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NOWIT CAN BETOLD!

HERE’S WHAT’S BACK OF THE

SUPER DETIANT 5%-25

This story began a long time ago. But
not until now could it be told. For not
until now did we have the overwhelming
proof for the final chapter . . . proof that
the new SUPER DEFIANT is one of the
finest amateur receivers ever developed
at the price.

After months in the hands of our engi-
neers . . . designing, experimenting, test-
ing, developing, perfecting...it was

ally completed. But that was not
enough. We wanted to KNOW what the
SUPER DEFIANT would do in the hands
of amateurs. No experimenting by cus-
tomers. No selling it on faith alone. So a
large number were placed with amateurs
and key distributors for operation un-
der almost every conceivable condition.
Opinions were weighed, comparisons
made, results checked.

These practical tests proved that it met
every demand made of it. Distributors
were notified . . . told about its perform-
ance...told that here is a receiver

amateurs were waiting for . .. told that
at its low price the demand would hit a
new high. They believed us. They or-
dered. They had SUPER DEFIANTS in
stock, ready to make their announce-
ments af the same time Hallicrafters did.
And their confidence was justified.

“First one sold within five minutes,”
writes one. “The hottest receiver and
biggest receiver value in my radio ex-
perience,” wires another. “Showed it to
a group of hams and they were so en-
thusiastic that they sent a telegram of
congratulations to the factory,” reports a2
third. “Sold five in one day.” “Sold out
first three days.” “Rush two by express.”

These are typical of the expressions in
scores of wires and letters that have been
pouring in from Distributors. If you
haven’t yet seen it, call upon your Dis-
tributor at once. He’ll give you the facts
...why it is making such a hit with
amateurs Everywhere . . . why it may be
just the receiver for you.

the Ita”icrah'ers inc.

CHICAGO, U. §. A.

WORLD'S LARGEST BUILDERé OF AMATEUR COMMUNICATIONS EQUIPMENT
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A NEW 100 WATT TRANSMITTER

at Less Than You
Could Build It Yourself

It is only natural that the “largest builders of ama-
teur communications equipment,” with unlimited
engineering and production facilities, should de-
velop such a transmitter. You could not build one
like it yourself except at a cost far in excess of its
price. Even THEN you might not have a transmitter
which would equal the performance of the new
HT-9. Note some of its special features:
The HT-9 is a five-frequency phone and CW unit,
rated at 100 watts on CW and 75 watts on phone (car-
rier output.) Coils are available for all bands from 1.7
to 30 megacycles. Exciter coils for five bands can be
plugged in, pretuned, and left in the transmitter.
Band-switch, controls and meters, governing every
function of the transmitter, are all on the front panel.

1009 modulation with very low distortion is as-

sured. Carrier hum is at least 40 db below 100%

modulation. Any medium-level high impedance type

of microphone can be used. Built for 110 volts 50-60

cycles AC. Dimensions: 28" x 181%"” x 114" high.
The new HT-9, with all these advantages, sells for
$199.50 less only coils and crystals. And you may
have it fromyour Distributor on TIME PAYMENTS
if you wish.

the I'la”icrar'l'ers inc.

)| CHICAGO, U. §. A. _
WORLD'S LARGEST BUILDERS OF AMATEUR COMMUNICATIONS EQUIPMENT
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LACKING an actual photograph
set the scene for our story.
a bit hatd on the bud-

a pair of cut-rate filter

before the

we had our artist
ZY4QQ, you see, found so many OW'’s
get. So he mail-ordered (by camel express)

condensers. He installed them, but= caravan

)\“GL-Séé’s——if he has to trade off some of the OW's to do

it. He'll save, of course.

G-E Pyranol capacitors are built to
exacting standards to assure long, de-
pendable service. They'll operate con-
tinvously at 109, above rated voltage.
And their compactness will save
ZY4QQ some express costs, because
space is at a premium on camel-back
just as it is in your transmitter.

OM ZY4QQ wants GL-866's because

he knows that G-E research scientists
were the first to develop hot-cathode

GENERAL @) ELECTRIC

mercury-vapor rectifiers and that the
name General Electric means he will get
top petformance from all G-E trans-
mitting tubes. You can prove he's right
in your own transmitter!

Bulletin GEA-2021-B covers G-E
Pyranol capacitors; GEA-3315, G-E
transmitting tubes. Get them from your
dealer or from General Electric, Radio
and Television Dept., Schenectady,

New York.

900-30
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amateur affairs.
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“IT SEEMS T0 US—"

TB’ERE is an old and dog-eared manila
folder in our desk with the title “Fditorial
Suggestions.” It has been there for years and
is torn and spotted and faded. It could be re-
placed for two cents but we like it the way it is
because we can always put our hand right on
it. Throughout each month it receives notes
and ideas and letters that suggest a topic for
this page. Fach month, come this time, we
bring it up to the top of the madhouse we call
our desk and look through its contents to see
what we ought to write about.

We were rather impressed to find in the old
folder this month two letters complaining of an
appalling lack of sportsmanship by established
amateurs towards newcomers or would-be
amateurs. That is happily an uncommon thing
in ham radio. We don’t often have such cases.
Generally we can find reason to be mighty
proud both of amateur accomplishments and
of the splendid spirit of brotherhood that char-
acterizes the participants in our art. But when
we review these two letters at the same time
they combine to leave so bad a taste in our
mouth that we believe something deserves to
he said on the subject.

The first letter 18 from a large city in the
near southwest. Like every large city, it has
numerous amateurs and a considerable group
of would-be amateurs on their way to licenses.
The latter group, with the assistance of a local
club, is getting up code speed by listening to
the A.R.R.L. code-practice lessons sent out
by a few pubhc-spmted amateurs on the 160-
meter ‘phone band. Some of the local amateurs
seem to have decided that the bands are
crowded enough already and that they are not
in favor of any new amateurs. So, it is reported,
they have deliberately organized themselves
into a network on the exact frequency used for
the code practice, with the specific intention of
preventing its reception. They admit it. Pleas,
threats and plain honest begging so far have
not been able to move them.

