
link - and a license for the repeater.
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EDITORIAL BY WAYNE GREEN

At $9 per license, this can mount up
rapidly.

Another disaster is the matt er of
mo nitoring. The new regulations are
qu ite explicit in de manding con tinu
ous monitori ng of the repeater input
and outpu t frequenc ies. This means
that all but a few repeaters will have
to be shut down whe n the control
operators are asleep - whe n they are
a t work - on vacation - at the
mov ies - p laying ca rds - at a
party - or (hopefully) wit h th e wife.
There doesn' t seem to be any logical
reason fo r th is rule other than harass
ment and hamst ringing of amateu r
repeater service since it is not diff icult
to provide safeguards which will shut
down a repeater in the event of
malfunct ion or funny business.

Let 's take that to an extreme. Let's
supp ose that a berserk amate ur has
take n over the input of the repeater
and is ye lling porno and mayhem
th rough the air - and he carries on for
24 hours stra ight before collapsing. A
few of us wit h the patience to stick it
out will have had somet hing to ta lk
abou t for years to come - the rest of
us wiII have to use another repeater
for a day . One or two sensitive sou ls
may suffer a menta ! hernia from
hear ing such te rrible things - provid
ing they haven' t ever bee n in a locker
room or in the armed forces - or in
co llege or high school during the ir
lives. The rest of us will come out of it
unscat hed.

Directi on finding gear being as it is,
I doubt it will take very long to find
the idiot . A recent case in New York
hardly took any nme at an before t he
repeater group was able to pinpoi nt
the d ingo who broke in on a repeater
wit h ha ir-curling filth. Getting the
FCC to do some th ing about it was
somethi ng else again, they seemed
more entertained tha n alarmed.

The removal of the 220-222 MHz
segment from repeater use blows th e
nat ional agreed-upon plan for that
band to bits. Pity, for the amateurs
have displayed admirab le coo peration
in wo rking out their own rules and
allocations, comp lete with unoff icial
governing comm ittees to keep every
th ing in order. The FCC obviously was
not impre ssed. The o nly logical reason

that comes to mind for the shoving of
repeaters out of the lower two MHz of
the 220 band is to make room for the
new citizens band which the Elec
tron ics Industry Association is buy ing
for the Japanese.

The removal of repeaters from the
440 -442 MHz segment of that band
is ano ther kick in the head. In view of
the degree of organization that ama
teur groups have shown in the
developmen t of this band, it is diffi
cu lt to understand th is move. It serves '
litt le pu rpose and will be tremen
dously expensive to us.

Sect ion 97, 111c proh ibits the cross
banding of repeaters. How co me?
There has been so littl e of this done
that th ere is no way for it to have yet
caused any pro blems. The two re
peaters th at I have used that had
crossba nd f aci li ty (W1ALE in
Co nco rd NH and WA1KGO in
Peter bo rough NHl never had any
problems worthy of mention. Indeed,
both provided a good deal of fun for
those involved -and made it possible
for the six mete r FMers to have a little
window to ta lk with the two mete r
boys - and vice versa.

It is not practical to set up mob ile
FM gear for 52 MHz, 146 MHz, 220
MHz and 440 MHz all in one car. It is
just too much. Too muc h invest
ment - to o much space - too much
antennas - and too much to opera te
while d riving. So what are we to do,
have four different groups of amateurs
using repeaters, with few ever able to
ta lk with any of the ot her groups?
Crossband repeaters with suitable con
t rols are impor tant , not only for fun,
but particularly in times of emerg ency
when it can be critical to be able to
reach everyone.

Since repeate rs are, under th ese
new regulations, only perm itted to
operate in bands where all licenses
above Novice are legal, there is no
question of any ope rato r being re
peated ou t of his class of license.

I believe most amateurs will join me
in than king the Comm ission for
finally ope ning up 147 MHz for
Techs - for relaxing logging for re
peaters - for permitt ing mobile co n
tro l points for repeaters and remote
base stations.

As for the rest of the regu lati ons,
they appea r to be gratu itous harass
ment of the amateur service. They do
no t seem necessary. They are in some
cases ex treme ly harmful to the spirit
of amateur radio. Littl e good can
come fro m th em.

ARTICLES NEEDED
While we do try and cover all bases

in 73, the readership seems to prefer
co ns t ruction pro jects - particu larly
those using the newe r ICs and tra nsis
tors , so if you are bu ilding gear along
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ARRL & FM
The Leaqoe .is showing an inc reased

(if be lat ed ) interest in FM and was
represen ted at the recent FM Sym po
sium (hos ted by 73) by WlICP, who
was most helpful with suggest ions and
ideas.

More on th e symposium on page
28 1 . . .
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thi nk of FM - and of Wayne Green,
bless them. ~

It is likely that I will have a few, _
words to say and th at any lagging r
doubts as to why I am consi de red
cont roversial will be settled once and
for all. The fact is that t believe th at a,
straight line is th e shortest distance
between two points, even if it bisects
an advertiser or an ARRl off icial.

Saroc will run Janu ary 4th t hrough
7th t his t ime, with most of Thursday

con tinued nex t page

Taggart also suggests using t he
popular SCR moto r speed co nt rol
units that are now available from most
large depa rtment stores, to co ntrol
iight intensities on those camera flood
lights. Usually these plug right in, so it
should be supe r-q uick, and sure beats
fumb ling wit h the camera's settings.

I und erstand that Mike W6MXV is
developing a programmable MOS
Memory un it . Slow Scan trans mission
capabilit ies with out the aid of a
came ra or tape recorder. Probably he

continued next page

SSTV SCENE

First off , Ralph WBBDQT, has
some suggest ions to supplement the
photograph ic techni ques I menti oned
in t he August co lum n. If you r camera
is one th at ut lizes an electric eye for
con trolling the shutter speed, a piece
of black elec trica l tape over the eye
will automat ically give yo u time ex
posu res. T hen all yo u need do is hold
the shutt er dow n B seconds. Also, you
don ' t necessarily need to remove th e
yellow f ilter on the cathode ray tube .
If yo ur p ictu res are too dark, use th e
camera's co lor film settings of ap
proximately ASA 75. Be sure to mark
you r settings after getting them right ,
so you will save t ime (and film) in the
fu ture.

Dave Ingram K4TWJ
Rte. 11 Box 499, Eastwo od Vii. 50N
Birmingham AL 35210

this line please keep in mind that
many, many other amateu rs would
like to benefit by you r experience.

By t he way , when you send in
diagrams using solid sta te devices,
please be sure to include base d ia
grams to help those who will follow in
you r footsteps.

If your un it is of enough interest
for a printed circuit board to be mad e
available to the readers - or per haps
even a parts kit - we can arrange this
with one of our advert isers unle ss you
have sourc es of your own. Someti mes
it is diffic ult to f ind all of the parts
needed fo r a project, so we ofte n try
and wo rk with an adverti ser to make
kits available.

If you are not sure about writ ing
fo r 73, p lease send a stamped self
addressed envelope for How to Write
for 73.

SARoe FM PROG RAM
As chair man of the FM program at

Saroc, I am going to do my best to
pu t on one whale of a show. It will be
worth while co ming to see, I guaran
tee.

The FM programs will sta rt early on
Friday mo rning and run all day Friday
and all day Satu rday until the big
prize drawing Satu rday afte rnoon. In
addit ion to manufacturers on t he spot
to answer tech nical quest ions, th ere
will be rep orts on FM activ ities
around the cou nt ry, an FM Sympo
sium on changes we need in the FCC
regulat ion s - a report on the sta tus of
220 MHz, and. other to pical subjects.

Representatives of repeater cou nc ils
who will be at Saro c are hereby
requested to d rop a line to me so I can
schedule you on the program. All of
us want to kno w what has been
happe ning in you r area, so please
bring a report. Repeate r groups with
slide shows or interest ing FM oriented
movies are also requeste d so let me
know what you have availab le so I can
sched ule your part of the program and
make arrangements fo r whatever
equi pme nt is needed .

FM will be the BIG dea l at Saroc
again this time, as it has for the last
thre e years. Standard Communica
ti ons is planning a lavish hosp ital ity .
suite this time, comp lete with a bu ilt
in Standard Repeater, of course. This DRAF,TING
custom has turned ou t to be a fab u- L.. ...:....:-j R. K. Wildman W6MOG
lous place for FMers to get together Bill Morello
almost any t ime of the day or night to Wayne Peeler K4MVW
swap exa ggerat ions about their repeat- T. M. Graham W8FKW
er problems.

Several interest ing tec hnical pape rs
will be read at th e Sympo sium - and,
if you have a pape r th at yo u wou Id
like to put on the docket , please let
me know so I can get yo ur talk
sched uled.

The FM ed ito rs of all of th e ham
magazines will be present and will
have their chance to say what they
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Bill Turner WAOABI
Five Chestnu t Court
Sf. Pete rs MO 63376

50 MHz BANDI have been gett ing a good respo nse
fro m 'ama teu rs all over the country.
Although man y st ill seem unclear as
to th e exact uses ot th e satellite. The
ten to two meter repeater will accept
any form of transmission - this of
cou rse includes FM. However, the
repeater operates most efficient ly on
CW, SSB, and AM respect ively.

The estimated area tha t can be
uti lized through the satellite is easy to
determine. Simp ly draw a circle fro m
your locat ion with a radius of 5000
miles. This shou ld give you an idea of
the co untr ies you sho uld be able to
work.

A-O·C pro vides for OX every day.
Informat ion I have received from Joh n
Gregory W3ATE indicates that the
sate llite shou ld be in the loca l area at
7, 9 and 11 a.rn. and p.m.. for about
25 minute s each du ratio n. Length of
the d uration depends on your lati
tude. Twenty-five minutes is a good
est imate for the la t itude through
Penn sylvania, Ohio, etc. The greater
you r la titude the . longer the du ration '
of the signal. If you were to live on
the u pper edges of Canada you would
receive almost three hou rs of conti nu-
ous use twic e a day! WBBLBP

SS TV continued

will make this available on P.C.
boards. like the W6MXV mo nito r.
Irc tdentatt v if yo u have a chance to
see this monitor or the J & R Elec
t ronics MXV 100 (similar c ircuitry
with some additio nal good ies), don' t
pass it up . Th is one really comes on
st rong and th e pictures are great.
Watch for my upcoming reports on
these units in 73 for full technical
details.

Asia is again being represented on
Slow Scan by a few 4X4' s. J really
can 't describe the thrill of seeing those
boys identify ing with Israeli writing
on th e screen, bu t it surpasses even
the best OX audio OSO's. Watch for
the m on 14.230 kHz around ooסס

GMT_ Also, you might watch for
ON4CZ, VP2ME or BR1W, some of
the newe r ha ms to join the SSTV
ranks. I understand also that the
U.S.S. Hope is on SSTV, but I do n't
know their call. And watc h those
VK3's on SSTV. They recently
forme d the Easte rn Mount ain Radio
Club (for SSTV) and are really co ming
on strong. You will probably be hear
ing q uite a bit about th e specia l P26
Phosphor they have come up with
especially tor SSTV use. This is a real
beauty and can be viewed in any light;
even day light. I understand they can
re-gun and re-pho sch or (no split
ti ng - they do both or no deal) any
cathode ray tu be with a "soft en
velope." They determine if a crt is
"soft " envelope by filing (carefully) a

continued on page 14

Mike Fry e WBBLBP
640 Dauville Dr.
Dayton OH 45429

AMSAT
NEWS

OSCAR 6 launch date October 11.

From all the report s I have been
receiving. A-C-C is progressing at a
good rate. Launch prepa ratio ns are
progressing smoothly and to my
know ledge the launch is on for late
Octobe r.

W2NSO/1 continued

talk from one end of Circus-Circus to
the other - get rides from one casino
to ano ther via cruising FM mobiles 
th e 4 th spent meeting and sett ing up
the exh ibits. On Friday everyth ing
gets going bright and early as the last
arrivals drive in from Californi a - the
exhibits are going all day - t he FM
Sympos ium will be going st rong - and
th at evening a coup le of thousand
amateurs spread out all over Las
Vegas, handy-talkies in hand, to see
what mischief they can manage. They
make a few rolls at the tables - h it
the slo ts - and end u p in the Sta ndard
FM Hosp ita lity room to lie a lot .

Thin gs are in high gear on Saturday
too unti l the big prizes are given away
in the late aft ernoon. Aft er a short
rest everyone is ready to get ou t to see
th e ext ravaganzas up and down the
strip. If you monito r 94 you will hear
somet hing akin to CB channel 10.
You may hea r one chap asking
another to pass the salt to the oth er
end of his tab le - or, aft er a few
drin ks, you may hear almost any thing.
And wha t about the chap, who had
bett er remain nameless, who put his
hand unit dow n so it stuck on and
broadcast fNery inti mate detail of a
most interest ing cont act? I und erstand
tapes are availab le.

Work Saroc into yo ur schedule this
t ime - it ' ll be fun.

My plans are to sto p up at Aspen
on the way back for a few days on the
skis. Anyon e else inte rested?

. .. Wayne

Th e band cont inued open ing
through ea rly September, while not as
freque ntly as ear lier, it provided many
exce llent co ntacts. Cond itions and ac·
t ivitv during the ARRL contest were
good-ta-excellent for thi s t ime of
year. Groundwave dur ing th e first two
weeks of September was exceptionally
good wit h co ntacts t o 500 miles corn
monplace. TV signals were noted on
all (VHFl channels on a number of
occasions. During the early morning
hau rs of September 2, WTWO
Indianapolis, was received for several
hou rs wit h signals as st rong as the
local channel 2_ Numerous calls on 6
brou ght no reply.

Sill: mete rs is in the. midst of a
period of rapid growth in the St.
Lou is area. In the past six week s
WA OA O H, KOYYV , KOAWV,------------- -.------------- -j K0WYN. WB9J GR and K9YNN have
become active for th e first t ime on
SSB; in add ition W0WEO, K0AMF
and WOAJO have returned after
periods o f inact ivity

Terr y WA 4 WOU, a n d John
WB2VNI/5. are increasingly act ive
f rom Memp his. WB4 HELf4, also from
Tenn essee, was heard almost co n
stant ly du ring the contest. WA5SJM,
Marked Tree, Arkansas , is active on a
daily basis on CW and SSB.

The annual co nference of the Cen
t ral States v HF Society was an in
teresting 3 day s for the serious VHF
crowd . Items of special in terest to the
6 meter grou p were tape recordings of
'the first (CW) moonbou nce contact
between K5WVX and WA5HNK,
tapes and slides from the VP5 RS
DXped it ion presented by w\V4GDS
and WB4BND, and Dr. D. E. Olson of
th e University of Minnesota Physics
Department presented a most inte rest 
ing talk on the subject of magnetic
storms. On the lighte r side, W1HDO,
"Mr. VHF:' recounted the virtues of
2 meter FM to what is without a
doubt th e largest gathe ring of know
ledgeable · VHF/UHF peop le any
where. Among th e 6 meter grou p in
attendance were K8LEE, WA8P EB,
WA0VJF , WB0BBC, W0GNS, K0 LCB,
K0T LM, WA0TXV, WA7FPO, W7EN,
VE4MA, W5WAX and W0PEP.

WB4WNV asks some quest ions on
behal f of four hams in his area, the
answers to which might be helpful to
ot hers. It is easy to yet in the hab it of
assuming all readers have 6 meter
experience . Lowell's lette r reminds me
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Harry Simpson A4SCF
P.O. Box 270 15
Memphis TN 38127

MARS

G3ZCZ

WA(JABI

QRPP
3540
7040
14040
21040
28040

SSTV
3845
7220
14230
21340
28680

INTERE STING FR EQUENCIES

When winding or unwinding tu rns,
the t ransfo rmer can be tested by
running it in reverse. That is, by
plugging the primary into the ac line
and measuring the voltage at the
secondary. When fiddl ing with the
turns, aim at a value around 230 volts.

When you are sat isfied with the
volta ge ratio, t idy up the loose wind
ings. Use lot> of masking tape or
similar stuff . Next co nnect a fema le ac
line connector to the 110 volt side. A
heavy duty drugst ore ac adaptor is
just the thin g. Leave as much cord in
the line as possible. Then connect
some co rd to the 230 volt side and
leave the ends bare. When overseas,
obtain a loca l line connecto r. A con
necto r can usually be borrowed from
a nearby appl iance - th e trusty screw
driver str ikes again I

If you are not taking an antenna
with you, or are unable to get one up,
a unit such as a Joh nson Matchbox
and an swr br idge is a must . With
those devices you can load up bed
springs, window frames or long th in
wires. You may not work any exotic
OX, but yo u will put out a signal and
work someth ing on the HF bands.
Being an avid VHF'er I reco mmend
VHF for working the locals, but the
HF bands have th eir place in enab ling
contact to be kept with home while in
far-off lands.

fourth of your output frequency
which falls in one of th e high VHF
channels. Th is is not difficult to trap
out if th e need arises. The major TV I
prob lem with SSB is fundamental
overload. This may be cured in most
cases by the installa tion of a GOOD
high pass filt er on the T UNER of the
affected TV. Most man ufactu rers sup
ply these free on request . By the way,
don't believe the o ld wives' tete -to the
effect th at you can't understand an
SSB t ransmitte r on a TV or Hi-Pi,
nothing cou ld be further from the
tru th ! Q . "What frequencies are com
monly used in this part of the cou n
try?" A. 50. 110 MHz has become the
calling f requency for most of the
world, on ly in areas where this t re,
quency is not assigned to the amateur
service is act ivity greatly removed
from 50.150 ± 50 kHz.

Joe Kasser G3ZCZ/W3
1110 Fidler Lane , Apt. 1610

Silver Spring MD 20910

THE TRAVELLING HAM

that this is not the case. Q. "Is the
TVI problem as bad with SSB as it is
with AM? It would seem not, due to
the absence of a carrier." A. The lack
of carrier does little to reduce inter
ference. SSB produces RF as yo u talk,
giving the TV viewer the opportu nity
to watch between wo rds an d sen
te nces. I have found they will seldo m
settle for a sha red t ime status. Probab
ly the greatest reason fo r TVI reduc 
t ion is heterod yning rather than mu l
t iplyin g to the output freque ncy. This
minimizes the cha nge of oscillato r
harmoni cs fa lling in a TV channel.
The average AM t ransmitt er uses 8
MH z crysta ls mult iplied by 6; if you
were ope rat ing on 50.400, an 8.4 MHz
crysta l would be used. The seventh
harmonic wou ld fall in chan nel 2, the
eighth in ch annel 4, etc. In a well
designed SSB rig the only harmonic
you need nor mally worry about is the

Connect ing a rig up to the ac line
overseas can pose prob lems. In fact,
connect ing anything American causes
a potent ial prob lem, be it a rig, an
elect ronic flash gun, or anything re
quiring a recharge of inte rnal bat 
ter ies.

J ust because you have a plug that
fits the wall socke t does not mean
th at you can connect the plug to the
line co rd and plug it in. It is first
necessary to dete rmine the value of
the local line voltage, as described last
t ime. Then knowing the requ ireme nts
of the rig, something can be arranged.
If the rig does not have mu lti-voltage
line input facilities (like an FT 101)
th en a transfor mer will be needed.

If yo u wish to buy one, ac trans 
for mers for drop ping 220 volts dow n
to 110 volts can be obta ined at
Lafayett e and ot her places, suitab le
fo r use at powe rs of up to one and a
half kilowatts, more than enoug Fl to
run any rig barefoot. These t rans
formers can be hom e-brewed by con
nectin g plate transformers up in re
verse, that is, by plugging the secon
dary into the ac line and the primary
into the rig. T urns can be added or r- -j
removed from the seco ndary to make
almost any hefty ex-TV transformer
suitable. The on ly th ing to watch is
that overseas, power line frequences
are usua lly 50 Hz, which means tha t
the tra nsfo rmers used over th ere re
qu ire mo re core area than if used
states ide. If the tra nsforme r is not
used unde r full load conditions that
requirement should not bother the
trave lling ham.

Several mont hs ago when this
colum n was visualized, it was intend ed
to be a sort of clear inghouse for
MARS infor mation - a co lumn de
signed primarily to inform MARS
members in one area of happen ings
elsewhere. Many teleph one calls were
made, many letters writte n and scores
of pe rsonal friend s were contacte d,
requesti ng infor mation that would be
of general interest to the ent ire MARS
membership.

After the first effort appeared in
the May, 1972 issue of 73 Magazine, it
became apparent that most MARS
membe rs are already well infor med,
and th at th e column was of more
interest and benefit to non-MARS
members. That change in di rection
was all right wit h the author - since
his feel ings for the MARS program
border on th e apos to lic! After more
than twenty years as an act ive mem
ber of Third US Army MARS it coul d
hardly be ot herw ise.

You see, in spite of propaganda
from other sou rces, MARS is unique
in th at it exists solely as a result of the
efforts of th ousands of dedicated indio
viduals . "Reaction ary and bureaucrati c
conditions are not allowed to exist 
on the cont rary, MARS is progressive
and innovat ive! Whate ver th e field or
interest MARS members are num
bered among th e leaders . Suggest ions
for .t he betterment of the program are
welcomed, quickly evaluated and just
as q uickly placed into effect if wo rth

----------------.L----------------1 while. No Board of Directors, No
General Manager - just pleasant, effi
cient commu nication s at its most en
joyable best!

Y ou r respon se dur ing the past six
month s has been , to say the least,
te rrif ic! Last month alone, over two
hundred letters were answered. The
writer has an aversion to for m letters,
feeling th at those who took their time
to writ e deserve nothing less tha n a
personal answer; however, due to the
massive influx of cor respo ndence, th e
on ly so lution was to mail a MARS
broch ure and tru st that all questions
were answered th usly.

A suggestion - if you wo uld like to
become involved in MARS and do not
know any MARS members ~ atte nd
your local ham club meet ing and let it
be know n th at yo u would like to
become a member of MARS. It pro
bably wo n't take more than a couple
of minutes to make your f irst contac t.
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A4SCF

HOT GEAR

L;tf...,elte HA-410
~. 009 210 WA2KOG 5172

ccn.. &2$1 No . 10728 MSU ARC 6172
E.L .....ng M I

WRL DIJO-8ndr 6010AT30 2 WA6FCY 6f12
HR·2A.1 1 oh"".. 04-011S2 WA1NVC 9/72
Swan Cygnet 210,No . 31302 2 K4ACJ 9/72
Collin $ Mic. Mod. MM. . K4ACJ 9(7 2

No. 4294

Heath HW·100 &, AC PS WA2JGP 10/7 2

25- 85

40-94

WB6ZD l (PARC)
WB6Wl V
WA6 FLH
WA6TI C (RTTY)
W6 IN, WB6RSK
WA6ZZ R, WB6SLC,
W6ZGC
K6SY U
W6 FNO. WB6TSO,
K6ZXZ
WA6ALV, WB61WF
WA6SIN, K6QEH,
WA6ZYN
WB6VQO
WB6GUA + simplex
WA6ZZ E, WB6SZ0
WA6TDD
WA61RY
W6GY
W61WY
WA6TWF
W6QF K, WB6VMV
W6AOE
WA6VFO
WB6GGl
K6 MYK
K6SIR, K6CPT
WA6PPS
WA6KS B
K6YDQ/K6VGP
WA6FLL (FA X)

Winston ·
Salem
Toledo 10-70

01-61
34 -94
20-80

Amarillo 34-94
444 .5-449.5

Amarill o (Delete)
l evelland 28-88
Perryton 34-94

Brandon

Toled o

25-8.5
28-88

19- 79
22-82

01-61
04-64
07-67
.10-70
13-73
16-76

31-91
34-94
37- 97
147.42- 146.40
147.60-00
147.63-03
147.66- 06
147 .69 -09
147.72 - 12
147 .75-15
147.78-18
147,81 -21
147.84-24
14 7.87- 27
147.90-30
147,93-33
147.96-36
147.99- 39

NC WB4QGE

OH K8AlB

OH WBSCOO

TX WA5GRE

TX W5CBT
TX WB5EMR
TX (no call)
CANADA
Manitoba

VE4BDN

i€...~
. REPEATER UPDATE'.

CALIFORNIA ACTS!
The repeater groups of So uthern

Califom ia gathe red on September 9th
for an FM symposiu m. Approximate ly
one h undred attended th e co nference.
representing over 40 repeate rs. The
result was an agreement (with but one
nay) to adopt the 60 0 kHz plan.

The meeting was moderated by
Skip Clark WB6TXX. It was co-ho sted
by the Edgewood AAS and the
Pallisades ARC and the cha irman was
Jo hn Griggs W6KW.

-The result of the scram ble for
sta nda rd channels at the end of the
meet ing was this :

Microwaves
Jim Weir WB6BHI
Box 23233
San Diego CA 92 123

Nice letter and enclosure from Bill
Turner (WA0ABll . It seems Bill works
in the Gallium Arseni de facility (that 's
th e Gunn and Impart diod e material
- GaAs) of Monsanto Chemical in St.
l ouis, and fou nd a few hundred sur
plus GaAs diodes in the micro wave
package . Unfo rtuna te ly the diodes
had been used in a destruct ive life
test, and were 75% sho rted and 25%
open. Oh, well, Bill had good inte n
t ion s of supp lying all you microwave
cats out the re with free diodes. Sorry
it d idn 't work out, How about some
inputs from yo u other people in the
industry,

An ite m in one of the tr ade rnaqa
zines notes th at th e FCC has pur
chased a mobile van to stu dy "crowd
ing co ndi tion s" in th e bands 25 - 512
MHz, A comp uter co ntrolled spec
tr um an alyzer will sample specific
signals and note th e time usage of
each freq uency in th is band . Why no
study of the microwave bands? Sim
ply because there is no crowding in
th e bands above 1 GHz. For instance,
above amateu r " 1" band (1215 MHz)
there is more spec trum space in this
band th an in all of the lower bands
combined. The same statement holds
tr ue fo r all higher bands. Each h igher
band contai ns mo re space (spect rum
width) tha n all the bands below it
combined.

An in teresting sidelight of the
above discu ssion fo r thos e of you
inte rested in the " ultimate" antenna
loc at ion for th e dc bands ; pu t you r
2o-acre rhombic for 160 meters , you r
500 foot mast and 15 element beam
for 80/ 10 meters, and all the ot her
an tennas you need for all ban ds
thr ough 2 meters up on the 5000 foo t
hill, and bea m all signals on all bands
(not just the amateu r bands) through
150 MHz do wn to you r ho use on
amateur "s" band. Yes, you will have
a fu ll 150 MHz ba ndwidth from
2300--2450 MHz.

Or , for those of you interested in
ATV, you cou ld put 20 fast-scan TV
signals wit h 4 MHz (broadcast qua lity )
bandwidth in amate ur " 1" band with
enough space left over to put all the
amateur signals from 160 through 6
mete rs in simu ltaneously.

Let 's' hear from th ose of you who
are using the amateur micro wave
bands - you r fellow amateurs will
benef it fro m yo ur experience.

WB6BHl

C. Math ia. 5(72
323 4 Coron l>do Ave
Imperia l Beach CA

S~d SRC 806 M.
No. 102703

On th e oth er hand, if you reside in an
isolated area wit h no ham club, you
are just as importa nt and welcome. In
such a case, if you live in the East
write MARS Direc tor First Arm y, Ft.
George Meade, MD; in the Southeast
write MARS Director Th ird Army, Ft .
McPherson , GA; in the Mid· and
Southwe st wri te MARS Director Fifth
Army, Ft. Sam Hous ton TX; in th e
West and North west write MARS Di
rec tor Sixth Army, Presidio, San
Francisco, CA. They will gladly fu r
nish infor mati on concerning you r
entry into the MARS program.

Sincere tha nks to all who have
helped th is effo rt wit h infor mati on
and/or mo ral sup port - to Wayne
Green for the soapbo x, to Co1.
Woods ide in Washington , Jim Cooper
in New Jersey, Hal Mulkey in Atlanta ,
"Andv" Ande rson in Rome, " Doc"
Klotz in Memphi s, Bill and Margaret
Pearr e in Houston, Russ and Lucille
Peck in Oregon and Maurie Schmitz in
Hol lywood - to name a few.

If even one amateur has found his
niche - a new and exciti ng way of life
in th e MARS progra m, then the se
hours shall not have been spent in
vain!

Lin from Pall hsues:
Mf, .. Model. St<. No. o.w_ I......
v ........ FT-l 01 No. 107036 WA2YSW 4f72
Standard 2m FM No. 102703 W6fl/PV 4112
o..kt MLZ No. 20189 W82LL R 4ITZ
Sta nd ...d SRC-800M

No. 0092 10 KlT LP 5/72
A.roto"", 61'01 35 5l T.

No. 685064 RR Police 5/72
G'd .Ctr l.T.mr.
NV C

This gear was stolen on August 23,
1972: Swa n 270B , Ser. No.
M·395430, hand-h eld microp hone for
above. model No. 404, with groove
filed in P.T.T. switch to lock in ta lk
p os it ion . Contact Je ff Lackey
W8HST. 7760 Willis Road, Ypsilanti,
Mich. 48 197.

Roger WAl NVC ha s had his HR·2A
lifted from h is car in Somerv il le MA.
It y ou know anything abou t th e
whereabouts of Roger 's rig (5er. No.
04-07152) please let him know . Most
ham gear loo ks like CB equipme nt to
thieves; and there is a big market for
CB gear. Please take the prope r pre
cautions with your rig.
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FIRST BERMUDA REPEATER
The first two meter repeater on

Bermuda is going on 34~94. This will
be VP9BDA and, afte r getting
checked ou t, will be set up on the
lighthouse. It will cove r the enti re
island. Remember to bring your
hand v - ta lkies when yoo go to
Be rmud a . Get in g a licen se is
simp licity - you get in touch with
VP9E P. the Wireless Inspector (in the
phone book ) and he will get yo u set
up. You'll get you r own call/p ortab le
VP9. A visit to Bermuda is about
800 % more fun when you get to meet
a n d ta l k w ith t he l o ca l
amate urs - they are really great guys.
94 -simplex fanat ics may not be
welcome .

NEW,ENGLAND COORDINATOR
220. MHz BAND PLAN
The frequency coordinat ing team

of K1KEC, K4GGI/ 1 and F2 BO!W l
got together on th e air the ot her
evening to work out a new scheme for
repeater occ upation of the 22 0 MHz
band in case the FCC is resista nt to all
req uests to cha nge their minds about
cutting out the 10'M!r two MHz of the
band .

The previously agreed upo n 3 MHz
split bet ween repeater inputs and out
puts will be changed to 1.6 MHz and
the simplex chann el will be 223.5
MHz.

Inputs Outputs Inputs Outputs

224.98 223.38
224 .94 223.34 224.42 222 .82
224.90 223.30 224.38 222 .78
224.86 223.26 224.34 22 2.74
224.82 223.22 224.30 222 .70
224.7 8 223 .18 224.26 222.66
224.74 223. 14 224 .22 22 2.62
224. 70 223. 10 224 .18 222.58
224.66 223.06 224. 14 22 2.5 4
224.62 223 .02 224 .10 222.50
224.58 222.98 224.06 222.46
224.54 222.94 224 .02 222.42
224.50 222.90 223 .98 222.38
224.46 222.86 223 .94 222. 34

The frequ encies 22 2.3 and below
are reserved for the t ime being for
present occupants of the band such as
AM. sideba nd. CW,etc.

Look who was smiled upon by the Fates at
the Six Meter Club of Chicago Picnic and
Hamfest last Au gust. Winn ing a year's sui;
scription to 73 is Don K9TZZ on the ief t.
Jack K9 Z WU look s like he is a bit reluctam
to let go of the prize . . . he must recognize
the tnllt va/ue.

Some pic tures taken at the Dayton Hssm en
tion flea marke t. You missed it? Too bad!

NEW~ PRODUCTS

NEW TEMPO 220

AKlR A KOBA YASJ JA2AMD in his shack.

NOVEMBER 1972

INDIA ACTIVE ON SSTV
The firs t U.S. contact fo r YU25 KY

on slow scan was W6KZL. Glen is
right in there pitching - and was th e
only.six to make it to Navassa. He also
makes <J speciality of working as man y
countries from his car as possible and
is now up to 251 - probably the
mobile record.

KH6HJF has been p utting his slow
scan camera to a te lescope. This is not
only remarkab le for views of the
moon and the sun spot s, but he has
been able to t ransmit 'h in. letters
clearly 83 ft fro m th e camera!
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NEW PRODUCTS

100 WATTS SOLID STAT E LINEAR !

It looks l ike solid stat e has final ly
hurd led the last barrier toward its
conquest of th e vacu um tube. TRW
has announced t hat it is manufac
turing a new line of RF power tra nsis
to rs designed fo r HF l inear appli ca
tions. Designated PT5740, PT5741
and PT5742, they wi ll deliver 15. 30
and 60 watts out put respect ively
when powered by a 12 volt source.
They are bru tes! In typica l linear
insta llatio ns they will wit hstand a
wide range of bias and te mperatu re
cond itions. They are impervious to
load variations as extreme as an open
line or a comp lete short. Comp ro
mising protection and compensating
circuitry is not requi.ed in mo st cases
because of the unique T RW design .
Intermodu lation d istor tion products
are c laimed to be better than - 30 dB
a nd co llec tor eff ic iency averages
about 45% in SSB service.

True por tab ility is here. No more
big tubes, t ransformers or separate HV
suppl ies for fixed and mobile opera
t ion . From now on th e output stage

Fig. 1. 10 meter 15 watt amplifier.
C1, A RCO No.467, 110-580 pF
C2,3,4, ARCO No.466, 80·480 pF
C5 ARCO No.469, 170-780 pF
L2,3 10TURNSNo.18 AWG,0.5"

MEAN DIAMETER
L1,4 5 TURNS No.14 T .C., 0.5"

MEAN DIAMETER, L1 EQUA LS 1.0"
12.5 VOLTS
1.6 VOLTS uc [QU IES] = 25mA)

25 Watt solid state linear amp lifier

Fig. 2. 25 watt amplifier
Cl ,C6,C7 .01 p.f d isc
C2 56 pf dipped mica
C3,ClO Unelco 1000 pf
C4,Cl1 .1 p.f d isc
C5 25/lf 35V
C8,C9 .00 1 /If disc
L 1 1.5 /lh molded
R1 56n 1/2 W carbon
R2,R3 1nl /2 W carbon
T l ,T2 ,T3 SeeText
Q1,02 TRW PT5740

can be as compact as the rest of an
SSB rig. Take a loo k at Fig. 1 and see
how simp le it is to get 15 watts SSB
out of a tr ansistor. With ca reful place
ment everything woul d probably ta ke
up less space than an average filame nt
t ransfor mer.

25 Watt Amplifier
Figure 2 is a 25 watt amp lifier using

two PT57 40 's push-p ul l class AB. It
will operate anywhere in th e HF
spectrum from 1.5 to 30 MHz with out
the need for bandswitch ing. Band-

switch ing gets pretty comp licated'
when matc hing low impedances and a
br o ad band arrangement simpl ifies
things considerab ly. It wi ll amplify

, anyth ing fed into it, so a clea n driving
signal is a must: Harmo nic suppr ession
also suffers because of the non
reson ant outp ut . This is not to o much
of a both er becau se the even order
harmonics are cancelled fairly well by
the push-pull con figurat ion. The odd
order ha rmon ics need not be tr ouble
some if care is taken to ma ke sure that
the antenna system is Hi-Q and reso
nant . Or use a f ilte r.

The tr ansfo rmers are interesting
and they deserve a bit of discussion.
The center tapped winding on T1 and

T3 consist of two pieces of .190"
brass tubing mounted between two PC
board end plates. On one end plate
the tubing is soldered tog ether for the
center tap . The other winding consists
of a single wire wound th rough both
t ubes. The tube length for T1 is .80 "

Details of transformer T1.

•
•

•

•

•
•

8

Fig. 3. Full size P.C. board for 25 watt amplifier.
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Fig. 5. JOO warr amplurer_
Cl 62 pt dipped mica
C213,15 unercc l000 mmt
C3,8, 14, 16 1 $.If 50y disc
C4.5 ,9,10 .01 $.If SOy d isc
C6,7,1 1,12 .00 1 p f 50v disc
C17, 18 25 JJf 35y electrol yt ic
L1 2 .2 JJh mold ed inductor
Rl .6 iooa 1/2w carbon
R2.3 .4 .5 1.0n 1/2 w carbon

. R7 l oo n 2w carbon
0 1--04 TRW PT5?41
Tl .8.4 .5 Ident ica l t o 25 w T2_

Tl ,8 are not mounted
on p.e. end plates .

T2.3 Iden t ical to 25 w T l
except wire winding
is 5T No. 18.

T6,? Ident ical to 25 w T3
except wire wind ing
is 4T No. 18

NOTE : Tr - T6 and T5- T7 are
mounted on th e same
P.C. end plates like
th e 25 w T2- T3 pair .

Fig. 4. FuU size uansformer end plates.

power switc h cou ld be eas ily incor
po rated to make batte ry ope ration
possi ble when no sizab le amount of
powe r is near.

100 Watt Am plifie r
While a 100 watt ampl ifier could be

cons t ructed using only two of the
higher power PT5742's, difficulty
arises in t rying to ach ieve the ex-

••

••

•

•

•

•

•
•

•
•

+

+

IN

T2 and T3, T2 is a t the top.

and the wire wind ing is 4 tu rns No. 20
ename led. The tu bes for T3 are
1.3 75" long and the wire winding is 3
turns No. 20 enameled. Large fe rrite
beads are slipped over the lengt h of
each brass tu be befo re final assembly.
T2 is moun ted betwe en the same en d
plates as T3 but con sists of a twisted
pair of No. 18 enameled wire run
th rough bo th stacks of ferr ite beads
once (no tubing used) . The photo
graphs give detai ls on the transfo rmer
const ruc tio n.

This amp lifier is perfec t for an
ult ra-com pact low power po rtab le
transce iver. With inte lligent use of lC's
and min iature components, it shoul d
be possible to build an all-band SSB
rig about the size of the FM rigs
curren tly on the ma rket. A high-low

Fig. 6 . Fun size P.C. board foe 100 watt amplifier .
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radiation fro m the coa x it improves
antenna radia tion pattern, reduces
noise on receive, and helps prevent
TVI, BCI, and rf feedb ack withi n the
stat ion.

The Balun transfo rmer is wou nd on
a large ferr ite toroid core and handles
a full kilowatt powe r from 1.7 to 30
MHz. The transformer is enclosed in a
white plast ic housing and is com
plete ly encapsu lated to prevent mo is
t ure from entering. All ha rdware is
sta inless stee l.

Eye bolt s on the sides allow the
Balun to rep lace the center insirlat or
of th e antenna and an eye bolt on top
can be used to su pport the antenna.
The Balun is a compact 2 Y. in. di
ameter and 2 in. high. It is pr iced at
$ 12 .95 po st paid in U.S. and Canada
(plus 5% ta x in Californ ia). Write to
Palo m ar Engineers, Box 455,
Escondido CA 92025 fo r a desc ripti ve
brochu re.

FM ANT ENNA MOUNT

NEW HF BALUN

It probably has not to tally escaped
yo u that most of t he eq uipment today
is designed to run with a twelve volt
supply. If you live in a car th is is
probabl y fine . If you want to use th e
gear at home then you have to come
up with twe lve volts.

The Mark XII peop le are not insen- A new mobil e antenna mount th at
sttive to you r problems and desires, features fewe r pa rts, simplified and
The ir new 3A po~~ sup~ly has a quicker insta llatio n, lower silhouette
voltage reu lator built In whic h pu ts a and posit ive weather protect ion has
lid on the vo ltage, holding it down to . just been introduced by Larsen Elec 
about 14 vo lts wit h no load. This is t ron ics. Designed to go into the usua l
low en ough so it should not cause any ~ in. hole . th e mo unt is adaptable to
problems on low-curren t app licat ions. any location on roof, fen der, trunk,
An unr egulated supply co uld po p etc. Only th ree pa rts a re involved and
you r receiver or co nverte r by swinging no spec ial tools are req uired for insta l
up to about 16 volt s with a light load, lation .

At $24 .95 th is is no t a bad bargain T he mount will accommodate
to have around for running those eit her soldered or solderless fasteni ng
gadgets wh ich don't need much more of coax according to th e desires of the
tha n 3A max imum. inst aller, A case harden ed stee l flange

assures posit ive grip and ground con
necti on to the vehicle. It will fit any
ante nna that requires a 5/1 6 by 24
thread and w hen used with the Larsen
LM Antenna provi des a low, low
silhouette and th read to thread con
nection fo r greatest electrica l ef fi
ciency , It also provides an installation
that permits quick and easy remo val
of the antenna when the car goes
throu~ mec hnical car washing tecill
ties .

To install t he Larsen mou nt one has
only to attach the coax (step-by-ste p
full scale illust rated inst ruct ions are
included ) and feed it to me equip -

very easily. The modul es are all sepa 
rate and relatively well shie lded from
eac h other.

We set one unit u p o n top of
nearby 73 mountain and drove around
wit h the other in the Rover, with a
tr unk mount Hustler 22 0 antenna
(5/8 wave, of course). Frankly we
cou ldn't see much diffe rence in the
coverage between the 220 'rig and a
ten watt 146 MHz rig. They both he ld
up about the same and started fa lling
off about the same. There seemed to
be a few more hot spo ts where th e
220 rig would peak up than on 146
once we were in a shadow area, but
th e difference was n' t rema rkable.

The price is not firm on th is new rig
yet, but it is expected to run under
$3 50. It wou ld make a fantast ic
package a t that pr ice.

MARK XII REG ULATE D SUPPLY

Paloma r Engineers announces a new
1; 1 Balun . It matches 50 or 75n
coaxia l cable to center-fed dipo le or
inverted Vee an tennas. By preventing

New Products continued

capecuors are very easy to get to , by
the way. We say that in memory of an
ea rlie r rig or two where you had one
hell of a t ime getting yo ur crysta ls on
channel.

The front panel is r ight up to
date - black with green back lightjng
on the channel switch and meter.
There is a littl e light that comes on
when th e squelch operates and we
suspect that nota few amateurs will
be using th is fo r an emergency ca rrier
operated relay. Thi s rig looks as if it
could be co nverted into a repeater-

100 Wa tt solid state linear ampJifier '

t remeIy low load impedance the y re
qui re over the fu ll range of 1.5 to 30
MHz. Thu s th ey are more suited to
limited bandwid th applications. The
four PT574 1's used here require a
slightly higher load impedance than
the PT5742's wh ich ma kes broa d
band ing the circuit a bit easier. The
100 watt ampl ifier in Fig. 5 is essen
tia lly two 50 watt push-putt am pli
fiers that are fed in phase wit h each
ot her through T l . Each ou tput is
comb ined in TB and 100 watts overa ll
is fed into the antenna . Any amp li
tude or phase unbalance is absorbed
by R6 and R7.

This . amplifier is designed to be
driven by the 25 watt amp lifier run
ning class A. A sligh t bias adjustment
will do th is and the power fa lls to 5
clean watts which is the proper
amount to d rive the 100 watt ampli
fier to fu ll output.

Th ese two amp lif iers are perfect fo r
an all-ban d all so lid sta te rig, They
co uld both be incorporated into a
smal l transce iver, or the higher power
ampli fier cou ld be left forever in the
tru nk of your car to be po wered by
the miniature 25 watt rig that you
store away in the glove compa rtment.

t he tw o PT5 740 's and 30 ferrite
beads needed to con stru ct th e 25 watt
amp lif ie r are availab le for $36. 00 as
Kit # PKT 3104 and the four
PT574 1's and 84 ferrite beads for the
100 watt amplifier are available fo r
$1 12 .00 as Kit # PKT 3103, from
Ham Radio Center, 8342 Olive Blvd.,
St. Louis MO 63132.
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ment . The under part of the mount
goes easily thro'lgh the ~ in. hole and
a tough plastic fitting and weathe r
proofing "0" ring sp ins into place.
With th ose three steps the mount is
ready to receive the ant enna. Fo r
more det ails, write to Larsen Elec
tronics , t nc.. P.O. Box 1686,
Vancouver WA 98663.

PORTAB LE FM ANT ENNA

A new ind ust rial type, continuously
loaded VHF portable antenna, Model
HM-5, has been added to Ante nna
Speciali sts high performance amateur
line. Designed to withsta nd the rou gh
handlin g that mak es tetescop lcs im
practical, t he new spring antenna is
comp letely insu lated and cann ot ac
cid entally be shorted out. It features a
connecto r fitting that attaches direct
ly to portable equipment with SO-239
con nec to rs. Power rat ing is 25 W with
nominal inpu t impedance of son. A
companion model, HM-4, is identi ca l
except for a standard 5/16" - 32
threaded male mou nti ng base. Both
antennas are available from amateur
distributors at a suggested ham net
pr ice of $5.95. For addi tional spec ifi
ca t ions, write to Amateur Depart
m en t, Th e A n tenna Specialists
Compan y, 12435 Euclid A venue,
ClevelandOH 44106.

DIG ITAL T IME

Ever since th e first digita l clocks
came on th e market, probably 30
yea rs or SO ago, we 've been fascinated
by them. And when the nixie readout
c lock beca me practic al as a result of
large scale ICs, we had to go that
route, at any cost.

We s ta r t e d o u t wi th t h e
Logicon cepts clock - a beauty . We
use th em in every part of the 73
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offices. Those numbers light ing up are
fun to wat ch, better than a navel. The
o n ly d r awba ck was that the
Loqiclocks are over 5 100 and th at
limits thei r appeal a bit.

So along comes K-A Sales with a
clock kit for $52. 501 Grass d id not
grow under our fee t - we sent f or
one . Beauty. With one enormou s IC
the cloc k converts the 60 hertz line
into whatever it is the d isplay num
bers need to read out the ho urs and
minu tes - and, with a switc h, the
seconds. If that isn ' t enough it also
has an alarm circu it buil t in, comp lete
with a f ive minu te snooze delay.

Th is clock is ter rific for every ham
shack . You can build it right into you r
control con sole and th e ala rm will
help you remembe r th ose skeds
unless you are a rot better at reme m
ber ing them tha n we are. We miss as
man y as we remember - or a t least we
did until K-A came along with this
device.

lf yo u get every accessory (most of
them are just switches you probably
already have) th e who le bill only
comes to about $75. Take a close r
look at the K-A ad and see this gadge t.

HIGH-RESOLUTION DIGITAL
AUDIO SYNTHE SIZER

A new, precision frequency synthe
sizer with an out put range of .1000
Hz to 9.999 MHz, and a single-unit
price of 5495, has been intr oduced by
Syntronics Inc.

The unique solid-sta te instrument
puts ou t a TTL-compatible square
wave signal having a freq uen cy ac
curacy and stab ility of t ppm from a
to 50° C (With 1 ppm from 0-50" C
available as an opt ion). Frequency, to
fo ur signficant f igures, is selected
ma nu ally by means of front panel
th umb wheels and a rotary switc h
which selec ts one of 8 available
ranges. Deci ma l point po isit io n is
automat ica lly indicated by LED's on
the front pan el.

Th e Model S I-70 is believed to be
the first hiqh-accu racv instrumen t of
its kind to ca rry a price co mparable to
th at of man y inherently less accu rate
aud io oscillators and signa l gene ra to rs.

The new unit is extremely compact,
measu ring a~" x 3 l /S" x 6~" and
weighs appro ximately 5% 100. Power
requiremen ts a re 115 V, 50-60 Hz @

17 wat ts . Other options include : An
outpu t range extended dow n to .00 1
Hz; externa l S OC programm ing; ex-

te mat de powe r unit; and an ex ternal
1 MHz·standard inpu t . Write to
Svmrontcs. trc.. 169 Millham St.,
Marlboro MA 01752 for add itional
info rmati on.

NEW LEADER
DIG ITAL MULTIPLIER

Th e LDM-850, a digital readout
acfdc multimete r that measures volt
age, cu rrent an d resistance in 25
ranges, is now being o ffered by Leader
Instru ments Corp.. Long Island City
N Y 111 01. It of fers a du al slope
opera ting mode and has a ma ximum
input volt age of I ,OOOV dc and 350V
ac with IOMn in put impedance. Sen
sitivity ranges from 100 IJ. V to I V
with current from 0.2 rnA to '1,000
rnA , ac o r de.

Th e Model LDM-850 measures 10"
x 7%" x 3\4" and weighs 10 Ibs;
priced at $299.50.

CAPACITIVE DISCHARG E
IGNITION SYSTEM

COD SYST EMS has announced a
to tally new CD ignition system. th e
MACH II COMPU·SPA RK. The unit is
des igned to permit the len gth of the
spark to be regulated with engine rpm.
A very long spark at low rpm aids
sta rt ing and idle smooth ness. A built
in three-position switch perm its C-O
ope ration, standard ignit ion usage or
" off" as an ant i-theft feature.

The ignit ion system utilizes onl y
silicon semi-conduc tor components
for relia ble operation unde r extr eme
te mperature conditions. T he unit will
operate with any 12-volt negative
ground system. It carr ies a no time
limit free repai r or rep lacement
guarant ee and costs $49.95. A free
brochure is available fro m C-D
SYSTEMS, P_O. Box 484, Berkeley
CA 94701.
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THE TEMPO "VALUE LINE" .•. THERE'S NO BETTER BUY!

TEMPO/Imp
Truly mob ile, the Tempo/ fmp 3 watt por
tab le gives amateurs 3 watts, or a battery
saving Y2 watt, FM talk power anyplace at
anyti me. With a leather carrying case in
cluded, th is littl e transceiver wi ll op erate in
the fie ld, in a ca r, or at hom e with an acces
sory AC power supply. The battery pac k is
included . The price : $225.00

(Accessory recharg eab le batt ery avai lable:
$22.00)

TEMPO/220TB
A brand new 220 MHz solid state AM/ FM
transceiver. The 220 TR's power output is
4 Watts on FM, 1.5 Watts on AM. The re-
ceiver is double conversion with a tun able
receiver. FM is detected by a limiter disc rim
inator featuring fu ll no ise saturati on for
weak sig nal recept io n. AM signals are de
tected by a bridge diode det ector and full
AGC is emp loyed to make th e most high
powered signals disto rti on free. Sensi tiv ity
is typ ically .3 mic rovolts for 20 db quiet ing.
Tuning is accom plished in two bands, 220
222.5 MHz and 222. 5-225 MH z. Its size . .
only 7"W x 2¥a!/ H x 101/2 " D. Its pri ce . .
only $220.00

So much for so little! This li t tle 10 Watt VHF FM
t ransceiver offers high quality performance and
features usually found only on more expens ive
units. Features such as AFC on receive and sepa
rate switchab le Transmit/Receive sec tio ns. In
c ludes mounti ng bracket, heavy du ty power cord
and provis ions for accessory AC power supply.
Frequency: 146-148 MHz, 11 channels, 25 KHz
cha nnel spaci ng, 13.8 VDC ± 100/0 operat ion
(standby - 100 ma, receive - 150 ma, transmit
- 3.0 amp.)
The pr ice: $199.00

$220.00
$ 235.0 0
$1 8 0 .0 0
$ 195 .00
$ 105 .00
$130.00
$ 85.00
$ 12500
$ 21 5 .0 0
$23 5 .0 0

PRICE

2 M
2M
2M
2M
2M
2M
2 M
4 4QM Hz
440MH z
4 40MH z

BAND

T P L 1002 -3 5 t o 25W 100-1 3 5W
T P L 10 0 2 -3 B 1·3 W BOW
TP LB02 5W BOW
T PLB02B 1 to 3 W BOW
T PL 502 5 to 15W 35-5 5W
T PL 502B 1 to 3 W 45W
T PL 2 52 · A 2 l W 25W
T PL445·10 1 t o 2 .5W 12W
T P L 4 4 5-30 4 W 30W
T PL445·30B l W 30W
TCP 12A Control Head ... S32.00

Miniature power houses! Operates directly f rom a
12 VDC power sou rce , aut omatic antenna switch 
ing, inco rporates Balanced Emitter transis tors and
sta te of the art design practices, making it vi r
tu ally immune to damage du e to high VSWR or
misloading cond itio ns.
MODEL POWER POWER
NUMBER INPUT OUTPUT (min)

TEMPO/TPL
high p01ll7er

fin 8Dlpllflers

M~~~'1&rarlAW-. 11240 W.OlympicBI.d ,los Angeles, Ca lil 90064 213/477.6 701
931 N. Euclid , Anaheim, Calif. 92801 714 /772·9200
Butler, Missouri 64730 816/679·3127

"Wor ld'.~ Largest Distributor of Amateur !ladio Equipm en t"



Amateur FM
Comes of Age

H enry Radio proud ly a n nou nces the new Tem po l in e o f amateur

FM t ra nsce ive rs f orthe 14 6 and 220 M H z ba nd s. T he C o m m e rc ia l
Line transc e iv e rs a re s o f ine t hey can meet the tough FCC

requirements f o r T ype A cc eptanc e in com m e rc ia l t w o -way se rv ic e .
A broad l ine of t ra nsce ivers s o modestl y priced that a ny amat eu r

ca n own o ne. Transceivers t hat defy c om pa r iso n f or both
pe rforma nc e a nd va lue. Transceiv ers t h at a re not a dream f o r

t omorrow b ut are avai la b le right now . . . t oday .

TEMPO'S " COMMERCIAL LINE" TRANSCEIVERS . .. THE BEST!

TEMPO/CL 2 2 0

As new as tomorrow! The Tempo Corn
merci al Line VHF transceivers offer com
merc ial performance at amateur prices.
Both units include an audio limi ter to as
sure constant deviation at all times and
an instantaneous impuls e squelch. Micro
phone, power cord, mounting bracket
and one pair 01 crystals is includ ed.
GENERAL SPECIF ICAT IONS:
• Frequency Range : 220-225 MHz

(2 MHz operati ng range)
• Number of Channels: 12 channel

capa bili ty for t ransmit and receive
• Mic rophone: Dynamic wit h coil cord
• Dimension: 2.36" H x 5.90" W x 7.66" 0
• Weight : 4.5 pounds
• Frequency Stabili ty : ±0.001%

( -20° to + 60°)

• RF Power Output : 10 Watts or 3 Watt s.
• Output Impedance: 50 ohms unbalanced.
• Sensitivity : 0.5 micro volts nominal fo r

20 db quieting .
• Spurious & Image Att enuation: 70 db

below desired signal threshol d sensit ivity.
• Adjacent Chan nel Selectivity (15 KHz

channels) : 70 db atte nuation of adjacent
channels. '

• Type of Receiver : Dual con version
superhet erodyne. .

• Audi o Output : 2 Watt s min imum
w/internal speaker (at less than 10%
distortio n)

• The pr ice : $329.00

TEMPO/CL 14 6
• Frequency Range : 146-148 MHz
• Same general specifications as CL 220
• The price: $279.00



Fig. SA. Tor oi d w inding det ail s fo r tank and dr iver
coils.

DRIVER

p

TANK

I . AU co nnections should be made with a
m echanical contac t, if possible with a co ppe r
stra p. Then the joint should be so lde re d to
prevent lat er co rrosion.

2. Low resist ance is a must in al( circui ts
carryi ng rf, de, o r bo th . Don 't take any
ch ances wi th componen ts when co nne ct ing
to the heats ink or so me o ther contac t.

3. The co nducto r size sho u ld be large fo r
best results . If a so lenoid coil is used fo r the
fina l, th e wire size should be No . 9 o r 10. If
th e toroid ty pe is used , 3 sizes smaller will
have th e sam e rating whe n bo th windings ar c
connect ed in multiple .

4 . Th e num ber of tu rns is im port an t in
the ta nk co il if maximu m o utpu t is desired .
There is also the need of matching th e load
wit h the out put. If a pa ir o f ferrit e t o roid s
are used and wo und as o ne core, the o ut put
will be red uced sligh tly but there will be
space savings which may be im po rtan t.

5. Each tran sistor sho uld he balan ced
wit h t he adjustment of the for war d biasin g
resist o r. When all are balanced fo r the same
sta tic curre n t , the correct voltage divisio n
tak es place and the d issipat io n sh ou ld be
reaso nably un iform, as well as providi ng
better line arity.

6. Do no t be stingy with heatsink s!
Operate th e transist o rs co ol if yo u wan t lo ng
transistor life. Blow ers or fan s can re d uce
the need for large heat sinks but there is the
noise ami o the r pro blems from the vibra tion
and size o f t he co oler.

7. The use of silicon therma l lubr icant is
. feco m mcnded. plus the secure moun ting of
th e hea tsin k of the tr ansistor to th e heat
sin k.

8 . The tu ncup should be done with a
variab le rf source. Do no t t unc u p at first
with more th an a fe w watts. The de supply

version. In bo th mode ls the inp u t circu its
use a to ro id mad e of ferr ite co res by
Am idon . For best eff iciency, the d river sta ge
wou ld have the lin k seco ndaries wo und over
the prim ary : eliminating capaci to r and to r
oid . A son o utpu t from t he d river made
develo pmen t muc h sim pler. Po wer meas ure
men ts were made using a Bird wattmeter an d
d um my load . Th e dr iver was adjus ted to
deliver a maximu m of SWat 7. 1 MHz. Driver
turns rat io t o pri ma ry was 5 : I . hu t was not
c r i t i cal . Mult icolored solid co nd ucto rs
prove d to save time whe n wiring to th e
bases. All windings were the same in nu m ber
o f turns an d po lari ties of phasing .

When the first m od el was made, all
dr iving circu its to the base were series fe d.
Ab ou t the o nly th ing good abou t that
co nn ec tion was the self-os cillat ion. Sim ply
by making the base shun t fed , the osc illat io n
was stopped.

Here are so me suggestio ns th at may be o f
help in designing an am plifie r thal will
op erate as it should . I have see n as much as a
50(Yr) loss in po wer when the co nt,acts were
not as th ey shou ld be .

Fig. 5. 7SWampl jfjer. N o te hea tsin k siz e.

dest royed th e micas in the higher pow er
versio n. Figure 5 is the pho to o f the mod el
bein g descr ibed . As usual, th e largest single
compo nent is th e he atsink . The o ne sho wn is
minimum in size fo r th e rating. Since the
heat sink could be secu red to th e case o f th e
equ ipme n t, add iti onal co oling wou ld be
avai lable. Figur e 6 is the fo ur -in-seri es st rin g
which delivers 200W CW o ut pu t. Figu re 7 is
the photo and , o f cours e, is the experime n tal
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Jo Emmett Jennings W6EIIKH6HLN
1007 Freedom Blvd.
Watson ville CA 95076

SOLID STATE
POWER

'"'(i1O r many years there ha s been a need
..J:I for increased rf power from transistor
amplifier s to replace th e outp ut tub es in
excit ers. Cost , efficiency, distortion, power
output, reliabilit y , and stability fro m tem
pera t ure changes have prevented th e use of
transistors in hybrid equip men t.

The obvious advantages of th is design will
not be discussed in this articl e, as the
purpose is to disclose a method of gen erating
higher rf po wer from small transistors. Al
though the cost of transistors is grea ter than
tu bes , it is now po ssible to eliminate tub es
and still be compatible wit h presen t costs .
Two ex perim ental designs are presen ted
here. Th e first ha s tw o transisto rs in series
and delivers 75 IV CIV on 7.1 MHz. Th e
seco nd version is made with four in series
and has a maximum output of 200W with
approximat ely 5W drive. Using series strings
of transistors has the advantages bo th in load
impedance curr ent ratings, and o nly a sligh t
increase in co llector volt age. TRW manufac
tures an HF isolated hea ts ink Mod el PT4 526

,
which was used for all tests. A few o the r
typ es wer e tried and op erated as calculat ed.
Th e other types did not have the isolated
heat sink which pr esent ed a pr oblem in th er
ma l dissip ation and mica isolation.

General Backgr ound

Three basic circuits will be discu ssed
briefly . Figure I is the well-kn own grounded
emitter. Since transistors op erate ef fici ently
in this mo de, there is a tend ency under
certain conditions to go into self-oscillati on.
A second and more serious problem is in
regard to the loa ding . Shou ld ex citation be

ORIVE@--1h~~.---tf)--t:~-1l-1

•
Fig. 1. Gro unded emi tter xs tr amplifier.
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LOAO

Fig. 2. Grou n ded base x str amplifier.

applied without a load , the transist or in
most cases will be destroyed due to the
voltages develop ed in th e high " Q" circuit.

F igure 2 can be compared to the grou n
ded grid tub e operation . This circuit is quit e
stable but requires more drive than t he first
circui t. For this reason , it was no t used in
the new design . Figure 3 is th e grounded
collector an d has the following advantages:
Fir st , in th e use of non-isolat ed heatsink s
from the case, the collector is in good
thermal conduct ion with the heatsink . Se
cond, when the load is removed, the circuit
is out of reson ance and there is litt le danger
of damage to the device with exc itation
applied. Third , much less driving power is
required than the grounded base. Fourth ,
th e circuit is quite stable in operat ion .

Fig. 3. Gro un ded collector. No tic e de tuning effec t
of the removal of the load.

Descri ption

Th e sch ematic diagram shown in Fig. 4
uses two TRW transistors in se ries. Toro ids
have bee n employed to save spa ce. A smaller
heat sink was also use d, as th ere was less
dissip ation due to t he reduced output. Smal l
mica adjustab le mica capac ito rs were used to
conta in th e comple te stage with in t he small
heat sink. More output would hav e been
obtained with larger components. The " L"
net as shown has a diff eren t method of
cou pling th an for th e four tran sistor version.
A link also could have been used, bu t this
gave good flexi bilit y in a sma ll space. I might
add that this is ab out the limit for co mpres
sion micas. Increasing the pow er successfully

+

Fig. 4 . 40m, 7S W am plifi er. Tl: Amidon l S I16 in. toroid . Primary ; SOT, No. 24_ 2 secondaries; lOT,
No . 24 , solid insulated wire each. T2 : Same type core except 2 used: 2 windings No. 16 Formvar ST
each co nnected in parallel. RFC-3 /8 in . dia . ferrite ro d, 60 T No. 22 Fonn var. C1, CS < m ice
adjus table 200- 800 pF. C2, C3 · 1 JlF, 100V discap . C4 - .1 mF discep , 100V max., 2SV mi n .
C6 - m ica adjustable 4 00- 1200 p F. R2, R3 - 10n, 2 - SW. R1 , R4 - 4S0Sl. Ql, Q2 - TRW PT4S 26
or sim ilar.
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Fig. 6. 40m, 200W am pli fier. Tl : 2 Amidon 15 /16 in . dia m . tor oids . Pr im ary; 2S T No. 22 Formvar.
Four secon daries; ST No. 22 Formvar each. T2: 2 air wound windings, 18T each, No . 14 Formvar, 1
3/16 in . diam. Th ese windings are paralleled an d shaped in to a doughn ut 3% in . diam . Cl - 4 50 p F
bro ad cas t variable. C2 th rough 6 - . 1 pF, lOOV. C7 ~ 450 p F wide spaced variable. C8 - .0 1 J1F,
500 V (vary f or best coupling). Ql , Q2, Q~ Q4 - T R W PT4 526 or similar. R I . R3, RS - 7 to l o!l 2
to 5W wu -ewound R2, R4 , R6 . R8 - 450.:1" 1W. RFC - 3/8 " diam . ferri te ro d SOT No. 22 Form var.

should be st arted at a few volts and raised to
the maximu m operat ing value only after the
out put is linear wit h t he co llector voltage.
When an inc rease in de vo ltage doe s no t
sho w mu ch increase in output, reduce th e
collector voltage at once to a pla ce wh ere
the linearity is restored. Operat ing above the
linear po int will on ly destroy th e transistors.
Increased load ing usually permi ts th e in
crease in collector voltage with a co rrespon
ding increase in power ou tput. Alwa ys use a
load to ma ke t he t ests. Aft er the ampli fier is

Fig . 7. Breadboard 20 0Wamplifier.
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adjusted , both with th e tank resonance an d
the drive resonance, then incr ease t he d rive.
It should not be necessary to use above 5W
of drive fo r high Beta transistors. Less
efficient mo dels will, of co urse , require
more. Do not tr y to overdrive.

Conclusion

The. di sclosure of this ci rcuitry is done to
aid th ose who wish to pur sue the possibility
of increasing th e usefulness of so lid-sta te
amp lifiers. 1'\0 attempt was made t o make a
finished version , only to show one way to
accom plish th e production of h igher rf
output th an has been previo usly possib le.
Althou gh only tested briefl y , the same exci
tation circ uits worked on 75 , as well as 14
MHz. The output was redu ced in the fina l
becau se o f the improper LC ratios.

Wide ranges of operating frequencies
should be possibl e when more tim e and
energy can be ex pended in this direction . [
have also conside red th e use of a push-pull
" L" net fo r do ubling th e o utp u t. So fa r, no t
enough time has been available to pursue
ph ase of development.

. . .W6EljKII 6HLN
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The most important
development since the

beginning of SSTV

ROBOT MODEL 70 MONITOR AND MODEL 80 CAMERA

Robot Goes Factory Direct
Th ese are the identical camera and mon

itor that have been selling through deal
ers for $495 and $465. But with our new

fact ory direct marketi ng program and
our substa ntia l growth in sales volume we
can now offer our complete line of SSTV
equipme nt at new, low prices.

[ROBOT ]
ROBOT RESEARCH INC.

7591 Convoy Court
San Diego. California 92111

You can now order your equipme nt direc t

from our factory and we will ship freigh t
collect. All prices are F.O.B. San Diego,

Ca ., and APPLY IN U.S. & CANADA
ONLY'
DI RECT EXPORT IN QUIR IE S TO: MAG NUS OVERSEAS CORP,
5115 North li nco ln Avenue , Chicag o, Il l. 60645. Cable ULL MAG

-----------------------~
o Please send you r new factory direct price li st. I
o Enclosed $ . Pleas e send the fo llow ing I

equ ipment via AIR 0 or SURFACE 0 I
o Model 70 Monit or $295 I
o Mode l 80 Camera $295 I
o 25 mm flog lens $25 I

I
Name Call I
Address I
cnv Sta le Zip I
Ca lilom ia res idents ad d 5% sales rex . I



Calvin Sondgeroth W9ZT K
800 Fif th Avenue
Mendota IL 61342

AN RTTY SELCAL
WITH TTL LOGIC

T he Selcal or automatic cha racter recog
nizer has become a fairly po pular ac

cessory in stations equipped fo r RTTY
o peration. Par ticularly so in the case of
people in terested in au tomatic use of th eir
pri n ter while they ar e not actually in th e
station. With this eq uipme nt ins talled , a
receiv er may be left on con tinuo usly moni
toring a freq uency fo r RTTY signals, and the
printer will start up and pri nt a message o nly
afte r t he call lett er s of the station (o r other
start-up coded sequence) are received
through the st atio n terminal unit. A suitabl e
tur n off sequenc e to sto p th e printer is
included .

The o riginal descript ion of a circ uit o f
this type appeared in 1968} It mad e use of
the T R L logic availabl e at that time . Since
then, t he entire lin e of TTL logic has
becom e readily available to amat eurs , an d in
fac t is now so low in price as to be mo re
than competitive with t he RT L used in th e
original Selcal design . The me rits of TTL
have been discussed at lengt h ; and t he great
number of special and medium sca le integra
tion circuits available makes it very attrac
tive for proje cts suc h as the Selcal.

With the though t of updat ing t he circuit
somewhat, yet retaining t he original logic
idea, th e circ uit to be describ ed was devised
an d tested . Th is article de scribes the logic
diagram, timing chart and fun cti oning of the
circuit; and presen ts a bas ic TT L desig n for
th e character recognizer whi ch can b e ex
panded for o ther fea tu res as desired.2

.
3

20

The overall circuit diagram is shown in
Fig. 1. A preliminary glance a t t h is shows it
to be so me what less formidable than the
diagram of the origi na l un it. Thi s is mainly
due to th e usc of two SN 7496 5-bit sh ift
register me dium scale in tegra te d circuits.
Th ese rep lace the shift register which had to
be hand wire d in the case of the RTL de sign ,
and tak e care too of the turn off sequen ce
circuit. The decoding is ident ical to the
origi nal using JK flip-flops.

Input

The in put circuit shown in Fig. 1 (Q I and
Q2) can acce pt in format io n from a number
of sourc es. Pro bably t he best in pu t is a
regen erat ed RTT Y signal fro m the te rm ina l
unit wh ich switch es from a posit ive voltage
on spa ce to a negative voltage on mark . This
sort of sign al is availab le wit h the floating
loop type te rminal un its like the TTL/ 2 and
ST-6 t ha t are favo red by seri ous en thusiasts.
A sys te m mak ing use of the keyer tran sistor
wit h an emitter resisto r as used in t he ST-3
and ST-4 demo dulato rs followed by suitable
transistor circuitry has bee n descr ibed."

- Fo r use with o lder type terminal un its, it
is possib le to connect the "input of Fig. 1 to
the aud io voltage developed on the spac e
filter co il o f the demo dula tor. This co nnec
tion is often brough t out as o ne lead to be
used on an oscilloscope di splay o f the
received signal. If this connec tio n is used , it
is im portant to make su re that t here is
sufficient isolation between the T U filter
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Fig. 1. TTL Selcal - logic diagram .

circuit and t he Selcal inp ut to prevent undue
lo ad ing effe cts. No t mu ch aud io vo ltage is
requ ired t o " tr igger" the circuit. The diodes
in the in pu t circuit take care o f rec t ifying
th e audio if used , or make correc t usa ge o f a
digit al ty pe plu s/ minus signa l if this is
su pplie d .

Fo r the co ndit ion o f a co ntin uo us mark
inpu t, QI and Q2 are both off, and there is
no voltage d eveloped ac ross th e 560n
resistor in t he co llec to r of Q2. This res ist or
ac ts to pu ll d own the input of t he SN7404
inverter, Il A, whic h is conn ec ted t o the
collect or o f Q2. Since it s in pu t is low, the
outpu t of this inverter is high fo r a mark
condit ion . If th e inpu t to th e Selcal goes
po sit ive (for a space signal) or au dio vo ltage
fro m the space filte r appear s at t he input ,
Q I and Q2 both get tu rn ed o n ; and the
curren t t hr ough the Q2 co llector resist o r
brings the inver ter in pu t up h igh , and so it s
ou tpu t is then lo w fo r a space co nd it ion .

The base of QI and co llector of Q2 are
sho wn bypassed with 0 .1 ,uF capacitors, and
it is importa n t 't hat these valu es do not
beco me t oo large so t ha t the inpu t swit ching

circ uit can accura te ly fo llo w the reversals
fro m ma rk to space o f the RTTY signal and
pro vides a go od soli d TT L level logic signal
to the rest o f th e circui t s.

Cloc k Generat or Circuit

The clo ck cir cuit is fam iliar and has seen
much use in electro n ic key ers and the like. It
ma ke s use o f two transist o rs (Q3 and Q4)

INCOr.oING
nr-rv
SI(; I'l AL
LE TTER "D"

'"~='----'

CLOCK INPUT

TO FOUR STAGE
COUNTER

FIRST COUNTER
FL IP-FLOP 0

00- '(SHI F T REGISTE
CLOCK SIGNA L)

S"I74 121 ~ONOSTAeLE
OQU TPuT
(CHARA CTE R STORE CLOCK )

RES ET PULSE
OUTPu T OF ·14 " G4 TE
RES E TS COU"I TER TO ZERO
€I STOPS CLOC K GE"IER 4TOR

Fig. 2. TTL Selcal - wave form ltim ing diagram .
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and one ha lf of an XN7476 dual JK flip-flo p
which is used as a con tro l elem en t to sta rt
and stop the clock. When co nnected as in
Fig. I , Q3 and Q4 ac t much like a unijunc
tion tr ansistor, bu t with in creased reliability
in o peration at low er supply vo ltages.

LTRS
GATE

FF4 !l
IJ'2 SN 74 16

CHARACTE R
STORE CLOCI{

Fig. 3. Expanded decoding T TL Selcal .

As t he 0 .1 mfd capacit or at the emitter o f
Q3 cha rges up, a point is reached where Q3
sta rts to co nd uc t and as this happ ens, Q4
also starts to tu rn all. Cond uct ion in Q4
makes Q3 co nd uc t even har der , so t he result
is a co llapse of the capacitor cha rge in short
o rde r afte r which it st arts to rec ha rge, and
the pr ocess repea ts. Th e clock rate may be
adjusted by varying the resistance in th e
charging circuit. A 500 K potentiometer is
shown in Fig. 1.

The JK flip-flo p du ring the mark co n
diti on is reset , and t he Q output is then lo w.
This cla mps down t he base of Q4 and sto ps
the clock from running. As soon as a sta rt
pulse fro m an RTTY signal (sp ace) co mes
along, this flip-flop gets set through its dir ect .
set inpu t making the Q output go h igh. This
allows the clock to start running . Note that
as soon as t he base o f Q4 is not clampe d to
gro und any longer , the clock immediate ly
begins by generatin g a pulse since the capac i
to r at the emitter o f Q3 is sitt ing th ere
charged waiting for a space signal to come
in. It is no t nec essary to go th rough a charge
cycle on th e capacitor wh ich make s fo r mo re
reliable synchro nizat ion of the clock and
incoming RTTY signals.

T he clock is stopped again when th e
con trol flip-flo p receives a clear pulse. The
operation of this po rtion of the circu it is

22

co vered during a discussion of the co unter
circuit and its associa te d decoding.

Pulse Counter

Th e pulse cou nter co n sists of fo ur JK
flip -flo ps wh ich are ser ies connected as a
ripple co un ter. If no t reset , they co uld
provide a count of sixteen. Th e clock pul ses
from the co llec to r of Q4 are th in negative
going spikes, and ar e invert ed to clean them
up and provide a suitable t hin posit ive puls e
clock signal fo r t he first ni p-flop in the
counter. The clock ru ns at t wice t he RTTY
rat e; 11 milliseconds for a 60 spee d signal.
By adjusting the cloc k frequency , other
speeds can be accomodated .

So up on receiving a start pulse (space)
fro m an incoming RITY signa l, t he clock
imme diate ly begins ru nning generating an
input pu lse to th e co unter fo rcing it to t he
count of one. The cloc k rem ain s runnin g and
toggles t he counter until t he co unt of
fourtee n is reached , at wh ich time it is reset
to zer o by the fo ur input nand gate labeled
"1 4" gate. Thi s gate also feeds its ou tpu t
back to t he clock co n tro l flip -flop and resets
it stopp ing the clock af ter the coun t of 14.

Th er e is ano ther decoding gate co nnect ed
to th e co unte r circuit which detects th e
co unt of twe lve on the coun te r. At t his tim e,
the o utpu t of t he " 12" gat e goes low which
triggers the SN74 12 1 monostable I.e. This
monostab le is used t o gen erat e a one sho rt
pulse which is applied t o the charac ter
recognition flip-flo ps to store a valid cha rac
te r if i t is presen t in t he regist er on the co unt
of twelve.

Th e SN74 I2 1 is a versatile circui t. It can
be tri ggered to gene ra te a one shot o utpu t
with either a po sitive going input on pin 5,
or a negative go ing input on eit her pin 3 or
4 . The negat ive going in pu t is used here with
pins 3 and 4 t ied together . When the
negative going input is used , the voltage on
pin 5 mu st be at a high level (I state) or else
simp ly left unconnected as shown, which
autom atically places it at logic 1. The
monostable also has suitable conne ctions
bro ught out for connectio n of external
timing co mp one n ts to set the length o f the
pulse gene ra te d . Th e 10K resistor and 0.1
J1 F ca pacitor shown generate a pulse of
suitab le width fo r this ap plication ; slightly
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MEMOR Y-MATIC 8000 DE LU XE
Capac ity f o r S OOO bits in S Read/Write P luggab le Memorie s .
Eac h mem o ry c a n sto re e it her a s in g le m e ssage or a number
o f sequ ent ia l m e ssa ges. Nea r-full a nd O ve rl o ad a la rms. " M es
sage S t op" fo r c h a r. in sert ion. " F u ll Co m ror" w e ight rat io
message in t errupt switc h . va r, t re n s. del a y . 11 5 / 2 2 0 V ac:
5 0/60 Hz . inc l. S M-21 8 a nd MS T -6 0 fea tu res. S h . w t . S Ib s.
( tnc l. 3-50 0 a n d 1- 1000 bit m emcrtes. I $09S.5 0
Additio n al Memorie s 5 00 b it $ 2 1.50

1000 bit $ 3 7 .5 0

5-year guaran tee s

.•€'.-"~.•,
- - -
---="'=~

MEMO RY ·MA T IC 500-B
5 00 o r S OD b it R/W mem o-
ry . Sto res e it her a si ngle
messa ge or a num ber o f
sequen ti al m e ssa ge s . "Me s
sage S top" fo r c h a r. lnser
tion. N ear-f u ll a nd Overload
a la rm s , remo t e con t rol f o r
S to p / S t a r t o f m e ssage. Incl.
SM ·2 1B f eatu re s . S h _ wt 4
Ibs. (5 0 0-bit m e m o ry ) $ 198 . 5 0

(S DO-b it m e mo ry) $2 19.50

VHF FREQUENCY
STANDARD - FM8-S
Cal. rec e ive a n d t ra n smit
c rys t a ls in 10. 6 , 2 and . 1 %
m e t e r FM band s , Mar kers for
all FM c h a nn els . C hec k de
via t ion , P recis io n 1 2 MH z
c ry stal. No un w a nt e d m a rk
e rs , O sc . an d o u tp u t buf
fe re d . S h . wr, 2 res. ( L ess
Ba tteries) . _.. $ 4 4 .5 0

SPA CE--MA TI C 21·8
Th O$ S'INl TCHA BLE koyer
gi ve s y ou " e ig h t ·k e y e rs - in·
o ne." Rea r switc hes c an de
le te dot o r dash memori es o r
c h ar .I w o rd sp acing. • ns t an t
st ,.rt , se lf-co mp le t in g d o tl ,
d a sh es a nd c har ./word spae·
in g , A d j. w e ight in g . sid e ·
tone / speak e r. d Ot -d ash m em o
o rie s , Iamb ic , 11 5 V ec o r '
1 2 V de (S M -2 1 B o n ly.l S h .
wt. 4 Ib s. ..• $89.50

co -~ -=-
. , b ..IIIU IW l

" -~~

HF FREQUENCY
STANDAR D - FMS·3
Ma rk e r s a t 5 , 10, 2 5 , 5 0 .
10 0 , 2 0 0 a nd 4 0 0 k Hz. 400
k Hz c r y st al. No u n w a n t e d
mark er s. La t e st lo w -p o wer
IC s. Osc . and o u tput buf
fered . S h . wt. 2 Ib s. ( Le ss
Ba tte ri es) . .. . _ ... $32.9 5

MET EORIC SCATTER
TIMER - MST ·60
Precisio n timer for m eteori c
scatte r co m m u n ic a t io ns. 60
H z t ime b ase p rovi d e s 1 5 .
20, 3 0 and 6 0 sec o nd o u t ·
p u t . S y nc h ro n ize d t o WWV .
Au tomatic and manua l o u t 
p u ts. S h . VII t . 2 lb s. . $ 49. 5 0

2·METER PREAMP
. . . . . . . . . $ 9 .50 K it

... . . . ..... $ 1 2 .50 W ired
O p tio n f o r 150-250V d e
O pera t io n . , $ 2 .95
2 0 d B Gai n. 2 .5 N . F . 12 V

d c , S iz e 1 " x 1 %" x y" ",

D iode p rot ec ted MOS F E T .
9 0 --day gu ara n tee. S h . w t . 4
o z M a ja r Componen ts
S epa ra tely S h ie ld ed_

Send for Cata log

CRICKET 1
Th e "< f e e t u r e -p a c k e d"
mod e r a t el y-pric ed k ever !
Key ed t ime b ase , jam- p ro o f
s pac in g, s ideto n e/spe ak e r.
Rear con t ro ls f o r weigh t,
spe e d, vo lu m e , t o n e. aut o 
semi-au to. , t u ne. 1 15V ac o r
12 V d c . S h. wt. 3 Ib s . $ 4 9 .95

BROADBAND PREAMP
1 - 30 MHz , 36 d B ga in dro p 
p in g t o 1 9 d B at 3 0 MHz . 3
d B Ma x . N . F. , 1 2 V d c , m eta l
c ase w it h mou nting lu gs . 2 x
1* x 3 / 4 . 90-d ay guara n tee.
S h. wt. 6 oz. . . . . . . $ 17.9 5

'~." ~' ~'. '"I .' . . .

. . ~ ~

ELECT RONIC FEATHER
TOU CH KEY
A comp le tely so l id -s t a te kev .
Oete<;ts mere toul'h o f f in ·
ger . Use a s s in g le o r twin
leve r kev . O p era t es w it h a ll
p osi ti ve Or ne ga t ive g ro u n d
d ig ita l keyers.
S h . w t . 2 res. $ 22.9 5
( Remo t e S IS S ""lts . for MM·
500B and MM 8 000)$27.9 5

DATA ENGINEERING. INC. 5554 Port Roy al Road.

Ravensworth Industrial Park , Springfiel d VA 22 151



Chara cter Storage

The outputs of the 8-inpu t character
detection gat es are app lied to the inpu ts of
four JK flip-flops, and these flip -flops are all
clocked simul t aneo usly by t he pulse gene ra
ted by the \monostable, MS I , on co unt
t welve in t he co unter . These flip -flo ps can
only change to the t rue sta te (Q o utp u t at
logic 1) if the J in put is high . This sta te of
affairs on t he J and K inputs of the flip-Oops

LTRS charac te r probably should be included
dep en din g up on t he make-u p of the two
letter suffix .

Omiss ion of on e or mo re letters for
turn -on can eliminate a flip-flop in the
character sto rage sec tion if desired . Add it ion
of the ne ce ssary circ uits is wo rt hw hile if
maximu m preve n tion of un wanted starts is
desired , and the req uired circui ts do no t cost
much .

Sin ce only the true (Qco ut put) ou tpu ts
are available o n th e I.e. sh ift register , a bank
of invert ers is used to pro vide a signal wh ich
will be at logic 1 level fo r a space entered in
tha t flip-flop . The outpu ts before inver sion
are at logic I for a mark en try. This
arra ngement then provides a set of five lin es,
all of wh ich will be at a high level if and only
if t he pro per charact er is entered in t he shift
register .

T he co inci den ta l logic I on all five lin es is
detect ed using a series of 8-input n and ga tes
(SN74 30). The unused inpu ts on the gates
are tie d to one of t he used in puts. When '!
desired character comes in , the ou tpu t o f the
8-inpu t gat e goes low sin ce all its inp uts are
high fo r t his ch aracter . An y o ther ,cha racter
input will provide at least one logic 0 in put,
makin g th e o ut pu t of the decoding gate
h igh .

less than a mill isecond . T hinn er pulses co uld
be used to cloc k t he charac te r st ore flip
flop s. With no ex tern al timing co mponen ts,
the monostable generat es an extre mely thin
ou tput pulse ; someth ing in the na nosecond
area.

Shift Regist er and Cha racter Recognition

The inco ming RlTY signal reversals are
fed in to the charac ter recognition shift
regist er, SR I , and t his registe r is clocked
once every 22 millisecon ds (for 60 speed) by
the " no t-Q" outpu t of the fir st flip-flo p in
the pulse co un ter. The register sh ifts on a

positive go ing edge as it h as internal buffer
ing on its flip-flo ps in o rder to presen t a
single no rmalized load t o t he driv in g cir
cuitry .

T he SN 74 96 shift regis ter has a serial
input , and also in puts so t hat the individual
flip-flo ps can be present to any des ired state .
The enable in pu t fo r this preset fun ct ion is
pin 8 on the I.e. and is grounded in th is
applicat ion as the preset inp u ts (p arallel
load) are no t used .

So, as an RTTY charac ter st art pulse
comes in, the co unter starts and clocks SR 1
enter ing the vario us bit s of the RTTY
cha racter in serial fashio n . Inspection of the
ti ming diagram, Fig. 2, shows th at when t he
count er reaches the coun t of twelve, the
star t pulse has bee n shi fte d out the end of
the registe r, and its five flip -flops co n tain the
states corresponding to the RTT Y character
input. Th ese statt:s are a logic 1 for a mark
bit , and a logic 0 for a space bit. At t his
po int in the coun ting period , t he character is
in the register and ready t o be inspec ted to
see if it is one of t he desired charac t ers in
the tu rn-o n seq uence.

Decoding

Th e Selcal as o rigina lly devised was used
t o look for and detect four co nsecu tive
RT TY charact ers, the firs t of which was the
LT RS charac te r sent aft er th e area numeral
in a typical ama teur call sign . The logic
diagram in Fig . 1 shows circuitry fo r a
similar deco ding sequence. However , if one 's
call letter suff ix is not like ly to occur in
normal English t ext , the LT RS character
ma y be omi tt ed, using just the three letters
of the statio n call. Fo r t wo letter calls, the

MOTOROLA
"' 0.4960-2
BR IPG E

~li ,,~~:"""
"

Fi g. 4 . TTL SelcaJ typical power supply.

REL AY
SUP PLY

."
'"

l
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ters now come th rough the sy stem, until it
receives a tu rn-o ff pul se .

Four "N" Turn-off

Amat eur users of t he Selcal and other
stunt box devices have ado pted the standa rd
commercial tum -off seq uence of fo ur " N"
charact ers sent consec utively. In the TTL
design for this Selca l, a differen t method of
detecti ng four consec utive " Ns" is used , and
makes use o f another of the SN7 496 5-bit
shi ft register s. This fu rther simplifies the
circuit.

An 8-input nand gate , 8G5 , is permanent
ly wired up to det ect t he prese nce of an "N"
characte r in the shift register, SRI. The "N"
detection shift regist er , SR2 , is clocked on ce
each charac ter by the inverse charac ter store
clo ck generat ed on co unt t welve . The no t-Q
out put of the monosta ble pro vides t his
inverte d clock signal.

If an "N" is prese nt in the firs t shift
register , the ou tput o f 8G5 will be lo w, and
a logic I applied to the serial in put of SR2
thr ou gh the inver ter ahead o f it. When the
clock comes along, the logic I is shift ed into
the register ; and if a second I'N" com es
along, it too shifts a logic I in to the regist er
shift ing the fir st I fu rther along in to the
register. If four "N" characters corne alo ng,

Fig. 5. TTL Selcal in tegrated circuit pin connec
tions.

is present only when the desired character
has bee n entered in SR I. In addition , th e
seco nd, thir d and fou rth flip-flops in the
chain are fed wit h in format ion conta in ing
the st ate of the pr evious flip-flop. If it is not
at tru e level, the followi ng flip-flop cannot
change sta te. What this means is that for
normal RTTY inpu ts containing tex t, th e
four flip-fl ops are conti nuously being reset
by the clocks from MSI. However , for
exa mple, any time a LTRS charac ter is
received, the fir st flip- flop FF4A, will be set ;
and if the ne xt letter is the appropr iat e one
in t he call letter sequ ence , the FF4A will be
reset on the next character sto re clock, wh ile
th e seco nd flip-flop, FF4 B, will then be set
becaus e the LTRS cha racter has been re
ceived and F F4A was in the h igh state whe n
the clock was applied. In this man ner , only
reception of the four desired lett ers consecu
tively can make the flip -flo ps FF4A . FF4B.
FF 5A and FF5B go set in " do mino "
fashion. Any false letter in the series stops
th is " cahin reaction ."

When the last letter in the seq uen ce has
been pro perly recognized , the F F 5B is set ,
its no t-Q output applies a logic zero to the
dire ct set input of FF IB and sets it which in
tu rn drives on the relay through Q5. FF I B
remains set even though oth er RTTY charac-
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the regist er will co n tain fo ur logic I levels,
and this sit uatio n ac tiva tes the "N " decoding
gate, 4G2A. It s output im mediate ly goes low
and t his rese ts the relay co ntro l flip-flop at
th e d irect reset input and o pens t he relay.

Hit Ga te

Readers familiar wit h the o rigin al Selc al
design will no te that t he TIL Selcal co ntains
no hit gate . Thi s feature was in clud ed in the
original circuit to sense if a ma rk co ndition
occurred pa rt way into a start pulse. This
situat~on would arise wh en the in put was
triggered by receiver noise and the like. If a
" hit" was indicat ed , the pul se counter was
reset and sta rte d over , so that continuous
monitoring of receiver noise would not
eventually pr ovid e t he proper data in puts
and give a false t urn-on .

Since most o f the mo re recen t termi nal
unit s like the ST-3 , ST-4 and ST-6 contain
an au to pr in t sec tion which requires a valid
RTTY signal to be presen t for a short period
of time before any loop o utpu t signals can
be gene rated, t he hit gate di d no t seem to be
necessary , assuming tha t inputs for the
Selca l wer e der ived from the loop circuit in
some fashion

However, if input in fo rma tion were to b e
taken fro m th e sp ace filter audio volt age as
mentioned earlier, so me unwanted tum-e ns
fro m receiver noise might be ex pec ted .

Power Supply

Th e power supply must handle a 5 V de for
the logi c circuits at a cou ple hundred milli
amperes, plus a suitable de volta ge to
opera te the co n trol relay . A typical supply
fo r use wit h the 12V de relay list ed is sho wn
in Fig. 4. T he rela y is a DPDT typ e and
req uires a coil cu rre nt of about 80 rnA for
ope ration. Its co n tac ts are rate d at 10 amps
ac and will handle the ty pical motor on a
t eleprint er . The unuse d se t o f co n tacts can
be used for other con tro l functions as
desired . For exa mp le, th ey migh t light a
light o r ac tivate a chime in a living area of
the horne to ind icat e that the printe r was on.

Ot her Turn-on Sequen ces

Som e Selcals were originally set up so
that t hey would also turn on the prin ter
up on re ceiv i ng t he c o m b i n a t i o n
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LTRS*N*LTRS*N. Th is signal was used as
an "All Call" sequence so that all the
machi nes mo nit ori ng a given fre qu en cy using
the Selca l co uld be turned on simult aneously
by a transmitting statio n. Recognition of
" QST" as an all call or the call letters of
anothe r ac tive statio n on an au tos tart fre
quency are a lso popular .

One possible solu tion to the additio n of a
seco nd set of turn-o n letters is to decode
only t he mark and spa ce bits whi ch are
common to eac h charac ter. For some com
binations of letter s, this does not produce
eno ugh ambiguity among o ther po ssible let
te r co m binatio ns to give ma ny false sta rts ,
and t his sys tem can be im plemented without
ad ditiona l logic. In the simplest case, tying
all the inputs of the 8-inpu t decoding gates
to logic one will give a turn-on after rece iv
ing any four valid RTIY characters and
provides so me pro tection fro m CW and co n
tinuous carriers over that normally provided
by the au toprint and motor co n tro l circ uits
in the demodulat or.

In most cases, it will be more suitable to
sligh tly expand the dec odin g logic as shown
in Fig. 3. This allows for t wo differen t
turn -on combinatio ns to be decod ed if de
sire d . However , it should be recognized tha t
not only does this allo w for these t wo
seq uences, but ot he rs as well as each stage of
decoding is an "or" arrangeme nt introduc
ting a nu mber of o ther possible combina-

tio ns whic h will tu rn on the prin ter. The use
of t he LTR S character in the first place is of
great be nefit when th is ex panded code is
used , bu t the co mbinations in each ins ta nce
sho uld be exa mined to see how man y
or d inary thr ee lett er words migh t be possib le
as valid turn-on codes . In mos t cases t he first
LT RS character pretty well eliminates fa lse
star ts .

The add itio n of this logic req uir es an
SN7400 quad tw o input nand gate as well as
three more SN74 30 eight input nand gates
for dec oding th e three ad ditional characters.
Of course even further expansion would be
possible using gat es with more inputs.
Parts List

A list o f parts for the major compo nents
is given . Also shown is a chart of I.e. pin
co nnec tions for all but the S:-.17496 shift
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0 6 '
0 6 .
0 6 7
0 7 0
0 7 3
0 76
0 7 9
0 8 2
0 8 5
0 8 8
0 9 '
0 9 .
0 9 7
0 5 2

TRANSMIT RECE IVE
D O'
D O.
0 0 7
0 ' 0
0 ' 3
0 ' 6
0 ' 9
0 2 2
0 2 5
0 2 8
0 3 1
0 3 .
0 3 7
0 5 2

TOTA-l--

D RUSHD RUSH
(check o ne)

Name _

Call _
Address _

City _
State Zip _

~ ORDER

» Make & Model Transceiver _
» $ enclosed
~ VALP EY F ISHE R COR P. '015FIRST.HOlLiSTON, MASSO'746,L ~~~~~~~~~~~~--------- - --------- - ----

IMMEDIATE DEliVERY
Why wait until next week ?

ALL STANDARD REPEATER CHANNELS IN
STOCK AT ALL TIMES -NO BACK
ORDERS. SHIPPED FROM MASSACHU
SETTS. YOU GET FAST MAIL* DELIVERY.

*We realize that th is is a con tradiction of terms .
Crystals in HC·25/ U holders for the 146
M Hz channel s li sted in the order blank are
available f or

just $3.75 each
. . .plus 50t per complete order for post age
and handling.
This low pric e for Drake - Regency 
Simpson - SS E - Sonar - Standard -
and Tempo, ONLY

East ern cus to me rs ma y appreciate our fast mail se rvice ... it can save yo u days to weeks on your
o rder. Western custome rs ma y app rec iate getti ng c ryst als th at wo rk on cha nne l the very fi rst ti me and
don't have to be returned for fu rt her compensation to match you r se t.

Crysta ls are ava ilable for the fo llowing
two meter FM tra nsceivers at this special
price offer : Drake, Regency, Simpson,
SBE, Son ar, Sta ndard, and Tempo. Please
spec ify the make and model transceiver
when you place your order so we can be
sure to send you the correct compensated
Crystals. Crystals are available for other
F M tran sc e ivers and other chan
nels .. . plea se wri te for prices ... very
reason ab le prices.

Valpey Fisher - 40 lon g hard y ears of experience,

VAlPfY flSHfH CORP. Dealers - Have we got a deal for you!!!
A VA LTEC CORPORA TION

1015 FIRST . HOLLI STON MASS 01746



regist er , whose pin connections are indicat ed
on the ma in logic diagram, Fig . 1.

The integrated circuits can all be ob tained
from a number of sources that adver tise in
the arna teur magazines. They should cost
somewhat under $20 when ob tained on the
surplus ma rke t.

Substitutio n for the transist o rs shown is
easily possible as any switching typ es will do
in these circuits. 0.1 pF Sprague Orange
Dro p type capacitors are specified th rough 
out to be consiste nt, but t he only req uire
ment for a stab le cap acitor of t h is type is in
the clock circ ui t. Oth ers can be disc cer amic
o r o ther byp ass types if they are availa ble.

If another dc supply voltage is availab le,
it might be used to opera te the relay fo r
motor contro l. The newer soli d stale de-

TT L S ELCA L PAR TS LIST

In t egrat ed Circu its
11, 12 - SN7404 hex inve rte r

4G l ,4G2 - SN7420 dual f o ur input nand gate

8G l, 8G2, 8G3, 8G 4 , 8G5 - eigh t in pu t nand
gat e, SN7430

SR 1,SR2 - f ive b it shift regist er , SN7496

FF 1, FF2, F F3, FF4 , FF 5 - SN7476 dual JK
flip -flo p

MS 1, SN7412 1 monostabl e mu lt ivibra tor

Tran sist or s
0 1,04 - 2N41 24, N PN si l ico n
02,03 - 2N4 126, PNP si l ico n
05 - relay dr ive r t rans istor, 2N697 or equivalent

Capa citors
0.1 fJF Sp rague type 225P Orange Drop, 100 V
dc (4)

modula tors me nt ione d alrea dy contain a
mo tor control relay, and it might well be put
to use in some way or other to be use d in
co nju nctio n with th e Selcal outpu t signal.
The me t hod of contro l seems to be an
individual th ing which is best su ited to the
stat ion at hand. Each one see ms to be
slightly different as are mos t RTTY installa
tio ns overall.

Con clu sion

In bui ld ing this sort o f circuit , be su re to
include ade quate bypassing on th e 5 volt
Vcc line aro und the circ uit hoard. In addi
tion a shie lded enclosure fo r t he circuits is a
must to eliminate st ray rf from getting in
and up setting circuit operation. Adeq uate
filte ring and bypassing of the signal lines
going in and ou t helps here too . However , in
most cases, a nearby transmitter will no t be
operating when th e Selcal is required to do
its job , unless of course, the stat ion is
transm itting on one band while mo nitoring
another band at the same time. In such a
case, rf elimination can best be achieved on a
cut and add bas is for the individu al station
layout.

A cou pie of Selcals using this circuit have
been built hy o ther amateurs using hand
wiring techniques. Th ese op erat ed without
difficu lty. The autho r will be glad to try to
answer individu al queri es regard ing the cir
cuit, construct ion techniques, etc . T he con
side rable simplicity of t h is design makes for
much easier wiring, even on a point to po in t
basis , eliminating muc h of the chance fo r
erro r in the final pro duct ,

...IV9Z TK

Resisto rs, %W composition
560\1 111
680\1 111
10 K\1 121
1 Kll12)
15 K\1 111
470111 1)

Diodes
1N270 germanium (3)
l N4 004 sil ico n tu -,

SOURCE FOOT NOTE S

I . Malloc h and Lamb, T he Sclcal - An RTT Y
Cha racter Recognizer, 73 Magazine , May 1968,
Page 58 .

1. Wensku s, The Sctcal As A Signal Analyzer,
RTTY Journal , J uly - Augus t 197 1.

3. Chan, An Auto-Responder for the Selcal, RTTY
Journal J une 197 1.

Relay
All ied Radio T y pe KN1 05"2C-12D, DPDT, 12V
d e co il , 80 mA

28

4. Haynes, 1\ Sta ndard Sys tem fo r Simple Stat ion
Con tro l, RTTY Journal , Jan uary 1971.
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Bob Hirschfeld Wli DNS
President, Lithic S ystem s, In c.

P.O. Box 86 9 AN
Cupertino CA 95014

INTEGRATED CIRCUIT TR F RECEIVER

Fig. L L M3 72 block diagram.

Conve n tio nal diod e-type A ~'I dete cto rs
req uire de bias ing through the last i-f "can"
in the strip, and are in herently nonlin ear ,
causing dist ortion . The LM 372 u ses a mo re
so phist icated detector , adap ted fro m the
o p-amp ty pe peak-follo wing circuits used in
analog co mp uters. In th is "a cti ve de tecto r ,"
t he dio de is in sid e an amplifier's feedback
loo p, which auto matically biases the dio de
fo r linearity wit h sma ll signals, actually gives
voltage gain , ra ther t han the loss of co nven
tio nal detectors , and is d irectly , ra ther th an
trans fo rme r cou pled , to the o ut pu t of th e
gain stages. In Fig. I, C5 is the det ect or
smooth ing capacito r , with the R4 , C4 com
binatio n forming t he age loop.

Th e sc hema tic o f Fig . 2 illus t ra tes in
detail ho w the bloc ks of Fig. I operate . With
no age, Q 2 is simp ly an emi tter follower ,
with un ity gain. It s ou tpu t is coupled to the
three gain stages , Q6 , Q7 and Q8 , wh ose
ou tp u t is directly coupled to the act ive
det ect or , formed by Q 1I , Q 12 and Q 14. De
feedback for the gain stages is pe rfo rmed
thro ugh R8 , C3 , Q5, R6 and R7.

As inpu t signal s becom e st ro nger, the d e
output level o f th e detecto r, a t p in 6 , rises

cs
T

ACTIVE
DETECTOR

AUOIO

'"'

LUMPEO
GAIN

OJ

T

c-
T

A n inexp en sive In tegrated Circuit has
been availab le for some time wh ich

co ntai ns the co mple te gain, detec tion and
age fu nctions required in 455 kllz Af\..'1 i-f
strips. Intend ed fo r use with ceram ic filt er s
and an outb oard fron t-end converter , the
LM37 2 is presently design ed in to the At\l
sec tio n of several commer cial AM/F~'1 high
fide lity rece ivers, where it replaces t he
hand-asse mbled "i-f can" type strip fo rme rly
used .

The LM372 is , in reali ty. a much broad
er-ba nd device than its 455 kHz ap plica tio ns
wou ld sugges t. It has useful sensi tivity
throughout the A~l broadcast band , the 160
and 80 meters ba nds, and even-in to the 40
meter ba nd, whe n used to amplify pretun ed
AM signals directly fro m an an tenna. Sensi
tivity, o f cou rse, is no t as grea t as when used
with the ad diti onal gain of a superhetero
dyne conversio n stag e, but is ad eq uate for
urban area broadc ast reception , or local 160
and 80 me ter net recep t ion .

As may be seen in Fig. I . t here is
con sid erab le difference between the L1B 72
an d a conve n tio nal i-f strip. The Ie is
basica lly a very h igh gain de amp lifie r, with
all its gain in on e " lump ," as opposed t o the
tra nsfo rme r co uple d ind ividu al gain stages
usua lly used . To keep the de biasing con
stant, a negati ve fee dback loo p is use d, wit h
capacitor C3 ma king the loo p effec tive fo r
dc o nly ; thus, ac (rf] gain is not red uced by
the feedback system.

In co nven tio nal strips, age is per fo rmed
by shifting the de biasi ng of the individ ual
gain stages, effe ctively reduc ing their gain
fo r stro ng in pu t signals. Unfor tu na te ly , su ch
bias sh if t ing det unes the co nventional inter
stage transfo rmers. In the IC, h owever , t he
gain sta ges o pera te at maximum efficiency at
all t ime s; they are preced ed by a separate age
att en uator stage , which can cu t inco ming
signals by as mu ch as 80 d B ( 10,000 to one).

NOVE MB ER 1972 RX- 29 29



R4 and C4 couple this voltage, with the
aud io component filtered out , to Q4 and
Q3. Stronger signa ls begin to tum on Q3 ;
since Q3 and Q2 form a differentia l pa ir, this
tends to tu rn off Q2 , giving an agc action
tha t is both serie s (turning off Q2) and shunt
(turning on the low-impedan ce emitter of
03).

Th e string of diodes, Dl -D7, and the
var ious emitter foll ow ers attach ed to the
st ring, act as separate powe r supply regu la
tor s fo r ea ch st age of the LM372 , wh ich also
elimi nat es the need fo r separate rf decoup
ling of each stag e's supply line.

Broadcast AM TRF Rece iver

As can be seen, there is no internal tuning
in the LM372 ; it will amplify , detect, and
age all signals applied to it s input. While in a
superheterodyne receiver, it wo uld be fed by
an already bandpassed 455 kHz signa l, the
cir cu it of Fig. 3 allows it to roughly select
any signal in th e 550- 1650 kHz ban d. The
Tune Rad io Freq uen cy circuit has of
course , poor sele ctivity, since it uses only a
single tuned circuit whic h also acts as an

antenna. Its selectivity is su fficien t, however,
to peak the desir ed station, which will th en
op erate the age so that overall gain is
min imum required for that sta tion. Th us,
other stations will be far d own on the single
LC circuit 's selectivity curve. More sop his ti
cate d designs might use mult isection tuning
ahead of the st rip.

The proto type was constructed u sing very
inexpensive imported " transisto r radio "
components. In fact , virtually any ju nk ed
tr ansistor radio will supply nearly all o f the
requ ire d external components for broadcast
band use . A ferrite "Ioopstick" antenna, L l ,
resonates with a sma ll, po lye thylene d ielec 
tr ic tuning capactior. If operation is~ desired
above th e bro adcast band, a smaller capaci
tor may be used , or the broadcast type may
be connected in series wit h another capaci
to r , and the n shunted across the co il, to
lower the net capacit ance.

The LM372 performs its gain function
ju st as it would in an i-f application, but in
this case directly driv es a class A power
amplifier. Since the de voltage at pin 6 is
relatively cons t an t (vary ing from 2.1 to 2AV
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Fig. 2. LM3 72 schematic .
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BE SNEAKY!!!
(Tell the XYL they will do the dishes)

Maybe they won't, but that is one of the few things we
didn't build in, so t ake her along, let her see all those features,
these tran sceivers sell themselves -

IC-20, 12 channels,
3 built-in xtet«,
APC built-in, &
modular constructed

IC-2! , 24 channels ,
4 built-in x t a /s ,
RIT, Microphone g ain,
S & Discriminator meters,
AC IDC power supply,
modular constructe d

Of course, if you are single, and eat off paper plates
anyway, all those goodies are st ill t here .

A U THOR I Z E D DEALERS
Dealer Inquiries

Invited

Adirondack. R a d io S u pply . Inc. 185 W . Main S t ., A msterdam , N .Y. 1 2 0 1 0

NHE Communications 15112 AW 44th. Be lle v u e , Waah. 9 800 6

Aquarius Camm. S yst e m s PO BOll: 20898, Dallas, T e ll:a s . 75 22 0

Technica l S ystems Engineering PO Boa 175. O v erbrook. Kan a. 665 2 4

He Engineering 150 6 1 SE 1 28 S t .. R e n t on . Waah. 9 8055

W here quality counts

IIIICOMI
INOUE COMMUNICATION EQUIPMENT CORPORATION
3-8 Kamikuratsukuri cho, Higashisumiyoshi ku, Osaka 546 Japan
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Tl - Mid; el Audio Tlanslormtf , l OOO H :SH - Archer 213-1380 (Radio Shltk, Int .J
SPKR - 2" PMSpeaktf , sn.0.1 wan - Philmolf I S20

Fig. 3. TRF receiver using L M 3 72.

as a fun ctio n o f age), it is used to bias t he
class A st age d irec tly , e lim inatin g a num ber
of extr a co mpone n ts . C7 and C8 are need ed
to prevent regenera tive au d io osc illat io ns
with weak batteries. Care must be ex ercised
in build ing t he breadboarded circ u it. as
exc essive lead length any where is likely to
pe rmit the very h igh gain s tr ip to osc illa te . A
goo d technique is to use pin 4 o n th e T05
can as a tie po in t for ground, an d to co nnect
all cap aci to rs and o ther grounded leads to
th at pin with ab solut ely min imum lead
lengths. Disc ce ramics seem to have less str ay
in ductan ce a t t hese fr equencies than the
larger tu bu la r ty pes.

A volu me con tro l was no t p ro vided in t he
pro to typ e , as volu me was ex cellent with the
s ma ll ( 2 in . dia meter) speaker use d , and age
was so effective th a t no percept ib le d if
fe re nce in stati o ns was heard in the b road 
cast band . A vo lume co ntrol wh ich also
red uces th e class A stage's power d rain at
lo w levels can be achi eved by in sert ing a pot
between the emitter o f the aud io o u tpu t
tra nsistor an d R l . With th e circuit shown,
total d rain from a 9V tr ans istor ty pe battery
is l O rnA. o f which on ly 1.9 rnA is used in
the L\B 7 2; th e rest is needed fo r the aud io
amplif ier.

Ot her Uses

Var iat ions o n t he circ ui t of Fig. 3 might
in clude pa d ding o f th e C9 tun ing capac ito r,

32

so th a t the lo o pstick co u ld be used at 455 o r
262 .5 kHz as an i-f " signa l sni ffer ' in
receiv er t ro u bleshoo ting. If T l , C7 , C6, R I ,
the speaker and audi o outp ut tr ansist or are
elim inat ed, th e TRF receiver ca n be used ,
capacifively coupled, to driv e h igh im
pedance headphon es, or as a co mp lete AM
tu ner in high fideli ty ap plications . While
selectivity is very broad. the high fidel ity
applica tio n will reveal t ha t com me rcia l A.\-1
stat io ns really tran smit more "t weet er
materia l" than the average selec t ive AM
tuner will pass.

Ano ther app licatio n wo uld be to rep lace
the lo op sti ck with an eq u ivalen t sh ield ed
inducto r, and to cap acit ive ly couple a bro ad
cast-o u tput VHF co nverter to th e parallel
tuned c ombinatio n . Such a co mbination
migh t be a simple ans wer t o th e mo ni to ring
o f lo cal VHF repeaters, whe re selec tivity is
unimp o rtan t.

Concl usion

The LM 372 is a handy building blo ck , in
fixed i-f and T R F or variable i-f ap p lica tions.
A number o f similar i-f " str ips " ar e kno wn
to be under develo pmen t; th ese will make
the ex perim ent ally -incli ned ham 's life a lot
more pleasa nt , and, alo ng wit h othe r fo rth
co mi ng com mu nica tio n-ty pe l C's, sh ou ld re
new in terest - in the van ish ing art o f home
bre wing .

. . .1V6 D'IS

73 MAGAZ INE



F . R. N ichols W6JJI
8257 De Palma S tree t
D owney CA 90241

THE MARK III
ELECTRONIC I<EYER

T he Mark I II electronic keyer (fig. 1) is
th e end resu lt of a jo int coope rative

effort by it s d esigner Wes Hay ward W7Z 0 I,
and my self. Design improvemen ts were
wor ked ou t by W7Z01 in resp onse to illy
requests fo r imp rovemen ts in the o rigina l
keyer cir cuit I , for fixe d statio n operation .

The Mark II I keyer uses two udditicnul
t ransi stor s ( 0 4 an d 0 5), whic h rep lace o ne
se t of DPST relay contac ts forme rly require d
in th e o rigin al circuit. Th e addit ion o f three
Fairch ild 2N3564 NPN-ty pe transistors used
as zener d iodes (in the base circu its of 0 I,
0 2, an d Q5 ) replace two penli te batte ries
for me rly req uired for refere nce vo ltage in
the emitter circ uitr y . The add ition of Q4
an d Q5 pe r mi ts t he use of an economically 
pri ced SPST re lay, in place of the more
expensive DPDT relay . The addi tion of the
"sp ace" an d " mark" co ntrols was my id ea,
since the manual adjustmen t of th e off
(space) and o n (ma rk) dura tion ti me s is a
very des irable feat ure to have o n (/IIY elec
t ro nic key ct .

The kcycr po wer supply was pre viously
covered in the o riginal a rt icle, ·'A Sim ple
Electron ic Key ," whic h suggeste d voltage
doubling a 6 .3V filamen t winding to o btain
l8V de. I adde d an l 8V zc nc r (I ntern atio nal
Recti fier Z 1116) connected ac ross th e o ut
pu t of the power su pp ly as shown in Fig . 2.
T he 18 V zener sta bilizes the outpu t voltage
at a co ns ta n t l8 V de . Voltage stabiliza tion is
most desirable, since it hel ps stab ilize the
keye r ti ming circ uits.
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Fig. 1. Key er circuit diagram.

NOTES

l. QI, Q2 ,03,04,O~ - 2N697 lN"N}
2_ Z I,Z 2 , n - 2N 3~6 4 (N"N I C,t,N a c s c USE

2 " 69 7, 2 N38 8 OR GE- 8
3. .. - SE E T E Xl

Mark III Theory of Op eration

Fo r the benefit of th ose read ers who do
no t possess the Decemb er )96 5 issue of
QST, the following explan at ion o f Q l
thro ugh Q3 is briefly repeat ed . The th eo ry
of operation of Q4 and Q5 is added to cove r
the Mark III impro vemen t.

During th e " at rest " (p addle co ntact s
open) co ndition, Q I and Q2 are in satura
t io n , Q3 is o ff , Q4 is saturated , and Q5 is
off. See Fig. 1. Q I is saturat ed because
capacitor C I in it s base cir cui t is po sit ively
charged . Q l 's co llect or cur ren t is ma ximu m,
and Q 1 is said to be "satura ted ." Q2 is also
satura te d in a similar manner during th is '<at
rest " co nd itio n . Q3 is o ff, beca use its base
vo ltage is nearly zero volts (the sa me as the
collecto r of 0 1.) Q4 is sat urated, beca use its
base voltage is highly positive (t he same as
0 3's co llec to r) and Q5 is off at t his time ,
becau se its base voltage is nearly ze ro vo lts
(the same as 04's colle ctor ).

When the paddle " dit" co ntacts ar e
closed , a negative pu lse fro m Ql 's co llec to r
is " stee red" throu gh diode CR I , and
through the paddle " dit" contac ts into the 5
/IF " dit " storage capaci to r C3. This negative
pulse swings the base of Q2 negative, whic h
tu rns Q 2 off, an d causes it s collecto r voltage
to rise to th e supply voltage of 18V de . Th e
highly positive 0 2 co llector swings th e base
of Q3 highly positive , tu rning on 0 3 (saturn
tio n) . As Q3 goes int o sa turatio n, its co llcc
tor cur ren t energizes the relay coil. wh ich

closes the relay co ntac ts. Simultaneously,
the base of Q4 dro ps to nearly zero vo lts
(the sa me as Q3 's co llecto r), an d Q4 is cu t
off. As Q4 turns off, its co llector volt age
rises to t he highly pos itive sup ply value of
+18 V de. Q4 '5 high co llecto r volta ge swings
t he base of Q5 highly positive and Q5 goes
int o satu rat ion. T he emitter-co llect or cur
rent flo w of Q5 causes a low resistance
(short circuit) across the C I "s pace" sto rage
capaci to r. This sho rtcircuit grounds th e base
of 0 I , turn ing Q I off. The co llecto r volt age
of QI rises imm edi at ely to t he high posit ive
value of the power supply volta ge , bu t it
does no t up set , the keyer sequence (even
th ough the "d it" paddl e co nt ac ts ma y still
be closed at this time ), becau se d iod e CR I
prevents passage of t h is posit ive high volta ge.

Th e keyer circuit ry continues in t his
" dit-mo de" of op era tion, unti l th e negat ive
pulse (charge) on the "di t" sto rage. capacit or
(C3) has disc har ged through th e "mark" and
"speed" po ten tio met ers to chassis gro und .
T his, in effect, is t he self-co mple tion fea tu re
of th e keye r. When C3 is d ischarg ed . the
base of Q 2 sta rt s to rise toward a positive
value. When Q2's hase rises to a pproximatel y
O.7V, Q2 goes int o saturation. T his tu rn s Q3
off , which opens t he relay contacts and
sim ult aneously swings 0 4 into sat ur ation.
With Q4 sat ura ted , Q 5 turns off and removes
the " sho rt circuit" from the " space" capaci
to r C I . The time required fo r the voltage on
C l cap acitor to rise to app roxi mately D.?\'
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Flg. 2. 18V power supp ly circuit.

cr eates the automa tic space in te rval between
dit s. When thi s voltage reac he s O.7V de. it
swi ngs Q I in to satura tion. I f the pad d le is
sti ll be in g he ld in the "dit" positio n at th is
t ime , the e nt ire dit se q uence" will he re pea t
ed . I f the pad dle ha d bee n returned to the
neutral (at -rest ) posit ion p rior to the satura
t ion of Q4 and the turn -off of Q 5 , the kcycr
wo u ld only make o ne "dit" .

When the padd le con tacts arc act ua ted to
the "dah" posi tio n , the keye r operates in a
simi lar ma nner as descr ibe d for the di t
seq ue nce , except th at the " dah" storage
capacitor «(' 2) Diode C R2 (be tween C 2 an d
(' 3 ca pacitors) steers the negati ve "dan"
pulse into the "dit" capaci to r C3 , whe never
a "du h" se lection is ma de. T h e t ime re q uire d
to di scha rge both sto rage capaci to rs should
eq ual the normal "dah" dura ti o n t ime. Fo r
proper "dah" lengt h, t he combined capac ity
valu es of C2 a nd C3 should create a "dah"
durati o n time whic h is 3 times longer th an
the "dit" time. However, becau se capac ity
valu es (as marked on capacitors) do not
necessar ily represent t he actual capacity
value, I recommend that these capacitors be
selecte d hy the "cut-an d-t ry" meth od , un ti l

a satisfacto ry "dit" an d " duh" length is
obtai ned . (As a ball pa rk figu re, a

conti nuous stri ng o f dit s should ca use t he
tr ansmit ter fi nal pla te cur rent to hov er at
approximat ely 5o'X} of the key-clo sed value.
A co ntinuous string o f "dah s" shou ld cause
th e pla te c urrent to hover a t approxim ately
75'X, o f the key-closed value.')

I ad de d the 15K fixe d res istor across the
"speed" co ntrol to ma ke the spee d change
more linear. The 1.2K fixe d resistor a t t he
top en d of the "speed" co nt rol was added to
lim it the k eyer to p spee d to appro ximatcly
45 wpm.

T he "space" a nd " ma rk " pote nt io meter
resist a nce va lues may req u ire so me j uggling
to cause the no rma l keying re sponse to
occur a t t he mid-ra nge posi t ion of these
co ntro ls. T his juggling is necessary to com
pensate for th e com b ined effects 01" relay
ret urn spring tens ion, rel ay conta ct spacing,
relay a rmature mass , c tc., which d iffe rs from
relay to relay .

Cons t ru ct io n Hin ts

T he fo llowi ng constru ctio n h ints a re o f
fered if the reader cares to du plica te my

Fig. 3. Top view of k eyer showing parts placement. Fig. 4. Sid e view showin g mounting spacers .
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lay out : Use a rect angu lar -shape d piece of
phe nolic pegboard as the base upon which to
mount the circuit co mponents (See Fig. 3).
Use transist or so cket s, so that tra nsistors can
be removed when troubleshooting o r making
co ntinuity che cks on the keyer cir cuitry .

Fig. 5. Bo tt om details.

Suppor t th e phenolic pegboard at the cor
ners wit h metal sleeve spacers (o r eq uivalent )
so that the pegboard is -raised above t he
bo ttom surface of the me tal cabine t. (Se e

Pig. 4 .) Use long machin e screws to secure
the phenolic pegboard to t he metal cab ine t.
Pass these long screws up ward through t he
rubber feet, t he botto m of t he cabinet,
through the metal sleeve spacers, and
th rough the co rn er holes in the phenolic
pegbo ard . (See phot os.) Secure long screws
with lockwashers and nuts on topside of
pegboard. Use a 1{8 in . thi ck , 2 in . square
piece of plexiglas to -insulat e th e 3-conducto r
ja ck sleeve connection from t he hole in t he
backside of the keyer metal cabinet. Insert
rub ber grommets in the holes on t he back
side lower ski rt of th e metal cabine t t o
pr ovide protection for transmit ter key lea ds
and power supply lead co nnec ti ons to key er.
Wh e n l ocating 3-co nducto r jack and
" speed ," " space ," and " mark" pot en tio
met ers be sure to t emporarily install th e
pheno lic pegboard , so that the locat ions for
the jack and pot entiom et ers can be chosen
in a manner whi ch w iII not in terfere with the
com ponents on the pegboard .

. .W6JJ1

l "A Simp le Electronic Key," Wes Hayward

WA6UVR , QST Dec. 1965 .

For Antenna/R. F. Type Coax Switches
insist on Barker & Williamson
quality switches.

B. & W. PROTAX Model 375 (Switch up to 6 an tennas)

Single Pole---5 pos it ion switc h with automatic grounding to
gi ve you t hat add ed protection from li ghting damage. Rear
mo unted connectors.

B. & W. PROTAX Model 376 (Switch up to 5 antennas)

Single Pole-5 posit ion switch with t he same protect ion fea
tu res as above but with side mounted conn ectors.

B. & W. 595G (Sw itch up to 6 an tennas)

Single Pole-6 position switc h wit h the same prot ect ion fea
tur es as abov e. Designed for DESK top operati on or WALL
mounting facilit ies . Attracti ve gray fini sh whi ch will enhance
the appearance of any C. B. or Ham Shako

PRICE

$17 .95

$1 7.95

$14.9 5

36

c(~ BARKER .• WILLIAMSON INC.
. ' CANAL STREET. BRISTOL. PENNSYlVANIA 19007 • (115) 788-5581
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Vern on Fitzpatric k WA80!K
McLain Park , M 203,
Hancock MI 49930

EMERGENCY
POWER

FOR THE
HOME OTH
When t he power goes off, do you reach

for a candle or a power transfer swit ch? A
small gaso line-powered alternator wired into
th e home elect rical system can provide a lot
of peace of mind by just being there. I live in
a relatively remote area in the upper penin
sula of Michigan . Pow er fa ilures are not
uncommon, and they can be a real incon
ven ien ce.

I inst alled an alt ern at or large enough to
operate the furn ace, a few lights and the
lower powered ham gear in the shack . The
alt ern ator was installed to be easily re
mova ble for field day or emergency service .

Installation

Near ly every inst allation will have at least
slight variations. Also, wiring code re
quire men ts are not uniform nation wide .
Some areas permit solderless connectors in
service boxes, as wou ld be used for
connec ting the alternator input line to the
wiring harne ss. Other areas require all
connections in servi ce boxes to be made at
rigidly mounted terminal blocks. Some may
require the large commercial power tra nsfer
box regardless of the size of th e altern at or.
If in do ubt, contact t he power co mp any, or
pu blic utili ty commission. It is bey ond the

scope of this article to go in to the deta ils of
all types of installations or the automati c
and semi-automa tic power transfers.

There are two basic precautions to
observe when inst alling an alternator. First,
most po wer companies require a reasonab ly
fail-safe switching system for power transfer
so power from the alternat or cannot be fed
to the power line s. The in terconnect also
preve nts t he power from being accidently
fed to t he alternator wit h disastero us results.
The ideal switc h is the commercial power
transfer switc h. These switches are require d
fo r the larger 220 volt alternators . An
acceptab le . and considerably more

Alterna tor moun ted in garage.

NOVEMBE A 1972 PS-14 37



2 20 VAC {

NEUTRAL

I i

\ ) \ )

-J
MA IN DI SCONNECT

rr-.
LINE 9US

I
,

IDOA ,
rr- LI NE BUS

I
,,

NEUTRAL 8US

I L""
,
I IO- Z OA FUSES
I ~ DEPENDING ON

-- TRANS FORMER I
AL TERNATOR

TO ALTE RNAT OR
12 - 2 AWG OR
LARG ER

Fig. 1. Residence service box modified fo r power transfer switching.

economical, switch can be made for the
small 115 volt alternators.

I have a hybrid service bo x with a circuit
breaker for main disconnect and fused
circuits. An all-breaker bo x would be wired
essentially the same. The fused main dis
connect will be described later .

The service bo x cover was removed and a
30 amp double pole single throw toggle
switch was mounted to line up with the
circuit breakers. The switch was a surplus

, I

Servic e box modified for power transfer. Not e
in terconnect be tween main breaker and transfer
swi tch. Sign al switch is above transfer switch .
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unit with holes in the handle. A 1/16" steel
rod was formed to make an interconnect
between the switch and circuit breakers. The
rod must be formed so it won't interfere
with the circuit breaker action. With the rod
in place, t he alternator is automatically
disconnected when the main disconnect is
on and connected when the disconnect is
off. To wire the transfer switch a wir ing
harness can be made from a piece of No.
12-3 or 14-3 stranded flexible cable. Length
will depend on box. An additional two
circuit fuse block ' was plugged into the
service box. If you use t his system, be sure
the fuses connect to each side of the line. If
there are no extra fuse circuits, the alter
nator can be connected directly to the main
bus lines, as it is fused at the control panel.
Starting at the fuses, strip and connect the
white and black wires . Cut off the green
wire. Dress the cable to the alternator input
and slit the cable to expose the gree n wire.
Cut the green wire and connect it to the hot
alternator input. Make the remaining cable
long enough so the service box cover can be
removed for service. Strip the white and
black wires and connect to the outside
terminals of the transfer switch. Strip the
green wire and connect to both center
terminals of the transfer switch.

I have not made an installation for a
fused main disconnect. Based on my wiring
experience (licensed journeyman) the
following notes will aid in making an
acceptable installation. Bring the alternator
input into the service bo x as with the circuit
breaker box. The wiring harness can be a
two conductor stranded flexible cable of No.
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TO ALT ERNATO R

SIGNA L
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SEL L
TRANSFORMER
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MODIF IED PULLOUT

Fig. 2. Alternator co nnec tions fo r p ull-o ur disconnect box.

1-2 or 14 wire for this box . Strip the white
and black wires . Connect the b lack to t he
alternator input. Brin g the cable out of the
bo x and make it long enough to easily reach
the main disconnect pu llout. Get a replace
me nt pullout and drill it so the black wire
can be co nnected to both fuse terminals on
th e branch circuit end . Drill the pullout so
the white wire can be co nnec ted to one fu se
hol der on the line side . The white wire will
be used for the signal sys te m described later.
Bend the short fu se holder clip soa fuse
cannot be inserted in this modified pullout.
Make an insulated (wood is okay) holder for
this pullout. The insulated ho lder will permit
test running the alternat or with no danger of
shor t or spo -'" to anyone aro und the service
bo x " ' i l'- :i the alternator is running.

To transfer the po wer, the main dis
co nnect is pulled out as usual. Plug in the
mod ified disconnect for alternato r power.

There are many other types of resid ence
service bo xes. The two described are the
most popular in this area. If you have a pull
lever for a disconnect , a small two-circuit
lever bo x can be mo unt ed above or belo w
the service box and interconnected with a
ste el rod. ,

It is convenient to have a signal system to
indicate when main line power has be en
restored. A bell transformer can be mounted
inside the service box and connected to the
main line input terminals.

Th e transformer is on , even with the main
disconnect off , so it must be mounted inside
the service bo x. A swit ch was wired in ·the

TO ALT£ RNATQR".L AMP

10-lOA
M'N I- BR[AK(R

0 -30
A AMP.AC

r---------,
1 I
I
I
I O-I :!IO

VAC v

TO S[ I'IVI CE BOX { +----t---+---------~I-----+--.J
C ONNECTI ON FO R -+ ----<~--------------t_----'

~O X WIT H ......- - -
UNGROUNOEO NEUTRA L L ---l

Fig. 3. Alternator panel (op tional ).
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Ex haus t wall pla te ma de from 4 " junc tion box
cov er. S ee tex t.

secondary of the transformer to turn the
signal off for normal use . A buzzer or be ll
may be used fo r a signal. It is not necessary
th at th e transformer be mounted in the box
with a fused main as the tra nsformer is
plugged in only when the alte rnator is in use .

The hooku ps described connect all
circuits in the residence to the alte rnator. A
small alte rnator will not carry all appliances,
so a list of appliances to be turned off when
using the alternator should be attached to
the service box cover.

The second basic pre caution is the engine
ex haust. Locate the alternator as close to an
outs ide wall as possible, and preferab ly in
the garage of an outbu ilding. A small
ex haust leak can accu mulate lethal quan
tities of carbon monoxide in a closed area. It
is also imp ortant to have a free air flo w fo r
pro per cooling of the engine and alternator.
My unit was moun te d three inches off the
floor to aid in oil changing. A low tone
muffler is a good investm ent. They are
considerably quieter th an the standard
mufflers. A flexible muffler extension for
small engines can be mad e from flexib le
conduit. Use muffler cement to seal the
co nduit to the threaded end s. Drill at least a
tw o-inc h hole in the wall for the ex haust. A
wall plate was mad e from a four-in ch
junction box cover with a center knockout.

Two more ho les were drilled in the cover
fo r fastening to the wall. Place a pipe
coupling against the inside of the plate. The
flexible pipe end will thread into the
coupling. Turn a pipe nut on a short nipple
and thread it into the cou plin g from the
outside and through the kn ockout hole in
the plate. This will hold the exhaust pip e in
place. Turn an elbow on the nipp le to keep
the rain out .
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Alternator panel. Vol tm eter is on left . Ammet er is
on right. The minibreaker scre ws in to a s tandard
fuse b older.

The alternator was fas tened to the base
with two lag screws. Rubber shock mounts
fo r the lags were made fro m small sink
stoppers.

A control panel was mad e fro m a
5 x 7 x 2 in ch aluminum box. If met ers
larger than 2~-inch face are used, a larger
box will be required. The panel has an
ammeter and voltme ter. The voltmeter is
optional. The am meter is very convenient
for checking th e load. A minibreaker and
fifteen-watt lamp were put in the pan el. A
flex ible lead was made from heavy (14-3 or
larger) extension cord to plug the pan el into
the alternator. "-

To use the alternator for portab le use,
remove th e lag screws, u nplug the cor d,
remove the elbow, close nipple and flexible
exhaust from the engine. This takes about
two minutes.

You will find that wiri ng for the alter
nator is mu ch more convenient than laying a
wire from the alternator to the service box
and then connecting it up with alligator
clips. Also the family will he able to use it
when you are away.

The installation described is for alter
nators from 1250 to 2500 watts. Smaller
units do not have enough out put to be
worth wiring them into the home electrical
system. Larger units are not easily po rtab le
(unless tr ailer mounted) fo r field day or
emergency use.

The new catalog of alternators and
supplies arr ived after this article was written.
Flexible exhausts are now available with
standard pipe thread ends in sizes from ~..
to I~". These exhausts will fit the wall plate
described wit hout change.

.. . WA80lK
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KIT $29.95 $34.95 Wired
(Ad d $ 1.0 0 for 16 ton e ve rsio n )
($ 2 .00 fo r dual oufpu t ve r si o n )

NOW run yo ur ent ire mobile rig, tu be t ype or so lid state, including amp lif ier at
home with t he new WALLER 60 and 12V supply.

Th e "TE S C Q-PAO" h a s n o
tu ned co ils t o go off fr eq u en c y ,
no t un in g n ec e ssa ry o r ev e n t h e re !
I t 's al l in o ne " B lack Box l .C."
ready t o go . T he " T ES C O - PA D"
has a 1 secon d h o ld -u p f o r you r
tran s m i tt e r, comp lete P.T .T.
o p e ra t ion , availab le w ith d ual
a ud io o u tpu t lev e ls , 1 2 o r 16 to n e
com b inat io ns.

