


AT 5 METER

ﬂt is customary to think of a hun-

dred watts as being rather high power
at ultra-high frequencies, and a full
kilowatt was not dreamed of a few
years ago.

The special 201FU Transmitter
illustrated is an engineering project
recently completed for Farnsworth
Television Incorporated of Penna. It
is of real interest, not so much as a
curiosity, but as an example of how a
new development can be taken out of
the “*hay-wire,”’ laboratory stage and
be made neat, business-like and com-
mercially usable.

The 201FU design is adapted to
frequencies between 35mc. and 70me.
This particular transmitter delivers
an output of 1000 watts fully modu-
lated at 66 mec. The. water-cooled
tubesin the output stage are mounted
in water jackets which themselves
form the output transmission line
tank circuit. Parallel and concentric
lines are used elsewhere as tank cir-
cuits, impedance transformers and
as by-passing elements.

An interesting fact is that with
these components properly propor-
tioned the entire equipment is as
stable, neutralizes as completely, and
functions as efficiently as if it were a
conventional transmitter on much
lower frequencies.

The 201FU is advertised, not as a
piece of apparatus which you may
want to buy, because there are few
applications at present for such sets,
but as an illustration of the ability
of Collins Radio Company to handle
difficult engineering commaissions.

COLLINS RAj
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‘THE SUPER SKYRIDER
THE SKY CHIEF
“THE SKY CHALLENGER

"THE ULTRA SKYRIDER )
THE SKY, BUDDY
;THE SKYRIDER COMMERCIAL .-

Here’s Why
We Endorse the New 1938
SUPER SKYRIDER

First—We've tried it out—tested it on the air, under every

condition—on every band—we've verified the Hallicrafters
M[]DEI_ S]B claims before we offered it to you.

1938 Second—From our experi'ence. we know that the Hallicrafters

Super Skyrider stand back of every receiver they build, that each and every
p one is thoroughly tested and inspected before shipment.

599-00 Third—Because every receiver we sell undergoes a second

inspection in our own laboratory—to make sure that your

M[l[]EI. SX]B receiver is in first class operating condition before you get it.

That’s why we can unconditionally endorse the New 1938

Same as above Super Skyrider, why we can guarantee absolute satisfaction,

but with crystal and why you’ll find Radio Shack offers a real service to its

customers. Come in to see the New Super Skyrider, try it,

$111.00 compare it! We can arrange remarkably liberal time payment

terms that make it easy for you to own a New Super Skyrider.

MATCHED SPEAKER

(P M Dynamic)

P THE RADIO SHACK

46 Brattle Street
All recelvers complete with
tubes, and all sold on easy

time payments. Orders BOSTON MASS.
shipped anywhere in the
United States.

New England’s Oldest Amateur Supply House
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HE ULTRA SKYRIDER
HE SKY BUDDY

\ V/ ; IDER COMMERCIAL

YOU CAN BUY with
DOUBLE ASSURANCE

First with assurance before
vou buy that you will be satis-
fied. You need send but a $5.00
deposit to Bob Henry and any
receiver will be shipped to you
on 10 day trial. Your $5.00
deposit will be refunded if you
return the receiver.

Second with asgsurance that
after you buy you will be kept
satisfied. Bob Henry stands
back of every receiver. Bob
Henry guarantees to service
every new set he sells for a year
with no cost to you except for
parts and transportation. The
new receiver will be shipped
promptly from the factory or
from Henry Radio Shop as you
prefer. It will be shipped in
factory sealed carton or if you
wish Bob Henry will test and
OK it before shipment to you. g d : ,

Bob, WOARA, trys out a New 1938 SUPER SKYRIDER

Cash Down 12 Mon.

CHECK 1 Model Price Poyment Payment
THESE ! SUPER SKYRIDER less crystal and speaker $99.00 $19.80 $7.11
SKY CHALLENGER less crystal and speaker 69.50 13.90 4.15
TERMS ) SKY BUDDY less crystal and speaker 29.50 5.90 220

Trade in Your Present Receiver on a new Hallicrafters receiver. Write me today with complete
description and I will give you an approximate trade-in allowance.

Buy on Bob Henry’s Liberal Time Payment Terms. Don't put off the satigfaction that comes
from the operation of a new Hallicrafters receiver because you haven't the full purchase price. Get com-
plete information on my 6% TIME PAYMENT PLAN and enjoy better reception while you're paying
ford it with easy monthly payments you'll hardly miss. I finance my own paper and my terms are simple
and econo!

Satisfaction Guaranteed. Your dealings are all with Bob Henry, W9ARA, personally ~ an
M.LT. Graduate EE and an active amateur for 12 years, and, as for service, I am on the job nearly 24
hours a day, seven days a week. Write, wire or phone and you'll get my prompt, personal attention.

&S| HENRY RADIO SHOP

W9ARA 9211-215 NORTH MAIN STREET
I BUTLER, MISSOURI
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Kandid Ken-O-Talk, No. 1

THE Kenyon Transformer Co., Inc., takes pleasure in presenting to the users of its products a
few of the inside details and manufacturing processes that assure them of the best product
obtainable.

Let us first consider how and why our T-Line, and better grade units, are sealed and
supported in their housings.

All units which develop heat of their own accord, such as plate and filament transformers,
are supported on heavy cold rolled steel brackets. These brackets support the transformer
rigidly so it cannot move in the case due to the cold flow characteristics of all pouring com-

ounds. This precaution eliminates the most common causes of failure in potted transformers.

hen a transformer is supported in this way, it makes it impossible to shift and ground to the

case, put tension on and snap leads, or settle on and short circuit leads. This detail of construc-
tion is one of the results of our thirteen years' experience in transformer manufacturing.

This feature has brought immediate acceptance from many of the leading commercial build-
ers of complete equipment which must not fail due to the transformers shifting in cases, regard-
less of the position in which they are mounted, or the degree of heat encountered. .

Al leads are brought through a false terminal board directly under the main terminal board
to eliminate shorts between leads and to insure a neat wiring job.