This is a sickening violation of common
decency and of the creed of the amateur. These
fellows forget that they themselves were once
beginners who had to look to others for help.
They are reversing the usual rule of the ama-
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teur to be as helpful as possible to others,
particularly to beginners. They show a sadden-
ing lack of sportsmanship and of the tradi-
tional amateur spirit. We are ashamed of them.

They are also violating communications law.

"The interference that happens accidentally in
amateur radio (and that is always with us) is
legitimate. No one can complain about it. But
interference that is deliberately created by
moving onto a particular frequency with the
purpose in mind of preventing the reception of
other signals on that frequency is unlawful. It
1s precisely what is meant by the term “mali-
cious_interference” in the Communications
Act. Heavy penalties are provided for it, in-
cluding loss of license and fine or imprison-
ment.

We now call upon these fellows to cease and
desist. We believe they will know exactly what
we mean.

Our other letter is from a professional man,
licensed for something over a year, who has
been taken for several rides by mercenary
amateurs. When he first received his ticket he
didn’t know much more radio theory and prac-
tice than the law required, and he felt obliged
to seek assistance in the design and construc-
tion of his transmitter. A number of local
amateurs wanted to help him for a fee. He
eventually selected one, highly recommended
by a local supply house, who for a hundred
dollars agreed to design the transmitter, list
the parts, help in the wiring, explain the theory
and see that the rig worked properly. It never
did work properly, apparently because it
wasn’t a sound design. Its father fiddled with
it for months. He never could find the trouble
but he kept his “fee’”” and he seemed to think
he ought to have more because of the length of
time he was spending looking for trouble.
Other amateurs heard of the difficulty and

- offered to help but our friend says that their

invariable story was, “Well, I can fix it up
for fifty dollars.” He began to think all ama-
teurs were like that. Then he had the good
fortune to meet a real amateur, one who pains-
takingly checked through the whole trans-
mitter, found the trouble, showed how it could
be overcome at a cost of less than five dollars,

1



and who didn’t want a fee. But meanwhile our
correspondent had almost decided that every
amateur wanted money before he would help,
and he has a pretty low opinion of our tribe
generally from what he has seen of us.

He is disgusted, but we are amazed. We
admit that in all our years we have never
heard of anything like this in amateur radio.
Building a complete rig for a novice for a fee
is one thing, and may be all right if value is
given, but trying to charge a brother amateur
fifty fish for spotting trouble — well, we're
disgusted too.

As we’ve pointed out before, amateur radio
dies out from the top. 1t is the amateur of skill
and proficiency, gained by experience, who for
some compelling personal reason is obliged to
give up the game. We must have fresh blood

« SPLATTER +

The mail produced “one for the books” the
other day from “Doc’”’ Gainsforth, WOUHP. We
are reproducing the photo with ‘‘Mike” sitting
in the driver’s seat.

Dr. Walter Lemke, WBRLB, criticizes QST’s
lack of interest in the communication problem for
the amateur yachtsman. He would like to see

8

coming up, if we are to hold our numbers and
our position in the art. The new people must
succeed the old-timers, themselves to become
the skilled old-timers. We have never aimed
at great growth and in fact we have assidu-
ously avoided too-great growth. But we must
have constant replacement to hold our own
against our losses from the top, and these
people must start as we all did — from scratch.
It is therefore plainly up to us to encourage
beginners. It is part of the amateur’s code to
be friendly. The amateur spirit is marked by
kindly advice and counsel to the beginner,
friendly assistance when needed, slow and
patient sending when requested. These have
been our standards for over a generation. Let’s
maintain them!
K. B. W.

some dope on antenna systems for the small
craft, ideas on waterproofing equipment as it may
be called on for a drenching, or even at best, salt
spray is going to take its toll. And there is the
power supply problem.

This sounds like a “must” to us and we shall
do something about it if we can gather together
any information on the subject. What say ham
yvachtsmen — let’s have the dope on how you
licked the problems and let the rest of the
brethren henefit from your experiences.

Our Cover

This shot was taken at South Schenectady
by G.E.s Photographer Burns. Emile Nickle,
W2EGN isin the process of manning the switches.
This is just the temporary antenna switching
arrangement for WGEO at the moment, while the
new one is under construction.

— oo mm—

Maybe the old worm, ‘‘Necessity is the Mother
of invention’ wasn’t coined expressly with the
ham in mind, but we have certainly adopted it
us an apt phrase time on end. The latest ““neces-
sity?’ is the kink on eliminating the bugaboo of
flashover in neutralizing condensers. !ansen,
WIKNZ of Denver, who has many times before
‘“‘done something about it” has written this up
for QST and appears on page 28.

Deserving of careful study by every amateur
is the unusually clear presentation and explana-
tion of just what happens in the lonosphere,
which originally appeared as a Bureau of Stand-
ards Circular and we judged worthy of reprint in
QST. As we continue to explore the high fre-
quencies it behooves us to grasp the basic funda-
mentals that we may more readily understand
and appreciate these theories that have proven
to be fact, not fancy.

0ST for



The phrase ““The House of Magic’’ has become synonymous with the General Electric
plant at Schenectady. That phrase, connoting the synthetic lightning bolts and the
talking robots and the other stunts displayed for visitors, is largely window dressing. Be-
hind the window dressing, though, in the laboratories and workshops strewn through
the massive, sprawling plant there is genuine magic being done — the magic both of basic
research and of practical engineering. Three members of QST’s editorial staff — Gram-
mer, Rodimon and Goodman — recently had the opportunity of exploring the plant and
examining this work in detail. When they came down to earth (in other words, back to
38 LaSalle Road), they sat down and let us have the adjoining account of what they saw.

OST Visits G.E.