TUNE·UP METER MODEL UT·l
Portable Tune-up Meter with cables to plug into MOTOROLA. LINK, GE,
STANDA RD, Etc ., This un it gives yo u the meter fun ctio ns of t he rad io being
tes t ed in a 1-2-3-4-5 etc ste p to simp lify tu ne-up. The u nit has a built in Field
St re ngt h Meter . Get yo ur o rder in now $49 .95

The UT· l comes wit h one cable, your choice at no ch arpe: Ext ra cab les (spec ify
rigl . $4.00 each

!

~~~

! w~i~~~u~~~~Jts~~~~S \
§ P.O. Box 99 13, Chevy Chase, Md. 200 15 ~! Telephone 302-652-0996 I

1

CALL OR WRITE WALLER NOW
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Don C. Miller W9N TP
Box 9S
Waldron IN

HIGH POWER MOBILE.
THIS TIME THE EASY
WAY

• •

M Obtling has always been one of my
favorite modes of ham radio. I can

remember bac k in the late forties when I
used a low po wer homemade A.M tran s
mitter. My mobile contacts were few and
the cost per co nta ct averaged abou t ten
do llars .

Eventually I learned abou t loading coils ,
antennas, a nd mobile power supplies. I
began to get good result s with my 807 ,
whi ch was lat er replace d with a 6146 . It
was ab out this time th at I became em
ployed (previously in school) and I buil t
my first h igh power tra nsmitter fo r the
1949 Chevrolet. This final amplifier had
four 8 12s in pu sh pull, was modulated with
four 81 1s and th e de plat e supp ly was an
ac 60 cycle power sup ply u sing 866 me r
cury vapor rectifiers. The power source was
an o ld Bend ix aircraft 800 cycle altern ator
th at I mo dified to wo rk from a belt
connected to the engin e. The centrifu gal
clu tch and carbon pile filed regulator ke pt
the voltage to ab out 110 volts ac. This
alte rnato r also had 24 volts d c available
which I used to remotely turn my tuning

42

capaci tors with d e motors from the fro nt
seat of t he car;' There were two sets of
meters on th e transmitter and it was
possible to tun e th e tru nk mounte d final
amplifier from the trunk or the op erating
pos itio n in the fron t seat. So me wo nderful
DX was worked from this 1949 Chevrolet
bu t after 130,600 mile s and 11 years , [
reluctantly removed the rig and bought a new
196 0 Chevrolet .

Next [ buil t a small 100 watt 6 146 SSB
monob and tra nsmitter for th is car and f
began to see the advantages of SSB mo bil
ing. The results wit h the 100 watts o f SS~

was equivalen t to th e ease of making
co ntacts on t,he 1000 watt AM rig. No t
being sat isfied with a single ban d tran smit
ter 1 eve ntually succumbed to a salesma n at
the u sed ham equipment counter and
bro ugh t home a used KWM- I . 1 co uld now
wo rk three bands and I found my cost per
co ntact had dropp ed to ab out one cen t.
This was quite a change from th e begin
ning.

During t he ne xt six years I worked
hundreds of s tations on the KWM-I and
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h auled it all over the United St at es. Like
all good mobilers, I put off t he purc hase of
a new car as long as po ssible but in 1966 a
new Chevro let was purchased and the
KWM-I was transferred over.

With a new car and all the ex perien ce of
high powered mo biling of the pa st , I began
to dream of a KW lin ear fo r the ear.
Eventu ally Heat h kit br ought ou t-the HA-14
and I was an early purchase r of the gear
with its de to dc transistor converter . A
whole new layer of contac ts was possible
because of the extra " S uni t" which set my
signal slightly above the other mobile sta
ti on s. Th e Heath linea r per for med very well
as long as the power supply held out.
Without going in to a long story . it can be
said that the power transistors in the po wer
supply could n ot be mad e to last. Heath
was very gen erou s about supplying free
replacemen ts of these transisto rs, bu t
neither Heath nor I ever really succ eeded in
solving the problem. I eventua lly decid ed
to tac kle the problem ano ther way. I used
the 60 cyeIe ac supply on the HA-14 and
inst alled an ac inver ter in th e car. This
invert er worked well but eventually the
transistors gave me tro uble and I was
forc ed to turn to o ther sources for mobile
power.

The old Ben dix alt ern ator. kept corning
back to my min d . I really didn ' t wan t to
put that mo nst rosity in the new 199'0 (y es
ano ther Chevro let) car so I looked around
fo r ano ther ro tating power source.

At the Cincinnati hamfest several years
ago I saw a remarkable demonstration of a
mobile power source (Don Smith, Fairfield
OH). A small ac alternator was belted to an
automo bile and was electri cally loaded with
t wenty 100 watt incandescent ligh t bulbs.
Th is demonstration ran all day contin uous
ly witho ut over h eating. The alt ern ator was
mad e by Por ta-Power of Sarasota , Flo rida
and was ma de in severa l po wer levels fro m
3 to 4 KW. Th e alte rn ator had a tran sistor
field regu lator to keep the volt age co nsta nt
at 120 volt s. With th e variable RPM of the
car, the frequency varies over wide limits
but since th e alternator frequency is always
above 60 Hz th ere should be no problem
with 60 Hz ac power transfo rmers. Contact

was mad e with Port a-Power and even tually
I was the proud possessor of one of these
rotati ng bea uties. This pa rticular alt ern ator
was rat ed at 3 KW. It was mo unt ed as

It seemed that as I grew more interested
in high power mobile t ran smitters th at cars
grew sma ller. I used to be able to sit
straigh t u p in a standard Bel-Air, but in the
new 197 0 my head hit the roof, my knees
had to be in a non-vertical position to
avoid th e steer ing wh eel, and my knuckle s
disappeared into th e dashb oard when I
shifted gears . f hate to think how a
comp act car would fit me. The old KWM-l
still performed per fectly after 300 ,000
miles an d I man aged to get i t moun ted on
th e transmission hump of the car.

Heath kit was now in pro duction wit h
their new 2 KW SB-220 linear and I knew
that this piece of eqiuipme nt had to be my
next high power mobile am pli fier. When it
came to mounting the SB-220 under the
dash it was a differe nt story. I did want to
be able to see the me ters from the driver
op era ting position so I built a small re
movable ta ble whi ch moun ted on the
floor un der th e dashboard on th e , XYL's
side of the car . L might add that th e reader
might not find their . XY L as agreeable , bu t
my wife, W9CNW, was so brow beaten
afte r passing the Extra Class exam that she
agreed to let me d o this before she had
regained her sanity. Photo 2 shows the
story . When we are on the air my occasion-

Ph oto 1. The Por ta-Power alternator can be
seen behind th e radiator an d battery. The tr an
sist or Fjeld regulator is jus t behind the alter
nat or. Th e SB-220 is plugged in to the 110 volt
ou tle t near th e regu lator.
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AN INVALUABLE REFERENCE
Gives the broadest cover age in the field, in
cl udi ng the latest informa tio n on new high
frequenc y li nea r amp l if ier s of 1 and 2kw PEP
outpu t featur ing the new 8874 and 8877 tubes,
a new so lid -stale LED-read ou t receiver, new
high-perfor man ce 2-mete r " moonbounce " c on
ve rter, and so li d-state f-m ampl if ie rs fo r vhf. A ll
eq u ipment described is of mo de rn design, free
of TV/ prob lems. 6th " x 9% ": hardboun d.

Special
Prepublication Price

on the completely updated
19th Edition of the E&E

RADIO HANDBOOK

Pho to. 2. The KWM-l and 88-220 are mounted
under th e dash . The secon d mik e is for the
Motoro la 2 meter FM fixed f requ ency t w o way
radio . A co mmon sp eak er is used for th e K WM·l
and FM radio.

al passenger feels somewhat apprehensive
whe n the plate me ter reads 3000 volts.

The only mo dificat ion on the SB-220
was changing the spl it ph ase fan moto r t hat
re fuse d to tu rn on th e varying freq uen cy o f
the ca r alternato r. Th is fan moto r was
replaced with a 12 volt de mo tor wh ich
uses rectified ae from a 24 volt filament
tra nsfor me r. The 12 volt fan could have
been ru n on the-car's 12 volt sys te m, but I
want ed to preserve the abilit y to ru n the
mo bile syste m on a 60 cycle exten sion
co rd when parked at motels.

Th e results have been all th at was
expect ed . DX is very easy to work. I cun
switch off the linear by a toggle switch on
the co ntro l box o f th e alte rnator. All
stations con tacted report a change of tw o S
units when the linear is switc hed off and
on. The center loaded an tenna is a Master
Mobile o pen coi l typ e . Poor resu lts have
always been obtai ned with o ther types of
load ing co ils that have solid d ielectric . T his
type heats wit h rf. No ante nna coro na
discharge pr oblems have been ohserved .

Mobil ing has been particularly good in
recent years on In tersta te highways. It
appears that th e metal in the co ncrete acts
as a very goo d gro und pla ne which gives
ef ficient low angle radiat ion. Mobilers, let's
give those fixed sta tio ns som e compet ition.
Th is mo rning t wo fixe d stations asked t wo
of us mo bilers to change frequency. Th ey
just cou ldn' t b rea k thro ugh our signals.

.W9NTP

Pre
publication
price
only

$1395

Address

Name

By fa r the most pop 
ular manual in the radio

indust ry for amateurs , e lec -
tronics engineers . and technicians,

th is co mprehensi....e book has been completely
revised and upd ated by it s author, Wi ll iam I.
Orr, W6SA I.

LATEST HOW-TO-BUILO DATA
The new 19th Ed ition of Rad io Handbook co n
tains authoritative , detail ed inst ructi ons fo r de
signi ng, bui ldi ng , and opera ting all types of
rad ioc om munic ations eq u ipme nt. It pr ov ides a
co mp lete und erst anding of the theo ry and con
struct ion of all modern c irc ui try , sem iconduc
tors , antennas, po wer supplies, full da ta on
wo rkshop pra ct ic e, test equ ipm ent, rad io m ath,
and cal culations.

PREPUBLICATIO N OFFER !
No. 24030, Ne w 19t h Ed. Rad io Han dbook
Specia l price unlil Nov. 30, 1972 51 3.95
(Alt er Dec. 1. 1972. regular pric e will be 514.95)

Orde r from your e lec tronic parts d istr ib uto r o r
books tore . o r send cou pon be low :

r- --------------.------------------------,r: HOWARD W, SAMS & CO., INC . 7311 2 :
::.. 4300 W. 62nd St., Indianapoli s, Indiana 46268 :

::; Send me the new 19th Edition 01 Radio Handbook 1

at the special prepublic ation price of $13.95 :
S enclosed. 0 Check 0 Money Order I

o,,,,,,,
!• • 3~~ ~~:: :~ J
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Bill H ois ington Kl eLL
Farover Farm
Peter borough NH 034 58

220 MHz:
FRONT END
USING FET'S

T his articl e describes the design, circuit,
and practica l working model fo r the

hom e brewer. One rf', mixer, and channel
cry stal L.O. are used. A second similar rf
stage may be used as desired.

Toda y ', FET

The protec ted and insulated dual gate
metalli c oxide semicondu ctor field effect
transi stor, to spell ou t ju st what is insid e one
of t hose little tin cans, is shown in symb ol
form in Fig. 1. This device is good for rf
amplification up to 500 MHz, which makes
it fine for 146, 22 0 and 4 32 MHz.

The main feat ures are high gain , high

inpu t impedance, large reduction of inter
mo dul at ion (which is important today with
ever-growing band occupancy and climbing
transmitter outp ut powers) , no neu
tralization is required, separate inputs for
signal and L.O. when used as a mixer, large
dyn amic range which also hel ps on nearby
signals, protect ion from transient HV inpu ts,
and last - but not least - easily applied low
drive pow er age to keep down distortion on
stat ions a few bloc ks away.

Design

A good prac tical, stable rf stage for 220,
single wire-coupled to an other FET as a

3N200

'"""'''

GATE

"" a

DRAIN

GATE

"'"

SOURCE, SUBSTRATE
AND CASE

,
FIllED BIAS
GATE NO.2

RF OUT
OIlAl"

Fig. 1. Th e 3N200 and its connections wh en moun ted upside down on baseboard.
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Fig. 4 . Circuit of rf stage.

boards to get together sets of tested and
work ing parts for a fin al lay out. For exam
ple , if you wish to make a PC board , or
incorp orate this circuit into a very small
box, the test boards shown allow you to
check several sets of components and then,
knowi ng th at th e coils, capacitors, etc., are
correc t, in stall them in t he fin al for m
cho sen . For very. small units or PC boards ,
using pre-tested components also makes for
a much neater final jo b. Every try to mo dify
a PC bo ard ?

Signal Gene rato r and Test Circuit

The low cost sign al generator used h ere
has such a low ou tp ut on the harmonic used
for 220 MHz that it is almos t inaudible on a
10 .7 d i o d e t uned circui t (see Fig.
3) - without th e rf stage, th at is. Bu t th e
ampli tu de level remains steady , allowing you
to bu ild up the stage gains in a relative
fashio n in good sty le. Exa ctly as shown in
this ar ticle, as in: Fig. 3, the re is about 4,000
micro volts into th e diode wh ich moves th e
meter in great shape, and th e audio signal
will drive you out of th e shack if you do n't
turn down th e gain. Th e whole idea of thi s
setup is th at you can see every thing that
contri butes to rf gain, conversion to 10.7
MHz in the mix er , matching, and stabiliza
tion, which is wha t you're after here . Also,
when every thing is tu ned and matched cor
rec tly , th e noise figure will b e mainly what
th e manufacturer says it is. For th e 3N200

220 MHz

10.1

"",0'"

Fig . 2. Blo ck diagram of 220 MHz converter.

du al-input mixe r, and a cha nnel type crystal
contro lled L.O . are shown. Low cost
met hods of testing are describ ed, assuming
th at mos t do-it-yourselfers, like me, cannot
afford signal generators and other test equip
ment costing hund reds and/o r thousands of
dollars . This tuner was built and tested with
a $30 rf genera tor an d a $14 volt meter.
Because th e th ree are described as separate
units an d are connecte d by single wires, no
overall schematic is need ed (see Fig. 2).

The rf source connec tio n (Figs. I , 4 and
5) calls for special atten tion. Use two of the
smallest ceramic t 000 (or 10,000) pF capac
itors available, about 1/8 in . square, and
solder the m carefully to th e source lead, pin
No.4, as closely as po ssible to the case. I
used Lafayette stock No . 33 R69 022, to be
exact. Th en solder on e of the capa citor leads
to the copper clad baseboard and one to th e
shield. These leads should tie down the
source lead for rf feedback and no oscil
lation should now occur , even when the
inp ut an d output are tuned to exactly 220
MHz.

The pictorial layouts shown provide
working unit s and also make good test

0-50
pA METER

~
'.,

AMP.

Fig. 3. TflI6t se-tup fOr t,m ing rf stage.

1.1" 3 TlJRNS ~. 12 WIRE
TAP AT 1M 1'0 112 TURN

~~~.~ ~DG DO·

L2 ' J TL"flNS ~. 12 WIRE:
T"P AT I TURN FllOM
~ E~_ 00' 7116"
314 LONG
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CW or RTTY, whichever way you go ,

HAL HAS TOP QUALITY
YOU CAN AFFORD!

TOP QUALITY R T T Y • • • WITH THE HAL
MAINLINE ST-6 TV. Only 7 HAL ci rc uit boa rd s
(drilled G10 glass) for all features, plug-in Ie sockets, and
custom Thordarson tr ansformer for both supplies, 115 /
230 V, 50·60 Hz. Kit wit hout cablnet,only $135.00; screened,
punched ca bi net with pre-drilled connector ralls, $35.00;
boards and complete manual, $19 .50; wired and tested
units , on ly $280.00 (wUh AK-1, $320.00).·

OTHER HAL PRODUCTS INC LUDE:
10·1 Repeater Identifier (wired circuli board) .
10-1 (completely assembled in 1%" rack

cabinet)
HAL ARRl FM Transmitter Kit .
W3FFG SSTV Converter Ki t
Mainline ST·5 TU Ki t .
Mainline AK·l AFSK Kit
HAL RT-1 TU tAF$K Kit

· $ 75.00·

· $115.00 ·
· $ 50.00·
· $ 55.00·
· $ SO.OO·
· S 27 .50 ·
· $ 51.50 ·

TOP QUALITY••• WITH THE
HAL 1550 ELECTRONIC
KEYER. Designed tor easy opera
tion; perlectly timed CW with optional
automat ic 10 tor sending ca ll letters .
gr eat for OX and RTTY; TIL circuitry,
tr ansistor switching tor grid bl oc k,
catho de key ing. Handsome rugged
crackle cablnel with bru shed alumi
num panel. With 10,only $90.00; wi th
out 10, $65.00. ·

TOP QUALITY•••
WITH THE HAL
MKB-I MORSE KEYBOARD.
As easy as typing a letter-you gel
au tomat ic CW with variable spe ed
an d weight, in ternal audio oscillator
with volume and tone controls. in
tern al spe aker, and audio output jac k.
Sm ooth operat ion; completely solid
st ate. TIL ci rc u itry using G10 glass
boards, regulated power suppl i es,
and high voltage transistor switch.
Optional automatic lD avail ab le. As
sembled MKB·1, $275.00; in kit form ,
$175.00. •

NEW FROM HA L - TOP QUALITY
RVD-IOOZ R TTY VIDEO DISPLAY
UNIT. Revolutionary approach to amateur
RTTY • .• provides visual di splay of received
RTTY signal from any TU, at lour speeds (60, 66,
75, and 100 WPM), using a TV receiver modified
lor video monitoring. Pan asonlc soli d-state TV
recetver vmceuce, or monllor only, available.
Complete, $525.00; Panasonlc TV receiver /
monitor, $160.00; monitor only, $140.00.*

TOP QUALITY•••WITH THE HAL RKB-I
TrY KEYBOARD. Gives you typewriter-easy 0p

eration with automatic leiter/number shiN at fo ur
speeds (60, 66, 75, and 100 WPM). Use with RV~1002

video display system, or Insert In loop 01 any tele
printer , lor last and easy RTTY . Completely solid stale,
TIL circuitry using 010 glass boards, regUlated power
supplies, and tr ansistor loop switch. Opllonal auto
matic 10 available. RKB-1 assembled, only $275.00; In
kit form, only $175.00.·

HAL pro vide s a complete line 01 componenb. semi-ccedcctors. and IC's 10 1111 practi cally anr co n
struction need . Send 24c to cover po stage lor catalog with inlo and photos on all HAL pecou cts
availa ble.

· Above pri ces do not include shippIng costs. Please add 75¢ on parts orders, $2.00 on larg er kits .
Shipping via UPS whenever possibl e; tnereicre . street address requ ired.

HA L COMMUN ICATIONS CORP., Box 365 L . tjrbana, IlI;no;' 61801
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coPP£A Q.4D BASEBOARD SttEI.D

Fig. Sa . Pic torial view of r f stage. Not all parts shown for clarity.

th is is so mewhere aro un d " ty pical' 3 .9 dB
at 40 0 MHz. For 22 0 it will be lo wer and
very good . Believe it or no t, I can hea r rad ar
signals using just o ne diode for the i-f in th e
test c ircu it shown in Fig. 3.
The rf Stage

The sche ma lie is in Fig. 4 an d th e
pictorial lay ou t in Figs. 5a and 5b . This
shows th e p in view wit h the signal flo win g
fro m left to righ t. Att en tion should be paid
to th e three bias voltages , sel f bias on th e
so urce (similar to a cathode or an emi tter)
and sepa rate fixed bias voltages on each of
th e two gates. By passing the so urc e is th e
only real critical po int , an d if you do it
corr ec tly a t fi rst yo u can fo rget abou t it
fro m then on. Use several o f the sma llest
availab le cap acitors such as the Lafayette
1,0 00 pF jobs, which are o nly 1/8 in. sq uare,

Fig. 5b. Side view of rf stage.

SHIELD

and m ak e the co nnections no longer th an
1/8 in .

T wo metho ds for the in put fr om the
antenna are shown because fo r certain ty pes
o f ant en nas one may o ffer hig he r gain than
the o ther. F igu res 3 an d 4 are suff ic ien tly
det ailed for the res t o f the circuit.

LI

~-40 C Lif, : 2. TURNS OVER L1.NOT
TOUCHING. (NOT CRITICAL)

L in VAfff COUPLING TO SUIT .

Fig. 6. A lternate rf sta ge input circuit.

Mixer

There is no thing to o crit ical abou t th is
un it, whose schema tic is sho wn in Fig. 7 and
th e p ic to ria l layou t in Fig. 8. Ge tting th e
L.O. energy in to gate No. 2 mus t be done
with care, h owever , bu t o nc e done you can
leave it a lo ne. It is import ant to get eno ugh
L.O. into the mix er so th a t you can reduce
the amou n t and st ill ma in tain full sensitivity .
This means you have some L.O. power to
spare , wh ich is good. When you do get
su ffic ien t L.G. in to th e mixer, ga te No. 2 de
bias voltage becomes a lo t less crticia l. T he
du al gate mixer h as shown no tend en cy to
self-oscil la te , so metimes a nasty fea tu re with
bipolar t ransisto rs. Rememb er, the circuit as
shown wo rks well !

'"

COPP ER
SIDE

BAS EBOARD
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(NO Sfl lELD USED)

. " ~ ...
." ."

(TUNE TO
10.1 "' ''I I."

" O. ' '0

' 0
t.a "TO 10 J'

loIl1> If"r "' '00
'" asoe

."

1-12
zsos;

."
230,1 .....
f RON L.O.

Fig. 8. Pic torial view of 220 MHz mi x er.

Fig. 7. Schema tic of 220 MHz mixer.

The Local Osc illat or Unit

T he schema tic is in Fig. 9 and the layout
in Fig. 10 . This unit , once set up . needs no
furt her atte ntion. After ch ecking the oscil
lat or in the 4 6 MHz range with a tuned
diode, tune the multi plier to 230.7, or a
little higher as required by o ther 22 0 cha n
nels, and that's it. You sh ould get a volt or
so rec tified de out of the diode L.O . test
circuit sh ow n in Fig. 11. I put in a 2N 3866
which is an ex cellen t mul tiplier in order to
get plen ty of punch o n 232 MHz because the

0"

L O IN
230 .1 "' .. ,

u - 3 TURNS NO 12 BARE WIRE
1/ 16 OD , 3M LONG, TAP AT
1/2 TURN FROM COLl) £N O

U-50 TURNS 1'10 .34 WIRE
ON 3/16 PHENOLI C FORM
(OR SIIdILAFI,FO R 10.1

101Hz)

U '2 lUliN$ 0 11I L 2

only cry stal I had on hand for the 22 0 band
was a 38.667 j ob, whi ch means mu ltiplying
by six . You sh ould o rder your 220 cha nnel
cry stals first an d use th e higher mode (2 20
plus 10.7 ). You can get th is by qu int upling
fro m aro und 46 MHz, etc. Sta ndard fre
quency crystals fo r the 22 0 FM band chan
nels are sh own in the Repeater Bulletin .

You can transfer energy from the qu in
tupler coil to gat e No. 2 of th e mix er in
several way s, but the method shown in Fig.
10 pro duced the greatest sensit ivity . T he
series coup ling capaci to r can. be used to tune
L2. In case it does -no t, add the optional
capa cito r sh ow n in Fig. 9. When checking
the quin tup ler fo r out pu t y ou should of
co ur se u se the shunt capacit o r to tun e L2.
No te again th at you sho uld have so me L.O .
power «left over" - o therwise you will not

TO "l IXER ,
GATE 2

,-"

H
( US E ONLY
IF NE£ DEOI

."

..
;;;

SEX TUPI. ER

"

3- 40 p"

,~,

TAP 4

11---- ------'

4.7 K

+0

Y

"

38 670 CRYSTAt.
(U SE 22 0 t:.HAN"l£L

X1'41. l"l 46 lIIH> RANGE:1
Ll . 16 TURIiS NO. 26 WIRE . ON 3116 PHENOLIC f OR"l

TAP AT 2 f OR OUTPUT
TAP AT 4 f OR fEEDB ACk
(T UNE TO 3 8 .6 OR 4 6 WITH CHANNEl. XTAI. I

1.2 . 3 rull'NS NO. 12 COPPER 'MAt:
5116 0 0. 51B LONG

Fig. 9. Circuit of lo cal oscillator ch ain.
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2-25 pF

°H AL

°

"' Ill ER,
GATE 2

COPf'£R CLAD

Fig. 10. Pictorial view of oscillator chain . Not all parts shown for clarity ,

kno w if yo u have enough. You can check
this by red u cing the quintu pler out put with
a series I K pot in th e emitter o f Q2.

The mixer, oscil la tor an d quintup ler to o k
abou t 16 rn A at 12V in th is uni t. T he rf
stage takes aro und 6 rnA , d epending o n bias
adjus t ments and th e in dividual FET use d.

Figu re 12 sho ws th e optio nal crystal
switc h ing and tweaking capacito rs tha t can
be incorp or a ted t o the cir cuit o f Fig . 9 when
yo u get to wh ere y ou wa nt to use severa l
cha nnel s.

OSCILL ATOR

4 - 4 0 4 -4

o 0

r-j--4,~-r----4 TO OU!l'rl·
2.2K TUf>LER

' · 0 2

2.2K

22K

Fig. 11 . Diode test circuit [ or tuning the oscillator
circuit .

."CHANNEL
SWITOI

" ,K l eLL

Conclusion

A pract ical do-it-yoursel f 22 0 MHz front
end using dual gate FET's has bee n design ed,
test ed , and d escri bed in det ail. Built on th ree
separa te board s, all compo nen ts can be
checked o u t in adva nce fo r red ucti on to
small size, or PC board wo rk. It is vel)'
sensit ive , and with ju st a small vert ical dipole
you will be ab le to get acq ua inted with 220
in you r area .

Fig. 12, Op tio nal oscillator circu it incorpora ting
crys tal switch ing and frequency pulling trimmers.

rQUINTUPl£R

IEP 15
~

2.N36 6 6

"'OMesc.

t a..._IT.~

6 \.:",..CH'1/2 TURN

TUNE TO + 12

"'" M~ O_'~

coese "'" ., e- 
4' LO"IG 1I.0J . 2" WIDE
CENTER STRAP 3 ' LONG
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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 air co mpariso n . . . this ar ray con
ti nues to outperform all com petition . ..
and has for two decad es. Here's why
· . . Telrex uses a un ique trap design
employing 20 HiQ 7500V ce ramic co n
den sers per antenn a. Telrex uses 3 opti
mum-spaced , opt imum-tuned reflec tors
to provide maxi mum gain and tru e FI B
Tri-band per form ance .

ONLY TELRE X GIVES YOU ALL
THESE FEATURES • . .
• Power rati ng 4 KW PEP . . .

rain or shine
• Wind ratin g surv iva l 110 MPH
• Patented broad-band coaxia l Ba lun
• Heavy-duty steel gusset mou nting

plate
Alumi num boo m 2 in., 2V2 in. 0 .0.
x 18 ft.

• Larg e diameter, .058 wall tape r
swaged du ral elements for minimum

weight and exceptional streng th
to weigh t ratio

• Stain less steel elec tr ical hardware

Wi th a Telrex Tri-band Array you get 49
Ibs. of educated aluminum eng inee red
and bu ilt to provid e many, many years
of performance unm atched around the
world by any other make. Longest ele
ment 36 ft. Turn ing rad ius 20 It. Shipping
wei ght 65 tbs. Sh ipping con ta iner 13 in.
x 5 in. x 13 ft.
Note : If no t avail able from your dealer ,
o rde r di rect. You 'l get fast, personal
servi ce.

Tel rex Labs are design engineers, Inno
vator s and manufac turers of the wo rld 's
fin est 3/4 to 160 meter com mun ication
system s and ac cesso ries priced from
$25 to $25 ,000.

For techn ical data and pr ice- on com
plete Telrex line, write for Catalog PL 71.

BALUN

S395TB5EM

Other ~~
Multi-Band - ~~ r.(flY

":;; J!' ~
"''':''."'

Elements shortened ""
to show detai ls.

TYPICAL T EL REX " MONO-BAND" AN TENNAS
15M 3 1 7 - " Monarch" , 10 os o . 3 EI., 4 KWP, 2-1/2" 0.0 , 17' boom
20M 326 - " Mon arch", 10 nan. 3 EI., 8 KWP, 3-1/2" 0.0, 26' boom

2M609 • " Monarch" , 14 DBo, 6 EI., 6 KWP, 1" 0 ,0 , 9 ' boom
2M814 • "Monarch" , 16 OBD, 8 EI., ,8 KWP, 1.375" 0 .0, 14' boom
6M 516 - "Monarch" , 13 OBD, 5 EI., ,8 KWP, 1.5" 0.0 , 16' boom

and ------ many, many mare! send far PL-71 Dept. C

$ 175.00
$355.00
$ 39. 95
$ 59 .00
s 63 .95

--I-:el..e,V' LABORATORIES•e • I .A TV And Communicat ions Antennas Since 1921
Asbu ry Park, New Jersey 07712 201-775-7252



John J . Schult z W2EEY /l
4 0 R ossie Stree t
Mystic CT 06355

The Double Delta isa newand unique
design which providesboth broad-band
and efficient performanceon the low-frequency
bands for a compact, vertically polarized
antenna. Theease of tuning and the simple
construction arespecial features.

During recent years ma ny fo rms have
been developed for reasonably com 

pact lo w-frequency antennas th at would
exhibit bett er efficiency than base-loaded
vertic als, be reasonably bro ad-band, and
have a more pr edic table and controlled
radiation patt ern than random long-wire
an te nnas. Variou s antenna forms have
achieved some combina tion of these elec tri
cal qualit ies, but usually their forms were
such as to pose many const ructional prob
lems . One examp le would be low-frequ ency
cage-type verti cal antennas. The c<:,ne shaped
cage requires at least 8 to 16 radial wires,
an d t he open en d of the cone mus t be at the
apex of the ant enna struc t ure an d not at th e
gro un d end. Also, a good gro und radial
sys tem is required for efficien t operation of
such an an tenna.

This article , however , describes a new and
unique t yp e of compact low-freque ncy an
tenna design which combines many of th e
feat ures of previous designs but ye t is very
simp le to construct an d can have a wide
range of. ph ysical dimensions. No ind uctive
loading is used in the design, it is reasonably
broad-band (over two low-frequency ba nds
with reasonable ante nna dimensions), it can
be fed with any common tr ansmission line,
it has an omnidirecti onal radiation patt ern
and the effici ency is goo d (again wit h
reasonable anten na dimensions) without t he
use of a gro un d radial system . Altho ugh th e
design can cer ta inly be used fo r any fixed
sta tion operation , its ease of co nstruction
an d erect ion makes it par tic ularly applicable
to po rtable op erations.
Basic Design

The design of th e antenna, nickname d th e
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Fig. 1. Th e Double Delta an tenna is basically a
com bina tion of a ver ti cal hal f rhom bic design (A),
frequently called a delta an tenna, and a turnstile
an tenna (B) made from f olded dip ole antennas.

Double Delt a, was not simply " pulled out of
th e hat" bu t is based upon two well esta b
lished and proven antenna forms. Figur e 1
sho ws these forms. The antenna forms of
Fig. I (A) may not appear imme dia tely
famil iar, but it is really just half a terminated
rh ombic antenna which is verti cally orient
ed , and is fre qu en tly re ferred to as a Delta
antenna. It radiat es mainly at high radia t ion
angles, an d is particu larly useful for short
skip work on the lower-frequen cy bands. In
its proper rhombic fo rm and to provide
so me direct ivity and gain , the dimensions of
th e ante nn a have to be fairly large - at least
a 60 ft cente r height on 40 meters, for
instance. However , because the te rminating
resistor makes the antenna non-reso na nt, it
will accep t power over a bro ad range of
frequencies even when its physical dimen
sions are contracted . Th e terminating resis
tor value must only be chosen for given
phy sical dimensions of the an tenna . The

radiat ion pattern of t he ante nna will cha nge
as its dimensions are reduced to the po int
where a small loop configuration is reached .
Generally , th e verti cal plane radiation pa t
tern becomes mu ch broader , and fo r a given
loop or delta size on a given freq uency , the
horizontal plane "radiation may be mainly
broadside or in line wit h the physical plane
of the antenna. Such an ante nn a could be
used alone wit h reduce d dimensions, but one
real disadvantage would be the rad iat ion
pattern change with frequency .

The antenna fo rm of Fig. I (B) is that of
a conventional turn stile an ten na which con
sists of t wo half-wave folded dipoles phased
so that an om nid irecti on al horizontal radi a
tion pattern is produce d. Th e necessary
phasing is often do ne wit h a separat e ph asing
line, but it can also be done by proper
int erconnect ion o f the dipole feed terminals
as shown. When done in this manner, th e
phasing will remain correct over whatever
range the basic di pole ante nnas can be
ope rate d.

Figure 2 shows how the basic two tore
going antenna ideas are combined to fo rm
the Double Delta antenna. As can be seen, it

TOP V IEW

Fig. 2. Th e DouWe Delta consists of two Delt a
anten nas placed at righ t angles to each other and
phased in a manner similar to a tumetile an tenna.
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consists of t wo single Delta antennas orien t
ed and phased like the dipole ante nnas in a
turnst ile co nfiguration. Although the rad ia
tion patt ern of the single Delta anten na will
change wit h frequency (depending upon
dimensions), th e tu rnstile type ph asing
mak es the Double Delta retain an essen tially
omnidir ectio nal rad iation pattern. The use
of t wo Delt a an tenn as fur ther broadens th e
frequency bandwidt h of th e overall an te nna
sys te m. Although a sepa rate terminat ing
resisto r could be used in each Delt a, the use
of a single resist o r was foun d to be suffi 
cien t.

No speci fic dim ensions , even in terms of
wavelength , was mentio ned in th e forego ing
discussion because, in fac t, no har d and fast
dimensio ns can be given. Th e fo llowing
section of this art icle des cribes a Double
Delta an tenna which I const ruc ted for use
on 80 and 40 met ers, but th e dimensions
shown are by no means the only possible
ones. Alth ough studies could not be mad e of
a large variety of antenna dimensions, it
would appear th at go od efficien cy will be
ach ieved as long as th e total lineal leng th of
each Delta element (sides plus bo tt om sec
tion) is made ab ou t 'lJ wave on the lowest
frequency band to be used . The ante nna will
work with shorter dim ension s, but th e e ffi
ciency will suffer. Pro bably an absolute
lower limit would be to make th e lineal
length 1/8 wave at the lowest operating
frequ ency . Even with these rest rictions, the
ante nna height required is only a fraction of
th at of o ther desi gns. The ratio of tota l base
length to height (not side length ) at the
center should no t be made great er than a I : I
ratio . This grea t lat itud e in choosing th e
antenna dimensions is partly poss ible be
cause t he termina ting resistor can be "tai
lor ed " to suit a given im pedance transmis
sion line, an d one is not dependent solely
upon the an tenn a co nfigu ration to esta blish
the feed po int im pedan ce.

Pract ical " Double Delt a" Example

Figur e 3 shows the dimensions of on e
" Double Delta" design which I tried fo r 80
and 40 me ter operation. The total lineal
length of eac h Delta was made about Y.i wave
on 80 meters. T he base lengt h to he ight ratio
was chosen suc h that the height was about
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Fig. 3. Dim ensions of a Double Delt a antenna
which was tested. Coaxial transm ission lin e can
also be used as explained in the test.

27 ft in o rde r to allo w sim ple erec tion of the
antenn a via a rope suppo rt around a h igh
tree trunk .

The ante nna was construc ted of ord inary
stranded anten na wire wit h egg insulat ors
at t ach ed to wo od en stakes, driven in the
ground, used to pla ce the t wo Delta triangles
at righ t angles to each o th er. Special piexi
glass insulator s were fabri cat ed to join the
wires at the apex of the antenna and at the
base where the t ransmission line is jo ine d to
the ante nna. Probably many o ther schemes
can be used for these insula tors, bu t the
plcxiglass typ es are simple and inexpensive
to fab ricat e. Det ails of the construct ion of
these insulator s is shown in Fig. 4 . Th e
upper insula tor joins t he individual Delta
elemen ts in a criss-cross fash ion wit h the
n on-ind uct ive type terminati ng resisto r
mounted on on e side of the plexiglass
insul ato r an d connected by ju mp er wires to
the Delta elements. A ho le was drilled in the
cen ter of th e insulator and 14 in . ny lon rope
kno tt ed und ernea th th e insulator for use as a
support line. The bottom insulat or is basi
cally t he same as th e upper insu lator, except
tha t the jumpe r wires for the Delt a elements
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_ ------- h'';is'~ flkhA" DIVISION
IIITWlA710NN -L!:£!t!I-
~ 3050 Hemp land Road

Lancaster . Pennsy lva nia 17601

T el : (7 1 7 12 9 9 - 3 6 7 1 • Telex 8 4 -8438

IF YOU HAVE ALWAYS WANTED TO

CHANGE OVER YOUR RE PEAlER,

REMOTE BASE, OR TRANSCEIVER

TO SOLID STATE - WHY WAIT?

THIS IS THE ONLY WAY TO FLY:

TYPICAL PERFORMANCE SPECIFICATIONS

Transmitter ou t pu t into 50 ohms 100 MW @ 8.1 v
Frequency Stability :1 0 .0025% 1-35"C to +55" CI, nom. tree. ref .
Current Drain 70 rna. @ 8 .1 v
FM Noise 45 dB below 3.3 KHz. deviation @ 100 0 Hz.
Modulat ion Phase Modulati on
Audio Response t 3d B of 6dB/ octave pre-em ph asis ov er 30G-3000 Hz
Dev iation :!: 5K Hz. (adjustab le)
Cry sta l Mu l t iplicat io n j Sx-tr lmrner for f ine treq . adj . inc luded.

Complete transmitter $35.00

Compl ete receivers for
10, 6, o r 2 meters
Fantastic performers

WRITE NOW FOR DETAILS

DO AWAY WITH ALL THOSE TUBE PROBLEMS
DO AWAY WITH ALL THOSE HEAT PROBLEMS

SIMPLICITY PLUS
WITH A BONUS OF MINIATURIZATION



3 - 4 1ft. SQ . PLEXIG LASS
1/4 -1 /2 1ft. T HiCK

3 - 4 iI'l. SQ . F\...EXIGLASS
114·1/2 .. . T HICK

to at least Y4 of the po wer inp ut of the
transmitter used. The 25 watt resisto r used
wit h t he ante nna shown showed no signs of
overload when used with a 150 watt tran s
mitt er on SSB.

Perfor mance Result s

Swr measur emen ts made on the anten na
of Fig. 3 showed an swr of less than 2: I
across bo th the 80 and 40 mete r bands. It
pro bab ly wo uld be poss ible to furt her re
duce th e swr on anyone band by more
carefu l selec tion of the termina ting resistor.
The to tal ban dw idth of the antenna was no t
de ter mined, since only 80 and 40 meter
op eration was of in terest. Ho wever , th ere is
a good po ssibility that when properly confi
gured the antenna can be used as a tri-band
affair. The on ly possible d isadvantage to
such operation is that as the Delta elem ents
becom e larger in terms of wavelength, one
may approach th e origina l verti cal half
rhombic design with its very high radiati on
angle .

Comparison rests of t he Double Delt a
design agains t a base loaded 23 ft verti cal
mad e of tu bing consiste n tly showed th e
Double Delt a to pro duce stronger signals on
the order of Yz to '2 "'S," un its.
Summary ~,

The Double Delta shows good pro mise of
being a very usef ul and sim ple antenna for
use on th e low-frequ ency ha nds. No claim is
made th at the optim um dimension s for the
antenn a have been determin ed , but the
results achieved certainly indi cate th e vali
dity of th e basic design .

Many variat ions on the basic design sug
gest themselves, especially if one were in t er
ested only in single-band op eration . for
instance, going back to Fig. 1 (A) , one could
use a varia ble capacito r to resona te the
antenna " loop style" on a partic ular fre
quency . the Double Delt a of Fig. 2 could
then be constr uc ted with a resonatin g ca pa
cito r in eac h Delta . Th is would increase th e
antenna effi cien cy by eliminating the dissi
pat ion loss in the ter minting resistor. How
ever , one wou ld have to accept the feed
poin t im pedan ce thus pro duced and use a
matching net work , if necessary, at th e feed
terminals to co uple to a tra nsmission line.

.. .W2EEY/I

LOADING
RESISTOR

'''' A
(CORNING
R0 3 :O;Pl

JU MPERS

RETAINING a.AMP

T RAHSM'S SlON L INE

WIRE JUIolPERS

""" 'OR ROPESUPf"ORT (KNOT EhO OF
R'CWE UNOER ~SlJLATOtU

arc wired directly fro m edge to edge. The
transmission line used is solde red to the
jum per wires and th e cable held in plac e on
the insulato r by means of a metal or plastic
clamp.

Although a 390n transmission line was
used , any co mmo n imp eda nce transmission
line, includ ing coaxial types, can be used by
pro perly choosing the value of the termi na
ting resisto r. Using I or 2 watt car bo n
composi tion resistors as test resistors, the
value of th e termina t ing resisto r can be
fou nd which produces the lowest transmis
sion line swr over the desired o perating
range . Only a fe w watts of tranm itte r power
outpu t should be used fo r these tes ts
(enough power to properly set the swr
meter) and then a 25-75 wat t resist or
substituted fo r op era tion at full transmitter
power. The wattage rating of the terminating
resist or depend s upo n the dimensions of the
an tenna, but a safe app roach would be to
choose a resisto r with a wattage ra ting equal

Fig. 4. De rails of the upper (A) and lower (B)
plastic insulat ors for th e antenn a of Fig. 3 .
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Product Review:

TEMPO
FMP

H ,ave you ever had t he desire to carry
yo ur FM rig at y ou r side to keep in

tou ch wi th the gang on the local re pe ater'?
The Tempo FMP is a convenien t way to d o
it. You can use it over your shou lde r or in
yo ur car or in yo ur home . Doll ar fo r d oll ar ,
it conta ins many features not fou nd in other
rigs .

Th is little jewel ha s two po we r levels.
There is the ba tt ery saving half-watt o u t and
th e fringe fighti ng th ree wat ts out. The ha lf
watt is perfect for lo cal direct work o r if y ou
are high up in your hote l wh ile t raveling.
The hi gh power po sition is grea t fo r making
the rep eaters that seem to be inst alled o n the
ou tskirts of all cit ies. T he h igh power posi
tion is mo re than adeq uate fo r d riving
amplifier s that require o ne to tw o wa tts of
drive. The self contai ne d batteries are C cells
t ha t can stan d h igh drain fo r perio ds of time .
There is eve n a little switc h o n th e front
panel that allows you to ch ange the me ter
from a S-RF meter to a ba ttery moni t or.
When you pu t it in t he mo nit or po sit ion , a
litt le pilot lamp is turn ed on and the me te r is
illumi nated . Beside s kee ping meter s off the
ba tt eries an d pro ducing a slight d rain , you
check th e battery co ndi t ion on ly wh en
needed . The little pilot ligh t is also pe rfe ct
for ligh ting u p a sma ll ar ea so tha t you cari
read your lo gbo ok .

There are mor e cha n nels in th is po rta ble
rig tha n there are in so me o f the avai la ble
base station rigs. The crystals fo r t he cha n
nels ar e very easil y reached. Jum ping is
simple because there is a lot o f ro o m for
eve n t he st ub biest of fingers t o get in with a
solder ing iron . All crystals can be trim med
righ t o n freq ue ncy. With eight po ssib le
ch annels, you have conven ien ce and versa t i
lity. Leave channels o ne th ro ugh five fo r
you r lo cal work and SI X, seven , and eight fo r

the chan ne ls in the are as that yo u visit' mo st
freq uen tly . Or if yo u live in the cro wde d
Bost on an d New York and Los An geles
areas , all eigh t channels will be filled u p for
local work .

It may be hard t o conceive getting y our
wh ole hand in to a ti ny rig that you can carr y
around with you , but it is tru e. The rig
comes in t wo sec tions tha t are snapped
together. Shades of the low bands, th e
power and rf uni t s are sepa rate! The b at
te ries and speake r are mounte d in the lower
bo x and there is a ca ble in terconnecting the
two u nit s. Au dio and other lead s can be
tapped here . Ther e is roo m for an ac pow er
sup ply , battery charger, to ne b ur st asse m
blies, and mo re in this sect ion . And it is still
t iny . The r f unit has the prin te d circu it
boards fo r the transmitter and receiver and
all switche s and co ntr ols: power, vo lum e ,
squelch, p ower level, me te r swit ch, and
cha nnel selector . This unit is a little less than
half th e tot al size of the whole FMP. You
s:an ca rr y the FM P ove r your sho ulde r in its
leathe r case or you can lay i t flat on your
desk o r mo unt under the dash board . the
ant en na co nnec ts with a t wist on the fro nt
panel BNe an tenna connect o r. The FMP is
sup plie d with a quar ter wave wh ip from
whic h kinks may be q uickly removed even if
you fall o n top of it. The sh ape o f the rig is
rec t angular but wit h a sligh tly slo ping fro nt
pa nel that leans t he an tenna away from your
bo dy and it also le ts the rig look u p at y ou if
it is under t he dash or on you r desk . It looks
sharp where ver you leave the rad io .

The por table F M transceiver, watert ight
leather ca rry ing case, and excellently written
instru ct io n bo ok costs o nly $2 25 fro m
Henry Rad io and t he ir d ist ribu tors. Isn 't
that a low price for such fun?

. . .Staff
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Meet Genave's GTX-2. It gives you pushbutton
frequency selection . . backlighting . .. multi
position switch allows sett ing for lon gtime low
power drain operation . . . netting tr immer for
each transmit crystal . . . easily wired for duplex
crystal operation.

Made in USA, by one of America 's leading air
craft electronics manufacturers, in facilities
registered with and inspected by a br anch of the
Federal government.

N ow read th e specifications! You' ll be amazed at
what you get for the low, low price: The GTX-2,
only $249.95

NEW ALL SOLID
STATE 2 METER
FM TRANSCEIVER
FULL 30 WATTS
10 CHANNELS ~~:;o

NOW ONLY $249.95

GTX·2
2 METER FM

$249.95

(Includes 146.94 MHz)
HamPak·2 portable
pqwer case $189.95

Specifications
GENERAL:

Fron t Paner Size: 6112" x 21/2"
Over-all Dimension s: 9" deep x 6'12"

wide x 2112" hig h
Num be r of Tran sistors: 11 all sili con

t ransi stors, 4 di odes, 5 FETs , 3 inte
grated c ircuits

Power Supply: 12 vee System , negative
ground

Cur rent Drai n: Rece ive .09 amps
Transmit : H igh 5.0 am ps, Low 1.7
am ps

Fre que nc y Range: 144 t o 148 MH z
Number of Channels: 10

(includes 146.940 MHz. Rema ini ng 9
f requencies, at nomi nal ch arge
each fo r insta llation at factory or
by owner.)

Weight: e-res. reocrcx.r

RECEIVE:
Sensiti vi t y: less t han 0.5 microvolts for

12 db SINAD
Im age: More than 45 db
Spurious: More than 50 db
seteettvnn :!: 8 KH z
Receiver Circu it: Doub le convers ion. su

perheter odyne. crystal con trol led
AUdio Output: 1.5 watts at less th an 15%

d istort ion
Mod ulat ion Accept anc e: More t han

7.5 k Hz.
Squelch Thre sh old: 0.5 m icrovolt max .

TRANSMIT:
Fr equency R<lnge: 144 to 148 MHz
Power Output: 30 watts. Nom
Output rm pedance. Matches st and ard

50 ohm amateur an tennas
Deviation : Adjustable to 10 kH z ma x.

General
Aviati on
Electro nics, Inc.
41 41 Kingman Dr.
Ind ole .. Ind . 46226



V ern on Fitzpatrick WA 80 IK
McLain Park , M 203
Hancock MI 44930

A Simple Converter
for Beginners

USING EXPERIMEN TER'S MODUL ES

W ant to build a conve~te r for an y
. frequency from 3 MHz to 170
MH z? The Intern atio nal Crys ta l Company
experimenter kits can be selected and assem
bled to ma ke any in put and ou tput com bina
tion in this range.

A brief explanation of how a converter
wo rks will help you underst and t he func
tions of the stages. Assume we want to listen
to the 20 meter (J 4.00 - 14 .35 MHz) ban d
and we have an 80 meter (3. 5-4.0 MHz)
rec eiver. Our prob lem is to convert the 20
me ter band to th e 80 meter band . Sub tra ct 
ing 14.0 - 3.5 we get 10.5 Mllz . Note tha t
the 20 me ter band is .35 MHz wide. Adding
this to 3.5 we get 3.85 MH z. Logically , if we
subtract 14.3 5 - 3.85 we again get 10.5
MHz. We have thi s co nsta nt 10.5 MHz
difference at any correspo nd ing poin ts on
the bands. If we make an oscillator with
10.5 MHz outpu t and mix it with 14 .0 MHz
we can pro duce a beat freq uency or differ
ence of 3 .5 MH z. Again, any co rre sponding
poin ts on the tw o bands will have a d iffer
ence of I 0.5 ~-I Hz. From this we find that by
using a co nvert er we ca n tunc o ur rece iver
3.5 to 3. 85 MHz an d list en to 14 .0 to 14 .35
MHz.

We could make a co nver ter with oniy a
mix er and oscillator, but it wou ld have som e
faul ts th at would limit its usef ulness. The
fir st an d most obvious is that the 10 .5
mixer . o r injection , freq ue ncy plus the out
pu t fr equency 3 .5 MHz gives us 14 .0 Mll z
which is the desired frequ ency - hut at the

same tim e we have 10.5 MHz minus the 3.5
MH z output freq uency which is 7.0
MHz - so we wo uld also be rece iving the 40
meter ham band at th e same time. T his
undesi red frequency is called the image
freq uency .

To rece ive only the 20 meter ham ba nd
we need a tuned circ uit that will amplify the
20 met er band and att enua te th e 40 met er
band. To do th is we add a tu ned rf amplifie r
stage bet ween the antenna and mixe r.

We produce t he inject ion freq uency wit h
an rf osci lla tor. This can be a typical Hartley
or Colpitts LC (tuned coil- capa citor) con
trolled oscillator or a crystal co ntrolled
oscillator. The ad van tage of an LC osc illa to r
is that the inject ion freque ncy is easily
changed. An adjustab le co il or variable cap a
cito r will permit changing the fre q uency at
will. Th e disadvan tage is that it is no t as
freq uen cy stable as the crys tal co nt ro lled
oscilla to r. Freq uency stab ility is the adva n-
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OSCIL LATOR

ex

~
RF AMPL I- MIXER I- RF AMI'L

~SAX -I I-- MXX - I I- SAX - I
INPUT OUTPUT

F ig. 1. Block diagra m of con ver ter .

tage of the crystal co ntrolled osc illat o r. Th e
disadvantage is that a new crys t al m ust be
pur chased to change freq uency. This injec
tio n or local oscillator frequ enc y is co up led
to the mixer wh ere it mix es, or be ats, with
the signal fre quency and pro duces the o ut 
put fr eq uency (and image) . As the signa l
inpu t to the m ixer is quite smal l, o nly a
weak inject ion fr equency is required -
usuall y not more th an a few m W. Yo u
can not inc re ase the gain o f a conver ter by
increasin g the injec tio n fre quen cy strength .

We can fu rther improve the gain and
signal-to-noise rat io by add ing a tuned st age
aft er the mixer. This is an rf amplifier tu ned
to the o u tpu t frequency or 3.5 to 3.85 MHz
in o ur examp le.

We are now ready to begin co nstruction.
Refer t o the block diagram of the co nverte r
(Fig . 1) and Tab le I to det er min e th e kits to
use for the band you wan t to listen to.

Prepare a 5\4 x 3 x 2 1/8 in . alum inum
rninibox as shown in Fig. 2 . There is ro om to
use any type anten na and outpu t co nnecto rs
you want. I used Motorol a jacks. The switch

Table I : Converter Components
IN PUT RF AMPLI F I ER
To receive signals 3 to 20 M H z use SA X- l LO
To rec eive signals 20 to 175 M H Z use SAX-1 HI
MIX ER
Converte r input 3 to 20 MHz use M XX-1 L O
Conve rter input 20 t o 175 MH z use MX X · l H I
OUTPUT RF AMPLIF IER
Output to rece ive r 3 to 20 MHz use SAX-l LO
Ou tpu t t o rece iver 20 to 60 M Hz use SA X- 1 H I
OSC IL LAT OR
Subtract o utp u t frequen cy from input f req uency
I f difference is 3 t o 20 M Hz use O X LO
If di fference is 20 to 60 MHz u se OX H I
If d iffe rence is ove r 60 M HZ di vi de by 3 and m ixer
will w ork on t hi rd harmonic o f oscil lat o r OX H I
CRYSTAL
Serr -e f requency as d ifference in input-output
above. I f d ifference is ov er 60 MHz ord er cry st al
for 1/3 o f frequency di ffe rence.

60

can be slide or to ggle. Th e min iat ure im
porte d switches work very well.

Assembl e the prin ted circuit kits with the
foll owi ng cha nges: The connector pi ns arc
inserted in the printed circuit bo ar ds whe n
yo u get th em. Caref ully push th ese pins ou t
an d reinser t them o n the foil side . Th is will
pu t all wiring insi de t he mi nib ox an d m ake a
neat er job . Refer t o the ch arts supplied wit h
the k its for co il and cap aci tor combina tio ns
fo r the fre quency you wan t. There are
several coi ls an d capacit o rs with eac h kit.
When you insert and sol der th e co il and
capacitor do not bend the coil ta bs or
capaci tor wires. This will permit easy re
m oval if you wan t to change either for a
dif feren t frequency.

Keeping the ab ove notes in m ind, assem
ble the kits following the d irect ions. The
same in tercon nectio ns and power connec
tions are used with all kits reg ard less o f
frequency . The converter I assembled was
for '2 me ters wit h a 28 to 32 MHz ou tp u t. I
used two SAX- I HI rf amplifier kits . One
MXX- I HI mixer kit. One OX HI osc illator
kit wit h a 38 .6667 crystal (t he crystal is not
supplied and must be ordered sep ara tely.
For the in pu t rf amplifier I used the green
do t co il and 6 .8 pF capacitor. All th e coil
designati on s and capac itors referred to will
be from the charts supplied with the k its.
The mixer also used a green dot coil an d 6.8
pF capaci to r. The o ut pu t is a red dot coil
and 47 p F capacitor. The osc illator has a red
do t coil and 28 pF capacitor. Slugs were
used in all coils except th e osc illator coil
( there is a further note in the summary
about this coil). Make the links from ins tr uc
tio ns in the char ts. Th e schema tic of my
co nvert er is shown in Fig. 3.

73 M AG AZ IN E



BUY HER CHRISTMAS PRESENT NOW!

TRANSMITTER
FIT S INTO
YOU R POCKET

For CON VENI EN CE and SA FETY

MODEL125

Garage Door Opener
w ith ALL-NEW SOLID STATE

RADIO CONTROL

WHOLESA L E

ED I pek e $ 99.95
Reg. pr ice$~
A dd $5.00 shippinq

us e oue
of a button-will open,
close or reverse
your garage door.

• Opens , closes an d locks
your garag e door from ins ide
your car.

• Li ght turns on as door opens
Of c loses

• Stops on cont a ct with any
obj ec t when cl osing

• Can be opera ted e lectr ica lly
without radio control.

• Thermal overl oad devi ce
prote cts against burnout.

• Reverses door whenever reo
quired by push of a button.

Ind ividuall y pack ed in ca rton 36314" x 10" x 10". Ship
ping weight 47 Ibs.
Radio contro l operates on hi gh f requency over 200
megacycl es. ccm qtnanen of RF and modulatio n fre
quen cie s make avai la ble many hun dreds of individuall y
coded co nt rols to assure best security. $
MODEL CTL. 4 19 .95
Tran smitter only (wit h mountin g clip) availabl e when
add iti ona l tra nsmi tt er s ar e requ ire d.
Operator is driven by a powerful motor , 115 volt, ca
pacitor start insta ntl y reve rsib le meter to hand le a ny
residential de er up toJ8' x 7' (Adaptor kit availa ble for
8' high doo rs), .
Overall depth required 9' 7"
Headr oom requirem ent - 134" over highest turning
point of door.

* Model 310 with cover (pictured above)
- ad d $20.00 .

One y e a r Uncondi tional G uar a nte e

From the MID WEST'S LARGEST HA M GEAR SUPPLIER.- our 34th y ear

ELECTRONIC DISTRIBUTORS, INC.
1960 Peck St . Tel. (6 16) 72 6-3196 Muskegon, Mich. 49441



Mount the kit s on the min ibox . The
mountin g screws sup plied with the ki ts are
quit e long. 4-40 x Y.l in. screws will be
neate r. Mou nt the kits so the inputs and
outpu ts line up for minimum connecto r
length . With the three cutouts in fro nt and
the oscillat or cu tout behind , th e signa l inp ut
kit is mounted with the In and Out to th e
left, rf OUT LINK t o the righ t . Th e mi xer is
moun ted with the rf IN and GND to the left ,
GND an d OUT to th e righ t. The rf ou tpu t
amplifie r is mounted with IN and GND to
th e left , rf OUT LINK to the righ t. The OX
kit is mo unted with th e crystal socket to th e
rear and paralle l with t he long d imension of
the box. Use the press-e n connecto rs for
in terco nnecti ons so the kits can be easily
rem oved if desire d.

Step-by -st ep interconnec tions follow. If
there is a nu mb er by the word solder it
indicat es th e number of wir es to be soldered
at t hat term inal.
A wire from the antenna jack (solder) to IN
connector o n inp u t SAX- l (solde r )
A wire from th e HI rf OUT link o n SAX - l
(so lder) to rf IN on MXX-l (solder )

A wire fro m La rf link on SAX-I t o rf GND
on MXX-l (so lder )
A wire fro m rf on OX (solder) to OSC IN on
MXX-l (solde r )
A wire from GND on OX (solder) to OSC
GND on MXX- l (so lde r)
A wire from OUT on MIXX-l (solder ) to IN
on output SAX-I (sol der)
A wire fro m GND on MXX-I (solder) to
GND on outpu t SAX-I (sol der) (note the se
wires cro ss, be sure th ey don ' t touch)
A 2. 5 mH rf choke from HI rf OUT link to
LO rf OUT link (solder) on outpu t SAX-l
A .001 mF cap acito r from HI rf O UT link
on ou tput SAX-I (solder 2) to converter
o utpu t ja ck (solder )

This complet es the rf wiring. The re
ma inin g wiring is for power to t he units .
A wire from one terminal of swit ch (so lder)
t06 V on OX
A wire from 6V on OX (sold er 2) to + de on
inp ut SAX- l
A wire from + dc on input SAX-I (sold er 2)
to + dc on MXX-l
A wire fro m + de on MXX-I (solder 2) to +
de on output SAX-l (solder)
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Fig. 2. Tem plate of converter ch assis.
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Fig. 3. Block diagram of conver ter showing overall circui t.

Batter y connecto r leads Black to G;\,D o n signal strength with th e co rrec t co il-capaci-
OX (solder ) red to swi tch (so lder) tor combin ation. A slug can be used in th e

Th is co mpletes the wiring. Check all OX kit whe n not specified , if you have the
connections to be sure t hey arc co rrect. eq ui pmen t to check max imum oscilla tio n,

Tu rn switch off and co nnec t battery . by using smaller c apacito rs than specified.
Insert crystal. Cen ter all coil slugs (use a The rf choke in th e converter output
plast ic alignmen t wrench , a metal wrench circuit can be repl aced wit h a coil-ca paci tor
will affect th e tuning). Connect co nverte r to t hat will tune the outpu t freq uency. How-
rece iver with short piece of co ax. Connect ever, t he rf-choke and capaci tor are sati sfac-
con verter to signal generato r or a nte nna. Be tory as is, and no tuning o r change s arc
sure receiver is on correct ba nd . T urn con- required for any o utp ut freq uen cy.
verte r on and tune receiver for signal o r tune Th e conver ter is sim ple and yo u can try
signal generat or to correc t frequ ency . When some o f the suggestio ns in the no tes to learn
a signal is hea rd , tun e eac h slug, sta rting with mo re about converters. Th e tuning is so
the signal input co il, for max imum signa l. sim ple that if yo u get " lost " and canno t
Your converte r is now co m ple ted. receive a signal, just go back to the o riginal

Some of the freq uenci es that can be coil, capaci to r and slug tu ning an d you will
tu ned with thi s converto r arc close to the be bac k in bu siness.
edge of a frequency ran ge fo r a particul ar There arc fine arti cles in 73 on the
co il and capacito r. If it is and yo u find that co nstru ction of converters that will give
when tu ning the co il slugs the signal is st ill o utstan ding performance. Aft er you get fa
increasing when you reach th e bottom of th e miliar wit h a simple conver ter - like th e o ne
co il form with th e slug, rep lace t he capacit o r described - yo u sho uld have less apprch cn
with the nex t lar ger capacity supplied with sia n abo ut building one of th e state-o f-the
th e kit. If the sign-al is increasing as the slug art co nverters. The only basic differ en ce will
is tu rned all the way o ut. use the nex t be higher 'Q' coils and more tuned ci rcu its
smaller capa city . Conver sely, yo u could use with the necessar y shielding and bypassing.
the higher and lower frequency co ils . You
should be ab le to tune through maximum
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Walter W. Pinner WB4MY L
73 04 Lorenzo Lane
Louisville K Y 40228

THE THIRD HAND.....
TESTER

... 1 por/fl b /( ~ il1l [Jt' dalH:f' bridge, f"I) '-s/ a/ culib rotor. [ichl s/n' llg l h meier , etc.

W hen was th e last t ime you hung on
the tower o r in a tr ee t ry ing to

co uple your d ip-met er with o rie hand to the
brid ge which was in the o ther hand wh ile
hanging on with the th ird hand - not to
mention the problem of how to turn th e

PA "l Et. I BOTTOIll VIE W]

Fig. l ao Circuit board lay ou t. Meter - CJ..SOpA from
mail order list ed as ligh t m e ter movement; 365 p F
variable - fro m old transist or radio socket & coil
form alli ed radio D1899 45d transistor GE9; JJ 
pin jack for field s trength meter whip antenn a.

dials whil e unta ngling the ex te nsion co rds (if
you had enough to reach) and o t her assoc ia
ted problem s.

Th e fo llowin g ar e co nstru ction de ta ils for
a 3" x 5" ba ttery opera ted, self-excite d built
in rf source impeda nce br idge . With just a
little ext ra effort yo u can also have a field
st rengt h me ter with tu ne d input or us e as a
band spo tte r wh en using crys tals at other
tha n t he ir fund amental frequ ency. You can
also chec k crystals in th e I to 30 MHz ran ge
for activity In addit ion, with a 1 MHz crystal
yo u have a handy dial calib rator or rf signal
source for genera l allignment and pea king of
receiver circui ts.

The ci rcuit is a co m mo n im pedance
br idge co upled to . and d riven by a built-in

Tr ,,,
+

~l)~
~7 '00

10 Z 2 10

Fig. lb.lmpedance dial scale.
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From the World's
Number One Manulacturer
01 Amoliliers
The biggest, broadest, finest line of amateur and

r:I "IIIiIII -
. (i

The 2K-ULTRA The 2K-4 TEMPO TPL Ampli fiers The TEMPO 2001



commercial HF, VHF and UHF power amplifiers

931 N. Euclid, Anaheim, Calif. 92801
Butler, Missouri 64730

2K-4 .• • THE " WORKHORSE"
The 2K- 4 l inear am plifie r o ffers engin ee ri ng, con struct ion
an d f eatu re s second to n on e, a nd at a price th at makes it
t he bes t amp lif ier va lue ever offered to the amateur.
Co nstructed with a rugged ness g uaranteed to p rov ide a
long li fe o f re l iab le serv ice, it s hea vy d ut y components
allow it t o lo a f a long e ve n at f ull leg a l po we r. If you w ant
to put t hat strong c lea r si g na l on t he a ir that you've pro
ba b ly heard f rom other 2K u sers, n ow is the t i m e. Move
up to the 2 K·4 . F loo r co nsole or d esk mod el . . $795 .00

2K·ULTRA . •. THE "ULTIMATE"
Th ere has neve r be en an amateur lin ea r amp li f ier l ike
the new 2K-U LT RA. Sma ll an d l ig h t weig h t , y et ru gge d
an d re liabl e .. . all that t he nam e im p l ies. The ULTRA
loafs a long at fu ll lega l power w it hout ev en the sound of
a blower. Its anod e he at is sile ntly and eff icient ly con
ducted t o a heat s ink throu g h th e u se of a pa i r of Eim ac
8873 t ubes. In f act , all of it s co m ponents are t he very
best obt a ina ble. Th e p r ice ... $845.00

TEMPO/200l
Small bu t p ow erfu l, re lia b le but in expen s iv e, th is a rnpfi,
f ie r is another t op valu e f ro m H en ry Rad io . Us i ng two
8874 grounded gr id t r iodes f rom Eimac, th e Te m p o 2001
offers a fu ll kilowatt o f powe r for SSB ope ration in an
u n be l ieva b ly compact package (tota l vo lume is .8 cu . f t. ).
The 2001 has a built-in solid sta te po w er s upply, a built- in
ant enna re la y, and bu ilt -in qu a lity t o m atch m uch more
expens ive amplifiers. Th is eq u ipm en t is totally compa t ib le
wi t h th e Tempo O ne as welt as m ost oth er amateu r trans 
ce ive rs. Completely w ired an d rea dy f or ope ra tion, the
2001 in c lud es an i nt ern a l blower, a re lative RF power in 
dicator, and fu ll a mateur ba nd coverag e f rom 80 -10
m et ers. PR ICE : T BA

TEMPO/6N2
The Tem p o 6N2 co mbines most of t he f ine f ea tu res of
the 200 1 f or 6 and 2 meter am ateu r operatio n. T he am 
plif ie r u ses t he same sma ll cabi net , t he same m odern
t ubes, t he same inherent q ual ity fo r 2000 w atts PEP
in p ut on 5S B o r 1000 w atts in pu t on FM or CWo The r ig
is co m pletely wi re d in one sm a ll pack ag e w it h a n int e rn a l
so li d -st at e power supp ly , built-In b low er , a nd RF relativ e
powe r in d ica to r.

PRI C E: TBA

TEMPO TPL POWER A M PLIF IE RS
Tem p o is excl us ive d istri butor f o r a fu ll li ne of so l id state
2 m et er, amate u r VH F an d UH F FM ampl ifie rs de s ig ned
fo r mob i le or base station op erati on . Output ranges from
25 t o 13 0 wa tts for drive po wer of 1 t o 25 w atts. Com
mercia l, type-accepted ampli f ie rs are available also .
Please w rite f o r p ri ces an d speci f icat ion s.

3 K_A

A h ig h qual ity l inear ampl if ier des igned f or commerci a l
and military uses. Th e 3K-A emp loys t w o ru gg ed Eim ac
3 -S00l g rounded grid t r iode s for super ior linea rity and
prov ides a co nservat ive t hree kil ow atts PEP input on
55B with ef ficienc ies in t he r ange of 60%. Th is results
i n PEP output i n excess of 2000 w atts. In ad d ition, the
3K-A p rovid es a he avy d uty p ow er supply ca pab le of
fu rn is hing 2000 w atts of conti nuous duty in put fo r e ither
RTTY or CW wit h 1200 w atts ou tput. Pr ice . .. $995.00

4K ·ULTRA
The 4K U LTR A is spec i f ica l ly des igned for t he most de
manding commercia l an d m ili t a ry operatio n for SS B, CW ,
FS K or AM . The ampl ifi er f eatures genera l coverage op
erat ion from 3 .0 to 30 M Hz . Us ing the magn ificent new
Eimac 88 77 g rou nd ed grid triodes, vacu um tu ne and load
cond ensers, and a vacuu m antenn a re lay, t he 4K U LT RA
re presents the las t wo rd in rug ge d, relia b le , l inea r h ig h
power RF amplification . 100 w atts drive del iv ers 4000
watts PEP input . Th is am plifie r can be s upp lied m odi fi ed
for ope ration on freq uenc ies up to about 100 M Hz . Pleas e
writ e for fu ll infor mation . Pr ic e: $2400.00

8K
The 8 K is an 8000 watt PEP i npu t (5000 watt nom inal
outp ut) li nea r ampli f ier, covering t he 3 .5 t o 25 M Hz t re 
queney ra nge. It is des igned f or the most d emand ing
m il it a ry and commercia l applications. Please write f or
p r ice and spec i fica tions.

I-K4
A four Channel au tomatic tu ne linear a m p l ifier des ig ned
to exceed the m ost demanding co mmercial re q ui rem en t s,
Operates on 55B , AM , CW, RTT Y and FM , I kw output f o r
on ly 100 watts d rive. Pleas e write for price and f ull
specif icat ions .

2-KVH
A high power li nea r amplifier c apab le of cover ing any
specified 20 M Hz segme nt in the 130 t o 170 M Hz ra nge .
Deli ve rs 2000 watts ,con t inuou s duty , . . trou ble f re e pe r
f o rmance. Please wnte fo r price and f u ll specificat ions,

HENRY EL ECTRO NI CS' PG B INDUSTRIAL POWE R GEN
ERATORS FOR PL AS MA GENERATION
RF p ow er gen erators , w it h bui lt-in exciters , u sed to supply
h igh power radi o frequency for co m merc ia l, in dustria l
an d scient ific uses. Frequ ency : 13 .56 M Hz 0 Frequency
stabil ity : ±2KHz 0 Co n t in uous Duty 0 Powe r o ut put co n
t inuously adju st a bl e from 0 to f ull ou tput 0 Simp li fied
controls f o r op erat io n by u nskilled personne l 0 Sel f ·
contained B ird po wer output and ref lect ed powe r senso r
o Conservat ive heavy duty com p on ent s for long life an d
reli ab i li t y
500 PGB/O t o 500 watts ou t put
1000 PGB / O t o 10 00 w atts ou tput
2000 PGBjO to 2000 w atts out pu t
3000 PGB jO t o 3000 wa tts output
5000 PGB jO t o SlJOO watts output
10,000 PGBjO t o 10 ,000 watts output

Hlnl/Badio
11240 W. Olympic Blvd., los Angeles, Calif. 9006 4

213/477-6701
714/772-9200
816/679-3127
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broken TV rabb it ear f rom th e lo cal rep air
shop (lots o f 'em ) and so lder a pin ja ck to
the br ok en end. Hin t - file away the ch rome
fin ish befo re a ttemp ting to so lde r .

As in d ica ted o n the schema tic , two t)V

batteri es may be used fo r power o r one
22 Y2 V battery wit h a 33 0[2 series resistor in
o ne lea d . Curren t dra in is approxima t ely 8
mA .

Fo ur plug-in co ils are need ed to cov er t he
ran ge o f 3 to 3 0 MHz. Using the coi ls
spec ifie d you will find am ple ro om inside
the mini-bo x to sto re th e coils vert ically
when they are no t need ed . To secur e the
co ils I merely ce me nted a piece o f fo am
rubber to the cover and standing t he co ils u p
allo ws the pins to rest in t he foam wh en t he
cover is in stall ed .

A sta nda rd fu se hold er (o pen type) was
mo un ted o n th e o u tsid e of the bo x and
makes a co nve nie nt hold er into which t he
whip ant enna may be snap pe d . Sho uld you
desire real accurac y fr o m the I MHz crysta l
for dial ca libra t ion purpo ses, the 100 pF
capac itor o ff the t rans isto r ba se may be
made var iab le an d th e crys t al can be beat
with WWV. Co nsiderab le adjustment may be
made wit ho ut effect ing rf o utpu t o r fr eq ue n
cy range o f osci llution.

Fig. 2.Schematic 3 - 7.5 MHz 3 5 turns No. 24 tap
12 T from grou nd en d. 6 - 14 M Hz 20 tu rns No.
24 tap 7 T. 13 - 22 MHz 11 turns No. 24 tap 4 T.
21 - 30 MHz 6 tu rns No. 24 tap 2 T. A ll coils on
Calec tro G·C N o . DIB99. Availa ble from Allied
Radio Corp . Meter 0 -50 /lA .A vailab le through mail
order h ouses as ligh t m e ter movements. CHEAP!
365 p F tu nin g capacitor is from an old tra nsis tor
radio. Don 't use the oscilla tor sec tion or frequen cy
co verage will be higher than indica ted. Transistor 
GE 9 o r similar. Th e power /fu nction switch is a
slide ty pe 2P2T m inia ture. Whip an tenna: rabbit
ear o r similar device (see tex t).

Construc tion

T he co mplet e uni t is housed in a 3" x
5 ~12" rnini-bo x . A circui t boa rd may be
et ch ed to p rovid e the six island s need ed o r
phen ol ic vecto r bo ard may be utiliz ed and
so lde r pin s in stalled in t he six loc ati ons
indi ca ted . T he mini-bo x to p is cu t away to
acco m mo da te the circ uit bo ard .

T he crys tal soc ke t and po we!' switc h are
mo un ted 0 11 the bo x end to minimize lead
len gth . The soon potentio mete r has p ne
o u tside term inal cut o ff to el imina te int e r
fe ren ce wit h th e diode and .0047 capacit o r.
If the co mponen t placeme nt and lead lengt h
and values a rc as sho wn, the imp ed ance d ial
calibra t io n scale pro vide d should be reaso n
ably accurat e . A fina l ca librat io n may be
made hy inse rt ing precisio n resisto rs in pin I
& 3 of the test socket and co mparing th e
null obtained to th e d ial read ings.

The whip a n te nna is a rep lacem en t ty pe
availab le fo r t ra nsisto r radios . Obtain a

un -tuned crys ta l oscil lato r. Any fundamen ta l
crysta l bet ween I and 30 MHz will drive th e
50 J1 A met er to full scale . In serting an
u nknown imped an ce in p ins 1 & 3 o f the
test socket will allow you to read t he
impedance o n the calib ra ted dial . Sho uld it
be co nven ien t to dr ive the br id ge wit h an
alt e rn a te rf source such as the tra nsmitter o r
an rf ge nera to r. me rel y leave the power
switch off an d inject the rf in to pins :2 & 1
o f th e test soc ket (pin I is gro und) . Co nnect
the un known im ped ance to pins 3 & I.

To chec k crys tal activit y , ins ta ll t he
crys tal, tu rn the po we r o n and th e rel a tive
crysta l activi ty will be indi cated on t he
me ter .

To USl' th e tester as a fr equency spotter
o r rf so urce for al ign ment p lug in the crystal ,
turn o n the po we r and p ut a wh ip an tenna in
p in 3 o f the tes t soc ke t. Fo r ma ximu m rf
outpu t se t the imp ed anc e d ial 10 0...([. .

To opera te the lester as a fie ld streng th
meter lea ve the po wer o ff and insta ll a wh ip
ant enna in pin 2 o f the tes t soc ket. Fo r
greater sensitivit y or band spo tt ing leave t he
po wer off, ins tall th e wh ip an te n na in the
pin jack , and insert the coil for t he frequen
cy to be ch ecked in th e tes t socket. Adjust
the 365 p F tuning capaci to r fo r a maximum
met er ind icat ion .
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Irving M. Go ttlieb W6HDM
931 Olive
Menlo Park CA 94025

HIGH STABILITY
IILUMPED LINEII

OSCILLATOR

t----+---~ OUTPUT

Fig. 1. Basic "lumped -line" osci lla tor. Tank circuit
has epperance of c on ven tion a! coil but functions as
full-wave tran smission line with no exposed high 
impedance or "ho t" po in ts.

plicatio n of such compensatio n and optim
ization methods..

In see king to d isplace or imp rove the
basic Clapp circuit , it is only apropos that
we fir st cite so me o f its real o r alleged
sho rtcomi ngs. T he most o bvious one is likely
to receive the leas t atten tio n because of
gene ral acc ep ta nce as th e " nature o f the
beast. " In th e Clapp, as well as in all other
self-excited oscillat ors em ploying L-C fre
quency determin ing " ta nk" circ uit s, oscill a
tio n freque ncy is profoun dly suscep tible to
co nd itio ns asso ciated wit h the ind uctor. This
sensitivity in cludes tum-spacing, dieletric be
tweeri tu rns, mo isture, du st , temperatur e,

10 0 uH
R'C

M
any self-ex cit ed osc illat or ci rcuits
have stimulated the int er est of the

designer and co nstructor. Each of th ese can
be rea dily o pt imized fo r a par ticu lar per
formance feature , or exp loited for some
practical advan tage . When freque ncy sta
bility com man ds high pr io rity, the Clapp
osci lla to r is likely to he th e chosen circuit.
Although it has been shown that the attri
bute s of the Clapp circuit can he att ained by
directin g spe cial design approaches to other
configuratio ns, th e fact remains tha t f're
q uen cy sta bility is a rea dily fo rthcoming
operati ng featu re of th e practical Clapp
oscilla to r. It is fo r t h is reason that this
circuit is so frequen tly used as vfo in bot h
amateur tr an smitters and co m mercial eq uip
ment. When one conside rs the exten t and
ten ure of the popularity enjoy ed by th e
Clapp oscillator circu it , the ques tion nat ural
ly arises, " Does the possib ility ex ist for
furt her upg rading of self-ex cited osc illa tor
perfo rmance?" In the exploratio n of such a
po ss ib ilit y , we would not be concern ed with
such te chniques as tem perature com pen
sating componen ts, reg ulated power su p
plies, fee d back limitat ion, etc. These pe r
formanee-enha ncemen ts call be applied to
allY osc illa to r circuit. Rat h er , we would lik e
to see a new or modified approach whic h
wou ld po ssess inherent virt ues p rior to ap-

NOVEMBE R 19 72 T X - 27 69



CLOSE OUT!
, .. only $279.00

9.1'( $219.99Available NOW!

5 Channels -- .94/.94 and .34/ .94 suppl ied
.3 uV receiver -- 1.5 W transmitter
Compact -- S"h x 3" w x 1% d
Full line of optional accessories includes external

speaker-mike -- desktop charger -- "stubby" an·
tenna -- and more!

for every use . . . 8,

for every pocketbook! Cl. ;o~CI"l

HANDY·TALKY " . ol}~8~ O~!
STANDARD SRC-146 Y$'?'?99'"

' '$

Rigs

M
E
T
E
R

ALL PURPOSE
S T A N D ARD 826M

12 channels (4 with crystals)
10 Watt output
All solid state

Hot MOSFET receiver

Only $339.95

TEMPO SOLID-STATE POWER AMPS

M O D E L
1002 ·3
10 0 2 -3 8

B0 2

8028
502

5028
2 4 2 -A2

D RI VE POW E R
5-25 watts

1 -2 .5 watts
5 -12 watts
1 -2 .5 w a t ts

5 -15 watts
1 -2 .5 watts
1 -2 .5 w a tts

• OUTPU T POWER

10 0 -135 w atts

12 0 ·1 30 w atts
70 -9 0 watts

8 0 -9 0 watts

35-5 5 w atts

4 5 -50 w atts
25-3 0 watts

P R IC E

$22a
$235
$180
$195
$105
$130
$ 85

And many mare fram SBE/C/egg/G/adding/Kenwaad/Tempa/Antenna Specialists/Larsen

Make ERICKSON your headquarters for all your FM needs .
SEND QSL FOR COMPLETE SPECIFICATIONS

ER ICKSON COMMUNICATIONS
4653 N. Ravenswood Ave., Chicago, III. 60640 (312) 334-3200



TEMPO/CL220

As new as to morrow ! The Tempo Com
mercia l Line VHF transceivers offer com
mercial performance at amateur prices.
Both units include an audio limiter to as
sure constant deviation at all t imes and
an instantaneous impulse squelch. Micro 
phone, power cord, mounting bracket
and one pair of crysta ls is included.
GENERAL SPECIFICAT IONS :
• Frequency Range: 220-225 MHz

(2 MHz operati ng range )
• Numb er of Channels: 12 cha nnel

capab ility for t ransmit and recei ve
• Mi crop hone: Dynamic with coil cord
• Dimension: 2.36" H x 5.90" W x 7.66" D
• Weight : 4.5 pounds
• Frequ ency Stab il ity: ± O.001%

( - 20° to + 60° )

• RF Power Output : 10 Watts or 3 Watt s.
• Out put Impedance : 50 ohms unbalanced.
• Sens itivity : 0.5 microvolts nominal for

20 db qu ieti ng.
• Spurious & Image Att enuati on : 70 db

below desired signal threshol d sensitiv ity .
• Ad jac ent Channel Selec tivity (15 KHz

channels) : 70 db atte nuatio n of adjace nt
channels.

• Type of Receiver: Dual conve rsion
superheterodyne.

• Audi o Output : 2 Watts minimu m
w/ internat speak er (at less than 10%
disto rtion)

• The pric e: $329.00

TEMPO/CLI46
• Frequency Range: 146-148 MHz
• Same general specifications as CL 220
• The pr ice: $279.00

TEMPO/Imp
Make ERICKSON your headquarters for all your FM needs

SEND QS L FOR COMPLETE SPECIFICATIONS

ERIC KS ON COMMUNICATIONS
4653 N. Ravenswood Ave., Ch icago, III. 60640 (312) 334-3200
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OSCILLATOR BUFFER

Fi~ . 2. Lumped-line oscillator wi th tuning provisions an d buffer amplifier. Circuit values shown for 21
MHz osci ll a tor.

pro ximi ty of conducting surfaces , and me
chanical vibrati on . In the Clapp circuit in
particular, the juncture of th e inducto r and
th e resona ting capacito r is at a very high
imp edance level and d isplays very high sensi
-tivit y to stray capacita nce. Awa rene ss of
th ese matters leads to defen sive measures
such as ru gged co ns truction, shie lding, short
lea ds , etc . But would we not have a more
desirable situat ion if " built-in" im mu nit y
agai nst freq uency change could be achieve d?
Thi s see ms to suggest a d ifferent ty pe of
resonant circuit. In wha t follow s, the revival
of an " o ld-hat" approach may suggest itself.
How ever , if atten tion is focused o n t he mode
of operation invo lved , it will be see n tha t th e
described oscill ato r embod ies a combination
of theoretical and pract ical ap proaches which
makes it uniq ue and , to the best of my
knowledge, is no t to be found in the
tech nical lite rature.

Oscillat o rs employi ng transmission lines
are well kn own. Chief claim to fa me here

ste ms fro m the high Q atta inable from lin es,
especially at the h igher frequenc ies. T he
quarter-wavelen gth resonance generally u til
ized has precluded the construction of such
osc illat ors fo r use below the vhf region. too,
th e gene ra l design app roach of such oscil
lato rs has endo wed th em with familiar sho rt
co mings. The o bsession wit h push-pull con
figurations results in "hot" lines where in the
detuning effec t of the immediate enviro n
ment is mu ch in evidence. The high im pe
dan ce end of the quarter-wave lin es is
associated with the active device and thereby
becomes very susceptible to freq uency pul
ling. Mor eover , such an association with a
transistor wou ld be even more detr im ental
th an with a vacu um tub e. On th e basis of
such facts, th e usu al substit u tion of a
resonant line for an L-C tank circuit co ns ti
tutes neit her improvement nor innovation.
But the transmission line has not been
bro ught u p for th e sake of rejecting it! When
one co nside rs certai n pro perties of such
lines, it becomes appare nt that co nvent ional
line-ty pe osc illa tors do not advantageously
use these properties.

Th e read er sho uld by now be pre pared
fo r some kind o f marriage be tween the
Clapp circuit and a transmission line. This,
ind eed , is the destination of our discuss io n,
but we shall direct our atte nt ion not to the
co nven tio nal qua rter-wave line, bu t to the
f u ll- w a ve lin e. Whereas od d quarter
wavelengt hs simula te th e parallel reso nant
condition of an L-C tank , even quarter -wave
lines simula te th e co ndit ion of L-C series
reso nance. Let us furthe r stipulate that our
fu ll-wave line be coax ial cab le. For th e
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moment , we will deal wi th the sim ple
full-wave co ax ial line shorted at th e far end.
Inasmuch as we will be in terest ed in estab
lish ing fu ll-wave re sonance at least as low as
th e amate ur forty-meter band, we can make
use o f one o f the Microdot min iat u re coaxia l
c ab les, and win d it so lenoid-fas hion arou nd a
cy lindrical fo nn. No w the ca t is out of the
bag: We have a " co il" wh ich behaves as a
ser ies-tuned tank circui t an d is th erefo re
su it ab le for use in th e basic Cla pp circuit.
Yes, bu t wh at a coil this is! It possesses the
following fea tu res :

It can be wound on eit her a me tallic or
insu lating form.
Its resonance frequency is not influenced
by turn spacing, turn d iameter , or wind 
ing lengt h .
It s reso nanc e fr equency is no t influenced
by surface d ust o r moisture .
It wil l not participate in u ndesired induc
t ive o r capacit ive co up ling to other parts
of t he circuit.
The en tire length o f th e o u te r sheath is a
rf gro un d po tential and the re arc no
freq uency distu rbances from prox imity
effec ts .

It disp lays vir tuall y no mic rophonic ef
fect s and is very nea rly immu ne to
mecha nica l vibratio n.
It s temperature coe ffic ien t is relatively
lo w, being a calc ulab le fu nc tio n of its
change in en d-to-end length .
There is n o «ne rve ending" in th e form of
a high im pe d anc e junct ion.
Such a line is " hap py " to wo rk into th e
low im ped ance inp u t o f a tran sist or.
Reasonabl e comp act ness is readily a t
rained . Layer winding may be employed
fo r lo wer fre quencies.
Nearly comp lete sh ieldi ng with no reduc
t io n of " Q."

The circuit of th e basic " limped lin e"
osc illat or appears in Fig. I . Fro m the view
po int o f th e ac tive d evice. i.e. , the transistor,
a ser ies reso na n t "tank" circu it is seen fr o m
po ints A-B. This being the case , osc illa tion
occu rs in th e same manner as in a Clapp
oscilla to r. Although th e circu it has the same
co nfiguration as a conven tio nal Col pitts with
a resonant lin e opera ting in th e q ua rter-wave
mode (simu lating a paralle l-tune d L-C tank)
such operatio n is here ruled o ut by th e ver y

"HOW TO MAKE MONEY 'IN
MOBI LE RADIO MAINTENANCE?"

1st - GET OUR FREE BOOK
" HOW TO MA KE MONEY IN MOBIL Eo
RADIO MAl NTE NANCE"

2nd- ORDER THE LAMPKIN
COMMUNICATION SERVICE
MONITOR
MODEL 107C - GREAT EST IN
VERSAT ILI TY & RELI ABI LlTY 
LOWEST IN COST, WEIGHT
AND PROBLE MS

107-C

WRIT E OR CA LL

LAMPKIN LABORATORIES INC.
P.O. Box 2048. Dept. L. Phone 813-746-4175

Bradenton, Florida 33506
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large capacito rs across th e open end of the
line . Thes e capacit ors tu ne quarter-wave
reso nance to such a low frequen cy th at the
circuit Q is too low to allow oscillat ion to
occur. Indeed, the purpose of these ino r
dina tely large capacitors is to all but sho rt
ou t th e tran sistor end of the line! Th is of
co urse is pe rfectly ag reeable to a line which
operates in a mode simu lating a series-tuned
L·C tank. An d wh y not use the lin e in th e
half-wave rather than th e fu ll wavelength
mod e? Alt hou gh tran smission lin e operation
is similar in all mu lt ip les of one half
waveleng th , it so happen s that the phase
relationship be twe en voltage and curr en t is
suita ble fo r osc illa tion in th is circuit only for
even mu ltip les of on e-half wavelength. So a
full- wavelength line is the sho rtes t one which
will fun ction in th e simu lated series-reso nant
mode in this circuit.

Digressing back to LC tank circuits, the
usu ally cited fo rmula fo r parallel resonance
is: fo = 1/2 rrv LC but the true fo rm ula is ac
tually; fo = V,rrV LC(V L- RL2 C/ L- RC2 C)
where RL and RC are respe ctively the
equivalen t series resistance of the ind uct or
and th e capaci t or. Although RL and RC can
ofte n be considered negligible in order to
enable the use of th e simp ler form ula , the
true form ula d ea rly shows that the fre
quency of p arallel resonance is affected by
tan k circuit losses. Conversely , the fre
que ncy of a ser ies reson ant ta nk circui t
losses. Conver sely , the freq uency of a series
resonant tank is n ot per se dire ctly detun ed
by resistance assoc iated with th e tank . Al
th ough the Q is adversely affected in bo th
ty pes of resonances, th e ser ies-tu ne d type is
mo re likely to be superior in providing an
oscilla tor with immu nity agains t frequency

Calculat ion o f
Frequ en cy of Oscill ation

1. Wavelength"" physical le ngth/veloci ty of propa
gatio n whe re ve loc ity of pro pagation is appro x.
0 .66 t im es t he free -space velocity .
2.

2.1\. "" w avebngt h in rnerers > nx N X D/ 39 .4 X
1/ 0.6 6
For our ex pe rime n tal oscillator :
N :=: 4 9 t u rns of Microdot co axial-cab le
D :=: 2%" d ia me ter
39.4 fa ctor converts inches to me ters
then I\. "" n X 49 X 2.5/39.4 X 1/0.6 6

A= 3. 14 X 49 X 2 .5/ 39.4 X 0.66 - .14.75m
3 . f "" f requency in MHz "" 300/)., "" 300114.75 =

20 .3 MHz
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instab ility . I have fou nd this to be the case
too when one com pares the resonant line in
te rms of simula ted parallel and series reson
ance s! T hus, in Pig. I a resistan ce low
enough to almost stop oscillation can be
placed acro ss th e transisto r end of th e line
with very litt le effect upon th e frequ ency
oscillat ion.

In o rde r to ma ke the basic " lumped-line"
oscillator of Fig. I more adaptable to prac
tical ap plications, an emi tter-fo llower buffer
stage is added . This stag e is opera ted as a
class A amp lifier in order to provide goo d
isol ation from subse qu ent cir cuitry. Power
out put i s p urpo sely kept rela tively
low - several ten s to severa l hundreds of
milliwa tts . This enables us to greatly min i
mize certain thermal problems which te nd to
adversely affect any oscillator. It is sim ple
and inexpensive to boost power level via
tun ed class C amplifiers and generally pro ves
mo re satisfac to ry than trying to squeeze the
requisite watts fro m an osc illa tor , whose
chief mission in life is frequency stabili ty.
Also , a tun ing adju stmen t can be added. This
contro l shou ld not be expect ed to pro vide a
wide tuning range, bu t rather a change in
freq uency co mparable to that needed to
tune acro ss the "ama teu r bands. Here again
we find a very ad vant ageous situation. By
repl acing th e shorted end of th e lin e with a
large ca paci to r in parallel with a small
varia ble capacit or, bo th th e ro to r and stator
of the vari ab le capacito r will be at low
impeda nce relative to ground. Here again we
avoid sen sit ivity to prox imity effe cts. Figure
2 shows bo th the emitt er-fo llower and th e
tuning provision .

The circuit is sure-fire a nd shows no
indication of b eing criti cal. It should yield
read ily to vario us modificatio ns to co mply
with the co nst ruc tor's specific needs. One
th ing is ma ndatory, ho wever : Be sure to
ground the coax ial line at the near end, i.c. ,
the transis to r end. T he fa r end can th en be
grounded also. If the far end only is grou nd
ed , the circuit ma y oscilla te at a relatively
low frequency det ermined by the indu ctance
of th e "coil" of coax and the associa ted
capaci tors. When th e near en d is gro unded,
the coil configu ration of the coaxial cable
has no effec t upo n oscillation frequency.

. . .\V6HD M
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Al Rosen VE3ADI
SO Park Hill Road
Toronto 10, Ontario
Canada

A MOBILE
BASE STATION

M any was the time whe n you wanted
to be mobile with the comfort of a

ba se sta tion. Since I spen d a lot of time in
my car I decided tha t I would do something
about it. Using a piece of coa t hanger I made
a shape of the seat of the car and cut two
side panels , a bottom and ends . I had an arm
rest wi th a pad ded top cove r and an auxili
ary glove compartment undern eath .

Since the push-to -talk mike is very bad in
traff ic, I got a small flexib le boom (from a

small lamp) and moun ted it at the same spot
as the lef t hand sun visor. No ho les ha d to be
drilled in the car for this. A bracke t was
made to mount under the sun visor bracket.
When not in use the mike clips out of the
way onto the sun visor. Th e mike used cost
$S.()O an d is tapped to hold the flexib le
coupling. The mike is a high impedance
magnetic (J apanese DM-175 made by Prim co
Co . Ltd.). T he mike switch and a touch to ne
pad are right at thefinger tips when my ar m
is at rest. An indicato r light shows that the
mike is in use. Th is set up is so co nvenient
tha t while operating you can concen trate on
driving with bo th hands when necessary and
it's very safe . Even in a quick stop the mike
just goes out of the way when it gets hit
because it is so flexible.

.VE3A DI

NOV EMBER 1972 FM-99 75



Heathkit Ham Gear
Choose a Heathkit Transceiver with -

• Single or multi-b and coverage
• SSB, CW, or both
• Fixed or mobiie operation - interchangeable
• Pri ces to fi t your budget

NEW HW-7 CW QRP
Transceiver.. .69.95*
Work the globe on "f lea-power" with this Bband QRP CW
transceiver featu ring VFO and provision for xtal transmis
sion operation. Covers CW portionof 40, 20 and 15 meters.
Solid-state circuit. Sensitive Synchrodyne detector. Built
in sidetone and relative power meter. Operates from op
t ional AC power supply 04.95*) or 12V batteries. 6 Ibs.

80,40, and 20-Meter
Single-Banders.•.112.50*
The transce ivers designed to get you on the air on a
budget. Choice of HW·12A U8-meterl, HW·22A14Q.meterl,
or HW·32A (20-meterl models. Full 200 W PEP input SSB.
Choice of fixed or mobile operation with optional Heathkit
power supplies. Other features are 2 kHz dial calibration,
AlCinput, S-Meter, VOX an~ pn. 15 tbs.

HW-16Novice
CW Transceiver•..99.95*
A high-performance Sband CW transceiver covering the
lower 250 kHz of 80, 40, and 15meters. 75watts input for
novice class, 90 watts for general class. Provisions for VFO
transmitter control with Heathkit HG· lOB 80.2 Meter VFO.
25 1b,.

HW-l01,80-10 Meter
SSB/ CW Transceiver... 259.95*
Improved version of the famous HW·I00 with new receiver
circuitry for 0.35 uV sens it ivity. New dial drive mechanism
for smoother, more positive tuning. New selectable CW
fil ter option. World's best buy in an sse rig. 21 lbs.

SB-l02, 80-10 Meter
SSB Transceiver..•385.00*
World's most wanted rig. 180 watts PEP SSB, 170 watts CWo
Front panel selection of built-in 2.1 kHz or optional CW
crystal filters. Solid-state lMO. 0.35 uV receiver sensi
tivity. Fixed or mobile operation with optional Heathkit
power supplies. 24 Ibs.



Gives You a Choice
Choose from a new lineup of Heathkit accessories

• New Elect ron ic Digital Clock
• New VHF Band-Scanning Monitor Recei ver
• New 2V2 -Digit Muitimeter
• New economy 30 MHz Frequency Counter

NEW GC-1005, 6-Digit
Electronic Clock.. .54.95*
New solid-state timepiece with computer logic accuracy
and high-visibility cold-cathode readouts tells t ime to the
second. Reads 12 or 24·hour time on 120 or 240 volts, 50
or 60 cycles. "Beeper" alarm automatically sounds every
24 hours. repeating "snooze" switch gives extra 7 minutes
sleep. A timely addit ion to any ham shack .. .and nothing
like it at this low kit price. 4 lbs,

NEW GR·110 VHFBand-Scanning
Monitor Receiver...119.95*
Crystal-controlled. Tunes any selected 9 MHz segment of
146 - 174 MHz band - police, fire, marine, ham 2-meter,
etc. Manual or automatic scanningwith numerical readout.
Channel lockout butt ons. Priority channel "0" takes prece
dence in "automatic." Bui lt-in speaker; rear-panel remote
speaker jack, 120/ 240 VAGor 12 VDC fixed or mobi le use.
Crystal ascIMixersignal source for easy adjustment. Order
up to 8 Crystal Certificates with kit 1$4.95' ea.!. 9 Ibs.

NEW IM-1202,
21f2-Digit Multimeter ..•79.95*
A compact, solid-state multimeter with digital readout 
and priced for the average ham. Has four overlapping
ran ges to measure voltages from 10 mV to 1000 V on DC
(either polarity), 10mVto 700 V rms on AC, 10uA to 2.5 A
on AC or DC current. Five resistance ranges measure from
1 ohm to 2 megohms. Front pa ne l polarity switch reverses
inputs without changinglead. 6 Ibs.

NEW IB-1 100, economy
30 MHz Frequency Counter...169.95*
Gives you 1 Hz to over 30 MHz counting on a full 5·digit
readout with Bdlgit capability. The lighted overrange indi
cator makes misreading virtually impossible. Stable ti me
base circuitry assures accuracy better than ± 3 ppm from
22° to 37°C, Diode protected J-FET gives improved trigger
ing over 100 mV to 150 V input range. So lid-state circuitry
mounts on one large board. Another accessory you can
count on- from the hams at Heath. 6 lbs,
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Paul L. Rinald o K4Y KB
1524 S prin gvale A venue
McL ean VA 2210 1

ROGER

E very now and then, ama te ur radio
magazin es prin t a rticles abo u t other

radio services of int er est to amateurs . This
ar t icle is intended to brief you o n th e st ate
of the Citize ns Band. Why '? You may wish,
as I have done, to tun e around the 11 me ter
band in t hc Uni ted States or Ca nada an d see
for yourself wh at is going all. Yo u may wish
to join them. On th e other h and , you may
wish to prepare yourse lf for th e day when
they m ight jo in us on 11 0 MHz .

Th e title of this article is taken from th e
current form of receipt on the Citizen s
Band . . . sort of a cross betwee n Ten-Four
an d Roger.

Skip vs Local

The FCC Rules and Regulat ions perm it
only local commu nication within a 50 mi le
radius. While only a three day sample was
taken, ahout 08 % of the st ations heard were
wo rkin g skip. At one point, a station was
heard telli ng someone about another station
working local on a "skip " channe l.

Ch anne ls

Class D Citizens Rad io channels are
assigned as follows:

TEN -

26965 kHz 13 271 15
2 26975 14 27 125
3 26985 15 27135
4 27 005 16 27 155
5 27 0 15 17 27165
6 27025 18 27 175
7 27035 19 27185
8 27055 20 27205
9 27065 2 1 272 15

10 27075 22 27225
11 27 085 23 27255
12 27 105

When skip is in , all 23 cha nne ls are sol id
hete ro dy nes. To avoid congestion, some sta 
t ions operate h alfway bet ween the cha nnels .
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Others operate out o f band fro m 169 15 to
26995 and 27 23 5 to 27275 kH z. Th ere is
also some vo ice o pera tion in the five Class C
cha nnels (2 6995, 27045, 27 09 5, 27 155 and
27 195 kHz) reserved for m ode l airplane and
o th er control p urposes.

Powe r

FCC Rules and Regulat ions limit the
transmitter power to 5 wa tts input to the
final amplifie r. Ser io us Cbe rs rega rd thi s
restric tio n suitable o nly for exciters. Some
ta lk cryp tica!Iy abou t " ha ving a little hel p
on the side " or make passing remarks about
h aving an afte rbu rner. Oth ers may be heard
carrying on a discu ssion of the merit s of a
pair o f 8 13's vs a 4 - 4 00.
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Profa n ity

Fro m so me rem arks made by o the r am a
teurs, I was prepared to hear a con sid era ble
am ou n t o f profane or ind ecent language. In
th ree days of mo nito ring, only o ne such
o u tb urst was hea rd . Instead, it appears that
the CBers have built up a pref erred list of
euphemis ms fo r usc o n th e air. T hese in
elude : Co tton Pick ing ; By Golly ; Doggone
and Mercy (so me ti mes repeated or follo wed
by th e wo rds Sakes o r Me) .

Tones

A number of dif fe rent types of lone
signaling may he heard . No doubt most of
these arc fo r sele ct ive calling. Two station s
we re heard making lo ng tran smi ssion s of
swep t ton e ele ctron ic sire ns similar to the
ty pe used in pilots ' su rvival radi os . The
pu rpose o f these tr an smi ssio ns cou ld not be
det er mined. Ho wever , one might specu la te
that a siren cou ld be used to "clear" a
channel, to override int erference , or sim ply
to " do one 's thing. "

Op eration

Und ou btedly there is so me sense of ae·
co mplish me nt afte r o ne ha s assembled a 23
plus chan nel t ransceiver, a kilo watt aft er
b urn er. a 3 cle me n t cu bical quad and
mo un ted it on a new l.J O fo ot to we r. Ho w
eve r, the enjo yment in C B co mes main ly
fro m opera ting.

Eff icient opera tio n o n th e Citizens Band
d epend s o n sho rt , push-to-talk transmi ssions .

This techn ique is necessary to co pe with the
severe co-channel int erference and redu ces
th e likelih ood of being DFed .

It is also necessary to cult iva te a
"coun try" acce nt and develo p a rep ertoire
of folksy sayings, like : " If the good Lor d 's a
willin' an ' the crick don ' t rise. " It is cus
to mary to refer to an other CBer as " good
hud dy ," " o le budd y" o r "you cotton pick
er. " " You lou d mo u th" is equally ende ar ing
but carr ies the added meaning o f goo d sign al
st reng th.

Op erat ing Pro cedures

The fo llo wing is a p rime r on cu rrent CB
opera ting pro cedures:

Calls: A genera l ( all may be ini tiated by
transmission o f BR EAK BR EAK BR EAK.
Fo r va riat ion. the wo rds BREAKE R or
BREAKEry may be subs titu ted . This is
fo llowed by the ident ifica t io n of th e ca lling
stat ion as well as the gene ra l locat io n and an
inv itat ion to tra nsmit.

Station Iden tif ica t io n: The word HAND 
LE is used to refer to the ta ct ica l ca ll sign
selec ted to iden tify the sta t ion. Care is taken
to avo id du plicatio n . Ty pical call signs are :
(; RAN D A D D Y LO N GL EG S, SNAKE
EYES, DOG CAT CIIER, OKLA llmlA
OUTLAW, BROOM STICK , JITTER BUC
G I R L , A RKANSAS SAI L OR, DIRTY
BIRD , CII ICKEN IIA WK and MUD
TURTLE,

Lo cation : Stat io n locat io ns are given o nly
in gene ral te rms. No rmally it is lo ca lized
on ly t o the part o r q uad rant of the sta te or
prov ince. The nam e o f th e st ate may be
given , bu t giving it s nick name (e .g. , th e
Buckeye State ) is con side red to be mor e
in novative. In large me tr op o litan ar eas, th e
name o f th e city may he given. Re feren ces
to the Cgcr 's ho use may be ma de hy the
term 110ME T WENT Y or BA SE TW ENTY,
wh ich doubtless arc mu ta t io ns of the ama
teur radio ex pr~~sion " 1I0 ~H: QT H. ·' For
the PUI1l0SC of exc ha nging WAL LPA PER
(Q S L ca rds), it is customary to use a post
o ffice box, preferably at a pos t office som e
distance awa y .

invitation to -Trans mit: The eq uivale nt of
the a ma teur K o r OV ER is CO ~,1E O N,
COME BACK, o r COME ON BA CK . HOW
'BO UT IT may also be used .

Ty p ical Call : BREAK BREA K BR EA K
T HIS IS TH E OLD RI VE R SNAKE IN
NORT HEA ST FLOR IDA COME ON .

Rep lies: Re plies co nsis t o f the wo rds
II OW 'BO UT IT (o r T IIAT ), th e iden tif icu
t ion and/ or lo cat ion o f th e called sta tio n,
similar in fo rma tio n on the calling st at ion
follo wed by an invit a t ion to t ran sm it.

Typical R elay : IIOW ' BOUT IT RIVER
SNA K E DOWN T HERE IN NORT IIEAST
FLO RIDA Till S HERE'S THE OLD
BROKEN WHEEL UP HERE IN SOUTII
EAST NEW JERSEY COME ON BACK,

S ignal S trength and R eadab ility : Signa l
rep or t s are no t as fo rmalized as on the
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All you nee d a re =4 mount ing screws . .. just
plu g-in components. li ke % wa tt res istors,

cer amic cap ac itor s, diodes , t.c .s. transis tors
and more . . and you r circuit' s built! No spe 
cia l patc h cords needed! Comp on ents inter
connected w ith any solid No. 22 -26 gauge wire.

And you can try it with abso lutely no risk for
5 days. If no t sat isfied . ju st retu rn yo ur EL
Sock et and rece ive a full refund . Try ing is
believing. How can you go w rong? Or der your
EL So c ket now !

Nickel /s ilver plated terminals - vary low contact

resistance

low insert io n force

Mounts with ::;- 4 screws

Initial contact c harac ter ist ic s beyond 10 ,000
insertions

Vertical, ho rizontal interconnec ting matrices

Ac commodates wide range 0 1 wire and
component leads from .0 15" , .032"

Send check Or M.O. today!

Add 50 1i for post age and h and l i n g

2 5 % dep osi t on C .O . D .s

Dep t .
~-:;n.o EL INSTRUMENTS, INC 73I c== ! ._In 61 First si .. Derb y. C on n. 064 18

_~=-'~ Tu lephone : 203 !7J5-B174
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amateur hands. Repo rts su ch as YOUR
SURE HAV E A BODACIOUS SIGNAL UP
fiERI' or YOU'RE WALKING ALL OVER
THE tI.'I arc use d . Oth ers are : GOT A GOOD
COPY ON YOU, YO U SOUN D LIKE A
LOCAL, and YOU WIPED THE CHANNEL
CL EA N. The " 5" met er sy ste m of rep orti ng
signal streng this used to so me extent. This is
norma lly rest ricte d to the u pper part o f th e
scale in d H's over S9 .

Messages: Messages co ns ist of in form al
co nversatio n betwee n the two sta t io ns in
comm u nica t io n . Th ese t ran smissions arc
called MODULATING . Much of the ex
changes cente r around discu ssion s o f the
amount of in te rfere nce on the ch annel.
An o th er gen era l top ic is th e weat her in the
vicinity of the HOME TWE NTY.

Reports: Proced u res fo r requesting re
peats are in fo rmal. A req uest for the o ther
station 's locat io n may consist of WHERE
YOU AT? A gen era l request for a repeat
may h e made by tra nsmittin g ONE MORE
TI ME.

RCCClj)/S." Receip ts are normally give n for
eac h transm issio n . T EN-ROCER is no rmally
used for th is purp ose. T he wo rds ROGER
and TE N-FOUR , though deprecated, are st ill
In use.

Flit! of Trans m issio n: At the en d of the
con tact, it is custo mary to thank the o the r
sta tio n and wish h im well. Th e o ther station
may he told C; LAD YOU COULD MAKE
THE TRI P. A statio n ma y also S<lY th a t we
wou ld welcome seei ng the other sta t ion
someti me la te r ON THE CO-AX. Th e expres
sio ns SEVENTY-THREE and pGHTY
E1(a~TS are somet imes heard , b ut obliq ue
references to them are gain ing favo r. Some
variations arc: THREES AT YOU, THREES
AN D EIGHTS, o r simp ly THREES. NUM
BERS TO YOU o r A LL THEM GOOp
NUMBER S arc use d fo r varie ty .

SiXn-().fJ': The sign -off pro cedure is left to

th e ingenuity of each sta t io n. While conven
t io nal sig n-off's suc h as CLEAR may he
hea rd, mo re innovative sign-o ff's are the ru le.
Exa mp les: WE'LL BE STAN DI N' o r WE'RE
O UT OF IT . More often th an not, the
COTTON PICKER is simply (;ONE.

. . .K4YKB
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Pet er 11. S tark K2 0;l1V
J96 Fo rest Drive
Mt. Kisco , N Y 1054 9

FREOUENCY
SYNTHESISER
FOR 2M FM
~--~

11,,:1:1 CIIlHlI:"lIl"ziwil'

PART III
As t he last part of our FM syn th esizer

series, this mo nt h we co ver th e actual
co nstru ctio n of the unit. Most of the de tails
are pr etty well cove red by the lay out draw
ings, and so the text it self will cover only
some items. When looking at the drawi ngs,
make sure to read the fine print in t he no tes
which may explain some quest ions .

T he ma in body of t he synthesizer fit s on"
the p.c . board , whi ch is shown in Fig. 13. It
is a litt le smaller than 7" x 9", and is etched
on only one side to make it easier to
dupli cat e. Thi s means there are a lo t of
jumpers , so watch out and don ' t miss any.
You can use bare wire fo r the jumpers , since
none of the m cro ss any" o the r jumpers or

components . Be careful, tho ugh , sin ce some
of the jump ers run under Ie soc kets.

In order to ex plain where all th e p.c.
board mo unt ed part s go, we have bro ken u p
the main board into sma ller sec tio ns, sho wn
in Figs. 14 thro ugh 19 . Each o f these takes
one or tw o of the main circu its sho wn in the
diagrams last month, and shows the actual

.layout of the part s. In eac h drawing , a small
sketch in the corner sho ws where to find
that circ uit on the overall board . In all of
these pictures we are looking at the copper
side of t he board - th e co mp onents them
selves actually mount on the o ther side o f
the boa rd .

Orienta tio n of th e F ETs is show n on the
layout drawings, The letters B, C, and E
indicate the way regular trans istors plug
int o the boa rd. The LM309H o n the veo
sec tion of the boa rd plu gs in (from the
non-eopper side of the board , naturall y) so
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Fi g. 13 . Copper side of printed circuit board (60% reduction).

tha t t he thr ee leads line up wit h t he th ree
holes. Not e also that the o ther IC's have to
be inserted in a certa in way . T here is usually
a sma ll notch o r depression at one end of the
IC bod y , on th e end near pin I . We have
marked pin I of each IC on the board and
board layout with a sma ll dot.

For a number o f reasons, IC soc ke ts are a
must fo r a project th is size . Sin ce Ie sockets
of the mo lded type are quite expensive (even
more ex pensive than most of t he IC's them-
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selves) we suggest so mething called Molcx
Soldercon IC terminals, or ju st Molex pins .
These are individua l lit tle cl ips, one fo r each
IC pin, which come in lo ng st rips. You bre ak
off as many as you need (such as 7 for one
side of a 14-pin IC) , insert t he who le strip :
into the board and so lde r, and th en snap off
the connec ti ng strip. Thi s leaves seven inde
pende nt litt le clips standing up from the
board . Put another seven on the o ther side
of the lin eup, and you have fourteen clips,
read y for th e IC itself. It 's essen tially the
same as a regular soc ke t, bu t witho ut the
plasti c to ho ld it all together. They are
available fo r about a penny each in lo ts of
500 or 1000 - thus yo u get a 14-pin socket
fo r 14¢, instead of shelling ou t SO¢ or more
fo r a regu lar socket.

While wiring the board , you will have
several choices to make , depending on
whether you want 6 , 8 , o r 12 MHz output.
In the reference frequency divider , see Fig. 3
for the t ype of IC to use fo r IC I8 , and for
the proper outpu t pin to use ; then put the
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Fig . 15 . Reference frequency divider. Notes: 1. See
Fig. 3 for diagram . 2. Jumper between IC 18 o ut pu t
(p in 8 or pin 11 ) and IC 17 inp u r (pin 1) as shown
in Fig. 3. 3. Capacitor mark ed * is a bypass
capacitor not shown on diagram .

Fig. 14. 10 MHz crystal osc illator. Note s : 1. See
Fig. 2 for diagram. 2. Capacitor ma rked * is a
bypass capacitor not sho vm on diagram. 3. A djust
variable capaci tor to zero-bear cry st al with WWV
on }O MHz.

case and circuit ry any way . These pre
cautions are a little conservative, but we
believe in playing it safe with these little
critters.

Once the board is fin ished , it's time to
decide how to mount it and the swit ches and
o ther components in one assembly. The
photos in this part of the article show our
pro to type, but t here are o ther (and probab ly
better) way s of packaging the synthe sizer.
T he important thing to keep in mind is t hat
t he overall assemb ly sho uld be suc h that y ou
can get to the board for testing or repairs , if
needed . Wire the power su pply regu lato r
next , since it is a good idea to test the board
bcfare co ntinuing furt her .

For testing purposes, connec t the power
supply regulator to th e board . +5V and
grou nd connect to the corn er of the boa rd,

jumper in the right place be tw een lCf S and
ICl 7 (see Fig. 15) . In the phase comparato r,
you must choose th e co rrec t value for the
in tegra to r ca pacito r (see Fig. 4 ). In t he VCO,
yo u mu st choose the co rrec t values fo r C I,
C2, and LI , as shown in Fig. 5 and described
In last month 's issue .

If you intend to use the synthesizer with
an 11.7 MHz i-f in the receiver , make t he
cha nge in the progr ammable divider a s des
cribe d in last month 's ar t icle .

Special precautions nrc neede d in inst all
ing the t wo FET transisto rs. The RCA
406 73 is gate-pro te ct ed so it is relat ively free
from bu rnout du e to careless ha ndling, but
we did manage to rui n one anyway , so it
pays to be careful wit h both . The problem is
that the gate resistance on MOSF ETs is so
high that sta tic electri cit y can induce very
high voltages be tween t he gat e and th e rest
of the FET. As a resul t , it is very easy to
exceed the breakd own voltage betw een the
gate and the channel, and literally puncture
a hole in the insulation lay er between them.

The FETs should be th e last componen ts
mo unted on the board. When removing t he
1\'IF E3002 fro m its package , you will no te
tha t a met al ring is slipped over all t he leads,
shorting all t he leads together. Do no t
re move t his ring at fi rst. Instead , take some
very fine bare wire (one st rand fro m a length
of zip co rd is fine) and carefully wrap it
aro und all t he wires, up near t he body o f th e
tran sistor. Go aro und and in and out be
tween the lea ds, to make su re that y ou have
all the tran sistor leads securely connected
together. Do t he same wit h the 406 73.
Don 't so lder this wire to th e leads , since it
will be removed lat er. Now tha t the four
lead s fro m the FET are sho rted tog et her ,
you can remove the small ring supplied by
t he manufac turer , slip the leads into th e p .c.
board and solder them. In so ldering, use a
small pencil iro n (not a so lder gu n). Let t he
iro n heat up , and th en just before us ing it to
solder th e FE T , unplug the iro n and connec t
a clip lead from the iro n to the ground strip
o n the board . In thi s way you will preven t
stra y volt ages fro m sneaking up on the F ET
and zap ping it. On ly afte r it is soldere d do
yo u remove the bare wire from bet ween t he
leads. Once the F ET is o n the board it is
relatively safe, but try not to touch the FE T
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PHONE:
(817) 926-5221

ELECTRONICS, INC.

3850 SOUTH FREEWAY
FORT WORTH, TEXAS 76110

Model HR 6
S239.00
A mateur Net

12 Channel
Solid State
6 Meter FM
Transceiver
---~ '&
r~~~

,
Designed and use tested to perform ag ainst
TVI. Designed to utilize the most modern
components of the solid sta te art-integra
ted circuits, dual gate MOSFET transistor ,
silicon BET power trans istor , etc . Design ed
with the power in the frequ ency range to
work FM Skip. And. designed and built in
America in a co mpact package tha t w ill
appea l to you r taste and pride of ow nership.

SPECIFICATIONS

Power Output: 25 watts Min. @13V OC
Frequency Range: 52·54 MHz
Channels : 12 with independent switching
Sensitivity: .35. v (nom) 20db quieting
Selectivity: 6db ± 16KHz
Audio Output: 5 watts max.

I Size: 2%n x 6}S" x9}S"
. State of the arii-eciliver utilizes MOSFEf"mixer for

superior front end overload and intermodulation
performance. .

IEWHR-&

Complete dash mount
operation ... does not
require black box power
hog in you r trunk

25 Watts Out
Long Range Signal Capability
12 T and R Channels
Independently Switched
144 Frequency Combinations
5 Watts Audio output
Compact for Dash Mount.

Ho urs: 9 ;00 - 5 :30 T u e s. th ru Sat .
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LOCATION OF
CIRC UIT ON
BOARD

"~12i<

- / 1/"~ .0 01
Q3_ C 1 /

6 i./C ...-04

1 " a E 2 71<

'P-F_

T
I MEG / 10 K

IK J --'W'o- / TO veo
I """"""'" .......,.".... / ( F IG I 71

----.Mr-- a .i, 0 .1 JW'..- OPTIONAL

/ ;" / /' I -- ~UJ'~~( FIG S)
0 1 0 ,1 Q2 ',01 3.9 MEG

( SEE FIG S)

Fig. 16 . Phase comparator. Notes : 1. See Fig. 4 for
diagram . 2. Capacitor marked * is a bypass
cap acitor not shown on diagram .

as shown in Fig. 19. +12V co nnects near
lC'l S, as shown in Fig. 18 , and goes to t he
VCO through the 68!1 resisto r (Figs. 17 and
18). A good so urce of power fo r the
regulator is a 12V car o r motorcycle battery.

Before applying pow er , check the resis
tance be t ween the +5 V and +12V lines to
ground. If there is a short circ uit, look fo r a
wrong connect ion or tiny sliver of so lder on
the boa rd . Dori 't forget t o re move the Molex
co nnec t ing- strip before app lying power,
since it shorts adjacen t ter mi nals.

Fro m now on, a freq uency co unter is
probably the best test instrument you can
have. We used the one described in 73
Magazine in the May-Sept. 1972 issues. If you
can at all borrow one, it is well wort h the
effort since , even if you don 't need it in
tr oubleshooting and every thi ng works well,
at least yo u will be able to check t he
accuracy of t he syn thesizer's ou tput at
differen t swi tc h settings.

Connec t the coun te r to the co llector
of Q6 in the VCO. Disconnect the VCO
control line from th e phase comparator,
and connect it to a source of variable
de voltage, adjustab le over the range of
about 1.5 to about S.OV. Check that t he
output frequ ency of the VCO at the
various input voltages shown in the VCO
description last month is in the right ra nge.

If necessary , adjust Ll so that the VCO
gives the right ou tput. The importa n t t hing
is to check that the VCO fre quency swings
over the whole ran ge need ed wit h an in put
volt age change from about +2.2 to about
+4 .1V, both on receive and trans mit. If y ou
don 't get enough swing with this amount of
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vol ta ge input , try another pair o f I N400 1
diodes in the con tro l line . It is po ssible to
get a diode whi ch does not have a large
enough capac ita nce range, although only one
diode out of all the ones we tried gave us
t ro ubl e in t hat respect. If this do es not help ,
then you will have t o experime nt with the
values of Cl , C2, and Ll un til you get the
right VCO freq uen cy swing. This pa rt of the
synthesizer mu st be aligned firs t, or yo u ma y
never get the rest o f it t o work. Only if the
VCO t racks righ t can th e rest o f it lo ck onto
freq uen cy.

Now disconnect th e variab le voltage
source from the VCO co ntrol lin e, and
me asur e the out pu t freq uency . It sh ou ld be
some where near the lower edge of the
req uired freque ncy swing . Check that th e
same frequency is also on pin 4 of IC4
(though the re may be a slight differen ce
because of loading changes as yo u mo ve the
count er). Then check IC5 pin 4, IC6 pin 4,
IC7 pin 4 , and fin ally ICl 2 pin 1. Each of
these should have a frequency one-tenth of
the frequency o n the preceding test po in t. If
you get the wro ng rea ding, try in te rc hanging
IC's wit h another of the same numb er.

Since at this po in t you don ' t have the
freq ue ncy selection switc hes connected yet,
the pro grammable divider is dividing by
exactly 2 9,000. Conn ect your counte r to
IC14 pin 6 t o check the output frequen cy
from t he d ivider - it should be the veo
freq uency, divided by 29,000, which makes
it probably fairly close t o the reference
fre quency .

Next , chec k the output of the 10 MHz
crystal osci llator and the referen ce fre
qu en cy divid er - Fig. 3 (last month) tells
the freq uencies to be ex pec ted at various
places in the reference divider.

Still wit hou t the veo contro l line con
nected , use a scope t o look at the inpu ts -to
the phase comparator (see Fig . 4 ). The
square wave refere nce frequency is easily
observed , but yo u will need a very good
scope (with triggered swee p and good high
frequency response) to see the output from
the programmable divider (tha t's wh y a
freq uency co unter is so useful - you ca n tell
the signal is the re and measure its freq uen cy
even though it is too narrow to see ). Then
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Fig. 18. Unlock detector. Notes : 1. See Fig. 6 for
diagram. 2. Capaci tor marked * is a by pass
capacitor not shown on diagram.
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whole system in a cabine t o r bo x. The
ou tside edge of the printed circu it board is
gro und. Mount the b oard on standoffs on a
chassis or grounded metal plat e so that the
grou nd area of ' the board is grounded
through the scre ws. (Y ou may have to
readjust LI in the veo once this is don e.)
Keep all the lead s sh or t, and keep all lead s as
far away fro m Ll and Q5 in the veo as
poss ible.

Now co mes th e tricky part. The veo is
very sensit ive to ground loops and hu m
pickup. As you remember, a voltage change
of about 2 .2 to 4 .1V (a total swing of
slightly under 2V) causes the veo to cover
the ran ge fr om 145 to 147 MHz. Thi s is a
swin g of about 1.5 MHz per volt of cont ro l
voltage, which corresponds to ab out 1.5
KHz per m V. All this means that if y ou have
a mV of rip ple or noise anywhere around the
YeO, that will sho w up as 1.5 kHz of
deviation in your signal. To keep your
output clean and pu re, you have to avoid all
pickup - that includes ground loops, induc
t ive and capacitive coupling, and such. This
is an experimental process at best. Adjust
the synthesizer for an output on some
frequency for which you have receive
crystals in your transceiver.

Fig. 17. VC O an d swi tch ed buffer amplifier. Notes:
1. See Fig. 6 an d 7 for diagram.

check the phase de tector output. Since the
loop is not closed t he ph ase det ector output
should be varying all over the pla ce. Seen on
the scope, it sho uld look like a sta ricase
which cont inuously shifts direct ions and
slo pes.

Now comes the big step . If every thing is
working so far , connec t the phase detector
out put to the veo control input with a wire
jum per on the underside of the bo ard. Make
it as short as possible, and keep it tight
against the board. The synthesizer should
now lock on to frequ en cy _ Since the fre
que ncy selec ti on swit ches are still missing,
yo u are set to 145 MHz transmit . The
freque ncy counter should no w measure the
correct freq uen cy (1 45 MHz divided by 24,
18, or 12 , depending on whether your
output is at 6, 8 , or 12 MHz, resp ectively) .
Th e cou nter reading shou l~ be constant,
wit h possibly a flicker in the righ t-most
digit. List en to the output of the synthes izer
on a general coverage receiver to make su re
it is reasonably clean .

If the synthesizer locks on to the co rrect
frequency but has a lot o f hum or bu zzing
on the signal, chances are that something is
wro ng with th e phase det ector. Put a scope
on the ou tpu t - it sh ou ld be a pure de
level ~ a stra igh t line right across the scope
scree n . If it has a slight sawtooth to it, it's
poss ible t hat one of the t wo FETs is sho t.

Once yo u have gott en this far , wire up
the frequency switc hes and pac kage the
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Place the transceiver close by , and you
will be able to hear' the sy n thesizer output
on your rig. If you hear a buzz o r hum , you
will have to try every tr ick yo u can think of
to get rid of it. Th is invo lves removing
mounting screws ho ldin g the board to the
chassis (in o ur unit we found tha t we ha d to
keep all mounting screws located wit h in two
inches of the veo insu lated fro m gro und),
movi ng wires arou nd, an d checking ground
connections bet ween the power supply ,
switches, an d relay .

This should be done with the synthesizer
in the tra nsmit mode, ei ther by put ting
+12Y on the T-R relay , or by bypassing the

contac ts. In our uni t , placi ng o ur tra nsceiver
close by per mits us to hear the 24th h ar
monic of th e 6 MIIz signal on the rig. On ce
you have checked the signa l in the transmit
mo de, repeat t he check in the receive mo de.
H is po ssible to hear the 26th harmonic of
the 6 MHz signal, for instance, on your rig
by setting the freq uency switc hes in the
righ t posit ion. If yo u set the switches to
receive on 146.335 MHz, the 6 MHz syn
thesizer ou tputs a signa l at 5 .65 1 458~ MHz
(146. 335. minus 10 .7 , all divided by 24).
The 26 th harmonic of this falls near
146 .94 and can be he ard .

On ce the unit is putting out a fair ly clean
signal on 6 MHz, you must in terface i t wi th
your tra nsceiver. This is done by using
Internat ional Crystal PAX- I r f power ampli 
fier mo dules for do ublin g and tripling. If
your synthesizer outputs on th e fre quency
yo u nee d fo r y our rig , then you should still
use a PAX-l module as a straigh t-th rough
amplifier for buffer ing the output signal.
This also puts a tun ed circuit in the line , and
changes the square wave output of the
switched buffer amplifier into a reasonably
good sine wave. This poi nts up the fac t t ha t
it doesn' t pay to build a 12-MHz snyth esizer
to pro vide a 12'"~~Iz output, sinc e eith er

TO IO KIi L
SW ITCIi ES

TO 100 KH Z
SWITCIiES

TO Mli z TO S Kli z
sm TCIi ES SW ITCIi ES

~r'~~-':'::~=~-,r, --~~---~'"

DC POWER
IrJPU T

~
GNO ' 5'1

"ec~ I-1:' d ~dtiHittitt lttiHi t tiftittl!! --l~l~;;,,;
' O l ' -_ ~~ .

--~-..:."':----.':" -'--~-

ICI5 lC I4
I CI6 .L

;/2\
3 30 0 1 DIODE RCV E LI NE

1"19 14 FROM T· R
R E L AY

rcr

Fig. 19. Programmable div ider. No tes : 1. See Fig. 8 for diagram. 2. Capacitors marked * are bypass

capaci tors not shown on diagrams. 3, Note the jumpers running under IC4 , 5, 6 , 7, and 12.
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UPDAT ED PAR TS LI ST

The parts list in PART I has been clo sed to th ose
who do not know the co rrect decoding sequence

4 SN 7400N TTL Quad two-i nput nand gates
3 SN7490N TT L decade co u nte rs
1 SN7492N TTL Di vide by 12 cou n t er
1 SN 74 92N TTL Divide b y 12 18 M Hz output

onl y )
SN7493 N TTL Binary counter 16 and 12

M Hz ou t puts only)
4 SN74 192N TTL programmable up-down de-

cade co un te rs
1 SN7473N TTL du al J-K flip-f lop
1 SN7474N TTL Type 0 flip -flop
2 SN7404N TTL he x inve rters
1 SN7430N TTL eigh t-inp ut nan d gate
2 S N74 10 N TT L trip le 3-inp ut nand !Jjte
1 LM309 SV regu lator , 250 rnA . (m ay be

rep laced by an LM3 09K if you
mount it o ff th e bo ard)

LM309K 5V regular , 1 am p ., p lus f inned
heatsin k .

MC l648P MECL osc illator
40673 R CA duar-care-orotected FE T

tran sistor
MFE3002 Mot orola enh an cemn t N-cha nne l

FET transistor (cautio n - do n't
remove cl ip on wires.]

6 2 N706 NPN fast switching t rans istors . o r
equ tv. (sil.)

2 N5771 PNP fast swi tcb inq transistor, or
eq u iv. (sil.)

HEP52 PNP t ra ns istor or eq u iv. (siLl
2 N3055 (or TIP305S ) NPN silico n po wer

t ran sistor (o r equiv.l
1 t z-vct t 1O-watt ze ne r diode
7 lN4001 silic o n d iodes (1 a mp, 50 PIV)

(Do no t su bs t itu te for th e two
para lleled ones in t he VCO unl ess
yo u know what y ou are doinq.l

23 1 N9 14 s it ic o n swit ching diodes (or
eq o iv.!
L E D i n d ica t or dio de - red
(LOCK light) (optional)
12VOC 10 mA SP O T relay
(Sigma 65F1A·12dc or Catectro
01 -9671

2 SP OT togg le switches (C HANN EL
SELECT)

2 SP3 T rotar y sw itches (MHz SE
LeCTI

4 3P10 T ro tary switch es (100 k Hz
and 10 kHz)

2 SP OT rotar y sw itches (O-5 kHz )
1 AT-cu t 10 MHz se ries -reso nant

HC-18/U crystal
Co il fo rm , 7/32" dia ., 15/32"
long, ferr ite slu g (Ca tect ro or
equi vl (Co il is 3-6 ,uHy , adj .}

1
2 33 pF
1 .0 0 1
1 0 .1

18 0 .0 1
2 100 pF
1 2000 J-lF
1 1 J-lF
3 250 J-lF
2 l00 11F
3 30 J-lF
1 10 J-lF
1 4 7>2
1 68>2
_4 220>2
1 18 00
1 560
4 l K
1 1 meg
1 12K
1 2 7K
3 10 K
1 1 .5K
2 4 .7 K
2 2 .2 K
1 15 K
1 470

2 l OOK
14 330

1 7"x9"
300

1-4 PAX -l

1-4 3 3 K

1 .7-14 .1 p F ai r varia ble capacitor
lJohnson 189-505-5 1
NPO d isk ca pac ito rs
di sk capacitor
d isk capacitor
disk capacitor
di sk capa cito r
15Vdc e lectrolytic
15 Vdc electro ly t ic
15 Vdc elect ro ly t ic
15 V dc elec t ro ly ti c
15 Vdc elec t ro ly t ic
15 Vdc e lec troly tic
l W res istor 10%
1/2W resistor 10%
1/4VV res ist o r

p.c . board
MOLEX Soldercon pins. used fo r
IC sockets
In t e rn a t io n a l Crystal power
ampl if ie rs, one for each doubler

. or triple r
1/2 resistors , o ne .fo r each PA X-l
used

Miscel laneous
Chassis . case. power switch , co n 
nector s . coa x . #32 ena me l wire
fo r co il, knobs, power supply
pro viding 12V at 750 mA (or
a u t o o r moto rcycle bat
tery) - must be we ll f iltere d.

Not es
Prin ted ci rcu it board layouts are
ava ilab le from the author (sen d
SAS E): et che d boards and parts
kits are availa ble from Cir cuit
Spec ia lists, Bo x 3047 . Scotts da le.
Ari zona , 8 5 257 . Contact them
direc t ly for information.
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Fit, 20. Interfacing between the sy nt hesizer and o ur Varit ronics IC-2F

way you wUl need a PAX-I module tun ed to
12 MHz; you might as well fo llo w our 6
MHz design as is, an d use the PAX-I as a
doub ler.

Since the PAX-I tuned circuit is fairly
shar p, you will need separate mu lt ipliers fo r
tra nsmi t and receive, since the outpu t fre
quencies in th e t wo modes differ by about
10%_ Figure 20 shows th e int erfacing be
tw ee n our tran sceiver , t he Varit ronics IC-2F,
and the synthesizer. The out put links were
the same as those recommended by Inter
nat ional Cry stal for the co il/ capacito r com
binatio n used in the fin al tu ned circuit. We
measured the a mo unt of d rive requir ed by
the transceiver a t .about I to 1.5V peak 
to -pea k, which was easily provided by the
small links. RF connect ions bet ween t he
sy nthesizer and the transceiver were made
by 521.1 coax .

