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...de W2NSD/l
Wayne Creen

Our New Magazine
Last month I mentioned briefl y that we

are planning to start a new magazine for
debut this fall. Since we are depending
very heavily on you, the readers of 73, for
ar ticles for the new publication , perhaps I
should tell yo u a little mo re about it.

Th e idea is to put out a magazine whi ch
can be read by the general pu blic and which
will carry t hem on up through the Novice
License. 73 is far too technical for the
beginn er and we are hoping that a magazine
can be put out which will fill in this gap.

Remember back to when you got sta rted
in radio as a hobby . The chance s are pretty
good that yo u sta rt ed out either in CB or as
an SWL, depending mos tly on when you got
into the game . I went the SWL ro ute my­
self, but I am qui t e sure th at if I had co me
along durin g t he cn era that I wou ld have
entered through that do or. Both CB and
SWL can be fun .. . a lot of fun . Both
could, I believe , use an adult magazine to
hel p peo ple get mo re fun and education out
of t hese aspec ts of radio .

For instance, have you seen any articles
about list ening on much more than the broad­
cast ba nd or the short wave br oadcast sta -

tions? What about VLF? I'd like to have
readers sen d in articles on listening to so me
of th e more offbeat band s .. . ship-to-shore ,
police , fire, CAP, do ct or calling, t elephone,
aircraft , etc . And how abo ut some articles
on using RTTY gear fo r tuning in the ham
bands, news broadcasts, stock market, weath­
er, foreign languages, and other interes ting
servi ces. Used FAX machines are availab le
inexpensively now and can be used for co py­
ing Tiros direc tly ... or FAX broadcasts o f
wea ther maps and other items. I think
th ere is enough going on to provide int er­
esting articles for a long time to co me.

The be ginn er won' t be able to build very
much, so I think we sho uld try and concen­
trate on tellin g him ho w to bu y co rnmer-

cially availab le equipment and accessor ies . . .
how to use it .. . what you can do with it
. . . how to hook it up .. . and any thing
else they should know about it. This goes
for all of t he CB transceivers, an te nnas>te st
accessories, tuners, and gadget s, as well as
co nverters, tuners, receivers, etc., for SWL.
CB'ers want to know how to install equip­
ment in their car and how to make it work
the best possible way. They want to get
every milliw att out of t heir syste m at home
or mobile. Th ey want to know all the things
they can do with their CB gear that are legal
and how to avoid being illegal wit h it. They
should be encouraged to work their way up
to amateur rad io if they find the need to get
on the radio and talk fo r the fun of talking.
That's what ham radio is for and CB isn 't
for.

Since we will be covering radio up through
amateur Novice, we will be looking for ar­
ti cles on Novice gear an d on Novice opera­
ting. I' d like to see a lot more st raight from
the sho ulder -arficles which will help Novices
enter our hobby with a better understanding
of amateur rad io. Too many of them get
hung up with poor equipment which spoils
th eir fu n, just because t hey don 't know any
better than to scrimp on the receiver.

Th e time is already grow ing short and we
are gett ing the first few issues of t he new
maga zine ready for pu blication, so get bu sy
writing and let 's see if we can tum the tid e
and not only provide a lot more fun for those
coming into radi o as a hobby, but en courage
them to go on to amateur radio.

If you don't feel th at you have an art icle
to write , perhaps you would lik e to volunteer
yo urse lf to answer qu estions fro m readers?
Sen d me yo ur name and address and let me
know what particular t ype of questions you
can handle in part icula r, and I'll list yo u as
one of the Te chnical Advisory Gro up . Read­
ers will be requested to send their qu est ions to

(continued on page 66 )



International BAX-1 Broadband Amplifier
is a general purpose unit wh ich may be used
as a tuned or untu ned amplifier in RF and
audio application . For example: when used
as untuned RF pre-amp lifier connect between
antenna and recei ver antenna posts. Ideal for
SWL, Experimenter or Amateur applications.
Easy to buil d. Compl ete Kit .. __$3 .75

SPECIFICATIONS:

1. Power 9 10 15 vo lts dc@ 10 ma

2. Fr~quenc)' Ran~ 20 Hz to 150 MHz

3. Gain al 1 MHz... 30 db
Gain at 150 MHz_._ 6 db

4 . Response reI 1 mhz... __ down 6 db at 50 bz .
~3 db 100 hz 10 10 mh z
down 15 db at t OO mhz
down 24 db at 150 mnz

5. Operatio nal Impedance 50 to 500 ohms

6. Noise .ress than 10 mic rovol ts rf
across 50 ohms; aud io
less than .0005 vol ls

1. M8lflmum Input Leve l 01 vo lts ac

8. Output at M8lfimum Inpul .50 ohms - .1 va ll
(al l mhzl _. 500 ohms - .5 vol t

Size inches _ __._ 1\': ·'1\ l Y: ~ II 1"
Mounti ng ..__ 4 ho les wilh space rs

Write for comp lete catalog.
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A DX Curtain For

George Cousins, VEl TG
R. R. 2, Box 18
Lower Sackvi lle, Nova Sco tia

15 Meters
If you can aff ord a nice bea m, complete

wit h tower , rotator , coax , and all that sort
of stuff, then no do ub t you can ge t on 15
meters and enjoy all the DX you want. This
article is pr obably not for you. But if you
happ en to be a Novice with limi ted fund s or
a family man who can't afford a major
installation, then maybe you sho uld rea d on
a few minutes and see if you have found a
so lution to yo ur pr oblem with a very simple
an te nna t hat will tak e a back sea t to no-one.

I've pick ed out 15 meters to ta lk about
because it's the band a lot of begin ners
depend upon for their first taste of DX, but
the antenna I' m going to de scribe could just
as easily be built for any other band. As a
matter of fact , I even built one for 40 meters
a few years ago - now, there was a monster!
(CQ. Nov., 196 2).

The ante nna I' m talking about is called a
Sterba Curta in, nam ed af ter a gentleman
called Mr. Sterba who obviou sly liked
building antennas very much. Although you
may have heard of th ese marvelous arrays
being used in great stacks by such people as
in t ern a t ion al shor t-wave broadcaster s,
p oin t-to-point stations, etc., do n' t be
alarme d. Like many such arrays, t hey all
star t out very simply. and we 'll keep t hem
simple for our purpose.

The Sterb a Curtain which I use right here

on 15 mete rs was built from star t to finish in
a period of abo ut three hours. It co st about
$5. I pu t it up alone, and it works like a
charm on QSO s from here to Australia and
most places in between. All you have to do
is measure out some wire rea sonably
care fu lly and put it together in the pattern
shown in Fig. I . This is a simple, single­
sect ion Sterba , which is all you need to get
started. Observe the dimension s: it 's small
en ou gh to han g on a no rmal lot and needs
only a couple of suppor ts which can be very
light - trees or poles becau se there is
practically no weight involved. If you have a
lit tl e extra ro om and would like som e more
gain, then yo u can ext en d the antenna by
in serting more sections in betwe en the small
end sec tio ns, as shown in Fig. 2.

Now that you're convin ced and ready to
get going , let's take a look at materials. The
wire is easy ; just ordinary copper, ab out No .
10, 12 or 14, as long as it can support its
own weight. These sizes sho uld be easily
obtained from any motor repair sho p or
electrical sto re. Th e insulat ors can be pieces
of hardwood dowel if you haven' t t he
pro per porcelain ones, and t he phasing lin es
can be piece s of 300 ohm t win lead or TV
ladder line. T he latter is best becau se it 's
wider spaced and will sta nd up to higher
power and the rough treatment of the

4
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Fig. 1 . Ba sic s in g le sect io n S t erb a Curtain .
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weather much better than the ordinary twin
lead. If you have neither, th en use some of
th e leftover wire and make your own line,
using small hardwood dowel for spacers and
keep ing the wires fro m 2 to 4 inches apart .
Don' t forget to transpose th e phasing lines!

,
T

T O T U" E R

that low impedance coaxial output from
your rig, so let's not make a big fuss about
it . Th e tuner is a pretty small item, and it
tu nes so broadly yo u can just leave it out in
the yard under the antenna, and run a small
coax cab le from it to th e rig. Fig. 3 shows
th e tuner diagram, and the pho to shows its
constr uctio n. Just a tu ned circuit for the
band you're using, an d a high-cap acity
variable to tune out th e reactance of th e
coa x line. Wind the coil on a ceramic or
plasti c fo rm, and be sure to in sulate CI from
the chassis an d panel. Th e size of the

Fig. 3 8. T uner sche m at ic . LI - 3 T . # 10,
2 Y:. " 1.0 . int erwound w it h L 2 . L2 -6T,
# 10 , 2Y:." I .D .

,.,
8 F1 10GE

m

remains in resonance, and readjust th e tuner
several times to-m ake sure the SWR is as low
as possible. It should come down to almost
I : ~ and will not shift higher th an about
I :1.5 at any point in th e band .

As a precaution against weather, I had to
enclose my tu ner, so I made a case out of a
couple of pieces of plexiglass sheet. Thi s can
be cut and formed easily and fas tened

Fig . 3A. Complete set -up of tuner and SWA
bridge.

capacitors shown in this tuner will handle
the maximum legal power on any mode, but
for lower powere d rigs they can be much
smaller, as long as the actual capacitance is
th e required value.

Tune-up is very simp le. Connec t the rig as
shown in Fig. 3 and feed a little po wer into
the coax line. Reson ate the rig's plate
circuit , set th e SWR bridge to Forward, and
adjust it to a maximum reading on th e
meter . Then switch the meter to Reflected
and adjust both capac itors in the tuner until
the meter indicat es a minimum SWR (lowest
reading). There will be some interaction
between the tuner co ntrols and the rig's
plate tuning, so be sure the plat e circuit

T FI""' SM IT TE FI

A ntenna t u ner used w im the 15 met er Sterba
Curt a in . T h e lar ge sp lit stat o r capacito r is
connected in parallel to form C 1, w h ile the
sma ll cap aci t o r is C2. The c e ra m ic form is
mounted firm lv to t he c h a ss is, w it h input
and output co n nect o rs on the rear apro n.
The weat herp roof p lex iglass covers h ave been
removed fo r the photo .

F ig. 2 . Mu lt i-sectio n Sterba C u rta in .

Dimensions are not critical ; just be sure
that all the half-w ave sectio ns are th e same
length , and likewise th e quarter-wave ones.
The feedline can be attached to either point
shown in Fig. I or 2, whic hever is most
convenient physically.

On ce the thing is bu ilt and pulled up in
th e air , you may find yo u haven' t mu ch
height between the botto m elements an d
ground. Will it com fort you to know th at
mine is only 5 fee t off the ground? No? Well
then, how about tilting the who le antenna
by pulling back on the bottom element until
it hangs at a 45° angle? This will work fine,
will raise the bottom a few feet higher, and
may even give you a little lower angle of
radiatio n for long-haul DX.

Now attach the feedline (some more of
that ladder-line stuff already mentioned),
and connect it to th e output of the tuner.

" Tunertl Aha, Martha, I knew th ere was a
catch to this yarn!"

Well , afte r all , you have to change that
high impedance ante nna feedline down to

SEPT EM BER 1969 5



SAMS Books for the Amateur
Advanced & Extra- Class Amateur license Handbook
by Howard S. Pyle, W70E. Provides al l the lnto rmaticn
you nee d to obt ain you r advanced- or ex t ra-c lass
li cense. Inc lude s sample questions for eac h ex am. 192
pages. 2064 9, on ly . .. . . • . . • . . . .•• , • • • • •• • • ••• . $3.95

Genera l-Class Amateur license Handbook
by Howard S. Pyle. W70E. A com plete guide , including
typical FCC test quest ion s and ans we rs, to help yo u
prep are for the Te ch nic ian, Conditio nal, or Gene ral ­
Class radio ex am. 144 pa ge s. 20639, on ly •• •• • • . .$3 .25

Am ateur Radio SSB Guide
by Harry D. Hooton, W6TYH. Inva luable to anyon e own­
ing o r plann ing to buy sab eq uipment. Explai ns basic
principles and purp ose of eee t ransmission. Incl udes
schema tic s lo r build ing o r t rouble shoot ing ssb t rans­
mitte rs and receiver s. 136 page s. 20629, only ... . . $3.95

Ham Antenna Construction Projects , 2nd Ed .
by J . A. Stanle y. The antennas desc ribed a re ei ther
homemade or repres ent major modific atio ns of manu­
facture d types . Inc ludes improved new vers ions of th e
Marconi, Yag i, and 8JK, primarily fo r 10-500 watt PEP
c lass rig s. 176 pages . 20654, only •. • . . . .• ... .. •$3.95

Building You r Amat eur Radio Novice Station
by Ho ward S. Pyle . W70E. Provides com plete, easy-to­
follow con struction details fo r buil ding an inexpensive
t rans mit ter and recerwr. lo r Novice or Gene ral-C lass
operati on. 128 pages . 20050, only . . • . • • . . • . . . . . . $3.75

OTHER POPULAR TITLES
73 Dip ol e and Long·Wire Antennas. 65071 $4.50
So You Want to be a Ham. 4th Ed. 20607 4.50
Practica l Ham Radio Project s. 20042 . . •. , " 2.95
101 Easy Ham Radio Proje ct s. 20674 •• " ••• . • . . . 3.95

E & E Amateur Books
N EW ! Amateur Test s and Measurements

by Louis M. Dezettel . W5REZ. Shows how to perf orm
virtu all y all tests on amateur tra nsmi tters, rece ivers,
and antennas, and how to make requ ired adjustments.
An invaluab le book for the ama teur who wan ts top oper­
ati ng eff iciency. 207 pages. 65072, only • . . . . . . • . $5.50

The famous RAD IO HANDBOOK. 17th Ed.
Tel ls how 10 desi gn, build, and ope rate late st type s of
amateur transmillers, rece iver s, transceiver s, and am­
pli fiers. Provi des extenstve, sim pli fied th eory on every
phase ot radio . 848 pag es. EE_167, only ••. . • • . . $12.95

Single Sideband : Theory and Practice
by Harry D. Hoo ton. W6TYH. The one-sour ce guide 10
ssb , cove ri ng o ri gin and principles, de riv ati on of ssb
signal s, ca rrie r-suppress ion techniques , sideband se­
lect ion , and a com plete analysi s of ssb equ ipment. 388
pages. EE· 350, only . . . . . . . .. • • . . . . . . . . . • . . . . . . $6.95

Transistor Radio Handbook
by Donal d L Stoner. 1;'16TNS & Lester A. Earnsh aw.
ZL1A AX. Covers tra nsistor ized co mmun ications equip­
ment l or amateur app l ic at ion s. Provides sim plified
theory, p!US pract ical co nstruc t ion prOj ect s fo r soll d­
state eq uipment. 180 pages. EE-044, on y • . . . . . . . $5.00

Amateur Radio Incent ive licensing Study Guide
by Robert M. Brown , K2ZSQI W9HBF and Tom Knel tet,
K2A ES. Full y exp la ins the new in cen ti ve l icensi ng .
Covers all the new FCC regulat ions and band all oca­
tions. Includes sample exams fo r Novice. Technician.
Co ndttfonal , and Gener al - Advance d· and Extr a-Class
licensin g. 160 pages. EE-OSO, onfy •. . . • • • . . . . . • . $2.75

Howard W. Sa ms & ee., Inc.
\-- - - - - - - - - - - - - - - - -
\

Order from any Sams Di stributor or bookstore, 1
or mail to Howard W. Sams & Co., tnc., Dept. 73-99 II 4300W. 62nd St., Indianapolis, Ind. 46268 I
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I Address I
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together wit h small bolts or glue. Even a
little careful work with a propan e to rch will
do the job, as the plexiglass will melt and th e
edges will weld themselves together. And it
will never rust !

So there you are with a fine antenna
which cost you almost nothing except a few
hours' work (enjoyable), and now yo u can
go ahead and catch some very fine DX on 15
(also enjoyable ). Fo r adaptation to other
bands, just cut th e wire to the correct size
and change the tuner coil, and you're all set.
In fact , a 2G-meter version will work well on
20, 10 and 40 , if you make an all-band tuner
to go with it. Gain will be about 3 to 4 db
from a single-sect ion affair , but it'll be
almo st all low angle radiation , and that 's t he
real secret of DXing. Have fu n!

. . . VEITG

Stabilizing 40 Meters in the NCX-3

The 40 met er section of th e VFO in my
NCX-3 had been drift ing downward and it
had been difficult to have a good QSO.
Somet imes it t ravelled as much as 10khz.
New components (capacitors and a coil),
sent from Nat ional without charge, failed to
corre ct the sit uatio n while ch ecking th e
volta ge regulat ion on the ben ch and in th e
car showed that th e fau]t was not in that
area . With the help of so me new " fre eze"
spray mate rial I locat ed the trouble in the
slug of th e coi l.

To compensate for that change in induct­
an ce as warm-up occurred I first substituted
new t emperature compensat ing capacito rs
of the original values. This failed to help.
I next substit ute d various values of capaci­
tors, each with different temperature co­
efficients. Soon the oscillat or drifted up­
ward which ind icated that I was on the
right tr ack. Aft er hours of trial an d error
I reduced the drift to about I t o 2 kHz
up war d on warm-up. Th e final capacitance
across th e coil, not including the trimmer
and tu ning capacitors, was 150 pF NPO
and 25 pF N4 70 . I do not believe t hat I
can stabilize th e oscillator much mor e and
I have had no more complaints of off ensive
drift . I pass this along with the hopes that
others having th e same difficult y ma y pro ­
fit by my hours of work.

Gay E. Milius, W4NJ F
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are now made by SWAN

E L E C T R O N I C S
For Beller Ideas
In Amateur Radio

the famous
~HORNET ANTENNAS

For a number of years Hornet Antenna Products of Duncan, Oklahoma
has been manufacturing a line of high quality, high performance
antennas for the amateur bands as well as for other services. These
antennas have been designed and manufactu red by Jack Guest, W5AJZ,
president of the Hornet company. Probably the best known of his
products is the famous Hornet Tribander, made in both 3 and 4
element models and making use of Jack's patented, extremely rugged
and efficient frequency dividers, or "traps" as they are commonly
cal led. The 4 element mode l TB·1000-4·will equal or exceed the power
gain and front-to-back ratio of any other beam built on a 24 foot boom.
The enthusiasm of thousands of Hornet owners proves this better
than anything we can say.
Th is is why we are so pleased to announce that Swan is now
manufacturing and marketing the Hornet line of amateur band
antennas. Hornet Antenna Products in Duncan, Oklahoma will continue
manufacturing and market ing their lineof Citizen's Band Antennas.
Our new Antenna Division is a 10,000 square foot add ition to our
Oceanside factory, and is now in prod uction on the Swan-Hornet
Tribanders. We will feature a complete line of antenna products for
HF, VHF, and mobile. It's a double pleasure to also announce that
Ray Hodges, W6AQP and Fred Schnell, W60ZF, who have been
manufacturing a beauti ful line of mobile antennas at their Los Angeles
factory, including the 5 band Swantennas, have recently joined the
Swan family, and will be in charge of antenna production.
Visit your Swan dealer soon, or write for further deta ils.
Best OXes 73
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Tunnel Diodes -- Dennis J . L azar, K8TSQ
34 94 Tullamore Road
University Heigh ts, Ohio 44118

Theory and

Practical Applications
"Say. OM," said the Kid , dashing into the

shack one day . " I've got a real pu zzler for
y a."

The OM put aside his worn soldering gun.
He carefully bru shed a bit of du st from the
framed Amateur Ex tra Class ti cket hanging
abov e his ben ch and swiveled on his stool to
face the yo ung novice. He regarded the boy
with cold, steel grey eyes whil e he lit his
rough briar pipe. The fingers of one hand
drummed an uncon scious CQ upon the bench
top. " Ok," he gro wled at last , his lips taking
up the hint of a wise smile, " What ' s the
problem? R f amps? Receiver dead? Want to
put up a quad?"

" It's those new solid state gadgets called
tunnel diodes." The young ham leaned
forward, bre athlessly expectant . "What do
they do '!"

The OM sno rted and sucked hard upon
the battered pipe he held clenched be tween
his teeth. " Why son ," he exclaimed, "those
varmints oscillat e, switc h, amplify , rectify
and emulsify . and they'll do it all at once if
you give them half a cha nce."

" Yeah , that's what I' ve heard," said the
Kid, quivering with ent husiasm. " But how?
Why? What kind of circuit? Huh?"

" Well, ah ," the OM pu ffed sharp ly a few
times, fell into a fit of coughing and sent a
box of nuts and bo lts spraying across the
shack . "Dang it! " he ex claimed . He watched
the Kid fro m the comers of his shifty eyes as
he eased his bulk to the floor, calloused
hands searchin g af te r th e wayward hardware.
" Look Kid , come back next week. As you
can see , I just do n' t have the time. Yeah,
next week I'll give ya the whole story."

" Here, let me help you." the Kid began
to retrieve bolts fro m under the KW rig in
the com er.

"No, no," the OM wheezed. " I' ll take
care of this. You tak e off. Go work DX. Go

play in traffi c. On 80 meters," he added
hastily .

The Kid could take a hint. He sullenly
stalke d out of the shack, resolving that he
would re turn next week and pin the Old
Man down.

Meanwhile, even as the door slammed
behind the young visitor, the OM was
hot-footing it to the library where he began
an intensive search whic h left him grumbling
into his whiskers. Every book had a little of
the scoop on tunnel diodes, but none told
the whole story, at least not the type of
story he needed to be able to update the
Kid . Scratching his head and furrowing his
brow, he cast about for insight. At that
moment a bell rang within, the sun came up
over the mountains, and light flooded into
the OM's fog-en shrouded mind. With a grin
of confid ence ' and faith, he struck out for
home in search of that amateur fount of
kn owledge, his back issues of 73. There
nestled amon g the du sty tomes he found it :

Tunnel Diod es

Here is an o pport unity to end the
my stery about a tiny devi ce with many big
uses. A device wit h only tw o terminals that
will oscillat e, amplify, switc h and multi­
vibrat e, the tunnel diod e can perform these
feats with close to no power ap plied.

The tunnel d iode is smaller and faster
than an electron tube or transistor. It is
relatively un aff ected by heat, radiation or
vibra tion. Moreover it is inexpensive. Prices
start at a do llar .

The usefulness of t he tunnel diode is due
to its peculiar propert y of negative resi stance
which is caused by a ph enomenon known as
the "tunneling effect. "

To understand the workings of a tunnel
diode one must fir st be fa miliar with those
of an ordinary semiconduc tor diode. To



Fig . 2 . La t tic e st ructure.

F Ig. I. Germanium atom.

88
ELE CT RON HOLE

F ig. 3 . Charge ca r r ier f low.

Once boosted into the co nduction band,
which is empty, th e electrons may flow
freely . At th e same time, the holes remaining
in th e valence ban d " flow" in the opposite
direction.

A solid may be an in sulator, co nducto r,
or semico nductor depending on th e width of
its energy gap. In a condu ctor , there is no
gap . The conduction and valence ba nds
overlap .

The semiconductor's en ergy gap is small
en ough so that , given a boost . elect rons can
en ter the conduction band . (0 .7 electron
volts fo r germanium; 1. 1 electron volts for
sillicon).

An insulator has a gap so wide that
electrons cannot enter the conduction band
without an extremely large applied voltage.

In semiconductor devices, crystals are
"doped" to obtain specific properti es. In

previou sly mentioned. Elec trons in this and
higher bands are free to move about in the
cry stal lattice.

When an electron moves, it vacates the
space that it had occupied and a " hole"
remains in its place. This hole represen ts a
positive charge eq ual i."l magnitude to the
electro n's negat ive charge. We regard it as an
entit y in it self however, since as electrons
jump from one empty spo t to ano ther, t he
space, or hole , seems to be moving in the
opposite direct io n. Thus we say that holes
are positive charge carriers and flow in a
direction opposite th at of electrons. F ig. 3
illu str ates this effe ct.

In a crystal, wit h no external power
applied , all possible vacancies in the valence
band are filled with elect rons and the cry stal
looks like an in sulator. However, as energy is
applied. electrons in the valence band gain
enough energy to pass to the next higher
energy state, or the " co nd uction band. " To
do this enough energy must be supplied to
th e electrons so tha t they can overcome th e
forbidden region or energy gap be tw een th e
bands.
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COVALE NT 9O'f D

Because of their co ndit ion s, the valence
electrons are bound loosely to the nucleus
and may be borrowed by another passing
ato m or shared between two ato ms, thus
forming a covalent bo nd betw een the two.

In a semiconduc tor, many atoms are
bonded together to form a crystal structure
(Fig. 2). Th ese atoms are so tightly packed
that their individual energy levels merge to
form " bands" of energy betw een whic h lie
"forbidden regions" in which electrons
cannot exist.

One of these energy bands is the valence
band made up of th e valence electrons

Each orbit represen ts an energy level of the
electrons within it . In ot her words, an
electr on in the orbit nearest the nucleu s has
an energy level or charge of -X. An electr on
in t he seco nd nearest orbit would hold a
charge of ·2X, and so on. The nu mber of
electr ons and energy levels depends upo n the
particula r elem ent . The electrons of the
inner three levels, or orbits, in Fig. 1 are of
relatively low energy an d are tightly bound
to the nucleu s. Electron s in the outermost
orbit or "valence" orbit are of high energy
and are some what shielded from the nucleus
by the inner electrons.

comprehend the latter, one must understand
the atomic structu re of semiconductors in
generaL

Atomic Theory Of Semiconductors

An atom, the basic unit of matter,
co nsists primarily of a nucleus having a
positive charge and one or more electrons,
each having a negative charge circling about
th e nucleus. These electrons occupy orbits at
differing distances from the nucleus (Fig. 1).
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doping, ato ms of an impurity are substituted
for atoms of the crystal substance. The
impurity is chosen to have one more or one
less elect ron in its outer (valence) ba nd th an
the atoms of the crystal. If it has one extra,
it can bond with the crystal atoms and have
one free electron which can be easily excited
into the conduction band. This material is
known as N-type.

If the imp urity has one less electron than
the crystal atom, it takes one from the
crystal atom to complete the covalent bo nd.
This leaves a hole . The material thus has an
abundance of holes and is known as P-type.

The Semiconductor Diode

To fabricat e a semiconductor diode, a
germanium or silicon cry stal is doped with N
an d P type impurities to for m a PN junction.
The energy gaps on both sides of the
junction are equal but th e po te ntia l energy
of elec trons on th e P-type side is higher than
that of electro ns on the N-type side . Thus
there is a " potential barrier" between the
two (Fig . 4) .

1
POT! NTIA" BARRIER

ENERGYGAP

N- TYPE ,

ENERGYGAP

P -TYPE

r

~"".,,'BIASED

,

REVUlSE
BIASED

•

ba nd on the N-ty pe side can tunnel throu gh- ­
t he barrier to the P-type valence band and
vice-versa. At zero bias these two currents
are equal and thus balance each other suc h
that t here is zero ne t current flow (Fig. SA).

When the diode is reverse biased , the
energy levels on the P-type side are increased
in relation to those of the N-type side . Since
there are many vacant energy states on the
N-type side exposed to P-type elect rons, a
heavy tunnel curren t flow result s fro m the P
to N-type side of the barrier. Reverse current
varie s ex po nentially with reverse bias voltage
and a heavy current flows with very small
reverse volt ages applied (F ig. 58 ).

A. ZERO BIAS
B. REVERSE BIAS
C. PEAl( VOLTAGE
D. VAl-LEY VO"TAGE

Fig.5. Energ v band diagra m o f t unnel diode
junction.

F ig. 4 . Potent ial b ar ri er of diode and I -V
c haracteristics.

When the diode is reverse biased, with a
battery connected negative to P-ty pe,
posit ive to N-type, the barrier grows larger
and lit tle curre nt flows. However , whe n
forward biase d, th e bar rier becomes smaller
and forward cu rrent inc reases with in­
creasing voltage applied (Fig . 4 8).

The Tunnel Diode
A t unnel diode, unlike normal dio des , has

a much narrower barrier region due to higher
doping levels. This difference accounts for
the tunneling effect which takes place in this
device.

An elect ro n, to climb over the po tential
barrie r must have en ergy greater t han that of
the barrier . However, th ere is a possibility
that if t he barrier is narrow enough , some
electrons will pass or tunnel through it . This
tu nneling effect gives th e tunnel diode it s
nam e and its un ique properties .

With no external potential applied to the
tunnel diode, electrons from the co nduction

10

In the forward-biased mode, energy levels
on the N-type side are in creased with respect
to the P-type side. With a sma ll forward bias
(Fig. 5C), N-type elect ron s are opp osite
empty sta tes in the P-type area, and tunnel
current will flow. The valence elec tro ns in
the P-type region are opposit e th e fo rb idde n
regio n, and th us no current flows in the
reverse direction . There is, t herefore, a net
forward current flow.

As forward bias is increased , tunnel
curr ent increases until a point of maximum
current (peak point) is reached. Above this
po int , the N-type valence elec trons begin to
move op po site the P-type forbidden zone
and tunnel current decreases. A minimum
value is reached (valley point) at which time
tunn el current ceases and increas ing forward
bias decreases the height of the barrier,
allo wing conventional forward diode current
to flow .

Fig. 5E illustrates th e current VS bias
volta ge relationship in th e tunne l diode.
Point C is the peak point, where maximum
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tunnelin g occurs. As voltage is increased
past this point, net curre nt drops until the
valley point is rea ched (D). This decrease in
forward current with increasing forward bias
voltage is the negative resistance charact er­
istic which enables the tunnel diode to
funct ion in so many ways.

i-- - --,~i ~ lli
!" GE:]" '. .
I RI ,L J

•
F ig. 6 . Eq u iv al e n t ci rcu it .

Tunnel Diode Circuit Applications
A tunnel d iode may be used as an

oscillator, swit ch or amplifier depending
upon circuit values and applied vo ltage. The
parameters which determin e the mo de of
operat ion are (Fig. 6A): series resistan ce,
loa d resistance, junction capacita nce, series
ind uctance, and negative resista nce of the
tunnel diode . These may be com bined in to
two parameters:

The greatest signal swing may be realized
by biasing at the cente r of t he linear portio n
of the negative resist ance slope on the curve .

A higher curre nt point sho uld be chosen
for high tem perature operation or a low
current point fo r best signal to noise ratio . It
is thus obvious that to meet one req uir e­
ment, ano ther mu st be compromised. In
designing a wo rk ing circuit, values mu st be
chosen which will best satisfy all operating
conditions.

Tunnel diod es can operate at frequencies
in excess of 5000 mhz at low cos t and high
eff iciency . These devices are valu ab le as
low- p ow ered osc illators at microwave
frequen cies. Of course they will perform
very well on any amateur radio band. For
ham uses, the oscillators sho uld be cr ystal
cont ro lled to preven t oscilla tion on spurious
frequen cies.

The basic crystal contro lled oscilla tor
utilzes a standard qu artz crysta l operating in
its reson ant mode across an L C tank circui t .
To enable the circui t to oscillate, proper bias
mu st be supplied such that the tunnel diode
operates near the center of the linear portion
of its negative resi stan ce slope.

e

Fig. 7 . Basic c ry stal c o nt ro lled o sc illa to r.

•

LOADING
COILC.· 0>

14 4 Mt-II 0.'
!)QMHl a .e 0 6~

28 MHZ ee ,
14MHZ ,., ,
7 M HZ ' 00 se

In Fig. 7, R bia s and RI form a voltage
divider which supplies bias to t he circui t .
With t he crys t al removed or the circuit out
of resonance, R I do es no t allow eno ugh
current to flo w through R bias fo r a pr oper
voltage drop to take place. Thus the diode is
not biased in it s negative resistance region
and osc illation will no t occu r. At resonan ce,
the crysta l ap pears as a shor t circuit and t hu s
R2 is shunted across R I , t he to tal value of
resistan ce than be coming half that of R I
alone. The voltage divide r, R bias, RI and
R2 now provides proper biasing and the
tunnel diode begins to oscillat e. T his circ uit
insures that the diode will not oscillate at
any frequency ot her than t he crystal
frequency. If allow ed , the diod e is perfe ctly
capab le of oscillation at a number of
differen t freque ncies at once. Obviously this
is not a desirable sit uat ion.

I.~ V RI R2.

f"R BIA S· no1\.
~ I . R ~ - IOO1\. LOAIIlNG

L - O ~8~UH NOW MILLE R COIL
CI · SEE FIG 69
CZ, I ~ P F C2

LEA"ING COIL _ SEE FIG 68 ....

T O- IN37 12 I GE - T D- I l 1
CR ' 3<" OVERT ONE R8 lAS L C~I T

+ 0

and

~ or Beta = ( R, + RL)R CjlLs

The value of Alpha deter min es whe ther
the diode will operat e as a switch. With
Alpha grea ter than one, the diod e act s as a
bist able switch since the load line in tersect s
the I-V chara ct er istic at two stab le points
(F ig. 6B).

With Alpha less t han one, th e diode can
be used as an oscillator or amplifier
depending upon the values of bo th Alp ha
and Beta .

In Fig. 68 , it can be seen that t he load
line intersect s the I-V characterist ic at two
sta ble po ints. If th e circ uit is biased to
operate at point A and a po siti ve current
pulse is app lied , the operating po int shifts to
poin t B. A negative pulse switc hes th e circui t
back to poin t A. Thus t he diode functions as
a switch . This abili t y is oft en utilized in
computer logic circuits.

Fig. 6C sho ws the load line int ersec ting
the character istic at only one point, this
being in the negative resis t ance region. This
load lin e will provid e the conditions
necessary fo r the tunnel diode to op erate as
an osc illator. The location of the po int of
intersectio n or operating po int is determined
by sign al swing, signal- to- noise rati o , and
opera ting temperat ure range desired.

SEPT EM BER 1969
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Fig. 7 provides circuit values for a crystal
contro lled oscillator making use of a GE
TD-l tunnel diode. Thi s device operates at ±
180 millivolt s (.1 8 volt) and draws approxi­
mately I milliamp of current. The·oscillator
as a whole operates from 1.5 volts at a
current of 2.5 milliamps. This takes into
account th e power dissipated in th e voltage
divider. This circuit alone. if connected to a
good an tenna and keyed, will surprise you.
As man y QRP operators will testify, a very
little pow er can and often doe s go a very
long way.
A Solar Powered Tra nsmitter

The tunnel diod e transmitter is an ideal
device to power with solar cells. Usually a
single pho tovolt aic cell or perhaps two will
suffice. The above oscillator can operate
with the power derived from a common two
cell flashlight beam focused upon a single
solar cell.

Man y types of solar cells are availab le to
fit th is application. Lafayette electronics
lists two in their latest ca ta log. The S1M
silico n solar cell has an output rating of 0.3
to 0.4 volts at 10 to 16 milliam ps in sunlight
while th e B2M sun battery generates 0.5
volts at 2 milliamps. Both sell for around
two dollars. As one can see from the ratings,
th e first cell has a great deal more current
capability than the latter. In select ing solar
cells, one should keep in mind th at the
ratings given are for full sunlight and that
they may be greatly red uced should clouds
appear. Arrays of cells are also available
having cells wired together in series or in
parallel or both. One such array is the
Hoffman HSSP-2-40 Silicon Solar Module.
This device consists of a number of cells,
interconnected and packaged . The output of
this module under full sunlight is 2 volt s at a
current of 42 milliamperes. The Hoffman
module is available from Newark Electronics
Corp. at the nominal price of $5.50.

One pro blem encountered in solar cell
opera tion is that of maintaining stable
ou tput voltage. The tunnel diode, being very
sensiti ve to bias level, will not op erate above
or below it s proper biasing point . The ligh t
input to a solar cell normally varies over a
wide range of intensities and therefore
output voltage wou ld likewise vary . To
compensate for this, some means must be
incorporated to clamp the output at th e
proper level. This is accomplished through
use of a transistor as a shunt regulator.

A germanium tr ansistor, the GE 2N404,
was selected due to its sensitivity to low
voltage and its low cost (5 8 cents).

12

The circuit in Fig. 8 utilizes a solar cell
supplying voltage in the ran ge of zer o to 500
millivolts. The tunnel diode tra nsmitter must
have an input of 150 mv for pro per opera­
tio n. The regulator circuit mu st therefore be
capable of holding th e voltage from the so lar
cell con stant at this value .

When solar cell voltage is below 150 mv,
th e tr ansistor is " off" and appears to the
circuit as an open. Above 150 mv, the
transistor becomes increasingly forward
biased due to the voltage divider made up of
th e two resistors in th e circuit. With
increasing forwa rd bias, th e device conducts
mor e heavily and thu s appears to the circ uit
as a shunt resistor whose resistance decreases
with increasing applied voltage above 150
mv. In this way, voltage above th e bias point
of the tu nnel diode is dropped across the
transistor and bias is held constant for all
values above 150 mv.

G '"
esoc

SINGL E T

SOLA R ~2Q 2 N40 4cru, Uf'

OUTPUT<~~V un..,
Fi g. 8 . So lar power ed CW t ra nsmitter.

The 20 microfarad capacitor in parallel
with th e solar cell filters out any noise which
may be picked up by the light striking the
cell 's surface. Fluorescent lighting will
mod ulate a flashlight beam causing a 60 hz
hum to be impressed upon the transmitted
carrier.

Many interesting experiments may be
undertaken which make use of mo dulation
of a beam of light. The transmitter may be
modulated in this way or keyed by inter­
ruption of the light source.

A crystal cont rolled tunnel diode
transmitter, modulated by a transistor is
sho wn in Fig. 9. Here a TD-3 diode has been
used to take advantage of its highe r output
capa bility. This circuit is shown operatin g
from a battery bu t it may be adapted to
solar power if desi red through use of a
voltage clamping circuit suc h as that pre­
viously discussed .

The TD-3 tu nnel diod e draws 4.7 rna with
a bias of 125 mv. Thus the input power to
th e stage act uall y used by the diode would
be .58 milliwatts.

All capacitors sho uld be chosen to be as
physically small as possible . Voltage rating
is not importan t as long as it exceeds two
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Tunn el Diod e Converte r

volt s. This devi ce makes u se of a bias
net work similar to t hat used in the
transmitter in Fig. 8 . There fore it will not
operate on freque ncies o ther than t hat of
the crystaL

.......... ...... .......3.95
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TO INCREASE CODE SPEED . . .

AMECO CODE PRACTICE RECORDS
(33% RPM)

# 104·33 Contains materia l to increase
code speed from13 wpm to 22 wpm 3.95
# 106·33 19 to 24 wpm supplement
to above
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F ig. 10. 50 mhz c o nv e rter fo r au to rad io .

T he converter in Fig. lO is of the " self
oscillating" typ e. Using a single tu nnel diode
as both oscillator and mixer, thi s circuit will
het ro dyne a 50 mhz input signal down to
the broadcast band . Syste m sensitivity is ± 4
mic rovolts at I mhz. The cir cuit may be
operated from single solar cell power
supplies and would "make a fine co mpanion
for t he CW transmit ter in Fig. 8 .

Need less to say . there are many devices
that would benefit from the use of t unnel
diodes in their design . Their low co st , low
pow er requireme nts, and many functions
make them a natural for t he experime nters
bench .

Well now OM, why not get out and buy
yo ur self a few TDs and show the Kid that
hams are not just switch throwers and kno b
t wist er s. Heat up the old iron and find out
wh at its all ab ou t. You' 11 have a balL

. .. K8TSQ
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The Magic

Darrell Tho rp e
3 110 N. 83 Street
S cottsdale, Ar izona 852 57

T

If you have been disappo in ted with
para lleling rf power transistors in an
at temp t to get mo re power out put t he
magic T co uld be the answer to some of
yo ur prob lems. Paralleling transistors in rf
po wer amplifiers quite oft en does not yield
the ex pec ted result ; that is, do ub le t he
po wer output. Unless th e transistors are
closely mat che d, on e tr ansistor will usually
hog t he drive power while the ot her(s ) loa f
along at best . You may even experience a
loss of power unless you are very careful.
Moreover , if one transis tor fails there is a
to tal loss of pow er out put . The solution: Use
Magic T at bo t h th e inp ut and out put to
isolat e t he transistor s.

Fig. 1 A. Simple re ve rs in g transfo rm e r can
be u se d t o d riv e push-p u ll amp lif iers f rom a
single-e nded sou rce. It al so fo rm s t h e basis
fo r most o f the othe r b ro ad b a nd trans­
fo rm ers. Six turn s o f twisted (abo u t ten
turn s t o t he inch) N o , 2 4 en a m e led wi re
w ill w o rk w e ll at vhf-u hf o n a T5 0 - 10 core.
For lo w er f requencie s use T 50-2 c o re .

Bro adband Transformers
Back in 1959, Ru thoffl described a series

of broadband transformers wound on ferrit e
co res. Ruthoff achieved some ra t her fan­
tasti c bandwidt hs with mo st of his suggeste d
transformer configurations. He achieved
bandwidths from a few thou san d khz to 800
mh z. He described several balun configura­
tions which have been used quite ex tensively

14

by amate urs and ot hers. But, some of the
ot her transformers including the hyb rid or
Magic T, have not been util ized to their
fullest ex te nt.

" ,

Fi g. 1B. Th is 4 : 1 impedance transformer is
very u se ful in transmitters t o transfo rm irrt ­
p e d a nces. F ive o r s ix t urn s of No. 24 w ire
tw is ted to get her. See Fi g . 1 A fo r c o res.
As w ill b e shown later. this tr an sfo rm e r is
gr eat fo r boost ing t ra nsi sto r im p e d a nc es to
a mo re u seab le le vel fo r ma tching .

Since copies of the ab ove-mentioned
arti cle are not readily available to the
average amate ur, some of the popular con­
figurations are reviewed in Fig. 1 including
t he popular ' b alun s to prov ide a ready
referen ce.

T he ferr ite hybrid sho wn in Fig. 1E is a

F ig. t C . U nba lanced-to-b alanced tra ns­
f ormer ( Ba lu n ) w it h a 1 :1 im ped a nc e. T he
w in d ing is the same as Fig. 1 A w it h an extra
w in d in g t o c o m p le t e the m agnet izi ng cu rrent
path . For a KW balun in the 3 TO 30 m hz
ra n ge . w in d a set of t h ree biflar tu rns of
No . 14 w ire on a T 200-2 c o r e. Fo r lo w e r
powe r req ui re m e n t s at vhf. u se t h e tow er ­
c o st T50 -1 0 .

carryover from th e familiar microwave
waveguide Magic T. See Fig. 2.

Before discussing th e waveguide hyb rid
Magic T, let' s look at t he general form of a
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hybrid as shown in the black box of Fig. 3.
A signal applied to terminals A and C is
delivered to B and D with no direct trans­
mission from A to C or C to A. Likewise,
signals applied at terminals B and D are
delivered to A and C wit h Band D being
isolated fro m each ot her.

In the waveguide hybrid. the above dis­
cussio n hold s; th at is, a signal at 1 and 2 is
divided eq ually between P and S with 1 and
2 isolated from each other. Also, if ports 1
and 2 are terminated, power applied at P or
S is divided equally between ports 1 and 2.

"

Fig. 10. 4 : 1 ba lu n. This is b asica l ly the re­
ve rs ing t ransformer d esc ribed ea rtrer. Five
or si x t u rns of No. 24 tw isted wire on a T 50­
10 co re w ill do at vhf/ u h f. For a f u ll gallo n
3 to 3 0 mhz b alun, blfllar wind t en turns
(do n o t t w ist ) o f N o. 14 w i re o n a T 200-2
core.

Now, let's look at th e Magic T as a power
splitter. If power is supplied to por t 3, it is
divided eq ually between po rt s I and 2. The
output signals at I and 2 have the same
amplitude and phase. Assuming th at ports I
and 2 are terminated eq ually , th ere will be
no signal or pow er output from port 4. If
th ere is some mismatch at 1 and 2, some
pow er will be delivered to port 4, which can
be dissi pated in a terminating load at port 4.

• •
.."

c8'"
'Y,

• • •

Fig. 1 E. Ba sic h yb rid o r tor oi d Magic T .
T his t ra nsformer Is sim ila r to the 4 : 1 impe­
danc e t ransform er . b u t note that th e le ad s
are con n ec t ed d iffe re ntly . A lso , t here is
onl y 2 : 1 impedance ratio be tween 1 a nd 3
a nd 4 a nd 3 . Th is is t he basic device fr o m
w hic h t h e pow er summer/d ivider is d e ri ved .

Signals can also be applied to port 4, in
which case they again split equally bet ween
ports 1 and 2, bu t they are 180 degrees out
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Fig . 2 . Waveguide Magic T w ith a diagram
rep re se n tati o n .

of phase. This connection cou ld be used for
push-pull operation. The operatio n is just
the opposit e when the Magic T is used as a
power com biner. If a signal is applied to port
I and another signal at port 2, the output at
port 3 will be th e sum of signals at I and 2,
and the output at port 4 will be the
difference or zero. For pu sh-pull operation,
th e output wo uld 'be taken from port 4
where the out of ph ase signals would again
combine in phase.

F ig , 3 . G e neral fo rm of a h y br id .

While on th e general subject of hybrids,
another interesting ... configurati on that has
been used quit e extensively at microwave
frequencie s will be covered . It 's called a ring
hybrid or ratrace. See Fig . 4A. Basically the
ratrace consists of 1Vz wavelengths of
tran smission lin e with taps as shown. Th e
por t numbers corresp ond to th e waveguide
Magic T, and it functions the same way as a
power splitter and power combiner. At 450
mhz and ab ove, it would be convenient to
make the ratr ace in printed circu it form ;
however at lower freq uencies th e size of th e
circle will become to o big to handle co n­
veniently. But , th e ratrace can be mad e in
lum ped con sta nt fo rm, as described by R. M.
Kurzrick, S. J . Mehlman, and A. Newton.?
as sho wn in Fig. 4B wit h equa tions. Th is is a
relatively narrow band device 'and should be
designed for th e cente r of a band . Using slug
tuned form s, th ese devices can be mad e to
fun ction in the hf bands or at vhf with air
core coils.

To roid Core Magic T
The toroi d core Magic T is essentially a
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Using the Magic T
The Magic T has been suggested by

sever al au thors as a mea ns of connecting rf
power tr ansistors to get more power output
to defeat the problems encounte red when
transistors are parall eled . The most rece nt
article by James A. Benjamin'' describes the

I C C 2

PORT :I POflT I

Fig. 6 . Low -cost p o w e r summe r/ d ivid e r.
C o ils c an be wou nd o n 1 m eg % w att re­
s is to rs . One dev ic e b uil t f or a special ap p li­
c at io n h ad fou r t urn s of No . 2 6 w ire twisted
togethed on each form . T his dev ic e had ex­
c e lle nt c haracter istics o ve r a frequenc y range
that covered 3 50 t o 550 mhz . To lo wer the
fr equency. si m p ly add a few more tu r n s.
A lso, better resu lt s (low er lo sses) c a n be had
b y using t w o toro id forms su c h as the
T50 · 10 .

PORT~
T[ Il W'HATE D

techn iqu e very well. In fact , he descri bes a
broadband rf power amplifier that covers a
band from 200 to 400 mhz and it does no t
use any tuned circuits. Some of the ma teri al
from this art icle is presented here in hop es
of spurring interest in using these same
techn iques to develop amplifiers that can
cover t he range from 50 through 150 mhz , A
general pict ure of ho w the Magic T is used is
shown in Fig . 7. The method sho wn provides

FIG.~

FIG, 48FI G, U

FIG, ~ A

3 C 0'1

F ig. 4 . R in g h ybrid or retrace. 4 A can be
made in p r inted ci rc u it f o rm at high fre­
q ue ncies. Lumped elem ents can be used at
lo w e r fr equencies as shown in 48 w h ic h is
the P i equ ivalent o f the ring.

ferrite loaded transmission line and is il­
lustrated as such in Fig. SA. The line lengths
between poin ts 1 an d 2 and 3 and 4
rep resent the bifilar wound coils wound on
the core as sho wn in the basic hybrid of Fig.
1. However , the practical toroi d Magic T for
tran smitter coup ling use is t he one de scribed
here, becau se it sho ws the proper termina­
ti on for port 4 . The winding is t he sam e as
sho wn ear lier. Fig. 58 shows how these
windings are cro ss-coupled to make a four
port Magic T. Bear in mind that t here is a
2: 1 impedance ra ti o betw een por ts 1 and 2
an d 3, and that when used as a power divider
or sum mer, port 4 is termina ted in a resistor
of twice the resistance at ports 1 and 2.

POflT ~

PORT a

rIl A~ SlsT OR

AWP~

PORT I

P O "'E R~Rr , PClIH 4

"
PORT 2

parallel t ype opera tion . If port 3 and 4 are
interchanged at bo th the input and outp ut ,
push-p ull opera tion is achieved . This method
of connect ion might be preferable since even

Fig . 7 . Block diagram illustrati ng how the
Mag ic T at t h e in put iso lates t ra nsi s tor amp­
lif iers 1 and 2 from each othe r and f rom t he
driver. T hi s permits t hem to operate in d e­
p end ently . T h e ir outputs a re added in
another Magic T at th e out p ut .

Here's hoping that you've found your
way out of the ratrace because there is one
mo re useful power summer/divider. It's
shown in Fig . 6 and it is useful because it h as
a I : 1 im pedance ratio which may be needed
when you have th e desired impedances and
don't want to do any additional trans­
forming. This device can be economical
because it can be wound on high valu e
resistor coil forms. However, it would be
preferable to use to roid forms to keep losses
to a minimum and to minimize the number
of t urns of wire .

F ig. 5 . T o ro id co re Mag ic T This IS the
configu r ation that Is used at t he inp u t of a
para lle l transist o r power amp lif ier to d iv id e
t he power and Iso la t e the t ra nsistors, an d at
t he output t o su m the power. F or b road
band vh f u ses , f ive o r si x tu rns o f twist ed
No. 24 wire o n 8 T50·1 0 core is a good
sta rt . T w is t the w ire abo ut ten tu rns per
inch .

16 73 M A GAZ I N E



F ig . 9. Br oadband vh f amplifier uses no
tank ci rc u its. T 1 a nd T8 are t h e Magic T
d e sc r ibed in Fig. 5B . T2 , 3, 4 , 5 , 6 , an d 7
are the 4 : 1 imped an ce t ransformers o f
Fig. 1 B.

range of 12 volts and the ex pecte d power
output is 2.5 watts per transistor. Therefore ,
R is in the range of 25 ohms.

The 4: I transformers T6 and T7 in the
collector circuit step thi s 25 ohms up to 100
ohms which, in turn, is ste pped down by the
Magic T to 50 ohms. So, no other impedance
mat ching is needed to feed a Sfl-ohm
transmission line and ante nna.

The 20o-ohm resistor terminates por t 4,
and its value is twice the impedance at the
two input ports. Actually, this resistor
should be capable of dissipating the total
power in case of problems. However , in
practical operation, this resistor is dissipating
very lit tle power. So, yo u could get by with
a ~ or I watt re sistor. After all, if it do es go,
It's easy to replace. The devices used in the
circuit are ITT Semiconductor 3TE4 67s
which are experimenta l devic es, however
other high frequency tr ansistor s like the
2N3866 , 2N3553, or 2N3924 could be used.
The input impedance of the 3TE467 is 2
ohms which acco unts for the do uble trans­
formers T2 , T3, and T4 , T5 in the base
circuits of the transistors. Th ese 4: I tr ans­
formers step up the 2-ohm transistor inp ut
impedance to 32 ohm s which is then stepped
do wn by T 1 to 16 ohms. The driver
imp eda nce will be higher tha n this, so you
could probably use link coupling to step this
up to the driver imp ed ance. Most of the
devices mentioned above require drive
pow ers in the 100 to 200 mW range . So a 5

~OOp F

l L- TO AlIIT
zoo T8 ,- ~O

","',
"

POwER OlIT
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O~ All ll,IoIPUF,ER$

har monics will appear in phase at th e
te rminated port and be dissipated in the
resistor.

Thi s technique is not limited to driving
just two amplifiers but can be expanded by
powers of 2 to the limit to your do llars.
What I'm saying is that yo u are not stu ck
wit h rebuilding from the ground up if you
wan t to go to more power. But , keep in
min d that the driver mu st be abl e to supply
enough power to drive the whole mess. See
Fig. 8.

The 200 to 400 mhz amplifier described
by Benjamin is shown in Fig. 9A. Magic T
(on toroid cores) is used at the input to
divid e the inp ut power and isolate the
transistors, and at the ou tp ut to co mbine th e
power from th e two transistors. Note that
there are several other transformers in both
the base and collector circuits. The se ale th e
4: 1 impedance transformers of Fig . lB. Also
note that there are n o resonant circuit s,
hence wit h broadband t ransformers and the
proper transistors a similar amplifier coul d
be used to cover a wide range of freque ncies :
fo r example. 50 to 144 mhz or even 3 to 30
mhz . Bear in mind , that transistor gain
dec reases at higher frequencies so you are
going to get a decreasing power output as
freque ncy goe s up. But this is a fac t of life
and you would get less power with an
amplifier designed specifically for that
higher frequency.

In the output, the load that the transistor
must work into to develop the required

Vcc2
power output is given by R =---

2 P
For th e amplifier in Fig. 9 , Vcc is in the

V2 POWER IN

Fi g. 8 . Diagram re p resentatio n o f h o w fo ur
a m p lifi ers can b e combined to get more
power output. The n e x t step is eigh t amp­
lif ie rs , then sixteen, etc.
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to 600 row driver will do. The extra power is
to take care of transformer losses.

Bear in mind that the input impedances
of devices vary. These are specified on the
dat a sheet. For example the parallel input
resistance for the 2N3924 is about 11 ohms
at 50 mhz . So, if you experiment with this
device , you may only want to use one step
up transformer in the base.

Benjamin used the blocking capacitor
between the two base transformers to
equalize power output over the desired
frequency range. That is, he chose the
capacitor value to reduce power output at
low frequencies to compensate for the
higher transistor gain . This capacitor can be
made to resonate with the transistor's LCR
input characteristic on an experimental
basis. Value will depend on frequency and
t ransistor. Try a capacitor in the 1000 pf
range as a start. Then substitute for maxi­
mum po wer output. Benjamin's design
yielde d reasonable impedance levels. Other
designs may not. In these cases, the usual Pi,
L, or tuned matching network can be used
with the Magic T. Tuned circuits destroy the
broadband feature , but they may be
necessary for matching or for harmonic
attenuation. Lots of luck with your ex­
perimenting.

. . . Darrell Thorpe

The toroid cores mentioned are available
from: Circuit Specialists Co., P. O. Box
3047 , Scottsdale, Arizona 8525 7. The TS O- IO
or T50-2 cores are (2 ) for 1.00 with No. 24
wire. The T-200 core, for Kw bl auns, is
$2.00 each with No. 14 wire.

Please include 25 cents for shipping with
each order.
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Willard H. Solfermoser, K0DVI
1905 West Lake S treet
Ft. Collins, Colorado 80521Uncle

News
Will and
from the Poudre ULlley

Dere Miste r Edite r :
Our Radio Club presiden t rep orted he ha d

been ham min g amongst his ham frie nds ever
night for a week and had a sore throat from
hollering loud enugh to get heerd above his
friend s' TV sets. The fr iends' TV sets kept
trippin th e VOX makin matters even WUTse

as t hen t hey doubled bo ut ever other trans­
mission . Our pr esedent said he was n 't even
shore if so me of the mem bers wou ld reco llect
he was even on the air without rech ecking
their log, if they kept one they could read!
But the good presed ent admitte d TV was her e
to stay , said he even was laming to live with
it if Ben 's TV co uld just keep it running.

Wehad some bad news lat ely with our pr e­
sedent's do ctor telling him he might be getfin
ulcers. T he doctor orde r him to ta ke it easy
and let the o ther "ham" members do mor e
work . Our presedent sid all his members was
working now, 4 was working for him and 30
was workin again him, but then they was ALL
workin!

He also said hi m and a couple o ther mern­
bers go t out the records fer the last year to
see ho w the work load was runnin and th e
record wasn 't good . They showed that 15%
was pushin the wagon and 85% was just
tid in . It was that 85 % he allow ed , that mite
be givin him ulcers. One of the other workin
memb ers looked at the things h e had done
and said he didin have no ulcers hisself but
he was gett in tired blood and , afte r all that ,
he figgered he was just POOPED from
PUSH IN !

Our presedent said him and the secreta ry
decided to make ano ther little survey to fi nd
out what th at 90 % of the inactive Rad io
Club " ha ms" was doing. They found 40%
was pouting over so methin that had took
place at an old meet in . Th ese members
couldn 't reco llect just what it was but th ey
claimed th ey was so upset th ey couldn't get
over it!

Another 8% was settin at th eir receiver
keep in score on how many times some AM
station would qrm them with carrier. One
fellow, they report ed, was keepin score by
cutt ing notches in his mike. T wice his knife
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slipped and he cut through his mike cord
which only made him madder. Once he wait­
ed an hour for a sta tio n to identify but then
he found out the carri er was from his 100 hz
calibraytor which he had left on by mist ake.

About 22% was figgerin out how to get
rid of ARRL. They didn't have nothin spe­
cial again ARRL but getting rid of anything
like that was j ist one of there aims in life.
Now ever club has some of them kind ! It
sure takes a wise ham to kn ow when he is
fightin for a principl e or merely defending
his prejedice.

Th e other 20% of the inactive Radio Club
gro up was just being gud list eners. Th ey
wood never think of hookin up there tran s­
mitter and part icipating. Th ey just sat and
listened to the others.

Our Radio Oub bunch sure haven 't done
too well lately on new gear. Out of the du z­
ens I t alked too the re wam 't one that has re­
centl y got some new TVI gear . I always say.

The ham who has everything
Must need ONE MORE, no do ubt ,
A gadge t that will exp lain to his wife
Th e " junk" he can not live wit hout !
After comin thru anout her holiday season

it seem s as if we measure the j oy of our holi­
day s by t he number that gits killed on th e
highway s and ever year it gets more jo y fu i.
So please try to drive careful with your car
ful l! I'll promise to be especial careful while
driving and hammin . These su mmer holidays
can be murder.

Lookin back at what I rote, I can tell you
I ain' t got the litterary talen t nor th em easy
flowin werds of them write rs who usually
have articles in your magazine. I shore hope
that yo u git the main message of this here
lett er though. So , any t ime, Mr. Editer, you
want to kno w the state of t he werld and how
things is gain in th e ham wer ld , just git me
the werd and I'll poll th e Rad io Club delega­
ti on . I shore don't rite nice , no r good, nor
purty. I'm certingly not the best in the West
but I am t he cheapest yo u got .

"73" from th e foot of th e Rocki es,
Old Uncle Will

K~DVI
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Jim Ashe

Basic Soldering Outfit

1.86

2. 83

$ 12.00
1.43

r!
LJ~-+----...._ --1= '

"" 0£-
Fig . 1. Sche mat ic of t he Var iac box . T h is
circuit is a handy one t o ha ve o n t h e bench .
Be carefu l t o respec t t he v a rtacs c u rr en t a s
w e ll as pow er limita t ions.

irons tend to run too hot if they are used
while connec ted directly to the power lines
but with th e ad ded Varia c box they can be
toned down to just t he right t em perature for
delicat e work, or overvolted for heavy-duty
cable or chassis soldering.

A 4 x 5 x 6 in ch Minibox contains t he
circuit shown in Fig. 1. The Varia c is the
most expensive compo nent. an d I discovered
Allied is selling some tin y I-ampere Ohmite
varia ble transform ers for $8. 00. And La­
fayette's catalog lists a co mparable trans­
former priced at $9 .00, ra ted at 1.25 amps.
Both price s are below the cost of my 1.75
ampere Superio r transfolmer, and either will
do a fine job of pu tting out the 0.5 amps or
so required by Unga r's hu skiest tip .

A neon pilot lam p in the inp ut circui t
avoids difficult ies with indicating the vari­
able out pu t voltage, an d the double-pole
power swit ch is standard practice in all th e
gear I build. It dis con nect s both sides of t he
power line , an elementary safety precaution .
I placed the fuse in the o utput side o f t he
circuit because this is where the curr ent may
be greatest . I could be dra wing one-quarter
ampere input current to develop four
am peres outpu t current at seven volts or so
which co uld spoil a fe w turns of Variac
winding at the low-voltage end. Of course
that ruins the re st of the Vari ac an unde­
sirable accident completely preve~table by a
properly placed fuse.