The Editors Explore the House of Magiec® and Reporit on Latest
Radio Developments

lF voU asked an average individual,
ham or otherwise, to name the first s.w. broad-
casting station that came to his mind, the chances
are he'd say “2XAF” or “2XAD.” For these
stations were not only real pioneers in the busi-
ness (15 years or so in the game and still going
strong) but always were outstanding in pushing
real hefty signals around the world. The days ot
experimental calls seem to be over (2XAD is
now WGEA and 2XAF is WGEOQ), but changing
calls does not mean a change in the policy of the
station management. For the (G.E. short-wave
broadcast transmitters are still experimental and
probably always will be— the laboratory for
transmitter developments which sooner or later
will be incorporated in other stations whose
prime purpose is sending out program material.
Even now WGEQ is in the throes of transition
into the most powerful short-wave BC trans-
mitter in the U. 8., using a new kind of power
tube which bears little external resemblance to
the kind of tube we see in more conventional
stations.

The desire to have a squint at this newest rig
attracted us to the 65-acre plot of land two miles
southwest of Scheneetady that is the QTH
of WGEO, WGEA and WQGY, and numerous
other experimental layouts. Too, G.E.’s rapidly-
maturing television broadcasting developments
aroused their share of interest — and anticipa-
tion. And we had a warm invitation to come
and have a look so, showing remarkalge astute-
ness in preselecting one of the coldest days in
January to make the trip, off we went. We timed
ourselves to be at the reception building outside
the main gates promptly at opening time, and
on getting there found E. H. Fritschel, W2DC,
already waiting for us. On “Fritz’’ had fallen the
job of getting things lined up so we could see as
much as was physically possible in one day, and
his was the not-too-easy task of keeping us
moving fast enough to meet the schedule. There
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are always so many things to examine, to ask
yuestions about — and, when practically every-
body you meet is a ham or ex-ham, & community
of spirit that doesn’t make for short QSO’s!

Right at hand, and therefore the first stopping
place, was Building 36 which houses the tele-
vision and short-wave broadcasting studios. The
television end was our first objective, because
we hud heard that there was some pretty snappy
u.h.f. equipment installed there. And we found
that the reports were not exaggerated.

Visualize a large room; perhaps 25 by 40 feet,
with a 10 by 15 “island” at one end. T'he island
is the control room, glass-fronted towards the
“studio” su the control operator can watch the
action and monitor the picture at the same time,
’phoning instructions to the cameraman, who
wears a headset and rides the movie-type dolly
carrying the television camera. The other three
walls of the control room are formed by relay

All photos courtesy of G.E.
When good hams get together — it’s all in fun!

L.~R. (standing): Fritschel, W2DC; Grammer,
W1DF; Goodman, WLJPE; Darlington, W2ALP;
(kneeling) Rodimon, W1SZ; Fritschel, W2MCL.
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racks full of sweep circuits, high- and low-
frequency pulse generators, blanking circuits,
phase-correction circuits, audio, video and
radio amplifiers, monitoring equipment — enough
tubes and parts to satisfy an indefatigable ham
builder for years and years. Unlike most televi-
sion studios, this one does not simply handle
audio and video circuits but include§ actual
radio transmitting equipment as well, for the
signal generated here in Schenectady is relayed
by a radio link to the actual broadcast trans-
mitter some 12 miles away in the Helderberg
mountains.

The studio itself is set up much along the lines
of what we imagine an ordinary movie set to be
like. Since the television cumera requires more
illumination than a movie camera, batteries of
lights are very much in evidence — not ordinary
lights, but G.E.’s new “capillary-type” water-
cooled mercury-vapor units. Ordinary “takes”
require 12 of these 1-kw. lamps — four batteries
of each. This grouping permits 3-phase operation
to avoid flicker. The light is about 3 times as in-
tense as that from the same wattage in incan-
descent lamps, but 90%, or more of the heat is
taken away by the cooling system in much the
same fashion as in water-cooled transmitting
tubes. Occasionally extra illumination is required
for a scene, and then a dozen or two 300-watt in-
candescents with internally silvered reflectors
are brought into service. The heat from these is
practically unbearable, and between the heat
and the glare we have a lot of respect for the actor
who can behave naturally in front of a television
camera.

In this maze of complicated circuits and non-
microphone technique the thing that catches the
ham’s eye is the relay transmitter. Working on a
carrier frequency of 157.25 Me., this is a sweet
job of u.h.f. construction, with lots of little kinks
worth adapting to amateur use. 'The front end
of this set can’t be told, in appearance, from an
ordinary i.f. amplifier chassis; it has a crystal os-

SIGHT AND
SOUND
/ STUDIO

Studio Programs

Video-15125M: 40w, SCHENECTADY
Audho-43.2 Mc
(F M) 50 watts
//
24
// R
7/ Video B.C.
j 6725 Mc.
duto (A M)—
FREQ |VIDEO XMTR, 71 .75 Mc
conversion| 10 Kw (’/’/
TO T* AUDIO
BC FREQ.| 10 kw
T
f_‘;‘%g ng_, | HELDERBERGS o
carries MY [ e I
Program Wire e oudio \‘«
yng \

Video 45.25 Mc.
Auaio #9.75 Mc.

F(am‘ \AY.C.
LEmpere State)

Fig. I-—This ‘“schematic” shows the television
broadcasting setup, involving relayed programs from
two separate sources. M sound programs also will be
relayed in similar fashion.

cillator, frequency multipliers, and a couple of
1852 amplifiers working on a frequency of 22.75
Me. The video signal is introduced into a balanced
modulator at 22.75 Mec. ; one side-band is selected,
amplified, and mixed with a local oscillator fre-
quency of 134.5 Me. to give a beat at 157.25 Me.,
which is then fed through a line to the first stage
of the transmitter shown in the photographs.
Each of the stages in this outfit is a linear ampli-
fier, using 832’s (the u.h.f. double beam tube) to
build up the power level to the point where it will

The television relay
transmitter at the
Schenectady studio
has unit-style construc-
tion for each stage.
For short leads and
symmetry, tuning con-
densers are discs
mounted on standoffs
which bring the plates
right at the tube ter-
minals. Stages are cou-
pled inductively, with
coupling varied by
moving the stage along
the ““track” at the
bottom.
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excite the final push-pull
834’s. The output is about
40 watts, which is ample
to do the job for which the
transmitter is intended.