There are probab ly dozen s of other hin ts
we could give if only we could th ink of them
at the moment. We have fo und the syn
t hesizer an exci ting project since t here is so
li ttle fac tual informati on in other magazin es
and books on the subje ct - and a lo t of
m a n ufa ctur ers' application notes have
tu rn ed out to be misleading and wrong. We
have spent lit era lly hu ndreds of hours track
ing do wn lead s, doing calcu lations, and
t rying first one circuit and then ano th er.
We'll be happy to answer any ques tions or
solve any problems you may h ave if yo u
specify the qu estion or problem exactly, and

90

enclose a SASE. But we think you will enjoy
building your sny thesizer - at the tim e of
writi ng , at least , t his is so me thing you ca n 't
go out and buy - and t hat 's t he best kind of
project to bui ld .

.. .K20AW

A uthor's no te: When building the synthe
sizer, remem ber that th e VCO has all the
problems of a two-meter VFO. It is just as
prone to drif t off frequ ency under shoc k or
mechanical stress. While the phase-lock ed
loop will bring it back on frequen cy , that
take s. abo ut !4 second. In our proto type we
fo und thut, under mo bile operation on
bumpy roads in a small, bouncy fo reign car,
the VCO wo uld wander back and forth. For
th is reason it is important 10 build th e VCO
stage as rigidly as possible, using all th e
techniques y ou would use for a mo bile VFO.
For mob ile use, probably the best trick isto
carefully cu t of! the VCO sec tion from the
main board with a coping saw or nibbling
tool, and carefully mount it in a small
minibox reinforced with extra washers or a
small metal plate under the moun ting
screws, try ing to keep the prin ted circuit
board from bending under shock. This ty pe
of mounting should greatly improve th e
situ ation, since keeping the VCO on th e
main board lets any vibratio n fro m the large
board, "fl ex ing under the weight of quite a
few parts, to be transmitted over to the
VCO.
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881 7 S .W. 129 T er ra ce-M iam i, F L 331 5 6

*I F shift - new patented QRM remover *
* IF noise blanker e Diai tal nixie freq uency

readout * superb comp ute r grade
co nstruct io n by C\-1I

mgnaIlone

* 160- 10 Meters * 300 Watts *
*Tran scc ive o r split freq uen cy \v·ith two

bu ilt in VFOs *CW kcyer bu ilt In *

*A I;SK keyc r * adjustable OUIPUl powe r *
broad band tuning *ou tpu t wall met er and
reflec ted power meter * $23 9 5

AMAT EUR-WHOLESALE ELECT RONICS

r;:; slgna/jone CX·7A

exclusive
export
agen t
fo r
signal/one

HENRY
3K-A

o
Cool and Easy M ax . Legal
Po wer * SSB. cwoRTTY
o r SST V th rou gh com me r
cial ra t ings * 3 .5 to 30 Mf-lz
* Cont ino us du ty * Silver
plat ed Pi-L p lat e ta nk * DC
relays * A LC .. Built in
SWR bridge " O ut p ut po wer
2 KW min. in co m merc ia l
serv ice * THE lin ea r for
TI l E CX-7A . $99 5

YO U will never know h o w tittl e it cos ts
t o own TH E incom p arable CX -7A orAlpha
77A !lntil YOU write o r phone us and le t us~
know the trade in d eal YOU WA NT. *We~
usually say y es ! NO ONE A N Y WHERE L: .. - - T ...I~hone-da )' s (303 ) 233- 3 6 3 1 - n igh ts and w ......kends ca ll
BEA T S O UR D EAL * (305) 6 66- 1 34 7 ~se your M a ster Ch arge card

35.00 25. 00

1.395.00

89 .95 65 .00

AMECO REG. OUR PR ICE HEAT H
TX-62 wlVFO - 62 1, Dow Relay , rO-18 5 mc Lab scope, new cond.
like new 175.00 115 .00 HW·10 Shawnee 6 m Am, CW,
BIRD VFO, xc elver
43 Wattmete rs tnewl limited quar I ty 90.00 QF· l "Q" mul t .
CLEGG Warr ior Linea r
Intercepto r rcvr w/A Il Bander HI- tuner SB·200 Linea r
(80-2 meters) like new 304. 00 189 .00 S8 -630 co nsole (new ) .
COLLIN S HW·18-3 160 meter xcerverKWM-2, N6 , 5 16F -2 AC 895.00 795.00 w/ HP-23A ps and HA·5 VFO7553-B , late, new co ndo in carton 549 .00 489.00 S6-220 linea r, like new, profession allyF4 55 FA 1.5 Kc filter fo r 7553·8 6 1.00 30 .00
F4 55 FA 3 .1 Kc filter fo r 75S3-8 50.00 25. 00 wired

30 L·1 linear 369.00 325 .00 HW-1oo xce iver /wH P-23 AC ps,
MP-I DC ps 119.00 89 .00 like new
351-02 mount 125 .00 49.00 S6-303 rcvr , w/AM & CW ace. f ilte rs.
KWS-1 595 .00 4 50.00 new con d oprofessionally wired

DRA KE IOW-102 5mc, so lid sta te scope.

SPR-4 , amat eur x ta l pac k, .fac tory wired .J ike new

1 mo . new. in ca r ton 399.00 329.00 NATIONAL
. T4 XB. w/Ae-4 , like new 449.00 389.00 NCX·5 MK-2 w/NC X-A AC p3

R4B . new con d. 345.00 3 19 .00 ROBOT
GALA XY Model 70 monito r, 2 mas new
FM-2 10 /wPA·210 35-60 watt amplifie r in ca rton
loewl and 34, 64, 94T & 76 . 64 . 94 , R Model so camera w/F l.4 lens, never
xtets , Like rew cond. 169 .00 129 .00 used . 2 mas new. in ca rt on
GONSET SWAN
6m Comm IV 149 .00 89.00 VX-2 (newl VOX
HALLICR AFTERS SIGNAL ONE
HA-5 V FO 49 .00 39.00 CX7-A. 2 mos. new

HAMMAR LUND ~kf~~el. 10 met er beam tnewlHQ. l 10C IVllOd,ing as isl 129 .00 79 .00

119.00

119 .00

149.00
219. 00

89 .95

189 .00

299.00

349.00

189 .95

45 5.00

79.00

79.00
10 .00
89.00

189 .00
69 .00

139. 00

339.00

269. 00

299.00

129 .00

39 5.00

279 .00

289.00

S p eci al prices all ne w and u se d e q ui p me n t. Pl ease see our o th e r adS mls u sue. Write l o r q uo te . IN STOCK!
SWA N (n o t S wan E lectronics) M ULTI-D R IVE BAND PAS S YAG I ANTENNAS fo r 2 m e ters, ~ . 3 / 4, etc. These
are t he anten nas that w in ell ery We st coas t antenna gain contes t go in g away. Writ e for literature.
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The Part s Placement Diagrams were not
qu ite comp lete for A Modern Frequency
Counter in the September issue. Here ar e th e
corrections. Also, the fifth line fro m the
bottom on pag e 95 shoul d read " 220n
resis tors."
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FRONT
(COPPER SlO E l

r.

K20AW
Counter

2N5172

(ill)
BOT TOM VIEW
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Above sketch
shows location of
circuit on main
circuit board.

Fig. 20, page 91.
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Leo W. Born W(flHLZ
292 6 Moundview Co urt
Topeka KA 66 614

GRAVITY ABECEDARIUM

T H -4 1

M an's co ncern wit h the co ncept of
gravit y dates back t o t he early Greek

astronom ers and philosophers , particularly
Ptolemy and Artistotle. The generally ac
cep ted view was that "The na tural motion of
all ma terial o bjects was to ward the center o f
the ear th , and only Fire, which h ad some
th ing divine in it , defied the ru le."! More
recently the ide a of using gravi ty as a
possib le basis for communication, especially
for outer space ope rations, has been me n
tio ned by Wayne Green and o th ers. The
purpose here is t o provide some background
material on grav ity with the be lief t hat ra dio
ama teur s, being of a special breed , may
generate some fres h id eas on the subject
which af ter more than 2000 years of spe cu
lation is still wide open for experimen tation
and explora tion.

For many hund red s of years the proposi
t ions o f Arist o tle (384 - 322 B.C.) held a
close grip -on t he minds of men . Thus it was
with his co ncept of gravity: "A thing, the n,
which has the o ne kind of matter is light an d
alway s moves upward, while a th ing which
has the opposite matte r is heavy and always
moves downward .?" Various things could
contain different mix tu res of the heavy st uff
and the ligh t stuff and so possess varying
degrees of mo tion .

The Arist otelian view was ru dely shaken
by Galileo Galilei (1564 - 1642) wlio dis
covered the fundamental laws of falli ng
bod ies during his t enure at the University of
Pisa , 1589- 159 2 , although his work was not
published fo r abou t 200 years later. Galileo
demo nstrated experimentally that all bodies
fall wit h precisely t he same acce leratio n and
was able to show the mathematica l relation
ship between the time of fall and the
distan ce t raversed .

Next on the scene came Isaa c New to n
( 1642-1 72 7) who was born in Decem ber o f
th e same year Galileo died. One cannot
kno w wh ether to cred it the trad itional fall -

NOVE MBE R 1972

ing apple or the great plague of Lo nd on
during 16 65- 66 for Newt on 's grappling
with the problem of gravity ; bu t th e plague
did force New ton to retire from London to
his home in Lin col nshire and it was whil e
puttering around t he manor that h e de
veloped h is now his toric laws of mo tio n and
the principle o f universa l grav ity.

New ton's p rinciple of universal gravi ty
became a cornerstone in physica l theory:
Every particle of matter in the universe
attracts every other particle with a gravi ta
tional force ; the magnitude of the grav ita 
tio nal force between two particles is propor 
tio nal to the square of the distan ce be tween
them; the gravitational force of attraction
bet ween two par ticles acts along the line
joining the two pa rt icles. Expressed ma th
ematically,

where m l and m 2 are t he resp ec tive masses
of the particles, d the dista nce bet ween
them, and G is a fixe d co nstant of propor
tio nality called the gravita tion const ant.

G ~ 6.673 ·x 10.8 dyne cm 2
g2

and is indicative of t he bas ically weak natu re
of gravita tio nal forces.:' Using t he mass of
the earth as 5 .975 x 1027 grams and d eq ua l
to the ra dius o f the earth at the equato r, t he '
force on a mass of one gra m is found t o be
978 .049 dynes (I dyne = 1.0 2 x 10. 3 gram
force) .

Whe n the mass es of the particles or
bodies are great, the resultant gravitationa l
forces are large, bu t for small masses the
gravita tional fo rces are exceedingly weak.
Thus two masses each of one pou nd , sepa
ra ted by a d istan ce of o ne foot would show
a gravitational force of attraction on o nly
3.3 x 10-11 pou nds force, a very minute
force indee d.
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NOTE -
Built for Am ateur &
Commerc ial Use.

• See Your Local Dealer
or Order Direct.

• DEALERS WR ITE 
We Need Y ou,

FUL L 7 ELEMENT
COLINEAR

FEATURES
• 6 .5 DB Gain Over

Y4 Wave Ground Plane

• Aluminum & Stain
less Co nst ruct io n

• Mounting &
Radials Included

• Antenna at
D.C . Ground

FREQ. MODEL # PRICE EA .
140-160 MHZ M150 $16.95
220-250 MHZ M220 $16.45
430·470 MHZ M450 $15.95

(Ad d $2.00 f o r Comm' l. Freq .l

140·160 MHZ 8150 $39.95
220-250 MHZ 8220 $35.95
430-470 MHZ 8450 $29.95

(All Pr ices FOB Ind ianapoli s)

FEATURES
· 3. 0 DB Gain Over

% Wave G.P.

• 1/8" Tempered
Stainless Whip

• Rugged Fiberglass
Coi l

• Whip Unscrews t o
Accept Spring
($3.25 Ext ra)

• Includes Ex clusive
"Adjustable Head
space" Mount With
20 Ft. Coax.

• Antenna at D.C. Gr d .
Mode l M

PERFORMANCE PLUS!
MOB ILE 5/8 V ERTIC A L IL-U~H=F_. V-,--,H=F_~~,,---

BASE &
REPEATER

Anfenna~
Enginee,ing

P.O. 8~o~~~/ne
Indianapolis, Ind . 46219

As revolutionary as Newto n 's co ncep ts
were , even more amazing was his ability t o
gen era lize o n his gravity the ory an d t o ap ply
th ese sam e ea rt h -derived principles t o the
astronomi cal syst em extending for vast
millions of mi les. Using the excellen t obser
vati o nal data gathere d by t he Dan ish astro
no mer Tycho Brah e and t he Ge rm an
Joh an nes Kep ler, Ne wton was able t o show
that h is p rinciple of universa l gravity did in
fact exp lain beautifu lly the complex m o
t io ns o f t he pla nets that ha d baffled men fo r
cen tu ries. It is also in te rest ing t o no te that
mod ern expe riments have verified Newt on's
principles t o an exp erimen ta l accu ra cy o f
one part in 100 bill io n . But as to t he nat ur e
of cause of t he gravitation al force, Newto n
was un willing to m ake any conjec ture: " But
hithert o I have no t been able to discover t he
cause of th ose properties of grav ity fro m
phenome na, and I frame no hy pothesis .
And to us it is enough tha t gravity d oes
really exist, and ac ts according to the laws
which we have ex plained. ,,4

One of the first to spec ulate o n t he
nat ure of gravity was Mich ael Faraday

(1 791 - 1867 ) bette r known to us for his
wor k in t he fie lds wi t h which we are
fam iliar. He wro te in 1849 , " Gravity 
surely t his force must be capab le o f an
exp erimenta l rela t io n t o electricity and mag
neti sm, so as to b uild it up with t hem in
rec iprocal act io n and equivalent effect. f
Farad ay co nducted n umero us in genious ex
periments attemp ting t o esta blish a relat ion
sh ip between gravity and electromagne tic
fo rces, 'b u t wit h negative resu lt s . T ime may
well just ify his convict ion that de spit e the
fai lure of his ex peri ments, suc h a rela tion
ship do es exist.

In any eve n t, Farada y 's work o n the
transmiss ion of electric and mag netic forces
pro vid ed the bas is for James C. Maxwell 's
ma thema t ical the ory of the electromagne tic
field in 186 5 and elabora te d in 187 3 with
his great work , Tre atise on Electrici ty and
Magnetism. And in tu rn , Maxwell 's t heory of
the electromagnet ic field even tually pro
vided the ta ke- off point for t he next major
joust with gravity wh en the gen ius o f
Einstein beca me ma nifest.

Ein st ein 's co nce pt o f gravit y dev elop ed
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first from his spec ial theory of rela tivi ty and
subseq uently from his gen eral theory of
relativity. In 1918 Einst ein obtained solu 
tions of his basic equa ti on of gene ral relati
vity which predicted the ex istence of gravita 
tional waves propagat ing through space wit h
the velo city of light. The strength of these
predicted waves is exce edingly weak . Calcu 
lati ons sh owed t hat the earth in it s moti on
around th e sun would radia te an eq uivalent
power of only 0.001 watt. Th e tas k of
devising methods for th e detection of gravi
tational waves of this magnitude is obviously
formid ab le.

It will be recalled that although the
gravita tio nal for ce is quite small fo r every
day, garden-variety masses, the for ce be
comes very substan tial whe n earth-size
masses and larger are considered . In lik e
man ner , altho ugh the gravit at ional radiati on
from the ear t h is ind eed mi nute, wh en
masses such as tho se of t he wh it e dwarf sta rs
are considered , in te nse gravitational rad ia
tion would result. It can be shown t ha t fo r a
double star syst em where each st ar has a
mass equ al to that of th e sun an d are
separated by one astronomical un it (eart h
sun dista nce) th e gravita tion rad iation is
negligible. If, however, the ma ss of the sun is
squeezed down to ab out the size of the earth
and if two such compacted white dwarf st ars
ar e only 10,000 kilo meters apar t , th e resu lt
ant peri od of revolu tion would be redu ced
to less than a minute and in tense gravi ta
tional rad iation of energy wo uld occu r. Such
a binary star system would have a gravita 
tional radiation some 10 ,000 t imes great er
than the elec t ro magnetic radiation of the
sun!

It would seem probab le, therefore, that
the detect ion of gravity waves would be
mo st likely fro m t he radi at ion of mu lt iple
star syst ems involvi ng very dense bo dies su ch
as th e whi t e dwarf stars. Su ch syst ems may
have radiation fre quenc ies fro m 1/l 0 to
1/1 00 Hz alt hou gh the astrono mic ally ob
served systems have periods ranging fro m a
few hours to y ear s. It is also possible that
gravitational radiati on cou ld occur from the
gravitational collapse of star systems, fro m
plasma , qu asars, pulsars, and other sources
yet un known. Such rad iation mu st be
lab eled as possible, bu t highly conject ural.

So it wo uld appear that the most probable
gravitational radiation of ad equate intensity
to permit de tection would fall in the 1/l 0 to
1/1 00 Hz range and originate in the multiple
star systems. Although Professor Weber of
the University of Maryland has reported the
detect io n of gravity waves6 there remains
considerab le doub t as to the ex istence of
suc h waves.

Gravi ty waves, from the work of Ein stein,
have t he sam e velo city of propagation as
ligh t waves. Yet gravitation appears to act
instantaneously - with in finit e velo city. If
the velo city was finite , the gravitational
for ces on moving bodies would depend not
only on their ph ysical relat ion ship to each
other, but also on th eir relative velocities
an d the ti me required for the gravitational
fo rce to op erate. Thus a fini te veloci ty of
propagation of gravit at ional force would
require co rrectio ns in th e calculation of
planeta ry position based upon Newton's
laws and ins tan tan eous act ion .

But no such co rrec tions are required r

Could it be that t he co rrectio ns are so small
as to be undetectable wit hin th e limits of
our obs erva tional error? Lap lace calculated
the minimu m velocity of propagati on that
wo uld allow such a co rrectio n to pass
und et ected within the -ex perimental erro r of
astronomic al ob servation and conclud ed that
the velocity of propagation of gravity wo uld
have to be great er than the velo city of light
by at least a million time s."

And so the re .appears to be a conflict
between the co ncept of gravitat ional waves
propagat ing with th e velocity of ligh t, and
th e New tonian instan t-acti on theory verified
experim entally by observational ast ronomy.

Now the prediction of t he existence of
gravitational waves with a velocity equal to
that of light is fathered by Einstein's t heory
of relat ivit y. Because of th is intimate re la
ti onsh ip, experimental ver ifications of rela ti
vity build confide nce in and acceptance of
the fin ite -velocity gravit at ional-wave con
cep t .

One well-known inst ance whe re the app li
cation of Newton 's un iversal gravity pro 
vided predict ions on planetary posit ions that
were not precisely ver ified by observation
pert ained to the orbit o f the planet Mercury.
There was always a slight but nagging varia-
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t io n between the p red icted and observed
position ... over and above the observa
t ional errors . Using the relativit y t heo ry ,
how ever , pr ed ictions were made of the value
of the "abnormal" varia ti ons of Mercu ry 's
position and the se p red ictions p roved t o be
almo st precisely equal to the ob served
values.

Relativity th eory also p red icted t hat
at omic oscillators would " slo w down" and
he nce oscillate at a lo wer frequenc y wh en
under in tense gravita tional fo rce s; the ligh t
em itted fro m an oscilla tor under these con 
di t ions would be sh ift ed to war d the re d end
o f the spectrum. The very de nse compani on
star o f Sirius provided t he intense gravi
tational fo rc es and measurements made
showed that a " red shift" did occur and that
the amount of the red sh if t' observed was in
go od agreemen t with the p red ict ed valu e. On
th e other hand , fo r cer tain othe r wh ite
dwarf stars which sho u ld show large values
of red shift, the measureme nts indica t ed
either no sh ift or only sligh t am o un ts o f
shi f t. 8 Thus ex perimen tal verifica ti on of
Einste in 's pr ed icted red sh ift is not co nclu
sive as of th is ti me. T he relativit y t heo ry also
pre dict ed that a beam of ligh t would be
deflect ed in passage t hrough an in tense
gravita t ional field. The existenc e of such
bendin g and a fa ir agree ment with the
predic ted amount has been verified by o bser
vat ion of the change in app are n t posit io n of
a star when its beam passe s close to the sun
du ring an eclipse.

It is im portant t o emphasize that in these
experimentally ver ified pr ed ictions , gravita
tional fo rces were assigne d a velocity equal
to the velocity of ligh t. Thus it wou ld ap pe ar
that gravity ope rates insta ntaneously wh en
applie d to slo w-moving o bjects and moder
ate gravit ational fields, an d wh ere ra pidly
moving bodies or in te nse gravita ti onal fie lds
are involved , it opera tes with the velo city o f
ligh t.

Like Fara d ay , Ein stein was co nvince d
th a t the re was a clo se rela tio nship between
gravity and electromagn etic pheno mena. His
gen eral theory o f relativity ascribed gravity
to t he geometric properties of space-ti me
and hi s u nified field theory attemp ted to
give t he electromagn eti c fiel d similar space
ti me d erivations. To d ate, the unified fiel d

96

theory ha s not me t with the success o f the
special and gene ral theories of rela tivi ty.

In ab ou t 19 59 , Dira c was ab le to quantize
the gravita tional fie ld eq uat ions and showed
tha t the equation o f energy of gravity
quanta (gravit rons) was of the same fo rm as
the equation for light q uanta (photons ) and
equal to Planck's constan t times th e fre
quency. In the case of gravit rons , however ,
we may hav e quit e so me wai t before -b eing
ab le to det ec t one. An ato mic n ucle us
requ ires abou t 10-12 secon d to em it a
photo n ; t he bet a decay of a ne u tro n takes
abo u t 12 min u tes ; the calculat ed ti me for
the emi ssion of a gravi tron by a n ucl eu s is
1053 ye ar s! 1 Since the age o f the universe is
thought to be app rox imately 10 1a y ears, the
probab ility of emission o f a grav it ro n by a
nucleus is negligib le. Which may mean
simply tha t the gen era l d imensions of the
ato mic n ucle us is not suitab le fo r gravitron
em ission and tha t sys tems of mo re su bstan
tia l size co mpara ble to the wavelength o f the
gravit a tio nal ra diation wo uld be requ ired.

And so we ap pe ar to be le ft with no
cle a r-cu t de cis ion wit h experimen tal
evidenc e on the one hand pointing to an
infinit e velocity of gravity pro pagation, and

on the o the r hand indica ting a wav e system
of gravitational effects propagating wit h the
velo city of light. No doubt all of the votes
are not yet co unted, and continue d thou ght
and resear ch will resolve the appare nt con
flict or a t lea s~ pro vide understanding o f this
seeming du ality o f gravi tational properties.

W~HLZ
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Specificiltions :
e Se N S ITI VI T Y ; Bette r t han 10d b t ;gna l-p lu s-no ise- t o

rat io f or .2 5 microvolt~ at 28 MH Z .
• SE L.ECTIV ITY; 2.4 KH Z @- 6d b, 1.8 :1 (6 : 6Od b)

sha p e factor. ( 16 pole c ry st a l lattice Filters )
• op t lonal ; CW-3 0 0 and 400 H Z . FSK· 12 0 0 H Z .
• CARR IER an d u n w ant ed sid eband supp ressio n. M ini-

mum 6 0d b . ' .
• IM A G E and I F RE JE CTI O N : m o r e than sees.
• PO WE R L E VEL: 3 00 t o 500 watts p. 8;p.

c o nt inu ous duty c ycl e.
.POW ER AMPLI F I E R: 8 072 f in al c o mp let el y broad

ban d ed d river and fi nal. 150 watts co n ti n uo u s d i$$ip a
t ion ra t ing .

CX7Athe Incomparable
by

.5/gns/jone

Faa tures :
• R E L IAB ILI T Y IS NOW stand ar d equipment. Every

C X7A " b u rn t- in " and cycled mOf e t han 96 h ours.
• Q UAL.I T Y -PLU S . E ver y c o m ponent is in st ru m en t

grad e. A m e rica n-m ad e. a nd individ u ally test e d .
• ALL MODES 10 th ru 1 60 rnete rs In fu ll 1 MHZ band s

with over laps.
• BR OAD-BA N D TUNING . In st ant b an d c h anges with~

out t u n ing .
• T RU E BR E A K-IN CW wi th T / R sw it c h in g.
.IF S H IFT _ d e lu xe QAM slicer.

• P~E · I F N O ISE-B LA N KEA t,/1 a t rea lly w o rks .
• AF EN V ELOP E CLI PP ING - sou nds like a Kw .
• TW O V FO'S T ransceive r P lu s rec e ive r.
. BU IL T · IN: S pott e r. FS K sh ift , t ra nsmit o ff se t, w e re

m eter . SW R m et a r, e lectronic CW Ke Ver.

SIGNAL ONE now presents the most complete line of S tate-of-the
Ar t equipment ever offered the Amateur. Available very soon from
Payne Radio .

"olla"
0 - =
• 0 (")

CX7 A - Deluxe integrated station .
Still t o p o f t he Li ne - even greater q uality a nd reliab ility th an
ever befo re

CX-10 - Integrated station
S ingle VFO. P/ S ·10 re quired, opt io nal bu'llt-in Keyer

CR-1200 State-of-the-Art Receiver
Single V F O , I. F . S hi ft, b lan ker, h igh se nsi t ivity-se lecti v ity

CT-1500 State-of -the-Art transmitter
S in gle V F O , 300 wans, P/ S -1 0 req u ired

CR-1500 - Special Application Receiver
dual V F O' s

_$-10 A /C
PS-l0 O/C
EV-10 - Exter nal VFO for CX-10
SC-10 - Station Console
CX-2X - Two meter Transverter

$2395

$1795

$1095

$1450

$1650

$210
$210
$225
$350
$460

Phone/write DON PAYNE, K4ID , for a brochure, personalized service,
and a KING-SIZE trade-in on any gear you have - one piece - or the
whole Station. A small deposit will reserve any piece of signal/one
equipment as it becomes available.

Phone
six days

1615) 384-5573
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PAVNE RADIO
Box 525

Springfield, Tenn. 37172

FC-S

Phone
Nites - Sundays
(615) 384-5643
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NEW FCC
REPEATER REGS

Adopted :
By th e Commi ssion: al'29n2

1. The Co mmissio n adopted a
Not ice of Proposed Rule Making in
the matter of Amendment of Part 97
of the Comm ission's Rules concern ing
the licensing and operation of Re
peate r stations in the Ama te ur Rad io
Service on February 26 , 1970, which
was pu blished in th e Federal Register
on March 5. 1970. (35 FR 41381.
Int erested parties we re invited to file
co mments on or before May 15, 1970,
and reply co mmen ts on Dr before
June 1, 1970. Th e time fo r f iling
comments and reply comments was
subsequently ex tended to June 15,
1970 and Ju ly 7, 1970. respect ively.

2. The Not ice pro posed to spe
cif ically pr ovide ru les for the opera
t ion of am ateu r stations which receive
and automatically repeat the rad io
signals o f other amateur st at ions.
Although the ru les have not spec if ical
ly re ferred to amateu r repeater sta
t ions , per se, the Commi ssion has
licensed hund reds of repeater stations
to operate under th e ru les applicab le
to ama teu r radi o sta tio ns in genera l.
We are of the opinio n that this ac t ivi
ty is in keepi ng with th e fund amental
purpose of t he Amateu r Radio Serv ice
expressed in the pri nc iples set fo rt h in
Section 97. 1 of the Rules, particu larly
wit h respect to paragraphs 97 . 1(bl
and (c] :
"I b) Cont inua t ion and ex te nsion of
the ama te ur's prove n ability to con
tri bute to the adva ncem ent of the
radio art.
Cc) Encouragement and improvement
of th e amateur rad io service th rough
rules whic h provide for advancing
skills in both the co mmunication and
technical phases of the art. "

The high qua lity of the technical
content o f the comments rece ived is
evidence that the bas is and purpose of
thi s Service are be ing served by this
ama teur rep eater activity .

3. Both forma l and info rmal com
ments were received from numerous
individuals and amateur radio organ
izat ion s. Since t he comments received
were so numer ous, it is no t practi cable
to disc uss each here in. Howeve r, every
comment has bee n given ca reful co n
side ration by the Commission . Many
inc lude stateme nts describing t he
value of repea te r stations to the Ser 
vice and predict further techno logical
deve lopments and increas ing benef its
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if t heir usage is pe rmitted to co nt inue forecast fu ture needs and provid e ap
unhamp ered by th e impos ition of propriate ru les, we recognize th at in
un necessa ry rest rictions. Genera lly, all prob ab ility further advancements
they hea vily favor th e adoption of in remote co ntr o l and automat ic con
specific ru les govern ing t he licensing t rot tec hno logy will necessi tate add i·
and operat ion of repeater sta t ions, but tio na l amendments. We urge in
not necessarily in th e ma nner pro- terested part ies having informat ion
pose d in the Not ice. and suggest ions in t hese areas to sub-

4. The Commmssion f inds th at mit th em to t he Commission for
amate ur terrest ria l repea te r stat ions co nsiderati on .
are usef ul fo r inc reasing the re liable 5. Beginni ng J uly 1, 1973, a
range of VHF and UHF (Article 2, separat e sta tion lice nse will be re
Sec tio n III of th e I.T.U . Rad io Regu- quired fo r every amateur repeater
lati ons def ines VHF as Band 8, station regard less of when it was first
30-300 MHz [Metric waves) and licensed. App licat ions fo r new, modi 
UHF as Band 9, 300-3000 MHz fled or renewed re peater station Hcen
[ Dec irretric waves}. ) vehicular and ses mu st mee t the new req uirements
hand-held mobi le sta tio ns in conduct- upon th e effective date of th e new
ing intra-commun ity amate ur radio- ru les. These statio ns will be ident ified
commu nicat ion. and for effec ting by a ca ll sign having the disti nct ive
e m e rge ncy rad io co m m uni cation prefi x WR. In order to qua lify for a
whi ch possibly could not othe rwise be repeater station license , the applicant
conducted on th e amateur bands. mu st be a t least a Technician Class
Aga in, this is in keeping wit h Sec tion licensee an d mus t submit certa in data
97 .1 of the rules : regarding the techn ical and opera
"[a] Recog nitio n and enhancement of tio nat pro visions included in his pro
the value of amateur service to the posed . station. The requirements for
public as a volunt ary ncn-c ommerclat t his showing are intended to verify
commu nicat ion service, particu larly th at th e applica nt has given caref ul
wit h respect to providing emergency co nsideratio n to t he p lanni ng and
co mmu nicat ions." design of his repeater sta t ion, addres
Accordingly, we believe t ha t rules to sing particular attent ion to the geo
provide for th e ope rat ion of repeate r graph ical a rea to be covered. We desire
stations are desirable. It is ap pare nt t hat t he appl icant fo r a repeater sta 
t hat repea te r stations have become a tio n license predict by anal ysis t he
signif icant part of the Service. Th ere is • app rox imate coverage area needed for
no reason to expect their growing int ra- co rn munitv ama teur rad io
pop ula rity to quickly dim inish, nor is co mmunication, using the desired
th ere reason to antic ipa te th e innova- mode of emission. After the repe ater
t ive skills t hat amateu r operato rs have is licensed and in operation. th e llcen
demonstr ated in designing and plan- see shou ld verify his assumptions of
nin g repeate r sy stems to sudde nly community rad iocommunicati on reo
di ssipate. We woul d prefer to have this quiremen ts and his prediction of the
ac t ivity contin ue in an orderly station coverage th ro ugh testing and
fashion , in a spirit of cooperation operating experience, and make ao
among amateur operators. Ju st as it propriate adjustmen ts based thereon.
was not po ssib le to foresee the in- The foregoing approach shou ld be
te rest in repeate r stations, it is simila r- accomp lished giving due considerat ion
Iy impossible to fully predi ct t he to min imizing ha rmfu l int erference to
eventua l products of the amateurs' other ama te ur radio operato rs in th e
imaginat ive application of t he elec- same or near by commun ities desi ring
tr onic and radio arts. Fo r this reason , to use the same freq uency, o r fre
the rules ado pted here in are in tended quency bands.
to intr odu ce provision s int o t he rules 6 . Upon reviewing the com men ts,
wh ich perm it t he f lexibility needed in and in co nside ra t ion of t he inc reasing
the Serv ice, and to prov ide t he licens- com p lexity of systems described in
ing f ramework for accommodating applications received by th e Comm!s
futu re technical and operat ional ad- sion for remotely co nt ro lled repeat er
va nc e m en t s i n amateur rad io- station s, we recognize t he need emerg
commu nication . Desp ite ou r eff o rts to ing in the Service for a licensing

73 MAGAZINE

j



Don't be misled by:

IIWHATYOUSEE IS WHAT YOU GET, II

$359.95

PLUS: A heavy-duty pedestal type AC powe r
su ppl y, dynamic mic rop hone, ant enna con
nector plug , spare fuse s and lamps, DC pow er
co rd, and mob ile mount ing bracket.

• A crystal oven for superior stability of ± .001%
from _ 30° to + sooe. (Wh o else gives you this
for 2 metersj )

• A squ elch threshold of less tha n 0.3 mv with 2
watts of c lear reception at less than 10% dis
torti on.

FM-1210A Transceiver

• 144 channel combinations through independ
ent switching of 12 transmit and 12 receive
frequenc ies from 144 to 148 mHz.

• Eight crysta ls (not jus t 3) ... TRANSMI T:
146.22 , 146 .34,1 46 .76 & 14 6.94 mHz ; R E
CEIVE: 146.28, 146.76, 146.88 & 146.94 mHz.

• A 16.9 mHz cry sta l lattic e fitte r for adjacent
channel reject ion of - 55 db prOViding grea tly
improved selectivity.

• A fully so lid state transmitte r w ith auto mat ic
pro tection 0 1 t he output t ransistor from im
proper-load damage.

SWAN ELECTRONICS
gives you much more

-a lot of which you can't see!

when buying 2 meter FM equipment (or any other Ham gear , fo r that matter),

INVESTIGATE BEFORE YOU BUY! Compare
Swan's FM-1210A tor , exam ple, to other
2 meter FM transceivers with a rated R F output
of 10 watts. The FM-1210A gives you:

2 Meter FM Economy is available with the
SWAN FM-2X .. . everything yo u need for
AC or DC operatio n is inc luded at one low
price, just hoo k up you r antenna and you' re
on the air . Freque ncy coverage extends from
144 to 148 mHz over 12 channels. Crystals
are installed for Channel 1 to trans mit and
receive on 146.94 mHz; Channel 2 to trans
mit on 146 .34 and receive on 146.94 mHz;
Channel 3 to tr ansmi t on 146.34 and receive
on 146.76 mHz . 10 watt RF output. M icro
pho ne, AC po wer sup ply, DC po wer cord
and mobil e mounting bracke t furn ished .

FM-2X Transc eiver 8299.95

When reaching out lor long range con tac ts,
Swan 's VHF-150 Linear Amplifie r is a perf ect
co mpanion to the FM- 1210A or the FM-2X.
Operates class " C" at 1.50 watt s DC input on
CW or FM with a frequency range of 143 to
149 mHz. A flip of a swi tch gives you 180
wat ts ot P.E.P. whe n working SSB class " S" .
Its self-contai ned AC pow er supply is de
signed for continuous ope ration, and a DC
converter Is available tor mobile installations.

VHF-150 Linear Ampli fier $299.95
14C DC Converter 8 69.95

USE YOUR SWAN REVOLVING CREDIT SERVICE ACCOUNT AT 10% DOWN

&SMI'AlItI
~ ELEC TRON ICS

A sub sidia ry ot Cubic CorporetfCJrI

305 Airport Road, Oceanside, CA 92054 . Phone (714) 757-7525L...- ....;....



structure that facilit at es combining
several amateur radio stati on s into a
radiocommun icat ion syst em. It has
not been uncommo n to receive an
application for a proposed "sta t ion"
having fifty or more remo te cont rol
points and a half-dozen remote receiv
ing sites which involve a mul t iplicity
of tra nsmitte rs and frequencies. Th is
is clearly a complex syste m comprised
of special purpose statio ns, each pe r
fo rming one or mo re functions in a
network . A thorough review of this
matte r has been unde rta ken, and the
result ing Commission determinat ion is
reflected in the amended rules. The
review indicated the difficulty in pro
viding ope rat ing and licensing rules for
the Service without taking int o
account th e functions perfo rmed by
various types of specialized amateur
rad io stat ions. Accord ingly, we are
adop ti ng a structure of defin itions and
stat ion privileges relate d to the major
func tion s performed by such special
ized stations. Under th is concept, and
with the one except ion of repeater
stations, a single statio n may be
licensed fo r one or mo re spec ial pur
pose pr ivileges acco rding to the func
tions to be performed by that station.
Th is permi ts a licensee to combi ne
several sta tions into a system. We feel
thi s "building bloc k" approach is con 
sistent wit h the increasing complex ity
of amateu r system networks. will pro
vide the necessary flexib ilit y, and at
the same time, reta in the means for
the Commission to exercise its re
qu isite obligation s.

7. Every amateur radio ope rator is
affected by the adoption of th is li·
cen sing st ructure to some degree. For
exa mple, an amate ur's license which
now specifies the location of his sta
tion and indicates his operator privi
leges, l.e. , Techn ician, General, etc. ,
will a lso include the privileges aut ho r
ized for h is stat ion. As a mini mum,
the sta t ion privilege would be "p ri
mary station." Every ope ra tor must
have a primary stat ion. This is neces
sary so tha t every amateu r will have a
call sign wit h which he may identify
his red tocc mmuntcatio n. if required.
Normally , th e primary station license
'Nill be issued fo r the amateur's home
add ress. However, those amateurs not
having a perma nent address with in the
United Sta tes, its te rritories and pos
sessions should furn ish the address of
a relative or friend who will receive
and fo rward mail to the licen see.
Every licensee will be .accounrabte for
mail sent to the add ress of record
given fo r a station license. Therefore,
every amateur must have a license for
a primary statio n, and this license will
also aut horize his op erat ing privileges.
The license may also contain addi
t iona l sta t ion privileges for the same
stat ion. Licensees other th an those
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desiring remote co ntrol or repeater control po ints in the system network
stat ion privileges will have the ir licen- configuration . The sta t ion license will
ses updated upon renewal. list th e co ntro l points and the cont rol

8. The vario us kinds of additional sta t ions author ized to opera te the
sta t ion privileges, some o f which may remo tely co ntrolled statio n.
be combined with a primary stat ion 11. In th e past, we have permitted a
license, are: repea te r statio n, contro l very broad interpretat ion of the term
stat ion, aux iliary link sta tio n and "wi re" remote cont rol as appl ied to
secon dary stat ion. Repeater sta tio n Part 9 7 of th e ru les, includi ng the use
privileges may not be combined with of commercial telephon e lines and
another station license because of command signal techniques. This has
their d ist inct ive call sign assignmen t. exem pted stati ons employing rete
A control sta tion pr ivilege aut ho rizes t ively soph isticated and sometimes
the sta t ion to exe rcise cont rol ov~r a questionab~ appro~ches in the design
remo tely controlled sta tio n. An aux- _ a.nd operat ion of.w.lfe ~mote c~ntrol
i1iary link station authorizes a stat ion Iln~s, from submlttl.ng IOf.ormatl? n on
to relay a rad io signal point-to-point t h.el r 'proposed sta tio n Wi th the ir a~
within the same system network. phcanons. Upon th e releas,: of t his
Either o r both may be co mbined with .Repo rt and Order, only sta t ions hav
a primary station for the same toea- tns th e m~st elemen.ta ry form o.f
tlon. A secondary station license is for interconn ection c.omprlsed of elect ri
a sta t ion at a d ifferent location , such cal co~du ctors dir ectly between . the
as a vacatio n home, and is obv iously a t ransmlt.ter and the contro l devices,
license issued in additio n to the pri- and . having all of the elements of . the
mary license. These various pr ivileges st~tlon l oca~ed on the same pr~m l s.es,
may be added to an existing license by will be considered as .not constltut~ng
modi fication o r at renewal. upon remote cont rol. Applicants prop osing
.' .. to use any other form of remote

s~bmltta l of th e appropriate infor ma- control must submit the information

tlO~: The rules for remote control req uired by Sectio n 97 .4 1: Sta tio ns
d ' ttl N ' h bee ot her than repea ter stat ions now

propose. 10 e . once wv.e n authorized to be operated by wire
relaxed In three major areas. First: ~he remote ce ntro! and not in compliance
co ntrol oper~to r may be 'lny q.uallfled with the licens ing requ ireme nts of the
ama teur designated by the licensee. .
Sec

dl . . ad ed f amended rules may contmue to ope r-
on v, provlsl.ons are .opt or ate ' und er their present authorizat ion

any repeate r sta~on authom ed to be unt il the ex pirat ion date of their
opera ted by radio remote contro l to current station license.
also ~e so o~rated fr?m a po rtab le or 12. Restr ict ion of repeate r opera
mob~ le statlo.n, ~ rovlded all of the tio n to specific port ion s of the ama
r~qUlred mon lto~lng an~ co nt rol tunc- teu r band s above 50 MHz has not
nons c~n be satlsfacton l~ perfo rmed, been adop ted as prop osed in th e
from either th e authorized co nt rol Notice. Approxim ately one-ha lt or me
po int or from the mob ile or po rtab le Amat eur VHF bands and 8 MHz of
co nt rol stati on . This will enab le a t he 420 MHz band is be ing autho rized
licensee to. make .use 0: his o~n for repeater usage. The Co~mission
repe~ter station while .he IS operatmq is persuaded by th e comm ents and by
mobile or portable . Thirdly, s rnc~ the observat ion that regional and national
com ":lents fre~ uen tly and persu asively frequency planning and coord inatio n
~ntlon ~errarn and other cO~~lder,: by amateur radio operators themselves
nons which make necessary mult i' can resu lt in the best spectrum utitiza
pie-hop" control l ~n~s, we are del~ting t ion appropriate to the service. How
t~ proposed limit to ~ d irect ever, we are prepa red to reverse this
(slOg~e ~ hopl c o.n.t ro l . IlOk . and dec ision sho uld plans and the ir imple

.po rovid lng for aUXIliary link stations, mentation not occu r with in a reason 
whic h may be au th?rized fo: thi.sand able period . To so lve the p roblem
also fo r othe r pomt-to-oom t mter- presented by Technican Class privi
med iate relay appli ca tion s, ~..JC::h as. a leges in only one-half of the 146 -1 48
relay between a remote receiving Site MHz sub-b and authorized fo r repeater
and a repeater sta t ion. ope rat ion , the Ru les are amended to

10.We have ccn sidered the advisabili- permit Technician Class licensees to
ity o f adopting ru les for co ntrol links also o pera te in the ent ire 145 to 148
based upon current amateur co ntro l MHz segment.
providing for aux iliary ' link st at ions, 13. We are of the opin ion that
wou ld allow greater latit ude. We find terrestrial repeater stations sho uld be
the latter approach to be more flexi- ut ilized only for intra-commu nity
bile and appropriate to the amateur radiocommun ication and should not
service, but it requires a showing of be used , d irect ly or indirect ly, as a
the design and operation al features of means to c ircumve nt the rules reqard
an appl icant's proposed cont rol sys- ing authorized ama teur operator privi
tem netwo rk. The appl icant must sub- leges for the diffe rent classes. Repeat 
mit a diagram showi ng th e inter- ing a lower c lass ope rator's radio
relat ionship of all of the sta tio ns and siqnal from one frequ ency band into
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another band having h igher operator
privilege requi remen ts is unfair to
those operators who have properly
qualified for the higher requ ireme nts.
For these reasons, we are persuaded to
adopt the provisions of the Not ice
prohibit ing mu Itiband,crossband and
linked repeate r operat ion even where
operato r privileges wo uld permit i t .~

Similar ly it is not in the interest of
spect rum conservation to util ize cross
band and mu It iband operat ion. Many
com ments argued against the pro
posed rule to pro hibit linking re
peaters. In weighing these arguments
against the desire to conserve spec
trum and to encourage the use of
amat eur ter restr ial repeaters for intr a
commun ity coverage, we find that a
major ity of situa t ions can be accom
modated with _a maximum of two
linked repeaters. Therefo re, two re
peate rs may be linked togeth er, and
und er certain circumstances as pro
vided for in Section 97.8 9(c ), mo re
th an two.

14. As pointed out by a large
num ber of respondents, the changes
propose d by th e Notice for defining
the maximum aut ho rized transmitter
power for an amateur station wduld
affect a much broader segment of t he
Service than those pursu ing an interest
in repeater s. For that reason, act ion
on this topic is postponed with th e
inten t ion of making it the sub ject of a
future rule-making procee ding as
recommended in the comments sub
mitted by th e America n Radio Relay
League and others.

15. The propose d 60 0 watt input
power limit on repeater transmitt ers is
not being adopted herein as a means
of regu lat ing a reason ably ba lanced
receive-to-t ransmit repeater coverage.
A decision is made to incorporate into
Sect ion 97 .67 the provisions of Sec
tion 324 of the Communicatio ns Act
of 1934, as amen ded, to emphasize its
part icular applicab ility to amateu r te r
restr ial repeater stations. We co nclude
th at a repeater st ation which transm its
a signal at many t imes the range over
which it is capa ble of receiving wou ld
be in vio lation of the Act. In reo
viewing several frequency plans pro
posed fo r the VHF band s, we observe
that a typi cal plan would allocate
about o ne to two dozen frequency
channe l pa irs pe r megahertz . With
limited channels available, th e pos
sibility of interference between re
peater stations in adjace nt communi
t ies desired to use the same frequen 
cies must be considered. For this
reason, limits are established for effec
tive radiated power from a repeater
stat ion antenna, based upon the
power nor mally required for recepti on
by a ty pical veh icular mobile station
over a nom inal commu nity cove rage
area. A major consideration in estab
lis hing these limits is the en-
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cou ragement of the prac tice of ach iev
ing the desired coverage through the
use of a low power tra nsmitter in
conjunction with an antenna located
at an opt imum height above average
terrain. The operation of a control
station or an auxiliary lin k sta tion
wh ich does not use direct ional anten
nas in conjunct ion wit h low t rans
mitter powe r to minimize the possibil
ity of harmful interference is not
conside red good ama teu r pra ct ice, and
will be carefu lly evaluated by the
Commission if p roposed.

16 . As stated in the Not ice, Section
210fb ) of the Communicat ions Act
requ ires, in effect , that th e licensee of
a repeater sta t ion mainta in superv ision
and control of both the technical and
opera tional perfo rmance of his sta
t ion . Althou gh severa l of th e com
ments address ed this topic, as do
RM-1542 and RM-172 5 filed by Mr.
Ken W. Sessions, the Commiss ion is
not ready to make a determinati on of
rules fo r automatically controlled sta
tio ns in the Service. We do not con
sider access to a repea ter station con
trolled by the users via coded signals
alone on the receiving freq uency to be
act ive supervisory co nt rol by th e con
t rot operator. Such coded signals are
permissible for second ary control but
are not req uired .

17. Comments were received in
response to the additions to Sect ion
97.87 proposed in the Not ice, cor
rect ly noti ng tha t the implica tio ns
ext end beyond that of prope rly iden
t ify ing a repeater station. All stations
wou ld be affected. However, the pro
posal reflected the pol icy positio n
then held by the Commission, and the
comments prompt a review of the
matter. The amended section is a
means to accomplish two part ially
conflic t ing purp oses: rapid identifi
catio n of a station causing inte r
ference to anothe r service, and identi
ficat ion of the ope rator in order to
determine his class of license for
verification of h is privilege to opera te
with in a rest ricte d sub-band . Under
the amended rules, a visit ing operator
must use the ca ll sign of the station he
is operating . Shou ld his class of opera
tor privilege exceed t hat of the stat ion
license, and should he desire to op
erate the section within th e sub-bands
available to him b ut not to t he stat ion
license. he must ident ify wit h both
the station call sign and his own.
Provision for automatic ident ification
of a repeater sta t ion by telephony as
well as te legraphy is adopted. The
requ ireme nt fo r repeater ident ifica
t ion is de signed to prov ide assurance
tha t a short single transmission or a
short exchange of t ransmissions will
include at least one repeater station
call sign transm ission.

18. Received comments highly
favor simp lified logging. The section

has been restruc tured and requires
only a minimum of informat ion to be
recorded in written form . The pro
posed req uirement for record ing all
insta llat ion, service or ma inten ance
wo rk in the stat ion log is de leted.
Although the use of such a rou tine is
encou raged, we find that since the
stat ion licensee is responsible for the
technical perfor mance of the stat ion,
the p rocedure to be employed to meet
th is obl igat ion is a matt er of personal
cho ice.

19. A new requirement is adde d fo r
the identif icatio n of the ante nna and!
or transmission line assoc iated with a
remotely controlled transmitter in or
der to faci litate contacting th e stat ion
licensee shou ld the need erise c- a pro
cess which has been ti me consuming
in some instances where th e radiating
antenna of a stat ion in violat ion has
been identif ied by radio location tech
nlques . To min imize the prospect of
interference to radioc ommunication
already in progre ss on a given fre
quency, th e ru les to requ ire con
t inuous monitoring of a remotely con
trolled transmitter are expanded to
requ ire cont inuous mon ito ring of the
frequencies while in operat ion, which
is good operating practice. Fre
quencies above 225 MHz used for
remotel y con troll ing a tra nsmitte r are
exempted from the continuous mon i
to ring requirement since ' th e inter
ference pote ntia l with UHF is much
less th an wit h VHF.

20. Sect ion 9 7.89 has been reorgan
ized edito rially and the invitatio n to
incor po rate int o the text a reference
to App end ix 2 is taken. Numero us
comments were concern ed with the
omission in the Notice of provisions
fo r various test, control and experi
menta l transmissions. The amended
rule includes these provisions.

21 . The Section con taining defini
t ions, § 97.3 has been expan ded to
include th ose te rms f reque nt ly used in
the ame ndme nt s. They are def ined in
order to minimze possible ambiguit ies
in the statement of th e rules.

22. The rules ado pted here in do not
proscribe amate ur radio sta t ion,
includ ing repeaters, from being auto
matically interconnected to a tele
phone exchange system. Amate ur
licensees should be aware tha t rules
governing tha t type of facility will be
co nside red fo r other of th e Com
mission's rad io services in a separate
proceed ing. It has been brou ght to the
Commission's at tention that numer
ous violations of Sub Part E of Part 97
of the Rules have taken place through
the use of such interconnect ion,
which fac ilitates communicat ion from
moving vehicles . Therefore, it may be
necessary at some future date to
examine in deta il the cu rrent usage of
"autopatc h" facilities; and possibly
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restrict the use of such devices in the
Amateur Radio Service. Pending the
adoption of any such regu lations,
amateurs are warned that usage 'of
such interconnecting devices must be
l i m i t e d to amateur rad io
communication and may not be used
for any type of business commu nica
tion.

23 . These amendments shall be
come effective upon the date stated in
paragraph 25. Exist ing remotely con
t rolled sta tions may conti nue to
opera te under their current authoriza
tions unt il midn ight local t ime J une
30, 1973, or unti l the exp iratio n date
of the ir license, whichever occurs first.
All new and renewed stat ions must
comp ly with the rules as amende d.
App licat ions for all stations will con
t inue to be filed on Forms 610 or
610-8, as appropriate. Parties desi ring
inst ructi ons fo r completing applica
tions requiri ng additional showing
may obta in same upo n written request
addressed to the Chief, Amat eur and
Citizens Division, Federal Commu ni
cat ions Commission, Washington, D.C.
2055 4.

24. We f ind the attached amend
ments to the rules are necessary and
desirable for t he execut ion of the
Commission's d uties. Author ity fo r
adoption of these amendments is con
tained in Sect ions 4(i) and 303 of the
Commu nicat ions Act of 1934 as
amende d.

25. Accordi ngly, IT IS ORD ERED,
that effective October 17, 1972, Part
97 of t he Commission's Rules IS
AMENDED as set forth in the
attached Appe ndix. IT IS FURTH ER
ORDERE D, that in add ition to
RM-388, RM·1087 and RM-1209, the
pend ing petitions of Mr. Ken W.
Sessions, Jr., RM-1542, filed Decem
ber 8, 1969, and RM-1725 filed
Decembe r 7, 197 0, have been fully
conside red and, to th e extent that
they are at variance with the rule
changes adopted herein, they are
DENIED.

-- 26. IT IS FuRTHER ORDERED,
that th is proceeding IS TE RMIN
AT!;D,

FEDE RAL COMMUNICATIOI\lS

COMMISSION
Ben F. Waple
Secretary

APPENDIX
Part 97 of the Commissio n's Rules is
amended as follows :
1. Sect ion 97.3 is revised to read as
follows :
1lI97.3 Definitions
The fotlowinq definitions are used in
this par t:

(a) Amateur Radio Service. A rad io
communication service of self
tra ini ng, inte rcommunication and
tech nica l invest igation carried on by
amateur radio operators.
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(b) Amateur reaiocommnnicstion.
Non-commerc ial radiocomrnunication
by or among amateur radio stations
solely with a personal aim and with
out pecuniary or business inte rest.

(c) Amateur radio operator. A per
son interested in radio tec hn ique "Sole
ly with a perso nal aim and withou t
pecun iary interest, holding a valid
Federal Communicatio ns Commissio n
license to ope rate amateur radio sta
t ions.

(d) Amateur radio license. The in
strument of authorizat ion issued by
the Federal Commu nications Corn
mission comprised of a station license,
and in the case of the primary station,
also incorporating an ope rator license.

Operator license. The inst rument of
operato r authorization inc luding the
class of operator privileges.

Station license. The inst rume nt of
authorization for a radio sta tio n in the
Amateur Radio Service.

(e) Amateur radio station. A station
licensed in the Amateur Radio Service
embraci ng necessary apparatus at a
particu lar locat ion used for amateur
radiocommun ication.

(f) Primary station. The principal
amateur radio station at a specif ic
land locat ion show n on the station
license.

{g) Military recreation station. An
amateur rad io station licensed to the
perso n in cha rge of a station at a land
locat ion provided for the recreat ional
use of amateur radio ope rators, under
military auspices of the Armed Forces
of the United States.

(h) Club station. A separa te ama
teu r radio statio n fo r use by the
members of a bone fide amateur rad io
society and licensed to an amateur
rad io operator act ing as the station
trustee for the society.

(j) Additional station. Any amateur
rad io station licensed to an amateur
radio ope rator no rmally for a specific
land locatio n othe r tha n the primary
station, may be one or more of the
following:

Secondary station. Station licensed
for a land locatio n other than the
primary station location, i.e. , for use
at a subo rdinate locat ion such as an
office, vacation home, etc.

Control station. Station licensed to
co nduct remote con tro l of another
amateur radio sta t ion.

Auxiliary link station. Station,
other t han a repeater station, at a
specific land locat ion licensed only for
th e purp ose of automatically relaying
radio signals f rom that location to
another spec ific land location.

Repeater station. Station licensed
to automat ically ret ransmit the radio
slqnals of-ether amateu r radio stations
fo r the purpose of extending the ir
int ra-community rad iocommu ncation
range.

(j) Space radio station. An amateur
rad io station located on an object
which is beyo nd, is inte nded to go
beyond, o r has been beyo nd the majo r
portion of the Earth's atmosphere.
(Regulations govern ing th is type of
station have not ye t been adopted and
all applications will be co nsidered on
an individual basis.)

(k) Terrestrial location. Any point
wit hin the major por t ion of the
Earth's atmosphere, includ ing aero
naut ical, land and maritime locat ions.

(1) Space location. (reserved)
(rn} Amateur radio operation. Ama

teur radiocommu nicat ion conducted
by an amateu r radio operato r from an
amateur radio statio n. May include
one or mare of the following:

Fixed operation. Radio-
com munication co nducted fro m the
specific geographical land location
shown on the sta tio n license.

Portable operation. Radiocommu ni
catio n cond ucted fro m a specific geo
graph ical locat ion ot her th an that
shown on the station license.

Mobile operation. Radiocommun i
cat ion co nduc ted while in mot ion or
during halts at unspecified locations.

(nl Remote control. Contro l of
tra nsmitting apparatus of an amateu r
rad io station f rom a posit ion other
than one at which the t ransmitt er is
located and immediately accessible,
except that di rect mechanical co nt rol,
or d irect electr ical control by wired
connections, of an amateu r radio
transm itte r from a point located on
boa rd any aircraft, vessel, vehicle, or
on the same prem ises on which the
t ransmitte r is located, shall not be
considered remote control within the
meaning of this definition .

(0) Control tink: App aratus for
effec t ing remote contro l between a
control po int and a remote ly con
tro lled station.

(p) Control operator. An amateur
rad io ope rator designated by the
licensee of an amateu r radio station to
also be respons ible for the emissions
from th at station.

(q) Control point. The operating
pos ition of an amate ur radio station
where the control operato r function is
perfo rmed .

(r) Antenna structure s. Ante nna
structu res include the radiating sys
tem, its supporting st ructu res and any
appurtenances moun ted t hereon.

(s) Antenna height, above average
terrain. The height of the center of
radia t ion of an ante nna above an
averaged value of the elevation above
sea level for the surrou nding terra in.

(t) Transmitt er. Appa ratus for con
verti ng elect rical energy received from
a source into radio-frequency electro
magnetic energy cap ab le of being
radiated.
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NEW FEATURES
• 1 kHz du al concentric d ial
• Higher aud io output
• Plastic-encased relay

The New
DRAKI
TR·4C
Transceiver

••••••••••
A step better
than the TR-4
at no increase
. . /mpnce. . ..

TR·4C FEATURES

• 80 th ru 10 Meters Frequency
Coverage

• 300 Watts PEP input on SSB
• Shifted-Carrier CW 26 0 watts input
• Upper and Lower Sideband all bands
• Controlled-Carrier Screen Modulator

fo r AM
• VOX or PIT
• Output Impedance Adjustable

with pi-net
• Two Spec ial 9 MHz Crysta l Filters

f or sideband select ion
• 100 kHz Crystal Calibrator

ACCESSORIES

MC-4 Mobile Console . • . • • . • S 59.DO
MMK-3 Mobile Mou nting Kit. . S 6.95
AC-4 1151230 VAC 50/60 Hz

Power Supply • • . • • . . . . • S 99.95
DC-4 12 VDC Solid State

Pow er Supply .• . • . . . . . . $125.00
34PNB No ise Blanker . . . . . .. $100.00

TR4C SPECIFICATIONS: • Frequency Coverage: Full Coverage on all
amat eur bands 80 thru 15 mete rs and one 10 meter segment, in five 600
kHz ranges: 3.5 to 4 ,1 MHz, 7,0 to 7.6 MHz, 13,9 to 14.5 MHz, 21 to
21.6 MHz, 28.5 to 29, 1 MHz, Accessory crysta ls needed for 28 to 28.6
MHz and 29.1 to 29.7 MHz ranges. • Solid State VFO: Has linear
permeability tu ning, Tunes 4.9 to 5.5 MHz fo r all ranges. • Dial
Calibration: Two co ncent ric d ials. 100 kHz Markings on one dial and
1 kHz d ivisions on second dial. • Frequency Stability: Hig, stability
solid state VFO tunes same range on all bands. Drift is less than 100
cycles after warm -up , and less t han 100 cycles for plus o r minus 10%
Iine voltage change. • Modes of Operati on : SSB Uppe r and Lower
Sideband , CW and AM, • Mise: 20 tubes including voltage regJ lator;
two transistors; 8 d iodes; 100 kHz crystal calib rator built in;
Dimensio ns: 5Y,," high, 1 0~" wide, 14% " deep. Weight : 16 100 . . .

TRANSMITTER : • Single Sideba nd: 300 watts P.E.P. input power,
VOX or PTT. Two special 9 MHz crys tal filters provide upper or lower
sideba nd selection on any band, without the necessity of shifting
osc illators. • CW: Power input 260 watts. Carrier is shift ed approx i
mately 1000 cycles into one sideband, and mixer and driver are keyed.
Grid block keying is free from chirps and cl icks. Automatic transm it!
receive switching when key is operated . CW sidetone oscillator for
monitoring. • AM: Cont rolled carrier AM screen modulator is bu ilt-in.
260 wat ts P.E.P. input Low carrier power increases 6 times to 50
watts output at maximum modulation. This system is com pat ible with
SSB Iinears. VOX or PTT. Diode det ector used for receiving on thi s
mode. Produc t Detector can be used by switching manual ly .. .

RECEIVER : • Sensitivity: Less th an }S microvolt fo r 10 dB SIN .
I.F. Selectivity : 2.1 kHz at 6 dB, 3.6 kHz at 60 dB. • Anten na Input:
Nominal 50 ohms. • Audio Respon se: 400 to 2500 cycles at 6 dB. •
Audio Outpu t Power. 3 wat ts. • Impedance : 4 ohms.

R L DRAKE COMPANV IGI5>ED 540RichardSl.,Mi,m;sburg,Ohio45342
• • ~ . 18> Phone: (513) 866-2421 • Telex: 288-017



(u) Ef fective radiated po wer. The
product of the rad io t reo ueocv powe r,
expressed in watts, del ivered to an
ant enna, and the relat ive gain of the
antenna over th at of a half-wave di
pole anten na.

(v) Sys tem Network diagram. A
diagram showing each sta tion and its
relat ionship to the oth er stations in a
networ k of stati ons, and to the con
t rol ootn t tsl.
2. In Sect ion 97.7, paragraph (c) is
amended to read as set for th below
and the note at the end o f th e Section
is deleted.
§ 97.7 Privileges ot . operator licenses.

(e) Technician Class. All aut ho rized
amateur privileges on the frequencies
50.1-54.0 MHz and 145- 148 MHz
and in the amateur frequency bands
above 220 MHz.

3. Sect ion 97.37 is revised to read as
fol lows:
§9 7.37 General eligibility for station
license.
An amateur radio sta tion license will
be issued only to a licensed amateur
rad io operator, except that a military
recreatio n station license may also be
issued to an ind ividual not licensed as
an amate u r radio operator (ot her tha n
an alien or a represent ative of an alien
or of a foreign governme nt), who is in
charge of a p roposed milita ry re
creation stat ion no t operated by the
United Sta tes Governmen t but which
is to be located in app roved public
quarters.
4. Sect ion 9 7.40 is added to read as
follows:
§ 97.40 Station license required.

[a ] No transmitting stat ion shall be
ope rated in the Amateur Rad io Ser
vice witho ut being licensed by th e
Federal Com mun icat ions Comm ission.

(b) Every amateu r radio ope rator
must have a primary amateur radio
sta tion license.

Ic) An amateur radio ope rato r may
be issued one or more addit ional
sta tion licenses, each for a different
land locat ion, except tha t repeater
station control stati on, and auxiliary
link stat ion licenses may also be issued
to an amateur rad io operator for land
locat ions where anot her sta t ion li
cense has been issued to the applicant .

(dJ Any transmitter to be operated
as pa rt of a cont ro l link shal l be
licensed as a cont rol station or as an
auxiliary link stati on and may be
combined with a primary, secondary,
or club station license at the same
location.

(e) A t ransmitt er may on ly be
ope rated as a repeater station under
the authori ty of a repeater stat ion
license.
5. Sect ion 97 .4 1 is ame nded by modi
fying pa rapgraph (a), add ing new pa ra
graphs Ibl , (c). (d l. (e) and It l. the n
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redes ignating fo rmer paragraphs [b}
and [c] as (g) and [hl.

§ 97. 4 1 Application for station license.
(a) Each appl ication for a club or

military recreation station license in
the amateur radio service shall be
made on th e FCC For m 61().B. Each
applicat ion tor any other amateur
radio stat ion license shall be made on
the FCC Form 610.

(b) Each ap plicat ion sha ll state
whether the proposed stat ion is a
primary or add it ional station. If the
latter, the application shall also state
wheth er the pro posed stati on is a
seconderv, cont rol, auxiliary link or
repeate r stat ion.

(c) When an applicat ion(s) is made
for a sta tion having one or mo re
associated st at ions, i.e.. cont rol sta
t ion and/o r aux iliary link stat ion, a
system netwo rk d iagram sha ll also be
submitt ed.

{d] Each applicat ion to license a
remotely controlled amateu r radio sta
t ion, whether by wire or by radio
cont ro l, shall be accompanied by a
state ment giving the address for each
control po int . The application shall
include a funct ional block diagram
and a tech nical explanation suff icient
to describe the operat ion of the con
t rol link. Add itionally, the following
shall be provided :

( 1) Descript ion of the measures
propo sed for protect ion against access
to the remo te sta tion by unauthorized
persons.

(2) Description of the measu res
proposed for pro tect ion against un
aut horized stat ion operation, eith er
thro ugh activat ion of th e co ntro l link
or otherwise.

(3) Descript ion of th e prov isions
for shu tti ng do wn the stat ion in case
of co ntro l link ma lfunction.

(4) Description of th e means to be
provided for moni to ring the t rans
mitti ng f req uencies.

(51 Photoc opies of control statio n
licensets] and auxiliary link stat ion
llcensetsl . o r th e appl icat ion(s) for
same if suc h stations are proposed for
the system netwo rk.

(e) Each applicat ion to license a
co ntro l station o r an auxiliary link
sta tion in th e amateur rad io service
must be accompanied by the follow
ing info rmatio n:

( 1 ) T he st a t ion transmitti ng
band (sl.

(2) Descript ion of th e means to be
provided for monitoring th e t rans
mitting frequencies.

(3) The t ransmitter power input
and just ifica tion th at such power is in
compl iance with § 97.67(b).

(4) If remo te co nt rol of an aux ili
ary link stat ion is proposed, all of the
info rmat io n req uired by pa ragraph {dl
of th is sect io n shall also be provided.

(f) Each application to license a
repeater station in the amateur radio
service must inclu de the following
info rmatio n for each frequ ency band
proposed fo r operation.

01 Loca t ion of the stat ion trans
mitting anten na, drawn upon a topo
graph ic map having the scale of
1:250,000 and a co ntour inte rval of
50 feet . (Indexes and order ing inform
at ion are available from U.S. Geo logi
cal Survey, Washington, D.C. 20242,
or Federal Cen ter, Denver, Colorado
80225.1

12) The t ransmitt ing ant enna height
above average terrain. (See append ix
5.1

(3) The effect ive radiated powe r in
the horizontal plane for the main lobe
of the antenna patte rn, calculated for
maximum transmitter output power.

(4) The t ransmitt er power ou tput
with an explanat ion of the basis for
th e measurement o r comp ut ation .

(51 The loss in the transmi ssion line
between th e transmitter and the an
tenna exp ressed in decibels , and
method of d etermination of the loss.

(6) The horizonta l and vertical radi
at ion patterns of the transmitt ing an
ten nna as installed, with reference to
True North (fo r horizon tal patte rn
only), expressed as relat ive field
strength (vo ltage) or in decibels,
drawn upon po lar coordinate graph
paper, and method of de terminat ion
of the pa tt erns.

17l The relat ive gain of th e t rans
mitti ng ant enna in t he horizon tal
plane and method of determination of
th e gain.

(8) If remo te cont rol of the re
peater statio n is proposed, all of the
informa t ion req uired by paragraph (d l
of this sect ion shall also be provided .

(9) If aux iliary link statlo ntsl are
also proposed, include photocopies of
the aux iliary link station uceosetsl, or
the eo ohcetlo nts l for such licenses.

6. Sect ion 97.43 is revised to read as
follows:
§ 97.43 Location o f Station .
Every amate ur station must have one
land location, the address of which is
designated on the stat ion license.
Every amateu r radio sta t ion must have
at least one contro l poi nt. If the
con trol po int locat ion is not th e same
as the sta tio n locati on , author ity to
operate th e sta tion by remote co ntro l
is req uired.
7. In Section 97.4 7, the note follow
ing paragraph (e) is deleted and para
graphs (dl and (e) are added to read as
follows:
§ 97.4 7 Renewal and/or modification
of amateur station license.

(d) When an add ition to the co ntrol
poi nt (s) auth orized for a remotely
controlled sta tion is desired, an appli-
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either by telegraphy using the Inte r
national Morse Code, or by telephony,
using the English language. If by an
automatic device only used fo r ident i
ficat ion by telegraphy, the code speed
shall no t exceed 20 word s per minut e.
The use of a nat iona l or inter
nationally recognized standard phon
etic alphabet as an aid for correct
te lephone identif ication is encour
aged.
12. Section 97.89 is amen ded to read
as follows :
S97 .89 Points of Communications.

(a) Amateur stations may co mmun
icate with:

Ll} other amateur stations, except
those proh ibited by Appen dix 2.

(2) stations in other services licen
sed by the Com mission and with
United States Governm ent sta t ions for
civil defense purposes in acco rdance
with Subpart F of this Part , in emer
genc ies and, on a temporary basis, for
test purposes .

' (3) any station which is aut horized
by the Commission to commu nicate
with amateur stations.

(b) Amateur stations may be used
fo r tra nsmitting signals, or commun
ications, or energy, to receiving appar
at us for the measu rement of emis
sions, temporary observ ation of t rans
mission phenome na, radio control of
remote objects, and similar experi
mental pu rposes and for the pu rpose s
set forth in §97.9 1.

(c) Notwithstandi ng the provisions
of paragraph (a), no more than two
repeater stations may operate in ta n
dem, i.e. , one repeati ng t he t rans
missions of t he oth er, excep t ing emer
gency operations prov ided fo r in
§ 97.107 or brief per iods to conduct
emerge ncy preparedness tests.

(d) Control stat ions and auxi liary
link stations may not be used to
commu nicate with any other stat ion
than those show n in the syste m net
work diagram.
13. Section 97. 95 paragraph (a) (1) is
amended as follows:
~97.95 Operation away from the
authorizedpermanent station location.

1,1
(1) When there is no cha nge in the

authorized land sta tio n location; th.~

ama teur radio station ot her than a
milita ry recreation or an auxil iary link

Antenna height above Maximum effective rad iated power
average terrain for frequency bands above:

52 MHz 146 MHz 442 MHz 1,215 MHz
below 50 feet 100 watts 800 watts Paragraphs

(a) and (b)
50 to 99 feet 100 watts 40 0 watts Paragraphs

(a) and (b)
100 to 499 feet 50 watts 40 0 watts 800 watts Paragraphs

(a) and (b)
500 to 99 9 feet 25 watts 200 watts 800 watts Paragraphs

(a) and (b)
above 1,000 feet 25 watts 100 watts 400 watts Paragrap hs

(a) and (b)

(d) Under conditions when the con 
trol operator is other than the station
licensee, th e station ident ification
shall be the assigned call sign for tha t
station. However, when a stat ion is
operated withi n the privileges of the
operator's class of license but which
exceeds those of the station licensee,
station identification shall be made by
following the station call sign with the
operator's pr imary station call sign
(Le. WN4XYZ/W4XX).

(e) A 'repeater station sha ll be iden
t ified by radiotelephony or by radio
te legraphy when in service at intervals
not to exceed five minutes at a level
of modula tion suffic ient to be intelli
gible through the repea ted t ransmis
sion .

If} A control station must be ident i
fied by its assigned stat ion call sign
unless its omissions conta in the call
sign o f it s assoc iate d station.

(h) The ident ificat ion required by
parag raph (al, (b), (cl, (d), (e), (f) and
(g) of this section sha ll be given on
eac h frequ ency be ing util ized for
t ransmission and shall be transm itted

(b) Every station when in ope ration
shall have a cont ro l oper ator at an
authorized contro l point. Th e control
operator may be the station licensee
or another amateur rad io operator
designated by the licensee. Each con
t ro l operator shall also be respo nsible
for the prope r operation of the sta
tio n.

(c) An ama teur station may only be
ope rated in the manne r and to the
extent permitted by th e ope rator
privileges aut horized for the cla ss of
license held by the control operator,
but may exceed those of the station
licensee provid ed proper station iden
t ification procedures are performed.

(d) The licensee of an amateur
stati on may permit any person to
partic ipate in amateur radiocommuni
cation from his station, p rovided that
a co ntrol ope rator is present and
cont inuously mo nito rs the radio 
communication to ensure compl iance
with the rules.
11. In Section 97.87, paragraph (d) is
amended and redesignated as (h) and

'new paragraphs (dl. (e). {fl, and (gl.
are added as fol lows:
§ 97.87 Station Identification.

cation for modi fication of the remote
ly cont rolled stat ion license shall be
subm itted. Authorized co ntrol po ints
may be deleted by letter notificat ion
to the Comm ission.

(e) Should the licensee desire to
effect changes to his station which
woul d significantly cha nge the system
netwo rk d iagram or other techn ical
and op erational info rmation on file
with th e Commission, revised show
ings for the proposed alterations shall
be submitted fo r approval. An appfica-
tion for modif icat ion of the station L -'-

license is not required.
8. In Sec tion 97 .61, the introductory
text of pa ragraph (a) is ame nded, and
new parag raph (c) is added to read as
follows :
§ 97.6 1 Authorized frequencies and
emissions.

(a) Followi ng are the frequency
bands and assoc iated emission s avail
ab le to amateur radio stations, ot her
than repea te r stations, subject to the
limitations stated in paragraph (b) of
this section, § 97.65, §97. 109 and
§97.11O....

(c) The following transmitting tre
quency bands and the assoc iated
emiss ion authorized in paragraph (a)
of this section are available for reo
peate r stations, inclu ding bot h inpu t
(rece iving) and output (transmitti ng) :

FREQUENCY BAND (MHz)
52.0 - 54 .0

146. 0 - 148. 0
222.0 - 225 .0
442. 0 - 450.0

any amateur 'frequ ency above 1215
MHz. Frequency band 29.5-29.7 may
be authorized upon a specia l showing
of need fo r repeater station ope ration
in th is band for intra-commun ity ama
teur radio communications .
9. Section 97.67 is revised to read as
follo ws:
§ 97.67 Maximum authorized power.
The existing pa ragraph is revised by
designati ng existing text as paragraph
(a) and by adding new paragraphs (b)
and (c) to read as follows :

{b} Notwiths tanding the prov isions
of paragraph (a) of this section, ama
teur sta t ions shall use the minimum
amount of transm itter power neces
sary to carry ou t the des ired com
muncat ion s.

(c) With in the limitat ions of para
graphs (a) and (b) of this section, the
effec t ive radiated powe r of a repeater
stat ion shall not excee d that spec ified
for th e antenna height above average
terrain in the following table :
10. In § 97.7.9, the headnote and text
are revised to read as follows :
§9 7 . 79 Control operator
requirements.

(a) Th e licensee of an amateur
station shall be responsible for its
proper operation.
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statio n may be operated under its
stat ion license anywhere in th e United
Sta tes, its te rritories or possessions as
a portable or mobile operat ion, sub
ject to *97.61.

14 . Sect ion 9 7.97 is revised to read as
fo llows:
§97 .97 Notice of operation away
from authorized location.

Whenever an amateu r stati on is, or
is likely to be, in portable operation at
a single locat ion for a period ex
ceeding 15 da ys, the licensee shall give
advance written not ice of such opera
t ion to th e Commission 's off ice speci
fied in § 97.95. A new notice is
required whenever th ere is any change
in th e particu lars of a previous not ice
or whenever operat ion away from an
auth orized stat ion co ntin ues for a
period in excess of one year. T he
notice req uired by this sect ion shall
contain th e fo llowing information:

(a) Name of licensee
(b) Stat ion call sign
(c) Aut ho rized station locat ion

show n on stat io n license
(d) Specif ic geographical locatio n

of station when in portable ope ratio n
(eJ Dates of the begnn ing and end

of th e po rtable operation
(f) Add ress at which, or th rough

wh ich, the licensee can be readi ly
reached .
15. Section 97.10 3 is revised to read
as fo llows:
§ 97.1 03 Station log requirements.

An accurate legib le account of sta
t ion operat ion shall be entered in a log
for each amate ur radio station . The
log shall bear the call sign of th e
station and the signature of the licen
see. The following information shall
be recorded as a minimu m:

(a) Written entr ies for all stations
which are req uired only once, or whe n
there is a change thereto.

(1) The signatu re of the cont rol
opera tor on duty and the call sign of
his primary station, if he is other than
th e station licensee.

(2) The locat ion of the statio n.
Statio ns in mobile o perat ion may
enter th e word " local" for amate ur
rad iocommun icat ion conducte d wit h
in 100 statu te miles of the add ress
shown on the station license, ot her
wise the locat ion of th e first and last
radio commu nication of each day. Sta
tions in mobile or po rtab le operati on
shall make an entry Showing compl i
ance with §97.97, if requ ired.

(3) The input power to the tra ns
mitter fina l amp lifying stage.

(4) The type of em ission used.
(5) T he frequency or frequency

sub-band used for transmitting.
(b) Other entries for all sta tio ns

wh ich may be recorded in a form
oth er than written but which can
read ily be tran scribed by the licensee
into wr itten fo rm:

110

(1) The dates of operation. th e remotely cont rolled stat ion must
(2) Except for repeater stati ons, be accessible only to persons author

names of person s other than the con- ized by the licensee. Protection
t ro! ope rato r using the stati on, either against both inadverten t and unauth
di rectly or indirectly, for amateur orized deliberate emissions must be
radioco mmu nicat ion. prov ided. In the event una utho rized

(3) A notation of third party meso emissions occu r, the stat ion operat ion
sages sent o r received, induding names must be suspended unti l such t ime as
of all partic ipants and a brief des- adequa te protec t ion is incorporated,
cription of the message content. or there is reasonable assurance th at

(4) T he call sign of each stati on unauthorized emissions will not recur.
actually con tacted, or other purpose (3) A co ntr ol operator designated by
of the transmission, i.e.. th ose set the licensee must be on duty ct an
forth in § 97.89 . Stations in mob ile author ized control po int while the
opera tion and repea ter stations may station is being remotely cont rolled.
omit this entry. Control statio ns shall Immediate ly prio r to, and durin g the
enter the call sign(s) of each stat ion in periods the remotely controlled sta
the co ntrol link. An auxiliary link t ion is in operation , the frequencies
stat ion shall enter th e call sign of its used for emission by th e remotel y
associated stetlontsl. con trolled transmitter must be contin-

(5) All stations shall enter the times uouslv mon itored by the control
when the sta t ion is put into , or taken operato r. The control operat or must
out of, service. Sta tions other than terminate transmi ssion upon any de
those in mo bile ope rat ion, co ntrol vlation from the rules.
stations, aux iliary link stations, and (4) Provisions must be incorporated
repeat er sta tions sha ll enter the times to automa t ically limit t ransmission to
of commencing and termi nati ng each a period of no mo re than three
exchange of radio communicat ion. minutes in the event of malfunc tion in
16. Section 97.105 is revised as fot- th e cont ro l link.
lows: (5) A remotely contr o lled station
§ 97. 105 Retention of logs. may not be opera ted at any location
The stat ion log shall be preserved for a oth er than that specified on the
period of at least 1 year following the license without prior appro val of the
last date of ent ry and retai ned in the Commission except in emergencies in
possession of the licensee. Copies of volving the immed iate safety of life or
the log, includ ing the sections re- protect ion of property .
quired to be t ranscr ibed by § 97.103, (5) A repe ate r sta t ion may be oper
shall be availab le to the Commission ated by radio rem ote control on ly
for inspect ion . where the . contro l link uti lizes f re
17. Sect ion 97 .1 11 is redesignated as que ncies other than th e repeater sta
97. 112 and a new undesignate d center ticn receiving frequencies.
head ing and Sections 97.108 through § 97 . 109 Operation ofa control station.
97.11 1 are added to read as follows: (a) Amat eu r frequency bands above

Operation of additional stations, 220 MHz, exc epting 435 to 438 MHz,
§ 97.108 Operation of a remotely may be used for emissions by a
controlled station. co nt rol station. Frequencies below

(a) An amate ur radio statio n may 225 MHz used for co ntro l links must
be ope rated by remote cont rol on ly be monitored by the co nt rol operator
from an authorized co ntrol point, and immediately prior to, and du ring, per
only where there is comp liance with iods of operation .
the foll owing : (b) Where a remotely co ntrolled

(1) The license for t he remotely statio n has been auth orized to be
cont rolled station must list the auth- ope rated from one or mor e remot e
orized remote co nt rol po intfs]. A con trol sta t ions, those remote control
photo copy of the remot ely co nt rolled sta tions may be operate d either mo
statio n license must be posted in a , bile or portab le.
conspicuous place at the autho rized § 97.110 Operation o f an auxiliary
control po tntts ), and at the remote ly link station.
co nt rolled transmitter locat ion. A (a) An auxi liary link station may
copy of the system network ' diagram use amateu r frequency bands above
on file with the Commission must be 220 MHz exce pti ng 435 to 438 MHz
retained at each con tro l po int. The fo r emissions. Freque ncies below 225
t ransmitting antenna, transm ission MHz used by an aux iliary link station
line, or mast, as approp riate , asso- shall be mo nitored by the control
cia ted with the remotely cont rolled operato r immediatel y prior to, and
transmitt er must bear a durable tag during, periods of ope rat ion.
marked with the station call sign, the (b) An auxiliary link station may
name of the sta t ion licensee and ot her only be used for f ixed operation from
informat ion so that the contro l opere- the locatio n specified on th e stat ion
tor can readily be con tacted by Com- license, and only when its assoc iate d
mission personnel. statto ntsl is ope rated from its auth or-

(2) The con tro l link equ ipment and ized land locat ion .
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§ 97.111 Operation o f a repeater sts 
tion.

(a) Emissions from a repeate r ste
non sha ll be discontinued within five
seconds afte r cessation of radio
com munication by the user stati on.
Provision s to automatically limit the
access to a repeater sta tion may be
incor po rated, but are not mandatory.

(bl Th e transmitting and receiving
frequencies utilized by the repeater
station shall be con tinous ly mon itored
by the control operator immediate ly
prio r to , and du ring, per iods of ope ra
t ion.

(cl A repea te r station may be con
current ly ope rated on more than one
frequ ency band , provided the neces
sary showing s have been approved by
the Comm ission for each frequen cy
band of ope rat ion . Crossba nd opera 
t ion of repeater sta t ions is prohib ited ,
i.e. both input (rece iving) and outpu t
(t ransmittinq] f requencies for a par
t icula r repeated tran smissio n must be
with in the same frequency band .
Ope ra tion on more than one outpu t
frequency on a single frequency band
is prohibited except when speci fically
approved by th e Comm ission. Re
peater station s autho rized to operate
in co njunction wit h one or mo re
auxil iary link sta tio ns may uti lize an
input freq uency in a d ifferent fre
quency band provided the input t re
quency of the auxiliary link stationtsl
is in th e same frequency band as the
out put freq uency of the repeater sta
t ion.

(dl A repeater station sha ll be
operated in a manner so as to assure
that the station is not used for one
way rad iocom munication other than
prov ided for in § 97.91.

(el A sta t ion licensed as a repea ter
station may only be op erated as a
repeater station, except ing fo r short
per iods fo r testin g or for emergen cies.

18. In Section 97.193, the introouc
tory text of paragraph (al is amended,
and a new paragraph (e) is add ed to
read as follows:
§ 97. 193 Frequencies available .

(a) Except as provided in par agraph
lel of this section, the following fre
que ncy and frequency band s and as
socia ted em ission s are available on a
non-e xcl usive basis to the ind ividual
c lass of stations o r units o f such
sta tions in the Rad io Amate ur Civil
Emergency Serv ice.

(e) A repeater sta t ion in the Radio
Ama teu r Civil Emerg ency Service may
opera te on any freq uency, and with
any assoc iated em ission, above 50
MHz listed in paragr aph (a) of this
secti on, except for 220 MHz to 33 3
MHz.
19. Appe ndix 2 is ame nded by add ing
a footnote to Sect ion 1:

Sec. 1. Radio com munications- be
twee n amat eur sta t ions of diffe ren t
countries' shall be forbi dden if the
ad minist ra tio n of one of the countr ies
concerned has notified that it objec ts
to suc h rad iocommu nic:ations.

20 . Appendix 5 is added, reading as
follows :

APPENDIX 5
DETERM INAT ION OF
ANTENNA HEIGHT

ABOVE AVERAGE T ERRAIN
The effec t ive height of the t rans'

mitting antenna shall be the height of
the antenna' s center of radiat ion
above "ave rage ter rain." For th is pur
pose "e ffective height" shall be esta b
lished as fo llows :

(a) On a United Sta tes Geological
Survey Map having a sca le of

•as may appear in pu blic notices
issued by th e Commission.

1;250,000, lay out e ight evenly
spaced radia ls, extending fro m the
transmitter site to a d istance of ten
miles and beginning at [JJ , T (0°, 45° ,
90 ° ,135° , 1800 , 225 " , 27fP , 3 15°
T). If preferr ed, maps of great er scale
may be used.

(b) By reference to the map con
tou r lines, esta blish th e groun d ele
vat ion above mean sea level (AMSll
at 2, 4, 6, 8 , and 10 miles from the
antenna structure along each rad ial. If
no elevati on figure or contour line
exists for an y particula r po int , the
nearest co ntou r line elevat ion shall be
emp loyed.

(c) Calcu late the arit hmat ic average
of thes e 40 points of eleva t ion (5
poi nts o f each of 8 radia ls).

(d ) The height above average terrain
of the antenn a is thus the heig ht
AMSL of t he ante nna's center of
radiat ion, minus the heigh t of average
terra in as ca lcu lated above.

Note 1: Whe re the t ransmitter is
located near a large bod y of wate r,
cer ta in points of est ablished elevat ion
rTli" ; faU over water. Where it is
exoe . . rj that service wo uld be pro
videc, land areas beyo nd the body

ot wate r, the points at wate r level in
tha t direction should be incl uded in
th e ca lculat ion of average elevat ion.
Where it is expected that service
would not be pro vided to land areas
beyond the body of water, the po ints
at water level should not be included
in the average .

Note 2: In insta nces in which th is
procedure might pro vide unreasonable
figures due to the unusual nature of
the local terrain, appl icant may pro
vide addit iona l dat a at his own discre
tion, and such da ta may be consi dered
if deemed significant.

NEW FCC REGULATIONS
Effective November 22nd there will

be some changes in th e 10, 15,40 and
80m bands. These changes are th e
result of the efforts to set up more
voice band s in recogn ition of the high
percentage of amateurs using voice
instead of CWo

On the 80m band the Extra Class
phone segment was extended 25 kHz
down to 3775 kHz. On 40m the
phone band was extended down to
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7150, thus moving the Novice band
down to 7100-7150 kHz. American
statio ns outside of Region 2 may also
use p hone in th e 7075-7100 kHz
band. The 15m Novice band was cut
back, with 21.2-21.25 being deleted
fro m Novice use. A new Novice band
was opened on 10m, runnin g from
28 .1 to 28.2 MHz. Because of the
extensive changes in the Novice"bands
the requirement for crys tal control
was removed. How abo ut that!
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NEW FCC REPEATER PETITIONS
PETIT ION: To extend amateur re
peater ope ration t o th e 440--442 MHz
band.

The recent Commission repor t and
order (8·29·72) restricts repeate r ope r
a tion in the amate ur 420 MHz band to
the freq uencies 442-450 MHz.

Since this is comp letely contra ry to
the self regulating frequency alloca
tion s set up by the amateurs , a system
wh ich has been work ing quite satis
factorily, and which has been respon
sible for the orde rly growth of the
420 MHz band in all parts of the
country, imp leme nta tio n of the new
Commission regulat ion would disrupt
the wo rk o f the last decade' - it wo uld
cause considerable hardship and
expense - it wo uld be a slap in the
face of th ose serious amateurs who
have labored so ha rd over the years to
keep the growt h WId deve lopme nt of
this band orde rly.

THE 42 0 MHz PLAN
Amateurs have been working to

gethe r with rema rka bly good result s
to bring abou t an orderly use of the
420 MHz band. When you conside r
the variety of grou ps and individ uals
involved, th e self restr aint has been
admirable.

Repeater s .and repea ter cont ro l
links have been self-allocated to the
'440-450 MHz segment of the band,
with the excep t ion of so uth ern Call
forn ia where t his segment has been
filled and some allocations have been
made in the 420~430 MHz segment.
The allocation by the Commi ssion of
repeaters to tile 442- 450 MHz seg
ment o f the band could have the
impact of forc ing repeater link ste 
tio ns to move ou t of thi s segment and
into th e 42Q---430 MHz part of the
band - a part wh ich has presently
been allocated by am ateu rs to fast
scan television experime ntation.

There has been no demonst rated
need fo r a cha nge in the amateur self
allocation scheme. It has been work
ing well and wit h effectiveness. Th e
heavy hand of the Commission was
not needed in any way and is qu ite
undesirable.

If the Commission wou ld limit it
self to regulat ions fo r which there is
some demo nstrated need, th e amateu r
service wou ld be able to progress and
grow with the t imes.

Amateur radio is impo rtant to th e
United Sta tes and to the world. The
future o f business and govern men t is
largely electronic and an y moves made
by th e Commission whic h tend to
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limit th e number of you ngsters who
take up this hobby which is the
entryway to a professional caree r can
no t be consi dered as other tha n de tr i
men ta l to the good of th e co unt ry.

The Commiss ion is all too familiar
with the fu tu re of e lectronics and
communications as a majo r part o f the
act ivit ies of the Com mission are in
volved with trying to cope with the
changes that these developments bring
abo ut . There is going to be a need - a
great need - for mo re and more en
ginee rs and technicians to des ign,
bu ild, install, ope rate and service the
elect ronic futu re th at all of us see
ahead. What a di saster if tile Com
mission shou ld make moves today
which would mak e amateur rad io less
attractive as a hob by and thus pre
cip itate a shortage of tra ined profes
sionals a few years he nce.

The result s of the Commissions'
adventu re with "incentive licensin g"
should serve as a warning. To some
degree that change in the ama teu r
re gul at ions - and th e threa t of
it - tu rned away tens of thousa nds of
yo ungste rs who might ot herwise have
become radio amateu rs. How muc h of
the sudden dro p in growth of amateur
radio was attribu tab le to ince ntive
licens ing and how much to th e FCC
license fees is debatab le, bu t the effect
is not .

During the ten year perio d from
195 1 to 196 1 the number of opera
tors grew from 88 ,729 to 216,72 0
(FCC figures). a growth of about 9%
per year average. Durin g the period
196 1 to 1971 tile growth was on ly
abou t 68,000, an ave rage of about
2%% per year. Du ring the yea rs of
Comm ission indecision on incentive
licensing the growt h was miniscule,
going from 256,237 in 1964 when th e
Commission put the matter 6ri the
docket to 260,294 in 1S68 when it
was finally concluded. During fou r
years the amateur service grew by
on ly 4,000 operators.

Had it not been fo r the int erference
by th e Commi ssion it seems likely
that the growth pattern of the service
would have conti nued as it had for
many previous years and we wou ld
today have about 600, 000 ope rators.
When one con siders what that woul d
mea n in terms of service in times of
emergency - in manpo wer lost to in
dustry and the military - it is a te r
rible loss.

The Com mission is begged to stop
thi s t rend towa rd unnecessary rest ric-
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tio n of the amateur service. When
th ere is no clearly demonstr ated need
for regulation of amateurs we beseech
the Com mission t o leave us
alo ne - and there is no clear or even
indistinct ca ll fo r regulations proh ibit ·
ing th e use of amateu r repeate rs in the
440-442 MHz segment of the band.

PET ITION:
It is hereby pet it io ned that the FCC

permit repeate r operati on in the
440-442 MHz amate ur band. It is
req uested that section 97.111 (c) be
changed to indicate that repeaters
may use th e 440-450 MHz' segment
of the band; and th at in section 97.67
the tab le o f authorized power be
changed to read 440 MHz instead of
442 MHz.

Wayne Green
Peterborough NH 03458

18 September 1972

PETITI ON: To pe rmit crossbend link
ing of repeaters.

The recen t Commission report and
order (803341 prohibits crossband
op eration of repea ters (97. 111(c).

Th is ru ling wou ld seem to be in
basic opposition to the very funda
mental spirit and purposes of the
amateur serv ice. It is un necessa rily
restric tive in that it preve nts th e app li
cati on of ama teur ingenu ity which
wo uld othe rwise be devoted to the
d evelopmen t of mu lti band com
municat ions syste ms - systems which
could hardly fa il to be of ext reme
value in t imes of emergency - systems
wh ich wo uld tax amate ur ingenui ty
and furt her demon st rate his ability to
design and bui ld equipment to meet
demands far beyo nd th ose of com
me rcia l applicat ions.

CLASSES O F LICENSE
With the restric t ion of repea ters in

all of th e amateur bands to frequen
cies allocated to all classes of license,
from Techn ician throu!.tJ Ext ra Class,
t here cannot be any que stion of the
repeat ing of a Techn ician ope rating on
his own authorized frequ encies int o a
band for which he is no t licensed.
Thus the re can be no suc h excuse
given for limiting or prohibit ing cross
ban d operation of repeaters.

FR EQUE NCY CONSE RVAT ION
The availabili ty of several different

220 MHz transceivers wou ld seem to
put any quest ions of overoccupancv
of repeaters in anyone area far
enough in the futu re so there cou ld be
littl e reason for ruling against current
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uses of repeaters on the ground s at
possible distan t futu re crowding.

The fact is tha t even in the most
congested areas we have adequate
spectrum space for dou ble or tr iple
the number of repeaters that are
present ly active in the amate ur ser
vice. Further, few of the repeaters are
kept act ive fo r more than a few hours
a day .

It is interes t ing to note th at such
t ime co nsuming services as autopatch
tend to be used less and less as othe r
uses develop for a repeater. The bus
iest repeater in the count ry,
WA2SUR, has autopatch facility, but
the over 400 active users of t he
repeater keep it so busy th at operato rs
wanting to use the autopatch switch
channels to less active repeaters.

The same tendency would tend to
limit the use of any repeater for cross
band operation, in all probability.
Cross band operat ion wou ld generally
tend to be used du ring times when
regular repeater act ivity is at a mini 
mum.

T his has certa inly proven to be the
case with t he WA1KGO repeater. This
repeate r is active on 146. 19- 146.79
MHz and can be interconnected wit h
52.525 MHz by use of to ne access. In
practice the 146 MHz act ivity takes
precedence and cross band operation
is on ly attempted whe n the repeater is
not otherwise in use.

It would seem unreasonab le to pro
hibit cross band con nection of re
peate rs on the basis of frequency
conservation.

CROSSBAN DING BASE STATIONS
Since there is no proh ibition of

inte rcon nect ing a 146 MHz signal on
any ot her band whe n an int ermed iary
operator is present, it does not seem
reasonable or logical to diffe rent iate
against repeaters. If the re are adequate
safegua rds built into the system , an

. automatic cross connection between
two bands should be the same as if it
were being do ne by a third opera to r.

There is nothing illegal if I am in
co ntact with an amateur statio n on
146 MHz and one on 52.525 MHz
simultaneo usly in a th ree-way contact
with me rebroadcast ing each of the
other two operators so they can hear
the ent ire con tact. For that matter
th ere is nothing illegal in my t ransm it
t ing any class of license on any band
permitted me by my license as long as
I am in co ntrol.

The new regulat ions spell out in
detail that someone must be in con
tro l of a repeate r station at all
times - so whe re is th e difference
between the repeater and a base sta
t ion? In each case there is an ope rator
in constant con t rol, yet with the base
sta t ion cross band ing is permitted and
with the repeater it is not. This does
not seem logical, reasonable or fair.

114

INCENTIVE LICENSING?
The concept that amateurs might

use repeaters to circumvent the band
allocations set up in recent years for
differe nt classes of Iicense has no basis
in fact . It is technically possible, of
course, for an amateur with a Techni 
cian license, to operate through a
repeate r and wo rk 20 meters, com
plete with a kilowatt, rota ry beam,
and first class locat ion and receiver.
But since this has never happened, to
my knowledge, and seems unlikely to
happen, the need for regulat ions pro

. hibit ing it seem uncalled for - and the
side effec ts of the regulations so dam
aging and prohibit ive to amateu r
ingenuity and progress as to be
worthy of immediate reconsiderat ion.

The amount of ingenuity requi red
fo r automat ic remote operation of a
low band stat ion seems sufficien t to
be self regulating.

There is something to be said abo ut
the possib ility of the limited use of
cross band to a lower band as an
incentive towa rd get t ing a higher class
of license. The Tech nician who has
never made an internationa l contact
might be impressed enough if he were
ab le to occasionally do th is via a
repea ter to get a higher grade of
license so he could set up his own low
band station. In my expe rience, many
Technic ians have no idea wha t they
are missing.

But, since the repeate r regulations
restric t all repeate r operation to bands
usab le to all classes of license above
Novice, the matter of repet ition out
side of the license rest ric tions is not
pert inent.

INTERCONNECTI NG SYSTEMS
Amateurs have repeater systems op

erating in all of the VHF bands,
52 - 146 - 220 - 450 MHz. Each
band is relatively isolated at present,
with one group on 52 MHz, another
on 146 MHz, etc . Indeed, unless one is
to jam a car full of expens ive equip
ment, there is no pract ical way of
ope rat ing all of these bands with a
mobile sta tion . Four transce ivers and
the ar ray o f ante nnas on the car
would provide a very tempting target
for th ieves.

A fou r band mobile installat ion
could easily cost more than the car.
Even using the latest solid state equip 
ment , it would take a large car to
leave room for th e driver once the
four sta t ions were installed.

If a few repeaters were permitted to
interconnect th e different systems, it
wou ld be possible for a mob ile opera
to r to talk with any of the fou r groups
in his vicinity. Hopefu lly it is not
necessary to po int ou t the t remendous
value o f this flex ibility in t ime of
emergency . Without such an inter
co nnection the four systems would be

ind ividual and in many instances three
of them would be wasted .

With suitab le safeguards it should
be possible to permit repeate rs to be
interconnected. Since all repeaters are
unde r constant supervision and con
tro l, they can be shut down at any
time th at tr ouble develops, thoug h
amateur ingen uity should not be ser
iously taxed in provid ing automa tic
disconnection of such functions when
proble ms arise.
PET ITION:

The Commission ' is requested to
permit crossbanding of repeaters, pro
vided adequa te safeguards are built
into the system to d isab le it in case of
difficulty.

A delet ion of the second sentence
of sectio n 97. 111(c) is requested.
Wayne Green W2NSD!1
Peterborough NH 03458 18
September 1972

PETIT ION: Expa nsion of repeater fre
quenc ies in the 220 -225 MHz ama
teu r band.

REPEATER MAIN USERS
Though amateurs have had th e

220 -225 MHz band for many years,
the act ivity in th at band has been
slight . Th is has been the result of
many circu mstances such as the lack
of suitab le military surp lus equip ment
wh ich cou Id be modif ied for opera
t ion on this band, the lack of com
mercial su rplus equipment for the
band, the lack of comme rcial amateur
equipment for the band, the power
limitat ions whic h prevailed for that
band for many of the earlier years
thus discouraging moon bounce and
weak signal wor k, the narrowness of
the band wh ich precluded te levision
expe rimentation, the availability of
commercial and military surp lus
equipment for the adjacent amateur
bands (thus enco uraging the ir use over
the 220 MHz band), the pre-empt ion
of th e band fo r military use on a
prior ity basis, and othe r considera
t ions.

The rapid growth of repeater FM
operations in the 146 MHz band
indicate that , even with the expa nsion
of that band to the 147 MHz segment ,
an end is in sight in many areas of the
count ry for repeater chan nels. The
obvious band for further repeater de
velopment is the 220 MHz band.
Indeed, amateu rs and repeater groups
have recognized this and a series of
FM sympos iums have been he ld to
coord inate the development of repeat
ers in this band. Over two hundred
repeater group s have agreed to set up
repeaters on the 220 MHz band as
soo n as practical. Many have already
fulfilled this agreement and there are
an est imated 70 repeaters actually in
operat ion around the cou ntry at this
date.
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Since the users, othe r than FM
repeater s, have not successfu lly de
veloped the 220 band in the years th at
it has been availab le. it does not seem
likely th at any great influx of them
can be expec ted in the fut ure. The
fact is that 220 MHz offe rs little for
the AM or CW operator over opera
tion on 144 MHz. The re is no shortage
of ope n channels on the 144 MHz
band for these operators, and there
are fa r more stations to contact. The
few sta tio ns act ive on the 220 band
(other than repeaters) are not likely to
attrac t muc h mo re company.

There is no amateu r radio develop
ment in sight on any horizon which
wou ld provide act ivity in any sub
stant ial nu mbers in th e two MHz left
open by the new regulat ions.

In the forseeab le fu ture it would
appea r that the bulk of the act ivity
that can be expected to develop on
the 220 MHz band would be re
peaters. The need is th ere - the equip
men t is being manufactu red - th e
interest of th e amateu rs is there.
Everyth ing would appea r to be favor
ab le fo r ex tensive repeater use of thi s
band.

In th e face of this need and pro
spective growth. the dele tion of 40 %
of th e band from repeater use would
seem to the det rimen t of the amateur
service.
NEW EQUIPMENT

Several manufacturers have taken
note of the growth possibilities of the
amateur 220 MHz band and have been
working di ligently to provide good
FM transce ivers for th is band. TP L has
a 22 0 t ransceiver in production which
will se ll for aro und $250. Henry
Radio has a fine 220 FM transceiver
which shou ld sell at arou nd $300. The
Clegg 21 is in production. And several
other companies are rushing tran s
ceivers int o product ion for th is band .

Both TPL and Clegg are also work
ing on repeaters fo r the band and the y
shou ld be available before the end of
the yea r. :

The lack of eq uipment which has
previously limited the use of this band
by amateurs would seem to be ending
shortly.

SEL F REGULATION
Amateurs have clearly shown the

Commission tha t they have little need
for restri cti ve rules and regulatio ns
and are quite capa ble of keeping their
own house in order . This has been
part icularly tr ue as far as the 220 MHz
band is conce rned .

The FM symposiums held earlier
this yea r in the east. midwest and west
developed natio nal agreeme nts on 220
MHz repeater inp ut and output ch an
nels, repeate r cha nnel allocat ion s, fre
quency coo rdination to keep int er
ference to a minimum, devia tion stan-
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dards, simplex chann els, cont rol fre
quencies. etc . Repeater councils have
been established in most parts of the
country to dea l with any problems
th at do com e up.

WHY NOT OPEN 220-22 2 MHz?
Since the use of th is band by other

than FM repeaters is negligible and
would seem to be negligible fo r the
torseeeble fu ture, the re wou ld seem to
be no adequate reason for the Com
mission to prohibi t the use of the
entire band by repeaters.

Perhaps it should be pointed out
that the amateurs have agreed to leave
the 222-223 MHz segment of the
band ope n fo r non-repeater use, and
have also agreed to leave the lower
par t of the 220 MHz segment open for
continued use by the few prese nt AM
and CW users.

What purpose can there be for the
Comm ission to make a rule which will
essentially leave tw o MHz of th is ba nd
open and almost totally unused ? The
only possibility that suggests itse lf is
one which is cer tainly un becomi ng of
the Commission, though it seems al
most inescapable: this regulation
would seem to pave the way fo r a
delet ion of all o r par t of this two MHz
from the amateur service and thus
make it available for citi zens band
service as is being ferven tly urged by
th e Electronics Industr ies Associa tion.

In the absence of any Washington
lobby o n the part of the amateurs,
the re wou ld seem little that amateurs
can do to preserve th eir bands against
the pressures of money and influence
of big business. The amateurs have
depend ed entire ly upon the Com
mission to be ho nest and protect their
fu ture, having no o rganization of their
own to lobb y for them and thus
provide this protection.

The net gain to amateurs using the
220 MHz band , shou ld the Com
mission return th e lower two MHz for
repeater use, would be one MHz. since
th e middle MHz has been allocated to
non -repeater uses. This segment, from
222-223 MHz is in act ive use by
non-repe ater groups right now and has
several advantages which make it de
sirable for thi s use: the freedom from
rada r inte rference which is more ser
ious in th e lower parts of the
band - and the freedom from adja
cent cha nnel interference from televi
sion tr ansmitters (and interference to
television sets) which results from
operat ion on the lower part of the
band . T he u pper part of the band
suffers seriously from spurious emis
sions of television se ts and is less
desirab le as a result . The result of
these an d other factors is that the
most valuable part of the band for
weak signal o perat ions is in the middle
part of the band in most areas of the
country.
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Repea ter use of the high end of the
band for inputs would seem to be
ideal since most repeate r receivers are
normall y situated far enough away
from te levision sets so they wou ld
tend to receive little interfe rence from
spurious emissions.

The low end of the band wou ld
seem better fo r repeat er outputs since
th eir remo teness from telev ision sets
wo uld cause much less adjacent chan
nel interference or fro nt end overload
to television set s.

The plan that eme rged from the FM
symposiums would seem to best con
side r all of the presently kno wn fee
tors as far as amateur ut ilizat ion of
the band is concerned - with the ex
ception of leaving two MHz open and
un used for allocat ion to a new cit izens
band.

The difference in the number of
repeater channels which will be avail
able to amateurs is impo rtant. If
repeaters are kept to bu t 3 MHz of the
band thi s would pe rmit perhaps 34
repeater channels using 40 kHz splits
instead of the 50 that wou ld result
from using 4 MHz.

There are an est imated 30,000
rad io amateurs present ly active using
FM repeaters on 146 MHz. The total
population of licensed amateu rs is
presentl y abo ut 285, 00 0. according to
the latest FCC and Callbook figures . If
we make allowances for second sta
t ions , licensed wives and children, th is
still gives us about 210,000 amateurs
who might be users o f repeate rs.

At present amateu rs are using ap
prox imat ely fifty 146 MHz repeaters
in t he New England area. If we project
th is forward we find that we could
need as many as 350 repeaters in the
area to handle th e act ivity . T he two
meter band will probably be able to
hold on e hun dred of these. Obviou sly
the 220 MHz band will be strained to
provide the repeate r chan nels that
could be needed.
PET ITION:

The FCC is hereb y petitioned to
reo pen the entire 220-225 MHz ama
teur band fo r repeater use.

It is hereby requested that sect ion
97 .6 1(cl be ammended to read
220-225 MHz instead of th e present
222 .0-225 .0 allocati on.
Wayne Green W2NSD/1
Pete rborough NH 0345818
September 1972
PET ITION: To drop the requi rement
tha t a repeater be constantly moni
tored by a co nt rol stati on during
operation .

Ama t e u r automat ic re laying
statio ns - repeaters - serve several
uses. It is important to conside r these
uses when devising restrictions and
setti ng them up to limit possible
misuses, while no t interfering with the
uses.
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Repeater sta tions extend the range
of communications of amateur base,
mo bile and hand transceivers, making
it possible for amateurs in a fairly
wide area to estab lish contact. As an
examp le, the repeate r stat ion atop Mt.
Mansfield in Vermo nt makes it pos
sib le for amateu rs in northern New
Hampshire, nort hern Vermont, nort h
eastern New York and adjacent sec
tions of Quebec and Ontar io to main
tain contact with ten watt mob ile
units. For insta nce, I have no trouble
using this repea ter from New
Hampshire, fifty miles away, with a
one watt handy-ta lky to talk with
mobi le amateurs in On tario over 200
miles away.

The amateur service provides a sup
ply of tra ined operators and equip
ment for use in t imes of emergency, as
well as technical developments which
benefi t industry and th e country. But
ama teu r radio is able to provide the
service tha t it does because of the
hobby it provides. The equipment
amateurs buy or build or conve rt is
bought with personal funds - fun ds
on wh ich the govem ment has already
extracted an income tax. Amateurs
will continue to invest th is time and
money as long as the Com mission
does not prevent the enjoyment of the
hobby which spurs th is investme nt.

The latest report and order by the
Commission is not calculated to in
c rease th e enjoyment of the
hobby - and to tha t extent will be
detr imen ta l to the service that ama
teurs provide.

The Com mission must be aware
tha t in every serious emergency com
mun ications falls upon local amateurs.
The recent devastat io n in Pen nsyl
van ia was typical of the emergency
situat ions which amateurs encou nter
and can serve as an examp le and
model.

After trying fo r several days to
hand le emergency communicat ions via
the lower amateur bands, the impor
tance of a repeater was so apparent
that one was flown from a facto ry
over a thousand miles away and set up
in. the d isaster area. The Civil Defense
communicat ions, largely set up in
basemen ts, were flooded out. Police
were too busy with their own prob
lems to provide health and welfare
message service or to help the st ricken
Civil Defense groups. Citizens band
operato rs tried to he lp. but interfer
ence on their channels from skip
sta t ions runn ing high power, the ir lack
of range d ue to low power, and their
lack of training in handling messages
rendered them on ly of limited use.
Only amat eu r radio was able to step in
and provide the short. medium and
long range co mmu mcettons neede d.

Once th e repeater had been set up,
the emergency coo rdinators in th e
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area had to put out a call for portab le
and mobile FM stations and ope rators
to come from outsid e to help since
the local amateurs were not set up for
FM and repeaters. A hel icopter was
sent to th e Clegg factory to pick up a
doze n of the newest FM tran sceivers
and these were pu t to immediate good
use by local amateurs. FM amateurs
f rom hun dreds of miles around re
spo nded.

If FM and repeaters had already
been estab lished in the flood area it
would have been possible for amateurs
to provide much better service early in
the emergency. It wou ld seem impo r
tant for the Commission to keep in
mind the end effec t of each new
regulation and weigh it in te rms of
how it might affect the commu nica
t ions capab ility t hat amat eurs can
provide. The requirement th at a con
tro l ope rator co ntinuou sly monito r a
repeater while it is in service is so
extremely restr ictive as to be severely
damagin g to the amateur service.

The Commission requireme nt tha t a
repeater sta tion be controlled via a
co ntrol and link sta tion on a band
above 225 MHz sets definit e limita
t ions as to the pract ical number of
control po ints th at can be used, both
from a license fee and cost of equip
ment standpo int . The add ition of 450
MHz contro l equ ipment to the 146
MHz transceiver in a car would more
th an double the investment necessary
for the mobi le installation - and
wou ld req uire a second communica
t ions ty pe antenna on the car, th us
making it stan d out substantially from
othe rs and be an invit ing target for
th ieves.

The pract ical result of the Com
mission requirement fo r mo nitori ng at
a co ntrol poi nt du ring repeater service
is th at few repeaters would be in
service through the night or during
regular working hours of the day.
The re wou ld be exceptions, of course,
where a control operator happened to
be an engineer at an all night radio or
television statio n, or the like. These
would more likely be the except ion
rather t han the rule.

Repeate rs which are turned off a
good deal of the t ime are not very
valuable in t imes of emergency . In
some areas it is poss ible to have a
choice of repeat ers and it might be
feasible to try one channel after
another to find a repeater in servrce.
In most areas a mobile operator has
littl e choi ce and if t he repeater within
his range is off he is helpless.

It is much mor e likely that some
one somewhere might be listening to
the repeater , even though all of the
four or five cont rol _ope rators might
be asleep, and provide help. And, in
th e case of the repeater with auto
patch, no oper ator at all is needed to

provide help since police or others can
be notified d irectly th rough the re
peater and the telephone line. The
proli feration of scanning receivers
makes it even mo re likely that some
one who is awake would be on hand
to render service in time of emer
gency.

Emergencies come in all sizes. fro m
ear thquakes and wars to a warnin g to
th e wife that you are going to be late.
The Commissioner who does not con
sider not ification of late arrival to a
wife an emergency must be a bache
lor.

T here are lesser emergencies where
repeaters are helpful. Many amateurs
use repea ters when they are driving
late at night and through the early
mo rning hours to help keep the m
awake. Two dr ivers a hundred miles
apart can keep each other awake and
alive. To be personal about it. I now
undertake long drives at night -that I
wou ld never undertake without the
safety of open repeaters along the
way . I know that I will not fall asleep
and tha t should anyth ing hap pen to
my car that I wilt be able to reach
help immed iate ly. If all the se repeat
ers were to be turned off , as the
Comm ission regulat ions will almost
cert ainly force, many amateurs wou ld
suffe r along with me.

In th is day of integra ted circuits
there is little problem for amateurs to
build and maintain the sophi sticated
circuits which will enable a repeater
station to operate with out immediate
direc t control. With timers set to
disable the repeater when t roubl e de
velops anywhere in the system, litt le
can go wrong. The fact is that there
are abou t one thousand amat eur re
peater sta tions in operat ion in the
U.S. today and the number of prob
lems they cause are very few. The
Commissio n requireme nt to co ntinu
ously monitor t he input and output of
th e repeater does not seem to serve
the purpose o f correct ing any exist ing
problem.

As the edito r and publisher of the
one amateur magazine which has
specialized in FM and repeaters and
the publisher of a monthly bulletin
providing com mun ication s to all of
the repeater users and ope rators in the
nor theastern U.S., and as the pub
lisher of virtua lly all of the many
books on the subject of FM and
repeaters, I am perh aps in bett er
co mmunicat ions with the repeate r sit
uat ion as it is in 1972 th an most other
people.

I wou ld ask that the Commission
keep in mind th at the comments
received on Docket 18803 were sent
in over two years ago and reflect , if
anyth ing, the state of the art at that
time and the thinking of those with
expe rience in the field at that time.
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Since then FM and repeaters have
grown eno rmously and the sta te of
the art has changed marked ly. There
are abo ut 40 0% more amateu rs using
FM and repeaters today - ther e are
perh aps 300% more active repeaters,
min imum

In my experience the problems tha t
amateurs are having with repeaters are
few and, in virtua lly every case, are
eas ily solved by the amateurs them 
selves. There has been no demon 
strated need for exten sive and
ex treme ly restr ic t ive regulations. Re
peaters are qui te capa ble of being set
up by amateurs to run aut omat ically
without perp etual mo nitori ng and it is
in the interest of the ho bby and the
service it provides th at repeaters be so
set up in most cases.

Amateu r repeater tech nicians and
groups ...... ill provide any sor t of reason
ab le sategua rd that th e Commission
requires to assure that an automati c
un moni tored repeater stat ion is not
ope rated in a way that will cause

problems fo r other services or for
other amateurs. The repeater councils
have clearly demo nstra ted that ama
teurs are qu ite capable of self govern
ment and hand ling all but the most
serious problems tha t arise. Amateurs
have been able to arbit ra te and agree
on repeater channels, on interf erence
between repeaters on th e same chan
nels, and all other proble ms attendant
to the growth of this valuab le service.
The fact that problems have arisen is
of much less impo rtance than the
demonstrated ability of the amateurs
to surmount th em unaided by the
Commission. Abou t the only serio us
difficult ies where ama teu rs have need
of help from the Commission has been
in cases of illegal jamming of a few
repeate rs and t he occasio nal use of
abusive language. These cases have
been so few and fa r bet ween that they
are not and have never been a sub
stant ial problem. And th is is a ,p rob
lem that amateurs face on all bands,
not just via repeaters.

The Commi ssion gives no reason for
the ru ling on continuous monitoring,
so it is diff icult to provide argument s.
Indeed, it is difficult to even imagine
why such a ruling cou ld ever have
been made. It seems to serve no useful
purpose and seems so unnecessar ily
prohibitive and restric tive to the
whole fabric of amat eur radio as to be
wo rthy of immed iate change.

PETITI ON:
To de lete th e ruling whic h req uires

a repeater cont rol ope rato r to mon itor
the input and output of the repeater
contin uous ly. It is requested that the
words " and during:' in sectio n
97.111 b be struck from the regula
tions, and that 97. 109a and 97 .110a
be changed to eliminate "and du ring"
in th e cases o f remote con t rol or link
operation of a repeater.

Wayne Green
Peter borough NH 03 458

18 Septembe r 1972

CRYPTOGRAM
IGC GCOWS GOL B RY UL VCLVUIUWC JRWCOL KCLI GOV EFV I BCOA I 0

TDFCA ZAR X IR IGC KRV I CQTUIU LJ OL B Y F L OVHCTI RY OKOICFD

DOBUR UL KO LS. KOLS SCODV.
XOSLC JDCCL

Drop hera hint that this is the Christmas Present you really want this year . .
""'

The INOUE IC-21 at $ 399.95 is th e prem ium 2 me ter transceiver on the market to day . Su re ly y o u
deserve o nly the be st as your very own Chr istmas p resent. I kno w she w ill ap prove , as n oth ing makes
th e Ch ris tm as Day more enjoyable tha n ha ving a happy 2 me ter ham.

J UST T EL L HER TO SEND A CH ECK TO DAY TO :

A DI RONDACK RAD IO SUPPL Y , INC .
IN OU E DEPT.
185 West Main St . Box 88
Amsterdam, New York 12010

We' ll do o ur par t to mak e a Merry Christm as fo r you by im m ed iatel y shipp ing out your rig. A lso ,
we' re goi ng to en close a litt le C hristmas p rese nt fo r her fo r be ing so nice to bot h o f us .
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FM TRANSCEIVER under $100.00
YOU SUPPLY CASE - MIKE - SPEAKER - CONTROLS.

144-220 TRANSMITTER KIT
ANNOUNCING! A Breakthrough for the Homebrewer

COMPLETE WITH DRIL LED BOARD

$39 .95

$29.95
PA-144-220

• TYPI CALLY 1 1/ 2 W A TTS OU T PU T
AT 12.6 VOL T S (1 WATT ON 2 20)

• ADJUSTABLE DE VI ATI O NS TO 10
kH,

• AU D I O CLI PPI NG AND A C T IVE
FILTER

• CRYSTAL N ETTIN G TRIMME R
• DOU B L E TUNED RF STAG ES FOR

A CLEAN S I G N A L
• STAN D ARD 12 MH z C R YSTALS ( 14

MHz FOR 220)
• ZEN ER REGULATED OSCI LLATOR

• PROVI SI ONS FOR METE R ING
E ACH R F STAGE

• PREDRILL ED AN D T IN N E D G L ASS
CIRCUIT B O A R DS

• MEASURES ONLY 2" x 6 "

A one watt e x citer u sing fo u r R F tra n s is tors, t wo d iode s, and one integrated circuit . The RF
transistors are operating w e ll below t h e ir ratings allowing long k eying p er io d s without dam age.
The exciter may be used alone as a transmitter or w ith our PA~144 or 220 amplifier fo r a ten
watt sta ti on .

144-220 MODULAR RECEIVER KIT

COMPLETE WITH DR ILLED BOARD $59.95

• BETT ER TH AN .3 JiV SENSITIVITY
. 15 Kh z BAND WIDTH
. ON E WATT AUOIO OUTPUT
• DUAL CONVERSION 10.7 Mhz AND 455 Kh z IF s
• ALL IC EXCEPT FOR FRONT END
. ST A NDA RD 45 Mhz CRYSTALS
• OPTIONAL CERAMIC FI LTER
.OPERAT ES FROM 12 VOLTS NEGATIVE GROUND

Measures only 4" x 6"

Order T X-144 or 220~$39.95; PA·144 or 220-$29.95; RX -144 o r 220-$59.95.

Receiver w ith 7 Kh z ceramic f il ter - $65.95. Include $1.00 po stage and handling f or each
kit ordered . New Yo rk sta te residents add 6% sales tax .

VHF ENGINEERING W2EDN
1017 CHENANGO ST. BINGHAMTON NY 13901



$28900
2M FM TRANSCEIVER SRC-146A ·
Solid state, 2 walt , 5 channel,
hand held transceiver,

WE FEATURE THE COMPLETE LINE

OF

STANDAR D AMATEUR FM EQUIPMENT

VHF
HEADQUARTERS

FOR SOUTHERN FLORIDA

DIGIPET 160 Frequency Counter
1000 Hz - 160 MHz

_05 microvolt sensitivity
$349.95 ppd USA

NEW ! SOLI D STATE 2M REPEATER SC-ARPT-l

Complete packaged repeater designed for tooav's popula r 2M FM
band. t2 vdc . Ideal lor new system or emergency portab le operation.

• True FM Detector

Improved Sensi ti vi ty
Im pro ved IF Gain

Superior Squelch Acti on
Insta ll in just a few minutes

elef'l FM 27 A $ 479.95

._ - ----.
IModify your Gladding 25

I with our
-"C'o~in~cidence Detector

A LSO IN STOCK

REGEN CY, CUSH C RAFT, HY~GAIN

• • • Com plete G-IO epoxy board w ired and
alig ned ready to insta ll.

EMPORIUM SOUNDS OF POMPANO
51 NOR TH FEDERAL HIGHWAY
POMPANO BEACH, FLORI DA 33060

1 yea r warranty

$19.95 ppdUSA
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Ken W. Se ssions, Jr. K6 MVH
12726 Matteson A venue
Los Angeles, CA 90066

LOW NOISE
ECONOMY

PREAMP FOR 2M

Low gain is almost a meaningle ss para
meter in an rf preamplifier specifi ca

tion u nless so me no tation is mad e about the
noise charac teristics of th e circuit. A gain of
20-30 dB is not un common in a VHF
prea mpli fier 'with a single semiconductor of
mo dern vint age. But if the active device
tend s to genera te and amplify noi se, th at
healthy signa l could be reduced to such an
ex tent tha t copy is actually better with the
preamp co mpletely out of the receiver cir
cu it. A signal-to- noise-ratio mea sureme nt
mad e befo re insta lling th e preamp sho uld ,
under ideal conditions, read th e same wit h
the prea mp in the ci rcuit provided the
specif ied gain is actually the ef fective gain 
which, un fo rtu na tely , is rarely the case. In
practice, the effective gain of a typ ical two
meter preamp is co nsiderably less than half
the rat ed gain!

Ban dwid th is anothe r parame ter worthy
of a builder 's consideration. A broad amp lifi
cation curve might be a real blessing for the
frequency-hopper wh o opera tes at the low
end of the ba nd one night and at the ot her
end the next , provi ding he' s not tryi ng to
operate from an area not ed for spectrum
congestion. The fact is, the broader th e
b~n dwidt~ of th e preamp, the more likely
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the receiver will be to be " swamped out" by
strong signals on adjace nt frequenc ies. Ob
vio usly , then , for such applicat ions as FM
rep eat ers, and fo r metropolitan op eration in
general ( where" plenty of strong signal s
abound), selectivity would take precedence
over broadband capabili ty .

The tw o mete r preamp describ ed here
represents what I fee l to be a sound compro
mise with respect to bandwidth and gain. It
is relat ively br oadbanded, but not so mu ch
as to allow tu ning of the en tire tw o meter
band without some retuning. It is capa ble of
resisti ng strong signals (above a millivolt ) at
adjace n t 30 kH z poi nts witho ut desensitiz ing
the receiver - a feature tha t qua lifies it well
for use with repea ters. T he effec tive gain of
this preamp lifier is 14 dB ; and th e noise
co ntri bu tion is as low as th e state of the ar t
will allow.

T he pr eamp owes its extremely low noise
figure to the single HEP 802, a low-cost
VHF ju nction -ty pe field-effec t t ransistor
produced by Moto rola for the hobbyist and
experimenter market. I FETs in general have
lower no ise figures tha n or dinary bipolar
tra nsi stors, and the junctio n FET has a
signific an tly lower noise figure than the
me ta l-ox ide (MO SF ET ) typ e.
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Fig. 1. This single-FET preamp offers an ideal
compromise between selectivity and gain; not
easily swamped by adjace n t freq uency signals, it
will provi de better than 14 decibels o f signal
im pr ovement for fix ed-frequency two -meter opera
tion. Coil values are given in th e text.

Performance Checkout

If you plan to use the preamp with an
AM receiver , you can adjus t it fo r opt imum
performance in th is fashio n: first connect
the an tenna direc tly to the receiver and tune
to a spo t where there are no signals (bu t
close to the frequency of maximum interest
for you). If yo ur S-me ter has an adjustment

forma nee of my own unit serves as proo f
that a sma ll piece of Vect or board and
poi nt- t o-poin t wiri ng with solid conducto rs
can be as effective (and as small ) as a printe d
circui t - and it is a darn sigh t less trouble.

Th e preamp co ntains three coils wound
on forms, plus one loop overwind. I used
cer amic co il fo rms with 1/4 " brass slugs .
Inductor Ll co nsist s of 5-1/2 turns of 26
gauge solid wire ( tinned copper) wrapped on
th e slug-tuned for m. This coi l should be
tapp ed 1,;. 1/4 turn s in from the gro und end.
Coil L2, also on a slug-tu ned form , is 9- 1ri
turns of 34-gauge wire. L3 is 5 turns of 26
gauge wire, and L4 is 1-1 /4 turn s of the same
type o f wire wra pp ed aro und the lower end
of U .

To avoid powe r-supp ly problems, I used a
simple 9V tran sisto r rad io battery to operate
my prea mp. ~ ut for some appl ications, such
as those involving use with a repeater , a
battery would be imp ractical in spite of the
preamp's low power consu mp tio n. Th e pre
amplifier's inp ut volt age range , however , is
broa d enough to allow connecti on to a l 2V
source (rectified and filte red repea ter fila
ment sup ply , for example, o r auto battery
for mobile installations) with no circuit
mo difications.

50n OUT

.J" .001

+ 9 - 12VI SH IE LD
,

I
I HEP- 802L 2

50n IN

Construction

Th e schem atic diag ram is shown in Fig. 1.
As shown, the circu it represe n ts a conserva
tive use of co mponen ts - a feature that is
attractive from both the sta ndpoin t of
economy and miniaturiza tion. If you 've
worked wit h FETs at VHF before, you'll
have no trouble wit h th is excellen t
performing circuit.

Th e circuit pre sented he re - designed , by
the way, by Motorola enginee rs - uses the
FET in a comm on-ga te confi guration. While
common-gate amplifiers don 't exhibit the
sometimes ast ron om ical gain tha t can be
ach ieved with co mmon-source or common
drai n circu its , o th er factors make it an ideal
choice for VHF applicat ion s. Chief amo ng
those "other factors" is the devilish Miller
effect , the FET's traditional "most serious
threat " to VHF applicat ions. Th e Miller
effect is th e name applied to a FET's
character istic high-frequen cy fee dback capa
cita nce problem; as the freq uency goes up ,
the ga le-t o-dra in capacitance incre ases and
actually appears across the amp lifier , ma king
the input imp edance in effec t a capaci tive
reac tance. ,

Fort unately, whil e the Miller effect is
horrendous with co m mo n-source amplifiers ,
and just pla in te rrible fo r common-d rain
config ura tio ns, it is a negligib le considera
tion with th e common-gat e amplifier hook
up. Cleve r engineers have developed me thods
fo r skirt ing the Miller effec t , such as cas
cad ing (wit h an "0" no t an "a" ] the
common-gate F ET with a common-source
type" , bu t these add complex ity - and com
plexity means exp ense. Considering the
var io us t rad eoff 's , t he most pr act ical ap
proach appears to be to sett le for a litt le less
overa ll gain than wha t is technologically
poss ible in return for imp ro ved selec tivity
and a noise figure that is virtua lly incom
para ble.

Ju st remem ber to keep the lead s sho rt ;
mak e goo d sold er co nnec tions; don ' t over
heat th e FET leads (use soc kets) ; and use
effective shieldi ng.

It's always a good idea to use pr int ed
circu it boards fo r proj ect s lik e this , of
course, but I didn' t. The very goo d per-
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"'BAMTRONICS" IS
A DIVISION OF TREVOSE ELECTRONICS

FM'
2 METER
ANTENNAS

THE HAMTRO NICS EXCHANG E PRO GRAM
We will ex cha nge Bird wattmeter s lugs (in good

shape) bought from Ha mt ro n ics fo r any ot her slug
that yo u may need in the fu tu re - no charge !
Yo u r wa ttmete r ca n never be outdated .

• Compl ete stock of FM
Ante nnas fo r base or
mobile

• Large dri ve-in on the
premises for im me d iate
installation or service

• Complete line of Motor
ola H.E .P. t rans ist o rs at
all times

by

C~
e-, f t

CORPORATION

Credit card s hon ored 
Mastercharge, Ban k Ameri card ,
PNB, GEe, e tc .
We ship an ywhere in USA
via UP S - NO CH A RGE
TO YO U

P.S. - We
will t rade any
kind of electronic gear

Come to HAMTRONICS
and see the largest
stock of new and
used ham gear on
the East Coast .

GET THE BIRD FROM HAMTRDNICS
We have a complete stock of all Bird wattmete rs

and slugs on hand ... immedia te de live ry . Order a
new BI RD Ha m-mat e watt me te r fo r only 5 79, but
p lea se spec ify i f you wa n t th e 20 0/ 100 0 wa tt mo de l
or the 200/2000 watt mode l.

Oh no you don't!
Get your own BIRD!

4033 BROWNSVILLE RD., TREVOSE, PA. 19047



.PM HEADQUARTERS!
• Over $5,000 crystal inventory, all standard frequencies in stock.
• Complete lab set-up, Cushman E-3 counter and deviation scope.
• Every set sold checked out by our FM experts.
• Put precisely on your frequency before shipping to you at no charge.

2 meter

FM
Transceiver

$199.95

RECEIVE ANY FREQUENCY IN THE 2M BAND
146-147 MHz) WITH 2 SIMPLE SETTINGS

ON THE NEW CLEGG
FM-27A MOBILE

DIVISION

Stop in and browse at FM HEADQUARTERS. Free coffee and donuts. FREE - for your
use - Frequency Counter in our showroom window runs 24 hours a day . Pull up in front
and check your own frequency.

PHONES
(215) 351-14110 _ (215) 151·5300



pot, set it to zero ; if not, simply note th e
average no-signal reading. Then set the pre
amp 's slug-tuned coil s (L2 an d L3) to about
mid -position and apply power to the pre 
am p . Disconnect the antenna from the re
ceiver, place th e pre amp in line , and connec t
the preamp's outpu t to th e receiver antenna
terminal. Slowly adjust th e L2 slug fo r a
ma ximum S-met er indication, then adjust
L3. L2 is slightly more critical th an L3, and
it sh ou ld be readjusted after each L3 adjust
ment. The S-me ter read ing should increase
by at least two units. If broadband operation
is desired, adjust L2 at the lowe r end of the
frequen cy range you wan t and adjust L3 at
the upper end. Then trim L2 for ide nt ica l
S-meter indication at both ends of the range .