Co nfused by all those ads and catalog
entries offering solde ring gear, gu ns, and
irons? I've been solde ring in electro nics for
the past twe nty years, yet when I was
researchin g this article I fou nd a slightl y
disconcerting variety of choices. So if yo u
think it's hard to choose the best tools fo r
yo ur work you must have lots of co mpany .
The Basic Ou tf it

Over those twenty years I've tried a
variety of gear , look ing for some o pti mum
collection. I have even experim ented with
so lderi ng guns, which I do no t recommend
to anybody. Too clumsy and uncontrolla ble.
By degrees I fi nally evolved what seems to
be the best all-round soldering outfit, and
the gear I' m describing here has aU been
busy in my private lab fo r something over
the past five years. It's not th e cheapest you
could bu y. but I believe it' s the best inve st­
ment.

Here's what it sho uld cos t you to dupli­
ca te this set, if you purchase all new
materials.

Variac box, home made
Ungar type 776 handle
Ungar ty pe 4033 48 watt

plated chise l tip
Ungar type 1237 38 watt

thread-on ti p
Ungar type PL- I II plated li p

sligh t ly modi fied .70
So me good solde r (I pound) 3.00

To tal invest men t in the order o f $2 2.00. Not
bad , conside ring everything except the
solder will last many years, and th e Vari ac
box will have other uses.

The Variac Box

As t he mo st ex pensive item in the system..
perhaps the Variac box de serves attention
firs t. And it is the part that makes the rest of
the system thoroughly prac tical. Th e Ungar
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If you are using the Variac box for some
test rather th an soldering work, remember
there's a straight-t hro ugh co nnec tion at one
side of the power line, and an almost-d irect
connect ion to the o the r. A slightly better
bu t more exp ensive arr angement wo uld have
included an iso lation transformer.

The hu sky ac chassis-mounted male plug
appearing in the photo is going to corne ou t
one of th ese days. I' ll re place it with a
sta ndard cheater-cord type tv connector.
Every thing else in my lab except a couple of
instruments that require about 800 watts
apiece (old vacu um-tube gea r) now has these
convenient cheater-cord connec tors . It' s nice
to avoid carrying around all t hose cables
whe n moving a piece of gear.

The in terior layou t is simple and straight­
for ward. There's just enough room in the
box fo r all un clu tt ered layou t. Th e white
wires go straight through from th e input to
out put, and the black ones carry th e circuit
through the variab le transformer.

Before assembly, I clea ned th e box and
spray ed th e upper part wit h dark green
enamel, and the lo wer part with fiat black. ]
used an in expen sive, fast-drying ena mel th at
has proven remarkably long-lived .
The Ungar Hardware

Ungar 's No. 77 6 handle is an evolved
versio n cf a simpler iron they started pro­
ducing some time afte r WW2. I had o ne of
those and liked it , alt hough it ten ded to
become quite hot , and th e plastic gradually
scorched black. Since then Ungar has licked
those problems complet ely. The modern
meta l-shielded, cork-insulated handle is com­
for table to use, cool, light , well-be haved and
long-lived . Someday I' ll have to try one of
their newer varieties, but I have to admit to

T h e complete basic sold e ri ng o utf it. P re ttv
s im p le , isn 't it ? Under $22 in a ll ne w p arts
shou ld set you up w it h th is, and it w ill la st
m an y year s.
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P arts lay o ut in si d e t he V a riac b ox . Us e
p la stic Insulated so l id wire.

a tendency to get by wit h the thoroughly
satisfactory and less expensive old-standby
No. 776 handle.

Depending upon whatever job you have
in mind, yo u simp ly screw th e appropriate
tip in to the han dle, like an electric lamp
bulb. If you have a heavy job of soldering or
are work ing on large vacuum-tube gear, t he
type 40 33 48-watt tip is very appro priate.
When connected dir ectly to th e power line
this tip runs ho t eno ugh to burn the solder ,
but at a lower-volt age sett ing it is ex tremely
well-behaved . Since it is silver and iron­
plated it does not have to be filed down and
t inne d frequent ly, as I used to do with th e
old copper iron s. In fact , yo u never go at
this tip wit h a file. It will wear out in a few
years if yo u can use it enough, and then you
spend less than $3.00 for a replacement .

When yo u have a heavy chassis-soldering
job to do , yo u .use this ti p. Let the iron
warm nor mally to soldering temperature,
and then turn th e Variac to maximum
volt age. In a minute or so th e iron will start
to give the impressio n of bei ng very hot.
Shortly af te r this you can start solde ring,
and there will be enough heat to do much
heavier copper cables tha n you would ex­
pect , or good chassis work. I have even used
thi s sett ing for alum inum solde ring, wit h
messy but usable results.

As soon as you are fin ished, let the iron
coo l down to normal temperature and
finally tum it off. Don 't leave it at the
high-voltage setting any longer than neces­
sary. Some of this sounds like rough treat­
ment , bu t since th e iro n spends most of its
working hou rs at rela tively low temperatures
it seems not to have life problems. The
gradual warmup and coo loff I've recom­
mended for overvolting rna? have something
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The two basic tip assemblies. Both have '
been in business for a few years in my lab.

to do with it too. I've never had an Ungar tip
fail, although a couple or three have come
apart after accidental very rough treatment.
These tips are rugged, but are not up to
being dropped onto hard concrete floors .

For light-duty work, small vacuum-tube
gear, and printed-circuit wiring, use the No.
1237 heating element with a PL- l i l tip.
This tip comes as a straight-line piece, and
after you assemble it to the element bend it
to an angle of 30 degrees or so to the long
axis of the iron. Take the strain on the metal
part of the heating element , and bend with a
heavy pair of pli ers. The angled arrangement
is far more convenient for soldering. This
tip, too, does no t need to be filed down and
retinned . And as with the No. 4033 chisel
tip use the Variac box to control the
operating temperature .

If you don't dismantle the tip from the
heating element once or twice a week you
may find it has bonded itself permanently in
place. Since I might want to use another tip
sometime, I store the heating element with
it s soldering tip removed.
Soldering Hints, and Appli cations

I won't repea t all the stuff you find in the
books (which you ought to read) and I' d
spe cially reco mmend How to Bu iZd EZec­
tronic Equipm ent by Johnson, Rid er Pub­
lisher No. 286 . But here are a few sugges­
tions.

Don' t have any acid core solder in your
lab. Use goo d rosin core sold er, but watch
out for what you find in the shops and
stores ope n to the pub lic. For instance, a
certain very large retailer sells ro sin-core
solder at a very economical price. Turn s out
it is 40 /60 solder : 60% lead. You don't want
that because its melting point is about 100
degrees F. higher than the melting point of
good solder.
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Looking at any reel or package of solder,
you should find an entry typically 50 /50,
maybe 60 /40 or even 63 /3 7. These are
percentages of tin and lead, the tin percen­
tage given first . Solder with more tin melts
at a lower temperature, which is preferable.
It costs more because tin is more expensive
than lead. I use 60 /40 solder for most work,
which melts at about 370 degrees F., and
always purchase the finer-gauge Kester or
Ersin electronic solders.

When soldering, according to the books,
you let the iron heat the work and then melt
the solder directly on to the work. I think
this advice is a bit misleading. Typically, the
work is warmed with heat carried over by
the rosin flu x . Since the work is not ye t
warm and heats very slowly by conducted
heat from the iron, there mu st be some flux
free on the iron tip to carry the heat to the
work. Next time you 're solde ring watch
closely and you will see this. When I am
soldering I place the iron against the work,
and if the work does not heat very rapidly I
touch the rosin-core solder to the iron. The
fluxing causes the work to heat rapidly and
as soon as I see the joint becoming hot
enough to accept solder from the iron I then
add a bit of solder to the work.

The iron should be warm enough that
soldering proceeds quite rapidly, but not so
hot the solder burns and free flux on the tip
develops rapidly into crisp black flakes. Try
experimental soldering at various settings
and you'll soon discover which ones are best.

I haven't found anything better than
heavy brown paper towels for cleaning my
iron. It smell s odd, but works great, and
although the iron is quite hot there is no fire
hazard. I start at the handle end of the tip
and wipe right down to t he end when
necessary. Ungar and others offer special
pad s fo r this cleaning. I'm going to try one
of these someday, but I' ve got by with the
brown paper towels fo r som e time no w.

Whe n you have som e plastics or brown
polyethylene work to do , use the heavier
No. 4033 tip . It should not be so warm the
solder softens. Once you're done with the
pla st ics wo rk (sealing a twin-lead dipole to
its transmission line, for instance), turn up
the Variac to a nor mal soldering setting and
as soon as the solder soft ens st art wiping the
tip with the brown paper toweL You'll get
stro ng sharp plastic odors, but t he tip will
clea n up nicely. Apply fresh solder and
you 're ready for normal work again.

. Jim Ashe
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Bm Hoisington, K1 CLL
Far Over Farm
Peterborough , New Hampsh ire 03458

Light Naturally Runs DOLvn

It is time, not Dopp ler recessio n, th at causes th e famou s red shif t of
th e spectrum of all the distant stellar and galact ic object s.

The ap plica t ion of th is principle to elec­
tronic commu nication may have a great
effect on the high-speed digit al transmissio n
of computer data through space, here and
elsewhere.

Even today 600,000,000 bits per second
can be achieved, which co uld take care of
several computers " talk ing" to each other at
once.
The sentence in the Scientific American that
triggered the wri ting of this art icle.

On page 58, third co lu mn, Febru ary,
1969, we find the follow ing, written by
V. L. Ginsberg, of th e U. S. S. R., speaking
of quasars. " . .. not one of the approxi­
mately 1000 Quasars so far observed shows a
shift to the ultra-violet that would indicate
motion towa rds us."

Many times I have read about the red
shift of light from distant sources, from
which the "Big Bang" theory was evolved .
Accord ing to this one , every island universe,
galaxy, star, quasar, pul sar, wha t-have-yo u,
is receding, each from the other, including
us. It is a possibility , perhaps, but one which
never appealed to me at all. Now of course
Doppler shift does most certa inly exist, but
there is an other possible explana tion of this
red shift that is found to increase in direct
proportion to the dista nce of the source
from us.

This is the theme and purpose of this
art icle, a possible explanation of how light
can slow dow n (not in velocity, alt hough it
might do that too, over a long period of
t ime) and increase it s wavelength. This
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slowing dow n, onc e again, concerns its rota­
tion as a three dimensional blip of energy,
whose shape is yet to be determined. Maybe
a flat spiral?

In troductio n and ph ilosoph y of this article
There is _a po ssible explanation of how

light can «run do wn" , which is detailed
below. It also show s why these same light
waves act like part icles. They have to ;
they're sha ped like particles! As the title
suggests, light naturally ru ns down, not in
velocity , not in frequency (it hasn 't got
any!) but in rotation , which causes the size,
and th erefore the wavelength , to increase.

. I can imagine , so far, no mechani sm
whereby it should speed up , but have for
years been working on one whereby it may
slow down. Not in its travel through space ,
but in its "rotation," which is accompanied
by an increase in wavelength. I am repeating
here for emphasis. It just takes a little more
tim e, measu red in light years, and doe s not
require any Doppler caused by motion.
Doppler shift can occur also, of course, but
the large red shift found on all distant
objects had nothing to do with Doppler,
which is another subj ect ent irely.

In this art icle we will bring to bear on the
subject many ideas and facts which , af ter
study, will be seen to be very pertinent. The
app lication to " radio" t ransmission will also
become apparent.
Waveshape
. Anyone having experience with fast
timing in elect ronics during the past th irty
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or so years knows the import ance of the
shape of waves, even if only in t wo dimen­
sio ns. Pursuing this a li ttle furt her we come
to, or rather approach , the "infinite ly short
pul se" . This, as the old German professor
used to say , "Ve don 't got", but we can get
pretty clos e, as will be seen.

Plunging right into t he in triguing world of
electromagnetic pul ses which are extremely
short in ti me, Fig. 1 shows a "multi-bar­
relled" grap h of certain para met ers which
will hel p you break away from the much too
narrow concept of only sine waves and
frequency , useful as they have been and may
still be, for certain special cases, and lead
yo u into another more generalized world
where t he three-d imensional shape of a wave
is very important.

Aft er all, how can a single event have a
"freque ncy"? Fo uri er said t hat any pulse
can be resolved in to its component fre­
quencies. In the sense that "it is possi ble to
divide time into sm aller lo t s of time " this is
t rue, but blind fo llowing of his work, great
as it was, wit h "sine waves only " has
un fortunately served to obscure equ ally im­
po rtan t possibili ti es of work wit h " non-sine­
waves ," as will be shown. This work covers
the entire left side of Fig. I.

A single event, by definition, cannot have
a " frequency". If you atte mpt to ch op it up
into "component frequ encies," you are not
dealing with the original event, and you are
certa inly practising obscurantis m, even if
unwittingly. If you grind a stone into mol e­
cules it no longer falls, but drifts away on
the br eeze. It is, of course, no longer a stone
and doesn't act like one . It cannot tru ly be

said to be "Just a matter of size or degree."
Single electromagnetic waves are present

all over the world as lightning, etc. Such
single waves can bounce back and forth in
space or on conductors or filters and acquire
a frequency by so doing, but that is not
necessarily its freq uency !

The act ion of filters has been dealt wit h
at great length through the years, but please
do not neglect the preceding sente nce .

Features Sho wn On Graph No.1

I. The entire left side of this graph is still
main ly ' unused by engine ers today. It has
however had immense usage by " Nature" for
millions of years. This is the region of heat
and light waves . The ti me duration of the
photon has not ye t been direc tly measured,
other than to say t hat it can be obtained
using the velocity C and the wavelen gth of
light.
2. It is interest ing to note that the work
with Lasers mo ves to t he right on the gra ph ,
increasing the "time on the air", and the
frequency precision. Naturall y , hasn 't every­
body bee n brough t up on sine waves?
3. Even wit h today's crude methods, infor­
mati on ca n be transm itted through space at
a rate of abo ut 60 0,000,000 bits per second,
by op erating on the left side of this graph.
4. The need fo r "frequency bandwidth" of
co urse disappears on the left side of this
graph as we enter the domain whe re time
reigns supreme. Eac h event, photon, single
electro magnetic pul se, digit al bit, or what
have you, i s a single event. There is no need ,
no r any utility , in co nsidering frequency
while on the far left of this region.
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5. By the foll owing mean s " no ise» can be
reduced in time channels in the same fashion
as is done with frequency channels. Anyone
time channel is "open" for a very smal l
amount of time. In a way this can be
considered the " reciproc al of integra t ion,"
and just as u seful.
6. One example of the use of this graph ; Use
two transmitters, one operating on the far
right of the graph as an exc ellent clock and
only as a clock , the other on the left side as
th e " bit sender". Tra nsmitter A sends preci­
sion timing using a highl y stable crystal
cont rolled microwave signal on , for example,
1,0 00 megacycles. Transmitter B sends one
bit every nanosecond , timed by A's clock .
At the distant sta t ion, Receiver A sets up the
clock based on transmitter A. Receiver B is
turned on by clock A, an d receives the
digita l information through th e nanosecond
gates.

You can't say much that is meaningful in
term s of frequency about a single wave of
th is nature, exce pt tha t it " spreads fro m
here to there" in freque ncy . Belaboring the
point becau se of most reader's t raining in
Fourier's analysis, with, ] believe, no corre­
spo nding studies of really short pulses, like
10 to the min us 18th, getting into the
photon region, to say it has a " bandw idth " ,
whi ch to most peop le mean s frequency
bandwidth, doesn't really say very much
about the wave as yet.

However, if yo u speak in terms of time
bandwidth and time filters (narrow time
gates), and use something han dier than the
second which is very "gross" fo r this work
you can begin to define th ese waves,
(photons, small, large, and gian t) with great
prec ision. You can see here, of course, th e
action of Heisenberg's famous uncer tainty
principle working right in front of your eyes .
The closer y ou measure a wave in freq uency,
the more time it takes. The closer you
measure it in time, the more fre quency it
take s. Rea l simple, right?

It doesn 't ma tt er very much in time
whet her you liste n to WWV for two hours or
for three, and it doesn 't matter very muc h in
freque ncy bandwi dth whet her you say 20
GHz or 30 GHz.

Thi s rela tion is tr ying to te ll you some­
thing, if you will open your mind a little. As
a clu e the ph oto n is caused by an elec tron
changing its energy level. Well, didn ' t we
agree above that for a conductor (obviously
full of electrons) to radiate you to uch it
with a battery?
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This whole subject regio n is of course
way out on the left side of grap h no. 1, and
as such is strictly in the time dom ain . Just
forget about frequ ency while you're over
there.

It just happened that someone (I think
perhaps Fessenden , but Lodge had so me
claims way back nearly on e hundred years
ago). first put an inducta nce in the line, or
across it , thus sett ing up resonance. This
allowed the use of two stations at the same
time in the same town, which was most
ususual for those day s. And so we inherited
frequency separation for our multitude of
broadcasters. Time division could have given
us an equal number of stations but no doubt
an equal number of problems; all different!

All of this is leading up to the third
dimensions of the photon, the one which
cause s it to " look" and " act" like a particle.
At times, that is!

OsciUators are not needed for the generation
of elec tromagnetic waves

Light and radio waves (that is once again
electromagnetic waves) , are fu nda menta lly
generated by a cha nge in voltage, or current,
or both. Becaus e, although a battery may
just sit there with positive voltage on one
end and negative voltage on the other, no
event really occurs until at least one electron
is moved ; then you have a current. If a
conducti ng sphere, in space, is touched by
one side of a battery and th en by the other
side, radiation will tak e place and travel
outward at the veloci ty "C". It will do the
same if to uched by an elec tron and then by
a " ho le".

A copper sphere radi ates some eighty
percent of an elec trical energy distribution
on its sur face in the first half wavelength . It
is th e world 's fastest radiator, ha s th e worst

1

!

Fig. 2 . Vo rte x w ave grazing on water.
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" Q" known, and if properly treat ed , can
serve to radiate and transmit right now, even
with crude methods, some 600;000, 000 bits
per second of informatio n through large
amount s of space every second. Tak es care
of any infor mation several big computers
can han dle simultaneously, too!

We are getting warm now, on the basic
subject matter. We just need to fm d a small
enough sphere to radiate those smal l light
wave pulses. What's that you say? The
molecule or the atom, or the nucleus?
Sounds possib le. We will need a real wave ,
but one that has a 3D shape like a particle .

A wave already exists which is const ricted in
three dimensions, even four if you count
t ime also .

But , you say, "all waves spread out as
they travel". That's wh at you've been
taught, so that's what you believe. Who are
you to question your "betters", the Great
Savants who proved that light consisted of
waves, and the other grea ts, like Einstein,
Plan ck , and Bohr, to name a few, who.
proceeded to prove light was co mposed of
particles? Now just a min ute, aren' t t he
above co ntradictory? Yes, of cours e, and
then they were also combined (partially) by
the Nobel pri ze winn er Prince De Broglie.

An d so it has gone on, perhaps needlessly,
for th ere has been in existence for untold
decad es, a type of wave that has the shape of
a particle. It even has a name! The vortex
wave. True, it is a sou nd, or shock, wave ,
and sound waves require a " substance" in
which to pro pagate, such as air, water, or a
solid. But supposing an d here comes a great
big supposition, we simply investigate this
sou nd wave as a starti ng model only, for an
electromagnetic wave to work on later?
Don't forget sound waves are also tau ght as
" radiating in all directions" .
My first' meeting wit h th e vortex wave

In my you th we lived on an island in
Main e every summer and I used to go a mile
and a half over to the mainla nd every day to
get the mail. On clear ca lm days wit h a slight
swell running our one-lung Cap tains boat
pow-powing away , the fourteen minute trip
was a great pleasure, with time to relax and
wat ch things that wer e ha ppening. One of
these was th e exhaust from the old five
horsepower mak e-and-break engine. It fIred"
several times a second and the blast was
released through the exhaust vent, on out
through the mufller (which I believe had no
"inside s" left ), and on ou t through th e two
inch pipe, posit ioned horizonta lly out over

73 MAGAZINE



MURCH ELECTRONICS
FRANKLIN , MA INE 04634

See your distributor or or de r d ir ect.
~--

MORE RANGE •••
with NO NOISE

NEW 51-51·5
MULTlliAND DIPOLE ANTENNA

For Ama t e urs
- SWLs

0
··· UTILI TY

, . . REPLACES DALUNS
REPLAc eS Al l W IRE

EXCEPT COAX
~ - - OPERATES 10

TH ROU GH 80
METE R.S

IMPROVED RECEP-
TIO N FOR SWLs

SPEC IFICATI ONS
MO DEL 'S A - (,8B
AV ERA GE SWR 1.7 t o

I or better.
OVERAl l LENGTH

102 fee t
I NC LUDES 30 feet

lee dln
10-15-20-40-80 Mete rs W EIGH T 2:y.. lbs.

Mode l 68A-1000 W atts -2000 P.E.P __. 34.50
Mod el 688-500 Wat ts· IOOD P.E.P 26.50
Mod e l 86D-For Recept ion O nly __._ __ .17 . ' 5
Mod els 68A and 686 ope rate 10 throug h 60 meters wit h
d typica l d ipo le re d iaflon pa tt ern within th e freque ncy
fan g e. A sea led eenler unit provid es co nnect io n to 7-22
copper antennoll wire and 30 fee t of heavy duty twin
leed . Twin lead is equi pp ed with a seal ed co ax fitt ing
for connection to a r<J ndom leng th of CO<J I t ran smission
line. May be used oU a fla t d ip ole or " inyert ed V" . Not
effect ed by wide changes in clim<Jtic condit ions.
Mode l 860 is for rec eption only lind covers all short­
Wllye e nd broadcast ba nds . Consists of 100 fee t a n­
tenna wire , 30 feet twin lea d plus 25 fee l of coax for
d irect connect ion to rece ive r.

OIIlECTI ON Of TRAVEL
or WAVE IS OUT Of THE
Pll,PER -

F ig . 3 . Do ughnut w ave phase diag ram .

th e wate r. When the 22 foo t dory rolled
slightly at an angle just under the horizontal ,
a pecu liar phenomenon occurred. An impres­
sion was created on the still surface of th e
water anywhere from 25 to 100 fee t out,
with every exha ust blast.

This impression , shown in Fig. 2,
occurred with a slight del ay whic h I asso­
ciat ed wit h a sound wave. I found out later
it was the mark a vortex wave makes on
hitting the water at a slight grazing angle, the
dou ghnut shaped wave standing up vertically
as it hit the water.
Later vortex waves

Work ing as a memb er of the Technical
Staff, Bell Telephone Laborat ories in New
York in the late for ties, was a considerable
inspirat ion. One which encouraged me to
pursue my studies of fundam entals, and
helped to make me think deeply abo ut
electromagnetic waves in particular, even
though H. S. Black, inventor of the feedback
amplifier, said to me, " You mu st think,
write, and talk rigorously here at Bell" .

These studies ted me to wonder more and
more about th e famous controversy over the
particle-wave question , and to invest igate the
gene rat ion and propagation of the vortex
sound wave as a class of non-spreading waves
that perhaps could be used to imagine an
electromagnetic wave of similar character
and actio n.
Generation and mechanism of the vortex
sound wave

Box es with small rou nd ho les in front
were pounded on the back with a hammer
and these indeed generated nice vort ex
waves. Satellite s, space ships, and other
thin gs entering our atmosphere also make
nice ones. They have a name too ; "sonic
boom".

These boxes were filled at times with
smok e, and very fast-travelling rin gs were
blown, as well as qu ite slow ones. Note that
shock waves can travel at all kin ds of speeds,
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such as the Bikini shock wave was that
travelled at many Mach numbers. With these
smoke rings, the mechani sm of th e ring, its
slowing down in frequency (ro tation) as it
tra velled, th e ro ta t ion of the smoke part icles
following the wave mot ion around the
dou ghnut shaped ring, their rotational phase­
change of 360 degrees aroun d the rin g, and
t heir generation by the round exit hole of
t he box could be seen by the eye. Each
part icle rotated , t ravelled around the cross­
section , and the ring as a who le travelled
forward. Perha ps, if you are old enough, you
remember the Flettner Rotor-Sail Ship? A
cylinder, or sphere in a slipstream (gas or
water) which, perhaps due to its own
motion , or that of the medi um , or both , is
subject to a force at a large angle to the
direction of travel. This causes each part icle
to move sideways, as it trave ls ahead, making
a spira l relative to the previously undis­
turbed medium ; air in th is case.

The doughnut shaped ring of smoke has a
fascina t ing stat ionary metallic toy equivalent
known as a "S linky", whic h is a flat spring
that can be curled around and have its end s
joined . Then if you rota te th e metal around
the cross-section you will see the " phase" go
180 degrees out opposite your fingers and
magically co me back in phase again . See Fig.
3, which illustrates both the Slinky and the
smoke ring.
Slowing dow n in rotation

Naturally, the smoke ring particles slow
down as they travel th rough th e mol ecules
of air, as does the force-wave associated with
these parti cles. A lso, the cross-section gets
bigger, the doughnut gets bigger and its
forward travel slows down . Now, of course,
the for ce-wave itself is the generator, and th e
particles were only put there to render the
wave visible, which they do nicely .
The electrom agnet ic vortex wave

The great Maxwell said that there was a
"medium " for electromagnetic waves. He
co nfid en tly assumed oth er physicists
(" Natural Philosophers" ) would discover
this. But , as you know, they did not do so,
and , one hundred years being qui te a time to
wait, it became un fashionable to talk. abou t
this " aether." After all, if you were unable
to find it, even th ough you kn ow a wave has
to have a medium, and bein g a professor you
had to teach something, the only thing you
could do was to make it an " out" thing and
stop talking about it. May be then peo ple
would stop trying to make you admit you
didn't know. You can also fall back on the
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excuse that th e only thing needed is to be
able to measure it . Pretty slim pickin 's, I
think.

Now let us suppose that th e light waves,
or qu anta, as they are also called on alte r­
nate days of the Advanced Studies Group's
week , are actually someth ing like the vortex
wave. They can be genera ted by a phase
delay mechanism, but , before that , they
cannot be other than a single event. This fits
fme . The non -phase-coherence of unf iltered
nat ural light waves (sunlight fo r example) , is
a fact.

The single wave (the shock wave as
generated in the box), allows the wave to
fold on itself, as can be seen best in a glass
smoke ring box , so that the dou ghnut shape
is formed, travelling forward, with every­
thing nice ly in pha se in that single little
energy-packet-wave itself. If you try to make
the vortex wave out of a co ntinuous wave
motion you will fail.

Still, supposing that we succee d in
making, by means which I propose to use
later , a somewhat similar type of electro­
magnet ic wave. What will we have? It
pro bably will travel at the velocity C, at least
at first , unlike the vortex wave which can go
at Mach N when first generated by a
hydrogen bomb,

Due to an entirely . different medium
being used, not only in our atmosphere and
in Space, but pervading even the atom itself
and pro bably the nucleus to o, our electro­
magnet ic vor tex wave will rot ate (spin?) 0 /2
spin? ) at a rate which will be very fast,
dependent on ' it s size, like gamma rays,
Xrays, blue light , red light , etc., as this size
increases.

Thi s length may be seen to be th e size of
the " do ughn ut" or whatever shape it may
tu rn out to have, (perha ps a vary ing one?) as
it goes by or impin ges on something, suc h as
a photo-e lectric surface, for example, at the
velocit y C. Although it may not be shaped
like a doughnut at all, it will be confined in
t hree dimensions.

A wave of this type also needs quite a
specia l type of detector, and would qu ite
natura lly need to be small in order to kn ock
one photo-electron out of an ato m. I have
imagined a detector for this ty pe of wave
(the giant photon one) bu t it doesn' t look
like an atom. Or doe s it? What does an atom
look like anyway? It was Lord Rutherfo rd I
think who said, "You will never see an
atom". Maybe so. And th en again , may be
not so !
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The light wave gets bigger as tim e goes by
As the photon-lightwave-particle dough­

nut wave trav els through space and through
the medium which after all must be there in
som e form or other, even though the mind
of man has not yet actually "put his hand on
it " , it may well act like th e vor tex wave
mod el in several respects and slow down its
rotation (or wha tever it is doi ng to keep
it self together) over a large number of years
at least, get ting bigger as a result of that
med ium having some frict ion, ho wever small
this may be.

This will of course increase its wave­
length, makin g a "red shift. " Don't forg et
that it is a unique, single wave, or event, and
therefore not having any frequency. as far as
a co ntinuo us collec tion of waves following
each other is concerned,

As we go by here in sort of a rush (aft er
all this is an article, not a book) the
part icle-wave cont roversy may be cleared up
once and for all.
Time division versus frequency division and
th e uncertainty pr inciple, as they apply to
th e p hoton and radio waves.

In our present era. frequency division
reigns almost supreme but it was not always
so! Marconi's first transmitte r was the
" four-ball" type, which was th at o f his
teacher , Professor Rhigi, who followed
Hertz' model, as sho wn in Fig. 4.

In this system th e tw o outer balls charged
up , then discharged by spark. over to the
two inner balls which then pro ceeded to
generate a spark between th emselves, and
the two outer balls then disconn ected them­
selves auto matica lly by quenching their
sparks as the volta ge droppe d.
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Fig. 5. wevesneoe of rad ia t io n fr o m a con­
ducting sphere .

Speed of the photon
Now the phot on does not suffer muc h

from lack of speed on Eart h bu t it does a
little when you talk to someo ne .on th e
Moon, an d a great deal whe n the day comes
you would like to talk to someone many
light years away. The photon travels at a
velocity kn own as a "Universal Constant"
which has been given the na me "C"

As emitted" from its source, such as
molecules, atoms, nucl ei, moving electrons,
etc ., and measured nearby . this veloc ity
appears to be quite uniform. But . has any­
one measured the veloci ty of a photon
arriving on Earth from. for example, a
quasar after tra velling thro ugh the qu ite fa r
reache s of space? Just a qu esti on for th e
ast ronomers, really.
The shape of the photon.

What shape does the photon really have?
Well, I think this is a goo d qu esti on , and one
which I will ke ep asking fo r a while anyway .
Th e wave people saw a plane wave spreading
out in all directions transverse to the line of
tra vel from the ori gin. Of course they
couldn't accou nt fo r the pho toelectric effect
this way . The particle people (sometimes th e
sam e peop le but on a different day of the
week) saw a lit tl e blob of "energy" bu t
could noi acc ount at th e same time for the
positive wave-like actions of the photon
under other test conditions. De Broglie
became famous for his predictions of th e
waves associa te d with particles havin g mass,
such as the electron. He still did not
solve the whole problem by a long shot.
There remained the " model" , or "shape" of
a wave that is restricted in three dimensions
and does no t sprea d out much, but does a
lit tl e as time. quite a good deal of it (lik e
lots of light years), goes by .

I am so sure of this that I am writing an
article ab out it. This article! I also think
(although of this I am less sure), that I may
know how - to make a "gian t photon."

Note the a bsence of induc ta nce, ot her
than the copper surface of the spheres
th em selves, an d remember th at a co pper
sphere radiates some 80% of it s energy in the
first half wavelength. There is not much
point in calling it half a cycle as th e event is
almost over by then. Fig. 5 shows an
approximat ion of the waveshape, as drawn
by some of those lads in th e last centu ry,
one of them being Sir Oliver Lod ge, who was
quite aware of the time dura t ion involved
which was a few picoseconds (l0 to the
min us 12t h sec .) even in the absence of such
things as Tekt ronix or H. P. sco pes!

Being considerably versed in opt ics, t hey
measured it by the use of interferometers
an d, of course, in a wave as shown, th ere is
little to interfere with! But th e inter­
fero meter will, and did, draw th e waveshape
nicely for them , even if only in two di­
mensions.
Into the realm of pure conjecture
The Electro n .

Let's reall y delve in to things a little. I
have never read anything about the shape of..
an electro n, oth er than it is no t known. Even
though some learned typ es of peo ple say
that, " it is useless to inquire into such a
thing," this st ill doesn 't satis fy me. It has
mass, pro bably of electronium , and can thus
sta nd still, whi ch is impossible for a photon.
It is the basic unit of electricity, at least so
far as is known today . It still suffers tremen­
dou s confusion with something called "cur­
rent" becau se our learning and teaching
suffer even more from tradition and au­
thority. Th e chief engineer of a large and
prosperous, tube plant, whi ch shall be name­
less, was, due to this " training". unab le to
think of the difference between the elect ro n
flow and wave flow in and arou nd the very
good (but limited) tubes made by his tech­
nicians.

Both Faraday and Maxwell stu died and
wrote , in quite a different style of course,
about something th ey call ed " disp lacement
current " , which left the con duc ting metal
and jumped across the intervening space.
This «th ing" is of course electromagnetic
energy and travels at the spee d of light. I
expect it woul d. being emitted in quantu m
sty le an d thus made up of ph otons!

But the slow-poke electrons, according to
Eins tein, and every body else too, never
reach the speed of light. Indee d, in these
tu bes they suffer badly from transit time.
Not any more so of course, than those of
any other good manufacturer.
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Pro bab ly other peop le do also. which may
well account for the pulsars . Maybe I"U get
time to do it later. wit h help .

Requirements for a wave that does not
spread out

Several requirements for a wave that does
not spread out are listed below, start ing
fr om the conside ration of the wave we
alrea dy have. the vortex sou nd wave that is
restricted in three dimensions.
1. It must be a single wave. A single event.
Generated , radiated. and do ne with. You can
send ano ther one pretty close after it may be
in the next ,nanosecond but they mu st not
be connected, and it is immaterial whether
the second one is there or not. TIlls makes it
pretty nice for digital transmission of
course ! To be sure of this check up on th e
vortex wave yo u can make in a glass smoke
ring box and radiate from it.
2. It must then, as a single wave be sub­
jected to furt her treatment which willcause
it to ro tate on it self . Wat ch th at smoke ring
closely! It does this as it goes forwa rd. In the
electromagnet ic model this ro tation may be
some form of rep eated ac tion (frequency" }
which may be a ty pe of action co mple te ly
unknown as yet ... Perhaps a rotat ion or
alternation of its interna l fields, possibly a
spiral effect.
3. It must do this at the speed of light,
whic h should be easy. It is light, .and in a
medium of which we kn ow naught ! We have
dr awn a blank there ; Maxwe ll described
some of its pro pert ies but no one has been
ab le to " find" it so far. Maybe we amate urs
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can find it while the main crowd of
physicists ru sh madly on with t hei r thirty to
forty " new particles" foun d in the sup­
posedly tiny nucleus.
4 . It must, when generated an d travelling
outwar d at the speed of light (which it isl),
at the sa me time, be subj ect to po larizat ion.

End of list of requirements, so far. There
may well be more. Number 4 does not mean
the type of polarization accomplished by
opt ical work ers, who pick out those photons
polari zed, for example, vertically, and then
t hrow away those which are polarized
horizontally.

This polarizati on describes the "elect ric
field " as opposed to the "magnetic field".
We are getting pre tty clo se to real funda­
mentals now, so we have to watch words
closely . After all, new theory many times
requires new words, which goes " against the
grain " (of thought) with some people, who
credit themselves with a sufficient vocabu­
lary to describe anything t hey can think
abo ut. Don't worr y about this matter
t ho ugh . We are all groping in the dark here, I
believe.
Polarization of the photon

This has always been a real tough subj ect .
Not so bad in radio, where you can put a
dipole sideways and be sure you are hori­
zo ntally polarized . Even here yo u have to
wat ch your st ep though. The dipole sho wn
in Fig. 6, whose length is in the horizontal
plane is nevertheless polarized vert ically ! Try
it sometime!

But this ph ot on now , ho w can it have a
polarization? A little slug of energy mo ving
out at the speed of light. How can it be
po larized? Well, we kno w it does have such a
pro per ty so we have to live with it . As far as
I know, no one knows how to emit light
whic h is polarized in one pla ne only, as is
done in radio. This pro bably stems fro m, at
least so far , a n inability to "arrange" an
ato m so that it does emit polarized light.
Quite a job I would guess! Still , so me people
are achievin g remarkable minute maneuvers
today like showing pictures of bacter­
iophages wh ich are only a few atoms long.

Of course it would help a lot to know the
sha pe of suc h t hings as at oms and photons.
Maybe someday. Maybe the "giant photon"
I' m proposing to build coul d help.

This Questi on of polarizat ion, to me, is
t he hardest par t of the whole deal. At least
I'm in there trying!
The medium

This " gh ost," this "spectre," is always
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in the back ground, mak ing physicists unsure
of their work at times when dealing with
light, remaining a bad question when leading
electronic engineers are asked about it by
juniors .

Personally I'm no t afraid of it, but so far
I haven't made much pr ogress in dealing
with it . I believe there is a "medium" but, in
common with everybody else, I have no
concrete ide as about it. I can only hope at
pre sent, t hat my ideas on t he 3D wave as
proposed in t his article may suggest some­
th ing (anything!) useful about it , and mak e
it a litt le less an "out" subje ct and one
which becomes a little more an "in" one.

There mu st be someth ing there! So t he
photon is a " t ravelling, alterna ting, field".
See you later on this, I hop e.
Speculati on on pul sars

Perhaps the pulsar is a "gia n t ph oton"
type of radiation ra ther than a "plane wave"
affair, and as such it could he using extreme
directivity (d oes not spread out much)
similar to the vortex wave.

In which case the calculat ed power of the
pulsar needed to send suc h radiation to our
earth may be in need of tremendous revisio n
downward s. As mentione d, I think astron­
om ers would appreciate help here . I sure
nee d help fro m them!

In fact , in , a recently received privat e
communicat ion from Arrecibo, P. R., I have
been told that the pul se fro m a pul sar
consist s of one fell swoop of " frequencies"
fro m A to Z with so mething that just might
be a message built into it. Look at graph no.
1 again, please . The pulsars may soon really
te ll us something!
The particle-wave.

If the suppositions in this article fina lly
lead to a clearing up of this century-o ld
controversy, well fine . I'm 64 years old now ,
expect ano t he r ten years of useful work and
would like to devote so me of that time at
least to th e creation of a " giant ph ot on"
working mod el of the type of wave, with
proper polarization to fit , which, from an
apertu re of abo ut one wavelength, should
hardly spread out at all for the first many
milli on s of miles of travel. Beats radar
do esn't it'! The red shift gets to be ab out 3
db near the visible edge of our universe, so,
if ' caused by light running down inst ead of
Doppler, may turn out to be our oldest,
biggest, and best "universal clock," and one
which is know n as such throughou t said
universe.

. . . K1CLL
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Cable Pickup
John J. Schultz, W2EE Y!l
40 Rossie Street
Mystic, Connecticu t 06355

and Shielding

Fig. 1 . Interferen ce can c o u p le to c a b le b y
c apacit y (e lectr ic a l) or magnetic fields or a
comb in at io n o f the two.

Shielded typ es of cable, when properly
u sed , at an y frequency can provide a great
deal of protection fro m interference sources.
Their proper use and various types of special
shielded cables are discussed in this article.

Most amat eur installations use extensively
various forms of shielded cables - for audio
lines, lo w-level rf circuit s, and for antenna
transmission lines . Often such cables arc
used as a matter of convenience or because
they are readily available , with the ir shielding
ability being kept in mind , bu t as a
secondary though t. This approach suffices
for many in stallations because no real need
exists for great care to be ex ercised as
regard s cable shielding.

How ever , there are instances when a
statio n is located in an electrically noisy
environment or internal problems of hum
and feedback develop within a piece of
equipment which require that cabling be
properly shielded. Too many amateurs
believe that the best they can do as regards
cable shielding is to use some form of wiri ng
wit h a woven wire cove ring or "shield."
How ever, wha t really constitutes a "shield"
depends upon a number of factors and what
ap pears to be a ph ysical shield may not, in
fact, be a good electrical shie ld. To obtain an
effec tive shield, on e has both to understand
what one desires shielding again st and what
the shielding capabilities of various cables
are .

This article discusses some of the general
considerations that are ap plicable to cable
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sh i e l d i n g effectiven ess. The principles
developed apply whether one is tr ying to
shield again st a hum problem inside a piece
of equipment due· to cable pickup or
whether one lives in a noisy city environ­
ment and is co ncern ed with bringing micro­
volt level signals from an antenna along a
transmission line wit hout having external
noise sour ces mask or distort the signal.
Books have been written on the subject of
cable shielding and no brief ar ticle can cover
all the techniques involved. Ho wever, the
material presented sho uld at least give some
bett er insight into proper shie lde d cable
usage and explain why the simple usage of
shielded cable do es not always instantly or
immediately solve cable pickup problems.
Noise and In terference Fields

Probabl y the greatest 'pro blem in effec­
tively shielding a cable is t o really de termin e
what the shield should be effective again st.
Coupling between a cable and some external
sou rce (noise field , radiat ed signal, a signal
flowing in an adjacent wire, transformer
field ) can be either by means of capacitive
(electrical) or magnetic fields. The field fro m
a fairly d ista nt radiated signal can produce
the former type of coupling whil e a wir e run
close to a transformer will be coupled by t he
lat te r mean s. In a complex situation where a
number of interfering sources mu st be
shi eld ed against , co upling can be achieved
by a combination of both means.

Fig. 1 shows ho w both fields can effe ct a
single-shielded coax ial t ype cable. The
capacity co upled field is t he oret ically
stopped by the outer conductive shield of
the cable. Actually, this is no t completely
true , since most shields are only 80- 90%
effec tive. Sti ll, such a degree of shielding
suff ices for many applications. The magnetic
field passes thr ough the woven copper-wire
shield of the cable. Actually, nothing ha p-­
pens becaus e the fields co uple to the cable
where somehow only a curren t can flow .
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Fi g. 3 . T riaxia l a nd T w lna x c a b le c o nst ruc­
tion .

18 '

TR I...KIA ... EQUI.... l.£NTS

RG:l8.A RG!:\.O
R6 59 RG 1 3
R61 1 RG 1 5
R6 8 RG 5 1

''l

closed loop would be present to allow
induced curre nt flow. In practice, suc h a
method is not always po ssible, especially
with low impedance cables, because of the
imp edanc e mismatc h that occurs at the load
end of the cable . Howev er, th e method can
often be used wit h very good results with
very high impedan ce cables. A variation on
the me thod is to gro und th e shield o f the
cable at the load end through some sort of
se lec tive device - an ,/ choke, for
instance - if a dc path through the cabl e is
desired , but ,/ pickup induced currents are
to be surpressed.

Special Shielded Cables

Single conducto r shielde d cable or coaxial
cable is cer tainly not the only type of
sh ie lded cable available, altho ugh its
co mmon usage overshadows th e availabili ty
of other typ es. It was mentioned befor e that
the shield of a co axia l cable is not 100%
e ffe c t ive. To retain flexibilit y while
improving the shield effectiveness , do uble
shielde d coaxial cable is available (RG5A!V
and other ty pes). The cable has tw o woven
shields direc tly placed on to p of each other.
At fr equencies in the mf thro ugh vhf range,
th e shielding effect iven ess is ab out 97%. The
cable is used in the same manner as single­
shield cable and all t he con sidera tions
mentioned regarding grounding of the
shields still app ly.

If one tak es a double shielded cable but
insulat es the two shields fro m each other ,
t he result is Triax (F ig. 3A). Thi s cable can
be used as sho wn in Fig. 4A. The outer
shield is co nnect ed to ground and the inn er
shield and conduc to r are used for the signal
circuit . Because of th e separate outer shield,

,,- SIGN...... CUIUt[NTS

- ;

") -y~~-~-~~=:t-
'\ GROUND CURR[ NTS . } ­

...._--- --

Fig. 2 . Methods o f gro und in g simple c o .
ax ia l c ab le o r sh ie lded w ire .

rc: r'-- - - - --,
SOURC[-t----------------}-...o...o

Thi s tak es place when the shield of the cable
is grounded in some manner, as shown in
Fig. 2.
Gro und Con nections

When a gro und connect ion is placed at
both ends of a coaxia l cable (Fi g. 2A)a loo p
(clo sed circuit ) is for med consisting of the
shield and the ground circuit. Thus, if th e
cable is subject to either of the fields shown
in Fig. I , th ey can cause a curre nt to flow in
th e shield. Naturally, since th e shield must
also car ry th e des ired signa l curr ent in one
dire cti on , th e signal will be degraded by the
amou nt of the coupled interference.

It is assumed , by the way, that the fields
are coupled to the cab le with such an
orientation that they can induce curr ents.
Normally , this will be th e case since most
int erferen ce has a random orienta tion.
However, th ere may be special cases (in side a
chassis, fo r instance) whe re the interferin g
field is fixed and one can achieve a con­
siderable redu ction in the co uple inter­
ference by reorien ting the signa l cable.

Again , however , on the subject of shield
grounding, one common idea is that the
shielding effectiveness of coaxial cable' is
enha nced by grounding as often as possible
along the length of its run. Actually, it is
possible that such ground can have just the
op posi te effect, as sho wn in F ig. 2B. The
smaller closed loop s fo rm ed can increase the
ind uced curre nt flow. Also , th e ground path
may have other curr ents from external noise
sources flowing in it which will be coupled
ont o the shield of the coaxial cab le.

Th erefore, the best approach usually is to
have as few ground connections as possible.
In fact , the best situation, as shown in Fig.
2e, wou ld be to have a single ground
connection at the signal source . Thus, no
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capacitive coupling does not affect t he signa l
carrying circuit and th e outer shield can be
gro unded as often as possible without
harmful effec ts from ground currents. Of
course, th e value of the oute r shield is lost if
the equipment used is gro unded to the same
point as the outer shield. The cable can also
be used to produce th e effect discussed for
Fig. 2C without causing any impedance
problem s by grounding th e oute r shield at
only th e signal input end. Thus, it can be a
very effective mean s to red uce interference
whe n a coaxial line is desired to an antenna
in a noisy locat io n. Triax cable is available in
th e usua l 50/75 ohm impedan ces from a
nu mber of manufacturers. Some examples
are Times TRF -502 and Amp henol 21-527.
Such cable is not inexpensive but can be
very eff ective. For short runs, ti nned braid
can be purchased separately and slipped over
regular single shield coaxial cable to form
inexp ensive home-brew Triax.

Still another special cable is sho wn in F ig.
38. Twi nax, as this cable is called , has a
twisted 2-conduct or pair inside a single­
shie ld. As shown in Fig. 48, th e shield is
grou nded to isolat e the conductors from
capacity coupled fields. Th e twisting design
of the inner two conductors provides a great
reducti on fro m the effects of magnet ic fie ld
induction since the curre nts induced cancel
in alt ernate twisted section s. The cable is
meant for use in a balanced tran smissio n line
syst em and is generally availab le in 90-150
ohm impedances (RG22/U, Belden 8227,
etc.) . A form of Twinax with a doubl e
insulat ed shield is even availab le, but only
useful for specialized application s.

Checking Shield Effectiveness

Th e effectiveness of a shield is a complex
thing to evaluate by test instruments because
of the variety of field s over a wide frequency

SOURCE ~: - t : : - --------- ------:::':'t-t:- LOAQ
[UNGROU NDED) ~--- - -- -- - - - - - - - - -. (UNGROUNDED)

-= Of ::t !
",
' 0"," ~:cc_-.c.c:__ =::=:_ ::~ ,o"

(GROU NDED) - - - - - -- ------ - - - -- (U NGROUNDED)

Fig. 4 . Tr iax ial and T w inax cab le shi eld
co n nect io n s.
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range to whic h a cable might be subject in
usage. However, checking shield effective­
ness in an ac tua l installa tion is not complex,
and a simple method is usable no matter
what type of cable is being used .

The method requires o nly a receiver
tuned to th e frequency at which the cable to
be tested will be used and a shielded du mmy
load (a Ih. watt re sistor , for instance, placed
inside a coa x connector). Th e dummy load is
placed on the re ceiver antenna terminal and
a multimete r is attached across th e rec eiver's
audio out put to measure outp ut voltage (the
headphone jack is usually the most con­
venient location using a 600 to 1,000-ohm
resistor in place of the headphone load). The
rf gain control is set at maximum and the at
gain control used to set some convenient
" noise" voltage level on the multimeter scale
(usua lly 1-4 volt s).

Without changing any receiver control
settings, the dummy load is removed and
placed at the far end of th e cable run under
test. The nea r end of the cable is connected
to the receiver (or transceiver) antenna
terminals.

Th e increased noise reading on the
mult imeter is now due to cab le pickup. Even
in the best of installations, there will be
some increase in the meter reading be cau se
th e dummy load and connector shielding are
no t perfect. However. in a goo d installation.
th e increase will be min or and certainly not
more tha n 1.5 times th e original met er
reading.

This method can be used to chec k t he
pickup of a cable already installed or to
che ck the improvement in an installation as
different cables, grounding methods, etc . are
tried . The import ant measure is only the
increase in no ise read ing as th e dummy load
is moved from th e rece iver to th e far end of
the cab le, not an y abso lu te readings. Th e
en tire receiver " calibration" must be
repeated for each frequ en cy band of
interest .

Summary

There is little sense or econo my to spend
money on sensitive antennas or equipment
and then accept perf orman ce degrada tion
becau se of cable pickup. Probably no cable
can be made abso lutely pickup-free in all
interference environment s. However, by
fo llowing some of the general met hods
described. one at least can start to tackle the
situa tion with som ething more than simple
coaxial cab le as the on ly possibility.

.. . W2EEY
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wwv- Pioneer

Arthur Levy, WAlAAU
47 Dayton Street
Springfield, Massachusetts 01118

Ln Standards Broadcasting

"National Bureau of Standards, WWV, Fort Collins, Colorado. Next tone
begins at twenty-one hours Mountain Standard Time. "

The National Bureau of Standards radio
station, WWV, began operating from its new
home in Fort Collins, Colorado, early in Dec­
ember 1966. The station was moved from
Greenbelt, Maryland, to the present site, 60
miles north of Denver, at a cost to the govern­
ment of $970,000. The move was prompted
by rapidly obsolescing equipment, the need
for a more central location, the high ground
conductivity of the new site, and the prox­
imity to the N.B.S. frequency standard at
Boulder, Colorado.

WWV's services are among the most wide­
ly used and vital services provided by the
National Bureau of Standards. Its time and
frequency signals are used by ships, aircraft,
electronic laboratories, radio and television
stations, electrical power companies, and the
makers of musical instruments (who depend
on WWV's tone for standard pitch).

Amateur radio operators around the world
account for 35% of WWV and WWVH (Maui,
Hawaii) listeners. Hams use the signal to cal­
ibrate their equipment.

WWV joins two other N.B.S. standard fre­
quency radio stations at the Fort Collins site.
The stations, WWVB and WWVL, were es­
tablished in 1963. They operate"on low fre­
quencies making possible world-wide cover­
age.

Station WWV broadcasts on frequencies
2.5,5,10,15,20, and 25 MHz. The broad­
cast are continuous, night and day, except
for a four minute period each hour. The
silent period commences at 45 minutes (plus
15 seconds) after each hour.

SEPTEMBER 1969

Artist's drawing' of WWV and its antennas.

The 5, 10 , and 15 MHz transmitters de­
liver 10 kw to the antennas, while the 2.5 ,5 ,
20, and 25 MHz transmitters deliver 2.5 kw.
The linear amplifier, which has a 40 kw in­
put, is driven by a one watt driver. All of the
antennas at WWV are vertical , half-wave dip­
oles, and are omnidirectional. They are fed
with 50 ohm 3 5/8" coa x cable. Antenna
height varies from 20 to 120 feet.

At WWV, all modulation is double side­
band amplitude* with 75 % modulation on the
steady tones and 100 % on the second pulses
and voice.

In case of a power failure the station is
ti ed into two power grids in addition to hav­
ing an emergency power generator.

Since December I , 1957, the standard ra­
dio transmissions from WWV and WWVH
have been. held as nearly constant as possible
with respect to the atomic frequency stand-
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New antenna designs are tested out on
1!40th of the wavelength before the final
installations are made. Here is a model of
the 10 khz antenna to be built for WWVH .
The model is on 400 mhz,

ards which constitute the United States Fre­
quency Standard. The U.S.F.S. is maintained
and operated by the Radio Standards Labor­
atory of the N.B.S. at Boulder, Colorado.

The frequencies transmitted by WWV are
held stable to 5 parts in 1011 at all times,
according to the National Bureau of Stand­
ards. Deviations at WWV are normally less
than 1 part in 1011 from day to day. Chang­
es in the propagation medium (Doppler ef­
fect, etc.) result, at times, in fluctuations in
the carrier frequencies received, and may
cause greater error than noted above.

Standard audio frequencies of 440 Hz and
660 Hz are broadcast on each carrier fre­
quency at WWV and WWVH. The audio fre­
quencies are transmitted alternately at five­
minute intervals starting with 600 Hz on the
hour.

The 440 Hz tone is the note A above mid­
dle C, which is the standard in the music in­
dustry throughout the world.

Universal Time (referenced to the zero
meridian at Greenwich, England) is announc­
ed in International Morse Code each five min­
utes from WWV and WWVH. The time an­
nouncement refers to the time when the audio
frequencies are resumed. The station also
broadcasts a voice announcement every five
minutes in Mountain Standard Time. It is
given during the first half of the fifth minute
and is in English.

In addition to the time signals, WWV also
broadcasts radio propagation forecasts in
International Morse Code during the last half
of every fifth minute of each hour. The fore ­
cast tells users the condition of the ionosphere
at the time of broadcast and for the follow-
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ing six hours. A world-wide network of geo­
physical and solar observatories feed informa­
tion, which includes radio soundings of the
upper atmosphere and short wave reception
data, to the Telecommunications Space Dis­
turbance Center at Fort Belvoir, Virginia.
The forecasts are sent at 0500, 1200, 1700,
and 2300 UT. They are broadcast in Morse
Code as a letter and number. The letter iden­
tifies the radio quality at the time the fore­
cast is ' made. The letters denoting quality
are "1'1," "U," and "W." They signify that
the radio propagation conditions are either
normal, unsettled, or disturbed. The number
portion is the forecast of radio propagation
quality on a typical North Atlantic path dur­
ing the six hours following the forecast.

The forecasts are made for the North At­
lantic area using a path from Washington,
D.C. to Frankfort , Germany as a standard.
They are used, for the most part, for direct
point-to-point radio telephone transmissions.
The scale used for radio quality is based on a
one to nine scale which follows:

Disturbed grades (W):
1. Useless
2. Very poor
3. Poor
4. Poor-to-fair

Unsettled grade (U):
5. Fair "-

Normal grades (N):
6. Fair-to-good
7. Good
8. Very good
9. Excellent

Another service ofWWV and WWVH is the
broadcast of current geophysical alerts. The
alert tells what days there will be outstand­
ing solar or geophysical events and when these
events have occured in the past 24 hours. The
broadcast is made during the first half of the
19th minute of each hour. The letters CEO
are sent in CW followed by a letter repeated
five times. The letters are:

M-Magnetic storm
N-Magnetic quiet
C-Cosmic ray event
E-Na geoalert
Sv-Sclar activity
Q-So1ar quiet
W-Stratospheric warning
A time code is also broadcast by WWV for

one minute out of each five , ten times an
hour. The code provides a standard base for
scientific observations. The code is transmit­
ted at a 100 pps rate and is carried on a
1,000 Hz modulated signal. The code con-
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WWV t ra nsmitter bu ild ing.

t ains th e Universal Time in seconds, minutes ,
hours, and day of th e year. The code is syn­
chro nized wit h the frequency and t ime sig­
nals..

Th e time standard uses a Cesium Atomic
Bea m to calib ra te the osc illa tors, dividers,
and clocks, which generate t he controlled
fre quency and N.B.S. ti me scales. Informa­
tion from this reference is fed to receivers
which monitor the tran smissions fro m Fort
Collins . The signal is compare d to the refe r­
ence phase. If an error exis ts, a signal is t rans­
mitt ed from Boulder to Fort Collins by a 50
MHz transmit ter. Automatic correction
equipmen t at Fort Collins corr ects any error.

The oscillator controlling the transmitted
frequenci es and ti me signals is continuously
compared wit h the LF and VLF signals. Ad­
just ments are then mad e to the controlling
oscillators. To assure that sys te matic erro rs
(10 not enter int o the sys te m, the N.B.S.
time scale is compared wit h t he transmitting
stat ion clocks by t he use of a very precise
por table clock. By this method ti me syn­
chronization to a few millionths of a second
can be attained.

...WA 1AAU

*(Ed. note. SSB ope ra tion is planned for the near
f uture. )

GRE ENE CENT ER INSULAT OR
SP EA KS for IT SELF

WITH or WITHOUT built-in BALUN

An absolutely water tight, sealed assem­

bly. molded of high impact, high di electric

plast ic material. The 83 -875 coax ia l con ­

necto r, sealed in, up in side a rain d rip

boot. keeping water f rom enteri ng th e
fi tting or feed li ne. Sealed in antenn a

connecti ng pigta ils ~' . . anten na connect­

ing ' eyes - hoist ring, smo oth surfaces,

no meta l eyes to chaf e or cut ... Gloss

fi nish, beads wate r .. . tensile st rength,

500 pounds. A .detai led specifica t ion and

ins t ruction sheet is fu rnished with each
unit ... with , a picture of the int erior of

the BALUN assem bly . Color w hit e

. . . length 5 .5 0 inches very light

. . . very strong .. . hangs well. . looks

nice . .. a must in every well organi zed
ham installation , with . . . or . . . without

the balun .

Center Insulator with BALUN
Center Insulator without BALUN

$10.00
s 6.00

Big Do in Bomb ay in Decem ber

Th e First All India Ama te ur Radio Con­
ven tion will be held in Bombay on December
27-30 thi s y ear. If you h ave a chan ce , by
all means plan to visit. Write to VU2TP for
furthe r particulars .

SEPT EM BER 1969

Design Regi stered

Send for flier . fr e e.

O. WATSON GR EENE
Wakefield. R. I. 02880

Tel: 401 -783·2702
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Mark A. Fritz , WA1FHJ
775 Broadway,
Somerville, Mass,

Basic Theory
and Application

of Transistors

A transistor , like a triode vacuum tube, is
basically an amplifier of electric volt ages and
cur rents. However , unlike the electron tube,
it is in a solid state , therefore the electrons
are passing through a solid material rather
than through a gaseous medium .

The tr ansi stor was invented forty-two
years afte r the elect ro n tube by W. Shockly,
W. H. Brattain, and J . Bardeen of Bell
T el ephon e Laboratories. These men
dem onstrated that a solid state device could
replace the vacu um tube in performing all of
it s functi on s more effic ien tly.

There are four main advantages of
tr ansistors over vacuum tubes. These are
size , shoc k resistance, op erating tempera­
tures, and slowness of their aging . Because a
large gaseous space is not need ed in a
transistor, their ph ysical size is many times
smaller. A transistor does not require
filam ent pow er for its operati on; no heat is
generated internally (this is the maj or cause
of failure in a tu be ) under normal operating
conditions. Also because of this fac t,
transisto rs have an almost indefin ite life
be cau se there is no filament to burp. out.
Transistors, fo r t he most part, are sho ck
resist ant with the exc eption of 'fracturing of
the internal structure from a severe shock on
one of it s lead s. Transistors are built insid e
of a small metal case rather t han in a glass
envelope as is the electro n tube ; therefore,
they are not susceptable to breakage.
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If a par ticle of a substanc e is cut in half,
what do you have? Two halves, both
identically the same if care is taken. What
would happen if it was cut in half again and
again until it could no longer be seen? Does
it disappear? No, it is only divided up into
the smallest particles of the substance
(which retains all of its chemi cal properties)
called atoms. An atom consists of three main
subparticles. These are the proton , the
electro n, and the neutron. These three
particles are situate d in t wo main areas of
the atom. The protons (positively charged)
and the neutrons (neutrall y charged) are in
the heavy center of the at om, the nucleu s.
The electrons orbit around the nucleus in
eliptical orbits. Each atom conta ins an equal
number of protons and ele ctrons; thus, the
sum charge is O. They are ele ctrically stable
but chemically unstable.

The electrons are in different orbits or
levels around the nucl eu s according to the
amo unt of energy that they have. These
orbits are labeled ; K, L, M, N, et c . The K
orbit can hold two elec trons, L-8 , M-18,
N-32 . In the study of t he flow of electricity
we are concerned only with the outermost
or valence electrons. The charge of the atom
is determined by whether t he atom wants to
give off or take on electrons to rea ch a
chemically st able state . F or example, if the
K she ll had t wo electrons in it, it would be
stable both chemicall y and electrically
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Since silicon and germanium are only
semi-conductors, a sligh t impurity must be
added for them to be able to conduct
enough for the purposes of a transistor. If
the resistance of a pure block one centimeter
long is measured, its resistance would be in
the order of hundreds of thousands of ohms.
If a small piece of arsenic or antimony is
added and the mixture recryst alized , t he
resistance would be less than one hundred
ohms.

e'OUT_

Breaking the cr ystal down into only two
atoms, it is shown in t he diagram how an
elec tron is shared in a covelant bond. Since
all electrons are almost exactly alike, an
electron of one atom can take the place of
an electron in another atom. In this diagram
the atoms are spaced so close together, that
the electrons of one atom go in to the orbit
of the other atom. If the atoms of t he
crys ta l lattice were drawn out excluding
inperfections it would be diagramed as
below :

In the diagram all of the electrons go into
the orb its of th e other atom ; however, there
are never more than four electro ns around
an atom at one time.