Each stage is built on an
aluminum chassis in the
shape of an inverted U,
with all tuned circuits lined
up so that inductive cou-
pling can be used between
stages. The bottom edges
of the chassis fasten to
aluminum-angle “rails”
running the length of the
transmitter; interstage
coupling is adjusted by
moving the whole stage
back and forth until the
loading is right; then the
stage is fastened perma-
nently to the rails. Obvi-
ously it is easy to take out
a stage should anything go
wrong. The r.f. is fed to
the antenna through a
double concentric line,
which is simply two ordi-
nary copper-tubing lines soldered together. The
tubing is grounded and the inner conductors
carry the r.f. The method of coupling to the line
is shown in Fig. 2. All four condensers resonate
the circuit, while the loading is adjusted by
varying the ratio of CiC; to CaCs, identical set-
tings being used on corresponding condensers.
The use of balanced circuits throughout avoids
much of the difficulty often experienced with
u.h.f. transmitters.

A miniature rhombic on top of the building
directs the 157-Mec. signal to the Helderbergs.
The sound program for the broadcasts goes out
from a 50-watt frequency-modulated transmitter
which is small enough to be (and is) tucked away
in an odd corner on a window-sill. It operates
on 43.2 Me. at present, but probably will be
moved to a higher frequency in the near future.

We almost forgot to mention one thing which
seems to be done as matter of course throughout
the r.f. end of a television transmitter. On every
stage, from the smallest up to the largest, a 955
acorn sits somewhere on the chassis. It’s con-
nected as a diode and is provided with a pickup
loop so that some of the r.f. can be rectified for
monitoring purposes. Thus the picture can be
checked at every point in the transmitter, and
should a broadcast suddenly develop one of the
many faults which can appear in a television
picture the guilty stage can be located in a hurry.

During the hour or so spent in looking over
equipment and asking questions of Mr. D. E.
Norgaard, W2KUJ, in charge of the experimental
work in the television studio, a couple more of

March 1940

apiece,

at WGEO.

‘These metal cylinders are rated at 50 kw.

WI1JPE pointing, with Towlson figuring out
the answer. Whatever it was all about, the fact
remains they are alongside the final amplifier

the G.E. ham contingent
joined the party: Gene
Darlington, W2ALP, in
charge of short-wave
broadcasting, Paul Frits-
chel, W2MCL, who is with
the frequency-modulation
crew, Bill Green, WOFWB,
of the publicity depart-
ment, and George Burns,
ex-W2HON, of the photo-
graphic staff. Through the
good offices of the pub-
licity department George
had his camera along to
shoot anything we thought
might interest hams, and
you can be sure we had
him use up quite a lot of
film and flash-bulbs.

Next stop, South Sche-
nectady! WGY, WGEA,
WGEO, buildings full of
transmitters, acresof beam
antennas. A matter of a
ten-minute drive from the
River Road main plant, it
would be ahard job to miss
this place, spotted as it is by WGY’s new 625-
foot vertical radiator, visible for many miles over
the surrounding country.

Externally, things looked rather natural as we
approached the station grounds. Several 300-foot
steel towers and many 100-foot poles with all
sorts of dizzy-looking arrays stretched between
them are very much in evidence. The famous
Byrd antenna pointed at Little America, which
several years ago was so effective, is still up and
even now is beginning once again its schedule of
weekly “mail-bag” broadcasts to the coloniza-
tion crew digging in at Little America. Most of
the short-wave antennas are of the type known

Power is off and it’s safe to tangle with the antenna
network of 100-kw. WGEO.
W2ALP gingerly adjusts a tap on one of the network

inductances.
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as the ‘‘Alexanderson panel antenna,” consisting
of stacks of horizontal collinear half-wave ele-
ments, with 2 corresponding reflector when
unilateral transmission is desired. The size of the
antenna depends upon the amount of directivity
that can be tolerated; the bigger the antenna the
greater the gain, but the narrower the heam and
hence the smaller the region which can be given
good service. Generally there are three stacks of
elements, since a good deal of vertical directivity
can be used, with from three to five horizontal
elements in each row. Each element is individu-
ally trimmed to insure peak performance. All the
short-wave antennas are fed by 600-ohm lines,
tapped to ¥4{-wave matching stubs. The closed
ends of the stubs are inherently at ground poten-
tial and are directly grounded for lightning pro-
tection.

Approaching the entrance of the main building
the photograph you see on the cover looked like a
‘““natural” 5o it was snapped with the coéperation
of Emil G. Nickle, W2EGN, who was aloft to
switch antennas. (Another shot that may not look
so “natural” is the one of the G.E. and HQ com-
bination in front of the building.) Our visit to
South Schencctady was concentrated in the
main building, where WGEO, WGEA and WGY
are housed. WGEO was the center of interest,
with its new high power final amplifier (a Class-B
linear) soon to be pushing out 100 kw. on regular
programs. This is the outfit which incorporates
tubes more resembling 50-gallon water tanks
than r.f. bottles. These tubes (so far as we know
they have no numbers) constitute a radical de-
parture from conventional practice, especially in
mechanical features. For one thing, they can be
taken apart — no discarding a whole tube here
should one of the filament wires burn out! One

of the photos shows the metal top of the tube;
this simply is bolted to the rest of the assembly
and can be taken off with the aid of an Allen
wrench. One touch we liked a lot was the spigot
on the plate to let out the trapped water when
the tube is demounted! Each tube is mounted on
a sort of truck which rides on a track running
through a door in the front of the amplifier unit,
and when any work is to be done on the tube it is

PN % ¢ e

Among the driver stage of WGEA, W2DC appears to
he inspecting the terminals of an 833.

disconnected and pulled out into the room on its
truck. They are not evacuated and sealed off as
are normal tubes, but are continuously pumped
to maintain the vacuum; the vacuum pumps run
day and night whether the transmitter is on the
air or not. In addition to the familiar meters
normally associated with a power amplifier, the
control panel has vacuum gauges to show the gas
pressure in each tube.