If th e p ream p is to be used with a
repeater , yo u' ll probab ly ha ve some test
equ ipment on hand . If you ha ve access to a
signal gene rato r and an ac volt me ter , you 're
in luc k. Set the ac vo ltmete r to th e de cibel
range (O-IOV ac) and connec t the leads to
th e speaker terminals. Turn o n the receiver
and open th e squelch. Then adj ust the
receiver volume control fo r a reading of p lus
20 dB on th e meter. (I f your ac voltmeter

SOLID STATE

has no dB scale as such, adjust the receiver
volume cont ro l fo r a reading of 7.8V on the
10V ac sca le o f a 20 ,000n per volt ins tru
ment.)

Connect a signa l generator (properly
warmed up for st abili ty, of co urs e) to the
rec eiver without the preamp in th e circuit,
and increase the gen erator output until the
meter reading drops to plu s 14 decibels (6
dB quie ting). T his read ing will be just under
4 vo lts on th e l Ij-volf ac rang e . Recheck the
genera tor for frequen cy st ab ilit y , then inser t
the preamp , with power app lied , between
th e rece iver and the genera tor. Adjust L2
and L3 fo r minimum indication on the
volt meter - wit ho u t read ju sting th e signal
generator. If you've done a good job on the
preamp , th e adju stme n t op eration sho uld
bring th e meter reading down to well below
zero decibels (les s than 0.6 volt on the ac
scale) .

.K6MVH

I. " Tips on Using l-et s," Mo torol a Semiconductor
Prod uct s, Box 20924, Phoenix AZ 85 034 .
2. " An In tro duction to FETs," Siliconix , In c.,
2201 Lau rclw ood Rd., San ta Clara CA 95054 .
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DIGITAL CLOCK

Th is product o f sp ace age t ech no logy computes and displays time of day to the exact
second . High visibi lity Nix ie tube readou t. Enc ased in handsome oi led so lid wa lnu t
case wi th matching base fo r desk o r she lf mounting in an y decor.

• Silent solid state operation.
• Fractional second accuracy.
• Polaroid displays/red filter.
• Three special time settings
• Full year guarantee (made in USA).

• 12 or 24 hour time display .
• TTL in te gra te d circuits .

Ple ase sp ec if y 12 o r 24 hour mod e l. Send check or M .D. for $1 59,
po stpai d . CO D' s ac c epted w ith $ 30 dep os it C al if . re s idents, add
5% sal e s tax .

• MEL REX PRODUCTS
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• 8142 Ridgefield Dr. Box 5
Huntington Beach, CA 92646
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BAMTRONICS
A DIVISION OF TREVOSE ELECTRONICS

1033 BROWNSVILLE ROAD, TREVOSE, PA. 19047 PHONES: (215) 357·1400/(215) 757·5300

NEW HR-6
12 Channel
Solid State
6 Meter FM"
Transce iver

Complete dash mount
operation ... does not
require black box power
hog in your trunk

25 Watts Out
Long Range Signal Capability
12 T and R Channels
Independently Switched
144 Frequency Combinations
5 Watts Audio output
Compact for Dash Mount.

NOV EMB ER 1972

Model HR 6
5239.00
Amateur Net

Designed and use tested to perform against
TVI. Design ed to util ize th e most modern
components of th e solid state art- integra
ted circuits. dual gate MOSFET trans isto r,
silicon BET power transistor, etc. Designed
w ith th e pow er in th e frequency range to
w ork FM Skip . And , designed and built in
America in a co mpact package that w ill
appeal to your taste and pride of ow nership.

SPECIFICATIONS

Power Output: 25 watts Min. @13V OC
Frequency Range: 52-54 MHz
Channels: 12with independent switching
Sensit ivity: .35.v (nom) 20db quieting
Selectivity: 6db ± 16KHz
Audio Output: 5 watts max.
Size: 2Yo" x 6W x 9W

State of the art receiver uti lizes MOSFET mixer for
superior front end overload and intermodulation
performance.
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TWO METER FM CRYSTAL CHART
C... . " " E l 6 M"'. T. 9 o.< H, T. 12"''''' T. ,e "" J> T . " $ ..... . '" S T... ..O ... RD 'h INOU~ Fl.

146 . 0 1 6. 0H375 8. 111666 12 . 1675 18. 25125 45 . 103 333 14 . 923 333 15. 034 444

146. 04 6.08500 8 . 113333 12. 1700 18.25500 45 .113333 14 . 926666 15. 037717
14G.07 6.08625 8. 115000 12. 1725 18. 25875 45.123333 14 . 930000 15 . 0411 11
146 . 10 6. 0B750 8. 1166 66 12.1750 18.26250 . 45. 133333 14. 933333 -15.044444
14 6. 13 6 . 0 8In 5. 8. 11 8333 12 . 1775 18.26625 45.143333 14.936666 15 . 047777
146.16 6 .090 00 8. 120000 12 . 180 0 18 .27000 45 .153333 14. 940000 15 . 051 11 1
146 .1 9 6. 09 125 8. 1216 66 12 . 1825 18.27375 45. 163333 14 .943333 15. 054444
146 . 22 6.09250 8.123333 12 .1850 18.27750 45. 173333 14. 946 666 15. 057777
146.25 6. 09375 8. 125 000 12.1875 18. 28125 45 . 183333 14.950000 15 .061111
146.2B 6. 09500 8. 126666 12. 1900 18.28500 45 . 19333 3 14 . 953333 15. 0644 44
146 .3 1 6. 09625 8. 128333 12.1925 18. 288 75 45 .-203 333 14.956666 15. 067777
146.34. 6.09750 8. 130000 12.1950 18. 2925 0 4.5.213333 14 . 960000 15. 071111
146.37 6.09875 8. 131666 12. 1975 18.29625 45 .223333 14.963333 15. 074444
146.40 6.10000 8.133333 12. 2000 18. 30000 · 45. 233333 14 .966666 15 .077777
146 . 43 6. 10125 8.135000 12. 2025 18.303 75 45. 24333 3 14 .970000 15 .081111
146.46 6. 10250 8. 136666 12. 2050 18. 30750 45 . 253333 14.973333 15.084444
146.49 6.103 75 8. 138333 12 . 2075 18.3 1125 45. 26333 3 14. 97666 6 15 . 087777
146.52 6. 10500 8.140000 12. 2100 18. 31500 45. 273333 14.980000 15. 091111
146.55 6. 10625 8. 14 1666 12.21 25 18.31875 45.283333 14. 983333 15 . 094444
146.58 6.10750 8.143333 12.2150 18. 322 50 45. 293333 14. 986666 15. 097777
146.61 6. 10875 8. 145000 12.2175 18. 32625 45. 303333 14.990000 15. 101111
146. 64 6. 11000 8. 146666 12. 2200 18. 33000 45. 313333 14. 993333 15 . 104444
146. 67 6. 11125 8.148333 12. 2225 18.33375 45 .32333 3 14 . 9~96666 15 .107777
146. 70 6.11250 8.150000 12. 2250 18.33750 45. 3333 33 15. 000000 15. 111111
146 . 73 6 . 11375 8. 151666 12. 2275 18.34 125 45.343333 15. 003333 15. 114444
146 .76 6. 11500 8. 153333 12. 2300 18 . 34500 45 .353333 15. 006666 15. 117777
146. 79 6. 11625 8.15500 0 12. 232 5 18. 34875 45. 363333 15. 010000 15.121111
146 .82 6. 11750 8. 156666 12. 2350 18.35250 45 . 373 333 15.013333 15.124444
146.85 6. 11875 8.158333 12. 2375 18.35625 45 .3 83333 15 .016666 15.127777
146 .88 6. 12000 8. 1600 00 12.2400 18.36000 45. 393333 15.020000 15.13 1111
146. 91 6.12125 8.161666 12.2425 18.36375 45. 403333 15.023333 15.134444
146.94 6. 12250 8. 1633 33 12. 2450 18.36750 45.413333 15. 026666 15. 137777
146.97 6. 123 '/5 8. 165000 12. 2475 18.37125 45 .423333 15.030000 15.141111
147. 00 6. 12500 8. 166666 12. 2500 18. 37500 45.433333 15 .033333 15. 144444
147.03 6. 12625 8.168333 12. 2525 18. 37875 45. 4433 33 15 . 036 666 15.147777
147. 06 6.12750 8. 170000 12.2550 18.38250 45. 453 333 15 . 040000 15. I SlIp
147. 09 6.12 875 8.171666 12. 2575 18.38625 45.463333 15. 0433 33 15. 154444
147.12 6.13000 8. 173333 12. 2600 18. 39000 45. 473333 15. 046666 15.157777
147.15 6. 12125 8. 175000 12. 2625 18. 39375 45. 483333 15. 050000 15.161111
147. 18 6. 13250 8.176686 12. 2650 18. 39750 45.49333 3 15.053333 15.164444
147 .21 6.13375 8. 178333 12. 2675 18. 40125 45. 503333 15. 056666 15.167777
147 . 24 6. 13500 8. 180000 12. 2700 18. 40500 45.513333 15. 080000 15. 171 111
147. 27 6.13625 8.181666 12. 2725 18.40875 45 .523333 ' 15. 063333 15.174444
147.3 0 6.13750 8.183333 12.2750 18. 4 1250 45 .533333 15. 066666 15. 1777 77
147.33 6. 13875 8. 185000 12.2775 18. 41625 45. 543333 15.070000 15.181111
147. 36 6.14000 8. 186666 12.2800 18. 42 000 45.553333 15. 073333 15.1844 44
147.39 6.14125 8.188333 12.2825 18. 4237 5 45. 5633 33 15. 076666 15. 187777
147. 42 6.14250 8. 190000 12.2850 18. 42750 45. 573333 15.080000 15. 191111
147. 45 6.14375 8.191666 12. 2875 18. 431 25 45. 583333 15. 083333 15. 194444
147.48 6 . 14500 8. 193333 12. 2900 18. 43500 45. 593333 15 . 086666 15.197777
147 .51 6.14625 8. 195000 12. 2925 18.43875 45.603333 15. 090000 15.201111
147 .54 6. 14750 8. 196668 12. 2950 18.44250 45. 613333 15. 093333 15. 204444
147 .57 6.14875 8. 198333 12. 2975 18. 44625 45. 623333 15.096666 15. 2077 77
147. 60 6.15000 8. 200000 12.3000 18. 45000 45.633333 15.100000 15. 2 11111
147. 63 6.15125 8.201666 1..2. 3025 18.45375 45. 643333 15. 103333 15. 2 14444
147 . 66 6.15250 8. 203333 12. 3050 18 . 45750 45.653333 15.106666 15. 21 7777
147 . 69 6. 1537 5 8. 20500 0 12. 3075 18. 46125 45 .663333 15.110000 15.221111
147. 72 6.15500 8. 206666 12.3100 18. 46500 45 .673333 15. 113333 15. 22444 4
147. 75 6.15625 8.20833 3 12. 3125 18.46875 45 . 683333 15.116666 15. 227777
147. 78 6 .15750 8. 210000 12. 3150 18.47250 45,69333 3 15.120000 15.231111
147.81 6.15875 8. 211 666 12. 3175 18 . 47 625 45 .703333 15.123333 15. 234444
147 .84 6. 16000 8. 21333 3 12. 3200 18.48000 45.713333 15. 126666 15.23777 7
147 . 87 6.16125 8.215000 12. 3225 18. 48375 45. 72333 3 15. 130000 15 .241 111
147.90 6. 16250 8. 216666 12.3250 18.48750 45. 73333 3 15.133333 15.2444 44
147.93 6.16375 8.218333 12.3275 18.49125 45. 743333 15.136666 15.247777
147 .96 6.16500 8.220000 12.3300 18 . 49 500 45. 753333 15. 140000 15.251111
147. 99 6.18625 8. 221668 12. 33 25 18.49875 45 .763333 15. 143333 15. 254444



STUDY GUIDE

Questions&Answers Part IV

66. Ho w are grounded-grid amp lif iers
used in electronic circuits? L ist some advan
tages and disadvantages of their use. Des
cribe the input im pedan ce characteristics of
a grou nded-grid amplifier.

A. Gro un ded-grid am plifiers are used in rf
stages of both tran smitters and receivers, but
fo r diffe rent reasons: In receivers , th e
gro unde d-grid cir cu it elimina tes the need for
neutraliza tion of triod es, and pe rmit s simple
low -noise stages to he designed . The
gro unded-grid configuration also provides
better volt age gai n at higher freque ncies than
can be ac hieved in othe r configurations .

In transmitters, the gro u nded-grid circuit
ha s become po pu lar becau se of its lo w input
im pedance and abili t y to «fee d through "
exc ess power, making it ideal fo r bringing
th e output of a mediu m-p ower SSB tr an s
mitter up to th e legal limit.

Ad van tag es of the grounde d-grid circ u it
includ e fre edom from the neutralization
requireme nt , relat ively cons tant load upon
th e driving sou rce, voltage gain co mp arable
to that o f a gro u nded-cathode circuit , an d
feed-through o f excess driving po wer.

Disad van t ages include th e requirement
for more driving po wer than required by
mo re co nventional circ uits, th e lo w imput

impedance (which at .times is an advantage) ,
and th e requirement that the preceding stage
be mo du la te d if th e g-g stage is to be
modulated .

Input imp ed an ce, as ment ioned, is low ;
50 ohms is an appro ximate typical value.
Output impedance is high . The circu it ha s no
curr en t gain , and d oes not reverse signal
phase.

67 . What constitutes a parasitic antenna
element?

A. A parasi tic an tenna ele me nt is any
an tenna ele me nt which is not electrically
co n nec ted to a d riving fee dline , but op erates
by means o f re-radiation of received energy.

68. What is the image-response of a
receiver? Ho w can it be reduced?

A. Every su perhet receiver has th e capa
bility o f responding t o signa ls at two distin ct
in put fre q uen cies, for a single se tting of th e
lo cal oscilla tor. One input frequen cy is that
wh ich, whe n mixed with the loca l-oscillator
signal , pro duces th e i-f as the differen ce
bet ween in put and lo cal-oscillator freque n
cies, and the other is th at whi ch , when so
mixed, produces the i-f as the difference
between lo cal-oscillator and input fre
que ncies . That is, on e is belo w the local
oscilla tor signa l, and th e o the r is ab ove, by
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th e amo unt of the i-f. On ly one of these t wo
possible responses is the desired signal; the
oth er is called the " image." T he cho ice as to
which is desired and which is ima ge is made
at the ti me t he receiver is designed. The ratio
betw een desire d-signal strength, and image
signal strength (assumin g equal-level input
signals) is th e image respon se criteri on , and
is usually expressed in dB of rejection of
image. Image reje ct ion can be improved by
increasing selectivity of the circuits pre
ceding th e mix er , or by using a higher i-f,
which separates th e desired and image signals
by a larger degree . Bo th remedies can be
used .

69. What is a third party agreemen t ?
What countries have agreements with the
United States?

A . A third party agreement is a special
agreement between two natio ns , in which
each agrees to per mit its radio amat eurs to
handle messages for th ird parties in int ern a
tional communications bet ween the two . In
the abse nce of such special agreeme nts, third
part y messages are prohibi ted.

At the time of writ ing, th e United Stat es
had such agreements with at least 22 cou n
tries, all in the Western Hemisphere excep t
Israel and Liberia. Th e list is subjec t to
relatively rapid change, however , and current
information should be che cked for the exact
list of count ries at any specific time .

70. What effec t will ex ten din g the low
frequency audio response ofa signal have on
the design ofan SSE transmitter?

A . In a filter -type SSB exciter, ex tension
of t he low-frequency audio respo nse requ ires
redesign of the filter to have a wider
passba nd, and may make carrier reje cti on
more diff icul t. In a pha sing exciter , achiev
ing extended lo w-frequency respon se re
quires redesign of the aud io phase shift
networks, which arc alread y a com pro mise .
In eith er case, com mu nications effectiven ess
is reduced, beca use the highest-p ower part s
of th e voice spec trum are in the frequ encies
belo w 300 li z, while the parts producing
intelligibility are above 300 Hz. Extend ing
low-frequency respon se below 300 Hz th us
limits the amount of power which can be
devo ted to the significant pa rts of the signa l,
while simulta neously ma king design and
operation more diff icu lt. For this reason
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most SSB rigs are restricted to 300-3000 Hz
respon se.

71. L ist some dif f eren t types of beam
an ten nas.

A. Parasit ic arra ys, includ in g the Yagi, the
log-periodic, an d as special cases th e para
bolic reflector and the corner reflect or;
Driven array s, including the endfire , the
Franklin collinear, the ZL Special, and the
8JK ; and long-wire beams, including the
rh om bic , the vee-bea m, and th e simple long
wire. The term " beam antenna " includes all
antennas having marked dir ecti on al beam .
Driven arrays can be comp osed of a number
of parasitic arrays, and the elements of any
dr iven array may the mselves be complete
driven arrays. Such complex bea m syste ms
are oft en used at VHF to achieve high power
gain and extreme directionality .

72. What radio tele type transm itter oper
ating def icien cies may be indicated by a
decreasing antenna rf cu rrent during modula
tion of the final rf amplifier?

A. Decreasing anten na curre nt during
mo dulati on, often called " downward modu
lation," may be du e to severa l causes,
depending upon th e manner in whic h the
modul ation is ap plied. With conventional
high-level pla te > modu lation, down ward
modula tio n may be due to inadequa te rf
drive to the modulated stage, faulty tu bes in
the modulated sta ge, poor volt age regulation
in the powe r supply (causing the modula
tor's power to be robbed from th e modu
lated stage and ' thus caus ing a ne t loss in
out put ), incorrect op erating conditions in
the mo dulated stage (parti cularl y grid bias), .
or impeda nc e misma tching bet ween modula
to r and modulated stage.

With grid modulation the condi t ion can
arise as a result of att empting to get too
mu ch signal out at the carr ier level, th us
leaving room for upward modulation on
peaks. This is impro per adjustm en t o f the
loading . Lack of dr ive can also cause it , as
can improper grid bias.

Wi t h sc reen modulat ion, do wnward
modulatio n can result fro m im proper load 
ing, wro ng grid bias , wrong screen voltage,
inadequate drive, or insuf ficient mo dulato r
power. In all cases, th e drive and loading
condit ions mu st pe rmit the modulated stage
to produce 4 times as much power at the
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positive peaks of the modulating cycle as is
produced at the carrier level , in ord er to
achieve 100 per cent modulation. If the stage
is not capable of pro duc ing full output on
po sitive peaks, downward modulation results
because the indica te d an te nna curre nt is the
average over the mo dulat ing cycl es, and with
the peaks being; clipped on th e positive side,
th e negat ive peaks will reduce th e average
below th e carr ier level.

73. What improper operating conditions
are indicated by the upward or downward
fluctuation of a Class A amplifier's plate
curre nt wizen a signal voltage is applied to
the grid! H o w can this be corrected!

A. Flu ctuation of pla te curren t when
signal is applie d to a · sup po sedly Class A
am pli fier indicates onl y one thing: the am
phfier is not ac tually operating Class A . This
may be d ue t o eithe r of two possible causes :
th e in put signa l ma y be to o large, dr iving the
ampli fier outside it s int ended o perating
ran ge, or th e grid bias is incorrect.

T h e r e m ed y f o r o ve rdriv e is
ob vio us ~ reduce th e level of the inp ut
signal to th a t for whi ch th e stage is designed.
Correcting im proper bias is a bit more
subtle.

If the plate curren t increase s with signal,
th e stage has too great grid bias and it should
be reduced . If th e plate curren t decr eases
with signal , the bias is insufficient and
sho uld be increased. Th e correct bia s is
achieved whe n th e pla te cur re nt rem ains
constant with applicatio n and rem oval of
in put signaL

At ma ximum dr ive and out put , Class A
po wer amp lifiers sho w a slight incr ease in
plate cu rren t as comp ared to the no-signal
case, because of DC rectification in th e
output circuit. This sho uld no t be confuse d
with th e fluc tuations referr ed to in th is
quest ion.

74. What improper operating conditions
are indica ted by grid current fl ow in a Class
A amplifier!

A. Non e, necessari ly , because Class A
amplif ie rs which depend upon grid curren t
flow have been designed and operated. T he
conven tional Class A amp lifier , however , is
designed to op erat e withou t grid cu rre nt,
and any grid curre n t flow in such a circ uit
ind icates over drive. Th e chances arc grea t

that any suc h amplifier in which grid current
is ob served is not ac tuall y operating Class A
because of th e overdrive. See also question
73 .

75. What may be the cause of a decrease
in antenna current during modulation of a
Class B rf amplifier?'

A. Th e Class B rf am plifie r should not be
modulated dire ctly ; it operates properly
only as a lin ear. If used as a linear , ampli
fying a signal to which modulat ion has been
app lied earlier, downward modulat ion indi
cates impro per loading (too light) or an
attempt to get excessive effi cien cy from the
circ uit . Downward modulation canno t occur
with SSE.

76. What determines the skip distance of
radio waves?

A. Skip distance depends upon t wo fac
to rs: the effect ive height of the refl ecting
layer, and the angl e of reflect ion . These
est ablish th e altitude and one angle of a
triangle, thus fixin g the opposite leg' s length
(wh ich is th e skip distance) . Both effec tive
height and reflection angle in tum depend
upon th e frequency of th e signal, and th e
condit ion of the ionosph ere at the time .

77. Ho w can parasitic oscillat ion be pre 
vented?

A. By prevent ing .th e condit ions (appre
ciab le impeda nces at frequenc ies where the
phase shift occurs ) whi ch permit them . Thi s
can be done by appropriate ph ysical layout,
cho ice of the proper types of by pass capaci
tors and If induct o rs , and by applicat ion of
parasitic sup presso rs to reduc e gain at para
sitic frequen cies.

78. Give some proven methods oI har
monic reduction in transmitters.

A. SeE! question 6 1, Part III .
79. Describe briefly some well known

types of antennas and antenna sy stems used
by ama teurs which do, and do not, reduce
harmonic radiation.

A. Any non-resonant antenna will radi at e
ene rgy at an y freq uency withi n the normal
rf range eq ually well (or eq ually poorly) .
Thus it cannot reduce harm oni cs. Antennas
which are th emselves reso nant, or whic h use
reso nant matching systems are selec tive and
reduce at least som e of th e possible harmon
ics. Both ty pes of antennas are widely used
by amat eurs.
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One of the most well-known non
resonant antennas is the ordinary " long
wire" sys te m. In its most com mon form , this
co nsists of a length of wire of ra ndo m
length, in sula ted at on e end and driven at
the o ther. It is a co mmon antenna fo r
beginners ' use because it is so simp le to
install . With luck, it can even be mad e to
operate aft er a fashion. If the length is not
some multiple of 1/4 wavelength at any
specific operating freque ncy, the an tenna is
not resonant and so can radiate at any
frequen cy. It therefo re has virtually no
reduction of harmonics.

Th e mo st com mon resonant an tenna is
th e half-wave dipole . This co nsists of an
electrical ha lf-wavelength of wire , insulated
at each en d, split in th e middle by an
insula tor , and dri ven in a balanced configura
tion at the center insu lator ends of th e tw o
halv es. It is resonant at every frequency for
wh ich th e element halves are an odd multi
ple of 1/4 wavelength, and readily acce pts
power. Thus it will radiate at the 3rd, 5t h,
7th, an d other odd ha rm onics of th e design
frequency. It is also res onant at the freq ue n
cies for whic h the eleme nt halves are even
mult ip les of 1/4 wavelength, bu t im pedance
at the feed poin t is inve rted and it will not
readil y accept power fro m a lo w-impedance
lin e. Thus it t ends to reject ene rgy at th e
2nd, 4th, and all even ha rm onics of th e
design frequen cy .

Beam antennas achieve th eir directive
qualities through careful phasing of the
radiated energy , and thi s phasing is a func
tion of fre quency , Thus, mos t beam antc n
nas reject all harm onics of their design
frequency .

A po pular class of r am an tennas is the
"all-wave" gro u p whic h is designe d to accept
and rad iat e power at all ham frequenci es
using only one antenna syste m. Since th e HF
ham band s are all harmoni cally related , th ese
an tennas have had th eir harmonic-red uct ion
pro perti es carefully engineered OUT of the m
and co nsequen tly canno t adequa tely reject
har monics. Use of addit iona l tuned circu its
between transmitter and antenna sys tem will
restore selec tivity and permit har moni c re
du ction.

80, What must the value of an inductor
be to cancel a capacitive reactance of J2.6
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kilohms at an operating f requency of 2
Mc/s?

A. The ind uc tor mu st have inductive
reactance of 12,600 ohms at th e same 2
MHz freq uency, so it s value mu st be 0.001 H
(hen ry ), or I mH (mill ih enry).

81. What is meant by "end effects " in an
antenna! Ho w can they be compensated for
in half -wave antennas?

A. Th e end effec t in an an tenna is an
appare n t len gthening of the antenna ele
me nt. Th at is, its electrical length is sligh tly
greate r t han would be ex pecte d from its
phy sical length, because of capaci tance at
th e end o f th e conductor.

In hal f-wave ante nnas, end effects are
compe nsa te d by maki ng th e physical length
of th e wire ap proximate ly 5% less than the
desired electrical length would indicat e.

82, What are the bandwidths normally
used for A 1, A 3 (single and double side 
band), and F3 (narrowband) ty pe emissions?

A. Bandwidth of A 1 signals depends upon
keying spee d. Most A I signals occupy less
than 50 Hz bandwidth. A3 with both side
bands, whether or not carrier is suppressed,
requires at least 6 kHz and often occupies as
much as 30 kHz. A3 wit h single sideband
ta kes 3 kflz wit h carrier, and 2.7 kHz
with out. F3 in HF ham usage canno t exceed
6 kH z ; at VHF it is not limited .

83. Describe briefly how an ac power
supply produces a dc output voltage , Discuss
the merits of using choke-input versus capa
citor-input filters in power supplies. How
does the leakage resistance of the capacitors
affect the output voltage? A lso, what is
voltage regulation as related to power sup
plies?

A. The power supply uses a suitable
transfo rmer to convert th e input ac to the
appropria te voltage level, followe d by a
rectifier cir cui t whic h converts the ac to
pulsating de. Fina lly, a filte r circuit smoo ths
ou t the pulsations, yie lding an ap pro xim a
tion to "pure de" as ou tput. The qu ali ty of
the approximat ion dep end s upon th e quality
of the fil ter. '

A cho ke-inp ut filt~r provide s better vol
tage regulatio n than does the capacitor-input
filt er , but prod uces lower ou tpu t voltage
u n de r li gh t loa d c o n d i ti o ns. The
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SARO C roo m rate $1 5.00
per night p lu s room ta x
s ing le or double occ u
pa ncy se nd di rectly to
Flamingo Hote l, Las Vega s
NV 89109.
SAROC Advance Regt s
tration $1 0.00 per person ,
includes admiss ion t o
Swan and Hy-Gain Cock
tai l parties, Exh ibit area,
Te chn ical se ss io ns and
sem ina rs, Sunday Hu nt
Brea kfas twit h Cha m pa gne.
SAROC Advance Regf s
t ratt on w it h Fla m in go
Hote l Dinn er show (bris
ket of beef) $21. 00 per
pe rs on , in cludes tax and
gratu it y , no drinks.
SARDC Adva nc e Regi s
tration wit h Flam ingo
Hotel M id-n ig ht show and
two drin ks, $ 17.00 p er
pers on , incl udes t ax and
gratu ity.
Ma i l Adva nce Regtet ra.
ti on s to SARDe, P.O. Box
73 , Bou ld er Ci ty , Nevada
89005 before Jan uary I ,
1973, requests fo r refunds
m ust be in writ ing and
received before January
6, 1973.

MAKE A DATE
8th Annual JANUARY

SAROC 4-7
fun convention 1973

EASY-patterns rub dow n
d irec tl y on the copper
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capac it or-inpu t filter pro duces higher ou tpu t
voltage, but puts more stra in upon the
preceding comp onents in the po wer sup ply.
In consequence choke-input filters are nor
mally used whe re high power is required ,
and capacitor-input filt ers are restrict ed to
applica tions requiring comparatively low
power (receivers and test eq ui pment ) .

If a filter capaci tor develop s excessive
leakage, (abnormally low leakage resistance),
it will ac t as an ad ditional load on th e power
sup ply thus reducing output voltage. It will
also degrade filter perfo rmance. In most
cases , such a sit uatio n is self-des truc tive ; the
abnormal cu rre nt through the capacit or re
sults in overheat ing, fur ther weake ning the
capacit or, and the capaci t or fails sho rtly .

Voltage regulation is a me asure of the
change in power supp ly out put volt age
bet ween the no-load and fully loaded con di
tions, usually expressed as a percentage . The
precise definit ion of volt age regula ti on
var ies.. depending upon the referenc e book
co nsulted . Thus a power sup ply which pro-
duces f05V de i'-t no load and drop s te 95V
de at fu ll load may h ave a volt age regulation
of 95 /105 (9 9.5 %) ,10/105 (9 .5%), or 10/95
(10. 5%), depending upon the definit ion
used .

84. Compare silicon and vacuum tube
diodes. What is meant by the "forward
voltage drop" of a conducting silicon-diode?

A. The silicon diod e. is a semico nd uc tor
device which operates upon the junc tion
principle, while the vacuum tube diode
ope rates upon the princ iple of th erm ionic
emissio n. Thus most vacuum tube dio des
require th at the cathode be hea ted, while
silicon d iod es do n ot. Silicon diod es can
conduct mu ch greater current per cubic
inch , but are fa r more subject to dama ge by
improper operating con ditions such as ex
cessive reverse voltage or'overhea t ing.

Any di od e is characterized by a "forw ard
voltage drop. " In a tube , this is th e op erating
volt age required to move electro ns across the
cathod e-to-plate dis tance, and ranges fro m 5
to I S volts in most cases. In a silico n diod e,
it is the en ergy-level barrier between o per at
ing en ergy levels at the atomic level , and is
ap proximately 0.65 volts (germ ani um di od es
have a barrier o f ap proximat ely 0.25 volts ).
The voltage drop is subtrac ted from the
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applied voltage ; if 5V de are' applied to a
silicon diode, 4.3 5V de will appear at the
output.

85. What is push-pull amplifier operation?
A. Pu sh-pull ampli fier operat ion is a

circuit arrangeme nt in which a sin gle sta ge
con ta ins two iden ti cal amplifier s, whic h are
dri ven by input signals whic h are l8J de
gree s out of phase with each ot her. Outputs
are simil arly 180 degrees out of phase. If
balanced input and output are available, no
phase-inve rting co mponents are necessary. If
input and /or output is t o be unbalanced
(single-head ed ), phase inversion is required .
One of the simplest phase-inverting compon
en t s is a transformer with a center-tapped
win ding. The cen ter tap is th e com mon
return, and ou t-of-phase signals are either
ta ken from or applied t o the opposit e en ds
of that win ding. The other winding will
combine the ene rgy of both hal ves of the
firs t, produ cing an unbalanced signal as
required.

The push-pull or balanced circuit cancels
ou t most even -order ha rmonics . It is widely
used in indust rial electronics un der the nam e
" differential amplifie r" because an y signal
which is in the same phas e at the inputs of
both sides is cance lled out of the output.

8 6. For what purpose is a Qrmultiplier
used in amateur equipment? What major
factors affe ct the Q of a coil? Of a circuit?

A. The Q-multiplier is usually used to
in crease the selectivity of a tun ed circuit in a
receiver ; it may also be used to reject a
specific signal fre quency.

The Q of a coil is determine d by th e ratio
of energy stored in the coil's magnetic fie ld
to ene rgy dissipate d in the coil's conductor,
or the rat io of react an ce to resistan ce. Thus
size, ma terial, and pro ximity to other com
pon en ts affect it.

The Q of a circu it is dete rmine d by the
individual Q 's of th e circui t componen ts ,
and again is defined as th e ratio of ene rgy
stored to ene rgy lost. An ything which causes
loss of energy red uce s the circuit Q ; any 
thin g which increases it s energy-storage
capacity wit hout increasing th e energy loss
will in crease the Q.

87. How can the final amplifier of a
transmitter be tested for self-oscillation?

A. See question 53, Part III.
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88. How does a frequency converter
operate?

A. Whenever t wo ac signa ls are simultan
eously ap pli ed t o a non-linear cir cuit, four ac
signals ar e pro duced : the tw o original sig
nals , a thi rd signal having the frequen cy
equal to th e sum of th e freq uencies of the
tw o origina l signal s and th e amplitude char
acteristics equal to th e sum of the amp li
tudes of the two or iginals at each inst ant ,
and a fo urt h signal wh ose frequen cy is the
differenc e of the original frequencies, also
having amplitud e det ermined by the instan
taneous sum of the amplitud es of th e or i
gina ls. This actio n is kn own as mixing,
mo du lation, demodul ation, det ection , or fre
quency conversion, depending up on wha t
pa rt of the communicat ion ch ain contains it.

A frequency co nver ter acce pts an input
signa l at one fr equen cy and co nverts it to an
ou tp ut signal at so me different frequ ency by
mix ing it in a non-lin ear circuit with a local
signa l of constan t amplitude. Since the lo cal
sign al's ampli tude is constan t, the ou tput
signa l's amplitude cha racteristics foll ow
those of the input signal exac tly . Output
signal frequency is dete rmi ne d by the local
signal frequency. Either th e sum or the
difference signal .may be used for output.
Tun ed circuits eliminate th e three unw anted
signals from th e output.

89. What visual observation within an
operating vacuum tube 's envelope would
indicate that the tube is gaseous?

A. An intense blue glow in the space
bet ween plate and cat h ode of th e tube,
durin g operation, wo uld indica te tha t th e
tu be is gassy. A " gaseo us" tube would be
somewha t difficult t o identify, bein g neither
solid nor liquid (those bein g the th ree states
in which matt er can exist at no rmal tempera
tures) ; the ability to pass one's hand through
it might be a valid indication of its being
gaseo us!

Questions based on Part 9 7 of the Com
mission s rules.

A. Ob ta in a copy of Part 97 and study it
well, takin g care to be famil iar with those
provisions which specify frequency ban ds
and sub-ban ds, types of modulation, tech
nical requirement s, p ower limits, and admin
ist rative det ails such as licens e term, display
of license, etc . Staff
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Richard W. Fergus W9DTW
2N570 Argyle S tree t
Lombard IL 60148

THE INDESTRUCTIBLE
(BUT SENSITIVE)

VOLTMETER
O ne piece of test equipment fou nd in

many hamshacks is the voltmeter.
There arc many vo lt met er var iations and
each variat ion has advantages and disadvan 
tages. Many of us have an idea of what we
wo uld lik e for the "perfect" volt meter . Over
the years, I have thou ght about my ide al
voltmeter but never applied th e elbow
grease. Recen tly , t he ur ge be came strong and
I actually built it . I can best des crib e my
ideal volt me ter by describing the result o f
this ur ge. The volt meter feat u res a zero
center meter with a sensi tivit y of 1.33
MD /V for the O.25-25V full-scale ranges.
The input resistance is a constan t 33.3 MSl
for the 25 - 75 0V ranges. T wo curren t ranges
of 0.75 and 7 .5 !J.A were also incl uded. The
volt meter can wi thstand mo st co nce ivable
overloads wi thou t the slightest damage.

Theory

High in put resistance is one very desirable
cha racteristic of a voltmet er. Most pane l
me ters are much too insensitive to prov ide
the high input resistance ; there fore , some
kind of ampli fier must be used . The co m
man vacuum-tube voltmeter or tra nsist or
voltmeter , with whi ch man y of you are
familiar , gene ra lly use the inp ut-output o r
transfer charac teristic of a tube or tran sist or
to pr ovide the am plifi ca tion. The accura cy is
affect ed by t he inheren t instability an d
nonlinearit y of the tube or tr an sistor as well
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as by power supply fluc tuati ons . There is
ano ther way t o obtain the required amplifi
cation without these pro blem s. The te ch
nique (n egative feedback ) is not ne w and is

.uscd extensively in industrial inst ru men ta
tio n and an alog com puters.

IS EQUIVALENT TO'

~
-

Z'.·~
f .. . ere

Fi g. 1. Fee d ba ck am plifier equ ivalen t circu it.

Negative feedback is used in many appli
cations t o reduce di stortion and , in general,
provide sta ble amplification. If sufficient
feedbac k is used , su ch fact ors as transisto r
(or tube) variations and power supp ly insta
bili ties have ne gligible effect on the overall
gain of the amp lifi er. This type of circuitry
is more complicated and, t he refore , more
expensive . In the; past , the additional ex
pense has elimin at ed this te chniq ue from the
lo wer priced instruments and ham designs.
Now , with the availability of good quality
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eco nomical transist ors, all of us can affo rd
this "sop histicate d" t echnique .

One way to ex plain this t echnique 'is t o
think of the amplifier in Fig. I as a balancing
device. If the amplifier has very high gain, a
sma ll voltage at the summing point (A) will
appear at the amplifier outpu t as a large
voltage. Since the amplifier gain is negative
(that is, a posit ive inpu t produces a negative
output and vice versa) the curre n t th rough
Rib will oppose the input current. The
opposing current will tend to drive the
summing point ba ck to zero voltage. In
ot he r words, the ampli fier output opposes
t he inp ut curr en t until a ba lance or zero
voltage is approached at point A. T his
balanci ng action will produce a cu rren t
through R i b which is very nearly equal to
the input curren t. Even though summing
point A is not directly co nnec ted to ground,
the action of t he feedback will main tain the
voltage near zero. A more technical term for
this poin t is a "virtual ground;" it appears
like a ground po int but ac tually isn't.

If the input voltage is always near zero
voltage and the current through Rib is equal
to the input current, t he output voltage
(with reference to actual ground) is propor
tional t o the input cu rren t. Apply ing Ohm's
law, input curre nt will be equal to the
output voltage d ivided by the fee dba ck
resistance.

The advantages may not be apparent yet ,
but if we consider that t he amplifier in put
'can be avery, very small current, then the
curren t thro ugh R ib can also be very small .
Whil e the ampli fier is ba lan cing out th is
small current t h ro ugh R i b , it can also supply
a much larger current fo r the output volt
me ter. The amplifier, feedback resistance ,
and output voltme ter can now be thought of
as a sensitive current me ter.

With out going into detail, a simplified
example will demonstra te how feedback can
reduce the effect of amplifier gain cha nge on
the overall circuit performance. If we assume
an amplifier gain of 100 and output voltage
of 1V, the amplifier input voltage will be
-0.0 I V (remember the amplifier gain is
negative). The ac tual voltage across R i b will
be 1.01 V. Now , let the amplifier reduce gain
by 50 % or to a gain of 50 . With t his
co ndition, the input voltage will be - 0 .02V
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when the output is 1.0V. Now the actual
voltage across Rib will b e I. 02V. The
voltage change acro ss R i b be tween t he t wo
co nditions will be 0 .0 I V or slightly less than
1% (0.01 / 1.01 ) change . T hus , a 50% cha nge
in amplifier gain produced only about 1%
change in fee dback current. Since all such
things as instabilities, nonlinearit ies, and
power supply variations are reflect ed in
amplifier gain, the effect of these factors on
the overall pe rformance is red uced .

To sum up, the amplifier, fee db ack resis-

COMMo-- - - - 4 - - - --'

RANGE Z ,. "(VOLTS) (jJAl (ohms) (oIlms)

s o.ee ± O.7!) 333K 667K

O.7!) I.OOM

' . 0 3.3 3M

7.!)O IO.OM

215.0 33 .3M

"n a.ae 222K

20O 7.150 66.7K

"0 22.15 22.2K

RANGE RESISTOR CALCULATION

Fiq, 2. Range resistor calculation .

tance , and output vo ltmeter can be thought
of as a sensitive curren t meter. The sensitivi
ty , accuracy, and linearity is a function of
the out put voltmeter and feedback rests
t ance and is relatively independent of
amplifier var iat io ns. Fo r the remainder of
the voltmeter design, this combination can
be rep laced wit h an equivalent current
me ter. The in pu t cu rrent sensitivity will be
equal to t he fu ll scale output voltage divide d
by the feedback resist an ce.

Two methods are used to provide volt 
me ter ranges fro m 0.25 to 750V. As you will
see, other ranges are easily calculate d. Fo r
pu rpose of calculation of feedb ack resistors
(Rib ), the voltmeter circuitry can be simpli
fied as illu strated in Fig. 2. On the lower
ran ges, the current sensi tivity is constant and
the mult iplier resistor (R m ) is changed wit h
the range switch.' The output voltage is t he
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F ig. 3. Schematic .

co mpromise to main tain lo w input curren t
o n the lower rang es withou t re quiring ex
trem ely large - and ex pe nsive - resistance
values o n the h igh ra nges. Eit her p ro ced ure
can be used to calc ulate feedback and
multiplier resistances for other rang es. T he
feed back current should be selected with in
th e amplifier design rang e of 0 .7 5 to 50 pA.

A curren t function is also available as an
adde d fea ture , For the particu lar ranges
selecte d, o nly t wo ran ges agree wit h the
met er scales. The othe r ra nges wo uld be 2.25
and 22 .5 p A , which can also be used , with a
few me ntal gymnasti cs, to co nvert fro m o ne
of the scales.

The voltage drop across the in pu t u sed as

,

Mallo ry 55 11 Newark 60F22 1O

Oplion~J

Centu lab type P" :?OOJ New~rk ::!:?F60'

PARTS LIST
S~ ....,.
Any s~e

Mylar or p~per - any ~oltage nllin~

l o ... \.,;Oh ", siliocon diode
Simpson ~odo:l ])29 43n ",,'lisb nce
Ne.....rl<55 F25 18
Low kakaF. low CU r""nl silicon
PNP Ir.ln~ror

2S J 904 . 2S 2925 Lowleak . >lo w cu=nl silicon
NPN ...."l $istor
J32 K HI thruR IO
665 K Tu llS Jm !. Type CO 1/2 MR
2.32 '" Newarl< 12F080 hpec. •'alue )
6.6 5'"
7.87 '" + 7,87 M + 7.50 M
442K
r54K
44,2K
22.JK
953 See text

D..8<ription
1.5V battery
0.1 "F
I S 456. 11II41 48
500.0.500
\I icroammeler
::!N3906, 31'3702

j 3J KI %
66 7K 1%
2.3JM 1'1
6.67 .\1 1'oJ.
233M 1%
445K 1%
154K 1%
44.5K 1%
22. ::! K 1%
9 57 1%
n M IO%V,W
500 K rrimp ot
22K 10%Y,W
3JOK tQ%\IoW
560 K 10% \loW
U K 100y'W
D.P.S .T-
Single pol e
8 po. ro tary .

~12nt l

c i
r RI

"'
QI, Q4

Q2.Q3

RI
R2
OJ
R4
R5..
.7
ae
R9
RIO
RII
RI 2. R I5
RIl
RI<
RIO
RI7
51
52

same fo r all ra nges. The ou tpu t voltage swing
det ermines the ser ies res ista nce fo r the milli
ammeter . Full scale cu rren t fo r t he lower
ran ges was selecte d at 0 .75 }lA . The feed
bac k resistan ce, whi ch also will be co nsta nt
for the lo wer ra nges, is equa l to the full sca le
ou tpu t voltage divided by the full sca le
cu rren t, or 0. 5V divid ed by 0 .7 5 /lA. With
this resistance (667 Kn), we now have an
input current sensitivity of 0.75 J.1A fu ll
sca le. The mu lti plier resistances are calcula
ted as if we had an 0 .75 microam meter. For
the 0 .25 V range , the resist ance will be equa l
to 0 .25 divided by .00000075 or 333,000n.
The ranges up to an d including the 25V
range are calculated the same way.

Fo r t he. higher ra nges, the mu ltip lier
resis ta nce is held co nsta nt and the current
sensitivity is changed by selecting the feed
back resistance. The mul tipli er resistance
(33 .3 ~m) for th e 25V range beco me s t he
co nstant multip lier resistance fo r the h igher
ranges. As an ex ample , o n the 750 V range
t he input curren t will be 22.5 pA
(750/33,300,000). A new vaiu e feed back
resistan ce must be calculate d to provide t his
curre n t sensit ivit y. With th e same 0.5V
ou tp ut volt age , the fee db ack resist ance will
be 22.2 KD. All resist an ces values and the
equivalent cir cu it are sho wn in Fig. 2 .

Either method could be used for all
ranges. but this co mbinatio n was chosen as a

136 73 MAGAZ IN E



FM 27A
$ 479.95

Comple te with N oi se Cancell ing
M icrophon e an d A nt ith ef t M ob i le Mount

Accesso ries available include:
AC Power Supply. " " $59.95
Sub-audible Tone on TX " $24.95"

Onl y the FM-27 A offers th e 2 Mete r FM' er t he complete freedom of frequency - receive
and t ransmit - with acc uracy and stabili t y co mpara ble w it h convent iona l crystal co nt ro l.
Only the Clegg tr ansceiver uses Teflo n wire throughout.
In add it ion - the FM-27A prov ides th e hottes t performing receiver and most conse rva
tively rat ed 25 wa tt t ransmit te r on the mar ket . .
See yo ur Clegg Dealer today or write or phone ou r facto ry for detailed data sheet on the
fabulous FM-27A.

WATCH FOR THE ANNOUN CEMENT OF OUR FM-21 (220 MHz)
TRANSCEIVER NEXT MONTH.

A2';i\"~ flLAAt DIV ISION
INTERJlATlONA./ -(,~
~ 3 050 Hempland Roa d

L ancaster, Pennsyl van ia 1 7 6 0 1

Tel : (7 17) 2 99-3671 • T elex 8 4 -8438



a c'.lrrent meter is very low. Since t he
amplifie r gain det er mines how near zero t he
sum ming po in t is maintained , it also de t er
mines th e voltage drop when th e circu itry is
used as a current met er. The amplifier
voltage gain is abou t 100 ; th erefo re, when
the mete r ind icat es full scale (O.SV), th e
inpu t voltage will be abou t O.OOSV. Most
mil liammeters or mic ro ammeters will have
0 .0 5-0.20V d rop at fu ll scale.
Circui t Descrip tion

Fou r direct-co upled silico n t ran sistors
fo rm the amplifier portion of the volt me te r.
The firs t two stages are o perate d at lo w
co llec to r volt age and curre n t. In both cases ,
the base-to -emitt er volt age (ab out O.6 V) of
the following stage is also t he co llector-to
emitter voltage o f the d riving stage. This
type of connect io n may appear strange , bu t
it is a very legitimate ap plication of silicon
tran sistors. The last two stages arc connected
in a more co nve n tional manner . This amp li
fier layout provid es h igh curren t gain with a
minimum of co mponents.

The firs t two stages ~re operat ed at n early
eq ua l collec to r curren ts and co nnect ed so
that the base-to -emi tt er d rops will cancel.
T he NPN (Q2) base voltage will be ab o ut
+0.6V. When we co nnect a p:t\p (Q I ) t o this
base , the PNP (n egative ) base-to -emitter vo lt
age will t end to cancel the positive voltage o f
the NPN transist o r. Ac tu ally , by adjusting
t he collector current ratio o f th e t wo tran sis
tors , the two base-to -emitte r vo lta ges can be
made to ca ncel exactly . Similar reaso ning
will show that t he temperature co efficien t o f
the base-to-emitter voltages will also tend to
cancel. The tem perature coefficien t defines
the change in base-to -emitte r volta ge with
tempera ture. This coeffic ien t is the prime
caus e of in stabil it y in tran sisto r de amp lifiers
and is a co ur ce of operati ng-point ch ange in
ac amplifiers.

The inter connection bet ween the fi rst
t wo stages is also a curre n t su mm ing point or
virt ual signal gro und . The curre n t th ro ugh
R l 4 m ust d ivide and flow through either QI
emitter or Q2 base . Therefo re, any Ql
emitt er cu rrent change will be come a base
curre n t cha nge (o r Q2. T he voltage at th is
poin t will not cha nge. A similar sit uatio n
occurs between t he Q2 co llector an d 0 3
base. Since Q3 co llec t or is co nnec te d to Q4
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base, it is obvious t hat the Q3 collector
cu rre n t changes are passed o n to Q4. T he
result is an overall current gain of the
amplifier whic h is the prod uct of the cu rre nt
gain s of the transistors. Even wit h th e first
tw o t ra nsist o rs operating at a lo w curre nt
gain (re sult o f lo w co llect or curren t and
voltage), the ove rall amp lifier curren t gain is
greater than 100 ,000.

The input o ffset curre nt (cu rren t required
fo r zero o ut pu t volt age) is supplied by Rll.
T he offset curren t adj ust men t is similar to
biasin g a single transisto r , excep t in th is case
we are " biasing" a co mp le te amp lifier. An
adjust me nt is sho wn in the schematic but
th e adjust me n t is not crit ical and fixed
res istances co uld be use d . When the a mp li
fier is o perating in dosed loop (with t he
feedback co nnec te d) some offse t cu rren t can
be su pplied through the feedback resistan ce
witho u t no ticeab le effect onthe voltmeter
perfo rmance.

Overl oad pro tection is sup plied by R 13,
CR 1, and the base-to -collect o r jun ctio n of
Q I . As exp lained, t he amplifier in put is at
zero poten tial during normal op eration. If
overloads ar e applied, the amplifier may
saturate an d no t supply su fficie n t feedback
curren t. Since t he'feedback current norma lly
main tains the zero in pu t volt age , lo ss of the
feedback curre n t will allow the summing
po int to stra y from zero . If allowed to
increase wit ho ut limit , t he input transistor
co uld be dam aged . The solutio n is to provide
some curre n t limiting ( R 13 ) and damp the
amp lifier inpu t with diodes. T he positive
excur sio ns are damped with CR I and the
negative excursio ns by the ba se-to-collect or
ju nc tion of Q I .

Meter cu rre nt is also limit ed to a safe
value by resistors RIO and R1 7. The outp ut
transist or (Q4) will either be cut off (p osi
tive input) or satu rate d (n egat ive in put )
d uring overload situatio ns. Maximum meter
cu rren t is th erefo re limit ed to abou t 1.5 rnA
o n negati ve in puts and 0.6 in A on po sitive
inputs . Neit her value will damage the meter
movement.

The circu it is mo st susceptible to over
loa ds when used in the current function. A
couple of q uick calcu latio ns will dem on
strate the pro tec tion provid ed . Both t he
clamp ing diod e (CRl) and the base-to -coll ec-
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tor junction of Q 1 will pass 100 rnA for
sho rt period s without dam age. As long as t he
diodes fu nction, the am plifier and met er will
be protect ed. Since the inp ut curr en t is
limited by R13 , the input voltage would be
2.2 kV with a diode curren t of 10 0 rnA . The
R1 3 wattage rating limits continuous over
loads to abou t 1DOV.

When the volt meter functio n is used ,
h igher overload voltages are easily accom
modated. On the O.2 5V range , t he to tal
series resistance is 355 KD.. Now the half
watt resistor rating limits the co ntinuous
overlo ad to about 35 0V and the diode
current will protect up to "3 .5 kilovolts" 
hardly conceivable!

Higher-watt age resistances could be used
but most of us would not subject the
voltmeter to continuous overloads . The
worst that co uld ha ppen from a co ntinuous
overl oad wo uld be to bur n up ei ther Rl or
R 13. I don 't think it is possible to damage a
transist or or t he me ter wit h conceivable
overlo ads. By t he way , one poin t to think
about - how many 0 .75 IJ.A me ters are
protected from continu ous overl oad s u p to 5
rnA an d terminal voltages of 100V? How
many 0.25V meters are protected again st
35 0V continuo us or momentary kilovolts?

The feed back net work completes the
voltmeter circuitry . F or anyone range only
tw o resis tance values are re quired . T he capa
citor (Cl ) provides high-fr equency attenua
tion to prevent amplifier oscillat ion. The
range switching is not quite co nventional. A
single-pole switc h is used to select the proper
multiplier and feedback resistance. The
swit ch actuall y sho rts ou t the unused por
tion of the resistance st ring.

Cons truction

The layout is not cri tical an d is left up to
the builder. Standard solid-state construc
tion method s must be used - watch the heat
when soldering! The ranges selec ted may
seem strange but fit very nicely with a'
standard 50-division meter sca le. The met er I
used was a 1.0 rnA un it I readjusted to a
500-0-500 p A span . I removed the numbers
on the origina l fac e wit h an eraser , leaving
the scale markings. The new numb ers were
hand-lettered on the face. On t he 50-d ivision
scale , the selec ted ranges requir e one unit

per min or division on the 25 -0-25 scale, wit h
5 , 10 , 15 , 20 and 25 at major division. The
seco nd scale requires 3 units per min or
division wit h 15 , 30, 45, 60 and 75 at the
major divisions.

Fee dback and mu ltiplier resist ances
(RI - R9) must be accurate if the precision
of the voltmeter is to be main tained . I
select ed resista nces from carb on resist or
stock usi ng a Heathkit impedance bridge.
The builder who does n ot hav e access to
measuring equipment can buy I % precision
resisto rs from a parts hou se . I believe it is
possible to buy 1% resistors, a 2% panel
meter, and assemble this voltmeter with 3%
or better error without further calib ration.
T his demonstra te s t he beauty of t he feed
back amp lifier - fin al accuracy is only de
pendent on the resistors an d met er use d.

The voltage probe is co nstructed of
shielded cable wit h one mu ltip lier resistor
(Rl) mounted in the ti p . The shielding
reduces ac pick up whic h might cause n on
linear op era tion of the am plifier , and t he
tip -mo un te d resist or redu ces capacity load
ing of the circuit under t est.

All components are described in the pa rts
list. Most of th e components are not critical
as long as the notedcharacteristics are met .
The transistors ar e not critical wit h regard to
voltage ra ting or frequency response but
must have low leakage and some current gain
at lo w current (around 3 IJ.A co llec tor
current). The transistors specified have been
used successfully, alt hough many o ther
types are available which should be satisfac
tory. The suggested precisio n resis tor series
is th e most economical that could be found
whic h is readily available.

The final performance of the vol tmeter
can be no better than the quality of the
meter. A quality movement can be used to
advantage if the wallet can afford it. Som e
of the new taut-band meters wh ich are very
rugge d wo uld be a good choice. Other
movement sensitivities can be used with
som e circuit mo dification . First , the scale
divisions must be considered. The ranges in
this vo ltmeter are based on a 50-division
scale. Other scales will require some re
arra ngement of the ranges. One rule to
follow when selecting ranges and scales is:
Minor division s should always represent
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wh ole nu mb ers (a mi no r division should
represen t either I, 2, 3 , etc. , but not 1.5 ,
1.33 , or other noninteger values). One ex
ceptio n to this can be 2.5 , which some times
works out rea sonab ly well. As a last reso rt
you can always draw a second scale alo ng
the origi nal scale.

A different meter sensitivity also requires
differ ent meter resistors (R IO) and load
resisto r ( R I 7) . T he amplifier output is
±O.5V full scale, so R IO must be chosen to
make the select ed met er read (with the
resistor in series ) O.5V full scale. This cali
bra tion can be eit her calculate d (if the meter
resistan ce and sensit ivity is known) o r a
porti on of the serie s resistance can be
replaced wit h a Trimpo t. Afte r the me ter is
compl et ed, the voltmeter can be calib rate d
to a known volt age with the Trimpot adju st
ment. Foll owing this procedure fo r the
described voltmeter, RI Dshould be rep laced
wit h an 887n I % resistor and a I DOn
Tr impo t (assuming th e meter resistance is
less than I DOn) . T his proce du re is also
better fo r the perfecti onist who would like
to get th e most accuracy fro m his voltmeter .

Th e load resisto r (R 17) which also
d etermines battery curren t sho uld be
changed to agree with the mete r sensitivity.
It should be 1.5 times t he to tal resistance o f
the meter and th e series resistor (R I0). With
a little inves tigation, you will find th at th e
batte ry curren t, with no input to th e volt
me ter, will be tw ice the fu ll-scale met er
sensitivit y. With the described voltm eter th e
battery Curren t will be about 1.0 rnA. ' If a
more sensitive me ter is used, the batt er y can
?e redu ced propor tion ately. As an examp le,
If a 50-0-50 Il A meter is used , th e battery
current wo uld be 100 IlA and two RM I
mercury cells ( 1000 mA-hr) would last for
about 10,000 hours, or one year o f co n
tinuous operation. With this meter sensitivi
ty, R 17 wo u ld be 15 KD an d RI O p lus th e
meter resista nce wo uld be 10 Kn ,

The described voltmet er should o pera te
con tinuously for about 6 mo nths wit h two
size D flash light batt eries. T herefo re, the
off-on swit ch is o ptio nal, de pending on how
ofte n yo u wo uld like to change batteries.
Even with small batteries, the vol tmeter can
be left o n occasion ally wit ho ut ru nning t he
batteri es down .
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Checkout

Do no t connect the range switc h to t he
amplifier as ind icat ed by the X on t he
sch ematic. Now, wit h the power applied and
R12 adjuste d fo r zero voltage on the arm ,
the meter should be pegged . Slowly adju st
R 12 and the mete r should swing down-scale.
Try to adjust for an on-scale meter reading.
It isn 't necessary to be very accurate since
the amplifier feedback will take care of
considerable misadju stment. If the mete r
doesn 't swing down-scale , R l 1 can be de
creased to ab ou t 5 Mn or a differen t
transistor tri ed for Q I .

To adju st the volt age offset , sho rt the
ampli fier side of X to ground . Adjust R I5
for a midscale meter reading (w ithin 5
divisions of zero). Again , it isn't necessary to
be very accu rat e . This co mp let es the ini tial
adju stment of t he voltmeter. The wiri ng can
be completed by co nnecti ng the range
swit ch . The volt mete r is now o perational. If
a Trimpot was added to the met er resista nce
(RIO), now is the t ime to apply a known
volt age to th e input and adju st the po t fo r
th e co rrec t meter readin g. These adjust me nts
should not change in t he fu ture. I act ua lly
selec te d fixed resistances for my voltmet er
an d no change has been ap parent in over a
year of operation . Do no t attempt to re
adjust R 12 and R 15 wit h th e switch co n
nected . The effect of the se adjust ments is
no t very no ticeabl e except un der de tailed
examinatio n .

Conclusio n

Several volt me ters have been built with
good results. One model was subjecte d to
temperat ure stabilit y te st s fro m - 20 to
+ 140° F with less tha n 2% of fu ll-scale dri ft in
calibra tion and zero reading. Th e basi c cir
cuit has also been used for a de oscilloscope
am plifier.

The feedback and instru me nta tion tech
niques t hat have been presen ted are also
useful in other ham applicatio ns. This circuit
can be used fo r ot her sen sitive curren t
measuremen ts in co njunctio n with field
strengt h meters and swr bridges. Other appli
cation s wiII bec ome mo re apparent as the
circuit capab iliti es are bette r und erstood.

. ..W9DTW
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, A sk any elec trical engineering stu den t
to day to te ll you something about

Tesla, and you are likely to get a blan k sta re.
Or the cou n ter-question' "W ho was T esIa?"
It seems prepos terous tha t our educators
sho uld have ignored entirely th e fo under of
our ac age, bu t such is the fact. Something
should be done abou t our tech nical educa
t ion sys tem.

Born July 9 , 1856 in t he village of
Smiljan in what is now Yugoslavia , Tesla
rose fro m relat ive obscurity to a t op position
in the scien tific world . He became a millio n
aire at 32 th ro ugh his important inventions,
only to fade later in to obscurity , and d ied
penniless.

His fa ther was a clergyman . His mothe r,
though she never learned to read and write,
was known in th e community as an inve n tor
of domestic lab or- saving devices, and it is to
her that Tesla att ributed mu ch o f hi s inven
t ive genius . Th e young Tesla , op posi ng his
father 's urging to study for the min istry ,
in sisted on a career in engineering. His
mo ther enc ouraged h im. He atte nde d the
polytechnic school at Graz, specializ ing in

WHO
WAS

TESLA1

physics and ma thema tics, and co ntinued h is
education at th e University of Pragu e. There
he took a course in for eign languages, so th at
he could rea d the foreign tech nical litera
ture. He became proficient in Eng lish,
French and It alian , in addition to the
German with wh ich he was alre ady familiar,
and of course, hi s native Serbian.

Finish ing at Prague in 1880, he to ok a
post-graduate course in Bud apest , where he
debated the merits o f alternating current
with h is p ro fessors. He then we n t to work
for a Paris te lephone company, where he
acquired co nsiderable experience wit h de
dynamo s and motors . While there h e inven
ted regulating and control devices to p rotect
th e rotating mac hin es he served.

Elec tric al Industr y Was Limite d

In th ose early days, direct current was
un iversally acknowledg ed t o be the only
pract ical medium for generating , tr ansmit
t ing an d applying elec tricity for hea t , light
o r power. Bu t de resistan ce losses were so
great tha t a po wer plan t was need ed for
every sq uare mile served. Early in candescent
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lamps, glow ing none too bright on 110 volts
even close to the power plant , became
piti fully dim on the power that dribbled
from the lines less th an a mile away . And
every one believed th at motors could run
only on de. An alternating curren t motor
was considered an imp ossibility .

This was t he pictu re when , in 1884,
young Tesia ste pped off a ship in New York,
his head full of ideas, and four cen ts in his
pocke t. His experience had convinced h im
that the co mmutator in direct curren t mo
tors and dynamos was an unnecessary co m
plic ati on, causing endless troubles . He
realize d that the " de generato r" actually
pro duc ed ac, whi ch was rectified by the
commutator into a series of waves, all
flowing in the same direction through the
external circ uit.

The n, to get this de to produce rotary
mo tio n in a mo tor , the process had to be
reverse d. The arma ture of ea ch electric
motor was equipped wit h a rotating switch
(commutator) that changed the polarity of
its magnetic po les just at the righ t in stant as
it revolved, t o supply ac to the mo tor.

The Inspiration

To Tesla, t his was sh eer nonsense. It
seemed logical to ,eliminate the commutator
at both generato r and motor , and use ac
t hrough the whole system. But no one had
ever buil t a motor that could operate on
alt ern ating current, and Tesla struggled
me ntally with the problem. And on e day in
February , 188 2, while strolling with a class
ma te named Szigetti in a Budap est park, he
sud den ly blurted ou t : " I've got it! Now
watch me revers e it! " At th at moment he
had visu alized the rot ating magnetic field,
wh ich would revolu tionize the wh ole elec
trica l in dustry. He saw the magne tic pu ll
racing around th e sta tionary field (s tato r) of
his motor whil e the ar mat ure (ro tor) , attrac
ted by the moving field, ch ased around af ter
it fas ter and faste r until it was revolving at
the same rate . He would need n o switc hing
to th e ro tating element - no com mutator!

Subsequently he worked the wh ole alter
nating curre nt elect rical system out in his
mind - inclu ding alternators, ste p-up and
step-do wn transfo rme rs fo r eco no mical
transmissio n and delivery of electric pow er ,
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and ac mo tors to supply mechanic al po wer.
Imp re ssed by th e wealth of available wate r
power go ing to waste around th e wo rld, he
visualized th e h arnessing of this great supp ly
with hyd ro -electric plants capable of distri
bu ting th e power to where it was needed. He
startled fellow-stud en ts in Budapest by an
noun cing: "S ome day I will harn ess Niagara
Falls."

Discouraged by Edison

The opportunity and fort un e Tesla
sought in th e promised land did not come
easy . When he me t Edison, then acti vely
engaged in developing a mar ke t fo r his
inc andescent lamp th rou gh his pion eer Pearl
Street plant in New York , Tesla launched
wit h youthful enthusiasm in to a descrip tion
of his alternating current syste m. " You are
wasti ng y our tim e on tha t theory ," th e great
ma n told him , dismi ssing the idea promptly
and finally .

For a year, t he t all, gaunt Yugoslav
struggled to keep fro m sta rving in this
strange land . At one point he dug dit ch es to
make a living. But the foreman of the
Western Union ditch -digging project on
which he was working listened to the vision
ary descrip ti on s of new elec trical systems
tha t Tesla relate d du rin g lunch ho urs, and
introduc ed him t o a comp any exec u tive
.name d A. K. Bro wn. Fascin at ed by Te sla' s
vivid plans , Brown an d an associa te decided
to take a flyer. They put up a limited
amount of money, wit h whic h Tesla set up
an experimental laboratory at 33-35 South
Fifth Avenue (now West Broadway) . There
Tesla set u p a complete demonstrat ion of his
syste m, including genera tor, transforme rs,
transmission line, mo tor s an d lights. He
worked ti rel essly, and without drawing s; the
plans for every detail were inde libly etch ed
in his mind. He even included t wo-ph ase and
three-phase systems .

Professor W. A. An thon y of Cornell
University examined th e new ac syst em, an d
pro mp tly annou nced that Tesla' s synch
ro nous motor was equal in efficie ncy to the
bes t de motors.

Alternating Curren t Arrives

Tesla then attemp ted to paten t h is system
under a single comp rehensive pate n t cover-
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ing all it s co mponents. The Patent Office
would not approve t he all-in-one application,
insisting on separate applications fo r each
importa nt idea . Tesla 's application s, filed in
November and December of 1887, resulted
in the gra nti ng of seven U.S. paten ts in the
next six mo nth s. In Ap ril, 1888 , he filed for
four mo re patents, covering his poly phase
system. These too were promptly gran ted, as
were 18 more U.S. pat en ts later in the year.
Th ese were followed by numerou s European
patents. Such an avalanche of patents, so
pro mp tly issued, was wit hout precedent, but
so camp let ely novel were t he ideas - so
comp letely absen t was any dement of inter
ference or "anticipation " - th at the pa ten ts
were issued without a single challenge .

Meanwhile Tesla stage d a specta cu lar lec
ture and demo nst rat ion of h is ac system 
single ph ase and polyphase - at a meeting of
the Al EE (now the IEEE) in New York. Th e
engineers of the world were made aware that
the limitations on electric power transmis
sion by wire had been rem ove d, opening the
door to tr emendous expansion .

But who would ado pt t his o bviously
better system? Cert ainly no t the establish ed
Edison-G eneral Elect ric organiza tio n - it
would have ma de th eir whole investment
obsolete. Apparen tly Tesla was stu ck - with
no ma rk et , no customer for what h e ha d to
offer .

It was at this mo ment that George
Westinghouse walk ed in to Tesla 's laboratory
and in trodu ced himself. Tesla was th en 32
years old , Westinghouse 4 2. Both were
capable invento rs, accomplished engineers
and electrical enthusiasts. West ingh ouse
liste ne d to Tesla's explana tio ns watche d his
demo nstra tion, and quick ly mad e up his
mind .

" I will give you one million dollars cash
for your al ternating curren t patents , plus
royalties," offered Westinghouse.

" Make th at royalty one dollar per horse
po wer, and it's a deal," replied Tesla, with
out apparent excit ement.

As simply as that, the two men arranged
th e histori c deal and shook hands on it.

Tesla had arrived! But he was no t a ma n
to forget those wh o had placed their faith in

his ideas, .and promp tly signed ove r his
million-d ollar fee to Brown and his asso ciate ,
who had financed his labora tory . Although
the backers o f West ingh ouse later forced him
to get a rele ase fro m Tesla on th e dollar-per
ho rsepower part of the agreemen t, suc h was
the friendship that had developed between
th e t wo men that an amicable sett leme nt
was quickly reached . Tesla relinquished t he
royalties that would have support ed him and
his research effo rt s for the rest o f his life .

Th e p he nom e n al su ccess of the
Westi ngh ou se ac systems across the nation
made it clear to General Electric engin eers
tha t they wou ld have to get a license from
Westinghouse if they were to keep up in th e
rap idly expanding electrical industry . The
license negotiated at a handsome fee 
was a fea ther in Tesla's cap; he distinctly
recalled Edison's sta temen t t hat there was
no fut ure in alt ernating curren t an d th at
experime nting with it would be a was te of
tim e .

A Dream Realized

In J89 0 , th e International Niagara Com
mission began try ing to det ermine th e best
way of using th~ power of Niagara Falls to
generat e electricity . Th e scien tist Lord
Kelvin was appo inted chairman of the Com
mission - and he im mediat ely an no unced
that a de syste m would obviously be best ! It
was not easy to cha llenge this worl d-famo us
aut hority . but he eventually came to realize
tha t if power were to be transmit ted even
the 26 miles to Buffalo , a c would be
necessary. So it was final ly decided to use
Tesla's sys tem and generate ac wit h massive
wat er tu rbines . Bids were invi ted by th e
newly fo rmed Cataract Con stru cti on Co. in
1892. Westinghou se wo n th e contract for
the ten S,OOO-HP hydro-electr ic generato rs,
and General Electr ic th e cont ract for the
tra nsmission system. The whole sy stem 
the line, step-up and step-down tran sfo rmers
all followed Tesla 's two-phase design. He
design ed th e big altern ators with external
revolving fie lds and in tern al st ationary arm a
tur es, to min imiz e the weight of t he moving
members.

Th is hist oric project crea ted a sensation ,
for nothing of th is magnitud e had been
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One of the 5,000 h .p. Nia gara Falls units, with
detail at left. Upp er drawing shows th e holl ow
drive shaft that goes through th e stationary arma
ture to rotate th e fiel d, which h angs ou tside an d
aroun d the arma ture.

att empted at the time. The ten big
2,250-volt alternators, revo lving at 25 0 rpm
and delivering 1;775 amperes each, produced
an output of 50,000 HP or 37,000 kW, 25
Hz, two-phase. The rotors were 10 feet ill
diameter and 14 feet lo ng (14 feet high in
these ver tic al generators) and weighed 34
tons each. The sta tionary members weighed
~O to ns each. The voltage was stepped up to
22, 000 for trans mission.

Remote Radio Con tro l

Tesla's pionee ring in the realm of rad io
(vw ire jess" as it was t hen called) went
fur ther than Morse code co mmu nication. In
1898 he staged a specta cu lar dem~mstration
of remote control wit hout wires at t he
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orig inal Madison Squ are Ga rden, New York
City. The first annual Electrical Exhib ition
was then in progress, and in the center of the
vast area where Barnum & Bailey 's circus
usually performed, he had a large ta nk
constructe d and filled wit h water. Afloat on
this small lake he had a 3-foot-long iron
hulled boat, wit h its mas t supporting an
antenna . In side the hull was a rad io receiver
and an assortment of electric motors, driven
by storage battery, to p erf orm various
"ship" fu nc tions.

From the opposite en d of the auditorium,
Tesla pu t the vessel through a varie ty of
maneuver s, including sailing forward, steer
ing left and righ t, stoppin g, reversing, and
lighting the ligh ts in its rigging in response to
audience requests. the impressive demon
stration of course "s to le the show" and
ma de the fro n t page of the dail y newspapers.
But how many dreamed that one day, using
these radio -remo te -servo-control princi ples,
we would land some of our citizens on t he
moon?

Mathema tical Wizardr y,

Tesla's math ema tical genius stood him in
good stea d in 'the design of the items of ac
equipment that Westinghouse and GE under 
took to ma nufactu?e. (In his early student
days, he solved complex problems in his
head, wit hout pencil. and paper) . His teach
ers suspect ed him of cheating, and pu t him
to con clusive tests. Young Telsa, it devel
oped, had memorized whole logarithmic
ta bles!) Th e now established frequency of
60 cycles per second (Hz) stems fro m Tesla's
mental calc ulatio ns, which co nvinced him
tha.t it was the most practical frequency for
commercial use . At higher frequencies, ac
mo tors would bec ome inefficien t ; at lower
frequenc ies they would req uire too much
iron. Lights would also flick er at low fre
quencies.

Though the original Niagara Falls plan t
was designe d for 2S Hz to accom odate t he
limit atio ns of the early Westinghouse turbine
genera tors, subsequent ex pansio n included
convers io n to 60 Hz. To day this Niagara
power is transmitted all the way to New
York City, 360 miles away , and at times is
fed over the Nor t heast power grid for mu ch
greater distances. (When Tesla arrived in
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New York, the limit for effi cient power
tra nsmission was less th an a mile I)

High Freq uency Pioneering

Durin g his investigations into the un
kn o wn realms of high voltage and high
frequency , Tesla ado pted a most sensible
practice. When handli ng high-volt age appara
tus, he always kept one hand in his pocket.
He insiste d that all his laborato ry assista nts
t ake this pre caution, and to this day it is
always emp loyed by sensible ex perimenters
around potentially dangerous equipmen t.

Tesla's explorati ons in higher frequencies
an d in th e field of in credibly h igh voltages
paved th e way fo r mo dern electronics, al
though the word had not yet even been
coine d. With his uniqu e high-frequen cy
transformers (Tesla coils) he showed th at he
could act ually pass mill ions of volts h arm
lessly thr ough his bo dy to glow-tube lamps
held in his bare ha nds. They would light up
to full bril lian cy fro m the high-frequency,
high-voltage currents. In those early days he
was act ua lly demonstrating n eon-t ube and
fluorescen t tube lighting!

Tesla's experime nts up and down t he
freq uency scale som etimes led him in to
unexplored regions. Studying slow me chani
calor physical vibr ations , he cau sed a virtual
earthquak e in the vicinity of his new lab ora
tory on Houston St. His mecha nical oscil
later, app roa ching the nat ural period of the
bu ilding it self, threatened to tumble the old
structure. Furnishings in the police station
over a block away began to dan ce around
mysteriou sly as Tesla confir med his math
ematical theories of resonance, vibration and
«natural periods. "

World 's Most Powerful Transmitter

Investigations of high-voltage and high
frequency electrical tran smission led Tesla to
const ruct a nd operate the wo rld's most
powe rful radio transmitter, on a mountain
near Colo rado Springs. Aro und t he base of a
200-fo o t mast , he built a 75 -foo t dia me ter
air-core transformer. The primary was only a
few tu rns of wire . The secondary wit hin it
was 100 turn s, 10 feet in diamet er. Using
power from a generati ng sta tion several miles
away , Tesla created t he first man-made
lightn ing. Deafenin g bolt s 100 feet long
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leapt from the 3-foot co pper ball at the top
of this mast. The thund er was heard as far
away as the horizon. He was using volt ages
of the order of 100 million - a feat n ot to
be equalle d for half-a-century .

Tesla burned out the power plan t genera
tor with his firs t exper iment bu t repairing
it , continued his exp eri ments until h e was
able to transmit power wit hout wires fo r a
distance of 26 miles . At that d istance he was
able to light a . bank of 200 inc andescent
lamp s - a total of 1b kilowatts. Fritz
Lowenstein , later to become famous for his
own radio pate nts , wit nessed this spectacular
accomplishmen t , as Tesla's assistan t on the
project.

In 1899, Tesla had somehow spent the
last of t he money he got fro m Westinghouse
for his ac pate nts. Colonel Joh n Jacob Astor
came to his fin ancial rescu e, and put u p the
necessary $30 ,000 for t he Colorado Spri ngs
experime nts. Now this mo ney was also gone,
and Tesla returned to New York.

C I;I I' I' ~ 1't s n\£ I!.l': .
"3' Il i A .

'-lIt n ,CI>L co''' E I' e ONu v c;-rcR.
A LO N G ....OO P £N MIU T
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The 10D-mi11ion -vol t transmi t ter , power from
which lighted 200 50-watt lamp s at a distance of
26 miles.
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Enter J.P . Morgan

In New York , Tesla was pr evailed upon
by his friend Robert Underwoo d Johnson ,
editor o f Cen tury magazine, to wri te a
feature story describing his accomp lish men ts
at Colorado Sprin gs. But the story Tesla
turned out proved to be an invo lved dis
course on the subjec t of philosophy and
' the me chanical pro cess of hu mani ty. " Al

though of the highest litera ry quality , the
tre atise said little ab out the powerful tr a,ns
mit te r at Colo rad o Springs. Johnson h ad to
return the man uscript thr ee times be fore
getting some coverage of the subject he h ad
requested.

In the end , the article was published
under the title, "The Problem of Increasing
Hum an Energy." It creat ed a sensation when
it appeared in print. One of the readers who
was deep ly impressed was John Pierp on t
Morgan, who had finan ced the General
Electric Co. in it s pioneer de day s, and more
recently its part of the Niagara Fa lls pr oject.
Morgan was fascin ated by the genius of
Nikola Tesla , by his spectacular accomplish
ments and his winning personality . Tesla
soon became a regu lar guest at the Morgan
home. Impec cably dressed, alwa ys the
polished gentleman with European manners
and cultured spee ch in severa l languag es,
Tesla became a favorite of New York and
Newport society . Many prominent matrons
regard ed him as a " good catch" for their
daughters, but Tesla in siste d that there was
no ro om in his life for women and
roman ce - that they would interfere with
his research efforts.

Historians differ on wha t mo tivat ed
Morgan to finance Tesla' s next big project.
Some believe th at he was genu inely inter
ested in the wireless transmission o f power.
Others argue that - in th e light of subse 
quent develo pments - it see ms ob vious that
Morgan 's in terest was in getting control of
Tesla and his achievements to protect the
Morgan investments in the elect rical indus
try.

Finding that Tesla was bro ke again,
Morgan agreed to under wri te Tesla's project
of transmitti ng electric power without wires.
In 1904, Tesla ackn owledged in Ele ctrical
World and Engineer: " For a large part of the

wor k I have done so far I am indebted to the
noble gene ro sity o f Mr. J. Pierpont Morgan ."

Fro m this alliance spro uted the fan tastic
" world-wide-wireless" tower on Long Island.

World Wide Wireless

The strange structure that slowly ro se
near Wardenclyffe , in the hilly portion of
Long Is land , mystified all ob servers.
Resembling nothing so mu ch as a hu ge
mu shroom, except that it was not solid, it
had a lattic e-wo rk skeleton, broad at the
base and ta pering toward its 200-foo t top.
There it was capp ed by a 1DO-fo ot diameter
hemisphere . The structure was made of stout
wooden members joined by copper gussets
bolt ed to t he wood with stu rdy b ronze
bolt s. The hemispherical top was draped
over it s upper surface with copper me sh.
There was no ferrous metal in the entire
structure.

The famous architect Stanford White
became so interested in the project that he
did the design work without charge, assign
ing one of his best designers. W.D. Cro w, to
the task.

Tesla commuted daily to the const ructi on
from his qu arters in t he old Wald orf-Astoria
Hotel on 34th St. , rid ing the streetcars to
the East 34th St. ferry , then the paddle
wheel steam ferry to Long Island City and
the Long Island Railr oad to Shoreham. The
railroad's din ing servic e prepared special
meals for him so th at his sup ervision of the
project would not be interrupted.

When th e 100-fo ot square brick power
plant was completed near the ba se of the big
tower, Tesla began mov ing his Houston St .
laboratory into the structure. Meanwhile ,
annoying delays were en countered in th e
manufacture of the radio-frequen cy genera
tors and their driving motors. Severa l glass
blo wers were busy fashioning special tubes,
the design of which still remains a mystery.

The Prophe t Tells of The Futu re

Meanwhile, Tesla issued a descriptive
brochure that revealed his far-reaching in
sight in to the future of the great industry
that at that time (1904) was limit ed to
dot-and-dash telegraphy . That document has
persuaded many that the man was actually
clairvo yant. He announced that the World
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Chew the rag all day
or win the contests...

t he CX7A makes them both easiel
There are a coup le of diffe rent ways to look at
sign al /one 's CX7A. You might compare it to a car.

Fo r the rag-chewer's co nvenience and ease
of operation, it' s st r ictl y in the Rolls -Ro yce
category.

For the comp etit ive-minded amateur,
it 's l ike driving a Ferrari.

That 's because the CX7 A was des igned with
uncompromis ing quality. With more features
than you can imagine. The rig equa ls a room
ful l of gear, all neatly enclosed in a compact,
desk-top unit.

~slJ7nsl/one
13130 Yuko n
Hawthorne, California 90250
Phone (213) 679-9022

It lets yo u do th ings no other rig lets yo u d
And do al l of the m better. Sitt ing at the console
of the CX7A you're in com mand of the amateu
rad io uni verse.

Whethe r you're a Rolls -Royce typ e or a
Fer rari-min ded guy.

See the remarkabl e CX7A at you r signa l /or
deal er's. Or wr ite for a detailed brochure.
Fo r $2,395, you' ll be the coo lest rag -chewe r
in town.

Or the hottest compet itor.
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With SignallOne's CX7-A
you settled for t he best· l!"l1"II""oMoFl (5eele

') .. 80ec e
~ tJ 0 ft..,_

Now meet the rest of the best.

A few short years ago, Signal /One introduced the solid-state CX7-A. It
was quickly recognized as the world's most advanced radio transceiver. It still is.

Now, Signal /One is more than just the CX7-A. A lot more.

•
' El'il 0 _ ~ .tl;).

,eJO~r) 0 ~ ~ ..

For openers, we've added two new receivers. One,'theCR-1500, a dual-channel
system is so advanced - in select ivity, sensitivity and versatility - you won't
find anything like it
this side of a research
laboratory. The
CR-1200 receiver, our
other new one , fea
tures a single VFO . If it weren 't for its bigger brother, it would be the finest
receiver you could buy. '

There's a new CT-1500 transmitter, the matching transmitter for use with the
CR-1200 and CR-1500 receivers. It incorporates
all modes of operation and includes the famous
Signal /One RF envelope clipping, broadband
tuning, full-automatic CW keying, and many
other features.

We're also introducing a new transceiver, the CX-10, which contains several
CX7-A features. In add ition, it can be used w ith either our new AC or DC power
supplies, an external VFO, and other accessories.

Our new accessories include a deluxe station
console, speakers, 2-meter and 6-meter
transverters with direct digital readout and FM
capability, and custom microphones.

In the past years , there were one or two names in amateur radio gear that
meant the fin est. In their time they were.

Times have changed. Now, if you want the finest, choosing is easy.
It's all at Signal/One.

13130 Yukon, Hawthorne, Ca. 90250 (213) 679-902 2



Not all th e facts on the mysterious Lon g Island
to wer were ever kno wn. Som e believe th at it was
inten ded to transmi t a t low frequencies, "shaking
the earth" to sen d signals to distances then
believed impossible. Tesla foresaw a complete
modern type of service, but never stated how large
an area he intended to cover. But , he called it the
World Wide Wireless S ystem!

Wide Wireless syste m was being prepared to
provide a variet y of facilities, including:

Telegrap h Communicatio n, Te lep hone
Com mu nication , News Broadcasting, Stock
Mark et Quo tations, Aids to Navigat ion, En
terta inment and Music Bro adcasting, Accu
rate Time Servic e , Facsimil e , Telep ho to and
Telep rin ter services.

Tesla was describing th e Rad io City of
th e fu ture, which he actually lived to see
co me into existence!

Morgan 's Su pp or t Ends

In Electrical World and Engi neer o f
March, 1904 , Tesla revealed that the
Canadian Niagara Power Co. had offere d him
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induceme nts to locate his wireless power
tra nsmission project at their plant, and that
he proposed to employ tho se- facili ties to
distribute 10,000 horsepow er at a poten tial
of 10 million volts.

The Niagara project never materialized ,
but may have had some influence on th e fat e
of the spec tacu lar Lon g Islan d project. For
reasons th at have never co me to ligh t , J .P.
Morgan had a change of heart, and Tesla's
financial fountain sudd enl y wen t dry . At
first Tesla refu sed to believe that Morgan
would not arrange for th e nearly finish ed
job's co mp letio n, but Morgan 's withdrawal
was abrupt and final . Historians of th e
industry wonder why. Did Morgan lose
pa tie nce? Did enginee rs of high rep ute con
vince him that Tes ta 's visions , so openly
revealed in the brochure, were nonsense , and
that he was wasting his money on a hopeless
dream? Did he sus pect that Testa was divert
ing ti me and mo ney to t he Niagara pro ject?
Th e fac ts will probably never be kno wn.

Brainle ss Desecration

During World War I much sen seless
desecration was perpetuated in the name of
natio na l defense. For some strange reason
(o r lack of reason) it was dec ide d t hat
Tesla 's spe ctacula r t ower at Wardenc1yffe ,
Long Island jeopardized the safety of th e
Unit ed States, and mu st be destroyed . Aft er
vain attempts to topple th e lo fty structure
by attaching cable to it an d trying to drag
it o ff balance, it was fin ally capsized by
dy namiting it s foundations. Even then , the
to wer did not collapse n or disintegrat e. It
simply lay intact on its side , and was fina lly
dismantled piece by piece.

But wh y did this structure h ave to be
dispe nse d wit h? Many ta ller objects closer to
New Yor k City - includ ing th e Ramapo
Mountains were allo wed to remain intact!

The Radio-Frequency Alt ern at or

As early as 1890 Tesla built high
frequency ac generato rs. On e, which h ad
184 poles, produced a 10 kHz outpu t. He
later produced fre quen cies as high as 20
kHz. Mor e than a decade w as to pass befo re
Reginald Fessende n developed his rf alterna
tor, which had an ou tpu t o f 50 kW. This
mac hine was scaled u p to 200 kW by
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"Th e Auth or as a Youn g Man, " E. J. Quinby
New Brunswick, N.J.

Gen eral Elec tri c, and put on the ma rket as
the Alexander son alt ernat or, named aft er
th e man who had sup ervised the jo b , and
who had const ructed so me o f Fessenden 's
earlie r alte rn ato rs .

When it appeare d tha t Brit ish interests
(alread y in co n trol o f mos t of the world 's
cab les) were abou t to acqu ire t he paten ts for
this ma ch ine , the Radi o Corp or at ion o f
America was o rgan ized , at the u rgen t sug
gest io n of th e Unite d St ates Navy . The new
co mpany was form ed in 191 9 , around the
Marcon i Wireless Telegraph Co . o f Am erica,
and th e powerful b u t inefficien t Marconi
spar k transmit ters wer e repla ced by th e
highly successfu l rf alt ern ato rs. The first one
was installed in New Brunswick , N.J. at
stat io n WH. It pr o du ced a 21.8 k Hz signal at
200 kW, and handled co m merc ial b usiness
previo usly t he exclusive d om ain o f t he
cables. This was the fir st continuously reli
able t ran s-Atlan tic radio service."
*Dr. E. Stuart Davis, of the Nation al Telegraph
Offi ce (Museum) in Unio n , N.J. , happily -reports
that o ne of these gian t alte rnator s has been
preserve d in the Smithsonian Inst it ute, where it
stands as a monument to Testa's pioneer ing.
Fessenden 's perservunce, Alexanderson 's develo p
ment and Sarnoff' s leadersh ip. This one ori gina lly
served a t T ran s-Atlun tic Tran smitter Station WSO
at Marion . Mass.

watches over the great 200 K W alt ernators at WH,

The wri ter, as the most junio r o f the
junior engineers on the projec t, st ruggled
like the rest to keep the first ma ch ine

-running u n til the nex t was read y to pro vide
relief. So well did 'these alte rn ato rs pe rfo rm
that a whole ba ttery o f them was o rdere d , to
he inst alled at Radi o Central , Rocky Poin t ,
L.l. , almost wit hi n the former shado w of
Tesla 's tower.

Thus Nik ola Tesla '5 Worl d Wide Wireless
dr eam was fulfi lled some th ree d eca des afte r
he initi ated the pro jec t and right where he
sta rted it , usin g th e ty pe o f tran smitt er he
devised .

Rad ar and Turbines

Tesla co n tin ue d act ive research in many
field s. In 19 I7 he suggested t ha t d ist ant
ob jec ts co uld be de tec ted by sending sho rt
wave impulses to the m and p icking u p th e
re flect ed imp ulses on a fluorescent screen.
(I f tha t doesn ' t describ e rad ar, what d oes?)
He descr ibed cosmic rays 20 ye ars before
other scient ists discovered the ir e xiste nc e.

At various ti mes up to 19 29 , he d evo ted
his att en tio n to a " bucketless" high-speed

tu rbine fo r ste am o r gas Fric tio n bet ween
the inc reas ingly irascib le Tesla and some of
the engineers and assistant s coop era ting with
h im o n test s a t the Ed ison Wat er side po wer
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plant and in the Allis-Chalm ers fac to ry did
not help his cau se, b ut many resp ected
engineers tod ay agree tha t we hav e no t heard
the last o f the Tesla tu rbines with th e
smo o th ro to r discs.

As the ye ars passe d , less an d less was
heard fro m him. Occasionally , so me rep orter
o r feature wr iter would lo ok h im up and
ma nage t o get an interveiw. His p rophecies
became increasingly stran ge and involved ,
incli ne d t oward the abs tr ac t and delving in to
the oc cult. He never acqu ired the hab it of
writ ing notes, always claiming (and p ro ving )
tha t he was ab le to reta in co mp le te d etailed
data o n h is researches and experimen ts in his
mind. He said th at he in tende d to live to
150 , and upon rea ch ing age 100 , wo u ld
wri te his memo irs, whi ch would inclu de a
detaile d record of all th e d ata he h ad
compiled du ring h is resear ch es and experi
ments. At his dea t h - during World War
II - the co n tents o f his safe were im
po und ed by military au th orit ies, an d no th
ing ha s been heard as to the con ten ts of the
recor ds - if any - it might have con ta ine d.

One of the pecu liar inconsistenc ies o f
Tesla 's cha racter was revealed when two h igh
honors we re o ffered h im, and he rejected the
one b ut accep ted the o ther. In 191 2 it was
an nou nced th at Nikola Tesla an d Thomas A.
Ediso n had been chosen t o sh are the Nobel
Prize , in cluding the $40 ,00 0 hon orarium.
Tesla could well have used the $20 ,000 at
the time . Neverth eless, he fla tly refused to
sha re an honor with Edison . However , when
in 19 17 the AlE E's Ediso n Med al - fo unde d
by an ony mo us frie nds of Edis o n - was
awarded to T esla , he was persuaded to
acc ep t it , after first refusing.

The Esteemed Ecce n tr ic

T esla' s natu ral demean or was th at o f t he
aristocrat. With th e passage o f time andthe
depletion o f his reso u rces, he san k in to a
condition o f gent eel poverty. Co n tinui ng to
live in th e best ho tels, his cre dit wou ld
become ex haus te d an d he wo uld be fo rce d
to seek othe r quar te rs. F in ally , moving into
the newly opened Ne w Yo rker. he found h is
problems so lved. Some o f the o rgan iza tio ns
fo r which he had mad e millio ns arr anged
with t he ho tel managemen t to take care o f
th e aging geniu s.
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Having o nce met Tesla th ro ugh th e mu
tual friendshi p o f th e in trepid Hugo
Gernsback (possibly Testa 's last frie nd ) th is
write r la te r recogn ized the di st in guish ed
pio neer strolling in th e gra nd conc o u rse of
t he Pennsy lvan ia Terminal . Im peccab ly
dressed , hi s head bowed lo w over his pri sti ne
collar and red -an d-black silk necktie , h is
whole bearing was t hat o f a hi gh-bo rn
nobleman fro m the past.

«Goo d eve ning , Dr. Tesla ,"' I ventu red ,
distur b ing his solitude in the mid st o f the
tu rmo il. " Are you ca tc h ing a tr ain fo r
so me where?' His so ft-spoke n reply was
me morab le . " No,' he explained, " I often
co me her e to thin k ."

Tcsla insiste d o n ca refully wipi ng each
item o f silverware. china and glass before
st art ing a meal, usi ng a fresh napkin for
each . In view of this effort to ach ieve p erfect
sanitat io n , it seems in consist ent that the
ma id s reported Tesla 's room to be an " un
holy mess: ' It wasn 't Tesla 's u ntid iness they
complaine d abou t - it was the pigeon s!
When he was not feed ing them ou t in th e
pa rk , he fed th em in his room, whe re he left
the windo w o pen so th ey could come and
go.

The go ld-pla ted te lephon e besid e h is be d ,
over which he enjoye d a universal fra n k to
ta lk to anyone an ywhere in th e world
wit hout charge , was th e roost o f his favorite
pigeo n, a whi te o ne with gr ey -t ip pe d wings.
"when she dies, I will d ie," pred ict ed Tesla.

An d so it was that one d ay in Jan uary
1943, h is favori te d ove paid hi m her last
visit. " She was dying," lamen ted the lon ely ,
unhappy Tesla. " I got her message, th ro ugh
th e brilliant beam of ligh t from her eyes:'

One of the mai ds, o bse rving tha t the
" Don't Disturb " sign had been ha ngi ng on
Testa 's doorkno b fo r an unusually long time,
use d her pass key to investigate. Tesla h ad
passed t o his reward, leaving h is gau n t
87-yea r-old fra me peacefully in bed. She fed
the mo u rn ing pigeons, gen tty ushered th em
ou t , and closed th e window.

.. .Quinby

Au th or 's No t e: I am indebted to the late Hugo
Gern sback , friend and confidant of Nikola Tesla;
to Prodigal Genius, the biography of Tesla by Joh n
J . O'Neill ; to the Proceedings of the AlEE, and
various pub licatio ns for help and information .
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Drake AA-1D Power Amplifier
Greatly

increases the
t ransmitt ing

distance
covered by

your 2 -meter
transceiver

FEATURES

Single stage solid-state
power amplifier using
balanced emitter VHF power
transistor with VSWR
protection.

• Designed to be used with
the TR-22 or any transceiver
wi th up to 1.8 watts output
power.

• Gives 10 dB power increase

• At least 10 watts output
@ 13.8 VDC.

• Has no relays - automatic
transmit/receive switching

• Small size 5)11/ x 2" x 2J{/,

• $49.95 amateur net

SPECIFICATIONS

Frequency Coverage: 144-148 MHz.

RF Output Power: 10 Watts minimum at
13.8 Volts DC and rated input power.

RF Input Power : 1 Walt nominal ,
1.8 Watt maximum

Receive Loss:
Fraction of 1 dB - unnoticeable.

Connectors:
Type SO-239 Antenna Connector,
Type SO-239 Transceiver Connector.

S Semi-conductors.

Power Requirements:
13.8 Volts DC at 1.5 Amperes.

Dimensions: 2"H x 2K/ 'W x 5!1/1D.
(51 x 52 x 140 mm)

AC-10 Power Supply Designed to provide a base for the TR-22. Powers
the AA-10 and TR-22. Simultaneously can charg e the TR-22 nicads. Sup
plies 13.8 volts up to 3 amps from 120 VAC 60 Hz input. $39.95 amateur net

At your distributors, or write:

R L DRAKE COMPANVI~mmml'I 540 Rtchard St., Miamisburg, Ohio 45342
• • ~ Phone: (513) 866-2421 • Telex: 288-017
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John J. Schultz W2EEY
1829 Cornelia Stree t
Brooklyn NY 112 2 7

ASIMPLE
VHF SWR

METER
!
I

4
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Th e heart of the SWR meter is a care fully
cons tructed picku p elemen t. Details of construe
non are discussed in th e text but the photo sh ows
how cl osely the diodes an d termina ting r esis tors
m us t be so ldere d to the pickup element.

with an external mete r. The circuit ry as
-shown here for th e met er u tiliz es tw o me te r,I recently wan ted to d o so me wo rk o n a 2

met er an tenna and since no othe r instru
rrie n t was handy , starte d to use an SWR
meter ma nufactu red for u se on the high
fre quency ba nds. Aft er so me erratic re su lt s,
it was d ecided to check th e SWR me te r
acc uracy on 2 meters with some carbon
resisto rs to simulate diffe ren t SWR's. The
res ul ts readily conf irm ed that the SWR
meter was u seless at VHF u nless o ne d idn 't
care whet her a SWR was really 1:2 or 1:5.
Rather than pu rchase another SWR meter , it
was d ecided to co ns truct o ne that wou ld
render reason ab le resu lts, wit hin 10% ac
curacy o r so , o n th e VH F bands , particular ly
144 and 220 MH z.

There is no th ing bas ically new in the
cir cuitry of the SWR me te r to be d escribed .
What is differen t about it is tha t it u tili zes a
particul arly simp le and inexpensive method
o f co nstru ctio n tha t yie lds reasonable re
su lt s. It can be construc te d as a com plete ly
self-contained SWR meter or o n ly the pick
u p elem ent ca n be co nstructed and used
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Fig. 1. SWR meter circuit. Tw o iden tical meters
should be used (cu rren t range and in ternal resis 
tance).

movem ents so one can read forw ard and
refl ect ed power sim u lta neously and avo id
the an n oya nce of h avin g a fo rwa rd-reflec ted
swi tc h arran gem e nt fo r a single meter.

Fig. 2. Center s trip of vector board is soldered to
cen ter po st of 50-239. Other components are
m ounted at each en d of board as sh own (onl y one
end shown he re).

flow between the str ip. Each outer strip ac ts
as a p icku p eleme n t fo r the SWR meter
cir cuit shown in Fig. l . T he terminating
re sisto r and d iode are so ld ered to ea ch end
of th e ou ter st rip as sho wn in the photo and
with mi nimum excess lea d length to the
st rip. The usc o f a heat sink on th e d io de is
necessar y to pr event da mag e du ring sol d er
ing.

oc

Mo un ting The Pickup Element

The pickup e leme n t made from t he board
sto ck is mounted betwee n two approxi
mately space d 50-239 chassis connec to rs.
The cent er strip of the bo ard is so ldered at
ea ch end to the cen ter po st of th e SO-239
co nnec to r. T he termin a tin g re sisto r at each
end is grounde d as dir ectly as possible (0 a
ground lug held in p lace by one screw of the
50-239 mou nting hardware. Th ese de tails
a re sh o wn in Fig. 2 . It is imp ort an t that th e
termi nati ng resist or be gro unde d in this
mann er with minim um lead length . The
encl osure in which th e pic kup d ement is
co ntained shou ld just be wide enough ' to
acco mm odate the 50 239 co nnectors so tha t
when the enclosu re is sec u red to geth er , the
picku p d eme nt is boxed in by a me tal
su rface on eac h side exce p t d irectly above it.
Many chassis o r enclosu re typ es arc suita b le
for th is purpose and th e overa ll size of the
enclosure will d ep end , o f course, ' o n th e
meter used and sensi t ivity co ntro l plac e
ment. T hese d eta ils a re no t covered here
be cause th ey ca n be made as desired . They
will not affect the basic accur acy o f the
met er as lon g as the pickup element is
properl y mounted and enclose d . The bypass
ing o f th e pickup rectifier di odes must a lso
be do ne with as short leads as possib le o n
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Pickup Elem ent

The "heart " o f any SWR meter of the
reflectome ter type is th e pick u p elemen t.
Many elabora te fo rms fo r such ele men ts
have been devised wh ich involve co mp licated
mechanical co ns t ru ct ion. Suc h com plica ted
const ruct io n does become n ecessary if very
accurate results a rc d esired and if the meter
is to ma int ain lineari ty o ver a very wide
fre qu en cy range. Ho wever , over a smaller
frequen cy range and with so me minor sac ri
fic e in accuracy , th e co ns truction o f a
pickup' cle me n t can be greatly simp lified.
Basically , the pickup el em ent should not
ca use any di sco nt inu ity in the tr ansmission
line sec tion in wh ich it is inserted b u t y et be
long enough so eno ugh voltage ca n be picked
up in bo th th e fo rward an d refl ect ed direc
t ions to ma ke the met er us able wit h eve n
low power tr ansmi tt ers.

The pickup cleme n t I dev ised is shown in
the ph o to . It is a 2-7/ 8 " long piece of
alt erna te grid pre-p unch ed pe rf-board sto ck .
The bo ar d is abo ut 7/1 6" wide and wit h in
th is wid th containe d 4 separate copper str ips
spa ced ab ou t 1/1 6" or less apart. T he center
two strips a re so ldere d toge th er to ac t as the
inner con ductor co nt inua t ion o f a coa xial
line sec t io n. To sol d er th e tw o in ner st rips
together tac k sol der a bare piece of hookup
wire betwe en th e tw o str ip s and th en cover
th e enti re two strips wit h so lde r.

Wit ho u t th e use of p icku p wire. it wi ll be
nearly impossible to develop a smoo th sol der
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The New HAM-MATE'" Directi onal RF Wattmeter is a d ir ect
descendant o f th e famous mod el 43 T HRUlI NE @ - t he pro
f essional standard of the indust ry . Designed speci f ically fo r the
serious rad io amateur, t hree models current ly availab le measure
forward and ref lect ed power in t he fo llowing ranges:

43 50 : 2000!200W, 1.8-30M Hz (16 0 met ers to 10 meters!
43 51 : 100 0! 200W, 1.8-30MH z (160 meters to 10 meters)
4352 : 400 ! 40W, 5Q-150MH z (6 meters, 2 met ers)

A ll have an Insertion VSWR below 1.1 in 50-52 ohm li nes, a
min im um of 20d S Directivity, 8% Accuracy, SO-239 fe male
UHF co nnectors and carry the 12 mont hs guara ntee of all
Bird inst rument s.

ON LY $79 (plus $1 shippinq]
A lso availab le at Henry Radi o, Hamtronics, etc .

NULL OUT REPEATER
INTERFERENCE
ONLY $3 9 .9 5

• Wide angle fronta l lobe
• Deep back null for co-channel

reject ion
• Broadband, low vswr 144 to 148 MHz
• Quality materials, construction
Logan LOG PERIODIC beams and ar
rays can be used vertically or horizo n
tal ly and moun ted on to p or sid e of
to w er of mast wi th neg li gib le tower
effect. Slack ing kits avail ab le.

Ideal for rej ect i ng that h igh -power
repe ater you 've been hearing .

Only $39.95 F.O.B. Farmingdale, N.Y.

Write fo r technical literature
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the by pass capacitor. As shown in Fig. 2 , a
t wo lug ter minal strip (o ne lug grounde d) .
mo un te d on the side wall of t he enclosu re
imme dia te ly at th e ca thode end of the diod e
will perfo rm th is task very we ll. The length
o f t he IN34 A diod es is such that th e by pa ss
cap acitor canno t be co nnec te d to the same
gro un d lug used fo r th e ter minating resist o r.
The lea ds o n the cap acito r would be too
long an d it will be in effec tive.

Opera tion and Resu lts

The d ual me ter circ ui t o f Fig. 1 rea ds
forward and reflect ed power simulta ne ously .
T he sensi tivi ty po tentio me tc r is set to read
fu ll scal e o n the fo rward meter an d the SWR
rea d d irect ly from th e reflec ted me ter. T he
latte r meter can be calib rate d fo r various
SWR's by the use o f small carbon resisto rs
(lOOn to simu late a 1:2 SWR in a Son line,
etc. ]. Usua lly , it is o nly necessary to ca li
brate the reflect ed me ter fo r SWR's of 1.5, 2
and 3 at the fre quency o f interest. Calibra
ted in th is manner , the accuracy of measu re
men t will be roughly 10% and is certa in ly
goo d enough fo r most genera l anten na work .
A part icu larly nice meter dis play can he
made if o ne can find a t wo me ter movement
in o ne enclosure . I purchased a surp lus
ste reo VU met er which ha d d ual 20 0 flA
moveme nts and used it in th e SWR meter.

The sensi t ivity of the SWR meter is suc h
tha t t ransceiver s of the 1-2 watt ou tp ut class
can easi ly be use,d wit h it on t he VHF ban ds.
The basic meter, of course, can also be used
on the lo wer frequency bands as well an d it
will re t ain goo d accu racy. T he on ly pro blem
o n the lo wer frequency hands is th a t the
pickup strips are so shor t that mo re t ran s
mitter power ha s to be used to ac tiva te the
meter than is usually conven ient to use
dur ing antenna experimen ts . No exac t tests
were made hut p rob ab ly 70 - 100 wa tts
would he needed to use the met er o n as lo w
a ban d as 80 meters . The me ter was used and
checked, however , o n 40 meters. T he accu
racy of the me ter rem aine d very good and
full scal e deflec tion of the forwa rd level
meter requi red a power level o f 6 0 watts.
Being an in-lin e ty pe met er, it can he lef t
perman en tlyI n line whe n use d o n any band
with a minim u m of loss .

.\V2EE Y
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BETTER CONTROL FOR

John H . Smith V K3IQ
83 Bindi S treet
Glenroy , V ic toria 30 46
A ustralia

TRANSISTOR REGENERATIVE RECEIVERS

F ro m t ~me to t ime, vario us ama l~u r

magazines have had notes on USing

transisto rs in regenera tive det ect o r circuits.
Som e tim e ago , I made a t wo-transisto r
receiver, and immediately fa ll in to trouble
with the regenera tio n. The problem was
tha t as th e regeneration co ntro l was ad
vanced to the po int of osc illatio n, th e
received frequency was " pulled, " a nd sta
tio ns disappear ed as I t ried to tu nc t hem
in. Also , the star t of osc illation was very
violen t , and when the contro l was hacked
off , the dro pout was equally sudden and
uncon trol lable. Some coup le of yea rs ago ,
in 73 *. th ere were a few brief not es on
using transistors in regenerative circu its . It
was suggested th at large values of tun ing
capacitance an d small coi ls would tame th e
regenerati on, a nd when t his was tr ied , a big
impr ovem ent was no ticed . T he resul t was
that a qu ite usable unit was made fo r 3 .5

u - s TURNS . 3/ 4 in. OIA L2- 3 TURNS
TAPPEO I TURN til 3
TURNS FROM GROUND.

Fig. 1. Revis ed circu i t. Ql = 2N370, 2N3 71, 2N 372
or 3N2083. Q2 = OC70 or OC71.

Mll z, to operat e as <.I companion to a I W
portable transmitt er.

Recently , it was decided t hat th e por t
ab le rig would be mo re usefu l on 7 MHz.
Th e trans mitt er , (d rea dfully o ld fashioned
as it uses a IT4 an d a 31\4 ) was easily
modified , but all atte mpts to make t he
two-t ransistor receiver operate effe ct ively
on 7 MHz proved fu tile . T he regenera tion
just wasn't contro llable . The regeneratio n
con tro l was a variable resisto r , wh ich not
o nly cont rolled feedbac k. but varied the
co llector voltage. It was reasoned that the
frequency shi ft was du e to junct ion cap aci
tance changes wit h varying voltage, and '
th is effec t would naturally be wor se at th e
higher frequenci es.

I the n rem em bere d that when 1 made
my first o ne-t ube receiver , in 1946 , the
regeneration con tro l was no t a pote n ti
ometer, but a variab le capacito r, and the
tube's plate voltage was fixed. Maybe th e
o ld ways are best : ma yb e no t - but I
thought it was wo rth a tr y . A simple
change in the circui t to t hat shown in Fig.
I brough t instan t improvem ent. The trans
istor can now be slid gently in an d out of
regenera t ion . a nd the re is only a fe w hertz
shift in th e received frequency when this
occ urs. The rece iver is now quite usable on
7 MHz, and I am looking fo rward to
regular QRP contacts during aftern oon
outings. I th ro w my antenna wire in to a
tree. gro und t he rig to a 40 ft wire, and let
it go - all 1.3 W of it. The tw o-tra nsisto r
regenera tive receiver is giving a good ac
count of itse lf on CW and woul d make an
ideal " last resor t " receiver. or as in my
case , a real QRP po rtable unit.

...VK 3I Q-

*R eferen ce: "Superhe t or Regen , " K6 BIJ,
March 1964 " 73" Page 58.
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SSE
SCAN
VISION
Now-c-unexce l led picture performance w ith exc lus ive
feat ure eq uipment of highest quality in whic h th e
most advanced SSTV tech niques are expertly ap
plied-SSE Scanvision . Here, carefu lly considered
design has simplif ied operation to the point where
the no n-eng ineer rad io amateur can have his SSE
Scan vision mo nitor co nnected and start enjoy ing
slow scan in just a matter of minutes.

Most of the many hundreds of 58 TV'ers now act ive
on the air agree that the full exc itement and enjoy
ment of SSTV ca n best be real ized only when a tape
recorder is part of the system. Incomin g pies are
taped for futu re view ing on 58 monitor-pre-taped
pictures, scenes, l-D-can be tranarnltted. So-ex
clus ive! -every SSE Scanvision monitor has a cas
sette-ty pe tape rec order built-in-wired- ready to go
and selectable with panel sw itch. Here is the ulti mate
in convenience.

sse Scanvision is co nservat ive-reliab le, with pic
tu re-proved circu itry and is all solid-state except for
the scope tube in the moni tor and the videocon pic
ture pickup tube, heart of the SB-1CTV camera. Bot h
tubes are standard types w ith pred ic tab le character
ist ics -not sur plus.

High qua lity is eve rywhere evident-throughout, the
to-be-expected sse approach-fastidious - profes
sional. The sse Scanvision, 88-1MTVMonito r , com
plete wi th casette recorder and 88-1crv Camera wit h
f/1.9, 25mm lens , connect with patch cab le to com
pr ise a system. Units are also sepa rate ly available.

SEE SCANVISION AT YOUR SBE DEALER

Fully meets all
accepted SSTV
standards.
Compatible.

Exclusive!
Built~i n,

casette-type
recorder.
Ready
Instantly

Available
camera wit h
high quality
vldeocon for
" live" or
"still" pies.

Came ra is
supplied with
quality f/1 .9.
25 mm lens. No
extra cha rge.

Monitor con
necte to spkr
or phones for
receive- to
mic input for
transmit.

"Live" SSTV
pic photo
graphed from
monitor. Un
retouched.

ISSEI
LINEAR
SYSTEMS, INC.
220 Airport Blvd,
Watso nville,
CA 95076,



Charlene Knad1e WB2HJD
316 Vanderbilt Parkway
Dix Hills NY 11746

16WHAT6S AN
ANTENNA

MEASURING
CONTEST?"

V ou 'l1 see," my hu sband of on e year
dire ct ed . His answers to my further

inquiries ha d me envisioning a large crowd
similar to tha t at a Fourth-of-Ju ly firew orks
displa y , with picnic kers gather ed around
plen ti ful tabl es and sho rt-order fo od easily
availab le . On some sprawling platform would
be an impressive arr ay of electronic hard
ware, with a master of ceremo nies compar
ing antennas and from behind a microphone
announcing au cti oneer st yle t he relative
merits of each.

Disillusionment was inevitable when the
app arently desert ed park finally revealed a
small gro up of people huddled aro und a few
wires. One portable sha nty sold candy bars
and po tato chips. Club fu nds had been u sed
to supply a tub of ice filled with cans of
soda. No other food was available. Gradually
some thirty people filt ered in , about half of
who m brought st range-looking con traptions
made of wire, screen , wood and sheet me tal ,
almost non e of whic h I had been used to
seeing as anten nas.

We walk ed aro und looking in on people
here and th ere , and having brief conversa
tions with passing strangers wearing call~
letter badges. Every body see med to be busy
doing nothing, but fo r some reason my
husband radiat ed excite me nt and anticip a
tion. I decided there must be so mething
mo re to co me. " They're starti ng!" Dick said,
and abandoned me to rush , camera in hand ,
to the origina l gro up with the wires. I
hu rried to the spo t, fearful of losing a good
position for obse rvat ion. But no one gath-

Dick K 2RIW stands in f ro nt of his 12·ft. dish
which won in both categories, as D ick W2IMU
makes a reference measurement wi th a standard
gain horn .

ered around . There were no official an
nouncements. [ asked Dick if anything had
gon e wro ng. Someone was holding up a
square megaphon e with a wire attached to it ,
but saying nothing. " No," Dick answered ,
" It s okay ." I ste pped in closer to get a
better look . " You're in t he way ;' Dick said . I
stepped back and almo st slamme d into a
mass of uni formly-spaced spikes being held
waist-high.

" Whe n will they start? " I asked ingenu
ously .

" They already have. That 's the third
ant enna."

When it dawned on me that wh at I was
seeing was all there was, I resolved to
discover th e poin t of intere st by att em pting
to understan d what was happ ening. I in-

NOV EMBER 1972 HU -1 1 159



quired about the measuring process, repro 
cessing t he answers to con form to my
limit ed understanding.

Several years and a legitim ately-earned
license later , I have co me to better under
sta nd the enjoyment of an ant enna measur
ing contest. But' t he East Coast VHF Soci ety
has grown in th ose yea rs, too , and th e
August 1971 annual ECVlI FS Antenna
Measuring Con test was vastly di ffere nt fro m
that first one I attended . Picnickers were
alrea dy hovering comforta bly around tables
when we arrived a t Saddle Brook Park, New
Jersey ; and quite a crowd was wandering in
th e pavilion , whe re a noise-figur e measuring
co ntest, a t ub e guessing co ntest , and a QS L
card compe tit ion would soon be getting
un derway . A tightly-massed gat her ing ide nti
fied the registra t ion ta ble where ' t ick ets
could be ob tained for the drawing to b e held
lat er. A picn ic table with a receiver and
calibra tion equ ipme nt had already been set
in the field , and 125 ft furt her out t he signa l
gen erator wai ted .

Fri endly waves greeted us as we pull ed
into the main area, and almost before the car
came to a stop we were surrounded by
inquisit ive ama teur s eager to wat ch us as
semble Dick's po rt able 12 It -parabolic dish
and to examine the " goodies" Dick h abit u
ally brings along. I set up the baby 's playpen
and turn ed away from him an d t he friendly
XYLs to lend my husband th e u sually
much-neede d hand, bu t d iscovered he al
rea dy ha d all the help he needed . I got out

~--.

Paul, presi den t of the ECVH FS, holds up th e 12 96
MHz standard gain horn , as a former president, Al
K 2UYH, look s on benjgnly .

160

QMs with quads co llin ears, dish es an d yagis wait
patiently as calibra tions are made before th eir
antennas are m easured .

the ca mera and began snapping familiar
faces, interesting-lookin g antennas, and con
test act ivit ies. When the dish was fu lly
assembled and the competi tion was about to
begin , I in terrupted Dick in his technical
discussion with several o ther a mateurs to
fo rce him to eat a sandwich . A respecte d
amateur requested a pictu re. Then came the
rain , a circu msta nce luckily avoided at all
earlier ECVIIF S contests in my experience.
Everyo ne gath ered in cars and in t he pavil
ion . Our baby napped in his car be d. As the
skies gradually cleared , a young cou ple
accidentally wandering into ou r area ap
proached th e a mateurs in t he tru ck near our
car, and po inti ng to a large parabola asked
what it was. The st raightforward answers
were so bad ly misco nstru ed and the simple
funct ions of t he ante nn as held in such
naively ex aggerated awe that l , overhearing,
couldn' t help but chuckle, remembering my
first ex posure .

The measuring resu med and the crowd,
for tified by amateurs re tu rn ing fro m the
nearby ECVHFS ham radio auc tion an d flea
mar ket, filt ered back into t he field , some
130 strong. Somebody ta pp ed me on the
shoulder. " Do you bel ieve in Go d?" It was a
two-ma n team tak ing a religious "survey." I
gave t hem answers to t heir brief oral qu es
tionnaire, dismi ssing them courteously .
Somebody was cooking hamburgers on an
hiba chi. Two amate urs worked toge ther to
repair an ante nna wit h a Bernz -O-Mati c
torch . Amateur s inquired a bout t he gains of
eac h other 's an tenn as and generally gos-
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Be The First ! .
Are you gomg tater the EIAsteal one of

our most promising ham bands without a
fight? Are you going to sit st ill while this
piracy takes place? Or are you going to
fight back? Are you going to get on 220?
Are vou going to help get a repeater on
220? Are you going to let t he manufac
turers know that they can't buy our ham
band by lavi'shing dollars in Washington?

To help you get the spirit started with
your club 73 is offering these shirts - 220
- USE IT OR LOSE IT - you may be the
first in your club and make everyone eat
their heart out. Wear these to hamfests and
conventions - let's get the word out.

These 220 shirts are $2.50 each postpaid
- state size desired - small, medium or
large - state color desired as long as it is
blue. USA only. .
73 Magazine, Peterborough NH 03458

SUPER CRYSTAL
THE NEW

DELUXE DIGITAL
SYNTHESlZER!!

FR OM ~
TRANSMIT A N D RECEIVE
WORK REPEATE RS
SUPER AC CURATE- - - .0005%
FUll 2M COVERAGE-- 10 KHZ

DETAILS
~ ELECTRONICS

BOX 1201 B
CHAMPAIGN
ILL 61820

AlSO: PARTS ,ETC .,
COMPLETE STATIONS-
ALL CHANNElS SYNTH.

SEND F O R F REE

We began dism antl ing t he d ish in the
downpour. " Wha t abou t lightning'? " I insis
te d.

" Do n't wo rry aho ut it. "
What 's an an ten na measuring con test? It 's

a ser ious electronic effort: a place to an
nounce an antenna of yo ur own design or to
measure t he gain of a favo rite commercia l
one. It's a chance to ex change ideas o r
equip ment; it' s a fami ly picnic, a brag-and
goss ip sessio n, a place to disp lay your
specialize d elec tronic ac um en, an o pp ortu
ni ty to meet frien ds as well as the ser ious
VHF amateurs; it 's an experience. But
yo u've got to see one for yourself.

. . .WB2HJll

sippe d. DB's written on contes t fo rms were
compared for the 26 anten nas en tered in
two categories. A ham rece ived congrat u
lati ons for having won the noise figure
mea sur ing contest. A child played with a
stu ffe d animal won by a paren t in the
drawin g. Som eon e hand ed ou t cucumbers
from his Pennsylvania garden. Certificates
were issued and plaq ues given to t he 4 3 2 and
1296 MH z antenna measurement winners .
An A R RL official ca pitalized on the oc
casio n to pr esent an award of ach ievement
to an amate ur. Just as t he crescendo of
activity began th e descent , it began to rain
aga in. Amateur s, YL's , XY L's , sup plies , an
tennas and childre n were packed into cars
and th e hom eward treck was begun.

These technical diehards won 't let a little rain ruin
their ch ance for an eyeball QSO. Lef t to right are
Bill W2DWJ, Dick K2RIW, R eed W2CQH and Al
K2UYH.
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BARRY
HAS IN STOCK
AND READY FOR SHIPMENT

SIGNAL ONE CX7A

PLUS THE NEWSIGNAL ONE LINE

The ENTIRE DRAKE LINE

PEARCE-SIMPSON-2METER FM GEAR & MAR INE GEAR
HALLICRAFTERS
COLLINS
OX ENGINEER ING SPEECH COMPRESSORS

FOR COLLINS 32S SERIES $79.50
FOR COLLINS KWM-2 79.50
FOR DRAKE TR3 or TR4 98.50

PLUS ANYTHING YOU CO ULD POSSIBLY NEED IN THE
WA Y OF EQUIPMENT A ND ACCESSORIES

YOUR ONE STOP HEADQUARTERS FOR
ALL YOUR HAM NEEDS

BARRY
ELECTRONICS CORE

CALL BARRY, W2LNI 212-925-7000
DEPT 7512 BROA DWAY, NEW YORk N.Y. 10012
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Brian D. Ripley WA 8VHG
91 9 E. McDevitt
Jackson MI 49203

SSB ON 432 MHZ
R ecently , after a fru itless evening of

call ing CQ on 432, I decided it was
time more hams were encouraged to use thi s
interest ing ba nd . .\ 105t people think t hat 50
miles on 432 is real OX. That 's ju st no t true.
Alt hough my bes t DX t his past year was
only 41 5 miles, many hams cove r distan ces
as great as 700 miles: so me claim more. SSB
is no w star ting to co me int o great er use, and
doe s sho w its worth on 43 2, so I de cid ed to
put together a co mplete working un it. This
unit is a modified v.ersio n of a design by
K7RKH that o riginally appear ed , in part , in
the old VIIF 'er magazine.

When build ing this mixer I decided t hat ,
while t he Gene ral Class operato rs would
probably be more inclined to ward construc
tio n, there are also many Techn ician s with
50 Mll z SSB who would like 10 get on 43 2.
With this idea in the back of my he ad, I
cho se 50 MHz as t he mixe r in pu t freq uency.

While some 432 1HIz mixer designs have
ap peared in print , it appears that few h ams

The 382 Mc osci llator chain is on the left, the 432
Mc mixer with an added bu ffer amplifier in the
center . an d a 500 watt cavi ry on th e right.

have co mple ted rigs tha t work wit h mu ch
success. On e reason for th is may be they
have not been able to obtain th e degree of
oscilla to r stability requ ired. Some have gon e
to the ext reme of build ing a transist o rized
oscillat or inside a ther mos bo tt le, burying it
in th e gro und a nd lett ing it run 24 hours per
day . T his of course result s in excellent
stability. With a little care my o scillato r
chai n will equ al o r surpass t he curren t 432
rigs. Keep in mind that o nly one hertz
change in th e oscillat or will give you a
change of 54 hertz in the out pu t.

At VHF/U HF the lise of cho ice sele cte d
hard ware such as cera mic tub e so ckets , good
qual ity res i s ~ ors and capa cito rs and co n
sta nt-impedance connecto rs is a mu st. Those
inexp erien ced in wo rkin g with 432 circ uits
sho uld use a copper chassis, bu t advanced
experi menters can construct t his oscil
la tor/mixer on othe r materials suc h as alu
mi num, using the ne cessary precautions
such as shor t leads. dire ct ground paths, an d

Bottom view of the .oscillator ch ain , wi th C6 at the
lower left and L6- L 7-C5 at the righ r.
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YI - 7.0 74 FU~A"'ENTAL CRYSTAL .
CI, C2 - 25 ~F (E.F'. JOHNSON 160-13 0 ).
0 - 10 pF (E.F. JOHNSON 16 0 - 107) .
C4 - 5 pF (E.f' JOHNSON 16 0-102 1.
CS-IO pF {E F. JOHNSON 160-108 1.
C6 - 8 pF (E.F. JOHNSON 160 - 10 4 1. S. f T• • I .
RFCI-.75 0 uH ftF CHOKE .
RFCZ- J.W. MILLER RFC 14 4.
RFC3 - J.W. MILLER RFC 420 .
L1- 91 NO. 20 AViG, 3 /4 in. CIA ., SPACEO 5/ 8 in. (8 8W 301 11.
1,..2· 6 f NO. 2Q AWG. 5/8 in. CIA _. SPACED 3/ 8 in. (8 eo W 300 7 ).
1..3- 4 1 NO. 2Q MIG. 3/4 in. CIA., SPACED 5/16 in" CENTER TAP «(I a W 3(11)
L4 - 2 1 EACH rxc, NO. AWG HOOKUP WIRE, ON PLA TE END OF L3 a CENTER ' OF L5 .
L 5 - 8 1 NO. 16/ '''''(;, 5/16 in. QIA. , CENTER TAP, SEPARATE INTO 4 TUfilNS EACH, 1/8 in , APART.
L6- 5 - 112t NO. 12 J:\WG SOLID, SEPARATE 3 / 4 ill
L7-4~112 1 NO 12 AWG SOLI D, SEND INTO \J SHAPE, 3 /4 in . WIPE. PL.ACE 1/ 8 in, ABOVE L.ll (PICTORIAL.)

Fig. 1. Circ uit diagram of the 382 MHz oscill a tor
chain.

proper bypassingjd ecoupling. Shield ing pe r
se is no t a critic al fac to r here as power
gen eration it self was no t t he . desired end
product .

Construction

T he oscillat or chain is co nst ruc t ed on an
aluminum chassis 2x7 x l 3 in . Be su re to
make preliminary part s layout , as t he full
length of th e chassi s will be used . If you are
not experienced at building VHF circu its it
is recommended that you bui ld only one
stage at a time an d get it working before
proceedi ng to the nex t. T he mixer was built
on a separat e 2x5 x7 in . chass is fo r exp eri
menta l purposes, but you may want to buil d
bo th on a larger co mmo n chassis.

You need not include frequen cy adju st /
variable capaci to r C6, bu t if you do it will
give you about 100 kHz cha nge at t he
outpu t frequency . more th an eno ugh to
correct for cryst al err o r, or to enab le you to
move to a predetermined freq uency . With
proper adjus tment of C6. you co uld actually
go to full transceive , bu t in actu al practice a
fixed crystal frequ en cy would be better in
case yo u are run ning skeds.

Tuneup

A grid t ip me ter is an absolu te mu st.
Without o ne you will not have mu ch success
in tuning up because the t uned cir cu it s will
actually pick eit her th e seco nd or t hird
harmonic of the previou s stage. Dip each
stage as follows : C l / Ll d ip to 2 1.222 MHz,
C2/ L2 dip to 4 2.444 MHz, C3/ L3 dip to
127.33 3 MHz. ' T here is only one d ip in
C5/ L6 , so it is a simple matt er to peak fo r
maximum rf outp ut. To assist in tuneup,
co nstru ct an rf indicator from a GE49 pilot
bulb and a I in . loop of hooku p wir e. Aft er
each LIC ci rcuit is d ipped , ap ply filame nt
and B+ voltage . Sta rting with the oscilla to r,
hold th e indicat or ne ar the plat e end of ea ch
coil and peak for ma ximum outpu t. Now go

Fig. 2. Side vie w of 636 0 tank circuit showing
par ts placem en t.
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LINEAR

SYSTEMS. INC.

220
Airport Btvd.
WatsonvjUe. CA
95076

Separate
bandpass
filters. for
USB-andLSB.
Absolutely,
no c:arrier :Y

shift When
<hanging
$Idebands!

ISSEI

KHz

SSB/CW TRANSCEIVER

See it at your dealer··-write for data sheet.

Add all of these and you have the br il
Iiant 5B-36·--a beaut ifu l experience in
operating convenience and enjoyment.

In addit ion to those pictured---there 's
500 watts P.E,P. power in put ---digital
readou t to 100 Hertz -v-husky match
ing 11 5VAC power supply / speaker
unit and external VFO as an available
accessory.

feature
after

feature
after

feature

58-36

SSE



RFC-420
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1'~O' P 1''''''
+I~O we GNO. +ZOO-22~

RE G. vee
CI- 8 pF PER SECTION, LOCATED I!SI I$ In.

FROM CLOSED END OF L4 (E.F. JOHNSON
160 -2(8).

C2- 8 pF IE,F. JOHNSON 1$0 -1041.
L1-2! NO. 22 AWG AROUND L2.
L2 - IOt NO. 22 AWG, 3 / 4 in. OIA. , lin. Ui.
L3 - 2- 1/2t NO. 18 AWG, 3/8 In. OIA. , TAPP£D

HI41 FROM GROUND.
L4- HAIRPIN LOOP, NO. 12 AWO, 1/ 2 III. W'IOI,

2-1/18 In.Ui. WHEN FORMal.
LS· HAIRPIN LOOP, NO. 12 AWO, I/2 III. WIDE,

1- :"'8 In. Ui. WHEN FORMED, PLN%O I......
ABOVE U.

FREE
,--..

-
HAM ~tIa j\ 0

CATALOG HAil f(JU/PMflfT CA TA~
)),

'~!P I

· ....".,,'u..i~~
.~ ...& . -.... " -
.-~ ------
\'li!~ ~-'®'!.Lp_~ /O

--':J
H.F. -S.S.B.-F .M.-ACCESSORIES

t?b WORLD RADIO
~ 341 5 WEST BROADWAY

COUNCIL BLUF FS, IOWA 51501

Nam e Cal l

Addre s s

Cit y

State Zip

New! BALUN Fig. 3 . Circuit diagram of the 432 MHz mixer, and
the pictorial of th e tank circui t.

• 1 ratio f o r dipole o r inve rted Vee. .
• Rep laces center insu lato r.
• Cuts noi se in receive . Cuts TVI in t ran smit .
• Wideband 1.7 to 30 MHz. Full Kw power.
• Stainless hardware . Sealed . Weathe rp roof .
• $12.95 PPD USA. 5% t ax in Cali f .
• Order di re ct . Free brochure . Send to :

back and redip eac h coil to make sure you
are still on t he proper freq uency. When eac h
stage is in tune there will be eno ugh output
to brightly light yo ur indicator. While tuning
C3 j L3 for maximum output, couple yo ur
indica tor to coil LS an d peak C3. Now
connect a vom or VtVID to po in t " TP" and
set yo ur meter to read I OOV de. Again app ly
power and tune each capacitor for a peak
reading on yo ur me ter. The fina l reading
should be SO-8SV de . When t un eup is
completed you should have 3- 4W of 382
MHz rf, much more than will be needed, bu t
the excess will help to overcome circuit
losses.

Mixer

A 6360 works as a mixer with sui table
mo difications, but it requires more drive and
injection. A 6939 cos ts more, bu t has mo re
output with less drive and injecti on , less
than half that of the 6360. The 382 MHz
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Summation

If pro blems such as FM'ing should be
encountered, decrease th e 50 MHz drive,
since we 're more intereste d in quality tha n
in power. You should now have eno ugh
out put to drive such tubes as the 69 39 ,
5894 , 2C39 , and, amazingly eno ugh, should
be able to drive a 4X250 to as mu ch as
135W inpu t , class AB l.

It is always recommended that a filter be
used on the output of any mixer worked
direc tly on th e air . When dr iving low Q
buf fer or amplifier stages, some of the
spurious energy such as 382 MHz will get
th rough to the output. Some odd load ing
effect s will occur in broad freq uency ampli
fier stages because the 38 2 and 43 2 MHz
energies are relatively close toget her for a
UHF circuit. A st rip line filte r between the
mixer and the fin al amplifier stage is highly
recommended . Refer to the ARRL VHF
Handbook. Even an ou t put filter is de sirable.
Alt hough I have only used CW and SSB the
50 MHz drive may be almo st any mo de 
CW, A3 , SSB, FM, FSK , PM, o r wha t h ave
you - but the modulati on/purity ind ex
mu st be clean or it will show up in the
output.

If this mixer is used as a source signal
directly for tu ning u p 432 ante nnas, t he swr
bridge will go crazy and will not give
readings truly indicat ive of tu ning or anten
na performance.

I am using a Heath SB-11O as the 50
MHz driver, using th e auxiliary transmit with
a 5.0 3 1 crysta l (abo ut 432 .030) in the
aux iliary oscillat or and have had good on
the-a ir comments. See you soon on 432 SSB.

. . .WA8VHG

Bot tom view of the 6 93 9 m ix er. with L5-C2 at the
left and L 3 at the lower righ t.

WAT T
~ Ill t'b: 10
MIXER

IDU••' Ico",

ec ... · T· ",..
ow } ,,.
'j,

injection is fed int o the cath ode through a
tapped rf choke resonant between 38 2 an d
432 MHz. Care mu st be exercised not to
resonate this coil at 4 32 MHz, for if you do ,
out put instability will result . Th e tap , place
ment of which is critical, provi des an im
vedance match and exp ends the rf driving
pow er efficiently fo r proper loading of the
catho de . Th e vr tube for the 6939 screens is
an OA2. The bias is set for 35 rnA standing
plat e current with no drive .

The simplest method of obtainin g the I W
of 50 MHz SSB. with out making modifica
tion s to the rig , is to feed th e full out pu t of
the driver in to a dummy load with a tee
connector and pull off only th e amount of rf
needed (Fig. 4) .