Now the transformer and case are baked several hours in temperature controlled ovens.
(This is after a thorough impregnation in varnish under alternate pressure and vacuum cycles.)
This baking drives out all moisture which might otherwise turn into steam when the hot com-
pound hits it, and subsequently condense as water inside the unit.

After the Baking process is finished the case is filled one third full of compound and the
transformer is set in it. Then compound is poured in until it flows over the top of the false
terminal board.

The pouring compound used is a special type possessing excellent heat transfer characteris-
tics to prevent ‘“‘hot spots' in the winding. It also has chemically inert and non-hygroscopic
properties. Thus the coil is completely sealed to make it impervious to moisture and adverse
climatic conditions.

hese manufacturing processes are a few of the many rigidly followed by the Kenyon
Transformer Co., Inc., to give the user the best products for all round use.

F. P. KENYON

President
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THE big news of the moment is about the
ultra-high frequencies. As we write, the Fed-
eral Communications Commission has just issued
its orders announcing the long-awaited service
allocations of the frequencies from 30 to 300 Mec.
Amateurs will remember the extensive hearings
of June of last year which called into being our
famous ‘‘Presentation for the Amateur Service.”
The intervening months have largely been filled
with interdepartment government conferences
designed to reconcile the conflicting demands for
frequencies. The present result, two orders and
a new text for Rule 229, makes radio history, for
much of the future of our art is going to be written
in the u.h.f.

What you fellows want to know, of course, is
how amateur radio came out in the new deal. The
news is all good. Our 56-60 Mc. (5-meter) band is
reaffirmed as exclusively amateur. Our neighbor
on the low-frequency side is to be the television
service while, on the high-frequency side, it is
government services. Then we have two new ex-
clusive bands, from 112 to 118 Mec. (214 meters)
and from 224 to 230 Mec. (114 meters), our neigh-
bors on both sides of both of these bands being
government services. Thus in the new deal we
have gained for ourselves two new bands of ultra-
highs, each of 6 Mec. width, continuing our har-
monic family as far up into the spectrum as
allocation has been carried.

These new allocations are not yet effective. It
will first be necessary for the F.C.C. to amend our
Rule 374 and it hasn’t got around to that yet.
When it does, we shall probably also obtain a
joint right to continue experimental work on all
frequencies above 300 Mc. Meanwhile we may
operate at will anywhere above 110 Me.

The great hue and cry about u.h.f. of course
has been on behalf of the impending arrival of
television, still around several corners but getting
closer. The new order assigns for this service
seven main channels, not all contiguous, between
44 and 108 Mec., and twelve additional channels
above 156 Mec., although at this stage there isn’t
much interest in the latter. The seven main chan-
nels, each of 6-Mc. width, are as follows, the
figures being in megacycles: 44-50, 50-56, 66-72,
78-84, 84-90, 96-102, 102-108. The Commission’s
press release contains the interesting comment
that “The investigations and determinations of
the Commission justify the statement that there

does not appear to be an immediate outlook for
the recognition of television service on a com-
mercial basis. The Commission believes that the
general public is entitled to this information for
its own protection. The Commission will inform
the public from time to time with respect to
further developments in television.”

There was a time when amateur radio had
plenty of reason to worry about television’s effect
on our 56-Mec. band. It threatened to surround
and squeeze it. With eventual pressure from the
public, who would resent “‘one tooth out’’ of their
tuning range in the shape of our band, it threat-
ened in the long run to engulf our band. But now
the fact that it is not to have a continuous assign-
ment, that it is broken into four ranges, that our
neighbors are chiefly government services—these
things dissipate the fear of the old squeeze.
“Five” now sits just as pretty as possible. With
one exception that we’ll mention below.

We have mentioned before that u.h.f. alloca-
tion proved an exceedingly arduous task. There
weren’t nearly so many channels as folks had

.imagined, and allotments were asked by every

service, present and postulated, that man’s mind
could conceive. The end result seems to us to be
about as good a job as anybody could expect.
We did not receive the full width of bands to
which we aspired, but neither did any other
service, and the result ought to be generally
satisfying to us.

So now all God’s chillun’s got megacycles, and
the one remaining job is to equip them with radio
gear and commence going places. You hams who
have not yet investigated the u.h.f. are passing
by one of the most fascinating fields in this grand
old game. Two new bands, fellows—deserving
more ham occupancy than they now enjoy!

We intimated above that there was one cloud
on our 5-meter horizon. (Neat, wot?) There is.
It’s out-of-band operation and how we'll get-it-
in-the-neck unless. It has constantly been the
history of amateur radio that, following our
pioneering in new territory, commercial users
come in and occupy frequencies adjoining ours,
and we go through a period of grief from inter-
ference complaints until we finally learn how to
keep ourselves inside our new fenees. That was
notably true of 7, of 14 and of 28 Mec. For the
last several years it hasn’t been tremendously im-
portant whether we stayed between 56 and 60 or
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not; there wasn’t much of anybody else there.
Now repeating history is bringing us neighbors in
that band, people who also have the right to
operate there and who are entitled to do it with-
out QRM from us. The time has been reached in
the progress of the new art when we must clean
up this band. Two examples will illustrate: (1)
Experimental television service is under way.
Columbia Broadcast System in New York has
the 50-56 channel immediately below our band
and they’ve been surveying. During the past
summer, listening only briefly during daylight
hours, they logged scores of amateurs between 54
and 56 Me., prefectly good W2 stations for the
most part. You can imagine what it must be like
on a typical winter evening. (2) Some of the
government services are putting in gear to use
frequencies just above our band for keying cir-

cuits, to control transmitters on lower frequen-
cies. Won’t some ham identify himself unfavor-
ably in high quarters when he overrides the
control signal and takes over the keying of a
high-powered government transmitter!

In other words, boys and gals, the day is upon
us when we must immediately clean house, take
steps to insure that our signals stay between 56
and 60, and generally apply to that band the
same scrupulous care that we necessarily devote
to staying on-frequency in the lower hands.
€)ST's technical staff is preparing practical help-
ful information on the subject. Let’s take this to
heart right now, people, and govern our 5-meter
operation in such a way as to avoid complaints
from our important new neighbors.