This diagram "ma y also show how elec­
tricity is conducted. Copper, wh ich can be
basically diagramed in the same manner only
with one electron in the outside she ll, is one
of the most common conduc tor s in wires. If
an electron is pu shed into the end of a wire ,
the electron forces another one out the
other end. In this way , a ste ady voltage
produces a steady flow of electrons out of
the end of the wire.

,--

because the plus and minus charges would
balance out, and since the shell is fu ll, it
neither wants to give off or take on
electrons. If the atom contained three
electrons, two would go into the K shell and
since this is full, the third would go into the
L shell . The atom wan ts to have a full
outermost shell , so it can either take on
seven more or give off the extra electron.
This process gives the atom a charge of plus
I from the addition of the two charges : +2
-1. It gives off the one instead of taking on
seven because there is less ene rgy required.
Atoms which have a positive valence are
classifi ed as metals. Those which have a
minus charge (atoms in which it is easier to
take on electrons) are called non-metals.
Those which can give or accept electrons
with equal ene rgy are called t ransiti on
elements (Ex . element with 4 electrons in L
shell) . Met als are called conductors, non­
metals , non-conductors , and transition
elements, semi-cond uctors. A semi ­
conductor is neither a metal nor a no n-metal
but is in between the two in its properties.
The most common semiconductors are
silicon (At. No. 14) and germanium (At. No.
32) .

SIL ICON ATOM SIMPL IFIED,

® 0
GER"' ANIU'" ATO'" SI"'P LI F IED

«C~] G
As shown in the diagram, both silicon and

germanium have similar outermost shells,
therefore they have almost iden ti cal proper­
tie s. Silicon and germanium are in a cryst al
lattice which account s for most of their
conducting properties.
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In the dia gram be low, the ar senic atom
contains five electrons. This means there
is one extra electron (the fifth) whic h will
no t combine covalen tly.

The diagram shows wha t would hap pen if
a cu rre nt were passed through it. The
electro n from the power source pu she s off
t he ex tra elect ro n fro m the arsenic and tak es
it s place. This in turn pu shes off an ele ctron
fro m germanium to germanium, and
co ntinues until an elec tron is pu shed fro m
the last germaniu m atom in the bar and the
flow of electrons is completed.

Semi-co nduc tors, wh ich contain this
extra electro n in some of its at oms, are
called N-type material; t hey are sligh tly
negative. The electrons, because they exist
for the most part in excess, are called
majo rity carr iers; the holes which exist from
the loss of an electron are called mi nori ty