Electrically, the tubes are in the low-valtage
high-current class — comparatively speaking,

Behind this panel — 10 kilo-
watts of sight and 10 of sonnd, on
television channel No. 3 (67.25
Mec.). At this transmitting plant
at the Helderbergs there is no .
video equipment — the signal”
comes in at r.f. and gocs out the
same way, but on a different fre.
quency. All linear amplifiers from
the receiving antenna to the
transmitting antenna. Larry
Leeds is taking a squint inside onc
of the high-power stages.
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Here’s a

site to
make an
ultra-high-
frequency
man’smouth
water! Look-
ing out over
the valley
from behind
the trans-
mitting sta-
tion in the
Helderbergs.
The bun-
dred-footers
carrying the
antennas
don’t hurt
any, either.

since they are intended to be operated at 9000
volts when full power goes on. During this ex-
perimental period they have been running at
about 6000, with a plate current of 10 amperes
per tube; eventually the input will be upped
to 40 amps total at 9000 volts, which it is ex-
pected will give around 100-kw. actual output to
the antenna after deducting tank losses.

One might expect something terrific in the way
of a plate tank circuit for a high-frequency trans-
mitter of this size, but actually it is not too
formidable. The circuit is rather high-C judged by
ham standards, but the plate current/plate volt-
age ratio also is high. The tank coil is two turns of
about 1-inch copper tubing wound to a diameter
of about a foot, and it is tuned by vacuum con-
densers. At least that was the arrangement when
we saw it; several other tanks had been tried
before (including one “‘coil” consisting of one
large turn of four-inch busbar) and plans for
trying a new scheme were already under way.
The copper tubing coil is water-cooled, a prac-
tical necessity when tank currents run in the
hundreds of amperes.

The neutralizing method is an interesting one,
although probably not generally applicable to
amateur transmitters. The circuit arrangement
is shown in Fig. 3. Although one of the very
early neutralizing circuits proposed, it is only
recently that it has been finding favor in com-
mercial transmitters, and we were told that a

7bnk Czl
S
- C‘ Line
C=
{
\

G —

Fig. 2 — Coupling circuit used in the u.h.f. transmit.
ters for working into a balanced concentric line.
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good many modern broadcast transmitters are
using it. The inductance of the coil is adjusted
so that its reactance is equal to that of the grid-
plate capacity of the tube so that the feedback
through the tube is cancelled by an opposite
feedback through the coil. This system of neu-
tralization avoids the parasitic oscillations usu-
ally associated with cross-neutralized circuits,
and has the advantage that since there are no
neutralizing condensers there is no increase in
the effective capacity shunting the tank circuit.
Unfortunately, the neutralization does not hold
over much of a frequency range, so it is necessary
to readjust the neutralizing circuit when the
frequency is shifted.

We amateurs aren’t the only ones who have
difficulty with harmoniecs. A troublesome third
here was cleared up by the linear trap shown in
Fig. 4, the trap being a shorted section of trans-
mission line, }4 wavelength long, bridged across
the main 600-ohm line to the antennas. The con-
denser across the end cancels out the stub react-
ance at the fundamental frequency so that the
stub or trap has no effect on the fundamental,
but on the harmonic the trap is & short-circuit.
“Before and after’” measurements showed that
installation of the trap reduced the third har-
monic by 18 db, and another 2 db suppression
was obtained by enclosing the stub line in a
sheet-aluminum shield.

At its present output of 50 kw. the rig is just
coasting along, but if too many new troubles
don’t develop as the power is increased it won’t
be long before the full 100 kw. is on the air. Ac-
cording to the fellows at the station, you never
can tell what’s going to pop next when the power
is doubled — the only sure thing is that some-
thing always does! Including burning out one of
the wires in & directive array when the output was
running around 100 kw. It must have been fun
while it lasted! )

Let us straighten out a point for those of our
readers who assume that high-power experi-
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mental transmitters are all dolled up with
chromium plating and polished brass rails for
visitors to walk around and gaze at with awe.
It will perhaps be something of a shock to learn
that the fact is actually the antithesis. These
transmitters are real guinea pigs; in them ap-
paratus, circuits and ideas must go through the
most exhaustive workouts. Perhaps it is the lack
of frills, coupled with thoroughness of testing
and elimination of ‘““bugs” of all descriptions,
that makes an amateur feel so much at home in
this plant.

Before leaving we walked into that part of the
station housing WGY’s famous 50-kw. broad-
caster on 790 ke. since 1926. Passing along to the
control desk to sign the visitors’ log, our atten-
tion was caught by something familiar-looking
on the bulletin board. We just couldn’t resist
taking & shot to bring back to the C.D. An
ORS/OPS Bulletin was prominently displayed
on the board. Did anyone ever say that hams
don’t work at BC stations? As an example,
here’s the roster of the gang now working
at South Schenectady: Emil G. Nickle, W2EGN;
Donsld Mecllwain, W2KOZ (ex-W5ABD);
George M. Hoffer, W2AVG; Robb Millham,
W2EZ; Ralph Yeandle, W2ETY; Robert Lingle,
W2KWF; Harold G. Towlson, W2BDE; Ty
Schumacker, W2AIX; Roy Stigberg, W2AUJ;
William Spencer, W2CEM; Fred Vert, W2JWA.

Time out for lunch, then off to the Helderbergs
and the television BC transmitter. This site is
20-odd miles southwest of Schenectady by road
and at the highest point in the vicinity —— 1520
feet above sea level. As this trip was being made
in the middle of winter it was understood we
should not be able to go all the way by car —
road conditions would make it necessary to climb
the final hill on foot as driving was an impos-
sibility up the last stretch. Arriving at the spot
after a gradual climb up a winding slippery
road, we saw readily that there had been no ex-
aggeration whatsoever. Directly in front of us,

Fig. 3 — Coil neutralization circuit in the 100-kw.
linear amplifier for WGEQ (ex-W2XAF). The blocking
condenser C is to isolate the plate d.c. from the grid and
resistor R is an oscillation suppressor. The coil reactance
is made equal to the reactance of the grid-plate capacity
of the tube.

up a 30-degree slope, was our destination and it
was either hug the road of sheet ice or take to the
drifts. The less agile members of the party were
about ready to call out the St. Bernards by the
time the top was reached!