K. B. W,

Radio Amateurs in the Television Picture

Announcing a Planned Program of Technical Coéperation

By James J. Lamb*

mental activities of licensed amateurs in

radiotelephony supplied the initial im-
petus and acceleration for sound broadcasting in
the early 1920’s. Now, over 15 years later, we
radio amateurs have immediately before us the
same opportunity to aid the progress of modern
television development and perform an important

RADIO history repeats itself. The experi-

public service in traditional amateur fashion.

That this should come about was inevitable.
Amateur radio provides the logical experimental
proving ground for new developments between
their laboratory stage and their attainment of
widespread practical utility. In performing this
service we have not only benefited ourselves as
amateurs, but we have also earned recognition for
experimental contributions no less important
than the appreciation amateur radio has merited
for emergency and other communication activi-
ties. For a time, it appeared that those concerned
with the technical and economic problems of tele-
vision development would do without experi-
mental amateur aid. According to plan, television
would come out of the laboratory, pass through
a period of field trials conducted by a few re-
stricted groups, and then be presented as a fully
standardized and “perfected” public service—
all under strictly commercial auspices. Participa-
tion of independent amateur experimenters in the
intermediate stage of this program was not con-
* Technical Editor.

templated. Of course not everyone engaged in the
commercial development of television thought
that this would actually work out. And neither
did we. Behind this lies a story.

THE AMATEUR BACKGROUND

One responsibility of A.R.R.L. headquarters
is to be on the alert for tcchnical trends which
may affect amateur radio; to judge, to the best of
our ability, the possibilities of new developments
as aids or hindrances to the progress of amateur
radio; and on the basis of this judgment to do our
best, by practical action, not only to adapt devel-
opments to our own needs but also to codperate in
their evolution so that progressmay be maintained.

We have actively followed this policy with re-
gard to television since the time of those early
experiments with mechanical systcms some ten
years ago. For television is pretty much an old
story in amateur radio. This magazine devoted
considerable space to experimental television sys-
tems during 1928. In fact, there were more arti-
cles on television listed in the index for that year
than articles on radiotelephony, the score being 6
for television to 4 for ’phone. General Electric,
in Schenectady, and the late Dr. C. Francis
Jenkinsg, in Washington, D. C., were the principal
sponsors of transmissions on the medium high-
frequency bands with pictures of 24 and 48 lines
—exceedingly crude by present-day standards
and even too crude to do more than demonstrate
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principles at that time. The television content of
QST tapered off to three articles in 1929 (and
telephony scored four). Two of these three articles
were distinctly of a debunking nature—in the
January issue, “Rotten Television,” by The Old
Man, whom we now know to have been our late
president, Hiram Percy Maxim;and, in the March
issue, “What Price Television,” by M. B. Sleeper.
These two stories pretty definitely wrote “finis”
to the amateur’s further expenditure of money
and effort on experimental reception with
mechanical systems.

But this did not mean that the prospect of
experimental television was hopelessly ended for
us. In one of the 1928 articles, “Radiovision,” in
the September issue, Thornton P. Dewhirst had
pointed the way and outlined the basis of what
has become the modern technique in television
reception. He said:

“The use of the cathode-ray tube for the re-
ceiver is worthy of consideration since it opens up
the possibility of real radiovision. In this tube,
a stream of clectrons may be moved in two direc-
tions at right angles to each other by means of
either an electric field or a magnetic field. The
window of the tube is covered with a fluorescent
material and the electrons upon striking it cause
it to glow. By means of proper values of current
or voltage and frequency, the small spot of light
can be made to cover completely the window. For
radiovision work, the use of a material for coating
the window that was not only fluorescent (emits
light when exposed to certain rays) but also con-
tinued to glow for a short period after the ray has
been removed would be of material assistance.
This will help in causing the vision to persist and
thus give the effect of greater illumination as far
ag this characteristic is concerned.”

In this same article, the author also outlined
general requirements for satisfactory picture re-
production which still apply—and which are not
vet completely solved. Quoting his words:

. When the elementary area used to build
up our pxcture bears the same proportion to the
whole picture that the individual particle of the
(film) emulsion vi the moving picture bears to the
total number of particles in the exposure, and
{when) some method of transmitting each of
the individual parts with ease and the prob-
lem of synchronism have been completely and
simply solved, radiovision will be ready for the
public.”

Now we must remember that in 1928 the
cathode-ray tube was not the familiarly-known
tool for routine amateur use that it is today. It
was then a relatively rare, expensive and some-
what temperamental device restricted to the
realm of the laboratory of the advanced physicist.
But it soon became our conviction that televi-
sion reception ultimately would employ the
cathode-ray tube, and that until the c.r. tube
technique was sufficiently developed, further

amateur activity in experimental television
would be practically futile.

We continued to keep an eye on the ball, but
could not discern anything sufficiently significant
to warrant further QST space until 1931. But in
the middle months of that year the television
pot began to boil sufficiently to give off some

INSIDE A MODERN TELEVISION RECEIVER

steam and evidence of the beginning of the
cathode-ray era became visible. In the early fall
of 1931 Associate Editor Ross Hull and this writer
made an inspection trip to several of the repre-
sentative television camps to learn first-hand just
how much fire there might be under the pot. The
results of this survey were reported by Hull in
the article, “Television—What About 1t?”’ in the
Nov., 1931, issue of QST'. The sum and substance
was that the cathode-ray technique promised re-
sults, that higher definition wasin sight with “per-
haps 240 lines to the picture,” that transmission
on ultra-high frequencies above 40,000 ke. was
proposed—but that television still was in the
laboratory stage.

THE PRESENT SITUATION

It was not until about a year ago, in the Fall
of 1936, that television had reached a stage where
we became convinced that our active experi-
mental participation would not be much longer
delayed. Technique in the art had reached the
state where refinement rather than new basic
developments had become the ruling order. Ex-
perimental field tests with fairly high-power trans-
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mitters were started. Under the auspices of the
Radio Manufacturers Association, a set of pro-
poscd standards was promulgated. So we started
to look for a way into the modern television
picture.