Fig. 4. Method of obtainin g low level drive to the
mixer. R l is a l K A. B. composition po t. This ma y
be built in a small min ibox using rf conn ectors.

Fin al Tuneup

Connect the 38 2 MHz oscillator chain to
th e mixer with a piece of RG-58/U coax
about 14 in. long. This length can be critical,
so if any pro blems are found , vary this
length a bit. Connect the ou tput of th e
mixer to a prop er du mmy load or watt
me te r. Ap ply the appropriate volt ages to the
oscillator/mixer and adjust th e 6939 static
pla te current to 35 rnA. Now repeak th e
oscilla to r stages for the maximum voltage at
"TP." Apply a small amount of 50 MHz
drive and dip the mixer capa citors C I and
C2 for maximum out put. Again re peak all
capacito rs and adju st th e 50 MHz drive to
the 6939 for about 50 rnA plate cu rren!.
With 22 5V on th e oscillato r plates, total
current should be about 165 rnA. Do not try
to ru n the oscillato r chain at it s maximum
inp ut as th e in creased output if not nee ded
and a lo wer inpu t level will give you a much
more stable un it. Allow at least 15 minutes
warm-u p befor e making the fin al frequency
adjustments.
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TEeD
ELECTRONICS

P.O. BOX 1050,322 KIRBY ST.
GARLAND TX 75040 214-276-4931

COUNT ERS
T UCKE I'l 600 1 1(1"1 1 to 60 "' Hz T ......NS ISTOR 5 N IXI E . • • NEW • $ 299.00
HP 521 A , OC 1G'20KH• • • OI GI T N EON ••••••. $ -0.00
HP 52 1e: DC to 120 'O i . , 5 D IG IT NE DIIl •••• •• $ 50 .00
H P 521G: DC 10 1 "'HI , " OI O IT "l EO N $ 65.00
HP 1522.: 10 H I to 12'0 "' Hz . !Ii D IGI T N EO N . S 35.00
04" 5238, 10 1"1 . to 1.2 M HI . 6 D IGIT NEON ....... . .... . . . • S 7'5.00
" P 152• • : DC to 10 J,llOi l , 8 CI G IT NE ON . S 95 .110
HP 82 < : DC ' O 10 "'H• • 8 CIG IT N I XIE . .. .. . . .... ... • • •• $495.00
HP 152.0 : DC to 10 M H . , 8 DI GIT N E ON . 5295.00
H I' I5~A : 10 MH I 10 1 10 M H. CO NV ERTE R U N IT · . S 75 .00
H"I5~8' 110 MH" 0 2 20 MHI CON V E FlT E I'l UN I T • • •. $ 15.00
HP 5 2GC: 100 MH• •,, &10 M H z CO NVE RT E R U N I T •• ••• •.$' 95.00
HP 640A , 10 "' ... . to I; O H. TR" JIlS F ER OSC IL LATOR • . $ 95.00
BECKMA N 73501'1, [ PUT, DC 10 100 1(1"1 . , 5 D I G IT NE ON . .•••. . _... . • •• S 3 5 .00
BE C kM AN 73 1501'1: [PUT , DC ' " I M H • • 6 DIG IT NE ON • • . • • •. •.• • • • • • • • . • • • . $ 50.00
BE C Il:M AN 7370R: EPUT , DC '0 tt.e M H• • 7 DI GIT N EON • • • • " . $1 25.00
BE C Il:M AN 71 7OR; DC 10 11.5MH ' , 7 D IG I T N EON • ••• . . • •• • • • .• •..• .. $ 95.00
BEC Il:MAN717liA:· 1 0H, ,0 1 1 0M~ z . 7 DI G IT NEON • •• .•• •. ••.•• •••• $1 95.00
B EC Il:MAN 81 71>" : 10H. ' 0 " O M H • • 8 DI GIT L U M I N ESCE NT RE ADOUT ••• •.s295.oo
BE CIl: MAN 71570 , BAS IC H ET E RO D Y N E UNIT F O R 75 71 - 7573C ON VER T ERS •. $ 25. 00
8EC Il:MAN 757 1; 10MH, 10 110 MHz CON V E RT E R •• $ 25.00
8E C Il:MAN 7li n : 110 MH' 10 22 0 M Hz CON VE RT E R .••• . . .• . .... • •• .• .. • .. • . . •...s 35.00
BECIl:M AN 7li73: 22 0 M H. 10 1 GH, CO NV ER T ER .. .. • • $ 50.00
BECIl; MAN 66 7 1, (PUT , DC t0 4 2 MHz. 6 OI G IT NE ON . . $ 50.00
BE CIl:M A N $154: EPUT , 20 H z 10 100 Il:H z. 5 D I GI T N EON •• $ 25.00
I EC KM A N el l l 0: DC ' 0 I MH' , 5 DI G IT N EO N . . . • • . . • . . . . . • • • . . $ 35.00
MlT F R·38 , SA M E A S H I' 'O' 24 B , • $ 15 .00
CMC 7070: DC to ec M Hz TR ANS ISTO R 7 OIG IT NI X IE . . • • • • • • • • • • • • • • . . (. $!5.oo

SCOPES
DUMON T 30.: DC to 300 K H, . • • • • • • • • • • • • $ 50. 00
OU MO NT 40 1, OCto500 K Hz , • • $ 75 .00
~A IRCHll0701,OC toflOO K Hz _ , $ 195. 00
F,A,IRC H ILD 766HI76-0817 4·13A, OC to 50 MH, DUAL TRACE TRANSIST OR . . . •• $ 795.00
HI' 1'5 0 /1 62 11: DC to 10 MH, D UAL TRACE . . . • . • • • • • •.• . . .. . • • . • . • • $ 195.00
HI' 16 01U$M 10$: DC to 15 MHz DUA L TRACE • • • • • • • • , $395.0 0
HI' 17 6A : DC to 110 M H . fl UA L T RA CE . • • .. . . . S6 95 .00
HP18$1II8 R: DC 10 1 OH , 6AMPLING SCOPE , • . ....• • • 5295.00
T E K51 2 :DC ,02 M H,SIN GL ET RA CE __ .. . •••. S 95 .00
T EK 6 1"""0, DC 10 10 M Hz S I N GL E TR A CE $ 125.00
TEK 53 1 ' DC t o l ' M H . L ESS PLUG·IN . • , $ 195.00
T E K 1532 : OC '0 I>MHz LESS PLUG_I N . . • • , S2 25 .00
TEl( 533: DC to 15 MH, LESS PL UG -IN . • • • . . • . . . • $ 2 50. 00

TE ll: 153$: OC ' 0 11 M H. LESS PLUG·IN $ 3 50 .00
T E l( ~1 : DC ' 0 30 M H , L ESS PL UG_IN ' . • ••••. .. $ 2!JO.00
T E l<.~3 , DC ' 0 30 M H z LE SS PLUG -I N . . . . _ . . . .. . . . . . . . . .. . . . . .. . . $395 .00
T E K RM I 6 : RA C Il:M OUNT 5 15 DC ' 0 15 M Hz • • . . • ••• • . . . .••• • $295.00
TE Il:RM 16 : RA C K MOUNT316 DC to 10t.,lHz _.. . .. . .. ..... . .. .. . . $1 915.00
TE ll: R M 17 ; R A CK M OU NT 3 17 DC ' 0 10 M Hz . •.•.• •••• ••.. •• • • • • $ 225.00
TE K R M 31 : R A CK M OU NT 531 LE SS PL UG -I N • • • •• • • • • • • • • •• • • . . • . $ 17S.oo
T E K RM 3 I A : RAC I<.... O UN T 53A L ESS p LUG ·IN • .••• • .•• •• ••• • • •. . • • • . • • . .• S225.oo
TEK RM32: RA CKMOUNT 532 L ESS PLUG- IN • •.••••.. • • • • • . $ 195.00
T E K A : p L UG ·IN DC -20 M Hz Wl OEBA N O DC S 40.00
T E K C : p L UG ·IN DC _24 MH, D UAL TRACE ••.•• ••• • •. • • • . . • .••• •• $ 125.00
TEK E : PL UG ·IN DC - tiO Il:H . Dl FF E RE IlfTIAL _ $ 7S .llU

~~~~:~~~R'i_~:~EM~~~ri~;:~T I ME • - . .. . .. . . . .. . . . . • ••..•••. $ 50 .00

$ 50 .00
.s 15 .00

$ 125.00
.s 50.00

... .... . .. . . .. $ 165.00

""'".....
. .. . . .. S 50.00

• •• • S 50.00

MISCELLANeOUS
NEMS--CLAR Il:E '.00: 2 15-28 0 M H , REC EI V E R
NeMS .(:LAR Il:E 14 12 : 2 15-280 "'H, RECE IVE R
N IEMS--CLARIC ( ' . 51 = 2111--26 0 "'H. RECEI V ER •. •• •••. •• • • • . • • • • • • • • • •
M L T TV·2 C LAT E M ODEL TUllE TE STE R • • • • • • • • .• . • ••••
'LA"" PK IN 20M f ... M O DULA TI ON M ET ER
H AMM A A L UN O H Q 11 0 RECEIVER •• . • . . . • . ••• •..• .••
MLT "'E8 2 WATTM(TE R, 50 1<>600 MH . Q--120 WA TT .. •• .• • . . . . . . • • •
H I C K O K ,",O DE I.. 53 . TU BE T EST E R .
HlC K D Il: M ODI!L 601:1 T U llE TE STE R .

CONDITION S: A ll equip me nt supplied workin g "AS IS " FOB Garlond,
Texas. Order of less than $50.00 subjec t to $5. 00 packing and handling
charge. Satisfaction guaranteed, item may be returned within 10 day s if
shipped prep aid, Many o ther it ems in stock whi ch changes day to day ,
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$ IS -OO
$ 2S.00

... . $ l1 S.00
. $ 12S .00

$ 12S .00
.. . . . . . . . . _... . $ 75-00

•••• • . $295 -00
.. . . . . $ l9S-OO

. . .. . . $ 20 .00
..... . . . . . _. $ 35 ,00

.. • .. . 5250 .00
. ... . $ 3$ .00

.s 8S.00
... .. . .. . .. $ 35 .00

. $ 40 .00
... . $ 3S.00

... . . . .• . • _ . $ 50 .00
• •• . . . . $ 125.00

· ·'-'-' · .~~ ·'-'-'c :..:. ; ;_:..' ~ :..:. . . ......' .· :·.... ....~s~
... .. n 5O.oo

_$ l2S.oo.""... $ 175 .00
. $ 25.00

. . $ 20 -00
. . $ 75 .00

"ODO
. . . . .. $ 35.00
. .•... $ 9&-00

$ 6S .oo

"'ETERS
Hp .oo CR V T V M 10H r , 0 .MH.1 M V , 0 3CIQV
Hp .woe V TVM ; 10 H . '0 . M H . 1 M V ' o 300V
Hp .woO V TV M . 10 Hz'o . M H. 1 M V .0300V •
HI' .OO H VTV M: 10 HI'O . M Hz 1 M V . o 3 001,' .
HI' "05AR AUTO MA T IC DC DVM , 3 OI (; IT , M V '" 1 K V
HI' . ' 08 OL D STYLE 'lTV"" A C-DC A N D OH...s
HP 4 11,0, : RF Mll l OVO L r M ETER 10 M V _ l 0 V Rt,lS
H I' . 12,0, DC VTVM : 1 M V to 1 K V . 1 M 'CR OA Mp to 1,0,
HI' 4 15,0, VS WR I N D I CAT O R
}-II' 4 158 V SWR I ~OICATOR

HI' 4 28 ,0,C L I P·ON DC "" L L IA M M ET ER : 3 MA to 1....
HI' 430C M IC RO WAVE PO WE R M ET E R
HI' 4;1OC WIT H 4 77 B M OUN T
HI' 500,0, F RE QU EN CY ME TE R; 50 Kz to ~ o KH.
HI' 500 8 F RE QU EN CY M ETE R: 3 H z'o 100 K HZ
HI' 500C T A C K OME T R Y , 18 0 RP M ' 0 6 M E G RPM
GR 18 00 VTV M
f A I RCH ILD 7050 DV M T RA NSISTO R U N IT .
f L U K E 80 1 OVM : 0 ' 0 SOOV DC 0,0 5%
f L U K E 801 R DV M 0 ' 0 SODV DC 0.0 5%
f l UKE aP3 : 0 1,'11I : 0 '0 5001,' DC O R AC
F L UKE 003 R DVM; 0 10 5 00v DC O R A C .• • • • . • • . . • .
F L U K E 82 1AR DC DVM : °' 0 500v 0. 0 1% ._ • • _••_' .
F L UKE 9 10A T RU E RMS VOL T M ET E I'I: 10 H I to 7 MH.
M llLlV AC III V21 V T V M : 1 M V 10 1 K V DC
BA l LANTINE 3ooV TVM, 1 M V '0 l00'J l O H I 10 150 KH.
B"'L L A NTI N E 3 1. V T V M; 1 '-'IV to 1 K V 15 HI to 6 MH • .
OI'lI ON V _ 100M VTVM : S ' '-'IILA R T O HI'~
M L T TS-315 VTV"' : S I M I L A R T O HI' . 109 •••
KI NTE L 2028 1'1 DC ... IC R OVOl. T V ET E R •••• •••
BORG W AR N E R-SIN G f R .....0 1 S....1l 1N OI C...T OR

pOW E R SU PPLIES
D RESS E R B"' R NES, 20 - 10 MODULE 1'.5 . 10 V DC. 5 50 M A •• . . . .. • $ 10 .00
DR ESSE R 8AR N ES : 03-~008 DUAL 0 - 300V . 500 MA ~ 8 1A S & FI L . .. . $ &5 .00
EL ECTRONI C M EAS U RE M E NTS 2 12.0. : 0 _1 00 V DC ~ 100 MA • . . . $ 25 .00
E L ECT RON I C M EA S U A EM EN TS 21 8A M : 0 _ 100 VDC@ ;l A M pS •• • , •..•. . . • • . . . . . . $ 50. 00
E L ECT RONI C M E A SU R EMEN TS RE GU LATI ON CA L I 8 RA T O R' 0_ 3001,' . 300 M A I N 1 V OL T

ST E PS .. . . ••$ 50 .00
LAM 8DA 6 .M : l00_ 200 V DC (t SOO MA .. . . . . . . •• . $ 25 .00
LAM 8D~ SSM ' 0 _ 100 VDC 1iI 5 00 M A ••• . $ 25 .00
L A M 8 D A 2S : 2oo_ 3 2&VDC , 100MA • . $ 18.00
L BDA sO; O"':SOO VOC " SOO MA: .... .s 50.00
LA 8 DA C_ 158 1·M : 125-326 V DC .. 1.5.0. . • $ 7S.00
LA 8 0 A C_ 11181: 12& _ 3 26 VDC . 1.5'" •• • •• • ••• $ 6S .oo
1,.,0, 8 0 ... LM0 10 , N EW. 8 _'3 V " , 0... 007% FlEG • •• • $ 75 .00
L A M B DA 1,..... 04, NEW• • 8 1,' " U , 0 _021r. REG • • • • • • $ 50 .00
LAM8DA I-M2O<I: NfW.O_ l. VOLTS . 900 lolA 0. 06'" FlE G •• $ 30-00
L ...M 8 0 ... L M 201, NEW. 0 -60 VO LTS . 13 0 .....0.0. 0 7% RE G . . •• .• . . _• . $ 20 .00
KEpCO 2. 008, DU"' L 0 --ti00 VDC. 300 lolA • • . • • • . • •• . $ 45 .00
KE p CO 15 0 : 0 _ I 50 V DC . SO MA $ 15 -00
KEpCO K R/M : O-500 VOC . 6OO ....A •••. $ 35 .00
SOR EIIlS EN E2$·10 , 2B V O LT S . l OA • • • . $ 25 .00
SO RE NSI:NE6.18 :6 V O l.TS . 16A •.. •. • • • .. $ 25.00
SOflE NSEN 800 8 8 ' n _ so o V OC . 500 "" ... . • • •• • • . $ 50.00

SOR ENSI:N 6008 : 0 _ 1500 V DC .. 150 "" A ,... • . • • • • . • • .•. . $ 35 .00
SO R EN SE N lOOO : ...C L INE RE GU LATOR 1 K V A . . _. . . •'•• .. . . .. $ 6S .00
CI: A : M OD U L E P S. 16 V O LTS ± S" $ 2.5,0, .02 5% REG •. .. . .• .• .• . .•. $ 25 .00
CEA: M O OU LE P.S. 2B VO LT S ±r;% '" 2 .tI A .0 25% RE G . •. • •. . . . . $ 30.00
CO N : M O DU L E 1'.5 . 12 V O L TS $ 1.5 ,0, • . • • • $ 20.00
RA o l ATION TOMS P.s . . ... $ 15 .00
HI' 71 5,0, KLVST I'ION 1',5. • • •• . . .• • . • • . . $ 45.00
F I- U K E 30 1E : 1.02_ S12 V $ 3 00 MA . . •• . . . . . . •. • •• • • . . . • •• . .• . .• $ 125.00
F l. UKE 30 1C , 1.02 - 101 21,' 0 0400 M'" .... • . $ 195.00
CO LLINS M p· l ; e.s . F OR K WM -2 ..•••• .. .••. $ 70 .00
CO L L I NS 5 16E ·2 : 281,' ".s . F O R KW M -2 • . • • • • . . • • • •• ••• • . . • • • • • • • • . $1 50. 00

GEN ERATORS
HI' 200BR "'UOIO O$CI L l.AT OR· 20 HI to 20 KH. . • . $ 35 .00
HI' 200 JR IN TERpO L...T ION asCll.LATO R : 6 HI to 6 K H . . ••• • • •. $ 95 .00
HI' 200TR T E l. EM ET I'I V OSCI L L A T OR ' 260 H. to 100 KH I • •. $ ..a_oo
HI' 2D2CR A U DI O OSC I l. l. A T O R : 1 H. to 100 KH . • • .. $ 7S .oo
HI' 206A G A U DIO OSC ILLA T O R' 20 H . to 20 KH . • . • $ 150 .00
HI' 2Q6 A R ...U OI O OSC l l. l. A T O R: 20 1-11.0 20 KH I • . . .••• . • . . • • •• • . •• . .• $250.00
HI' 2 1 1A S QU ...RE W"'V E GE N E RATOR : 1 Ha to 1 M H. • •••• • • • • • $ 50 .00
HI' 2 12 AR p u LS E GEN E RA T O R: 60 1-1 . '0 5 K HZ • • • •• . . .• $ 25 -00
HI' 23 3A CA RR 1E I'I T EST OS CI l.LATOR : SO H I ' O 500 K H . • • . . . • . . • • . • . . $ 75 .00
HI' SOlID S IGN A L GENE RA T O R: 10 M H • •o . 20 M H o .. . . . . . • . . •. . , . $ 750 .00
I-IP S14A S IGNA L G EN E R A T O R' 900 M I-II to 2 100 M H z .. . • $650.00
HI' 6 15,0, S IG N AL GE N E RA TO R: 1.8 GH . '0 • .2 GH . . •• . . . . . . . . . . . . • • • $395 .00
1-11' 550,0, T EST OSCI LLA T OR: 10 H. to 10 MHI $ 95 .00
HI' S70 SWEEI' G EN E RA T OR : 2 GK. to. GHa . . $ 65.00
T E K 10 5 SO U AI'I E WA V E GENERAT OR : 28 HZ .O 1 MH. . $ 50 .00
TE K 11:1OA T I ME MA I'I K GE N E RA TOR . . . . . • • • . • • . . . . . . . • • . $ 19&.00
DUMON T 4 lW : S ING LE PULSE T O 100 K H a . • •. •. . .. •• . .. • • • • • • ... . • . . . . .• .••.• $ 25 .00
MLT TS -31:12 A U DIO GE NE RATOR : 20 H I ' " 200 KH . .•• . .• •. • • • • • • . . • .•• •• $ 50.00

:::~~ ~~~•.~~~~~~~M~~~: :~T';;~"":~:~~~i6R· TS~2 . . . NE·W · : : : : : : : : : : : : : : : : ~ ,~:
RUTHE RF O R D 8 ·2 '" P U LS E GEN E R A TOR : 10 H • •o100 KH a . .. • • • •• • . • • • • •• . s 45 .00
RUT H ERfOI'l Q B ·7 PU LSE GE NER...T O R ; 20 Ha to 2 ....H. • • ••.• •• • • • • • • • • . $ 50.00
RUT H ERfO I'l O 8 ·78 PU LS E G EN EI'IATO R : 20 H. 1O 2 M H . $ " .00
RUTHI:RF O I'I Q B .UPU LS E GENERA TOR : 20 H. to 2 M H o . • • • • • • • • . • • . • • .• • • . $ 50 .00
ME AS U R EM EIOl TS 2 1Q8 F M S IG N"'l GE NE I'IAT OR : 1.018- 17 . M H I •• • . . •••• • . • • • • • • $HI5.00
M EASU REME IOlTS 110 F M S IG N ... l. G ENE R"'TO " : 2 ....H. to "20 MH. •• • . • •• $225.00
M E AS U RE M I: NTS 8 OA F l,I SI GN ... L GE NE R"'TOR : 6 MH. "-410 I,l H• • • • • • • • • • • • • . • • • $ 250.00
1I0 VOEN 190 PULSE GE N E R A T OR, 2 H I 10 12 6 M H z TRANS ISTOR •• . . S2t6.00
fE RRI S 16C SI GN ...1. GE N ER A TO R , !iO K H • •o 28 ....H. • ..• ••••••... $ 60m
FE RR IS 18 ·F S SIGN "'l. GE N E R"TO R: , . I,l H. to 235 MH. • •. .••••••••. $ 25.00
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William M. Hurni W9IMS/3
Pennbrook A p ts. (l4P )
Church R o ad
Nor th Wales, PA 19454

A185 AMPERE
AC ARC WELDER

The welder , alt hough not an essentia l
it em in t he hamshack , is a welcome

addit io n to the ex perimenter's su pply of
tools. It serves such areas as tower construc
tion and general rep air. The high cost of an
adequate commercial welder and my nati ve
curiosi ty started me on this projec t which
has seen a year and several different trans
fo rmer designs pass. The present unit is the
culminat ion of my experimenta tio n. It is a
continuously variab le unit that will weld to
185 ac amperes maximum. Th e duty cycle
for this unit at maximum curre nt is about
15%, which would not satisfy the ind ustrial
user, but for th e average shop is quite
adequate . A simple du ct and fan cooling
arrangement could raise this value .

Th e ty pe of transformer I have des igned
allow s one to co ntrol the leakage of the unit ,
which in tu rn controls the max imu m
amount of curren t that can be d rawn . By
varyi ng the amount of leakage, one can
contro l the cu rrent availab le at th e welding
electro des . Most tran sfor mers are designed
to minimize leakage. This ap plicati on is an
except ion. The formula used to ca lculate th e
numb er of turns for the primary and second
ary windings is:

V/N = 4.44 B F S A x 10-8
B = flux density in gauss (flux is the number

of lines of magneti c for ce and is
dict ated to a certain degree by the
metal used in the core) .

170

F = freq uency of operation of th e transfor
mer (in this case 60 cycl es).

S = stacking fac to r (t his allow s for varnish
bet ween th e lam inati ons of the
iron core).

A = cro ss-sectional area of a core leg in
square centi meters.

V = volts applied or desired .
N = num ber of tur ns required.

After choosing th e flux de nsity at which
to operate th e transformer, considering th e
iro n used (I chose 15,000 gau ss) , th e other
terms are fixed by ex te rna l condi tio ns,
ex cept for th e . number of turns and the
cro ss-sectional area. I pick ed a cross -sec
tion al area tha t wou ld be large enough to

The com pleted wel der. Note th e on-ott switch,
fuses an d sh unt m echanism in place .
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TO WELC''< G
CAllU S

Fig. 1. Welder schematic .

Here, the U·shaped par r of the core is bein g
assem bled. Th e large bolts and p lywood base are
part of the temporary clampin g device fo r the core.
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farthe r apar t the primary and seco ndary , the
greater the leakage an d the lower the weld
ing current. Vernier curre n t control is accom
plishes! by slid ing a laminat ed iro n bar
between th e two coils and thus shunting flux
away fro m the coil on the o ther leg of t he
tran sfor mer (leg 2), see Fig. I . Flux is the
term used to describ e th e magnet ic field
which couples th e primary to the seco ndary
and thus allows t he tra nsfor mer to function .
The less flu x, the less coup ling and the lower
the weld ing current.

..... ' '<SEll f AFTEIl COOLS

f
-" ~~'

r - - -----~ - - -- --- -- - -1, ,, ,

Construct io n

The core itself is a laminated structure
made of .0 25 in . thick .25 % silico n stee l
sheet. Plain co ld roll ed steel will serve if the
silicon steel ca nno t be located. The steel is
cut in to strips as per Fig. 2. T he lamin ations
are then assembled with varnish in al ter na t
ing lay er s 1 and 2 (Fig. 2). A me tal shea r is
necessary to cut the laminations. Make sure
tha t the shea r is in good co ndition or you
may have to file burrs off ea ch and every
lamination since it is necessary to avo id
metal-to-metal contact between th e lamina
tions. If liberal amounts of varnish are used
and the laminations are reason ably free of
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give a reaso nabl e value for the number of
tu rns required . The cro ss-sec tional area that
was chosen required approximately 235
turns on the pr imary (the winding co nnected
to t he 22 0V main line ) and 79 turns on the
secondary (t he winding the welding cables
are connected to ).

To vary the leakage of weldi ng curre n t ,
there are t wo co ntrols. The range switc h,
whic h is the coa rse curren t con trol, actually
varies the proxim ity of the primary wind ing
to the seco ndary winding by a series of taps
whic h puts a greater or lesser part of t he
primary directl y over the seco nda ry and the
rest aro und the o ther leg of th e core. The
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The win ding is most easily done on a l~ th e

alth ough it can be done by hand. No te the tap wire
pro trudin g fro m th e coil . Here, paper insulation is
bein g p laced between two layers of wire.

Fig. 4. Coil orien tation pic torial. No te th e de -ec
t icn of the windings of th e various coils an d f ollow
it exac tly !

co re legs. The bobbins were assem bled with
gau ze and glue (Fig. 3 ).

About 700 ft of 12-gage co pper magnet
wire is requ ired to make the coils. It was
obtained through a loca l wire d istribu to r.
The secondary was wound first. It is a trifi lar
wind ing consisting of three str ands of 12
gage wire side by side an d wo und toget her.

Cut a piece of wood that will just fit
inside the bobbin and da mp it in a vise ; then
get a friend to help and sta rt windi ng.
Seventy-nine turns arc req uired on the
seco ndary (Fig. 4). Th is will be app ro xi
mately 6 layers of wire . Bet ween each layer
place a coup le of layers of pa per insu lation
(wrapping pa per is fine) and four Y4 x 4 x
3/32 in . plyw ood spacers on ea ch of the four
sides. Varn ish th e paper after it is wrap ped
aro und t he co il. The air spaces pro vided by
the plywood spac ers allo w fo r air cooling of
th e co ils du ring operation . Th e primary co ils
are wo und similarly , except they are mon o,

bu rrs, no problems sho uld be enco untered .
After the If-shape d part of the core is

co mpleted, it sho uld be placed between two* in . ply wood hoards an d clamped tight to
remove excess varn ish. Aft er clamp ing, t he
co re sho uld be ap proximat ely 2 '~ in . h igh.
This will require appro xima tely 109 layers
of iro n. The co re laminations may need to
be aligned afte r clam ping the first time .
Although the varnish will not complete ly
dry for over 9 mon ths, it is very di fficult to
realign th e core afte r only a few hours, so
make sure th at it is square. Th e shun t can
also be assemb led at th is t ime . T he partially
finish ed core and rem ain ing lamination can
now be put aside to cure and the co ils can be
wound. Aft er a week , the clam ps can be
removed if the co re is handled wit h a little

Fig. 3. Bo bbin . Not e: A djust the insi de dimension s
o f th e bo bbins to fit the core that you have
construc ted . The bobbin sho wn is the one for the
secon dary in which three 12-gage wires are wound
togeth er. For th e prim ary, only on e wire slo t is
required.

GAUZE

care .
Th e first job is to build th e bobbins th at

the coi ls will be wound on . They are
co nst ru ct ed out of 3/32 in. plywood , which
can be purchased a t an y hob by shopdealmg
in rad io controlled airplanes. I hav e left o u t
the exact dimensions for the bobb ins be
cause th e.y should be custom fitted to your

,
L .'2 WIRE

3 / 32 otl . "'LYWOOl) BLOCl(S
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filar wind ings co nsisti ng of one strand of
wire. One hundred and sixty turn s are
wou nd directl y over the secondary. One
hun dred and thirty turns o f primary arc
wound on the second bo bbin. A layer of
gauze is placed ove r the last layer on each
bobbin and varn ished.

In wirin g the tw o primaries together, th e
relationsh ip of the two coils in respec t to th e
direction th ey are wound and the way they
are connec te d together is crit ical, so follow
the diagram to the lett er. If by chance a
mistake is mad e, the welder will hum loudly
and heat up excessively when turned on.
When wind ing the pr imaries, obse rve the
posit ions of th e taps and place t hem as you
win d, using a 100W soldering iron and
ros in-core solder. The ends of the coils, bo th
primary and secondary , can be held sec ure ly
by faste ning the ends of the wire with string.
Tie the string ont o the end of the wire, th en
wrap th e string aro und the coil severa l times
an d tie it.

Remove the U-shaped part of th e core
from its clamps and clamp the bottom of the
core with two IVi x IVi x 1/8 x lO in.
an gle-iron pieces with holes drilled at th e
ends to accept 3 in . machine bo lts. Insert the
bolt s and tighten . Place the coils on th e legs
of the If-shaped piece and complet e assem
bly o f the core. Clamp the new assembled
portion of th e core wit h plyw ood and
C-clamps. Aft er severa l days . angle-iron
clam ps can be placed on the to p of the core
as on the bottom in place o f the Ccclamps.
The phenolic board for the range swi tc h can
be mo un ted directly on one of these angle
iron pieces.

I~'i
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Fig. 5. Sh unt clam p plat e. Not e; (1) Two plates are
required ; (2) One of the holes marked for ~ in.
h ole in one of th e pla tes is drilled with a #6 drill
and tapp ed with a !4 x 20 tap. This will ride on the
threaded ro d which , wh en turn ed, moves th e shunt
in an d out of th e core.

If the shunt has not as yet been made, it
can be done at this time. It is made ju st like
the co re. It is a stack of 3 7 /8 x 1Vi in . iron
plate s varnished toge ther; however, it is only
made 2 in . high instead of 2% in . as the core
proper. Two 3/8 in. plates , one alumi nu m
and one pheno lic, are dr illed ap pro pria tely
to clamp the shunt (Fig. 5). One of the guide
holes in the alu minu m plate is th read ed
( \1,-20) . A th read ed ro d alo ng with a support
rod on the opposite side of the shunt both
sup port and move th e shunt in and out of
th e core as the th readed ro d is tu rne d.
Minimum curre nt for a particu lar ran ge is
when the shunt is all the way inside t he core
and maximum is when th e shunt is all the
way out.

For the main switching deck , a piece -of
3/8 in . pheno lic board is used . Brass holts
are mounted in the board and serve as
binding posts. When shorti ng wires are con
nected ac ross the appropriate posts. a parti
cular current range is select ed .

Observe th e wirin g diagram . The arrange
ment of part s is not critica l but try to keep
the secondary leads as short as poss ible. The
electro de and gro und clamps as well as a face
shield can be purch ased from Sears, Roe
buck. Th e welding cables, two 12 ft lengths
of 4-gage st ran ded wire , can be purchased
from an y welding su pply house.

At this time there are t hre e of these
welders in operat ion and functioning quite
satisfacto rily .

. . .W9I MS
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WIN THE RIG OF THE MONTH!

TO NE BURST
The prize Ross & White transceiver

will include one of the excellent Ross
& White to ne burst un its . This set
no rma lly sells for S2BO with th is tone
bu rst unit built in and $240 without.
The ton e burst permits you to tu rn on
repeaters which are matched to th is
type of ent ry - lets you ope rate tone
bur st funct io ns on repeate rs - etc.

MIKE -ETC

T he Ross & White two meter FM
tra nsce iver seems to have been over
looked by many amateurs because of
its low pr ice. Ju st take a look at some
of the features of th is rig and see what
you think of it on a doll ar fo r dollar
basis as compared with the other
available rigs.

If yo u are not yet on FM this is
your golden oppor tu nity to win a
great FM rig free. J ust fol low the
instru ction s below and enter the con 
test - there is noth ing to buy - no
ob ligati on - it ' s absolutely fr ee. If
you are already on FM, t hen you can
surely use this rig as a seco nd (or a
f irst, since t he chances are t ha t it will
perform better than th e one you are
presently using) rig fo r t he ca r 
off ice - ham shack - t rips - etc. You
might even want to use it as a
shou lde r po rta ble - it is idea l for this.

12 CHANNELS
Wh ile yo u may not need this many

channels right no w in your are a (if
you live outside of the larger cities ,
the east coast and midwest), the
chances a re that you will be need ing
the m very soon, for FM is growi ng
incred ibly fast and the numbe r of
repea te rs has dou bled in just the last
yea r.

WARPING CAPACITO RS
Many of the lower priced t rans

ceivers economize by leaving ou t the
warping capacito rs on the receiver
oscillator. The result is t hat you may
well have a tou gh t ime hearing a
repea ter - or yo u will have to pay a
p remium for ex t remely accu rate
c rysta ls to make up fo r the lack of
capaci tors. It costs ext ra to put these
capacito rs in th e Ross & White - but
they are there.

FRONT SPEAK ER
Have you eve r t ried to hear a voice

coming out of a two inch speaker
which was aimed at your feet in the
ca r? By the time you turn up the
volume to whe re you can hear the
speaker over th e car noise the ctstor
t ion is so bad that you can 't under
stand what is being said. Th e spea ker
on the fr ont panel of the Ross &
White overcomes this prob lem - it is
a imed right at your ear s and you can
hear everyth ing clearly.

TE N WATTS
Most repea te rs are designed to work

with mobile rigs running ten watts
outp ut . This is exac tly what yo u get
with the Ross & White and it is
certa inly adequate. If you hunger for
mo re, th e most economical am plifiers
are those designed fo r ten watt s dr ive.
The powe r switc h on the front panel
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ROSS&WHITE
of th e rig per mits yo u to cut down to
one wa tt or even 1/1Oth watt. This
don't make much d ifference in the
car - after all, wha t is ten watts to
you r car's po wer system? But th is rig
can be used with a sma ll nicad pac k as
a sho ulde r po rta b le and in th is case
the 1/ 1Oth watt pos ition will be fine
for most use - with the one watt
available if th e tenth watt doesn't cut
the mustard - and the ten watts can
be used for short per iod s whe n you
are desperate. What other rig can do A match ing mike and mounting
thi s? brack et are inc luded with the rig.

VERY SMALL HOW TO WIN!
Mounts anywhere _ or goes under Take the entry blank from page 175

the arm for walkie-ta lkie use. One of (or even a copy of it) to your local
t he smallest 10 watt rigs ava ilable. dist ribut or and get him to init ia l it . If
LOW INTERMO D you spe nd anything durin g the visit

One of the big miseries in FM is have him ma.rk th at in -:-- and should
interfere nce from nearb y or overly yo~ b? the ~mner th at will be refund
st rong adjacent channel repeate rs. The ' ed In Its en tirety. Then ~nd t he entry
ceramic i-f filte r in the Ross & White blank to 73 so It can be In the hat fo r
virt ually overco mes this prob lem. This the next d rawing. Ex.tra .entry bl~nks
rig will perk perfec tly in a reas where are ava ilab le at the distr ibut ors fisted
other rigs are completely bom bed out . ~~~f 1:~::e~ ' No purc hase IS nee

It yo u are a n:weome~ to FM you FULL REFUND
~y not appr~ late the Impo rtane:e of When you get you r local dea ler to
this fe~ture - ,If you are an old t imer init ial you r en t ry blank yo u shou ld
you Wish you d bought one of these have him ma rk down at the same t ime
riqs .ea rl jer. the amount that you have spen t with
S-METER him du ring yo ur visit . It you r ent ry

So who needs an Smeter? Once wins you will get a check from 73
you try to get along without one on Magazine for the amount of yo ur
FM you know quick ly who needs one. pu rchases.
One way to know when you can or WHEN IS THE DRAWING
can' t get into a repeate r is to see how A drawing for th e Rig Of The
st ro ng yo u are receiving it and you Mont h will be held on the 15th of
can only do thi s wit h an Smeter. each month. All entry blanks received
When you hea r more than one re- before that date will be e ligible fo r the
peater o n a channel you can only tell prize rig.
one from th e other by signal st rength. Th e Ross & White t ransceiver draw
And with ou t the mete r how can you lng will be held fo r the following
check various ante nnas o f your own mo nth's drawing. Th e drawing for the
and others? The Smeter is very irn- Ross & White will be Decem ber
oorte nt . 15 th - Mer ry Chr istmas!
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RIG OF THE MONTH
STOP IN

AND
GETVOUR

RIG OF THE
MONTH
BLANK

HAM RADIO CENTER
Announces!

NOW : c.n your order in , and we'll p ick up the
tab for the phone call. (M ini m um order $25.00)
HOW: Place station to sta tion call. When phone
b ill is received, forward copy along with our
invoice covering o rder phoned in , .....e 'll s e nd
re fund check. DO NOT CAll COLLECT.

COMPLETE STOCKS ALL NATIONAL BRANDS
WE BUY·5EU·11tADE USED EQUIPMENT

Writ. for List

HAM RADIO CENTER, INC.
83.2 OINe 81., 51. Lours , Mo. 63132

Phon. (314) 993-6060

DEALERS:
You should be participa ting in
the Rig of the Month Con test.
Call Keith , W7DXX/ I person to
person collect at 603-924-3 873

READERS:
If yo u want to win th e Rig of th e
Month plus get all your money
back for your monthly pur
chases, you need a nearby parti
cipating dealer in the 73 Rig of
the Month Contest. If your local
dealer is not participating, write
him, threat en him, boycott him ,
bu t talk him into participating.

RIG OF THE MONTH ENTRY BLANK
Drawing - 15th of Each Month

Send the rig to (if I win):
Name Call _
Address _

City State Zip _
Participating Dealer _

Amt of Purchase $ Salesman Date _
(to be refunded )

o I am a 73 Subscriber 0 I'd like to subscribe

7 3 Magazine is giving away , absolutely free, no st rings attached, a rig each and every
month - drawing on the 15th - so send in this entry blank. Blank s like this should be available
from y our local part icipating dealer or from 73 . In addition to the rig of th e month, the amount of
yo ur purchase at y our dealer (marke d on th e entry blan k) will be refunded in full , up to a limit for
anyone month of $10,000 .
Enclose self-addressed stamped envelop e with request for additiona l entry blanks from 73 .
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'73 RIO OF TilE
BE GOOD TO YOURSELF! . ..

SC
550AGT550A

. _ Ai. _.'.0 .. _.
- - --

RF
550A

Before you buy or trade any where get our deal! All the hams at THE
HAM SHACK pledge prompt, personal service. We'll plan a package deal
on a whole station from Mike or Key to Antenna. Our trading shoes are
always on - try us. You'll be glad you did.

Bill - WB4JFK
hi-gain Power-Fu ll GALAXY transceiver.......

., _ ON' ~ •

Galaxy GT-550A transceiver. Full 550 watts, "-'>0 , 360' watts, CWo
Compact. beautiful ! Really hot receiver; on-frequency se lectable sideband,
superb AGC. 17 pounds weight! $595.00

RF-550A WATTM ET ER
AND AN T ENNA SWITCH

$75.00
SC 550A/AC400 SPEAK-
ER/SOLI D STA T E AC
SUPPLY $ 129.90

THU NDERBI RD

Model TH 3 M K3
$144.95

Ne w "Hy-Q" Traps

Up to 8 db gain
Rugged. Rel iabl e
Performance proved.

Takes Maximum
Legal Power

STOP IN FOR YOUR RIG OF THE MONTH ENTRY BLANK - FREE

STOCKING ALL MA JOR
HAM LINES'

THE

MASTER CHARGE CREDIT

AM S HACK
AMATEUR RADIO SALES AND SERVICE

2116 BEE RIDG E R D. SA RA SOTA, FLA. 33579
T EL. (8 13) 921-4602



~OlVTIISPOlVSORS ,

YOU MAY WIN THIS

from Ross and White

The 1st 2 meter
FM transceiver
with a built-in tone burst
encoder

/
12 channel capab ili ty

4 crystals installed.

~~~ .l.-'--·To~e bu rst
encoder buil t- in
with 3 tones variable
from 1600 to 2400 Hz

(THE RIG , NOT THE GAL, SORR Y FELLOWS)

STOP IN T ODA Y AN D PICK UP Y OU R RIG OF THE MONT H

ENTR Y BLA N K AT HA MTRONICS - A SK PRE SS TO SHOW

Y OU THE GREAT BARGAINS YOU WI LL FIND AT -

FM HEADQUA RT ERS

BAMTRONICS
A DIVIS ION OF TREVOSE ELECTRONICS

4033 BROWNSVI LLE ROAD, TREVOSE, PA. 19047 PHONES: (215) 357·1400/(215) 757·5300



G. W. Goodwin VE2DQ
283 27th A venue
Deux Montagnes, Quebec
Can ada

ASOLID SOLID
STATE

BREADBOARD
I f t r a n sistorized projects are yo ur

" thing" then thi s ar ticle is fo r y ou .
Many times an int eresting arti cle app ears

in your favori te radio magazine or other
pu blicat ion, but some particular t ransisto r
or specific component is no t readily avail
able .

The junk bo x, however, yields som e
th ing similar ; or perhaps yo ur friendly
su pplier can sell you some thing "just as
good," no t having exactly what you want
in stoc k.

All too freq uent ly this is th e situation
whe re we get into troub le if we make up a
prin ted circuit board an d carry on with our
substit u ted components. Upon completion,
we invariably find tha t our pet project
leaves something to be desired , if it wasn't
a complete waste of time.

End eavoring to imp rove matters , we
th en co ntinue merrily on our way unsolder
ing and substit u ting ot her condensers , resis
tors and what have you, until our project
looks in sad shape indeed. So sad in fact ,
that we could cheerfully throw the whole
thing out in to th e garbage can before the
XYL get s her soft little pinkies on it first
and does it for us.
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P.c. boards are just no t inte nded for
this sort of tre atment.

Yours truly has tried for many ye ars to
circumvent Murphy's Law which , in gen
eral , stat es tha t if "anything can go wro ng,
it will. Personally I have foun d this law to
be" as inviolable to the constru ctor as
George Simon Ohm '5.

Aft e r so me few failures of this
sort - and being of a some wha t stu bborn
disposit ion by refusing to give up ham
radio - I decided some thing better had to
be done to imp ro ve the sit uation.

What is req uired primarily is somet hing
other tha n P.C. boards until satisfied th at
the circuit, with the substitu ted comp on 
ents , is working as in ten ded.

All co mponents should be easily acces
sible to fac ilita te any changes we deem
necessary .

Once one is sa tisfied with the circuits
operatio n and no further substi tu tions or
alteration s need to be made, th en a P.C.
board can be mad e up and all the bits and
pieces transferred and transformed into the
thing of beauty it was intended to be . The
answer to this , of course, is the so-called
" bread board."
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be well worth the time an d effo rt spen t in
constru ction.

Represen tat ive dim ensions are shown in
the ac compa nying ske tches but thi s, of
co urse . is left to the discret ion of t he
ind ivid ual and his persona l requirement s
(see Fig. 3).

The board shown has a capacity of six
transist ors but obviously only one or mo re
need be used at any one tim e .

A suitable computer board . approxi
mately 8h x 3 in . stripped of any copper
which will int erfere with the operatio n of
th e assem bled board is ide al.

It is no t a requiremen t , however , an d
any piece of insula tin g material will do ,
even wood or masonite .

A series of holes are th en drilled accord
ing to Fig. 1 to acco mmodate No . 14, or
larger, solid tinned wire bu s leads which are
bent and fed in t o the approp riate holes,
leaving each. wiTe spaced ab ou t ~ in . from
the top of the boar d an d appro ximate ly
5/ 16 in. apa rt . This spacing keep s the board
clea r of all resin residu e which wou ld build
up in subsequen t use if the wires were
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The vrsron of a breadboard brought to
min d the nostalgic days of World War II
when we were privileged to see a well
known commercial receiver in the process
of development. Each resistor , by pass con
denser and all the sundry bits and pieces
that go to make up a receiver wer e indi
vid ually mounted on a piece of Bakelite
(reme m ber tha t «lo w loss" stu ff! ) with a
pair o f plugs and a pair of jacks for easy
changeability.

The whole receiver was sprea d o ut, with
little room left over , on a ben ch measur ing
about 8 x lO ft in the cen ter of a room fo r
easy access to any co mponent which th e
design eng ine ers wished to cha nge.

Well, th at is a solu tio n, bu t hard ly a
practical one for the average ham. So what
else is new?

An examination of the pro blem shows
tha t o ur circuits require 7 or more basic
co nnectio ns , namely - emitter, base, col
lec tor, input , outp ut , a common or ground
and a " hot" line from the voltage sour ce.
A couple o f neutral tie points shou ld be
add ed fo r convenience . These basic connec
tions are alway s req uired so th ey should be
made permanen t fixtu res.

Cop pe r nails, screws , o r what ha ve you
hammered in to a piece of wood have some
use, but again remembering Murphy 's Law
it will be apparent th at the component to
be changed is th e one soldered under all
th e ot hers. No t too co nvenient to say the
least . What is req uir ed is a larger soldering
area.

Also req uired is a means of h old ing
variable condensers, potentiom et er s, phone '
jacks, etc ., which is ta ken care of by the
usual panel. The pan el, however , should be
kep t as shallo w as possible to fac ilit ate
wir ing and any changing of com ponents
fro m t he fro nt rat her than keep ju ggling
the board aro und every time a change is
necessary .

There should also be room on the board
for easy mount in g of such th ings as coils,
crystals, o r tra nsformers as req uired for any
individual project.

With th e fo rego ing po int s in mind , th e
following simple but highly effect ive bre ad 
board was constru cte d and has pro ved to Fig. 2
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Fig. 3.

placed dir ectly on top of th e board. It also
facilita tes cleaning the bus wires of excess
so lder buildup when it is only necessary to
tilt th e board up, resting on it s panel and
run a ho t iron along eac h wire whe n it will
run o ff, leaving every thing nice and clear
again , rea dy for th e nex t project.

If yo u use a com puter board and have
any usable copper underneath each hole
wh~re th e ends of the bu s wires proj ect ,
you can an cho r each wire by solde ring and
snippi ng off any excess wire.

If no t , an alt ernate means, and just as
satisfactory, is to have about Y4 in. of bus
wire project through each hole and the n
bend it to ward th e outside edge of the
boar d and flush wit h th e bottom. Each end
is then given a" slight twist of about 4 5
degrees to the l~ft for all those wir es
terminating at one ed ge of the board and
to the right, or o ppo sit e direct ion , for
th ose terminating at the op posit e edge. See
Fig. 2 . .

This opposite twist ing is necessary to
preve n t th e bus wires from falling again st
each other wh en fastened t o the base,
h old in g th em rigidly in place. Don 't worry
ab out it at th is point if all th e wires are
flopping aro und in the breeze; ju st ma ke
sure th ey won' t touch each other when
mounted an d faste ned do wn on the base.

Our breadboa rd is now required for the
base and as the name implies, on e can
actually be used just as bakin g tin s can be
use d for chassis. Ho wever , any suitable
piece of lu mber on hand can be used either
finished or unfinished, painte d or un 
pain te d, depending on yo ur aesth etic ta ste.
If you are a stubbo rn ty pe and insist on
using one of the XYL's baking tin s, don't
forget to insula te th e bus bar board from it
firs t before faste ni ng the two together.

Th e fin est crysta ls you can put to wo rk tor
you co me fro m Bomar! Pre cision ground ,
highl y active q uartz . . . eac h cry sta l exceeds
FCC regu lat ions for frequen cy tolera nce by
40"10. With a Bomar crystal yo u' re r ight in
th e mid d le of the c hann el w it h cle ar er
signals and no dr ift! Long life is assur ed by
hermetic sealing wi t h ingredient Do uble-N.

AVAILABLE FOR AL L POPULAR
2-METER TRANSCE IVERS

WRITE FOR NAME OF NEARESTDEALER

,-:~,umAR
~. CRY S T ALS

~ the~"long playing" crystals
B O MAR CRY S T AL C O M P A NY

201 Blackford Ave., Middlesex, N. J. OBB46
Phone (201) 356-7787

r~H~--

~~-~~~~~
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The actual size of the base is no t
important, but it is recommended that it
be 2 or 3 in . larger arou nd each edge of
the bu s board and something abo ut 12 x 8
in. would do fine.

The bus board is then centered on to the
base with all th e bus wires in place and
fastened down with six wood screws (Fig .
3.)

A sha llow panel is now required whi ch
can be aluminum, thin plywood or what
have you, drill ed with a ser ies of 3/8 in .
mountin g holes for varia ble condensers,
po t s, etc., wh ich may be required to be
used lat er when tryi ng ou t some circuit. A
small speak er o r meter sho uld also be
con side red at thi s po int. T his is left to the
discret ion of one's ind ividual requireme nts.
The panel run s the len gth of the base and
is fas tened to the edge of th e base wit h a
coup le of wood screws.

T wo toggle switc hes are an in tegral part
of the bo ard . Th ey are mounted perman
ently on the righ t hand side of the panel
and wired as shown in Fig . 4 . S1, a DP5T ,
contro ls the on-off fu nction , and 52 , a
DPDT , switc hes or reverses the power
supply , be it battery o r variab le volta ge
pow er supply , depending upon whethe r a
PNP or NPN tra nsistor is bei ng used.

A battery snap connec ts to the on-off
switch , 5 1, fo r co nvenience in swtching to
differen t battery holders and volt ages as
req uired, for th ose not in possession of
variable volt age po wer su pplies an d who
mus t use batter ies. If batteries are used , a
suitable clamp should be incorporated to
hold the battery down . This is easily
fashioned fro m a piece of scrap aluminum,

TO VOL TAGE SUPgLY BUS WIRE J I
(A ' «:':
IB'

TO COMMON OR GROU NDBUS WIRE

Cl
Fjg . 4.

PNP
VOLTAGE

S2 REVE RSING
SWITCH

NPN

SI ON OFF
SWITCH

wire , or even an elastic band and sho uld be
mounted on the wood base or pa nel,
adjacent to th e on-off switch, 51 .

For th ose with var iable volt age power
supplies S I is probabl y not required a nd
can be connecte d to the voltage reversing
switch, 52, directl y th ro ugh a plug and jack
arrangement. It co uld even be made an
integra l par t of the board if desired .

In us ing t he boa rd any componen ts
such as co ils, tr ansfo rmers, et c ., no t pro
vide d fo r o n the panel are co nvenien tly
placed o n the base adjace n t to the bus
wires to whi ch th ey co nnect. In most cases
it will not be necessary to fasten th em
down, b ut th is can he done wit h wood
screws if required.

As for th e t ransisto rs, th ey can eithe r be
placed in soc kets and wired to the ap pro 
priate bu s wires or soldered directly on to
eac h bus wire if the leads are long enough ,
whichever one prefers.

Fixed resistors and condensers are sim
ply solde red on to each bus wire as required
wit hout fitting or cutt ing off excess lead
lengths, and no attem pt is made to have
th e circuit look pre tt y at th is po int. If we
wanted it to look pretty, we could tie a
pink ribbon in it or some thing - whatever
your favorit e co lo r. "

If a nu mb er of connections termina te at
an y on e bus wire , spread the m out rather
than have them sit one on top of the othe r
under one blob of solde r. If it is then
necessary to un so lder a component or lead ,
th e other half dozen or so won't come off
to o.

By now some pu rists are screa ming like
mad about efficiency and lo sses and mak
ing rude remarks. Don 't you believe it , or
if you do, forget it tem porarily , as we are
only int erested in getting a circuit to
percolat e prop erly at this point in the
overa ll scheme of th ings. The efficiency can
be found wit h this circ uit boa rd firs t and
th en built int o our finished project - or
can it ?

Upon refl ecti on, Murphy 's Law also
states that while the breadboard model
func tions perfec tly , the finished pro duct
won't. Oh well , at least you will have tried
befo re gett ing ou t of the game altogether.

.VE2DQ
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32S3 TRANSMITIER $938.00

75S3B RECEIVER $862 .00

KWM2 TRANSCEIVER $1248.00

R-599 SOLID STATE $349.00
RECEIVER

T-599 HYBRID $395.00
TRANSMITT ER

T-511S SSBTRANSCE IVER $415.00

uONEu SSB T RANSCEIVER $319 .00

AC/ONE POWER SUPPLY $99.00

FMP
2 METER FM $225.00TRAN SCEIV ER

R4B RECEIV ER $475.00

T4XB T RA NSMI TT ER $495.00

T R22
2-METER FM $199.95TRANSCE IVER

M L2 VHF - FM
$299.95TRANSCEIVER

73 RI G 2f THE MONTH SPONSOR
~ 0 II IS* STOP IN AND GET YOU Rr r ..S RIG OF THE MONTH BLANK

CJ HHAM HEADQUARTERS U.S.A."
And Har rison is HQ fo r eve ryt h ing else you need to co mplete th e F B station of your dreams!

FOR ALL THE BEST!

DR~

• NEW YORK CITY. VALLEY STREAM
8 BARCLAY STREE T 10 SU NRISE HWY.

N ear City H all (At Rockaway A ve .)
BArclay 7-7922 15161 872-95 65

OPEN N ITES T ILL 10 P. M .

*HERE'S WHY: TRADE.INS
• BIG. BIG SELECT ION. COMPETE NT ASSiSTANCE The WELCOMEDI ~

-INSTANT AV A I LA BI LI TY . SERV ICE. And at t Hamson Trade ' Cener needs ~ n _
HARRISON RADIO - CUSTOM ER SATI SFACTION we . vcur old gear -

IS OUR HIGHEST RECOMFv1ENDATION aric:.~ r~OU.toP 81J~:
CHARGE IT! On your Master Charge, ~ on--:the-sPot cis';';," bu y for

or Bank A'meri card ~ .
Spread payments up to two years. ..

PROMPT ORDER H rlSO I~ OROER NOWIr Or,ask for
We care fu l ly pack and ship C1 literatu re

ham gear . accesso r ies and parts •
to most any part of the wor ld. "HAM HEADQUARTERS U.S.A." ®

Addr ess your orders to :
18 SMITH ST REET FARMINGDALE. L.I.

22 65 ROUTE 110
FAR MI NGDALE, NY 11735 2 miles South

Or - Phon e your o rders to of L I E exit 4 95
(516) 293-7990 15 '6) 293-7990

OPEN N ITE5 T I L L 9 P.M.
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Jim Huffm an WA 75CB
8 26 S. 600 w.
Provo UT 8460 1

DID YOU

?•

,. .
EVER WANT YOUR
OWN COMPUTER

T h e o bje ct ive o f this ar t icle is to provid e
a ham with eno ugh infor ma tion to

allo w him to build a pr et ty nice minico m
puler. An alternative to bu ild ing yo ur own is
at least u nderstand ing what mak es the brain
mach ine lick. T his mea ns i f y ou don' t mee t
the qu alific a tio ns of a compu ter bu ilder , you
can buy yourself a good used co mputer and
understand enough of its o pe ra t ion to pu t it
to wo rk for yo u. (Hin t. d o not trade the
XY L in o n a use d comput e r - the compute r
would undoubted ly ma ke a more in telligen t
co mpanio n, bu t it wou ld have a he ck o f a
t ime wash ing yo ur socks. )

T he basic requi remen ts for being a co m
pu ter-bu ilde r are ; o f co ur se , patien ce, clean
living, a larg e sta te-of-t he-art good ie bo x,
and /or Jo ts of mon ey. You must also have an
u nd ersta nding wife and k ids beca use thi s
pro jec t will take you abo u t as lo ng as
b uild ing a good rece iver. Ser io usly, th e
amazing su pply of che ap integrated ci rcu its
availab le will keep the overa ll cost lo w, and
will save you co nsi de rab le t im e in co nst ru c
ting an d designing your co mp ut er. Anyway ,
if you wa nt to bu ild , or have t he interest to
find out the "why " of th e com puter . . .he re
we go !

Th e Basic Machine

The majo r circu its ma king u p any co m
pu ter arc sho wn in Fig. I . The five basic
circ uits are the inp u t , ou tput , arit h met ic,
sto rage and co n trol circuits. Each o ne of
these circuit s is actually mad e up o f many
smalle r su b-circui ts wh ich yo u will be co n
ce rned wit h bu ilding . The five majo r ci~cu its

wo rk toge th er to fo rm a mach ine capable o f
acc o mplis hing tasks that are d escribed fo r it

by human o pera tors . T he in pu t an d outpu t
circuits (I /O ) , pro vid e the means for da ta
signals to en te r an d lea ve th e co mpu te r. T he
arith metic c ircui t per for ms arit hmet ic o pera
t ions o n the data signals wit h in the co mpu 
te r. The sto rage circ uits ac t as the co mputer
mem ory to sto re selected data . The co n trol
circ uits con trol all th e operations wit h in th e
co mpu te r : they co ntrol wh en data is in put
and o ut put , what and where data is stored ,
what a rith metic operat io ns arc perfo rmed ,
and in general. they keep co mma n d o f t he
whole mach ine. T he five basic circuits of the
co mp u te r a re mad e up of ac tual electron ic
co mpo nen ts and ' as su ch are ca lled the
hard war e o f th e co mputer. Ult ima tely, all
the o pera t io ns in th e co mpu te r 's ha rd ware
are co ntro lled by a bu n ch of da ta signals
called " word s" th at mak e up t he co mp u te r
so ft wa re.

The so ft ware shown in Fig. I ac t ually is a
grou p o f logic 1 and lo gic G's (gro undleve ls
and vo lt age levels) that co n tro l th e computer
th ro ugh t he co ntro l cir cui t s in th e h ard ware .

Fig. 1. Typ ical co m pu ter. Thi s is the classical
configu ration comm on to all compu ters. The
"software" is actuaIly dat a (wor ds) that con trol
th e operations in the com pu ter via the con trol
circuits. A ctual circu its in the co m pu ter are the
"hard ware. "
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The so ft ware allows yo u to pro gram th e
co mp uter to carry out desired ta sks such as
calc ulat ing antenna lengt h , etc. We must
merely know how to ar range the logic 1 and
logic 0 bits in to groups so we can talk the
mach ine language. Of course, if t he compu
te r is big enough, we can build in an
in terpre te r to allow us to ta lk to t he
machine in English . (One such interpret er is
t he famo us FORTR AN CO\ l PILE R that I' m
sure you 've heard of befo re . FORT RAN
sta nds for FOR mula T RANslation; th is
mean s formulas are tra nslated to th e
machi ne language.) You will have to go to
th e tro uble of learn ing to use O U f machine's
language unless you want to write a co mp iler
fo r it after yo u' ve bu ilt it. Actually , you will
merely wr ite dow n th e words t hat perfo rm a
task in your machine and use t his as a
reference for pro gramming . (Even the pros
use a "program reference manual" to trans
late, since lan guages get mo re than just a
litt le com p lex !) Well, now that we have
so me backgroundc let 's co nside r bui ldi ng.

Major Constru ction Considerations

Ar med wit h the basics o f compute r
operat ion le t's consider so me of the facto rs
tha t will war against ou r const ru ction . Pro
bably th e majo r fac to r to consider is packag-

ing. You may not want yo ur little je wel to
take u p h alf your hamshack o r most o f yo ur
bedroom! Co nsider so me of .the litt le mon
ster s sho wn in the pho tos. Th ese co mputers
range from everyt hing fro m a job tha t is
co ntained on fou r cir cuit ca rds to a magnifi
.cen t mach ine that would co nsume my hou se
or yours ! Con sider t he app roximate size of
your proposed machine . Don ' t limit yo urself
to a 3x5x7 minibox, bu t don 't envision a
mon ster consuming four o r five 7-fo o t racks
eit her. You'll want t he machine largeenough
to be easy to service, but small enough to
move ac ross th e ro om without calling in
Allied Van Lines. Don' t buy a box and then
try to fit in the co mponents. First get a feel
for how large and how ma ny circuit cards
there will be, t hen buy a pretty box.

Speed and size o f mem o ry will become
primary considera tio ns in planning your
mach ine. Read th is whole art icle first. then
figure out how much me mo ry you want ,
wha t kind of speed to shoot for, et c. Speed
and size of storage will ha th tend to he
fac to rs in t he size of your machine. Higher
spee d generally means smalle r circuits, sho rt
er in ter connecti ng wiring, e tc. and a genera l
overall reduction in size. Larger me mory
gene rally mea ns mo re circuits an d a bigger
machine .

Collin 's Ra dio company 's Micro -Minicompu ter. The mini is used throu ghou t th is art icle as a reference
to describe com puter circuits. This m in i has a 16 bit word an d a 4096 word ins tr uc tion read onl y
memory .
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Th e Hewlett Packard Computing coun ter performs
sophis ticated an alysis and do ubles as a desk top
calculator wit h the cou n ter input servin g as one o f
the variables.

from discrete co mponen ts . Keep in mind
that , unless you have the parts o n hand,
building each flip-flop , e tc . will increase the
cos t o f the project, and using discr ete
co mpo nents will defin ite ly increase package
SIze.

Circu it Details

Now let's lo ok at the individ ual circuits
o f the co mp uter an d see if we can point o u t
an y o the r co nstruct io n pro blems. When you
begin to u nde rs ta nd ho w th e circui ts wit hin
the co mp uter fu nct ion, yo u can mo re full y
unde rst and the .overall op era tio n of t he
ma chine. First , we will give a ba sic descr ip
tion of the circ uits, t he n go in to the details.

Inp u t/Ou tp u t

The inpu t/outpu t circu its (I /O ) carr y t he
data signals to and fro m t he compute r ~nd

th e peripheral device . In mo st ham sh acks,
the perip heral will be th e shac k' s teletype
ma chine . T he in pu t/outpu t circuits mu st
pro vide buffering for th e data signals to and
from th e computer. To buffe r da ta , you
must simply sto re enough of the data to
allo w the co mp uter to take da t a whe n it is
read y . If th e data signals en tered the compu
ter before the co mpu ter need ed th e da ta , the
result would be a very co nfused co mputer
an d an even more co nfus ed opera tor .

In order to buffer. the inpu t/ou tput
circuits will have to store at leas t one
co mple te te letype cha ract er. In fact just o ne
TT Y characte r would be called a "byte"
(pronounced blt.) in computer lang uage , be
cause the byte is the lowest number of data
bits capable of storing a co mple te charac ter.
A data wo rd wou ld be a gro up of by tes just

11 1 1"1

I
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Fig. 2. Large computer, typical word. Th e compu
ter word is broken down into data " by tes " as
explained in the text. The bytes are further bro ken
into their respec tive data ·'bi ts." The "hom e brew "
compu ter is 'byte oriented" to the ex tent that
registers are B-bits (one byte, or character, lon g).

~

Th e Wan g 700A - e po werful desk top calculator
with 8,192 bits of m em ory organ ized as 120
storage registers. Programs [ or th e calcula tor are
stored on m agnetic tape cassettes.

Price would undoubtedly he a co nsidera
tion . For many of us, price may be t he first
co nsiderat ion! This co uld possibly be the
main reason you would like to build yo ur
co mp ute r instead of buying. Anyw ay, here ' s
t he scoop ; a fairly decen t used co mputer will
genera lly cost yo u abou t $10,000 . One can
buy a little minicomp ute r fro m o ne of t he
electronics companies for abou t $3,000..My
esti mate fo r the cos t o f a simple un it that
every ham sho uld have in his shack places
the price u nder $200 ! If yo u ha ve a fu ll
junkbo x or yo u wo rk for a co mpany that
off ers emp lo yee discoun ts and surplus com
pon ent sales, you can cu t t his pr ice con side r
ably. It ' s ob viou s, however, tha t you will
have to spend so me mo ney on th is p roject to
ob ta in som e specialize d parts.

Parts for the project arc read ily availab le
on the discount semi-co nduc to r market or as
afo rem en tio ned discou nt s or company stock
surplu ses. You will de finite ly have to buy
so me of the parts at regular prices unless you
wan t to ma ke th e majo r circ u its fro m
samll-scale integ rated circuits rather tha n
fro m large and med ium-scale in tegrated cir
cu its. You can fabricate any of the circuits
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For the most powerful antftnnas under the sun ••••••••••••••

NEW

Designed for the man who demands professional standards in 2
meter equipment: REPEATER LINE fixed station antennas are the 2
meter HAM's dream come true. With everything you need for top fixed
station performance .. . toughness, efficiency and the gain to gain
access to distant repeaters with ease. Work many stations. fixed or
mobile, withoutaccess to a repeater.
The right antennas for the new FM transceivers ... or any 2 meter
fixed station .
REPEATER LINE Fixed Station Antennas
Tough, high efficiency antennas with a long, low radiation. For the
top signal and reception you wan t.. . and the top performance your
transceiver's ready to deliver.
267 Standard 1/4 wave ground plan". May be precision tuned to any

discrete frequency between 108 and 450 MHz. Takes maximum
legal power. Accepts PL-259. Constructed of heavy gauge seam
less aluminum tubing.

268 For repeater use. Special stacked 4 dipole configuration. 9.5
db offset gain . 6.1 db omnidirectional gain. Heavy wall com
mercial type construction. 144 thru 174 MHz. '1.5:1 VSWR over
15 MHz bandwidth eliminates field tuning . Extreme bandwidth
great for repeater use. Center fed for best low angle radiation .
DC ground. Complete with plated steel mounting clamps.

338 Colinear ground plane. 3.4 db ga in omnidirectionally. Vert ically
polarized. 52 ohm match. Radiator of seamless aluminum tub
ing; radials of solid aluminum rod . VSWR less than 1.5:1. All
steel parts iridite treated. Accepts PL-259.

362 SJ2S4 high performance all-driven stacked array. 4 vertically
polarized dipoles. 6.2 omnidirectional gain. 52 ohm. May be
mounted on mast or roof saddle. Unique phasing and matching
harness for perfect parallel phase relationsh ip. Center fed .
Broad band response. DC ground.

340 3 element high performance beam. 9 db gain. Coaxial balun.
Special VHF Beta Match configuration. Unidirectional pattern.
VSWR 1.5:1. 52 ohm impedance. Heavy gauge aluminum tUbing
and tough aluminum rod construction .

341 8 element high performance beam . 14.5 db gain. Coaxial balun.
VHF Beta Match. Unidirectional. Boom length 14'. VSWR 1.5 :1.
52 ohm feed po int. Heavy gauge commercial type aluminum
construction.

231 15 element high performance beam. 17.8 db gain. Coaxial balun.
Beta Match. Unidirectional. Boom length 28' . VSWR 1.5:1. 52
ohm feedpoint. Extra-strength heavy wall commercial alumi
num tubing .

.
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in to the gat e whi ch clocks the register. The
TTY CONT RO L signal could be gen erated
by a circuit which detects t he depression of
a key on the TTY. The TTY TIMING signal
is one t hat occurs at TTY bit ti mes an d ea ch
bit of the TTY signal is clocked in to the
mach ine. When th e ST RF (store) signal goes
high, the co mputer's in tern al timi ng reads
ou t th e signal sto red in the byte regist er.
This signa l is route d to th e co ntro l circui ts
(F ig. I ) and th e control circuit will decid e
what to do with it , i.e. : whe t her to store t he
signal, process it in the ari thmetic cir
cuit s, or to ship it on out to the outp ut
circuits. The selectio n of wha t 's done with
the signal depends on th e program of the
"so ftware" sho wn in Fig. I .

I '~~R ~f R"" oau.
~~;::'" TC" C<:" I'\J T( R 8 ·T

;'"'""$ I ' ' ''. '''''''''-f----c
~O"T "Ol

u<:.. I~~£.~m
.. C" '.....C..A.' ' 0 "" 1><)
( Tn, ~~~H "

Fig. 3(A & B ). I/O Circ ui ts. Fig. 3A shows the
co mp u ter input circuits. Data from the TTY enters
the regist er un der TTY control. Th is data is stored
until "co mputer timing" drives it from the register
un der pr ogram con tr ol (con tr aJ CKT ena ble ).
Fig. 3B shows th e com puter output signal. This
time the compu ter en ters and stores data and th e
TTY removes the data at TTY timin g rates.

as a byte is a group o f b its . The word can be
any nu mber of bytes; in most computers a
word contains at least four bytes as sh own in
Fig. 2. In our " mini" a word will contain
o nly o ne byte.

You mu st make the I/O circuits in your
compu ter ca pab le of sto ring a data word.
Since a word and a byte are the same in this
mach ine, the word will be 8 hits lo ng. Thus
your co mpu ter can affect io nate ly be called
an "Scb it machin e." Now it is obvious that
we must devise a cir cu it t hat is capab le of
storing 8-hits of data . Th e data must load
int o th e inp ut circu it at a timin g rate
determined hy th e periph eral (ITY). and t he
data must be ta ken o ut at a timing rate
determined by the co mputer. The opposite
mu st ha ppen in the output circuit s. t hat is.
the dat a mu st load in at a computer rate and
read out to th e periphera l at a perip heral
ra te . Take J look at th e circuit shown in Fig.
3 . Th is is the inp u t circui t to a co mmercially
pro duced min icomputer alt ered somewhat
to ma ke it co mpatib le to o ur requirem en ts.

Notice how th e TT Y CONT RO L signal
cont rols t he en try of t he TTY timing signal

Arithmetic Circ uits

T he arit hmet ic circuit provides ar ithmetic
and logical operations on the dat a signals
with in the compu ter. Upon command o f t he
co ntro l cir cuit s, t he arith me tic section of th e
computer can ADD Logical OR , Exclusive
OR , o r Logican AN D any two dat a signa ls.
Some compute rs can multip ly o r d ivide
dire ctly in the arit hm etic circuits, our co m
puter will not offer th is " hardware multi
p ly /d ivide." If you want to mult iply , you'll
have to add again and again . If you want to
divide , you are going to have to learn two 's
complementing and tak e it from the re.

Th e ar ithmet ic circuit mostly consists of
simp le steering of data signals t h rough the
gates that w ill pe rfo rm the appropriate
op erat ion on the data . Figur e 4 shows the
arithmetic circuit recomme nded fo r our
compute r. It is simple, stra igh tfo rward, and
easy to tro ubleshoot. Probably the mai n
thi ng in its favor is that it is cheap ! T he
inp uts ma rke d CO NTRO L I:\PUT co me
fro m the co ntro l circui ts. These in pu ts are
ult imately co ntro lled by the program (or
soft ware ).

If you use t his circuit. you sho uld be able
to co ntain the ent ire arit hme t ic circui t on
one card. This will greatly aid you in
tro ubleshoo ting and construction. The add er
can be mo st any full add er whi ch is co m
patible with the logic yo u use. If you are
using RT L or compatible TTL yo u might t ry
the .MC7 96P fo r only a shade ove r $5.00.
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Fig. 4 . Arithmetic circuits. Th e ou tp u t of the
work able storage m em ory (a ccessible memory),
and the accumulator are combined in A ND, OR,
EXCLUSIVE OR, or ADDER. The gated data
outp uts are ch osen by th e various co ntrol inputs
from the co ntrol circui ts. Th ese con trol sign als are
generated in the co m puter program.

This is muc h cheaper than you ca n bu ild one
yo urself. Since t his particular unit is a
Dual-full adder, you will have a spare : this is
a good poli cy because it 's just like buying an
ex t ra fuse. By the way , if you wan t to
hardware SUbtrac t , you can add the
MC79 6P; two full subtr act er s (same price as
the 796). Of course , th ere are ma n y adders
and subtra cters on the mark et. Be sure to
select one t ha t is comp atible with th e ty pe
of log ic you are using, i.e. : TT L, RTL, EeL,
etc. ).

Storage Circuits

T here actually are ma ny sto rage circuit s
within the computer. Th ese circuits sto re
inst ru ction s or dat a in the comp ute r and
allo w the computer to use the data' or
inst ructions at so me later time . Your log is a
"s torage area " and stores info rma tio n re
gardin g yo ur past 050's. On e example of a
sto rage circu it is the input/outpu t circuits
alr eady me nt io ned. The da ta input (or out
put) is sto red until the co mputer (or periph
eral) is ready to use it.

Storage circuits with in the co mpute r are
usually classified to t heir degree of impor
ta nce . In reality , on e is ju st as im portan t as
th e o th er in overall operati on , but we order
th eir importance in the same way that we
co nsider the fu se less importa nt tha n the
overall tr ansmitter. Yet we know that th e
fuse can mean the difference between th e
transmi tt er operating or not.

In o ur small ma ch ine , we have three levels
of sto rage or me mory : ma in memory which
sto res the so ft ware and th e program s t hat
make the computer carry out a desired
fun ct ion ; wor kab le memory which allows
fo r semi-permanent storage o f data while an
opera tio n is performed ; and te mpo rary
memory which includes all tempora ry
sto rage such as the registers in the in put/o ut 
put circuits. Fi rst , look at so me main
memory systems and decid e on some version
to usc in our co mputer.

Main Memory

Th e main me mo ry must sto re th e compu
ter program alo ng with the soft ware (called
the opera ting sys tem) that tells the co mpu
ter when to do what thing. The simples t
main mem ory would be a shift register that
is fed from the peripheral with the program ,
and t hen stores the inst ructions until the
computer has need to read out an ins tru c
tion . Assuming yo ur co mp ute r was to h ave a

limited nu mber of inst ruc tio n wo rd s, this
shift regist er me mory would pro bab ly wo rk
rat her well. However , keep in mind t hat the
co mpu ter does th ings in very minute steps
and you will see ..that you must be able to
insert many inst ructions into t he mac hine to

Fig. S. Core-Main me mory . Thi s core m emory will
store 3 ·bit instruction words or data words. in 
str uc tion words are stored in "protec ted " areas of
co re. Worka ble areas of core will be used as
tem porary storage for progra m-selected data . These
areas of co re work as I acces sible memory. "
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perfo rm a relatively sim ple task . This would
mean ma ny shift regist ers and lo ts o f money.
Enter, t he mag netic co re memory. The
magnetic co re mem ory saves the day for u s.
Cores are cheap , reliable, and easily ob
ta ined . T hey have their pro blems though,
the cores are ex tremely sma ll and are very
sensi tive to temperat ure changes and not
no rmally as small or as fast as shift registe r
me mo ries. Cor e memo ries basically co nsist
of a matrix of magnetic co res. The cores are
add ressed by selec ting X an d Y coordinates.
Th e X and Y lines are pulsed and t he co res
selected and magnetized. Core s magnetized
in one di recti on equal a logic 1 and co res
magnetized in the o pposite direction eq ual
logic 0 .

Figure 5 sho ws a sec tion of a simple co re
memo ry. Th e curren ts in t he X and Y lines
are called th e half-select cu rren ts . T wo times
the curren t flowing in eit her the X or Y lines
is required to sa tu rate a co re. With half the
select cu rre nt in each of the X and Y lin es,
only the cores th at appear at t he inte rsect io n
o f the X and Y lines will be saturated. All
the X and Y lines feed all co re planes as
shown in Fig. 6 . A specified X and Y address
will find the int ersect ion of th e sam e core
posit ion in each plane. T he two half cu rren ts

lO~ I C 'I '

' ''~T R

...oAtl U"'O><
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INSTRUCTION REGISTER

Fig. 6 . 25 6 Bit rom (par tia l drawin g). Con trastin g
the co re me mory , the read only memory (rom)
pro vides in s tr uc tion ou tpu ts. The instruction word
is formed by the diodes. Where a diode is presen t a
logic 1 will be stored in the instruc tio n register.
No te that if you are using an instruction register
which is clam ped by it s SET in put yo u will have to
add a putse-torminq ne twor k on the SET input of
each sta ge. Also if you r register n eeds lo gic "0 " to
se t, reverse your logic . The diodes on th e 8-stage
coun ter insu re a "word 1,2,3 ,4, 5. . "coun t.
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( X and Y) will switch t he co re in each plane
to logic 1. No te t hat fo r any one X an d Y
drive line , the same position in all th ree core
planes will store logic I . The inhibit signa l
causes the selected co re to store logic O.

To read fro m the core s, the X and Y read
addresses are chosen, and a half cu rren t in
each (opposite of the write curren t ) switc hes
t he ad dressed co res in each plane to logic O.
If the co re is presen tly a logic I , t he sense
line for tha t co re plan e will feel an outp ut
pulse. If t he co re is at logic 0 , there will be
no output.

Th e read actio n causes the co re to switch
and the stored data changes . This is called a
" destru ctive read" because the sto red data is
lost. To co mpe nsa te, th e co mpu ter rewrite s
the da ta back in to th e co re , while the X and
Y addresses re main the same . Thus, co re
memories have a " write after" cy cle to keep
data from being comple tely lost.

Your pro ble m as t he bu ild er , .s to inco r
por ate the write afte r read cycle an d t he
bi-direct ional d rive curren ts to t he core . The
write after read cycle can be hard wired into
the mach ines t imi ng circuits . In tegrated cir
cuits ca n be had t hat will supply the
bi-direc tional drive curren ts fo r th e co res.

Find ing the co res is actually ea sy. On e
can obtain 14 x 16 bit core planes in a 5-plane
stack fro m Herbach and Rademan Inc ., 401
East Er ie Avenue , Philadelph ia , Pa. 19 134 .
The price fo r an IBM surplus st ack is only
$24 .9 5. On e of these litt le je wels wo uld
provide a dandy sta rt fo r yo ur co mp uter ,
and you co uld add a stack as you could afford

it.
There is one more typ e of main mem o ry

you migh t consider; the read-only mem o ry .
Th e read only mem ory can be a simp le,
diode mat rix arra nged to for m ins tru ct ion
and da ta word s when pu lsed . It would take a
lo t of diodes to wo rk (ma ximu m o f eight per
instruc tio n) . For 8-bit instru ct io ns and
about 144 instructions in all, it could take a
maximu m of 1152 diod es! Sounds bad , but
yo u can buy 1000 , I N34 's (whic h should be
OK at our slo w speeds) fo r on ly $ 19.00
fro m B-A. If you decide to go t he read-o nly
mem o ry (rom) route, you will have to wait
till yo u decide on some control circ uits
before you build the ro m. This is beca use
you pro gram the th ing when yo u build it
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and yo u' ll have to know th e capab ilities of
th e ma chine .

T he d isad vantage to the rom is that it
reads o nly. In order to change the prog ram,
you 'll have to rewire, or make an ot her rom.
The avera ge ham migh t go with the rom,
be cau se it will be cheaper in th e long run
since there are no specia l ci rcuits or two
direct ional curren ts to switc h . By build ing
several ro m's on separate cards , you could
change pro grams merely by swapping ro m's.
Later , you could add a core mem ory , or
even a solid-state jo b if you want ed. Figur e 6
shows a porti on of a typ ical rom. This will
give yo u an idea of what you 'll need an d the
contro l circuits will tell you exa ctly how to
organ ize the memory .

Workabl e Memory

My only reco mme nda tion for a workable
memo ry would be a shift register. Of course,
if you use a co re memory , you can mere ly
use portio ns of the core mem ory for work
abl e mem ory . Several shift registe rs would
be arranged to be accessed as data registers.
These regist ers would be designated "data
register 1,2 , ...etc." F igure 7 shows the
workable or "accessible" memo ry that is
used in the exa mple compu ter. Access to the
registers in the ac cessible me mory is pro 
vided by th e cont rol circuits and thus, t he
computer prog ram.

T he accessi ble me mory will be used to
store data fro m the main memory inp ut
signa ls, da ta to be output , or the combina
tion of signals from the arithm e tic circuits .
Th e register s can feed data from their o utput
back to the input to allo w us to rotate, o r
move th e data within the register by any
number of bits as select ed by the program or
to save data signals.

Temp or~ry Memo ry

The temporary me mo ry will provide tem
-po rary storage of da ta unt il t he da ta can be
transferred to o ther register s o r circuits
within t he compute r. An example of a
tem porary memory is the register in the I/O
circuits. Ano ther is the Accu mulato r Regis
ter in th e exa mple compu ter . This register
merely accumu lates dat a from ot her sources
fo r one operatio n of th e machine. Th e
accu mu lator is merely a byte-long register

an d is only show n in the block d iagram, Fig.
14 , becau se of its simplicity .

Th at is about all tha t can be said about
memory for your mach ine. It is your de
cision as to whether to u se a core memory or
rom fo r main sto rage . Keep in mind that in
the examp le computer herein , an rom is
used . Lets go now to where the circuit
hardware first mee ts the so ft ware - th e co n
t ro l circuits.

Contro l Circuits

Th e co ntrol circ uits actually make the
rest of th e computer ope rat e . This is where
the co mmands that you insert in the pro
gram are decoded and change d to en able
signa ls t ha t co ntro l o ther par ts of the com
puter . Figure 8 is a block diagra m d epict ing
the co ntrol circuits and t heir func tion. Note
that circuits within the compute r are input
and out put selecto rs that ro u te data signa ls
to and from various regist ers within the
mach ine.

Th e hub of t he control circu it s is the
instruc tio n-decoder. Instru ction inputs fro m
t he mai n memory en ter th e instruc tion
decoder and become co mmands to the com
puter.s gating circu its. The gating circuits
are : t he accu mula tor inpu t selecto r; ac
cessible memo ry input selec to r; accessib le
memo ry/accumulato r out put selec to r; ari th
metic circuit in put selector ; input and out
pu t circuits ; and the timing circ uits. All the
gating circuits are similar to the gat ing

CU.. ~ E ~ ' s~£ ..
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Fig. 7. Accessi ble mem ory . Th e acc essible memor y
provides work able storage when rom is used. It also
provi des temp orary storage if you use ma in core
m em ory. The acce ssibl e mem ory is ma de up of two
8-stage shift registers (DR l & DR2). Inp uts and
outputs to these "data registers " are parallel. The
data regis ters are selected by the program via the
control inputs. The control inp u ts route timing to
th e selec te d register.
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Fig. 9. Instruc tion decoder (sim plifie d) . Th e in 
struc tion decoder provides outpu ts which control
the co mpu ter fu nc tio ns. Th e one o f four and one
of 16 decoders may be fa bricated or m ay be
purchased as MSI circuits fro m Fairch ild.

INS TRIJC-
TION
STO RAGE
R EGIS T ER

and OR gates in o rder to achieve these logic
fun ct ions. Let's look over t he variou s cir
cuits in t he decod er and find their functions
within the mac hine. At this poin t, we will
look a t the hard ware and th e software in
such a way that you may h ave troub le t elli ng
whic h is whic h. Ju st reme mher t hat the
hard ware pert ains to the circuits doing the
decoding and. the soft ware is the word being
decoded .

Th e first two bits from t he sto rage
registe r are decod ed by a one-of-four de
coder. Th is me ans tha t the four co mbina
tions of the tw o input bits are decoded to
achieve one of four po ssible ou tpu ts at an y
one time . T hus a 0 ,0 on the input will dri ve
the ACCUM outpu t to a logic 1 (no te: yo u
will need to invert to get this fro m an fC).
This selec ts to send th e output of the
accumu lato r to so me select ed circuit in th e
compu ter. A 0 ,1 input (d ecim al I ) enables
the outpu t called DR I , this is Data Register
# 1 in th e two-regis ter accessible memo ry .
Likewise, a 1,0 (d ecimal 2) enables the
output which co ntro ls Dat a Register #2 . The
1,1 ou tput (dec imal 3) is no t used .

Th e nex t tw o bi ts of t he ins truction word
co ntrol three th ings: rotat ion of data , ro m
ou tput to accu mulato r, or data regist er end

A ' ''' ' ACc E ' 'A BLE M[ "' '''' Y

circuits in t he arit hmetic sec tio n o f the
co mp uter . Th at is, the in stru ction decode r '
supplies the enables and the gat ing circuits
do the ro uting of t he da ta (sec Fig. 10 ).

The instruc tion decoder is mad e up of
tw o major port ion s, the instruc tio n storage
register , and the decoding circui ts. Fo r clar
ity . Fig. 9 shows only a po rtion o f the
instruct ion decod er (the o t her part is in Fig.
10) . T he ins truct ion reads in fro m the main
memory and is stored in the instruction
sto rage registe r . Th e parallel out pu t of the
instruction sto rage regist er is decoded in the
inst ruction decod er. The ou tpu ts fro m th e
instruction decod er are the logic I or logic a
levels tha t control the compu ter circ uit s.

It is the input fro m th e Main Memory
(rom in the figure) th at d etermines t he
act io ns that take place in the co m pu ter. T he
arra ngement o f the logic Fs and a 's in th e
inst ruction wo rd , contro l aU circu its with in
the computer. Remember , co re or shift
registe r memo ries have t he pro gram inserte d
by the opera to r at t he same time the
mac hine is programmed. With read-only
memo ry, the program is inser ted when the
ro m is wired .

The instructi on deco der is made up of
two "one of four" and one "one of 16"
decod ers and their associated gates . The
gat es show n in the d iagram are not hard ware
gates. The gates are the logic sy mbols and
yo u will have to use combinatio ns of AND

Fig. 8. Control circuits. Th e con tro l circuits in ter
face the h uman pro gram me r and the mach ine. Th e
instruction words from the rom are programmed
by the progr ammer. These words are deco ded by
the instruction d eco der. The many outputs from
the ins truction deco der go o ut to co n tro l da ta
tolfrom registers, operations in the arithmetic
circ ui ts, da ta tolfrom periph erals, et c .
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Fig. 10. Instruction decoder. Th e instruction s (Fig. Th ese outpu ts are switch ed data sign als or control
9) cause ou tputs fr om the circui ts pictured here. signals as shown.

aro un d. The nex t four bits of the in structi on
wor d act ually co ntrol opera tio ns within the
compu ter. Fro m the block d iagram, Fig. 8,
these outputs feed the ari thmetic operations
circ ui ts, accumulato r register inputs, data
register inputs, and in put /o utput con tro l
circuits.

Figure 10 shows the remainder of the
control circuits. Primarily the rest of th e
circ uits merely gat e th e vari ou s outp ut s from
the in st ruction decoder. These circuits
sho uld easily fit on their ow n, separate
printed circuit card. Since there will be
ma ny actual data signa ls ro uted through this
card , take care to isolate each dat a signa l
with a power or ground lead on th e card if
possible. This shou ld elimi~at e many prob
lems caused by feed through of data.

Act ually, the operation of these circ uits is
.obvious by taking a close look at the logic.
For instance, the ACCUM/AM OTPUT
SELECTOR (accumulator or a ccessible
memory output selector) uses the first out
put from a one-of-four decod er to co ntro l

t he data output called DRO (d ata registe r
out). When th e control signal fro m the
dec oder is a logical , t he AND gate is en abled
and ACC UM (accu mulat or ) output data is
rou ted out to become DRO. Under the
opposite conditio n , the AND gat e is disab led
and the in verter allow s the D~O signal to be
fo rmed by the data register output.

A lit tl e explan at ion is necessary to under
stand the pur pos e of t he comparator. The
co mparator works on in pu ts from the in 
struction decod er and the timing circuits to
provide an out put that is a fu nc ti on of time.
When the instruction decoder deco des a
binary nu mber , this num ber (bet ween 0 an d
7) · is ap plied to the co mpara tor. The first
t wo bit s of the three come from the 3rd and
4th output of th e instruction storage regis
ter. The third bit comes from the one of 16
deco der an d indicates whether a bran ch or
clear instructio n is greater or less th en 4.
Note: since there is no third bit in a ro tate
co ndit io n, you can ro ta te dat a only a maxi
mum of t hree bit s per compute r operation.
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When the timing signals en ter the com
parator ma tc h the binary nu mb er on the
othe r three inpu ts, th e co mpa ra to r will ha ve
an output. This output will be used to check
a dat a bi t (branch) , change a bi t to 1 o r 0
(clear) , or move the data within the acces
sible me mory (ro tat e).

Be sure to study this part of the compu
t er carefully . These circuits are your inter
face with the mach ine . When you want the
co mpu ter to do so mething (other t han jus t
sit the re , o f co urse) yo u mu st tell it to
hap pen in the co nt ro l circuits. Thus the
co ntro l circ uits will determine the wo rd
structures that yo u use in writing a program
(and wiring the rom, if yo u go that ro u te ).

Timing

Timing fo r the computer is very impor
tant. Timing allows the computer to operate
properly by controlling th e sequence of
events that tak e place in t he co mpu ter.
Var ious timing signals mu st be provided ,
so me of which are ; wor d an d bit times, and

-cycle times. Word and bit t imes are self
ex planato ry; bit times are the fastes t, and
word times a r~ ma de up of a number of bit
tim es (8 , in this machine) . Cycle ti mes are a
little weirder , and may require so me furt her
explanation .

Your co mp ut er will operate in up to
three cycle tim es : two , norm ally , wit h a
third added if certa in cond it ions are met.
The two main' ti mes are the instruct ion read
and the inst ructio n execute cycles. Dur ing
the instru ct ion read cycle, the inst ru ct on
word reads fro m the rom and is decoded.
During the inst ru ction ex ecu te cycle, th e

General A utomation 's minicomputer with a 16 bit
word and a 4K ex pandable memory , does opere 
tions less than 1 ms.
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decod ed inst ructio n is ex ecuted , or per
fo rmed. For insta nce , the instru ction read
cycle may bring in an instructi on t hat tells
the co mputer to ADD tw o signals. The t wo
signals will th en be added in t he instruction
execute cycle.

If an instru ction is a "branch" you
generate a new timing cycle. If t he decision
to branc h is positive, the rom puts out a
lit era l word which load s into the accumu
lator. Then th e wor d is dro pped in to the
instruction address count er. Thu s the next
computer inst ruc tio n comes from t he ro m at
the place specified in the li teral "b ranc h to"
address.

In case yo u haven 't already guesse d , the
three cycles m ust be at least a word lon g. In
fact , fo r insurance , and because t his compu
ter isn 't going to b e t he fastest thing on
earth , t he cycles will be t wo wo rds long. T he
actual operations will ta ke place on the first
word and the circuits can more o r less
"set tle in " during the last word . This feature
will also aUow yo u to inc rease yo ur
mac hine's capac ity to a 16-bit word some
time wit h littl e modification to the ti ming
circ uits.

You'li have to be fairly careful in laying
out the timing circu its. You should come
out all right if you reme mb er to fo llow t he
rules on IC spec sheet s, such as ty ing all
un used ] and K's to logic I . Board layout
wo n 't really be criti cal un less you decide to
make your machine ru n at h igh freq uencies.
Try 100 kHz b~s i c oscilla tor fre quency. Do
decoup le t he pow er leads into th e card and
tie the m to the front of your power bu s.
T hese measu res will help keep the ti mi ng on

The IBM 360/1 95 - the largest compu ter in IBM's
line. This mach in e can proce ss an in struct ion in
only 54 n anoseconds.
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Fig. 11. Timing circui ts. Th ese circuits provide
timing to th e various compu ter circ ui ts at the
proper sequ en ce. When the comma nd is a con -

the timing card on ly , exce pt whe re yo u ru n
a wire out.

The circu its sho wn in fig. 1 1 ar e ba sed
on o peratio nal circ uits. St ick clo sely t o the
recomme nded logic and yo u should have
your ti ming ci rcuit s work ing a lot faster. If
you have goo d workin g timing circuit s , you
will ha ve yo ur co mp u ter up and ru nn ing in a
lot shorter t ime.

Rough ly what's goi ng on in Fig. 11 is that
timing is genera te d hy t he 100 kHz oscillat o r
and d ivid ed by the freq ue ncy divide rs, d own

ditioned branch , and the condition is positive FF-A
form s a new timing cycle (see tex t ).

to wo rd length . The wo rd lengt h outputs are
gates to fo rm the cycle signals. The t iming
diagram in Fig. I I explains the o pe ra tion of
the circuits o verall.

The a -stage d ivider ou t pu t signals are
applied to t he co mpa ra to r in the co n trol
circ uits to provid e a time variab le signal.
T hese signa ls are also used in combinat ion
with th e '2-stage co un ter o u tpu ts to provide
th e cycle t iming in te rva ls. No tice that if the
rese t o utpu t is no t in hib ite d a t t he inpu t , it
resets the 2-st age coun ter af te r the ins tru c-
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Construction Pro blems

Wish th ere would be no con str uc tio n
proble ms . But for any project o f this siz e,
you will have some deve lopmenta l pro blems.

Sof tware Mee ts Hardware

Figure 14 is a block diagram o f the
co mpl e te d co mpu ter. You will us e this b lock
d iagram when y ou progra m the computer to
keep track of the da ta float ing a ro und in the
ma chine. The machine in Fig. 14 uses ·an
rom, bu t keep in mind that yo u may use
core . If you use co re , it wi ll co nn ed in place
o f th e rom.

No tice h ow .th e accu mu la to r register is
sho wn . T he accumu Iat orhas 8-o utpu ts that
parallel feed th e instruction add ress counter.
This is to enable th e "branch to " address to
load fro m the ac cumula to r du ring th e th ird
operation cycl e. Also note the inputs that
feed the ac cumulator and accessible memory
input selectors. Don 't forget to send com
mands from t he con tro l c ircui ts to th e
appropriate selecto rs.

To find out how the mach ine works as a
comp lete u nit, j ust re fe r to Fig. 13 an d
follow along in F ig. 14 . T he ex planat io n in
fig. 13 should suffice as an ex planation o f
the compu te r's op era tion.

I NPUT / c=l
OUT PUT L:.:J

Fig. 12. Flowcharting sym bols. The programmer
uses th ese symbols to draw a schematic diagram of
the task s to be done to accomplish an end task.
This "schema tic " is then used as his reference to
complete the programming.

Called a subroutine because it performs a
comp lete function wi thin it sel f. The sub 

ro u tine shown scans the in pu t circu its again
and again to see if a da ta wo rd has been
entered fro m the TT Y. T h e figure is co m
pletely se lf-explanato ry .

OF F PAGE

CON NE CTOR ------v~
DEC I SION

CONN ECTO R ----0

E:J
,----,

tion execute cycle . A branc h command
cuases flip -flop A to in hib it the reset and
thus a 3rd timing cycle begins.

Also during the bra n ch comma nd , the
IACLP (inst ru ction ad dr ess counter lo ad
pu lse) is gen erated. This signal lo ad s the
o utput o f t h e acc umula tor in to t he in st ru c
t ion address counter if the branc h d ecision is
posit ive. Thus because of the action of
flip-flop B, th e computer will " sk ip" as
ma ny steps in the program as was deter
mi ne d nec essary b y t he programmer.

The IACTP is the ins tructi on add ress
counter ti mi ng pulse and it occurs -just
before the instruction execute cycle so t he
next instruction will re ad from the ne xt
memo ry position. The pul se was placed here
so t hat if th e in st ru ct ion word said the next
word was a literal to be placed so mewh ere in
memory, the word could re ad in during the
instruc tion execut ion .

Softwar e and Programming

Software and programming fo r this co m
put er go hand in hand since you are th e
builder. Th e software contro ls the compu
ter s ove rall operation . Th e program controls
the computer in a specific prob lem solv ing
task . The differences between so ft w are and
progr am are a little confusing, since th e
" whol e works" of instruction words and all
are ca lled t he compu te r's software .

By now you sho uld have a pretty go od
idea o f how to program your computer. If
yo u haven 't , refer to the section on the
control circuits again an d yo u will. To
program the computer, yo u must know the
task you need to perform, the n you mu st
gen era te the instruct ions that will accomp
lish this task .

Symbols have b een designed to a id you in
programming. These symbols a re arranged to
form a flow chart , or step-by-step picture of
t he computer 's operation. Differen t flow
cha rt symbols represe n t differe n t fu n ct io ns
just as dif feren t schemat ic sy mbols rep resen t
diff erent co mponents . Some b asic flow cha rt
symbols are shown in Fi g. 12 .

F igu re 13 shows th e flow ch art symbols
arranged to fo rm a progra m . The chart
shown is o nly part o f a pro gram, or rou tine
that is used to contro l eq uip ment from a
TTY. This port io n of th e co mplete rou t ine is
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[AC
COUNT

FLOW
CHART

PROCESSI NG
CONTI NU ES

Fi g. 13. D etail ed program. This is the first part of a
routine designed to control some equipmen t on

=STA RT STOP X X X X X
BAU D BAU D

We are mo ving data in to the
aec um and sending it right
back into DR 2 to have it in
both places .

Thi s command causes da ta to
read in from the 1/0 circuits.
Note that there may be no
data if none was entered .

The lit eral.

If no sto p baud, th e literal
loads into th e lAC and the
program jumps to the begin
n ing and th e process star ts
again .

This command will Exclusi ve
Or th e DR 1 and Accumula
tor signa ls, thus pro viding an
inverted data o ut put.

=STOP X X X X X START
BA UD BAU D

Is;

This co mma nd will put the
next instruction (a literal) in
DR 1.

Inverted , rotated data is lead 
ed int o the acc um in prepar
at ion for ne xt step in pro 
gram .

Data is checked for a ' 'T'' at
bit 5. This means th at there
was no sto p baud .

Th e inverted data from th e
arith section is in accumula
tor and we want to mo ve it

.ro DR 1.

N~w the data in DR 1 is
moved ahead two bits.
Was:

01101101

01101000

01101001

10010111

11111111

101011 10

01010000

011001 11

YOUR PRO GR AM If t here was a stop baud yo ur
CONT INUES program will determine what

it is.
com mand of the TT Y . This particular "su b
ro utine" merely lo ok s for th e pre sen ce of any data
mpu t.

11000100

00000001
CH

( COMPUTER
" ON" ,.

•
L OAD [/ 0 TO
DR2

~
LO AD LiTER-
AL TO DR[
(A L L ['5)

1
LO AD DR2 TO
AC CUMUL-
ATOR

~
XOR DR[ a
ACCU MUL -
ATOR

L
L OAD DR[
W[T H AC C-
UMULATOR

~
ROTATE DR[
2 ·B[TS

~
DR [ TO ACC-
UMULATOR
LOAD

B[T5 YES
LOG[C [

BR AN?
TO (I)

NO

V ~ ~J

5

o

6

2
3

4

8

7

[2

9
[0
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For the most powerful antennas under the sun • • • • • • • • • • • • •

Go all the way into

ill
There's nothing half-way about the new Hy-Gain REPEATER LINE.
Designed for the man who demands professional standards in 2
meter mobi le equipment, the REPEATER LINE is the 2 meter HAM's
dream come true. It's got everything you need for top performance ...
toug hness, efficiency and the muscle to gain access to distant re
peaters with ease. Reaches more stations, fi xed or mobile, direct,
without a repeater.
The rig ht antennas for the new FM transceivers .. .or any 2 meter
mobile rig.
Rugged, high riding mobiles . Ready to go where you go, take what
you dish out .. .and deliver every bit of performance your rig is ca
pable of.
261 Commercial duty 1/4 wave, claw mounted roof top whip. Pre

cision tunable to any discrete frequency 108 thru 470 MHz. Com
plete with 18' of coax and connector. 17-7 ph, sta inless stee l whip.

260 Same as above. Fu rnished without coax.
262 Rugged, magnetic mount whip. 108 thru 470 MHz. Great for

temporary or semi -permanent no- hole installation. Holds secure
to 100 mph. Complete with coax and connector. Base matching
co il for 52 ohm match. 17-7 ph sta inless stee l whip .

263 Special no-hole trunk lip mou nt. 3 db gain. 130 thru 174 MHz.
5/8 wave . Complete with 16' coax. Operates at DC ground. Base
matching coil for 52 ohm match. 17-7 ph stainless steel whip.

264 High efficiency, vertically po larized omnidirectional roof top
wh ip. 3 db gain. Perfect 52 ohm match provided by base match
ing coil wi th DC ground. Coa x and connector furnished.

265 Special magnetic mount. 3 db gain. Performance equal to per
manent mounts . Holds at 90 mph plus. 12' of coax and con
nector. Base matching coil for 52 ohm match. 17-7 ph stainless
steel whip. DC ground.

269 Rugged, durable, continuous ly loaded flexib le VHF antenna for
portab les and wa lkie ta lk ies. Complete ly insulated with special
viny l coating . Bends at all angles without breaking or cracking
fin ish. Cannot be accidentally shorted out. Furnished with 5/16
32 base. Fits Motorola HT; Johnson ; RCA Personalfone; Federal
Sign & Signal ; and certain KAAR, Aerotron, Comco and Repco
units.
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2 meter mobile! with

W.from

269

260 261 262 263 264 265

1,,;

•

Top performance for 2 meter mobiles
THE REPEATER LINE

from
NY-GAIN ElECTRONICS CORPORATION

BOX 5407-WH LI NCOLN, NEBRASKA 68505

WRITE FOR DETAILS
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Fig. 14. Minicomputer block diagram . Mix up all
ingredien ts in rhemanner shown and y ou have a
com plete minicomputer ! All the ac tion begins
when the timing circ uit s s tart the cou nt in the

Even if you foll ow a tr ied and teste d design
verbatim. Power supply may end up being
the most ser io us pro blem for you . Use a rule
o f thumb - overrat e . Use a supply twice as
large as ne cessary. And be sure to use
power buses. Don ' t forget to use a co mmon
power ground also . T his will eliminate many
te ars and much swearing!

You may w ish to bread boa rd each o f the
circ uits before you print a circuit. It has
been my exper ien ce t hat the breadb oard and
th e final version never work the same. I
recommend th at you de sign car efully , re
check, check again after a co uple of days,
then prin t the circuit. Build t he fina l version
firs t!
Interface Problems

Certainly , yo u wo n't be ab le to interface
any or all peripherals with ease . Just choose
one type of peri pheral and t hen design for it.
You will ha ve to bri ng in perip he ral bit
timing to the compu ter (band ra te timing in
a TTY). You will have to figu re ou t how to
in terface the periph eral yo u choose. A de
scrip tio n of periphera ls and how to interface
them would be eno ugh for a complete article
by itse lf.

Now What ?

You've go t the comp uter, o r you've got
the knowledge th at yo u wan ted about how
compu ters function . Now wha t can you do
with this knowled ge , or the mach ine?

200

instru c tion address coun ter . Instruction number 1
teI1s the computer wha t to do next via th e control
circuits. The instruction will be whatever you
program in to the compu ter.

First o f all, with the knowledge, you can
read a few good books an d ar ti cles and
und erstand enough of what they are saying
to learn mo re. Sinc e you kn ow what basic
machine langu age programming is like, you
may want to go on and learn a highe r level
langu age or compiler . Finally , you can keep
yo ur eye s open fo r a good used compu ter
and this art icle' will provide excellen t re
fere nce to aid yo u in program ming and
troublesh oo ting. (Incidentally , a fri end of
mine picked up a fine used co mpu ter for
$3 0 00 ! Don 't scoff ; he used it in his own
little bookkeeping service business an d has
paid for it , and bought another .) There is a
used co mputer dealer called " The Computer
Exchange " which co uld su pp ly you with
price data on a used machine. The Compu ter
Excha nge Inc., 30 East 4 2nd Street , New
Yor k, NY 10017, phon e 2 12-66 1-58 70.

If yo u build your own machine, you can
do anything your imagination will allo w (the
co ntrol cir cu it s will hav e so met h ing to say
about th is too .) There is, of course , a poin t
to wha t a co mpu ter can do . It can 't repl ace
yo ur wife , beca use it co uldn' t cha nge a
baby's diaper . ( Never over look the possi
bility that you migh t fabri cat e a computer
ized robot that co uld darn soc ks or som e
thing.) The co mp ut er is not a n «all so lver"
for th e world 's and yo ur problems , but it
migh t make a good sized dent if you're
willing to try !
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The "77" shipped prepaid via Air Freight to nearest air terminal - any
where in the wottd.

The "77" is t h e f inest Amplifier of it s type ever offered fo r Amate u r.
Commercial, and Milita ry Service. It is rated at 3000 watts PEP continuous duty
for Commercial and Military Service. Its a cool , quiet loafer at 2000 watts PEP .

Phone ~six days
16151 384-5573

~=. ~"Ik

SPECIAL INTRODUCTORY OFFER

PAYNE RADIO
Box 525

Springfield, Tenn. 37172

Payne Radio Presents the Incomparable

AlLLPHAl 7171 by ElD

~j;J ;~:, ~ @.

fl.'.•'

If you want to move up to the finest, the "77", phone/write Don
Payne, K4ID, for a brochure, Alpha 77 operating experience, and a top
trade-in on any gear you have ~ one piece - or the whole station.
Exports are our specialty.
Manufactured by Ehrhorn Techno logica l Operations l nc., Brooksvi lle, F la . 33512

O N e w Eimac 8877/3CX1500A7 air-coo led_wounded -grid t r iode 0 4 0 0 0 vo lts
on plate 0 1 5 0 0 watts p late dlssjpatto n U 1 5 0 a watts co ntin uous-d uty trans
former - tape-wound core of gra in -oriented stee l - cuts size and weig h t by
40% 0 Vacuum-variable t u n i n g capacitor 025 m fd oi l -filled f ilter capaci
tor OVacuum relays that don't " cl a n k " - for u ltra-quiet, instant T/R switch 
ing 06000 vo tt-z O Amp bandswitc h D Battleship const ructio n - 'Au Alu 
mi num sides o E lectrical and mechanical safety interlocks DComplete meter
ing by two 3 %" t a u t -b an d quality meters - includi!!9 0-5000 RF wattmeter - fo r
ward and reverse DALC-adjustab le threshold U 120/140 volts 50/60 Hz. 3
wire , single-phase DMIL-SP EC BLOWER - centrifugal, ball-beari ng, low-speed,
u lt ra-quiet - thermostatically contro lled 0 Grid over-current relay " k ic k s-o u t "
w hen ·u nderloaded or cverd rtven. Protects tube and input circuit . A warni ng
before "flat-topping" occu rs . 0 Desk -Top Cabinet - comp letely se lf-con 
tained D9y, x 1 7 x 18 inches - 70 Ibs. net - 90 Ib s. shippi ng D It's p erfection
fo r $1795 - Availab le for im m edia t e delivery.

~==.

~
~
~
~
~
~
~
~

~
~ ",..:;::;-II 16151 384-5643

i<="C~~"



J . E. Kasser G3ZCZ/W8
1715 Winsted
A nn Arbor MI 48 103

THE MINIMOD

de feedb ack pair has a
of about SOV so th ese

second
voltage

feedback pair. These have very high gains,
so tha t the firs t one (an emitt er fo llower)
presen ts a high inp ut im pedance. The high
impedances in the input mat ch the crys tal
mik e used to genera te the audio. Th e
second transistor is a common-emitt er am
plifie r di rectl y coupled to t he firs t tran
sistor. Bias fo r t he first transistor is ob
tain ed from it s collec to r through a high
value resisto r.

The aud io is capacitive ly co upled to the
gain control and on to the second dc
feedback pair . This seco nd de feedback
pair consists of a common-emitt er ampli
fier wi th negat ive feed back 'followed by a
phase splitter. From th e phase splitter the
audio is passe d to th e grids of a conven 
tional push-pull tub e outp ut sta ge.

Supply voltages are obta ined fro m th e
main B+ line, with resisto rs used to d rop
the B+ to a suit ab le value for the tr an sis
tors,

Th e
su p ply

T he Minimod is a hybrid mo du lato r fo r
a low-power VIIF transmitter of the

typ e using a 3630 in the final. Since there
is a B+ lin e presen t in t he t ransmi tt er , the
bac k end of the modulato r has tub es, while
the fron t en d is transistorized to save on
po wer consum ption and cut down on heat
dissipation.

Th e 2m rig used co nsists o f a t wo-tube
excite r and a 6360 running 12W input,
modulated by the minimod. Th e whole rig
is buil t into a b ox 83.4x5x5 in.

Circui t Description

The mike is coupled to the first tran 
sistor through a blo cking circuit . The ca
pacit or acro ss the in put socket shorts out
any rf that tri es to get into the modulator
through the in put socke t. Th e co upling
capacitor blocks the de, and th e serie s
resistor ac ts as a choke to any rf that may
get past the de couplin g capaci tor and as an
im ped ance in series with the transistor.

Th e first two transist ors form a d e ..",
39K "K
,W

;J;12/1f

4 .71< MCX>ULATlON
XFMR

6BQ~ ' .

"EL6 4 '.

'OK'0
"

IOWh-tf)~
" GAIN

8.2M

l!i O K

.0 0 1

.0 47 /1F

Fig. I , Minim od schematic.
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Edward "Corky" Gedney

Licensed 1938

December, 1903
July, 1972

HATRY ELECTRONICS
Hartford, Connecticut

S4.50
4.50
2.50

150
4 lor 5.00

2.50
160

4 for 5.00

oTVrmJlf1j F BOB
WHAN & SO N

ELECTRO NICS. INC.

2400 Crvstal Dr.
Fort Myers

Florida 33901
(813) 936-2397

Send 10C for new
cata log with

oscillat or circuits
and list s of
thousands of
frequencies in

stock.

CRYSTAL BARGAINS

~

SPECIALS! CRYSTALS FOR:
Frequency Standa rds

100 K H ~ ( HC 13 : U ~
1000 KH· (HCij .'U)

Almost All CB Sets. Trans or Rec.
rCB Synt hesizer Cry stal on request!

Ally Amateur Band in FT·243
(Except 80 meters)

80 Meter RaoQ e in FT-243
Color TV 3579.545 KH- (w ir e leads)

IN MEMORIUM

WIKXM·

For first class nJd il add 15C per
crystal l or airmail add 20C ea

D epend on . . .
We su pply c rystals from
16 KHz to 100 MHz.
Over 6 milli on cr ystal s
in stock.

SPECIAL!
C ry st al s f o r m o st
ama te ur z -Mete r F.M.
Tr ansceivers:

$3 .75 ea.
Inq uire about quanti ty
p rices. Order dir ect .
Send check o r money
order.

. . .G3 ZCZ /W8

transisto rs must have a high co llec to r
breakdown voltage .
Construction

The main chassis ha s to be drilled to
mount the tube base s and modulation
tran sformer or a subcha ssis can be mount
ed in : a suit able place . The transistor
circuitry is built on a piece of lam inate
board. It s co nst ru ction is no t critical as
lon g as care is ta ken to avo id picking up rf.
Th e lead s to the input socket an d gain
control are made up of shielded cab le
gro un ded at one end.

The ca pacitor at the input to the second
de feedback pair is t o decouple an y rf
picke d up on the lead s to the gain co ntrol.

In the prototypes, the B+ was 28 0V, the
phase split ter had a supply of SOY, and the
front end 10 V. Alt ho ugh the de feed ba ck
pair is very tolerant with respect to sup ply
voltage variatio ns , should the B+ be much
higher than 300V , the value of the first
dropping resistor will have to be changed .
The new value can be calculated using
Oh m' s Law.

The transistors use d in th e fir st dc
feedback pair ar e a pair of 2N2 92 6Gs. The
second dc feedback pair uses transist ors
designed as Nix ie drivers. Any ty pe will do
provide d th at their collector breakdown
volt age is of the or der of at least 80V.

By using de feedback pairs, t he cir cui t
compensates it self for any change o f tran
sistor paramete rs, allo wing type substitu 
tio ns t o b e made.

The modulat ion transfo rm er has to
match into th e fina l. Th e ma tch is fairly
critical; t herefo re , for best result s choose a
transformer that matches th e fina l, al
though any old tra nsfo rmer will give some
results.
Results

I have had consta n t report s of good
modulation depth , an d good soun d , whil e
using t he minimod in my subminiature 2m
rig. No particular shielding ha s been built
around it and it does no t seem to suffer
fro m rf breakthrough.

I would lik e to tha nk G8 BEH for his
help in develo ping the mini mod , an d fo r
his patience in the t esting.
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WESTERN UNION DESK FAX
PUT ON THE AIR - OR - BACK T O BACK

PRICED TO SELL

$7.95 ea.
COOLIN G FAN, 4 pole 110V . 60 eye.,
Motor,4 bladed n ylon fan. 50 CFM 2 %"W. x
3"H . x 2'4"0. . $2.25 each

E L ECT R O L Y T I C CAPACITORS
4000 M F D at 15V • . . . _ 7 Si 10,$6.00
1000 MFD a t 15V 2St 10/$2.00

50 MFD at 1 5V .. • . . . . . . 20t 10/$1.50

Miniature reed switch, glass enclosure 3 /4"
long . . . . . . . . . . . . . . .. . • 25i ea. 10/$ 2.00

88 MH Toroids, potted 10/$3.00

lAC Trimpots #RT22 C 2 1 K -5K-l0K-20K
3/$1 .00

Pots, m iniature 1/S" shaft 5K ..... 3 /$1.00
Knobs for 1/8" shaft, brass inserts . 5/ $1.00

1000 PIV 1 amp D iodes 10/$2 .95
Molex I.e. T e rm in als, 120 per Ft.

$1 .00 per foot

Nixie Tube type Burroughs NL940
$2.95 ea. 10/$27.50

R & R ELECTRONICS
311 EAST SOUTH ST.
INDIANAPOLIS, IND.
46225

$5.00 rninimu m order
Please add sufficient postage.
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2/$12.95

RADIORECEIVERS R-257{U
BACK WITH AN EVEN BETTER SUPPLY
R & R has the Motorola Plug In's we sold
out of la s t year and more.

We no w have the popular LOW BAND 25·50
Me equipment. ' Unit comes with these
plug·ins:

• 1st IF & 2nd Mixer

• RF & 1st Mixer
• Oscillator-Doubler unit.Amplifier

• 2nd IF & Discriminator

• Audio Squelch

• Filter Unit

SCHEMATIC Diagrams for all units supplied

COMPLETE SET $9.95
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UPDATE YOUR
Murray Ronald VE4RE
Box 974
Brandon , Manitoba
Canad a

HEATH HR-10

A mong new amateu rs the Heathk it
HR-IO receiver is a very po pular

receiver. However althou gh it does a good
job on AM signals, it s pe rformance on CW
and SSB leaves some margin fo r improve
men t. One of the pr ob lems is the lack of
ave actio n whe n copyi ng CW or SSB
signals. Also the lack of regulated voltage
on th e local oscilla to r-mixer and bfo t ubes
result s in some instability on the high
band s. The modifi cations which fo llow
correct th ese pro blems to such a degree
that it will no t seem like the same receiver.
The addit io n of th e audio-derived ave
brings abo ut the most sta rtling improve
ment. With the rf gain fully on, co py is
exce llent on CW and very good on SSB
excep t on very st ro ng signals - all this wit h
the existing detection system, too!

The modifications are not difficult or
cost ly to make. With a little diligence the
parts can be purchased for $10 or less. The
changes can be easily incorporated when
th e kit is assemble d. In fact , a new kit with
these modifications repr esents real perfor
ma nce fo r your mon ey .

Power Sup ply Modificati on s

Modifications to the power supply con
sist of installing silico n dio des in place of
the 6X4 rec ti fier and adding an GA2
regulator tube. Removal of the 6X4 leaves
a tub e soc ket for the OA2 and allows
additio n of the l 2AT7 ave amp lifie r wit h
out un due load on th e filament trans
former. A few directi ons follow :

I . Remove V7 and unso lder t he red
transformer lead s from pin s I an d 6. Th e
connections to pins 3 and 4 are left in
place. Remove the lea d to pin 7.

2. Inst all a t erm inal strip fo r the diod es

an d 82n surge resis tors. Complete the OA2
wiring.

3. Clip th e t wo red leads carry ing B+ to
the junction of R 13 and R41 at th e.
single-lug termi nal st rip near V2. Solder the
tw o re d wires tog eth er and ta pe. Route a
lead fo r the regulated volta ge along the rear
of the chassis and solder to the vaca ted lug
on th e terminal strip referred to above.

4 . Run regulat ed voltage to t he bfo
swit ch to supply V4B All o ther st ages
remain unregulate d.

Chec ks: B+ voltage s will rea d 15 to 20V
higher than before modificat ion. A YOM
inserted in series with the 3300n dropping
resistor should read approximately 20 rnA
for proper regulation .

Audio ave Installation

The existing ave sys te m is discard ed
except for the ave bus wiring and the ave
on-of f switc h. Notice tha t the 6BA6 i-f
amp lifier is modified so that avc can be
applied to a third stage. Alm ost any smaIl
signal diode can be substit uted for th e
IN34A and eit her a 12AT7 or 12AU7 will
work as an amplifier. Follow the hints
below .

I . Remove the fuse block T and ins tall
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Schematic showing all wiring changes.
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it vertic ally on the rear chassis ap ron
between th e speake r jac k and line cord .

2. Install a 9-pin socket between the
power transformer and V3. Refer to ac
companying photo.

3 . Run a shielded lead from the l 2AT7
grid to the af gain control. The shield
connec ts to lug 1, th e center conductor to
lug 3.

4 . Ground R2 1 at V4 A. This prevents
pinning of the S meter whe n the rf gain is
turned do wn. Modify th e 6BA6 i-f sta ge.
Install 47 K resist ors in place o f R3 and
R1 9.

Checks: Wit h the rf gain fully on ,. the
negative ave voltage should read approxi-

,~ •

mat ely 1V wit h no signal and 6 - 7V on
very strong signa ls. Voltage measurements
on the ave line must be made wit h a
VTVM.

Lf Bandpass Changes

Changes to the secondaries of TI an d
T2 will alter the i-f bandpass to give a
sharper response . TI an d T2 should be
retuned sligh tly af t er making t hese modi fi
cations. With antenna disconne cte d and the
gains tu rn ed up, adjust the slugs for maxi
mum noise while keeping the «hiss" at it s
lowest pitch . Alt ernatively . peak T 2 as
above an d then adju st T I whil e listening to
a weak er SSB signal. Tu ne fo r maximum
strength and best soun ding signal.

I have made these modificati ons to
severa l HR- IO receivers, and in all cases the
owners were well satis fied with the results .
Readers might refer t o some earlier article s
fo r backgrou nd in formation.1 2

. . .VE4RE

References
1M . B. Cro wley, EI 4R , " Controlle d A udio AVe
Sy stem, " 73 Magazin e, A pr il 1966, p . 84.
2 W• Montague~VE3FYL, "Heath HR-I O Modifi
cati ons, " 73 Magazine, July 196 7, p. 86.
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Leslie C. Mau rer, Jr . V160 S A
20 9 N ob H ill Way
Los Gatos 95030

10M SOLID STATE

T he basic design for t his 28 MHz, one
watt , so lid state transmitter , was de

velo ped on 50 MHz. By the time I had it
wo rking, the band had gon e dead . So I
shift ed it to 28 Mllz. With a few min or
changes, it will work o n either band , usin g
the same tra nsisto rs and suit abl e ind uc
tances .

There are three unconventional features
about th e design, one being th e neu tralized
bu ffer sta ge, be cause o n 50 MHz I fou nd it
necessary to neu tralize both buffer and final.
The neu tralization is not to preven t self
oscillation as one migh t th ink. What it does
do is to greatl y improve the mo dulat ion
charact erist ics . On 50 MHz it also cleaned up
some T VI that app eared during mod u lation
pea ks.

Ano ther unusual fea tur e is th e final tan k
circ ui t. It is really a pair of t ank circuits in
paralleL Th e exact configurat ion was arr ived
at by trial and erro r. However, since any
change t hat I make in it seems to cause th e
ou tput to d ro p, the logical thing is to leave it
the way it is.

I normally ru n th e tr ansmitter fro m the
cigar ligh ter in my Volvo. The car battery
voltage is 12.4V with a negat ive gro und . At
this volta ge the final draws .060A for a de
input of 750 mW. T he in put can be raised to
IW by inser ting an extra 1.5V dry cell in
series with the 12.4 V to th e modulati on
transformer secondary . The re is so little
differe nce at th e receiving end that I seldo m
bother to do it.

The audio sec tion is a 12V, I W comme r-

cial am plifier obtaine d fro m Radio Shack for
S5.95 . At that price , it's hard ly wo rth whi le
to build yo ur ow n. The only tro uble wit h
this one - and most low-priced aud io am pli
fiers - is t ha t it has a positive gro und. Be
careful wha t you do with th e microph one
shield ground and the volum e contro l
gro und . Naturally yo u will insulat e the
amp lifier printed circuit board from the
metal box in which it resides . Don' t do what
I did , and ha rd wire the volu me cont rol to
bo th the ampli fierground a nd the alu minum
box at the same tim e. All it d id was to wipe
out a half-inch section of prin te d circuit
trace leading to th e power switch . Fo rt u
nat ely th is was easily replace d .

There is always a proble m in locating a
suit able mo dulati on transformer for the
higher po wered so lid state transmitt ers . That
is the reason for t he IW out put transfo rm er
wired back to ba ck with the outpu t transfo r
mer of the regular am plifier. This syste m is
no t 100% eff icien t, bu t it does get around
the pr ob lem . Since we have more au dio th an
we really need, th e loss of efficiency is no t
serious.

The mo st unique feature is the combina
tion of t he diode an d audio bypass conden
ser in series with t he buffer co llec to r. This
arrangem en t was evolved in th e pr ocess of
obtain ing upward modulation of the output.
Th e result was semi-spec tac ular. Since there
is no splatter and no appreciable d isto rtion
at the receiving end, it ap pea rs to be a
practica l ap pro ach . Th e I K resistor (in th e
de pa th) was chosen in order to provi de th e
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L 2 a L3 ARE TOROID WOUND

QI, 0 2 - MOTOROL A 2NI711
0 3 - SPRAGUE 2N3404

"

I pF l N302~

rJ -,~,:----'11'f"~I'--------'J"I'1
I AMPLIF IER Lf-:,~ --,J
L .J

2201l..

~~ 10 K

r
-=-12 VDe

r
2- 1/2

'"

lL':::±:+=:±::::t=+±:tt±:::!:=±:±:::J::f:'f=tt:==::::tf=!===='J

Fig. 1. Schematic of the 28 to 5 0 MHz rig . Coil data : L I , 3/8 in. dis , 6T # 18 % in. length ; L2, "R ed "
core toroid, 7T; L3, "Red" cor e toroid, 8T ; L4, 2T wound over L3; (Note : Buy one A m itron
package - use the "Red" core for L2 and the "Yellow " core for L3. Use lOT for L 3 and 3T for L4.
28 to 30 MHz happens to be the area in th e spectrum wh ere the "re d" and "yello w " cores overlap. )
L5 , % in. dia. l OT, #22,;"':; in . len gth; L 6, 2T over cold end of LS; L 7, % in. dia. 24T #24, close spaced
(or J . W. Miller #4204 5-12 fJH cho ke); T2, l W transistor ou tpu t transformer 150 Q : an, de
resistance an pri . : 1n sec.

proper amo unt of.dri ve for the final.
Th e 2N 17 11 is a surprise, espe cially up

on 50 MHz. It tu rn s out t hat only certain
brands of 1711 's wor k at t he high er fre quen
cies. The Fairchi ld 2NI711 do es not work .
Ap parently it is manufact ured by a diff erent
process t han the Motoro la 2N 1711 's which I
am using. A frie nd who work s at Fa irchild
refsued to believe this. He to ok my MOT
2N1711 's into the Fai rchild lab an d ver ifie d
th ere was indeed a differ ence.

if you cann ot fin d MOT 2N 17 11's. th en I
recommend ~ the little brother of Sprague
2N 3404 , which is the 2N341 4. It can be
used a~ oscillato r and buffer. The RCA
2N 3 118 will work in the fina l, but it costs
four ti mes as much as t he Sprague , and do es
no t work any better.

The low-pass filter is pretty much a
requirement. My 5W CB tra nsceiver has one
built in. Solid st at e finals ar e always rich in
harmonic output. Be cert ain to measure the
output power on the downst ream side of the

filt er. Otherwise yo u wo n' t know whe ther
any impr ovements you ma ke are increasing
the out pu t at the fundamental or merely
increasing the harmonic output.

Th e neutraliz ing coil for th e buffe r is
rather large at 29 MHz. What is need ed is a
combination of "C" in picofarads and " L"
in mic rohcnr ies that will equal 30 (f or 29
MHz) when multiplied toget her. My ap
proach is to take a 2 pF fixed ca pacit or and
solder it across the coil. Th en adjust the
turns on t he co il t o get a d ip at 29 MHz with
the slug all the way inser ted . That ind icates a
15 ,uH coil (igno ring the d istri buted capacity
of the win din g). Of course if you prefer the
chicken method, just take a Natio na l XR
coil form and win d on 24 turns of #24 wire
close spaced.

Some type of rf po wer and VSWR indica
tor is highly desirable for chec king th e
ou tput and also the modula tion. Th ere are
two t ypes of th ese gadgets sold for use in CB
rigs for under $ 10. Either on e works fine on
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D ESKFAX 6500 T RANSC E IVER
Co nversio n in Ma y ' 7 2 QST
Complete Unit: $15.00. 2 /S25 .00

~ Electronics
BOX 1201 B
CHAMPAIGN, ILL.
61820

FREE SPEC SHEETS
NOW AVAI LABLE

ORDER OIRECT OR FROM
AUTHORIZED DEALERS

• UP to 5 f ixed t ones
(factory seu

· ADJUSTABLE:
- Durati on
-Output

• NO BATIERIES nttdtd . 11 -5

· FULLY ADAPTABLE

· EASY I NSTALLATI ON

• CONTIN UOUS TONE POSSIBLE

• FULL 1 YEAR RP Warranty

PRICES :
TB-5 5 tone st d. e nc oder _. . . _ __$3 7.50

(1800. 19 50. 2 100. 2250. 2400 Hz .)
ST.2 S ingl e t on e d eco d er . ._ ._.__ ,$ 37.50

(S pe cify 18 00 . 1950. 2100 , 2250 . or 2400 Hz.)

Speeta l tones - Inquire
Adl$1.8 0/unit for shi pping (til. restcents add 5% taX>

• MACHINES
• PARTS
• SUPPLIES

NEW from ~
TONEBURST ENCODERS

FACSIMilE&TElETYPE

TOROI DS--88 o r 4 4 mhv
Never ported-c-cen t er -tapp ed
Ppd in US A o nly. 5 (o r $ 2. 5 0
3 0 (o r $ 10.0 0

- Ri bbo n s for all t eletyp e {nv to nl 12 f o r $3.50
ppd

-1111 6 " paper t ape : 4 0 ro lls-F R ES H. $8.0 0
- S ing le sheet ro ll paper IBW·)--F R ES H. c a se o f

12 fo r $ 12.50
- SPEC IA L : 6 0 speed mod 15 - 19 ge ars

1749 12 -749 13). $3.50 set ppd
_ Ma nual (TM 11 - 2 2 581 fo r T XC- 1 , A , B , C. 0

F ac s imil e T ra nsceive rs . $7.50 pp d
-F a x paper . 1 2 " x 19 " fo r T XC -1 , C u"t up for

D esk f ax , 2 50 sheets. $3 .0 0 /pkg

. ..W60SA

28 or 50 MHz. My rig wit h 12.4 V input will
pr ovide 2 .2V defection on the 3V scale. If I
wan ted fu ll scale deflection for VSWR mea
suri ng pu rpo ses J wou ld sim ply add a 6V
battery in series wit h the 12.4 V car battery
(but don 't modu late it u nde r these co ndi
tion s) .

It tu rns out that an l':E-49 pilot ligh t
solde red across the end of a piece of RG-58
coax makes a fine dummy load and modu
lat ion indi ca to r. The VSWR checks out
about 1.I to 1.0 . I can light t he bulb to full
brilliance by blowing in the microphone
with only l 2.4V de input .

I am using th e Hustl er mobile loaded
whip antenna mounted on t he rear bumper
of the Volvo. Th e VSWR checks 1.3 to I ,
which is satis factory . Solid state final am pli
fiers do no t tolerate high VSWRs. Any thing
worse than 1.5 to 1 may cause trouble .

Ju st as I was abou t to mail this article to
73 I made an importa nt discovery . It ca me
abou t when I mov ed the mo du lation tran s
for mer T 2 fro m its origina l posit ion o n top
of the chassis to a neater looking spo t near
the crysta l oscillator. Everything fell apart.
The outp ut fell way off and th e mo du lat or
ceased to modulate .

Because I am a ham first and an engineer
only fro m nec essity, I stu mble d over the
answer. Th e byp ass co nde nser across the
seco nd ary" of the modulat io n trans fo rmer
cur ed the pro blem. 1 fir st tri ed a .002 mF
bypass which did not see m to h elp at all.
Nex t I tried the . 1 mF capacitor that ap pears
in the schema tic and every th ing worked
again. You may no t need it. It apparen tly
depend s o n the placement of parts. On the
other hand, it doesn ' t see m to h ur t. In fac t,
it seemed to he lp a lit tl e ove r the o rigina l
configur ation.

On t he air th e expanded positive peak
modulati on can be mist ak en for double
side band with sligh tly more carr ier than
normal. T he only disadvantage is t hat some
disto rt ion products are perhaps generated
whi ch ap pear on Channel 5 if in close
proximity to the TV receiver. The Drake
I DOW to-pass filt er will take care of this
problem if it is bothersome. Naturally , we
don 't really need a IOOW filt er, bu t Drake
doesn ' t build a smaller one .
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IS BRIBERY LEGAL?

A OX FRIEND?
Fo reign subsc ript ions to 73 are a bit mo re

exp ensive tha n loca l o nes, natur ally
however we witt be ha ppy to enter a gift
subscri ption for a OX op at the same low
U.S. rate as part cf th is boo k offer. Here is
you r chance to spread a lo t of happi ness
aro und the wo rld . One of the most eppreci
ated gifts any OX ham can get is a subscrip
tio n to 73 . Indeed, we suspect that 73 is
read in more countri es a rou nd the wo rld
than any other ham magazine .- in well over
200 co unt r ies at last coun t!

If you work OX you must have a couple
good friends who will p ract ically fall out of
their t ree over a subscr ipt ion to 73. Try
them.

Have you ever been shown a kindn ess by
a OX o p? Maybe you visited him) Remem 
ber his kindness with a 73 subscri ption.