There are really two stations at this location,

one for receiving and one for transmitting, The-

transmitting end is situated on the side of the
mountain facing Albany and Schenectady, on a
little plateau which seems like a balcony over-
looking a vast expanse of Hudson River valley.
It is said that on a clear day one can see into
Massachusetts and Vermont from there, and we
can readily believe it. But in zero weather with a
small gale blowing the scenery is best appreciated
from indoors! The receiving station is on the
other side of the peak where there is a clear shot
down the valley toward New York City and
the Empire State building. This station is used for
picking up the New York television and fre-
quency-modulation programs and relaying them
to the transmitter. The whole system is a bit
complicated, but can be straightened out with
the aid of Fig. 1. Empire State programs on
television channel No. 1 (45.25 Mec.) are picked

Part of the front end
of the 67.25-Mc. tele-
vision transmitter.
Similar construction
to the lower-power job
at Schenectady, but
using different tubes.
At the extremeright is
an output coupling cir-
cuit of the type shown
in Fig. 2, feeding into
a balanced concentric
line which runs to the
input end of the main
transmitter shown in
another photograph.
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In the 71.75-Mec.
sound transmitter, the
exciter has one stage
with four tubes in
push-pull parailel.
‘This unconventional
arrangement uses ordi-
nary tank circuits,
and fairly good-sized
ones at that! Particu-
lar care has been taken
to make the circuit
perfectly symmetrical.

up here, converted into audio and video outputs
in the usual receiver fashion, and the audio is
then passed on to the transmitting station over
a wire line. The video signal, however, is used to
modulate a low-power transmitter on 157.25 Me.,
the same frequency as that used in the relay
transmitter at Schenectady, and sent by radio to
the transmitting station. At the transmitting end,
therefore, we find something of a novelty — a
television transmitter entirely devoid of video
circuits, pulse generators, blanking-signal gen-
erators, and the usual accompaniment of auxili-
ary circuits. The whole sight transmitter is made
up of linear amplifiers and a frequency-changing
circuit or two. But if it sounds simple, one glance
at the control panel will bring quick disillusion-
m®nt on that point!

Basically, the sight signal comes in on 157.25
Me. and is rebroadcast at a 10-kilowatt level on
67.25 Mec. A rather complicated system of fre-
quency conversion is used to get the signal to the
latter frequency without running into *“birdies”
from mixing of various oscillator harmonics. After
conversion, the signal is passed through linear

60012 line L C

%
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Fig. 4 — linear harmonic suppressor, using a }§-wave
line. The line is resonanted by the condenser C to the
fundamental frequency to avoid loss of power, but acts
as a short-circuit to the third harmonic.
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amplifiers, all on the same frequency, starting
out with the small unit shown in one of the photo-
graphs.Tts construction is # good deal like that
of the relay transmitter at Schenectady, but more
conventional tubes can be used because the
frequency is lower. In the main transmitter unit
the power is built up in successive stages, using
in some cases small water-cooled tubes of the 888
type; larger stages incorporate tubes — (GL-889
and GL-880 — developed especially for the pur-
pose. The perenniul u.h.f. problem of tube
capacities is acute here, because a tube has to be
fairly big physically to handle the power. Add on
the fact that the amplifier frequency characteris-
tic has to be flat over a band of five megacycles
and you have a real job on your hands to get any
kind of efficiency, especially in a linear amplifier.
It may be of interest to note that 10 kw. of tele-
vision transmitter takes up more space than five
times that power of ordinary broadcast trans-
mitter.

Linear tank circuits are used in the larger
stages, with inductive coupling betweén the plate
tank of one stage and the grid tank of the next,
Tube capacities and inductance of internal leads
make it necessary in many instances to use trick
circuits with half- and three-quarter-wave lines,
with the tube leads forming most of the line, The
coupling usually is varied by swinging one tank
through an arc with respect to the other, and
some neat mechanical arrangements have been
developed for the purpose. One feature of the
high-power stages that caught our eye was the
use of carbon-rod type resistors (100-watt size)
of the order of 2 or 3 ohms as filament ‘“by-pass
condensers.” The rods have low impedance to
both radio and video frequencies, which would
not be the case with ordinary condensers. Drain-
ing a few more amps from the filament trans-
former is of no particular consequence. Conven-

(Continued on page 115)



A Practical 112-Mc. Converter

Using Loktal Tubes for the U.H.F. Mixer and Oscillator

BY BYRON GOODMAN,* WIJPE

A 112-Mc. CONVERTER is nothing new, of
course, but the one to be described started out
with a different angle from most. As far as we
know, all of the available designs for 2l4-meter
converters use acorn tubes. Acorn tubes are
designed for the u.h.f. picture and are expected to
do a good job in that range, but we wanted to see
if some less expensive tubes might not turn in a
fair performance. We weren’t at all sure that
anything could be made to work, but we didn’t
run into any serious trouble and now we'’re quite
keen about the possibilities of more fellows get-
ting on 214 meters with good but less expensive
gear. With 2l4-meter f.m. looming as the big
interest for the serious u.h.f. man, perhaps the
knowledge that he doesn’t have to go to acorn
tubes will induce him down to the band faster.

Tt might be well to start out by admitting that
we're an old fuss when it comes to the u.h.f. stuff.
Every time we see a lead over an inch long in a
piece of u.h.f. gear we think, “ My, what a lovely
choke,” because, actually, it doesn’t take much
inductance to have considerable reactance above
60 Mec., and even a straight piece of wire has
inductance. Further, we’re & nut on dielectrics,
and we're always visualizing the losses introduced
by a piece of inferior insulation in u.h.f. gear.
With all this as a background we were rather up
against it when we started to look around for
tubes and gear to use in a 112-Me. converter that

* Asgistant Technical Editor.

wasn’t to use acorn tubes. Acorn tubes weren’t
considered for the job because it was felt that
their use already had been covered quite thor-
oughly, and we wanted to see what other tubes
might work. After looking over the available
tubes, the loktal series showed up as the most
logical. They are available with the necessary
characteristics, they have good insulation (glass
throughout) and the leads are a half-inch shorter
than their nearest rivals (the bantam series) and,
what’s better, the leads are made of heavier wire
with, consequently, less inductance. Unfortu-
nately, after all the excellent arguments for the
loktal-type base, the only available sockets were
of “low-loss’”’ natural-colored bakelite but (just
to prove we worry too much) the sockets didn’t
seem to keep the converter from working. We did
manage to find polystyrene coil sockets and forms
but had to be content with isolantite for insula-
tion on the tuning condensers.