But several questions of utmost importance
had to be answered first. Was there reasonable
assurance that transmission would, in general,
conform to the proposed standards and that such
changes as might be made would be in detail
rather than drastically sweeping? Even though
there were no transmitters using these standards
operating on anything like fixed daily schedules,
would there be at least sufficiently frequent trans-
missions suitable for expcrimental purposes in
several centers with large amateur populations?
(It was our aim then, asit is our firm purpose now,
not to encourage the building of receivers by
people solely interested in being entertained by
television shows, but rather to present practical
technical information to encourage experiment-
ing amateurs to attack the problems of television
in a constructive way.) Could we secure adequate
practical technical information, with design data
and constructional information on television
receivers of proved performance which would be
suitable for amateur experimental work? Would
the operators of the experimental television trans-
mitting stations codperate in kecping us posted on
their current activities and, possibly, their future
plans? Would the necessary special cathode-ray
tubes and other essential components be made
available? And, finally, did a sufficient number of
amateurs want QST articles on television?

Throughout the past year we have worked to
get the answers to these questions. And we report
here and now that the answer to every one of
them is a resounding, “Yes!”

Taking the last question first, a decidedly
positive answer was given by A.R.R.L. mem-
bers returning the questionnaire sent out
with membership certificates and cards. An
average of the replies for stx months shows that
over one-third (37%, to be exact) of the member-
ship want articles on the theory and practice of
television.

The answer to the question of design data and
constructional dope on practical television re-
ceivers was given by Marshall P. Wilder, W2KJL,
who is not only a rcal amateur but also one of the
most experienced and competent workers in the
cathode-ray television field that we know of.
We were fortunate to have secured the promise
of his codperation nearly a year ago, when, while
he was doing independent research on television
tubes, we worked out a plan for just such a series
of articles as he begins in this issue. He also has
been instrumental in coéperating with us to have
made available to amatcurs essential components,
especially tubes, for construction of experimental
receivers. )

Promises from several manufacturers assure

diversificd sources of essential television compo-
nents, including several types of cathode-ray
tubes and their associated components. An en- -
couraging feature with respect to the c.r. tube
situation is that the prices arc to be considerably
less than ordinary oscilloscope types of the same
screen sizes—-even though the construction of the
television tubes is more expensive.

Confercnces with executives of leading experi-
mental teclevision transmitting stations have
brought promises of full codperation in keeping us
advised on times and types of transmission so
that we can pass this information along to inter-
ested experimenters. We also have becn informed
that more frequent transmissions arc contem-
plated after the first of the year. No changes in
standards are contemplated, other than the vari-
ations in polarity of modulation and method of
transmitting the brightness component described
in W2KJL’s article elsewhere in this issue—-
which the receiver, to he presented subsequently
in QST, is designed to accommodate.

THE PROSPECT

One tangible result of all the cumulative effort
that has gone into this planning is the inaugura-
tion of the series of articles on practical television
reception by Marshall P. Wilder, W2KJL, in this
issue. These articles will progress in logical order
through the design, construction and adjustment
of a cathode-ray type receiver incorporating the
latest circuit developments. 1t will be capable of
delivering a good picture. But its construction
just should not be attempted by anyone less
capable than the amatcur who is well grounded in
the fundamentals of circuit operation, who has
had expcrience with the building and successful
adjustment of fairly complicated equipment such
as a multi-stage transmitter or superhetcrodyne
recciver. He also should be familiar with the oper-
ating principles of cathode-ray tubes. In fact, he
must have a cathode-ray oscilloscope available
for the adjustment of the television receiver cir-
cuits before any attempt to operate the complete
set is made. Experience with ultra-high-frequency
apparatus and familiarity with the peculiarities
of wh.f. communication, while not so necessary,
will stand him in good stead. The television re-
ceiver is not a simple thing to get going. But there
are hundreds of amateurs who have the required
ability and who will find it just the kind of ven-
ture to satisfy their desire for a good technical
job to take on.

It must be distinctly understood that the con-
struction of a television receiver is not to be
undertaken by the non-technical “home set
builder” who doesn’'t know a saw-tooth wave
from a megacycle, no matter how alluring a kit
advertisement may seem and no matter how sim-
ple a “picture diagram” may make the job look.
Most of the real work (and it’s head work) is in

(Continued on page 66)
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Introduction to Modern Cathode-Ray

Television Reception
Fundamentals of Scanning and the Make-Up of the Television Signal

By Marshall P. Wilder,* W2KJL

modern television as a certain future activity

- in amateur radio. In this, the first of a series
of technical articles on practical television, the
general background will be presented.

The purpose of this series is not just to present
purely theoretical television receiver design. On
the contrary, straightforward practical data will
be given, dope that can be used not only to give
an understanding of the principles but also to
make possible the construction and adjustment
of a cathode-ray television receiver that works.
But before tackling the working circuits it is
necessary that a great deal concerning the make-
up of the television signal and what gocs on in
television reception must be thoroughly under-
stood, so that when the images (or begin-
nings of images) appear on the screen, it will
be possible, by looking at the tube, to tell
what adjustments need be made and where
further effort should be expended to improve
the quality. Only by a thorough understand-
ing of the fundamentals, coupled with actual
experience with a working television re-
ceiver, will it be possible for the amateur to
participate. usefully in the devel- L1
opment of this new art.

IT IS timely that we take a serious interest in

No picture or scene is properly
intelligible to the human eye unless it can be
perceived instantaneously as a complete whole.
Unfortunately, no practical electrical communica-
tion system is capable of handling more than one
element of information at any instant. The inabil-
ity of electrical communication systems to trans-
mit & picture as a whole makes it necessary to
dissect the picture into a large number of small
elemental areas—to transmit them one by one,
and to reassemble them in their appropriate posi-
tions at the receiver, in order that the observer
may view the scene as a whole. If this process of
dissection and reconstruction is performed a
sufficient number of times per second, the eye
receives the impression of a complete picture as a
result of the phenomenon of ‘persistence of
vision.”” This dissection of the picture into small
elemental areas is known as scanning.