'"" ~l' ~'~~''''''-~
~~~~~:ED "I -TYPE ce
SECT ION - - - - ---

P -TYPE ALLOY
( IND IUr.l l

" In the rat e gro wth process, molten
germa niu m is dop ed with impuritie s so
prop or tio ned that, although the original
molten mass is in P-t ype germanium, it
cha nges to N-type germanium when the
temperature of the mass is care fully con­
tro lled. Thi s change is de pendent upon the
rat e at which the forming ingot is withdrawn
from the moulten bath as the crystals slowly
grow on the ingot." In this way a wafer
cryst al is grown ' with tw o N ma terials on
eit her side of a very thin P-type material.
This fo rm s a N-P-N junction.

and the order in whi ch they are co nnecte d.
The connection point is called a junction.

There are three ways of fo rming a
junc tio n. These are the diffused-alloy
process , th e ra te gro wt h process, and the
gaseous diffusion me thod . In the diffused­
allo y process, t iny dots of indium are
pressed into each side of a slice of
germanium. This is placed in a temperature
contro lled furnace where the indium melts
and gradually diffuses be lo w the surface of
t he N-type germanium. A Pvtype alloy is
thus form ed in the surface of the indium. An
e xtr emely s m a ll unaffected N-type
germa nium separates the alloys. This process
is u sed to pro duce P-N-P transistors.

H-".,"»<,1= +'

p - TYPE r.lIlTERIIILcarr iers.

HOLE (E LECTRO'- DEFICIENCY)

If in stead of arsenic or acti nium being
added to the semic on ductor material,
gallium or indium (+3) is added , there will
be a need for elect rons in some of t he at om s.
The sam e process will occ ur as in the N
material conductor, only in this way t he
current will flow in the opposite way. In this
case the holes are the majorit y carriers and
the electrons, the min ority carriers. This
mat erial is called P-typ e materiaL The
impuriti es which are ad ded to the semi­
conductor are called " dope" and the process
is called "doping ."

There are two main typ es of tran sistors.
These are P-N-P and N-P-N. These are named
by the ma teria l ou t of which they are made
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2 60 WAT TS P _E . P. FULL COVER AGE.

AMA T EUR NET PRICE $435

A COMP LETE AM A TE U R

SS B -CW ST AT IO N IN O N E

PO RT A B LE P A CKA G E

CYGNETSWANSWAN 500 C

N EWEST DELU X E AD D IT ION T O

TH E SWAN LI N E

SSB -CW -A M T RAN SCE IVER

5 B A N D 5 2 0 W A T T 5

H OM E STAT ION-MO B ILE-PO RTAB L E

AMATEUR NET PRICE S520

WE SH I P PREPAI D I F CAS H ACCO M PAN IE S ORDER A ND O F F ER FR E E O U R S WB- 2 B R I D G E
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If a P·N junction is mad e, the P material
is positive or the anode, and the N ma terial
is the negative or cathode. In this way a
diode can be formed out of sol id state
material rat her than a vacuum tube.

SOLID S TATE RECTIF IER

- (C ATH ODE )

If a battery is connected across a diode,
the cu rrent (which flows from - to +) will
only flow in one direction. In F ig. 1A the
negative of the battery is connected to the
cathode and the positive to the anode or
plate (see appendix). Electrons are given off
from the filament an d collected by the plate.
However, when the battery is reversed , (Fig.
IB ), the + to the cathode and the - to the
anode, no current flows for the cathode does
not have a surplus of elec trons which it can
" boil off. "

I Flo wl .. NO FL OW ~G)J ~ u ',,·
f ~'''''.

This same t he ory applies to the semi­
conductor diode. -w hcn the batteries' - pole
is connected to the N part of the diode and
the + po le to the P side, current flo ws. When
t he battery is reversed , no current flow s
becau se of the lack of ele ctrons carriers in
the P region. When the batt ery is connected
for ward again, both holes and electrons cro ss
the junction, join with each other and cancel
cha rges. This allows the electrons to enter
the N side and leave the P side .

A single semiconductor diode ma y be
used as a rectifier. (change alt ernating
current to direct current).

1\

In the fir st circuit , a vacuum tube is used.
Because of this, a filament voltage supply is
needed which uses a great amount of current
and also genera te s a great amount of heat. In
the semiconductor circuit, no filament
po wer is needed , thus no large power supply
and no heat is generated. Also, semiconduc­
tor diodes are about 99 % efficient. In a single
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POH, T CONTACT DIODE

"

One side of the germanium is placed again st
one of th e conductors, while the other side is
attached by a fine phosphor-bronze or
b e r yllium-ccpper wire nicknamed "cat
whisker...

If tw o P-N j unctions are placed back to
bac k having a common thin N junction , a
P-N-P junction is fo rmed. This type of
junction (also reversed called a N-P-N
juncti on) is called a transistor .

Th ere are two possible ways to bias
(sup ply voltage) a transistor; posit ive and
negative bias. The se are shown in the
diagram below :

150 rna. A third typ e of diode, which is used
for low power applicatio ns, is the poin t
contact diode. Point contact diodes are
usua lly mad e out of glass and thus are much
more fragile. In th is diod e a small piece of
germanium is used as the N-ty pe material
with a dot of P-type diffused into it .

t - - II + ~ - II + ~

81 ea
In the case of B1 , the current flows from
the negative P91e of the battery through the
current limiting resistor (if it were left out
almost infinite curre nt would flo w burning
out th e transistor) from the end par t to the
P- material and through the meter which
sho ws a small flow of current . This type
biasing is called forward bias. As shown in
th e case of B2 , a great amount of current
flows as in th e meter reading ; this section is
reversed bias.

In an N-P-N transistor as in the diagram
Nj is labeled th e emitter (for it emits the
electron s), P the base (be cau se it fo rmed th e
base support of early tr ansistors), and N2
named th e collector, C, for it gathers the
electrons which flow fro m the P sectio n.
Th ese parts are equivalent to the cathode,
grid , and plate respectively a vacuum tu be.
Th e batteries may be labeled emitter battery
or Ee for Bl and collector battery or Ec for
B2. A P-N-P transistor is labeled in the same
way except tha t th e transistor polarities are
reversed.

M'" :~!\I\I\ I

Thi s current is much easier to filte r (smooth
out peaks) and gives a muc h sta biler de
voltage.

A semiconductor diode may also be used
as a detector in a crysta l diode radio. In th e
dia gram, th e high frequency ac wave from
th e transmitting station is picked up by the
antenna and the exac t frequency is tuned by
the L. C. (coil-capacito r) network. This
signal is rec tified into de current which
po wers the headphon es.

diode circuit, the negative peaks (of th e sine
wave) are cut of f during one half of the
cycle because the diode is on ly conducti ng
for half of th e time . Thi s stoppage of current
flow may be prevented by using four diodes
in a square circuit called a bridge circui t. In
this circuit, curre nt flows continuously
therefore eliminating th e null s.

~]t~e -; .~]!~(j)~ ~
o @ @ @

'" ! _ ,/ '~ 1 0 !~ ':1
- -

I NPUT~
There are tw o main types of rectifiers in

use today. Th ese are germanium and silicon.
These two are very similar in outside
structure, how ever , their electrical charac­
teristics vary grea tly. A germanium rectifier
can handle up to about 250 rna of current at
85° C. Above th ese specifications the crystal
latt ice burns out. For higher power and
temp erature , a silicon rect ifier is used. This
is similar in co nstruc tion to the germanium
rectifier except th at a crystal of silicon
alloyed wit h aluminum is used to for m the
P-N jun ction .

Thi s rectifier can hand le over 750 rna at
room temperature.

Both types of recti fiers have wh at is
called the reverse current. Th is ratin g is
given for all rec tifiers in their specification
shee ts and te lls th e amount of current which
the rectifier allow s to flow back during the +
half of the cycle. A typical reverse current
rating, as in a 1N9 1 diod e, is tw o 125 ua
which is relatively small whe n co mpared to
the forward curren t rating , which is about
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VHF FM MONITOR RECEIVER

100% MADE
IN U.S.A.

Only
$69.95
Postpaid
inthe U.S.A.

The new VANGUARD FM R·150 is not just another frequency converter but a complete FM re­

ceiver with outstanding performance.

Check the following features and see why it's the best. Collins IF filter for separating those closely

spaced stations you hear together on other set se Double conversion to eliminate interference from

image treouenctese Dual Gate MOSFET RF stage for low noise..2 uv. sen sitivity, and minimum

cross modulatlorre Automatic squelch for eliminating noise- Self-contained soeeke re Operates on

12v. D.C. negative ground - Heavy gauge anodi~ed aluminum case 6" x 7" x 1-3/8". Provision for

4 crystal controlled channels at the push of a buttone One channel of your choice supplied w it h

receiver. Additional channels available just by plugging in another crystal at $4.95 ea. No need to

buy another RF unit as in some other setse Factory tuned to cover any 6MH z segment from 135,
to 175 M Hz.

HOW TO ORDER: The V A NGUA RD FM R·15 0 is available only direct from our factory. Include

remittance in full plus sales tax if you reside in N. Y . Be sure to state the 6MHz segment you w ill

want to cover and the exact push button frequencies to be included.

VANGUARD LABS ~~%s~N~i.6Rii:iaic a Ave.,

Ec would only have to be up to 45 volts to
get a good output power.

Resistance gain in a transistor is a ratio of
out put resistance , RL, to the input re­
sistance , R. , provided that alpha is 1.0 (alpha
is usually ~9 5 to .99). If the two formuli are
combined with the formula for voltage gain
in an amplifier VG = LlEr.lLlEj , we get the
formula for the voltage gain as VG = aRLIRj
Example of a volt age gain would be 100
R, and 100 ,000 RL with alpha equal to
.95. The volt age gain would be (.95) x
(1 00, 000/ 100) or 950 . Sub sti tuting in the
formula for power gain as in Ohms Law into
the previous equation we get : PG = Li.lc2xRL I
Li.le2xRi ' Since Li.lclLi.l e is a , we get simply

As mentioned previously , the emitter
current is very slight with only E, supplied.
This is because of the shortage of the
majority carries and the base . Ho wever, if
both Ee and Ec.are connected, the emitter
supplies electrons which are forced through
the base and pulled through the collector to
the po sitive battery te rminal. Only about 5%
of the total current flows out through the
base while 95% flows thro ugh th e collector.

" Through this we conclude that the
emitter battery controls the potential
between emitter and base, that this potential
controls the current that flows from emitter
to collector but that the base it self takes
very little of this current. "

A P-N-P transistor acts in a similar way
exc ept that the majority carriers are holes
rather than electors. Because of this the
battery polarity must be reversed or the
tran sistor will be destroyed.

The ratio between the elect or current and
th e emitter cu r rent i s c a ll ed
Al p h a (a = b.l e /b.l e) because of resistor
differences between the emitter-ba se and the
base-collector parts of the transistor,
different volt ages must be used in the two
parts; Example of a typical transistor would
be E-B of 250 Q and B-C of 300,000 Q .
Ee would onl y have to be around 1.5 volt s.

ffi
~- -

- +
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COM MON COLL ECTOR

COM IolON EM ITTER AMP.

If the outpu t of the amplifier is recoupled
to the in put , it is called an oscillator. This
oscillator has a specific frequency whi ch is

OUT PUT

, ,

~
.::M(~OAO ) 0 A

O~MB I -V
:: I[ + _ I + OUTPUT - ~

vc Vc

COMMON BASE AMP .

-%J-,
INPUT

amplified along with t he signa l. T he noise is
measured in decebel (db), and in transistors,
and is about 10 db . This figure increases in­
verse ly wit h the fr equency, t hat is, t he
nois e i n creases while the fre quency
decrease s. Power gain may be restated as
tak ing the log. of the power gain in db from
the rat io of power gain :

log «([2~) ~..d.h..
RL 10

Since much more~oltage may be placed on
the collector of the transistor than on the
emitter, mor e voltage and thus mo re ampli­
tude is added to the input signal

The most co mmo n use of transistors
today are in amplifiers and oscillators. There
are thr ee basic types of transistor amplifiers,
but, because of its simplicit y, only the
common base circuit will be full y explained .

In the common base amplifier, the base is
connected wit h both the emitter and
collector battery. As shown in the diagram, a
signal is completed through the input of the
emitter of the transistor. About 5% of this
amount returns through the base because of
the resistance previously me ntioned. The
rest of the power would go out through the
collector circuit.

PC = a 2xRL /Ri. If th e original set of values
are used, we would get : PG ~ (.95)2x 100,000
/l00 = 903 . This number sho uld show that, :
cont rary to belief, relatively large power gains
are po ssible in transistors.

There are ma ny factors which must not
be ex ceeded in t he transistor. Some of these
are current , voltage, temperature and heat
dissipation. The current to all transistors
mu st be limit ed , thus a limiting resistor is
used in ser ies with a power supply . If this
current rati ng, whic h is always given in a
specification sheet , is exceeded, the
transistor wil l heat up and burn out . This
factor is genera lly the sam e for voltage . This
rating is also given in a specification sheet.

Most germanium rectifiers and transistors
break down or burn out when the tempera­
ture approaches 100°C so silicon is used for
ma ny transistors in its place. In this way a
transistor can operate under much more
severe conditi ons. The transistor also creat es
a small amount of heat under nor mal co n­
ditions. If these co nditions are exceeded, the
transistor may build up enough heat so that
it will burn out. How ever these conditions
may be exceeded by using heat sinks . The se
are ribbed metal de vices whi ch help to
quick ly dissipate the heat awa y from the
transistor so that more power can be
applied . T he power ma y be increased 4 to 5
times it s normal power.

There are many signal characteristics of a
transistor ; some of these are alpha- cut off
frequency, input impedence (Zj), out put
impedencc {Zjj ), no ise figure (NF) and
previousl y mentioned, po wer gain .

Alpha cut off frequency is t he fr equency
at whic h t he current gain drops off at a value
of .707 ti mes t he original gain. This means
that if t he original current was 1 rna, the
current at t he cut off frequency would be
.70 7. The transistor does not stop func­
tioning at this fr equency, out on ly loses a
large percentage of its effi ciency.

The input impedence is the measurement
of resistance between the emitter and the
base. This impedence is relatively low
(around 250 ohms). Output impedence is
the resistance mea sured betw een t he base
and the collector and is relatively high
(around 5 meg. ohms) Both the input and
output impedences mu st be matched to the
circuit component's impedences. This is
done by the use of input and output
irripedence transformers .

A certain amount of noise is generate d in
the tran sist or. This is serious for the no ise is
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det ermined by a LC network . Taking the
simple pra ctical oscillator below:

tr ansistors have show n their imme diate
success to both the scientist and the
commo n man alike.

DIODE ELE CTRO N TUBE

CATHODE FI L AM ENT
SU RPL US OF
ELE CTR ONS

e

TRiODE EL ECT RON TUBE

o Pl,:ATE

F ILAME NT

DIODE WIT H GRID = T RI ODE

EDISON EFFE CT

COMMON llGHT B ULB
WIT H METAL PLA TE

APPENDIX
Basic Th eory of Current F low in an

Electron Tube
A filament in a common light bulb is

mad e out of a type of metal which when an
electric current is passed through it , heats up
and glow s. This happens because there are
mor e electrons put into the wire than it can
carr y easily; thu s, the wire heats up from t he
energy that it can not carry. If a metal plate
were placed in side of the bulb, a cloud of
electrons would surround it because it would
have fewer electrons than the filament , thus
being relat ively po sitive. This effect is called
t he Edison effect , named after it s discoverer,
Thomas Edison. Th e electron tube was
inven te d upon the pri nciple that the cathode
" bo ils" off electrons and t he plate gathers
them and returns them to t he power source.
Since the cathode has a very great negati ve
charge and the plate has a po sitive charge,
the tube can conduct only in one direction,
negative to positive.

. . . WAIFHJ

If a scre en-like element is placed between
the cathode and the plate with a slightly
negative charge, it will be slightly po sitiv e
compared to the catho de and negative
co mpared to the plate (not as negative as the
cathode). In this way the grid , as it is called,
is used to control the flo w of current. By
varying the grid curr ent slightly, the plate
voltage and curr ent vary greatly. Just as in
the tran sistor , the relatively small voltage
and current from the cathode (or the emitter
in the tr ansistor) is "amplified" to a higher
power level.

[

This circuit will oscillate at higher fr e­
qu encies, depending upon the tran sistor that
is used. The crystal (a quartz crys ta l in a
case ) which is connecte d across the collector
and the emitt er, keep s the osc illator
resonating at a specific fr equ ency. The
cryst al acts like a high Q (quality factor)
serie s as a resonan t circuit. Th e coil is a
tuned tank circ ui t which also det ermines the
resonant frequency ; ho wever, no t as exactly
as do es the cryst al.

When Edison first discovered the Edison
affect in the light bulb, people were amazed .
When the ele ctron tube was invented ,
people th ought it was a 'miracle that voice s
cou ld be tr ansmitted an d received through
t he air. Some went further on t his idea and
invent ed t he transistor. Up to a few years
ago, t he miniature t ran sistor was thought to
be t he ultimate in perfection of qua lity and
size. Ho wever, ,more research was done and
in tegrat ed circuits have been inven ted. These
are small blo cks about the size of transist or
which may co ntain as many as 14 tran­
sistors, and their associ ated parts such as,
resist o rs, capacit or, etc. This miniaturization
was made poss ible by the discovery of film
resistors and capacitors visible only und er a
microscope and which have tran sistors that
fun ction even better than those circuits built
on a conventional circui t board .

Through the use of tran sistors, it is now
possibl e to shr ink the size of electro nic
equipment many ti mes so that it is bo th
lighter and smaller in size. This is of great
imp ortance for it s use in space capsules
where space and weight are very valuable.
These electronic marvels also affe ct the
homeowner, for now small transistor and
integrated circuit radios are being mad e.
Also po ssible t hrough the use of in tegrated
circu it s an d transistors are miniature tele­
vision sets and tel evision ca meras whic h may
easily be carried aro und with the power
running off a bat tery pa ck. In this way

"
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A lton E. Glazier, K6 ZFV
3154 Jor don Road
OakJand, California 94602

Series Gate, Solid State

When I re cently decid ed to go fully
tra nsist orize d, rec eiver-wise, on two meters,
I decid ed to use a transistorized converter
working into a transist orized broadcast re­
ceiver. The only problem that arose was that
of the noise clipp er. Having ha d very good
results in the past with tub e-type dio des in a
series gate configuration, I deci ded to follow
the same circui try .

As in all series gate clippers, it is neces­
sary to have suffici ent voltage developed at
the seco nd detector for proper operatio n;
however, with transistorized circuits and
solid state dio des. in stead of the preferre d
five volts, the voltage deve loped across th e
seco nd detector is in t he microvolt range. In
orde r to raise th e ac voltage, the second
detector diode was moved from th e low
impedan ce tap to the outsi de connecti on of
th e out put if tr ansfor mer. This in it self is
not sufficient for proper clipper acti on , so
the clipper diode was put in a state of
conduction. Voltage was derived from an
existing resistor network in th e receiver, an d
a I meg. resistor from the ca thode side of th e
clipper diode to grou nd, co mpleted the de
path. .

The clipper diode selected was one that
has a high back resistance (I N 645 ). As this
is a broadcast receiver, and will at times be
used as such , it is neces sary to short out th e
diod e to prevent distortion of music . In so
doing, be sure to use individually sh ielded
wires so there is as little capacitance acros s

Serie s gate li m it er.

the diode as possible. Keep these shielded
wires as short as possib le.

Bench test, using a dio de noise generator
to the co nverter and an oscilloscope across
th e volume con trol. It was noted the
clipping action started at approximately
60%, with the circuit components shown.
This, of course, is on th e positive half of the
cy cle, as this is a half-wave clipper. No
Clipping action takes place on the nega tive
side. However, as the signal cannot go below
zero , the extra components necessary for
full wave clip ping are not worth using for
the result s achieve d.

Field tests of the clipper were con ducted
as follows: With an automob ile having no
suppression, and using a 5/8 wave whip

UTPUTJ +1 2 VOC
ero 4 7 0 0 '"NSFO RIo4ER

I

C-<> I '" '", FIRST AUDIO

r"'O 7S00 ' "' C;),
_- -.J

; ~O.O I
~, h

r'"' I VOLUME I

100 ur
+"

"

1 0

d
F ig. 1. O ri gin al 2 nd detecto r a nd 1st audio.
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Fig. 2 . Modif ied 2 nd dete c to r , c l ip per an d au d io . I f the ad d ed aud io is not requi red t he .0 1
may be co n n ect e d d irec t ly to th e vo lu m e co nt rol.

mounted on the roof, I drove to an isolated
spo t and listened to various signa ls on the
air. Picking on e that had a signal strength of
S4, I started the engine. The radiated rf
noise tore up the signal beyond t he point of
intelligibility. Snapping the clipper on re­
st ored t he signal to readability. Now moving
to a highly congest ed area and parking near
an intersection and tuning across the two­
meter band, the same signals heard in the
isolated area were heard here. However, with
the clipper off, copy was impossible .

The clipp er shown here is as good as any I

SEPT EM BER 1969

have ever used , either homebrew or co m­
mercial. As in any series gat e clipper, some
audio is lost ; however , for my own use, it
was still more than su fficient. Fo r those who
play th eir radi os loud, however, an extra
stat e of audio has been added. Be careful,
though . You may lose your speaker cone!

For those wh o will use this circuit, first
study the second detector circuit of your
broadcast re ceiver . There will be variations
among manufacturers; however, in most
cases th e circuit will be adaptable.

. K6ZFV
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Reception
Improving NC 300

SSB

Henry H. Cro ss, WI 0 0 P
II I Birds Hill Avenue
Ne edham, Massachusetts

F ig. 1. Sch emat ic diagram for modifying
the N C-30 0 f o r impro ve d SS B reception .

+ 150 V (P IN a ON
ACCESSORY

SOCKET)

Now t hat NC-300's are on the used
market at attractive prices there are many
people intere sted in modi fying them. The
NC-300 was designed in 1954 , and is rather
in convenient for SSB operation, but not
very mu ch work is required to improve it
considerably. The age system gets the most
effort , since stronger contro l and a more
ap propriate attack/decay performa nce are
required .

resist ance is over a megohm, in orde r that a
lo ng time constant can be obtained more
easily.

The actual charge ti me depends on the
value of the 470 pF capa citor and the
cat hode resistor, but the I mF cap acitor can
be charged in less than 30 milliseconds
without loading that last tuned circuit any
more than it is alread y . Th e one-seco nd
discharge time constan t seems about right , in
listening tests.

The net effect is to ho ld down the level in
the If am plifier, but there still seems to be
adequate audio in the "SSB" position of the
mode switch.

The cat ho de follower socket can be
mounte d in one of the ventilation holes next
to the 6A L5, or the who le thin g can be hung
in mid air, so to speak, in th e considerable
space beneath the chassis and under the acces­
sory socket. The t ube type is not critica l, bu t
do t ry to use the resis to r values speci fied .

Th e mo de switch has an unused, acces­
sible clip next to that grounding out the age
bus in the CW positio n. This serves to turn
on the cathode fo llower in the side band
position only. The wire ru ns' along the cable
whi ch t hreads through the dial mechanism
over to the . vicinity of the audio gain
contro l, then back to the seco nd det ector
region.

A two-lug strip is attached to a bolt
handy on the coil compart me nt, and carr ies
the hundred ohm resistor and the bypass.
Keep t hat grid lead short. The who le thing
looks sor t of tem po rary the way I did it , bu t
seems to work okay.
Other Suggestions

The selectable-side band fea ture used in
some Halli crafter receivers is easily added.
See t he second hal f of W6HOG's ar ticle in
the April 1966 issue of 73, page9 5. Igno re
the fir st part of this, and item 2 is in error.

A 2 135 ktfz oscillator will have a har­
monic in the 15 meter band . It is desirable
to crystal-control the second oscillat or on
229 5 kH z be cau se the second oscillator is
responsible for most of the receiver's dri ft ,
espec ially drift due to vary ing humidity .

. . . WI OOP

P IN T

ACCESSORY

SOCK ET

roo

'"
IN S'4

INSI4IN4 004

'""( EXISTI NG)

J
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'""( EXIST ING)

GREE N

WIRE1~-'::'~f.:--.-...::j~~

6A L5 DETECTOR- 10 0 0 P

NOISE
LIMITER PI N 5

The firs t thing you need is a good
schematic. I'll supp ose you have that, and
let ' s go to Fig. 1. A five volt signal at the
second detector gives about six volt s at pin
2, and this fee ds the S meter and the age
bus.

In the original circui t the charge time
constant was some th ing like 25 milliseconds
and the discharge time co nst ant only slightly
longer. These values seem good for AM,
esp ecially on a flu ttering VHF signal.

But for side band, the catho de follower
becomes opera tive, thanks to a spare clip on
t he mode switch, and drives a voltage­
doubling rectifier wh ich provides ab ou t 12
volts of age for th e same drive at the second
det ect o r. This is ap plied through a diode to a
point on the age string where the discharge
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S. M. "Mike " Allen, WIESH/3
109 Bonnie View Road
Glen Burn ie, Maryland 21 061

AFS!( Generator

'59'50 Hr 2 91 '5 Hr
Oil OR

4161( 111 2 9 .7'5KHI 4 ZSQHr ZIZ '5 HI

Overa l l a ng le shot of unit. Th e un it is
housed in a c as t -a lu m in um bo x w h ic h w as
covered w it h woo d -gr a ined c o ntact p aper.

If two frequencies are each harmon ics of
another frequen cy, it foll ows that they are
also sub-ha rmonics of still another fre­
quency. In th is case 2975 an d 2 125 hz are
the 5th and 7th sub-ha rmonics of 14,875 hz.
Now , we have arr ived at a single sign al
source to provide both mark and space
signals.

Since this device was to be used on 2
meters FM, suf ficient audio was required to
drive th e primary of the usual carbon
micro ph on e transformer. An RCA CA30 20
Ie audio amplifier is adeq uate for this
purpose. And it doubles nicely as a
microph one pream p as well. However , there
was the problem of tran sforming the Ie
divider ' s square wave output into sine wave
tones. This was accomplishe d with a low
pass filte r following the audio amplifier ,
su p p ressing the square wave's highe r
ha rmonics, and producin g sine waves.

This was the origina l idea as shown in Fig.
lao But the new approach presented the

b

'59'50 HI Oil Z9 7 '5HI OR
4 2 '50 111 212'5 Hr29. 1 '5 I(HI

C

F ig. 1. T hree stage evo lu ti o n b loc k diagr a ms.

Here is a versat ile cry sta l-contro lled
AFSK generator using digital Ic s. In addi­
tion to providi ng an accur ate source of mark
and space tones (acc ur ate to less than 1 hz
with t on e amplitudes wit hin 1 db of each
other ) it also conta ins a microphone preamp.
The generator displays no keying transients,
and three method s of keying are provided.

Evolutio n
I had long co nte mplat ed using a stable

425 hz source and then selec ting the 5t h and
7t h harmonics to produce the mark an d
space tones of 2125 and 2975 hz in an
AFSK gen erator. How ever , no practical
means of exec uting this idea was apparent
until Motorola RTL digit al l'Cs came on the
market at a reason able pri ce . Although the
I'C can not be used to multiply, they can
divid e. So , we design backwar ds:
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Head-on front shot. The narrow front p an­
el made control location a bit of a p rob lem .

problem of passing 2975 hz thro ugh the ~ow

pass filter with less than 1 db at te nuation,
and, at the same time, suppressing 4250 hz
(the second harmonic of 2125 hz) to at least
40 db down. However, th is turned out not
to be a problem since, according to Fo uri er,
there are no even harmonics generated by a
symmetr ical square wave - just odd ones.
So, if the input frequency of 14,875 hz is
doubled to 29.7 5 khz, we can then add a
divide-by-two stage aft er the divide -by-five
or -seven stage. Now, th e lowest frequency
to be con cerned abou t is the third harmonic
of 2125 hz , or 6375 hz . It is taken care of
by the simple 5th order Chebyshev fil ter.
(F ig. l b)

Now about that ba sic 29 .75 khz signal
sour ce ~ how do we obtain it ? On e solution
would be to use two cross-coupled NOR

,-- - - 476 KHz OSC.----- - ---,

+ 3.6 '1

gates in an astable multivibrator. But these
could be trouble-mak ers, since the oscilla­
tion frequency can be affected by supply
voltage and temperature variations. Another
po ssibility considered was a uni-junction
transistor relaxation oscillator. It is relatively
immune to voltage changes and can be
temperature compensate d. Then an even
better app roach became apparent. How
about a crys tal oscillator?

Crystals at 29.75 chz are expensive. But a
surplus FT24 1 crystal that is the 16th
harmonic of 29 .75 khz is easily and cheaply
obtained. The crystal used in this generator
turned out to be on e marked " Channel 57 ,
25.7 Mcs" , cu t for 4"75 .92592 5 khz. So, the
final configura tion of Fig. l c evolved .

The 476 khz oscillator pr ecedes a divide­
by-sixteen stage. Then comes a divide-by-five
or -seven stage, foll owed by a divide-by-two
stage. The latter feeds the audio amplifier,
followed by a low pass filt er. Th e re sult :
pure, stable, crys tal-contro lled mark and
space tones.
Circuit Det ails
1. 476 chz square wave generator

NOR gat es Gla and Gld (F ig. 2) form an
astable multivibra tor with a fr ee running
frequency slightly below 476 khz. Potenti­
ometer R I controls that frequency. When

TO 5 21\ A
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Fig. 2 . D ig it a l mark space to ne ge n erato r schematic .
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LETDOW-KEY HELP SOLVE YOUR ANTENNA
SWITCHIIVGPROBLEMS . . .

SPDT
REMOTE 115V ee
60-262842

SP6T
MANUAL
78·0604

SP6T
REMOTE 1I5V ae
71-260401

SERIES 78 The seri es 78 coaxi al sw itc hes are manually operated with t rue coax ial swit ching membe rs (not wafer
switc hes). Th ey are offered in 2, 3, 4 & 6 posi tion (i llus trated) types, plus a t ransfer or crossover and DPOT. The
usefu l freq uency range is 0-1 Ghz except 500 Mhz us ing UHF conn ec tors. The unused positi ons are open circuited
or non-s hor t ing. Also avai lab le w ith other type co nnectors such as N, BNC , TNC or C.
SERIES 60 The series 60 are remo te operated , of rugge d co nst ruct ion and designed f or low-l evel to 1 KW use.
The un it i llu str ated is equ ip ped with a spec ia l hig h iso lat ion connector (" G" type ) at th e no rmally cl ose d or re­
cei ve pos it ion . This " G" connector inc reases the is olati on to g reater th an -100db at frequen ci es up to 500 Mhz ,
a ltho ugh it reduce s the power ra ti ng through th is co nnec tor to 20 walls. This is a lso ava ilab le with other type con­
nect ors such as BNC, N, TNC" C or sold er term inals .
SERIES 71 High power 6 posi ti on swit ches commonly used for swi tch ing anlennas, tr ansmitters or receivers
at freq uenc ies up to 500 Mh z. T he unit is we ath erproof and c an be mast mounted . The il lustrated unit has the
unused in put sho rted to ground. It is als o avail ab le wi th a wide range of con nectors, different co i l volt ages and
non -shor t ing con tacts o r resistor termi nations. Each o f the six inputs has its own act uat ing co il for a lternate or
simu ltaneous swi tch ing.

~(@~- rnrnw
".*",.."".

ORDERING INFORMATION:
Cont act your local electr onics distributor or Dow-Key

COMPANY sales representative, or wr ite d irect 10 the factory.

2 2 6 0 INDUSTRIAL L ANE. BROO MFIELD. COLORAOO 60020

TEL.EPHONE AREA COOE 3 03 /466-7 30 3 P. O . BOX 346

article are availabl e fr ee from t he magazine
at P. O. Box 110 81 , Phi ladelphia, Pennsyl­
vania , 191 41.) Before detailing how this
circu it is use d, we sho uld first review the
Moto ro la RTL logic circuit s. First the simple
NOR gate : if any input is high , t he output is
low . If we u se positive logic, {i. e. high
volta ge is 1, lo w voltage is qJ) , a tru th t able
for a 2 input NOR gate wo uld look like this:

The J-K flip-flop is more comp lex.
Basically , it has three inputs and tw o
outputs . Set , Clear and Trigger are t he terms
for inputs; outputs are ({J and I . In the qJ
state, the flip-flop s f/J out put is high and t he
1 output lo w ; in the 1 state, the f/J output is
lo w and t he 1 out put high. To place the
flip-fl op in eit her of these sta tes, variou s
combinations of the inputs are used.

If both the Set and Clear inputs are at a
logic 1 level, and a 1 level pulse is ap plied to
t he Trigger input , the flip -flop changes stat e,

crystal Y I is hung across the two inputs to
the gates, it tri es to synchronize the
frequency to its ow n resonant frequency .
Synchronization, of co urse, depends up on
the free -running frequenc y, therefore , as Rl
is varied, so is the frequency , by a slight
amount. Of three cry sta ls used , two allowed
the multivibrator to synchr onize at 476 khz
with some adjustment range on both sides.
2. Divide-by -sixteen stage

A simple binary counter is assembled by
the J-K flip -flops, FFl a, FF2a, FF3a and
FF4a. It divides the inp ut frequency by 16.
Therefore, if the input is 476 chz, the
output will be 29 .75 chz . Alt ho ugh the
more observant may note the counter
actu ally functions backwards, this con­
figuration was used for wiring co nvenience.
Eit her way , forward or ba ckwards, it takes
16 cyc les of input frequen cy to get one
cycle of output frequency.
3. Divide-by -f ive-or-seven stage

The heart of the AFSK generator is the
divide-by-five-or-seven st age. The ba sis fo r
this circuit was published originally by
Donald E. Lanc ast er in the January 196 8
issue of The Electron ic Engineer. Lancas ter
demonstrates how to design counters to
divide by any number. (Reprints o f thi s

Inputs
A B
o 0
1 0
o 1
1 1

Out put

1
o
o
o
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T h e d iv i d e-by-five-or-seven st age is
formed by flip-flops FF 1b , F F 2b , FF3b and
NOR gate Glc. Referring to the waveform
diag ra m, Fig. 3a, observe ho w the divide­
by -seven st ate o pe rates. Basically , t hese
flip-flops fo rm a divide-b y-eigh t counter.
However, when t he fourth input cycle is
received , FF lb and FF 2b go into t he f/Jstate,
wit h FF3b going to 1 state. The positive
go ing output from pin 8 of FF3b goes into
the RC network R3C2 , which is a differ­
en tia tor . It takes in a square ' wave and
produces a spike out, ma inta ining polar ity.
The positive spike out of the net work feeds
the Preset input of FF 1b , placing it in the I
state. Thus we have deceived t he co unter
into believing it ha s received an ex tra pu lse.
From t his point on, the counter again counts
norma lly . This is the coun ting sequency:

000
DOl
010
OI l
101
110
III

Note we have ski pped the 100 state and it
takes on ly seven input cycles to get one
output cycle.

Pin 9 of FF3b also has a differentiator
fo llowing it, R2Cl. When FF3b goes in to
t he 1 state, it produces a negative spike out.
This is fed to NOR gate Glc. However , since
the other in pu t to Glc is high during the
divide-by -seven sequence, the output is
a lwa ys low. During t he divide-by- five
seq uence, pin 9 of Glc is at a lo w leve l. Pin
10 as returnedto +3 .6 volts through R2 , thus
the output is still low.

f Fl b +
P IN e 0

FF lb +
PIN 6 0

Outputs" •
I ~ St ate
Changes State
I ~ ~
~ I I
No State Change

Inp uts "
S C
~ ~
1 ~

~ I
I I

F F ~b +
PIN 8 0

F i g, 3a. Mark cond ition waveforms.

FF2b +
PIN 8 0

or reve rses itself. If the Set input is at a logic
1 leve l,and the Clear inpu t at a logic ~ leve l,
and a logic 1 pu lse is applied to the Trigger
input, the fl ip-flop goes into the 1 state. If
the Set in pu t is at a logic fIJ level and the
Clear input at a logic 1 level , a logic 1 level
pulse applied to the Tr igger in put will induce
the fl ip-flop int o the ~state.

Referring to Fig. 2, no te that the
Motorola RT L J-K flip-flops operate slightly
differe ntly. The S, T and C inputs as well as
the ~ and 1 outp uts ha ve lit tl e circles after
them, denoting invert ers. They invert t he
logic into and out of the flip -flo p, thus
converting a fP to a 1 and a 1 to a f/J. So, the
tru th table for the Motorola J-K flip-flop
would look like th is :

F F lb +
PIN 8 0

FFlb +
PIN 6 0

Glc + "-- ,-_ _ l , _ _ --'-
PIN 10 0

~~N21~ 6---- - ----- - ---- -

FF2 b +
PI N 8 0

Fig . 3b. Space condition wavefo rms,

L---_ _ ---'IlL_ _ -----'1L

FF 4 b
PI N a

FF3b + 1PI N s 0

F Fl b +
P IN 10 0

'" +
P IN 10 0

FF 2b +
PI N 10 0

"Befor e Negative Pulse to T.
**A fter Negati ve Pulse to T.
So, if the flip-flop is in the 1 state, the
ou tp ut from t he 1 output (aft er it goes
t hrough the inverter) is low, or a f/J logic
level.

The Motorola RTL J-K flip- flop has an
ex tra input it calls " Direct Clear." T his may
be co nfusing since, if a positive pu lse is
applied to it , the flip -flo p goes to t he 1 state,
regardless of the inpu ts t o the ot her three
inpu t terminals. The Fairchil d RTL series
also uses this extra input, bu t terms it
"Preset," which more accurately describes
its fun ction.
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Exam ining waveform drawing Fig. 3b, we
note that when FF3b goes into the 1 state,
t he negative pulse from R2C1 is fed into
Glc. Since pin 9 of Glc is already low, when
pin 10 goes low, a positive voltage appears at
th e output . Therefo re in this divide-by-five
sta te , Glc inverts th e in put to pin 10. Th e
output from Glc is fed to the Preset input of
FF2b. Now bo th FFl b and FF2b are placed
in the 1 sta te, and the counter believes it has
received 3 ext ra pulses. Th e co unting se­
quence appears like this :

000
001
010
OIl
I II

Thi s time we have skipped the 100, 10 1 and
110 sta tes and it requires on ly five cycles at
th e input to get one cycle at th e out put. It is
the level at pin 9 of Gle which dete rmines
whether the counter divides by five or seven.
G1b simp ly inverts the input level for
reversed keying.
4. Divide-by- tw o stage

FF 4b for ms a simple divide-by-tw o st age.
It takes the non-symmetrical square wave
output from the divide-by-five-or-seven stage
at 4 250 hz, or 595 0 hz, and produces a

symmet rical square wave output of eit her
2125 hz or 2975 'hz. This is then fed to the
audio amplifier.
5. A udio A mplifier

ICI , an RCA CA302 0 integrated circuit
audio amplifier (see Fig. 4) , accepts th e
square wave from the divide-by-two stage
and amp lifies it when the " Function" switch
52 is in the " AFSK" posit ion . "Tone Level"
potentiometer R4 varies the levelof th esquare
wave into the amplifier. When switch S2 is in
eit her th e "PTT" or the "voice" position,
ICI fun ctions as a microphone preamplifier.
The microphone is fed to pin 10 of IC ]
which is the base of an emitter-follower.
Thi s follower 's emitter is pin 1 of le I and
connects to R6, the " Mic Level" po tenti­
ome ter. Th e audio is th en fed back into IC I
for furt her amplificatio n.

The output impedance of ICI is abo ut
130 ohms, Mat ching was achieved by using
two transformers, T 1 and T2, with th eir
voice-coil windings connected back -to -back .
T l is an Argonne AR-176 with a 125 ohm
centertapped primary. T2 is an Argonne
AR- I6 4 wit h a 500 ohm primary. Both are
availab le fro m LaFayett e.
6. Outpu t N etwork

There are three separate stages in th e

SEPTEMB ER 1969 57



amp lifier and outpu t. The input of the
lowpass filt er already sho ws a 3.28 db loss
thr ough the minimum loss pad . Therefor e,
abou t 16 db would be ne eded for t he output
pad. R IO, Rl 1 and RI 2 fo rm this pad whi ch
also matches the output impedance of t he
lowpass fil te r to 600 ohms. Using sta ndard
value resistors, t he loss ac tually comes out to
15.53 db. This produces a total loss of 18.81
db in the pad s and be t ween f/J and I db in
the lowpass filt er. Shorting the output , the
filter sees 40 7.8 ohm s; with an open circuit,
it sees 454.4 ohms. The ma ximum vari ation
between open and sho rt is less than 6%, an
excellent isolation.

Meter Ml is a n illu minated miniat ur e
"Vl,l" LaFayette met er , part number 99 h
50 24 . This is a " B" scale VU where f/J VU is
1.228 volts RMS, when used with the
pre cisio n resistor supplied wit h it. This
corresponds to' +4 dbm acro ss a 600 ohm
line , or abo ut 2.5 mw . The ext ern al multi­
plier resistor can be changed to display a (jJ
VU reading for ot her levels if desired.
7 . Power Supply

The po wer supply (Fig. 5) is fu sed on the
input side. T3 is a 6.3 vo lt, I amp filam ent

H ead-on re ar sh o t. O n ly a n e ngin eer co u ld
la b el the te rm in a ls b ackwa rds.

no
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outpu t network. R8 and R9 form a 500 to
430 ohm minimum loss pad . C3, Ll , C4 , L2
and C5 form a five-section Chebyshev
lowpass fil ter. R IO, R II and RI2 form a
430 to 600 ohm 16 db pad . The requir e­
ments for the lowpass fil te r led to t his
unique arrangement.

Since sta ndard available ind uctors were to
be used , t he choice was confined to 11, 22,
44 or 88 mho The fil t er had to be 40 db
down at 6375 hz. A large pad appeared to be
necessary to isolate the lowpass filter from
the load sin ce t he pr imary impedances of
various carbon microphone transforme rs
might differ considerably. Since it wa s
desirable to lump mo st of th e loss on t he
out put side of the fil ter, it should have an
impedance near 500 ohms to minimize t he
loss in the inpu t matching pad . Using 22 mh
in the design equations for the lowp ass filter
resulted in an impedance close st to 500
ohms. It varies directl y wit h the 40 db do wn
frequency. Since the minimu m 40 db
frequency is 6375 hz, t hat figure and 22 mh
in the equations came out to 433.5 ohms.

R8 and R9 match the 500 ohm outpu t of
the audio amplifier to t he 433 .5 ohm input
of t he lowpass filt er . Insert ion lo ss is about
3.28 db for this min imum loss pa d. The
low pass filter is a five-section Chebyshev
which means it s skirt is fairly sharp, but it
does have some ripple in the pass band. It is
about I db and it s 3 db point is abo ve 3500
hz . At 63 75 hz, it is 40 db down , and mu ch
mo re so, of course, at 8925 hz, the third
harm onic of 297 5 hz.

In computing loss through the lowpass
iso lation pad , it was determined that 4 to 5
milliwa tts sho uld be sufficient to drive mo st
car bon microphone inputs. This figures out
to abou t 20 db loss bet ween the audio

F ig. 4 . A udio a m p lifi e r a nd o u tput n etw ork schematic.
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RES IPSA LOQUITUR!
(Th e facts speak for themselves)

6 CHANNELS •••
10 WATTS INPUT •.•
O.5uV or BETTER

SENSITIVITY •• •
COMPLETELY SOLID STATE •••
BUILT FOR THE AMATEUR •••

Deluxe
2 meter

FM Transceiver
FDFM-2S

$310 Amateur Net

In o u e Communications Equ ipm ent Corpor a t ion

See It At Y our Local Dealer

VARITRONICS INCORPORATED
3835 North 32nd Street. Suite 6 • Phoenix, Arizo na 8501 8

transfor mer. It is also fused on the
secondary since a short probably would not

take out the prima ry fuse. A "slo-blo" is
required because of th e large pea k currents
dra wn due to the large value of C6.

11 is part of the VU me ter , MI. CRI is a
full-wave bridge rectifier in a single neat
package. C6 is a 10 ,000 mfd. (Correct: .01
farad s!) 25 volt capacitor, available from
Barry. Depending on load , the out put is
between 8 and 9 volts. Most of th e volta ge
drop und er load appears to occ ur in the
tra nsformer wind ing. Therefore, a huskier
transformer should provide be tt er regula­
tion. Output pow ers t he audio amplifier and
the +3.6 regulator.

The regulator is required to supply +3.6
volt s to the digit al ICs. Th e voltage holds
steady un der vary ing loads and eliminates
any residu e ripples th at might leak through
C6. Diod e CR2 is a 3.6 volt zener. Thi s
regulat ed voltage is fed to pin I of IC2. and
RCA CA3 028A. IC2 is a high gain differ­
ential amplifier. Its fu nct ion is to compare
t he reference input on pin 1 to the regulator
output on pin 5. The output is t hen fed to
the base of Q2, connected to Q 1 in a
Darlington circuit. So, if th e out put is higher
t han th e re ference, th e outpu t on pin 6 of
IC2 is lowered. Thi s in turn reduces the base
current to Q2 which lowers th e base current
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Fi g. 6. Component b as in g diagrams.

waves are being generated . Use of an rf tight
metal box is essentia l.

Fig. 6 should simplify identification in IC
and transistor lead ba sing. Looking at the
MC700P ICs from the bottom with the
notch on the left , Pin I is on the left end of
the top row of pins. The remainder of the
pin s are numbered consecutively clockwise,
Pin 14 being on the left end of the bottom
ro w. Viewing the CA3 000 ICs from the
bottom, no te the little tab on the case. It is
adja cent to the highest numbered pin , Pin 12
of the CA30 20 and Pin 8 of the CA3028A.
These pins are also numbered clockwise . The
2N492 1, Ql , may be co nfusing. The case is
rectangular plastic with three leads on the
bottom and a copp er plate on one side .
There is a hole through it . Viewing from the
bottom, with the copp er plate up , the ba se
lead is to the left , the collec tor in the
middle, the emitter on the right. The lead s
for Q2, MPS6554 are marked on the case.
Note that a heat sink mu st be used on leI.

Alignment
Alignment is simple. Witho ut connecting

to the rig, jumper pin G to Pin H on TBI.
This places a 600 ohm load on the unit .
Plac e the S2 "Function" switch to "AFSK."
Pots R4 and R6 sho uld be at minimum.
" Mode" switc h, Sl , should be in either the
"M" (mark) or " S" (space) position. When
turning on the power, 11 should light. At
t his point, check for proper supply volt ages.
Using the original multiplier resistor that
came wit h Ml as R1 3, adjust R4 un til Ml
read s C/J VU. This interprets to about I~
volts across the output.

A frequency counter , if available, should
be used for alignment. Check the output of
FFla at Pin 14 . Adjust Rl until t he output
is ex actly 238 khz - it's jus t as simple as
that. If no counter is available, accurate
mark or space tone s, either off the air from
an obliging ham or fr om a tape standard can
be used. Place S1 to the tone you are
aligning against , M or S, and connect the
gen erat or output to a scope . Use the output
at Pin I or TB 1, since this is high impedance
and compatible with most scop es. Put t he
standard tone on the other scope input axis
and adjust Rl fo r a I : I pattern on the
screen . When one tone is adjusted , the other
is automatically on frequency. A third
method of alignm ent is to use a 1430 khz
broadcast freq uency. (WNJR in New Jersey
for the East Coast.) If an antenna is attached
to the be receiver and placed close to the
476 khz square-wave generator, you should

, c ,

COPPE R
PLA TE

MOUNT ING
HOL E

, 0 '
0 0,,

0 0•
' 0 ,0

'0

to Q 1. This dr ops the output volt age on the
emi tter of Q1. The reverse process occurs if
the output is lower than the refere nce .

Alt ho ugh fair regulation might have be en
obtained with zener diod es, there was doubt
about their performance at low volt ages.
Thi s regulator maintains output voltage
cha nges to less than .1 volt and there are no
ripple or transient problems . Even this small
voltage variation migh t be avoid ed by using a
larger primary power transformer.
Cons truction

Alt ho ugh the prototyp e was developed
on a Vector 3477 DfPlugboard, construc tors
are advised to use standard unclad perf­
board both for ease of construc tion as well
as to minimize coupling between t he
close-spa ced etc hed lead s on the DfPlug­
bo ard. This type of bo ard also is susceptible
to gro und loops. It is advisable, even using
standard perf-board , to use a common
gro und point fo r the bottom ends of R4 ; R6
and R7 and the ground ends of th e bypass
cap acit or s on pins 2 an d 3 of I'C'l.

Part icular care mu st be observed in
shie lding, since harmonic-rich rf squa re-
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Tuning of the low pass filt er is a simp le
matter. No test equipment is required. The
only valu e to be adjusted is that of C4. Start
with a value of 0.22 lif. Then add capacity in
steps of 0.001 uf until the Mark and Space
tones are within 1 db of each other as
indicated on MI . Now disconnect the
jumper from terminals G and H of TB1 and
you're ready to hook it up to your rig.

Operat ion
Three different methods of keying are

provided. If the loc al loop supply is
grou nded and well-filtered, break it at the
ground po int and connect to terminal D of
TB 1. The loop ground goe s to terminal A.
Jumper terminals B to D. In this configura­
tion the local loop runs through R5. For a
60 rna loop, R5 should be 27 ohms; with a
20 rna loop, R5 is 82 ohms. In the MARK
condition with curr ent flowing through the
loop, about +1.6 volts appear on pin 9 of
Glc wit h S I in the N (normal) position. This
serves to inhibit Glb and causes the unit to
generate a mark tone. When the loop is
op en, or in the SPACE co ndition, f/J volts
appear on pin 9 of Glc, enabling Glc, and the
unit generates the SPACE tone.

Polar relay keying is also provided by
connecting the common to terminal B, the

s •
POLAR RE LAY
K EYING

POLAN
RELAY

T ilt J A II C Do ?

T81~

TO KEYBOARD
NORMAL t<:EYIIOARO
KEYING ( NOT
RECOMMEN OED- SEE
T EXT)

F i9. 7. Ke ying c o n n ect io n diagrams.

"'~
eND +

DIRECT LOCAL
LOOP KEYING

TB'91~9 00 <
TO KEY BOARD
INVERT ED K EYBOAR D
KE YING

hear a beat note. This is the third harmonic
of the generator and the 1430 khz signal.
With the unit placed in the mark condition,
connect the output to one axis of a scope.
The audio of the be rec eiver goes to the
other axi s. Adj ust as described earlier for a
l: 1 pattern between the beat note and the
mark tone. This method may satisfy the
pu rist since there will be a small amount of
error. Actually the square-wave gen erator is
producing 475. 958 40 khz and the Mark and
Space tones are 2124.8143 hz and
29 74 .7400 hz, respectively. The maximum
error is 0.26 hz!
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d isplays ~ on the VU meter. Then place S2
in the " voic e" position and advance the
" mic level" pot to produce about -3 VU
while speaking norm ally int o the micro­
pho ne.

In th e event the au dio levels are low for
yo ur particular tran smit ter , it might be du e
to a mismat ch between the 600 ohm outp ut
of th e gen erator and th e microphon e
transfor mer. This could be remedied by
c o n necti ng a 600 ohm center-tapped
t ran sformer to th e generator's output, and
then hooking th e microphone transformer
between the low side and the center tap . We
then have an autotransfo rmer with a
600 : 150 ohm ratio . Or the carbon micro­
phone transformer could be replaced wit h
another unit with a 600 ohm primary.

If more outpu t is desired and it is evident
you have a 600 ohm load for the generator,
the 16 db matching pad could be re placed
with a 430:600 ohm minimum loss pad as
shown in Fig. 8.'This pad has about a 5.2 db
loss, and the low pass fil ter sees slightly
more than 0.5 % error in termination when
the ou tput of the pad is terminate d in 600
ohms. This should produce an adde d 10 db
of gain, provided th e unit is terminated at
600 ohms. Or th e 16 db pad co uid be
replaced with an alt ern at ive 10 db pad
shown in Fig. 8. The gain in this ins tance is
about 6 db in the output, but care in the
termination value must be observed. Going
from short to open circuit makes th e low
pass filte r see a variati on of about 20% fro m
its design impeda nce. This is much greater
than the 6% variation with th e 16 db pad .

Still ano ther metho d of obtaining more
gain is to short out R7. This raises the
curre nt drawn by the amplifie r and may
increase dis tor tion. Or Pin 11 or ICI cou ld
be co nnected to the +9 volt line through a
l. 5K resisto r. However , th ese alt ernatives
may lead to amplifier in sta bilit y, since the 3
db poin t of this lit tle IC is about 8 mhz with
a resistive load. It is usabl e up into the vhf
range with tuned loads.

Variou s modes of keying were tried in
on-the-air tes ti ng of th is unit. While all

... ...

5 - 6 7 to " ' 0 l '

mark cont act to terminal C and the SPACE
contact to terminal A. In this arrangement ,
Glc receives +3 .6 volts through a 1 K resistor
in th e mark condition and a ground during
SPACE.

Direct keyboard keying can be used by
con necting terminal B to terminal C, and
connect ing the keyboard bet ween terminals
A and B. Although keying will be inverted, it
can be corrected by placing S1 in the R
(reverse) posit ion . The keyb oard could be
co nnected between terminals B and C fo r
normal keying, bu t this would result in the
inpu t line on terminal B left op en during
SPACE, but th is could prod uce hum . Th e
alternate connections are shown in Fig. 7.

It is assum ed that Sl is in the N (normal)
posit ion in the precedin g in struction s. In the
R (reverse) position , pin 9 of Glc is no
longer fed from terminal B of TB l. It is now
connected to th e outpu t of Glb, whi ch tak es
th e input fro m terminal B and inverts it.
Th erefor e, th e keying is inverted . In the M
(ma rk) positi on , 51connects th e input of Glc
to +3.6 volts t hro ugh a I K resistor ; in th e S
(space) positi on it grou nds th e input to Glc.

To apply th e generator's audio output to
the t ransmitter, any voltages connected to
th e primary of th e carbon microphone
transformer should be removed. Terminal G
of TBI sho uld th en be connected to th e high
side of the tran sformer and the low side to
terminal F . Connect the PTT line to termi nal
E. With th e transmitter in the stand-by
condi tion, and the generator operating,
placing S2 in the AFSK pos ition should
activat e th e transmitter. Adva nce the " tone
level" pot to achieve approximate 100%
modulation . Th en select a value of R I3 that

Int er ior bottom v iew. T h e dip lugboa rd w as
w ired by a dextrous m id get. T h e b rid ge
r ec t if ie r was mou nted d irectl y o n the fil ter
c apic a to r t o avoid ground lo o p pro b le ms.
Note h eat s ink on le1.
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$ .02S/ft.

WITH A SMILE

"'"SUpef-Yalue fOl those new power
supplies Sprague o r GE PyrllflO
1 types.

8 MFD @ 1 KV DC .88 a8.
15 MFD @ 1 KV DC 1.48 ell,
25 MFO @ 1 KV DC 1.88 1111.
These ere all test l'd at fu ll DC
vo ltage and mon ey bllCk·guar ­
ante ed.

FWB (Fu ll W""l1Bridge) Single
Phase Ass'y s. 12A or 40A de­
vices on 2 " II: 2'· heat sink
plates,
SOV PIV $2.48 12A Devices
200V PIV$2.98 12A Dev ices
400 V PIVS3.48 12A Devices
600V PIV$4 .2B 12A Devices
SOV PIV $3 .88 40A Devices
200 PIV $4.4 8 40A Devices
400 PlY $4.B8 40A Devices
600 PIV $5 .98 40A Devices
On 3" II: 3" plates add .7S,eeach

"'"Brand new RG62A/U Coax ,
930hms - E>lcellent fo r test
ecpt or Hi-V cable - double
sh ielded min. Qty .
100 Ft . i'-7"L >l 2'W x 1-1I4 "H Hi-V

Rect ifier Slac k Ass'ys . with
bo lt /n ut connect ions or co lor
ccdee f ~lI:ible leads
Single phase FWCT Ass'ys 1,SA
2 .0K V DC ou tput $I B.80
2.5KV DC output $22.BO
3.0 DC outpu t $2 6.80
Single phase FWB same price
can be bu ilt to other von eces
& ci rcui t conf igurat io ns.

FWCT Single Phase Full W""e
on heat sink plat es.
12 Amp. Rect . 00 2" II: 2"
plat es.
SOV PIV $1 .88
l 00 V 'PIV 52 . 18
200V PIV 52 .68
300V PIV $2 .88
400V PIV $3 .28
SOOVPIV $3 ,68
12 Amp. Hect . on 3 " II: 3"
Plat es same as 2 " II: 2" Plus
$ 1.00 eac h,
All ass'y fully tes t ed & guara rl­
teed same as above. 40 Amp
units on 3" >l 3·' plat es add
S2.00 ea. ass'y . 40 Amp units
on S" II: 5" plates add $3.00
ea. ass'y ,

$ 3.68
$4 .18
$4,68
$S .2B
$S ,98

$ .04 ea.
$ .07S ea.
$ .09 ea.

Brand new Disc ce ramic ca­
pacitors - Top US. Mf9- 1 KV
DC vottage OIting.
.005
.01
,022 ­Rectifie r Ass'vs for the bat -
tery c harges, L.V. welder &
plat ing bo y s. (A lso goo d for
those who need Hi curre nt DC
on t he t est bench or in the
IlIb) .

FWCT Coofigu rat ion (good fo r
2 t imes th e diod e cu rre nt rat­
ing with pro per cooling_
00 2" x 2 " I'>e6tsinks .

Diodes mounted. wired & test­
ed ~ full power.
12 Am p Diodes

SOV PIV $ 1.88
100 V PIV $ 2.18
4Ol)V PIV $3.28

40 Amp Diodes (FWCT 3" 1I: :r
plates

50 PIV
l 00 PIV
200V PIV
400V PIV
600V PIV
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WO LD'S LARGEST SELECTION OF SILICON
DIODES FROM A SINGLE SOURCE

appeared to perform no rmally an d, as
anticipate d, sco pe patterns and analyses at
the receiving ends indicated that the polar
relay method produced the most accurate
keying characteristics, If a rel ay is used , be
sure that it is a well adjusted polar relay.
This unit will follow keying up to near a 4
kh z rate. An y co ntact bounce will be
fai thfully reproduced by th e unit. In all
modes, there was favorab le co mme nt on the
purity of the to nes as well as their accuracy,
Even the mo st exotic commercial counter
was on ly able to de tect a I hz varia tio n on
either Mark or Space.

Although th ere is an evident mismatc h
bet ween the audio unit and the carbon mic
input transformer of the transmitter, there
was no evidence of insufficient drive to the
r ig ' s audio amplifier, No app rec iable
improvement was obtained using various
ex ternal transformers, alt hough any arra nge­
men t which can provide less than a 2 or 3 to
1 misma tch is desirable, Although the
microphone is not used on th e RTTY
frequency, the same rig is switched to othe r
2 meter freq ue ncies, so the u nit can be left
co nnec ted to the transmitter at all times ,
and the microphon e is available for use
whenever desired,

Since thi s unit was constructed , RCA has
co me out with the CA3020A and th e
CA3028B, newer edit ions of the linear ICs
used in this unit. No circui t modification is
required to use these lat er versions, and
almost 3 db mor e gain is available in th e
CA302 0A than in the CA3020 .

Conclusion
As orie operator observed after listening

to this device on th e air an d learning of it s
design and con struction: " That 's a helluva
complicated way to get a coup le of simp le
ton es." And so it is. Ho wever, fo r the
experimente r who wishes to increase his
familiarity wit h ICs an d develop new
techniques in ob ta ining sta ndard result s,
working wit h these devices should be both
challenging and rewarding. It is also a source
of pride to this operato r to assur e othe rs on
the RTTY net that our ton es are uncha nging
" on the nose" standards.

I would like to thank my father , Kf/lREC,
who put his not inconsidera ble editorial
talen ts to work, translat ing engineres e into­
English. He also per fo rmed th e on-the-air
tests, since I am not presentl y on the air. due
to the fact that my fa ther has my model 15
and won' t relinqui sh it.

. . . WIESHj3
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Transistor Transmitter

W. G. Eslick, K0VQY
2607 E. 13th.
Wichita, Kansas 6721 4

Aspirin
or how to kee p th ings fro m go ing [lffft !

I am sure many have experienced the
t ragic " blow ing" of a transistor (somet im es
costly) an d weren't sure what caused the
darn th ing to blow.

Some quotes fro m: RCA 's application
sheet SMA-40 plus my own experiences ma y
help many of you to save a few transist ors .

How many of you have built a trans­
mitter and, wit h dummy load co nnec ted ,
power on and even a cu rrent meter or t wo
in the supply circui ts, pu ll out the cry stal
and the da rn thing still puts out rfl Or,
sometimes when a st age 'is just on the verge,'
it ne eds a lit tle "tickli ng" or slight amount
of d rive to put stage into oscillation (u sually
the fina l, but not always). This latter type
of trouble will disap pear when t he crys ta l is
removed. This can cause therma l ru naway
and many ti mes open or short the junction
without you being aware by no ting curr ent
meters.

As t he RCA manual sta t es: A transistor
having a po wer gain of 5 at 174 mhz may
have a power gain of 30 at 10 mhz. That
does n't seem like muc h, but wait, that's
around 8 db st ray inductance (even por tio ns
of the printed circuit board) plus stay ca­
pacitance, rf chokes and by-pass capacit ors
may make the 50 mhz (or any band) t ake
off wild ly at a lower frequency, and some­
ti mes could be at a higher frequency if cir­
cuit compon ents are just right.

Use of low Q ferri te chokes or even a
wire wound resistor (that ' s righ t ) in the base
and co llector load circu it s with emitter (if
not grounded) and sup ply lead s by-pa ssed
with two capacit ors, on e for lo w fr equen cy
and on e for frequency being used , plus very
short leads and a design that will permit one
gro und per st age will help. Roughly, a
.001 mF capacito r will have three ohms re­
actance at 50 MHz and 16 ohms at 10 Mhz,
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and 31 ohms at 5 MHz. Wit h even one watt
of power, a few tenths of a volt could de­
velop acr oss this react ance and, by a sneaky
way kn own only to it self, could get into
ot her circuit s and make them go wild. Be­
lieve it or not , bu t with a homeb rew peak rf
volt me ter on my t wo transistor 125 mw rig,
fro m the emitter connec tion on t he soc ket
back to the main ground ru n, about 3/8", I
measured .15 volts. I laid a piec e of # 14
wire along this 3/8" stre tc h and solde red it ,
using as much solder as wire to make the
lead very lo w resistan ce. So in printed cir­
cu its, lay wire or be tter , small strips of cop­
per or brass and solder all along t he way. It
will lower t he resistan ce pat h . After yo u
get over a 100 or so mill iwatts, I wo uld
strongly urge yo u to fo rget printed bo ard
and go to meta l chassis.

On my printed boards, if at all possible,
I try to leave a strip clear aro und Y4" wide
of t he copper plus strips fro m one side to
the other wh ere I plan to solde r a shield, and
if you don't use wire or strip brass, coat all
printed board with solde r to lower the Rand
z.

Even using low Q chokes of bigger wire
and adding a 33 to 47 ohm resistor as show n
in Fig. 1 will hel p to cu re some of t he ills.
Don't forge t the by- pass C.

VERY S»:lR,"'k-------l1
LEADS

c

Fig. 1. C ircuits can be t amed b y proper
VH F gr o und ing.
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I have ha d the experienc e in tuning up the
driver and th e final , of seein g the dummy
load brighten up as expected and th en sud­
denly drop down . I was at a loss to explain
this till RCA cleared it up for me. It would
also clear up the downward mod ulation
when it sho uldn 't have been do wnward . Th e
base/collector junction (espec ially of over­
lays ) capacitance changes with a pplied volt­
age (or drive on the base) . You have a varac­
tor or varicap diode here th at can det une
you r circuits ! I be t this answers why to
so me of yo u! Using co mmo n emitter cir­
cuits and just eno ugh drive to fulfill the job
(like in the 2~ w tran smitter, I state I can
tune u p to three watts but 2~ is stable and it
rides there) and possibly a lit tl e highe r L to
C than before , in the tuned circuit s.

I would strongly urge all yo u who are in­
terest ed in solid state transmitters to buy
RCA's " RCA Silicon Power Circuits " an d
write and request from RCA their Appl ica­
tio n sheets # SMA 36 (Design o f Large Sig­
nal VHF Transistor Power Amp lification)
and #SMA40 (Frequency Mult iplication Us­
ing Overlay Transistors). In fact , most of
the others that make transistors will send
yo u application sheets dealing with the sub­
ject you are interest ed in . Th ey also have
some good notes (and lo ts of math) on
mat chin g networ ks; mat ching fro m on e sta ge
to another and matc hing from final to an­
tenna. Easy? Well , t ry matching a transistor
collector of a few ohm s impedance to several
hundred ohms impedance to a circuit that
will have som e Q and will tune (wit ho ut be­
ing shorted out or swamped by the tran sis­
tor ) and match this to a 50 oh m antenna .

A regulat ed power supply is a must (or
batteries) . You can imagi ne several hu ndred
mills being pull ed by the dri ver an d final
and several hundred in th e mod ulator (as-

VOI.T lolETER
1... 3 4

-I - ~TO Rf

V~°lol ---1 YE=J CIR CUITS

SHIELDED CABLE eoo Pf

on

'" I~~~-HH--~?R~~ITS

500Pf

+

F ig . 2 . M et er for fin din g ground lo o p s.
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suming high power her e, but it ' s t he same
with a 100 mw rig and a flea po wer supply)
at voice peaks and how th e voltage would
swing madl y every ti me th e thing was mod­
ulat ed . Th is will cause downward modu la­
tion , FM'ing, oscillator pulling, plus many
other weird troubles.

Fusing th e po wer supply or th e supply
leads to various stages can help. Mostly
wh en a tra nsistor goes bad , except in ther­
mal run away whi ch may start slowly and
en d fast , fu ses can't blow fast enough to of­
fer too mu ch protection, but no w and then
th ey may help!

If you have the habit of connecting the
rig up backwards especially aft er play ing
aro und with bo th PNP's and NPN's transis­
tors, connect a diod e (50 mill to I or mor e
am ps depending on circuit) in series wit h
supply lead s in the right polarity that will
give yo u th e polarity wanted and by-pass it
well. Now reverse the supply an d yo u can
do no damage, if don e right .

In Fig. 2 is a met er that is very helpful.
You can tell if t he following stage is gett ing
drive and if there are gro und loops causing
rf volt age drops. You can use your multi­
meter here with a probe . In this case you
will be rea ding RMS values , but my meter
has a scale of 0-1 so I use it as a relat ive
met er just to tell me "if I' ve got it , or if I
haven't. If I can get a good indication on
th e lower scale from one point to ano th er
on chassis ground, I try to correct or lower it
fast .

As sta ted in another art icle, I cou ldn't
put the transmitter and mod ulator in th e
same case in spite 'of shielding. Always try
it out breadboard , as it sure is work to tear
it partly down and redesign and reb uild. 1
prefer separate modulators, th en I can use it
on other transmitters also .

Use hea t sinks, preferably th e finned
types, and bigger types in larger powered
rigs. Don 't be greedy for po wer. In my 125
mw. rig, I went to 16 volts and under mod ­
ulation the osc illator transistor " went west ."
If you design for 9 , 12, 16, or 28 volts
stay with it. If yo u want mo re power ­
build for th at power!

Last but not least, and very important ,
use a dummy load or antenna on your rigs
as yo u te st t hem . If not , where do you
think th e power (you hope to go into th e
ante nna) is going? Mostly hea t and ruin ed
transistors!

...K9VQY
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(. . . de W2NS D/l continued from page 2)

TAG members , with a SASE fo r the answer.
This is a wonderful opp ortunity to help some
newcomers over the first hurdles.

If you are a member of a radio club that
will welcome neophytes and help th em on
the road to becom ing a Novice, t hen please
send in the name of th e club an d the addre ss
so we can pass it along through the magazine
and try and get yo u new memb ers.

We are wide open for any suggest ions for
arti cles or services th at woul d be of value .
We need more amateurs and we need th em
desperat ely . . I am hoping that the new
magazine will he lp.

Art icles We'd Like to See
In tern ati onal Crystal has a set of tran­

sistorized circuits on pc boards that have
sparked a lot of building. Their crysta l
oscillator board sells for only 52.95 and is
available in 3-20 mhz or 2(}6 0 mhz models.
I'll be t th at you could put one of th ese
down on 455 khz easily by changing th e coil
an d use it for a bfo. Th e rf amplifier unit is
$3.5 0 an d is available in 3-20 or 20- 170 rnhz
mo dels. The mixer un it is available in the
same two ranges at t he same price. For
$3.75 yo u can get a broadband amplifie r
uni t that can be used for au dio or, with if
transformers, as an if am plif ier. It will go
fro m 20 hz right up thro ugh 150 mhz . Th ere
is also a power ampl ifier available at th e
same price for the 3-3 0 mhz range, designed
to follow the crystal oscillator and give you
up to 200 mw out put .

More peopl e will have fun with these
un its if you will send in articles showing
th em in appli cation. They should mak e a 2M
receiver rather simple to make. I' d like to see
fift y arti cles on differen t uses for these
int eresting and inex pensive transistor un its.

Another field that is interesting more and
more amateurs is the burglar alarm problem.
There are a nu mber of commercial un its
ap pearing on th e market as th e cr ime rate
sky rockets, but I' ll bet tha t man y of you
loo k at th em about the same way I do. I'd
like to have a good alarm system , one tha t
would warn of fire, smoke, or intruders, but
I can't see buying one of those ext remely
exp ensive commercial u nits. It seems to me,
that as th e residen t electro nics expert, I
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should be able to come u p with something
more of a ham nature and with a ham price
tag on it to do the job.

Have any readers work ed out some alarm
syste ms for their homes or cars whi ch might
be of value to the rest of us? Have you
fo und any alarm components which are
available at ham ty pe prices which we should
k no w about? Have any of you work ed out
any simple sensors for hea t or smoke?
Hundre ds of mob ile rigs are being swiped
every year and we all shou ld have an alarm
syste m o f some kind in our car. And, if your
wife is like mine, a hom e alarm would help
her sleep a lo t easier.

Far too few FM ar ticles are being sub­
mitt ed. This is one of the fastest grow ing
areas of amateur rad io at prese nt and I
woul d like to see a lo t more -art icles on it.
We need more in formation on sett ing up
remote repeate rs and operating th em . We
need ar ticles te lling us what areas of the
co untry are covered by repeater s. We need
articles on tes ts of so me of the new FM
transceivers th at are being made for ham use.
We need articles on an ten nas for FM. Any­
thing th at is of good gene ral in terest to all
a m a te u rs is wort hy of bein g pub­
lished ... let's go.

New Typesetting System

IBM has just installed their new MT j ST
t aped typesetting equipment for us and we
are having fun gett ing used to that kluge.
Wit h thi s arrangement we set th e type by
typing it up on a regular IBM Selectric type­
writer. As this is typed it is recorded on a
magnetic tape. Th en we put the tape into
the prin t-ou t unit , set th e width of th e mar­
gins we want , and watch it go. Oth er than
sto pping for us to change type faces or for
a line that has to be hyphenated , it just zips
along.

This contraption costs like the devil, but
with th e plans fo r the new magazine thi s
winter, we'll be needing the ext ra speed.

If any readers have any MT/ST t apes
available reasonably , we sure co uld use an
extra supply of th ose. I hate to drive IBM
stock up any more than I have to .

Cars
Whenever I meet readers at conventions or
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at ham clubs I am invar iably asked about my
Porsche. It has been some time since I have
written much about my cars . Believe it or
not , but I still have my oid Porsche .. . the
on e I bought in 1957. Thi s is th e old Speed­
ster mo del which th ey discon tinued shortly
after I bought min e. I've tried a couple of
newer models since th en , bu t I haven 't found
anything that I like nearly as well as th e old
Speedster. It is lower and more op en than
anythin g newer, and handles like a dr eam .

Last fall Lin and I mad e a short trip to
Eur ope and picked up a Rover 2000 TC
sedan. I'd been thinking ab out this for a
couple o f yea rs . . . ever since Jean Shep herd
K20RS began talk ing it up on hi s radio pro­
gram over WOR in New York. The review
in Car and Driver Magaz ine finished me off
and we got one.

What bro ugh t th is all to min d was a lit tle
exper ience I had during my visit to Des
Moines and the AR RL National Convent ion.
I went out to din ner with a heck of a nice
ham and his wife .. . Iowans. He said that
he didn't enjoy dri ving. Well, I enjoy driving.
1 love it. But this didn 't star t un til I dis­
covered that there is one tre men dou s dif­
ference be tween cars. The Porsche woke me
up to how much fun could be had wit h a
really responsive car. Now , every time I
ta ke th e Rover ou t , even to the store, I mar­
vel at how it han dles . . . how comfortable
it is . . . how much fun to drive . It buzzes
along at 80 and 90 with th e same comfort
th at I find in the Spo rty US car> at abo ut 40 .
It holds the road thro ugh the sharpest of
curves a lot like th e Porsch e. The leather
seats are more like my living roo m chairs
th an a car.

Every time I go on a hip and have to
rent an American car from one of the rental
companies I get mo re and more dep ressed
w. th th e Amer ican prod uct. I haven' t found
one yet (and I t hink I have tried almo st
everyth ing now) that I would ever t rade for
my Rover . . . and it cos t only a little over
$3000.

Get mad at me if you will for telling you
about my Rover , but whenever I find some­
thing th at gives me as much pleasure as that
car, I feel th at I have a responsibili ty to tell
you about it.
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Microwave Oven
One o f th e big exci te ments of the 73

exhibit at the Boston ARRL Convention was
a great big bow l of free hot dogs. " Food For
Thought" was the heading. We set up one of
th e new International Crys tal Microwave
Ovens in our bo oth and turned out red hots
for th e crowd. The oven is a ball to use. It
turns cold franks into juicy hot dogs in
about 15 seconds.

Lin and I have bee n having a lot of fun
with th e oven at home to o. What a differ­
ence it mak es to be able to have bak ed
po tatoes with any dinner in a matter of
about five minutes instead of ru nning the
hot st ove oven for 45 minutes or so. Baked
apple? Abo ut three minutes is all it tak es, so
I have the m for lun ch or even an afternoon
snack now, freshly baked. Bacon co mes out
tender an d juicy in 30 seconds. Frozen rolls
tak e half a minut e. Tend er hot croissants
tak e a few seco nds for breakfast, ditto most
any of th e packaged rolls an d cakes. Left­
overs can be warmed in seconds. right in th e
plastic refrigerator boxes. Hot co ffee or
choco late takes seco nds. Hot sandwiches,
too.

Fro zen vegetables can be defrosted and
co oke d in a cou ple of minutes. Frozen meat s
can be defrosted quickly too, th ough we
prefer them cooked the regular way most of
the time. Since it cooks fro m the inside it is
great for sausages, but beef seems a bit
diffe rent th is way. It does war m up slices of
roast beef de liciously in ten seconds tho ugh.

The oven costs a litt le under $600, which
really isn' t bad for so meone who loves to
cook. Once you have one, y ou will u se it a
doz en times a day. (continued on page 136 )
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Ronald L . Jves
20 75 Harvard Stree t
Palo A lto , CaliforniaImprovement of

Phone Intelligibility
by Base Clipping

94306

F ig . 1. Prelimina ry {a n d inco rrectl t heory
o f base cli pping.

Although oscilloscopic studies of aud io
signals showed that t he no ise signal was
added to the audio signal, so that this theory
was defin itely incorrect , I made and used
several ba se clippers with gratifying result s
fro m 1946 to 1960. These co nsisted sub­
stantially of a ph ase inverter, foll owed by a
push-pull amplifie r . with a wide range of bias
adjus tments, so that it co uld be operated in
any class fro m A to C. Using this device ,
t here was a point of opti mum in telligibility
for any signal, this point being toward class
A operation with clean signa ls, and to ward
class C operation wit h signals mus hed by
noise . A varie ty of bia sed series diode
circuits were also used , in co njunct ion with

F - NOISE

H- CL IPPI..c. AT +N AND - N

E- SII>NAL

F ig. 2. Behav ior of sin e -w ave sig n al in the
p rese nc e of n oi se .

pre- and post-amplifiers, to perform the
sam e functio n, an d they worked about as
well as the variable class audio amplifie r?

Che cking of t he base clipp er opera tio n
wit h a good oscilloscope corrected the
origina l erroneous theory of operation , a nd
fin ally showed just how the no ted signal
Imp rovement came about. Referring to Fig .
2. if we feed an am plif ier with a signal (E)
and a noise (F) , the resu ltant out put will be
the mu shed sine wave (G) . Clipping the ba se
of t his curve at levels +N and -N will produce
the cu rve (H ), and no det ect able improve­
men t in tone qualit y . With co nti nuo us sine
waves, base clipping does not impro ve signal
qu ality . Ho wever , wit h wave trai ns , such as a
CW signal. base clipping at the level of t he
average hoise (o r sligh tly higher ) does
produ ce a definite improvement in read a­
bility, as in Fig. 3, and this is still fu rther
increased if base clipping is followed by peak
clipping. Wave envelope of a no ise-free CW
signal is shown in Fig. 3, (I) . To this is add ed
noise (1) , pro duc ing t he outp ut (K) , a
co mbina tion of signal and noise. The signal
plus noise-to-noise rat io here is po or. By
clip ping the base at a level equa l t o or
slightly exceeding the noise. envelope (L) is
produced, with a greatly ' improved noise
ratio. If this signal is no w peak -clipp ed.

~~
.... • • ... S ~ SoN
r~ ~ n _

- N S- N
~

B-N()ISE C-S IG"' IoL + NOISE l>- IMPROVED
SIGtoloL

A-S IGNAL

Shortly before the beginning of World
War II, a numb er of operators and experi­
menter s di scovered , more or less in­
de pende ntly. that phone signals , made un ­
inte lligible by noise, could be " clea ned up "
and made more in t elligible by base clip ping.
Theory of operation of t he base clipper , as it
was outlined at the time , is shown in Fig. 1.
This theory was lat er proved to be somewhat
incorrect, ye t base clipping demonst rably
impro ved the intelligibilit y of received
ph one signa ls. As origina lly outlined , if a
signal (A) and a noise (B) were both present
in an audio circuit, the result ant combined
signa l (e) co uld be " cleaned up " by
elimina ting all par ts of it from +N to -N,
giving the improved signal (D ). The rou nding
off of the zero-crossing " ste p, " caused by
base clipp ing, occurred in lat er st ages of
amplific ation. A rece nt base-clipper circuit,
using t his principle, has been outlin ed by
Shelby. '
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and signal plu s noise. as received, at (P) .
Not e here that the phonemal pauses,
indicat ed by X. are plugged up, so that
d iction is degraded. as is intelligibilit y. This
situatio n, whic h you can dup licate by
co nnecti ng an oscillo sco pe across yo ur
receiver out put whil e liste ning to a pho ne
signa l on " one of those nights," almost
exactly parallels the "masking noise" situa­
tion so thorough..ly st ud ied by Harvey
Fletcher .3 If, by base clipping at the average
level of the noise. we clear up the phonemal
p a u ses, signal intelligib ility is greatly
im proved , and the signal envelope now looks
like (Q) in Fig. 4 . The effe ct isq uit e similar
to that produced by increasing the per­
centage of modulatio n. A still grea ter
improvem en t is ind irectl y brought about . in
the case of " white " no ise , becau se a low
frequen cy will t end to " overr ide " a sound of
higher fre quency. Alt ho ugh noise abov e t he
clip ping level is still superposed on t he signal
envelope. as in (R) of Fig. 4. the hu man ear
will t end to disregard the higher fre quency,
and respon d to the lower. t hr ough a wide
range of signal and noise inten sitie s. This
also has been studied an d re ported in det ail
by Fletc he r {op. cit ., p. 153). Thi s same line
of reasoning poin ts out the ne ed fo r keeping
hu m at a minimu m. and explains why a
measured lo w level of hum has a high
perceived level of an noyance.

F ig. 5 . E a rle t h r eshold mod if ied fo r base
c lip p in g .

F ig. 4 . l ~ provement of speech intellig ibility
by red u ct ion of mask ing n o ise .

I( -SIGNAL PLUS ~OI S[

M - L WIT rt PEAl( CL l fOPING

F ig. 3. Im p ro ve m ent of CW s ign a ls by base
clippin g .

Speech, bas ically. consist s of an audio
carrier . o f varied freq uency co nt ent . modu­
lat ed in a ra t he r specific fashion . The
"carri er" frequency is not too important , as
we ca n un derst and t he spoken wo rd s of a
" Russia n" bass and of a " scre eching"
soprano with alm ost equal facility, all o ther
factors remaining the same. The shape of the
modulati on envelope, however. is quite
important. particularly the ph onemal pauses.
whic h are intervals of no signa l occurring at
the ends of syllables , and as a part of certain
labi al and lingual ph onemes (the buildin g
block s of speech). If t he phonemal pauses
are clear ly defined. the diction is said to be
good ; if the phonemal pauses are not clearly
defined, dict ion is called po or. Intelligibility
of speech. in very general terms, is a
function of t he quality of t he dict ion.

A speech en velope is sho wn diagram­
matically in Fig. 4 (N) , wit h the phonemal
pauses indicat ed by X. Noise is shown at (0 ).

I - SIG" AL HI\!E LO'>[ J - " OISE

envelope (M) will be produced . which is
almost " pure" signal.

If, now. this ou tput is rectified and
filtered , it can be used to key an audio
oscillator. the combination being kn own as a
"code regenera tor."

This still does no t tell ho w base clipping
improves the quality of recei ved speech. but
"Eppur si mueve." Oscillo scopic st udies with
sine waves and CW signals. however, do
disclo se a key fac t : wit h base clipping at the
no-signal noise level, where there is no signa l,
there is also no no ise .

Further oscilloscopic stu d ies of actua l
speech signals. plu s some excursions in to
physical linguistics, greatly assist ed by
published researches of the Bell Teleph one
Labora tories, finally gave a very sat isfactory
answer. which is outlined in Fig. 4.
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U nder-c h asste v iew o f base cl ip p e r u sing
m od ified Ea rl e c irc u it.

Metho ds of base clipping have been
grea tly imp rov ed and simplified during t he
past few year s. One of the best base clippers
now known is derived from a circuit
d~veloped by W. A. Ear le.4 This, shown
diagrammatically in Fig. S, co nsists of a
biased du al diode in series with the signal
lin e, d iodes being in opposed polarity. Since
both d iod es are cut off by a bias, which ca n
be varie d fro m zero to more t han five volts,
a signal applied at t he input will no t pass
through the diod es until it s peak am plitude
exceeds the bias. When the signal peak
amplitude does excee d the d iode bias all
exce ss signa l volt age rea ches th e out put
through a 470 k resistor. Thus, any signal
may be base clipped at any de sired value
fro m zero to about five volts. Insertion loss
of the base clipper , at zero bia s setting, is
about 6 db (measured).

Experime nts with var ious semic ond uc tor
diodes in place of the 6AL5 dual diod e
ind icates t hat a wid e variety of high back
resistance germanium diod es will work very
well, t he " toe" of t heir characte ristic bein g
un i m p o rt a n t un de r normal opera ti ng
conditi ons .

Silicon d iodes are slightly less app licable,
as t heir toe is at approximately .6 volts. This
can be offs et by a co mplex biasing arrange­
ment an d becomes less impor tan t whe n
signal amplit udes are high .

Test s show that t he base clipp er is usua lly
most effec tive when connec ted be t ween t he
lu st and second audio stages, as in this
po siti on, the noise voltages whi ch it is
desired to eliminat e are withi n the normal
range of adjust ment of the clip per , and all
usual adjus tments will be wit hin the reason­
a b l y stra ight portion of the diode
cha racterist ics.

. Unlike many audio filt ers an d clip per s,
this type of base clipper is easy to bu ild , and
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requires no special ad justments or t ricky
" diddling" to make it work. All fixed com­
pon ents excep t the 6ALS are mounted on a
conventional te rmin al board , and all signal
wiri ng is point-to-po int . For reasons of sta­
bility, 2 watt 5 percent carbon resisto rs were
used , although curre nt in circ uit would per­
mit use of ~watt resistors. Leads to t he
lOOk level contro l resistor , mounte d in the
panel, are shielded mic rophone cab le, to
prevent hum and unwan ted coupling to oth er
circuits, and a .02 pf ceramic ca pacito r is
connect ed across the co ntro l to reduce co n­
ta ct noise. Filamen t of the 6AL 5 is biased
+40 volts with respect to gro un d , to prevent
hu m injection, and t his is as effect ive in t his
ap plication as pur e de on the filam ent .

For opera ting convenience , the base
clipper was switched in and out o f circuit by
means of a re lay, which is controlled by a
switch on the level co nt rol. Whe n base
clip ping bias is at zero , t he base clipp er is
automatically switched out of t he circuit.

In opera tio n, wit h the base clipp er out of
the circuit , tune in the desired signa l, and
adj ust all controls for the best intelligibility
po ssible without the base clipper. Then
switch in the base clipp er , and adjust bias for
be st reception. This will occur wh en the
pho nemal pau ses in the received speech are
substa ntially clear of noise. Addit ional base
clipping will no t , in most instances, bring
about any fu rther im provement in in telligi­
bility, and too much base clipping will turn
most speech into gibberish.

Experiment ation with base clipper s also
ex plains, in p art , wh y some operators who
have obvious hearing impairments (" tin
ears") see m to copy ab out as well unde r
almost hopeless conditi ons as they do whe n
conditions are good . They have a built -in
base clipp er !

.. . Ronald L. Ives

' -Shel by, E. F. " A QRM Killer" , CQ, Vol.rl,No . 9, Sept., 1965 ,30 et seq.
lves, R. L. Improved Base Clip per, 73, Vol.

F,No. I , o« , 1962, 20-2 1.
Fle tcher, Harvey, Sp eech and Hearing in

Comm unica tion , New York (Van Nos trand),
1953, 153-175.
4 'Earle, W. A. " A-C Threshold Converts to
Switch" , Electronics; Vol. 31, No. L, Ja n. 3,
1958 , 98-100.
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James M . Lomasney, WA6NIL
2501 Waverley St.
Palo Alto, CA. 94301

Measurement of

Meter Resistance

It is often necessary . when building any
sort of equipment using a sensi tive meter, to
know th e internal resistance of th e met er.
The obvi ous way of measurement - simply
slapping an ohmmeter on it - is no t safe,
beca use most ohmmeters, when switch ed to
a range which will read the co mparatively
low meter resistance , will pass a high eno ugh
current through t he meter to damage it .

The following method. though old, is not
widely kn own. It uses the meter itself as the
indicator. The meter is conne cte d to a
constant-cur rent source, that is, a volt age
source in series wit h a suitably high resist­
ance . A variable resista nce is then connected
righ t across the meter terminals and adjusted
to take exac tly half the total current. The
variable resistance is now equ al to the meter
resista nce and may be removed and meas­
ured by any of the usual methods.

For a practical circuit see Fig. 1. The
voltage source may be anything handy, even
a 1.5 volt dry cell , though a higher voltage
will give more accuracy. The total resistance
R l plus R2 is calcu lated by Ohm 's law 10
allow full scale current to flow through the
meter. Don 't make a mistake in this calcula­
tion and pass 10 or 100 times too muc h
current! If in doubt , start with to o high a
resistance and work down . At least 2/3 of

F i9. 1 . Ci rcu it fo r measu re m ent o f meter r e­
ststanc e (see t ext f or va lu e s o f R 1, R 2 , R3
and V) .
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the resistance sho uld be in th e fixed resist­
an ce R I , so that accidentally cranking R2 to
the wrong end will not injure the mete r.
Also, connect the battery up last, afte r
everything else is rea dy.

Having set R2 to make the mete r indicate
full scale, connect another varia ble resistor
R3 across th e meter terminals and adjust it
to mak e the meter indicate exactly half as
much current. Now, without disturbing the
setting of R3, remove it and measure it s
resistance with an ohmmete r.

An example may make things clearer. A
0-100 micro ampere mete r out of our junk
box will be mea sured using a 1.5 volt dry
cell as the voltage source. The total resist­
an ce will be 1.5 volt divided by 0.000 I
ampere (watch the deci mal point!) or
15,000 ohms.· RI can conveniently be
10,000 or 12,000 ohms, and R2 a 5,000 or
10,000 ohm potentiometer. Connect them
up as shown in Fig. 1, and set R2 for full
scale indication, 100 microamperes.

For a first try , a 1,00 0 ohm potentio­
met er can be used for R3. Connect it across
the meter as shown by the dotted lines in
Fig. I, and adjust it to make the meter
indicate 50 microamperes. No w remove R3
and measure it ; let us suppose it turns out to
be SOD oh ms. We can then say that the
meter is also (almost exa ctly) 500 ohms.

Note th at connecting R 3 redu ces t he
to ta l resista nce in the circuit slightly , so that
in our example th e to tal current flowing
would no t stay exactly at 100 micro­
am peres. If t he meter resistance is 500 oh ms,
connecti ng R3 would reduce the resistan ce
of the meter-and-R3 combination to 25 0
ohms. Th e resistance seen by the batt ery
would drop from 15,000 to 14,750 ohms, so
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that the' current is not 100 microamperes
now, but 101.7. This means that R3 is
carrying 51. 7 microamperes and will turn out
to be 484 ohms, which is low by about 3
percent. This amount of error is not
objectionable in many cases, and can be
reduced by using a higher voltage source
with correspondingly larger RI and R2.
There is not much point in trying to reduce
this kind of error below I percent, sin ce the
accuracy of the ohmmeter and the scale
linearity of the meter being measured are
not lik ely to be any better than this. Putting
it another way, it will rarely be necessary to
use a source over 4.5 volts to keep the
current acceptably constant. On the other
hand, the voltage source may be as high as
desired, except for th e shock hazard and the
fact that RI and R2 will get inconveniently
large.

Th e value of R3 will depend on the meter
range. Most ()"l milliammeters will be
between 25 and 100 ohms, and micro­
ammeters will be higher, up to perhaps 5000
ohms for th e most sensitive ones.

Go to it , but be careful. Any time you
mess around with a met er and a battery, one
mistake is all it takes.

. .. WA6NlL
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Diode -Stack Patner Supplies -

The Easy way
E. H. Conklin , K6KA
Box 1
La Canada, Calif.

Many amate urs wish to have quick-start
transmitters with reduced heat during sta nd ­
by periods. This lead s to thought of the
possibili ty of replacing rect ifier tubes with
diodes in high-voltage power supplies.

The first approach gene rall y is to look for
a hatful of SOo-volt or 1,000-volt diodes
wit h a current ra ting somewhere between
750 rna and 3 amperes, and to plan for an
equal number of capacitors and resistors to
go across them. The result is an impressive
i n s t allation. So me, lik e Fred Mason,
KH 60 R, had a failure before the number of
series elements was increased to provide an
adequate safety factor.

There are some direct tube replacements,
such as the Sarkes Tarzian 5-5130 used by
W4PR , an d by W6RT in the Collins 3O-SI ,
with a protective device added, bu t this unit
is list ed in the mail-order ca talogs at $22 .50
each. They are rated at 10,400 inverse peak
(74 00 rm s} volt s; and at 300 rna con tinuous,
3000 rna peak , curre nt. Fo r a capacit ive
load, t he current should be derated by 20
pe rcent and the rms input voltage by 50
percent. This cuts the ra ting very thin when
one uni t mu st stand the full voltage of a
center-tapped transfor mer. The current
rating is less of a problem due to the low
duty cycle for single-sideband tra nsmitters.

I wanted a simple solution for my Henry
2K am plifier, without any modification, if
possib le. The 3B2 8 t ubes are in front where
they get some air circulat ion from the
blower intake. There is space above the

sockets. The matter was discu ssed wit h Frank
Clement, W6KPC, of Diodes, In c., 9261
Independence Aven ue, Chatsworth, Califor­
nia. This resulted in the purchase of four No.
5244 high-voltage diode sta cks at about $S
each.

These can be used two-in-series on each
leg of a cen te r-tapped transformer, or singly
in the conventional bridge circu it -producing
the same output . Each stack is rated at
6 ~000 volts peak and ¥.o am pere continuou s
duty when fastene d to a heat sink. They
have stood up when drawing 800 rna, key
down. during tu ning using a dummy load.
They will to lerate a 50-ampere "in-ru sh
surge" if it is not longer tha n half a cycle.

The heat sink sho uld be the chas sis, or a
pla te with ab out 25 square inches of surface
for each of the rectifier stacks. Thi s can be
reduce d to as little as ten sq uare in ches in
SSB application where the duty cycle is
short. Both sides of t he surface can be
counted. I use a plate 40 square inches on a
side. With it, the diode stacks seem to
rem ain close to room ambient temperature.
A commercial heat-sink could provide this
surface in a smaller vo lume.

The plate was mounted vertically on a
horizontal sheet of insulation that rests on
the rectifier sockets. A two-inch bolt with its
en d threads filed slightly passed from the
insula tion down into one socket clip to
connect to the id le filamen t transfo rme r and
the filter. Two stand-off insula tors, with a
small sta ck of washers on t he bolt, mad e fine
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Fig. 1. Diod e stack power suppl y .
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places to attach the two plate clips fro m the
ends of the transformer secondary. Afte r
carefully checking polarity, t he four stacks
of diodes, each the size of a packa ge of
chewing gum, were bolt ed to th e aluminu m
plate.

In order to ob tain quick start, the
twen ty-second am perite relay was removed
from its socket, and a two-second one used
in its place. No time delay at all is required,
according to Bill Orr, W6SAI, at Eimac.
However, I saw no reason to transmit befor e
the filaments wer e fully on.

In a few minutes, the unit was plu gged in
and was on the air . The time fro m cold start
to full power was four seconds, and much
less after th e thermal relays had warmed. It
became possible to shut down th e Henry 2K
during round-table discussions and bet ween
calls, without waiting unduly to fire up the
amplifier.

My Henry 2K was built in August, 1965,
when Henry was using two-step power re­
lays. In order to equalize the contact
sparking, the series resistors had been
doubled to 20 ohms each . This feature
reduces substantially the tendency for a
surge to damage the diode stacks. In the
absence of the step-s tart feature, it would be
desi rab le to use some surge protection, or to
add one or two more diode stacks in each
leg.

One protective measure was suggested by
Frank Clement. This is to obtain th ree or
four TV fly-back capacitors, which are
20,000 volt, 500 W'f, ceramic unit s. They
cost about a dollar, but can be foun d in old
RCA TV sets between the picture tube
shield and ground, connected at the fila ment
of the high-voltage rec tifier tube. In series
with these paralleled cap acitors, place a
200-ohm resistor. This RC network is th en
connected across the entire power-trans­
former secondary - between the two sta nd­
off insulators on the heat -sink plate. It tends
to absorb the voltage transient which is
likely to occur about once each 150 times
that the power relay s open, an d cou ld
exc eed the diode stack voltage rat ing.

Alternatively, Jim Smit h, W6RT, ob­
tained a thyrector, General Electric No.
6rs2lsalOdlO, fou nd in the Allied an d
Newark industrial catalogs at a few dollars.
The thyrector is connected directly across
the po wer transfor mer primary. It may have
to depend upon the coupling of the transient
from the secondary to the primary, but has
proved use ful.

... K6KA
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Elliott S. Kanter, W9KXJ
3242 West Holl ywood Aven ue
Chicago , Illinois 60645

Transistor Testing Techniques

The ham is, perhaps. gifte d with an over­
abundance of ideas. and at the same time
cursed by a lack of fund s. To compensate
for thi s continuing defi cien cy of the wallet ,
he tend s to buy the many assortments of un ­
test ed transisto rs, and . takin g his trusty YOM
in hand, proceeds to destroy what few or
many useable t ransistors he fou nd in the
poly-bag. Instead of having a co llection of
good useable transistors, he has on his hands
a collect ion of shor ted th ree-leaded metal
cans.

To prevent this need less loss, let us first
review some basic facts abo ut tr ansistors.
For lack of a better descripti on we can con­
sider a t ransistor as being co mposed of two
back-to-beck diod es (see Fig. I) . Th e base
con nection will always ap pear at the common
connec tion of the two diodes. The or ienta­
tion of these two diod es as sho wn in Fig. 1
will indicate whether the t ransistor is of the
PNP or NPN variety.

" .

Fig . 2 . Po la rit ies fo r va r ious tests.

As we can see from Fig. 1, there exists a
difference of operating voltage polarity for
each ty pe.

In the case of th e PNP transistor, the base
is positive with respect to the collector, and
negative with respect to the emi tter. The
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NPN transistor is just the opposite , wit h the
base negative with respec t to the collecto r
and posi tive with respect to the emitter. The
co llecto r-ta-base diode junction is reversed
biased and the emitter-to-base junct ion is for­
ward biased in both the PNP and the NPN
transistors. Th e collecto r and emitter are at
opposite polari ties in both cases.

The purpo se of this brief review of wha t
co nsti tutes a tra nsistor is necessary because
in order to safely test a tr ansisto r, we must
first understand the inter nal mak e-up and th e
differences which do exist in polarity. Many
articles have described the use of a YOM for
transisto r tes ts. Unless care is taken and the
pol arity of each transistor eleme nt is careful­
ly o bserved, the seemingly innocent testing
procedure will result in the dest ruc tio n of the
transistor under test.

How, then, do you test a transisto r safely
but without buying a rathe r sophisticated
and costly tr ansistor checker? The answer
lies in the careful use ' of your YOM. By
making a few. simple pre-tes ts and following
the testing procedures o utlines in this art icle.
yo u will be able to test almost any transist or
yo u might come acro ss without damaging it .

The first step is to bo rrow an additional
meter with a de range of approximately 0-10
V. Switch yo ur YOM to it s resistance scale
and measure both the voltage and polari ty
appearing at the test pro ds. Rotate the range
switch until you find the least volt age (about
1.5 V) usually RxIO . Now comes th e hard
part ; either misappropriate your mo ther 's or
wife's nail polish or be a cow ard and use
paint. Mark this range with a small dot, and
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Fig. 1. We can consid er a t ransistor as being
co m po sed of two ba ck-to-back diodes.

also indicate which prod is positive and which
is negative . This may vary from YOM to
YOM; man y types reverse the polarity when
in the resistance measurement ranges.
Test ing procedures

It is most import ant to determine that
each diode junction of the transistor under
t est exhibits low resistance in one direction
and a high resistan ce in the other. Emitter to
coll ector resist ance should be high in either
dir ecti on. Polarity is important at the emit­
te r-base junction of small signal transistors
due to the low reverse volt age rating of this
junc tio n. Only the fo rward resistance of the
base-emitter juncti on sho uld be measured.
Emitter juncti ons of power transistors may
be che cked in both directions wit ho ut fear of
damaging the transistor. Fig. 2 shows the pro­
per polarit ies fo r the various te st s.

Reviewing what we have discovered and
why we went to th e trouble of measuring the
voltage present at the t est prods before we
at tempted to tes t a transistor, relates back to
our earlier discussion of what a transistor is
and how it is made . Th e value of approx im­
atel y 1.5V is a safe range fo r making the for­
war d reverse t est s and will not damage a tran­
sist or. Th e exact met er read ing is immaterial ,
what we are looking for is a defin itive diff er­
ence in the ' fo rward and reverse readings.
In small signal (germanium) transistors for­
ward resistance is in the neighborhood of 20
to 30 ohms. Small signal silicon t ransist ors
have diode junct ion resi stances of from 40
to 60 ohms. In eithe r case a reading of 15
ohms or less will indic at e a sho rt. Power
transistors should exhib it a resistance (for­
war d diode junction) of from 6 to 12 ohms:

To sum thingsup, we have discovered what
a transistor is, how we can safel y t est it and
what sort of readings we should expect.
Please remember that small signal transistors
should never be subjected to reverse resistance
tests of the emitter-base junction. With
pro per techniques we now may safely test
those bargain transistors; who know's, you
might find the elusive 2N2219 you needed
is reall y good.

...W9KXJ
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W. G. Eslick, K (j)VQY
2607 E . 13th
Wich ita, Kansas 67214

Transmitter
As my hobby is transistors, I ju st had to

keep building and of co urse - more power!
T his model checks out 2- 1/ 2 w on Bird
wattmeter . It has no dx record as yet except
using a No. 47 bu lb as a du mmy load.
Located on my wo rk be nch in the baseme nt .
making the transmitter about 2 to 2 1{2 feet
below gro und level, I worked a friend tw o
miles away, getting an S6 report. Does
anyone kn ow how to make a good S-element
yagi u sing 47 dial lights?

"This transmitter is held in reserve and will
be my six-meter solid state job afte r the 1/4
w has done its job. I have the reputation of
building up a job, using it fo r aw hile and
then t earing it down to use the parts in
something else . Building is my hobby . If it
works and the novelty has worn off, I'm
read y to scrap it.

The coil fo rms for t his unit were scrappe d
from some war surplus . They are ceramic
3/8" with iron slug and wound with 6 turns
of ab out No. 20 silver plated copper wir e. I
used t he co ils as is an d ap plied the necessary
capacit y to bri ng th em to freq uency, with
t he exc eption of adding link s an d ta pping
the final ta nk .

The 2-1/2 rig was built on a meta l chassis
as gro und loops of cu rren t on a printed
bo ard cou ld not he ta med.
Th e driver transistor was heat sinked with

a slip over fin -type heat sink. Th e oscillat or
needed none. The final was a Bendix B3466
(looks lik e a TO-5 t ransist or pressed into a
stud mounting ca se, with threaded stud at
one en d and wire leads fr om trans istor at the
o ther end). 1 used a 1/4" thick piece of
brass, I " by 1-1/2" on t he stud as a heat
sink.

I use tra nsist or sockets on all my jobs so J
can try out various transistors and change
them easily whe n 1 blow them. (I cry a little
too.)

With no shorts and power applied , the
oscillat or tr an sistor is the one to worry
about getting to work. T he others are class C
and will ta ke " d rive" to tu rn t hem on. All
the oscill at ors mentioned are capable of
lighting a No . 49 bulb, some brighter th an
ot hers , depending on t ransistor and circuit.

The modulator used was an exact copy
built up from 't he 5 w CB rig. describ ed in
RCA 's tra nsisto r Handbook ,

2N35 53' s or 4 034 1 (b ot h RCA) will
work in the fin al. I in ten d to try a grou nded
co llector and take the out put from the
emit ter in ano ther rig , so I can mount the
stud (whlch . is also connected to th e
collector ) fo r better heat sink ing. Maybe
some of you have tried it.

The final ma y present a problem, due to
the varac to r action of overlay transisto rs.
After tuning the fin al for max imum into a

-
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Fig. I. Sch emat ic of 2 }S w att t ransm itter . L I a nd L 2 = 6 t u rns # 2 0 O n iron c o re 3/8" c e ram ic
fo rm . L inksare2 tur n s # 20 insu la t ed at botto m of Ll and L2 . L 3 is c e nt e r t a p p ed . T h e se coils
a rewar su rp lus' used ' as is'. Bo t h w indings are Yo " lon g. L4 .. 6 t u rn s Airdux 5 16 o r BW 3 007 .
0 1= F a irc h ild 2 N3 6 4 1; 0 2 = R C A 400 81; 0 3'" Bend ix 83466 o r R C A 2N35 5 3 or 4 0 341 {a ll heat ­
sink e dl .
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No. 47 dial bulb , and peaking the driver
again, you may find a point where the power
goes way do wn , and turning the slug in the
driver stage will bring it back. I can get a
little over three watts out on this rig, but it
gets unstable to tune. Don't try for the
utmost po wer output, but ab out 80 to 90%,
which I have found to be where the driver
and final are stable and will stay that way
under modulat ion.

Ground the fin al emitter righ t at the
socket by bending the emit te r socket pin to
the chassis and solder. Mount the driver coil
on the opposite side of the bet ween stage
shield so the ground side of the final ba se
link can come tluough the shield and ground
at the same emitte r ground, making t his read
as sho rt as possible.

You can try all sort s of transistors in
these circuits. Even the 2N 706's will work as
an oscillator and driv er (reduced po wer),
but may "pop" under modulat ion in the 2~

W rig. Beware of some of the bargain trans­
istor ads . A 2N697 may work at 50 mhz,
but I haven' t been able to get one to do so
and if I did, it would be wit h reduced power
and wo uldn't be worth the effort.

...K0VQY

Soldering to Desolder
Of course, we all kn ow ho w to make good

solde red joints. First, one ma kes a tigh t mech­
anical joint by wrapping the wire around the
terminal, firmly . Th en one applies the solder,
by first heat ing both the wire an d the termin­
al hot enough to melt the so lde r and then ap­
plying the rosi n-core solder to the parts to be
joined .

Ho wever, in experime nta l work, it frequen­
tl y becomes necessary to unsolder the joints
thus mad e. This ent ails removing t he solder
and unwrapping the wire. No t only is this a
difficul t job - it is often dest ru ctive to the
co mponents . A simple exp edient in su ch
work is to avoid making a tight mec hanical
joint by bending a shor t loop on the end of
the wire an d hooking this to the terminal to
which it is to be connec t ed. Applying a drop
of hot solder complet es the job. Lat er, in
changing the circuit, one needs only apply
the hot soldering gun and the hook will slip
off very easily .

George M. Gab us, WB2IJF
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Stanley Sears, W2PQ G
188 Concord Drive
Paramus, New Jersey

NeutralizinB' the HX-]0

and removing screws in stand-off insulators.
2. Place band -swit ch in 3.5 mhz posi­

tion.
3. Unsolde r all remaining leads on band­

switch wafer ~ BS7 and remove it fro m th e
end of the switch shaft.

4. At the open space adjacent to capa­
citor C45 (in the 6 146 compart ment ), care­
fully cut the shaft of the band-switch ap­
proximately 3/ 8" from the dividing partition
(refer to pictu re) with a hacksaw. This is in
preparat ion for adding a longer shaft section
wit h a coupling. Place a rag under the shaft
to ca tch metal chip s.

5. Slide the cut shaft sect ion toward the
rear chassis apron until it touches the apron.
Locate this pos ition on the ot her side and
drill a 5/16" hole through the apron. This
hole will permit installation of the new,
longer shaft sect ion. Remove the sho rt sec­
tio n of shaft and discard. Be careful not to
move the position of the wafer switc h
rotors.

6. Obtain a new shaft section 3-3/4 "
long with the same diameter and flats as th e
original. Also procur e a single pol e 11
position wafer switch section which is re­
quired for switchi ng th e three neutralizing
capacitors. Only seven positions of the
switch will be used. (See Fig. I .)

M od i f ied H X -10.

A few " X-I0 ow ners have ex perienced a
neutralization problem wit h this sturdy 5SB
transmitt er on 10 and 15 meters. Per the
instruction man ual , neutr alization is accom­
plished at a frequency of 1425 0 kh z and
generally holds well eno ugh for sat isfactory
all-band operation. However, due to th e
natu re of the neutr alization circuit em­
ployed in the HX- I O, some degradation in
neutralization occurs at frequencies removed
fro m 14250 khz with resultant occasional
instabilit y on 15 or 10 meters. Neut ralizing
the rig on 15 or 10 meters prod uces little
improvement as instability can then occur
on the lower bands. The 20 meter "com­
prom ise" neutralizat ion, while effective on
80, 40, & 20 meters, leaves so mething to be
desired on 10 and 15 meters.

As a result of this prob lem, the following
sympto ms have been ex perienced in tuning
some HX-I O transmitters on 15 and 10
meters. Plat e and grid control adj ustments
are very touchy and interact with each
other. At tim es th e 614 6's take off on th eir
own. This is evidenced by a full power
forward indi cat ion on the SWR bridge with
no audio input. Slight movement of eit her
the grid or plate contro l usually sto ps this
oscillat ion. On the air reports on 15 and 10
are not always satisfactory ; the signal is
often broad with fuzzy audio quality, some­
times accompanied by spurious radiation on
eithe r side of the fundamenta l signal.

In solving this pro blem with my own
HX-IO, and after much consideration, it was
decided to install two additional neutralizing
capacito rs; one for 15 meters and one for 10
meters. These would function independen tly
of the original on e, which would be retained
for the 20, 40 and 80 meter bands.

The following step-by-step proc edure is
provided for those who wish to perform the
same mo dification :

I. Remo ve ta nk coil Ll2 from present
locat ion by carefully unsolderin g all leads,

L12

C5.

SHIELDED
LEAD
REROUTED

NE W
SHAFT
SECT ION

C45

10 .

".
20 .
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PAXlTRONIX INC. lOX 1031 (I) Boulder, (010.10302

Model 407
$34.95

ppd ."

THE BEST

6 METER
CONVERTER

A f ull descr ip t icn of this fan ta st ic converte r
wo uld fi ll this paJ;:e. bu t you can take our word
f ur it ( 01" t hose of hundreds of sa t is fied use rs)
that it' l\ t he best" T he reason is etm ple-c-we use
three n CA d ua l ~ate MOSFETs , o ne h ipolav, a n d
3 diode» in the best circu it eve r, Still not con­
vtnced j T hen se nd fo r our f ree ca taloz Ilnd ee t
t he fu ll descrip t ion, p lus photos a nd even t he
sc hema t ic'.
Can ' t wa it? T he n se nd us a posta l mone y order
fo r S:H .!l5 and we ' ll r-ush t he 40 7 out t o you.
N OT E : T he Monel 407 is al so av a ilab le in any
f requency combinat ion up t o 450 MH z (so m e at
hi>:"he r Ill'kes l as listed in ou r c.ata log , N ew York
Cit y a nd Stat e re s ide n ts a dd local sa les t a x.

VANGUARD LABS

I> .-::::

( ; -

\ 'J \.~ ~ • ." '~;j. to Q >1

50·52 MHz in. 28·30 MHz out
or 52·54 MHz with a second crystal

Accurat ely! Four wires connect 1( ·3 Divider 10 your IOOK( calibrotor 10
give 1SK( morks. Circuit boortl 11/4" x Il/~". Specify supply voltoge

- 3·300D.c, 10 mo. (l o.....est is best.) Send for 1( ·3, S7.1S postpaid"

SHIEL DED
LEAD
Il EIl OUTEO
FRO'" ( -58

a
r

CHA SSIS TOP

F ig . 1. Rear v iew of neutra lizing swit c h .

7. Slide the new switc h shaft th rough
t he hole in the rear apro n and thro ugh the
centers of the switch sect ions in the adjacent
6 146 compart ment. Be care ful no t to dis­
turb their positi on . Conne ct th e new sha ft
section to th e old one using a conventional
Yo" coupling. (Refe r to ph oto.)

8. Wire t he new 11 position wafer
switch secti on wit h jum pers and 3 inch lead
extensions as shown in Fig. 1. Position the
rotor or armature of this swit ch in the 3.5
mhz position as shown in t he figure.

9. Using 1/8 " and 3/ 8" spacers, and
lon ger screws, mount the two switch sec­
tions on the end of the new shaft . Be sure
the tank switc h sect ion is in the 3.5 mhz
posit ion and installed as removed . (R efer to
Fig. 2.)

10. Locate C58, the original neu tralizing
capacitor, and the shielded lead connecte d
to the lug under the knob. Unsold er thi s
shielded lead fro m C58 and the ground lug
and reroute it through th e hole vacated by
the tank coil stand off insulator scre w. Keep
this lead close to the chassis and connect it
to the arm ature lug of the new wafer switc h
section. Refe r to. t he photo and Fig. 1.
Connect shield to nearest ground lug.

11. In acc or dance with dim ensions in
Fig. 1, locat e and drill holes for mou nting
th e two new neutralizing ca pacitors. Holes
must be of corr ect size to allo w proper
seating of shoulders on insulating wash ers
used to isolate each cap acitor shaft from
ground. The location of original neutralizing
capacitor remains unch anged.

12. Mount new 0-9 pf cap acitors (Ham­
marlund MAC-I O or the equivalent) in these
two holes as show n in t he phot o. Be sure to
use insulating washers on threaded bushings .

13. Connect the three wires ex tending
fro m the new switch section to the rotor
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SPAC E PROBLEM S SOLVED WITH

SPECTRUM LTD .
2 45 G regg cc, Lo s G at os, C a l. 9 5 0 3 0

terminal of their correspon ding neut raliz ing
capacitors as shown in Fig. 1.

14 . Connect the sta tors of all three neu­
tralizing capa citors to get her with jumper
wire.

15. Reconnect all leads and capacitors
removed from band-switch sect ion BS7 to
original connections (except tank coil con­
nections).

16. Remove chassis ground terminal
from rear apron to make clearanc e for new
tank co il location. Drill hole and relocate
ground screw approximately one in ch
to ward accessory socket.

17. Refer to Fig. 2 and drill the two
holes required to relocate the tank coil in its
new position.

18. Carefully remove the two stand-off
insulators from the tank coil and remount
the m on the opposite side of the coil . This
permits the coil to be mounted as shown in
the pictu re with the tap loops toward you.

19. Mou nt the tank coil as pictu red.
20. Using new wire, reconne ct the tank

coil to the band-switch section BS7, and to
other conne ctio n point s. Keep all leads as
short as possible to minimize the effect of
additional inductance on th e high freq uency
bands. Check solder connection s to taps on
tank coil to insur e that solder is not
touching adjacent windings.

21. Check all connections to BS7 and
Ll2 t o make sure they are co nnected to the
original tie poin ts. Remove all dril l chip s.

22 . Install k nobs on shafts of new neu­
tralizing capacitors.

23. Following Heath manu al instruc­
tions, neutralize the HX-IO on 14250 khz
using th e original C58 capacitor.

24. Next neut ralize on 21250 kh z using
the new 15 meter neu tralizing capacitor.

25. Th en neut ralize on 28500 kh z using
rCHASS IS REAR APRON

FREQUENCY
METER

Exception ally sensi t ive t uni ng
mecha nism provides i"di cat jon s at
2J.M1 ° of radi at ed signal 6 .5"
d ial scal e. ElCpa nded commlmica·
l io n band calib rat ed 2M Hz/dial

d ivisio ll fr om 390-450 MHz . J ac k
pe rm its modulat ion ch eck by oscillo­
scope or headset .
" Built -in 500 ~ met er; 100 /la me ter
$ 1.50 additio na l.
10 da y mo ney ba ck guarant ee

JIIYSTICK

model 390

VARIABLE FREQUENC Y ANTENNA SYSTEMS
W it h AT U ' ~ f or IO- 16(l M ei ers . Und er $50

SHORTWAVE GUIDE
4104 Nrweo s tl e Rd . S'I'ro e lls r . NY 13 21 9

L

$22.00 pp

HAL Devices
P.O. Box 365A
Urbana, III.
61801

Model 27 Ie Keyer
• 8-50 wpm range

• monito r with 2%"
spe a ker. t o ne and
volume cont ro ls

• gr id b loc k key ing

• HAL designer cabinet

• Requ ires 3 vdc

,I.
~2 112·------;-- 1 1I4.__

BA'l O SWITCH WAF ER -----; _ "\ NEU:iAUZWG .-AFE R

ve-

F ig . 2 . Po sition of swi tc h dec k s.
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BIGELOW ELECTRONICS
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~~I'P

l ow Cost Capacito r Covers
More ofte n Ulan not the hi gh voltage sup­

ply fo r a modern transceiver or lin ear uses
several capacito rs in series, all capacitor cans,
except the one at the cold end, above
ground. This is an inex pensive way of elimi­
nating bul ky high voltage capacito rs. Home­
bre w design has followed suit to a large ex­
tent.

There is a distin ct disadvant age to having
th e capa citor cans above ground. Th e cans
are hot elec trically and present a serious
safety hazard if not covered in some mann er.
Having built a 3000 volt power supply and
not desiring to build a metal cage, catalogs
were consult ed in hopes of find ing an inex­
pensive Kraftpaper tu be of the ty pe so often
seen in TVs. No luck, not only were they
ex pensive, but they didn ' t come in the re­
quired length .

Why not cut lengths of cardboard tube
from th at mos t nobl e of paper pro ducts?
Because it' s too large, th at's why . But there
are ways around that, and besides we need
pro tection on the top of the can anyway.
How about painting th e tube flat black to
obscure it s ances try , slipping it over the ca­
paci to r and sealing it in place and coverin g
the to p with silicone rubber (black if possi­
ble). It works fine and costs almos t nothing.

William P. Turner , WA~ABI

the new 10 meter neut ralizing capacitor.
26. After co mplet ing neutralization for

all three bands, repea t the process, as there
may be some interaction betwee n th ese
adjust ments due to the close proxi mity of
the 3 capa cit ors.

If it is fou nd that the tank tuning
capacitor C77 is at minimum capacita nce
when resonating on 10 or 15 meters, it may
be necessary to remove one or more pla tes
from this capacitor to further "educe the
effective capacity. This may be required due
to the relocation of the tank coil and the
slight increase in lead lengths involved. I
removed three plates in order to bring the
front panel markings back to the original
band locations. Plates are removed by using
needle no se pliers and care fully bending the
plate loose at it s soldered connection point s.

This modifica tion has worked well for me
and has eliminated the neutralizing troub le
which preven ted satisfactory operation of
my Marauder on 10 and 15 meters.

. . . W2PQG
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Bill y L. N ielsen, DL5KS
Paquet Strasse 46, C-3
6 Frank fur t am Main , Germ any

More Taylor Modulation
In the past few years th ere has been a

large interest in th e Taylor modulation
system, as well as other high efficiency typ es
of modulation . When the first article was
written, I became interested in this system.
As a result of this interest I did some
research and lett er writ ing and would like to
pass on the information I have gaine d.

To begin with, R. E. Taylor made a
fascinat ing discovery and introduced his
form of Super-modulation in 194 2, when he
was issued U. S. Patent nu mber 2,282,34 7.
According to Taylor , up to 87 percent
efficiency is possible through this fo rm of
operation.

The system consists of two tubes, one
tube operat ing as a power or rf am plifier and
the other tu be operat ing as an audio
amplifier. The principle of the syste m is to
connect th e two tubes to gether in such a
way that one tub e may be adjusted to
handle the rf carrier and the negative
modu lati on peaks wit h maximum efficiency,
and to adjust the other tube to carry the
positive modulation peaks. Two examples of
this system are the Dohert y linear amplifier
and th e Terman-Woodyard high-eff iciency
grid-plate modulati on sys tem. However ,
bo th of the se systems em ploy quarter-wave
impedance-inver ting lines, which are very

~-----------< f- -- I~

" "0 :JI I >----------J I----~---l

"" , :J

-+- SC REEN 2
(T w IC[ S CREEN II

+ SCREEN I

C Rr OU T

84

Fig.' . A b as ic super-moou tett o n circuit with two grid modu lated a m p lifiers connec ted to

a common tank ci rc ui t .
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F ig. 2 . A va ri a t io n of the ci rc ui t in F ig. 1 in w h ic h a dual vo lt a ge power su pply is used .

difficult to adj ust and almost impossible for
the average ama teur .

Ta ylor , however , has shown that the
quarter-wave lin es may be avoide d, and still
mai ntain an eff iciency nearly equal to the
previou s two examples. In his system, the de
input to the peak tub e (audio amplifier)
increases while the inpu t to the carr ier tube
(rt amp lifie r) decreases.

Basica lly then, the super-modulation
circ uit is co mp ose d of two grid-modulated
amplifiers whic h are co nnected to a common
tan k circ ui t. In Fig. t , a basic syst em is
illust rated. As shown, the peak tube (V2) is
bia sed beyond cut-off, and therefore
contributes no output. The carrier tube (VI)
is operated in a nearly satura ted co nd ition,
and t herefore, de livers it s maximum outp ut.
Due to the low plate dissipatio n in this
system, t he eff iciency will be good . As can
be noticed in Fig. I , the peak tube (V2 ) is
deliveri ng it ' s r/ output to a tap at the center
of the tank circuit, and must therefore
deliver four times the carrier tube's carrier
level in order to effect full upward mo dula­
tion. T his is because , fir st , the car rier tube
(V I) delivers no output ; and second, the
peak tu be (V2) is co nnected to a load
i m peda nce o f only one-fo ur th the
impedance presented to the carrier tube.
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One way to do this is to operat e t he
carrier tube at a lower screen voltage than
the peak tube. Then, by using a rule-of­
thumb measure, if the peak tube is given a
screen voltage of 2. 5 times t he screen voltage
applied to the carrier tube, it should be ju st
able to handle t he peak. Of course , as the
screen voltage on the peak tube is raised , the
requirements for higher bias , modulating
voltage, and rf driv ing voltage will also
increase.

A variation of the circuit of Fig. 1 is
shown in Fig . 2 where a dual voltage power
supply is required. In this case, the peak
tubes are shunt fed , and supplied with two
times the voltage applied to the carrier tube,
which therefore prevents saturation until it
reaches twice the carr ier level. As can be
seen in Fig. 2, t here is no center-tap in the
output circuit, and therefore the current in
the tank circuit need be doubled only at
modulation peaks.

The t wo tubes will supply this current
suffi ciently wit h the same screen voltage,
modulation voltage, and rf drive. T he only
difference is in the de bias levels.

There are many variations of this type of
modulation, mo st of which have appear ed in
print in earlier publications. The refore, I will
no t go into t he many variations on Tay lor
Modulati on. L am listing my references, for
anyone interested in additional information.
I would highly' recommend the article
written up in 73 Magaz ine by Fred
Dougherty, W3PH L, for additonal basic
information.

To those not interested in this for m of
modulation I wish to say , if you haven't
tried it, don't knock it.
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A Large Volume of Silent Air
for a Large Tube

Here in East Africa it is quite impossible to
bu y ham shack requirements.

I have no doubt that it is possible to buy
quiet blowers to fit into a chassis, bu t it is
two months to wait over here . In any case,
the average ham loves mak ing gadgets and is
alway s trying to improve apparatus and gild
the lily.

I like a quiet shack, and a no isy blo wer is
a pest . I found a real large size blower whi ch
cost two doll ars, complete with its squi rrel
cage ; no body wanted it as it was 110 volts
and we use 240 volts. As sim ple as that . But
what a noise and volume, 14 HP motor and
all. After promising to make good if neces­
sary, I chipped out a 3~" ho le through the
shack wall near my P.A. (use a small pilot
hole to che ck yo ur measurements) and col­
lected som e 3 'lS:" diameter coffee tins, cut
the bottoms out, soldered two together and
stuck them in the hole. With rubber inner
tube you can make fine cou plings at any
angle by trial and error using the curve of the
tube. Th e chassis has half a tin soldered on
the side for the intake. With su ch a powerful
bla st of air (noi seless) yo u can afford to
ignore sealing the chassis and don't even need
a bottom plate if your bench is flat .
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You have guessed it - it 's a 3-1000Z Eimac
tub e which is loaned by a friend, and I dare
not risk overheating it. It 's a tube worth
taking trouble over and a good supply of air
is the least you can do for it. The air blower
was mounted on brackets on the wall outside
and coupled up with more inner tubing and
a weather-proof roof tied on .

E. Robson , 5Z4 ER R
Edit. Note

Many of these new tubes require a blower, a
good one; even if only the ftlaments are on.
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Howard Phillips, W6FOO
1323 N. Sunshine Way
Apartm ent 4
Anaheim , California 92806

An A udio Sinusoid Generator

Fig . 2 . F u nc t io na l d iagra m of osci lla to r and
b uf f er .

heavily loading the tuned circ uit. The circ ui t
uses two 88 mh te lephone loading coil s.
These toroid ind uctors have two windings
which can be connected in series for L I ::::: 88
mh or only one of the windings can be used
for L2 = 22 mh .

The operation of the oscillator is bet t er
understood by considering t he functional
diagram illustr ated by Fig. 2. The current
which flows through L2 is in ph ase wit h t he
voltage deve loped across the tu ned circuit.
The output voltage from the X 1 comp le­
menta ry amplifier is divided between L2 and
LIB. The drive voltage to LIB does not vary
wit h frequency between I khz and 5 khz.

F ig. 3 . Plotted p oi nts of sin f) superimposed
upo n m easured o utput w avefo rm .

Consequently, the output voltage is constant
overthis frequency range. The buffer amp li­
fier has a volt age gain of 0.4 and drives a
potentiom eter which can be adjusted to
provide a sine wave output of zero to 9 volts
pe ak-to-peak.

Fig. 3 shows an oscilloscope photograph
rec orded to show the quality of t he sine
wave as measured at the output of the buffer
amp lifier. Points are plotted on the osci llo­
grap h to show the theoretical waveform of a
pure sinusoid. The oscillograph in F ig. 4

PLUG TO
VT YM
- DC INPu T
' 0"
PNP TYPES

BUFF ER

S INE WAVE
OUT PUT

25 M

3,3 "1

OSCILL ATOR

'"
L2 LlA

T
PUSH TO CAL

9 - IOY
DC SUPPLY

Do yo u need an audio generator which
deli vers a sine wave over the freq uency range
of 500 hz to 5 kh z? The oscillator described
here will do t he job while maintaining a
nearly constant output voltage over the
range of I kh z to 5 khz.

An audio oscillator which generates a
low-harmonic-content sinusoid has many
uses. Ex amples include two-tone gene rators
for use in amplifier linearity tests an d AFSK
osc illa tors for encoding Te letype signals fo r
rad io transmission. The oscillator described
here is well suite d for t he latter ap plication
because switching different capacitors into
the circuit allows generating two equal­
amplitude non-simultaneous tones using the
same oscillator.

F ig . 1. Sine wave oscil lator and bu ffer .

Fig . 1 illus trates the compleme ntary
audio oscillator circuit. The np n-pnp ampli­
fier has a un ity voltage gain an d is ac tive
over a 10 volt dynamic range . The co m­
plementary amplifier pr ovide s drive t hr ough
L2 to the- tuned circ uit composed of L I and
c. Th e single-ended buffer amplifier prevents
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F ig, 6. Ca p ac it a nc e vs osc illato r f req ue ncy.
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breakdown voltage spec ifications are not
exceeded, higher output voltage can be
obtained by using higher power supply
voltages. The physical layout of the corn­
ponen ts is no t critical, and special con­
struct ion techniques are not required.

. . .W6 FOO

Vetl ic ~ 1 . 10 Vfd iv.
Hori zonlal ' 0 .5 ms /d iv.

.
,
, L.(

, "';1

"A , , , , .

F ig. 4 . M easu red o u t p u t wavefo rm s.

F ig . 5 . Measured o utp ut vo ltage fro m buf f e r.

Fig. 6 shows a grap h which can be used to
selec t a value of C for any desire d oscilla to r
frequen cy. The error bars above and below
th e plotted da ta poi nt s reflect t he ± 20%
tolerance of the cap acitors used to obta in
th e data.

The choice of semi condu ctor s is not
crit ical except that silicon tr ansistors an d
silicon diod es sho uld be used. The bias
conditions are designed to make use of the
for ward volt age drop (0 .7 volt ) acros s a
silicon diode. Th e power supply volt age
values are not cri tical. If the semiconductor

show s th e waveform qu alit y at four
operating frequ encies in th e ran ge of 40 0 hz
to 4 khz. The waveform distor tion decreases
with freq uency. The result s of dist ortion
anal yzer measurements made on the signal
out put from th e buffer show a waveform
distor tion of 4% at 3.5 khz and a 1.4%
waveform distortion at 500 hz. Filters can
be use d to dec rease the wavefo rm distor tion
to less than 0. 1% if required .

Th e output voltage is plo tted as a
fun ction of frequency in Fig. 5. The de­
crease in out put voltage at lower frequencies
is caused by : (a ) Th e Q of the resonant
circuit decreases at lower frequencies; (b)
the inductive reactances of L2 and LIB
decrease at lower frequencie s, and the
volt age drops across the 100 emitter
resistors become appreciable. The oscillator
can be made to operate at lower frequencies
by increasing the values of L I and L2.
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Eugene Fl eming, W0HMK
328 Gunn ison A venue
Grand Jun ction, Color ado 81501

Capacitor Usage
and Electron Flow

How long has it been since you looked at
a schemat ic in one of 7]'s co nst ruction ar­
ticl es and said to yourself , " Hmmm... won­
der what that capa citor is th ere for?" Chan ­
ces are that unl ess you are an engineer, t here
will be at least one capacitor in this very
issue that will myst ify you. This arti cle is
designed to dispel the mystery by describing
the elec tron flow and pointing out examples
of common capacitor usage.

Note that the word "capacit or " has been
used consist ently in lieu of " condenser".
" Capacitor" is th e word specified by some­
one at IEEE, and there seems little reason
to quibble with them. It does seem a lit tle
more logical, th o some old ti mer s still had
rather fight th an switc h.

Texts an d handbooks devote several pages
to th e theoretical aspects of isolated capaci­
to rs, but most do not say much about their
functioning in practi cal circuits. Kno wledge
of dielectric constants , formulas, plate spa­
cing, and fabrication techniques is worth
having. However, it is more usef ul to a de­
sign engineer th an a ham or technician. T he
read er int erested in the mo re theo retical ap­
proach is referred to suitable hand boo ks.

Knowled ge of th e specific fu nctio n a par­
ti cular capacitor perfor ms in a given circuit
is a valuable tr oub leshooti ng tool when it
comes to locat ing a malfunctio n in either
homebre w or commercial gear.
What a Capacitor Is

A capacitor is an electrostati c device . Its
purpose is to store electrical energy in th e
form of a static electric field . Remember
that " static" means "sta nding st ill" or " un­
moving". This is in cont rast to an inductor
which sto res energy in a magneti c field only
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so long as th e electrons are movi ng thru a
coil.

Th e electros tatic field is created when e­
lectrons are pulled fro m one plate of a capa­
cit or by an applied volt age and an excess is
forc ed into the othe r plate. Since unli ke
charges attract each other , it is as if the plate
with a defici ency of electron s is trying to
pull some from th e plate which has an ex­
cess. It does suc ceed in pulling them t o the
surface of th e other plat e, but can not pull
th em t hru the insulation of the dielect ric
which separates the plates. However, when
there is a direct con nection between the
plates in the external circu it, t he cha rges will
flow together and neutralize each other.

It is no t possible to und erstand how a
capacito r op erates in a circui t until t he char­
ge and discharge paths can be traced. These
t wo paths are not alway s th e same. It is at
thi s point that understanding of most hams
is inadequat e.
Coupling Capacitor

Terms used to describ e th is com pon ent
have done more to co nfuse beginners tha n
to enlight en them. At least one write r of
elementary texts has been observed to call
it a "coupling condenser" and a " blocking
capacitor" all in the same paragraph. For
those interested in the whole boring story,
the correct design atio n would be: an ac
coupling-de bloc king capacitor. Obviously
this is an inconveniently long name, so it
may get short ened to cou pling or blocking
capacitor. Which it is called depends most­
lyon the writ er's whim .

The coupling capacitor is always in a sig­
nal pat h, for the signal is what it was put
th ere to cou ple fro m one circuit to th e oth-
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er . It is mo st frequ ently used in resistan ce­
capacitance coupled am plifiers similar to
those in Fig, 1. The purpose o f the ca­
pacitor C, is to transfer the signal from th e
plate circuit of V I to the grid circuit of V2
while preventing the high level de voltage
from following the same pat h . It has a con­
tinuous de volt age acro ss it during t he tim e
power is app lied to t he circuit. The signal
voltage causes momentary increases and de­
creases in t he average charge as it swings
mo re or less posit ive at t he plat e of VI.

~V2
VI~ 1" ~- -

Q I :J, t---r--{tt-
~ 1" '-1

e

:J,

~ -

THE BEST

3/4 METER
CONVERTER

Mode l 407

$49.95
p pd .

F ig . 1 . Resi stance Co u p led amp lif iers;
( A ) Tu be type. ( B ) T ra n si st o r type

The charge path for C in Fig. lA during
a more posit ive signal voltage swing at the
plate of V I is such that elect rons will move
up from ground , t hru the t ube cathod to
th e plat e and into t he left plat e of the ca­
pacito r. They will flo w out of the right
plate, t hru Rg and on to gro und . The neg- .
ative voltage at the top of Rg will therefore
inc rease in ste p wit h t he signal at the plate.

Discharge occurs when t he voltage at t he
plat e of VI swings less positive. Electro ns
will flow out of t he left plat e of t he ca­
pacitor, down t hru Rp, thtu th e B supply
to ground and up t hru Rg into the right
plate. Thi s makes the right plate o f t he
capacitor, and hence the grid of V2, less
negat ive with respect to gro und . The grid
may still be n egative with respect to the
cat hod if suit able biasing is provid ed. Thus
th e signal ap plied to th e grid is developed
across Rg.

Elect ro n flow in the transistor circuit of
Fig. 1B is essent ially the same as in the
tube circuit.

It can be noted from the foregoi ng ex­
planation t hat there is a phase shift as the
signal " passes thru the capaci tor," This is
not as great as would at first app ear because
the time constant of the capacitor and resis­
tors in the charge and discharge paths limit
the shi ft . It is thi s phase shi fting which
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capacito rs are most frequ ently u sed in this
application.

makes possible operation of the phase shift
oscillator illustrat ed in Fig. 2. In practice,
it works out that th ere is usually somewhat
less than ninety degrees of shif t. Th at is the
reason three capacitor s are required to sus­
tain oscillation in the circuit of Fig. 2.

11K
14

Fig . 2 . Phase-sh ift osc illato r .

The coupling capaci to r beco mes a "grid
ieak" when rf is sup plied fro m VI and no
bias is placed on V2. If t he value of C and
Rg arc pro perly chosen, C will have time to
discharge on ly slightly be tween rf peaks .
Th en the voltage at th e grid of V2 will
have the general waveform of the AM mo d­
ulati on on th e rf input volt age.

Cap acitors fun ction in a similar manner in
many tone control and pulse shapi ng cir­
cuits. Such circui ts are becoming mor e im­
porta nt to hams with t he increasing use of
int egrated circuits and digital t echniques. As
sta te d earlier, a capa citor with the purpose
of cou pling a signal mus t be in a signal path.

All t ypes of capacit or s are used for coup­
ling wit h the possi ble ex cep tio n of high volt­
age and variable types. Small film types
are used in rt' circuit s. The range runs all
the way to large electrolyt ics in low im pe­
dance au dio frequency circuits . The ty pe
chosen for use depends on applicat ions and
mechan ical considerations.
Bypass Capacitor

The bypass capacitor is known by even
more names than is t he coupling capa citor.
Depending on just where it is located in the
circuit, it is vario usly called a smoothing
capacitor, filt er capacitor , feed-thru capa ci­
tor , integrating capacitor, deco upling capaci­
tor , or of course, a bypass capacitor. At­
te mpt will be made to show th at these func­
tions are all essent ially the same.

Let 's sta rt with the co mmon filter capa ci­
tor , sometimes called a smoot hing capacitor.
Fig. 3 shows th e co mmon configurat ion of
a power supply filt er. The purpose of bo th
the capacitors is to bypass the ac ripple re­
maining in th e rect ifier ou tput before it
reaches the load. Electrolyti cs or oil filled
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Fi g . 3 . Powe r su p ply w ith f ilter.

The charging path for Cl starts at th e
negat ive plate from whic h electrons are pull ­
ed when voltage is applied. Th ey continue
to grou nd, up thru th e transformer seco nd­
ary , thru the diode, and finally into the pos­
itive plate. The path for C2 is identical
except that inductor L is includ ed in it .
In many circuits, especially low current sup­
plies, the inductor is replaced with a resistor.
The electrons are moved around the circuit
by the volt age induced in the secondary of
th e t ran sformer.

During discharge of C I , electrons flow
out of th e posit ive plate when the applied
voltage is momentarily decreasing , and go
on thru th e choke since th ey cannot go
bac k thru the diode . Th ey proc eed thru
th e load represented by R, on to 'ground and
into the negative plate. In this case the
pat h for C2 does not include the inductor ,
t ho it is otherwise th e same as for Cl.

Th e electrons flow during discharge be­
cause the voltage being applied to th e capaci­
tor is insuff icient to maintain th e elect ro­
stat ic field whi ch holds the elect ro ns in the
capacitor positive plate. The capacitors of
th e filte r thus supply current to the load
du ring the int ervals whe n the rectifier is not
do ing so. The energy stored in them during
the charging part of the cycl e is returned to
the circuit durin g discharge.

It sho uld not be inferred that discharge
is com plete while th e filt er is operati ng. The
very purpose of the arrangement is to pre­
vent variat ions, so far as possible, in th e
curren t. Large values of capacitance are
chosen to accomplish th is.

Decoupling capacito rs operate in t he
same way as the filt er capacitors just de­
scribed. The only reaso n for th e difference
in name is the par t of th e circuit in which
they are used.

Fig. 4 shows an AVC decoupling net­
wor k. Its purpose is to shunt to gro und
any aud io or rf th at might get into the
AVC line whether it comes from the rec­
tifi er or one of the bran ch lines . No ap­
preciable curre nt flows in the lin e for tu be
circuit s, since the tube grids in whic h it is
t erminat ed are negativ e with respect to
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ground. Current does flow in tra nsisto r
Ave line s in most cases sinc e they are cur­
rent controlle d devices. This will somewhat
modi fy the discharge path for the capacitor s.
The current consuming transis tor can be
thought of as equalivent to the load in
Fig. 3.

TO IF STAGE

TO II r ~ __~ _ ~~~_ i~~ ~ . ~'IIO Ill AYC
STAGE~""~""~RECT IF I E II

1 1 1
F ig. 4 , Deco upling filter , AV e type.

Since the elect ron flow paths are so sim­
ilar to those of the previous figure , it will be
left as an exercise for the reader to t race
them .

Decoupling capacitors are also used in de
su pply lines to keep signals whi ch are gen­
erat ed in th e stage which th e lin e supplies
from getting in to other stages by way of the
line . Th e circuit looks almo st exa ctly like
that of Fig. 4 when the labels are changed .

Feedthru capacitors are used to bypass to
ground rf which may have bee n picked up
by supply volt age lines as th ey ente r or leave
a compartment wher e stray signals may be
present and induced into the supply lead.
Th ese are seldom larger tha n a few tens of
picofarads. They may be small ceram ic
types or a cylin der of metal wit h an in­
sulat ed lead for the sup ply volt age ru nnin g
thru its center. Heater bypass capacito rs
are very similar.

Feedthru and heat er bypass capacitors are
simply special cases of decoupling capaci­
tors. Tracing their charge and discharge
paths is not difficult if it is kept in mind
that the source of sup ply is voltage induced
into th e leads which th ey bypass. Once this
is borne in mind , the pat hs are fo und to be
very similar to those of Fig. 3.

Fig. 5 shows a circuit contain ing both a
cathod bypass, Cc, and a screen bypass, Cs.
Th e purpose of both is to keep the signal

,...-----~-t--

..

F ig. 5 . Tetrode am p lif ie r sh o wing byp ass
capacito rs .
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voltage off the respective elements. They
operate in slightly different manners.

When V I conducts, the top of the cathod
resistor, Rc, becomes more positive with re­
spec t to ground. Some of the electrons
coming up thru the resistor leav e the stream
and flow into the positive plate of the capac­
itor. At the same time some flow out of the
neg ative plate and up thru the resistor.

When there is a decrease in the positive
voltage on the top of Rc , some electrons
flow out of the positive plate and join those
coming up thru the resistor and go on thru
the tube, the load, power supply, on to
ground and back into the negative plate of
Cc. In this way voltage variations tend to be
leveled out.

Value and types for Cc depend on the
operating frequency. Electrolytics of several
mfd are used in audio circuits. T ubular and
disc types are used in rf circuits. Valu es for
rf work are usually from .001 to .0 1 mfd in
both transistor and tube circuits.

Charge of the screen bypass, Cs, begins
whe n power is applied to the circuit and the
top of the screen resistor becomes po sitive
with respect to ground. Electrons flo w from
the grounded negative plate, thru ground ,
Rc , the tube as far as the screen and into
the positive side of the capacitor.

During a momentary decrease in the posi ­
tive voltage at the screen caused by signal
voltage getting into t he scr een circuit, elec­
trons flo w out of the positive plate, t hru
Rs to the power supply, on to ground and
into the negative plate of Cs. Ac voltages of
almost any frequency appearing at the
screen are neutralized by the charging and
discharging of Cs which t ends to maintain a
constant voltage at its junct ion wit h the
screen and Rs.

Values for Cs are usually less than .0 1
mfd for audio and are only a few hundred
pf for rf. Ceramic and paper types are
wid ely used.
Resonant Circuit Capacit ors

Resonant circuit capacit ors are the easiest
of all to recognize on a schematic because
they are always associated with an inductor.
In additi on, they are variable types in a high
percentage of cases. An understanding of
electron flow in them aids in understanding
other facets of operation of the resonant
circuit .

Referring to Fig. 6, the symbol for the
ac generator can be replaced by tubes, tran­
sist ors, or antenna-ground systems respond­
ing to electromagnetic radiation, etc. In the
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explanation it is assumed that the circuit is
being excited at its resonant frequency .

rna
e

Fig. 6 . (A l Parallel resonant circuit;
(B) Series resonant c trc u it .

When the upper t erminal of the generator
in Fig . 6A becomes negative with respect to
the lower one, electrons will flow from the
negative t erminal into the upper end of the
coil . The upper plate of the capacitor will
also contribute some elect rons to the stream.
After goin g thru the coil, some elect ro ns will
continue back to the generator and some
will go into the lower positive plate of the
capacitor. It is now plain that more current
is flo wing in the coil than in the wiring out­
side the resonant circuit .

At the instant when the applied voltage
rea ches its peak, the maximum amount of
energy is stored in the circ uit. Electro­
static ene rgy is in ,the capacitor and electro­
magnetic energy is stored in the field sur ­
rounding the coil.

As the applied voltage decreases the
stored energy is returned to the circuit. The
magnetic field around the coil collapses.
This induces a counter voltage in the coil
that tends to keep the current flowing in the
same direction with as little change in rate of
flow as the component values will permit.
The capacitor supp lies the current for this
process, since by this time the generator
voltage is dropping to a low level. In doing
so , its charge at the peak has become com­
pletely reversed . Continuing the cycle, the
volt age across the generator becomes revers­
ed . Current in the external circuit is also
flowing in the opposite direction that it was
during initial charge. Some of the stored
energy is dissipated in circuit resistance con­
tained mostly in the wire of the coil. The
generator furnishes small amounts of energy
to replace that lost in the circuit. It also
replaces ene rgy coupled out of the circuit by
such means as a nearby coil in which a volt­
age is induced.

Electron flow in the series resonant cir­
cuit of Fig. 6B is very similar to that of the
parallel circuit discussed above. As shown in
the figure, it can be visualized as a parallel
cir cuit with the generator ins erted in series
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t he gas ionized, the bulb is extinguished and
con duction stops, and charging begins again .
The extinguishing voltage is only a few volt s
below that for firing, so onl y a small part
of the charge on th e capacitor is bled off.

Th e neon bulb in Fig. 7 can be replaced
wit h many types of rapid-tum-on devices
such as the unijunction transistor or silicon
controlled rectifier .

Cross coupling capa citors in multivibra­
tors are not exa ctly timing capacitors. They
do have a similarity however. The function
of these is adequa tely covered in most of the
texts on the subject. Suffice it to say that
they serve both a timing and a coupling
function. It is thi s combination of functi on
that makes multivibrators po ssible.
Conclusion

This discussion makes no pretense of b e­
in g all encompassing in the description of
capacitor uses and associated current flow.
The four uses mentioned do cover the great
majority of cases in whi ch this com ponent
is lik ely to be used in ama teur equipment.
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Fig . 7 . Neon bulb relaxation oscillator.

Partial discharge occurs when the voltage
across the capacitor reaches the firing po­
tential of the neon bulb. This voltage
varies from 60 volts up. At firing, elec­
trons flow out of th e positive plate, thru the
neon bulb, and into the negative plate.
When the capacitor discharges to the point
that the applied voltage will no longer keep

with the components. Th erefore the high
current circulating in the resonant circuit
will also flow thru the generator.

Parallel resonant circuits are used to pre­
sent a high impedance to rf currents. Th e
higher the impedance , the higher will be the
volta ge developed at the frequency to which
it is t uned. This is desirable whenever it is
neces sary to pick out a small group of fre­
quencies from among many possibilities. A
few ty pical uses are in antenna circuits,
tuned amplifiers, and oscillator frequ ency
con trol circuits.

Series tuned circuits offer a low im pe­
dance path for a particular small group of
frequencies to which it is resonant . The
best know n use of thi s function is for by­
passing a specific unwanted frequency to
ground from the antenna input. It is some­
times used in selective coupling circuit s and
as a feedback path for oscillators.

Com binations of th e two types of circuits
are used to produce many characteristics in
band pass, band rejection, high pass, and
low pass filters .
Timing Capacitors

The fourth use is as timing capacitor. It
is not often used in ham gear , but does
appear in oscilli scop e sweep generators and
pulse generators. Suc h circuits are bec oming
more common as digital t echniques are ap­
plied to commUnications.

Fig. 7 sho ws the basic circuit. It is fre­
quently called a relaxation oscillator. The
voltage waveform across the capacit or will
have a slow rise-fast fall sawtooth shape.
The charge path for the electrons is out of
the lower plate of the capacitor , thru the B
pow er supply, down thru the resistor and
into the positive plate.
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Charles Klawitter, W9VZR
5353 North 58th Street
Milwaukee, Wisconsin 53218

What About FM?

As I read through the many ham periodi­
cals of the day, I am surprised at the absence
of concern given to a field of amateur radio
that seems to be growing by leaps and
bounds, vhf FM. I have noticed a few
editorials which share my concern.

Not many years ago, in the 1950's,
amateur radio experienced what has been
called by some, "the FM Fad." Whatever it
was, it did bring to light some of the definite
advantages of FM. These advantages include:
it could be slope detected with an AM
receiver, it often helped in the solution of
TVI problems, large expensive modulators
were eliminated, and a ham could run high
power phone with an efficient class C
amplifier. Not a bad list of advantages for
any system.

Well, that was in the '50's, before SSB,
selective receivers, inexpensive transceivers
and linear amplifiers. Does this mean that
FM is dead? Absolutely not! Now there is a
new area open to FM. I probably should not
say new, because it has been used com­
mercially for years. This is vhf FM.

52M Hz INCOMING
SIGNALS

REPEA TER SITE

Receiving path.

HOME STATION
SITE
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Low and high band FM equipment has
been available in varying amounts for many
years as surplus. Three or four years ago
when the FCC changed its specifications for
frequency deviation there was a great deal of
obsolete wide band gear available. Even
today, with the big change over to tran­
sistors there seems to be a fair number of
units on the market. This can be affirmed by
the many amateurs who have this equipment
on the air. I wish I could find some accurate
figures concerning the number of amateurs
using vhf FM, but I have not been able to do
so.

I am not going to argue the merits of AM
vs SSB vs FM, because I feel each system has
its merits in the vhf spectrum. If the FM
units have proven successful for commercial
service, I am sure that the amateur can also
use them successfully.

This equipment has been built by such
manufacturers as Motorola, General Electric,
Link, Raytheon, Comco, RCA, etc. These
transmitter-receivers are generally well de­
signed and trouble free. They contain sensi­
tive many tubed or transistored receivers
with efficient transmitters whose output
ranges from 5 to 100 watts. Most of them
are complete with power supply, either
vibrator or dynamotor type depending on
the transmitter power rating. Some of the
newer units employ transistorized power
supplies.

They are terrific for mobile installations.
.Since they are crystal controlled, all that is
needed under the dash is a small control
head and a mike. The XYL might appreciate
that feature. The fact that the receivers are
squelch controlled makes it easy on the
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• Operates on 13.5 V DC
· 2 Int . ci rc u i ts, 24 tra nsist crs.f O d iodes
• Mech. f i lter for sharp select iv i t y
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Cab inet
• Su pp l ied W it h Mobi le Mounting Brack et .

Lo ·Z Dynam ic M icrophone and M ike
Hangar C li p

VHFAssociates, Inc.

signa l to a 450 mhz receiver on a hilltop
man y miles away. Th e sque lch operated
receiver could then turn on a six meter
transmitter and retransmi t the incoming
signal. If you reverse the pr ocess, a six mete r
receiver on the hill can operate a 450 mh z
transmitter and your 4S 0 mhz home receiver
will hear every thing that ca n be hea rd at the
hill on six meters. Ot her co mbina tions are
possib le, six meters to tw o meters , 4S 0 mh z
to two meters, etc . The characteristics of
FM , the squelch operated receivers, an d the
ban dwidt h of the vh f spec tru m all combine
to make repeater operation feasible. The re
are ma ny of these systems in use to day .

The repeater operation grea tly increases
the range of mobile un its. It s uses for
emergency an d pu blic service duty are
alm ost endless. Think of the challenge of
trying to get a rack full o f this equipm ent
wo rking smoot hly and then sitting back and
watching all those pilot lights blink merrily
an d hearing all of those relays ch attering
noisily - beautiful - beautiful.

. . . W9VZR
IShennan M. WoIf, FA! Schematic Digest (Bos­

ton : Two-Way Radio Engineers, Inc.)

GO VHF
With the iVmf

2meter F M
T R A N S C IE V E R fMI -1

RE PEA TER SITE

T ransm itt in g path .

nerv es; when there is no signal, there IS no
audio o r noise. Because o f the nat ural
characte ristics of an FM receiver, it limits
AM, t here is little ignition or pulse noise. If
you have been a mo biler, you are aware of
what a problem noise can be. VHF antenn as
for mobile use are simpler to install, smaller
and more efficient than t heir big hf brothers.
Yo u can obtain a fine non-directional radia­
tio n pa ttern by placing a quart er-wave verti­
cal whip in the roof of your car, a very
difficu lt feat to accomplish in th e hf spec­
trum .

There are presently two na tio na l calling
frequencies, 146.94 mh z and 52 .525 mhz.
Dep end ing on your local cust om s, there are
several o t her channe ls being used , such as
52.640 mhz, 52.720 mhz, 146.670 mhz and
146.790 mhz,

Ob viously, the fact that this equipment is
cry stal con tro lled makes it a natural for net
operation. The receiver squelch syst em
makes 24 hour a day monitoring practica l.
Yo u can never te ll when t he six me te r band
will open. The receiver squelch can be easily
adapted to operate a plate sensitive re lay.
This re lay ca n operate lights, be lls, or other
electronic equipment.

Schematics and in for mat ion on con­
version of this equipmen t to amateur use is
read ily available.! This wo uld make a good
clu b or group project . If you can get on e
unit opera ting, you can use it as a signa l
genera tor or as a frequency met er. It would
be nice if someone in the gro up ha d a good
vhf signal gene ra tor or wattmeter.

Th ere is also 450 mhz FM equipment
available. This gear has po ssibilities as link
equipment for re mo te repeaters (See dia­
gram). For instance, a 450 mh z transmitter
at your ho me in the valley could send a

~l""'" OUTGOING
S IG'l Al S

I+O"' E ST ATION
SITE

SEPT EMBER 19 69 97



Ralph J. IIace, sr., WA1GEK

A Primer on

Radio Propagation

It has never been a secret that lo ng-range
co mmunicat ion in the amateur bands is
primarily dependant upon the ionosph ere,
however it is essential to visualize t he
structure of the ionosp here and to un der­
sta nd more thoroughly the basic t heory
behind the usage of sky-wave me thods of
tran smission if effect ive use of t he
ionosphere is to be made.

The Ionosphere 's Structure
The iono sphere' s overall struc ture

consist s primarily of three ionized layers
ranging from 35 to 215 miles or so above t he
ear t h . The region lowest in height found at
about 35 mile s ex tending to 70 mile s, is
called the "D H layer and for all practical
purposes, is useless to t he amateur. Instead
of reflecting radio waves, the D layer acts as
an impediment and att enuates the signals
strengt h to some degree, sometim es com­
pletely absorbing 160 and 80 meter signa ls
whi le passing through its region either
upw ard or downward after being reflected
back to ear th by another ionized layer .
How ever, after darkn ess, t he D layer is
virtually a nonentity. The next ionospheric
layer is known as the "E rtayer and is found
fro m about 70 to 175 miles ab ove the ear t h.
This particular region will reflect signals
back to ear t h for a good part of the daylight
hours however after darkness, it similarly
van ishes like the D layer. Next in line
upward is the "F " layer whi ch during the
daylight hours divides into two separate
layer s called the F1 and F2 layers, and
during night ho urs forms one single layer (F
layer ). Th e Fl layer is generally found at
about 140 miles in height and ex tends to
200 miles where the F2 layer the n makes its
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appearance. The F 1, F2 and the F layer are
able to reflect signa ls ba ck to earth in the
ord er of a thousand up to several thousand
miles depending upon the angle of radiation.
These particular layers are useful for both
day an d night , alt hough daytime usage of
t hese layers is relatively " lossy" du e to t he
presence of the D and E lay er s. Nigh t time
communication is especially good, main ly
because of little loss and prim e condit ions.
Also of import ance to men ti on is the often
encountered "sporadic En ionizat ion layer
effect whi ch is found invariab ly in the same
height as the E layer. This rather unusual as
well as unpredictable layer can be fo und
both in the day and night hour s, altho ugh
more prevalent during dayli ght time, and it
is found generall y at all latitudes. It can be
be st visualized as in termi tt en t clouds
relatively dense in ionization in whi ch its
ionization level may change its in ten sity
from ho ur to hour. It is of use to low band
work and accounts for most short dis tance
communications and when intense enough,
it can be a heaven fo r 6 me ter enthusiasts
though its bearing on vh f operation will be
discussed more t ho ro ughly later on. These
various lay ers are illu strated in Fig . 1.

Fig. 1. Illu strat ion o f the ionosph e ric la y e rs
as t hey w o u ld ap pear du r ing daylig ht h ou rs.

73 MAGAZINE



200 30 0 500 70 0 1000 2000

20 0 30 0 500 700 10 0 0 2000
I I \ II II Ii 1' 1 ! " II I i !

3 00 50 0 70 0 10 0 0 2000 :'\00 0

20 30 50 70 10 0
DISTANCE-M IL ES

20 30 50 70 100
I I I 'I i l l II I I I ' ' I.' I

30 50 70 10 0 20 0
DiSTANCE - KILOME TERS

'0

10
I III I

8 1064

I r II I j

5 7 10

, 5 7
I I ' , !

e
2
I

I,I
2

0

,,"-'~ "::::: f...
0 -. -,

r-, ~
O~ <,

~~ """-, :,. 'Nv
O~to -. <, <,

e!?Sf;

-, ~f; F:'f;

O~~~
t--...

""
-,

. ~~~6$""-,, "V/"
O ~