We ended up with what we feel is a fairly rea-
sonable starting point for the serious but impe-
cunious 234-meter experimenter. The converter,
for simplicity, uses only a mixer and oscillator,
with separate tuning controls to avoid ganging
worries. The thing is flexible enough so that by
simply changing the output coupling transformer
it can be made to work into a 3- or 5-Me. i.f. or,
if one wishes, into the i.f. amplifier of a 43-Mec.
f.m. broadcast receiver.

'The oscillator stability turned out to be hetter
than we had dared to expect, comparing favor-
ably on 214 meters with any acorn oscillator using
coil-and-condenser tuning that we have seen.
The sensitivity of the converter seems to be quite
good, and it brings in any signal a t.r.f. superre-
generative acorn job will, which is the only stand-
ard of comparison we have available.

Let’s itemize the variations, to keep them
straight. With the 3-Mec. {or 5-Mec.) output cou-
pling transformer, the converter can work into an
f.m. amplifier and detector for 214-meter amateur
reception and 43 Mec. f.m. broadcast reception.
Coupling the output to a regular receiver tuned
to 3 (or 5) Me., the converter can be used for the
reception of stable amplitude-modulated signals
in the 214-, 5- and 7-meter ranges. The converter
can work directly into your present f.m. broad-

A rear view of the converter shows the two plug-in
coils and the antenna terminals. The wire leading off
at the left is the battery cable; the twisted pair on the
right carries the output to the i.f. amplifier.
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Fig. 1— Wxnng diagram of the u.h.f. converter

Cy — 15-ppfd. midget variable (Hammarlund HF-15)

Cz — 35-pufd. midget variable (Hammarlund HF-35)

€3 — 10-ppfd. midget variable (Hammarlund HF-15
with one stator and one rotor plate removed)

14 —_ 100-;mfd. midget mica

Csy Cs, Cr — 500-uufd. midget mica

(s, Co — 0.01-4fd. 600-volt paper

R1 -~ 500 ohms, l4.watt carbon

R2 —- 125,000 ohms, 1-watt carbon

Rz — 20,000 ohms, l¢-watt carbon

R4 — 10,000 ohms, 1-watt carbon

T1 -~ 3 Me.: 75 turns No. 30 d.s.c. closewound; coupling
coil is 20 turns No. 30 d.s.c. closewound 18-
inch from ground end of coil.

5 Mec.: 45 turns No. 30 d.s.c. closewound; cou-

pling coil is 14 turns No. 30 d.s.c. closewound
14 inch from ground end of coil.

The transformers are built in the Hammar-
lund ETU umts. Both sections of the conden-
ser are used.

L1 — 112 Me.: 2/ turns No 20 enam., 3%-inch diam.,
spaced diam. of wire. Grid tap at #{ turn from

top.

56 Mec.: 414 turns No. 20 enam., $4-inch diam.,
spacewound to occupy 5 inch. (;nd tap at l}é
tarns from top.

43 Mc.: 534 turns No. 20 enam., 3{-inch diam.,
spacewound to occupy %4 inch. Gnd tap 2 turns

fro
Ly — 112 Mc.: 3 turns No. 20 enam., }{-inch diam.,
closewound one wire diameter below cold end

of Li.
56 Mc.: 3 turns No. 24 enam. closewound }§-
inch below Li.
43 Mc.: Same as for 56 Mc.
La~-112 Mec.: 1 turn No. 20 enam.
3 wire-diameters below Lq.
.)6 Mec.: 134 turns No. 24 enam, closewound
g inch below La.
43 Mc.: 2}4 turns No. 24 enam. closewound 3§
inch below Lq.
Li—112 Mc.: 7§ turn No. 20 enam., 34-inch diam.
56 Mc.: 134 turns No. 20 enam. spaced to oc-
cupy ¥4 inch.
Mec.: 237 turns No. 20 enam. spaced to
occupy ¥4 inch.

14.inch diam.,

The 112-Mc. converter uses a TA4 oscillator and a
1232 mixer. ‘'he panel dial is the oscillator tuning dial;
the panel knob is the mixer tuning control. The knob on
the side adjusts the oscillator band-set condenser.

cast receiver for the reception of amateur 112-Mec.
f.m. signals, by cutting in at the h.f. mixer grid.

The Circuit

A 1232 is used for the mixer tube. Although it
has a slightly lower mutual conductance than the
1231, the 1232 showed up better in this particular
case. This is a bit of luck, since the 1232 is less
expensive and is more readily available. In an
effort to cut down the loading of the tuned circuit
by the tube, the grid is tapped down on the coil,
and it results in better gain and a much more
decided tuning peak to the circuit. The grid is
capacity-coupled to the oscillator rather loosely
but apparently plenty for good conversion.

The oscillator is a 7A4, the loktal version of
the 6J5. The old “plate tickler” circuit was used
so that the cathode could be grounded. On
56-Mec., the stability and lack of hum on the
oscillator is such that c.w. signals can be copied
and made to sound as they do on a low-frequency
band, but on 112 Mec. some hum does creep in
and 1t is not possible to tune in a ¢.w. signal and
have it sound ““T9”. This is a trouble we ran into

communications or all-wave b.c. receiver.

with this converter.

It isn’t much of a trick to build a 112-Mc. converter with regular tubes if you take care
with a few details. The converter described here will help to get you started on 2l%4-meter
amateur f.m., since it can work into a 3- or 5-Mec. i.f. amplifier, or your 43-Mc. f.m. broad-
cast receiver. It also makes a nice converter for 56-Mc.