Although scanning may be performed in several

* National Union Radio Corp., 67 State St., Newark, N. J.
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left to right and to proceed line by line from top
to bottom, in much the same way as one’s eye
scans in reading the pages of this magazine. This
system, with a modification known as tnterlacing,
has been adopted in modern practice.

Interlaced scanning requires that one line of
the subject be scanned, then a line skipped, then
another line scanned, and so on, until the whole
scene has been covered, in alternate lines, from
top to bottom. Then the scene is scanned again,
getting those intervening lines that were not
scanned previously. Interlaced scanning has the
distinct advantage that the number of views per
second presented to the eye is double the number
with straight scanning; and, although the number
of picture elements transmitted is no- greater

Waler analogy of
cathode ray tube
in gperation

Fluorescent Screen

Focusing Freld

oA

),
=

Heater and G A4 A \
Cathode Oeflecting Plates

FIG. 1—ILLUSTRATING THE PICTURE-REPRO-
DUCING ACTION OF THE CATHODE-RAY TUBE

than in straight scanning, the rate at which flicker
oceurs is twice as fast and above the rate at which
flicker is annoying to the eye.

Television to-day is received on a cathode-ray
tube. Referring to Fig. 1, we have a tube consist-
ing of a source from which a beam of electrons
is projected onto a screen, a means of deflecting
this beam so it will terminate at any desired spot
on the screen, and a means of controlling the num-
ber of electrons in the beam. Let us study each
part separately, and thereby properly understand
the action of the whole.

A simple analogy of the cathode-ray tube is
difficult to find, but if we consider a fine jet of
water as & stream coming from'a nozzle, which
can be moved backward and forward, or up and
down, we can more easily understand the action
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taking place. If, as in Fig. 1, a nozzle were set up
before a screen and then moved from left to right
it would draw a line of a width equal to the
diameter of the stream. If we jerk this stream
back to the left very many times faster than we
moved it over from left to right, only a compara-
tively few drops of water will strike the screen
during the return trip; and if we return from right
to left in a slightly downward direction, the jet
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CARRIER NEGATIVE MODULATION (#0 O.C.)

NEGATIVE MODULATION (Plus D.C.)

of wetness; and if the valve were controlled in
some proper sequence, & picture might be
produced.

Of course it would not be possible to make such
a piece of apparatus work as a television receiver
because of the inertia of its moving parts. But,
in & cathode-ray tube the stream is an inertialess
electron beam. Since electrons are invisible, only
the effect of their impact on the screen can be
scen. This impact is visible
when electrons strike certain
salts, notably zinc and cad-
mium sulphide or their sili-
cates. A coating of one of
these materials is applied to
the inside of the bulb in a thin,
even layer so that the beam
striking any part will show up
at the point where it impinges
as & more or less bright spot
of light. .

The intensity of this light
can be controlled by varying

FiG 2
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the density of the electron
beam. This control action is
similar to that employed in an
amplifying vacuum tube, the
flow of electrons from the
cathode being controlled or
modulated by varying the
voltage on a grid in familiar
fashion. After this control or
modulation, the emitted elec-
trons getting past the grid
are assembled by a focussing
field which bundles them into
a narrow beam and urges them
in & forward direction between
two deflecting fields, one

FIG 4

FIGS. 2, 3, 4 AND 5—FOUR TYPES OF TELEVISION
SIGNAL R.F. WAVES REPRESENTING SCANNING
OF SIMPLE IMAGES

In each figure, W and W’ correspond to a black vertical
bar on a white éackground, G and G’ to a white vertical
bar and a black vertical bar on a gray background, B and
B’ to a white vertical bar on a black background. The
small letters b and w on the diagrams indicate the voltage
corresponding to black and white, respectively. The aver-
age amplitude and the voltage difference between b and
w are intended to be the same for each condition. The
synchronizing signals are the maximum parts of the wave
amplitude with negative modulation, and the minimum
parts with positive modulation. Without d.c. modulation,
the carrier amplitude is constant and the peak amplitude
varies in accordance with pedestal height. With d.c.
modulation the carrier amplitude varies but the peak
amplitude remains constant.

will be ready to start again from left to right and
draw a second line, and 8o on to the bottom of the
screen, where a quick jerk up to the top would
set the process to begin again. To carry the
analogy further, we might control the density of
this stream by manipulating a valve. If we vary
the amount of water projected, the result will be
some sort of an image consisting of varying values

FI1G.5

horizontal and the other verti-
cal. The two fields may be
either electro-static or electro-magnetic.

The strength of these crossed fields is varied
in the proper sequence by local oscillators con-
trolled by synchronizing impulses derived from
the received television signal. Thus the modulated
beam is made to move across the fluorescent
screen horizontally in practically straight lines,
and vertically from line to line, in & manner sim-
ilar to that outlined in the water analogy, so that
a picture of varying light intensity can be
obtained.

Before considering further the actual details
of how a television picture is produced in a mod-
ern cathode-ray receiver, it is well to summarize
the six essential requirements which must be
satisfied.

First, a beam of electrons of very small cross-
section must be produced and made to strike a
screen of special material which will reveal the
beam’s incidence at the point of contact as a spot
of light.
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Second, the beam must be made to scan a given
area in a proper sequence.

Third, the density of the beam must be capable
of variation by the received impulses from the
television transmitter.

Fourth, the speed of travel
of the beam on the receiving
tube screen must be the same
as that of the scanning beam
at the transmitter. This is ac-
complished by setting the
oscillator which generates the
deflecting field to run at ap-
proximately the correct rate
and then applying correcting
impulses at the completion of
each line and at the comple-
tion of each half-frame or
field. These correcting im-
pulses are extracted from the -
signal received from the trans-
mitter and are known as
synchronizing impulses.

Fifth, blanking impulses,
also from the -transmitter,
must be extracted from the
received signal and applied to
the beam during the retrace of
each line and during the fly-
back to the top of each half-
frame so the beam will not
have sufficient intensity to
show up as light during the return trace.