~~~ -. <, """'........ 'n·00\'

o~ r-, 1""- ~

,,-""-"~ ,00~ <, -, \ f\
0

FREQ. (Me ) : 300' 100 '0 ' .0 1.0 0.2
<,r-,

~~t\o f\,
2.0 \ ~50

I'. 200 0.1

~~~ '"
-, i\ f\ \

0

~~8: \ \ 1\ \~ 1\
0

"\1''\~~ \ \ \ \ \
0

~ \ \ \ \ 1\ \1\
-10 - )

70 7

,
0:g5

I
~4

'"Zw
30 ~ 3

c
"20 ~ 2
u,

o

10

Source , Nat iona l Bureau of Sta ndard.

10- 1 -20 - 20
I

::I: 10
3

l
I
>
"fJ 102
w

"•c
"w
iJ: 10

10 !5 100 10

90 9

,
F ig. 2. Graphic chart ill u strating t he typical groundwave f iel d- intensity curves for 1 kilowatt of
rf power radiated from a s hort vert ica l antenna at grou nd le vel assum ing a "good earth" path.

Different Modes of Radio Propagation
When electromagnetic waves are emitted

from an antenna, they can take either one of
two possible types of communication
processes: groundwave or skywave. Th e
former method of transmission is used fo r
relatively short distances and is heavily
dependant upon the pa th it takes wh erein
the signa l travels. Groundwave transmissions
are subject to what can become a severe
signal attenuation by a phenomenon k no wn
as " shadow 10SS".1 This occurs when signals
are unable to bend aro und natural or
manmade obstacles or structures. Increasing
your antenna height as well as the power can
at times overcome some of these barriers,
alt hough a portion of the signal will no ne­
theless most always be attenuated to some
extent. See Fig. 2 for a graphic chart
i ll u s t r at i rig typical groundwave field ­
intensity curves for radiation over a good­
earth path. Skywave transmission is simply
explained as having a large (or moderate,
small) portion of your to tal radiation from
the antenna directed up to ward the iono-

sphere. For reasons already ob vious,
skywaves may be (1) completely absorbed in
one of the ionized layers, (2 ) reflected back
to earth, or may (3) go through all the
ionospheric regions and on into space. See
Fig. 3 fo r a typical field-intensity grap h
relating skywaves.

Other Factors
High-angle signals are those in which the

actual angle of direction upward is so high
that the layers sometimes don't have the
ability to refl ect them back to earth. The
high est angle of rad iation in which a signal is
returned downward toward earth is called
the critical angle. Similarly, if we t ransmit a
signal on 40 meters and it is reflected bac k
to earth, we could then switch to a higher
band, say on 20 met ers, and so forth up the
frequency ladder until we reach a certain
frequency in which the signal isn 't reflected
bac k by the ionosphere and instead is
permitted to continue into space. This
particular frequency is known as the criti­
cal-frequency and it varies with each
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Fig. 3 . A typica l fje ld -In t ensity graph for
inciden t skywaves. The a p p ro priate ad sorp­
tion ·fac t or K Is u se d t o pred ic t t h e rece ived
field s t ren gt h In IJ v!meter (mic ro vo lts e x ­
ci t ed per m eter o f an te nn a length ). The
c u rves show t he va riatio ns in receive d field
strength fo r 8 k ilowatt of rf powe r ra d ia ted
f ro m 8 d ipol e antenna. Correc t io n s are re­
quired for d iff eren t power cu touts and an­
tenna gai ns.

different in on spheric layer and usually
increases with th e height of a layer. With
reference to the crit ical angle again, as the
angle of radiation is diminished, the radio
waves return to eart h at increasingly greater
distances as illu strat ed in Fig. 4.

Suppose we then lower the angle of
radiation and repeat a gradual increase in
frequency. As we co ntinue to lower the
angle an d simulta neo usly increase the
frequency , we'll fin d that we can transcend
the cri tical frequen cy while still retaining a
b ac k - t o- ear th reflection. However, we
eventually com e to a frequency where
despite the lowest possible angle of
radiation, our signal is not returned to earth.
This is know n as the max imum u sable
freque ncy (muf).

Next, we come across what is termed
path ab sorption (or just absorption). While a
radio wave is traveling through an ionized
layer , som e of it s energy will be dissipated
into that par ticular layer. Path ab sorp t ion is
d irectly proportional to an ab sorption factor
K, u sed in the fo llow ing equation :
K=T x M x S2 where T stands for the
tim e-of-day correcti on fac tor , .M corrects the
seaso nal varia tions in the io nization level or
the layer , and S signifies the solar activity
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Fi g . 4 . Illustration of t he critic al ang le . A ny
w av e angle above wave A is beyond the cri­
t ical a ngle and w ill n ot be re t urn ed to earth .
A s t h e w ave a ngle is lo w ered . greate r d is­
t a n c es a re possible.

co rrection fac tor based on the current
sunspot cycle. The National Bureau of
Standards regularly issues charts and tables
to which this formula can be applied to;
however, we will discuss this later.

Of eq ual imp ortance are conditi ons in
which signal refl ecti on back to eart h is at its
maximum and mini mu m. As a rule, the
larger the wavelengt h, t he lower the ra dia­
ti on angle and the better the refl ection (also
called refrac tion). Also, the greater the
intensity of an ionospheric layer, t he lower
the ang le a signal is bent back. When t he
ionization intensit y is at a relatively low
level , t he higher freque ncies may not be
reflec te d back to earth at ail whereas t he
lower frequencies (3.5, 7 me) could still be
used for effec tive communicating purposes.
F or this reason , the low er frequencies are
generally more dependable than higher
frequen cies.

Skip
When a signal is emitted from point A

and is returned via t he ionosphere to point
B, the distance bet ween th ose tw o points is
called the skip distan ce. There will alm ost
always be some amount of useful grourid­
wave distan ce on a skywave signal, t hough
usu ally only a fraction of the skywave skip
distan ce. Fro m the poin t wher e useful
gro undw ave transmission begins to terminat e
to poin t B where the signal was reflected
back to earth, we have what is known as the
sk i p zone . Signals occasio nally upon
ret urning ba ck to earth are reflect ed by the
ear th it self up to the ionosphere and
subsequently ben t back to earth again. This
type of process is called multihop trans­
mission, and it may repeat it self several
times. However with each encounter of the
ionosphere and ear th, energy from the signal
is absorbed and conseq ue ntly the signal's
strength dimin ishes with each " hop." See
Fig. 5 for an illustration.
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F ig . 5 . The dist a nce fro m Point A t o B is
the skip d istance and f rom t he end in g po int
of groundwave t ra nsm iss io n to po in t B w e
hav e the sk ip zo n e . Mu lt ihop t ra nsmissio ns
are frequentl y occu ri n g at all seaso ns of the
yea r.

Sunspot Cycles and Ionospheric Variations
Ultr aviolet radiation from the sun is

believed to be the source of energy which
ionizes th e ionospheres numerou s laye rs.
This belief is const ituted on th e basis of
what is known as the l l-year sunspo t-cycle.
Over a period of a few yea rs, the number of
sunspots increases to a peak and then
grad ua lly declines. The du ration from one
sunspot peak t o another usually covers
about 11 years. During its peak , com mu ni­
cating conditions are excellent espec ially fo r
20, I S and are even better on 10 meters. We
are approaching a sunspot peak no w and
therefore world-wide co ntacts should be at
th eir best before very long. At a sunspot
minimum or " sunspot dip ," co mmu nicating
ranges are poor with very few band
openings. There also exist what is known as
ionospheric storms, and when they occur,
the critical frequencies drop considerably
and absorption of radio signals in the
ion osphere is substan tially increased. These
ionospheric storms are resultant of certain
sunspo t activity. They usually last from a
few hours to several days.

The critical frequencies vary with the
seasons as with the days. During the
summer, the E layer maintains a higher
crit ical freq uency as does the F l layer.
Conversely , the F2 layer 's crit ical frequency
peaks occur during th e winter months and
are at a minimum during the summer.

vhf Propagation Characteristics
Many amateurs are inclined to believe

that th e several types of low-band propaga­
tion effects are equally present on the vhf
frequencies. This is not so. The vhf bands
have rather unusual propagation phenomena
which is most certainly very effective at
times. The first of these is known as
tropospheric bending and it's brought about
by changes in the humidity and temperature
in the lower atmosphere at altitudes of
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about 4500 feet . This type of effect is
occasionally present on 28 me but in th e
majority of cases is more prevalent and
potent on 50 and 144 me, usually mo re
p ron oun ced on the lat ter frequency.
Another phe nomena is the aurora effect.
Frequencies belo w 30 me are severely at­
tenuated while those above are favorably
propagated when an aurora occurs . However,
th e auroras have a tend ency toward sus­
taining a flutter or rapid fading on signals
and for this rea son, ph one opera tion during
these effects is usually unreadable. Many
amateurs resort to cw when there is an
aurora opening while most phone operators
find themselves stru ggling. Best results can
be obtained by directin g your beam toward
the aurora display itse lf found in the
northern latitudes. Sporadi c-E skip, although
used to some ext ent on th e lower bands fo r
short distances, is mo st often responsible for
ranges in some insta nces up to 1,400 miles
on eit her 50 or 144 me, although the effect
is much more prono unced on the fo rmer
frequency. F2 layer skip is best at the peak
of the l l -year sun spot cycle and can easily
propagate a Sam e signal to dist ances
excee ding 2,000 miles. Thus, worldwide
co mmunica tions are po ssible. F2 layer skip
was respo nsible for the firs t transatlantic
QSO on 50 mc'on Novem ber 24, 1946 .

Both forward 'and ba ck scatter are also
effective means of propagation. The former
type is more widely found in the vhf and uh f
regions, and back scatter usually only on 50
me (and the lower- band s). Th ese two types
of scatter are prese nt in both the tropo­
sphere and ion osphere. Tro pospheric for­
ward scatter usually produces distances up
to 400 or so miles on 50 me; ionospheric
fo rward scatter has ranges of 500 to 1300
miles at tributed to it . Back scatter most
of ten occurs when either sporadic-E or F2
layer skip is taking place . At the botto m of
the totem pole we have the most in triguing
and challenging of all vhf propagation
methods, kn own as moo nboun ce, irregularly
referred to as " lunar communication ." In
order to have a successful QSO via moon­
bounce, one must po ssess the absolute
uitimate in receiver performance, mass
arrays of high gain beam s or a large parabolic
reflector of helical type an tenna in addition
to a large amount of transmitter power
usually on the order of one kilowatt or just a
little less, not to mention the technically
correc t type of antenna-rotation polarize­
ticn, tremendous receiver and transmitter
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Propagation Data
If the amateur has in his shack a wealth

of propagation charts or just one or two of
them , he will be much better off th an th e
other amat eur who doesn't have any. By
subscribing to the Instit ute for Tele­
communication Scien ces and Astro n omy ,
you can be put on the mailing list to
regularly rece ive their monthly prediction
charts if you are interested in predicting
muf's for the up coming months, The sub­
scription rate is $2.75 annually or you can
purchase these charts separately for 25 cents
apiece.

.. . WA1GEK

stability amongst other factors. Som e
amateurs who have these prerequisites for
effective moonbouncing have had their
signals reflected back to earth at frequencies
exceeding 1,200 me! However, onl y the
amateur who can afford such immense
req u irements and who is technically
competent of undertaking such an eff ort
should try any moonbounce work.

References
I , 2 "Radio Propagation and the Amateur Radio
Operator," H_ Jones, Ham Tips, Winter, 1964--65.
3. "A RRL VHF Manual," E. P. Tilton, ls t edition,
p. ll , Charts from the Nati onal Bureau of Standards.
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bands about 432 MHz, ('

c~
t here is nothing that can ~

beat the gain rd noise figure--of a paramp.
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Measurement of Perceniage

of Modulation

of an AM Transmitter

PLATE
SUP PL Y

to
AI'lT £NNA

POINT X

MA}----.
MODULATION II

!llANSF ORNER

F ig. 1. A t po int " X" the volta ge is de plat e
vo lt age w it h ac mod u lation voltage super ­
Imposed on it .

Connect the. VOMA be tween chassis
gro und and the junction located above and
set the meter to de volts . Energize t he
transmitt er and load it into an op eration al
antenna or into a dummy load for bench
testing. See Fig. 2.

Now, mo dulate the transmitter by ta lking
or whistling into the microphone. The plate
current to t he modulated amplifier should
not change appreciably under modulation. If
no plate current mete r is available, t he
VOMA, which is now connected into the
circ uit, may be used as a rough check on
pla te current stab ilit y. An increase in plate
current will cause an increase in the voltage
drop across the power supply impedance,
and a corresponding drop in the voltage read
on the VOMA. A decr ease in plate current
will cause an increase in the voltage read on
the VOMA. These changes will not be large
and you will have to use care in making this
rea ding.

Any change in plat e current to t he rf
amplifier in dicates trouble and must be
corrected before proceeding. Cha nges in
plate current may be caused by anyone or
more of the following troubles: Insufficient

Willard S. Grang er
1212 VaHe Vista
Vallejo , California 945 90

It will be convenient, but no t necessary, to
have a milliameter in the fin al amplifier plate
circuit. To make the simple hook-up,
proceed as fo llows: With the transmitter
de-energized locate t he junction point " X"
in F ig. 1 , between the modulator output
and th e de input to th e modulat o r ampli­
fier. The voltage at thi s point is de plate
volt age with ac modulation voltage super­
imposed on it . To measur e percentage of
modulation, these voltages will be separated
and used in the sim plified equation.

Did yo u ever need to know how well a
plate-modulat ed AM tra nsmitt er was being
modulated and could not make this
measurement for lack of an oscilloscope or a
modulation percentage meter? Well, here's a
way to make this check which works
surprisingly well, considering it s simplicity.
AU yo u need is a VOMA and a 0.1 ufd
capacitor whi ch has voltage ratings greater
than twice the plate supply voltage to the
final rf amplifier . Some VOMAs are
equipped wit h an output range, which
simply inserts a capaci tor in series with the
ac scales. This ran ge may be used in lieu of
the series 0.1 uf capacitor if the voltage
range is sufficiently high .

The percenta ge of modulation of an AM
signal is:

100 E ma x If - Eroin rf
%Modul ation =

Emax rf + Emin rf

ac Modulati on Voltage
or ap proximately = - - - - - - - - - ­

0 .00 7 x de Plate Voltage
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F ig. 2 . Me ter at de volts.

GRO UND --{= J--- - -

Fluctuat ing 30% to
70% with peaks to
100%

Long sus tained
whistle into
microphone

Typic al values of modulation as measured on
a Heath Two-er are :
Nor mal voice with
micro phone 3" to
6" from mouth.

F'MCUSTOM -.
' PRODUCTS ')

- I ' c

Steady 50% to over
100% depending on
loudness of the
whist le .

Modulation appreciably less than these
value s can indicate trouble and "should be
located using standard trouble sh-ooting
techniques. '

Should you need measurements more
definitive than can be obtaine d by whistling
in to the microphone, subst itute an audio
signal generator 'for t he microphone. Using a
shielded cable, connect the output of the
generator to the microphone input of the
transmitter through a resistor equ al in value
to the micro phone imped anc e, and set the
signal generator out put level to the sensi­
tivity rating of the microphone. Typically, a
series resistance of 50 ,000 ohms and a signal
level of -55 to -45 db one volt at a frequency
of 1,000 cycle s per second should be used.

Although a parallel tuned rf ta nk circuit
and a transformer typ e modulator is shown
in the ske tch, the same measurements can be
mad e on amplifiers using Pi-ne tworks or
series tuned tank circuits and Heising or
choke ty pe modulato rs. Simply locate the
jun ction point between the modulator
out put and the de input to the modulated
amplifier and proceed as above.

A final work of caution: The voltage at
t his junct ion can be lethal and since you are
using a new technique, be extra careful to
de-energize the tra nsmitter and to short out
the power supply before you make or break
the co nnec tions to the junction point .

.. _Willard S. Granger

1DJ:t E L ECTRO N ICS
..~ 107 M OO R EW OOO A V E~ " AVO N L A K E, OH IO 4 4 0 1' 2

O"' FET PR EA MPLI FI E R S - add 15 d b o r mor e ga in
10 y o u r 2 met e r FM receiv e r - 12V DC and 6VA C
m od'e ts - - - -- - - - - - - - - - $ 13, 9 5 & $ 16 ,9 5

CAR R IER O PER AT ED RE L AY - so l id s l at e ­
adj us ta b le se n s i l i v i t y - - - - - - - - - - - $ 17,9 5

CH ANN E L S C AN N E R S - 2 a nd S c han nel rnoo e fs
a utoma t ic a l ly sc a n an d lo ck o n t o b us y o r
id l e c h a nnel s on y ou r FM r e c e i ve r- a l l so l i d
Sl a t e - 6 VAC o r 12VDC - - - - - $ 19,95 to $ 29 .95

W R ITE FO R F R EE FLY E R to '

CO"

G AC
VOLTS

0 .01
ur

GROUND -<=:>-- - -
F ig. 3 . Met e r at ac vo lts.

TO POINT X

rf drive to the final amplifier; a flat final
amplifier tube; a flat re ctifier in the power
supply to t he final amplifier; improper
tuning and/ or loading of the final amplifier ;
improper neutralization of the final ampli­
fier (many pentodes require neutralization
whe n op era ted in the vhf range) ; parasitic
oscillations; modulation exceeding 100%.

A w ord of c a u tion : transmitters
employing exalted carrier or so-called ran ge
gain op eration will normally show an
increase in plate curre nt during modulation.
This simplified method cannot be used with
such transmitters.

Wh en necessary corre ctions are
completed and no significant changes in
plate current are evident, you are ready to
measure percentage of modulation. Note the
de voltage ' reading and jo t it do wn. De­
energize the transmitter. Connect the 0.1 uf
capacit or in series with the VOMA lead and
reconnect to the test point. Set VQMA to ac
volts . See Fig . 3.

Re-en ergize the transmitter and , using the
microphone , modulate the transmitter wit h
a slow steady cou nt or a long sust ained
whistle . Note the peak values of the ac
modulation volt age indicated by the YOMA .

The percentage of modulation of the
tran smitter is equal to :

ac modulation voltage
0.00 7 x de plate voltage

TO POIN T X
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Getting Your Extra
Class License

Pan VlII - Band Widths

STAFF

In th e preceding installmen ts of this
Ex tra Class study course we have attempte d
to concen trate upon a single pri mary subject
each month, covering as many questions
from the FCC study list as possible with in
the confines of th at subject.

We'll do so in t he future, too - bu t t his
month as a change of pace we're do ing
things a little differently. The reason is
partly due to comments we've received from
you, partl y due to some relat ively recent
additions to the original study list whic h add
quest ions not com pletely covered in prior
chapters, and par tl y becau se this month's
subjects are th emselves a lit tl e different fro m
the nor mal course of events.

In electronics, as in all study of physics
and similar things, we take certain "facts"
for granted. Once we've all agreed to do this,
nobody bothers to examine those facts any
more - but man y of th em can stand some
examination. And th at's wh at we're up to
this t im e aro und.

In the process of exa mining some of these
" obvious'! matters, we' ll hopefully rea ch a
posi tion to kn ow the answer s to the
fo llowing quest ions from the Com missio n' s
list of study questions for the Ama teur
Extra Class Examinat ion (th e numbers are
those appearing on th e off icial list):

80. What must the valu e of an inductor
be to canc el a capacitive reactance of
1 2 . 6 k ilohms at an operati ng
frequency of 2 Mc/s?

82 . What are the band width s norma lly
used fo r Ai , A3 (single and double
sideba nd) , and F3 (narro wband) type
emissions?

88. How does a frequency convert er
operate?

You may feel t hat we are shor t-changing
you this time by dealing with only thre e of
the FCC quest ion s - bu t read on. Th ese
three are all based on some of th ose taken­
fo r-grant ed facts which turn out , upon close
examination, to be far from ob vious.

t OO

As always, we won't att empt to obtain
dir ect answers to the FCC questions.
Instead, we' ll pose some new qu est ions
whi ch cover the basic prin ciples involved,
but which include some implicat ion s of the
basics which are omitted from the specific
stu dy questions.

For instance , FCC quest ion 80 deals with
most spec ific values of inductance in a single
case - but to an swer it we must be familiar
with most of th e basic princi ples of ac
the ory . We've alrea dy gone into this quite a
way (in the fir st installment of this series
and the fin al installment of our previou s
study course on the Advanced ti cket) bu t
one area of it we have omitted in the past:
that is the questi on of obtaini ng proper Q in
t he result ing resonant circui t , and the allied
question of picking the ·proper LC ratio for
the circui t. In the FCC question neit her of
these questio ns is pertinent - but in any
pra cti cal application of the 'th eory involved,
either of them may mean th e differen ce
between success and failure of the proj ect .

So our first question will be "H ow Can
We Optimize a Resonant Circuit?" This
should wrap up both the point s our previous
discussion s have missed, and assure ' a more
co mplet e understanding of th e important
fact s of resona nces.

Similarly, FCC question 82 deals with
bandwidth. We may not go qu it e all the way
to the basic qu estion of what bandwid th
amounts to, but we will try to resolve th e
paradox th at a carrier with no bandw idth at
all can be used to transmit a signal whi ch
occupies qu ite a consid erab le chunk of the
band, ye t is itself composed simply of many
single freq ue ncies, none of which have any
bandwidth of th eir own. See what we mean
about things getting sticky when we
question the " ob vious"?

But we' ll try anything once, so we' ll
ask - and attempt to answer - «How Can a
Signal Exis t Without Taking Any Space?"

Assuming that we' ll come out of that one
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satisfactorily, we'll move right on to the
second basic principle involved in question
82: "Why Do Signals Require Bandwidth?"

Question 83 deals with the operation of
"frequency converters" but most of us think
of these devices under the name "mixers"
instead. We've all been told by Authorities
that any non-linear device can act as a mixer,
and that any mixer must be non-linear. Few
of us have had the gall to ask publicly "Why
is it mandatory that a Mixer be Non­
Linear?" For our final question this time
out, we propose to remedy that situa­
tion - and ask why.

All set to dive into this potential mess of
confusion? Leave your prejudices behind,
get all set to adopt some unusual viewpoints,
and we'll jump right in.

How Can We Optimize a Resonant
Circuit? Virtually all radio communication
involves the use of resonant circuits in one
way or another. Any tuning element involves
resonance; without it we could neither
transmit a stable signal, nor could we select
the desired signal with our receivers. In the
earliest days, when big spark gaps furnished
the transmitted rf and mechanically-shaken
coherers were the receivers, .resonant circuits
as such were unknown - and radio's useful­
ness was sorely limited.

We don't have the space to repeat our
two earlier discussions of impedance,
reactance, and their effects upon resonance;
we'll have to assume that you've already
gone through them and are willing to agree
that the condition of resonance exists
whenever a capacitive reactance and an
inductive reactance are canceling each other
out in a circuit. .

However, if you're designing the circuit in
the first place, and your major requirement
is to obtain resonance at some single desired
frequency, you have an infinite number of
values of reactance to choose from! No
matter what size of capacitor you may
choose to use, it will have a definite
capacitive reactance at your desired
frequency, and all you need to achieve
resonance is to provide an inductive
reactance of exactly the same value at the
same frequency.

There are, of course, some practical
limits. You wouldn't normally want to try
to resonate a 100-mfd capacitor at 432 mhz,
because its capacitive reactance would be so
small that any physically achievable inductor
would probably be too large to resonate.
Similarly, you wouldn't try to tune a 10-pf
capacitor to resonate at an audio frequency,
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because the required coil would have to be
far too huge and cumbersome.

But even within the practical limits you
still have an infinitely variable range of
choices. To tune a circuit to 4 mhz, for
instance, you might use a. capacitor as large
as 5000 pf, or you might choose one as small
as 10 pf for the job.

Once you do choose a capacitor, your
inductor's value is immediately set by the
frequency at which resonance is required.
This is a natural consequence of the defini­
tion of resonance; whatever the reactance of
the chosen capacitor at the desired resonant
frequency, the coil must be of the precise
value to provide the same amount of
inductive reactance at that same frequency.

A little playing around with the reactance
equations turns them into an interesting
statement which involves only L, C, and f;
the square roots and 2-Pi terms of the
reactance equations vanish to leave only:
LC = 25,330/f2

, where f is frequency in
mhz, L is inductance in microhenries, and C
is capacitance in picofarads.

The value you get when you plug a
frequency into this equation is known as the
"LC product"; for the example we used
above of 4 mhz, the LC product is
25330/16, or 1583.125. This means that if
we choose a 5000-pf capacitor, our coil must
be 1583/5000 microhenry; if we choose a
10-pf capacitor, our coil must be 1583/10
microhenry.

The LC product is constant for anyone
frequency - but the LC ratio is not. The LC
ratio is not completely defined, but in
general it's the ratio of inductance to
reactance within the circuit. If we used a
5000-pf capacitor with an inductor of
approximately 0.317 microhenries
(1583/5000), the LC ratio would be
0.317/5000 or 0.0000634. If we used a
10-pf capacitor with a 158.3-microhenry
inductor, the LC ration would be 158.3/10
or 15.83. You can see that even though we
stay within practical limits with our choice
of C, the LC ratio varies over a four-million­
to-one range.

And what we're setting out to determine
here are the factors involved in your making
that choice from the wide range of possible
LC ratios.

y OlJ probably will never be able to make
the exact choice; such things as stray
capacitance get into the act, so that the final
circuit is only an approximation to the
values you worked out on paper in advance.
This is the reasoning behind the popular
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technique of simply choosing a value at
random, and tuning the coil by use of a grid
dipper so that it resonates at the desired
frequency.

And while such a rough-and-ready
approach can always get you a resonant
circuit, t he results may not be nearly "what
you expected; even though the final version
mus t always be tri mmed in to the proper
value, it's best to at least be in the right
cou nty ' before you start the cut-and-fit
process.

The main factor involved in choice of an
LC ratio is the desired impedance of t he
resulting resonant circuit. All other factors
re maining equal, a tuned circuit with a low
LC ration (little L, high C) has relatively low
impedance while one with a high LC rat io
has high impedance. Thus for use with- a
transistorized amplifier you wou ld wan t
tuned circuits with low LC ratio, while for
use in a Class A amplifier with vacuu m tubes
a high LC ratio might be preferable.

How ever. this is very muc h an over­
simplification, because of those " weasel
words" "all other factors remaining equal."
The fact is that all other factors cannot
remain equal. In any tuned circuit with
moderate to high Q - that is , with a Q of 10
or higher - the imp edance of th e circuit at
resonance will be Q times the reactance of
eithe r the coil or capacitor alone". The kicker
is that the Q of th e circuit is defined as the
ratio of inductive reactance to series
resistance; if we keep the series resistance
constant , then as we redu ce the Land
Increase C to work toward a lower LC ratio
we will at the same time be reducing the Q.
and so reducing circuit imp edance more
rapidly than we would desire.

Similarly, with constant series resistance,
increasing L and redu cing C to get a higher
LC ratio will at the same time increase the
Q. and multiply circuit impeda nce more
rapidly than we would expect.

But we can 't hold series resistance
consta nt eit her, because it's really just a tidy
mathematical way of accounting for the
circuit's losses - and most of the losses are
in t he coil. This leads to a ru le of thumb th at
the lower inductance coil has lower losses ; 0
may then rem ain constant, or may even
increase as we lower the LC rat io . If we
move toward a higher LC ratio. we may
actually reduce 0 so that the expected
increase in impedance is som ewhat cancelled
out by a reduction in circuit Q.

Because there are so many variab le
factors involved - not the least of which is
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F ig. 1. a o f c o il is ratio of ene rgy st o red in
c o il' s mag netic fie ld to energy di ss ip ated in
c o il's res ist an ce a nd rad iat io n losses. Lo ng
th in co il, at le ft , req uires m o re w ire a nd so
h as h igh er res ist a nc e w h ile 8t the sa m e ti m e
prod uc ing smaller magnetic f ie ld . Large
sh o rt coil , right, a lso has sma lle r m agnetic
f ie ld and because o f it s size is m ore subject
t o radia t io n tosses. "Square " co li, center.
st rikes balanc e between larg e magnetic field
f or energy sto rag e a nd sma ll e no ug h si ze to
m in imize radiat ion, a nd so h as o p t im um Q.

the pro blem of wind ing a coil to a specified
Q value - we don' t have any precise rules
for choosing the optimum LC ratio. All we
can go on are some rul es of thumb : the
lower the LC ratio, the higher the Q is likely
to be. This increase in 0 usually d oes not
prevent the low-LC-ratio circu it fro m having
lower im peda nce. but it may turn out to be
sharper in its tuning than expected. A high
LC ratio, on the other hand, tends to
pro duce less select ivity but a higher
imp edance. If a coil of known 0 is available ,
the co il rat her than the capacito r can be
used to set the LC ratio with considerably
more accuracy than if the capacitor is
cho sen first.

We've talked quite a bit abo ut this factor
"0." and even defined it as " the ratio of
ind uct ive reactance to series resistance."
Actually, it has quite a bit more meaning
than tha t :

The symbol "0" comes fro m the phrase
" quality factor," and originally the only usc
of "0" was as a figur e of merit for different
coils. Under those conditions, the reactance­
to -resistance ratio definition was more than
adequate; the more resistance in a coil of
given in ductance, the lower it s 0 and
presumably the lower the quality as well.

But when a coil is combined with a
capacitor to for m a tuned circuit, then the
entire circuit has its own Q factor. which is
not always the same as that of the coil
although the coil Q is the largest single
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PREFERRED AND SPECI FIED WD RLD·WIDE BY
COMMUN ICATI ON ENGI NEERS ANDADVANCED AMATEURS
Don' t s ett le for anytll ina: less tha n the very bes t! Use lelrex Communica ·
t ion produ cts - for lona: rasti na: optimum per forma nce and Yalue!
flEE ... Tech dat a and pri cina: catalo gs des cribin, off·the-shelf and cus­
~~~~~~~h l:n~,~~n~~;s~~stems , -t nvertee-vee kits" , towers, mono-poles

f or comme rcial and milita ry a pp lication s write for CM69 . . . ' or a ma teur
applicat ions write for Pl69.