WHY THIS OFFER?
The whole pu rpose of this offe r is to

bring 73 to the atten t ion of mo re act ive
amateurs - to get more subscript ions. Ob
viously we are pay ing dearly fo r the init ial
subscri pt ion - bu t we frank ly intend to
make it up nex t year whe n the renewal
comes due . In the lcnq run all of us will
benefi t from this .

It is obv ious that it is not possible to send
two book s with a two yea r subscr iption.
T his offer is valid fo r one year subscripti ons
on ly .

BACK ISSUESTOO?
Where can you buy a one year subscr ip-

tion to a magazine and get a set of twe lve
back issues as a bon us? That sounds like a
pretty good dea l doe sn' t it ? Welt, unless yo u
have a com p lete set of back issues of 73 tha t
is a fa bulous dea l. It is such a good deal that
it has a str ing attached - the twelve back
issues are a f ree bonus for a subscript ion, but
there is one mo re pro blem tha t has to be
faced . Th is is the post age involved. Twe lve
back issues are da rned heavy and the postage
cannot be d ismissed ligh tly. If yo u wan t one
of the three diffe rent back issue pack ages
you wi ll have to send along an ext ra $2 to
cover the cost of post age and handling . It's
st ill a great dea l. The problem is that books
can be ma iled at th e library boo k rate. while
magazines have to go parcel post , whic h r--..
costs an arm and a leg.

Over 3000 great art icles have appea red in
our back issues and mos t of them a re just as
good today as the day they were printed .
You will have the time of vour life reading
all those wonde rfu l issues you missed. We
have separated the "back issues into th ree
packages. issues fro m 1960 - 1964 tlI.
196 5 - 1967 (Ill. and 196 8 - 19 70 (Il l) .
These back issue bundles are put toge ther by
illiterate apple pickers borr owed from other
ham magazine staffs and thus there is no
possibility o f o ur gua ran teeing any particu lar
issue in you r bund les . .. you take pot luck.

F The fM Anthology has
rap rints of a ll t he ar ti c les
and te ch n ical da ta fro m
t he ea rly issues of the FM
Jo urn a l. No FM lib rary is
complete wit ho ut t h is
data , much of it just no t
avai lable elsewhere . $5 .95
value.

G The BES T of f M i. a
compilation of tha best ar
ti cles t hat appeared in the
fM Journa l from March
196 8 th ro ugh June 1969 ,
the last of t he ma gazine.
Read t he ex t remaly con.
trovers lal Chronicles of 76.
Plus doz en s o f tec hn;c~1
and Circuit ~ rtic les avai l.
ab le nowhere elsa. $4 .95
valu e.

K Th". Fascinat ing World
o f RadIO Communicat ions
is an i" tr od uction to rad io
co mmunicat ion. Th iS boo k
gives you s~me of the h is
tory of rad IO CommU nlc a·
tio n and an idea of what
you Can expact fro m your
new ho bby . $3.95 va lu" .

L IC P ro jec ts fo r Amateu r
& Exp erimen te r i. an an
th o logy of IC co "structio n
projects taken fro m 7J
Ma gaz in e . E d ited by
Wayne Gree n, it' . a must
for an y ham libra ry . $3.95
v~lue.

J Sol id-Sta te Pro jects fo r
th a E" per imen te r co "ta ios
Over 60 projects taken

:i~~ ~~jl~a:e~i ~~J;t~a~:t
Co nv"rte r. OT, may be a
ham TV r"" " iver . It's a ll
here . $3.95 value .

SOlm-SlATE PROIECTS
fort!l<E'Pfril1lenter,--

MOREl MORE BOOKS
F-;V;-';U LL_E T IN

MONTHLY GIFT
A wonderful answe r to Chr istmas gift s.
If you have a friend who might enjoy

getting 73, ho w abo ut send ing him a gift
subscrip tion ? This will bring him twelve
mo nth l y r e mi n de rs of yo u r
th ough tfu lness - twe lve mo nth ly sessions
enjoy ing the magazine.

Your gift will start with the January
issue , if you like, wh ich will be de live red a
couple day s before Christmas (in time for
him to get you a p resents}, p lus a gift card
te lling him wh o was so thou ghtful.

You get the book - if yo u like. If you
insist, we will send along the bonus book to
the giftee instead, again with your compl i
ments. Wha tever turns yo u on. But if you
give the gift sub scription yo u certainly rate
the book yo urself.

A Th e Novice C ia..
Licen se S tudy Guide has
no t yet bee n pu blished in
73 or in any ot her ma ga·
zine. This boo k conta ins a ll
th e basi c te chn ical inform·
ation need ed t o pass t he
Nov ice License with f ly ing
co lors - and is i"valuab le
as a basic text fo r u" der·

~t;'unctn1.J~~:".Gp~oe{~~eR!a~
lusn a ted a"d so c lea rly
wr itten that just read ing it
is enough to permit moS"!
applican ts to pass their
eXam. $3.95 value .

B The 73 Gene ra l Class
St udy Guide has he lped
t ho u., m ds t o easily p!l$$
the ir Genera l Lice nse the

~~ct~~nt~ r?tu ~~;'1~1$;o~
to h edg e your bet wit h t h is
co mp reh ensive an d simp le
book? No other study
guide is a. comp le te o r as
ea. y to rea d . None. A
$4.95 value.

C The Ad v,mce d Class
St ud y Guide has p ro ve" to
be t he onl y comple te text
fo r p repa ring to pass the
A d vanced Class lice"" e
exam . Never befo re has
rad io t heory been made so

~~TsP~~o~f l: r ijUasl:..~e~d!:;'~
possible t o fa il that exam.
And remember t ha t in ad 
diti on to t he t ro ub le o f
going to t he FCC to ta ke
th at exam, th ere is a little
ma t le r of $9 you have to
an te up . Why t ake a c ha nce
o n fa iling? $5.95 value.

D The Extr a Class License
Study Guide ma kes all th at
complica te d electron ic t he 
o ry seem simple. A little
study wit h t hiS boo k and
yo u will be read y t o face
the f CC examine r WIth
carofide nce . A $ 4 .95 va lue .

E The 73 O X han dbook

~~~ l davezll"O~ora.i ~ . 6S~

:~~1~~tde, pO~X~C r~~d
WTW co un t ry I;s ts and reo

~~;:s P~r'th~a~rl~ m~i~~
prefi x.e. p iUS a com ple te
wall -slze d world map with
ea ch book ! It is profuse ly
Illust ra ted WIth pictu res of
many of t he to p OXers ,

~~s~r:~~"Jiff~~e n';""~~~s~
There a re grea t circ le be ar 
ing maps an d char ts , and
m o re . • . mOre . . . more .

AMA TEUR
RAOIO
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FREE BO OKS
Anyone of t he fo llowing books is avail

able (postpa id) as a premi um if you buy a
subscri ption to 73 tor yourself or a frie nd
(or an ene my - o r even an AR RL off icial
since few of them get it). One book per
subsc ription .

IMPOSSIBLE OFFER?
The bigger 73 Magazine is the be tter

read ing it will be, we ho pe you' ll agr ee . And
the more circulation 73 has the bigger t he
magaz ine can be - t h at makes sense doesn' t
i t } Obvious ly you have a lot to gain by
help ing 7 3 to get more subscribers . . . In
cluding yourse lf. if you are a newsstan d
buyer.

In th e hopes of mak in g subscr ib ing so
att ract ive that it just cannot be passed
up - whether it be tor y ourself or a f rien d,
we are offer ing the belo w select ion of books
as pre miums - one book per SUbscript ion
- any book . Does that look like a good

deal?

AMATEUR l,
RADIO

~fC~E~:Er
STUDY I
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SUBSCRIPTION ORDER BLANK

Address' _

Citv State_ Zip, _

Book wanted (give lette r) _

o New su bscr ipt ion 0 Renewal or ex te nsion
o Gift - please send Chris tma s ca rd from _

and send free book to : _

I 0 $6 Enclosed 0 $2 extra if back issues orde red.

~ 7=-M~~ZI N":'~T':R~O~~~~~3~5~_,
I SUBSCRIPTION ORD ER BLANK

I Name Call _

I Address _

I
1 City 8tate_ Zip _

I Book wanted (give letter) _

: 0 New subscript ion 0 Renewal or extension
I 0 Gift - please send Christmas ca rd from _
I and send f ree boo k to: _

I 0 $6 Enclosed 0 $2 extra if back issues ordered .
I 73 MAGAZINE PETERBOROUGH NH 03458t --- SUBSC RIPT ION ORDE R- BLANK- - - - --

I Name Call _

1 Address _

I
I City State _ Zip _

II Book wanted (give letter) _

I 0 New subscription 0 Renewa l or ex tension
I 0 Gift - please send Christmas card from _
I and send free book to : _

I 0 $6 Enclose d 0 $2 extra if back issues ordered .

L ~~M~GAZ1N~~~~~ROUGH~H~~5~ _ _

FREE HANDBOOK
1200 PAGES !

Where else can you get an amateur
radio handbook fo r free? That's right
you get about 1200 pages of arti cles
in 73 every year and the magaz ine is
designed so that each and every art icle
is on separate pages - and 73 is the
on ly magazine that does this - with
no flipp ing to the bac k of the maga
zine for a parts list or anything. Every
page of t he magazine is numbered
with the regula r numbers plus special
year ly handbook page numbers - all
so you can, if you like, take apart
your issues of 73 and put th em
together by subject into a giant hand
book at the end of the year . No other
magazine has anyth ing like this avail
able.

ACT IVE EDITORS

Only one ham magazine of the four
has editors that are act ive and on the
air - and have been for year s. 73 has
its ow n repeate r going - the only ham
magaz ine staff that has do ne th is. 73
has its own mountai n top labor atory
for VHF - th e only ham magaz ine
with one. 73 is active on slow scan
television - t he only magazine to do
this. 73 goes on DXped it ions - the
only ham magazine to do this. 73 runs
OX tou rs - the only ham mag to do
this . And so it goes.

And wha t diffe rence does all .this
make? Perhaps you've noticed that 73
is more involved wit h the hobby - 73
not only reports the mos t inte rest ing
news, somet imes it he lps to make the
news. It he lps 73 to be more fun to
read, to attract berter authors for
artic les, to bring you more valuabl e
information on the newest of ham
products.

Which ham magaz ine was the first
to report on the f irst commercia lly
made two meter synthesizer? 73 of
course. And which got the first new
units made by Genave? And which got
the first Clegg units? The first Inter
nation al Signa l units? T he f irst Drake
FM un its? Th e first Tem po units? And
so on - being active and on the air
helps make 73 more interest ing and
valuable, doesn't it ?

73 NEWS PAG ES
You' ll enjoy t he mon th ly news

repor ts on what is going on in the
ho bby - ne w products - po litica l
happen ings - news of OX - RTTY
news - S low Scan news - VHF
news - FCC news, etc . 73 is the
ONLY ham magazine to cover the
news of amateur rad io in this easy to
read mann er . Keep really up to date
with the 73 newspages .

Name' _

If you prefe r not to shred your
copy of 73 there is no real reason why
you should not put the subscript ion
infor mation on a sepa rate piece of
paper , on the ma rgin of a hundred
do llar bill, or whatever turns you on.

Regular subscr ipt ions ord inar ily
sta rt with th e next pub lished issue of
73 - the November issue, in th is case.
Gift subsc ript ions marked for Christ
mas will star t w ith the Giant Jan uary
issue since that is th e one that shou ld
arrive right around Chr istmast ime. If
you want otherwise just ind icate same
on th e or der.

The regula r sub script ion rate fo r 73
is $6 fo r one year $1 1 for two years,
$ 15 for three yea rs in North Amer ica
and $ 1 extra per year for foreign
subscriptio ns. Th is specia l boo k pre
mium offe r is valid wo rld wide at $6
for one yea r unt il Decem ber 3 1, 1972.

The recent serious rise in postal
rates will be fo rcing 73 to increase the
subscr iptio n rate soon - do n't say
you we ren't warned.

Call _

Did you enjoy th e art icle in August
on the DXpeditio n to Navassa? Th is is
one of t he reason s th at 73 is dif
ferent - it is invo lved. The ed ito rs get
out there and operate, go on DX
p e dltio n s , or gan ize t h e m
even - organize ham tours - set up
re pe a t e rs - work in the co n
tests - work lots of OX - are actually
on slow scan - on RTT Y - it makes
the magaz ine come alive. When the
editor s wr ite about somet hing you
know that they have th e backg rou nd
to bring yo u th e ins ide scoop. If you
are t he type of person who f ights
progress - opposes change, you are
going to f ind 73 getting your back up,
for 73 is in there first with the new
things.

Amate ur Radio
is more fun

When you read 73



A
HUSKY
40 M
GROUND
PLANE

I t seems t hat the mid dle of the winter is
the li me I end up bui ldi ng an tennas.

whic h may be because o f the co inc id ence
o f th e contes t season. Ho wever. this was
q u ite a mi ld winte r in these pa rts. so come
Feb ruar y the need fo r J 4001 anten na
fo u nd an o ther proj ect bein g co nd ucte d
bet we en the sporadic snowflakes .

Sin ce I ha d experience w ith 4 0 m
ground planes in hig h-w in d areas, it was
o bviou s t ha t such an antenna must be buill
with an eye to strength as well as perfor
ma nce. It seem s most grou ndplanes arc
th ro wn together ou t o f TV tubing or
simil ar ma ter ial , an d the end prod uct se l
dom lasts long. On 40m th e 33 ft of
vertica l radiato r must be well su pported.

A lit tl e stu dy of Fig. 1 an d the photo
graphs will reveal most of the co ns t ruct io n
fea t ures of this ant en na . T he ma in support
framewor k is made of well-seasoned 2x 4s.
wit h fo ur sec t io ns being used to form the
legs an d a n um ber o f short pieces used fo r
space r blo cks . Carri age bo lt s and lag scre ws
are used in place of nails to preve nt
premature parting du e to wind flexing .

Two short pieces o f ang le aluminu m are
also halted ac ross the fram e legs ; these arc
used as the mai n support s for th e rad iator.
Th e radia to r itse lf is very st urdy, be ing
made o f three sect io ns o f alu minu m tub-
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George Cou sin s VE 1TG
RR. 2, Box 18
Lower Sack ville, N.S ., Canada

ing. The bo ttom sec tion is a 20 ft length of
3 in. irrigation tu bing . an item respec te d
fo r use in yagi be am co nst ruc tion. Besid es
being very lightweigh t. this ma teria l is ab le
to wit hs tand ye ars o f wind and weather
st resses .

Telescoped ins ide th e bottom sec tion is
a len gth of 2 in. irr iga t io n tu bi ng. In my
case th is was a scrap piece from a q uad
projec t , but if you hav e a full 20 ft len gth
available , th is would be ide al to co mp lete
the ove rall length o f th e antenna. III my
situ ation I was fo rced to go to a th ird
sec t io n which is a lOft length of t hick-wall
alu min u m co ndui t suc h as the type used
for ho use wiri ng. The th ree pie ces are
telesco ped ins ide eac h other to make u p
the required 33 ft of overall len gt h , with
sufficient ov erlap t o insure strength at the
two junction points.

Pro babl y the hardes t part of the whole
projec t is to accu rate ly position th e pipes
inside each o ther so tha t the t hree pieces
arc concentric, whi le all owing proper cle c
trical co n ne ction between each other. The
best way , if a ma ch ine shop is avai lable,
would be to machine alu minu m spa ce rs or
co llars that wo uld fit inside th e larger
diameter t ubi ng and have a ho le in the
cen te r to accommodat e th e smalle r size .
Ho wever , so me st udy of Fig. 2 will show a

73 MA GAZ INE



suitable met ho d which will serve the pur
po se.

Four small blocks of hardwood are
used , cu t from a single piece of sq uare
hardwood mold ing. The fo ur blocks are
wra pped in th ick alu min um foil (the kind
used to wrap electronic eq uip ment fo r
shipment). Th e fo il usua lly has a backing
of a ca nvas-like materi al, and the idea is to
wra p th e wood so that the foil will make
contac t with both the ou te r an d inner pipe.

I in. SECTION
10 rt L.()M; OVERALL

20 ft

3 in. GUY WIRE
SECTION
20 rt LG

\
BOLTS

\--60> W,"'
COPPER RING_

L AG SCREWS

RA DI AL S
3!5 ft LONG

Fig. 1. Details of overall construction.

I hel d th e fo il on th e wood with a genero us
dose of glue. Posit ion the fou r blo cks
arou nd th e inn er tubing and use dabs of
epoxy to faste n them to the pipe. This is
only really necessary on the lower blocks
because they will be too far down inside
the ou ter pipe to be reached. The bloc ks at
the upper end of the pipe can be tap ped
in to place at the top of the pipe .

As a means of supporting t he pipe at the
co rrect length , two sma ll aluminum bolt s

are use d to hold the inn er pipe in position .
Th ese are deliberately placed at the lower
end of the inner pipe to avoid any mechan
ical weakness al th e junct ion.

We ca nno t really depend upon this fo r
good ele ctrica l connection , alt hough it will
likely be qui te su fficien t. However, Fig. 3
shows t he bridging co nnec tion at the junc
tion of the pipes. This is made quite simply
by using strips of gro un ding braid and
stai nless ste el hose clamps.

Fastening the co mpleted rad iat or in
posi tion is the next step. T he simp lest way
is by usi ng two large muffler clamps, well
pr ime d with severa l coats of rus t inh ibito r.
These are ideal for gripping the large tu bing
firmly and yet not denti ng it. T he clamps
are placed arou nd the tubing and mounted
onto the two a ngle aluminum cross pieces
on the frame .

At th is po in t, decide up on the d ist ance
yo u want from the gro und level to the
bot tom of th e rad iato r, and then slide t he
rad iator th rough the clamps unt il it is in
the required positi on. The dista nc e will
depend some wha t o n personal prefer ence
or ava ilabilit y of space fo r radials . If you
int end to bur y the radials, th e base ca n be
very close to Iheground , bu t in my case I
have t he radials ab ove gro und and sloping
dow nward at a IOcdegrce angle. Th is gives a

I litt le better match for RG-8/U cable, and
also allow s th e rad ials to be ro lled up easily
when summer lawn mowing beco mes nec
essary .

Befo re attachin g radials, the antenna
can be raised in to positio n an d guy ed. By
pegging the base to a short pipe o r stake
d riven into the grou nd, the an tenna can be
raise d by one man. However, have a helpe r
on hand to tie down the guy wires o r
disast er may over take yo u! Two sets of
guys arc used. The lower guys are attached
to the main frame , and can be your cho ice
of ma terials. I used heavy alu minum
clothesline wire covered with heavy plas
tic - it's easy to work with an d no t pron e
to kinki ng. A strain insu lator in eac h guy
breaks up any poss ible resonance in th e
wire.

Mark the positions for the th ree lo wer
guys , in an eq ual triangle and abo ut l O ft
out fro m the base . Th e sta kes should be at
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least 4 ft long and driven into t he earth to
alm ost t heir full length . As a suggestion,
drill the ends of th e stakes and insert a
steel If-bolt , which will o ffer much easier
att ac hing of th e guy wires. A stee l turn
buckle bet ween th is If-bolt and th e guy
wire will offer prec ise adjustment of ten 
sion on eac h guy and save a lo t of
bot hersome hit-an d-miss tigh ten ing later. I
have also exte nded t he guy wires fro m the
turnbuckl e back to the base of the "frame.
This prevents any tendency of the base to
move sideways u nder high winds.

Th e upper set of guys are made from an
insulating line (n ylon , polypro py lene, etc.) ,
but try to use a line with minimum stretch
and also one wh ich is im pervious to rapid
changes in temperature or wetness. Be
espe cially certain it will no t rot. If available
in your area , it's hard to beat the woven
line used fo r deep-sea fish ing nets. This is
virtually indestructible an d good for years
of use.

Fasten the upper set of guys directly to
the radiator at th e top of the 3 in . pipe.
These guys may be fastened to the same
sta kes as the lower set, but a muc h stronger
arrangement can be had by using an other
set of sta kes some 5- l O ft farther out
from t he base.

When th e an te nna is raised and guyed,
th e radial syste m can be install ed. How
man y? Simpl e. Th e most you can get. More
radials mea n mo re effic iency and lower
angle of radiation. Of cou rse it's very har d
to measure the slight improvement t hat
one more radial mak es, but 10 mor e radials

INNER P IPE

SPACER BLOCKS
(SEE TEX T)

OU TER P IPE

SUPPORT BOLTS
(LOWER END OF PIPE ONLY)

Fig. 2. Details of pipe junctions fo r tigh t fi t.

214

STAI~ESS STEEL
CL AMPS

ALUMlr.lUM GROUNDING
BRA ID

Fig. 3. Metho d of electrically bridging the junc
tion of the radiat or sections.

may get yo ur attent ion. .They can be mad e
fro m any wire you can get.

The length of the radials should be
abo ut 10% longer than the radiator. Th e
ends of t he ant enna can be all cleaned ,
soldere d toget her , an d t hen clamped or
soldere d to a short piece of copper bra id
which in t urn is soldered to the shield of
th e coax fcc dline, eit her directl y or via a
connector. Alth ough the ideal patt ern for
th e radials wou ld be to space them equ ally
in a circle around th e radiator, they can be
ben t or crammed into wha te ver odd spac e
is availabl e witho ut seriously lowering th e
effic iency of the antenna.

Sta ndar d son cable is used to fee d the
rad iator, and di rect feed to the base o f the
element will result in a reasonable swr in
the neighborho od of I :1.5 or a litt le lower.
However, a closer matc h (and an swr nea rer
unity) can be ach ieved by use of a coaxial
match ing sec tion.

Th e ante nna will perfo rm very well. I
believe my best DX (i n rarity , not miles) is
F B8XX , but the log contains many QSOs
with VK, ZL, 9J2, 5H3 , 5Z4 and most
Euro pean countries. The wind load ing is
slight, and with reasonable attention to
painting the frame occasionally and check
ing th e guys, the antenna should give
exc ellent satisfaction for many years.

. . .VEITG
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WHICH ANTENNA WINS THE CON TES T ?,
I n o pe n co m pe t it ion aga inst th ousands of com mer cia l an d h om e-brew an te n nas, W AlJFG won t he
New E ngl an d c ham p ion sh ip with a Gotham beam, b y a margi n o f 5 ,982 po in ts! W B2 JA M won t h e
sect ional award fo r t he Sw ee pst ak e contest in 1969 an d 1970 wit h a Gotham 4 -element 15 -mete r
beam! H undred s o f u nso l i ci ted testi mon ia ls f rom grat eful hams are o u r pro o f t hat Got h am antennas
g ive Y O~ the best d esi gn , and t he be st m at er i a ls. Forget o u r l o w prices - rely o n the r esult s of o p e n ,
co m pet it ive contests. Ask you rse lf: W hy do G otham an t ennas w in ?

.
J

...

33139

-;

4 EI 10 .$20
7 EI 10 34'
4 EI 6 20
8 EI 6 , . • .. 30 '
12 EI 2 27*

*20-ft. boom

QUADS T o ta ll y sa t isfie d wit h Qua d. W ork ed
DKH'j l' , S~1 7 DL II. X E I :\B. D M 4$ I-: E ,
FLSSR. }ib.\l; M , II K 7Y B In fe w hou rs .
Inst ruct ions ' b reez e . . . \\" 88 DO I

CUBICAL Q UAD
AN TENN AS 
t hese tw o e le men t
beams have a full
waveleng t h d r ive n
ele men t a nd a re
flec tor ( the gatn is
equal to t ha t of
a t h ree element
beam a n d t he di
rect ivity a p pears
to us to be exce p
tiona l! ALL METAL (excep t the insula
tors) - abso lutely no ba m boo. Co m ple te
with boom , a turn tn um a lloy spreaders;
s turdy, un iversal- type bearn m.ount; u ses
st ngte 52 oh m coaxia l feed ; no s tu bs or
matc btng d evtces need ed ; fu ll instruct ion
fo r the s im ple o ne-man asse m bly and
ins tallation a re included; this is a fool
proof bea m t ha t always works with ex
ceptional results. The c u bical quad is t he
anten na used by t he DX cb arnpa, and it
will do a wonderful job fo r yo u !

B
'EA' MS.. Just a no t e t o le t y ou kno~

that as a N ovice , yo ur 3-E 1.
IS Bea m go t m e R I Sec t ion

Wi nn e r a nd New England D ivisio n Lea de r
in N ovice R ound-up. See J une QST . p , 57
for pict ure o f an t. (bo lo w) . T'nx for a fine
wor- king niece of gear. 738. 13 )' , \V,\1JFG "

Co m pa re the pe r-
fo rmance, va lue.
and price of the fol -
lo winlt beams a n d
yo u will see that
this o tter is un pr ece
den ted in rad io h is 
tory ! Each beam is
br and n ew ! fu ll s ize
(36' o f rubtng for
each 20 meter ele 
ment for in stance):
absolute ly co m plete incl ud ing a boom
a nd a ll b a rdwarer uses a s inlt le 52 or 72
ohm coaxial fee d line ; t h e SWR is 1:1;
easil y h n nd les 5 KW ; 1fa" and 1" aluminum
a lloy t u hi nlt is employed for maximum
s rreuut b and low wind load in lt; all beams
are a d justa b le to a n y frequency in the
band.
2 EI 20... . • • .$21

10/ 15/10 CUBICAL QUAD SPECIFICATIONS 3 EI 20.. , . , . • 27'4 EI 20 34 '
El ements : A full wavel engrh driven ele- 2 El l S 17

ment a n d reflector for ea ch band. 3 El l S , , 21
Frequencies: 14-14.4 Me.; 21-21 .45 Me., 4 EI IS 27*

28-29 .7 M e . 5 El lS 30'

Dimensions: Abou t 16' square ALL-BAND VERTICALS
Power Ratfng s 5 KW.
Operation M ode: All. " All band ver -tlcal l" asked one

skeptic. "Twen ty m eters is murder
SWR: 1.05:1 at resonan ce . t h ese d a ys. Let' s see you m ake a
Boom: 10' X 11/4" OD. 18 gauge s t eel. contac t on t wen t y meter pho n e

double plated gold color. with low power !" So K4 KXR
Beam Mount : Square a l u rn lrru m alloy swi tc h ed t o t wen t y, using a V80

plate. with fo u r steel U-bolt assem- a nten n a a n d 35 watts AM . Here is a
bites. Will support 100 lbs.; universal sm a ll portion o f t h e stations he
pola rization. worked : VE3FAZ, T 12FGS, W5KYJ,

Radlattng el ements t Aluminum wire. WIWOZ, W20 DII , W A3D J T , WB2-
t empered a n d plated, .064" dlarneter , FeB. W2YHlI , VE3FOll. WA8CZE,

X Frameworks : T wo 12' X I" OD a l u - K ISYB. K2RDJ, KIMVV, K8HGY,
minum "h l-s rreng 'th " a lloy tubing. K3 UTL. W8QJ C, WA2LVE, YSl -
with telescoping %11 DD tubing and MAM , W A8ATS, K2PCS, W2QJP,
dowel insul ator. Plated hose c la m ps W4JWJ, K2PSK. WA8 CCA, WB2-
on telescoping sec t io n s. KWY. W2 IWJ, VE3KT. Morale It's

Radiator Terminals: Cinch-Jones t wo- the a nten na tha t cou n ts !
terminal flt ttngs. FLASIl! S witch ed to 15 c . w. and

Feedline: (not f u rnished) Single 52 ohm worked KZ5IKN. KZ50WN. HCt -
coaxial cable. i.c, PY5ASN, FG7XT, XE2I, KP4-AQL,
Now ch ec k these startling prices - Sl\15BGK. G 2AOB, YV5CLK. OUH. and

note that they a re much lower than over a t housan d oth er stations!
even the bamboo-types V40 ver t ical for 40, 20, 15, ./
10·15-20 CUBICAL QUAD. . .. .. • .$37.00 10 6 $1
10-15 CUBICAL QUAD• •. . . . • . . . 32.00 , meters . . , ., . . . . . .. 4.95
15-20 CUBICAL QUAD•• • . . • . • •• 34.00 V80 ver t ical for 80, 75, 40,
TWENTY METER CUBICAL QUAD 27.00 20, IS, 10, 6 m eters . .. .. $16.95
FIFTEEN METER CUBICAL QUAD 26.00 VI60 vertical for 160, 80, 75,
TEN METER CUBICAL QUAD• . .•• 25.00 40 20 1- 10 6 $18 95(all use s in g le co ax feedline) , ,':', , meters .. . .

How to order : Send money order only (ba nk , store, or Unit ed States) in full .
We ship immediat ely by REA Express, charges collec t. DEA LERS WRITE!

GOTHAM. 1805 Purdy Ave, Miami Beach, Fla,
DEPT. 73
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&egency a M e t e r FM -A.:rnerican :rna-de at i :rnport prices

Model HR-212 $259 Amateur Net
Includes microphone, moun ting bracket and facto ry

installed transmit and rece ive crysta ls fo r 146.94 MHz.

Instant access to 144 frequency pairings with
20 watts out on the new HR-212 twelve channel
2 Meter FM Transceiver by Regency

Specificatio ns

Power Ou tpu t: 20 wat ts
(no m.) at 13.8 V DC

Frequency Range :
144-148 MHz

Channels : 12;
crystal co ntro lled

Sensitivity: 0.4 uv,
20 DB qui et ing

Spurious Rejection: 60 DB

NEW

for all your 2 Meter FM needs

Model HR-2A 6 channel
tra nsm it, 12 rece ive 2 Met er FM
'r rans ce tver w ith 15 watts mi n imum
output. $229.00 Amateu r Net

Model HR-2MS 8 chann el
Transcan" with s ignal search
reception and 15 watts m inim um
o utp ut. $319.00 Amateur Ne t

... ~~
~~~ Elect ronics, Inc.

7900 Pend leto n Pike · Indi anapo li s, Ind iana 46226
R..egency a Meter FM-A.m e rican m ade

~
~ ---

\ - .---, _lii- (l

Mod el AR-2 Ampli fier boosts
2 Meter FM ou tpu t power
300%.
$119.00 Amateur Net

at import p rices

Henry H. Cross WlOOP
111 Birds Hi1l Ave.
Needham MA 02 1 92

ONECONVERTER INTO
TWO RECE IVERS

(such as for VHF contests)

I f we assume th at your converte r output
is son an d that the average ten- or

twenty-met er receiver you use for a tun
able i-f is somet hing like lOOn input
impedance, it would seem that you cou ld
para llel two receivers with no trouble.
However , yo u will find trouble with ( 1)
leakage and (2) " suck ing out" of th e
signals by the antenna-tuned circuit of the
other receiver.

'C1,--~.,.,---(O) OUT 100.n.

t--+---@INso.e,,
er

4

pair of #30 Formv ar wires together and
wou nd live bifilar turns through a ferri t e
be ad of the kin d we.....used to use for heater
decoupling - 3/16 in . diameter by 3 /1 6 in.

5 a i-FIL AR
TURNS

300..... TO 75 .....
0'

20 0 .n. TO 50.....

long x 1/16 in. hole. Pick the proper ends
to hook together, and we have 10 turn ,
centertapped coil. The two outputs are
lOOn each . Ten turns tapp ed at seven on

100 ..... TO 50 ......

0'
50 ..... TO 25 .n.

Padding with resist or networks helps,
but the right way is wit h a " power divid
er. " L is a cen ter tappe d coi l. I twis ted a

one of the same beads will make y ou a
100 :SOn auto transformer, if you think it
will he lp.

. . .WIOOP
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Allan $. Joffe W3KBM
531 East Durham Sr.
Philadelphia PA 19119

IC lOGIC DOESN'T
HAVE TO BE

•...,..
•

OBSCURE

W it h 40 meters a ma ss of hete rody nes
and 15 meters sporadi c my two

Novices had some time on the ir hands.
Putt ing aside a study of th e latest schema tic
diagram in t he Playboy cen terfold , I un
veiled my lates t bargain buy, a gaggle of J-K
flip -flo ps and du al t wo-input gates. With an
intro duction to the world of lC's via th e
verbal ro ute , it soon becam e appa ren t tha t
some so rt of dynamic demonstrato r was
need ed . Several days of dr awing schematics,
hacking up perf bo ard and co nstan t con
st ruct ion pro duced a number o f units which
brought realit y to the fund am ent als of
"coun ting with educa ted stones."

The firs t unit was a pow er su pply . Since
all the Ie's wer e RT L, the supply voltage.
ballpa rk figu re was 4 V no-loa d run ning
do wn to 3.6V when load ed to about 700
mils. Ju st a word about th e pow er tran sistor

in t he regulated supply - wh ile I used an
available un it on hand , there is nothing
magic about th e number. Almost any decent

6 .3 VAl:;

'A

Fig. 1. Power supp ly fo r I e dem onstration pro
jects.

power tra nsistor will work . By cha nging the
base resistor a bit, up or dow n, depend ing on
the zener you ha ve on hand, the pow er
sup ply should prese nt no problem. I used
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DIODES- ANY l,~~
LOW VOLTAGE

TYP E rr;olC PIN 4

Fiq. 2. 60 Hz square waver.

sta ndard S-way binding posts on all units.
The seco nd un it const ructed wa s t he 60

Hz square waver . This essentially is an R-S
flip-flop using a dual two-inp ut gate , whic h
is tr iggered by th e 60 Hz from t he filam ent
transfo rme r.

This un it was handy as its known fre
quency square wave was used in demonstra 
tions of metho ds of freq uency counting via
oscilloscope patterns when the log ic count
ing bo ard was to be use d.

The third unit was a Schmitt trigger
•

PI" e

ou,

Fig. 3. Schmitt trigger.

which will produce relatively decent square
waves from any au dio sou rce of 3V or more .
It uses another dual two-input gate . Two C
cells po wer this unit. As the curre n t d rain is
well in ex cess of what would allo w normal
she lf-life of th e cells, an on-off switc h is part
of th is unit.

The fo urt h un it was a bou nceless push
button. This is a device using another dual
two-inp ut gate which gives yo u o ne - and
o nly one ~ outpu t pulse wh en a pushbu tton
is push ed . I have incor pora te d t wo different
pulse length s selec te d by a toggle switch.
Th~ long durat ion pulse (abou t o ne second)

2 18

l'L 9 14
FAST

r

N.O.

PIN e

r OUTP UT

Fig. 4. Bouncelesspu shbu tt on.

is very useful as it allows you to put a met er
from t he ou tput terminal t o ground and see
very gra phically how when th e button is
pu she d , the outp ut volt age d rops to ground ,
stays there fo r the designated in terval and
then snaps back to its in iti tal value. T he
curren t drain of t his unit is very low so no
ba ttery switch was inc orpora ted and th e two
C cells will give long service. All fo ur units
describ ed so fa r wen~ built in to small pla sti c
boxes with metal panels, read ily availabl e
from such ou tle ts as" Lafa yette or Radio
Shack.

The final unit , the logic boa rd , was built
on a 10 by l O in. piece of Masonite . Th e
per f board carrying the semiconductors is
moun ted underne ~th this panel. Essent ially
the logic board co n'sists of four RTL J·K
flip-flo ps . Each output of each flip-flo p has a
lamp driving transistor t o show the sta te of
each output . Th e NPN lam p drivers can be
an y small transistor with a gain of fifty o r
more. The base resistor serves to limit the
loadi ng on the flip -flo p and also co ntro l the
curren t through the lamps so th ey are not
overvolte d. Th e No. 49 pilo t lamps were
friction-fitted into 3{8 in. ho les in the
Masonit e panel and co nn ection to th em
made by soldering dir ectl y to th e base. No te

NQ,49

+3 .6- 4 '"
o-- ---j,

. DUPLICATE FOR EACH FLIP-FLOP ON LOGIC 8OARO.

Fig. 5. Sampl e log ic board flip-fl op with pilo t ligh t
display. Au th or's model included fou r of these.
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Fig. 7. Logic board sub-essem bly

Undersi de of lo gic sub-assembly. Black TO·S cases
are RTL flip -flops. Others are lamp drivers.

OUT

ligh ts in each co unting stage will flash at
varying rates depend ent on the division ratio
involved. If the co unt is much ab ove 140 l Iz
the bulbs will no t blink but will give a st eady
ligh t du e to the persistence of vision and
thermal capac ity" effects of the lamp fila
men ts.

that each IC has a panel bin ding post for
each inp ut and ou tpu t for a to ta l of six per
Ie. In addition a ground binding pos t is
included in each IC bin ding post cluster.

The on ly other ite m on the logic board is
a "reset." button. Th is normally gives a
ground when co nnected to the Preclear
inp uts . When pushe d, however , it gives a
mo mentary connection to Plus which serves
to res to re the flip -flop to its no rma l sta te.

A pa tch cord sys tem like th is is very
flexi ble bu t demand s many connecting
cords. I made up mu lt iple connecting co rds
for the gro und system of eac h IC using spade
lugs - three wires in multip le to one spade
lug and t he othe r en d of each wire having its
ow n spade lug. A sim ilar harn ess was made
up for the "reset" butt on but th is included
four wires so all flip -flops co uld be reset at
once if the occasio n demand ed .

With t he simple units described here you
can demonstrate binary co unting up to
number 16 or by alternat e co nnection of the
flip- flops, divide by any other num ber. The
bou nceless pushb utton is particula rly valu
ab le in this use becau se as yo u step the
counter pulse by pulse, yo u can make up
tru th tables based on what t he lights show.
Nat urally if the inpu t is derived from the 60
Hz sq uare waver or the Schmitt tr igger, the

Top view of logic board. Reset button at top right.

~N.C.

"RESET" BINDING POS T r
+ 3 .6V

This little logic demonstrator has really
brought the world of Ie's alive for my crew .
The only tough part is getting the "toy"
away from the younger harmonics so it can
be use d for "se rious" teaching.

Fig. 6. Reset button detail. .. .W3K BM
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RADIO BOOKSHOP BIG DEALS
. BOOKS I
A1' V EX PER IM EN TER $ 2 .95

In val u a ble b o ok i f you a re
i n tt'r~s ted in a mateur televi 
s io n. T h is b o o k c o n tains re
p r in t s o f th e m o s t im p o rtant
m a t eri a l from t he no w d efunct
A TV Bullet in.

COAX H ANDBO O K $ 3. 0 0
In va lu ab le h o o k fo r t h e

h am or t h e lab a nd fo r eve ryone
else w ho d o esn 't wa nt to h ave
t o k e(~I) a w h ol e libra r y on h a n d
for re ere n ce -_. or eve n wo rse
h a ve t o write t o t he ma nufac
ture r fo r c o a x spec .

D io d e Circ u its ,I1d b k $ .9 5
T h er e are 11 5 diod e ci rcuits

in t h e ha ndbo ok , in cl u di ng
power su pp ly a pplica t io n s,
re gu la t ors, ae meter a p p li ca
t ion s, a ll sorts of recei ver detec
tor s ( A M · FM ·SSB ) . n oise limit
c rs . sq uelch , A Ge, vuric a p t un-
i n g , audi o c lip p e r s , com p r e s -

so rs, I"M m od u lato r s , R T TY
k ey in g. va ra c to r m u lt ip li er s,
fi eld s t ren gt h m e ters , wa ve
me ters , no ise ge n er a to rs, a n d
m any et c . V ery un joyable
b o o k . C heap to o .

V HF A NTEN NA HOli K $ 2.95
IC yo u a re n o w or eve r in 

ten d to be a c t iv e o n a ny o f t h e
V H F ba nds ca n you rea lly a f
fo rd no t to sp e nd a lo u sy $ 2 .95
for a co m p lete a n d de tail ed
b o o k o n V HF a n ten na s? Y o u
will find d e scr ip t io n s, d ime n 
s ions, t u n ing d a ta , and d ia g
r a m s of all types o f a n te n na s in
t h is b o o k . F r o m a n in s t a n t
co a t h a n gnr a n t en n a t o a gian t
c o ll inear b eam , i t is a ll h ere.
Your a nte n n a is th e cheapes t
a mplifh-r y o u ca n b uild . G et
this bo o k .

7 3 T r an sis t or C ircu it s $, 9 5
A u d io a rnplifiers , pream p 

li f ie r s . cli pper s , filt e rs.. m od ul a 
t o rs, r ec eiver b fo , AG e ,
sq u elc h , t uned a u dio amp li fi e r ,
c r ys tal filter s , su p er -rege n , 2m
p reu m p , 220 M H z p rea mp , o s
ci lla t o r s , varia b le c r y st a l oscil
la t o r, U H F o scilla tor , 10m
tran sm it t er , 6 m t ransm f t tr-r,
2 m t ran smitter, ain n al t racer , 1
kH z a n d 1 00 k H z ca lib rator s,
swe e p f req u enc y ee nerato r.
sa w t o o t h ge n era t o r, t est equip 
m ent o f all k ind s, s t u ff . Fun .
In e x p e n sive .

10 8 Q 's and A 's $ 1.95
Disc us s io n s (i f tr a ns m i t.tfn g ,

re ce ivin g, a n t e n nas, p o w er a n d
audio m e asure m e nt devic es
e t c. Circu it s , ga dge t s , sma ll
co n stru c t ion p rojects, pro fu se
ly illustra t ed . A w ual th o f Inter 
esti n g informa tion a n d re ad m u.
C h eap , t o o , c o n sid er in g .