Sixth, and finally, the average brightness of the
picture must be transcribed from the incoming
signal. Since the average brightness is of a rela-
tively fixed nature, only varying occasionally as
when the scene shifts from a dimly lighted room
into a bright one, the average brightness varia-
tion must be considered as of very low frequency
-—or practically d.c.

There is now nearly general agrecment on the
technicalities for meeting these six requirements
in practice—except on the method of transmit-
ting the average brightness level and on the
polarity of modulation which should be em-
ployed. With regard to transmission of informa-
tion giving the average brightness or background,
two methods are being used experimentally at the
present time. One method employs modulation of
the transmitted r.f. signal by d.c. which varies in
accordance with the average brightness of the
scene televised. The other method utilizes the
variation in the amplitude of what is known as
the pedestal component of the complete signal to
control the average brightness of the received
picture, as will be described later. The'second un-
settled point is whether the polarity of modula-
tion should be negative or positive. With modu-
lation of negative polarity, maximum amplitude
of the modulated wave corresponds to black and
minimum amplitude to white; while with positive

modulation, maximum amplitude of the wave
corresponds to white and minimum amplitude
to black. The differences between television
waves of positive and negative polarity, with
and without d.c. modulation, are illustrated ! in

THE AUTHOR TESTING AN EXPERIMENTAL SUPERHETERODYNE
TYPE TELEVISION RECEIVER, ONE OF THE MODELS DEVELOPED
BY HIM IN PREPARATION FOR THE SERIES OF ARTICLES OF WHICH
THIS IS THE FIRST

Figs. 2, 3, 4 and 5, which will be discussed later.

W hile these two technicalities affect the design of
the television receiver, an experimental recetver em-
ploying electronic scanning can be readily adapted
to recetve any one of the types of transmission now in
use.

The current American system employs 441
lines. These 441 lines are broken up into two half-
frames of 22014 lines each. Approximately 2014
lines of each half-frame are employed for trans-
mitting the field-frequency synchronizing im-
pulse, as well as for blocking out the frame return
trace. At the end of each line is a synchronizing
impulse consisting of a pulse riding on a pedestal.
The pedestal voltage is rectified and the resulting
d.c. voltage determines the average brightness of
the received image in accordance with that of the
scene transmitted. These pedestals are used also
to block the grid of the cathode ray tube to re-
move the return trace during the fly-back of the
spot at the end of each line. To do this, the pedes-
tal component is separated from the signal and
rectified. The resulting d.c. voltage is automa-
tically applied to bias the grid of the cathode-ray
tube during each line, the video-frequency vol-
tage being superimposed on this bias.

Meanwhile, the grid, under control of the video

1 Reproduced by permission of the author and publishers
from the article, “Standards in Television,” by H. M. Lewis
(Hageltine Service Corp.), Electronics, July, 1937.
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(picture element) modulation portion of the sig-
nal, determines the instantaneous brightness of
the spot. In other words, the pedestal at the end of
each line sets the d.c. grid bias and the video sig-
nal in between pedestals changes the intensity
along each line. This is continued line by line to
make up one half-frame. There are two half-
frames interlaced to form one frame or picture.
Thirty such completed pictures are transmitted
in one sccond; that is, the frame or picture fre-
quency is 30 per second, and the half-frame or
field frequency is 60 per second.

In Fig. 2, a typical signal with negative modu-
lation is represented. With the signal of Fig. 2-W
a black bar on a white background would appear.
The second picture, Fig. 2-G, corresponds to a
white bar and a black vertical bar on a gray back-
ground, and Fig. 2-B to a white vertical bar on a
black background. Figs. 3, 4 and 5 are for the
same patterns with other types of modulation,
which will be discussed later.

ANALYZING A TELEVISION SIGNAL

Fig. 6 represents a part of two half-frames with
their line- and frame-synchronizing pulses, for a
television signal wave with negative modulation.
‘The pulses appear on the leading edge at the top
of a pedestal. The width of the pedestal is equal
to 1/10th of a line length. The pedestal voltage is
used to bias the grid of the cathode-ray tube be-
vond cut-off during the retrace of the spot and to
transmit the background brightness component,
as previously explained. The drawing shows
where the video signal stops and the synchroniz-
ing and blanking signal begins. Note that the
video signal amplitude extends only part way up
to the maximum amplitude of the complex signal.
All signals in the region above this limit will auto-
matically bias the grid of the picture receiving
tube black. This region is therefore known as the
“‘blacker-than-black’ region, and in it all syn-
chionizing impulses can be transmitted without
appearing in the pattern of the received picture.
‘With negative polarity and no d.c. modulation,
the average voltage of the video modulation is
constant, but the height of the pedestal varies. As
previously discussed, this changing pedestal am-
plitude conveys the average picture brightness.
In Fig. 2-W the height of the pedestal is a maxi-
mum, and the picture background is white. In
Fig. 2-G the pedestal is one-half the height it was
in Fig. 2-W and, in this case, the background is
gray; that is, half-way between black and white.
In Fig. 2-B, where the pedestal height is zero, the
background is black., Thus, we find our trans-
mitted signal consisting of three major parts—-

FIG. 6—CORRESPONDING SECTIONS OF TWO
INTERLACED HALF-FRAMES OF A TELEVISION

’ SIGNAL, SHOWING THE RELATION BETWEEN

LINE-FREQUENCY AND FRAME-FREQUENCY
SYNCHRONIZING PULSES
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video signal, synchronizing pulse and pedestal.

1f we return now to Fig. 6, and study the line
and frame synchronizing pulses, we see the line
pulse occurring in proper phase relation at the end
of each line. A frame-frequency pulse occurs dur-
ing a 2034-line interval every sixtieth of a second
and consists of a group of serrations, from “X"’ to
“X’" on the diagram. Now it might appear sim-
pler to transmit one long 60-cycle impulse for
frame synchronization; but during such a long
pulse, the line-frequency sweep generator would
get out of synchronization. Therefore, it is neces-
sary to transmit the line impulses during the
frame impulse to keep the line-sweep generator
constantly in step.