In case you don’t own an f.m. receiver or i.f. amplifier, you can get started with the con-
verter now and (ST will soon carry a description of a suitable i.f. amplifier for f.m. to go

a.m. signals by working it into your
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in the acorn-tube front end of our first f.m. re-
ceiver,! and we must confess we don’t quite
know how to lick it without going to battery-
operated h.f. oscillators. The drift is quite low
on 112 Me., but the hum is just enough to super-
impose ripple on any signal that is tuned in. It
isn’t objectionable, and is completely missing on
the lower frequencies, but it does present a

problem that has us slowed down to less than a

walk,

The oscillator tuning condenser is a 15-uufd.
condenser from which several plates have been
removed, and this is paralleled by a 35-uufd.
band-set condenser. With this old familiar type of
band-spread system, the converter can be set to
the desired frequency band, the mixer condenser
turned to the point where the noise is greatest,
and then the tuning is all done with the small
oscillator condenser. When a signal has been
tuned in, the mixer can be peaked again, but it is
not usually necessary over the range of the band-
spread condenser. The pulling of the oscillator by
adjustment of the mixer tuning condenser is very
slight, doubtless because of the loose coupling.

Construction

The only trouble that may be encountered in
the construction of the converter will be brought
about by the lack of a soldering iron with a
sharp point. We were a bit apprehensive about
the wiring of the converter, but found it to be
much simpler than had been expected, through
the simple expedient of deciding beforehand just

t Grammer and Goodman, “ F, M.in Amateur Communi-
oation,’” QST, January, 1940.
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A shot underneath the
converter illustrates the
arrangement of the parts.
Note that in the oscillator
section (on the left) the
band-set and tuning con-
densers butt into each
other for short leads. The
band-set condenser is in-
sulated from the side
panel by an insulated
washer, and the oscillator
circuit grounds to the
chassis at only one point,
through the tuning con-
denser. The victron through-
bushing which serves as
coupling between mixer
and oscillator can be seen
on the partition just above
the oscillator tuning con-
densger. The bushing con-
nects to the 1232 grid on
one side and to nothing on
the other.

¢

where the wires went and which ones would
prevent our getting at certain terminals. But
that's getting ahead of the story.

As can be gathered from the photographs, the
prime objective was to keep the r.f. leads in the
circuits as short as possible. The arrangement
that was finally worked out gives leads that are
short and direct by mounting the coil sockets at
the rear of the chassis, the tuning condenser in
front of the coil sockets and the tube sockets
directly above the condensers.

All of the metal is ¥{g-inch thick aluminum.
The panel is 514 by 8 inches, but it is longer than
is absolutely necessary and could be trimmed to
be only 6 inches long. We included the extra
length to put the dial in the center of the panel
and also to provide room for possible future
switches for shifting to various i.f. amplifiers.
The chassis itself is built from a piece of 534-inch
wide metal bent to form a 37%4-inch wide top and
4-inch deep back. A 14-inch lip is bent down from
the top to fasten the chassis to the panel. Two
sides were made by forming shallow U’s (with
15-inch sides) to fit between the panel and the
back of the chassis. A shield was made and fitted
under the chassis, making the oscillator com-
partment 214 inches wide. This shield mounts
the oscillator tuning condenser and also takes the
National TPB victron through-bushing which
serves as a coupling condenser between oscillator
and mixer.

‘The coil forms are the small 84{-inch diameter
Amphenol ones made of polystyrene, and the
coil sockets are also of polystyrene. The coil
sockets mount simply by drilling a suitable hole

0ST for



and sliding the retainer rings over the sockets.
The tube sockets are also made by Amphenol
and mount in much the same fashion. For short
leads, the oscillator socket should be mounted
with the slot towards the rear of the set, and the
mixer socket should be mounted with the slot
towards the left-hand side of the set.

As mentioned before, the oscillator tuning
condenser, C3, is mounted on the shield partition,
and the band-set condenser, Cs, is mounted on
the right-hand side of the chassis. The band-set
condenser is insulated from the metal by fiber
washers go that there is only one ground point to
the chassis for the oscillator circuit, that through
the oscillator tuning condenser. The mixer tuning
condenser, (1, is mounted on the right-hand side
of the chassis and grounds the mixer circuit at
that point.

The oscillator tuning condenser and the mixer
tuning condenser are fastened to their respective
panel controls through insulated couplings, to
avoid duplication of grounds.

One of the mounting screws for the tuning dial
also serves to hold the top of the chassis to the
panel, and another one holds the partition to the
panel.

It isn’t as difficult to wire the converter as one
might expect. The panel and sides should be left
off until all of the wiring that can be done without
them has been finished. Heater leads, ground
connections, by-pass condensers, and resistors
can all be put in before the sides and panel are
fastened. One should be a bit careful not to hold
the soldering iron on the polystyrene coil sockets

¢

‘The mixer circuit can
be seen when the side
panel is removed, giving
an idea of the placement
of the parts. The tie strip
at the lower right takes
the output leads from the
transformer. The through-
bushing can be seen just
to the left of the tuning
condenser, with a wire
from it running to the
1232 grid.

for any longer than is necessary to start the solder
flowing, or else the socket contacts will loosen
front the heat’s effect on the polystyrene. That
small, pointed soldering iron comes in very handy
here. A lead is run from the grid of the 1232 to
the through-bushing on the partition but no
connection is made on the oscillator side, since
the capacity between the bushing and the oscil-
lator leads is sufficient for coupling. All r.f. leads
and leads from by-pass condensers carrying u.h.f.
current are kept as short and direct as possible.
Coils

The coils for the 5- and 7-meter ranges are
wound in the usual manner on the outsides of the
coil forms. No trouble should be had in finding
the 5-meter amateur band and the 43-Me. broad-
cast band, since the tolerances on these ranges of
coils are fairly wide. The only care necessary is to
prevent the pins from loosening up in the forms
because of the heat when soldering. The wire
should be well cleaned and a spot of flux used on
the tip of the pin. No attempt should be made to
flow solder on the pin and wire, but a drop of
solder picked up by the iron can be held against
the pin for just an instant, long @nough to solder
wire and pin together. If the pin loosens up or
moves out of place, it can be heated again slightly
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