The performance lin e . . .
with a material difference!

influen ce on the circuit Q in the absence of
any loading or deliberately introduced
resistance.

And since the Q of the circuit is not
necessarily totally set by the Q of the coil,
the simple reactance-to-resistance definition
may not always apply ; it will never apply
unless we also assume that all of the losses in
the circuit are concentrated in the coil as a
part of its "resistance."

This extended meaning of " Q" can be
covered by redefining Q as the ratio of peak
energy sto rage in the circuit to average
power loss; an alterna te wording of this
definition is the ratio of peak energy stored
to energy dissipated per cycle. The "e nergy
stored" referred to in these definitions is
that which alternates between magnetic and
electric fields to provide the "flywheel"
effect of the resonant circuit , and the
" energy dissipated" or " power loss" is that
energy which is lost by being convert ed to
heat energy.

While this definition of Q is considerably
more abstract than is the simple "X/R" rat io
with which we started. it not only includes
the simpler version as a special case but
covers many of the effects usually associated
with high-Q or low-Q circuits .

'*"'.... 'S8URY PARk,
NEW JOISEY07712, U.S.A.

For instance. it's a generally accepted
idea that a physically large coil will have
higher Q than will a smaller coil of the same
inductance. This happens because the larger
coil has two things going for it: its larger size
permit s it to create a larger magnetic field
for energy storage, and also reduces built-in
resistance so that less energy is lost .

It's also generally accepted that a
"square" coil - that is. one whose diameter
is the same as it s length - has higher Q than
does a coil of any other proport ions. The
reasons for this are a little harder to see,
though. because many things are working at
the same time and the final result is a
balancing of all of them. The indu ctance of a
coil depends, amon g other things. up on the
magnetic linkages betwe en turns; this means
that the more turns, the greater the
inductance because there are more linkages,
Q, on the other hand , is influenced by
phy sical size. To carry these two ideas to
extrem es, a coil could have very small
diameter and many tu rns, or very large
diameter and only a few turns, Between
these two extremes, the huge coil with few
turns would have higher Q - but when the
coil gets sufficently large, it begins to lose
energy by radiatio n. and this is " energy lost"
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just as much as if it were converted to heat.
The result is a decrease in Q.

As the diameter of a coil is increased, for
any specific value of inductance, the length
must decrease to keep the inductance value
constant. This raised Q by increasing
physical size. By the time the coil reaches
the "square" proportion, though, the
increase in Q gained by any additional
diameter increase is very small, and the
accompanying decrease in length actually
reduces the amount of energy storage space
available. Any increase in diameter beyond
the "square" proportion then begins to
reduce the Q - and that's why square coils
normally have higher Q than those of any
other proportion. Of course, anything which
tends to add losses, such as shielding or lossy
coil forms, will reduce Q, so the comparison
doesn't mean that a poor square coil is of
higher quality than a good non-square one.

~

lAMP

100 AMP!

+-­
lAMP

Fig. 2. Voltage drop across any single im­
pedance in a resonant circuit is affected by
Q as shown here. This circuit has Q of 100
since 1 amp of current overcomes losses to
maintain 100 amps of circulating energy. If
impedance of capacitor is 1 ohm, voltmeter
will measure 101 volts across the capacitor,
although only 1 amp is flowing in external
portions of circuit. Meter impedance must,
of course, be taken into account since it will
load circuit and effectively reduce Q .

Wh at about some of the other
implications of Q? For one thing, as the
ratio of energy stored to energy lost per
cycle, it defines the ratio of circulating
energy to driving energy in a resonant
circuit. To keep energy circulating, the
external energy source must supply enough
driving energy to exactly overcome the
losses. When this much energy is supplied,
then Q times this much energy will be
circulating. If we look at this energy, as for
instance by measuring the voltage drop
across either the coil or capacitor, we can see
it as a "multiplication factor." If we feed
such a circuit with 1/2 volt, and circuit Q is
100, we will measure 50 volts across the
circuit as a whole.

Of course, our measuring device must
take out some energy in order to make the
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Fig. 3. Physicists tell us that atoms consist
of nucleus surrounded by orbital electrons
(A) , and all materials are made up of atoms
(8). If this is the case, absolutely precise
measurement of the length of a piece of
wire is impossible (e) because the length
varies plus of minus the diameter of an atom
as the electrons orbit the nucleus. This
doesn't keep us from making useful and
"accurate" measurements. but it does point
up the sharp dividing line between the abso­
lute precision of any theory and the slight
uncertainties we face when we apply that
theory tothe actual world around us. "Mea­
surement" is a part of the real world; and
the idea of "length" belongs to the world of
theories. In most cases they are close
enough to each other to permit us to con­
sider them as identical -unless we insist on
"measuring" something with no error at alii

measurement, and this energy is lost to the
circuit. This means that the circuit Q is
lower when we're measuring than when our
voltmeter is disconnected, and the figures in
the previous paragraph are correct only if Q
is 50 with the meter connected.

This point is important, because it
involves the practical applications of most
tank circuits. A vacuum-tube grid, operating
Class A, is next to nothing in its loading
effects, and so a Class A amplifier has little
effect upon the Q of its tuned grid circuits.
A plate circuit, on the other hand, is a
relatively low resistance and will load a tank.
circuit heavily. This is why final amplifiers,
for example, are designed to operate at Q
values between 5 and 20.

We could continue examining Q and its
implications for many times the length of
this article without exhausting the subject.
It's a key factor determining the selectivity
of a tuned circuit; it determines, almost by
itself, the stability of an oscillator; it is
related very simply to the power factor of a
circuit (which is approximately I/Q); to
mention only a few of its other meanings.
But we have other subjects to explore.

How Can A Signal Exist Without Taking
Any Space? Open any text you like which
discusses the bandwidth requirements for
radio transmission, and sooner or later you'll
come across the statement that "a carrier has
no bandwidth."

How can you have nothing from
something? Pick any carrier at random; you
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can see it on a spectru m an alyzer, get an
FCC cit ation for off-freq uency operation,
convert it to an audio fr equency which you
can hear, see it hold up an S-meter needle.
How can this have no bandwidth? Obviously
it must exis t, and if it exists then it must be
somewhere. And if it is somewhere, then
that somewhere must take up at least a lit tle
spectrum space no matter how small . But if
it takes up any space then that space is it s
bandwidt h , and the authorities say the band­
widt h is zero . Therefore it occupies no
space, and since on ly the non-exist ent can fit
into " no space," the carrier mu st not exi st!

Most of us who first get tangled up in
that self-contradict lng line of reasoning cited
in the previous paragraph conclude that the
aut horitie s who say bandwid th is zero are
wro ng. If the statement "a carrier has no
bandwid th" is changed to read "a carrier
occup ies so little bandwidth that it cannot
be measured ," then the con trad ictions
vanish. For all practical purposes, the two
statements are equivalent - but the minute
difference be tween them perm its the carrier
to exist.

Unfortunately, this simple answer to the
paradox is wrong. A perfect, ideal carrier
act ually does occupy zero bandwidth , and
this sta tement does not rule out the
possibility of such a carri er's existence. No
one has ye t created one, and the chances of
it hap pening at any time in the fu tu re are
incredibly small (it's much more like ly, for
instance, that all the wat er mo lecules in the
Pacific Ocean will move in the same
direction in th e same instant , t hereby
putting the ent ire ocean into orbit and
exposing its muddy bottom), bot that's not
because of the zero-bandwidth requirement .
Quite a few practical carrier signals have
unmeasurably small bandwidt hs.

The paradox involved in the zero­
bandwidth question is that involved in all
measureme nts. No measu rement can ever be
accurate, to zero to lerance. No matter how
much we refine ou r equipment, fo r instance,
can - we be sure that a piece of wire is
precisely one in ch long - becau se it may be
the wid th of an electr on less than one inch ,
or greater , depending upon precisely what
instant we measure it! And if it 's either, then
it's not precisely one inch.

This may sou nd like splitting hairs.
Act ually , splitting hairs is a rat her imprecise
operation compared to the idea we' re
attempting to explore. What we're really
looking at is the difference bet ween absolute
precision, and possible achieve ment .

SEPTE MBER 1969

Absolute precision may exist somewhere
in the Universe, but we could never
recognize it even if we stu mbled across it.
The only place it has any use for us is in the
theories which we evolve in ou r attempts to
exp lain why things happen as they do .

But the theories must be framed in terms
of absolute precision. When we look at
Ohm's law, for instance, we find that
E = I x R; this is precision. It does not say
that E is approximately (almo st I) t imes
(somewhere very near to R) - but any
attempt to put the law to use will have to
make use of approximate quantit ies for I
and R, because we cannot measure any other
kind.

-LL
LOWEST HIGH£ST
f REQUENCY FREQUENCY

Fi g. 4 . If w e assume t hat a ny single fre ­
quency is just that- a si ng le f requency- t hen
it cannot b e an y other f requency. Any p rac ­
ti c al signal c o n t a ins se ve ral di ff erent fre ­
quenc ies, and a gro up of freque nc ies ail
taken together Is called a " b a nd ." The eeoc­
width of t hi s band is simply a m ea sure of
the d iffe re nce b et ween the lowest f requency
in the band a nd the highe st . In th e case of
a si ngle -freq uency carr ier , only one frequen­
c y is p resent a nd it is both t he lo west and
the h ighest, so t hat the " b a nd w id th" of that
single fr eq ue nc y m ust be zero , Note t hat
this doesn't say t hat t he si ng le frequency
d o esn ' t ex ist ; it m e rely sayS t hat no other
f reque nc y is as sociated w ith it.

And that's why a carrier has zero band­
width. The carrier exists; we can observe its
effects. Bandwidth, on the other hand, is an
idea straight ou t of the world of theory . It is
defined only in theoretical te rms; it's the
amount of spectru m space betw een the
lowest (not the approximately-lowest)
frequency in the signal and the highest
(again, not the approximately-highest). A
carrier is a single freq uency, and so it is at
the same time both the lowest and the
highest frequency in it s signal. The
r esult - theoretical, of course - is that
carrier minus itself equ als zero, and the
carrier has zero ban dwidth.

Any practical carrier we pu t on the air is
like ly to have at least a lit tle modulation
upon it , though. It 's mo st difficult to get all
the hum ou t when we use ac upon the
filaments of the transmitter. This hum may
be so far below the carrier in amplitude that
we canno t tell it's there - but if the carrier's
frequency ever varies by so mu ch as one
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ten-millionth of a ten-millionth of a cycle
per century, then there's a " lowest"
frequency and a " highest" frequency which
are no t equal, and tha t carrie r will have a
non-zero bandwidth. In the rather extreme
case just cited, the bandwidth would be
so me wh er e in the neighborhood of
0.00000000 00000 000 1 cyc le per year, or
0.00000000000000000000076 hz (give or
take a few) . This is .an extr emely small
number - 0.76 x 10-2 1

- but it's still
infinit ely greater than absolu te zero !

Now when we look at a carr ier on a
spect rum analy zer, it appe ars to occupy a
defini te bandwidth . Similarly when we tune
across it with a receiver, we can see it on the
Scmeter for quite a distance across the dial.
T h er e's quite definite ly a bandwidt h
involved in what we see - but it's not the
bandwidt h of the carr ier we're examining.
What we see is the bandwidth of the
spec tru m analyzer or the receiver, as traced
ou t for us by the almost-zero-bandwidth
carrier.

When we looked a some of the implica­
tions of Q in our prece ding sect ion, we
no ted in passing that Q determin es selec­
t ivity of a tu ned circuit - and selectivity is
just another term for band width. The higher
the Q of a circuit, the narrower it s band­
width . Also , the higher the Q, the less the
loss in the circuit .

When we tr ace out the bandwidt h of any
measuring device by sweepin g it across a
carrier, we can tell nothing about the
bandwidth of the carri er from that. The on ly
way we could ho pe to actua lly measur e the
bandwidth of any carrier would be to have a
test instru ment with less bandwidth than the
carrier.

We can attempt to get thi s, by in creasing
the Q and therefore the selectivity of the
tuned circuits in our receiver or spectru m
analyzer. As we do so, we increase the ratio
of energy stored to that lost. Less and less
driving energy is needed to prod uce the same
amount of circ ulat ing energy within the
circuit.

As Q climb s, somewhere along the line
we' ll reach the point at which the circuit
" rings" so badly that we can' t te ll whether
there' s a signal coming through or not . This
is because the Q is so high that any injection
of energy takes a very long t ime to fade back
down.

If we increase Q just a little more, we'll
find that ou r selective amplifier is behaving
more and mo re like an oscillat or - so we
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increase our shielding and take all possible
steps to prevent feedback.

But as we keep it up , we will eventually
co me to a point at whic h th e Q is essentially
infini te ; any energy getting into th e circuit
just stays th ere circulat ing fo rever.

As we kept increasing the Q, the
bandwid th got ever narrower. When we
reached the point of practi cally infinite Q,
our bandwidth was essentially as wid e as a
mathematical line ; that is. zero. Now we
have th e device which has sufficiently
narrow ban dwidth to attempt to exam ine a
car rier .

Unfortunate ly, we can' t use it to examine
anythin g. It has turned itse lf int o an
oscillator and is generating a carrier of its
own!

Why Do Signals R equire Band width ?
Now th at we've taken a look at the reason s
why a carrier - or any single-frequency
signal tha t is always on and never changes
frequency - has no bandwidth , let' s turn to
the other ext reme and try to find out why
practical signals req uire more than zero
bandwidth. It's ju st as confusing a question
as was that of the carrier's lack of band ­
width.

In fact, many areas of commu nications
(a nd not ju st communications by radio)
involve a confusion bet ween ideal the ory
and best achievable pra cti ce. So long as we
keep firmly in our minds the notion that a
theory is just that. and practice is something
else again , we may be able to avoid some of
the confusion . Most "authorities" lose sight
of the separation between theory and
pract ice, and ' then att emp t to " simplify" the
result ing confusion by putting in all kinds of
assum ptions. The inevitable re sult of this
ap proach is increased confusion. We're often
guilty of oversimplifying things - bu t we try
to warn you when we do so .

About 2 1 year s ago, a graduate stude nt
published a pap er entitled '-'A Mathematical
Theory of Information." In it, he dr ew a
nurr ber of rather amazing comparisons
between identifiable relationships in the
practice of commu nica tio ns. and other
relation ships in the field of physics. Because
of these com parisons, he showed ho w it was
po ssible to fit the mathematical models
developed by and for physicists onto the
p rob le ms f ac ed by commu nications
enginee rs, and the result was the foundation
of what we now call Info rmation Theory.

Claud e Shannon's original work has had
astonishing co nsequences in the two decades
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Fig . 5. Rel at ionshi p between tuned -ci rcuit
Q. ba ndwidth . a nd imped a n ce is sh o wn in
t h is sequence . Lo w -O circuit has w id e r
band w idth and lower impedan ce tha n does
med ium -O ci rcu it . As 0 is in c rea sed, jm p e­
d anc e r ises a nd b a nd w id th dec reases. If
means ca n be found to d ecre ase ci rc ui t 's
lo sses , 0 ca n be in creased in d efi nitely -but
a t so m e po int in t h is p roce ss t h e Q w ill b e so
close to in f ini t e t hat no one c a n tell t he d if­
f e re nc e . Wh en th is o cc u rs, the ba nd w idth is
unmeasurabl y close to zero a n d the irn p e­
danc e is a lso n ea r-i n finite. A ny c ircuit w e
ca n b u ild t o do th is w ill keep going in def in­
itel y w h e n a s ing le noise p u lse h appens to ring
the t u n ed c irc ui t - a nd so w e call it a n os­
cilla tor.

since his original pap er. Information Theory
is no w a recognized specialt y of scien ce, and
has a jargon and a mathematics all it s own.
While almost all of it is applicable to our
pro blems in radio communications, we
won 't tr y to go very deepl y into it here at
this time.

But we mu st examine the most basic part
of it. The key stone to Shannon's who le
theory was his establishme nt of a unit for
measuring " information ." He concluded that
the least possible amount of inform ation
which could be sent anywhere abo ut any­
thi ng would be a single tr ue-or-false
statement, on the order of «does th e object
exist, yes or no?" Such a statement can be
represented electrically by the pre sen ce or
absence of a voltage on a wire, or by the
presence or absence of an rf carrier.

Mathematically , a number system which
has only two possible co nditions is a
«binary" or two-valued syste m, and each of
the co mbinations is on e binary digit .
Shanno n contracted the name " binar y digit"
int o th e abbreviation «bit" - and it's no w
the standard unit for measuring info rmatio n.

In the International Morse Code , for
instan ce, each character contains a specif ic
number of bit s - although in this code, the
number of bits varies fro m charac te r to
character. The teletyp e code offers a much
better example; it's standardized at seven
elements per characte r. Of these seven, one
is a start pu lse and one is a sto p pulse,
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Fig. 6. Conventional AM translates euenc
signal such as 300-3000 hz speech shown
here, up into rf spectrum as a pair of side­
bands surrounding the rf carrier. Bandwidth
of the composite signal then is equal to two
times the highest frequency of the original
audio signal because the lowest frequency in
the composite is equal to carrier frequency
minus the highest audio; and the highest
trequencv of the composite is equal to the
carrier plus the highest audio. SSB signals
eliminate the carrier and one at" the side­
bands, to provide a composite rf signal of
only half as great bandwidth . DSB signals
take as much bandwidth as convanrtonat
AM. but have no carrier.

information, but the mere act of turning it
on or off introduces bandwidth.

About this point is where the confusion
between theory " and practice begins to
become acute. It's not too hard to see how
theory and practice fit together when we're
talking about am voice signals, since it's
obvious to our ears that voices have a
mixture of frequencies and it makes fair
sense to assume that the whole mixture is
somehow made a part of the signal, in which
case it's only natural to assume that the
mixture must occupy more space than
would a carrier alone. "

But ' whtm ' we come to examine the
bandwidth "implications of merely turning a
carrier on or off, or extend them into a
study of the bandwidth required for a slow
~W signal as compared to a fast one, it's a
little harder to see.

Let's first see just how the voice signal
comes to have a bandwidth, then work from
there to see if we can find some similarities
between voice and ' CW (no matter how
ridiculous that may sound at this stage).

The human voice may contain frequency
components as low as 50 hz and as high as
10,000 hz, but communications engineers
determined by experiment about 1940 that
recognizable and identifiable speech could
be heard if the frequency range were limited
to those components between 300 hz at the
low end and 3000 hz at the high end. This, it
must be emphasized, is not theory. It was
the result of tests upon literally thousands of
tourists during the 1940 New York World's
fair. Later tests have shown that an even

leaving the other five free to vary from
character to character. The code is thus a
7-bit code, but contains only 5 bits of
information per character while the other 2
bits are used to identify the start and stop of
the character.

Shannon extended the bit concept to
cover all' transmissions of information. Even
a SSB round table can be described in terms
of the number of bits involved, using the
mathematics of Information Theory. We
don't need to go quite this" far , any more
than we need to know"how many electrons
must pass a point inone second to produce a
curre~t of one ampere in order to use an
ammeter.

"Because Shannon went on, having defined
the bit as the basic unit of information, to
formulate a law which relates bandwidth of
an information transmission and bits
transmitted "per unit " of time just as the
ammeter relates current flow to electrons
passing per"unit of time. You might say he
gave us an "informationmeter." "

The law is simple enough. To transmit
information at the rate of "n" bits per
second requires a bandwidth of two times
"n" cycles per second. To mark the start and
finish of each bit requires that the signal be
first turned on, then turned off; a cycle' is
defined as one full swing between on and
off. Within a single cycle, it 's not possible to
tell whether the bit is on or off; within "two
cycles, though, you can determine whether
both cycles are the same (bit on) or whether
one differs from the other (bitoff).

Once the relationship " frequency = twice
bits" is set up, it 's an easy mathematical
operation to move it around and find out
that «bits = half frequency." This is our
"Informationmeter." If we're using a
bandwidth of 3000 hz for our voice
transmissions, we're able to send no more
than i 500 bits of information per second.
Note that this rule doesn't say we're actually
sending that many - it just says that we
can't send information any faster than that
within the 3 khz bandwidth. If we want to
send information more rapidly, we must use
wider bands; if we must conserve bandwidth,
we'll have to slow down the information
rate.

This also implies that any transfer of
information requires at least some band­
width. Our zero-bandwidth carrier conveys
no information (except possibly the fact of
its own existence, and that's nothing new
after it has once been established). If we
turn it on or off we can use it to send
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smalle r frequency range can be used at some
sacrifice in the identifiability of the speaker.
Com mon pract ice today, however, uses the
30(}.3000 hz limits as the accepted ran ge
required for " commu nicat ions quality"
speec h.

This pair of frequ ency limits, one upper
and one lower , define a bandwidth of
3000 - 300 or 2700 hz as that acce pted for
com munications quality speech trans­
mission .

Any form of voice tra nsmission, whether
by telephone or radio, must tr ansmit the
whole bandwidth in order to meet the
req uirements of " commu nications quality
transmission." If we're transmitting by wire,
we simply convert the sound to its ac
electrical equivale nt , tra nsmit th e resulting
electrical signal over the wire, and reconvert
it to sound at th e other end .

If we'i e using radio, we must be a little
dif ferent. Audio-frequency energy isn't
convenient for direct transmission , so we
convert th e af signal up to the rf region ,
radiate it to the receive r, and there convert it
back to an af elec trical signal.

With conventionai AM, our conversion
from af to rf is rather dire ct ; we simply
offset the frequency by the desired amount.
Since the " center frequency" of speech 'is
zero rather ' than anyw here wit hin th e
bandwidt h of the signal, when we offset it
up to the tf region we get not just one bu t
two signals kn own as sidebands, either of
which is a complete conversion of the
original af signal. The carr ier, between the
two sidebands, co rresponds to the zero
center frequ ency of the original signal, and
in the receiver it serves to allow th e two
sidebands to fo ld back into a single replica
of the original signal, reproducing eac h of
the original frequencies perfectly.

We can get SSB by eliminating the carrier
and either of the sidebands, but at least one
side band must be transmitted . .

If we choose to use FM, we use the
original af signal to vary the frequency of
the radiated rt: while it woul d ap pear that
no exact replica of the original signal is
tr ansmitted in such a case, it can be show n
mat hemat ica lly (an d d em onstra t ed
physically as well) that the origin al signal is
pre sent in the side bands of the FM signal in
such a way that it can be recovered from
them without maki ng use of the freq uency
variations. Norma lly, of course, our FM
receivers do make use of the frequ ency
variat ions.
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When we use FM, we "enco de" th e
original af in the freq uency variations of the
transmitted signal. This means, in practice,
that we must occupy more bandwidth with
the FM signal than is necessary to ' transmit
the signal by AM; in Sha nnon's terms, we
must tra nsmit more informat ion when we
useFM.

But no matter which of these techniques
we use, we must transmit the full or iginal
bandwidth of the signal - and that' s our
major point now.

While we're lookin g at modul ation is a
good tim e to dispose of one of the more
confusing practical points introduced by
au thority 's attempts to "simplify" - that's
the notion t hat " carri er shift " in a
modula ted signal indicates some mal­
fun cti on .

"Carrier shif t" is a change in the str ength
of the carrier when mod ulati on is applied ,
and the general belief is th at the carrier's
strength always remains con stant during
a mplitude modulation, wit h only the
sidebands changing in' amplitude. .

This general belief is true - if you're
t ransmitting on ly a pure sine wave as

Fig. 7 . S q ua re wave sig nal (lo w er right) c a n
be b ui lt up from sine waves wh en t hey have
t he proper f requency an d ph ase rel ationsh ips
to eac h ot her . S t a rt w it h a si n e w av e of the
same f requ e nc y as the fi n al square w av e (up­
p er left) . A d d to it a nother o f three times
the f requenc y but " in p hase" w ith it; t hi s
sharpens the s id es and fl att ens the top
(u p p e r ri gh t ) . A d d to the resu lt ing signal
a n o t h e r sine wave of f ive t im es t h e original
f req u e nc y still in p hase, w h ic h flattens o ut
t h e top o f the wave fo rm s t ill more ttowe­
left) . C lipp ing off t he top a nd bottom o f
t h is wavefo rm p roduces a " sq u a re" wave
w it h so me slo p e on the s id e s .
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modu lation. If you' re transmitting speech,
though, or any other signal which has more
of its energy on one side of the zero line
than the other , th en carr ier shift must occur
in a properly operating modulat or! The
reason for the confusion is that almost all
explanations of modulation ac tion are based
on the "simplifica tion" that onl y sine waves
are to be used as modulating signals; in
practice, of course, sine-wave modulation is
hardl y ever encountered.

In TV transmission , carrier shift is
ne cessary in order to convey the average
brightness level of the scene being trans­
mitted. This offers an excellent exa mple of
the discrepancies between most theoretical
explanations based on simplifications, an d
the condition s actually met in practic e.

But it doesn' t tell us much about the
rea son s why CW signals require bandwidth,
when all th ey amount to is the turning on or
off of a zero-bandwidth carrier.

To tac kle this particular bag of worms,
let's begin by forgett ing all about CW signals ,
and both voice and sine-wave mo dul at ion
t09 for a little while. Let's look instead at
the interest ing case of a square-wave
modulating signal.

The th eo reticians tell us - an d we have
no particular reasons to doubt the m - that
an ideally square-cor nered square wave
requires an infini tely large band width. This
comes about because get ting those perfectly
square corners on the waveform requires an
abrupt change in signal to occur in lit erally
zero time. We won't worry about that ,
becau se we're going to round off the corne rs
of our " square" wave a little bit r ight here at
the start. In fact, we'll round them off more
than ju st a little bit . What we' ll do is round
them off enoug h so that we can generate the
same waveshape by taking five sine waves of
particular frequencies and phases and mixing
them together, as shown in the illu stratio n.

Once we've done this, we will be fairly
safe in assuming that it will take as much
ba nd width to transmit either the ro unded­
off "square" wave it self, or the combination
of the five sine-waves. We can easily
calculate the ba ndwidth require ment of the
five sine-waves by simply subtractin g the
lowest frequen cy fr om the highest. The
squ are wave, then, mu st require at least as
much.

Since we want a squared-off flat top on
our wave, and the mixture of sine waves h as
some ripple along it s upper edge, we mu st
also permit the square wave to con tain a de
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component. This means that it s required
bandwid th must extend fr om zero to dc at
the lower limit , up to that of the highest­
frequency sine wave at the upper limit. In
other words, if th e rep etition rate of the
square wave we have shown is " n" cycles per
second, then it will require a bandwidth of
"S n" hz for transmission .

F ig. 8 . If we m odualte an AM transmitter
100% w it h the s ign a l we developed in Fig. 7 ,
t he o utput waveform w ill look like that at
the above left. If , on the o t h e r hand , w e k ey
a CW signal and h ave the proper shap ing cir­
cu it s t o p reve nt k ey c lic k s, we' l l get an rf
output fr o m the t ra n sm it t e r as sh o wn at
right . Essential identi t y o f t h e se t wo w av e ·
forms sh ows {hat CW m ay be consi d ered as
a special c ase of A M , u sing a "square" w av e
m od u la t ing signal in st ead o f sp eec h o r t o n es.

Now let' s take our modified square wave
and feed it into a modulator conn ected to an
ordinary AM transmit te r. At low modulation
levels we get something not too different
from speech; but if we keep cranking up th e
gain until we reach the point of 100%
modulation, .so that the signal is completely
cut off during the " dow n" portion of the
square wave and is at full amplitude during
the " on" portion, the transmitter's output is
difficult to distinguish from CWo

Yet we have determined that the square
wave shown requires a bandwidth of five
times it s rep etition rate fo r transmission, and
we know that any conventional AM
transmit ter must produce a signal with a
bandwidth at least equal to that of it s
modulating signal. This mean s that our
t ra nsmit t er 's ou tput mu st occupy a
ban dwidth at least five times the repet ition
rate of our "square" wave.

We can sho w that the output of a CW
transmitter being keyed at the same speed ,
with the ke ying waveform shaped to exhibit
the same " make " and " break" rounding,
must occupy the same bandwidth in the
same way that we built up the "square"
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wave fro m five separate sine waves; things
which are indistin guishable from each other
are equivalent to each other, and in order to
be indistinguishable each must have all the
characte ristics of the ot her.

Since the band width is relat ed to the
repet ition rate of the modulating or keying
signal, it follows nat urally th at the greater
the keying speed , th e more band width is
required. The conv ersion factors to get from
keyin g speed for repeated "dits" over to a
transmission speed in words per minute are
numerous - and many of them involve
sta tistic al averages and approximations, such
as the average number of bits in any rando m
code character. The working factor mos t
usually used is that the bandwidth required
(in cycles per seco nd) is equal to four tim es
the keying speed in words per minu te. A 10
WPM transmission, th en, wou ld require only
a 40-hz band width , while to tra nsmit CW at
100 WPM the signal must occupy 400 hz.

When the FC C - or an y other govern­
men t a l a gency - t alk s about signal
characterist ics, they usually use the CCIR
emission-type cod e to designa te the ty pe of
signal they mean. This is a co mbination
which always includes a cap ita l letter,
fo llowed by a single num eric digit, and may
be preceded by another number. The let ter
designates the general class of modulation
applied to the signal; A stands for "a mpli­
tu de," F for " frequency" , and P for " pulse."
The digit following the letter indicates just
what type of modu lation ia applied ; Q
ind icates the absen ce of an y modulation
intended to carry information, I indicates
te legrap hy with no superimposed audio, 2
indica tes telegraphy making use of audio
modulation acco mpanying the carrier, 3
indicate s telephony, 4 indicates facsi mile, 5
indicates te levision , and 9 indicates com­
posites of the above and miscellaneous
types.

If a num ber precedes the letter, that
number indicates the signal' s bandwidth in
khz.

For example, A I indicates that amplitude
m od ul at io n of t el egr ap h y wi thout
accompanying audio is involved. This is the
classic CW case. If raw ac were applied to the
t ransmitter plates so th at the signal were
audi o-modulated by the 6Q-hz hum, it would
be A2. A3 is any type of amplitu de­
modula ted telephony, including SSB and
DSB. AS is amplitu de-modulated televisio n.
AfJ would be a steady carrier, so wou ld F~

or p~, for that matter.
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The FSK signal used in most RTTY work
is typ e F I ; AFSK used at vhf, is F2 . FM
voice com municauons are F3 .

Indication of bandwidth produces suc h
codes as " 6A3", whic h is 6-k hz bandwidth
AM telepho ny ; "600 0AS ,F3 " , which is
commercial TV including it s FM au dio
cha nne l, and " O. IA l", which is 2S-WPM CW
(wh ich tak es I OO-hz ba ndwidth).

In addition to th e three elements of this
code we've discussed, lower-case letter
suffixes may be used in some cases. SSB is
indicated as " 3A3a," in which the " a"
indicates single-sideband reduced carrier
tran smission. If two ind ependent sidebands
are tra nsmitted, the code would be «6A3b";
this type of transmission is used only in
military and commercial work , and is known
as "indep endent sideband" mod ulat ion . The
d i ff e rent types of pulse mod ula tion ,
similarly, are denot ed by "d" for PAM. He"
for PWM , an d "f" for PPM.

By dec oding the cap ital letter an d
foll ow ing numeral to determine wha t type
of signal is being discussed, yo u can th en
supply th e appropr iate ba ndwidth. Band­
width for an Al signal depends upon the
keying spe ed, bu t will be ap proximate ly 4
tim es the WPM of th e key ing. Normal AM
voice requ ires 6 khz (6A3 ), as do es DSB,
but SSB takes only half as much space since
only one sideband is used. With FM, the
adjective " na rrowband" is oft en used but it
has very little meaning. In commercial FM
broadcasting, any bandwidth less than 150
kh z is " narro w" , and in commercial two­
way work " narrowba nd" means anything
un der 25 kh z. In ham use, t hough, it usually
means a bandwidth not greater t han that
required to t ransmit the same signal be
conventiona l AM; fo r voice , t his would be 6
kh z. F3 transmission on the 3-thro ugh-30
mhz bands is illegal unless it s bandwidt h is
rest ric ted to this figure or less.

Why Is It Mandatory That A Mix er Be
Non-Linear? One of the master keys to
modern radio is the principle of " mixing" or
frequency conversion, whic h permits us to
change a signal from one frequency to
ano ther withou t changing the modulation it
carries - and, for that matter, permits us to
modulate it in th e first place!

All authorities agree that a mixing device
must be no n-linear, and that any non-linear
device can be used to mix signals - but the
reason s why non-line arity and mixing go
han d in hand are seldo m examined with any
degree of clarity.
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Fig. 9. M ixer action is show n h ere. Dot ted
w avefo rm is t h e output s ign a l o f sam p le ci r­
c u it , p rod u c ed by mU ltip lying two inp ut s ig­
n a ls E l a n d E2. This plot, traced from one
p rod uc ed by a dig ita l computer , ex tends
o ver o n ly one c ycle a nd so does not sh ow
e nvelo pe varia t io ns d e scr ib ed in tex t . It
d oes, however . sh o w how multiplica tion of
tw o sin e -wa ve signa ls p rOd u c es a third signa l
w h ic h is the su m of the two o rig inal s igna ls .

About the only studies of it to be found
in print loo k at the whole question
mathe mati cally - a n d r equ ire so me
knowledge of the int egral calculus ! Let's see
if we can make this a little easier to get a
handle on , wit h an absolute minimum of
mathematics. "-

Th e on e bit c of math whic h we can't
escape is the idea that an amplifier has the
effect of " multiplyin g" the amp litude of it s
inp ut signal.

That is, for an input of "x" volt s the
output will be "gain times x" volts, if the
amplifier is operati ng in a completely linear
manner.

This assum es, of co urse , t hat the gain is
constant - and th at defines for us any
" linear device." A linear device is any device
in which the out put signal is equal to the
inp ut signal mult iplied by some constant
factor.

A resistive voltage divider composed of
two IOOO-ohm resistors in ser ies is a linear
device, for instan ce, because it s output is
alway s equal to half the input signa l. The
" half' is t he constant.

But if the constant in a linear device is
truly consta nt (which it mus t be, by defin i­
tio n) , t hen every output signal from the
device must have come in to it as an input
signal identical to th e output in every
characteristic except am plitude, and with
am plit ude eq ual to ou tput amplitude divided
by th e co nstant.
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This mean s t hat if we apply a l -volt eu-hz
signa l to a linear device with a gain consta nt
of 10, and at t he sam e time ap ply a lO-volt
6-khz signal, out output can consist only of
a I o-vo tt 6{}-hz signal and a I OO-volt 6-khz
signal. No interaction bet ween input signals
can possibly occ ur in a linear device, because
if it does then the device by definition is not
linear!

Now let' s assume we have an amplifier
wit h t wo sets of in put terminals on it. For
one se t of inpu t t erminals, t he amplifier is
linear ; any signal fed in here appears as an
exact dup licate (only larger) at the output.
The other set of terminals, however,
provides gain control for the amplifier. Any
signal app lied to this set doesn ' t show up in
the outpu t ; instead, it causes the gain of the
linear part to change.

This is an approximate des cr ip tio n of the
act ion of an AVC-contro lled receiver if
amp lifier stage ; it acts as a more-or-less linear
amplifier for the signal path, but it s gain is
controlled by a de signal app lied to t he Ave
inpu t terminal.

Ju st to try to keep things simple, since
we're ta lk ing about a theoretical amplifier
anyway rather than any actual circ uit, let's
assume that the gain-control termi nals are
" linear" too. That is, if the voltage at the
gain terminals is 2 volts, gain is 10 (le t's say),
and if we raise the voltage to 4 volts the gain
t hrough the linear sec tion rises to 20.
Cutting gain voltage back to I volt, though,
reduces gain to 5. The "constant" for this
action is simply that the gain of the linear
sec tion is five times the volta ge app lie d to
t he gain-co nt rol section.

If we apply ste ady de to t he gain-co ntrol
section of this circ uit , we will have a lin ear
amplifier from signal input to output. A
I-volt 60-hz signal going in will produce only
a 6Q-hz signal out, at a voltage level five
times t hat of the dc applied to the gain­
control section.

But what happens if we apply ac on top
of the de at the gain contro l terminals? Let's
assum e t hat we're pu t ting 4 vo lts of de in ,
wit h I volt of ID-hz square-wave ac super­
imp osed on it. That mean s t hat for 1/10
second, the de level at the gain control
term inal is only 3 volts, and fo r th e next
1/ I0 second the de level will be 5 volts.

With our I-volt 60-hz signal going into
the signa l input, our output now consists of
1/1 0 second of 3-volt 60-hz fo llowed by
1/10 second of 5-volt 60-hz . The ac signal
fed in to the gain co ntrol te rminal has varied
the gain through the signal cha nnel, and has
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in trodu ced it self into the ou t put signal by so
do ing.

Notice especially that the output consists
of the original 6Q-hz input signal, controlled
by the I u-na co ntrol signal. Had we sim ply
applied the 60-hz and the IO-hz signals to
the same input of a completely linear device ,
t hey wo uld have both appeared in t he
output but each would have been com­
pletely independen t of the other. Had we
used a linear amplifier with a gain of 10, for
insta nce, the 6 Q-hz signa l would have had a
peak- to-peak value of 10 volts at all times
regardless of the level of t he I Ochz signal. In
our special circuit , t he amplitude of the
en-hz signal is determined directly by the
amp lit ude of the 1Q-hz signal.

We can make it a little clearer by using
just a trace of math at this stage. We defined
a linear amplifie r as one whic h produced an
output exactly equal to gain ti mes input. If
we represen t the "gain" co nstant by the
symbol " k, " the equation defining linear
amplification is : Eo = k x Ei.

The equation de fin ing action of our
special circuit is very similar , but instead of
" k" we must put in a te rm which relat es gain
to co ntrol-inp ut voltage. Let's call the
"signal" voltage El and the gain co ntrol­
inpu t voltage E2, and use t he symbol urn"
for the constant which relates circuit gain to
co ntrol inp ut voltage. Circuit gain then can
be expressed as " m x E2" , and t he defining
equat ion for output voltage becomes:
Eo = (m x E:J x E I, which we can simplify
to EO= mE fE2.

The big differen ce, since bot h " m" and
" k " are constants, is that in a linear circ ui t
t he output depends on ly upon the input,
while in our special circuit the output is the
product of t wo input signals mult iplie d
together.

The special circuit, incidentally, cannot
be linear except under t he special circum­
sta nces we picked to introduce it. If varying
signals are app lied to both inputs, the gain is
not constant and therefore the circuit
cannot meet the requir em ents of t he defini­
tion of a linear device .

At t his po in t we have determined that we
have at leas t one non-linear circ ui t, an d we
have fou nd that its outp ut signal is the
pro duct of its two different input signa ls. We
have not yet , ho wever, proved that t he
circui t satisfies the defin ition of a " mixer"
by produc ing in its output both the sum and
differen ce frequen cies as well as the original
frequencies of bo th signals - alt ho ugh we
have seen how both original frequencies are
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present, and we have also seen t hat they are
inextricably mix ed together.

It's fairly easy to see how a difference
frequency is developed if we stic k with the
same circuit but try some new signals. Let's
pu t a lOOo-hz sine-wave signal in at the
in put E 1, and a IOIG-hz sine-wave in at E2,
We'll begin our examination of the actio n at
some point whe n bo th input signals are at
their peak value at the same ti me. This
mea ns t hat the output signal will also be at
it s highest possible valu e for these input
signals since it is thy product of the tw o
multiplied together.

Now let's let one full cycle of E } go by so
that it is again at it s peak value ; this will take
1/1000 second. In that same 1/l 000 second,
E2 will go through a little more than on full
cycle (1.0 1 cycle, to be exact) and will be at
a voltage a little lower t han its peak value .
This will cause the level of the out put signa l
to be a little lower than it was at t he
pr evious E 1 peak.

Ano t her cycle of E 1 later, E2 will have
gone even farther an d the out put will be
lower still. Every cycle of E I ' E2 will have
gained 1/100 cycle and so th e out put will
always be changing at a rat e 100 ti mes
slower than E 1. When .50 cycles of £1 have
elapsed, though, E2 will have gained exactl y
half a cycle and will be at its negativ e peak ;
for the nex t 50 cycles of E I ' the value of £2
will be climbing ba ck , and exactly 100
cycles of E1 after our initial point, both
signals will De at their peak value simulta­
neously again.

The envelope of t he output signal, there­
fore , mu st be varying periodically at a ra te
100 times slower than E I ' or 10 hz. This
variation of the out put signal envelope is t he
difference-frequen cy compon ent ; if we feed
the output through a resonant circ uit tuned
to this frequency , the h igher-frequ ency
components will aU be shunte d out bu t t he
variation at this frequency will drive the
resonant circu it.

Generation of the sum freq uency is
similar , but does no t invo lve t he outpu t­
signal envelope as such. Instead, the sum
frequency component comes from con­
siderin g the posit ive half-cycles of the
out put signal as being driving pul ses in
themselve s. During any one-second period,
E 1 will contribute 1000 positiv e half-cycle s,
and £ 2 will contribu te 1010 of t hem. The
outpuf circ ui t , t hen, contain s potential
driving pu lses for a resonant circuit which
occur at the rat e of 20 I 0 per second. Even
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through t he few times when t he peaks of
both input signals coincide (and therefore
contribute only one driving pulse instead of
two), the statistical average frequency is st ill
the sum of the two input frequencies
because it's picked up by a tuned circ uit and
t he flywheel effect of the resonant circuit
smooths out any occasio nal miss in t he
driving source.

Sin ce we've scored t he "authorities" so
h eavil y for t heir attempts at over­
simplificat ion, it ' s only fair to po in t out that
this description of mix er action is in it self
hig hly oversimp lified in order to escape t he
cumbersome mathematics usually employed.
Among our simplifications were the assump ­
tion that a perfectly linear circuit might
possibly exist , the statement that it was
possible in our samp le circuit to vary gain in
a linear manner so that the outpu t was
exactly eq ual to the product of t he two
input signa ls (this is ideal mix er act ion, not
practical action), and th e use of signals of
ap proxima tely the same strengt h for mixing
tog ether.

The state ment that mixing occurs by gain
variation was only a partially correct one ;
mo st practical mixers operate by gain
variation but it 's not completely necessary,
since a few work by switching action .

In mo st pract ical mix ing circuits, the
non- Iinearities involved are considerably
more complex than those we have examine d
her e . The gain of any act ua l amplifier must
have so me curvature in it over any wide
range of input 'voltages. This curvat ure
provides the " non-linearit y" usually used for
mixing. In most mixers, the mix ing action is
achieved by selecti ng the operating
conditi ons so that the curvature effectively
squares the input signal ; this is called
" square-law" act ion.

The signals we're dealing wit h are most
usually sine waves, and when severa l sine
waves are all squared at the same ti me, the
production of su m and diff eren ce com­
ponen ts fo llows automatically in any
mathem ati cal desc rip tion of the circ uit. The
actua l process, t hough , may be mo re like the
pictu re we've prese nted here than it is like
mathemati cs; no one kn ows for sure, but
math is a to ol for describing things - not a
necessary re ason for their ex istence! No
ma t hemati cal eq uation ever forced a
physical event to happen, although it may
have permitted us to fo recast the event's
occurr ence.

Sta ff
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Switch Controlled VDX Delay
The SB-400, an d many ot her rigs, have

semi bre ak-in CW which is just fin e when cal­
ling DX stat ions and th en listening fo r yo ur
call to come back - or whe n passing traffic
and listening for a break fro m th e receiving
station. It is, ho wever , a distinct disadvan tage
when yo u wish to cha t wit h a fellow on CWo
The make an d break of the exciter and antc n­
na change-over relays bet ween each lett er and
sometime s between charac ters of a letter can
drive you to AM, not to mention the wear
and tear on your nerves and the relays them­
selves. I am now on my third Dow-Key re­
lay, and they aren' t cheap.

Th e solution: Add extra capacita nce in
parallel with the .05 /If capacitor e l23 at
Vl 2B- th e relay amplifier. I found that .2
J,lf of cap acita nce between pin 7 o f Vl2B and
grou nd-controlled by a foot switch (line­
master 491·S or similar), gave me a two sec­
ond delay before the relays dropped out. Thi s
gives me plenty of time to collect my thoughts
and st ill con tinue sending in peace and quiet.
A .3 pJ capacitor will give 20.·3 seco nds of
delay , if neede d.
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Fig. 1 . Fo o t sw it c h control for VO X d e la y.

Gerry Off enherg, WB2HXD

The parti cular foot swit ch used here allow­
ed plenty of room inside to moun t the capa­
citor, and a zip cord was run fro m th e switch
to one of the spare jacks on the rear of the
400.

When yo u want the ex tra delay, just press
dow n on th e foot switch. Releasing it will
instantly bring back the original vo x delay
time as set by th e in te rna l co ntrol.

AUTOMATICAL LY
YOU ARE THERE!

EASV AS
1-2-3

Don't put old wine in sheep's
clothing.

"'. IITE ~OR F Ul l I", FO" WATIO'"

DIA L YOUR QSO i QTH
BENEATH IN DIC ATOR

\~~~[\,,-_.======~ W I R E . RE AD BE AMSET TI NG ON DIAL .

Zu ld

~
FOOT SW1TCH

ISE£ TEXT)

SPAR E JA CK

TO \'O X DEL AY POT 8. FS IR

'"
TO VIJ A
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Max Burggraaf, WA7A1i?
1175 Augusta Way
Salt Lak e City, Utah 84108

Big Signal - Good Looks

You can build a good performing, pro­
fessional app earing linear amplifier. You
don't have . to be an electronics engineer
either. Building and operating your own
equipment is a highly enjoyable part of ham
radio, and careful workmanship will produce
a unit you can operate and show with great
pride .

.Having compromised my antenna for the
sake of neighborhood relations, my T-4X
wouldn't teach out as I wanted. More power
seemed to be the only answer: A linear
amplifier.

Here is how I reached my goal , not a
step-by-step .con struction article, but a
description of what I did and at least SOIpe
of the " whys." One of the fir st decisions I
made was to select a tube. The 3-400Z
offered a lot of advantages, and I had a
power tran sformer to suit it.

The power supply is on a separate chassis
with the space shared about equally by the
transformer and the series bank of filter
capacitors. Other essentials are tucked iIJ
cor ners here and there. A perforated
aluminum cover was made for the top, and
there is a heavy plate on the bottom.
In terlocks were included to help reduce the
likelihood of electrical shock. The meter on
the panel also helps, because it indicates how
much charge is still on .the capacitors.
Regulation is fair . The voltage is 3,000 at
100 rna; SSB peaks cause it to drop to about
2,800 volts. At 400 rna the voltage is 2,50 0:
The high voltage is supplied to the amplifier
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through a piece of RG-8 /U . All other leads
to the amplifier are in a common shielded
cable terminated in an octal plug.

The amplifier circuit is quite 'straight
forward. A few changes were mad e to fit the
components on hand, of course, just as you
will want to do. Also, some extra pains were
taken to bypass . power and control circuits
leaving the amplifier so as to concentrate the
rf in .t he antenna circuit.

Local Eimac engineers talked me into
buying their air system socket, because they
have seen so ' many tubes which have been
damaged in some of the more rigid ceramic
sockets. The 3-400Z can be biased to a very
low standby plate current, but Eimac states
emphatically that this tube is designed so
that the plate is a "getter," and it should run
hot. If the tube idles with the filament
burning and very little plate current flowing,
there is a st rong possibility that the tube will
be "poisoned. " Of course it does take a little
while to get used to seeing a tube on
" standby" with a red-hot plate !

The power switches on the amplifier are
wired uniquely. Only SPST switches are
needed, but I had DPST types on hand and I
couldn't let those extra contacts go to wast e.
No matter which.switch is operated fir st , the
filament, orily, is turned on . The second

\ switch to be operated turns on the high
voltage. If the second switch on the ampli­
fier is not turned on, keying the excite r will
not operate the ant enna change-over relay,
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Fig. 2 . 3 000 vo lt power supp ly for 1 KW lin ear amplifier.
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and the exciter will be conn ected to the
antenna. If the high voltage supply is turned
on, power will be supplied to th e ant enna
change-over rela y whenever the excite r is
keyed, and the relay will co nnec t the exciter
to the amplifier input and the ante nna to the
amplifier output .

The pilo t lamps (Olso n Electronics) have
large red lenses on which the lettering was
applied. NE-5IH are used in them with a
33k series resistor. This is a lower value than
is specified for the lamp s, but it doesn't
seem to affect their life very much .

Several commercial amplifiers use only
one meter on th e panel, but] wanted to be
able to monitor the grid and plate current
simultaneously. The grid current met er (l
rna movement) can be switc hed to monitor
relative pow er output or B+. In fact, it is
connecte d so that it can also be used to
monitor the exciter output.

No space wasted herel NOtic e f llterbox on
rear pan el.

The Z-50 rf chokes shown inside the
dotted lines on the amplifier schemat ic are
enclosed in a sepa rate shielded compartment
bene ath the chassis. The feed-through
capacitors, C I and e2, extend from this
enclosure into, and out of th e chassis,
respectively. The screw terminals of the 0.1
feed-through capacitors (Sprague Hy-pass)
are enclose d in a 2Y4 x 214 x 5 inch Minibox
on which the octal socke t for the power plug
is mounted. The phono jacks for th e contro l
leads to th e exciter are also mounted on the
Minibox. The control leads are also shielded
as an additional precaution to avoid stray rf.

Most of the parts are rather co mmon and
few were purchased of a special na tu re. Due
regard was paid to circuit requirements, bu t
available components with suitable charac­
teristics were used freely. The antenna
change-over relay (in the corner beneath the
tank coil) is a surp lus unit with large
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contacts. I can note no significant increase in
SWR because of it.

So mu ch fo r components and circuitry ;
now for some comments about obtaining a
co mmercial ap pearance. Before you drill a
hole, make several tr ial layouts of your
com ponen ts. It is best to make your
ske tches to approximate scale. Crossruled
paper (I use 4 squares to the inch) is very
handy for thi s preliminary layout work.
Measure every thing very carefully ; check
cleara nces, and try different layou ts before
"freez ing the design ."

Commerci al enclosures are available from
several sou rces; I purchased one from the
R. L. Drake Co. to match my exciter. The
chassis and th e front and rear panels were
carefully designed to fit the enclosure . A
local sheet metal sho p helped me with some
of the bending and shearing. Panels are
aluminum; the chassis is sheet iron {ungal­
vanize d). After all the ho les were drilled in
the chassis, and parts checked for fit . the
chassis was copper plated. Some component
mounting brackets were made of aluminum,
and I finish ed th em nicely and polished
them before mounting the components. A
few piec es of scrap lucite were used in both
the power supply an d the amplifier for
supports or spacers.

The rear panel is no t pain ted, but it is
clean and smooth and all connectors have
been labeled . After the front panel was
completely drilled, and after all parts had
been mounted a tim e or tw o to make sure
everything would fit , it was ready to be
finished before " final assem bly ."

First I polished it , and . then I cleaned it
with ben zine to remove all tr aces of oil and
grease. Th en I carefully masked the lower
part with masking tape and newspaper and
sprayed the light color on th e top part of the
panel. The rule here is to spray lightly: thin
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coats dry quickly and aren't so likely to sag.
Spray paint cans work better when held
nearly vertical, but panels are mo st apt to
have runs if they are vertical. My solution is
to spray quickly and lightly with the panel
(and spray can) verti cal, and then quickly
lay the pan el horizontal until it is ready for
the next coat. Inci den tally, I find that a
" tack rag" is indispensable at this point. I
carefully wipe the panel with it before each
spray coat . (You can buy a " tack rag" at
your paint stor e - or work varnish into a
cloth and make your own . The commercial
ones are not expensive and are much better
than the ones I've made.) When you have
enough coats on the top sec ti on, pu t it asid e
to dry well. It is best to remove the masking
tape as soon as the last coat begins to dr y ;
don ' t wait too long. Afte r the top part was
thoroughly dry I maske d the painted part
and proceeded to pu t the darker color on
the bottom secti on of the panel.

Aft er the paint is dr y (wait 48 hours) the
control markings and labels can be put on.
This is the tim e to take great care. Sloppy
panel mark ings will spoil the appearance of a
goo d project every time . Th ere are two easy
way s to mark yo ur panels: decals or " rub
off " (dry transfer ) lettering. I prefer the
latter, but you can get ei ther kind fro m your
local sup plier in black, whi te, or gold (Datak
or Walsco) . Use a color which will contrast
well with the pan el finish ; do not mix colors.
If I use decals, I always trim the background
material right down to the letters. It isn' t so
conspicuo us that way . After the decal is dr y,
I spray it wit h clear " Aery Spray" (Walsco) .
Be care ful though ! Use t he spray very lightly
or yo u may find you have spraye d your
beautiful panel wit h a very effectiv e paint
remover! I fo und som e automobile paint in
touch-up spray can s that is acrylic so is not
affecte d by the Aery Spray if you use it

Homemad e . . . b ut it lo oks p ro, doesn ' t it ?
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lightly. Be very careful wit h enamel though;
it is touchy.

The dry transfer labels and markings look
a little more professional, I think. Read the
instructions carefully . I found that by
rubbing very lightly you can get the results
you want . Aft er rubbing the letters, peel the
plastic backing away slowly; if a part of a
letter sticks to the plastic you can rub a little
more. But if you rub too hard the plastic
base will st re tch, and you will have to start
over . If that does happen, you can easily
remove the unwanted letters. After
burnishing according to the instructions I
use the clear spr ay to seal them to the panel.
Remember, spray lightly. My meter dials
were originall y marked " de volts" and "de
milliamperes." I carefully removed those
markings with a soft rubber eraser. I didn't
touch the scales; I found meters wit h the
graduat ions that I wanted. It is very hard to
put on a new scale that looks professional. I
put ne w labels on the met er scales with the
dry transfer lettering, but didn't spray t hem.
The new markings look as good as the
factory job.

Whe n assembling your project for the last
time be very careful. A slip of the screw­
driver can make a mighty big , un sightly scar .
Route your wiring as neatly as the circu it
will permit. Tie noncritical leads to gether in
a cable. Alt hough my technique will not be
applicable to some projects, I used shielded
wire in non-rf circuit s and used strips of
copper flashing material 3/8 " wide for rf
circuits.

Frequently it is convenient to make
co mpression connections where some plastic
material is included in the " sandw ich."
Don 't do it! Sooner or later t he plastic will
change it s dimensions enough to permit the
connec tions to loo sen. This will cause an
intermittent or poor connection. If the
connection carr ies muc h, current it will st ar t
to heat up and things will rapidly get worse
as the plastic "cold-flo w" phenomenon
accelerates as th e temperature increases. I
followed the tune-up procedure contained in
the R adio A mateur's Handbook. I was very
care ful to give the high voltage all the
resp ect that it deserves. How does my
homebrew linear perform? I am pleased to
rep ort that du ring a recent contest I was able
to work several ne w countries. How does it
look? The illu strati on s speak for themselves.
Why don't you plan now to have a top­
performing, good-looking entry in that next
ho mebre w cont est? Now is the ti me to start!