In the section called the frame or vertical syn-
chronizing impulse region, extra impulses of a
frequency which is a multiple of the line pulse
frequency are inserted. These pulses will not dis-
turb the line synchronization but will make the
synchronizing impuises identical in phase and
number in the region ‘“Y-Y.” Hence, integration
of the frame impulse ‘‘Z-Z"’ can be accomplished
in an RC circuit with less critical adjustment of
the line- and frame-impulse separation circuit,
allowing the low-frequency sweep generator to
return the spot to the top of the screen ready to
start the second half-frame without interrupting
the line synchronization.

Interlacing of the lines of each frame is con-
trolled by the phasing of the line-synchronizing
impulse. These impulses are evenly spaced during
the half-frame. They begin one-half line earlier
on the first half-frame, as at “E” in Fig. 6. They
begin a little later on the second half-frame, as at
“L” in Fig. 6. Each time a half-frame of 22014
lines is drawn, the line placement will shift (up or
down) a line-width on the cathode-ray tube
screen. During the second half-frame, for in-
stance, as the first impulse “L’’ is purposely de-
layed a half-line, the top line will be just one line-
width lower down. This second half-frame of lines
will fill in between the lines drawn during the first
half-frame to complete one complete frame or
picture.

The system which has been described in detail
is that employing negative polarity without d.c.
modulation to correspond with changes in aver-
age brightness. Although this system has been
principally used for experimental transmission in
this country up to the present time, it must be
emphasized that there is no definite assurance
that it will be the one used ultimately by the
broadcasting stations. As previously mentioned,
at least three other combinations are possible.
That represented by the wave diagrams of Fig. 5,
employing positive polarity with d.c. modulation,
is preferred by a considerable number of engi-
neers, for instance. 12 This is the type of signal
transmitted by England’s television station.

T 7H. M. Lewis and A. V. Loughren, Television in Great
Britain,” Electronics, Oct., 1937.

Both systems have certain desirable characteris-
tics for the particular service in which they are
employed.

All four systems can be received on the same
experimental television receiver, provided a suit-
able circuit is incorporated to restore the d.c.
component and provision is made for reception of
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FIG. 7—BLOCK DIAGRAM OF THE UNITS OF A

TELEVISION RECEIVER

signals with either positive or negative modula- -
tion. A special circuit will restore the d.c. regard-
less of the manner in which it is transmitted, .
while a simple switching arrangement can be used
to change the detected signal polarity to accom-
modate either position or negative modulation.

It has been decided recently that a series of
tests will be run by television broadcasters to de-
termine which of these methods will be the most
acceptable under actual operating conditions and
will make the manufacture of television receivers
the easiest. A receiver designed to be instantly
adaptable to any one of the four types of signals
will place the amateur in an especially effective
position, since he will then be able to coéperate in
the tests and furnish valuable information as to
which method gives the best signal-to-noise
ratio, which method causes the least difficulty in
synchronization, and produces the best picture.

The receiver which will be described in subse-
quent issues of QST has been designed to have
this desirable adaptability.

A WORD ABOUT STANDARDS

The tentative standards which are in use by the
experimental transmitters on the air at the time
of this writing, are as follows:

1. Frequency allocation, 42 megacycles to 90
megacycles, excepting the amateur 56- to 60-Mec.
band; also an experimental band starting at 120
megacycles.?

(Continued on page 68)

3 New orders of the Federal Communications Commis-
sion change this allocation set-up, establishing the following
channels for television: 44-50 Mec., 50-56 Mc., 66-72 Mec.,
78-84 Mc., 84-90 Mec., 96-102 Mec., 102-108 Mec., and 12
additional channels above 156 Mec. This allocation does not
become finally effective until Oct., 1938, however, and
modification is possible before that time. See ““The Editor's
Mill,” elsewhere in this issue.—EDITOR.
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ARR.L. Copying Bee—December 10th

" actly is the special pride of the earnest
B amateur, the mark of technique that sets
him apart and makes him an amateur. This is
the annual opportunity to have an interesting
hour checking up on ourselves to note our prog-
ress above the mere license requirement. The
winner or as many as submit perfect copies will
receive a striking bronze medallion award from
A.R.R.L. Like the previous Bees this will give
hams a chance to try copying some unusual
word combinations, figure groups, and simple
punctuation. There may be trick words, or
misspelled words and plain

Q.BILITY to copy code accurately and ex-

@QST. The schedule of transmissions for Friday
night, December 10th is shown below:

The rules for taking part in the copying bee:

(1) Any amateur operator, not having access
to the tape or transmission copies, and copying
wholly by ear, is eligible.

(2) Mark one copy as your “best’’; only this
one copy shall count, but report all the above
stations that you can hear to us. Keep copies
other than your “‘best” to check yourself when
we mail out the official texts to you.

(3) Print your name, call signal, and address
plainly on each entry.

(4) Send in original copies.

language groups sent in no par-
ticular sequence. It’s an excel-
lent opportunity to check up on
our personal operating ability.
Are we as good at the basic
business of knowing our code
stuff as we think we are? A fea-
ture of genuine interest to every
participant: The League will
return all papers (except win-
ners) with a copy of the trans-
mitted texts to each participant
with a confidential rating. This
report on standings will be
made as soon as feasible after
the closing date for mailing of
copies. Transmissions will all be

Re-copying messages invariably
introduces errors and detracts
from credits.

(5) Copies must be mailed
bearing a postmark in the year
1937 to be counted. Mail at
once or within five days to
make sure.

(6) Every contestant must
certify he has not been em-
ployed as a commercial or gov-
ernment radio, Morse or cable
operator in the last year. This is
strictly an amateur contest. The
following exceptions, however,
shall be eligible: (a) Holders of
commercial licenses without ex-

60 words in length. The sending
will be by tape at about 25 words per minute. It
will be a test to copy what you hear.

The following stations, all using ‘‘automatic’
equipment, have been selected in the different
time zones. Care will be taken to make all mes-
sages equally difficult by different words, word
order, errors, etc. 1t will be worse than useless to
try to correct or compare messages. However we
urge everybody that knows the code at all to
take part. Send in whatever you get, however
little that may be. Check on your own profi-
ciency and have some good fun at the same
time.