R A D IO H A N D nOOK $7 .95
Thc b o o k h as b een na ti on al 

ly a d ver ti se d a t $ 1 2 .9 5; h o w
e ve r we h a ve a few eo p ies av a il-

~~~e~tu ih~~ Wl(~Cili~tbr~cJ\t~(~ n'~
8 5 0 p a ge s o f h and book da ta
and c o n st ruetto n p ro je c ts. T h is
is o ne o f the b es t boo k bar gai n s
y o u'll f in d - w h ile it last s!

S I l\t P L l F IE D M A T H $ .5 0
D o cs math scare yo u '! It

sh o u ld n ' t . T hi s easy-t o -u n der
s tan d b o o k ex p la ins t h e sim p li
fie d e x p o n e ntia l sy s t e m o f
a r it h metic, simp le fo r m ul as .
lo ga ri th ms

h
a n d t he ir a p p li ca

tion to t h e am sh ack.

TV INTERF E R E N CE $ 1 .50
Wh y suffer with T V I'! 1t is

cu ra b le a n d t h is n e w e s t a n d
m o st com p lete b o o k w ill h e lp
you ge t r id of t hat pe sk y
misery .

T ransi s t o r Pro jec t s $2 ,95
Cra m m erf wi t h hom!' c o n 

st ru c t io n p rojects such as a
comp le t e c o m m u n ic a t io n s re 
c eive r , a c o n ver t er con ve r t e r ,
C W fil t e r a n d m o n it o r,
10 -15-20m F E T co n ver t e r , 10
& 160m co n ve r t er . 2 -(l-10m
co nv erter , 30 M Hz i-f s trip,
aud io b a n d p a ss filt e r . 6m
FET S, aud io d er ived AG e , 4 32
M H z conve r t e r l, 2m conve r t e r ,
megap h o ne , I 2 tJ6 M H zco n ver
tc r , si m p le 10 m rec eive r , Jo' ET
p rea mps fo r 144 & 4 3 2 M H z,
n o ise cli pper, SS B tr a n sm itt er ,
Gm sta ti on , lim ultr a -mi d get ,
1 60m t r a nsm it t er, 4 3 2 MHz ex
citer , varacto r t ri p le r fo r 1 2 9 6
M H z, F RT VFO fo r 8 0m , VFO
for H F an d V H F. VI Jio' p ara 
m e t r ic a m p li fi e rs , dio d e con 
t rolled b rea k -ln . slide bias
mo dula t o r , m o du la t i.ng t r ansis
tor t r an smi U er \ FET au d io
co m p ress or - p u s tec h ni cal
a n d t he ory m a ter ia l on d es ign
in g r f pow er a m p li f iers , ze n er
d i o des, integru t ed Cir cu it s ,
sim p h f ied t ran sis t o r d e sign fo r
t he a m a t eu r , CW m o n it o r ,
RTTY ind ica to r, c r ystal o sc ul a
t o r ss a n d m ore .

DX STUFF
WORLD O X MA P $ 1 .0 0

T h is is the sa m e wall-si zed
O X m a p t h a t is in cl u ded wi t h
t he D X H a n d bo o k e x cept i t
come s t o y o u r o ll ed u p ins tead
o f fold e d . T hi s is so y o u ea n p u t
i t on t h e w all o r h ave it fr a m e d .
T he m a p is d esigne d with a ll
c o u ntr y p ref ix es in dicat ed a n d
sp a c e f o r y ou t o co lo r in th e
c o u n tr ies as you w o rk th em.
Vi s it o r s c a n see imme d ia t el y
h o w m u ch o f t h e w o rld you
h ave c o n tacted ! T h e zo nes a re
o n t he m a p a s w ell a s prefi x es.
Ma y b e y ou n ee d several ma p s.

CUSTO MI ZE D D X HE ARI NG
CH A R T $ 4. 0 0

T h is is no t ava ila b le o n t h e
su bs(~ rip tion b onu s b eca u se i t is
provid e d p u rely as a se r vice o f
7 3 . A n a ma t eu r who works fo r
a b ig c o m p u t er co m p any has a
pro gram whic h permits h im to
p lu g in y our lo cation a n d have
it print o u t the b earin gs o f al l of
t he «ountrtes o f th e w o rld fr o m
you r sh ack . O n ce y o u h ave th is
li s t y o u w ill u se it fo r ever y D X
con ta c t . T he c h art grves th e
b ear in g a n d dis ta n c e to all
major c i t ies and countrtes . Be
patie n t w h e n y ou ord er f o r
t he se h a ve to b e ru n t h ro ug h in
gr ou ps a t this l o w cost to y o u .

OX H A N DROOK $ 2 .9 5
H o w t o w o rk D X, h o w t o

get QS Ls co u n t r y li s t s , a w ard
l i s t s , p o s t a ge lis t s , QSL
b u r ea u s, maps of th e World ,
Nor t h Amer ica. Ca rib b ea n ,
S o uth A m erica , A frica , etc .
Great cir c le m a p s canter ed on
m aj or U. S . c it ies, b ea rin g char t s
for b eam h ea d ings for m ajor
ci t ies , h o w to go o n yo u r own
D X p ed it ion , a n d m u ch , m u ch
m o re . This is the b igge st se ll in g
D X H a ndb o o k eve r p u b lish ed ,
wr i tte n b y 7 3 's c d t tor-p ubtis h 
er w ho h as D X ed fr o m n early
100 c ou ntries . T h is b ook in
cludes a wa ll s ize d D X map o f
t he wor ld , i tse lf wort h th e p ri ce
of t he b o o k .

U .S . MA PS F o u r fo r $ 1 .0 0
T h ese w al l siz ed map s sh o w

t h e s ta t es a nd ca ll a reas. Th ey
are s pec ia ll y d es igne d fo r colo r
ing t o sh o w t h e pr o gress toward
t h e Wo rk ed All State s award o f
AR RL o r t h e Wo r k ed A lm o st
A ll S ta tes a war d p ut out by 7 3
(fo r p r o o f of conta c t w it h 49
st a t e s) . S in ce y ou will p robab ly
b e w anti n g t o w o r k for t h e
awar d o n sever a l bands y o u w ill
w a n t several map s . T hey co m e
in gr ou p s o f four .

IRIIm1B
7 3 BI NDERS $ 4 .9 5

T h ese are n o t a vailab le a s a
subscr tp t ion b on us . But y o u
s t ill n eed t he m t o m a k e y o u r
issues o f 7 3 s ta n d u p on th e
sh elf. It al so h e lps k eep b a ck
iss u e s fro m ge tting lo st or sp ilt
o n . Or into t he h and s of t he Jr
O p T he bind ers are a go rge o u s
r ed a n d co m e wi t h t h e ni ce st
se t o f ye ar s t ic k ers y o u've e ver
see n. Dr ess u p y o ur sh ack w it h
t hese b inders ,

LA PE L BAD G E S $ 1.0 0
N a m e and ca ll ident ifies

yo u a t cl u b me et in gs , h a mfest s ,
b u sted po t p arties . Han d e ll 
gra ved b y sk illed N e w H a mp 
shire cra ftsma n wi t h lo vin g
carc . O nl y o ne lo u sy d o ll a r .
Sen d fi rs t n a m e a nd call .

Call Le t ter Des k Pla t e $1.9 5
H o w ab o u t d r essi ng up your

o peratin g ta b le w ith a d e sk
pl a t e sh o w in g your fi rs t n ame
a n d call? T he se e m b o ssed d esk
pla tes a re n ice - a n d inex p en
s ive, N o ze r o av a ila b le , sorry .
Then ' is r oom fo r t wenty le t 
t ers a n d sp a c es to tal .

S i d t~ band LO i;: n o o k $2 .00
Ar e yo u t.ired of u sin g a lo g

b o o k d esign ed b ac k in t he
1920 's? T r y o n e of th ese
19 7 2-t ype lo gs designed by
W 2N S D /1. A p a d of 1 2 5 lo g
sh ee ts, 8 1/ 2 x I I , with 2 0 con
ta cts per p age w ill la st y o u tor
2 [lOO c o n tac ts. T r y th is fir st
re ally m oder n lo g sh ee t.



· FM BOOKS
A tlas of FM R epeater s $ 1,50

Li sting, b y state a n d city , of
a ll rep eater s, bo t h open a nd
closed , in t h e w o rld, co m p le t e
w ith covera ge m a ps of m any o f
the major rep eater s. Map s are
incl u ded sho wing the sta te s a nd
cou nties , wit h the areas of re
peaters Indicated .

FM Repeater H andbook $6.95
T hi s h ar d b o und b o o k Crom

Howard Barns is not av a ilable
o n t he su bscrip tion b onu s d eal.
SorrY

l
b ecause it is one yo u will

want f you intend to set up a

"'0"'1 --=--3
'..
\ ..~!

Max i T o o l Kit ..••$1 4 .89 ppd
One o f the h a nd iest thln~s

a ham can get for a gift 18
tools - and h ere is It t ool kit
tha t every ama teu r ne e d s and
hard ly an y has - mi niature
tools for work ing o n modem
so lid s ta te e q u ip men t. T h e day
o f using gas plie rs and a
wrench to work on ra dio
eq u ip men t is ov er . no w yo u
need je we ler 's sc re w driver s
a nd oth er ti ny too ls.

T he Mood y Maxi Tool Kit
has every thing you need - six
sc re w d rivers, go log fr om
.0 25 " to .10" in w idth , two
Phi llip s head driver s (s iz e 0 &
1) , a n d aw~ three A llen
wrenches (4-1.:1-8) , five end
wr enche s (5/64 t o 5 /32) a nd
five soc ke t wr enches (5 /64 to
5/32), p lu s th e ha nd le for the
who le set . T he kit comes in a
clear pla stic case wit h a n in di 
vid u al ma rk ed h ol e fo r every
t ool. Once you h ave this set
you will find it in use almost
eve ry da y - it will be in valu 
a ble .

An d what a gift the kit
makes - a remem brance o f
yo u every time it Is used.

FM R p t r . Circ . Ma n ual $ 4 .9 5
Hard bo un d Edition $6.95

T his a DO-plu s page book has
mat eria l on basic FM repeaters,
na ti onal standards for FM re 
pea t ers, carrier o pe ra ted re 
p eater s, to ne d ecoders fo r re
p eater s, con t ro Uing re pea t ers
wi t h to nes, impro vin g repea ter
int elli j:.ibilit y , mi ni m izi ng de
se nsi t izat io n so lvin g Intermo
dutatton proble ms, di git al id en 
ti ficati on, the WBS BFM iden ti
fier i a computer -optimized d l
git a iden t if ier WA(JZHT de
sign d a t a , t he Curtis id entifier ,
t he K6MV H autopatch, the
Z ero DKU autopatch, t he
t ouchto ne au topatc.h, se tting
up a mobile sta tion en co ders
fo r su b -audible tone b urst a n d
w hi stl e-on use, m ultichannel
sca n nin g, RF preampli fie rs for
rep ea te r s, anten nas f o r 2m FM ,
co ll inear gain anten na for re 
pea t er s, we ld ing rod groun d 
pla ne, hiah gain m obile a n ten
na, poor man 's f req ue ncy m e
te r, sig nal generator circuits.

R epeater Bulletin $ 2 .00 Yl:'
Monthly bulle ti n o f news

and ac t ivitie s of th e New
England R e pea ter Group s. L ots
at opinions, controversy, re
po r t s

h
even tech nical ar ti cles

a nd t ink pi eces . Th is bulletin
is availab le t ree t o all amateurs
living in t he New Eng la nd states
who are ac t ive o n 2m FM O ut
side of t h is a re a t he sub sc rip
ti on price is $2 per year. Issue
n u mber one was J anuar y 1972 .

T he Bull e tin is the place
where t he mass o f FM in form a
tion is p ub lish ed that d oesn't
make it into 7 3 because th ere
just isn't e no u gh room. It runs
about 24 pages per m onth (8 1h
x 11).

If you are inte reste d in a
su bsc ri p ti o n , send your n ame,
call, address, in cl uding zip. a
li st o f t he FM equip me n t y o u
art! us ing , t he re peaters you u se,
and any repeater cl ubs or other
a mateur radio clubs that you
are a m ember a t.

Master Tool Kit . -. $35.00 ppd
Do you like to go fi rst

class? T he n feas t your e ye s o n
the Mo od y Precision Too! Kit
- six sets o f mi niature to o ls

in a fo am plastic t ra ve l ca se .
Each set comes In a sepa rate
clear pl astic case with its
handle .

The Phillips d river and
Allen wr ench set cf:tains
Phillips d rivers #iJ and , a9l':!
Allen ,~yp e w renches ,1fI:J
and 118, wi t h ch u ck type
handle .

Th e offs et open end
w rench set contains nve
wrenches in sizes 5{64",
3/32" 7/64 " , l/S" 5/32",
with chuck type handle.

The sock et wrenc h set
(magn et iz ed ) con tains h e x soc
ket wrench siz es 5 /64' , 3/32",
7 /64", l iS " , and 5 /3 2" , with
ch u ck type h andle .

The tiny tap se t co ntains
t ap size s O-SO 1-7 2, 2-56,
3-4S, a nd 4-40, w it h chuck
t ype handle .

The t a l? d rill se t comes
w it h a SWive l h andle ch u ck
a,n.d five drills in siz es 3 /64 " ,
W>3 50,4 7 a n d 43.

The si x I tool k it s will
h andle just abo u t anyth ing
that you will come u p against
in w orking with modern mini
a t ure equip ment . The drill s ar e
t errific fo r making h ol es in PC
board s - the taps d itto . This
tool kit w ill b e within rea ch
whereve r you go . On trip s it
fits into y our su it case. The se
are not chea p imp or ted tools
which break t he fir st time you
use them, th ey are made o f
the toughest stee l an d should
last a lifetime . 0 wn this
beautiful se t of pre ci sio n mi nt 
ature t o o ls .

7 3 Back Issu es Vol. 1 $3.95
T his 1s an assortment o f

twelve differe nt b ack issues of
7 3 fro m the years 1960
t hrough 1964. Normally t h ese
back issues wo uld cost y o u
$1.00 or m ore each , but sin ce
t hi s assortment is our cho ice
in st ead o f you rs , t hus t he bar
gain . H ere Is a good way to
b uild u p yo u r t ec h ni cal library
with hundreds of interesti ng
a nd val ua b le tec h nic al a r tic les
a nd co nst ru c tion pro jec ts . You
m a y ha ve mi ssed t h ese gre at
issu es when they ori~inaUy
ca me out , b u t d on't mi ss t he
fu n of readin g them n o w! The
e mp hasis o n article s wlth no
operating news or m onthly
co lu m ns m ea ns that littl e o f the
m ateria l Is d at ed .

7 3 Back Issu es Vol. 2 $ 3.95
Twelve d iffere nt back issues

of 73 fro m the ye ar s 1965
thro ugh 1 9 67 . T he se are t he
real vintage years of 7 3 for
h o m e builders of tra nsisto ri zed
gear. Lo ts of VHF projec t s and
gadgets galore. Se e tor yourself
w hat 7 a wa s doing back when
QST wa s still brlnetng you only
tubes. At this pr1ce you ge t our
c ho ice o f back Issues. T his is an
e xce lle n t way t o fill in mi ssing
back issu es , if yo u like to
ga m ble ,

73 Back Issues Vol. 3 $3.9~
Twelve d iff eren t bac k issues

of 7 3 from t h e years 19 65 to
1970. These bundles are al 
read y made up so yo u h ave to
accep t our choice a t t h is price .
Individ ual issu es tor m o st
m ont h s are st ill ava ilable fo r
$1 .00 each fo r these ye ars.

BUMPER ST ICKERS 4/ $ 1.00
Stick these brigh t st ic k ers

on your car bumper or win ·
dow to let p assing FM crs
know what channel you are
mon itoring . Ava ila b le in any
combination of t he follo wing
channels ; 701 73, 76, 82, 8 5 ,
88 , 9 1 and 94.

CLOSEOUT
We h ave o nly a limit ed

n u m ber o f t he fo llowing
it ems . H urrl and order yours
before t hey re all gone .

CL OSEOU T
3 Pair : Walkie ·Ta lkie T R 3 Els~
co - pe r pa ir : $ 10.00
8 Trave l Clo ck R ad io Mo d el
8NC-1 15 $ 10.0 0
30 13 " Glob es $ 10 .0 0
818 " Glob es $ 1 7.50
1 4 Cla ssics Ed. Atlases $10.00
3 Im peri al Editio n $5 .00
I S 1 0 Transistor AM-F M-AFC
. AC Model 10 F D- 21 2 Digital
Timer : Clock Radio $19.00
4 Nort h American Solid S tate
AM Clock Radio ILamp Mo del
No. LC9898 $ 1 5.0 0
1 3 K-1 2 Prep Slide R ules $3.00
2 Pol a roid Swi n ge rs $17 .50

IC P ROJEC TS $3 .95
IC Projects fo r A mateur &

Experimerrte r is a n anthology
of IC construc tion proj e cts
taken fr o m 7 3 Mag a zine .
Edit ed b y Wayne Green , it's a
must tor any ham lib rary.

SO L ID STATE PROJECTS
$3.9 5

Solid State Projects for the
Experim ente r contain s over 60
projec t s taken fr om the pages
of 73 Mag azi ne. Build a S ix 
Meter F'ET Converter , Or ,
ma ybe a h am TV receiver . I t 's
all h ere .

}o'ASCINATING WO R LD OF
RADIO COMMUN ICAT IONS

$3.9 5
The Fasc inating Wo rl d o f

Radio Communications is an
introductio n t o ra dio co m 
m u n ica ti o n . T hi s b ook gives
you so m e o f the hi story of
ra dio com m u nicat io n an d an
idea of what you can ex p ec t
from YOur n ew h obb y .



Glenn W. Whittaker WA 4CMQ
537 West Hun t R oad
A lcoa T N 37701

PROTECT THOSE DIODES
I n designing the high volt age supply for

high po wer equipment, many amateurs
are tu rning to silicon diodes, and righ tly so ,
becau se of their low in te rn al voltage d rop,
filam entless operatio n, and reliab ility . Re
liabilit y, that is, if th eir ma xim um ratings
are no t exceeded. In orde r to rectify a high
ac volta ge, it is often necessary to use
several diodes in series. However, a prob
lem rears it s th ree ugly heads in the form
of Peak Inverse Voltage , creati ng headaches
bo th in the cranium and billfo ld de part
ments.

Fig. 1. S tandard bridge rectifier usin g series sil
ico n diode s.

Take Fig. I , a typ ical bridge rectified
unit. As the pri mary of the transformer is
ope ned and closed , a high volta ge transient
ap pears across the seco nd ary due to a
change in core flu x. The transien t may
exceed the PIV rating of th e diodes,
causing o ne or more to 'Go West : an d
tak ing the res t of the str ing along because
of a high distribut ed inverse voltage across
them.

The second ugly head is th e d ifferent
characteristics of dio des of th e same style .
Th eir maximum PIV ma y be close, but not
the same. These differences may cause the
designed Pl Y to excee d th e ac tua l d iod e
PIV ra ting. T he resu lt - abject fa ilure .

The th ird ugly head arises in the multi
ple series diod e rect ifier legs. As the sta te
of t he diodes changes fro m no n-conducting
to conduc tin g, an indefini te period of time
(cha rge recovery time) occurs. If one d iode
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in the string has a lo nger recovery time
tha n the rest , it forces the o ther diodes to
carry the extra PlY loa d unti l the d iod e
recovers. Th is additio nal d istributed volt
age ma y be enough to cause one or more
diodes to fail, again t aking the entir e st ring
with it .

As in Fig . 2 , the prob lems can be so lved.
Th e transient across the secondary can be
eliminat ed by placing Cl , a .005 m F disc,
across the entire wind ing. Th e capacit o r
presen ts a low impedance to the t ransien t,
shu nting it around the rect ifier stack. The
volt age rati ng of C l should be greater th an
the peak seconda ry voltage. (A 5 kV unit
will do for a 2000V secondary .) The extra
dist ributed PlY is also easily eliminated.
All tha t is necessary is to distr ibu te the
inverse volt age drop acro ss each diode by
shunting each d i~de with a .002 mF disc
0 200V rati ng in 'th is case). During th e
recovery ti me, capacit ors C2- C13 pre sen t
a low impedance shunt for the inverse
voltage aro un d the recti fiers. Th ey also
co m pensate fo r t he differ en t charact er istics
of t he d iod es.

Fig. 2. Capacitor pro tec tion from transien ts
across series diodes.

Try th ese hints and see if th ey reli eve
the headaches (esp ecia lly th ose in th e
walle t ) and improve the reliabilit y o f your
opera tio n.

.. .WA4CMQ
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William P. Tu rner WA0ABI
5 Ches tnu t Cour t
Sain t Peters MO 63376

SOLID-STATE
OVERLOA D
PROTECTION

T here are two basic reasons for over
load protection in your transmitter or

linear. The first is a desire to' protect the
final tubes from th e ravages . of excess
current. The second and equally important
reason is to protect the power supply.
While the transformer is often overlooked ,
it too requires care if it is to survive. In
commercial and homebrew equipment
~are ful calculations have been made to
extract the last po ssible watt from a given
transformer, the duty cycle has been fig
ur ed to a fra ction of a percent, and if
ratings are exceeded there ma y well be dire
consequences in the form of overheating
and eventual failure .

Overload pro tecti on ma y be gained in
any of several ways. Th e most commo n
and least expensive over the short haul is a
common fuse in the primary and/or sec
ondary of the high voltage transformer. If a
high current fus e is used , protection is
sacrificed while a fuse near the normal
current consumption of the equipment will
give rise to frequent fu se cha nges du e to
the peaks found in all sideband equipme nt.
Another common form of overload protec
tion is a rel ay in series with the pla te
circuit. Excess cu rrent will pull the relay
in , after whi ch time a holding contact on
th e same relay will keep the contact s open
until reset . The major drawbacks of this
syst em are the lack of precise and lasting
adjustment and the usual bu zzing of th e
relay as pull-in current is approached .
Presented here is another method which is
silent, fully adjustable, reli able , and best of
all, inex pensive.

A low value resistor (R l) has been
inserted in the negative lead of th e power
supply. All curren t flowing from the sup
ply must flow through this resistor and as
it doe s it creates a voltage whi ch is a
reflection of the current flow. In parallel
with this resistor is a po tent iome ter (R 2)
which allows the selectio n of any de sired
perce n tage of the voltage so developed.
Th e slider of the pot is connec te d to a
zene r diode (Dl) whi ch blocks the flow of
curre n t until the applied voltage exceeds
the zene r point of t he diode. The instant
the zener voltage ise xceeded, curren t flows
through limiting resis tor (R3) and the gate
cir cuit of th e SCR. The current flow locks
th e SCR into conduction , a condition
whi ch will remain until the anode/cathode
circ uit is broken or the sup ply voltage is
removed. The overload relay coil is wired
in par allel with the SCR. When t he SCR
conducts, the coil is effectively shorted and
its contacts open. This in turn opens the
coil circuit of the high voltage control relay
and tu rns off the high voltage.

The high voltage on /off swit ch wiring is
reduced to a single low volt age wire run
ning from the po wer supp ly to a conven
ient location on the mai n chassis. The same
lin e is also used for reset purposes, thus
elim ina ting complicated swit ching and
cabling. The reset function consists of
turning off th e high voltage switc h momen
ta rily. This removes th e voltage from the
_SCR and allows the overload relay to
operate when voltage is again app lied. Both
pull -in and reset ar e accomplished in a
matter of microseconds. If the condition
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or iginally cau sing the hig h current remains,
it wil l be im possible to reset the ove rload ,
or rathe r it will reset on ly long enough for
the SC R to conduc t aga in. The circuitry is
also such th a t it is im possible to apply high
voltage withou t the filam ents/h eaters ha v
ing been turned o n fi rst. In te rlo ck switches
arc provid ed for both the power sup ply
and main chassis. It will be no ted th at
these are req ui red to carry only low de
volta ge.

As yet noth ing ha s be en said abo u t the
pilot lamp in seri es with the co ntro l vo lt 
age . Th is bulb serves several purposes - the
first is to limit th e current drawn from the
control voltage so ur ce. The so urc e is effec
t ively sho rt ed in the " trip ped " condit ion
without it . The second function is to
indica te th e presence of po wer to the high
volt age con trol circui t by a dim glow and
of a " tripped" co nd ition by ligh ting to fu ll
bri lli ance .

The relay used here was in tend ed for
12 V de service . It will, however , actuat e at
around 5V allowing complete ly nor mal
opera tion with heater supplies of 5 to 12
ac volts. This relay is similar to those found
in Rad iosondes and several ty pes o f sur
plus. The original was purchased for $ 1.50
from a lo cal su rplus house . The exact
nature of the relay is not cr it ical.

In equ ipme n t ha ving on e side of th e
fila men t of heating wind ing gro unded , that
source may be used for the con trol voltage.
When th e winding is above ground a small
filam ent transformer must be ad ded for
this pur pose.

The circ uit as descr ibed is capable of
adjustment from 150 rnA to well ov er on e
amp ere. In creased sensitivity may be ac
complished by insta lling a lower voltage
zener diode or t he current sensing resisto r
may be increased in value.

The parts are inexpensive, readily avail
able, and no t at all criti cal. The o riginal
cost $3. 18. It was mounted on a PC boa rd
measu ring 2 x 2 \4 in. This is defin itely not
a requirement, an d in fact is not even
desira ble in view of the extre me simplicity
of the circuit and the " one o f a kind"
nature of the pro je ct.

Calibra tion is very st ra ightforward. First
disconnect the high volt age transformer
primary from the power line as a safe ty
measure . 1\ source of low voltage de
(b attery charger o r bench supply) is con
nected in series with the cu rre nt sensing
resistor and an ammet er. Adjust th e cu r
rent to the desired tr ip point by adjustin g
th e applied voltage or th e resist ance in
ser ies with the circuit. Advance the sensi
t ivity control slowly un ti l the overload
relay drops out. Decrease the current to
slightly below the trip point and reset the
overload. Again increase the curren t t o
verify the sett ing an d make any necessary
fina l adjustment . Remo ve t he test setup
and reconnec t the power transformer.

If a low vo ltage relay with la rger con
tacts were ava ilab le it would be possible to
use t he overload relay to di rectly contro l
the tra nsformer primary .. . for fina nc ial
reasons this was no t d one. . . .WACbA BI
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Ray Megirian K4 DHC
Box 580
Deer fi eld Beach FL 3344 1

lab type IF/RF
SVVEEP GENERATOR

using es
J ust about every kit-typ e swee p genera

tor on th e market sta rts life out at
around 3 or 4 Mll z and ends up at 200 MHz
or so. T his always mad e analysis or d isplay
of 456 kH z i-f amplifier response charac te r
istics a t ed ious ste p-by-step plo tting pro
cedure or required time out to rig up a
temporary gim mick to do th e jo b . No more.
The sweep gen erat o r to be des cribed here
will do th e job with ease a nd precision. Even
if you do not inten d to duplica te the
instrument , you may find part s of it use ful
for o the r applicati ons.

The generat o r covers a frequency rang e o f
from 400 k Hz to 30 MHz in five bands. It
can be operat ed in t he CW mode as well as
swe pt , thus allow ing it to be used as an
ordi nary signa l gene rator. Maximum ou tput
is 3 50 mV p-p across Son. When sweeping,
th e return trace may b e blanked or n ot , as
desired . Two calibrated dials are provided
fo r sett ing t he sta r t an d stop frequenc ies and
the maximum swe ep wid th would be the
enti re band in use. The frequencies co vere d
by the five bands are : 400 to 900 k Hz, 85 0
kllz to 2. 3 Mll z, 2 to 6 ~lII z , 5 to 15 Mllz.
and 10 to 30 ~'I H z . Sweep ti me is var iab le
between 20 ms an d 6 second s per swee p. A
ste p attenuato r in co njec tio n with a vernier
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contro l provide a maximum attenuat ion of
the out put of 120 d B. An in put is provid ed
fo r a po st-inject ion mark er syste m built int o
th e unit. A sy nchr onous ramp wit h gain
co ntro l is provided fo r driving the oscillo
sco pe horizon tal sweep. Blanking pulses are
also bro ught out to a connector in case t hey
are needed for synchronizing ex te rn al equip
ment.

A New rc
Th e heart of the generat o r is a new

Motorola IC, th e MCl 648 em itt er-coupled
oscillator. It was in tended for use in phase
loc ked loop sys te ms operating in ex cess of
150 MHz, bu t may be used in many ot her
app lica tions such as this one . The device
pro vides output of h igh spect ral puri ty and
inco rporates an intern al age system which
simplifies design of th e swee p genera tor by
eliminati ng the need for extern al leveling. A
buffer a mpli fier a nd emi tte r-fo llower output
are also inco rp orated on t he chip, elimina
ting th e need for extern al a mplifiers. Figure
I is a schema tic o f t he Me1648 IC. Figu re 2
illus tra te s two methods for t un ing t he oscil
lator . The device is packaged in a l4 -pin DIP
and requires a SV de supply . Since it was
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Fig. 1. Sch ematic of the MC164 8 IC.

intended to be used wit h Mot orola MECL III
logic, eit her polarity is per missible . A po si
tive sup ply is used here, co nnect ed to pins 1
and 14 wit h 7 and 8 gro unded.

All the informa tio n covere d by the d ata
shee t for the MC1648 dealt wit h operat ion
fro m 10 MHz up to about 180 MHz. Since I
was interested in going as low as 400 k Hz, I
had to do some experimen ting with tank
circuit s. My best result s wer e obtained with
the use of cup cores fo r t he two lowest
bands. I also fo und t hat ordinary mo lde d
iro n core rf cho kes of t he miniature variety
did an excellen t job the rest of t he way . Use
of these tin y components made possible a
very compact 5·band assembly .

Th e veo
In order to faci litate sh ield ing and simpli

fy construction , elec tro nic band switc h ing is
employed. Figure 3 is the sche ma tic fo r t he
rf por tion of th e genera tor. The 2N439 l
J·FET has a low 'on' resistan ce an d works
very well as a switc h . One o f t hese transis
t ors is placed in se ries wit h each ta n k circ uit

'" MCt6 4 B

Ix
r - ~ - - - - -,

I I
I I
I I a

I I '"
re I I

11 I I
L _ _ ____ _-.J

J
;J;

" N

fl MCt6 4 B, - - - --- - --,
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I I
I I a
I I
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I IL ____ _ - -'
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Fig. 2 . Tuning the MC1648 wi th a single diode (A)
and using back -fa-back di o des (B ).
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ALL RESISTOR S ~ 1 /4W, 5 %
L1- 28 TURNS NO. 30 AWG ENAMEL .
L 2 - 12 TURNS NO. 28 AWG ENAMEL
(L 18 L2 MOUNTED IN CUP CORE- Su TUI )

L3 -IBIlH MINIATURE MOLDeD RFC.
L4-4.7 jJH M INI A TU RE MOL DED RFC.
L5 -L1I'H MINIATURE MOLDED RFe.
CI , C2-TYPE I50D TANTALUMM2 ,2 ",Fnov,
Rl-BECKMAN 89PRIDK 15 - T TRI MMER.

* -sELECTED PART - See Tn t

Fig. 3 . Sch ematic of the r f assem bly using de band
swit ching.

Answer to

CROSSWORD PUZZLE
on page 245

New BATTERIES
for C. B. PEOPLE

FITS MIDLAND, STANDA RD, etc .. etc.

NO LOOSE
CONNECTIONS
COMPACT
RELIABILITY
ALL BATTERIES ARE
RESISTANT WELDED
AVAI LA BLE IN
NI·CAD. MERCURYOR ALKALINE

,.\ A'lEXANDE~h;~nufacturingCO.
_ BOX 16 -45 M (:I$o n Ci ty , lo w e 50 401 I>

...... Phon e (515) 423 -SQ 6 3

PLEASE INCLUDE YOUR ZIP CODE

WHEN YOU WRITE 73.
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RF --....0<100-,,
OUT

SELECT
(See Text>
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Fig. 4. (A) Foil si de of r t pc board. (B) L ocation of parts on component side.

..}

II
Com ple ted rf assem bly ready for mounting in th e
cabine t. A plas tic version of the 2N4391 was used
with a considerable savings in parts cost.

and can be turned on by app lication of a
posit ive voltage at t he gate. This allow s the
use of a str ictly de-operated remote switch
ing arra ngement. The en tire assemb ly is built
on a 2 x 3 in. pc board and mo unted in a
Pomona Model 33 06 enclo sure with a Model
3328 bottom mount ing plat e .

A BA 163 tu ning diod e by ITT is u sed to
. sweep the oscillato r. Alt hough it is in tended

fo r be band use, it perfo rms admirably at
these higher frequencies and its high capaci
tance rat io allows wide swee p excursions . If
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SLEP SPECIALS
R-390A/URR, THE CADILLAC OF ALL REC EIVERS TUNES 500KHZ TH RU
30.5 DIGITAL TUNING AM/CW/FSK/SSB. 115V/60HZ 19" RACK MOUNT.
TRADES TAKEN • • . . . . . . .. . .. . . . . . . .. .. •. . . . . . . .. . . . . . . ..... . $750 .00
HAMMAR lUN D SP-600JX. TUNES 540KHZ THRU 54MHZ IN 6 BANDS 19"
RACK MOUNT . . .. .. . . .. . . . . • .. .. ... . .... .. . . • . •. .... .. ... .. . 265.00

AN/URR -13 RECE IVERS, TUNEABLE UHF 225-400MHZ, USeD TO MONITOR
MILITARY AND AS TRONAUT FREQUENC IES, AM/CW,115V/60HZ • . . . . 85 .00
BENDIX RA -lO RADI O COMPASS RECEIVER, RECEPTION AM ,CW. Mew, AND
VOICE, FREQ RANGE 100 TO 1750KHZ IN 4 BANDS .. •• .. . . . . . . . . .. .• 9.95
BC-348. A GREAT RECEIVER FOR AM/CW AND MARINE VLF/HF WORK.
UNMODIFIED ORIG INAL 28VP/S . EASY TO CONVERT FOR 12VDC OR
115V/60HZ. TUNES lOO-500KHZ and 1.5 T O 18MHZ . . . . . . • . • . . •. . .. . . 65.00
COLLINS KW-l T RA NSMITT ER. TH IS IS T HE ONE YOU DREAMED ABOUT IN
THE A M DAYS . A FUll 1000 WATTS AM/CW!FSK. NOW POPULAR WITH THE
CWo RTTY AN D 10 METER AM AMATEURS. TRADES TAKEN • . • • . . . _850_00
CO LLINS 51J-4 RECEIVER, 550KHZ T HRU 30MHZ, SUPPLIED WITH 3 and 6KC
MECHANI CA L F ILT ERS. 115V/60HZ _. ..•.• . . .. . ... . . . . _• .. . . . 550.00

HP·430C R F POWER ME TER, 19 " RACK MOUNT .... .. . • .. •. • ...... . 39.00
COL LINS CU -351 ANTENNA COUPLER ,SAME AS 180L-3, TUNE 2-30MHZ , HAS
VACUUM VARIABLE RA T ED 50 00VDC, ME TERED, USED BY MILITARY AS
ANTENNA MATCH-BOX . SMALL IN SIZE , WEIGHT 28 LBS. IN COLLINS
CATALOG FOR $1800.00 . .. ... . . . . • .. .. .. ... . . . . . . . . . • . . ...... .. 29 .50
RT· 67/GRC FM A RMY JEEP TR ANSCEIV ER TUNEABLE 27 .0 TO 38.9MHZ 16
WA T TS . . . . . .. . . .. . . • •. . . . . . .. . . . . . . • . . • . . . . . .. . ... . . . . . . . .. . . 32 .50
R-278/GRC-27 RECEIVER 225 TO 400MHZ 10 PRE-SE T CHANNELS AM, 1750
SELECT ED CHANNE LS, 11 5V/2 20V A C _ 49 .50
T -2 17/G RC-27 TRANSMITTE R 225 TO 400M HZ 100 WATTS, 1750 SE LECTED
CHANNE LS AM/MCW 115/220VAC . . .... .. •. .. ... . .';. . . . . . . . • . • . . . . 49 .50
MD-129 /G RC-27 MO DU LATOR , GOES WITH T·217/GRC-27 • . . . .. . . . . . . 39 .50
TV-2/U TUBE TESTER, MUTUAL CON DUCTANCE CHECKS OLD AND LATE
TYPE RECEIVE RS, T RA NSMIT T ER AND SUB-MIN T YPE. COMPLETE WITH
RO LL CHART AND BOO K . LA T E V IET NAM V INTAGE, THE BEST, COST
GO VT. $960.00 _ _ __ . . _• _ _ . _. . _. __ . . _65 .00

HP-524C F RE QUENCY COU NT ER, BASE FREQ 10HZ T O 10MHZ, 8 DIGIT
N IX IE R EAD-OUT , 52 5 SER IES PL UG-I NS EX TENDS RANGE TO 510MHZ 375 .00
HP-525A 10-1 OOMHZ ... •. . • • . . .. . . . . .. . . . . .... . . . .. . . . .• • ..• . . . . 69.50
HP-525B 100-200MHZ . . . . . • .. . . . . • .. • • . . . . • .. . . .. . . ... .. .... . . . . 85 .00
HP-525C 100-510MHZ . . ... ... ... . . . .. ... .. .. . . . . . • . . . . .. . .. . . . . 195.00
HP-526 A VIDEO A M PLIFIER . . . .. . ... . . .. . . . .. •. ... •... • .• • . . . . . . 85 .00
HP-526 B T IME I NT ERV A L PLUG-IN . . . . . _. _. . . _ . . . . . _. . •... . .• 85_00

TS-41 3/ U SIG NA L GEN ERATOR 75KHZ T O 40MHZ IN 6 BA N DS, PRECISE
CA LI BR ATION FROM LM HZ C RYS TAL OSCILLATOR, HA S % MODULATION
METER CWo OR AM 400/10 00CPS V ARI A BL E 0-50% AND RF L EV EL METER
0-1 .0V . ID EA L FO R AMATEUR , MA R INE, AI RCR AFT and HOBBY IST FOR IF
AND R EC EI V ER-T RA NSMITTER A LIGNMENT OR DEVELOPMENT WOR K 89 .50
SG-6 6A/ ARM·5 OM N I SIGNAL GENERATOR . MILITARY VERSION OF ARC
H-14. FAA A PPR OVED FOR AIRCRAFT RADIO SHOPS 550.00
TS-382/ U AU DIO OSCILLAT OR, 0-200KHZ WITH 60 AND 400 CYCLE REED
FREQUENCY METE R CHE CK POINT. A FINE LAB INSTRUMENT .. •.... 79. 50

SG-299 D/ U SQUAR E WAVE GENERATOR, A WIDE RANGE 1HZ to lMHZ
CONTINUOUS COVE RAG E. USE WITH ANY OSCILLOSCOPE TO DETERMINE
FR EQU ENCY RES PONSE AND PHAS E SHIFT CHARACTE R ISTICS OF VIDEO
A N D AUDIO AMPLIFIE RS, MILITARY V ERSION OF HP-211A 39 .50
BAL LANTINE 300AC VTVM, 10HZ TO 15KHZ RA N G E, lMV TO 100VOLTS IN
5 RANGES, L OGAR ITHMIC SCAL E 1-100B ACCURACY 2% 29 .50
TS-505D/ U VTVM 0-250VAC, Q.. l 000 V OC, 0-1000M OHM RESISTANCE MEA
SUREMENTS, A C FREOUENCY RESPON SE 30 HZ -500M HZ, HIGH INPUT IM 
PEDANCE , PORTA BL E RU GG ED IZED CONSTRUCTION COMPLETE WITH
PROBE _ . . . __ . . _ $45.00
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SLEP SPECIALS
SG-55/URM-34 SIGN A L GENERATOR 1.8 THRU 4 .6 KMHZ CW!PM USED TO
CHECK BAND RADAR RECEIVE RS. ANTENNA TRANSMISSION LIN ES AN D
IN DICATORS . . . . . • • . . . . . . . . . . . . . . . .• . . . . . . . . . _ 37 .50
CV-89 /URA-B AUDIO TYPE RT TY CONVERTER . A POPULAR UNIT WITH
BUilT-IN SCOPE , WORKS WITH ANY TEL ETYPE MACHINE . .. •• . . • •. 125.00
COLLINS R-540/ARN-14C OMN I RECEIVER 108.1 TO 135.9MHZ . M ILITARY
VERSIO N OF THE COLLINS 51 R-3 ... ... ... ........ . .. . .. . . . •. • • .. 32 .50
COtliNS RT -178/ARC·27 UHF TRANSCE IVER 225 THRU 400MHZ . . . . • 65 .00
R-T09/GRC FM REC EIVER , 27 TO 38.9MHZ _. • . . . . . . . .• 21.50
BIRD 82A RF DUMMY LOAD , 500 WATTS, 50 OHMS . . . .. ... • . • . •.•• . 85.00
GR 1605A IMPEDA NCE COMPARATOR . A FINE INSTR UMENT FOR ANY
LABORATORY OR SHOP . .• .... . .. . . ..• • • • • . . • •... • . . • • • • •. . .•. • 45.00
WATTMETER MI LITARY DA ·72 , METER READS 0400 WATTS 5 2 OH M , 2 TO
5OOMHZ. OUR 200SETS WILL GO FAST AT THIS LO W PRICE . . . . • . . .• 19.50
WESTERN EL ECTRIC A 2A VIDEO TRANSMI SSIO N SYSTEM . PERMITS THE
TRANSMISSION OF VIOEO OR DATA SIG NALS IN THE RA NG E OF 30C PS TO
4 .5MHZ OVE R A BALANCED WID EBA N D CA BL E. M AX IM UM LI NE LE NGTH
4 .5 M IL ES (84DBI WI T HOU T REPEATER S . . . . .. . . . . . . . . . . . . • . . . . • . 175 .00
CV4 31 A/AR TR A NSV ERT ER, CONVERTS AR C R·19, R-15 VHF RECEIV ERS
TO 220MHZ. SEE JU NE '64 ISSUE 73 MA GAZINE . . . . . . . . . . . . . • •.. • .. 18 .50
URC-l l HANDlE TALKIE TRANSCEIVER , NO W CRYSTAL CONTROLLED ON
243MHZ. IDEAL FOR AIRCRAFT. MARINE OR 220MH Z CONVERSION . SEe
MAY '69CQ , 14.50
ARN·30.'108 ·135MHZ TUNEABLE RECEIVER . LATE VHF VE RSION OF TH E
FAMOUS COMMAND RECE IVER, IDEAL FOR AIRPORT/AIRCRAFT LISTEN-
ING OR CONVERT TO 2 METERS , 16 .50
PRC·6 WAL KIE-TAL KIE. 47 TO 5GMH Z FM COMPL ET E WITH ANT ENNA LESS
BATTERY .. . . . . . . . . . . . • . . . .. . . .. .. .•. . . • . . . . . • . .. . . . . . . . . . . . : 32 .50
OSCILLOSCOPE OS·8/U. PORTABLE 20 " 1 x 14 3/4"H x 11" W , 3" CRT PLUS 10
OTHER TUBES, VERTICAL FR EQUENCY RANGE 0 TO 2M HZ ACCURACY 3%
115V/60HZ . .. . .. . . • . . .. . . . . ... . . . . . .. . . . .. .. . . . . ....' 49.50
AN/URM·25 RF SIGNA L GENERATOR 10KHZ TH R U 50MHZ IN 9 BANDS
INTERNAL MODULATION 0 -50 %, 100·1 5.00OCY OUTPUT VOLTAGE .O.l MV :
0 .1 VOLT 50 OHM LOAD. A M/ CW ACCURACY .5%,12 POSITION ATTENUA
TION SEL ECT OR. IN GREY CA BIENT Les s FRONT CASE COVER • • . . 185.00

T ECH N I CA L MA N U A LS A ND SCH EMA TICS :
WE HA V E A LA R GE S TO CK OF M I L I TA R Y , ELECTR ONIC AND TEST
E QUIPMENT MANUAL S, AND SCHEMA T ICS O N EQUIPMENT THAT
M A N U A L S AR E N O L ONGER AVAILA BL E . NO LIST S, SO PLEASE
SEN D US Y OUR N E ED S FOR Q UO TATION .
NEW B O X E D FAC TORY FRESH CETRON 5728 TUBES . OR D E R NOW
FOR THAT L INEAR $ 16. 5 0 . ALSO IN STOCK EIMAC T UBES AND
SOCKETS FOR FA ST OFF T HE A IR DELIVER Y .
AL L E Q UIP ME N T EXCEL LENT COND ITION, F .O .B. EL L EN T ON ,
F LO R I D A , SA TISF A CTION GUARAN T EE D OR M ONEY REF UND E D .
I M MEDIA TE SHIPMEN T.

WRIT E - PHONE 18131 722-1843

SLEP ELECT RONICS COMPAN Y
2412 HIGH WA Y 301 NORTH
ELLENTON, FLORI DA 33532

,,'----------- ------- -----/
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Fig. S. Pk torial demonstra tion of ramp genera tion .

you are plann ing to use this osc illa tor fo r
VHF applications, a mo re suitable d iode
would be in o rder. Accord ing to the data
shee t on t he MC 1648 , typical maximu m
ou tput freq uency is 225 MHz.

The vern ier attenau tor is a 100[2 RV6
style potentiometer moun ted inside th e en
closur e. A cou pling and extension sha ft ar e
used to bring the co ntro l out to the fro nt
panel. The value of th e resist or at the
bottom end of the pot will have to be
select ed so that a rang e of 20 dB is provided
with full swing of th e contro l. Since end
resistan ce varies from o ne co ntro l to
another, an exa ct value will have to be
arri ved at experim en tally.

The output fro m the veo is a squ are
wave. If sine wave output is desired , t he age
cha ract eristic may be modified by intro
du cing resist ance be t ween pin 5 and ground.
T he sma ll trim me r incorpora ted on the
board is used fo~ th is pu rp ose . It was my
experience, however , that this may intro 
du ce instability with some MC1648s. Al
tho ugh the t rimmer was left in , the one in
my unit is turned to maximum resistan ce ·
where it has no effect "and left there. It
wou ld do no har in to leave it ou t altoge ther
since no ot her changes would be needed.

232

If any read ers are co nte mplati ng exact
duplication of this gen erat or , you will find
the cu p co res I used are no longer availab le.
These were Ferro x-cuhe part num ber
33 2P13 3B4-3C and . are obsolete. I had a
large number of these on ha nd left over fro m
ano ther project and saw no sense in buying
mo re. I am sure some of the presen tly
available cup cores will ma ke excellen t sub
sti tutes. T hose used here are about 3/8 in . in
diam eter and are u ngapped . You may have
to experiment wit h the number of turns in
th e coil t o obtain the coverage you require .
One handy tri ck you can pu ll with a cu p
co re is to ro tat e the slots in ea ch half so that
fra ctio nal tu rns are pro duced when the co il
wires are brou ght out sepa rat ely through the
two space d holes. Exer ting pressure o n th e
cor e by means of the mounting screw will
also shift the frequency and is almos t like
having a slug to tune. Increasing pressure
see ms to rai se the fre quency . Th e rf cho kes
used for the higher band s may also vary
sligh tly from piece to piece a nd several may
have to be t ried to get t he desired coverage.
T here isn 't much we can do to alter the
fre quency where the chokes are used . Of
cour se , slug-tuned coils may be used if the
pc layou t is mo dified . I do no t recomme nd
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their use on the t wo lowes t bands, however ,
since my resu lts wer e rather unsatisfacto ry
wit h this sor t of tank circui t.

One fina l point wo uld be in ord er before
leaving the Yeo. Note t hat t he 10 Kn
resistor goin g to t he tuning dio de , t he 2.2 pF
rf ou tput capacitor and eac h o f th e 12 Kn
resisto rs goin g to the trans isto r gat es are no t
mounted on the hoard. On e end of each has
a ho le provided on the b oard and then the
com ponent it self is used to make the con
nection to its final destination. This saves
boa rd space and elim inates separa te wires.
Th e small resistor at the bottom of th e
vern ier attenuator is simila rly mounted be
twee n the board and the bo tt om lug on t he
controL These po in ts are mor~ clearly seen
in th e pho to . Also note that the cup cores
arc fastened dir ectly to the board by mean s
of 1-72 screws int o t h readed hol es.

The Ramp Generator

In co ntrast with kit -type sweep genera
to rs that use th e 60 Hz line fo r sweeping the
osc illator. laborato ry inst ru ments have in-

le rnal circuitry designe d fo r t his purpose. In
our case , as with most swee p genera to rs, a
volta ge ramp is use d to control t he oscilla tor
dur ing t he sweep period. The Circuit ry has
been arranged so that we can adjust the
starting po int (d e level) of the ram p indepen
dentl y of the stopping poi n t. This simply
means that we can set the frequency at
which the swee p starts as well as the
freq ue ncy at whi ch it stop s. We can also
co ntrol, over a fairly wide ra nge, the t ime it
takes for a co mplete sweep . In t his case, the
sweep tim e is co ntinuo usly adjust able be
tween 20 ms and 6 seconds per sweep.

To get a be tter idea of how the ramp
generator prod uces the resu lts we've de
scribed ab ove, let's look at Fig. 4 . No te that
a negative-going linear ramp (star t ) is co m
bined with a positive-goi ng linear ramp
(stop) to produce the resultant ramp bei ng
app lied to the varact or diod e. If eit her input
ramp is zero, th e resultant will be t he same
as th e single ra mp since add ing zero to
any thing will not change its value. Nat ur ally ,
if both are zero, the ou tput will be zero and
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Fig . 6. Schem atic of the ramp generator circuit.
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-15V-__

TO SWEEP
TIME POT

'STOP'
RAMP
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RAMP
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TO
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CONTROL
(HORIZ
SWEEP)

SUMMING
JUNCTION
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'STOP' a
'START'
POTS

EXTERNAL
BLANKI NG

Fig . 7 (AJ Foil sid e of ramp generator board. (B) location ,of parts on compon ent side.

t he oscillato r outpu t fre quency will be con
stan t duri ng t he sweep period. The same is
true whenever both ramp s are of equ al
amplit ude , except that the output will be a

234

ste ady volta ge o the r than zero. Aisc note
. that t he resulta nt ra mp cou ld have a negative

slo pe if the 'sto p ' in pu t is low er than the
'starr input , and th e oscillator would ob-

73 MAGAZINE



MAXIMIZE
YOUR AMATEUR RADIO

What new 2M FM gives MONEV that assures: top selec 
me most for my money, ,I. t ivity, gre at sensitivity,
performan ce vs . price ? The and rejection of unwanted sig-
answer's as clear as the superb nals on today's active 2M band.
reception you'll get on the new Helical Resonators & FETfront
Standard 826M A, 10 walt, 2 end provide the performance
met er FM tr ansce iver . You ' ll needed for tomorrows crowded
find such outstanding features ch ann el s. Provisi on for tone
as 12 channels - with the four coded squelch to activate mod-
most popular ones included - ern repeaters. A radio that won't
and a RF output meter with becomeobso lete.Occupies less
select ion of 10 watts or 0.8 watt than 200 cu. in. Weighs less than
for battery conservatio n. And of 5 Ibs. It has all the same "Astro-
course, our"Astropoint" system points" as entire Amateur line.

NEW 22 CHANNEL BASE STATION

SRC· 14U

Ultim ate in a 2M FM Transceiver features:

o 22 channels
o AC & DC supplies Built In
o lOW (1. 3 & 10 selectable)
o Receiver off set tuni ng
o VOX
D Three Front Panel Meters
o Plus many more excit ing featu res.

For detailed information on these; the complete Standard /ine and the name of your nearest dealer write:

1~~n~2~!E.
213/775-6284 · 639 North Marine Avenue, Wilmington, Califo rnia 90744



The ramp and blanking gen erator pc assem bly. The
leads going to ex tern al points wiJ1 go in th e h oles
visib le on the board .

viously sweep down in frequency rather than
up .

The sche matic for the ramp gen era to r is

sho wn in Fig. 5 . Operati onal am pli fiers A l
and A2 form a triangle wave generator wi th
A I acting as a t hresho ld detector and A2 as
an in tegrator . On e half of the triangle
(negative-goi ng) represents t he swe ep period
whil e the o th er half represen ts the retrace
time. Since a square wave is gene rat ed at the

output jof AI , we have a convenien t source
of blanking voltage built righ t in . This signal
is positive during the swee p period and is
co nnec ted to the band switch when Swept I
(b lanked retrace ) operatio n is selec ted.
During re trace the square wave dro ps to zero
and actually disconnects the tank circ uit
un til the next sweep sta rts . An emitter
follower , Q3, buffers th e squa re wave output
fo r ex te rnal use .

The outpu t of inverting am plifier A3 is a
positive-goi ng ramp during the sweep period

. and is used for bo th the 'stop ' signal and
horizontal sweep for t he oscilloscope . Since
an additional inversion t akes place in the
output of A4, t he negat ive-going ram p at
this point is used as the 'sta rt' signal. These
tw o ra mps are applied across fro nt panel
co nt ro ls which have 6 : I reduction drives and
are fitte d with dials calibrated in frequen cy
fo r the five operating bands. The outpu ts
fro m th ese two po ts are fed to summing
amplifier Q 1, where t he out pu t will be t he
resulta nt ramp we discussed above. Because
the output Q l is in the negative region (PNP
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Fig. 8 . Post-injection m arker circuit with de gain con trol of marker size.
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Fig. . 9 . (A) Foil side of mixer lamplifier pc board. (B) Location of parts on com ponent side.

transistor ), a second common-b ase (NPN)
amplifier is used to shift the output back to
where it will always be positive.

Th e ramp and blanking generato r is con
struct ed on a pc board 2.6 x 4 .1 in . in size.
For convenience , all the trimmer resist ors
were mo unted along one edge. As seen in t he
ph oto , this board was mounted by means of
two small br acket s in a vert ical position with
the trimmers facing up . To simp lify pattern
lay out , unus ed pins I , 5 and 8 on each of
the -four 741 op amps were clip ped off right
at the case . Colo r-co ded wires were con
nected to all necessary points on the board
be fore it was mo unted , with the leads made
long enough to reach their destinat ions. For
tho se interest ed in bu ilding this unit , a"
de tailed pr ocedure for set ting up t he ramp
gen erator will be given lat er.

Th e Mixer/Amplifier

In order to provide a mean s for displ ay ing
frequency mark ers, a mixer and am pli fier
circui t was built into the sweep generat or.
The schema tic for t his circu it is shown in
Fig. 6. A marker genera tor was not included
inside the sweeper because other rf gen era
tors were available for use as markers and
th e added expense seemed unnecessary. Be
cause the mixer board was to be in stalled
inside a shielded box, de gain con tro l was
resorted to as with the band switching
discussed earli er. A 2N4 39 I is u sed as a
variab le resis tor to control the signal in put
to the amplifier sta ge. This in tum controls
the size of the marker being displayed on the
curve. A 2N 38 19 FET is used in a simple
mixer circuit which worked the best of
several tried . Inciden tally , t he PNP and NPN
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Ie'S F O R SUPE R HIGH I' E R F OI UdA,NCE
CW FIL TE R "
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5200 ' aNima A ve., Rich mond CA USA 94804
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a nd sen d t h em t o u s w it h payment of 5d • • ,,;h .

Comp leted mixer/amplifier board mounted in the
die-cast housing.

transist ors used here and on the ramp
generator board are unknow n su rplus silicon
unit s.

The pc board fo r th e mixer is 1.5 x 2.9
in . and is mounted in a Bud CU-124 die-cast
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Fig. 10. (A ) Foil side of power supply pc board,
(B ) lo cation of parts on com ponen t side.
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15V RMS
IN

15V RMS
IN

B

+15V
OUT

-15V
OUT

Fig . 11 . (A) Foil side of power supply PC board. (B ) Location of parts on componen t side.

aluminum box. Not e that here again some of
the components are mou nted be tween the
board and their ext ernal connectors. Th ese
include both the 10 pF and 100 pF inp ut :
capacitors to the 2N 38 19 and th e 10 Klt
resistor going to the gate of the 2N 439 1.

The Power Supply

Figure 7 is a schematic for the power
sup ply . Voltage requirements for t he sweep
generator are +I SV, - 15V and +5V de. The
curre n t drawn by any of th e above cir cuits
runs no more than 30 or 40 rnA maximum,
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Fig.12 Contro l circuit wirin g schematic.
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making the use of sma ll I'C voltage regulato rs
idea l. Motorola MFC6030 (plastic) regula 
tors are used in eac h supply an d are overload
pro tected agains t accidental short circu it.
Varo type VEl8 molded bridge rectifiers,
togethe r wit h 1000 p F filter capacitors,
supply the de input to the regu lat o rs. The
+ 15V and +5V regulators are bo th fed fro m
the same source . The power tr ansformer was
a surplus unit with a 30 V CT secondary. Th e
center tap was uncovered and the two lead s
separated so as to provide two independ ent
15V windings. A small trimme r is provided
in each supp ly for voltage adjust ment.

The pc board for the power supp ly is 2.6
x 4 .1 in . All co mponents but the transform
er are mounted on th e board . Th e transform
er is mounted directly on the chassis. Rela
tive placement of the various components
making up the complet e generato r can be
seen quite clea rly in the photo .

-,

The power supp ly pc assembly .

Control Circuits

Figure 8 is t he wiring diagram for the
contro l circuitry . Note that for CW opera 
tio n of the generator , a de volt age is ap plied
to the varac to r by way of the Sta rt po t . In
or der fo r the dial calibration to be valid in
either mo de , the de level applied to the
co ntro l must be exactly the sa me as th e peak
amp lit ude of the ramp during swept o pera
tio n . As will be exp lained in t he set -up
pro cedu re , the ramp will vary fro m a starting
point of approximately +I A V and peak at
+12V. Resisto r RI in series wit h the + 15V
line is selected for a + 12V level at the high
end of the pot. R2 is selected fo r a level of
+1.4V at the low end. Th e reason for the
offset of I AV at the low end is becau se the

pin to which the tuning diod e is connec ted
at the MC1648, sits at this level. The so urce
of thi s bias is the drop developed across tw o
forward-biase d junct ions wit hin the lC and
no t from any exte rn al source. Once these dc
levels have bee n set fo r CW wit h the fixe d
resistors, the ram p can be made to match by
mea ns of the tri mmers in the ramp generato r
circ uit.

The rest of the contro l circu itry is quite
straightforward. In position 2 (Swept l) of
the mode switc h, positive pu lses from the
ramp generator are fed to the band switch
during the sweep per iod . When retrace oc
cur s, th e pulse drops to zero and the
oscillator shu ts off until the nex t sweep
sta rts. In the CW and Swept 2 positio ns of
the mode switch , a steady + 15V is applied to
the band switc h and the osc illator runs
continuously .

Th e final funct ion performed by the
mode switch is to rou te the de fo r CW or the
ramp for swe pt operation to th e t uning
diode. The two fixe d resistors are mounted
poin t- to-point behind the panel since all
poin ts are rea dily accessible within every
short dista nces. The fixe d resistors asso
ciated with the marker gain co ntrol are also
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mou nted the same way behind the .panel,
The switches are ordinary rotary types and
the po tent io meters are all ordinary carbon
controls. Th e Start and Sto p controls as well
as all gain controls have linear tapers . The
Sweep Time po t is an au dio tap er ty pe with
built -in switch for ac power.

Sett ing Up the Ramp Generato r

For best results, a calibrated de scope is
require d to properly adjust th e ra mp genera
tor. Test points have bee n provi ded on the
pc board and short pieces of bare wire
co nnect ed to each of these points make
exce llent t ie points for the scope probe. The
circuit may be aligned eith er before or after
ins tallati on. The Start, Sto p and Sweep Time
pots can be connected at the end s of their
respe ctive leads if the unit is checked outside
the cabinet.

Set all seven trimme rs to mid-range.
Conn ect th e scope to TP I and adjus t the
horizontal for a full sweep of 20 ms. Set the
Sweep Tim e co ntro l to minimu m resista nce
and apply power. Some sor t of trian gular
wave should be disp layed. Adjust R I fo r a
3V p-p amplit ude of the waveform. Turn ~2

cw until th e nega tive-going por tion of the
triangle is 20 ms long. Since R I and R2
interac t, you will have to stop occasionally
and reset R l for prope r amplitude. Once the
ramp is set at 20 ms with th e Sweep Time
pot at minimum, th e slow speed end will
automatically be about 5 or 6 seconds with a
I M!1 po t.

Transfer the scope pro be to TP2 where a
positive-going ramp should be seen . Set the
starting poin t of th e ramp to zero volts by
mea ns o f R3 . Amplitude of this ramp mu st
be lOY. If it is not , go bac k and adjus t Rl
slightly unt il it is. If necessary , reset R2 fo r
20 ms trac e length . As soon as a Iav, 20 ms,
zero -base d, po sitive-going ramp has been
achieved at TP2, go on to TP3.

At TP3 there should be a negative-going
ramp . Once again we require a zero base line
or starting po int . Adjust R5 to accomplish
this . Amp litude should once again be IOV
and is controlled by R4 . Once you have a
10V, zero-based, negative-goin g ramp , move
on to T P4.
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Con ne ct the pro be to TP4 and set the
Stop co ntrol to full cw. The Start pot should
be at minimu m setting. A posit ive-going
ramp should be present at TP4. By means of
trimmer R7, move the ram p up or down
until the starting poin t is ap proxima tely
+1.4 V. Ordinarily the ram p will no t go
below zero bu t will flatte n out as the
positioning control is adjusted . This is du e to
d ippi ng in the out put amplifier. If t he ram p
generat or is going to be used with ano ther
type of Ye O, the ramp can be set to exactly
zero if desired. In our case we can 't as
explained previously .

Because a substan tial amount of capaci
tance change occur s in the tuni ng diode up
to 12V, th e final ramp-amplitud e is set to
12V by means of R6. Becau se R6 stre tches
th e signal in a nega tive directi on , R7 will
have to be used to reset the base line at
1.4V. Other than for che cking tra cking
between th e CW and swept mod es, this
co mpletes the alignment procedure for the
ramp generator.

When th e generator is finished, you can
check th e tra cki ng by obser ving act ual sig
nals at the input to the Yeo . Connect the
scope probe to the feed through capacitor on
th e VCO assembly that goes to the tuning
diode an d set the Start con tro l to maximum.
Swit ch rapidly bet ween the CW and Swep t 1
pos it ions o f the mod e switch. The CW input
will be a straight line sitt ing at +12V while
th e swept Input will be a ramp pea king at
+12V. Next, tu rn th e Start control to
minim um and again compare levels. If the
Stop control is also at minimum, both
signals will be stra ight lines at +1.4 V. If
t here is any substan tial differen ce be tween
th e two mod es, use R6 and R7 on the
generator board to make th e ramp agree
with th e de levels. Th at completes all ph ases
of the ramp set-up procedure.

Constru cti on

Th e cab inet used here is one man ufac
tured by Sor en sen Electronics in their
Mod-U-Line series. Th ese are the most
rea sonably pric ed inst ru ment enclosu res I've
come across so far and I've used th em for
several projects. This one is a Mod el
MCH-51 29 wit h a CP-129 chassis plate .
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Th is bird 's eye vie w of th e interior shows the
location of aU major assemblies.

Total cost of th e enclosure is around $22 .
Dimensions are : 5114 in. high by 12 in. wide
by 9 in. deep .

The 5-step attenuator was pic ked up
sur plus fro m Fertik 's Electronics for about
$10. It is well mad e and designed fo r son
systems operati ng up to I GHz. It has an
inte gral female BNC out put connecto r on
the fro nt face along with four th read ed
mounting holes fo r ease of installatio n. Th e
input connec tor is a BNC male at the end of
a shor t piece of coax ,

All rf assemblies are in terconnected inside
the ca binet by means of coax cables . Thi s is
clearly evide nt in the pho to .

The Start and Stop pots were mounted
on bra cket s behind the fro nt panel so that
Jackson Brothers type 4S11 /DA F rednctlon
drives could be insta lled for easier tuning,
The two circular dials are slightly under 2 in.
in diam eter and were cut from sheet plastic .
While operating in the CW mo de , on e of
th ese was calibra ted in pencil to provide a
pattern for th e finished product . A master

Th e f i n ish ed sweep generator makes a professional
appearance.

MORE RANGE •••
with NO NOISE

IF YOU WANT
PROMPT SERVICE

ON AMATEUR PARTS & EQUIPMENT

- - WRITE US - -

We stock man y major lines. including:
SWAN I EXPERIMENTERS SUPPLIES I DRAKE I TEM PO

CORNELL QUBIL1 ER I G. E. TUBES I MO TOROLA (HEP)

HY·GAIN I CA LIFORNIA CHASS IS I MINI PRODUCTS

TEN.TEC I CAl ECTRO I B & W I ANTENNA SPEC.

CUSH CRAFT I BOOKS & MA GAZINES I NEWTRONICS

ROHN·SPAU LDING I TAI·EX 1 All SAMS PHOTOFACTS

REGENCY I OM EGA·T I KENW OOD I COLUMBIA PROD'S

PROMPT SERVICE TO ALASKA. TOO!
Please inc lude postage with re mitta nce.

flffiflTfUR RflOlO SUPPLY CO.
6 213 Thirtee nt h Avenue South

Seattle . W as hington 9 8108
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COMMUNICATIONS
SPECIALISTS

P.o. Box 153 , Brea CA 92621

30% Off All Used Equipment in Stock

LARGE SELECTION 

SEND FOR FREE LIST

Summary

It is assumed that an yon e contemplating
construction of an instrumen t like th is is
thoroughly familiar wit h the use of sweep
genera to rs so no instructions will be given
here. Yo u sho uld find the gen era tor quit e
useful for ma king narr ow sweep disp lays
such as those for filt er response. The ability
to control sweep spee d is an asset whe re
slow speeds are required. Although only one
marker input is pr ovided for, a comb is

some times useful and can be generate d by
your crysta l calib rato r o r other square wave
source a nd fed in tothe marker input. Input
level t o the mixer should be kep t be low 100
mV in general since no in put gain control is

'provided .
Pur cha sing parts is often one of the

greatest problems encountered wit h a pro
ject of this nature. In some cases, as with
Wescom, minimum billing is a way of life
and ma kes small purcha ses nigh impossible
even th ough the eventu al per pie ce pri ce is
very low. Since I generally bu y in larger
quantities than need ed , I may be able to
help out with some of the part s if any of
yo u are really desperate. At any rate , I ho pe
you have found this wor th while, and to
those of you who plan to build the swee p
generator - best of lu ck . . . .K4DHC
Vendor Addresses:
Fertile 's Electronics, 9th & Tioga S ts., Ph ila
delphia PA 19140.
Sorensen Electronics Co., Inc., 4 18 Queens
La ne , San Jo se CA 95112.
Wesco m, P.O. Box 243 6, El Cajon CA
92021 .

was laid out using Rubylith® film and
ru b--on numbers . A negative of this was then
made using 3 M reversing film. From the
negative a finished set of dials was pri nted
on aluminum material of the presensitize d
variety . These were cu t out and st uck to t he
plas tic by mean s of th eir own pressu re
sensitive adhesive backing. The nameplate
was made from the same mate ria l. The two
index po inters ar e clear plastic with hairlines
scored on the inside surface. They are
mounted on spacers directly over each dial.
All remaining lab eling was done with tub-on
lett ering.

SALECLEARANCE

FRECK RADIO
38 Biltmore Ave

Asheville NC 28801
704-254-9551

- C o m pat ib le with all sub-au dib le t On e system s su ch as

- G~:~~aJ~;;~ep~~~';;iW~~nu~~~,;.?~~~~ Cahn"~~:~t:J~m e le<:tro -
lyT les u sed throughout '

_ A n y m in iature dual coil contac tl ess re ed may be us ed
_ (Moto ro la T L N68 2 4 A , T LN6 70 9B - Bramc o RF .20)

Powe re d by 12 vd c @3ma
- Us e. o n an y tone frequ e ncy 67H z to 250H ~
- M ,n 'at u re in SIZe 2.5 x .75x l ,5" hi g h

: r~~g l:~~ 1~~~t;'~ed ' (A';a·i l·a~I~4;~~3 freqs. f or $1 7 .5 0 "al
- Output 3v RMS Sln eWave low d'",o rtl~n
- Postpaid - C aHf . residents ad d 5% sales ta x

VHF
UHF

M IN IATURE
SUB-AUDIBLE
TONE
ENCOD ER

Crystal Controlled CONVE AT E AS for DX , FM
AT V, S p ac e a nd other u ses. Extremely se nsit ive
and f ree f ro m sp u rious resp o n ses. Wi th A .C.
p o w e r supp ly. C hoice of i -f many in sto ck .
Upgrade your statio n to JANEL .

50 MH z 2.0 dB NF $74 .95
14 4 MHz 2 .5 dB NF $ 74 .9 5
220 M H z 3 .0 dB N F $79.95
432 MH z 5.5 dB NF $ 7 4 .9 5
A ll postpaid. Write for fu ll deta ils. Also pre
amps. A sk about ou r OS CA R special 435 MHz
convert ers. P.O. Box 112
JANEL Succasunna NJ 07876
LABORATORIES 201 -584 -6521

244 73 MAGAZINE



ACROSS

DOWN

1. A sq uelch circuit. (P1) 2. Indefinite periods
of time. 3 . A signa l which initiates or triggers

an action in the device that-rec eives the signal.
4 . A quantity having magn itu de and di rec tion.
6 . A fitting de signed to change the terminal

arrange me nt of a jack , plug or soc ket .
8 . T he crossarm sep arat ing the parall el w ire

elements of an an te nna.
9 . A five-electrod e electro n t ube.

15 . A micro wave antenna, usu ally shaped like a
parabola .

19 . Inert gas used in some electron tubes.
20. Increasing t he intensi ty of sou nds.
21 . An ele ctro nic pa th between two or more po int s

cap able of providing a number of c hannels.
23 . To emit rays from a ce nter source.
26. A wave of co nstant amplit ude, fr equenc y, and

phase wh ich can be modulated by changing
am plitude, freq uen cy , or phase.

27. The di fferen ce bet ween an act ual operating
po int and t he poin t or cond it ion where a
failure to o perate pro perly will oc cur.

28. An off-on appl ication of power.
30. Instrument used forma king electrical measure

men ts.
34. Tight fit.

So lut ion page 228

tw o elect rodes, th e cathode

1. The amoun t of o pp osit e magnetomotive fo rce
necessary to e liminate resid ual ma gnetis m.

5. Device s used for de te rmining whether a speci
f ied dimension is wit h in specif ied limits.

10 . Describes how a co nt ro l system or an
individu al unit carries on wit h resp ect to time .
(2 wdsl.

11. No Connection. Ab br.
12. Prefix meaning on e-bil lionth.
13. Exp lo sive.
14 . Body of wate r.
16. A device having

and the plate.
17. Outside d ime nsion. A bbr.
18. The maximum usef ul distance of a rad ar or

rad io transmitter.
22 _The medium that was once supposed to fill all

spa ce and t hro ugh w hic h radio , heat, and light
waves were supposed to travel.

24 . A t yp e of loss.
25 . A ladle.
29. Unit o f electri cal resist ance.
31. Document. Abbr.
32. Measure of land.
33. Near.
35. In control systems, t he referen ce input min us

the primary feedback .
36. A revolving p late moun ted at t he fron t of some

television cameras ca rry ing tw o or more lenses,
for rapid interchange .

37. One of a group of gases that will not combine
with another element (2 wds).
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CONTINUED

George Lesch WB2E NP
Staten Island NY

Can anyone bail old George out?

I'm the proud possessor of a used
(new to me) Hailicrafter s SR-42A. I'd
love to FM the thing, and I'm realty
cu rious about any ot her thi ngs I cou ld
do to it to make it even bette r.

I'd appreciat e any help you could
give me on this. Might be a problem
getti ng enough deviation, since the vfo
is in the 20 MHz area, as are th e
crysta ls for t he thing.

Many thanks for any help you can
give me. And keep up the fine work in
73 - it's the one ham magazine that
makes the hobb y fun, as oppose d to
an otdtlmer's " remember when...."
journal.

treatment. On this poin t, the switch
to solid state leaves some doubts since
twelve volts will never impress anyo ne
like 2000 volts will. Looking on the
bright side - all those old Gil cartoons
on Switch To Safety can at last be put
in the A RRL museum.

In the long run we are all headed
for a listing in QST under Silent Keys.
In my mind, the measure of an ama
teur is how much fun he was able to
bring to oth ers. 1200 watts output on
79 brings fun only to the chap with
the fiendish gleam in his eye as he
watches his output meter. The alli
gator he creates brings untun to
everyone else. Badmou thing over the
air may gratify the chap who is doing
it, but it is unpleasant for mo st
listeners.

in tention - if others would learn to
express themselves in writing as well
as they do with amplifiers and in
sulting remarks on repeaters I think
tha t more progress could be
made) - oh, yes, the Bulle tin function
is to throw light on bad situations as
they develop with the hope that the
SCUNy characters who are working so
diligently to make things miserable for
others would scurry away from the
light.

If you get on the air and use the
repeaters quite a lot, AI, you'll find
that the battles in our ranks are, in
perspective, quite minor. Perhaps the
reporting of them in detail in the
Bulletin has made them seem more
important than they are. Listening to
one or two repeaters can give you a
biased perspective - like the
Marcus-ARRL machine KGQ could
give someone a very bad idea of how
things are - ditto the KHB machine in
Weston. I doubt if you'll hear much
negative on many of the o ther repeat
ers.

You should keep in mind that, all
in all, repeaters in New England are so
far ahead of the rest of the country
that our situation is a model for the
whole world. This does not mean that
we can't improve or that we should
stop trying to clean up the little
pockets of childishness that are
bothering us.

May I take issue with you regarding
the "ruined" 20 and 75 meter bands?
The only big problems that I see with
these bands are the General Class
segments which are generally horrible.
Even with a BIG signal I find these
parts of the band depressing and I " I am curio us to know what th e
head back for the aRM-free two message from Wayne (BIMEK FUSAJ
meter repeaters. CAQOF ) on the "co nte nts" page of

There are times when the Advanced the Septem ber 72 issue. Would
portion of these bands gets filled up, appre ciate any light you might shed
bu t for the mo st part I find little on this matter.
difficulty in making contacts with Regg ie W5SSB
about the same level of ORM a~ I have Naval crypto prefix to indicate
been used to for all of the Sideband 'cvpher being used
years. When I remember back to the
old AM days I am ever thankful - for Please enter my name for a one
there is no comparison. year subscri pt ion to 73. I've been

I do no t th ink that the FCC did the buying it on th e newsstand for about
amateurs any favors at all when they a year and it has def initely been the
esta,?lished the spli~ phone ban.ds. It best magazine I never subscribed to.
ooviouetv has had little effect In get- I hope you don 't mind my not
ting amateurs to change their grade of sending -th e cou pon which forms such
license. I suspect that this has helped an integral part of you r last issue. I
FM to grow - perhaps a lo t more than detest cutt ing up magazines for the
suspected. The intensive QRM of the purpose of removing coupons almost
General part of 20m is enough to get as much as I detest ot hers cutting up
anyone to think in terms of looking my magazines fo r th e pu rpose of
for something better. The almost total removing co upons. There almost
lack of ORM on 2m FM stands out as always is a good art icle worthy of
a shining beacon to the beleagured saving on th e reverse: And when the re
low banders. is not , th ere is an advert isement which

The arrogant and the childish will I want to keep for reference. Is there a
always have their probtems»- with publishers' cons piracy against th ose
their own repeaters - with the press, who want to keep their magazine
and I don't know ofany way for these collection intact?
difficulties to be resolved since Bill Garfie ld's " Poor Man's T rans
psychotherapy seems the only out and canner" in th e August issue brought
it isn't going to be used. No, I think to mind a letter from Regency which I
that there will always be some areas of got from a friend about two years ago.
controversy. It is up to the readers to It pr ovides some co nversion infer
decide which sides of the controversy
are most in need of electric shock

Some t ime ago, when I wrote you
in the context of " Caveat Emp tor," I
agreed with myse lf t hat it was my last
excursion int o the controve rsial world
of amateu r radio . T ilin g wi t h wind
mills ca n be pretty exhausti ng, as Don
Qu ixote d iscovered, and t he quasi
independence of various amateur
groups makes co nciliat ory efforts
equally de bilitati ng; if not more so.

However, as I see another divisive
tempest b rewing a mong amateurs, t his
time in the FM rep eat er ran ks, I
canno t in good con science ignore it .
At least without pointing out that the
present conflicts are symptomatic of
the very ac tions that lost much of th e
available space, in othe r bands , for us.
And with mo re emphasis, has helped
to persuade the FCC th at we can't get
togethe r, don' t know what we really
want, don' t use what we have - all to
the end of more regulat ion and fewer
privileges.

Now we see the familiar dog-eat
dog pattern developing in the rela
t ive ly sop histicated (tech nically}
wo rld of the FM repeater. Courtesy
and co nciliation seem again to be
unk nown quanti t ies in the ham world,
insofar as promotion and operat ion of
repeate rs in general is conce rned. I'm
sure that most users, like myself, try
to remember that the re may be others
"wa it ing on the line," and so keep an
ear out for b reakers. But I've already
heard the type of stuff that pretty
much ru ined pho ne for most of us on
20 and 75 . And now it seems tha t the
brute force ou tput philosop hy is being
ap plied to repeate rs.

So I suppose this is a plea for
maturi ty in judgment and for com
mon sense in approach . Surely we all
understand that there are no private
freque ncies or coverage areas. Su rely
we are suffic ient ly advanced in tech
niques - either with respect to anten
na patterns or with respect to trig
gering - to find ways and means to
reduce QRM between repeate rs to a
min imum.

Let 's not drop the bait this t ime!
Hell's bells, if the associations and
indiv iduals concerned will only get
together on a non-power-polit ics basis,
we can stop t he fragmentation and
begin to achieve cohes ion. And realize
the rea l potentia l of FM repea te rs.

Al Smith WIGAA/K3ZMS

Well, AI, I have a feeling that your
erudi te and polite request which is
aimed at a select few will not get their
attention. They are much too involved
with the alligators snapping at their
ass, which is an apropos expresssion
for repeater squabbles.

One of the functions of the Repeat
er Bulletin - actually one of the
major functions in my view (and the
Bulletin is obviously an expression of
my view, though more by default than

LETTERS CONT.
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TE-23-A CAMERA

WORLD'S LARGEST SELECTION OF
NEW &USED TV CAMERAS & ASSOC. mUiPMENT

SONY b=
Versatile TV Camera with Viewfinder, -WOY-'

---$39995 Ir\
#6,740 - So ny Viewfinder camera with plu g-on matchi ng viewt tnderIa" diagonal
screen). Both video and RF output, accessory socket, H resolutio n 450 lines .
Complete ly solid-state. Complete with sta ndard 25mm C mou n t lens and t ripod .
Check ed ou t for proper ope ra t io n. Used . o nly $399.95 - Comple te pac kage .

Plus tr ansporta t ion charges.

GENERAL. ELECTRIC

$19995

#674 1 - GE 1" Vidicon TV camera . 50 0 line ce nte r resolution , 4000:1 ALe,
both video 1.4 V {p-p] co mp osite and RF o utpu t, tun eable cha nne ls 2 th ro ugh 6 .
So lid sta te inp ut po we r 117 V 60 cps 12 W. Dimen sion s 5.25" W 3 .54 " H 11. 75 "L ,
wt. S ibs. Used . recond it ioned , comp lete wi t h stand ard 1" len s. O n ly $ 199.95

Plu s t ra nsp o r ta t io n ch arges .

Free Flyers : 972#3M - Special flyer containing bargain prices on both
new & used television cameras, VTR 's & associat ed equipmen t such as
lenses, video tape, etc .
972#6 - Loads of bargains in CCT V Cameras, Lenses, etc.
972#7 - Special sale of A m pex Printed Circuit Boards.
972#8 - Last minute items covering the entire broadcast do CCT V
f ield .

Be sure your name is on our mailing list for free flyers and a copy of
our giant 1973 cat~!og out early next year.

See you at SAROC in Las Vegas, Nevad~. January 4 - 7 at our booth.
Al Denson, WI BYX and crew.

THE DENSON ELECTRONICS CORP.

PO Box 85, Longview Street
Rockv ille. Conn. 06066 203/875-5198



Our pleasure!

mation not prov ided by Bill. Whether
or not the changes will improve the
sensitivity I cannot say. The earlier
un its may have had trouble tun ing
down to the 2m band and the curre nt
ones may do so with no diff iculty at
all. No matter what the case, your
readers may appreciate having the
supplementa l details. I doubt if
Regency would have any objections to
your quoting the le tt e r, espec ially
since it can do nothing but help the ir
sales.

Robert E. Tashjian
Canoga Park CA

Here are the details from the
Regency letter;

Subject: T MR-H Ser ies
in Two Meter Band

1. Modifications that are necessary to
move this unit into 146-148 MHz
po rtio n of the 2 mete r amateur band.
A. Replace three capac itors and
retune the RF section.

C201 rep laced with a 12 pf.
C203 & C206 replace d with 6.8 pf.
Retune L20 1, L202 & L203

Note : The ceramic filter presently
being used is only proper for NBFM
(5 KC deviatio n). If wide band FM is
emp loyed, the filter would have to be
replace d (CF455-AP shou ld be
adequate). The quadratu re coil may
have to be swamped more than it is
now.
6. You can expect 0.7 or better,
microvo lt sensitiv ity for 20 DB of
qu ieting.
C. By adding one wire, termi na ls 3
and 4 can be ut ilized for muting
purposes, con nect term inal 3 to the
junction of the blue wire and R310
(33k) on the scann er board. If ter 
mina l 3 is th en exte rnally switched to
terminal 4 during transmission, the
receiver is effectively muted or
disabled.
D . Two germanium d iodes,
beck-to-beck, soldered across the re
ceiver's input, wil l provide sufficient
RF t ransistor pro tection.

Each time details of an airline
hljackinq appear in 2 newspaper.
probably three mo re are committed.
And, at least two guys have been
killed in an Italian restau rant since
"The Godfather" came out. But never
befo re h ave I seen pu blished
step- by-step instructions for ki lling
hams.

Th e "Cigar Tu be" art icle on page
28 in the September 1972 issue,
suggests for ming a gro und con nectio n
throu gh you r body by holding the
chassis with one hand and the damn
tube wit h the ot her hand.

Well, even if t he .1 Cap isn't
shorted and the t hing isn' t built
wrong, at any frequency over a few
cycles, that .1 Mfd impedance starts
look ing mighty sma ll in compa rison
with yo ur body resistance . Just t ry
accidenta lly probing an RF outp ut or
th e outp ut of you r hi-f set, using
you r arms as a ground return. Pffft ! ~

Please ed it these articles mo re care-
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fully and print some sort of retrac tio n
to the paragrap h in question in the
next possible issue. How abou t a
signal injector that will only war"
with one arm behind you r back?

Ga ry Budiansky WA l MCR
Acton MA

Sorry, but something strange come s
over us every time we publish a
"tube" article.

r noted wit h interest the pictu re
and article on page 50 of J uly 73. I
had the same prob lem with a 1969
Fiat 124 coupe. I use a Motorola 0 -43
trunk-mou nt and had the control head
between the driver 's seat and the
console. When I bought a new Fiat
124 Spyder, I dec ided to do it right.

As you can see from the enc losed
photo; the control head is built into
the rear ashtray of the console. The
pu rpose was twofold: to make the
exist ence of the rig a secret (I pa rk in
dow ntown Boston dai ly) and to
prese rve th e interior "esthetic beauty"
of the 124 Spyder.

The cable seen at the bottom of the
en largement runs to the D-43 in the
tr unk. The microphone cab le can also
be seen going under the console into
t he contro l head. By running all cab les
unde r and inside the console, I have
been able to avoid dri lling holes in it.
A twisted pai r runs from the control
head to the BC receiver's speake r.
Another pa ir ru n forward to the
engine compartment to activate the
12VDC 80Amp relay wh ich turns
everything on and off. The controls
are pretty straightforward: volume,
squelch, green light power on, red
light fo r transmit, on-off switc h and
frequency select switch . T he antenna
incidentally is a Larsen 5/8 wave
mou nted on the trunk.

Barry W. Fox K3IWW/l
Ayer MA

On a rainy afternoon last June, I
had the pleasure to visit you and the
staff of 73. I wish to extend my
sincere appreciation for your t ime and
perso nal in terest extended to a fellow
amateur by yourself and staff.

Although the state of Mississippi
may be remote on yo ur it inerary, I

would like to extend to you the warm
hospi tality I received in New England,
should yo u ch ance th is way.

As I mentioned to you, Wayne, I
have followed your articles over the
years through thick and thin with avid
interest .

Laurence P. Williams W51IQ
Ocean Springs.MS

From time to time you ment ion
fore ign hams having trouble getting
electronic equ ipment because of lack
of funds o r import problem s.

I have a Gene ral Electronics, Inc.,
mu ltiphase Excite r MOD 20A wit h a
Be 458 modified - for use as a VFO
including inst ruct ion manual fo r the '
20A. I would be pleased to do nate
this equ ipment and pay postage if you
can suggest anyone needin g it .

David D. Blackmer WA6UNK
Rt. I , Willow Ro ad
Nipo mo CA 93444

Suggest you write to B.A.N. Rsiu,
Radio Constr. & Development Unit,
Civ il Aviation Department,
Safdarjung, New Delhi, India for name --...
and data on getting rig to them
through customs, If anyone knows
amateurs in any countries who would
appreciate and use some older gear
please let 73 know - and if you have
gear, why let it sit in the closet - why
not get it into needy hands?

73 is by far the best . I let my QST
' subscript ion run out so I cou ld
subsc ribe to 73 for two years instead
of just on e.

J E. Bm eckis WB9GXB
Chicago ILL

Here is a photo of the Baldwin Park
frequency coordinat ion meeting held
on 9 Septem ber '72. I hope it can be
of some use to yo u. J ohn Griggs
W6KW is at the mike and Skip Clark
WB6TXX is leaning against the stage ,

Tha nk yo u for you r motivation of
the people he re on the west coast . I
feel that it was yo u who got us
moving, and temporar ily out of the
grips of the FCC.

Dan Halpert WA6JQR
MalibuCA

Dan Halpert WA6JQR
Malibu CA

continued on page 318
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A. Stipanic YU3BH
Secre tary SRJAMATEUR RADIO

AND EDUCATION IN YUGOSLAVIA
T h e Union of Rad io-Am at eu rs of

Yugoslavia (Savez radioamatera Yugo
slavije - SRJ) is one of the youn gest na tion
al organiza tions of rad io amateurs in Eu rope.
In 1971 it will celeb rate th e twenty -fifth
anniversary of its foundatio n . Tod ay , SRJ
has in it s ran ks about 42,000 members, and
am ong t hese are so me 10 ,000 license d radio
operat o rs. It is evide n t that th e te chnical
educa tio n of suc h a large number of mem
bers an d radio operators in a relatively short
period of time has required co nsiderable
efforts on the pa rt of that organiza tion, and
speci al working meth od s, which ma y he
summarized as follows:

The basic o rganiza tion al unit of the SR J
is the radio club. At presen t th ere are 41 5
radio clubs and 348 bra nch clubs in Yugo
slavia. Th ese are organized within the radio
amate ur un ions of 6 Federal Republi cs and 2
provinces. These various union s are then
grouped toget her in to one nat ional organiza
tion - the SRJ.

Following this organiza tional sche me, th e
SRJ represen ts radi o amate ur s of Yugoslavia
at a federal level, uniting them and est ablish
ing a poli cy of develop ing ama teur ra dio
throughout the country as a whole.

All the radio club s, the unions of radio
ama teurs of the federal republics and provin
ces and t he SR J itself , are headed by
commit tes which are elec te d every two or
three ye ar s by the members of th e o rganiza
tion they represent , or by assemblies in
which every mem ber can parti cipate. There
are no represen ta tives of local , republic or
fede ral state au tho rities in these commi tt ees.

Ever y licensed rad io ama teur in Yugoslav
ia must be a member of a Yugoslav rad io
club . This is provided for by law , an d hence
the SRI is in a positio n to un ify the
e du cational po licy of radi o amateurs
thr oughout the co un try.

The basic me th od s of education are
evening co urses in elec tronics, radio te ch
niques, Morse co de, etc. , whi ch are usually
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organize d by the radi o clu bs or their
branches, and so me times also by public
schools, universities, factories, or other ap
pro priat e institutions in which sufficien t
candidates can be found to justify the
preparati on of suc h a course .

The SRI has established a special plan fo r
these co urses, laying down a cert ain mini
mum knowledge required to becom e a ra dio
opera tor within a club or private amateur
radio station .

Under Yugoslav law, t he SRI has the
right and du ty to form examination boards,
the me mbers of whi ch are experienced Class
I or II operato rs. No re prese n ta tives of the
stat e au t ho rit ies sit on these boards, and t he
opera tors one can hear every day , under YU
or YT call-signs, are th e exclusive products
of the ed ucati on acquired in ra dio clubs by
the members of the SRJ .

In addition to this, we also have specia l
seminaries and courses for so-called con
structors, t o qualify t hem as lecturers at
evenin g courses in radio clubs . These semi
naries, lasting fro m 10 to 20 days, and
courses for lect urers, ar e usua lly organized in
summer camps by the un ions of radio
am ateu rs of the fede ra l republics an d pro
vinces , during the vacation period . In ad di
tion to theoretical lectures, part icipan ts
quite often build a pract ical instrument,
such as a con verter , an te nna, etc. , wh ich
they use in th eir ow n radio clubs to improve
th e equipment they alr eady possess. Som e
tim es seminaries are also held for the special
branches of ama te ur radio . To cite a few
examp les only : fox hunting , VHF and UHF
work by meteor sca tter , moonbounce, and
so on.

I must st ress th at all t he work of lecturers
at evening co urses, seminaries or other forms
of educati on of radio ama te urs in Yugoslav

.ia, is on a st ric tly volunta ry basis.
All the fo regoing is merely wh at may be

termed the tec hnical aspect of t he wo rk. To
teach radio amate urs to know their equip-
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ment tho roughly and to learn how to work
efficiently in th e field of amateur radio,
special care is dedicat ed to educating future
radio amateurs in "ham spirit ," to ensure
that the y will ultimately become true ambas
sadors for pea ce amongst all the nations of
the world.

That is one of the reasons that we h ave
on our programme of examinations several
question s conce rning the international ama
teur radio mo vement, its organization, etc.

.That is, bri efly, what I wishe"d to say
about the education of radio amateurs in
Yugoslavia . It is understandable th at all this
work also repr esents a noteworthy contribu
tion by radio amateurs in aiding th e educa
tion of youth. This is, in fact , one way 
and a fine way ~ of raising th e general
t echnical and humanitarian level of young
p~qp\e,

~ J must here also underline that many
elem entary schools, as well as some high
schools, ·have assimila ted certain parts of the
educational programme of the SRJ into their
own technical education programmes. The

. practical consequence of this procedure is

that th e SRJ has its radio clubs in all
universities in Yugoslavia and in many high
schools. Several hundred teachers and pro
fessors are radio amateurs, and it is obvious
that th ey seize every opportunity to in
flu ence their students to ente r amateur
radio.

SRJ has organized a special activity,
called "Sp ring on the Radio Waves," when
groups of radio amateurs with their stations
visit public schools to transmit their pre
pared programm es to other schools in the
country . There is no doubt that this also
offers another real opportunity to inspire
young peopl e to jci z; amateur radio.

Furthermore, television , radio , news
pap ers and various magazines often broad
cast or publish articles on ama teur radio.
This is especially the case when radio ama
teurs have shown their ability to help at
time s of national disaster. You will all
remember th e earthquakes in Skopje, and
Banja Luka and the floods in Zagreb , where
radio amateurs were th e onl y one s abl e to
link up th e stri cken areas with the rest of the
world . . ..YU3BH
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K. Slom ceynski SPSH S
Secre tary PZ K

THE EDUCATION OF RADIO
AMATEURS IN POLAND

The Polish Amateur Radio Society (Pol·
ski Zwiazek Krotkofalowcow - PZK)

is continuing it s trainin g programme in close
cooperat ion wit h t he Polish PTT Administ ra
tion. This coopera tion is based on th e
well-known fact that th e field of amateur
radio is one o f the best tr aining schools for
highly qualified radio and teleco mmunica
tion specialists. And what is also impor
tant - this specia lize d train ing is provide d
by th e am ateu rs themselves, with ou t any
expe nsive buildin gs, equipmen t or teachers.

Th e PZK also carri es ou t its am ateur
educa tional programme in cooperatio n and
allian ce wit h t wo oth er yo uth organizati ons
in Polan d : the Polish Boy-Scout s (ZHP) an d
the League of Home Defence (LOK). The
first of t hese u nites hund reds of thousands
of schoolboys and girls: th e second has
multiple activities, such as motoring, com
petition shooting, the building of ship or
aircra ft models , telephone and radio train
ing, etc. Each has its own radio clubs ,
opera ting amate ur rad io st ations.

Th e edu cational programme of the PZK is
orientated in the following three directi ons:

1. The pro pagation of t he basic princip les
of am at eur radio amo ng a wide pu blic ,
especially am ong boy scou ts, an d
schoolchild ren.

2. Th e tec hni cal and general education of
newcomers, bo th short-wave listeners
and novices ;

3. The sp ecialized training of ex perienced
amate ur s, helping th em to be " au
courant" with the lat est state of th e art
in t elecommuni cations.

The first line of action is adm iniste red by
th e Public Relati ons Comm ission of the PZK

HQ Council, dir ected by Vice-President
SPSJE who is Director of the Technical
Depar tment in the Polish PTT Ministry . The
commonly used method s are : amateur pro
grammes in broadcast ing and television ,
articles co ncerning amateur radio in ne ws
papers and po pu lar magazine s, and PZK's
ow n pu blications and leaflet s, suc h as: "How
to beco me a R adio A mateur," "Amateur
Radio" (intended for boy scouts), etc .

At the end of 1970 th e seco nd TV
programme came int o operation in Poland
and the PZK has commence d week ly
amat eur lectur es " at a popular level. In
addi tion, the week ly bu lletins, dedicated not
only to amate urs, are tr ansmitte d on 80 and
40 mete rs by our HQ station , SP5PZK.

The most importan t act ivity in the
second direct ion is aim ed at converting th e
young newcomer; who is just starting to
listen in on the amateur bands, in to an
experienced amateur operator ready to con
stru ct a complete do-it-yourself sta tio n and
to operate it under various conditions. This
pa rt of our pro gramm e is supervised by the
HQ Com mission for Amateur Education,
and managed by PZK Vice-President SP5J H
(who is also Chief of Communications in the
Boy-Scout s' Headquarters).

The newcomer 's training programme is
based on the fact tha t o ur Society is
respo nsible not o nly for strictly technical
education, but also he lps schools and paren ts
in th e gen eral education of yo un g people.

. The training programmes of the PZK are
.officially accep te d by th e PTT Ministry a nd
are coordinated with the o fficial requ ire
me nts for amateur examinations.

. ..SP5HS
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FOR SALE NEW
MOTOROLA
OA442/GR

2m AMPLI FI ER
A pair of 4 X 150's
del ivering 250 w at t s
output with 5 watts
drive . Simple modi 
fic ation will enable
amp Iifier to- d eliver
1000 watts .. $ 3 6 5.

FOR SALEUSED
TS403j U Sign al Genera t o r 225 .00
TS147jUP Si gnal Gener ator : . . 1 5 0.0 0
TS155jUP Si gnal Generator 1 25 .00
URM-25D Signal Generator 20 0 .00
UPM-33 Spectrum Analyzer 1 75.0 0
FRR-3 3 Receiver con t rol unit s including dial
pulse d ecoding unit for frequency a n d t ran s
mitter selection. These units a re ideal for any
application where remote fu n ction selection
o ver any audio signal path is d esired . Units are
ca pab le with slight m odification t o control up
t o 99 separate functions.

We are l o oking for airc ra f t e lec tro n ic eq u ip 
m ent an d test eq u ip m en t and w ill c o n sider a
trade f or th e above eq u ip me nt.

TETE RBO RO AVIONICS,lnc.
481 Industrial Ave. Teterboro, N.J. 07608

Phone: 201-288-1619



H erber t Cotze, DM2HGO
(President of the Radio Clu b o f the D.D.R.)

AMATEUR RADIO TRAINING IN THE
GERMAN DEMOCRATIC REPUBLIC

T he t raining activities of the German
Democra tic Repu blic Radio Club are

based on th e amateur radio regulations fir st
issued by our national tel ecommunication
autho rity, the "Ministr y for Pos t and Tele
communicat io ns." The presen t version came
in to fo rce in 196 5. We conside r that th ese
regulations, which were worked out in co
operat ion with experien ced radio amateurs,
are very liberal and progre ssive. Our view ha s
been confi rme d by many OM' s fro m other
countries.

As fro m the age of 14, every citize n ma y
become it radio amateur ~ i.e ., may be gran
te d a radio amateur licens e. In som e cases,
th is is even possible at an earlier age.

Finally, t he fourth permit is assigned to
radio ama te urs who only wish to use radio 
telepr in ting (RTTY). No telegraphy ability is
required here either, merely th e proof of
competence in th e operation of a tel epr inter.

I have begun th is explana tion ab out our
ama teur radio regula tions because from
these arise the de mands for the tr aining of
radi o am ateurs. In confor mity with the
subj ect of the examinations compr ised with
in th ese Regulat ions, the Radi o Club of the
G.D .R . has worked out a co mp reh ensive and
unitar y programme of tra in ing , wh ich re
flects every asp ect of radio amateur ac tivity,
both th eor etical and pra ctical. Tr ain ing
schedules are deve loped in th e clubs, ba sed
on this program me, which incl ude a th ema
tic and ti me arrangement.

When select ing the lit erature , we restric
ted oursel ves to a few publications available
everywhere in th e Republic, so as to main
tain unity with t he stand ard of training.
Moreoever , ex te nsive do cumentation exists
concerning ama teu r rad io in the G.D.R .,
Fo reigners who have been residen t in the
Republic for a lo ng period , such as students
at our universities or high schools, or mech
an ics and business~en in foreign firms, can
also get an am at eur ' ~a d io license, free of
charge and without membersh ip of our Club
being obliga tor y. To co mplet e the picture, I
would just mention that fore igners who are
the gues ts of our Republic and who already
hold an ama teur radio license in their home
countr y , are also granted a gue st 's license.

Our amateur-ra d io Regulations provide
for four classes of permit: Class " 2" is
prov ided for new co mers and requires an
ability of only 40 letters per minute CW and
a relatively simple knowledge of ra dio tech
nology. This license the refore o nly en title s
the holder to work on 80 and 20 me ters,
with a maximum antenna input of 20 Watt s.

The holder who has worked under su ch
conditions for one year may ap ply fo r
another class of permit, namely , the ma in
class "1 ." Th is entitle s the ho lder to wor k
on all bands, in an y mod e and wit h a

.maximu m inpu t of 300 Watts.
Another type of permit, considere d as a

te chnical license, is for VHF amateu rs . CW
abili ty is not required for this class.
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som e of which is also in ternationally known,
such as "The Antenna Book" by Roth ammel
(DM2A BK) and "Amateur R adio Practice, "
by the same author, t o cite only two
examples.

In the booklet ser ies " The Practical
Radio-Amateur," of which more than 90
num bers have been issued until now, nea rly
all the desires and interests of radio ama te urs
are ta ken into consideration.

For three years a new book series, "The
A ma teur Library" has been pu blishe d. In
this series, five spec ial works for radio
amateurs an d amateur electronici ans ha ve so
far been published. Besides this, the Radio
Club of the G.D. R. issues spec ial instructions
for am at eur construction activities, in which
especially approved standa rd equipment is
described in detai l. The training programme

;·and the relevant lit erature for teaching an d
private study bot h provide a good basis for
an effective amateur radio training.

Training is carried out in ou r clu b sta
tions , of which more th an 60 0 exis t at
present in the Rep ublic. They arc to be
found within youth-clubs, clubs of various
industries and business firms and wit hin the
precincts of our own club.

In principle, the fu ture radio ama teur, in
his tra ining, passes the qualifica tion stage as
a receiving amateur. Prio r to this, h e has
already had the opport unity of acq ui ring a
dipl oma of the Radio Club of the G. D.R .,
the so-called HADM-Diploma (Heard All
DM) , by fulfilling simp le tasks as a broadcast
liste ner .

Within the qualification st age, as a list en
ing amateur, he may at first be active as a
receiving am ateur can dida te. He is given a
list ener 's number and ma y benefit from all
the faci lities offered by the Radio Club to
ama teurs . The examination , which does not
require any knowledge of telegraph y , is
passe d in a club station before an exa mining
committee, consisting of licensed radio
amateurs.

Thereaft er, he receives from the radio
club a listener 's diploma , which entitles him
to work as a rece iving candidate for tw o .
years. Withi n th is period , he may fu rther
qualify as a receiving ama teur; depending on
his incl ina tion, he may qualify for listening
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activi ty in all radio am ateur bands, incl ud ing
the 2m and 70 ern bands, whether he h as
kn owledge of tel egrap hy or not.

The club st atio ns are equipped with the
financial aid of our union and by t hat of
ind ustries and other ins tit u tions.

Th e sound policy of sch ool education in
our state, wh ich, among othe rs, is also
reflect ed by poly te chnical tr aining, is a good
basis for our young citizens to und erstand
the ph enom ena of natural science and co nse
que ntly t he secrets of electro technics and
radio engineering.

A grea t number of our listeners are young
people, which does not mean that there is
any limi t ation to age, for we had the case in
Berli n where a 65 -year-old engine er qualified
as a rad io ama te ur!

In the fiel d of the listene r 's m ovement,
we have cre ate d a po ssibili ty fo r receiving
am ateurs, having reached corresponding re
sults, to acquire a perm anen t "maste r" t itle
or, by me ans of a competiti on of lim ited
duration, the title of a so-called " mas t er of
the year."

The activities of our radi o amateurs are
guid ed, on the part of the radio clu b, by a
special section devo ted to youth work and
listener 's aff airs, which is directed by pro
m ine n t pe dagogues, th emselves rad io
amateurs. Needl ess to say, this technical
training goes hand-in-hand with genera l ed u
catio n an d train ing in cit izenship .

In his further advanced tra ining, th e
receiving amateu r qualifies, in the club sta
tion o r in central courses of the rad io club,
as a t ransmitt ing am ateur. Ou r regulatio ns
lay down th at, at firs t, he should co op erate
for some time as a rad io am at eu r in one of
our club sta tions, in order to ex tend his
experience and knowledge under the direc
tion of ex perienced amateurs.

In accordance with these regulations, he
can work eit he r as a short-wave or as a VHF
amateu r. The latter is a type of au th or iza
tion which, at int ern ational level, is kn own
as a Techn ician 's License, for which no
te legraph knowledge is require d and which is
acquired by a great num ber of ex per t s fro m
the elec tronic and radio-engineering world ,
particularly as, in the examination , chief
stress is laid on tec hnical matters, in addition

73 MAGAZIN E



Write <10'" f o r furt her deta ils

I n d i a n a Res id~nt s a dd 2% s a l e . t ax .

AC POWER SUPPLY

Elkh~rt. Indl~ n ~ 465 14

• No Books To Read
• No Visua l Gimm;l:ks T o

Dist ract You
• Ju st Listen And learn

Based on modern PSYl:hological
te l:hniques-This course w ill take
yo u bey ond 13 w .p .m , in
lESS THAN HALF THE TIME!

Availabl e On magnetil: tape
$9,95 - Cassette , $10.95

~ens it i v ity above 24 0 MHz.

Ready To GO!
TIlE VHF 1 PRESCALER ",U h a us e f ul

DI VIDE BY 1 0 A.'1D 100

Box 357 R. R. 5

NEW ITEM

FM Schematic Digest
A CO LLE CTION O F

MOTOROLA SCHEMATICS
Alignment, Crystal, and Technical Notes

covering 1947·1960
136 pages 11 \\" x 17" ppd $6.50

S. Wolf
Box 535

Lexi ngton, MA 02173

5~8 East Washingto~St., Arcola. Illinois 61910

AN -TEK INDUSTR IES

$8 9 .95 pos t p d i d i n U. S.A .

GOVT. SURPLUS ELECT RONICS
RT-176 /PRC-IO

TRANS. & RECEIVER
FM 38 .0 to .5 4. 9 MHz. Approx . 1 Watt Po rta ble Pa ck Set, 16
tubes. contl nuous .Iumng.. 1 MC ca lib r a t io n ch eck p oints ,
Bat tery p o wer r e q u Ired: 67.5 /6 7. 5 , 6 and 1 .5 V DC , Size: 9 .5
x 3. x 1 0 .5; A ct u a l Wt . : 9 lbs. less Batt. Price - - Used: $ 19.95
AM - 598/U POWER SUPPLY & AM PL I F IER
Operat es from 2 4 V DC and PRC-I0 pl ugs into top of unit.
SIze : 11 x 1 1 x 1 0 ; Wt 341bs. P r ice - Us ed : , . , . . ,$1 8.95
H - 3 31PT Handset an d Plug f o r PRC Se ts - U sed:, .. $ 5. 9 5
MANUAL for PR C- l O Radio Set " . . , ", •• . 7. 50
A N - 130 G ooseneck Whip Antenna 30" 1.00

TV-7/~ TESTER.. . ....•••••. ~M:c~ed .!l$~5~6d

TV-2fU TUBE T E STER,. l:M;cted .! ~t5~gd

SEND N O W FOR NEW CATALOG
All Prices F.O.B. , Lima, O. Dept , 73

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

.DM2HGO

to co mprehensive knowledge of th e relevant
regulations.

Radio amate urs who are knowledgeab le
and wh o assist our union in th e fulfillment
of it s duties, have' the opportunity of rece iv
ing the au thor iza tion to operate a private
stati on. This is co nsider ed a distinction fo r
good work.

Great value is set on the continuous
advanced training of our radio amateur s and
neit her effort nor money is stinted to this
end . By means of our radi o am ateur techni
cal journal " Funk ama teur" and other special
series, some of whi ch are licensed eid itions
whi ch are also known in o ther countr ies, the
amateur has the opportunity of qualify ing
by private st udy . Th ese series are also
available to beginners and are widely read
and stu die d by others in terested in techn ical

/ ma tt ers . In addit ion, meetings of rad io
ama te urs which are organ ized in club sta
t ion s, or at dist rict or re public level, offer
exc ellent chances of advanced trai ning in all
field s.

We plan to inc rease the stimulus fo r
continu ous perfect ioning, by creating an
amateur rad io ma ster title or qualification
degree that can be acquired by the rad io
tr ansmitting amateur.

It is tak en for grant ed that participat ion
of our am ateurs in com petitions organized
by ou r own and foreign unions is also
considered an excellent opp ortunity for ad
vance d training, and both radio receiving and
transm itting am ateurs make wide use of this
means.

Coo peratio n in the field of na tional and
int ernat ional amateur radio observation, for
which our union issues relevant instructions
join tly with com pete nt scientific ins titu
t ion s, is also includ ed in training and ad
van ced tr aining.

We mainta in a const an t exchange of
experience with the un ions of socialist
countries and wo uld be very glad to enter
into an exchange of ide as with o ther u nions
too. Unfortunately , it would ap pea r at pre
sen t that close contacts rarely exist at an
official unio n level, and it is our hope to be
able to change this situation by future
mem bership of the LA.R. U.
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COUNT ON Ej TUCKER
WHEN PRICE AND QUALITY ARE IMPORTANT

The Model 60 Freq uency Co un ter
(shown wi th 160 Het ro dyn e unit)
measures freque ncy fr om 1 KHz to
60 MHz w ith .a ful l 5 d ig it readout
(overra ng ing featu re provid es an
equ ivalent 8 dig it d isp lay). With th e
optional 160 Co nverte r, th is t iny ( less
than 4 po unds) counte r wi ll also read
130 to 160 MHz w ith a sens it ivity o f
50 MV. With inputs of up to 100 MV,
the unit w ill cover the full ranq e of
110 MHz to 170 MHz. Only thre e
swi tch cont ro ls p ro vide comp lete
operat ion - just plug in yo ur sig nal
an d rea d th e answer . Not a kit and
no adjustm ents to be made!

• 10 MHz Crystal Ti me Base 1
PPM / Wk

• 1 KHz or 1 Hz resol ut ion
• 115 VAC or 12 VD C operati on
• Automatically posi t ioned de cimal

Mod el 60 wit h Manu al and
' Acc'essories . . . $299,00

Mo del 160 Converter. $ 50.00

Ej T UCKER
ELECTRONICS· COMPANY

, . P.O. Box 1050 • Garland, Ix . 75040

The Tu ck er Mo del 5509 Freq uency
Counte r has a full 9 dig it readout
from 10 Hz to 550 MHz. The Tucker
Mod el 5509 provides the finest re
so lution, h ighest acc uracy , and
h ighest sensi tiv ity of any co unter in
this price range. Man y features fo und
on the Mo del 5509 can on ly be fou nd
on a cou nte r costing mu ch mor e.
Like the Model 60, th e Mod el 5509 is
sim p le to operate- just ' app ly the
sig na l (10 MV or less) and select the
frequen cy reso lut io n required (f ro m
1 KHz to 1 Hz) and you have the an 
swer. No where e lse can yo u obta in
a counter w it h th e sensitivity, read 
ou t , and accuracy of the Mod el 5509 .

• 10 MHz Crystal Time Base 1 part in
10' lper day

• Sensit ivity of 10 MV to 550 MHz
• Full 9 di git In -Li ne Disp lay
• 115 VAC or 12 /2 4 VD C wit h Opt ion

Power Converte r avail ab le.

Model 5509 with Manu al and
Accessor ies $950.00

WRITE FOR SPECIAL

BARGAIN BROCHURE

FOR INS TANT INFORMATION OR SERVICE, CALL:

• GARLAND, TX (214) 348·8800 • EDISON, NJ (201) 225-2900
• ELK GROVE VILL. (312) 437-8190 • ORLANDO , FL (305) 894-4261

• CHATSWORTH, CA (213) 882·4560 ::



IN TIME FOR CHR ISTMAS!
LAMPK IN'S N EW FM AND AM MODU LATI ON MONITORS

210S - $790,00 210M - $485 .00

FORTY YEAR S OF LAM PKIN KNOW HOW ARE DESIGN ED INTO THE SE
NEW PRECISE WIDE RA NGE, V ERSAT I LE FM AND AM MODU LATI ON
MON ITORS.

WRITE OR CAL L
LAMPKIN LABORATOR IES INC.

P.O. Box 2048 - Phone 813-746-4175
Bradenton , Florid a 33506

NOT E: A FEW OF THE FAMOUS LAMPKIN 2058 DEV IA T ION METERS
AR E AVAI LAB LE AT $348.00.

William P. Turner WA 0ABIIncrease the ~a~::~:'~;SC~~~3376

Usefullness ofan 'f\PC"
O ne o f the most common. least ex pen

sive. and useful variable capacitors
aroun d is th e '"APC" ty pe. They are
ava ilab le new and used in mil itary su rplus
as well as in th e form of replacement part s.
T hese capac itors are well ma de an d hav e
pra ct icall y end less uses in any b uild er's
shack.

The majo r d isadvantage of this ca pacito r
is t he single be aring design , bu t t his is a
probl em only in frequency determinin g
circ uits such as a vfo . A seco nd and
relat ively minor disadvantage is the almost
universal pra ctice o f so lde ring the rotor
ten sioning spider to th e end o f o ne o f th e 
mo unt ing posts. This ty pe co nst ru ct io n
dic tat es the gro und ing o f on e side of th e

capaci tor . When using an APC in ab ove
grou nd circ uit ry it is necessar y to in su la te
the post fr om me ta llic po rtions o f th e
chass is t hrou gh the use of stando ffs, a
non-met alli c subchassis. or shou lde r wash
ers. Very o ften th ese alte rna tives are no t in
keep ing with th e d esires o f the constru ctor.

An o ther less cum berso me ro ute is to
carefu lly un so lder th e sp ide r and slip a
scrap of f'ish pap er or similar insula tion into
the vo id. The sam e must be do ne to other
legs o f the spi der even if they are not
soldered . Bo th t he roto r an d sta to r are now
above gro und an d m ay be connected as
desired.

..WA~A8[
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7-SE~~N~:E:~o~n. 5~~m~.~~e~ED,'
men t. $ 3 .85, 10/2. 85, 100/2.49. Mating socket, .4 0 .
REED KEYBOARD SWITCHES 2-Gang, $1.95 ,
10/1.35 , 3-Gang, $2.85, 10/1.95 .
REV . DC MOTOR l '/, -3V. Reversible..49,10/.29,100/.24.
T-ILAMPS Cho ice, 5V-60 ma o or 30 ma o .4 5 , 1 0 / . 3 9 , 1 0 0 / .3 5 .
DYNAMIC MICROPHONE with stand . $3.95.
MALE CABLE PLUGS with covers. Fit miniature
7 or 9 pin tube sockets. Choice. .29,10/.19,100/ .12.
1: I. LED TIL 209..95,10/ .70, 100/ .60_ ~

RCA 7 -SEGMENT DECODER·DRIVERS
CD2500E or CD2501E $4.95,10/3 .95. I I ..
CD2 502E o r CD2503E $6.85, 10/4.95.
POWER SWITCH 6A-250V. DPST. Fits I" hole. Mo
mentary o r ON·OFF-ON. $1.49, 10/ .99, 100/ .85 .
49 DIODE BCD TO 7 SEGMENT MATRIX $3.95, 10/3.29.
7 or 9 P IN TEFLON TUBE SOCKETS . 1 9 , 10/ .14, 100/.09.
200 AMP SCR G .E. & WEST. 250 P IV $8.95,50 PIV $3 .95 .
NEON READOUT 9 Segment. $3.49, 10/2 .89, 100/1.99.
LEAD BENDER for '/, & '/, watt resistors. $2.95 , 10/2.49.
PRIME 35 AMP SCR's G.E. or WESTINGHOUSE
250 PIV $2 .95, 10/1.99 , 100 PIV $1.89, 10/1.29 .
DPDT REVERSIBLE SWITCH Choice of mo
menta ry o r ON-ON. .3 9,10/ .29,100/.19.
I" DC MILLIAMMETER Choice of 1 ma., 5 ma.,
20 rna ., o r S'Meter. $2.95 , 10/1.95 (mi x).
I" DC VOLTMETERS 0-20 or 0-300
$2.95,10/ 1.89.
I " DC MICROAMMETER Choice of 0 -100,
0-200 or 100-0-100 /la. $3.95, 10/2.29 (mix) .
NEON PILOT w /ser tes res . For 115V. .39,10/.29,100/ .26 .
SS SHAFT COLLARS for '/," shaft . .29,10/ .19,100/.12.
REED SWITCH Choice of '/," or I" long. .59, 10/.39, 100/.29.
GENUINE DYMO TAPE All 12 ' long. ~
1/4" Reg . $1.00, 10/ .55 , 100/ .45 . DYMO
3/8" Reg. $1.25, 10/ .65 , 100/.55 . .__.....-
1/2" Reg. $1.65 , 10/.S5, 100/.70. 'ED' ~
MAGNET SWITCH For doors & alarm
circu its . SPST-N.O. (apart) $2.S5 pr o :.
10/2 .45 , 25 /1.90.
TOP HAT SILICON RECTIFIER 400 PIV .2 9 , 1 0 / .1 9 , 1 0 0 / .1 2 .
SYMBOL READOUT Choice of 6 , 14 or 24 Volts.
Shows +, - , n, V, % . $2 .95, 10/1.95 .
SUB·M INI TOGGLE SWITCH Highest quality SPDT
6 Amp rating. $1.89,10/1.49,100/1.19.
LONG TOGGLE SUB·MINI SWITCH, BLACK
SPDT. ON-ON or Center-OFF. $1.39, 10/.99, 100/.79.~
MINI·ROTARY SWITCH 1/2" Dia . ro-pcstnons. ' ,-
l/S" shaft. $1.S9, 10/1.69, 100/1.29.

BOX 1348-73, LAWRENCE, MASS. 01842. '

,



H. J. Kearn s WASLFN
601 N. W. 9th S treet
Okl ahoma City OK 73 10 2

APROFESSIONAL
DIGITAL COUNTER

Fig. 1. A node layout and base diagram of the
Digivac S/G readou t tube .

it in to seven-segment logic, and drives the
Digivac tub es direc tly with the proper volt 
ages. Ano th er company, Genera l Instrumen t
Cor p., even includes the decade coun ter and
driver circuitry in a single IC pa ckage . This
makes a really tiny counter possible , bu t at a
pretty stiff price for the average ham. This
arti cle de scribes a compromise approach
which utilizes the advantages of the Digivac
tu be to build a compact coun ter wit h simple
power-sup ply req uirements, but at a rock
bottom cost.

I believe t hat this layout is the ulti mate in
tiny counters , when cost is co nside red . The
low volt age requirements of the Digivac tube
ma ke it po ssible to use an y old transistors
that will block 22 V (l to ok mine off old
surplus computer boards) and t he least
ex pensive of RT L Ie's easily furn ish enough
drive for our purposes , and will co unt at
better than 10 MHz. The complete 6-digit
count er was built on a 4 Y2 x 5% in . etched
board. The b oard is etched both sides

Q uite a few arti cles have appeared in the
literaure of the past months, describing

digita l co unter s as a brill iant ,add ition to the
experime nte r's arsenal. Some of the se alm ost
stimulated me to action, bu t there alw ays
seemed to be a vital objection to each of
them somew here alo ng the line. A numb er
of these designs required neon bulbs or nix ie
tub es with th e necessary 200V power supply
and high-voltage tra nsisto rs. Some of the
logic circuits seemed cum berso me, some of
the articles seeme d simple enough but wer e
so sketchy tha t the builder was almost left
to start from scra tc h whe n co nfron ted with
the ac tual lay out an d circuit design .

A recent developm ent made it po ssib le to
eliminate all t hese objections and star t ed a
labor of love wh ich will be describ ed h ere.
Tung-Sol recen tly announce d a new readout
device which is actually a tiny cathode-ray
tube. Two tiny fila men t wires (req uiri ng
only 1.6V at 45 rnA) supply elec trons to
bombard a seven-segment digital-S (See Fig.
I ), eac h of these seven segme nts being a
separate phosphor an ode which requires
from 12 to 25 V at only a few mA. This
miniscule po wer requirem ent and compact
reado ut tube ma kes a really small and
inexpensive counter poss ible . It is calle d the
Digivac S/G , and is relatively che ap in small
quantit ies, at $5. 30 each . Texas Inst ru men ts
ma kes an integrated circ uit wh ich takes BCD
info rmation from a set of flip-flops, reso lves

F
C) F"A E

B 0
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H i La Hi
Lo H i Lo
Lo L o Rev erse
Hi Hi No Change

seQ
H;
Lo
Lo
Lo

Table 1
T ruth tables for the nor gates and J-K f lip -flops .

Nor Gate J-K F l ip -F lop
I nput I nput Out
A B
Lo Lo
Hi Lo
Lo H i
Hi H i

Fig. 2. Basing diagrams of the in tegrat ed circuits, as
seen from the top of the package.

because of the complexity of the cir cu it, the
clearances fo r the components are prett y
close, a1]-d the soldering must be prec ise to
avoi d solder bridg es to o th er con ducto rs, bu t
th is should not be a real problem with
proper equipment. I used a Prin cess sold er
ing pencil with a lOW elem ent and the fines t
pointed ti p I could find. With this, I soldered
al] the transisto rs, diod es, and IC's, both
above an d below the board , without a he at
sink , and didn' t ru in a sing le one .

The logic could be mad e slightly more
sim ple using nan d gates or var ious co mbina
tions of nand and nor gat es, but at consider
ab le greater ex pen se. No t counting the tran 
sist ors and diod es, whi ch I took off old
com pu ter boa rds, the counter cost about
$ 13 .00 per digit t o build. As each consec u
tive pair of digits shares one of the Ie's, the
counter can b e built in mult ip les of two
digit s - if you only req uire fo ur digits for
the readout on your vfo , yo u can just lop
the board off at that poi nt .

The Digital Logic

The devices used for th e actual co unting
are Mot o rola MC790P's which contain two
J-K flip -flops in one pack age (Fig. 2). Ra ther
th an simp ly divid ing by two , J-K flip- flops
make othe r options possible . Each of th ese
flip -flop s has tw o output pins , each of wh ich
can have t wo states - "h igh," wh ich is a
little ove r +1V, and "low," which is ju st a

Fig. 3 . Connec tion sche m e for th e Mo dulo-ten
m inimum-hardware circui t .
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ten th of a volt or so above ground . These
two output pins are called "Q " and "Q ,"
and they are always complementary to each
other - whe n' Q " is high , "Q is always low
and vice versa. There are four inputs : a reset
pin, wh ich brings "Q" to the low state ,
'Set ,'" " Clear ," and "Toggle. " T he flip-flop

changes sta te only fo llowing a f ast negative
going pulse on the "T oggle" pin . Which state
is entered after a " toggle" pu lse de pends on
the vol tages on Set and Clear. (See Table I .)
If more in forma tion on t his su bject is
required , see References.

Four flip -flo ps can most easily be made
to count to 16, but for our purposes, we
want these to count to only 10 . T he
arrangement used he re is called the Mod ulo
-ten mini mum-hardware circui t , and is com
monly used to divide by te n (F ig. 3 ), but
more com plex arrangements are usua lly used
in counters for dec imal read out s su ch as
nixie tub es. The states of the outpu ts
thro ugh a co unt of ten are found in Table 2.

In this case, the Modulo-ten was the
simp lest arra ngem ent I co uld find fro m a
logic standpoint; because I wanted to ener
gize a 7-segme nt readout . It was also no ted
that a ma tr ix which swit che s off th e seg
ments is a lo t simpler than on e wh ich
switches them on. So that is what this circuit
does. All of the segments of the tube are
" turned on " ex cep t when +O.7V or so is

Tab le 2
."Q " o utp ut states in a Mod ulo -ten ci rc u it, th rou gh
a cou nt of te n .

Q1 Q2 Q3 Q4
0 0 0 0 0
1 1 1 0 0
2 0 1 1 0
3 1 1 1 0
4 0 1 0 1
5 1 0 0 1
6 0 0 0 1
7 1 1 0 1
8 0 1 1 1
9 1 0 1 1

73 MAGAZ INE



present at the ba se of the shu nt resistor for
that particular segment, wh ich th en effec
tively gro unds tha t segment. The complete

, logic diagram for each digit is found in Fig .
4.

PROPAGATIO N CHART

.I.H. Nelson
Good (Open) , Fai r (0), Poor (0)

EASTERN UNITED STATES TO:
GMT, 00 "' 00 .. .. " " .. eo "

A LAS KA "ARGE NTI NA ,,,
"AUSTR AL IA " " ,.. "CANA L l ON E '" ". "" NGl A r.lD .. "Il AWA II "

,.
" "

" "
JA PAr.I " "
M~X I CD 1 " "PlllllPPINES " " " "
PUERTOR 'C O

SOU TIl A FRICA ,,.
" "

U. S. S . R "
WEST COAST

NOVEMBER

The gat es used are nor gates ; th e output
of these gat es will always be lo w except
whe n all inputs are low ; then it will be h igh
(Tab le 1). There are also three diode gat es
used, whic h simp lifie s the circuit (this trans
lates "cheaper") considerab ly. The 2700n
resistor at the ou tput of one of t he gates,
slightly increases the voltage ou tput , wh ich
ot herwise did no t reliably en ergize the «B"
and' G" tran sisto rs, because of t he addition
al voltage drop thro ugh the series diodes.
Th ese are used on the underside of the
board ; l/lOth watt resistors are a co nvenient
size here. (For placemen t, see photograph.)
You may know th at the MC792 P has a
higher output , voltage-wise , but do no t use
it ! The .l\IC792P would also load the
fl ip -flops mu ch too heavily fo r th is
ap plication .

Const ruction

The circuit board is etche d on both sid es,
and care is ind icated to assu re that the t wo
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" "
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Fig. 4 . Logic diagram fo r each digi t . Each o f the
transistors will ground one anode segm en t when
turn ed on.

NOVEMBER 1972

A LASKA

AR GE NTIN"

"UST RAL IA

CAr.lA LlON E

ENGLA r.lO

IlAWA II

INO lA

J"PAN

MEXI CO

PIUL IPPI NES

PUER TO RICO

SO UT Il AFRI CA

U. S. S. R

EAST COAST

'.. .. .. ,. .. .. .. " zt.. " " " "
"

" ".
". "

,.
"

"
"

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

"
,.

26 1



MANN IS MOVING MANN IS MOVING MA NN IS MOV ING I

Write for a complet e catalog

MANN IS ON THE MOVE - Please note our new address
and phone number

SPECIALS Inn
TWO METERS:
GENERAL ELECTRIC ME-33

30 watts with vibrator sup ply
includes accessories ON LY $89.00

MOTOROLA T43GGV
30 watts with vibrato r supply
includes accessories ON LY $84.00

450 MHZ:
GENERAL ELECTRIC MT-42

18 watts with transist or powe r supply
without accessories ONLY $79.00

MOTOROLA U44BBT
18 watts with t ransistor power supply
includes accessories ON LY $79.00

28710 Canwood Road
Drawer M 73
Aqeu ra, California , 91301

MANN IS MOVING MANN IS MOVING MAN N IS MOVING r.;
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~NNIS MOV ING MANN IS MOVING MAN N IS MOVING

COMMUNICATIONS.
MANN C&E. INC

NOW HAS A VAl LAB LE

NEW NICADS (3.75v /170 MAH)

ONLY $6.00 ea
FOB AGOURA, CALI FORN IA

THESE NICADS ARE AMERICAN MADE
AND NEW WITH A FULL YEAR WAR'RANTY.

NICADSARE AVAILABLE FOR THE FOLLOWING:
Motorola Page Boy (tone only) ,
Moto~ola Page Boy (tone & voice)
Cook Pager (tone & voice)
Please specify model

In the near future MA NN will have a complete line of NICA D batteries for
mos t portables - write us with y our needs.

' Terms: Cash or C.O.D. - No C.O D. under $25.00

CALL JIM OR BOB AT OUR NEW NUMBER

213-889-6666

:-IN IS MOVING MANN IS MOVING MANN IS MOVING
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L
Fig. 5. Componen t sid e of the circu it board , f ull -size.

side s are properly ma tc he d . I bu ilt a jig fo r
th is purpose out o f 27 x 7 in. p iec es o f 1/8
in . Lucite . All four co rners of the Lucile are
drilled wit h the two sheets clam ped t o 
gether. Tape the two negatives to the ad ja 
cent sides of the Luc ite so tha t the negatives
match pro perly with the two sheets of
Lucile bolted toge th er. Then th e sensitized
board can be clamped between the two
negatives and exp ose d with assu rance th at
the holes will mat ch up o nce the board is
et ch ed .

It is a lso possible to et ch the board one
side a t a time . Per th is method , o nly one
sid e is e tc he d at first wit h the other side
pro tected fro m th e etc h ing solu tion . Then
several p ilo t hol es are d rilled in the edges o f
the board . The second neg ative is then
placed o n th e othe r side of the board an d
mad e to line up with the pilot holes fo r the
seco nd ex posure. T his method would prob-

264

ably be satisfactory on ly wh en yo u are
eq u ipped to use spray pho to -resist. However ,
a pre -sensitized boa rd , coated on both sid es,
would be very hard to exp ose, e tch, and d rill
witho u t damaging th e sensi tive emulsion on
the sec o nd side o f th e boa rd . It can be do ne
very easily if yo u are properly eq uip ped, b ut
be sure to cu t the burrs fro m drilling o ff t he
second side of the bo ard befo re co ating and
etc hing , as the burrs pick u p an extra co llar
of resist which gets in the way . and th ey also
tend to scra tch up the nega t ive .

Once th e bo ard is et ch ed , the holes are
drill ed. It is p ro bab ly possib le to this with
with a Y.t in. elec tric drill , with ex treme care,
but a dr ill press is strongly re commended if
you ca n possibly get access to one. I used a
No. 7 2 d rill fo r th e integrated circu its ,
tra nsistors, and di od es, a No. 60 drill for the
resistors, and a 1/ 16 in. drill for t he tu be
soc kets. If you are us ing fiber glass board , be

73 M A GAZ I N E
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Fig. 6. Second side of circuit boar d, full-size.

sure the drills are sharp, becau se I fo und that
a drill wh ich is dull crea tes muc h heat wh ich
swells th e fiber glass, an d thi s can pop the
foi l term inals righ t o ff the board . Fiber glass
also dulls the drill b its muc h more qu ickly ,
too, and the re are somethin g ove r 84 0 holes
to be d rilled in th is board ! The d rill sizes
spe cif ied are no t sacred , but anything much
bigger may just drill the termina ls righ t ou t
of existence , as they are necessarily small.

On ce the bo ard is e tched and drilled , the
next step is to in stall th e jum per wire s. Most
o f th ese are for power su pply or ground
con nectio ns, or for reset lines to the flip
flops. There are also a numb er o f through
wir es to br ing current through th e boa rd
from one side to the othe r. I use d 22-gage
wire for this .

No w you can begin in stalling the actual
co mpone nts. Note that the co mponent side
of th e board contains the conducto rs to

most o f th e tu be pin s. The othe r sid e carries
th e labe l. It is wise to in stall one tu be
socket , then a pair o f load res isto rs (10 K)
next to the socket , th en th e first pair of
transistors. No te th at some o f t he co nne c
tions must be so ld ere d on both sides o f th e
board .

Once the first two transist ors are in
sta lled, it is wise to put + 18V be tween the
B+ ter minal and grou nd . to be su re that
thes e tran sist or s will hold this volt age satis
fac to rily wi thout breaking down. Then put
th e same voltage, th ro ugh a 22 K resis tor , or
so , betwee n the bases o f the tr ansis tors and
ground, while measuring t he collec to r vo lt
age, to be su re th at it will ground the anode
o f the tu be proper ly. It is bes t to t est these
in pai rs as you install the m , as it is a lot
more tro ub le to get to the m once some of
the othe rs are in place. On ce you are su re
that a pair of transis tors works , then go on
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Arrangem ent of 1I1 0 th watt, 2700n resistors
un der th e board

to the next pa ir of load resistors and then
the nex t pair of transist ors. Then be sure to
che ck all of the solder join ts and be sure y ou
haven't miss d one or more on the com p o
nent side , and be sure there are n o sold er
bridges , which will be harder to eliminat e
late r on.

Aft er the transist ors , the nex t ste p mu st
be installation of the first IC, the MC7 17P .
It is very wise to first tin the fo il t ermin als
fo r th e IC's, at least on the compo nen t side
of the board , as th ere is no way to heat-sink
these soldering operations, and this greatly
reduces th e amount of hea t exposure to the
IC. It will be almost impossible to get to
some of these join ts ab ove th e board , on ce
the resistors and diodes are in place . Not e
th at the MC71 7P's are th e only IC's which
have the no tch and dim ple on the package,
pos itioned away fro m the tube sockets - all
the o thers have th e no tch and dimple on the
end toward the tu be soc kets.

Nex t the d iod es can be installed . The
cathode ends of the diodes, usually marked
with colo red bands, are alway s on the side
toward th e co nductor leading to the ba ses of
the transist ors . On the digits where the
diodes are horizon ta lly arranged , this is th e
end to ward the t ube so ckets . On t he digit s
where the d iod es are verti cally arranged, this
is the end toward the MC7 17P, except the
center aiod e is reversed.

Now the othe r resistors can be insta lled .
Note that t wo of th ese are 3?On resisto rs,
these lead from outputs Q 1 and Ga te 7. The
rest ar e ISOOn .
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Fo llow ing this, install th e t wo MC793P 's
and t wo MC790P's. Be sure th e not ch and
dimp le on the cases are on the end toward
the tube sockets. Be sure to tin the foil
termina ls on the compo nent sid e, for these
fC's, also , to mim imize the heat loads they
have to take in soldering.

Next , so lder the I /lO IV, 27 00Q resist or,
on th e underside of the board , be twee n the j
output of Gat e 7 and th e adjacen t pin 11 of ,
IC4 . This in crease s th e volt age output of th is
one gate, as descr ibed ab ove .

Testing th e Counter

I fo und it co nvenient to test each digit as
wiring wa s co mplet ed on it. The filaments of
the tube require 1.6V. On e side of the
filament must be connecte d to th e common
ground . Connect +18V to B+. Witho ut th e
+3.6 V supply being conn ect ed , all the seg
men ts of the tube should light up . When the
+3.6V supply is connec ted , th e pattern may
not represent any number , bu t should be
co me '0 " when +3.6V is co nnecte d to the
reset line. Any of the segme nts which do not
ligh t up at th is point , pro bab ly repre sent a
missed solde r join t or jumper wire , o r a
sho rted transist or. A segment ligh ting up
when it shouldn't migh t mean a missed
solder joint somewhere between on e of the
gates and the base of a tr an sistor, an op en
dio de , or a fau lty transistor . Since these are
all de circuit s, these sho uld be easy to
trouble-sh oo t with a volt meter.

To test the counting operation, it is vel)'
convenien t to have a source of negative
going pu lses. I used the clock which I had
built for th is counter, which will b e de
scribed in ano ther art icle . It furnish es pulses
fro m 100 k Hz to one per second . Onepulse
per second makes the operation of all th e
circuits very easy to foll ow, and you can
sto p the input pulses whe never yo u n ote a
problem, and th en check th e st ates of all th e
output s with a volt me ter , referri ng to Table
2.

Lacking a co nvenie n t source of pulses,
yo u can check the operation of the flip -flops
by feeding a sine-wave signal of a volt o r so
peak-to-peak , and above 100 kHz, into th e
inpu t of FF I , and checking th e Q output of
FF4 wit h an osc illosco pe to be sure the
circuit is dividing by ten . If it is , very few
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COLUMBIA SLASHESTEST
TEST EQUIPMENT PR ICES!
• T EK., H.P., G.R. ETC.

Wo rld' s largest sto rehouse o f m eters, signal qen 
erators. sco pes , etc . A I! popu la r mode ls. l mmedi
ate d el ivery !

Write for lowest prices in country!

.

Save over $9,000.00 on th is

r. ·e ~ . -... --~'tDJ ' AN/WR R-2 SSB Receiver!
r I IC) r~.~r.l l i'" Original go vernmen t cost : over
~'r:;I"E,,';'),]! II~ \ l' $10,000.00 ! One of Navy 's most modern

I f' l l ~ l ihGiiW, . ! lJ'" 11 radi o receiving sets. Built by National
,, ' - ' ""5' I Yj" I ', . .. .e.e... e,"' \" I'" '7 I Radio Co. in last decade. A t ripl e can -
W.\S.~\" , . , ." c " ,.w4 } lJj ve r si on supe r -heterod yne. Frequency
~i F-:;,;;e ";; I' I[ ~ ' ~ range: 2 to 32 MC. In 1 kc increments. 4
~[I I:; ].!+; :r;\il' ~: :' bands. Featuring full carrier suppression, .
'F'L_~'" =~~ Jl( , unit receives AM , CW, MCW, voice, facsim-

ile, t eletype and ISB. REQUI RES NO

MODIFICATION! Greatly super ior to $495
earlier R390A/UR R model. Good cond,
Complete, operational. Spec sheet avail - •
ab le. Spare parts as needed. Om ha uled a nd ce " if ied .. . $595.00

NAVY TCS TRANSMITTER
Just arriv ed! This coll ector 's item is now
available in new condition! 1.5 to 12 Me.
CW and AM. 50 watt CWo Id eal for a raft
of multi-purpose uses. Designed by
Collins Radio. Brand new ! A Columbia
spe cial $7 5.00

IP-69/A LA -2 PAN A DAPTE R
This compact unit can be used wi t h m ost Ham

Recei vers af te r conversion . Complete wit h co n
ve rs io n info and schematic. Good condition
.... . . . . . . _ . . . . . . . . . . . . . . . . . . . $19.95

2 METER A IRCRAFT MON ITOR
RECEfVER 130 - 150MC

R-748j TRC-47 sin gle ch annel AM cry st al con
trolled 11 OV 6OCPS , p wr suppl y & speaker b u ilt
in, squelch . r-1 gain, dual co nversio n modern
design. Size 19"W x 5"H x 14"0 for rack mtg.
Supplied w it h schematic & h ookup into . No
co nvers io n required. E xl cond it i o n . . . • . $29.95

URGENTLV NE EDEO !
We w i ll p ay t o p dolla r f or y our la te m od el
mi l i t ary co m m u n ic a t io n eq uipment , and m il i
t ary / co m m erci a! lab grade test equ ipmen t. W ri te
or ca ll today : '--

(213) 875-2970 (213) 764-9030

FMTRANSMITTE RS & RECEIVERS
70-1 00 Mc. S in gle c han nel. 50 W . output.
110 V, 6 0 cyc le. N ew an d l ike new .
R -1 9 /T R C -1 R ece iver $ 75.0 0
T -1 4 /TRC- 1 T ransmi tter 75 .00

FR E E schemat ics. Conv ertabl e t o
6 o r 2 m ete rs.

CV-89A /URA -8 A R T TV A ud io Type Terminal
Unit , Goo d condition, less cabinet 75.00

COMMAND Recei vers Transmitters
RECEI VERS
190-550KC Q- 5er Good Condition $14.95

Or Like N ew 19.95
6-9MC 40 M et ers Good Condition 12 .95
X MT RS
2 .1 3MC T l B/ ARC-S N ew _ . 4 .9 5
4 ·5 .3MC T-20/ ARC-5 Ex l. Condition 3 .95
4 -5 .3 M C B C -4 75 New _ 5 .9 5
MD-7/ ARC-5 Pl ate M o du la t o r F o r Abo ve X m t rs

E x!. Condition _4.95

XMTRS - TRA NSCEI V ERS - REC' Rs
T-4 7/A RT-13 2 -1BMC transmitter Less tubes -
Good c o nd it io n $14.9 5

T-47/ ART -13 w it h tubes E x!. Condition 4 9.95
AT-18/ARC~1 t ra nsc e ive r 100-156M c E x!. Condi -

tion . . .• . ... .. . . . . . .. .. . . . . . . . .. .. 3 9 .9 5
A RC-3 t ransm itter 24 channel 100 - 15 6 Mc Ex!.

Condition 1 4 .9 5
BC-34B 200 SOOKe & 1.5 lBMe Reconditioned

24V DC ..... . .. . .. . . . ... ... •.. . . . 75 .00

R -444/APR-4V A M & FM E xcellent Condition
. . . ... . . . . . . ... . . .. . . .. . ... . . . .. . .49 .95

R-l05/ARR-15 1.5-laMC Co ll ins R ec eiv er .
Good • .. . .. .. . . . • . . . . . .. . . . . . .. . $ 49 .95

RBB 600-4000KC Recond . 115/1 /60 100.00
RBC 4-27 MC Reconditioned 115/1 /60 100.00
ARC-3 Receiver 100-156MC 24 Channel Ex!.

Condition . . . •. . . . . . . . .... . ... .. .. . 14 .9 5

T ELETY PE EQU IPME NT
M -15K S R Page Printer

w/K ey bo ard & Table
M-28 K S R Pag e Print er
M-28AS R Telety pe writer

T ested OK

$ 199.50
79 5 .0 0
1750.00

ColumbiaElec t r o nic S a le s . Inc.
P.O. Bo x 9266, 7 360 At oll Ave ., North H ollywo od CA 91609 T e l (213) 87 5·2970 & 764·9030



The counter wi th the firs t two digi ts com ple ted.
Jumper wires are in place. No te a 10K load resistor
next to each driver transis tor . These are m erely to

th ings could be wrong with IC 1 and IC2.
The output of each of the gates should be
near + 1V, when all of its inputs are ground
ed , and it will no t harm the outputs of the
flip -flops if they are grounded.

If the +3.6V power supply is not well
filte red, pu lses fro m the power su pply cou ld
possibly leak through into th e counting
circuitry and foul up the cou n ting process,
or make the flip -flops coun t without any
inp ut signal. Three nicke l-cadmium "D " cells
in series , make an excellen t po wer supply for
30 minu tes o r so, if you suspect th is
possibility . In fact , the counter co uld easily
be powered entirely by ba tteries.

With all six digits counting, the board
requires 3.6V at about 500 rnA, 1.6V at
about 270 rnA , and I8V with a current
demand which flu ctuate s wide ly but peaks
at about 60 rnA with a readout of
" 111111," and reaches a minimum of about
8 rnA, with a readout of "888888 ."

If you have had a little experience in
building solid-s ta te devices and are wil ling to
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limi t the current thr ough th e transistor when
turned on. The resis tors wi th the ligh t s trip es are
the 3 90Q

use car e in soldering, th is counte r should go
toget her with no trouble. The counting log ic
is ex tremely simple and the d igita l readout
logic is easy to understand. If you will make
sure that you understand the operation of
thes e basic digital circui ts before beginning
construction it should be a plea sure for you,
as it was for me.

.. .\VA5 LF N
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GATEWAY
ELECTRONICS

8123 PAGE AVENUE
ST. LOUIS, MISSOURI 63130

314-427·6116

MEMORY PLANE - 4096 CORES 10" x 16" x
liz". Ship. wt. 2 lb. $6.00

HIGH VOLTAGE TRANSFORMER new-
115/220 V input - 5000 V and - 3500 VDC
output @ .35 rna 4" x 3" x 6" Ship. wt 8 lb.

$10.00

5763 TUBES - new Ship. wt. 1,4 lb. $1.50

MINIATURE LAMPS - #327, #328, #330 -
new 100/$25;00; .35 ea.

40-0-40 MICRO·AMP METER - 3" Round Ship.
wt. Y2 lb. $1.50

DATAK DIRECT ETCH RESIST

ER·1 KIT - Resist Patterns, Etch, Tray &
Boards Ship. wt. 1 lb. $4.95

ER-2 REFILL KIT, Etch Patterns, and Tape
Ship. wt. liz lb. $2.75

ER-3 ETCH - Makes enough for 200 Sq.
Inches Ship. wt. Y:z · Ib. .89

$5.00 Minimum Order
Visit us when in St. Louis
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$349.50
Inoue
IC-21

SUPER RIGS . . . .

A look at the IC-2 0 fo r just $2 69.5 0
Try to match thes e features with any
other rig .

-1 2 c h an nels. .6 supp lied. .individual
t weaking on aU 12 T & R channels.

- battery saving h igh or low po wer. 1 or
100 wa tts .. . •.• ... •. . .. . .

-plug-in , shielded, modua l construc ti on .
-ho t revr . .. less t han .4 uV/20 db
-built in fi nal p ro t ection c ircui t
-c-buil t in alt ern ator wfl ine f il ter
-ehelic afized cavity resonato rs
- no ise canceling m ik e, & mbl. mi ke inc .
-e-each r ig th oroughly checked pri or to

shipment
- sharp appearance (y our w if e will love it )

Sta te OF THE ART 2 ME TER
FM .. .IN OUE

When you go INOUE,
.. .you are going First Cabin

... with the trend u tt er for 2 meter
FA!

Or the ... 1e-21 . •. Base or Mobi le
Similar t o t he IC·20 bu t with many
additional featu res. .including .. .. . .•. .
- 24 channels .. . ..T&R for just $349.50
- bu i lt in AC & DC supply
-SWR- "S " & D iscriminator meters
- cali b rator & RIT inc luded
- mic. gain and ll.mit peak ing controls

~====1

~
~
~

~
~
~
~

I~
.~

~

~-

$259.50
INOUE
IC-20

90 day warranty inc , (replacement
parts in stock, inc. many Xto l free. @$ 4.00l

Ino ue, the un beatable rig for perfor-
mance, appearan ce, construction, eh
gineeri ng and reliability . . .ask th e
guy who o wns one.

$39.50

NHE COMMUNICATI ONS
CAL L 206-747·842 1, OR WRITE TO BOB BRU NKOW

15112 S.E. 44T H BEL L EVUE, WA. 98006

tc:=:=:::X»<=JCtc=:=::>Ca-'1=

ORDER ON E EACH OF THESE BEST
BUY A NT EN NAS FOR XMAS . TODAY!

Phone in or send in you r order today .
and you'll hav e yourself a X mos pre
sent.

Order th is S tate OF THE ART count er
N O W, and we will air ship it to y o u
immediately (at OUT expense). in
plenty of time fo r Xmas. It 's yours [or
ju st $349.00.

Here 's th e affordable professional
grade counter y ou've been waiting for,
to / 60 mhz for just $349.0 0 complet e
with scaler!
A nd look at these fe atures

- Equ iv. 8 d igit di spl ay with 5 d igit reado ut
an d d isplay storage

-Overf lo w ind icato r
- E:>< t reme 'Y compact

16.7' )(3.6 " X7.0 '" as shown abov e, w it h
sca ler, 4 .5 100

-Both A C and DC operat ion 18 watts)
-Xta l stabil ity : 1 p t. in 106/ we ek
-Resol\Jtion : 1 Hz, Sens. 50 mV
-full 1 y ear U.S. wa rranty
- e ngineered & construc ted fo r the profes-

sion al .

SUPER GAIN An tenna
by
An tenna Engineering

For mo bile use, ord er the stainless
steel mo bile whip, wit h coax, f or 3 DB
gain underpriced at $16. 95

(A ll o f the above available
fo r 140-160,22 0. 450 MHZ )

- R EPEAT ER OR BAS E U SE
- LI G HT WEI GHT, Y ET RU GGED
- H ER E'S T HE GA IN YOU NEE D WIT H-

OUT HA V I NG TO SWI N G THE BEA M
EVERY 5 SECONDS.

- LOW SWR WIT H GAMMA MATC H
- FOR ON LY 539.95, T HI S JUST CAN 'T

BE BEA T !

7 ELEMENT VERT ICA L COL LI NEAR,
COMPLE TE WIT H RADIA L S & COA X

6.5 DB GAIN FOR $39.95! THE &EST DB
GAIN FOR THE DOLLAR YOU'LL FIND .

~ $349

n MiidaU DIGIPET 601160

~
~

~
~
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REPEAT IT - -

D. J. Brown W9CGI
R.R. 5, Box 39
Noblesville IN 46060

THE LONG WAY

l et me be quick to say that this is not
. ..Jjust another of the many fine articles

on FM or repeaters, as the title may
suggest. The availability and low cost of
used commercial FM equipment in recent
years has brought many hams into the use
of channel-type and repeater communica
tions. I would like to introduce you to
what I feel might produce results far
beyond the present dream of linking the
four corners of the U.S. via FM repeaters.
Moonbounce is the name of our game , via
a system of repeaters!

Two years ago , when our project start
ed, a group of five local hams were already
operational on the VHF bands. Many hams
had preceeded us there, and many were
already quite active on moonbounce pro
jects. Many of th ese efforts made fine
reading, but how many of us have an
Areceibo size hole in our back yards, or
finances for a large dish antenna on our
own?

Since the group is all involved in the
electronics field, the idea of researching
past articles and ideas came quite naturally.
In our jobs, this is done to get a starting

point as well as to avoid future patent
difficulties. That's when our first problems
began. Articles were found, to be sure, but
none contained current EME activity, ama
teur calls, or frequencies in use. What was
worse , no column seem ed to exist dealing
spe cifically with this area. Since 73 Maga
zine , with Wayne Green, W2NDSjI at the
helm, seemed to contain more VHF con
stru cti on articles per column inch than the
o thers we checked, a quick letter to Wayne
seemed in order. True to form, he has even
offered space for such a column pending
eno ugh inter est (write Wayne, c/o 73 Maga
zine) and, of course, finding someone in
the know willing to write it. Good maga
zines are always looking for good articles
and good column writers, so try to help if
you can. Please contribute where and when
you can.

Since this is an "idea" article, I want to
present it in a block diagram, no math, no
construction fo rmat. I will present future
art icles dealing with specifics. Our idea is a
system of many sub-systems which I will
divide and discuss independently.
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The Links

Most of us do n't h ave t he ba ck ya rd
room for a large antenna fo r moonbounce.
Because I do , we had the biggest problem
licked. Look aro und yo ur ar ea , cit y, club
or gro up : Surely one me mber has the
roo m, or lik e F M repeaters, it is for ren t
inex pensively just ou tside of town . Remem
ber, no mo un tain tops are req uired . 5000
isn' t mu ch over a moonbounce path! So
look for a low noise area if you can fin d
one . Organ ize, but don 't overdo it , as you
will scare off the guy tha t doesn ' t fee l he
has anything to con tribu te . A club, or even
just a group of ama teu rs me et ing toge the r
wit h a commo n purpose is fine . Comm un i
cate! This is where t he fir st build ing block
takes sha pe. Everyone is busy and can 't
always make mee tings, bu t we all get on
the air. At least this way the XYL knows
you are home . Choose a locally unused FM
spot on 144- 220- 420 MHz, an d get
equipment on. I cau tion you now, please ,
don't use ex isti ng FM channels except to
init ially keep in touch no matter how
tem pting. I chose the 420 MHz band, since
local activity there is almost no n-exis te n t,
bu t this is a good chance to get active on
the 220 MHz band as th ere have be en some
rece nt co nversion articles for 2m FM gear.
Due to the very inexpensive equipmen t an d
anten na size , the 42 0 MHz band ma y st ill
be your best choice. Th is usu ally mea ns
build in g your own 110 VAX power supply
for exist ing rna bile type eq uipmen t. By all
means coordinate, and tr y to buy the same
type of gear so the power supplies, crystals ,
and other accessories will or can be alike
and tlius save ma ny headaches. This also
can lower the price by group purchasi ng .
On ce the eq uipmen t is on, yo u have a
"meeting place," any day or ho ur , and
someone else to help you iron out prob
lems. This equipment is not at all lost
whe n mo onbounce time comes along . Quite
the co ntrary. It will f~rm the only eq uip
ment needed by anyone, excep t the site
chosen for the moonb ounce eq uipment.
Plan on adding to ne encoding equipment to
the control head as you buil d it in order
to be ab le to control the site from each
amateur's -home . If th e sit e-chosen is in one
of the ama teu r's homes and he is to be
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present dur ing mo onbounce att empts, yo u
don 't even need a repeater license .

The Site

Th e eq uipme nt here can be co mpletely a
group effort. Ho wever , if it is, get the
agreeme nt in wri ti ng th at it is donated to
the group effort to avoid fu tu re pro blems
an d hurt feelin gs. Most of our site eq uip
ment will be my own . Part s an d mu ch
building he lp ove rcome the problem t his
way . The overa ll equ ipment should be
" racked," and ca bled , an d a fu ll set o f
diag rams drawn . Believe me , th is has
already saved us mu ch grief. Unless you
can work with th e equipment da ily, an d
you aren't far enou gh along to have mu ch
gear yet, you would be surprised how
mu ch you can fo rget even if yo u wired it!

Th e transmitter should be crystal co n
t ro lled , prefe rably using an oven, an d CW
makes a good inexpensive mode choice.
Fo r the purpose of our ow n experime nting,
we will also have NBF M from the begin
ning , a dding SSB as t ime and finances
permit. Build your rack by building blocks,
and if you home brew from scratch , add
many, ma ny te st points bro ught ou t to the
paneL The blocks will give you a sense of
accomplishment ' as each is added and
chec ked, and the test points allow fo r fa st
checks, periodic mainten ance, and ra pid
t rouble shoot ing . By all mean s build . Why
waste a $700 tra nsceiver on a spot frequen
cy job . Get the , low level exciter running,
and test it unmer cifu lly for local co n tacts.
You may wish t o add AM mo dula tion
capabili ties at this level to inc rease your
number of loc al co ntacts. Let it ru n 24
hou rs a day, and bu ild it so it will. Use
caution co ncerning fire if the eq uipment is
unattended for long perio ds. Thi s is wh y
we rac k mo un ted every th ing (co nfine it)
an d temperat ure mo nit or all of it (shuts it
down ). As yo u add control, identificatio n,
and taping fun ctions, allow the exciter to
" talk back " on a local 2m link anything
sen t in on the link. Th is is exac tly what it
must do later.

The power amp lif ier can not be slighted.
Mount it at the EME antenna if at all
possible, an d go as close to the legal I KW
as yo u can muster. ' One man may hav e a
me ter, an o th er a transformer , et c. Any thing
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less and you may be very ma rginal. T his is"
one time when you are using th e " mini
mum power to main tai n th e cir cuit ," pe r
FCC regulations. If you find yo u need less
later , dropping dow n only bu ys you nice
lon g tu be life and like benefi ts.

T he receiver can be a well overhauled ,
and in t op-no tch working order , su rplus
gear item. This saves money and saves tears
if you dec ide lat er t o modify it ext ensively .
Au tomatic scanning can be added later fo r
co mplet e remot e u se . Rem em ber , Uncle
Sam pays thousands for t hese it ems, so
you're not getting junk an d you ca n get a
real bargain if you try. Th e co nver ter /pre
amp mu st be top-notch . Here you may
have to pool talen t or resources or bo th.
You may have to buy one to get on, and
later try building fro m one of th e newer
MOSFET type articles. Thi s area is tota lly
up to the time , talent , and the fun ds
available within your own group .

I lef t the best for last, since an other
art icle will cover th is one in detail . The
EME antenna can be as varied as the
number of hams actively wo rking mo on
bounce. If you sta rt with 144- 14 8 MHz,
and I suggest you do because of the
equi pmen t, sta bility , and activity , you un
fo rtunately end u p with th e larges t physical
size of antenna. However , if y ou ch ose
carefu lly as we did , yo u can lat er use it for
higher frequ en cy work. This is wha t we d id
and why .

Ou r d ish will ini tially be a quasi
parab ola, looking at the side like a para
bola, and from the front , a recta ngle. Fro m
the descrip tio n you can see th is is no t a
readil y st eerab le antenna for a po lar
mo un t. It is no t. It is dr iven el-az, o r
indepe nden t elevat ion an d azim uth. If yo ur
only in ter est is moonbounce , by all means
stay with polar mo unt as steering becomes
diff icu lt ot h erwise . We intend satellit e work
and space sho t tracking as well , and thus
our decision to su ffer the consequ ences of
a complex ste ering arrangem ent. Our d ish is
enti rely wood-of-sorts , covered with hard
ware cloth , and built in 4 ft . by 8 ft.
panels fo r ease o f construction and place
me nt. Wood can be very st rong and war p
resista n t if t he right ty pes are chosen and it
is fin ished with the pro per materia ls.

Multi-element yagis and co -linea rs are being
used , but bear in mind the aluminum cost ,

single-ban dedness, and shee r size of these
arrays. The co llinears for example are of the
I 50-plus eleme nt type. The size an d cost o f
our d ish , the mean s o f mounting and
steering it using inexpensive (mo dified) TV
rotators, bri ngs it down to the level of
man y more amateurs' fund s and capabili
ties.

The Assault

I will p resen t you with the ideas and
me ans we are reall y using to accomplish
our goal - 2m moonbounce . To prove to
you that no des ign work is necessary on
your par t , man y hours of research on the
part o f tire initial members of our group s
has been spe nt comp iling the fo llowing list
o f ar ticles that can be directly ap plied to
y our efforts. Full credit fo r these fi ne
ar ti cles appears with th em, and they are
lett ered t o tie them in wit h the block
diagram . Just to give you an idea of wh at
we did , some are singled ou t as being our
choic es.

A. Link An ten na (co rner o r yagi home
stations - gain at site).
1. 4 32 MHz Corn er Reflecto r Anten na,

WA2FSQ , Ham R adio Novem ber 197 1,
p . 24 .

2. Gain Antenn a fo r VHF / UHF Repeaters,
K6MVH, 73 Magazin e, Ju ly 1971 , p. 42.

3. VHF Anten nas, ARR L, Radio A mateur 's
Handbook 196 4 , p. 45 6 .
B. Link Receiver (Mot orola T44AA V
Rcvr. TA 14IA).
I . Converting 420-450 MHz Eq uipme nt

FM Schematic Digest pp. 6 1- 7 I , Two
Way Radio Engin eers, Inc. Boston,
Massach usett s.

2 . Co nver t ing WBF M Equ ipmen t for
42 0- 45 0 , W8FWF , QS T August 1968, p .
3 1.

C. Link to EME Inter face (COR, .Audio
transfer , ta pe amp , etc.) .
I. COR Hold-on , WA2KEC, FM Magazine

da te unknow n-ea rly issue, p . 35 .
2 . Unde rstand ing t he CO R K6MV H, 73

Magazine April 197 0 , p. 41.
3. Amateur VHF Repeater s, VE7BBM, CQ

Jun e 1968 , p . 37 .
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,
6. Surp lns, W2HDM , CQ March 1959, p.

4 7.

J. Below Noise Systems
1. l .F. Tracking Filter for Weak Signal

Reception , W8 FKC, QS T Sep tember
196 4, p . I I.

2. Unde r Th e Noise, W2 NSD/l , 73 Maga
zine, April 1964 , p . 20.

K. EME to LINK Interface (same as Sec
tion C).

L. Link Transmitt er (Motorola T44AAV _
Transmitter TU204) .
1. Same as B-1.
2 . 50W on 4 20 Megacycles (More power for

link if need ed ), W\lWGZ, CQ Apri l 1952,
p . 13 .

M This section covers the en tire stat ion as
a whole.
1. Trackin g The Moon-In Simple English,

W3SD Z, QS T Janu ary 1965 , p. 37 .
2 . Moonbounce Problem, 28 Me. and Up,
W6 VGL, QST Sep tem ber 1963, p. 20.
3 . Lu n ar Nomo graph , IVA6NCT, Ham

Radio October 1970 , p. 28.
4 . Appearance of the Moon at Radio Fre

quencies, W2TTV, QST May 196 1, p.
21.

5. Mechanisms of Space Com mun icatio ns
K2QBW, QS T' Decem ber 196 1, p . 22. '

6 . How High The Moon , WA\lIQN, QS T
J nly 1965 , p. 55 .

Put this kind of line up together, using
the articles for a guide . and a respectable
mo onbounce station will result . For the
obvi ous cos t reason , many amateurs have
never tried. I hope it will now be possible
for you to share costs and rewards by using
a shared sys tem. It should be monit ored
more, and used more, and this y ields more
activity.

I would like to acknowledge the assis
tance (bo th physical and research) of the
follo wing members o f our group: K9 LNX,
K 9MKU , K9RYK , WA 9B HF , a n d
WA9DTM. Further thanks to all the active
moon bounce stations that have helpfully
replied to my mailed inquiries. More infor
mation can be ob tained by stating your
question as clearly as possible and sending
a SASE to Echo Amateur Radio Group,
c/o R.R. 5, Box 39 , No blesville IN 4606 0.

. . .W9CGI

4 . VHF Operation by Remote Control
K6MVH, 73 Magazine, April 196 8 , p . 37:
5 . Mod -2 Digi tal Identification Unit

WB6BFM , 73 Magazine , April 197 1, p:
49.

6 . Progr ammab l e Rep eater Identifier
W6AYZ, Ham Radio April 196 9 , p. 18:

7. rc Repeater Identifier , T. woore, FM
Magaz ine Janu ary 1969, p . IS.

D. EME Exciter (we use # 1 with modifica-
tion s) . .

I. An AM/CW Excit er fo r 144 Megacycles ,
W1CER, QST Septem ber 196 5 , p . 39.

2. An FM technique for VHF / UHF SSB,
DJ4ZC, QST Octo ber 197 0 , p . 32 .

E. See Item B-1 for oven type crystal
osc illa tors used.
F. Amplifier (we use #3 with modifica
tions) .

1. KW Amplifiers for 50- 144 Megacycles,
WI HDQ , QS T Febru ary 1964 , p . II.

2. Top Eff iciency at 144 Megacycles using
4 CX2 50 B's, W\lMOX , QS T December
1961 , p . II.

3. New Ideas for th e 2m KW, WI QVF &
WIHDQ, QST Feb ruary 1971 , p . 24 .

G. Antenna System EME (ours is home brew
with ideas from all).
1. Simple Antenna Mount for Satellite

Work, W4HJ Z, CQ October 1966, p . 4 2. '
2. Antenna 'Tracking Systems for Satellites

GM3 BST CQ June 1968 p . 55. '
H. Converter/Preamp (#1 is our choice ).
1. Hi-Performance MOSFET Converter

WB2EGZ, Ham R ad io August 1968, p ~
22 .

2. Transistor Preamp for 50 th ru 432 Mega
cy cles, WI HDQ , QST February 196 6 p.
36. '

I. Receiver (a much mo dified BC-348 can
be used as tunable i-f) .
1. Converting A Vacuum Tube Receiver to

Solid State , WIO OP, Ham Radio Febru
ary 196 9 , p. 26 .

2 . Conver ting the BC34 8Q, W\lWIT , QST
January 194 7 , p. 19.

3. Conver tin g the BC34 80 W3IWX, QST
No vember 1947 , p . 66 . '

4 . D o ub l e Co nve rsi o n for BC348M
VU2TV, 73 Magazin e, Novem ber 1968:
p . 54.

5. RF Discriminator, K7DEP, 73 Magazine ,
Oct ober 19 66 , p . 78 .
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Bill Hoisington Kl eLL
Far Over Farm
Peterborough NH 03458

INTERESTED
IN

ANTENNAS?
Table -top the Jl'i,,;n Features . . . Indoors

Try reflector and director lengths,
spacings, numbers, combining yagis , ex
tended-expanded collinears, %. wave, Jh wave,
and two-half waves in phase for 160 and 80
meters right inside your shack!

Complete construction details for an an
tenna test set of 432 MHz. Easy-to-build
units; a 432 MHz oscillator and a tuned
detector are detailed for you. These rf units
may be used later to build a complete
hand-carried solid state portable station on
432, with superhet receiver. This station is
described in 73 Magazine in the article " The
432'er Solid State."

With care and using a small iron you 'can
also test spare or surplusVHForUHFdiodes
and transistors lying around the shack, by
substituting them in these rf sets.

Oscillator Cons truction.

Figur e I is the osci llator schematic. A UHF
transistor, like a 918 or RCA 2N36 00, is
used in a grounded-base circuit, which makes
it a good oscillator right away. The copper
strap over copper-clad baseboard results in
quite a high-Q circuit, is easy to couple out
of, and tunes over a lot more than just the
420 to 450 MHz amateur band, unless you
wish to pad it down and/or remove plates
from the Johnson type M capacitor. An
output coupling capacitor is provided for
better adjustment to the 50 ohm output
cable.

Figure 2 is a top view, an d Fig. 3 is th e side
view. This unit is similar to the one in the

«432'e r, Solid State" article in 73 Magazine,
making it easy to transfer it into the
complete rig described there later on, if you
wish to do so. There is a slight difference in
the de bias network because in antenna test
work a lot (like 100 milliwatts!) of poweris
desirable, while for local oscillator service in
the superhet receiver, lower harmonic con
tent and less power are wanted.

Tuned Detector Unit .

The schematic is in Fig. 4 , the top view is
Fig. 5, and Fig. 6 shows the side view. The
det ector diode unit is also similar to the
" 432'er" mixer unit, except that the if coil
is not installed and t he de output is brought
out of the if jack. Be sure to leave space for
the if coil if y ou want to use this detector
later on as a mixer.

Ope rating the Antenna Test Sets.

Aft er building the rf units, set up two
card tables, one fo r the oscillator and trans
mitting antenna test uni ts, the other for the
receiver antenna and tuned detector, as in
block diagram.

Next step. Go over to the other card table
and set up the tuned detector. This is very
convenient for indoor work, as you will see.
For checking directivity, good gain measure
ments. Getting away from the " near field"
are some of the reasons for the two tables.

The diode detector needs no battery but
you will need a good meter, which should be
a 50 rnA unit for best sensitivity. You can
use a heavier meter, but it will just not be as
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VOICE COMMANDER III
GE N):RAL ELE CTRIC

FULLYSOLIOSTATE FM

Transmitter -Receiver
132 to 174 MHz

I WATT OUTPUT
1/2 MICRO-VOLT SENSITIVITY

Size: 9.5" x 5.3" x 1.7 "
High Performance, comple tely self
con tain ed t wo- way FM radio. Com
pact, lightweight, easily ope rated
and hand-carried. Housed in hi gh
imp act 2-section case. All external
hardware polished sta inless steel.

Proper charger svsiteote $14800separa tely . $15. each.

Lots of 5 ea. $ 13 3. 20
Lo ts of 10 ea . $1 25. 80

I nctudes rechargeab le n icke l cadmium
battery pack and cha rge r. .

(C rystal s & tu n ing. add $50)

PROG RESS LINE STR IPS
Thesestrips are physically complete, but are sold on an as-is basis onlv.

__ _ __ ~yE l-L, MA7ElL[~ATE33 . MA/E36 MA]E42 I
Power supply, 30W, I
less vibrator $20 - $20 - $20
Power supply, 6OW, I
less vibrator - I $25 - $25 -
TX narrow band,
less final tubes $18 $25 $25 $30 $12
Note: MA/E42 wide band
RX wide band,

i $18lessovens $18 $18 $18 $12
14" Progress Line Case, eonsistmq of front basket and front plate with lock _. _. _. $10.
Low band dual front end, 2 freq. RX strip _. __ . _$20.
Hi-Band TPL RX with TX exciter stripslessspeaker, as is, missingparts .. , $25.
15,000 2-way FM mobile units in stock! Send for new 1973 catalog,

~ G~eGOJ:ly' ""-



sensitive, and will requir e the two tables to
be clo ser together.

Plug the antenna cable into the detecto r
jack No. I , and the o ther end in to the dipole
jack. Tune the detector to 432 , and you
should then have current showing, if the
antennas are only a few feet ap ar t to start.

Important Notice!

As soon as possibl e after positioning and
tuning up a dipole, re flector, and director,
set up at least a three-element beam to use as
the receiving antenna for the te st meter, and
poin t it at the transm itter an tenna under
design and test.

A simple three-element unit for 432 is
shown in Fig. 7. as a sample of what can be
done for the purpose of getting start ed. You
may weU tune up a better one which you
can then scale up to six meters, ten, or
whatever band you wish. Not hing prevents
you from using as many elements as you
wan t to tun e up ! Three elements are handy
for indoor work.

The use of a three-ele ment (at least) beam
eliminates a great dea l of nuisance reflect ion,
including y ourself as you move about. Th e
stability of the det ector meter when tw o
beams ar e poin ted at each other is remark
able. Such an an tenna, for test purposes, can
be used for reception of energy from any
other ty pe of ante nna yo u may wish to try .

Cable Mat ching
You will notice a trimmer cap acity on the

radiator. Th is is an important little item, as
you will see when you adjust it. It is part of
the gamma match, and quite nec essary (as
yo u can find out by short ing it out). In
general, use more capacity for lower
impedance, with closer spacing. Use qu it e a
bit less for t he dipole alo ne.

I use a long-handled fiberglass screwdriver
and adjust the cap acitor from in back of the
reflector, readjusting the spa cing and oscil
lator tuning each time . This can be impor
ta nt. You also can vary the length of the
gamma match and its spacing from the
radiator.

When you get that an tenna "matched to
space," which is exactly what you 're after,
yo u' ll see the differenc e.

Of course you can try other types of feed
too. An intrigui ng type which can give you a

perfect match to a 50 ohm cable is shown in
Fig. 8. I " invente d" this sty le whil e with a
large ante nna pr oject on Commonwea lt h
Avenue in Boston ab out 1957, and it won
out over a " conventional" dipole with stubs
and all.

Cable Length

This is also important to check. The only
time cabl e length is not important is when
you have a perfect matc h, and usually that is
never! Just try it. If you can add an eighth
wave or a quarter wave and no t change
resul ts on the antenna, t ha t is an absolute
check on vswr.

Radiators, Reflectors, and Directors

The results should open your eyes. For
example, let's see you try to tu ne up a
three-element j ob with clo se spacing, like a
tenth-wave !

Get yourself an ext ra roll of aluminum
clotheslin e and some more dowel wood at
the hardware store and have more fun. Cut
reflect ors, S, 6, 8, 10, and 15% longer than a
half-wave in free space, and see what
happens. Let yourself go!

Get st ill more aluminum and try 5, 6, 8,
IO, and 15% less length for the directors.
You may have more surprises. I have only
described material for t wo three-elem en t
beams, to illus trate t he basic principles and
tun eup of reflect ors and directors, but don' t
let that stop you from adding as many more
elements as you wish to try.

My biggest so' far was the 36-foot-long
job, wit h 16 wide-spaced elem en ts on t wo
meters th at I used on mountain tops. In

cidentally, each director you add to the beam
should have a length of a little less than the
previous one, till you get about half a dozen
tuned up and placed.

Just a word about ma ny-sec tio n yagis.
After the «launching section" is tuned up,
comprising those firs t half-dozen or so, t he
rest of the directors can be th e same length.
I have never found it poss ible so far ,
however, to sue the sam e spacing for num
bers six to sixteen. You can do this, like
som e of the commercial lad s, but I have not
found this to give max imum gain which is
what I've always bee n looking for , per
son ally. You will be ab le to check this
yourself with t his antenna setu p. You will
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USED FM EQUIPMENT
NOVEMBER SPECIAL SALE FOR

73 READERS ONLY

RCA CMU-15
450-470 MC. Mobile Units
6/12 Volt Vibrator Power Supply

IDEA L FOR REPEAT ER LI NKS

EASILY CONVERTED REGULARLY $35.00

SPECIAL PRICE FOR NOVEMBER ONL Y

$25.00 each less accessories

send check or money order to:
DuPAGE FM
P.O. Box 1
Lombard, ILL. 60148

Terms:
All itemssold as is. Accessories not included
unless indicated. Ill inois residents add
5% for sales tax.



7. ASP Gain Antennas for Two
Meters - used $ 10.00

. . .. $5.00

. . . $45.00

DuPage FM Inc.
pbs! Off ice Box 1

Lombard , Il l ino is 60 148

1. Multi Conductor Contro l Cables
25 - Conductor . . 20 feet long

2. Battery Cables - 3 Conductor
20 feet long $4.00

6. RCA Transmitter Strips
Low Band $20.00
High Band $20.00
450 mc $15.00

3 . RCA Power speakers - Have bu il t -in
Transistor Amp $7.50

4 . RCA HE" Line Mobile
450 me, with accessories, (one left)

5. RCA Receiver Strips
Low Band $35.00
High Band $35.00
450 mc $30.00

8. Pre-Progress Line 60 Watt Mobile
30-50 me, w ith accessories 4ES16 A2 .. $25.00

9. CSF 660 Watt ."
Table Top Base Station $ 125.00

TERMS:
Al l equipment so ld as is. A ccessories not inc luded un less l isted. Al lo w
three weeks for del ivery . Illino is residen ts add 5% sales tax . Send check
or money o rder to :

~=======k
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also see tha t every director you add will
increase your gain, even the last one yo u
add.

Sheet Reflectors

If yo u want to pursu e this matt er fu rt her,
get some aluminu m shee t at the hardware
st or e. Better yet, for th e dollars involved, get
so me aluminum flashing an d tr y var ious sizes
and spac ings for sheet reflectors. Take a
large piece of sheet, suc h as 18 x 18 inches
(n ot critical) and mo unt it on a movable
dowel lik e the o the r re flectors, and wa tch
that me ter. I have always fo und that the
tuned reflecto r (some 10% great er length
t han the radiator) has better gain than the
shee t reflec tor. Also check the fro n t-to-back
ratio with the sheet re flecto r ; it co uld be
better.

Two Yagis Together

As yo u see, th is can go on and on. Don' t
say I d idn' t warn you . Just try for fun
add ing two yagis together. Or bett er , tr y
adding t wo dip oles first . Yo u will soon see
t hat even tw o dipoles hav e to be spaced
great er than a half wave fo r best pe rfo rm
ance. Thi s is because the capture area of
even a dipole ext ends out beyond the half
wavelen gth.

It wasn't so lon g ago that used to
manufacture and sell collinear arrays, as
owner of t he UHF Resonator Co., Rye,
N. Y. These were spaced only a half wave
and did not have the gain th ey sho uld have
had . Th is was becaus e a " t ime-honored"
me thod of feeding a collinear beam in all the
books shows th e half wave line as a matc hi ng
sect ion, whi ch preclud es anyt hing great er
than h alf-wave spac ing.

Th e day ca me, however, after read ing
about ca pture area fo r the umpteenth tim e,
tha t I felt I sho uld ch eck th is item out for
t he two-elem ent yagis that co mpose most
co llinear arrays. This is a large part of the
deal. T he co llinear, as usually made up, has
refl ectors as well as dipoles so that yo u. are
reall y co mbining two yagis together wit h
every tw o sectio ns of the collinear. And , two

yagis must be spaced muc h wid er than t he
half wave if yo u do no t wan t the capture
are as to in ter fere. When ' the y do, you are
just pu tting up mo re aluminu m than you ar e
using. Chec k it o ut fo r yourself.

280

Match up a good radia to r and reflect or,
then mak e a second iden tical one and check
it o ut for similar gain an d directivit y. Then
connec t bo th together as a four-elemen t
array co mposed o f two yagis, using equal
length cables fo r phase mai nt enance. See
Fig. 9 . You should join th e cables clo se to
the oscilla to r, or use a quarter-wave
matching sec t ion of 35 o hm cable. T his is
because joining two 50 oh m cables mak es a
25 ohm im pedan ce at the joint.

Start with the refl ecto rs almos t touching
and th e yagis side by side, which is the way
th ey are in a co lline ar array. Fig. 9 shows
th em alrea dy "expande d." When you get
them se t up , wa tc h th e me ter as you pull
th em ap art - wha t a revela tion that was
when I firs t did it.

80 and 160m Beam s

Figure 10 shows a setup on 432 MHz
for chec king end-feed ing of a half-wave
antenna fo r 80 and 160 meters. If you have
the territory , t wo of these, known as two
ha lf waves in ph ase, mak es a very powerfu l
ante nna for 80 or 160 meters. Th is is shown
in Fig. I I . No te t he low capac ity of the end
fed coupling units. This is im por tan t,
becau se yo u should not load a half-wave
ant enna di rectly onto a tuned circu it , and
expect mu ch tu ning.

Marco ni Ty pes and Ang le of Radi at ion

Pu t a piece of that alu minum flash ing on
t he table, add a little wet earth (mayb e no t
in the living room) and add a lit tl e salt if
yo ur shack is near the ocean . Now yo u can
check vert icals against gro und, and ground
effect o f high gain bea ms, which shouldn' t
be noticeab le if yo ur beam is putting 90% of
its energy ou t in front, which it mu st do to
have some 10 dB gain .

With a little ingenuity, wooden dowels,
and st ill more alu minum (or maybe yo u can
use smalle r co ppe r wire for t hese te st s), you
can check sca le model q ua ds, halos, stacked
ha los, hul a ho ops. big wh eels and almost
anythi ng you ca n dream up . Of co urse
you' re now getting near t he pro fessional
style o f an te nna scaling. But ma yb e th at
isn' t too bad .

Gain and Fron t-to-Beck Measurements

Th ere is a posit ive way o f chec ki ng th e
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resentanves. their anger and irritat ion
with the high-han ded actions of NRA
grew not iceably.

T he plan was presented anyway 
and adop ted by the representatives. It
consisted of using a 1600 kHz split
wit h repeater input on the low end
and out put high, start ing at 224.98
and work ing down every 40 kHz. Th is
leaves a few channels in the middle to
avert repeater outp uts getti ng into
o t h er re p ea t er inputs. Simplex
223.5 0. Agreed also to leave 222 .0 to
222.3 "ope n for weak signal work for
the ti me being. Late word has it that
the Californ ia Ama teu r Relay Council
has approved the same plan - and
NRA is expected to put it s stamp of
approv al on it.

VETO REGUL ATIONS
T he group discussed the new regu la

tio ns in dep th. T he pros and cons of
the ent ire orde r were conside red and
the vot e was taken on whether the
group preferred to go with the new
regulati o ns, hoping to change them
later , or to sto p everyth ing and con
t inue with the regulat ions (or lack of
them) th e way they were. The vote
was, with one except ion, opposed to
adopti ng the new regulations.

The com plete report on t he
Walth am symposium is in the Repeat
er Bu lletin ($2 per year as vetl.

wh ich cla imed to represent up to eight
repeaters. Despite repeated attempts
of NRA rep resen tat ives to interfere,
the meeting went very well and its
objectives were met.

Symposium cont inued from page 3

FM SYMPOSIUM
S EPTEMBER 24TH

T he re lea se of the repeate r
regulations by the FCC with an
Oct ober 9th dead line fo r comme nts 220 MHZ BAND PLAN
demanded some fast footwork by Th e freq uency coo rdinating com-
repeater grou ps if the y were going to mlttee of K1KEC, K4GGI! 1 and
be able to int elligent ly respond to the F2BO!W1 were all present and had
situ at ion. come t o t he meeti ng prepared to

Afte r wait ing for several days for exp lain their plan fo r t he mod if ied
the Nor theast Repeater Associat ion to 220 MHz band. This com mittee has
get int o gear and come up with a been working together fo r several
meeti ng, and after it becam e obv ious months organizing the New England
that this group would no t get tog eth er repeater freq uencies - with soectacu
before their ann ual meet ing on Jar success and cooperat ion. It perhaps
October 7th, far too late for repeater sho uld be exp lained that this commit 
group s to return home and organize a tee pre-da ted the NRA and agreed to
respo nse to the FCC orde r, 73 Maga- wo rk with NRA when that group was
ztne hur riedly set up a meet ing place formed since it seemed benef ic ial to
in Walt ham (Mass.) and annou nced it get togeth er wit h them
in the Repeater Bulletin. Th e committee did not expect to

The Bulletin, by the way, was in find NRA off icers demanding that
the mail to it s subscribers on Mond ay they keep their wo rk a secret fro m
Septem ber 11th wit h the full tex t of New England repeater groups in order
the new regulat ions which were re- to give more prest ige and power to
leased on Friday the 8th! The order NRA, but thi s is just what happened.
had been tentat ively released abou t NRA said no, you cann ot be part of
ten days earlier, but it took some t ime NRA if you do not do what we
to actu ally get printed and mailed say - and we say you cannot present
f rom the FCC, you r 220 MHz plan at Waltha m, but

Th e Waltham sympo sium drew rep- must ho ld it unt il October 7th for the
resentat ives from nea rly 30 repeater NRA meet ing.
grou ps, not counting multip le repte- When this fact became known to
senta t io n by individu als, some of the Waltham sympos ium repeater rep- .Wayne

actual gain and Iront-to-back ratio of beams Adjust your distance in back of the trans
which will no t cos t you a cent. Tills method mitting beam for. a low reading on the
is sim ply the distance method. Tw ice the detector. This is probably what y ou' ll get
distance (with equal po wer sho wing on the anyway. Then go around in front. The
meter of the detector) is a power gain of difference in distance is the front-to -back
four ti mes. How could it be simpler th an rat io, naturally. Don't forg et, for the power
that? A gain of 3.33 in distance equals 10 dB ratio y ou have to square the distar:ce. Good
in power. This of course is in free space. If luck on that one. .
you really match up your dipo le radiator for Remember the law on antennas, «Gain is
maximum output and find it registers 50 on equal to directivity. " Under certain condi
the meter at te n feet, then substitu te your tions, not generall y encountered nor
new tuned-u p beam and find you can go out desirable, you can get directivit y without a
to one hundred feet with the receiver array corr esponding gain, but never gain wit hout
and still have it register 50, yo u' ve got a 20 direct ivit y.
dB beam! I should wa rn yo u though th at It is generally considered that a beam
that amount of gain take s a beam of about tuned fo r maximum forward gain do es not
six wavelengths square, which, even on two at the sam e time have a maximum front-to
meters, is some 36 feet on a side. . back ratio. This is more evident with three-

Th ere can also be some gro und effect, so element beams th an with high-gain jobs. You
you should average it out by raising and can check yourself with these test sets, plus
lowering one or both of the beams up and a little more aluminum, wood, and time.
down to check. Tha t' s ab ou t it , so hop e you have as

The fro nt-to-back-ratio check is equa lly much fun as I do with these kind of te sts. It
easy. With the main signal on , go around to seems that every time I work with an tennas,
th e back of the beam with the detect or , even afte r som e 44 y ears of it , there are still
meter, and receiving beam in your hand. new things to be learned. '. . . K IeLL
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PAC-l0 back pack transceiver,
ligh t weight , 38-55 M H z FM.
Complete w it h battery pack
c a se . Handset & a nt $ 5 9 .5 0

P R C6 WA L K IE
T A L K I E R ange
47- 5 6 M H z F M.
Lightweight --' still
b eing us ed by m ili 
tary . W it h antenna
onl y $39.50.

Facsimile u n it t ra ns . & receive r
w it h 60 Hz su pp ly 12 " x 12" x
6" used in many o ffic es. Send 2
w ay me ssages co m p lete w it h co n
ve rs io n sheets only $ 12.5 0 ea o r 2
f or $ 19.9 5.

Wa lk ie tal kie sol id st ate HT1E
manf. b y H allicrafter us ed in V iet
Nam 30 to 50 kHz AM. C an be
p ut on ci t ize n band or co nvert s to
6 m et ers p owere d b y f lash lig ht
batteri es. S ize 12" x 3" x 3 " w it h
sc h ema t ic. $35. 0 0 ea.

Counter F A A 38 sa me as HP 1
524B 8 p lace s f req uency measure- ~====9
men ts 10 Hz to 10 m H also can
be use d to 100 MH z and 500 M Hz
w it h proper plug-ins, counter w it h
MX 1636 p lu g in (f or greater
sensitivity ) f o r 10 m c usej>75.00
100 mc plug in $ 2 4 .5 0 addi tional.

LM F requen c y Meter 125
k Hz to 2 0 M Hz ±.01 % h et
erodyne u ni t f or measuring
and setting t ee . & t rans.
S ign al gen. etc . in good
c o n do w it h 1000 k Hz
crystal & tu bes and p rop e r
boo k $35.00

P R E CISI ON VOLT~ Q •
A M P METE R weston ' , " , ,
range 0 - 3 -15-1 50
VDC a n d 0 - 3-15-30
AD C . W it h c a rry in g
case $9.95.

O UTD OO R L OU D
S P EA K E R 8n vo ice
co tt. Housed in a c ast
a lu m in u m c a se . ~om

plate w it h an 8 U to
6 0 0 n transfo rmer .
Cone is treated for w e a
th er. Size 5 " x 5 " x 3"
Onl y $3.95

LIGHT S E NS IT IV E 01
o D E Self contained
lens , Poin t co n
t act - t a lk o ver light
beam - w o rk s as el ec 
tric eye - b urglar alarm
etc. $ 1. 0 0 ea 6 for
$4.95

Converter, te legrap h & t e le
p h o n e sign al conv. Housed in a
w at e rp ro o f, met al ca se 12 " x
7 " x 6 ". Wt: about 10 Ibs.
C o m p le t e w it h 110V , 60 c y.
p o w er su pply . (Some hams
have c o nv e rt ed th is uni t t o a
teletype co nverter.I W it h sche
matic $7.95

S tereo S cope' Indicator. Compact
3 " scope, unit w it h 110 VAC
su p ply; many used for tel etype
distortion. I nd. c o nverts to pan
adapter o r stereo o u t p ut indica 
tor. (Sit b ac k and w atc h ch a n ge s
in p attern on the scope.] Wi t h
conversion $24.50

Mu lt im e ter T S 352 . P ortable ac -ED-'~ ,
c u r at e mul tirange m eter .
0-5000V A C & DC. C urrent ; , •
0 - 250 & 0 - 500 mA: Resist a nce: . s-
0-30 Meg:. Good condo $ 2 7 . 5 0

~, .

A ud io o scillator TS 382 20 to
200,000 c yc le . A reed freq. m et e r
permi ts a c heck at 2 points. In
good c o n d it io n . $ 7 5 ,0 0

1624 South Main Street, Los Angeles CA 90015

TERMS: Remittance in full or 25 % de pos it on CO D order. Minimum order $5.00 FOB L. A.



W. Edmund Hood W2FEZ

All ABOUT LASERS
T he atomic spy stood on the shores of

Jupit er 's Red Lake and focuse d his
rada r binocula rs on the enemy shi p 1100
miles away. Th en with savage sneer he drew
his laser pistoL Th ere was a res ou nding
"ZAP" and a blinding flash. The ship was
insta n tly vaporized .

This is the picture most junior operato rs
get when they hear the word laser. Well k ids,
I hat e to spo il your dreams, but it just isn ' t
so. The re isn t a laser in the world that could
destroy even a toy ship. In fact , the average
laser doesn 't generate as much power as a 22
calibre bulle t. Believe me, I know. I've built
'em. The big thing about a laser isn 't how
much power it generates , bu t how it 's
co nce nt rated .

T he word laser comes from the init ials of
th e words, " Light Amplificat ion Stimulated
by Electrcmagentic Radiat ion." This means
tha t one kind of energy is pumped into the
laser, and ano ther kind comes out. It d oesn 't
"create" energy.

The heart of the most popular kind of a
laser is a solid ruby about the size of a
cigarette. (I 've see n them much larger , but
this is average .) Each en d is pla te d so that it
will reflect ligh t. The pla ti ng of one end is
thin enough so tha t it will let out about one
ten th of the ligh t and reflect the rest. The
ruby is surrounded by an electronic flash
lamp similar to those used by photographers ,
only much more powerfuL Th e power sup 
ply for this flash lamp can weig h several
hu ndred pounds. (That's why they haven' t
bu ilt many lase r pistols.)

~
LASH TU BE

1/5000 SECOND FLASH 1/ 10 OF THE L IGHT

~
' ;-COMES OUT HERE I BEAM CAN MAKEI\- A PINHOLE IN A

~ - - - - - - ~ - -1} - - -'". PIECE OF STEEL

~MIRROR~G-N~F~I~:J -ZAt t-HERE

COATING GLASS

RUBY LASER

When this flash lamp goes off, n early all
the light is force d into the ru by by a sys te m
of mirro rs. Thi s st art s a chain reaction in the
ru by which genera tes more light. The ligh t
generated inside the ru by is very pure - that
is, it's only on e co lor, while t he flashlamps
were , like most lamps, a mixture of ma ny
co lors. The ligh t within the ruby cannot get
out thro ugh the sides, so it tr ies to co me out
the ends. The reflective coatings on the ends
causes it to bou nce back and forth thro ugh
the ruby. Each time it passes through it
makes the ru by genera te more, un til it gets
so powerful that it sho ots o ut through the
thinner reflector. All this ta kes place with in
a few millionths of a seco nd.

When the ligh t comes out of a lase r, it
doesn't sprea d out as the light fro m a
flashlight woul d. If the beam is Y4 in . wide as
it leaves the ruby, it will still be Y4 in. wide a
mile away. This is what makes a lase r beam
so valuab le. You do n't lose any power at all.
An ordi nary ligh t would spread out an d
much of the power would be lost , bu t a lase r
beam sends all the light where yo u wan t it .
And, if you could see the light waves, yo u
would see tha t they were all the same
wavelength, and all , vibrating in the same
direction, or as the scientists say, t hey are all
polarized in the same direc tio n . This way, no
ma tter how far yo u send the beam , you can
recover all the energy at the o ther end.

Any bo dy kn ows if you tak e a magnifying
glass and focus the sun 's rays into one tiny
spo t, they will burn a ho le t hro ugh a piece
of paper. Now su nligh t co ntains ma ny
colors, and eac h co lo r will focus differ en tly
fro m the rest. When yo u try to focus
su nligh t wit h a magnifying glass, the b est
you can do is co me close for all but one
color. Not so with a laser beam. Since it
contains only one co lo r to begin with, you
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Over 285.000 QTH's
in t he U.S. edition
Complete for 1972 U.S.
CALLBOOK subscription

just $14.95
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can get all th e energy in to one tiny poi n t.
When yo u gat her it all toget he r, a little bit
will go a long way . In fact, a flash that last s
only 1J1 OOOth of a seco nd will, if co ncen
trat ed by a magnifying glass , burn a h ole
through a piece of steel su ch as a razor
blade. Ho wever it would be very impractical
to use a laser be am to ma ke a hole in an
enemy warsh ip. You would have to have
some body near the ship to hold the magnify
ing glass, and the enemy might not like it .

Seri ously, though, while you can 't sink
the Quee n Mary, o r vaporize Newington CT
wit h a laser , it sti ll can b e use d to do a lot of
good. For instance, hospi tal s use them to
weld the tissue on the in side of an injured
eye . Before lasers were discovered, tha t was
an impossible o peration.

So far I have only discussed the ru by
laser. The re are several other kinds . For
insta nce, a gas laser , made of a glass tube
something simila r to a neon light, is one of
th e mos t promising kinds . The glass tu be
co ntains a neon-helium mix ture an d is ex
cited by a radio transmitt er. T he laser bea m
is stea dy ra ther than a quick flash , and if t he
beam is mod ulated messages can be sent
with it. A communicati ons lase r can be
beame d ex actly an d sent to only the rec eiver
it is meant for. Hams have long ago co mmu
nicat ed with laser beams over hundr eds of
miles . On e typ e genera tes a micro wave signa l
instead of visib le High 1. This is called a
Maser .

_______M I RRORS~

I
»->: r:! EO~: H ElIUM FIL LEO "I

- GLASS TUBE, , . , ==II§:~~====

GAS MASER

Eventually. l suppose,somebody will figure
ou t a way to make a destructive weapon
from a laser. Meanw hil e, wit hout getting
fantasti c, this fasci nating bea m of light holds
a lo t of promise, and be ckons invit ingly
from t he doorway of an a maz ing spa ce-age
world of incredible tec hno logy .

. .W2FEZ
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Here is a quick -switch an tenna patchbox ,
with built-in transmatch and dumm y load.

Douglas S. Byrn e G3K.PO
Jersey House, Eye,
Peterborough, England

Put 'Em All
In One Box

Fig. 1. Inp uts from the various stati on transmitters
en ter on the left and are swi tched eith er straight
throu gh to low-Z an tenn a, or alternately to the
dummy -load, resistance, a load-bulb . or the trans
match ''rotary-roller '' tuner fee ding the long-wire
an tenna.

meter is in t he center , th e tu nin g knob is on
the righ t , and output soc kets to various
antennas are on the right ha nd side of th e
cabinet. To kee p them cool, the dummy
loads arc on top (actually , there 's no ro om
inside) , while th e high -Z output fo r th e

end-fed iongwire is way behind th e capaci
tor, where it is mo re or less safe from
straying fingers.

Th e basic req u irement of th is particu lar
magic bo x is th e Coil Aerial Tuning No. 2A
for the Canadian Marconi No . 52 transm it
ter, currently available on the sur plus ma r
ket. This consists of a massive "rotary

LONG WiRE
END-FED ANT,

TRANSMATCH
COIL

OUTP UT TO
LOW-Z ANT.

rJ
INPUT
FROM
TRA NSMITTE RS

o yo u already hav e half a dozen di ffer
ent transmitters, a like number of an

tenn as, plus a transm at ch , du mm y-loa d and
rf-ammeter?

OK , OK, but how do yo u connect up this
lo t, eh? My bet is with odd lengths of coax ,
alligator clips, or even , like me, by twisting
together odd bits of flex , kept in the so cket s
with matchsti cks ... right the first t ime?

Of course this is all in the tru e amateur
spirit, but is rea lly th e quickest way to get
the wires crossed c- Iiterally - an d maybe
sust ain a nasty rf bu rn (and don 't they take
a lon g whil e to heal up" ). And it can be ju st
as painful to the pocket when you inadver
ten tly put things to the " smoke test" . _.
such very expensive smoke!

All such da ngers can be eliminated by
kn ocking toge th er th is nifty litt le unit whi ch
co mb ines a swit ched ante nna patchbox ,
tran smatch , dummy-load , an d If-am meter.

You 'll wonder ho w you eve r did wit hout
it when yo u find yo u can instan ta neously
switc h an)' of your tr ansmitters to the
du mmy load or any an te nna. And switc h so
qu ickly that a tru e co mpar iso n can be mad e
between different an tennas - bot h on re
ception an d transmission. Valuable t ime is
also saved in contest wo rking.

It will be no te d at once tha t this unit
embod ies only the best ergo so nic princ ip les!
The various inp uts from the transmitt ers are
on the left hand side, righ t next to the
switches so as to keep the leads short. The
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_ MOD-KITS

UNIVE RSAL
DCU/DRIVER

The most versatile multi-digit counting kit e ve r
offered II Comes with 5 % digits of counting and
7 segment decoding w ith the same heavy duty
outputs as the NR·3. Typ. maximum count rate
Is 70 MHz. Each counting stage is completely
independent allowing a custom approach to your
application. The "rt-" and "-" sign are great
for DVM or over-und er circuitry. The overrange
stage also has an overflow latch and reset buffer.
Displays not included. PC board is 3'h" x 6//.

NR·3FM Muitl·Stage Counting Unit $33.95

.....$7.95

7.95

8.95

. ..............12.95

6 Counter 20 MHzNR·3A Modu lo

NR·3H Modulo 10 Counter 70 MHz

NR·38 Modulo 12 Counter clock

Th ese univers e! countlnl' modules have heavy
duty outputs to drive all 7 segment displays
requiring up to 15 V and 40mA per segment.
TTL used th roughout. Requires 5 volt @ IZQmA
per module and any number of modules may be
cascad ed . Typ. count rate is 20MHz e xce pt
th e NR-3H wh ic h is 70 MHz. Will drive any
display In this ad (not Included).

NR-3 Modulo 10 Counter 20 MHz

CRYSTAL

FREQUENCY

STANDARD

Contains a .002% crystal oscillator with TTL
decade dividers to give output f reque nc ies of
io, 1 MHz, 100, 10, 1 kHz, 100, io, 1, & 0.1 Hz.
Kit requires 5 volt supply @ 175mA. Uses low
TC components and has zero-beat t rimmer.
Great for freq. meter, digital clock, etc. W/
complete jnstruct~ons CRO-ID $22 .95

LINE
CLDC K

SDURCE

The DCC·2 derives "p re c ls ton gating and clock
signals from the 60 Hz line. The input is a
combination schmidt trigger and integrator which
eli m inat es false triggering from line noise. The
input is over-voltage protected and requires no
adjustment. TTL compatible output frequ encies
are 10, 1, 0.1 , & 0.01667 (l pulse/min.) Hz. PC
board measures 1.2" x 3.5".

DCC-28 Line Frequency Standard $9.95

Power your OP·AMPS with this versatile, low
cost, dual-polarity regulator. One control varies
both outputs simultaneously over t he range of
O·15V. Electronic current limiting may be set
separately for each output over the range of
25·200mA. Regulation is 0.1 % and th e ripple is
below 3mV RMS . All parts conservatively ra ted
for long life.

ANALOG

PDWER

SUPPLY

APS-5A Op-amp Power Regulator

TR-200 Transformer for APS-5A

..........$ 13.95

3.95

Both kits have an ou tput range of 3.3V to 5V
with current limiting and short circuit shut down.
Regula tion is I % and ripple & noise is 10mV
RMS. Heavy duty components insure long life
and all ow rugged us e.LOGIC

SUPPLY
REGULATOR

OPS-IA Output current O.6A

DPS·2A Output current 2.2A

TRIOO Transformer for DPS·IA

TRI 500 Transformer for DPS-2A

...........$7.95

...................10.95

2.29

4.50



3.952020 As above except "I" "f-" "-

LARGER 7 segment display as pictured with the
NR-3 series kits. Bright numerals can be seen
even in direct sunlight. Mounts in 9 pin minia
ture socket supplied with the kits.

2010 7 Segment Display O·g DP $4.45

Miniature 7 segment dIsplay mounts in 16 pin
dual in-line socket . 5V operation at 8 rnA. per
segment. 100,000 hr. life. W/decimal pt.

3015 Miniature Display .....$3.45 3/$10.00

LED

LED READOUT MODULE . COUNTER . LATCH . DRIVER

This new module has all the most desirable features

required in counting and display. Fits 18 pin connector.

5V supply. All TTL logic. 20 MHz count rate.

$15.95

The 1101 Random Access Memory (RAM)
will store and readout 256 bits. The chip
Is TTL compatible and comes with a com
plete spec sheet w/applications.

Electrically and physically identical to the
popular MAN-I. Has higher light output
than MAN-I. Includes lH decimal point.
W/spec sheet & app information.

lED700 7 Segment LED Display $6.95
(QUANTITY DISCOUNTS AVAILABLE) 1101 256 Bit RAM . ..............$8.95

Build severa l Instruments with this chip and
little else. First really useful LSI chip for the
exper im enter . Contains:

Four decade counters + overrange
Four 4 bit latches wlBCD outputs
Seven segment decoder
Display multiplexing circuitry

• Two programmable oscillators
Single 5 volt supply at 5mA II
Inputs TTL compatible
Housed In 28 pin dual l'n-line pak

LSI
Comes with 16 p. booklet of specs & app
notes. Booklet contains interfacing info on
all seven segment displays made.

5002 LSI Chip $19.95

At lastl Noncritical memory planes for the
experimenter. Made by Ampe x for IBM spares.
They were removed from NEW core st acks . The
large 50 niil cores allow the use of the most
in expensive sense amps. The cores are in an
80x50 array. All the necessary core specs are
included with each plane. Available is an 80
page booklet describing an 8 bit x 1000 word
memory using the Mp·2A. Parts lists, schema
tics, and app notes a re included in the booklet.

MP·IA 4000 Bit Core Plane $ 12.95

Mp·2A 16K Co re Stack

MPB·l 80 Page Core Memory Booklet

. 47.50

5.00

WE STOCK THESE
ITEMS & MORE

INTEGRATED CIRCUITS
TRA!'iSISTORS & DIODES
POWER TRANSFORMERS
RESISTORS & CAPACITORS
PC BOARD DRILLS

ENVIRONMENTAL PRODUCTS
PO BOX 1014A

48 page catalogue FREE with order
or send 50, for Air Mail copy.

G le n woocl Spr ings. CO 81601 303-945·8527
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Fig. 2. No roller coas ters in th e junkbox? Th en
wind a coil of 30 turn s on a 2% in . former, and
short out every few turn s by means of a 12-way
Yaxley switch.

ro ller" tu ning coil and vernier dial reading
u p to 1326 , which gives it excellent reset 
ta bility . The co il is mounted on a steel metal
panel, which is ni cely sprayed grey , but t he
cabinet is typical " Army finis h ," an d lo oks
much bet t er afte r a ru bdo wn wit h sandpaper
and a fresh co at of matching pai nt.

Alt hough the re is just room inside t o
mo un t the two switches , wh ich were from an
ol d TU 5B unit, both the dum my -loads an d
tu ning capacitor have t o go u p on to p .

Now, if this particular it em of " desirable
surplus" is u nobtainable, no need to worry,
as pract ically any rotary coi l of re aso nable
size will fill the bill - say, a coil of two to
fou r inches in diameter , an d from 30 to 40
t urn s.

What , no rolle r coasters in the jun kbox?
No matter, just wind a tapped co il and short
out every few turns by means of a 12-way
Yaxley switch, as in Fig. 2 .

The tuning capacitor can be of any
medium size , somewhere between 100 and
300 pF will be q uite OK, but it m ust have
wide-spaced vanes - at least as wide as those
of the tu ning capacitor in the PA tank
circuit , o therwise it will spark across on
pe aks .

The dummy-load is a son high-c urrent
carbo n resistor , ten inches long and an inch
in diam eter , moun ted on three-inch stand o ff
insulat ors. Keep it away fro m other com
po nents, as it dissipat es all the rf o u tput of
th e transmit ter whe n in use, hu t as this
should not be for more than a f ew minutes
at a time under normal co nd itions, it can be
over-ru n without to o much harm. Switch it
off when it smokes!
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If you do not happen t o find a large
resistor of suitable value in the junkbox ,
wire u p a string o f smalle r wattage o nes in
ser ies-p arallel to make the total re sistan ce
around Son. Remember tha t th ey m ust all
be carb o n , not wire-wou nd , an d given p len ty
of air space to cool them.

The m eter shown in the pho to is o f the
hot-wire variety, scale d to 1.5 A, but a
the rmo-couple ty pe wou ld be as good or
even better, as it s ac tion woul d be qui ck er.
The act ual curren t shown varies considerab ly
fro m band to band . Why not try an 0 .5 A
meter wit h a switch to shunt pa ralle l res is
ta nces across it as req u ire d (see Fig. 3) .

Bulb-hold ers shou ld really be of the pot
ty pe, bu t Bakelit e works 'Ill right clear up to
30 MHz. The high-impedance o ut p ut t o the
lo ng-wir e end-fed anten na m ust exi t through
a porcelain "feed-through" type o f standoff
insul at or , as there can be co nsiderab le rf
voltage at t his point on so me bands.

In tern al wiring should be as direct as
possible , using short lengt hs of coax cable;
please do not forget to ground both en ds of
t he outer cas ing . All metalwork should be
bonde d with coppe r strip , not wire, an d the
u nit itself bonded to both transmitters an d
station ground. '"

METER

Fig. 3. If your m eter knocks against the end-stop
on some bands, wire a switch and shunts in
parallel. Lo w-resistan ce shunts can be made out of
old fire-element wire .

It is certa inly no t advisable to rely on the
outer-sheat hing of the coax cab le for
grounding pu rposes, as this can cause all
sorts of problems , in cluding gett ing a quick
k ick off the controls.

Your low-pa ss filter, swr bri dge, an d T j R
relay should be wired toge ther in the o rder
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,... TO LOWPASS
A 'HENNA- ~ r------ r------ PATCI'190XlllANSMlT TEI'I

Mn~R RELAY FILTt:R ..,
TRAN$MATCH

RE CE IVER

Fig. 4. The swr meter, T IR relay and lo w-pass filter are placed th is way for minimum harmonics .

shown in Fig. 4 , in o rder to keep harmonics
down and T VI to a mi nimum.

Modus Op erandi

First , plug in coax leads from the trans
mitters, and do the same with the an tennas.
The ou tpu t is switc hed straight through to
lo w-impeda nce center-fed dipoles, grou nd
plane, and quarter-wave Marconi , bu t th e
end-fe d random-length job (th e one to th e
end of the gardenl ), is hitched to th e
stando ff feed-through insulat or, and fed via
th e transmatc h.

Switch to dummy-load and tune the
transmitter in t he normal way . Flick th e
outpu t switc h to "transmat ch," with the
verni er d ial at zero. Put the capa cit or vanes
at half-mesh , and win d away on the ro ller
coast er han dle until the rf-ammeter reads
ma xim um . At this poin t, t he meters on the
transmit ter shou ld be back practically where
they were when tuned into t he dum my -load.

The capacitor can be used fo r fina l
trimming, but remember that , wh en correct
ly loaded, the tun ing should be very bro ad
so that co nsidera ble moveme nt of the knob
will be req uired to produce any significan t
change in meter reading. Th is is the condi
tio n of highe st eff iciency, when t he tr ans
ma tch coil it self consu mes a negligible
amount of power. All t he rf watts aregoin g
" right up the spout," whe re you want them,
instead of chasing their ow n tai l round the
transmatch tu ned cir cuit!

Although the ro ller-coaster coil will
match any rand om-length of an tenna in to
the low- impeda nce pi-out put circuit o f the
transmitter , it shou ld be realized th at th e
actual am ount of induc tance required in
circuit in the transmat ch will vary co nside r-

abl y from ban d to band . F or if t he antenn a
hap pens to be a half-wavelength long (or a
mu ltiple of half-wavelengt hs), then it will
presen t a high-impe da nce to the transmat ch ,
so that qu ite a lo t of co il will have to be
"wound-Up" in order to match th e wid ely
differing impedances. Whereas, if the an~en

na is a quarter-wave (or mu ltiple) at the
wor king frequency , then very litt le lu mped
indu ct an ce will be required in circ uit.

Th e great beau ty of t he ro ller coa ster is
th at there are no co ils to cha nge , no tappin gs
to adju st , and nothing to do except wind
away on that handle and stop when th e
rf-ammet er read s maximum. On ce the co r
rec t settings have been not ed (there's even a
small plat e provided on the front pane l fo r
thi s very purpos e) , it can be reset in a jiffy ,
without even using the du mmy-load.

Th e Light Bulbs

While an electric light bulb does no t ma ke
a precise dummy-load, as its resistance varies
widel y as it warms up, it is still a very useful
guide when ma king adjustments to the tr ans
mitt er. One instance is in modulation
checks, fo r it gives a clearly visable sign of
upward as well as downward modulatio n,
and also th e percen tage of mod ulati on as
you whi stle merrily into the mike. (Cr ies of
Shame!) One bu lb ca n be 10 or 15 watts fo r
low -power jo bs, and the o the r 150 or 250
watts for the QRO rigs.

Th e second use of these bu lbs is in
making a fairly accurate estimate of th e
act ual rf ou tpu t of a tran smitt er , to gether
with the efficiency of t he PA. For t his
purpose, two ident ical bulbs are used, o ne
being wired to t he 1l 7V mains, and the
other to th e transmitter outpu t. When they
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Centra l New York Specia lty Headquart ers

FM by STANDARD COMMUNICATiO NS
and CLEGG

ANTENNASby HY·GAIN
Quality·Selected Used Ham Gear

Write fo r li sti ng , updated t w ice mont hly

CFP ENTERPRISES
86~ Ridge Road

Ludlowville , N. Y. 14862
607-533-4297

glow with exac tly t he same brillian ce , ob
vious ly the wattage will be iden tical. A shee t
of ground-glass placed in front of the t wo
bulb s will assist in balan cing, and of co ur se
keep brigh t ligh ts away fro m t he unit when
judging. The efficiency of the PA is easily
wor ked out by rea ding the fina l pla te voltage
and cu rre nt meters. This ex perimen t shows
very clea rly how the act ual efficiency falls
qu ickly as the operating frequency rises 
try it and see the grea t differ ence between
80 an d 10 !

2 METER FM
AMPLIFIER
WITH BUllT·
IN AC POWER
SUPPl Y

- Operate at ho me - 110 VAC or car-12 V DC.
e sccoues regula t ed DC for t ransceiver.
- 1W in /1 5W out-AC - 1W in/10W ou t -DC.
e Au to T /R Send fo r broch ur e ON LY $ 69.95

QU EZAR COMMUNICATIONS
PO Box 235

T itusville, N.J. 085 60

~LCOMMUNICATIONS,.
HOTCARRIER DlOOES' HPl i on. . ..S . Y~ . l l 'S ' O~~ M,"hd ~y HAl 4.'S4.25

_
l HH AS l N4 n~(3 ', 1. l N41J311 M . l N4 JJ~I".M. l N41l 813.1.1.·

l N4JJ9 19 ' , 1, 1 ~4J41111.1. TN4J41I1M . l .. .. L S J \

1 I, LINEAR res ~nE~1~G h:~ ~Uil".i~~ ~N ~g~ ~~' ,N~90 G ~m

. DlGITAl lCS f ..t gl 3 .S .ae Mn.IP Sl l~ I' CI11P S 95
MAll MC133P__...Sl.l~ MCi80P Sl IO MC390P Sl OO

~mi~· .~ms: ~gm' MC :~lPsa30 MCg16UP ~~~;

DIP III l:~~: m:·, 1.4~1 ,~4 1 0 . )'1~4~i1~4~~~m non ... ' /442 . ~1 ~~
1412 S J, 14/J . 14J4 SlO~ 141, Sl .411
1486 S\.I' 1490, 1491. N 91 . SI l O J4111 SI.49

FH S 40673 MOSFEL. ... S1.60 MPf '~1 S 60 l Nl 819 " S .'S

TOROIOS 1"~" "'G'" ' Cfl01·00. CFl nl Ql.CFIQl 01 . S ., Q
CflOl03... S1.1; fE RRDxtUO[ FERRITE e (AOS . ' ~ "'S 1.1 '

CINCH ICsaCKETS 1,les , 14 DIP""S 6U 10 ICS, 16-01P ....S .10

MANYliTHER OEVIC(S ANDCOMPON( NTS IN Sl DC' WRITE FOR COIALOG

HA L COMMUNICATIONS
Bo x 36 5L. Ur bana IL 618"01 • 217 -359 -73 73

COMMUNICATIONS
HAL 10·' REPEATER 10ENTIFIER

II::: ", ~ ~"""'-';:F:: , m : '::iD
Circuit board wired& tested $75.00
With rackw!cabinet $115.00
TTL logic. Powe r line f requency cou nte r fo r 3
minute or less timing and co ntrol. Easily re
programmable di od e ROM uses only 27 di odes
(depe nd ing on call) t o send DE "any call". L ow
impedance aud io wi t h volume and to ne contro l.
A ll circu itry in cl uding PS on small G 10 glass PC
boar d. Wr ite fo r fu ll deta ils. HAL COMMUNI
CATI ONS, Box 365L, U rbana IL 6 1801
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__KEEP GAP AS SMAL L AS POSSIBLE

SLOT

Fig. 5. This lightning-arrestor and static-discharger
is easily m ade from "odd scraps of copper strip or
tinplate. In order to make adjus tment of the gap
easy, cut a slo t in one plate so that it will slide up
and down the fixing-bolt.

Where as dipole antennas are no rma lly
grounded via their coax cable, the sheath
going dir ect to ground in most cases, provi
sian should always be made to gro un d
long-wire an tennas . This can easily be ar
ranged inside the box by fab ricating a little
static discharger out of od d bit s of copper or

tin, as shown in F ig. 5 . Keep the gap as small
as possible, but no t so tha t it sparks merril y
when yo u press the key !

The photo was taken ou tdoors one sunny
day wit h my ancient Leica. Technical details
are: hand -held (very shaky) pan-X, 1/20th at
f. 12_6., developed in ... but heck, wh at's all
this photographic nonsense to do wit h 73
Mag?

Abso lutely nothing at all, except that a
l ot of amateurs are also kee n cameramen.
And, it 's one way of ending an article .

...G3KPO

73 MAG AZI N E



Semiconductor Supermart
• MOTOROLA . RCA . FAIRCHILD . NATIONAL . HEP • PLESSEY

DIGITAL READOUT
At a price

everyone $3.20
can affo rd
• Opera tes fr om 5 VDC
• Same as TTL and DT L
• Will last 250,000 hours

Actual Size

SPECIAL OFFE R

• Digital readou t
• BCO ta 7 - Segment

DecoderId river
• 7490 Decade Cou nter
. 747 5 Latch

Only $ 8 .2 0

PLESSEY
SL4030

3.5 WAUDIO AMP IC
HI-FI llUALITY

$3.95
wit h 12 pages of

co nstruct io n data

The M IN tT RQ N readou t is a min iatu re direct
viewed in candesce nt f ilament (7 ·Segme nt) d is
play in a 16-pi n DI P wi t h a her meti call y sealed
fro nt lens. Size and appeara nce are very similar to
LE D reado ut s. The b ig d ifferent is in the p rice.
Any co lor f il ter can be used.

N AT IONA L DEVI CES
LM370 AGe/Sq uelc h amp $4.85
LM373 AM / FM /SSB strip $4.85
L M 309 K 5 V 1A regu lat o r . I f you are u sin g TTL
you nee d th i s o ne . . . .... ..• •• . . . . . . $ 3 .0 0

MC1550
CA3020
CA3020A
CA3028A
CA3OO 1
MC l 30 6P
MC 1350P
MC 1357P
MC 149 6
MFC902 0
MFC40 10
MFC8040
MC130 3P
MC 1304P

POPU LAR IC's
Motoro la RF amp S1.80
RCA }S W audio 53.07
RCA 1 audio 53.92
RCA RF amp . .• .. . , $ 1.77
RCA $ 6.66
Motorola Yl W aud io S1.10
High gain RF amp/ IF amp . _$ 1.15
FM I F amp Quadrature d et . $2.2 5
Hard t o f ind Bal. Mod $ 3.25
Moto ro la 2-Watt aud io $2 .50
MUlti -purpose wi de band amp$ 1.25
Low noise pream p $ 1.50
Dual Stereo preamp $ 2.75
FM mu It ipl exer stereo dem od $4.95

CORES AND BEADS
T 20o-2 .. .. . . . . . $ 2.00
KW Balu n kit o nly _ $3.50
T 68 ·2 3 cores _. . $ 1.00
T 50·2 3 cores. .. . _$ 1.00
T 50-6 3 cores _ S 1.00
T 50 ·10 3 cores _• . . • .. . . .. . . . . $ 1.00
T44-10 3 cores . .. .. . ... . . • . . . . . . .... $ 1.00

BEAD SPECIAL
Ferr ite Beads 1 doz. . ; $ 1.0 0

MOTOROLA TUNI NG DIODES
FETs

MPF 102 JFET $ .60
MPF 105/ 2N 54 59 JFET $ .9 6
MPF 107/2 N5486 JFE T VHF/ U HF $ 1.26
MPF 12 1 Lo w-co st d ual gate V HF RF .. $.8 5
MFE3 007 Du al-gate $ 1.98
40673 Dual-gate $ 1.75
3N 140 Dual-qate . . . . • . . • . . _ _ . . _$ 1.95
3N 14 1 D ual.-gate $ 1.85

NEW FAIRCHILD ECL
HIGH SPEED DIGITAL IC'S

9258 Dua l " 0 " F F t oggles b ey o nd 16 0 M H Z
....... _ . . $4.6 5

9582 Multi-f u nc t ion gat e & am p l if ie r $ 3 .15
95H 9 0 3 0 0 M H z d ec ad e cou nter $ 16 . 0 0
A 95H 9 0 & 9 582 m akes an excel len t p r escel er
t o ex t en d lo w f r equency c o u n te rs t o V H F - or
u se t wo 9528s f o r a 16 0 M Hz prescale r .

SIGN£ T ICS PHASE LOCK LOOP
NE56 1B Phase Lock Loop $ 4.75
NE56 2B Phase L ock Loo p $4.75
N 511 1A FM /I F Demodulator $ 1.50
NE566V Funct io n Generator $4.7 5
NE567 V Tone Decoder $4 .75

Sil ico n vo ltage var iab le capacitance diodes in
T O-92 plast ic case like plast ic tra nsisto rs. Both
standard M otorola and HEP numb ers are listed ;
devices are same. Capacitance value is typical at
- 4Vdc. T uning rat io is approx . 3 : 1.
MV210 1/ R2500 6.8 pF _.. _. $ 1.10
MV2103/ R250 1 10 p F _. $ 1.1 0
MV2105/R250 2 15 p F . .. .. .. . . $ 1.10
M V 2109/ R2503 33 p F . . $ 1.10
M V2112/ R2504 56 p f . S U O
M V2115/ R250 5 1oo p F . . $ 1.10

FAIRCHILD RT L DIGITAL IC's
U L9DO Buffer . 8 0
U L914 Dual 2-i nput Gate 8 0
UL92 3 J K flip -flop _ _. _ . $ 1.5 0

P lease ad d 3 5 t for sh ipping

Circuil Speciolists
Box 3047, Scottsdale, AZ 85257

FACTORYAUTHORIZED DISTRIBUTOR FOR
Motorola HEP - Circuit-Stick - Plesse v
A ll devices are fi rst qu alit y and are 
fu lly guaranteed.



FALL 15¢ GATE SALE!
Here's how it works : For every IC you buy from us at our
regular low prices, you get to buy one of the following gates
for 15¢ each: 7400, 7401 , 7403, 7404, 7408, 7409, 74 10,
741 1, 74 18, 7420, 7421, 7430, 7440, 7450, 7451 , 7453,
7454, 7460. THIS OFFER GOOD UNTIL DECEMBER 1,
1972.

Any Q....lltily Multiple. of 10 An y Q....ll/ity ~:,/I;:;/::;:6i~1 A"yQ",,,,tity Multip let 0/ 10
PeTIlem (Mix) Per Item (Mix) Pcr Item (M i>:) Pcr llem (Mix! Per lMm (Mix)

CataJOg , 100- 1000 100 . moe '0000 Catalog t , 100- lUOO 100. 1000 10000 C. t . l u~ , W. WOO WO· 1000 <0000
~urnb.. 99 999 "' '90 9990 "' Number 99 999 0" 990 9990 "' N,,,"!;e, " ." "' 990 999 0 "'
7400 .2' .ss ." .22 .:!J .zc 748.1 1.63 {.55 1.46 l.38 1.29 /.20 SCHOTTKY TTL
7101 .2' .zs .23 .zz .21 ." 7485 1.43 1.3 5 1.28 1.20 /. /3 1.05

110 2 .2' .25 .23 .sr .sr .sc "" .58 .,, 5 .52 . <0 ... ...
U SOS 1.14 1.08 1.02 .% .W .8<

7103 .2' .ss .23 .aa .ar ." 7490 .80 .,. ." .68 .,. »o
74S09 1.14 1.08 1.02 .,. .90 .M

]400J .aa .r r .ss .24 .n ." 749/ L<J 1.35 /.28 / .20 /. 13 1.05
74S10 1./4 1.08 1.02 .% .W .M.,. ." .68 .,. .60 74S15 1.14 1.08 1.02 .% .90 .M

7405 .M .n .ss ." .22 .n 7492 .eo 14S'lO /./4 /.08 1.02 .% .?O .8<
7406 .52 .50 .vr .99 .., .3 9 7493 .se .,. ." .08 -" .60
H07 .52 .50 .n .44 A' ." 7494 1./8 /.12 1.05 .99 .99 .87

745 21 1./4 1.01/ 1.02 .% .90 ."74011 . 32 .30 .29 .27 .2' . 24 7495 1.18 / . /2 1.05 .99 .99 .87
7454Q U7 /.30 1.22 / ./5 / .08 1.0 /

7409 .n .30 .29 .27 .2' .24 7496 / ./8 1.1 2 /.05 .99 .99 .87
74550 /.14 /.08 /.02 .96 .W ."

74100 1.52 1.44 1.36 1.28 /.20 /. / 2 74551 1.14 /.08 / .02 .96 .W ."74/0 .2' .25 .23 .zz ." .M 74560 /.14 1.08 / .02 .,. .w ."741I .28 .n .zs ." .22 ." 74107 .sz A 9 .er .99 ." ."
74/3 .58 .55 .sa .<. .#> ... 74121 .56 ." .50 ." .ss ." 74S64 .• 1.14 1.08 1.02 .% .W ~ .84

.;0 .87 .63 .50 .50 ."7416 .se .50 .n ... ." ." 74/22 ." .89 ss 74S65 1./4 /.08 1.02 .% ." ."7417 .sz .50 A' .99 ." ." 74/23 1.21 /.06 1.00 74573 1.98 /.87 1.16 / .65 1.54 / .43

7414/ J .63 1.55 1.46 1.38 1.29 1.20 74574 1.98 1.87 /.16 1.65 1.54 /.43
7420 .26 .ss .23 .rz ." .M 74576 1.98 / .87 1.76 1.65 / .54 ,."
7421 .2' .58 .23 sr ." .99 74/ 45 1041 1.33 1.26 1.18 1.11 1.04

7423 .eo ." .za .50 .6< .58 74150 1.63 1.55 1.46 1.38 1.29 1.20
74578 1.98 1.8 7 1.76 / .65 I.H 1.43

7425 .50 A8 »s .43 .99 .38 74151 / .20 J.l 3 1.07 1.01 .99 .88
74S107 1.98 1.87 1.76 1.65 1.54 1.43

7426 .,. .32 .3< .99 .rr .2' 74/53 1.63 / .5.'; L#> 1.38 / .2 9 /.20
74S11 2 /.98 1.87 1.76 1.65 1.54 1.4.1

74154 2.43 ", 2.16 2.03 / .89 /. 76 745113 1.98 1.87 1.76 1.65 1.54 1.43
7430 .58 .58 .23 .aa .zr .99 745114 1.98 1.87 1.76 1.65 1.54 1.43
7437 .56 ." .50 ." AS .42 74155 1.46 1.3 9 1.31 1.23 / .16 1.08

r45 14 0 / .37 /. 30 1.22 / ./5 1.08 1.0 1
7438 .50 .ss ..50 ." ." .42 74156 /046 1.3 9 1.3/ 1.23 1./6 1.08

7440 .2' .25 ." .aa ." .20 74/57 / .56 /.48 1.39 / .31 1.23 1./5
LINEAR lC'S

7441 /.73 1.64 /.55 1.46 1.37 1.2 7 74 /58 / .5 6 1.48 1.39 1.3/ 1.23 U5

." 1.47 /.37
NE501 2.99 2.82 2.66 2.49 2.32 2.16

7442 1.27 1. 21 / .14 1.07 /.0 1 74160 /.89 /.79 / .68 1.58 NE526 3.59 3.38 3.17 2.95 2.7 ·J 2.53
74J3 1.27 1.21 1.14 /.01 1.0 1 ." 74J64 1.89 1.79 / .68 1..i8 1.47 /.37 NE53 1 3.8/ 3.58 .1.36 3.1 4 2.91 2.69
7444 1.27 1.21 1.14 1.01 / .01 ." 74166 1.98 1.81 1.76 I.M; 1.54 1.43 NE.133 3.81 3.58 3.36 3. 14 2.91 2.69
7"45 /.11 1.62 1.53 1.4 4 /.35 /. 26 74176 1.62 / .53 1.45 1..16 /.28 1. /9 NES36 1.3 / 6.88 6.4.l 6.02 5.59 5.16
7446 /.24 1./7 1.11 1.04 .98 ." 74177 1.62 1.53 / 045 1..'16 1.21/ 1.19

.85 N£537 1.53 7.1)9 6.65 6.20 5.76 s.aa
1·H7 1./6 1./0 UN .98 .99 74 11/0 1.20 1./.1 1.07 1.01 .99 .88 NE540 2.16 2.114 1.92 1.80 L60 1.56
7'H8 /.4 4 1.37 1.29 1.22 1./4 1.06 74/8/ '"0 4.W} 4.59 4.28 .1.98 3.67 NE555 ." .93 .aa .85 .30 .n
7450 .2' .as .93 .22 ." .30 74182 1.20 l.l3 1.07 1.0/ .93 .88 NE560 3.57 3.36 3.15 2.94 2.73 2.52
745/ .to .as .23 .zz ." .93 7.1192 J.98 1.8 7 1.16 / .65 1.54 1,4..1 NE561 3.51 3.36 3.15 2.94 2.73 2.52
7453 .2' .25 ." .n ." .93 74 /93 1.98 1.87 1.16 1.65 1..~4 1.4 ,1

NE562 3.51 3.36 3. 15 ,." 2.73 2.52
7454 .to .25 .23 " ." .30 74/96 /.98 1.87 1.16 / .65 / .5 ,j 1.43 NE565 3.57 3.36 3. 15 2.94 2.73 2.5:>
74M} .to .n .23 .n ." .20 74/97 1.98 1.87 /.76 1.65 1.54 1.43 NE566 .1.57 3.36 3./5 ,." 2.73 2.52
7470 A' .30 .ss ." ." .23 74198 2.8/ 2.65 2.50 2.34 2.18 J!.03 N/!.'567 3.57 3.36 3. /5 ,." 2.73 2.52
7472 ." ." .,. .32 .30 ." 74 /99. 2.8 / 2.65 2.50 2.34 2./8 2.03 N5/lJ ." .30 .es .23 ." ."7473 .93 "8 AS ." .30 .se

5C!fOITKY TTl,
N5556 / .8 1 1. 77 /. 66 /.56 .... /.35

7414 .30 .30 AS ." "0 ." 7450(1 1.14 1.08 1.02 .% ." ." N5558 .80 ." ." .68 .,. M
74 75 .SO ." ." .68 .,. ." 74SOI 1./4 / .08 1.02 .% ." .93 N5595 3.40 .1.20 3.00 2.80 2.60 2.40
7476 .56 .53 .50 ." »s ." 74S0.1 1./4 /.08 /.02 .% ." .93 N5596 1.87 / .77 1.66 1.56 ,... 1..15
7480 ." .12 .68 s s .M .sr

74:;04 J.37 /.30 1.22 1.15 J .08 1.01 30' .ez .30 ..18 .36 .93 .32
7482 .93 ." .88 .83 .30 ." 74S05 / .31 1.30 1.22 US 1.08 J .Ol -no .ez .30 .aa .36 .3< .32

r n A' .n AO .93 . 3.~ .33
,~ I I Ie', ..e ,uppl ird in 8 -, 14.,_, 16_ , or 24 - pin DIP (D".I.in.lin!Ojpla'tit or ""ram;c package except for

'" /.00 .95 ." .93 .80 .n
NE:':l:l. I>;E536. NE537 , an d NE540 which com" in TO~5 p.ck"g<. 7.B 1.90 1.88 1.70 /.60 1.50 1.40

'" ... .42 .30 .93 .93 .93
Wo' giv< FREE dat a ';/'«1< upon r<que~l, so a,k for lhore d.ta <heel< Ih.t you NEED , e,,,,, fo r tho"",,lislNl ,n 1.85 .93 ." .,. .8.1 .23
II:', th .1 you ar~ " " t buyi ng. On ord"... o,er $25 .00 we'll "' nd you . "ew 27fl _l"'ge COMI' LETE TTL Ie "8 "8 .<6 .43 .M 38 ."
d.l. book FREE. Or, }'ou m.}' ob ta in. new 240 .p.ge LINEAR da l. hook irl. k . d , Orders 0 ... $50 .00
WIll ",c .i.~ both book " O'de rs o.er $100.00 will r" c" iv,- • oompld" UHRAItY of DIGITAL &
Ul>iEAIt d.Ia & application book, [o[ llii"l': 1,000 pag<" t'REE. PLEASE NOTE, Oal . book. ar~

.,hipp,-d ><-pa r"l~ from your onl n Pk.,,, . llow t wo we,-"" lo r d~li.er}'.
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LED
7-SECMENT

DISPLAY

$4.95 &ch

50-99 $4.75
jOO-999 $4.50
1000- $4.25

Large W' 7-segment LED readout similar to the popular MAN-I but with improved brightness. Has
left-hand decimal point. Fits in a DIP socket. Expected life: Over 100 Yrs. Regularly SI2.95 in
single Lots. These are BRAND NI-.:W with full data shed and 4-page MULTIPLEXING Application
Note. Need, a 7447 Ior driver aod ONE CURRENT·LIMITING RESISTOR PER SEGMENT. We
can supply you with one or ten thousand FROM STOCK. Abo available, 1:1 OVERFLOW digit at
the same prices. Mixing of Regular & Overflow digit allowed.

Package of 8, '4W Limiting H's .... . . . . . . . . . . ... •.... _.._.... . . . . . . . • . ... . ... . .. . •3ot

Incandescent Type of 7-segment display. With right -hand decimal point.
Rated 8mA.per segment at TIL supply of 5V. Design life of 50,000 hours. .
Needs a 7447 as a driver. In DIP Package. Each $3 .25

MOLEX IC SOCKET PINS: Use these economical pins instead of soldering
you r Ie'S to PC boards. Sold in continuous strips in multiples of 100 pins
only .
100 for 51.00; 200 Ior 51.80; 300 for 52.60 ;400 Ior 53.40; 500 for
54.20 ; 600 Ior 55.00;700 for 55.80; 800 for $6.60; 900 for 57.40;1000
fer 58.20. Each AddiHooallOoO 57.50

I

ALLEN-BRADLEY MIL·GRADE (5-band) RESISTORS. Any of 'he 84 STANDARD 10% value,
from 2.7f).ao 22M1l lIod. WATT. EACH.. .. . •. . . . . . . .. . • . ..... . . _ _. .5f
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SIZE: 8W' x 12" x 3W'
7400A 3 Registers

miCRO InSTRumEnTATion
& TELEmETRY SYSTEmS.lnc

THE MOST POWE RF UL SCIENTIFIC CAlCU·
lATOR FOR UNOER S5DD.DO
The price of the 7400 is low enough to make a
desk top computer available to almost anyone.

WRITE OR MAil CO UPON FOR
ADDITIONAL INFORMATION:

r---------------------------------------------------------,
O Kit :

ENCLOSEDIS CHEC K FOR MODEL#" O Assembled !
AM OUNT OF CHECK (Include $5.00 for Postage & Handling)$ !
0 1am interested in additional information. :,
NAME :

ADDRESS :
~CITV' 0:

!l404COAL AVE.•H .. AL8UQU ERQUE, NEW MEXICO 811 08 STATE ZIP ~

505J26~2330 L J

7400C 7 Registers

74008 5 Registers

SIGNI FICANT FEATURES NOT FOUND IN MOST
COMPETITIVE MACHIN ES

• DYNAMIC RANGE : 10-99 to 1099

• DATA STORAGE: 2 Auxiliary Storage Registersplus
up to 1 push-up Stack Registen.

• Roll up and roll down keysfor complete control of
operational stack

_ Interfacing provisionstor printer and programmer
• Correct X (Allows the operator to correct one digit,

without re-entering the whole problem)
• Polar to Rectangular conversion and Retaogular to

Polar conversion
DISPLAY: Either full floating or scientific notation, 14
large. easy-ta-read digits.

WEIGHT: 4 lbs.

Kit $299.95
Assembled $379.95

Kit $319.95
Assembled $399.95

Kit $399.95
A~mb led $419.95

PRICES INCLUDE CAR RYING CASE
MITS wilt repair any 7400 for a fee of $25.00 for a 5
year period after the ncrmat t-veer warranty hasexpired.

UseYour Bankamericard or Master Charge



our fourlh generation fam ily...

Square root operation and fourteen digit LED display
makes this machine the choice of those who want the
very best .

Sophist icated funct ions (made possible by un ique
MOs.-LSI circuitry ) include a constant data memory ,
14 digi t independent data memory, negative number
entry, and exchange of operands ... all are one touch
operations!

MITS has provided expanding capability for t he 816
and 1440 by providing inte rfacing for the soon to be
released programming modu le and prin ter to co nvert
the basic unit into an impressive desk top computer .

1440 Kit $199.95
1440 Assemble d $249 .95

16 digits, t he highest outpu t capacity of any MITS
calculator, are available on the 816 models only.
Constant data memory and computed fixed decimal
system makes the 816 a usefu l tool fo r business or
ho me use.

Human-enginee red color coded keyboard and large
electro-f lourescen t d isplay gives both 816 models a
degree of operat ing ease and flexibility unmatched in
machines costing hundreds more .

816A Kit $149.95
816A Assembled . . $179.95
8168 Kit $159.95
816 8 Assembled . . $189.95

Here are t wo new members in ou r fou rth generation
family of MITS digital prod ucts. MITS digita l clocks
feat ure large LED displays , 12 or 24 hour ope ration,
highest qua lity components, A.C. operation, and
individual time set buttons.

MITS' DC4 has minute and hour timekeeping and the
DC6 model gives seconds as an additional feat ure.

Available as electronics on ly, as a kit or assembled.

4 DIG IT [hours, minu tes, and 1 sec. pu lsed co lon]

DC4-E [elect ro nics only 1 $39.50
DC4-K [complete kit] . . $48.50
DC4-M [assembled unit] $89.50

6 DIGIT [ho urs, minutes, seconds]

DC6-E [electronics only] $49 .50
DC6-K {complete kit] . . $58.50
DC6-M {assembled unit] $99.50

~-------------------------------------~

o I am interest ed in additional lite ra ture.
Enclosed is check for it em # 0 Kit

o Assembled
Check amount (include $5.00 for postage

and handling. )"$ _
Name ~--_

Address _
City and Zip, _

~~~~~~MM ~~~~~~_~~~~ ~

73-1 1

m!~mentDtiDO &
Telemetry Systems, 10l.