. . . WA7AI A
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Bob Walk er , WBVCO
1849 Meadowlark Dri ve
Tol edo , Ohio · 43614

A New Vidicon
Camera for ATV

View of vid eo p re amp lif iers as t hey are
lo c ated o n "the camera c tracsts.

In th e last several ye ars many articles
have been published on vidico n cameras.
Two of these art icles are outs tanding,
nu mber on e app eared in t he November,
1959, issue of Radio Electronics . This was
entitled «T. V. Cam era" by Derek Swaine of
Sylvania Elec t ric. The articl e discussed a
closed circuit TV syst em . The second ar ticle
appeared in the Denson Corp orat ion' s ATV
bo oklet.

That now brings us to this article on a
vid icon camera sys tem. This syste m will be
directly app licable to tra nsmitting video o n
th e air. The t ype of vidicon used in t his
camera is th e 6326A .

By studying the block diagram you can
see that t here are quit e a few modifications
and additions to the ex isting closed-circu it
TV syste ms.

Video Preamplifier
Referring to Fig. l. it is

and V2 (6CW4 nu vist ers}

.120VDC

-,
noted that V I
are used as a

ro
U.RGET

~'f--1--------'-t=
,"

" 22 >< 27 ><

V5 6 AW6
s

'" '" '"
r40~ h I"120 1< '"5-20 pf V4A 6U S V4 6 GUS G
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F ig. 1. V id eo p reamp lif ie r.
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F ig. 3 . S ync amplifier.
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which is sho wn in Fig. 2. The purpose being
for t he sections to accept the standard
RETMA sync pulses. Bo t h of the horizont al
and ver tical oscillators ar e of the blocking
oscillator types. The composite sync is fed
to an in tegration and differential networks
respectively . Locking action is very good.

No problems were experienced at this
point. The pulse amplitudes and shapes are
identical at the inputs to the deflection
st ages, as in the original camera unit s. The
deflection amplifier's design was altered very
little . A little difficulty was experienced
with t he centering controls, so that vo ltage
dividing net works were alt ered. This
modification is noted in the schemati c.

Composit e Sync Amplifier
This amplifier is located on the sync

shaping generator chassis and is not loc ated
on the camera unit. Alt hough there is no
reason wh y this could not be performed.

Block diagram .

cascode low noise inpnt stage. V3 (6 EW6)
amplifies the video from the cascode stages.
Stage V4A is the high peaker stage. V4B
amplifies the peaked video to a usable level.
V5 is the cathode follow er output st age. The
prea mplifier is rather sensitive to closely
l o c a t e d broadcast stations. Complete
shie lding and decoupling is a must in this
case , particularly the B plus and filament
leads to the video preamp.

The video preamp was redesigned for at
lea st three reasons: (I) Higher frequency
response ; (2) More control on high peaking
stage ; (3) Improved noise figure .

Also notice that no blanking pulses have
been inse rted into the video preamp. This is
added in the vid eo mixing amplifier s.
Sweep and Deflection Amplifiers

Our nex t task was the redesign of the
horizontal and vertical sweep oscillators,

~I ZOVOC30 0 VOConV 6A 6 ·'l""VER T OSC
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Fig . 2 . S w e ep a nd d eflec tion c ircu its.
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The other side of the ca m e ra w it h the vid ic on
an d focu s coil mounting, a long w it h the ad ­
jus tment p ots f o r the v id ico n .

,
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year. The special clu b rat e is exact ly th e
same: $6 . T he only diffe rence is that the
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sends the rest to 73 . Send us $4.50 for
each one year subscription, in groups of
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has 10 ,000 member s you can qu ickly get
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( A I ( B)

Fi g. 5 . V idic o n a nd foc u s coil.

target cu rrent and its associated circuitry is
st ill located in the vid eo preamplifier. All
voltages are vir t ually the same as in t he
original ar t icle

Another change t hat was made was t he
isolation o f t he focus coil from the hori­
zontal ou tput stage. This circuit is noted in
Fig. SB. The best focus condition was found
when a current of 37 rna was flo wing
t hrough the focus coil . This coil is identical
to the or iginal.

ro«

\'9 5 96 3

v- ',,120'o'DC UW
- 6 0 VPF

4 .7K / BLAi'Il<
/ ,0 5 OUT

1:-''-Jf,
BL ANK

"

lOOK

~'o'PP

The main purp ose of this unit is t wo fo ld:
To change polarity of t he composit e sy nc
from negative to po sitive, and t o a mp lify
the sync t o a usable level. This bein g in the
neighborhood o f a gain of 10. The cir cuit of
this amplifier is show n in F ig. 3. The
composit e sy nc is derived fro m the sync
shaping genera tors (this is wit h the sync
delayed 1.25 us). There is no delay in the
vertical sy nc .
Composite Blan k ing Amplifier

Fig. 4 . is the schematic of the composite
blankin g am plifier for the vidicon camera
tube. The sole purpose of this amplifier is to
increase the amplitude of the blanking pu lses

Fi g . 4 . Blank ing amp lifie r .

to a level whi ch t he camera tu be will cut off .
For the 6326A vidicon, the level is a
minimum of -30 volt s. Aga in t his am plifier is
remotely lo cated on the video mixing
amplifier chassis, which, by t he way, could
be m ounted on the camera chassis proper. A
means of adjusting the bla nk ing level is
provid ed . This value being dependent upon
t he particular vid icon used .

Vidicon an d Foeus Coil

F ig. SA is t he schematic of the vidicon
sock et connections with the vario us volt ages
which are required. Devia tions from the
or iginal circuits will be noted. The catho de
of the vidico n is (p in 7) grounded . The
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F ig. 6. Aperture co rrec t o r.

Aperture Corrector
Hori zontal resolu tion is affected by the

spot size of the electron beam scanning the
photo sensitive area of th e ~mera t~be and
also by lens aberrations. This resolu tion can
be improved by using an ape rt ure correct or.
Just such a uni t is shown in Fig. 6. V II and
V12 are the aperture correcto r stages. V13 is
a ca thod e follower. The 500 ohm resistor
shown in th e cathode circuit is in reali ty th e
gain cont rol in the video mixing amplifiers.

" .
VI261lQ7

15 K 15K

VI364G5

,~.

VIOEO

'"'

This is ind icated to simplify th e schematic.
Th e time delay line provides high frequency
boost with a linear phase characteristic
throughout the who le video rang e.

The time delay line is a half wave at 9
mhz. Low frequency respo nse and gain is
not affected, and maximum high frequency
boost is obtained with th e circu it as shown .
Blanking Generator

At this stage I thou ght it would be a goo d
idea to also thro w in a diagram of the
composite blanking generator. Fig. 7 is the
schema tic of this unit. Vl4 is th e vertical
mult ivibrator . Two controls adjust both the
repetition rate an d th e pulse width. The
same applies for V I? whic h is the horizontal
mult ivibra tor. VIS is th e mixer, where both
th e vert ical and the hori zontal pulses are
combined to form th e composite blanking
pulses. The clipper stage and the cathode
follow er being V 16. Sync pulses are derived
fro m th e sync timers, whi ch are a seri es of
divid ers.

The system which I have been using is
now a few years old , and has been relatively
maintenance fre e. Interconn ecti ons of signals
are with coaxial cable , where it is required.
Shielding and good grounding of all units is
very desirous.
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Two More Transistor Testers
(lluucn 't y ou built one ye t?)

Herb Schoen bach W9DJZ
39 19 Earlston Rd.
Downers Grove, Ill.

Fig. 1. Ba s ic ci rc uit of a p o p u lar a nd s im p le
adap t e r for testing c o m m o n "m ill iwatt" siz e
t rans isto rs.

If yo u have built one or more of the
many simple transistor testers which have
been describ ed over the years, here is a
modification t hat will give you a direct
read ing bet a scale. And, if yo u haven't built
one yet, one of th e t wo ad ap ter s to be
described here should be right up your alley.
But, if you are no t quit e ready to bu ild one,
read th e article anyway and you ju st may
change your mind . These ada pters are really
simple and corne as close to being one­
evening projects as you are likely to find.
Before I get to the co nst ru cti on part , let me
te ll you how I stu mbled onto this dir ect
reading feature.

Man y yea rs ago while work ing on a
transistorized electronic organ proj ect in my
basement , I buil t a tes t ada pter fo r use wit h
my YOM using circ uit of Fig. 1. This is a
little gem whic h served me well . Much as I
would lik e to give pro per cred its, the
publicatio n where this app ear ed is no longer
in my library . And you ma y see a similar ity
to circu its appeari ng in trade journals 1 , 2 as
well as Darr ell Thorp e' s circuit in t he
J anuary , 1967, issue of 73. There are two
equally effective ways of usin g th is type of
t ester for measuring de gain, or dc beta (also
known as hFE), and most testers of this t yp e
use one of t he t wo.

Met hod one : To make t he be ta measure­
ment, simply adjust RB starting with
maximum resistance, u ntil t he voltmeter
reads one half of ' t he battery volt age.
Neglecting t he sligh t voltage dro p from
emi tt er to base, half the batt ery voltage
ap pears across RE as read on t he met er , and
the voltage across RB will be nearly the

BA~A~A

....uos
TO SIMPSON
MOOEL 260
OR 270

'0'''

c

"'0' sao r¢
OC SUPP":~ -, RE . ~~~J~;s~~~~

~ TR A 'lSIS TOR
SOCKET

e e

Fig. 2 . This ci rcuit w ill provid e direct reed­
ing o f t ransis tor beta righT on you r VOM
o h m scale. Polariti es a re sh o wn fo r P NP
type .

FULl- SCALE

'"

same. Under these co nd it ions : IC=Ej2RE ; IB=
E/2 RB;beta (hFE)~I C/IB; then beta~RB/RE.

By marking t he dial of RB in even
th ousands of ohms, bet a readings are
obtained from this dia l. I built my tester
with an RB pot of 50 k originally , because in
those days transist ors seldom had be tas over

20. As t he state of t he ar t progressed, even
3O-cent transistors star ted showing betas
close to 100, so I changed RB to a 100 k
po t. What if bet as go over lOa ? Well, I didn ' t
change the pot again; I just we nt to method
two.

Met hod t wo: set RB to 100 k or repl ace
wit h fixed resistor of this value. Nex t make
up a ta ble of values from t he formula :

b
meter read ing in volts

eta> x 100.
battery volta ge - me ter read ing

By using a l Ocvolt supply and a l Ocvol t
meter sca le, t he table comes out like this:

Met er Read ing in Volts Bet a
2 25
3 43
4 67
5 100
6 J50
7 230
8 400

At this poin t I could have made up a
special scale but still did no t have a spare
met er to comm it to this service . So I was
quite sat isfied using the table. For year s I
went on in t his primitive way in an age of
digital instrumen tation till a thought t remor

0 -10

""
-=-9'1
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,
went through my noggin . One end of t he
meter scale represents a bet a of zero and t he
other end of the scale represen ts infinit y.
But wait! My ohmmeter scale is already
marked this way . Only in reverse . . . and
besides , the midd les of th e scales would
never mat ch . Or wou ld they? A chec k of the
for mula for calibrating a seri es circui t
ohmm eter and the formula for calibra ting
my transistor tes ter meter sho wed them to
be similar. But by connect ing the meter
across the transistor instead of across R~,

the fo rmula reduce d to th e same form.
Check this for yourself if yo u like algebra
problems.

Co ns t ru ctio n
Fig . 2 is the schematic of an adapter

mad e to plug directly into a Simpson model
260 or 270 YOM. Make sure the banana
plugs are spaced 5/8 inch to matc h the
Simpson spacing and not the sta ndard 3/4
inc h. Polarity reversing is done by reversing
the battery and the meter polarity switch.
But play it safe by keeping th e YOM on t he
250 volt range till after the battery is
connected. Then, if yo ur hook up is correct ,
the needle will deflect upscale slightly. Now
switch to the 2.5 volt ra nge and set t he 100
k pot for full scale volts (zero ohms). Next
insert transistor to be te sted in test socke t.
Check as follows:
Switch Reading Result
Posit ion

S ho rt 2 .5 v O K
nea r z e ro Coll ector sho rted o r

w ro n g t y pe Xstr.

Leakage 2.5 v r~~,;:~~'ff~~ ~Rr~o n)
2 .2 v somi leak ag e ('lor .)

mal or ge rmamum
2 .0 v o r less e xcessive lea kag e

Beta ~e;'~~~prry~~'~ a

Note that a tra nsistor which shows
" shor ted" in the Short position may be the
opposite ty pe (NPN or PNP) tha n you have
set up for so do n' t discard it ye t .

If you are adapting this circuit for
ano t her model YOM, you may have to use
different values for RE an d/or RB. Keep
RE somewher e near 1,000 ohms . Note what
yo ur particular ohm scale is mar ked at
exactly center, referring to t hea dc voltage
scale. If this center scale ohm reading is 10 ,
for inst ance, call this 100 for your transistor
beta scale . Then RB/ RE must be made to
eq ual 100. If the center scale ohm reading is
3D, yo u could make this come out to eit her
30 or 30 0 for your beta scale. Ju st mak e
RB/RE equal 30 or 300 to correspond. On

134

PL UO TO
V T VIoI
- 00
INP u t
f OR PNP
TT PE S

Fig . 3 . He re is the d irect re adin g ve rs io n for
use w it h V.T.V.M .' s. No ti c e t h e similari t y
to Fig. 1. Aga in , po la riti es a re shown f o r
P NP type.

the Simpso n 27 0, t he center of the oh m
scale is 12, so I 'wanted this to be 120 for
beta : Therefore I made RB/ RE equal 120.
(I 00 k/820 is approximat ely 120 and plenty
close for this purpose.) In case your YOM
does not have 20,000 ohm per volt sensi­
tivi ty, yo u will also have to reduce the values
of the full scale set resisto rs to give smooth
control at fu ll scale.

VTVM Version
Fig . 3 shows the circu it for use wit h

VTVM 's. It' s almost the sa me as the one I
sta rted with but it also will give direct beta
readin gs on t he ohm scale. Notice that t he
mete r is bac k across resistor RE where it was
in Fig. 1. This works for VTVM's which have
an ohm scale reading in the same directi on as
the volt scale. That is, zero ohms is at the
left end of scale and infinity at t he right end.
Construct ion deta ils are up to you for this
adapte r and for the previously described

r-----------~

/'~~~
1/ > .

T VI on a ll th ree n e tworks - huh Dick? We ll,
send Spiro o ver a nd I'll give you a hi gh -p ass
filter . . . .
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one; open b r e ad board or enclosed,
temporary or permanent, doesn't matter.
Follow the schematic and they' ll work. You
can make this one plug int o your VTVM if
you wish, but on mine I used a short
connecting cable to reach my VTVM on its
shelf. Operation procedure is also similar to
the YOM adapte r ; however, full scale is
adju sted by holding pushbutton and ad­
ju sting the 2.5 M pot. Set the VTVM to de
volt range, about 3 to 5 volts full scale.
Resistor values shown in Fig. 3 are for
VTVM's having 10 (or 100 or 1,000) at
cen ter of oh m scale. For other center scale
values proceed as before; keep RE near
1,000, but make RB/RE equal desired center
scale beta value to match your VTVM.
Having set full scale using the pushbutton,
plug in or co nnect the transistor to be
tested. Check as follows:

NEW BOOKS
Ham Radio Incentive Licensing Guide

This hard cover book, written by Bert
Simon , W2UUN, has been prepared with the
aid of FCC. It co vers every question which
may be encountered on every ama teur te st
from Novice to Extra . Th e questions are pre­
sent ed in the form you find on the actual ex­
am.

In addition to the question/answer sec­
t ions, the bo ok goes into det ail on learning
code, the requirements for each class of li­
cense , de ta ils on how to fill out the fonn 6 10,
and the examination schedule for the vario us
FCC offices. There is also a cha pter devoted
to the schemat ic diagrams needed for th e
exams.

This bo ok does not profess to t each theory
and is simply a qu estion and answer book.
Theor etically , someone with a goo d memory
could squeeze by the exam using this guide.
I suggest that th is guide be used in conjunc­
tion with a sound theory course such as the
one which has been running in 73 since March
1968. Available' from TAB Books, Blue
Ridge Summit , Pa. 172 14 . Price : $6.95
hardbou nd ; $3.95 paperbound . TAB Book
#469 .

Trouble Shooting the Solid State Chassis
A brand new handbook de tailing specific

pro cedu res for servicing aU types of transis­
torized devices. It contains case histories, and
troubl eshooting charts. Th e opening chap­
ter details how to isolate a defective transis­
tor, how to remove and replace it , and gen­
eral test info rmatio n. The book t hen goes on
to more specific pieces of equip ment: TV,
small portable transistor radios, ac-dc, AM­
FMand mult iband receivers of all typ es, auto
radio repair , removal and installatio n , tape
recorder repair (including mechanic al details)
and end s up with repair of printed circuit
boards. ,

The auth or, Ho mer L. Davidson , has pre­
sented the most co mplete and up-to-date in­
formation in an easy to un derstand manner.
This book is 256 pages of valuab le material
for anyone deal ing with solid st ate devices.
Available from TAB Books; Blue Ridge Sum­
mit , Pa. 17214 . Price : $7 .95 hardbound ;
$4.95 paperbound. (TA B Book #495 .)

Result

OK
Collector shorted or
w ro ng t yp e Xstr.

r~~~~~'ff~~~n?~on)
,ami lea kage ( r]or~)
m al or ge rma mum
e xcessive leakage

0 ·10%

Leakage 0

Switch Read ing
Posit ion
S hort 0

nea r f u ll scale

10% o r m ore
Bet a Read orm sc a le

& mul t Ipl y by 10

Conclusion

Watch out for some of the new epoxy or
economy packaged transistors, as several
man ufacturers are using unconventional
basing and the base connection is not always
in the middle. Mayb e fut ure transistor
testers will get to look like tube teste rs with
fifty or so sockets ! So ' better consider
providing some extra sockets or at least
three bin ding posts fo r clip leads. It should
be understood th at several assumptions have
been made in designing these simple tes te rs,
and the effects of leakage, or ICO, on the
beta reading have been ignored . But never­
th eless th ey are very useful gadgets . So pick
the circuit that matches one of your YOM's,
scrounge up the parts, and build . If you
already have a simple test ada pter, just a few
changes will give yo u the "direct reading"
feature. The n go through your junkbox and
check abo ut fifty of lhe little unmarked
devils. You'11 be surprised how fast you can
read th ose betas.
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(.. . de W2NSD/1 continued from page 67)

ARRL Elections

Every year one half of the AR R L Direc­
tors co me up fo r re-electi on . Many amateurs
feel that one of th e very best things that
could happ en to the ARRL would be to get
some new blood into it . . . some ne w
Directors, fellow s who would take an activ e
inte rest in th e League and in bet tering. ama­
teur rad io .

Please notice that the subject of openi ng
an office in Washin gton , even a small o ne,
as a lobby for amateur radio , wasn ' t even
discussed by the Directors at this May' s
meeting. Nor were any plan s brought up
even for co nsideration with regard to setting
up a pub lic relat ions effort to increase inter­
est in amateur radio among th e teenagers and
th e general public. Amateur radio is withering
away and a crash program is ba dly needed.
Nothing has even been discussed desp ite co n­
siderable pres su re fro m th e membe rs.

Perhaps you have a friend or a club me m­
ber who is in terested enough in amateur radio
to volunteer to run for Director? You haven' t
mu ch time to get organized on this, you
know. The most difficult part of the whole
deal is overco ming the unbelievable inertia
of the other ARRL memb ers and getting
them to do any thing but either not vote at
all or else rub ber stamp th e same old face
back in to office for two more years of tedium
an d inaction .

Th e requirement s to ru n for Direct or are
that you be a licensed amateur (they have
interp reted thi s as me anin g a Gene ral Class
license or better) , wit h four years (contin­
uously) as an ARRL member. If you kn ow
of any one who meets these stri ngent require­
ments and who has a genuine interest in
helping amateur radio, get him to agree to
run. You must send a petition to the ARR L
Secretary before September twe ntieth signed
by at least ten full members of the ARRL to
pu t your man into nomination .

The by-laws state th at no one shall be eli­
gible for the office of Director who is com­
mercially engaged in the sale, rental, or man­
ufacture of radio equi pment whic h can be
used for communications. They have waived
this rule in some cases whe re a nominee was
particularly favor ed by HQ, but used it to
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reject o thers. Radio magazine publishers are
also exempted in the by-laws.

Th e whole thing is really up to you .
Amateur radio is staggerin g along these days
bec ause virtually no one has taken th e in­
te rest to try and put it right . For one reason
or another everyo ne has pre tty mu ch decided
that th ey want one and only one organiza­
tion in th e country. Thi s is no pro blem if
you foll ow through and make sure that th e
basket you have all yo ur eggs in doesn't
come unstu ck . You 've left those eggs alone
in th e basket for so long that vapors are
begin ning to arise.

This year new dir ect or s can be elected
in th e Atlan tic , Dakota, Delt a, Great Lakes,
Midw est , Pacific, Southeastern , and Canadian
Divisions. If you get busy and get eight new
dire ctors this year and then eight next year ,
we could have amateur radio back on the
t racks again by next wint er! If you shrug
and let someo ne else run a director, th en
you will have personally do ne your bit to
help our wonderful hobby die a little more.
To ignore evil is to become it s p awn .. . as
million s of Germ ans learned all too well
whe n they ignored the rise of Hitler. If
you find th at you personal ly do n't have the
will to try and do something to help ama­
teur radio , at least don 't make it dif ficult
for those th at are t rying. Even a lou d hu zzah
from th e sidelines is better tha n a kick in
the groin .

If yo u do. ru n a directo r, you will need
to kn ow how to get him elected . .. and
this is another kett le. If you don 't get to
most of th e AR RL members before th e elec­
tion, they will go right ahead an d retu rn the
same dir ecto r, year after year , no matter
whethe r he is good or incredib ly bad. Th e
ARRL mu st furnish addressed envelopes for
all of th e members in th e division on your
request, so work up a piece of campaign
literature th at explains why a new man is
running and what he intends to do for the
members. Th e incumbent will usu ally run
on his " record." For tunately for him, few
members are aware of how sad that reco rd
is .. . in all too many cases.

Th e ARR L has been losing me mbers fo r
ma ny years now, so no mat te r how much
you think of th ose in charge, you must
recognize on some level tha t they are not
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PROPAGATION CHART
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doing their job satisfact orily . The League ,
our only national amateur radi o club, should
be growing every year, not shrinking. This,
certainly, is the final measure of the effect ive­
ness of management. The only real mean s
that amateurs have of protesting the actions
of the ARRL HQ managem ent is to dr op out
of the organiza t ion. Much has been written,
even in the pages of 73, abo ut joining the
League and figh ting fro m wit hin for an im­
provement . . . bu t t he only means that th e
average amateur has of expressing his will to
t he League is in his election of his director
. .. and seldo m is there any real choice when
the election actually co mes along. Year after
year t he same old men ru n, unopposed, and
win automatically. No wonder there is apa·
thy and more drop-ou ts than new blood.

Honestly , if it was really important ,
couldn't you find someone to run for director
from your division? Well it is important, so
let's see what yo u can do .

A -Nex t h igher f requency may be usefu l this per iod
B-Difficu l t current th i s period

SEPTEMBER 1969 137



/

The FET

Ted Will iam s, WA 0 IOC
810 N . Fourth Street
Clin ton, Io wa 52732

Compressor

The addition of a speech compressor to
your rig is a worthwhile project. A speech
co mpressor will not only increase yo ur talk
power but also reduce flat t opp ing . The
simple circ uit des cribed here uses t wo
Motoro la HEP 80 1 Field Effect Transistors.
The entire unit ca n be built for approxi­
mately S15 or less, dependin g on the size of
yo ur junk box.
Features

The compressor has an overall gain of
un ity. Therefore, the output of the circu it is
comparable to the output of the mic rophone
connected to it. This is accomplished by the
voltage divid er R3 and R4 in the output. If
for some reason more output is required , the
valu e of R4 may be increased pro vided the
value of R3 is decreased by an equal
am ount. In o ther words, t he sum of R3 and
R4 mu st remain approxima te ly 70.2 ohms.

Beca use of the inherent high impeda nce
of the HEP 80 1's, the input impedance of
the compressor is determined almost entirely
by R5 . The value of R5, 470K 'o hms, Is not
critical and may be changed to match the
output imp edan ce of any high Z mic ro­
phone. However , the 4 70K ohm will pro­
vide a good ma tc h fo r mo st crys t al, ceramic
o r dy namic micro pho nes. At high signal
levels, a 6 db cha nge in the ' point will
result in only 1 db change in ou tp ut. T he
circuit also has an inherent thres ho ld voltage
of approxima te ly 10 mv. du e to the
characteristics and operating po in t of the
FE Ts.
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cr.ce
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Fi g. 1 . Audio Compressor using two HEp·8 Q1
FE T s. A ll resi sto rs ' y" watt, all c apacitors
are in J.l.f .

Circuit Operation

The co mp ressor is co mposed of two
audio amplifiers, an AGe rectifier and an
AGC circuit . The outp ut fro m the micr o­
phone is amp lified by Q 1 and then capaci­
tive ly coupled to Q2 where the signal is
amplified further. The output from Q2 is
coupled through CI to the AGC rectifier,
D I, and is rectified. The rectified audio is
t hen filt ered and fed through the AGe
circuit and applied to the gate of Q I as
negative bias.

A sma ll input signa l will deve lo p very
little AGe voltage and have little o r no
influence on the circuit gain. A large in pu t
signal will de velop much more AGe voltage.
This large AGe voltage will reduce the
tran sconduc ta nce of Ql , Thus lowering the
circ uit gain co nsiderab ly and resulting in an
output that is only a few db greater than
that of a small input signal.
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CASSETIE TAPE RECORDER
Aft er testi ng a dozen d iff er ent
makes of cessert e tape reco rder s
we fo und that th e Valiant was by
far t he easiest to use . The fide lity
is good and the pu sh bu tton sy s­
te m o utstanding. Has battery lev­
el meter, recording level met er ,
jack for feed ing hi-fi o r rig, o per ­
ates from switch o n mike. Grea t
fo r reco rding OX co ntact s, fr iends, at me movies,
par ties, unusual accents , etc. Use like a came ra.
Comes with mike, stand. batteri es, tape.

SPECIAL , ONLY $33.00 Postpaid

24 HOUR CALENDAR CLOCK
T his beautifu l clock reads
the day, t he date and the
t ime in large, easy to read
nu mbers. Se t this on GMT
and never make a mistake 1'\:(II!!I111J!!
again o n logging time or date. 8 )(3%x3%, brushed
aluminu m case . Sy nchrono us self-sta rt ing mo ve­
ment, 115v 60 cy. Ma ke your o perat ing desk look
o ut sta nd ing with this new type of clock.

24 HOUR CLOCK, $4 1.00 Postpaid
12 HOUR CLOCK. $4 1.00 Post paid
TRAVEL-CLOCK RAD IO

Eight t ra nsistor clo ck rad io, iii
complete wit h clock, rad io al- ir:>; n
arm an d slumber setting! wet- ;\.':.J ' ..
ghs less than 1% lbs. Great ~~ --,

gift fo r t ravel ing friend or rel-
ative . Batte ries included . T ray
o pens t o hold cha nge, et c.

SPECIAL, ONL Y $24.00 Postpaid
AM -FM DIGITAL CLOCK RAD IO

Here is som ething new-a I I
d igit al clo ck (reads num-
bers d irectly! plus sensit ive ; ,;'M.· ?..
A M-FM radio Wit h AFC ! oJ' ...;... ...
Com pare wit h $6 0 So ny. -:
Th is is a wonderf u l radio for t he bed room or kit­
che n. T ran sistori zed radio. A ntenna bui lt in for
loc al stat io ns. Use outside an ten na for d istance.

SPECIAL, ONLY $38. 00 Postpaid
DESK NAME -CALL PLATE

You r name an d call o n a ~I .

nut gra ined desk plate 10"
lon g by about 1" high. Up to
20 letters and space s. You
can have you r ful l na me or
yo ur f irst name and call let ­
t ers . Sorry , no zero availab le.
Ident ify you r stat io n wit h a beautiful de sk plate.

SPECIA L, ONL Y $2.00 Postpaid

I~': -:-r~~~~---------------

I REDLINE Co. Box 431, Jaffrey NH 03452
J ( !Tape reco rder ( ) Digital cloc k radio
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Construction
The compressor was built on a 2':h: by 4%.

piece of perforated bakelite which was th en
mounte d in a min ibox. The size of the unit
can be reduced th ro ugh the use of miniature
com po nents.

The FE T used as Q I mu st have a low
pin ch off voltage. To determine which
transistor has the lowest pinch off voltage,
the source and gate leads should be
te mp o r a r i ly connected together. The
resistan ce from th e dra in to the source is
th en measured with a YOM or VTVM.
Whichever FET sho ws the highest resistance
reading should then be used as Q 1.

The parts layout of the circu it is not
criti cal if proper con struction met hods are
follo wed. In the original unit three pieces of
buss bar were run across the board and used
as tie points fo r the B+, ground and AG e
lin e.
Adjustments

The resistors R I and R2 should be
adjusted to give maximum output. This is
done by placing the comp ressio n level at
minimum and then measuring the voltage
across R6. The value of these resistors is
critical and po ts had to be used . Fixed
resistors were used at first but failed because
the nominal values were not accurate
enoug h.

When these adjustments are complete, the
compressor may be inserted in the micro­
phon e line. With the compression level at
minimum, adjust the audio gain on the
t ran smitter as no rmally. The compression
level can th en be raised to the desired level.
The audio gain can now be raised again until
t he output me ter peaks at th e same reading
as it normally did.

Operation

Two 9-volt transistor radi o batteries were
used to supply the B+ to th e circuit. The
com pressor draw s only one mill so battery
life should be very reasonable.

Besides increasing the ta lk power of your
rig and reducing flat to pping, the circuit has
many other advan tages, de pending on the
operating pract ices of the build er. For
exa mple, the man who runs pho ne patc hes
will no longer have to continually reac h tor
the audio gain when the caller changes the
level of his speech.

I would like to ex tend my sincere thanks
to Lee Michaud, K80 0V, for his assistan ce
in designing and testing of this compressor.

... WAQlIOC
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Roger D. Farley , WA2YRF
Box 104
East Schodack , New Y ork 12063

The Mike Mixmaster

1/4 · ;5 CIRCUIT
PHOfl E JAC K

F ig. 1. The W A2 YRF Mik e ·Mix -Maste r.

pho no co nne ctor, a qu art er-inch two-circu it ,
and a quarter-inch three-circuit phone plu g.
In the same me ss was a switc h that I had
picked up for 25 cents at a fire sale when
one of the local rad io stores bu rned down .
Pushing this switc h in one direction makes a
momentary co ntac t. and in the o ther
direction, it lat ch es. The switc hing opera tion
is similar to that of the Heath Twoer and
Sixer.

Wiring is simple, as you can see from th e
sche ma tic. The var iou s jacks are in parallel
and the one matching the pu sh-to-talk
microphone is wir ed straight through. The
swit ch is wired so it will key the transmitter
when it's pushed in either directio n.

Layout of the jacks and the switch is no t
critical, nor is t he size of t he chassis use d for
th e project. I used a mini-box whic h was
larger than ne cessar y (3 x 4 x 6), looking
forward to the day when I might dream up a
transisto rized VOX circui t to make t he un it
even more versatil e. It 's wise to leave room
for more jack s in case yo u ob tain more
microphones in t he fu ture. To minimize the
possibility of hum pickup, I ke pt all my
wiring close to the chassis, bu t I don 't
believe this wo uld be a problem. I have had
no bad modulation reports.

On e improvement which might be mad e
is to make the output lead to the transmitter
"plug-inable," and make up a variety of
leads for each of the different types of
tra nsmitters yo u have in the shack . Wit h this
feature, yo u ca n use it as an all-purpo se
microphone adaptor. I've even had three
mike s (a ceramic , a crystal, and a dyna mic) ,
located at strategic points about the room,
plugged in at once. This wo rks just fin e if
yo u have plenty of audio and want to move
around the room while tran smitting.

Build it. It's handy, compact, and even if
you don' t use it , it doub les as a dandy
paperweight and conversation piece.

... WA2YRF

GROUND
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This little de vice is so simple that mo st
ham s just never think of it . If you're
operating pus h-to-talk, however, it will
transform every microph one in yo ur shack
into a push-to-talk mik e. The switch in this
piece of gear will also trigger your trans­
mit ter, leaving hands free fo r logkee ping,
minor adj ustments and t he like.

I'm control station fo r a civil defense net ,
and one day I began wo ndering what I'd do
if my microphone conk ed out un expected ly .
I have a number of ot her mik es in the sha ck ,
but non e of them are t he required pu sh-to­
talk: type necessary to key my transmitter .
In an emergency. rigging up a substitu te
would take precious minute s - fi ndi ng a
switc h and t he pro per plug and ma king the
right connections to operat e the rig. I
reasoned that if I had a micro phone mixi ng
box with some kind of a switch whic h could
fire -up the transmitter . I could use any mik e
in the shack in an emergency. I could also
compare their modulati on capabilities, using
t he same box.

By pouring t he co ntents of my junk-box
on the floor, (which I fin d is the easiest way
to locate anything) I came up with t he
necessary jacks to match my assort me nt of
mik e plugs. In my case , t hese were a
sta ndard ph ono connector. an RCA-type
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The T -60 lfOrks

Ralph J . lrece, Jr., WAIGEK

Just Fine

As I neared Mac's QTH, quite exhausted
after pedaling uphill several hundred feet,
the tall seventy-foot to wers glistening in the
sun wit h all the grandeur of tri -band beams,
quad s, stacked yagis, amo ngst other
mouth drooling additions , came into rapid
sight. "Gee," I thought , " those dipoles
of mine sure are crummy." Gazing at the
antenna complex admiringly, I reached the
grave l driveway, parked my bike and walked
toward the back door. I rapped on the door
a few times. I heard approaching foot steps.
" Hi Scott. Ho w's the ole T-60 coming
along?"

"Oh pretty good I suppose, " came my
pretty-well-standard reply. Mac mot ion ed
for me to enter and follo w. Within a
duration of seconds, I was in his enormous
shack. He sat h imself in a comfortably
cushioned swivel chair wh ile I took refuge
on a three legged stool. F or onc e I decide d
to start the rag session.

" How's the new quad working on 40,
Mac? Looks like a real swell skywire , hi " my
voice crackling.

"Ahh, it's no t too hot a perform er
actually. I' m having a chore trying to load it
for some odd reason. Thought the problem
might be in the 32S-3 bu t I gave it a looking
over yesterday and couldn 't find the
problem. I bought the best coax in the store
too."

"Perhaps I can help ," I said, walking
toward t he conso le. Mac appeared sligh tly
annoyed. "Say, Mac," I said aft er a minute
or less, "this connec ti on you have on the
coa x plug looks pretty poor. In fac t the
center conductor of your coax is wiggling
around."

" What? "
" Yeah. Right he re . See?"
Mac was clearly upset but tried to pre­

t end as if nothing was at fault . "Can't be
such a small thing like t hat - -may be the
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balun or my antenna is kaput or something.
I'll find the trouble for sure later on."

"All right Mac," my voice quivered
slightly after seeing Mac in such a state of
aggravation. I had idolized Mac for many
months because of the fine DX record he
had and most of all because of his fabulous
station.

He dismissed me promptly .. . "Let me
kno w how you make out on the contest this
weekend, Scott. I've got to mail out a batch
of QSL's no w."

" Okay Mac, I know you 'll take first place
in the contest. Don 't forget to work me.
By e."

After get t ing back to my own shack, I
surveyed the scene and decided that some
final preparations . fo r the weekend contest
had yet to be made, so I set about doing
them . As I was touching up a few things
aro und the station, I wished that I was the
owner of a stati on lik e Mac's. If only I had
the money ! This T-60 is like an insect
com pared to his tr ansmitter. Golly, his
antenna farm rivals those of broadcasting
ou tfits. I'll be lucky if I get even t wenty
perce nt of Mac's contacts during the co ntest ,
I thought to myself . While outside checking
and rechecking t he an tenna supports and
connections, I saw Mac's towers off in the
near distance up on the hill . "Shucks - just
maybe someday I' ll be able to have one
small tower, then Mac won't kid me
any more about my small station."

Well, the contest came and went. I
worked as long as my parents permitted and
tallied up a final score of 2,7 85 points,
probably no thing compared to wha t Mac
had racke d up.

After I complet ed copying the scores
onto the fina l shee ts, I mailed them off for
placement in t he score list ; I was probably at
the bottom and Mac at the top. I then went
over Mac's ho use and was greeted by one of
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his family and shown into Mac's shack. It
was in complete disarray. Transmitt ers,
receivers, power supplies, swr meters, etc.
were scattered all about the shack , obviously
after being worked upon. Mac and [
exchanged mutually surprised greetings. Mac
slumped heavily into his chair and looked
exasperated. I asked what the trouble was,
and for once he co nceded defeatingly that.
he didn't know. " May be I can be of some
help ," I said with Mac even looking more
annoye d than he ha d on my previous visit . I
hesitated at seein g Mac disturbed but then
thought that perhaps I really could help .
Then I turned up the cu lprit. " Say Mac , I
don 't even think your getting a connection
here between the antenna plug and SO·239.
Look , there's hardly a bit of solder on the
plug tip and the cen ter conductor has
slipped do wn . . . I doubt if you're even
getting twenty percent efficiency from your
t ransmit ter output to the antenna. I'll bet
this is the reason why... . "

" Would you like to be my official station
maintenance man, Scott? I could provide
you with a lot of opportunities to work with
my antennas, climb my towers and even use
the S-line here, if you like. You'11 find it
quite a thrill over that little T-60 you
use . . . how about it?"

I thought for a few seconds and then
realized that even hams with big stations can
make blunders over little errors when they
let themselves become possessed with
inflated egos and visions of grandeu r because
of t he extra-large sta ti ons they have. I was
sorry Mac didn't work the contest for
apparent reasons. «No t hanks, Mac. The
T-60 is just fine , just fin e." And this time ,I
went home without even glancing at his
antennas .

. . . WAIGEK
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Leaky
I'd like to share a little vignette with

you ... hardly worth mentioning but for its utter
incongruity. It fails to make any sense whatever to
me.

I think, somehow, there's nothing more ridic­
ulous than a man with delusions of grandeur,
pushing his heft around, trying to prove himself a
big shot. And whom does he select for his target?
Generally someone with more importance and
sta tus than his own. It's a truism. Some little squirt
with a chip on his shoulder and a snoutful of booze
invariably picks the biggest, burliest fellow in the
saloon and provokes a fist fight with him.
Well ... just get a load of this type and his antics.

In connection with the Apollo 10 mission,
WB4ICJ, club station of Space Center Amateur
Radio Society (SCARS) at Cape Kennedy, oper­
ated for about ten hours last May. The club offered
a handsome special event certificate to all stations
contacted. Over 900 QSO's were logged, including
80 odd from 23 foreign lands. The frequency was
14.340 mhz ., and operations commenced on the
morning of the liftoff.

Sometime during the evening hours a sta tion
came on, and the operator commanded WB41CJ to
relinquish the channel because, in his words
..... it is used daily by ICHC, IFHC and ISWL­
CHC." Is this combination of initials intriguing?
Well, they were intriguing to me, so I looked them
up. They stand for (1) International Certificate
Hunters Club, (2) International Flying Hams Club,
and (3) International Short Wave Listeners Certifi­
cate Hunters Club, respectively. Now, don't get me
wrong. I'm not trying to imply that the SCARS
operation was of first-magnitude importance. But
you' Il have to admit that these certificate hunter
groups were certainly not engaged in high priority
matters either.

I am reminded of an incident which occurred
while I was on jury duty some years ago. I had
been chosen, along with eleven other people, to sit
on a case. The lawyers were asking us various
questions to determine our qualifications as jurors.
One of us was an insignificant looking mouse of a
guy but pompous as a rooster, and who had a
constant sneer on his face as if he were smelling
something unpleasant All during the preliminary
stages, before we had even been selected for the
panel , this weasel had been asserting the obvious
guilt of the defendant, even though not one single
fact had been presented in evidence.

"And what is your line of work," he was asked .
He answered the attorney imperiously, with
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Dave Mann, K2AGZ
One Daniel Lane
Kinnelon , New Jersey 07405

Lines
exaggerated hauteur: " I am the president of the
American Cigar Band Institute." Everyone looked
at him with new-kindled respect.

"You manufacture cigar bands, do you?"
" No," he answered , somewhat chastened, as his

bubble burst. "We collect them!"
The entire courtroom, including His Honor,

rocked the building with a peal of spontaneous
laughter, and the little peacock Slumped down in
his chair, deflated.

Well, anyway , to get back to the story, the
interloper sta ted that this group of his was about
to start its net, which had been using this fre­
qu ency for years , and that th e NASA group had
certainly known of this from the begirming, hence
was guilty of stealing the frequency, Ugly Amer­
icanism, poor sportsmanship, et c., etc .... ad
nauseum.

He stated further that if they did not vacate the
frequency he would use his influence as an editor
and publisher to mak e sure they were penali zed for
their " ... 'obnoxious, ungentlemanly conduct."
He accused them, among other things of .. . . . de­
liberate interference," . notwithstanding the fact
that his certificate hunters were nowhere in evi­
dence during the period when the Apollo 10
activity had commenced operations. In other
words, these certificate hunters dubs were na­
tionally famous, and every ham was aware of their
existence and of their net activity. Well, 1 must
confess that I had heard of certificate hunters. But
I had no idea that they operated a net on 20
meters. This man conveyed a distinct impression
that his group had a lock on this particular
frequency. and that no one had better use it,
because it belongs to CHC and the others - lock ,
stock and barrel, now and forever, world without
end, in perpetuity , case closed, period!

The operator of SCARS, who hadn't heard of
CHC either, obviously not wishing to engage in a
time-consuming dialogue, particularly since the
complaining part was becoming more and more
abusive, suggested that he send a copy of his
promised editorial to the radio club. Then he
proceeded with the space shot contac ts.

In due course a letter was received by the
Public Relations Director of National Aeronautics
and Space Agency at Houston, and a copy at Cape
Kennedy. The "letter" is lengthy, verbose, lugu­
brious, vehement, fractious, rude, egocentric,
supercilious, obnoxious, nauseating, rambling, irra­
tional, and has neither validity nor merit. It is of
no consequence whatever. It is like the proverbial
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burst of afflatus in a gale of wind.
If that were all it mean t, I wou ldn't have

men tion ed the incid ent at all. But, unimportant
though it is, there is on e thing about it whi ch is
very impor tant ind eed. The letter contains a series
of th re ats, bo th direct and implied. And th is meri ts
no t only a tt en tion, but strong condemnation. It
reflects a most intemperate a tt itu de all to o pre ­
valen t no wadays. This man's use of th e term,
blackli st, in the con tex t of today' s worl d is an
abom ination ; a stench in the nostrils . The blacklist
is an u ndemocrat ic, tota litaria n disease, which can
infect socie ty like a plague , destr oying th e very
fabr ic of our democratic institutions.

He also writes, in struct ing NASA, - " You
wou ld do well to insu re th a t th is could never
happ en again ."

The unu tterable cheek of the man ! He know s,
as you an d I know, no one has a priori rights to a
frequency. I knew that we had some peculiar
people in ou r mid st But I did no t suspect th at we
har bored out and out lun ati cs. Wit h two letter
calls, ye t!

* * *
Du ring thc Swampscott convention, I foun d

another piece of literary garbage, also deserving of
attention because of its co mplete lack of awareness
of the outside world. It 's sad to hear the ravings of
a po or, deluded soul, totally out of touch with
reality .

This misbegotten piece of drivel was issued b y a
group called - are yo u ready ? - the National A~
ciation fo r the Advanccment of Am plitude Modu­
lation, Can yo u believe it ?

Please und erstand th is: I am not opp osed to the
use of AM at all. In fac t, I rath er enjoy listening to
it There is much to be said for the nice au dio
quali ty with the sooth ing low frequ en cies a la
broadcast sta tions. Wha t I fin d objectionab le is the
constant prosely tizing, either for or again st one
mode or an other. J don't find it any more palatable
in ham radio th an in religion . I feel th at it 's my
own affair, and nobo dy else' s da mned business.

Accor din g to this leaflet , anyone who op erate s
single sideband, using a rig no t designed and built
by him self, is some sort of microbe . He is called a
varie ty of na mes, an y of whi ch wou ld bu y him a
punch in the nose if uttered face to face. Here are a
few quo tes:

... . . a more glorified form of Citiz ens' Ban d."
" Af ter all, any idiot can buy an appli­

ance . . . p lug it in to a wall outlet , and mak e
noises."

" .. . plugging in an appliance and creati ng
meaningless chatter on th e ham bands."

"Amplitu de modula tion isn' t a dirty word ."
(T his is funny, fo r obviou sly, single sideband is a
dirt y word.)

" There is grea t potential in AM. Why no t look
into it someday?"

Somehow this tawdry little scrawling graffiti
gives me a feeling of melancholy. To th ink t here
are such benigh ted little guys, running around
unre strained, hopefull y tr ying to start ground
swells of op inion which will in undate th e collective
intellect like a mighty tidal wave of reform ati on ,
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and tum back the cloc k. Like the song laments,
Ah , for the dear dead day s beyond recall.

These peo ple remind me of the ho mely little
shop girls and tir ed dru dges, hoping to fi nd
romance, who queu e up at the five and di me,
buyin g cheap perfume and loud, tas te less jewelry ;
answerin g the pu lp magazin e ads that shriek, " Win
yo ur man and ho ld him forever by using our
miracle product to increase the size of your bu st!"

What a waste of time an d energy! And how
cru el!

** *
Those of yo u who have rea d some of my

meanderin gs and ru minations are aware th at a
follower of precedent or convention I'm not. I
believe that traditi on s are made to be brok en.
Indeed , were it no t for this, hard ly any progress
would have been made since we emerged, dripping,
from th e primordial ooze. Somebody has always
had the guts to say , "enough already." An d this
tendency will ultimately resul t in the conquest of
humanki nd' s oldest enemies ; fam ine , war , igno­
rance an d pestilence.

None theless, there is much to be said for
tr aditio nalism, with its ti me tested values and
verities. It is pointl ess to tu m over th e ap plecar t
unless there is a more efficient conveyance to ta ke
it s place. I think there are far too many who
scream for change merely for it s own sake. Th ere is
no percentage in change withou t progress. When
change means chaos, it is fo Uy not to sit tight Yet,
over-eautiousness pays a poor dividend.

Most of us deplore the violence taking place on
the campuses. It is too bad th a t the meaningful
aspect s of th e studen t movem ent are bein g ignored
becau se of the ugliness and anger of the confronta­
tion itse lf. We are aptto disregard legitimate gripes
and grievances beca use of the utter stu pidity an d
over-zealo usness of the militan t extremist s on both
sides of the con troversy.

Kids to day are not placid , me-too-ers. They are
n ot Pollyann as, nor do they hold wi th Voltaire's
Doctor Pangloss th a t this is the best of all possible
worlds. We elders display unbelievable naivet e if we
fail to perceive th at the world is in pre tty sad
shape.

I believe, act ually, th at this is the best crop of
you ngsters we've ever had. They are not sati sfied
with the th ings that motivated pr ior generatio ns.
They are not willing to barter their int egrity for
au tomobiles or their concern for truth and ju stice
for membership in the Cou ntry Club. They are far
more interested in doin g away wit h injustice than
in acqu iring mate rial weal th or social position . And
t hey mean to make th e Consti tution more than
just a collection of flowery words and phrases.

What has th is to do with Amateur Radio , you
ask? Only th is: On the air, th ere has been a lot of
talk about what sho uld be do ne abo ut th is gro up
and th at. Amo ng others, our yo uth have been
singled out and attacke d viciously. I am appalled at
some of the pro posals I' ve heard on the bands. I
can not imagine any rational per son saying th is, but
someone was heard to advocate "stan ding th em up
against th e wall and shooting them." Another
pro posed that they be " stru ng up. " I was under the
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impression that this type of philosophy died in a
bu nker at the Berlin Chancellory with its chief
protagonist, back in 1945 .

This yo unger generation of ours, splendid in it s
energy and vitality, more mat ure in its goals,
earnest in its desire to imp lement the very best
American ideals and the ba sic tenets of the
Ju deo-Chnstian ethic, is bei ng shamefully an d
slanderously villif icd. All are being blam ed fo r the
sins of a negligible fe w. How dare we fast en
collective guilt on an en tire gro up , after living
under the blessings of a form of govern ment whose
very ba sic premise is exact ly the opposite? How
can anyon e who loves America tak e a position
which does her so much harm?

And who does all this talking on the air? Who
are those , without sin , who are so rea dy to cast the
first stone? Who are th ese sanctimonious ones who
cri ticize OUf yo uth, ou r poor, our minori ties. our
political leaders, ou r clergy ; in shor t, anyone and
everyone?

They need no t be pointed out. T hey know who
they are . There is n o po int in disclosin g their
identity . If I could speak to them, I would say th is:

Listen, all you self-appointed super-patriots. Who
do you think is doin g all the dyin g in Vie t Nam?
Who did all the dying in Korea, and in your war
and mine, back in the 40's? The kids; that' s who!
And amo ng them, don' t ever forget, there are black
and white , rich and poo r, edu ca ted an d u nlettered.
They 're out there , layin g it on the line, wh ile you
and I are sitting in the ham shack, leisure ly
enjo ying the comforts of ho me, making pro­
nouncement s and ju dgm en ts. Maybe we ought to
take a breather an d ju st listen to wha t they have to
say on ce in a while. How about it?

Well, there it is. and, like the old bro mide says,
Jet the ch ips fall where th ey may . My father used
to say, "Ma ybe the tru th will hu rt , but sooner or
lat er it's going to be said. So why not get it over
with?"

• ••
Don't forget . ECARS on 7255, MWARS on

72 58 and WCARS on 725 5. Th ese are excitin g,
stimula ting and they are of great help to all of
ham dom. Give a listen and join in on the fun .

T ill next ti me,
. . . K2AGZ
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however. Just look at t he size of t his issue
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month we may have to roll out t he new
subscript ion rates for you .

NAI\IE ,CALL _

ADDRESS --'- CITY _

STATE ---LZII' _

o I WANT THE $12 BA RGAIN RATE FO R TH REE YEARS
o I' LL TAK E ONE YEAR AT THE $6 RAT E
o THIS IS A R ENEWAL
o ENC LOSED IS CH ECK , CASH OR MONEY O RD ER

73 MAGAZINE PETERBOROUGH, NEW HAMPSHI RE 03458

It may be ridiculous, but it is also not far
in the futu re. The dollar won 't make us
rich, either. We hope t hat it will bring us
back into the black, and th at 's about it .

What happened to bring on t his substan­
tial increase? Two th ings. First and fore­
most was the July increase in postal rat es.
This was the biggest rate increase yet for
us . . . and we are paying over 50% more
in postage now t han we were a year ago.
The 5% prof it we made last year just broke
us even wit h inflation , so we fo und our­
selves working like t he devil to break even.
Now, with t he new postal rates we will work
ourselvessilly for a handsom e net loss. Some­
th ing has to give . . . and that means you , t he
reader .

It is not all give and no ta ke, by any means,...................................................................... ... ...

•••·•
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A Unique RF Plate Choke
Bill Drone. W6R E T
8831 Sovereign Rd.
San Diego , California 92123

Fig. 1. Diagram of comp leted 2 amp 50 00
vo lt rf chok e using DuPo nt " D el r jrr.'

If you do no t wish to buil d a choke with
the ferrit e rod and w ill be lim iti ng your plate
requirements to 800 rna at 2500 vdc, a choke
can be wo und on a 3/4 X 4 3/ 4 inch rod
with No. 24 formva r wire closewound to
occupy 3 1/ 2 inch es. This choke has an
inductance of 90 mh , a Q of 160 and a series
reson ance of 25 mh z. My thanks to Don
Bidwell for his photograph of the choke.

.. . W6RET

8RA SS COTH R
PIN,

FORC E FIT

WINO CO IL
WHl< A DUAL

WIRE: WINOING or
NO. 20 £NA ~ ( LLE D

WIRE. REMOV£ ONE
WINDING AND ADO
COI L. DOPE TO
HOL D TURNS IN
PL A CE .

<C'
I ,

1I/3 Z"O R 3/6-

3 3~~,7EDE£ P ----

MOUNTIN G
HOL.E

1/ 2 X 8 - 32
THREAD

int o the form holes using a vise or by
ta pping ligh tly with a hammer. Six ty tu rns
of No. 20 formvar wire is space wound (1 5
turns per inch) o n the fo rm with th e coil
ends so ldere d to the co tt er key terminals.
Th e space winding ca n be accomplishe d by a
dua l winding of No. 20 wire and then
removing one winding. A light coating of
coil dope will ho ld th e tu rns in place.

The co mpleted ch oke has an inducta nce
of 90 uh, loafs along at 2 am ps, has a Q of
225 at 3.6 mhz and has a series reson ance
well above th e ham bands at 43 mhz.

0. 33 x 3 I NC H
FERRIT E ROO. HOL O
IN PL.ACE WITH A
FE W DROPS OF
GL.UE.

At tim es it is di fficult to obtain the exact
rf plat e choke th at one may desire for a new
final amplifer. In looking for a material to
make a 2 ampere 5 000 volt de rf plate ch oke
for non-ham use, I came across a material
mad e by DuPont called Delrin . Delrio has
high st rengt h but can easily be cu t an d
drilled. It has excellent elec trical p ro pert ies
as an insulator with a high heat distortion
temperature. These features make it an
excellent for m for rf plate chok es and other
coils. Delrin is available in rods o f 1/ 4 in ch
to 1 1/2 inch diam et er an d can be purchased
in 12 inch lengths. Th e 3/4 inch diameter
was selected for th e ch oke and is availab le
fro m Allied rad io for SI .42 per foot (Allied
part 60D9565CF).

The choke sh own in the photograph is 5
l {4 inches long. The te rminals of th e coil are
No . 8 brass cotter keys 5/8 inch long. The
form is prepared by drilling the two terminal
holes on a 4-inch spacin g 5{8 in ch deep,
using a drill slightly sma ller than the cotter
key size. A 11/32 or 318 inch hole is dri lled
down th e center of t he rod to a depth of 3
3/4 in ches. A 1/ 2 inch deep hole is drilled in
the opposite end of the rod with a 29 drill.
This hole is tapped fo r a 8/32 mounting
screw. A 3-inch pi ece of .33 in ch diameter
ferrite rod (Lafaye tt e 32C6 102 ) is inserted
into the ho le and he ld in place wit h a few
drops of epoxy. Next force the cotter ke ys

A uniq ue rl cho k e.
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Modification

of the ac Input

Al Brogdon, K3KMO
RD 1 Box 390A
State College, PA 16801

on the SB -200

TERMINAL
STRIP ' S'

Fig. 2 . Con nections for the two line cables
to mate w ith the new power connector.

240VAC120 VAC

Fig. 1. Wiring changes in t he SB-200, from
terminal strip "5 " t o t he new power con­
nector (Amphenot 86PM8).

Then two line cords were prepared for
th e linear, one for 120 Volt ac operation,
and the other for 240 Volt ac. The 120 Volt
ac cord is the original SB-200 power cord
with the plug supplied by the manufacturer.
The other end of the cable is terminated in
an Amphenol 78PF8 fem ale octal cable
connector, wir ed as shown in Fig. 2a. A
seco nd power cable was prepared using the
240 Volt ac plu g on one end, and another
octal connector on t he other end, this time

on the rear deck of the chassis, where the
lin e cord had previously exited. F or tunate ly ,
there is just enough ro om on the chassis lip
to accommodate this connect or. I then
wired the four leads fro m terminal str ip "S"
plu s a ground wire to this plu g as shown in
Fig. I.

The Heath SB~200 is a real gem, giving
top performance per dollar in a linear
amplifier. There are few ways it could be
improved, but one feature whic h falls into
the "needs improvement" category is the ac
input arrangement.

In the original amplifier, terminal st rip
"S" has the wir es from the power trans­
former's two primary windings connected to
it. To change between 120 Volt ac and 240
Volt ac operation, it is necessary to change
jumpers on this strip. This in itself isn't bad,
but the ac line plug arrangement is not too
good.

Heath outlines the use of a single plug for
both 120 Volt ac and 240 Volt ac operation.
This is the standard three-contact 120 Volt
ac safety plug (two wires plus ground). This
could lead to the sad situation of having a
240 Volt ac outlet in your shack whi ch
looks like a normal 120 Volt ac outlet, and
plugging in a piece of 120 Volt ac equipment
with pretty bad results.

To avoid this problem at K3KM O, I
installed a 240 Volt ac circuit with a normal
240 Vo lt ac receptacle, and changed the line
plug on the SB-200 to match the outlet. But
then came the time I wanted to take th e
SB-200 to a friend's shack where only 120
Volt ac was avail able, an d I was faced with
the prospect of having to change lin e plu gs,
re-wire th e jumpers on terminal strip " s" to
make the change, and then do the same
thing again when I brought the SB-200
home.

Rather than do this and be faced with the
prospect of doing it other times, I decided to
change the SB-200 to come up with an
arrangement for simpler change-over. I
placed an Amphenol 86 PM8 mal e octal plug
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FM F IYII FIVII
sales to licensed Amateurs only

MOTORO LA
60WATT

FOU R
CHANN EL

150MC
MOBILES

Mot oro la X53 -GJV. 6/ 12 vo lts - 150m hz- 60
Watts. These units are exceptionally dean a nd
in mint co nd it io n. They ar e complete with fo ur
treq . co ntro l head . cables, m icroph on e . speake r.
Less ovens & ant . Transmitter is narrow band.
receiver is w ide band. Specia l, on ly $ 175.00 ea.

Mot o ro la 150 mc hand i-t alk ies model H23-1.
These are like br and new and co m plete , less
battervs an d ant . on ly $49,95 ea.

Mo to ro la tr ansisto rized pagi ng receiver , 150 mc­
H0 3anc-excel lent cond.• less bet te-v. $34.95ea.

MOTOROLA
Handi-Ta lkie

150mc. 5w, 2 freq .
com plete w ith

nicads
and ant enna

Model
P33-A M-1131A M
excellen t condo

S98.00 ea.

All equipm en t is guaran teed to be exactly as
advertised. We have a very large stock of
equ ipm ent, however, no catalogs or list are
available. Tell us wha t yo u are looking for,
we may have it. WE WILLNOT BE

WE WILL NOT BE UN OERSOLD.
25% depo sit required on all c.o. d. orders.
Prices subject to change withou t noti ce.

NEHTSOlllEELECTRONICS
hou rs : by ap p o in t m e nt o n ly

196 75 ALLEN ROA D PHONE , 3 13-282-6464 T RENT ON, MICHIGAN 48 183

ORDER DIRE CT
w it h check o r mo ney o rder to

Spec ial Quan t ity Prices
to Jobbers and Deale rs

14008 Crysta l Dr.• Ft . Myers. Fla. S390 1

We have in stock over six mill ion crystals
which include ty pes CRIA/AR, FT243 ,
FT2 4 1, MC? , FT24 9, IIC6/ U. IIC l3/ U,
etc. Send 10¢ for our 1970 catalog with
oscillato r circuits, listing thousands of fre­
quencies in stock for immediate delivery .
(Add 104 per crystal to above prices for
shipment 1st class mail ; 154 each for air
maiL)

SPECIALS
Color TV t rysta! 13578. 545KHz) wire leads S1.60 4 for S5.00
100KHz frequency standard crystal (HC13fUI 4.50
1000 KHz frequency standarcl lHl:6!UI 3.50
Any CB crystal transmit or receive 2.25
Any amateur band t ryslal Iexceat 80 meters) 1.50 4 lor 55.00
Any marine frequency (HCSfU) 2.85
80 meier tYrstals in FT243 holders 2.50

~Rm
CRYSTALS

",------""-N-'-"j;EED CRYSTALS?

A N j
wired as shown in Fig. 2b. Notice tha t with
bot h power cables, t he ac input is connected
to the pro per transfo rmer leads. and the
app rop riate ju mper connections are also
made in th e oct al co nnector.

Therefore, t he change fr om one input
voltage to th e other req uires only tha t th e
ap pro priate ac inp ut cable be connected.
Caut ion : Be sure all ju mpers are removed
fro m ter minal strip " S" when this modifica­
tion is ma de.