54l]4 COAL AVE.,S.E.,ALBUQUEROUE. NEW MEXICO87108
505/266-2330

For information on the complete line
of MITS products , write:



CIRCUITS. CIRCUITS. CIRCUITS. • •
T he fo llowing ci rcu its have ap p e ared in th e re fere nc e d books, m agazines, ap plicatio n n o tes, etc.

Wh ile we try to reprodu ce all of the inform atio n th ai sh o u ld be needed b y an ex p e rie nced construct or ,
readers may w ant to avail themselves of the original sources f o r p eace o f m ind.

R e ad e rs are reques ted t o pa ss alo ng an y interesting ci rc u it s tha t th ey disco ve r in sources other than
U.S . ha m m agaz ines. Circuits Sllould be oriented to ward am ateur radio and expe rimen tation ra ther
tha n indu s trial or comp ute r te chn ology . S u bmi t circuit wi th all p a rts valu es on it , a very b rie f
explanatio n of th e ci rcuit and an)' additional p ar ts in formati on required, give the so u rce an d a no te o f
permission to rep rint fr o m th e c opyright hold e r, i f an y , an d t he reward fo r a p ublish e d ci rcu it w ill be a
c hoice of a 73 booh . S end your circu it s to 73 Circ u i ts Page , 73 M agazine, Peterb o rough NH 03458.

? ?
'" 6 6

RECEIVER , '", RED 2.7K TI MER CARD T IME OUT TRANSMIT TER,
""' (2 MIN)

ts-
~ SEC

r- !1 .~ tl.~tlCOR ==D 97 [, .I11 iTT cp:J,
'" I I (l--;),w"
eeo ""'" '"

);
~ AUDIO

PHONO ;:;;
m

, ;;
r. C2 1. .cici l

~ '
I ~PUT 1/4 :3 6

ID LOGIC
,aOA IfhI"'~ ~O.n. TO 500

uF 2 II 7 ICI
4

~05;c" ,
1.01 R2

220K~ 8 1 SPI

0;1 '1'
Block diagram of the PARC rep eat er, co ur tesy of K6AEH.

+ 9 TO 12 VDC

ICI-HE P 570
SPI - 45.n. , 4 In INTERCOM SPEAKER

A
0'
HEP320

MICRO SWITCHES
FO IL , OR TH IN WI RE

AL L RE SiSTORS : 1/ 2W

"POTTER a BRUM FIELD
RS5D 6 VD C (3 3 5.1\. COIL)

110 VAC

I~,ow
~8ULS

"47 0K
1/ 2 W

G'
c... "HEP312

GROUNDCH,-.-- - - - -'

Microphon e or eudio amplifier, Class A , high gain
an d compac t. Circu it courtesy Motorola from their
Radio Amate ur 's IC Projects, HMA -36, available
fr ee from Motorola, Dep t. 73 Box 20924, Phoen ix
AZ 85034.

ss
SECRE T RESE T SWITCH

sz
o

"0

ea
680 -,,-

R'
4 70-,,-

+- ~o>/ c

This burglar alarm will tum on a sicen, bell or silent
warn in g device . Addit io nal swi tches ma y be added
in series with SWI and SW2 ; foil or thin wire may
be used instead o f S WI an d/ or SW2. Cour tesy of
Mot orola Cons truc tion Project s HMA -37.

Automatic nigh t light that turns on at dusk and o ff
at sunrise. Courtesy of Motorola Construct ion
Projec ts HMk37.
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OPEN FRAMEPLATE TRANSFORMERS WlNTRONIX MOD E L 850 I NDUCE D WAV E FORM
I N PUT : l OS, 110 , 115, 120, 125 V O L TS - 6 0 cvs. A NALY Z E R . Thi, unit , In conjunction w ith y our
SECON DA RY : 3200 VCT @ 1 amp. prtlsent oscutoecon e, pe rm its you t o view WaVtl fo rms
SIZE; 9%" x lW' '' Il l OY," NEW

$39 .95
in the ra noe from aud io th ru MHz w ithou t any di rect

SHIP . WT . 100 PR ICE : connect ion. The pro be is sim p ly p lacK! ov er th fl tube

T O R O I D TRANSFORMERS
in qu estion and th e waVtl form Is d isp layed on t h lt
oectucecooe. tr m ov o '~ bo ""'" M 0 high gain

MOST VE RSA T ILE WE EVE R H A D amp li f ier t o incraase 'scope 1IfInsit iv ity. EIlCfll lttnt fo r
3Y," RIf . 3 " H T .V ., radio. emp lif ier, ond t ra nsm itter rep lli r ond
WT .3 mai n ten ance. B rand naw , w ith pro be.
4 · 14 V INP UT WIN D INGS SH IP. WT. 13# PR ICE: $ 19. 9 5 ea.
4-5V FEED BACK WIND INGS

AMPEX RF-32·333V - 1/2 am p. W IN DINGS
COMPLETE MEMORY - RACK M O U N T E D IN CAB-2-167V - 1/ 2 am p. W IN DIN GS
I N ET . I N C L U D ES POWER SUP PLY - SENSEWIL L S UPPLY l 000V @ 1/2 amp.
AMPS - READ & W RITE CIRCU ITS . ALl:. I. C . LIK ECAN USE A~Y COMBINAT I ONS OF ABOVE . NEW.SH IP . WT. 5 PR ICE:$5:95 or 2/ 10.00
SH IP . WT . 200# PR ICE ON REQUEST

UTC-DOT-7 MEMORY CORE STACKS .
2OOK-PRI. 32K

1 K-SEC . PR ICE: $ 1.50 all. o r 4/$5.00 42K

UTC-DOT 9 6 00 OHMS C.T . SECONDARY
SHIP. W T . 10 0# PR ICE: $49.50

10K PRI. PR ICE: $ 1.00 ea. or 3 /$2.50 IC BOA RDS

TRANSFORMERS
962 936
946 933

115V I N PU T 946 951
~~Io;.~T~ 'l

C,,#: O UT PUT ~~{gEa$r50 ea. or 3/$5 .00 EACH BOARD HAS 3 OF ONE TYPE OF ABOV E
PRICE: $2 .00 ea. or 3/$5.00

SO L A CO N ST A N T VOLTAGE H ARMONIC IC BOARDS
NEUTRAL IZED TRANSFORMERS 15 1C ON BOARD T Y PE 900 - 914 & 923
INPUT : 1100r220 PR ICE : $2 00 ea. or 3 /$5.00
OUTPUT: 118 14 PIN DUAL IN L '8I ftRA T I N G : 250 VA 2.1 2 amps

IC SOCKE TS GO LD PLATE D C N ACTS.
ELIMINATE BR OWN OUTS PR ICE : 50( ea. or 5/$2 .00

PR ICE: $ 19.95
METERS

TRANSFORMERS STANCOR
F 6 10 6.~VCT @10amp. 115V I NPUT 60 cy. 0-500V DC 3Y>' NEW PRICE: $1 .95 o r 3/$5.00
SHIP . WT . 5 PR ICE : $2 .95 0-1.5 MA DC 3y," NEW PR IC E: $1.95 or 3/$5. 00

D IODES
0-1 0V DC 3%" NEW PR IC E: $1 .95 or 3/$5 .00
0-300 amp. DC 50 MV FSWD/SHUNT

1 amp. BU L LET TYPE w / SI LVER L E A DS 600 P.I .V. . PR ICE : $2.50 or 3/$6.00
PRIC E : 10/ $ 1.0 0 or 1101$10.00 0- 50 UA 2%" RFE PR ICE : $2.50

VARIACS METERS PANEL TYPE WES TON MODEL 1238
5AMP. GE NERA L RADIO TY PE V 5 N EW 0-500 rntcroemos f u ll scale cal ib r at ed .005 to 500

PRIC E ; $6.95 or 2/$12.00 roentgens/hours. 270 .,degree scale, app rox . 3" d ia.

TR A N SISTOR IZE D POWER SUPP LY
excellent for w avem et er etc. N ew and in o r igi nal boxes.

PR ICE : $ 1.95 ea. or 3/$5.0 0
ADJUSTABLE , REGULAT ED & ~ETERED

#360Q 15 V@ 1.5 amp. SH I P. WT . 11 , PR IC E $9 .95 TEKTRONIX WAVE FORM INDICATOR
12" CONCRAC MONITOR CKD~14SP H I I M W bandwidth DC to 500 KC. Sensitivity .05 / D I V .
INPUT 75 OHMS 'VIDEO INPUT SHIPWT60 50V/DIV. waveforms req uir ed f or hor . de f lection.
PRICE . ... .. .. . . . _ . .. . ..... . .. . . $29.95 1hze: 4" x 12 " x 14"

60A regu lat ed power sup p ly for abo ve indicator.
ROTRON F A N S 1h~e : 4" x 12" x 14 "
SAUC ER F A N S 62 wave form generator for above in d icator.

28 0 CF M 7" DI A . x 2%" DEEP 115V-50-60 cv, Sl~e : 4" x 12" X 6"
PRICE: $4.95 EA. SPECJtL PR ICE FOR ALL 3 UNITS

SH IP. WT. 35 PRICE : $99 .95
FEATHER F A N S

27 0 CF M 7" DIA . 2-7/ 16" DEEP C A PA C IT O RS
PR ICE : $ 4 .95 6 5, 000 MF D 5V

25,000 M F 0 25V
SPEC IAL 20,000 MF 0 30V

T .S.323/UR 40,000 MFD 10V PRI CE ; 3/$1.00 o r 10 /$3 .00
PR ~CE RE DUCED . . ..$ 49.95 w/ CA L. BOO K
Excellent Ccmditfo n MODIF ICATION KIT 110896 TO PROVIDE OPERA-

TION OF MODEL 14 T O @ 10 0 w pm FOR GOV·
MINOR REPAIRS NEEDED ERNED MOTORS. NE W. PRI CE ; $6 .95

T.5. 323/UR
ALL HA\l,E CAL. BOOKS BARGA IN NOT JUN K R llA LOW F R EQ. RECEIVEij 1~0-"550 KC

PRICE ; $24.95 m odern Q 5'11'
UTC TYPE TGR ~IP . WT . B PR ICE : $4.95 or 2 /$8 .00

TELE G RAP H TONE F I LTERS. WE START AT 765 I :~;~.C4;~r· 230-250 me . PRICE : $24.95
& GO T O 2805 . HAV ING T H EM IN 17 0 CYCL ES

Wi282 D/ G R t~ns. f raq. 225 -400 me ,STEP.
LI MI T E D QUANT ITY PR ICE : $7.95 ea . 2/$15.00 SH IP . WT. 150 PR ICE : $39.90

A LL PR ICES A RE F .O. B . OU R WA RE HO USE, 400- 550 Me RECE IVER Xt~1 co ntro l led, 4 sect ion
PHI LADE L PH IA, PA. A LL ME R C HAN D IS E DES - through line - Front end w/crvstal m ixer . 5 stage I . F .,
C R IBED ACC URATELY T O THE B EST O F O U R 28V. in pu t , D .C . to D.C. to ro id inverter PI S . Su b-

KNOWL E DG E . Y OU R PURC H A S E M ONEY RE - miniature tubes ~ 1-5636, 1·5896, 2-61 11. 3-5718,

F UN DED IF NOT SATISFIE D. TER M S ARE 4-6205. 4 m iniature Babcock rete vs , ond t o ro id

CAS H . MIN. ORDE R $5.00. A LL ME RC HA N -
bandpass f ilter. H eavy alum. wetartight case. 6" x 8" x
10"

D IS E S UB JE C T TO P R lO R SA LE . SH IP. WT. 18# PR ICE : $9.95
RF E - RE MO VE D F ROM E Q UI PME N T .

1206 So uth Napa Street SELECTRONICSPh i fadalpbla PA 19146
21 5-468-7891 2 15-468-4645
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CO MPUTER KEYBOARD W/ENCODER $35
Anot her shipment j ust received. Alp ha-numerics
keyboa rd excellent condition . Once a ga in we
e xpect a n early sellout . Pr ice of $35 includes
p repa id shipment in t h e US a nd shipment made
with in 24 hou rs of re ce ipt of orde r.

CO MPUTER KEYSWITCHES
Anothe r fant as t ic bargain fo r th e bu ilder. We
h ave brand n ew bou n ce-tes s m icro switch keys,
s pares fr om the above u n its, le ss key-tops,
Make up your ow n keyboards. Ma de fo r PC
moun t . Packa g e of 48 br and new key-switches
only $1 2.00 pos tpa id .

NOI SE ACTUATE D SWITCH $ 1.35
Sol id state n o ise actua t ed switch fu lly wi re d,
include s mi ke p ic k-u p , amp lifi er, S CR swit c h.
Actuates by n o ise o r w h ist le. Us efu l for b u rglar
a la rms , lamp lighter , etc. 15 ft ra n ge.

LIGHT EMITTING DIOD ES 3/$1.00
Ru b y red . go ld p lated lead s . Wit h mercu ry cell
for in st ant t est ing _

POWER TUNEABLE VARACTOR $5 .00
Simila r to MA-4060, us ed in dOUbler s»!
t rip te rs, amplifiers, et c. Fully gua ran- 0
teed, with spec s and some CIrcu it s.
$5 each or 6 for $2 5 pp.

- .-..•- ..•.
J X.. • II- ,-,- -

!
TS 32 3 FR EQ. M ET ER

S imi lar t o t he fa m ilia r BC 22 1 except this one
cover s ra n ge of 20-450 m c . A ccuracy .0 05%
Used , gu ar anteed O K, less batter ie s, w it h
sc h e mat ic . TS -3 2 3 ship wt .35 Ibs ..... $50 .0 0

SOLID STATE A UD IO AMP $ 1 .25
Fu lly wired , trans ist orized. uses 6 vo lt s

CHARACT ER G EN E RATOR S ET S $ 50
6 4 bi t ASC IIC harac t er Generator IC sets.
Ver t ical sc a n se t includes SK00 02 kit, t w o
MM5 0 2 an d one NH 00 13C.
Horizont a l sca n se t s inc lu d es S KOOOl k it, t wo
MM5 02, a nd o ne N H00 13C .
Ma ke your o w n CRT readout or use it for hard
copy .
E ither se t o n ly $ 5 0 and in cl u d es 10 pages o f
in fo o n c h a rac te r gen er a t ors .

DIGITAL READOUTS

Z M 1000 N EON

$ 1.75

GE Y 4075 25V Min iat ure

S1.75
GE Y 1938 24V Sta nda rd

$ 1.75
RAY CK 1905 Sta ndard

S1.75
MAN·3 1.7V Min ia ture

$3.50 ea . 10/$30

G IANT ALPH A N UM ER IC

8797 1 $ 1.75

A LPHA NUM E RI C KEYBOA R D
B rand n ew a lp ha numeric ke y bo ar d s w ith

ASC I I e ncoder in base. Made bv Sy ne rge t ics for
computer w o rk. Postpaid in US fo r $55.0 0 .

All ma t eri a l t.c.e . Ly nn , Mass . Send self
addressed e nvelope for complet e list.

E. LYNN. MASS. 01904

P.O. BOX 62

JOHN MESHNA JR. ELECT RONICS

$5

S10

1,OOO.uF 4 50V CAPS
For ph oto fla sh or line a r powe r suppl ies
$1.50 eac h . 10 / $12

LASER DIODE 3 WATT
RCA TA-2628 w/ecees .

ROPE MEMORY MODULE
From APOllO p ro ject



8 LEVEL
PUNCH TAPE

READER S50.00

•

8 Level pu nched ta pe reader wit h mo tor drive. Made by TAL LY COR P. 115 vo lt 60
cycle A C motor. A ppearance like new. $5 0 po stpaid in the U.S.

A lph a-numeric keyboards. Excellent to new in cond it io n. Styles may vary slightly
from p icture. T wo models available, on e wit h ASC I I encoder in base $55.00 postpaid
in the U.S. Keyboard w it h no encoder in base $3 5.00 postpaid in U .S.

KEY BOARDS
$35.00 & $55.00

EXOT IC DISCRETE COMPONENTS

FE T N .C HAN N E L 2N38 19 un uSlld ma t ked, T I 2 /1 .00
70ge O P AMP 7 5 CA3008 OP A MP 1.5 0
T IS .4J UN1JUNCT ION, n . bra nded .. 2/ 1.00
TR IACS 600 Pl Y 6 AMP, TO-66 U.. . 1.25
T U N N E L D IODE G E S M T D -760 . . 1.00
T UNN E L D IODE G E TO-7f ? , ',7 5
LE O V iS iBLE 75 IR LED 1.2 5
l. EO OE TE CT OR 1.25 IR L E D D ET ECTOR 1.2 5
2N9 18 T RAN SISTO R NPNS VH F 300MV 15V 200 M C • . 2/1 .00
2N 2 2 18 A TRA NS IST O R N PNS 3 watt 40V 250MC 2/ 1. 00
2 N2907A TR A NSI STO R PN PS 1.8 w a1l50V 12 5M C 3/ 1 .0 0
2N706 H I ·F R EQ T R A NSISTORS •. .. . . . • ..• . • . . . 3/ 1.00
JK FLIP F L OP T EXA S I NS T 'S SN 5470F 3/ 1.00

455 KC IF ASSEMBLY
Compl e t e mi n ia tu re 4 55kc IF. am p ass embl y _
1.5 inc hes long , littl e o ver }1, inc h square. Read y
to use w /sc h e m . S im to M ille r 890 2 . . _ . . 2 .50

RF V ACUUM
SWITCH
Made f o r t h e ART-13
go o d for 100 w a tts R F,
n o d o ubt hand les mu ch
m o re d u e t o b e in g un
d e rra te d f o r the m ili
ta ry ... #71 -17 3 /2. 0 0

7400 SERI ES IC GRAB BAG
Mix o f 74 0 0 se ries D IP , unma rked u ntest ed.
So m e sc h e m a t ic s p ro vided 10 for 1.00

100 fo r 8. 00
1000 for 6 0 .00

SYLVANIA DIP IC
Bra nd new d u a l in Jine p ackage , fac t o r y marked,
D TL se rie s. Pr iced a t a n ew Lo w , L o w
S P E C IA L _ ONE FR EE 50rt ea 1 - 25
W IT H EA C H ON E BO T 4 0 ¢ ea 2 5 - 10 0

,,_ 30¢ ea ov er lOa
932 - Du al 4 inpu t e x pand a b le bu ff er
930 - E x p an d ab le Dual 4 in p ut - N A ND/ NO R

ga t e
93 1 - JK/ RS F lip -f lo p
933 - D u al 4 input exp a nde r
962 - Triple 3 in put NAND/ NO R gate
9 4 4 - Dua l 4 inp u t ex pa ndable p o wer ga te

RF FERRIT E CORE CHOKE

H i·p ermeabil ity , ultra midget sty le, "
c oated f or mo ist ure resist ance , colo r
coded. Us ed in xmt rs , rec e ivers, c o n-
v ert e rs , T V-pea k ing . Brand new ,
WOrt h 40ll! each . Assortme nt of 1.8,
2 7.0 , 330 11H. Pa c k of 3 D, $1 2 .0 0
val u e .

#A-7 130 / $ 1. 0 0 180 /$ 5 .0 0

UHF TRANSMITTER
O ne o f t he later d es ig ns bei ng relea sed. Superb
wo rk m a n sh ip b y HUG H ES . Utilizes 3 pencil
triodes wo rt h o ver $ 46.0 0. Loo ks like a
" na t u ra l" for 220 m c t ra n smi t t e r as it 's on
.2 6 4 m c now. S imp le to lowe r freq . w /tubes &
sc h em a t ic . Built- in pow e r su p p ly 400 cycle
w o u ld h ave to be c hang ed . Measu res only
3 x 4x8 inc h es . N ic e p iec e o f sca rc e gear, easy to
w o rk o n & f irst class c o n di t io n.
4 lbs.. . _ . . _ . . . . . . . . . . . . •#rA--40 IC 1 5.00

JO HN M ES H NA JR _ PO Bo x 6 2. E . L ynn Ma ss . 01 9 04



~CIRCUITS... INPUT % 0 1

OUTPUT .cY::1.
I

IK 0'

o

IK
L-_~_ _ -----<o-- ---J

.. 9'1 " I2V

K6 A1

Single diod e full wave rec tifier. Adjust R l while
moni toring the outpu t waveforms on an oscillos
cope. When both humps are equal, the setting is
correct .

.~ '"...
OOMI.IY

LOAD

70PF

7_4~

"

"

as

"

,--;_-." LI 2'g~6

2N2220

2N706
0 '2N2220

IOOPF

4.711

L1- % " die . 7T #24
L2- 2T a t cold end of L1
L3- 6T Airdux 608 i B&W 30 101 CT
RFC-20T # 26 on 1W resistor

100 mW 6 m eter transmi tt er. Modulate AM with a
TA300 Ie or FM with a couple of diodes.

K0VQY

"A" I "8 " AR~ NO. 48 OR 49 LAMP'S

This simple device gives a quick ch eck of dio des. If
lamp A li gh ts, the diode is good. If B ligh ts, the
diode is good, but connec ted back wards. If n ei ther
lamp lights, the diode is open, and if both light, it
is shorted. From the Diode Circuits Handbook,
edi ted by WA ICCH. available for $1. 0 0 from 73.

IOOOpF IOOOpF IN9 14 B+

IOO pF C4
II( IN9!4 .0 0 5

2N~607

Xtal checker. Whe n th e bu t ton is pushed, a good
xtal should cause the bul b to Hgh t.

K6VCI

A daptor to provide SSB/CVI reception an d Q-m ul
tiptioetion in a receiver. From the Diod e Circu it s
Han dbook, edited by WA ICCH available for $1 .00
from 73 .

USA TELEVISION CHANNEL FREQUENCIES
VHF
CHAN NEL
2
3
4
5
6
7

FREQUE NCIES
55.25-59.75 MHz
61.25-65.75 MHz
67.25-71.25 MHz
77.25- 81.75
83.25-87.75
175.25- 179.75 MHz

CHAN NEL
8
9
10
11
12
13

FREQUENCIES
181.25-185.75 MHz
187.25-191.75 MHz
193.25-197.75 MHz
193.25-197.75
205.25-209.75
211.25-215.75 MHz

30 0 73 MAGAZINE



CALCULA TOR ON A CHIP
40 pin DIP package -
Add. su btract, mul tip ly, and d ivid e
12 d igit d isplay a nd c alcu late
Cha in calcu la t ions
T rue cred it balance sign out put
Automatic overf low indi cation
F ixed d eci mal po int a t O. 2. 3 . o r 4
Leading zero suppressio n
Comp lete data su pplied w it h ch ip

Only $ 12.9 5

CD·3 Universa l Counter Modu le
Can be programmed to cou nt to any
modu lus 2- 9 for one kit, 2-99 fo r
two kits. etc. Inel udes board , 7490.
7447, RCA D R2 0 10 Numitron di splay
tube a nd five p rog ram ming components.
Full instructions included - perfect fo r
d isp laying second, minu tes a nd h o u rs, etc.

Complete $ 9. 2 5

DIGITAL SPE CIAL
Te n brand new (o n carriers) dual-in- l in e JK f l ip
flo ps - l U3 21 w ith data sheet a nd two pages of
ap p licatio n notes desc r ib ing hook u ps fo r-div ide
by th ree through ten , and twelve . Al so se lf
co rrec ti ng r ing co u nter ho o ku ps, e tc .

10 LU3 2 1 W/data $ 4. 0 0
TTL dual -in -li n e

7400, 7401 ,7402,7404,740 5 , 7410,
74 20,74 30,7440 ,
74 5 0,745 J, 7453 . . 100 for $ 2 0. 0 0 ea .$ .2 2
74 4 1 BCD decoder driver 1.00
74 4 2 BCD decoder 90
7473 du al JK flip -flop 55
747 4 d ual ty pe D FF 40
7475 quad lat ch 1.15
74 76 dua l JK F F 55
748 0 gated full ad de r 50
7483 4 bit fu U adder _ 1.15
74 86 quad exclusive or gate 6 5
7489 64 bit RAM 3.00
7490 de cade counter _. . . .90
74 91 8 bit sh ift register 1. 15
74 9 2 divide by 12 counter _ .9 0
74934 bit binary counter . " . . . . . . . . . .90
74 154 one o f 16 decoder 2. 50
74 192 up/down de cade co unter 2.25
74193 up /down binary counter 2 .0 0
74 J95 unv . 4 bit SR 90
82 20 parity gen/checker . .. .. . . • • . . . . . .. . 1.00
82 00 4 bit magnitude comparator 1.6 0
8280 preset decade counter 1.15
828 1 pre set binary coun ter 1.15
8520 25 Me divide by «N"

2to1 5 2nO
7495 4 bi t SIIIFT REGISTER LIS
85908 bit shift regi ster . _ , _ 2 .00
8 2 70 4 bit shift register 2.00

LINEAR SPECIAL
Ten (10) operat io na l ampl if iers wit h a two-page
sheet o f app licat ion no tes co ver ing the basic c ir
cu its using op-amps . . . . . . . . . . .. . $ .6 5 each
Op-amp pa ckage 10 -741 ' s. data sheet an d aop fica-
tion notes ; 14 DIP, 8 DIP choice only $6 .00

LINEAR IC's [dual-in-li ne)
LM IDO posi tive voltage reg _. .8 0
747 dua l 74 1 op amp DIP , 1.00
DB02 voltage follo wer o p-amp .. _ . _ 1.25
709 operat iona l amplifie r . . _. . . . . . . . . . . .. .3 5
7 10 voltag e co mpa rat or _. _ 50
LM309K 5V-l A po wer sup ply mod ule 2 .5 0

DIGITAL COUNTER MODULE 30MC
unit incl ud es boa rd , S N749 0,
SN 74 75 quad la tch, S N 7447
7 -segme n t d r ive r and RCA
"nu m itron " d ispla y tu be
W/decim al. 1" x 4 .5 " module eii';lK!'
w ill mou nt 0" 1" cen ters .

kit S10.95 - wired and tested SI 3

LAST MI NUTE ADDITIONS
NE56 5 Phase loc k lo o p, T O-5 $3.50 ea.
NE566 F u nction Ge ne rator, DIP (8 pin ) _ . . $3 .50 ea.
NE567 Tone dec oder, DIP (8 p in) _. $3.50 ea.
74477 segment decoder d river $ 1.30
74 18 1 Ar ithmetic Log ic Un it , 24 p in , DIP $4.50
826 1 fa st c arry fo r above $ 2 .00
8223 256 b it b ipo lar fie ld p rogramma b le,

read -only mem or y $ 10 .00
85 709 bi t 5 1, PO, sh ift reg iste r $2.50
LE D Red Em itting Lam p _ $ .60

All Ie's a re new a nd fu lly tested - leads are pla ted
with gol d or solder. Ord er s for $5 or mo re w ill b e
shi p pe d prepaid . Add 3~ handling and postage for
sma lle r o rders. Cali forn ia resi den ts add sales tax. Ie
or ders are sh ip ped w ith in two workd ay s of receipt
of order - kits are sh ip pe d w ithi n t en days of
receipt of order . Money ba ck gua rantee on all
goods sold .

BABYLOn
ELECTRoniCS

SEND FOR FREE FL YER
P.O. Box J

CARMICHAEL, CA 95608
(916) 966·2111
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DVM adapter fo r a frequency co un ter. This circ ui ts co nsists o f a 200 k -ohm /vo lt input low pass active
filt er sta ge, a po larity det ector and autom atic switch er/indica tor, and a voltage -ro-frequency converter.
The output frequency is adjusted so tha t SO vo lts input wi ll give a frequency of 5000 o u t. Th e three
2S K pots are USed fo r offset balancing. Any counter capab le of readout to Hz is I in e. Circuit by
W0MLD.
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Video am plifier usin g a HEP 590 IC, courtesy of
Motorola.

Light dimm er which will handle up to 800 watt s of
incandescent lam ps. 10 n F = .01 flF, by the way.
Circ uit cou rtes y of Motorola Semiconductor Power
Circuits Han dbook.

12 VDC
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tiEP 801

6. 8 1(
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ALL RESISTORS- 1/ 2W
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SENS ITlVITY

t~Orev

T IMER MOIST URE PHOTO
DE TECTOR CELL

Basic control unit which can be used for alm ost
anything . . . timer, light activated relay, m ois ture
detector, etc . The timer circuit will range from
abo u t 5 seconds to 50 seco nds. Chan ge R and C to
a!ter range . The moisture de tec tor nonnally uses a
small prin ted circuit board wi th interlaced wire
net work to allow mois ture to bridge the con tacts.
Light relay operates when light strikes the cell.
Circ uit courtesy Motorola HMA-33 Tips on usin g
FETs.
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son attenuatar circuit for a receiver front end. Use
for measuring effectiven ess of clifferent antennas
by lis tenin g to a constant amplitu de signal.

WIOOP

so..... co.t.X, 1/4 WAVELEN GTH

BIAS

This is a high-frequ ency an tenn a switch using
diod es. From the Diod e Circui ts Handbook, edited
by WA 1CCH, avail able for $1. 0 0 from 73.

o.
4 .7k

1tf20 71

~,

L ""r---.-' 14-..-------..-~.OO~-<"'<••
1 O.
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TURN ST IL E HOOK - UP

The Turn sti lle an tenna, two dipoles p hased 90°
apart, is an omnidirectional horizontal an tenna
developed originally for mo bile use. Dimensions
for opera tion a t 14 5 MHz are : elem ents -19!-f"
1/8 " brass rod; SOn coax Q-section RG S9, 13%"
long . Support details are shown belo w. From VHF
Antenna H and boo k by KS JK X , available from 73
for $3.00.
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DRil L TO FIT "",1,51

LOCK "' ...SOIEI!.......

d=>
SOt.DER L UG-....
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TURNSTILE SUPPORT BL OCK

Long dura tion FET timer wh ich will give a delay
up to 10 hours. Circuit courtesy Motorola Semi
conductor Power Circuits Han dbook
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COUNT CLOCK CONTROL

2. <- 2."' 11, 10, " 10, - 13,

2, +2. "'100, ? 10, t 10•• - 15,

2.. 2- 4 10, . 10, "1 6.

•2+ 2· 10, 10, . 10, -1 0.
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STEIG
SHfGLE- "rONE ENCOD ER, 10 ADJ . FRE O•• ADJ. DURATION "' tit
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S I NG LE-TONE DECODER, WI DE RA NGE, NARROW BANDWTDn . 2/ Pc card ne klt

WE CAN HELP
~---<>-+-<>

WI T H TH ESE NEW PRODUCTS
0l C1
50 MH z FREQUEMCY COUNTER , 6 DIGI T RE ADOUT

10 MH z Itl l t he ee s e , ee t r e r t han . oo n s tl bl1 1ty
6 pos t H on t lllle bas e re fe rence, e ute . dec . pt . ,
100M" se ns , , fu l l ove rl Old pro t e c ti o n . ot lle r fe a t ures

OW Pl
30 0 "Hz PREStALE R. 50 oh llls In " out , bette r th in 100lllv s enL ,

f l/ll y cOMp. t i b l e wft h 111 cou nte rs
WHEN ORDERED WIT H UI n COUNTER

WH EN ORDERED SEP.... IlATHy
COCI
12 or 24 HOUR DIGITAL CLOCk . r Ull 6 DI GIT READOUT

.0 05t Ti ne f r equ en cy r e fer en ce . f oolproof se ttin g cl r c ut t
COMP LETE WIT H HA NDSOME WOOQ- GIUIN ( ASI NH
36 d i fferen t col or fflte r s I val l. ble

" Pi'll
2 METER RF PRE AMP , 2G+db g a I n, 4 MHz ba ndw1d th , l ow no is e

WI RED & TESTED ONl Y- spec Hy type o f ra d io use d

P RIC ES
!!l IlIRE D

$130 $17 0

$30 $4 0
$4 0 $5 0

$6 0 $9 0

'11
$3 0

135

$25

SU S

REPEAT ER CONTROL CI RC UIT RY WIRED & H STED ONLY

i g~~H TOH [ (Il DE CODE R PACKAG E, l atest eu. cl rc u1ts , 16 bu t t on up. ,

;
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O ~
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~~~~~=",o!J; ng D~~: ~~ :~iig: ~~:g : ~:~: ~ ~ ~ : ~: : g ANY CAR D, EA. $22
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TTC1 TI MER CI RCUITS . VI DE RANGE, 2 PER CARD
CFCI EM ITTER FOLL OW ER CI RC UITS , 2 PER CARD
TCRI COR CI RCU ITS . 2 PER CARD

ig~ ~HTO N E e DECODER AM D CO NTRO L PACKAG E. ALL FEATURES OF
TOP1 EXCE PT YOUR CHO iC E OF ANY 6 CARDS . AND 2 TOUCH TON[
PADS . THIS UNI T WIR ED TO YOU R SPECS ADD RA DI OS AND YOU
HAVE AN IltS TANT RE PEATER $25 0

ALL Of OU R PROD UCTS UTI LI ZE THE LATEST STAT E-OF- THE-ART DESIGltS, AHO AS
TECHNOLOGICAL ADVAN CES OCCUR THE Y WILL BE I NCOR PORATED IN ALL HEV DE SI GN S ,
I NSURING YOU, OU R CUSTOMER. OF AN UP- TO-DATE DEV I CE.

NEW ITEI1S CO I1 ING SOON:: : : : : DIGITAL FRE QUEN CY SYNTHESIZ ERS
UHf PREAHP : :: :: :Z METER' 220 11Hz TRANSCEI YE RS : : : CRYSTAl ELIMINATORS

to 11 0RE: : : : :
ALL PRI CES ARE POSTPAID- - - - - - -ON CO D' s YO U PAY POSTAGE
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5 A ROC 7 U GMfH l
",.IN HION •••
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An Aural Transmitter
Tuning Aid

Florian J. Fox W1KPN
219 Plym o uth Sr.
Stratford CT 06497

;,)

A transmitt er can be tuned by adjust
ing th e various circuits fo r maximum

power delivered to the antenna feed line. If
the standing wave ra tio of the ant enna
system has been adjusted fo r a reasonably
low value, the an te nna feedline volta ge
will, as in the case of an swr bridge , serve as
an indicator of relative output power. And
rela tive power ca n be indic ated by mean s
o the r th an visual met er deflection.

With my ho me brew SSB rig I use eith er
of two meth ods to obtain rf output for
tunin g. In the CW mod e I reduce the rf
drive by adjus tin g the carrier injection
co ntro l to such a level that the final
amplifier tu bes can not pos sibly be over
heated . In the side band mo de I apply
about 20 mV of I kHz audio to one of the
mike inpu t jacks, having pr eviously set the
mi ke amp lif ier gain so th at the final plat e
current increases to a safe steady state
value when the trans mitter is tuned and
load ed . Since most rigs do not have tw o
mike input circuits , some addit ional equi
pment mu st be provided if th is method of
obtaining outp ut rf is to be use d.

One big adva nt age o f using the "a udio
tone" method of generat ing rf ou tpu t for
tunin g an SSB rig is that even when the
tune d circui ts are far off reso nanc e, the
fina l amplifier pla te current will be the
normal no signa l idling current. This cur
rent will increase only when the cir cuits are
tuned and loaded , and if the audio level has
bee n pro perly restrict ed , the final amplifier
tu be, o r tubes, can never overheat.

If , as is usually the case, the transmitter
has only one mik e input ja ck, it would be
und esira ble to require the handicapped

operato r to change the mike amp lifier gain
sett ing once it has been adjusted for him.
Therefore , the audio oscillator sho uld be
provided with an output contro l so that
audio level can be set wit hout dist urb ing
the mike gain co nt ro l setting. The ad
justmen t of th e audio oscilla tor output is
quit e simple. Gra dually increase its out put
voltage, when th e transmitter has been
tuned and the correct mike amplifi er gain
has been set, until there is a noticeable
increase in the final amplifier pla te curren t ,
a value t hat will no t overheat t he tube, or
tubes, even if left o~ fo r a long time .

The dia gram of Fig. I shows t he tuning
co nce pt as a co mplete system. The circuits
needed arc th e to ne oscillato r (Fig. 2), a
rectifie r un it (Fig. 3 ), and a contro l box
(Fig. 4 ).

In th e case of CW or AM trans mit ters ,
since th ey always prod uce rf outp ut, the
introdu ct ion of an audio tone would be
useless. So me means should be provided
dur ing tu neup for red ucin g t he output rf
carr ier to a safe level when circuits are off
resonan ce.

Let us now co nsider th e CW method of
tuning co mm ercial SSB tran smitters. On e
of the switches wiJI have a pos ition marked
TU NE or T UNE·C\V and usually a co ntro l
marked RF GAIN which is used fo r adjust
ing the transmitter rf output level. In so me
cases it is not possib le to set the rf gain low
enough to prevent the final amplifie rs from
overhe ating when the circuits are off res
onance . This is why the owner will be
cautioned not to tune fo r longer tha n
about 15 seconds at a time. T his could be a
real pro blem for anyone who has to use an
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Fig. 1. Blockdiagram of comple te installation.

external tuning aid. It woul d he well to
chec k this point very carefully before
deciding which of the two tun ing met hods
shou ld be used . If t here is any chance of
damaging the final amp lifier tub es, th e
audio to ne met hod descri bed previously
should be used.

This tuning aid has at least two ad
vantages over some of t he others that have
bee n pu blishe d. It is no t necessary to mak e
cha nges or additions to the tran smitter ,
an d no extern al power source is required .
Even though it may dr aw several hu ndred
milliwa tt s from the coaxial line that feeds
the antenna this does no t matter because it
is disco nnected fro m the feedlin e when the
sensit ivity switc h is turned off.

Rf volt age in the ante nna coaxial feed
line is rec tified and filte red, producing a dc
voltage which is proportional to the rf

volt age. This de volt age, which attains a
maximum valu e when th e transmitter is
pro perly tuned and loaded , is applied to a
transisto r mult ivibrato r osc illator. The out
pu t of the oscillator is fed to a headphon e
jack or it can be switche d to a tra nsistor
amplifie r driving a sma ll loudsp eaker. Any
variati on of the dc supply volt age will
chan ge bo th t he ' freq uency and the in
tensity of t he tone produ ced by the oscil
lat o r. In other wo rds, when the rf volt age
in the anten na feedline increases, the fre
quency and intensity of th e audible to ne
will also inc rease and vice versa .

Origina lly the tuning aid was enclosed in
a single metal box , but in spi te of the
filt ering , there was so mu ch stray rf that
th e multivibrator would blo ck at high rf
input levels. The layout of the parts mad e
it imp ractical to ad d shie ld ing par tit ions, so

R" "PHONE
reo« .,,"'"

sa

" "0
TO

'OK RO 22K R" R,.

I I~'Ace 22 K C8 'OK
'OOKco ". ..

.22 .22
'OK

J4 3 i n.

OC "0
Q2 2!l ~fINPUT + + .OV C"

R" " 7 '0 0
8 .2K I!lO + "'

METAL CASE

Fig. 2. Oscillator uni t . Ql, Q2 : 2N 4354; Q3:
2N270; resistors !1w size (or sm aller ): C4 , C6,
C7 : ceram ic ; r t bypass (value not crit ical) .001
MFD used; CS, Ca : .22 M FD paper +/~ 20% to l.;
C9: .1 MF D paper +/- 20% to l.; CI0: 2S MFD
SOV electrolytic (value not cri tical); Cll : 100

306

M FD 3V electrolytic (value not crit ical); Tj :
Output xfrm pri l OOOn im pedan ce (approx ) sec.
an or 3n depending on speaker V.C. - 300m W
size, stancor TA43 or similar; 8 2 : Double pole
single throw switch.
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The Oscillator

the problem was solved by the use of tw o
separate metal boxes, one for the rectifier
unit and one for the oscillator. A single
box pro bab ly could be used if the two
sections are ad equately shielded from each
other.
Construction

The construct ion is rela tively simple, so
a detailed discu ssio n is really not required.
And since the circui t diagrams and the
photos tell mo st of the story, I shall
confine myself to offering a few sugges
tions. The miniboxes I used measured 2 Y4 x
2~ x 5 in. fo r the rectifier unit and 3 x 4 x
5 in . for the oscillator, amp lif ier, and
speaker assembly . Anything smaller will
result in cro wding. Install th e ante nna
feedline connectors close together. For
construc ting co mpac t assemblies, Bakelit e
punch boards wit h inser table terminals are
very conven ient . After the boa rd s have
been cut to size and mounting details
worked out , it is wise to make ske tc hes,
preferably to scal e, to determine the most
logical placement of the co mpo nents for

easy wiring. If the'final sketch, showing all
interconnections, is made on tracing paper ,
the ske t ch can be t urned over so that the
back side of the board can be wired with
less chanc e of error.

The inte rconnec ti ng cable between the
two units must be well sh ielded against
stray rf pick up . Coaxial microphone cable
or RG-58/U will be satisfactory. The type
of connectors is option al.

The freq uen cy variatio n of the audible
tone will decrease when the sensitivity of
the tun ing aid is reduced. This is due to the
increased series resist ance in the rectifier
circuit. Fo r bes t results , hold down the
transmitter out put as much as possible so
t hat a mo re sensitive setting (less seri es
resistance) can be used. If there is a linear
amplifier, t une the exciter first, then re
duce the sensitivity and tune t he linear.

The headphones shou ld be of the high
impedan ce t ype - the higher the better. If
more volume is required, reduce the value
of ser ies resistor R 13 , but not below 47
kQ.
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Fig. 3. Rectitier uni t

The hea dphones sho uld be of t he high
imp edance ty pe - th e high er t he be tter. If
more volume is required , reduce the value
of serie s resisto r R 13, but not below 4 7
kQ .

If more loudspeaker out put is required,
the 15 kf2 transisto r ba se limiti ng resisto r
( R I4) can be reduced to about 4 .7 kf2 as a
limit. If still mo re output is required, base
bias resisto r R 16 can be increased to
around 12 kf2. But since this will cause the
tra nsist or t o draw more curre nt . th ere will

•

,.....
•••••••

be some reduction in th e range of the tone
variation. I-t might be better to shop
around fo r a more sensitive loudspeaker.

When using the headphones for tuning ,
switch off the loud speaker . This reduces
th e current req uired by the unit , which
increases th e dc voltage vari ation , and this
in t urn increases t he change in pit ch and
in ten sity of the tone.

T he speaker swit ch can be eliminated if
you can fin d a ph one ja ck having two
separate normally clo sed switc hing circuits

...
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which will op en when the phone plu g is
inserted.

To insta ll the tu ning aid, first select a
locati on for the rectifier un it so that it will
be easy for the opera tor to find the
sens itivity contro l. Remov e the antenna
feed line from the transmitter output recep
tacle and connect it to o ne of the rectifier
rf receptacles. (l should have mentio ned
earlier that t hese rect ifier receptacles
sho uld preferab ly be th e sa me type as used
on the tran smi tter. ) Make up a coax
jumper cable to go from th e transmitter to
the other rectifier rf receptacle. Next find a
convenient location for the oscilla to r unit.
Make up and install t he inte rconnecting
cable between the two units.

If it is desired to tune in the SSB mo de
by injecti ng an audio ton e into the mike
input jack of th e transmitter, it will be
necessary to make a small audio oscillator
having an adjusta ble outpu t. Its frequency
can be betw een 400 and 1000 Hz and it s
maxi mum output need not exceed 50 ill V.
A compact transistor oscilla tor , po wered
by a single penlight ba tt ery , can be mad e

up with little effort. The oscillator , a mik e
jack, a switc h, and a shielded outpu t cable
should be ins ta lled in a small meta l bo x, as
shown in Fig. 4 , to enable the operator to
inject t he au dio tun ing signal by simp ly
throwing a switch . Be sure to proc ure the
same t ype of jack and plug tha t is already
bei ng used on th e microphone an d the
tran smitt er .

OUTPU T CABL E
TO XMTR MIKE
INPUT

' .N

: 100..... .l ll F :

" 04 --.-"",,,,, I2N 4 0er', ,
1 Cl2 I

l era .I IIF
I 47K

538 L~ p.-~~--I---~--'=

1 --- --- --- ------ ------,
, TALK TU NE :

':1 S3A:,? CI 3 11.,.MIKE IN"'U T

JAC K IS GROUNOEO
TO METAL BOX a
S"'OULO F IT
PRESENT MIKE
PL UG

. 2 0
3 30.1\.

•L ~;;l:.~ j

Fig. 4. Mike o r audio to np selec tor box.
No re: Transistor outp ut type AR 169, 200Q;8.Q,
Argonne, La fayett e Radio , or similar. Oth er

ty pes m ay require di fferent value of runing cap .
e12' If no oscillatio n, reve rse one of the wind
ings.
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NEW and SURPLUS ELECTRONICS FOR TH E HAM
and EXPERIMENTER

ELECTRONIC CLOCK KI T

THE TIM E W.ACHINL utilizes t he la t e s t electronic ,,,clmiqu" s and " dv~nccs

to prOVide tI", ,, ;nform" tj<>:l l;~" nO clock tin before . A w , g-c Sca le
Tme 9 r" Uon (LSI) c irellit pro vi des th e lo giC to "onv e rt t he 6 0 he rt z line
fre qu en cy in to" d is p layable ti me. Internal OptlO" . include " pre senabl e
,, 1,,= Circuit . five mi nute ' nODze , second s displ"y , <o nd 24 hour time .

Because of th e nnw technolog y involved, thi s kil l s n<.>t recom mended for
t tle be g inn er . The ci relli! boar d connn ct io ns a re s", a ll an d re qu ir e s pe c if iC
. c lde rl " .. tech niq ues u s ing s ma ll s o lder (l ncludad in kit) a nd " s ma ll low
watt a go Iron.

souo WALNUT CASE

Ave rag e ti me to aue mb le the kit Is around two hours .
and t heory of ope ra ti on ar e i n cluded w ith each kit.

l. Bas ic ClOCk Ele ctronic s (kit )
2. $oll el Wa ln"t Case (co mp le ted)
3 . Alarm option
4. Snooze option (require,. alarm op hon)
S. Man"..1 Res " , ept;on (SPST Pushbutton)
6. Auto -Power "-eset option (I"f/ZW C.p)
1. Seecr.ds D, s pl ay o ption (SPST to<lqle swl

Full i nstruct ion s

s 52.5 0
10. 00
1. 9S
2.00

. >0

."
1. 0 0

VARICAP TUNED FM TUNER MODULE

1750

va: MI\.D!:A FANTASTIC BUY ON VARICAP fM TUNERS. THIS
LITTLE GE M IS BUILT U KE A ROCK AND HAS OUTSTAND I NG
SE NSITIVITY . IT ru NES THE DrJ'IRE F M BROADCAST BAND
USING VO LTAGE. THERE IS :>10 U MIT TO THE: DIFFEilENT
WAYS TO TUNE IT ; • . PUSHBUTTON . REMotE . SCAN:>1ED , ETC .

I NCL UD ES COM PLETE RF . IF, & PREAMP

K A SA L E S
t) I2 SLOCU .... STREET . CA LL.toS , TE XAS 75207

IC SOCKET
PANEL

INTE:RDYN!: W ire-wra p Pa nel s (Wl.re d) . . .•• •. . S 19 . 8 0
Hil S 19 8 Wi re -WHIp i 4 Pin TC socken. Hll S pi n 7 co n ne c ted
to ground a nd pin 14 to pow e r pl a ne. Ma y be u.se d as- is Or
SOcke t s remo ved fcr breadbOllrnl nq . THAT· S 1~ a SOCKET .

KEYBOARDS
I . Micro Swi tch 16SW3-B Ha ll Effect So li d St ll te Keyboi>rd. Ha s

16 loo.;vid"al d",, 1 outputs . 12 . 50
2 . Cont rols Research \I Key ileecl Sw, tch Ke yr.w.rd . 6 .00
3 . Controls "-""search 15 Key Reed Swltch Keyboo.rd . 7 .00
4. NEW Toucl:- Tcne Pa::! Keysel$ 24. 9$

ORDER FORM
PHO m: (2 14) 141-3230 QT DESCRIPTION EACH TOTAL

NAM E 1---+--- - - - - ---+- -+----1
ADDRESS - - - - - - - - ----- 1-+ - - --- - - - - -+---1-------1

CITY STATE ZIP-- I-+ - - --- - - - - -+- --I-------1

CHARGE IT
BAC_ _ MC

ACCOUNT NO. 1---+- - - ---- ---+--+----1
BANK NO. EXP. DATE 1--1- - - - - - - - - - +-- +-- ---1
SIGNATURE 1---+- - - - - --- - -+- -+---1
TOTAL FOR GOODS
TEXAS RES. ADD 5%
POSTAGE 8 HANDLIN G

TOTAL MONEY ENCLOSED



NEW and SURPLUS ELECTRONICS FOR T HE HAM
and EXPERIMENTER

METERS Eliminate Annoying

Channel Chatte r
••OCTO ' ,n ' ll""1III'''OI ••~1~••[] '"
••" IEl .., "' "' II<T'IS .<""""".....,. ..mOl """' _"."''''' .111''
PLASTIC BEZR METE R

2 ~O~ 0- '0 AI>::
2 }05 Q..30 !, OC
2)20 0-1 ~~OC

2 )25 0-5 ~,lDC

2)26 0-10 ~AOC

2} 29 0->0 ~ ,oc

2 3 30 o-IOD ~AOC

2} )2 0- 500 e AOC
2357 0- '0 vDC
2337C 0-30 VDC
6504 0-' 0 AAC
6337 0-15 VAC
6; >9 0- 150 V hC

,

37 5 0

SCU- l
~
PROBE·MASTER
~

THE NEw PR O aE_ "'AsTER SE \..E CT IV E C ALL' H"
UN 'T (., OOE L s cu_ tl EN AB L E S US E RS OF HA"' , CB, A~"

C" "' ME RCIA \.. RADIO . TO CANCE L O UT AL L UHDESU.EO
sl o N.o\..S AN O YE T CO"T' NUE TO HE AR CA LL S F RO'" .. ., .

H..ARL Y E QUIPPE D 'TAT 'O~S.

TwoMod.I . - GA100' 1.' to 3VI)(; Qu."'''~ p,"''' . nd <101'-"1. ""'00 " _ .......,
""" 00-'2 , ,. \lDC

New, Exclusive,LowCost
MiniatureSolid state
Electronic Buzzer

2 4 9 5
NEW

.. " _but t o. , d pM _n UlOoc lc
keys ot equi~pOd .ith ~

' o" e !;oner.tor; idOnt1c ~l

' 0 t b""e "oed 1n TQ" ,h
Cal 1\ " ~ t olepb o~"" . Th.
t on" t.nor a, or 10 llount ed
on • pr i n ' od c i r e"« <~rd

in bock o! th o k oy • • t.
All t one ! ro quen'h. ""<
pr Od"o d by 0 one _
t r ao .i, t or osdllator .

TOUCH CALLING
KEYSET

WHEN U SE O FOR SE L EC T ' V E MON' T O R'N " , T HE U"IT
" '"ITC HES OF F" THE AU O'O CU' CU ' T O F y O UR RE C E'V E R
UNT'L T H E SCU IS ACT'VATEO BY A ", " NAL FR OM A CAL_
\.. ' NG ST ATION WH ICH IS SCU~ EO U I PPEO. wNE" T HE seu
IS SO AC T 'V AT E O, y au w ' L L H EAR A N ALERT ING SIGNAL
T ON E ANa TNEN THE C ALL'N " sT AnON . aF COU RSE , YOU
MAY US E YOUR U NIT TO C ALL AND ACT'V AT E O THER nA·

T'O NS w N'CH ARE U", N" THE SCU FO R S E LECT'VE "0'"
'TOR IN"

EAC H CALL,N" UN' T ts A COM PLETE EN CODE R!
DE CO DER U N'T WH1CH REqU'R E S O"L Y SI"P L E CONN EC'
T IO~ S TO A UD IO C'RCU' T",Y , PO WER AHO "",OU NO AND
wH' CH USE S VERY LIT TLE OPERAT' NG CURRENT OUE TO
ITS A DVA NCED SOL'O _ST ATE O"' SO" N.

SPECIAL
LED 7 Segme nt Display

NEW Only $3.95
Simi lar to Monsanto Man-l

or Opcoa S LA-l

PER KIT

4. 5 to 6. 5V
Sm A @ 5VDC
,,0 , 000 hour s @ 5VDC
100 0

_~OoC ' 0 +700C

Bll ,,,sUi~at ~ g lass
Tun~st"n

Ko var

6.00

3.25

SEVEN SEGMENT
DISPLAY

AppI ...".". _p.,n,~I•• ""b....",..-o "'" . qulpm<>n' •
• " "" oloo• •, ' . " """'".. ,nlo« om o o•
moIiY. ...." lng .lg • • I" "m.",'"
Hlgo • •1I.b.. .. _ "" moo;ng eM Ia'''. A " 011-<00'"'" """"
.''''.. . ' ib''''I"II r~co"p100 ''' .p'..''cd l.''''fO\Im ,C<>1I
"'0""""" '" • maon.t lo po! co," , No .,..Ing, into"'''no,
0' RFno i..

lo.. '0'" C<>n-"p11<1n _ Unit coo.u mo. leo. ""~," " ' n •
• Ign. ' lamp, Appro . lm... ly 15 rnA ., 15 '0"" 25 rnA . ,
h OI", '5 rnA .. ,~ ",,11, _1)0'11' 0""" OC\"'0l<>d dirnclly I",m
•"..,.I'IO, ga'.
RId1. ",nnon'"_ nd _ OUIpu' oo", <00 Hz gl"" , "" ''''
... . ,. 1. pannt'.. ",". Volumo l. lIO. 001.'. ... . '" 'ncho. ..
•.s""Ito.""'p ut. clu... ln... _ ..... _ '_ ."''''''OllOfl·

CO ~~T"!>-nISPLn KI T:

' " " )u d o. L"", '-nc tic o Disp lay ,
74'+7 J)e, o<lor-Dr i.v. " , ~nd

7~9D n. " d. Counter

R ec o m m e nd e d op e rating vol tage
Cur r ent pe r se gme nt
L ife expectancy .
Vie wing ang le (included angle)
T"mpH at u ' " r an ge . •
L en s •• .
F ilaments .
C on ta ct s .

_prqecls
Ell unlmrted

LUHlNET/[S

II I

ALL I;';" seucosna cross

~ACH

"u,;hc oOO . _ 1l:914 l •• . • • ' e><

~OOV. , 25.
6oov. ,ri.•.......•.... 30'
l OOV. ' . 5A• •• . •. •• •• • • 25'
50V, >A••.• •.•••..• ••• 25_
100 " , 3A• •• • • •• • •• • •• • 30<

WHEN IN DALLAS. VISIT OUR STORE AT 1312 SLOCUM ST,
OFF STEMMONS FREEWAY. BEHIND LEV ITZ . SAT 's 9 -5.

~ KA SALES
If~ 1312 SLOC U M S T RE ET' DA L L A S . T~X A5 ' 5>0 7 • 12, . 1 7 <'- 3 2>0

ln~}70

"'~732
lN~73~

' N~7,,"A

' N5,2'27A
1N525'1B
' N5,2~5a

' N5,2>-4B

Zenor . 2 . 4V. 400~W • • •• 50<
Zener. 4 . 7V. HI• • •• •• • 50<
Zoner. 6 . 2V. 1" • •••• •• 50<
zoner , 1M, 1'/ • .•• . •• • ~O<

Zenor, } .6 V, +" :;oc
Zonor, 6 . 2 , !<., ~""

Zener , l 5V, .,.','0' ........ ~""

zo o~r, 27V, y,' 50'

__ PLA CE ME ON THE PERMA'lE'lT MAILI'lG LIST FOR CATALOGS A'iO FLIERS.

__ SEND LATEST PRICE LIST ON 1400 SERIES TTL 1'l 1 £6RII1£0 CIRCUITS.

_ _ SEND INFOllMATl O'l 0 '1 II NEW AL L El.ECT RON IC CLOCK KIT.

__ I'M A COMPANY. SE'lO LIST SHOWI'l G QUANTITY PRICES ON 'l EW COMPONE'l TS.

COMPANY NAME IS' _

ADDRESS _

NAME _2R30 ~,+

Z ff} 71 '
2N3767
,+0389

Z5":, 6DV ..... .... •• • •• 60'
0.2 5fl. 30V• • •• • ••• • •• • 25'
?<Jo", 80V.. . . . . • 60'
RCA, 3.~.', 40V • • • • • • • • 50'

Op . '"" p•• •• • •••• .•• • •• 75'
II'rL,Hcx Inverter ••• • •• '20"
On~ W~t t A"" 10 '"'p • • • • I.CO CIT'!' STAT E ZIP



SG 71 AUD iO OSCI L LAT OR
VARIO US MANU FA CTU R ERS, T RA NSCO M,
M EA SU R EM ENTS, HEWL ETT PACK ARD.
COV ERS T H E FREQUENC Y RANGEOF 50 HZ
t o 500 KH Z WITH A M ET ERED OUTPUT
T HAT'S BA L AN CED OR UNBA LANCED .
TH IS GENERATOR HAS A HI GH OUTPUT
FOR D RIV IN G FLI P F LOPS ET C. WE HA VE
A LI MITE D QUAN TITY SO HUR RY. $34 .9 5

S.P. 600 R ECEIVER
M FD. BY HAMM AR LU ND. GENE R A L COV
ERAGE R ECEIVER , 540 KHZ to 54 MH Z.
CURRENTLY BEING USe D BY TH E A RME D
FORCES. SEL ECT IVITY TO 20 0 HZ IN SIX
ST EPS CRYSTA L CALI BRATOR. NO ISE
LI MITER. DOUB L E CONVERS ION . A B IG
FAVOR IT E WIT H S.W.L. 's A ROU N D T H E
WOR L D. LI MI TED QUANTI TY AT . $275.00

, . ~
'1lj'!!I s

o ,

,.; 3 .? e _ f

SR R 13 R ECEIVER
GE NERA L COVE RAGE 2M HZ . to 32MHZ.
MO DULAR CONSTR UCTION, ST eEP SKIRT
SE L EC TIVITY. DOU BL E CONVERSION ,
CR Y ST A L CA LIBRAT OR . NO ISE LI MI T ER.
V ER Y PO PU LAR AS A GE NER AL CO VER·
AGE R ECEIV ER FOR H AM USE. .. $ 199. 00

A M 864/U AUD IO A MPLI F IER

T HI S IS TH E CLASS IC PEAK LI MITING
A U DIO FR EQU ENCY AM PLI F IER THAT
TH E MI LI T ARY RADI O SYST EM HAS usao
FOR YEARS, WIT H A FR EQUENCY RE
SPONSE OF PLUS OR MINUS ON E dB FROM
50 Hz to 20 k Hz AN D A DJU ST ABL E LI M IT
IN G OF U P T O 18 dB WIT H A T YPICA L 2%
D IST ORT ION A T T HE U PPER END. 35 dB
GA IN ADJU STA BLE BY TH E KN OB ON TH E
FRONT PAN EL DE PO R EPACK. 35 .00

NEMS CLA R KE 140 1 TE L EMETRY RE CEI V
ER
FR EQU EN CY RANGE OF 215MHZ to
26 0M HZ WITH I FS OF 100KHZ AN D
500KHZ. MET ERS SHOW AUD IO OUTPUT
L EVE L, DEV IATION, TUN ING, AN D A P
PROXI M ATE SIGN AL LE V ELS. HA S A
BUI LT IN SPEAKER AN D PROVIS ION S FOR
PLUGGI N G A CRYSTAL SOCK ET IN T HE
FRONT OR A VFO $69 .95

312

~.
'~. t:

73 MA GA ZIN E



ARC 27 R.F . POWER DECK
HERE'S A BUY FOR T HE BUILDE R, THIS
DECK HAS T HE 2C39 TUBES A ND T HE
2C43 TU BE STILL IN TH EIR SOCKETS,
AND THIS DECK WI LL COVER THE
220 MHZ BAND A ND WIT H SOME A LT ERA
TIONS CAN BE COA X ED TO T HE 425MHZ
BAND. ALL THI S FOR . . . . . . . . . . . . . $9 .95

ARC 27 GUA RD RECEIVER
HE RE IS A RECEI V ER STR IP COMPLETE
WIT H SOU EL CH, VOLUM E CONTROL, IF,
AND AUDI O OUTPUT. A LL TH AT'S NEED
ED TO MA KE THE RE CEIVER OPERATION
A L IS A POWER SUPPLY A ND A SPEAKER.
CURRE NT LY T HE STRI P IS A BOVE TH E
22QMHZ HA M BAND WIT H A CRYSTA L
AND SOME TWEAKI NG Y OU CA N PUT IT
WHER E Y OU WAN T IT ON THE BAND . $8.95

A RC 27 SYNTHESIZER
OVER 1000 DI FfERENT FREQUENCYS
CA ME OUT OF TH IS MIXER CIR CUIT.
GRE AT FOR EXPER IMENTS WITH SY N
T HE SIZ ER CIR CUITS ON 220M HZ . HAS 10
CRYSTA LS FROM 25 .7 MH Z to 34.7 MHZ in
1.MHZ ST EPS $3.95

A RC 27 CRYSTAL OSCILLATOR 10 AND
90 M HZ.
T HIS OSCILLAT OR HAS A lOMHZ CRY S
TA L IN AN OVE N. TH E OUT PUTS FOR
10MHZ A ND FOR 90MHZ A RE ON THE
UNDE RSIDE OF THE CHASSIS. JUST
APPLY POWER AND GO $3.95

ALL OF THE A RC 27 MODULES HAVE
SCHEM ATICS WIT H THEM AT NO CHARGE.

A N/COM

NOVEMBER 1972

~lect'Y'on i cs
5667 Lankersh im Boulevard

North Hollywood. Ca. 91601

(213) 769-5518

313



$59.50
$ 99 .5 0
$ 10. 0 0

AIRCRAFT/AUTO/BOAT QUARTZ
CRYSTAL CHRONOMETER

OECA~E COUNT ING UNITS W/ READ OUTS
Al wa ys One of II & F's most popular it ems, now ee
" i..ed to m clude drilled h o a rd s, I.C. soc kets, and right
angle so cket fo r reado u t. A rra nged SO that uni ts can
be st.acked side h y s ide and st raight p iece s o f wire
bussed th rough .f or powe r, gro un d and rese t. Several
d if fereu(nni is a rc avai la b le as fo llo ws:

1490 Basic 10 MHz so u n ter, Used in fr equency
cou nters: and events.
141 % Same as 7490 except presettable 50 MHz U Il

il. Used wh e re higber speed an d/or p re setta b ili t y is
.......uired,
74192 Hi-Direct io nal cou n ter, 32 MHz operation.
lias two mput lin e s, o ne that m ake s the unit count up.
the o t her down. Uses inclu de time rs, where t he eou n
ter is preset 10 a numbe r and counts do wn 10 zero,
monitoring a seq uence o f eve nts i.e . k eeping tr ack of
people in :a room b y co u n ti ng u p for entries a n d d own
foo: d eparture,;.

1475 Adds la tch ca pa b ility. Used in conuter 80
display ecnti naes di splaying freq uency wh ile u,:", f re
queof:y is be in g: counted for uninte~rupted .d lllp la y .
7 447 Basic d ecoder module. Driv es ba",c sev en
""(;ment display wltich is included for a U modules.

o 7 4 90 _ 7441 Counter - $8 .25 ea ch
o 7490 - 7475 _ 7447 Connte r $9 .25 each
o 141')6 - 7475_7447Cou n t er S1 0.25 each
u 1419 2 _ 7447 Co u n ter $9.25 ea ch

B.a F. ENTER P R I S ES
-... 1..71Ul-n73

·-"'_ ..._._a"17

•

Thi' giant .izebu.-.0"llh' 8 7971 . 16
segment ~be, di, play, a ll numbers
and lel_ of the alphabet .... fIl3nt
2" num."als. D.ive, boao'd allows
operalion fmm 5landanl TTL 1......1••
With in'!r uct ions and schematics,
provided It> two t ube. with «>ekets
.....unted o n . ingle boa,d .
Two Giant Nix... with 0 1ive..$5. 00
o Moti.-.g co,,,,e""'r f", abovo$ l .oo

IMPOSSIB LE?
THIS MONTHS FEATURE ITEM

~_-... POCKET CALCULATOR KIT

LOG IC A ND O PER AT IO NAL AMP ' SUPPLIES

o Figu,e A, pOtted logic "'lIP"'. 5 Volts at 1 Aml"""e.
' flon <;,cu lt proof, ullra high <egulatiClrl, ul"a low ripp le

.. . .. . . . . . .. . . . . . . . . . . $16.00
I;l Figure A. pOtled Op Amp supply, +15 VOlts, and · t5
Volts I t 0 .5 Ampere. _ Mfg _ by A",,1ogO....i..... "mili.,
to tha i, model 902. Shot"! c;;, cuit proof, ulna high p.._
forman"" $29.00
o Figu,e 8, 5 Vol' l Amp ,upply. regulated by Fai,ch ild
9305. ,hort ci,cu it p,otected . $9.75
o S. me a.abo"". io killoo"m $7.75
o Mating COnneCmr fo, abovo $1.00
D 5 Volt 5 Amp regulated ' upp ly, by Blulyoo. loot
, hown). _ $29.00

'"Rnoo l ut ion~ry! , was th e reactio n of o ur cu stome rs
Thi, optio n a ll.,..., 'he throw--away alkinne bet1e<y m be when the y saw o u r la test kit. 'l easu r ing only 2- 1/2"

~~~',= ~~:~~~::. ~:~~~~d~~na~.:t: X 2- 1/2" x 4", an d accu ra te 10 10 seconds a month,
, . charge cycle. this chronometer p romi ,., s to entir el y replace mech-
o 6att ery /CtJo,ger Kit _ $17 .50 anical d ocks in ca rs, !>oats an d airpla nes.

Fi ts in lo a s ta n da rd 2-1/4" illstr u men t pattel cuto ut.
T he di splay s a re bri ght L. E.D . d isp la y s Ih a t should
las t a life time. Se ll ing ron trols are re cessed a n d o p
erate from a pointed o bject such as a pencil poipi or
pa pe r cl ip , in o rdcr t o keep POll-aulho riz ed hand s o ff.
The clock sho u ld only hne 10 be reset a l very greet
interv~ or in th e even l of power lo ss (i.e. re plaeing:
batte ry m car). The dock is wi red so th ai the timing
e D-eui ts a re always ru nn ing , hul the di spla ys ar c only
lit when !he ign itio n is O il , resultiug ill neglig:a ble
power dram. T he lo w p ric" is only po ssi bl e beeause
of a new one c h ip MOS clock c irc ui t. d e veloped fo r
qua rtz crysta l wristwa tches.
O perates form 10·}4 Vo lt s D.C. An ac~ry u ni t
which mounts on Ihe ba ck ada p ts th e u n it to 20 .28
Vo lts for twin engiue a ircraft a u d larger boat s using
24 Volt igtt it ion. Know h o w di sgu sted )·o u are witb
the u su al car clock? O rder tl lis fin e unilllo w for ral _
lying, sports eve n 's, n avigalion, or j usl 10 h ave a fin e
chronomete r thai will g i"e you a lif e time o f superb ly

LIG HT EMITTING DIODES accurate ti me.

Monts.n to MV 50 Or"'l";YBlent LEO·s. Now le.,oxpe~..., 0 Q ua rh. Cbronometcl', Ki l Form
,i"" than filamenta ry bulb,. Allhi. pti... 'W1<e·tl\l!ff\1rrto 0 Q uartz Ch rollome ler. ~ Ire d
logic circuits a. ot.tu, indi"" to" , bu ild low COstcounle.. CJ 24 Volt Adap te r
0' use them ... panel li_ Rmed al 10 - 4{) Ma mv.
o 10 l EO' , . $3 .00
0 100 LED ', $.25 .00
o 1000 lEO',. . . $200.00

Thi. i. , he kit you h""" hoen walt ·
ing for. So com"",,, it actuall y fIts
in a m iO'1 pockel (3-13/16 x 4-518
x 1-1/41- It perto",.. """'Y lunction
you WOuld axpect in adesk ""Icula'
tor. includ ing constant and chain
0I"""OIiO". and full float ing deCi....l.
The un it is powered by ... 11 COn
taIned boln ...-i"', and use. 8 dig;'
LED display•. The cah:ul. tion, are
perfo..,ned by a ' in910 40 JXn i"te
grated "",Cuit. which can tru ly be
coiled I...-!I" >eIIle integ,at io o (LS U.

A' a student, engine. " ..le. ",.." . llOXIunt3nt , 0 ' lII1 yo,,"
who WOuld like lasl accurate an,.".".. . '/lis "" lcu"tor
fill' Ihe b ill, .nd at a prl"" , ..., uOque>tio nab ly make>
th;, 'M lowe" p<i"" high Quality ""1",,lator ..... l..ble.
o Pocket Calcula'or Kit . $75.00

RECHARGEABLE BATIERY/CHARGER KIT

we "'ve made an ...",, 1
lent pu. cha.. 01 an ex=
invento ry of a local man
ufaetu"''' 'peak.... sy.... ms
altho ugh we a"",·' a llowed
m menti"" t INt mIII1ufae
tul'e.-. ""me, the >pee<
should mab it ", If ""' .
dent. The woole, i. a 12"
Iree-4ldgo (acoustic . u_ n·
..on l unit. with 2" w i""
coil and a 2 lb. ""'9""
The mid-<aoge;' a 5' · un it

a the tweeter i' o f the dome type, for be<! hiyl> Ire
q" ency d i.pe"io". em...,,,,,, be_n wookr and mid
range i, by an A-L-{; netwOrk, whi le high frequ ency
a '"...''''' i. by an, R-{; ootwO,k. 6a l...."" coot rol. a'e
provided for bot h mid-<onye ar<! !weeter. Pia... for a
,u it.b le . nelo"' prOlllded.
o Spe.ke, Sy"'.rn $29.~ n fo< $55 .00

CHARGES WELCOME!
Phon" In ~ w In7 S31 -5n 4 or 617 532·:2J:!3.
B tAm.,i ""'" ._M_~. $ tO.OO ... ni........... No C.D.D."
p .

B. " F. ENTERPRISES
I'hono (617)532-2323

P.O. Bo" 44. H.~oIol_Ol!137

$ 1 08.0 0

Three koyboa,d, are
a•• ilabL. ; 20 key el l·
cul. m r keybolrd. 40
key alpl1anumeric
and 12 key 'o uel\
'0 "" . All h••• ,.p.
"' ate <c,nt act , ""rr ied
out to . dge coonee
w,

KEYBOARDS...
"''' .... ~ '"'"...

o TouchTone K. yboa,d . $ 9.S0
o C.lcnl"o, Keybo••d $14.50
o Alpllonume,io KevbOard 529,00

DIGIT A L CLOCK KIT WITH NIX IE DISPLAY

>k<o ......10 item.
feo"'red -..... 01

\ ' ..II~~;:~
;:_()~.o: ... 1 ::i'o..,O~_~

lind by "'bltitut i~
. _ 1" ,,,, _ . 1
_ ~i ntedc<""'it

bo"d. hll1lo modo ,
low... <on 1<"'1_<'/ <Do n..... T .... ~nbel ...oblo lowCCl" i' d... '"
""'~.. 010." I..". ,tod< of onuoed "'Illl~ ' ni. ie<. the new74196
f>O MfUdocedeCOUn.... end Iho com""""litv 01 "" ... wilh 00 '
oil. .. kil>.Readou' i, '0 , i. _". ...... """ i, 1 _ . 0.1""""'do. 0' ex'o m,l . 0..;90' i ' modo l..-. IOfe_01 <OfInN<tion.
com"""'n.... ...d ""p"ndebility.
[J f>O MH< , i. digi' e""nto,. ..i"9 h... I....u... <'/ .. tim. bMe,

"""'pI..e ex_ , IOf "" _ • . . . . . .•• • .• . $97.f>O
[J Opaol>31"' Y'tol <OnlrOlled time _ plu!!"in""n....ion $<!~50

[J C""oc. blu. Of bio<k o"od i, ed . • .• . $ 4.50

50 MEGAHERTZ LOW COST COUNTER

w. 0" . ...11"" .,
20.000 ,o,plu,
ni. ... '" n oek.
' nd becou," of
'hIS bor ga ,n
po"~,,. we GOO"

;::::~:.J ' :'~I;,,~ e~:P~',~
fo. 10" '~on 'h.
u,uol "",'of 'h.
d"p 'oy 'ob .,
on'v , W. pro"d,

• oomp,"" " oI>od ond 'h""p l"0<1 ««0" bo,,~. , II inlOg'''OO
elle"." , oompl.,. PO"'"' ,upply. O''f' 'oy tube" I.e . ", ok." ond .
n;ooI,,,,,, p.nel w,ti, pol" oid ,, "', . W. h••• n.... ...n .nyon.
off ., '" " k,' fo. ,"" 'hon SIOO ,OObofo,•. InoluO.. BCDou'po"
10' u'".. ",i'~ tim. , Op"on, M,y b' w"OO fo. '2 0' 24 hOm
" " plav. 10<1«.'., hom,. mlnu" ,. ' IlOOflO.
D Clook Kit, oomol.... I'''ou''' ''" '''''", . . . , . . . 557.50
C Aluminom1>1", 0' bl.ck . nod,.od co. ... hp..ifYi $ 4.50
DS HRINK TUBING SPECIAL. As"" 'm.,,, of 200 pL""'" 01

>t>"nk 'ub", !/.oi.m., 118" to l iZ". l. n9'h 112"' to Z" . SUS
P,;c , . . , . . , , .. , .. .. . .. . .. Sl.Z5

TIl" d" p!oy i, ..." llon, fo' """II
pon oble ol...",ni<>, wch .,
DVM',. ""Ioulo"".. ",0, E~u"a"""
'" Mon'.... '" MAN 3A. Opo,.. ..
from 5 10>1". ZO milh•..."...... w"",
47ohm d.opp;ng= ,n", .

53.25 £.cb
10 ForS27.50

o Complll'. ,""un'" kit. 7490.
7475 latch 7447. lI'inted ci,ouit
bo.. d. led readou' . . . $9.50

LIGHT EMITTING DIODENUMERIC DlSP1,A Y

A comple'e colculo'o' ki,.
e"",pl. " with ,"If coo
.. i"ed PO"" <Upplv an~

"",", In~;"",...ibl . in the
ho off i.. o' ,"",ooL Sim·
pie ""gh /0. , child '0
build. Some of the 1 =
of tho colculo' o' , fol-
I"", s:
• MOO into!l'ored <i« ui..
(oxtn ""'II" ...Ie in~..
liool '"~uC< the nombe, of
co""poo",," "' ,n,mom,
fo, ""'y mbly.Oio-
pl'Y' .i!t>t digi" 00 101'\10
,;>e .....n ..~OO, ~iopl."", . Full fuoction com
~,men' keyboo,d I..tu""
oddition. ,ub"""ti "". multi·
phca''''", d" i'ion. •I" ,no'"
di,pl... . multiphco" "" by.

_n.n'. <:l oa, .11. ele.. en try. ond d.<i~" point .. t. • Sixteen
digi' , no y and "._0 d'g" .-JI" .'0po'l" bl. WIth ~I,..no'"
di,pl"" kev. • Le"""ngn._ lUPP".,,,,,,. CM,n op"'."on . All
in_.to~ ei"", i.. ' nd d;,pL,,,,, .~ «><l<i>, moun,OO ... ~ .. plo<.,.-
So ..hable on ~ ';mpl. to build. w. can mok. 'hi, gu...... IeU' If 101'
. ny feo,on you o.nno' 'occoed in gett inu you, ookulo'o, '"
funotion p,opu. ly , f,. , oompl., ing con"'u ction. fo• • II",
h. n<lhnl I.. 01 $10.00. B and F ",ill ,....i, .n ~ ' hLp bock 1"'0'
colenl"". anywhe,. ,n 'h o USA. Thi' opplio> _ .,.1. " of ",".ge
01 ' he ....mbl ... bo" in9 ,- os< n.gh""n"" 0 ' theu," 01 ..i~ "" ..
", Id., in oon",uo, ioo.

BUILD YOU R OWN ELECT RONIC CALCU LATOR
FOR ONLY $108.001



SUMMER SPECTACULAR!! PRICE WAR ON SURPLUS SEMICONDUCTORS

~ CALCULATOR
~ CHIP SPECIAL

~;:"~.l~~u:':';~ ~~~~
10 men tion th e _ufaeturenl _. ho w.,."". . !be
specs sho uld make them ldf--«ident .

o r.~'X~:;!.:~~~~c.~~;~ 16digt,
" " p an ";"o , ;;<>nolanl • • • • •. • • . .. .~

o ~:.,;;~~- =t~~7~~:1:~. lil~

o ~~~r~~~::.:. .t"~~t : .~~ $i~.sk

Now avail. ble at low pri ce. foe the find tiroe. Sav","
tno ney O D to ta l syste m oost, .moe po wer su pply,,,"
qui", ment . and oooling au greatly redured. Infer.
chang eable with 74 00 devie"'-

$4.00

$5.00

$4.75

$5.95

$2.00

$14.75

P"o"" 1617) 532 -232:>
~ .O . 80. « , HatM''''', Massach.....m 01911

B . & F. ENTERPRISES

o I.e. oudlo amp lifla . In 14 p in DIP packag. , proY1de>
up to 4 watt> pOw• • wit h prOPO' h. ...ink , and 28 Volt
,upply. Can be u5<!d . t 12 VOlt,with . edu ced OUtput
_'. ·$1.95 610. $10.00

MOLEX SOLDERCON CONNECTIONS
Mole" 8Oldcreon contteeliom for
I.C:.. With the... you can build
low ooat I.e. 8O<:ke'" by just cut·
tit1l: of r the numbec of oonneclio,,"

to:quired, i.e. , two strips of _en for 14 pin socket.

o 500 Mole" 8OIdcreon ••• •• $4.75

~
ELECTRONIC PRESET COUNTER

Thi. counteT is from a oopying mao
chine. It uoes two Durant electro .
mechanical decade countc... and in·

g. 0 dudc. a oi.,., power supply. ete.
Two rotary _ itches allow the unit

10 he p..",et with any number fro m I to 50. when the
number of pulses in readtesthis eount. a relay opem,
shu~ off the eontro lled unit. Should be useful for
coil wind..... a:JI d oth... applicatiotulreqoiring ""ut ", ff
at " predetermined eount. The parts alone " l our tow
pri.,., rep......n! a "steal" , a. the unit has Iti;It quality
mlclt.... silicon redifiel'8,tranaiormer.. etc.
O Preoet ..rectronie connter(6 u.....) • • • . . . $6.75

FLAT NYLON LACING TAPE
0"" pound rube of bla.ck la.<:iJIl:, about 1.000 yard&.
should bst the a.-erar;ebobby,", ....-al yeaq. U......
price is $10.50. At this price ytJU <:aD I1lOC it for all
kinds of applications be sides laciJll:. Test over 50 lhs.
o Lacing Cord l ib. . _•_•• • •• •••••• . • _.. $2.00

SANKEN HIGH POWER, HIGH PERFORM- ALL ITEMS WHERE WEIGHT NOT SPECIFIED
ANCE HYBRID VOLTAGE REGULATORS POSTAGE PAID I NTHE c, S. A

:::,"" bybrid ~::;e=:: Phone IIIcltar;:e. lo (617) 5315774 or (617) 532 2323.

•

""'....~t f.... oper.at!:w BaDkAmelleaTd- Maslereharge SIO00 mmunum lS2.
.:/.~ amplifier ""'PplieA, 1ot:J<: JlO.pp6ell C.O D 's plea.8e

e: - ..' .;r licabuns. AU rq;u\a.1<>n1"-' '- • s
than 50 millift>1." n ppk ...d be ller • 10 00 BAKKAMERICARD
than 1% line and load """"btl..... Minimum
..,...., modcb hr ~eed",« this Charge
specif"N:aoon.

o SI3120E 12 Volta, I Aool"""" .. • _. .$2-25
o SIJ I50E 15 Volta, I Aml"""" ... • • . . • • • • •$2.25
1:1 S13240E 24 Volta, 1 Aml"""" •• • •• • • • _. __$2.25
1:1 SI3050E 5 Volta, I Am('ft"" •• . . . __. . . _.$2.25
o Sl3554M 5 Volta, 3 Amperes . _.. • _• . • • • •$7.00

1:1 7400 • .aa 0 745 1 - .aa 0 74150 _ loSS
o 740 1 • .'" ° 74S3 • .aa [] 74151 . 1.13
o 7402 _ .'" 0 7454 - .22 0 74153 _1.55
1:1 7403 _ .aa 0 7460 - .22 1:1 74154 _2-30
1:1 7404 _ .'" 0 7470 - .eo 1:1 74155 -1.39
1:1 7405 _ .'" 0 7472 - .36 1:1 74156 _1.39
1:1 7406 - .50 0 7473 • .48 1:1 741S7 _1.48
o 7407 _ .50 0 7474 • .48 0 74158 . 1.48
o 7408 _ .30 0 7475 - .76 0 74160 -1.79
o 7409 • .30 0 7476 • .53 074161 -1.79

o 7410 - .aa 0 7480 - .72 0 74162 . 1.79
o 7411 - .ar 07481 -2.45 0 74163 -1.79
o 7413 - .55 0 7482 - 2.45 074164 - 3.75
o 7416 - .50 0 7483 - 1.55 o 7416S - 3.75
o 7417 • .50 0 7485 . 2.4.5 0 74166 - 3.75
1:1 7420 • .22 0 7486 _ .55 0 74167 .4.75
1:1 7421 - .22 0 7489 - 4.00 1:1 74170 - 5.15
o 7426 - .32 0 7490 - .76 0 74180 - 1.13
o 7430 - .22 0 7491 - 1.35 1:1 74181 - 4.90
o 7437 _ .53 0 7492 _ .76 0 74182 - 1.13
o 7438 _ .53 07493 _ .76 0 74184 - 2.95
o 7440 - ~2 1:1 7494 _1.12 0 74185 - %.95
1:1 744 1 - 1.64 0 7495 · 1.12 0 74190 - 2.95
o 7442 _1.21 0 7496 _1_12 0 74191 _2..45
o 7443 _1.21 o 74100 · 1.M 0 74192 _1.87
o 7444 _1.21 [] 74107 _ .w 074193 _1.87
1:1 7445 - 1.62 0 74121 - .53 0 74194 _2.95
o 7446 - 1.17 1:1 74122 _ .67 0 74195 -1.95
c 7447 _1.10 o 741Z3 . 1.()6 0 74198 - 2.65
1:1 7MB _1.37 0 74141 · 1.55 []74199 _2..65
o 7450 _ .aa 0 74145 _1.33

7400 SERIES ITL SUMMER CLEARANCE
MOST POPULAR r.c, SERIES MADE !!!!!!

48
B and F maintaiDs ao in_tory of
over , one million .......d _ ... f...,.

tory~ io1ej;rated cirt:ui....
and ill eoDtinOla1ly huyioj; _

frooo IIOUrres thro~t the <:oI1I1try_ W.. intend I<>
offer lItc... at the 101Ulll pri..... of any 5ll~. aDd
10 pro "" this point .....~ j>t8t""t 0... own olH'lDa1ly
fantastic In.. prien e'\'CII knYer . W.. wiII _I .... het_
ler_...y 7400 lICrieHprice.. Dala!!bee'" Z1': iododed
wilIt all item.. Oo order8o ..... $20.00_ wiUind ud..
f...." a TIL data book or linear data book, totaliorl;
OV<':r 200 p~ Ord.,..., .,...". $100.00 will re<:eiTe a
lOOO P"l\" data file. An additional discount of 5~

wiDhe allowed for orden over $250.00 and 101' f....
orde.. over $11MlO.00.

.50

.75

.75
.75

3.00
.75

2.50
2.50
2.50
3.00
3.00

$.35
.40

I.45
1.65
1.95
.95

1.75
1.95
. 50
1.75
1.95

-3.75
4,75
6.75
. 95
.95
<95

74L72
74Li 3
74L74
74Li B
74LaS
74L86
74L90
74L93
74L95
74L98
74L1S4

Plsmc l OOl' lamp
Plastic 200l' I amp
roe v /8 amp stud
200V18 amp stud
4OOl'/8 amplltu d
400l'/3 amp pressfit
lOOV/8 amp stud
200V/8 amp stud
400V/8 amp stud
lOOV!l 2 amp stud
200V112 amp stud
200V/20amp.stud
500V/20 amp Iltud
700V/20 amp stud
lOOV/25 amp Iltud
200V/25 amp stud
500V/25 .amp Iltud

-'0
.ac

::~ ~...sc
.40
.40

.".".".50

74LOO
74L02
74L~

74L04
74LIO
74L20
74LSO
74LSI
14L54
74L55
74L71

0 2N5062
02N5064
0 2N4169
0 2N4170
0 2N4172
0 2N3S2S
o 2N I772/CISA
o 2N1774/CISB
o 2N1777/C15D
0 2NI844/C20A
c 2NI846/C20B
0 2NSI69
o 2NSl 70
o 2NSl 71
o 2N3896/C30A
o 2N3897/C30B
o 2N38991C30E

Alway" 0"'" of 0 .. . best ""II"", th ese
high capacitance units Deed little
intr od uct ion . Made for lon l;' life
over wide ambient. , molded ter
minal block with .., C<:w lenniuals.
Perl ed for power supplies, aud io
and "" era dorage app lication..

WI.(lb.) c.. p(mfd) WVDC Order No. Pri.,.,
1 1300 50 SP1350 .75
3 3000 250 MA3025 3.50
I 4200 50 GI4250 1.50
2 17000 30 GEI70 30 2.00
2 23900 20 GE23920 2.00
3 60000 20 GE60020 3.50
HIGH POWER SCR'~

~ ~
SCR's . im'aluable foc higb power

. applicatiou&' mot" . or: cont rol8,

, ~t~ev=t~"~~I~~l.:n;~:
BTand new pa~ devi.,.,s, oom
plete with dsta .licet and 24 p~e

eonsumer opplications manuaL



"POlY PARS InFlATion FIGIITIRS"

IIUPANELIII METERS

LOWEST PRICES ON "TRIACS'
• Two SCRs in one use! • Most complete lis ti ng !

P RY 3 a m p 6 a mp 1 0 a mp I S amp 2 5 a m p
5 0 0 $.2 2 0 $ .3 5 0 $ .4 5 0 $ .65 0 $ . 8 5

1 00 0 .3 5 0 .52 0 .$4 0 . 8 5 0 1. 0 5
290 0 .6 5 0 .7 2 0 .8 8 0 1.2 5 0 1 .45
3 00 0 .7 9 0 .89 0 1 .10 0 1. 4 5 0 1.65
4 0 0 0 . 9 2 0 1. 1 5 0 1. 3 5 0 1. 8 5 0 1 .9 5
SOO 0 1.25 0 1.39 0 2 .5 5 0 2 .2 5
6 0 0 0 1.5 0 0 1 .6 9 0 2 .6 5

Cede' J & 6 am p TO -5. 10 amp TO 66, 15 & 25 amp sr..d.

1 WATT " FL A N GEL ESS"

T O P HAT ZENERS ¢
T,~ TK, M. '" C. _,

O S f o r $ 1
V ol ls Vol ts Vol t s
4 .7 10. I S .
6 .3 11. 30.
8 .2 1 2 . 33.
9 . 1 1 3 .

Your cholc.. $2.98
3 fo r -$ 7 .5 0

PHILCO·FORD
DYNAMIC MIKE

R"plac.. m ell t fo r t ape re _
co rd..... . PA I y ..t .. nu, a ud i o
amp• . 200 ohms . 6.ft. cord.
and mini mike p luli:. 2 0 0 .
6000 Hz. w e. 6 OJ!:. Fiu io

~~/~~X o~•.!:·i~~:c: ~"a:ti~
,.. .. 0 $1.98

POTTER
BRUMFIELD
KAP RELAYS

0 1 15 V AC 3 P DT $2.98o 1 2 VDe 3PDT "2.98

Unique SCi.. M if;" Device . " hand cl ap s " ...ens i l iJ!:"~ e r)·~·

t a l m ik e ampli fi e r, t. ig li:er" S C R. ~eed.. o n \)· 3 to 6 \'<1 <:.
1:se a.. bu rltlar alarm. in\ru..io n d evie... e .... with photo
cell . triltlte rs SC R· s . "'Ia l..s . LED '•. E~'en fibl'T o p ti c l iJ;"ht
pi pe ma~' bt' used . With hand booklet.

PHILCO 11 TRANSISTOR

't~, A~ R"~I?,~O CHA~:~~
~;" ' ''~l.h . ~ • M....m."_ $5 gY

w:
~~ '(f' ) .- ~ . ': ;:.:o.:.=::..~ • 5

• ~ • • c . ..... 555 Il.cs .h;---_CC
~ .,.' • l~O: ':."C Broad.,..t .....d

O,lgl" .. lIy 6eslg " fo~ portab le phono
s ys t e ms . .. nd UP. c as s ett" '

c e e of the mo st ve rsat ile Ar.l Rad io an d multi -p ur pos..
am pllti"u we have seen at Pob Pak. f am ou s " Econom)' "
pnce. !\fe u u . ..... o nly 01 112 " x 3" X 2 '" h ill:h . Wit h , u n ing
ea pacitor, IF c ir cuitr y . lo o pstle k , ant., volume cont rol
with SWit c h, AC and p ho llo-mlke jacka. Separate s wi t ch
for chang ing from AM ra dio t o a mp lifie r . Us es e ither
1 10V plug-in adapter (not with unit) an d a 9 _voll
b lltt ef Y power. Exce p t io na l aen8i t iv lt y and pow er . t'ee ds
in t" 1 6 ohm sp e ak er . C om ple t e with apee sh ee t s, d ia _
/{r a m s, and hooku p ideas .

' B,
-, ,;, , _~5~" 8 TRANSISTOR

"'(ri~~~:1:;j~ AMPLl~ER CHASSIS

.~ Only $3.95
NEW! S ame a>. abov" "xe" pt mi nus t he radio
~"c tj on of the cha s si s ... lAt" " 1"' '' 2 " hi gh . r-

I ~J·~·

MAGIC 51.98~
" SO U N D TRIGGER " 0 '6

E l(cell"nt l o r " HAM" Use as ant"nna s w it ch ing , l a t ch ing,
traM mlt . ree eive . etc. , and 100'" o f commercial Or in_

~dt~~~k':.s"e~~:Juld_~Si!~i~~~ind~~~-"~OC~~t':~~ ~i~::~
go ld Ila..hed "i lve r , s tationary ove rlllY, w itb s il ve r ca.d 
mi um oxide mo \·ables. All contliCU 10 II.mp SP DT. Co il
dllta, 1 15VAC 2250 ohms , 17. 6 rna. 12 VDC 2 1 ohms
1 6 8 o hms. Si ze: 2V.."" 1 6/16". Wt." oea. Center pin
ml uin/t. Comar :'ollg. t yp e " q ua l too.

HIGH POWER EPOXY
PIV SALE 0 5000o 2000~ 1.00 0 6000o 3000 1.35 0 8000o 4000 1.65 CJ 10000

ALLEN BRADLEY'S 'T RA NS I ST OR ' POTS
l"y p~ ~-. ~Ct"wfiCl ,"e e adju s t . An y 2 for $1 fI
Ohms 0 lOOK

B1 ~~ 8~~g B~:~~ B1~ :~: 8~~ :: B~5:~g
0 2 0 00 7 5 0 0 5.0K D 2 0 .0 K 0 7 5 .K 0 5 Mel:

Teems: a d d postage. e"d' ~ 2 ~ 'l'. R e t ed ' net 3 0
P ho ne O ed ers : Wak efi e ld . M a5~ . 1 1; 1 1 1 2 4 ~·;11< 2~)

R" t.oil' 2\1 ....lbion ~l.. W"k .. II"ld. Mau.
C.O.D. 'S !\l AY BF. P HOS f:n IS

o 15¢ CATALOGon ~ib e r Optics. ' .t s' , sent's . Par ts

POLVPAKS
P. O . BOX '.2A. LYNN FIIELD , M A SS . 01 •• 0

EPOXY SILICON
RECTIFIERS ' rh ic r o m ini

P I V 2Amp .. 2 A m p 3Amp
5 0 $ .05 $ . 0 5 $ .0 8

1 0 0 .0 6 .0 6 . 1 2
2 00 . 0 7 . 0 7 . 1 5
400 .0 9 .0 9 .2 2
6 0 0 . 1 2 . 1 2 .2 8
800 . I S . 1 5 .3 9

1 0 0 0 . 1 8 . 1 8 . 4 5

RECT IFIERS
2.25 1AMP
2.9 6
3.50
3.95

EPOXY~//RECTIFIE 'c ' f --

SPECIAIJ ,g
10 for $1 .

0 1 AMP
1000 P IV



8y 5c1 "ntlfic
De vl<:<> s

o SN74121 .49
o SN74122 . 6 7o 5 N 7 4 123 .9 9
o S N74141 1. 45
o SN 7 4145 1 .25
o SN74150 1 .25o S N7 4 151 1 . 13
o SN741 53 1. 2 5
o SN74 154 1.95o SN 741 55 1.39
o SN741 56 1.39
o SN74157 1 .25
o SN 7 4 1 S 8 1. 4 8 .o SN74160 1. 79
o SN 7 4161 1. 79
o SN74162 1.79
o S N74163 1.79o SN 74180 1.10
o SN741 81 4 .50
o S N 7 4 182 1.10o S N7 4 1 92 1.7So SN 741 93 1.7S
o SN 7419S 1.19

~:EST P RICES ON TTL
a uy 3 - Ta k e 10 "I. D ISCount

No G im m ic k s On P . f •
Qua lity! Wer" "T,:;cOng , Del"'erie s . Or
W,th MON E Y BACK GU~~~;::;rrtiser"

o SN 7450 .2 1
o SN7451 .21
o SN 74S3 .2 1
o SN 7454 .2 1o SN 7 460 .2 1
o SN 747 0 .3 9o S N7472 .32
o SN 7473 .44
o SN 7474 .39o 5N7475 _7 1
o SN7476 .44
o SN 7 4 BO .65o S N7481 1. 1 0
o S N7482 . 8 8
o S N7 4 8 3 1.25o SN7486 .49
o SN7489 3.50
o SN7490 .69
o SN 7491 1 .10o S N7492 .71
o SN 7493 .71o S N7 4 94 1. 1 0
o S N7495 .95o 5N7 4 9 6 1. 1 0o S N7 4107 .49

Sal"
$.21

.2>

. 2>

. 2>

.".ar

.45

.45

.2'.2'

.2>

.25

.50

.4 8

.48

. 2>

.2>

.32
.2>
.50
.5'
. 2>

1. 0 0
1.12
1. 21
1. 2 1
1 .50
1.40
1.10
1.25

1973!

T,~o S N7 400

0
0 SN 7 40 1

SN 7402
o SN7403
o SN7404o SN7405o S N 7 4 06o SN7407
o SN 7 4 0 Bo SN 740 9o SN74 1 0o SN 7 411
o SN 7 41 3
o SN 7416
o SN741 7o SN7420
o S N7 4 2 1
o S N7426o S N7 4 3 0o S N7 437o S N 7 438o SN 7440
o SN744 1
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FORNEW
:\ c \'e c belore off e re d at thi ~ pdeel You 've se e n t h"m a t
S 1 7 5 . $ 1-19 _ hu t nu w a t a pcice ca lcu la t o r u ser s
cao a fford , EI GllT_IJIG IT fluoresce nt d i"J,lu~- has 1 G
di ll;it e apac it )-,. Add s ! :-iubtrac's! Multi llli e~ ! a nd Di v _
id es ! in c h a in or m i x ~ d calc u la ti on s . Includes MIN L'S
s i,o;n s h " wi ng negat i\ 'e cred it b a ls nc e . OV ERFLOW
1:\ Il!CATOR 10 tu the €i l':ht p ()wer , CO.NSTAN T ( Kl
MF.:'>lORY s w itch . Flo a t iul': d"d ma l 0" 2 . :1. 4 , 5 de clmal
po ints a~ n 'q Uired. (C ~; I ke y c1e" es calcu la tor oj"
las t e nttl' €rro r . Antom"tk loadi n l': a nd t ra il ing Ze<"
suppr~~si on. LSI ( La rKe Sc al e l nt " gr a t ion ) "qu i v "l ~" t

to mo r" t h an i<.OllO transist<>rs. Ca lculat ion ~p€ed

ad ds a nd sn htra cts l O,OOOth o f a second. K..ybo acd is
R~:~:l> SWITCH as s"mbl y for e xtensive tr u ubl "-f r€,,
<>perat ion. Separate p()wec switc h. I{e mu \'" h le 1 1 ii
VAC lin € ,""rd . P''''' er 11()_1 2 0 VAC ~ O -(, O c ~'c1 es . Wt .
:i lit... Handsom e b laek m o ld ed cah,n e' w it h s ih'el
t ri m , s ize: 9 """ ox 5 718 " x 3'1~". C"m l> l ~te w it h
e a sy -to_uod e rstand bo oklet . TilE Ol'-"LY fA CT ORY
GUAR ANTEM) CALCl ;LATOR UY A ~tAI L oeue n

ADV~:RTTSF.R . Gilt Packe d '

LINEAR • '-'CTOR Y CUAR ANTUOo A.r.o.CTO R VI M"R"~D

RCTon m,pSII T~~ ~~•.: D.p.~<~~;.-I
T ype De~criptlon .o 531 Hi slew . >ote op-amp 3 . 5 8

o 533 Mi cro pow", 709 3 . 5 8
o 536 rET input 01' .nlP .. 4 . 5 0o 540 70W pwr.di"l.e. amp • . . . "l. 0 4
U SSO Pcecision 723 y o lt a g e .eg . . . 1. 1 7
o 555 Time,2 ~ Secon<k tol hour . 1 . 1 9
o 558 Du al 741 (mini D IP) . . . . . • 1.00
o 560 PIo.. s" lo ck 1001)5 ( A I 3.25
o 561 Phase lock loops (A I 3 .25
o 562 Phase lock loops ( A l 3.Z5
o 5G5 Phase lock 1001'S (A ) 3.25
o 566 Function g " o", a lo. ( AI 3 .25
o 567 To"", """od". (A ) . ... .. .. • . • 3 .25o 595 Four quandrant multiplie r .. . 3.10
o 7 02e Hi ·galn, DC amp, TO - S . 2 lor 1.00
o 703C Rr_I F , amp, 14 ck U, TO-S .. 1.00
o sesc OI>", ,,tlo,,,,1 amp ( A ) .39
o 710e Difl.. rential amp ( A ) . 3 9
o 7 1 1C Dual ditr. camp ( A ) ,3 9
o 7 :l!3C Voltag" cegul atoc ( A ) . ,9 5

B;:~~ ~in,u~~~~7~~~p<!nsatoc 709 'A.I: 1:~~
o 747C Dual 741C, TO-5 . . . . . , . 1 ,00
o 748C Fc<>q. adj. 741C ( A) ,7 9
o 709· 709 Dual 709C 'DIP ) · · 1 . 0 0o 739·739 Oual steceO p....a m p " .. " ... , 1 .98
o 749·749 Dual channel amp . .1.98

( Al 1'0-5 Or D.~"~':"~"~~":"'~"~"~~~~~~~~~~~~~~~[~=~J~:i~~i~~~,.

1')"1)(' C . 1 / 2 " d ill ~

l /·.!." hi .<::h. :'>l " " n h l / -J"
h"i ,'. "' i ' h ~I",ft , lin"ll ",
t m rn ,. r ~ i " n - I> c o ( ,f hi .<:: 1l

1" ,..' ",

Bucrou ghs B797 1, O_to _9 . A- to 
z. 2 'h " high c hara ct ec•• 17 UV.

ALLEN BRADL EY'S
'MICRO-POTS'

NIXIE 0 3~
$2.50 JJ;J;

TUBE SALE 1l/1li

2 for $1
Ohms D 2.5 Ko 75 0 5.0K 0 2 5 .K'
0 1 0 0 0 7.K 0 7 5 . K
o 50C. 0 10.K 0 100.K SILICON TUBES
D 2 .0 K D 2 0.K0 5Mell [J SU4 ,$ 1.49
We stock Lo c k nu t B us hing & 0 5 R4 3. 95
~~:~;~r~~·:.r t~' pes , at Sam€ 0 eGG 7 .9 S _ For Home , Office , Shop , S tudent, S c h o ol

~
The lowest pr ic e diR ital cl o c k kit ( w it h cabi ne t) ~s DIGITAl

~ far as we c an see in U. S,A. SClent i fic DC" lces ' e nl':' -

INTEGRATED r: , ~~~:r.i~~e, d:!?~~ ttd~~it~x.l t ~'~O~~ tiki~c':..~\~gd~li:ni:\~sio t~~h~
CIRCUIT ( ", (lue s In an e aSy _t o_unders tand bo o klet, The c" b ,n et - CLOCK KIT
SOCKETS --,..... ,, ~~' kg:t srrt ::-:~/I~:S ,~~oth~n/n~~~~r ~te eh~::,t:~g~ ~,~~u~: Dol Y

ally An )' :J - T~ke 10 0,. (jUice . Wa lnu t la m ina t ..d tapec~d Iront ." "bine t , w it h ,-- _. '. - $51
D
BH:~:~~ ~~:U~ .: ~ :: ..$::~ ~;~:..I:~;~1h~~~~~::~~~h~=~i n~~:il!~1~u~~;.~ tn:p~r~~?J~ , ~

-, or p,ns .29 t ub"s . complete ly etched "nd th " , pla t ed ci rc ui t board, ~f'. WIT H CASE

Poly Paks Will Never ~~H~~~~' ~~~Iug:s w?r~~ f~~I Pil~S oleo
r 2~s'bo:: t~ i s\~~~~ - Buy 3 - Take 10 "/0 " If

Be Undersold! Ind ic a t e s HOURS, MINUTE S , S~;CO :-< I)S. li S VAG GO -l< Smaller &I",ore
c y. Gifl paokerl. W t . 3 lbs . i< 8" X 51/ 2 " x 3 " c a se c o m p ac t

'~~Gr:;I~g~:~OtMC AL,~,!:'e~~:~'~~r~~1~9 ?u~r~.?;.~~~".~.~~r!. S2..50 . MINI 7

TRANSISTORS . , 0 MINI .7 * I ~~'S : 1 .7~~" \I:oa;~;,;o" l .s~ I':;;'i~~ ~it "'i ls n Soc k.. t _ SOc 3$:;r
- - C ,Sll M-7 0 1.& xO.37S" .40 •.20" 1.SVAC/OC42mUs 0 S"cket _ 50c

o $ 3 9S ' ----=;. - *C"mp.t;bl.. to 7·se/t",..n-t <ldver IC's . SLI M 7
Only •

$ D II 0 3 - "LEOS", " is ib le , nu cro_mimatu re, a ~,al le a ds ,1'.
3 for 10. 0 ar 0 2 -"LEOS" , ", f,- ~ re d. jumho . TO_ I S .. . .

0 2 - " LEOS", ", ."hle . Jllm b" , r~d, TO_ li< . . , , , $ 1
By RCA or equ al 2 N3632. St et h OI- " LED" , in"isi hle , p~""bohc r" I1"" (" r . RCA $ 1
N P N, 2 3 watts, 3 amps, r c er:'1 0 1 - P HOTO TRANSi STOR, " 'i t h d a rlin R" '" ~mp fil ' ,," , l e n~. ,. $ 1
TO - 60 c a se , w ith s t u d mtg. 0 2 - PHOTO TR ANSI STO.RS , w ith d arl ing (" n a mI-'. 21\',, 77 7 . (;F..l
VCEV max 65 . (J 4 - PHOTO CE LLS, C I ~ l ce x . pun eak", :lO K_7 0 o hm s .. .. . $ 1

05 - SOLAR C ELLS , ro un d, ~ 'l . r.."( ., ~ u n p,, " ·e c,cL<cu;t. _$1
8 DIG. 0 2 - S iLIC ON SENS ORS, TEXA S, H· 3,' . ~1at{" hst ix, \'i s ibl " . $ 1

-CALCUELECTRONI C POC K ETo ftft ftS L E D EPOXY ~~ 5~m:9 ~t':8
Com let . LATOR BATTERY.& 110vac 7...,.7, Di s p lay FU LL WAV E I i~~ B ~~ BI ~~
M : ely ",,:, re d. r eady t o u5el Not a kit -hours s avedl Buy 3 _ T.k. 10 "11 SILICON 400 0 1 19 0 I 50

os econo m lCa l and advanced batter 0 &0 0 0 I 35 0 1 7S
c.al c ulalo, under $1 0 0. Makes useY ~perated pOCk.N BRIDGE 800 0 1 5 9 0 1 9 5
Single c h Ip LSI (LarKe Scale l n te o. t he smalles t I~ 1000 0 1 79 0 2 2 5
~:'aY ~Vchnology and a un ique sna~~t~fi~~' ;El~ d' s - ..."-".. ""'~, IRECTIFIERS( od" 2 amI' TO_I; Ca.e
rec'barged b~l~hY t~~ Abe thro w n away a ft e r e~s~ar~; : EPJ; ~ , ,- G Amp l O X I, x 1/16 s'l
P e rlo r m s Add"' C POwer c harger (included ) IJ. ~
" ..on l.unctions:t::;~{Ud~~:t~~c t,lOn, ~~lJ ~tiP li catl.':>n,. D.iVi: 'EJil!J ~ ' ~~~'::::(~~~~i.~~\\~:~ lic;;~ :sJ:~ ?~ ' (~;~t~~ : 2

n:L\OS
20

and DI~'ision, as well as tr~'; ~~ d'·~~,d bM,UltlP!wat,on .- 4 -Jl5il~ _ Retail, 211 Alb ion s t.. Wake fiel d , Ma ss .
10 d lg,tS , Fo" add ed . r e , ~t anc" up t o ~1J2I_ C.O .IJ .' S MAY BE PHO NED TN
decimal p oint is fixed t~O~~':~U~~ce a,:,d 'h,mpl ic it.l' the I 1 'flj(ffj, X D UC CATALOG on Fiber Optics. ' ICs ', Se mi' s , Parts

g~i~:J ' t~~d~I~~:1 d~1tii~ay i~d i C~~~~.sH~:n~t:'''o~'~ r'i::;~~ • rm
SIgn) Incl ud e - I" "!n n eg"t ,ve r esult ( m in u s POLY PAKS
guara;'tee . Gif~ ;~clfe~~e~iz,::st~~~tJ,"~ ~~'~2~;~t . }'actor.l' e.c . BO X_9 42A, LYN N FI EL D , M ASS. 01940
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Caveat Emptor?
Price ~ $2 per 25 w Ords j or nOn -<;o m m e,cial
ads ; $ 10 pe r 2 5 wo rds for bUSlne" venture s. No
d isp lay ads Or agenc y d i""ounl. Includ e your
check w ith or de,.

Dead line for ads is t he 1st o f th e month lwo
month' pr ior to publicat ion. For example"
Jan ua ry 1" is the dead line lor the Marc h i"ue
w hich wi ll be lTIililed On the 10th of Febru ary.

Type co py. Phrase and pu nc tu ate exactly as
y ou wish i l 10 appear . N o al l -capi tal ad s.

We wi ll be the judge of Suita b ility o f ad s. Ou r
respons ibility fo r erro rs ex te"ds on ly to p r int
jng a COrre ct ad in a late r issue.

For $ 1 extra we can ma int ain a re ply box for

'"'
We cannot check into each a dvert iser, so Cavea t
Emptor.

58 303 - Facto ry aligned/CW and AM
f ilters - 58 -600 spkr - S8 300-3 6
mtr cony - excellent cond - B
mon ths old - $550.00. Heat h Seneca
6 & 2 mtr xmtr - all new tu bes and
spa res - $200.00. K1NOD M.E.
Murray, 171 Elliot St., Brockton,
Mass. 61 7-588-872 7. FIRST $70 0
TA KES ALL.

FREE INFORMATION - UHF·VHF
Commu nicat ions Antennas, Mobile!
Base, 14 0 :-470 mhz. Amateur
Co mmercial. Ante nna Enginee ring
Co. lnc. , P.O. Box 1944 9, Indiana
polis, Ind. 4621.9.

... AND MORE!
Enclosed is our 3-year renewa l

check. Because of our compa rative ly
lon g term as subscribers (10 yea rs) we
feel entitled to a " beef."

Why must you r layout-man make
th e wo rking drawings of schematics
and PC boa rd layouts so very tin y as
to be impossible to use effectively and
yet he wastes muc h good space {al
mo st half pages) fo r just th e titles of
articles. True, the layout is attract ive,
but the space might better be ut ilized
in mak ing the diagrams and d rawings
l a rge r a nd more ea sily
legible - without microscopes.

Bob Cardinali WA2ZXT
Fulton NY

You ' aid it..

Having subscribed to yo ur pub lica
tio n fo r a num ber of years and enjoy
ing every issue, or I would n't buy
every three years , I'd like to offe r a
suggestion that in my op inio n is
VE RY impor tant.

If you still delve in tu bes you
obtai n a manu al and as a rule f ind out
what yo u need to kn ow. We're now in
the te ns of thousands of solid state

318

SELL: To uchcoder, typewriter key
boa rd sends perfect code all speeds,
$125.00 firm, no t rades. W8PJH,
Stu ber, Amherst, Ohio 44001.

TECH MANUALS for Govt surplus
gear only $6.50 each: R-388/URR,
R -389/URR, R -39 0 /URR,
R -22 0 / URR, R -274 / F RR ,
CV -591 A/ URR, URM-25D, LP-5,
TT-63A1FGC. W3IHD, 4905 Roanne
Drive, Washington DC 20021.

HO OSIER ELE CTRONICS - Your
ham headq uarte rs in the heart of the
Midwes t where on ly the fines t ama
teur equ ipment is sold. Individual
perso nal service by experienced and
active hams. Factory-authorized deal
ers for Drake, Regency, Stan dard,
Ten-Tee . Hy-Gain, CushCraft, plus
many mo re. Orders fo r in-stoc k
merchand ise sh ipped the same day.
We accep t Maste r-Charge and Bank
Americard. Write today fo r our Quote
and try our perso na l, frie nd ly Hoosier
service. Hoosier Electro nics, A.R. 25,
Box 403, Te rre Haute, Indiana 47802.

devices and mo re com ing up. You ' ll
never get a manual that will cover the
info you want.

It is my suggestion t hat every
schema t ic printed have the " bottom
view" showing E/ B/C/ etc . Present
prints are good on IC's but they sure
could make buildi ng a lot eas ier and
the orig inato r has thi s info .

F red Purse ll WIDEM
Mont Vernon NH

The article (The HW-16 on Phone,
by J im Reichler WN2REW) in th e
August 1972 ' issue was of great in
te rest to me. There is only one prob
lem, the HW-16 does not have se lect
able sideband. Since 40 meter pho ne
is on lower sideba nd and the rig
receives uppe r sideba nd, even with the
filter modification describe d, you
wou ld st ill be una ble to copy 40
meter phone.

Or did I miss somethi ng in the fine
print.

E. L Fullmer WB6MKA
Glend ora CA

What you missed was the schematic
showing a switch shorting out the
crystal filter. Shame! With the filter
gone could you really expect the
transceiver to reta in seletable
sideband?

SAROC Eighth Nat ional Conven
tion - the PREST IGE convent ion at
th e Flamingo Hotel Convention Cen
ter , Las Vegas, Nevada 89109,
Janu ary 4 th rou gh 7, 1973. SAROC
special room rate $15.00 plus tax, per
night, single or do uble occu pancy,
only 500 rooms so get your accommo
dations reque st in early. Advance Re
gistration $10.00 per perso n. Registra
tion and eyeball session on T hursday.
Seminars, Meetings, EXhibits, open
Friday and Satu rday. SAROC-SWAN
Electronics Socia l Hour, Frldav.
Ladies Program, Saturday. SA ROC
Sixth Nat ional FM Confe rence, Friday
and Satu rday. SAROC-HY-GAIN/
GALAXY Cocktai l Party, with Leo
W0GFO, at th e Organ, Saturday.
SAROC Buffet Hunt Breakfast , with
Champagne, Sunday. Advance Regis
tr atio n with Sergio Franchi Flamingo
Midnight Show, two drin ks, $17.00
per perso n. Advance Registration with
Se rgio Franchi Flamingo Dinner
Show, no drinks, $2 1.00 per person.
SAROC Jet Rou ndtrip Vacatio n Pack
age Plan include s airfare, Deluxe
Flamingo Hotel Room for three
nights, SAROC Advance Registra t ion
with Flamingo Hota l Dinner Show:
via United Airlines, depart ure cities;
Ba ltimo re /Washi ngto n, $280.00 ;
Bosto n, $312.00 ; Chicago, $222.00 ;
C leve land, $250. 00; Columbus,
$246.00; Det ro it, $244.00; Hartford ,
$304. 00; Milwaukee, $233.00; New
York/Newark, $296 .00; Philadelphia,
$290.00; Pitt sburg, $262.00; via Fron
t ier Airlines dep artu re cit ies: St.
Louis, $2 09.00; Kansas City, $ 188.00;
Denver, $135.00; Omaha, $182.00;
Lincoln, $176.00. The pr ice Quoted is
per perso n, dou ble occupancy in hotel
roo m. If single occ upancy in hote l
room is desired add $25.00 addit iona l
per person to each amou nt quoted.
All fa re and schedules are subject to
CAB rules and regu lat ions, send for
add ition al deta ils. Remem ber to send
acco mmodations request to SA ROC,
P.O. Box 73, Boulder City , Nevada
89005.

WANTED - OLD RADIO TRAN
SCR IPTION DISCS. Any size or
speed. Send list and detai ls to Larry
Kiner, W7FIZ, 7554 143nd Ave. N.E.,
Kirkland, Wash. 98033.

YOUR CALL LETTE RS: Two sets,
for windsh ield and rear glass. Sma rt
white letters with red outli ne. Easily
installed pressure sensit ive deca ls.
$1.00, postage paid, anywhere . Sat is
fa ct ion guara nteed. Lake Jo rdan
Art ists, Slapout AL36092.

WANTED: QST MAGAZINES fro m
1916 to 1922 for private collection .
Please write to Paul Kluwe, 61 0 West
Home St reet , Edmore MI 488 29

SELL early yea rs Galaxy science fic
tion magazine. For details, send 8-cent
SASE to KV 4 FY, Box 1056,
Christ iansted, St. Croix, USVI 00820.

73 MAGAZIl'l E



Address _

*R eader service in quiries n ot solici ted . Correspo nd
directly to company.
Mail t o Reade rs' Service

73 INC .. PETERBOROUGH NH 0345B
PLEASE PRINT OR TYPE

ADVERTI SER INDEX November 1972

73 St uff
Rad io Boo ksh op 220 , 221
SUbscrip ti ons 21 0 . 2 11

Call _

Zip

o Standard 101 , 23 5
o Sw an 99
o Terr ex 5 1
u Teterb oro 252
o Tu c ker 168 169 256
[J Va lpey 27
o Va n DLT 209
o V H F Eng 129
o Vi broplex 350
o Waller 4 1
o Wilson 14 5
o Windjamm er 6 3
U Wol f , S. 255
o Wo rl d OSL 238
U Wo r ld Rad io 166
o Rig Of The Month 174, 175
o Ham Ra dio Cente r 175
o Ham Shac k 176
o Hamt ron ics 177
o Harr iso n 182

o KA Sales 3 10,3 11
u KE Elec t roni cs 309
o KW I nd ust rie s Co ver I I
o Lam pk in 73, 257
o Linear Syst ems 158 , 165
o Mann 262, 163
o Melrex 124
o Meshna 298. 299° M FJ 238
o Micr o Co m m 180
o Morgai o 250
O M IT S 294 ,295
c N HE Co m m 270
o Palomar 166
o Pay ne* 9 7
o Pearce Sim pson 107
o Po lyPak s 3 16 3 17
o Ouezar 29 0
o Hegenc v 133, 2 16
o Rob ot 19 .
D Ross & Wh ite 111
o RP Electroni cs 161 , 209
° R & R 20 4
o Sams 44
o SAROC 131
o Savoy Cover I II
o Setectr onics 29 7
o Sent ry 103
o Signal One 148, 149
o Slep 230, 23 1
o Sol id St at e 29 2, 293
o Spectro mcs Cove r IV

Name _

156

READER SERV ICE

o Adirondack 117
U A E Elec 258
n Alexa nder 228
rt A m Rad io Sup p ly 243
o Am Wh ol esale Elee· 9 1,244
U Arner . Cancer Socie t y 238
[] ANCOM 31 2,313
rJ A nt ek 255
U Antenn a Eng 94
LJ Ast at ic 225
1.I ATV' 309
jJ Baby lon 301
() Barker& Wili iamson 36
u Barry 162
I J B&F 3 14, 315
lJ Bir d 156
lJ Bom ar 180
o Callbao k 284
o CFP 290
o Circui t Spec . 29 1
u Clegg 13 7
[J Co lu m bia 267
U Co m m Pro d 2 50
o Comm Spec 244
n Cornelt 244
o Cox 30 4
o Cush Craft 10 9
o Dam es 240
U Data Eng 23
o Datak 13 1
o Den son 247
[J Dra ke 10 5 , 153
o DuPage FM 278, 27 9
LJ D Xers Mag 250, 309
U Elec . D ist r ib ut or s 6 1
o EL I nst rum ent s 80
o Em porium 119
U Envi ro nme ntal Prod . 286, 287
[] Epsil on 255
D Eric kson 70 , 71
o Est es 24 3
o Fair 255
o Freck 24 4
o Gatew ay 269
o Ge n. A v iat ion 58
o Gla ss 282
o Gotham 2 15
o Gregory 276
o H A L * 4 7, 290
o Hamtronics 122. 12 5
o Hatr y Elec. 203
o Heath 77. 76
o Hen ry 12 .1 366, 67
o Ho ward En t er . 25 0
o H vqa!n 186 , 187 198,199
[J INO UE 3 1
o f nst. f or l nd .. Logan An tenna Div
[J I nt er . Signal Corp . 55
o Jan Crysta l 203
o Janel 244
o Jensen 309
o Ju ge 84 ,85

Plt ' a M' (·i t h t' r te-a r ou t th is li st o f a dve r t ise es a n d se nd it
in to 1 3 w it h ...5 ma n y bo xe s ch e ck ed off as y o u wo u td
i1k t· t u soo t' b ro chure s . d ata sh ee t s u r ca ta logs . . . o r
ph.. m ak e a co p y a n d se n d that in . Incl u d e yo ur l i p'
eod e , p te ase .

NOVE MB ER 19 72 3 19
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