If you are building an SB-200 fro m th e
kit, this change can be incor pora ted as th e
amplif ier is being built , eliminating termina l
strip " S" complet ely . The t ransformer pri­
mary leads and capacito rs CI and C2 can be
wired directly to the octal plug. Be careful
not to cut th e transfor mer primary leads off
too short by following the instructions for
normal wiring. Just wait and cut them to
length when you' re ready to connect th em.

This same approach can be used with any
piece of equipment which has provisio ns for
either 120 Volt ac or 240 Volt ac line input.
And other typ es of connectors can be used
acco rding to your personal preference.

. _. K3KM O
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LETTERS
Dear Wayne.
.. There were several omissions in 'the schematics
of the "S ix Meter KW Linear" in the July issue.
The most importa nt are as follows:

Page 21. 1. Coil data no t given-should be
3 or 4 turn s of l /S" copper tubi ng, I" diameter,
spaced to reson ate with the chosen capacitor.

2. There should he a connec tor in series with
one lead of KI - th is goes to the N. O. con tacts of
the excit er PTT relay.

3. R2 is l OOK. Yzwat t.
4 . Cathod e pins 2 and 4 should be grounded

in addition to pins 6 and 8.
Page 23 . 1. Not e 4 should read tr ansient rather

than equalizing.
Many thank s for the new tower and antennas,

the cassette tape recorder. the trip thr ough the
Heat h facto ry. and the o ther things 73 has bo ugh t
fo r me in the year I have bee n sending in fillers.
They are very much appreciated. I hope I will be
able to supp ly similar material for " 73 Junio r."

Would 73 be interested in a short ar ticle on the
subject of how semiconductor grade silicon is pro­
duced?

Bill Turn er
Five Ches tnut Court

Saint Peters. Missouri 63376
No . ..ed.

Dear Sir :
We thought it may be of interest th at there is a

new net on the air for emergencies and DX con ­
tacts. The world DX Rou nd Tab le operati ng on
14270 KC Wednesday and Satur day from 0500­
0800 GMT.

A ll QSL's for net contac ts may be forwarde d
to (\VA5U HR) ne t QSL man ager .

Scott Fre ile
151 0 Lynnvie w

Hou ston , Texas 77055

Dear OM Wayne,
I was given "DX'Handbook" first-edition from

my good friend WA9NKG. "Paul" & ftn~ it a very
nice boo k, especially I enjoyed the article about
80 me ters DX. Here in JA, there are not so many
DX's en 80 met ers . only JA6AK is active. Hi.
By the way I fo und some misunderstanding on
page 90, "Call Areas." Please correct as follows:

JAP AN Wrong Right
JAI Kanto, Shinet su JAI Kanto
JA2 Tokai.Hokuriku JA 2 Tokai
JA9 Fukui, To yama,

Kanazawa. Tshikawa Le .s Hoku riku
J A0 Nagano. Suwa ,

Niigata JA0 Shinetsu
JA9 includes th ree prefectures: Fukui. Toyama,
& Ishik awa. and Kan azawa is cap ital ci ty of Ish­
ikaw a, like Phoen ix in Ariz! JA f) ha s two prefect­
ures : Nagano & Niigata . and Sliwa is the name of
one city in Nagano!

About 7 or 9 years ago in JA , there were on ly

150

8 areas from JAI to JA8, and then JAI & JA2 were
divided int o two till then JA I had Kanto & Shine t­
su, JA2 had Tok ai & Hokuriku , but since then
Shinetsu changed to JA0 & Hoku riku got JA9
calls, so you might use th e old d ate! Hi! Any­
way now yo u are all right!

Another info here. you wrote " for DX Watch
for gigant ic do -it-yourself colo ring map," on 22
page. We can buy do-it-yourself map for DX from
ou r JAR L. Abou t 55 x80 em ¥ 200 (abo ut 60¢)
with great circle map. This map is very nice for
DX hound! You may get th e map if yo u send
abo ut $1 to JARL, P. O. Box 377 , Tokyo .

Oh , one more info, JAI area got too many
ham s and they needed another call so they used
JHL It was two or th ree years ago. And no w
JH I also going away the newe st call right now
(29 June '69) is JH IVZZ and JH I Y ... JHIZ
. .. is used fo r club sta tions so the res t is JHl WAA
to JH I XZZ, when all of these calls used, the y use
J RL First J Rl will go on th e air in '69!

Narumi Kawai, JA9APS
1-10 Suwanokawara

Toyama-City 183, Japan

Dear Way ne,
I read with interest the article on facsimile and

the radi o amateur by Ralph Ste inbu rg K6GKX in
Jun e, 1969. (I also had an article starti ng on page
130.)

You should know th at facsimile and slow scan
TV arc exac tly the same thing electrically if you
add a horizontal sync pulse to the facsimile sig­
nal.

I have been run ning slow scan TV for th e past
1% yea rs (one and a half years under the special
slow scan TV license) , using facsimile equipmen t
As far as I know , this is completely legal since I
am conforming in every way to the various tele­
vision kinds of signals that are being sent Th ose
who are receiving the slow scan TV signal using
facsimile equipment can use the ho rizontal sync
pulse if they wish. Those receiving the slow scan
T'V signals on a CRT presentation, generally req uire
the sync pulse. Those that are receiving them on
facsimile machine s. do no t need it.

Mr. Steinburg's statement, " wit h slow scan tele­
vision legal on the low bands . facsimile may be th e
nex t mode of communications to follow in the
near fut ure. All it need s at the presen t time is
enough interest by the rad io amateurs to show the
Federal Communications Commission, by peti tion ,
that facsimile will con tribute to the sta te-of-t he­
ar t," really impedes matters by continuing the fic­
tion that ther e is a difference between facsim ile
and slow scan TV.

J_ R. Popkin-Clurman. W2 BK
162 3 Straight Path

Wyanda nch, New York 11798
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Dear Wayne.
Up until the past few months, very littl e effor t

had been made to attract you ngste rs into our ranks
and it is indeed regret ful tha t we have been so tar­
dy in promoting amateur radio to thi s particular age
group. Editorials in some of the amateur magazines
have at last recognized the severe lack of youth­
intake in amateur rad io and soberly suggest that we
make strong efforts to try and introduce the se
you ng people to ham radio .

Som e may ask, " Why is youth so impor tant to
amateur radio? "

Ther e are a multitude of good reasons why ama­
teur radio needs new blood and certainly each rea­
son has it s own meri ts. To mention but two, we
might star t with what ama teur rad io as a hobb y can
provide for a youngster just gett ing started in ham
radio . It offers a youngste r the chance to convert
his spare time from roami ng the streets , lying idle
on the couch, etc., to something constructive, ed u­
cating, challenging and rewardin g. For some, ama­
teu r radio can lead to a very successful career in
electronics later in life. Amateu r radio in the years
to come, will need new amat eurs to improve the
state o f the art and in general to man the helm. To­
days youthful prospective amateu rs will be the peo­
ple to assume this task. This is why it is of cardinal
imp ortance that all amateurs do their utmost to
familiarize the youth of tod ay with ham radio.

Today's youth are basically a good group of
people and they have a tremendous amount of po­
ten tial and energy which if could be dir ected to the
area of amate ur radio, would lead to an eventua l
license and a genui ne feeling of accomplishment
and sat isfaction.

Boy Scout Exp lorer posts, high school radio
clubs , camps and othe r out lets have time afte r time
graduated the prosp ective young amateur from
tra ining in code and theory , to an amateur license.
However, the se organizations lack the ability to
make the init ial contact with a youngs ter and thi s is
where the individual amate ur must help out.

One may ask at this point, "Well, what can I
do?"

Get in touch with the youngster down the street
and invit e him or her over to th e shack. Fire up the
rig ana explain how-it works. Show th em you r col­
lectio n of qsl's- Iet them have a tr y at the mike­
show the m what an amateur license looks like-be
patient and encourage the m, and most of all, let
them know tha t you sincerely wan t to help them.
You might then direct them to a local radio club or
some other group that teac hes code and theory
classes for future hams. If the re isn' t any such
grou p in the area, then you , yourself, could certain­
ly help these young peop le. Five wpm and elemen­
tary theory and regulato ry mat erial cert ainly isn' t
diffi cult to teach to eager st udents, is it? They will
always admire you for your guidance and assistance,
believe me.

While amateur equ ipme nt becomes more and
more sophisticated, and with DXpeditions and con­
test s takin g up a substan tial amo unt of ou r ha mming
time amongst othe r face ts of amate ur radio , let us
not neglect the you th around us for th ey certain ly
hold a share in ham radio's fut ure.

Th e initia tive is up to you. Ham radio is a.very
fascinating and reward ing hobby and has so very
much to offer. Why not get in touch with the
yo ungster down the road and lend the helping hand
they need and at the same time. strike a blow for
amateur radio.

Ralph J, trace, Jr . WA 1GEK

SEPT EMBE R 1969

Dear Wayne,
Thank s for the art icles by KI YSD. Many moons

have passed since I laughed so hard. As a result
of your fine art icles on the Advanced Class License
I passed my te st.

Tom Shirley, K4H VV
41 0 Patton Road

Hinesville, GA 31313

Dear Editor,
Would any members of th e American Cryp­

togram Association who are readers of " 73" drop
a line to the writ er? The int ent is to fonn a net
to discuss crypto systems and solutions.

Th ank you.
Herbert S. Dunkerley, WA3JIX

RFD2
J ean nette P A 15644

REGUl.tY'(~.~"L! ':.U~.C'~M~AND. l M. ETC.
PP-l06/U : Mete red . Knob-adjustable 90 -270 v up
t o 8 0 m a d e , a lso sel ec t an AC o f 6 .3 v 5 A. or 12 .6
v 2Y. A o r 28 v 2 Y, A . Wit h mating output plug &
all tech . da ta . Shpg w t 50# 19.50
BARGAINS WHICH THE ABOVE WilL POWER :
l M-(· 1 Freq . Met er : . 12 5 ·20 mhz , .0 1%. CW or
AM. w ith se-ter.me tc n eo cal ib . boo k . tech . d ata,
m et ing p lu g Ch ec ked & grt d 57 .50
TS-3 2 3 Freq . Metet'": S im ila r to above b ut 20 ·48 0
m hz ..001 %. With data 169.50
T$-175 Freq . M et er : 85-1000 mhz 75.00
A.R.C . Rl lA : Mod ern c .s-« 190·5 50 khz 12.95
A. R .C. R22 : 540-16 00 kh z w/t un ing grap h 17.95
A.R.C. R13B: 10 8 -13 2 mh z wltu n ing graph.27.50

H I-S ENSITIVITY UH F R EC E IV ER
3 75-1000 m hz . Stoddart A F I Mete r NM -5 0A
w it h p wr. sp ly . c o rd s, d ipo le h ol d er, 3 p ai r d i­
poles. Input 50 o h m s. I F 6 0 m hz . Ba nd·
width I mhz a t 370 and 1.8 at I ghz AF . Im age
& spurious-r esponse reject. better than 4 0 db.
Sensit . as a z -ter m tnat t u n ed vo lt m et er is 10 uv:
will be less wi th I-p a i r d ip o le, but you can mak e
an arra y to bring it u p. If the vo lt a ge-a tten ua­
tion calib . charts d id n' t g et lost it w o u ld be
w o rt h $ 1,250 in su rp lu s, $2,852 fr om the
fac t o ry .. ... so we w ill se ll it as a simple re o
c e ive r in grtd ·excel.condition fo r o n lv .. . $27 5

ULTRA ·WIDE· BAN D R ECEi VER :
AN!ALR-5: l.ate postwar AM/ F M Countermeasures
rcvr. Has S· Mete r; vari able IF At ten . & passband (0. 2 or
2 mhz fro m 30 mh z center); AF . Video & Pan. out puts.
New, modified for 120 v 60 hz, includes new (Method II
pack) a- band plug-in co nvert er .0 38· 1 ghz. 4 Type -N
plugs automatically select co rrect ant. as ban ds are swit­
ched . Sensit , at -6 db setting: 6 'h uv th ru 132 mhz, 13
thru 780 mhz & 4 5'h at I ghz , BRAND NEW. with book
& mat in~ pwr-inpu t plug . only... ........ . . 275_00

VERSATIL E PLATE & FllAM. TR ANSFORMER

~~?11~~e:/~60S~~~6tx~tris ':c~/~ ?5~11?b~ig;
v . 15 0 rna . S ec. 2 : 5 v 3 A . Sec: . 3 : 6 .3 v S A .
Sec . 4 : 7 ~ '1, 3 / 4 A . S ec . 5 : 7 loS v, 1% A. L eqa l)Q'
fo r p ins is p la In ly m arked . H ar m . ~a led 2.95

FOUND! A NEAT & COMPACT SCOP'E XF.RM R!
Freed 126 91: DAS Loran Spares, suppl ied 5 " CR,
p la t es & htr s. Pri. 105 -130v 50/ 60 h z. S ec's. m sut.
5 k v: 14 9 0 & 1100 v, 5 ma ; 3 9 0- 0-3 9 0 v 10 0 rna ;

~~st~.S;.ait~~II I.V; Sy~;~~~~w60 36 .'j ~..~ ~ i ~~~ 32~ ;v2~
v 5 A . Case 5 Y.x5x7 Y.. With diagram. S h ip p ed
n 'n lv b co llect REA Exp ress 2.95

FAIRCHILD SOLID-STATE SCOPES all w/du al·
trac e p lug ·in s 25 & 5 0 m h z. w/delay ed t im e-b ase
plug·in s. w/ boo ks . o ve rhauled & grtd. As low
as 825.00
We p robably h ave th e best inventory of good lab
test eq u ip m e nt in the c o u nt ry . Bu t, plea se do no t
ask for catalog! Ask fo r specif ic it ems o r k inds of
it e m s y o u n eed l We also bu y! Wh at do you have?

R. E. GOODHEART CO. IN C, '~ ""'
Bo x 12 20 G C , Beve rly Hills, Cali f 9 0 2 13

Ph ones A re a 2 13 Offlce-272 5 7 01 , ,
• Messages - 275 5 342 ~~; _~~~.-;:
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Dea r Wayne,
I have finally rounded up a bu nch of infonna­

(ion on the recent beginners course in ham radio
anti a photograph of some of the instru ctors and
graduates. Only 17 of the 28 who received a no­
vice ticket are on the picture, but th at was the best
that I could do .

As for the course, here are the bare fac ts : En­
rolletl- 109, Att ended 6 or mor e lessons- 48, At­
tended less than 6 lessons-etil , Quit after attending
6 or more lessons- I S, Earned Novice ticket-28,
Att ended whole course but not passing exam -5,
Oldest earning ticket - 69 year s, Youngest earning
tickct-cB years.

The cou rse ran for 16 weeks. There was one
hour of lecture on the ory and one hour of code

instruction each week. The first eight or nine
lectu res were on basic radio theory and regulatio ns,
and the last seven or eigh t were on specific topics:
ant enn as, t ransmitters, power supplys, etc . Most
of the basic theory was taught by Charlie DePoe,
WA5VQR, a professor at the local college, who
also kept the vital sta tistic s throughou t the course.
The specific topics were taught by various mem­
bers of The Twin City Hams radio club, some of
whom are in th e enclosed ~hoto .

,I taught the code portton of the course. It was
designed for the beginne r and started at zero wpm.
At th e end of the course ,th e average speed of those
finishing was about 7Y.! wpm, with a couple of the
fast learners copying around 15. The code prac­
tice was recorded on magnetic tape prior to each
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FA IR CHILD/DUMONT TC- 175
Best Grad e So lid State TV Cameras- 700 line Reso lut ion - l0 ft. Cand le Se nsit ivity . Excellent .
like new co nd it io n. Complet e w it h Vid ico n & schemat ic. Both V ideo & rf output. Regu lar
$ 1200. 00 Net- o ur SPE CI AL $ 449.95 less len s.
Ask for our new free listings 969M l & 969J2-full of incredible bargains. Fl yer 9695 1 out

Septem ber f Oth THE DENSON ELECTRONICS CORP.
Post Office Box 85 (203) 875 -5198 Rockville. Connecticut 06066

Recent FCC News
RM-886. The ARRL has requested that the
Cw-o nly band on two meters be moved from
th e high end of the band to the low end ,
144 .0 - 144. 1 mh z. It has been the custom
to use only CW in this lo wer 100 khz of the
band, however , it may be worthwhile to
make this int o law if there are too many
operators tha t refuse to honor the co nven­
tion. It seems a sha me that we have to mak e
federal laws ju st to for ce a few inconsiderate
ope rators to conform to custom.

RM-950 . The ARRL has requeste d th e open­
ing of 28 .0 - 28.5 mhz for F l emission.
This is RTTY which is now restricted to th e
CW portions of 8~o-2 o- 1 5 meters. it
should have been allocated th at way in the
first place. It is nice to see the ARRL behind
this request .. . they were the principle
opposers to the original request s for F I on
the low bands and managed to delay the
FCC ruling on this for several years.

RM-981. A petition has been filed with th e
FCC to open all bands from two through 80
meters to maritime mobile while in Region 2
and to op en 3.5 - 3.8 and 7.0 - 7.1 mhz for
mariti me outside of Region 2. At present
maritime ops are permitted to use 4 0 thru 2
meters in Region 2 and 20--1 5-10 meters
outside Region 2. Seem s reasonab le enough.

RENEWAL CODE

The two numbers unde r your call on t he ad.
d ress labe l are t he expiration code . We have
tr ied to make it simp le. The first numb er is th e
month th"t we send you the last copy on your
subscription and the secon d number is the year.
78 would be Jul y 1968, for example.

SEPTEMBE R 1969

How BIGGER and
BE TTER Than Ever !

--- - MAI L THI S COUPON NOW---
1

NAM E: _._ ~..__ __..__ I
II ADD RESS : ._ ' 1

l':~~·==='==·~~~:'·= '=·~·~~~='=·:-.l
For you r FltlE cop y. 11" aut coupon and milil. Dap t. 7J

BRIGAR
ELECTRONICS

10 A LICE ST: BINGHAMPTON. N.Y .

13904, AC 607 723 - 3111

• COPPER CLAO PC BOARDS, 6'· X 36"
CC both sides $2. 16, 6" X 9 3/4" CC
both sides 60<, 7" X 11 3/4 " Cone
side 84<, 5·' X 7\'," CC bot h sides 40<,

• STU D MT SI LICON RECT IFIERS 12
am p, 50 PRV. pkg 01 5 $1 .00

• ELECTRO LYTICCAPAC ITO R 1250 mId
1BOvdc. 2" X 41'." 50< ea .

• JUST BOUGHT OUT OR IGI NA L CASE
FO R CB RADIO . Includes rntq bracket
fo r mob ile use & slide-in chassis. Holes
pre-pu nched fo r power t ransisto r & pow­
er cord. May be used for mob ile power
sup plies, P.A. system or speaker box or
man y other uses. Size ' 3Y2" H X 7" W
X 8\'," D. Weight 3 Ibs. Origina l cos t
$9.95. Our price $1.95

MIN ORDER $5.00
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GATEWAY
ELECTRONICS

6150 Delmar Blvd.. St. Lou is, Mo. 63112
314-726-6116

M eters-Wide-V ue I ll um inated (new) 4"x3" t y pes
ava ilable : VU Meter . 1 rna meter. 50- Q.SO Mlcro­
amp meter .

NI:I~P~U\E~' 1 1bt VDe ' j."-L-B037;5rij i s o~e9~n~
d iame ter t ube 0 .6 inch numeral numbers a
th ru 9 .

5C~lh~EhltL6S~gPE' t UBE ' S 6.50 ea.
Shi ppi ng WI. 1 lb S 5 .00

ELE CT RICAL KEY SWITCH DPDT for burgl ar-
alarms or equipmen t protection complet e with

' ''Y'
HP_~~~~i~I~Wd~~~~t~~ ' ~~ ~el·I~ ~t· ~~d. · S 1.25

S hipping wt . 50 Ibs. . . . . . . $ 195.00
AUTOMATI C I CE CUBE MA K E R Fits most re-

frigerato rs and freezers new w ith diag ram and
in st ructi ons fo r installation .

12 ~'g~nCtrJT~2RI'iAPPE'O ·T RANS FO R$ME~50pri .
115 vo lts 60 cvc tes-Sec. 12 volt center ta ppe d @
70 am ps.
Shipping WI. 35 lbs. $ 9 .95

12 VO LT D. C. T O 115 VO LT A. C. TRANS IS­
TORIZE D INVE RTER KIT-20 0 watt o ut put co m­
ple te w ith all par ts, case and diagram .
Shipping wt . 25 Ibs $ 18.95

6 VO LT O. C. REL AY 5 am p contacts OP DT :
Sh ipp ing~. ~lb . . . . . . . $ 1.5 0

Minimum order 55 .00 . Sorry , no cat alog at th is
time. Write fo r specific items. Watch for ou r
ads in 73. St op in and see us when yo u're in St .
Louis.

HA MS! DON'T BUY USED TUBES
COMPARE OUR PRI CES

FOR NEW TUBES
RC A-G E- EIMAC-AMPEREX-ETC.

811A-4.75, 4-125 A- 27.50 . 4-65A - 12.00,
5R4GY- 1.75. 807 - 1.75. WE35 0 18071- 1.25.
4-4ooA - 38.50. 8 13-20.95 . 4 X I 50A - 19.95.
4-250A- 36.50. 4PR60B -55.00. 4CX 250B - 21.00.
823 6-12.95. 2E26-2.75 . 1625(80 7-12v lBl - 1.10,
417A- 2.25 . 404A -2.25. 6 146 -2.75. 636 0­
3.00. 2X2- .50. OD3-0C3-.75. 5879- 1.75.
588 1-3.25, WE·CV677 1000WA TT TETRODE~

5.95. EIMAC-MACH LETT VT- 158 1200- 3000
WATT BOTT LE-READ MA RCH 1969 ISSUE 73
HOW GREA T TH IS IS- 9 .951 12V 20AMP DIODE
POWE R SUPPLY (L ESS XFORMERl -4.95. RCA·
6-12 V DC CONVERT ER DE L. 20AMP-12.95
IDEAL FOR VOLKSWAGEN _ SEND FO R OU R
LIST OF OVER 3000 TY PES O F AM ER ICAN.
BRIT ISH AND EU ROPEA N IMPO RT ED TUBES.
LARGEST STOCK OF XMITTING T U8E S IN
THE WOR L:D. SEND FO R QU R L A RGE PA RTS
CATALOG (OUR PRICES A RE T HE L OWEST IN
THE USA!.

UNI T ED RADIO COMPAN Y
56·A FE RR Y STREET

NEWARK, NEW JERSEY 07105
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session to keep sending errors and result ing con­
fusion to a minimum .

Everyone in the club agrees that th e course was
an unqualified success and that we all learn ed a
grea t deal from it . It is still hard to believe that
so many peo ple are interested in amateur radi o and
are just looking for a chance to get into it. Any
club can do itself a lot of good by enco uraging
people with a genuine interest.

Now, can anyo ne tell me how to kee p 28 brand
new Novices on the air?

Bill Gulledge , K5UAR
700A Plum Street

Monroe, LA 71201

Dear Wayne,
Since working as Chief Engineer ofKALX (FM) ,

my perspective on th e Amateu r license technical
examin ation has changed. Many peop le will agree
th at it is a simple and uncomplicated task to pass
the technical section. But in comparison with the
First Phone exam, it is hard ly a test at all.

You misht note that the Amateur license is just
that : fo r amat eurs. But what has this done to the
quality o f the average -ham? One can simply listen
to the low band s any evening to pro vide the answer .

The degradat ion in quality has been brought
abo ut through th e lack o f respect in the ham li­
cense. Years ago it took real perseverance and
inte lligen ce to be a ham ope rato r. There were no
readily available stations, as today. Kits, if any.
were almo st the same as building fro m scratch .
And when the ham was finished with a piece of
gear . a receiver perh aps, he had a sense of pri de,
a sense of accomplishmen t. Tod ay , the closest
thi ng to that most hams experience is the sense of
relief one feels when the last payment is made on
a comp lete transceiver. Too, there was a feeling
o f fratern ity . There was be longing, brought about
because th ere was a great hurdle that everyonr had
to pass to beco me a ham : the building of a trans­
mitter and receiver , and th e exam.

To day the exa m is not difficult . And tod ay
th e on ly comradeship most hams feel is in th eir
mutu al animosity toward s Cb'ers. Little wonder
th at the bands should be in such poor shape. When
one loses respect in something, one is not apt to
take good care of it .

One good way to make an Amateur license
more valued is to requi re a stiff technical exam,
one that would require actu al studyi ng, not mem­
ori zation sessions with the License Manual. But
the more difficult technical skills it engender s
would prove grea tly beneficial to the ham, and the
country. It might even save the Amate ur Radio
Service.

I'd like to hear you r com ments on my letter.
Step hen L. Diamond, Radio KALX

500 Eshleman Hall
Berkeley, Califo rnia 94720

73 BIN DERS

Are your ma g a zin e s fdllinq d own all t he t ime?
O ur b rig ht re d bind ers will hold th e m on t he
bookshelf. St a m p ed in gold. Specify yea r. Only
n eac h , but g o ing up be fo re lo ng. O rder.

73 PETERBO RO UG H NH 0345B
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* Pr iee -S2 per 25 w ords for een-eeennerelet ods; 510
per 25 wo rd s fo r business ventures . No di spla y ods
or a ge ney diseount . lael ude you r eheek with order .

"*: Dea dline for ads is t he lst of the month two m~nths

pri~r to publi eat ion. for ello mp le: Janllary lst is th l'lo
deadline for t he Mareh Issu e whieh will be mailed
on the 10th of F.brua ry .

* Type eopy . Phrase and pllnetuate ella c:tly a s yOIl wish
it to a pp ear. No oll-eapitol a ds.

* We will be the judge of suita bilit y of ods. Ollr re­
sponsibili t y fo r errers extend s only to printing a eee­
red ad in 0 later Iss ue .

* For $1 extra we ean mai ..t ai n a r ep ly bOl{ fQr you .

* We eannot ehe ek into eaeh advertiser, so Caveot
Emptor • .•

SPECIAL CLOSE-OUT SALE. Rectifiers, Transis­
tors, and man y other Electronic Pa rt s. Lowest prl­
CS6. Se nd 1st fo r Catalog. Electronic Components
Company , P.D.Box 2902 S ., Baton Rouge, La.

3 PLAS TIC HOLDERS will frame and protect 60
cards, $ l-or 10 holde rs $3. Pre paid & guarant eed.
Pate nt 3309805. Tepa bco , Box 198 N, Gallat in,
Te nnesse e 37066.

WA N T ED ANTIQU E RA D IO and w ire less equ ip­
ment. Also rad io maqaaines of teens and twenties.
A lso buy ing supp ly catalogs, D uc k, Manhatt an !
etc . Farr ell, 2252 Dixie Pont iac, Mich. 48055

THE ANNUAL HAM FEST fo r the Wash ingto n DC
met ro poli t an area, sponsored by the Foundat ion
Fo r Amateur Radio , will be he ld at t he Gaith ers­
burg Fa irgrounds in nearby Gaithersburg, Maryland
on Su nday Septem ber 21 st , from 1000 un ti l 1700.

RTTY GEAR FOR SAL E. List issued mo nt hly, B8
o r 44 mhy to rrolds 5 for $2.50 postpa id. Elliott
Buchanan & Asso ciate s, Inc.. 1067 Mandana Blvd.,
Oak land , California 94610.

" TOWER HEADQUARTER S'" 11 Brand sl Heights
a luminum 35% offl Strata Crank-ups-lew costl
Rotors, antennas and gear d isco unt s. Phone patch
$ 11 .95. Catalog-20c! po stage. Brownville Sales Co .
Stan ley, Wisconsin 54768.

T ECH MANUAL S, and service data for Surplus
Electronics. Thousands of pu blications on hand,
covering communicatio n and t est eq u ipm ent. Sor­
ry-nn catalogs, but will rush price and availa­
bility quotes for specific lit eratu re that you may
need . Propagation Products Co ., Box 242, Monroe
Street Post Offi ce , Jackson ville 1, Florida.
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DUAL- GATE MOSFET

PRE-AMPS

t , .. -------/tt .- ..
< .

"" ~ ~.(e:

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

• Availab le from 5 MHz. to 4SQ MHz. Bandwidth is
approximatel y 3% of fre quency.

• Voltage gain 30 to 40 DB d ep end ing on freq uency.
• Two Dual Gate MOSFET a mplifier stages with each

ha ving a tuned Input and tuned out put . Each Dual
Gate MOSFET Is <lctu <l lly <I n integrated cesec de cir ­
cuit thus g iving you 2 ce scocle ci rcuits equi valent
to 4 t riodes .

• Except iona lly low noh e (2.5 DB at 175M Hz.), great­
ly reduced ctOU mod ulation and 10 times the dy­
namic ra ng e (sig na l han dl ing cap ability) of the be st
bi-polar t ra nsistors. Also super io r to preamps using
'Iunction FErs and -SIng le Gate MOSFETs.

• nterna l con nect ions l or hig h Impedance AGC or
manua l qe ln contr ol if need ed .

• Type BNC input a nd out put receptacles for minimum
loss at UHF. Stan da rd Imp edance is 50-15 ohms .

• Ca refu lly tu ned at ou r laboratory with sweep genera­
to r and oscilloscop e fot the best ba ndp ass char acter­
istic.

• Full wav e UHF dIod es pr otect inpu t transis tor.
• Op erates on 6 to 16 volts DC,S to 15 Mol .
New York City and Sta te resid ents add local sales tax .

VANGUARD LABS
Dept. H

1 96 · ~ 3 Jamaica Ave., Hollis, NY 11423

SURPLUS WANTED
Eq uipment wit h Prefixe s:

ARA , ARC , ARM, ARN, APA. ASN. ASA,
APN, APR , ARR, ASO , GRR. GRC, GRM,
GPM. VRC. UPX, URA , URR. URM, USM,
UPM. SG, MD. PRM, PSM, PRC, TMO, TRM,
TED. SPA. SRT, CV.

Commercial Eq uipm ent by:
A RC, BIRD. BOONTON . BEND I X, COLLINS.
MEASURE MENTS. H-P, NARDA . GR, SPERo

RroE~hsH DOLLAR PAID or TRADE
WE STOCK NEW HAM GEAR
WRi TE-Wi RE-PHONE

BILL SLEP. VJ4FHV
SLEP EL ECT RONICS CO.

2 4 12 Hiqh w ay 3 0 1 N. E llenton . s re. 3 3 532
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SURPLUS PAR TS
Latc h ing Relay - Potter & Brumfiel d K B 3PDT.
115 v. 60 st a rt , 6 v 60 stop. The 2 relay s can be
sepa rated , ma kin g a DPDT re lay w ith 11 5 v ,
co il, & a SPDT wi th 6 v. co il. 5 a mp co ntact s .
$1.25 eac h, 6 fo r $ 6 .00 .
POWER TRANS FORM ER , 275 v , no ct. 150
rna., 12 v. @ 2 amps . 115 v, 60 pri. 2 3/4" x 4"
x 3 )1, " h . S hpg. wt. 7 lbs. $ 1.75 each, 4 for
$6.0 0.
POWER T RA NS., 350 -0-350 v , @ 130 rna.. 6.3
v. @ 3.6 A. , 5 v, @ 3 A . 115/230 v, pri. Open
fra me wit h leads, S hpg. wt . 7 lbs. $2.00.
.5 mf 4 00 v, o il-f illed ca pac it o rs, rectangula r
case, m il. spec, $ 1.00 per dozen .
Load ing capac ito r, 5-sections, 400 pt. p er sec ­
t io n , 318" sh aft. Will lo ad full powe r in to 50
o hm s. $2 .0 0 each. Adapt er t o \1,," shaft. 25 i.
Shpg. wt . 4 lbs.
l -in ch PM speake rs. 5 .4 o h ms . A lso m ake
good mike. A rne r tcan made. 75t each.
Transistors: 2N1187, 2N131l, 2N586. l 5d
each, 25 for $2.50.
Command XMTR SPECIAL 6C-457, 4-5.3
Mc., good for vfo or for parts Fair condo Less
tubes. Shpg. wt . 13 lbs. $3.00 each, 6 for
$15.00
GUARANTE ED USED HAM GEA R
Nati onal NC·303 wit h calibrator . Mint. $200.00
Mosley CM-l receiver $ 80.00
Surplus BC-348 with AC power. $ 70.00
Galaxy V with AC supply. $300.00
Heath DX- l00 Xmt r. $ 75.00
Globe Hybander VHF·62 Xmt r . $ 49.00
Hammarlund HO-140X receiver. $100.00
Hammarlund HQ·145X receiver wfspkr $160.00

.JEFF- TRONICS
42 52 Pearl Rd . Cl vlnd ,O. 44 109 749 -4237

,

1 70 0 transistor typ es at 3 9 t each .
40 wa t t ge rma niu m p ower t ransis t or, sa me as Del co

50 1 2 N2 78 Ietc.L, Cat: 349, 59t each .
C ol or TV ca rt r idg e f oc us rectifier 6 .5 kll. Used in

elle ry co lo r TV . Ca t : C F R·2 0, 7 9t eac h.
Motorola 2 500 m ao at 1 00 0 p ill. hIgh voltaqe/ cu r­

~E~ _i~8~X9ti~~gh'. rec ti fi e r , a x ia l le ads. Cat:

2 Prin t e d ci rcu it L F. t ransfo rmer S
b

4 lU9, 455 kc in-
p ut and o utput, Cat: 19 9 P4 , 99 t each .

RCA U HF t ransIsto r t 'Gpe T V t une rs. K R K- 1 20

~~~~t~h~~~; U~ar2 1, ~a~j,2~;~I.~C. K-120 ( short-
RC A VH F trans ist o r type T V tuners, K RK -146,

Cat: VH F·74. $ 9 .99 each.
Transi st or ize d U HF tu ners used in 1965 t o 19 67

T V sets m ade by A d m ira l, RC A , Mo toro la, et c .

~;;;~~~.b l eN~~~I~~ I;a,v2 "~~Yt:r~C ~~ef~n~~ro~
~~it~~la2'a~~tJ~I~~~~ 7~e$t~~1:i. Easy replacem ent

UH F Tu ne r o ri9 ina l un its as us ed in T V se ts such as

~i,~'s ~2rT ~~~'94
t6',{f_2~ ri2~~~~~t~e~it1h\~~e~

~~~~e l~~~i7J~~~3~$4.~bJ~' Ca n b e US~d in most
Colo r yo kes. 70 d egre e s fo r a ll arou nd co lo r CR T' s.

C a t : XRC 7 0, $1 2 .95. 9 0 de gre es fo r a ll rec ­
t ang u la r 19 t o 2 5" co lo r CAT's. C",t: X RC -9 0 ,
$12.95 .

Kit o f 30 test ed ger m ani u m d io d es. C at : 1 00. 99t .

Si l i~~nvJ.fJ~::!5$~~~IT~~~e,,1'{1f'i4~e~rtthf~i a5g~:~:

7" , ~3J:d:9~~-; 'rV't:~~~'test p ict u re tube w ith ed -
en t e r. No ion t rap needed. Ca t: 78P 7,
$7 .99.

TUbi's rJr~~~~, ~i~Ui2~JK' p~~zei O~~ ·lgu~GB \~~a
$2 .9 5 p e r lOa, 5U4G size4l! each .

Send f or co mp lete fr ee cata lo g. In cl ude 4 % o f dol-

~RD~IA~ cgano:Ji~~ ~~ec~~s~~edO Il~ ~ d~~~r~~~a~

ARCTURUS lLECTRONICS CORP.
S02·22nd St ., Union C it y , N.J . 07017 D.p t .M73

Pho..: 2Ql -UN 4-SS6I

156

OH IO VALLEY 6 meter phone net 50.350 every
Sun day . 2000 EDT, WA8W1W, NCS Sciotov tl!e.
Ohio . T raff ic and Rag Chew ers Welcome.

FIND OUT abou t t he New Greene Balu n. Read
all the detail s on page 59 of this issue. Greene
Balun, Warf ield, R.I. 02880

WANTED : T ECHN ICA L mater ial. Corp model
XFK f req . shift exciter fo r Tmc mo del GPT 750 ­
also TMC single side band exciter, model SBE for
GPT 750 & manua ls-plus 18 to 30 foot para­
bo lic dish. What w ill you take fo r it in p lace of
money - w il l swap brand new towers o r test equ ip­
ment. Wr it e, wi re o r cal l: Eugene Leger, Holli s
St ., East Pepperell, Mass. 01437.

SEL L : CO L LINS KWS- l , Ser. 896, $640; 75 A4,
Ser . 5763, $4 20-or both fo r $ 1025. I w ill sh ip.
Lew Hi ndert, Rt . 4 , Box 29 0, New Brau nfels,
Texas 78130.

WA NT ED : CR t ube for Tektronix 56 1 o r 561A
oscil loscope. Sell: Coll ins CC-2 Carryi ng Case,
$ 50 .00 ; TMC Commerc ial TT G-l two-tone osc il la­
tor, $95.00; Kepco SC-18-4M t ransistori zed power
sup ply , 0-18 VDC, 0-4 amps, 0 .1% regu lat ion,
mete red, $ 110 .00; Bird 6254 R-F watt meter, 0-2
watts, 30-500 me, 50 ohms, $50.00: Bird 67 R-F
watt met er, 0-25 /100/ 500 watts, 30-500 me, 50
ohms, $125.00. FOB, H. T . Cerva ntes, 34 Johnson
Rd., Binghamton , N. Y . 139 05 (607-724-5785),

CHR ISTIAN Ha m Fello wsh ip now organ ized for
Christ ian fe llo wship and gospel tra ct efforts amo ng
Christian li censed amateurs. Christian Ham Call ­
boo k , $1 .00 donat ion. For deta i ls and sample
copy of ham gospe l tract, wr ite to Ch r istian Ham
Fello wship, P. O. Box 218, Hol land, M ichigan
49423 . "

WANTE D TEST EQU IPMENT: Bird watt meter,
measurements of G. R. siq. gen. up to 45 0 me;
Tektronix scope. Sta te pr ice. W2E ON, 93 Gi l­
more Ave ., Bin ghamt on , N . Y. 13901.

WR L'S USED gear'has trial-te rms-guarantee! KWM 1
-$249.95; HW32-$89 .95 ; Swan 25 0-$249.95 ; TR3­
$ 369 .95; NCX3-$169.95;SB34-$299.95; Galaxy v ­
$ 229.95; Galaxy Vmk2-$279.95; Ranger-$99.95;
HT32A-$259.95; 100V -$259 .9 5; Galaxy 20 00 tin­
ear-$329.95. Many more. Free " blue-book " list .
WRL , Box 9 19, Counci l Bluffs, Iowa 515 01.

WANTED: T urret Turner w ith co i ls or o ld chassis
w it h Turner for Hammarlu nd SP4 00X receiver.
Later mo del with 13 plate stato r & 14 plate roto r.
Ralph M. Will iams, Box 372, Dixfield, ME 04224.

SELL HALLICR A FTERS HT-32 Transm itter, ex­
cellent cond it ion inside & out, $ 210. Wil l deliver
with in 50 mi les. Want Co ll ins 32S1 or 32S3 .
Robert Kujawski, WA 2VD X, 30 Rose St ., F lorida,
N. Y. 91 4-65 1-72'2.

GREEN E . cente r dipole insulato r w it h o r
. . without balun . . seeSeptember 73 issue.

HAMS WHO LI K E aud io, too, try new quarterly:
A mplifiers by Wil liamson and Bailey , speaker by
Baxandall. Deta i ls, Aud ion 307 Dickinson Ave.,
Swart hmore, PA 19081.
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36 /8 5. 00

H. V. CAPACITOR

"

The above 6/S 1.00

" I F" TRANSFORMERS
262 .5 khz tube, Miller type 6572
262 .5 khz transistor , Miller type 8008
10.7 mhz tube, Miller type 14 63
10.7 mhz tra nsistor, Miller ty pe FM-IF

COI\IPUTOR GRADE
CAPACITORS

15 volt 110,000 mldS2.00 ea.12/S20m
18 volt 6,500 mid 1.00 12/$10

50 vo114,000 mid LOO 12/S10

450 volt 600 mid 2.00 12/S20

GE o il filled capacitor, A real brute, rated
1 mfd at 15,000 vo lts. Terri fic savings
du e to being Govt. surplus.
30 lbs #6 9-63 $ 10.00

0.5 mid 7,500 Volt . .
Brand new Military surpl us oilII
f illed t ransm itti ng ca p. Ceramic --
sta ndoffs. '
5 Ibs #6 9-210 $ 5.00

1.00
1.00
1. 0 0

2/ 1. 0 0
2/ 1. 0 02/1.00 1- ,

3/1. 00
1.00
2 .0 0

WIRELESS
ELECTRONIC TACH

S6,400.00 MEMORY DR UM

S20.

JOHN MESHNA JR.
19 ALLERTON ST., LYNN, MASS. 01904
P. O. BOX 62, E. LYNN, MASS. 01904

-- . ...-, ~- ---- ...... - -_.;;....;"~:-7"

~'Jf-f', .
~ ., -- - ~- ~- -:'~~'-?:t:.i

/ : .

Po rtable t ransistori zed . . !

wireless (no con nections
req uired ). May be used
on 2 o r 4 cycl e eng ines.
1-2-4·6 or 8 cy linder,
ou tboards, ma rine. au­
tos, trucks. 2 sca les
6 ,000 & 12 ,000 rpm.

12 M 2
711

1 M 5
7 M 6

Military surplus made by HU G H ES fo r t h e AF .
Co n d ition ap p ea rs ex cellen t due t o b e ing enclosed
in a ir t ight case w it h termi nations on p lug co n­
n ec t ions . 134 read/w rit e head s, 12 h ea ds phase f------------ - - --- --1
ad j ustab le tim ing . In t egra l drive mot o r 1 15 volts
400 cy cle.

Ship ping w t. 39 Ib s. • .... .. . . ..#DRUM $ 10 0. 0 0

92 3
92 5
946

...
9 0 0 Buffer $1.00
9 1 0 Dual 2 -input N O R 1.00
2 -903 Dua l in p u t gate 1.00
9 14 Dua l 2 -in p ut gate 1.00
9 14-925 Dual 2 -input ga te d u a l

e x pa nder
JK f lip f lo p
Dua l 2 - inp ut gate ex p
DT L 4 2 -input NAN D/NOR

ga t e
DT L Cloc ked flip fl o p
D ual 4 -inp u t lo gic ga te
6 NPN t ransis t o rs in one

pac k ag e . ge n use
D iff Amp
D u a l C a m p Amp

VA RIABL E DISC TR IMMER
Miniat ur e cera mic variable
tri mmer capacito r. Piston ~-
t ype tu nin g, size .375 diam,
.275 dee p. Printed circuit

I---- - - - ---- - --- - - - -j mount . Amateur net on ~ ~~

thi s is 51.68 each. Our
pr ice o nly 25¢ each or 24
lor S5 .00 . All are brand ~
new. State size, may be
assorted if you wish. '

#N300 2 .5-11 pI Iii ~
# NPO 5.5-18 pf
#N650 9-35 pf
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UNIVERSAL LOGIC
CIRCUIT CARDS

CINCY STAG HAMFEST : The 32nd Annual Stag
Hamfest w ill be hel d September 28, 1969 at Stri ck ­
er 's Grove, Compton Road, Mt . Healthy, Cin cin­
nati, Ohio. Door prizes each hour, raffle, lots of
f ood, flea market, mo del aircraft fl ying, and con ­
t est s. Identi f y Mr. Hamfest and w in prize. $5.00
cost covers everything. Fo r further info., co ntact
John Bruning, W8D SR, 6307 Fairhurst A ve., Cin­
cinnati , Ohio 4521 3.

William P. Turner, WA~ABI

Increase Your Grid Dipper Range
There is general agreeme nt that a grid dip

meter is an invaluable piece of amateur test
equipment. Why then confine it s use to the
usual frequency range of 2 or 3 mhz to per­
haps 250 mh z whe n it is some easy to make
additional coils to cover the lower ranges?

Browsing through the catalogs will qui ck­
ly convince you that hardly anyone sees fit
to sup ply low frequen cy coils and when they
do it is at additional cost. Why not make
your own? All that is necessary is a base
which will fit the coil socket of your dipper,
a coil for m or two , and a little patie nce..My
curr ent dipper is a Heath GD-I (which I find
superior to several others I have had around
the shack) which requires a t wo-pin coil
base. In my case I had only to bend two
length s of copper tubing to the proper spac­
ing for the coil termina ls at one end and the
socket spacing at the other. Aft er th e pro­
per frequency range was established , the en­
tir e coil and about a hal f inch of th e leads
were pot ted in casting plast ic, making a very
stu rdy assembly.

The low cost coils I used ( 5 cents each at
a local ha mfest) came equipped wit h a fer­
rite slug. I left the slug in for th e lowes t
ran ge - 250 khz to I mhz and to ok it out of
the higher range - I mh z to 2 mhz. No ex­
act data can be given due to the varia tion in
dipper circu it ry. This will be a case of pure
"cut and try ." The range of th e new coils
must be plotted on a graph agains t the origi­
nal dial markings.

A general covera ge receiver will allow cali­
brat ion down to 550 khz and by feeding th e
signal into it s if strip, an additional point at
app ro xima tel y 450 khz is obtain ed . Below
th at frequency things get a little tougher. If
you happen to have a low frequency receiv­
er, fine , if not, use harmonics in the Be
band.

INTEGR ATED CI RCU ITS : new Fairchild M icro ­
logic ; epoxy T O-5 package. 900 buffer, 914 gates,
BOi each ; 923 J-K fli p flop, gOd each. Guaranteed.
Add 15i postage. HAL Devices, Box 365W, Ur­
bana, Illinois 61801 .

Enterprises
PO eox 44 , HATHORNE MASS.

01937

MAGNETIC MEMORYORlJ\II
This memory drum originally cost the govern­
ment over $ 6,400.00, and is a t ruly f antast ic
piece of equipment . It wa s made by Hu ghes
Aircraft Co. as part of an aircraft co mp ut er.
The unit is completely sealed and therefore
the drum surface is in excell ent condition .
It has 146 heads mounted in 11 columns, 12 are
phase adjustable timing heads, the drive motor
requires 115 VAC 400 cycle (Hz) 150 V A , and
has a speed of 800 RPM. SH . WT . 50 #.
MMD-59. $ 100.00
Send 2 5t! f o r our ne w , bigger, b etter than eve r

bargai n catalo gu e-FREE WI T H A N
OR D ER .

Inst ant logic!!! fo r 10 pin TO-5 or 14
lead dual in-line INTE GRATED CI RCU ITS

These boards are the most useful items we have
ever offered for breadboarding with lo w cost in­
tegrated cir cuits. The cards are made from 1/16"
G-l0 Glass Epoxy, w ith pads for 14 lead dual
in line mounting pads on one side and 10 lead
TO~5 pads on the other. 8 lead TO-5 cans
will mount in the 10 lead TO - 5 p ads also. Dis­
crete Transistors and components can be moun­
ted in the locat io ns between the l.Cv's. po wer
supply leads are already routed around the board .
Our co mpetitors charge $9.50 each for ci rcuit
card and mating connector.
We give y ou a surplus, unused p.c. board with
com po nen t s on it (that y ou can kee p fo r you r
j unk box) , a connector and it s mate, and our
great circuit card. You drill out the desired hol e
pattern, unso lder the co nnecto r from t he sur­
pl us card and install it on the new card , w ire
in the I.C .'s and compute . A few minutes of
your time, and yo u save over 80 % of the cost
of comparable p.c . cards. Get enough for yo ur
breadboarding needs now because these are
going to go fast.

2 Cards & matg .conn'tors 2 tccc $ 2.5 0 ppd.
10 Cards & matg.conn'tors 10 ICCC $1 0.00 ppd.

100 Cards & matg.conn'tors 100 ICCC$88 ,00 ppd.
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It 's Giffy!

* Make ligh t " pipes"* Dazzli ng dis plays* Triggers photo &
infr a·red cell s

If 's Education a l!

D

If 's FUN!

OPT ICA L SC IE~T I FIC BHEAKTHRU!
Al lo ws "hair thin" g-la ss fib ers (2.ft. lung)
t o t ransm i t & r ccieve co ld lig ht. en er g y of
any color . by i n t e r n a l reflectio n . Hundlcd,
j ac k e t e d , it g uides , s n uo p a , p i p e s l ig- ht
around cor-n ers, walls, even in eircles, tr ig ­
j!l· r ing s ue h devi ces as lig-h t s l'ns it iv e tran ­
s isto r s . diodes. SCI'S. It CUTS, B ENDS ,
AC T ':; li ke w ir e . NO e lt'Ct r iei t y On ly one's
im aj.( i nal io n co n tro ls it s 1000 ' s o f uses.
FHf<;E : 12-I>c. acces sory k it , with "ho w-to­
, In booklet.".

PACKE D

1400 PC GLASS FIBER OPTIC
LIGHT SENSOR KIT

"

Term s: ad d lJ() ~ t a I': C. Rat ed: ne t 30, ~", \ ' 5 2!i%
Pho n e O rde rs: Wakd'i eld . ~las s. (~ 17) 24;,_382~

R.. hi l: ~1 1 Alb ion , St.. Wak~li t'1 <.L M "..ss ,

SALE
0 ·06
0 ·0 7
0 ·09
0 ·12
[j .16
0 ·2 1
0 ·32

PIV
50

100
200
400
600
800

1000

PRY SA LEo 50 .75o 100 .8 5
o 2eO 1.3 5
0 40 0 1.95

7 AMP TRIACS

HIGH VOLT'.
1 AMP ,
EPOXY /t

PIV SAL Eo 2000~ 1.00
C1 3000 1.35
D 400 0 1.65
.. 5000 2 .25
0 6000 2 .96
0 8000 3 .50
[l 10000 3.95
~ 1. 5 Am p "''ilt ing

1 AMP
EPOXY

PIV 1.5A 2A " 3A
50 0 ·06 '-0 ,06 0 .15

10 0 0 .07 0 ·0 7 [ ) .19
200 0 ·09 0 ·09 0 ·22
400 0 ·12 0 ·12 0 ·3 1
600 0 ·16 0 ·16 n .4 3
800 0 ·2 1 0 ·2 1 0 ·49

1000 0 ·32 n .3 2 0 ·79

EPOXY SILICON ·

TRA NSISTORS fii
5 for $1 '!fI

Typ e Sa leo 2N2222 5 fo r $ 1o 2 N23 68 5tor$ 1

g
::::J 2N2711 5tor$ 1

2N 2368 5 fo r $ 1
2N3396 5 for $ 1

::J 2N3 565 5 for $1o 2N3 568 5 fo r$1
n 2N 3638 5 for $ 1
H 2N364 1-3 5 for $1
(] 2N 3645 5 f o r $1

B2N3662 5 f o r $ 1
2N3683 5 f O T $I

DoB

D 2N3793 5 for $ 1
2 N4248 5 for $I
2N 4284 -5 5 f or $ 1
2 N4288·9 5 fo r $ 1
2N 4290 5 for $ 1

SILICON CON TROLL ED RECTIFIERS STUD

PRV 7A 16A 25 A
50 8 .4 1 § .60 D .65

100 .63 .75 D .95
200 D .91 1.10 0 1.2 5
400 0 1.50 0 1.7 5 0 1.9 5
600 0 2. 10 0 2.25 0 2 .50

EPO X Y RE CTIFIER S & " M ET A L CA S ED
1.5A - 2A - 3 AMPS

NEW! "BlIS·DDW' PAKS
DTRANS ISTORS

100 for $198
U" l . ..."

NPN ar: PNP ' ow.., Au";o. I f ,

3 for $15

u"
D.C. Am p lifi er . . ...
Ope rat iona l Am p . ._...
DIfferent ial Compa ra tor .
Sense Am plifie r

LOWEST PRICES ON
LINEAR AMPLIFIERS
G ua ranteed! Wi t h Spec;. S h ee t s!

" BlI S·DDW' PAK BARGAINS
_ 5 - 1 AMP 10 00 PIV 5 for $1

=-: 6 - I AMP 800 PIV 6 for $I=4 - 2 AM P 1000 P lY 4 fo r $1

" BlIS· DDW' PAKS

No. Description
o 958 Decade Counter
o 959 Butter-Memory $5 9o 960 Decod er-Driver • 5

MICRO MINI
" PORC ELAIN"
1 AMP

NEW! Tra p Doo r

SALE ON FAIRCHILD
COUNTING DIGITAL "ICs"

"":::="=:"1 "op\.\~1iw
pr.,C\l.l D

Typ e
- 702
. ' 7 09
,.., 7 10
[1 7 11

R ECTIFIER

PI V SALE 400 me
2~~"D 50 .05

0 100 .0 7
N P N HI G H PO W ER0 200 .09r:: 400 . 12 UH F TRAN SIST ORSU 600 .19

L].' 800 .24
0 1000 .29 :::J 2N363 2 23W, JA.

.G1.A ~ T • )(MA~' CATALOG ON : Pub, Recti fie rs .
~....: Transistors, SCRs. I.C:5, Equipment , 10c

~
P.O, BOX 942 A

• • • • lynnfield. Ma ss .
0 19 40
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LIBERTY
PAYS MORE! LIBERTY

OFFERS MORE!
WILL BUY
FOR CASH
ALL TYPES

• ELECTRON TUBES
• SEMICONDUCTORS
• Military Electronic

Equipment
• Test Equipment

WIRE, WRITE, PHONE COLLECT! WE PAY
FRi:lGHT ON ALL PURCHASES WE MAKE

PRESTEL FIELD STRENGTH..METER
(M odel 6T4GJ*Never Anything Like It!*1 Man Can Do a BetterJab

than 3 in the Same Time!*A Gold-Mine for Antenna Installers!
Frequ e ncy Ran ge: 40 to 230
and 470 to 8bO Meg ahertz .
Ca librated outword from 10
to 50,000 Microvolts. Nothing
makes it e asier to properly an d
spe ed ily find the correct plac e
to install TV, FM a nd Com­
municat ion Ante nnas. You ca n
meas ure and hear the signa ls

wit h th is 4112 volt batt ery eco nomic ally powe red
unit. There is nothing else like itl

Only $1 20.00 FOB N. Y.

Liberty Electronics, Inc.
548 Broadway. New York. New York 10012. Phone 212·925·6000

INDEX :,"0 ADVERTISERSOUR PROBLEMS "
7 "ARE "
FINALLY SOLVED

We are in ou r new build ing and in
full product ion-Fast service is again
a reality.
Our t hanks to our many customers w hose pa­
t ien ce was at times bad ly abused.

..Authoriz ed Serv ice fo r
N at ional Radio

..A uthorize d Warranty Repai rs for
Julie Resea rch Labs
Mic ro Power
Dat a Pulse
Varien Reco rders

..Dist rib utors for
Rohn Towers
C ushcraft
A R Speakers

LEGER LABORATORIES
Ho llis Street. East Pe pp er ell , Mass . 91437

Phones : 617-433-2721 . 2722. 2723
To ge t here from Har ya rd take 495 no rth to 119 and
then III into Pepperell. fTo m Con co rd NH take th e
Everett Turnp ike to rout e 3 to II I to Pepperell .
Com e see our new bu ilding. Come buy a beam or do
to wer . . . o r g et just about anyth ing fixed.

160

"'(! irom!oc" . 27
"e'o"on, 103
"' rna te u ' Who le E I""' , 7 1
A rncc o Bool< ., 13
A ,,, ;(lo n , 5 1
An t e n n a . lnc. 57
A nte nn a Ma rt, 3 3
A"'tu <U., 15 6
ATV. 1B

B & F. 15 8
B ige 'o ",. 8 3
Bob. A tI"at .....t. B7
8ona nza, 12 3
B rigar. 153
B u ,g'>a'<lt . 3 1

C,,'-; r>geI1a , 7 9
c..llboo l<, 9 5-103
C B R a<lio , 89

Oeo-",on, 15 3
Oenv'" C rY" a ' , 79
DGP . 10 0
Dow Key . 5 5
D ra k e , I V
O " ,a To~, e". 2 7
O".ina . 123

E o. ;'o n , 33
E"•• , 29
Eva n . , 8 3

F a ir Radio , 1 53
F ' ec l<. 11 5

Ga ... ...ay . 154
G il. G . 14 3
G lOb a l. 123
G ood h e ..' . 151
Gr""n e , 41

He" " ""'. 3 1
HA L Dev ices . 82
HatfY. 11 5
HCJ . 119
He~tt.k it E Iec ' "," i<. , "
He"' ~ , 14 1
H & L . 9 1

In st .1flt G o u r"," , 81
' nternalio .... 1 C, y.tal. 3

Jam.. R....~' c h. 1 15
J an C,ysta l. 14 9
J ell -tlon ic . , 15 6
J enning., 63

KN E lec tr o n ic . , 107

Lege r , 16 0
Lewl,.,a,,' . 1 19
Li b e rt y. 160

Mega ct. 123
Meshna, 157
Mos'ey. 35
M u,e h . 29

Na t io n a' R ad;O. 23
N_som• • 149

Pan"""k . , 93
P...-I<. 75
PU ;t<on ix , 8 1
P i<k ", ing, 111
Poly Pa .. . . 15 9
P roduetO , J~, 1 19

a ,,_M. 4 5 -1 3

R adio StooP. 119
Red lin e , 1~ _ 1 43

Rohn, 25

Saleh, 77
S am., 6
Soocu, it y, 12 7
S h o ct Wave O" io., 82
S lep. 155
Spectru m. 82
Stanl ey , 14 3
Ste lla" 61
S w an , 7
Signa l-One. 73 -7 5 ·79-8 1-82

8 5 8 6 ·87-89- 9 1

T e l, ,,,. . 111
To"".... 8 6
T"",,-We y , 87

UFO N e t. 86
U n ite<! Rad io , 154

V..,;~ a,d. 33-47 -8 1 -9 1- 155
Vu it"""i,,,., 5 9
V H F. 97
V;btOi>le~ . 73

West"'" , 73
WRl-. II I
Wo, I<lOS L , 18

7:1 Mag~l ;r>o

b"oo k., 104 -10 5
B indors. 93
C I" b F I" agl • • 131
Subsc ,i pt iOn , 14 6

73 MAGAZINE


	scan0000
	scan0001
	scan0002
	scan0003
	scan0004
	scan0005
	scan0006
	scan0007
	scan0008
	scan0009
	scan0010
	scan0011
	scan0012
	scan0013
	scan0014
	scan0015
	scan0016
	scan0017
	scan0018
	scan0019
	scan0020
	scan0021
	scan0022
	scan0023
	scan0024
	scan0025
	scan0026
	scan0027
	scan0028
	scan0029
	scan0030
	scan0031
	scan0032
	scan0033
	scan0034
	scan0035
	scan0036
	scan0037
	scan0038
	scan0039
	scan0040
	scan0041
	scan0042
	scan0043
	scan0044
	scan0045
	scan0046
	scan0047
	scan0048
	scan0049
	scan0050
	scan0051
	scan0052
	scan0053
	scan0054
	scan0055
	scan0056
	scan0057
	scan0058
	scan0059
	scan0060
	scan0061
	scan0062
	scan0063
	scan0064
	scan0065
	scan0066
	scan0067
	scan0068
	scan0069
	scan0070
	scan0071
	scan0072
	scan0073
	scan0074
	scan0075
	scan0076
	scan0077
	scan0078
	scan0079
	scan0080
	scan0081
	scan0082
	scan0083
	scan0084
	scan0085
	scan0086
	scan0087
	scan0088
	scan0089
	scan0090
	scan0091
	scan0092
	scan0093
	scan0094
	scan0095
	scan0096
	scan0097
	scan0098
	scan0099
	scan0100
	scan0101
	scan0102
	scan0103
	scan0104
	scan0105
	scan0106
	scan0107
	scan0108
	scan0109
	scan0110
	scan0111
	scan0112
	scan0113
	scan0114
	scan0115
	scan0116
	scan0117
	scan0118
	scan0119
	scan0120
	scan0121
	scan0122
	scan0123
	scan0124
	scan0125
	scan0126
	scan0127
	scan0128
	scan0129
	scan0130
	scan0131
	scan0132
	scan0133
	scan0134
	scan0135
	scan0136
	scan0137
	scan0138
	scan0139
	scan0140
	scan0141
	scan0142
	scan0143
	scan0144
	scan0145
	scan0146
	scan0147
	scan0148
	scan0149
	scan0150
	scan0151
	scan0152
	scan0153
	scan0154
	scan0155
	scan0156
	scan0157
	scan0158
	scan0159
	scan0160