In addition to the confidential rating you will
receive you have a chance to win, and all par-

perience under same. (b) Such
holders (’phone licensees or technical attend-
ants) whose duties have not been telegraph op-
erating within one year.

The transmitting stations will each send V’s
and identify themselves for ten minutes before
scheduled times above. All amateurs arc re-
quested to note the frequencies listed and try
to codperate by keeping silence on these chan-
nels during copying bee transmissions, which
start at the time indicated. Here's luck in the
copying bhee, and remember, write down

Jjust what you hear. If the transmission or what

you can get is fragmentary, send it in just
the same, so you receive credit, and we can
send you the official texts for your examination.

ticipants will be mentioned in the report in —F. E. H.
Station Frequency E.S.T. C.S.T. M.S.T PS.T.
WI1AW (W, Hartford) . ................ 3825/7150 kes. 9:15 P, 8:15p.m.  T:15 PM 6:15 P.M.
W2AYN (New York).........convunn 7290  kes. 9:15 p.M. 8:15 p.m. 7:15 p.M. 8:15 p.m.
WOUZ (Chicago). ........ovnovenrnnens 7003  kea. 10:15 p.na. 915 8:15 P.m 7:15 p.m,
W9BAZ (Louisville) . ................. 3810  kes. 10:15 p.M. 9:15 P.M. 8:15 p.M. 7:16 p.M.
W6AM (Long Beach)................. 7250  kes. 11:15 p.u. 10:15 p.u. 9:15 p.M 8:15 p.M.
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An Improved Dual-Diversity Receiver for
High-Quality 'Phone Reception

By J. L. A. McLaughlin®* and Karl W. Miles*

receiver,! employing the automatic syn-
chronizing circuit devised by J. J. Lamb
and built by the first of the authors of the present
article, has been in operation for nearly two years
at XE1G, the station of Dr. James M. B. Hard,

THE original single-control dual-diversity

at Cuernavaca, Morelos, Mexico, and has satis-

factorily completed over 5000 hours of trouble-
free service. It has conclusively demonstrated the
practicability and the desirability of diversity
reception for amateur and experimental com-
munications work. Even with two antennas
spaced but 50 feet apart, good diversity action

model is more compact, with an improved layout.
The infinite-rejection i.f. system * has been in-
corporated, giving improved selectivity charac-
teristics with means for the climination of adja-
cent-channel interference. A simpler and more
rapid coil-switching system is employed. The
frequency range is from 36 megacycles to 545
kilocycles, divided into five bands. (We have in-
cluded the standard broadcast band, not because
any large improvement in broadcast reception is
obtained by using diversity, but because we like
to listen to the programs once in a while.) Elee-
tro-mechanical band spread is used so that the

THE IMPROVED DUAL-DIVERSITY RECEIVER IS DESIGNED TO GIVE BAND-.

]
LL

e Gy

SPREAD TUNING AS WE!

AS GENERAL COVERAGE FROM 545 KC. TO 35 MC. IN FIVE RANGES

‘The matching auxiliary unit at the left is the power suﬁ{)

-

pull 6L6 output amplifier with its own power supply.

ly for the main receiver. That at the right contains the push-
iversity meter unit on top connects by plug and cable to

the voltmeter tubes in the receiver. Operating controls are identified in the text.

has been obtained, especially on the 14-Me. band.
Dr. Hard reports that many times when fading
conditions and heterodyne interference become so
bad as to make his other single receivers useless,
the dual-diversity still brings in an intelligible
signal. From the experience gained in the build-
ing of Dr. Hard’s receiver, plus additional work
through the past spring and summer, the new de-
sign described in this article has been completed.

Improvements have been mainly in simplifying
the mechanical design and improving the if.
amplifier, with the consequence that the new

* The Hallicrafters, Inc., 2611 Indiana Ave., Chicago, Ill.

1], J. Lamb and J. L. A, McLaughlin, “Dual-Diversity
'Phone Reception with Single-Control Tuning,” QST, May,
1936.

band-spread dial can be calibrated for each of the
four amateur high-frequency bands (28, 14, 7 and
3.5 Mc.). A pointer above each dial indicates the
proper scale for cach setting of the band-change
switch.

PRINCIPLES OF DIVERSITY RECEPTION

Before describing this new receiver in more
detail, it might be well to digress for a moment
and review briefly the principles of diversity re-
ception and the benefits as compared to the best
single-receiver methods. The principal improve-
ment is, of course, in the reduction of fading

2 K. W, Miles and J. L. A. McLaughlin, “New LF.
Amplifier System with Infinite Off-Frequency Rejection,”
QST, Nov., 1937.
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conditions just do not
exist. Variation in phase
conditions is inevitable
in the phenomenon of
fading. The combining
opcration must take place
in some part of the re-
ceiver circuit where un-
predictable radio-fre-

THE TOP VIEW OF THE COMPLETE RECEIVER WITH COVERS REMOVED
SHOWS THE SEPARATE L.F. ASSEMBLIES EITHER SIDE OF THE HIGH-FRE
QUENCY CIRCUITS IN THE CENTER

The coil assemblies for the h.f. stages are separately shiclded.

effects. Fading is the result of several waves from
the same transmitter arriving at the receiver over
different paths. The signal delivered at the output
of the receiver i8 the resultant of these scveral
waves, which arrive over paths differing in direc-
tion and length, and which are of varying ampli-
tude and phase. The most vicious fading at high
frequencics is experienced when two or more of
thesc waves are of approximately equal ampli-
tude. The phase angle between the waves arriving
over varying paths is continuously rotating and
when the amplitude is the same in two waves and
the signs are opposite, the resultant is zero or
“no signal.” This is what may take place when a
good signal suddenly takes a dive below the noise
level. For a pretty good picture of just what di-
versity offers, let us refer to the original article in
May 1936 QST, particularly the following:

“The lead to a method of solution (of fading)
lies in the happy fact that a signal does not fade
identically in two antenna locations at the same
instant, cven when the two antennas are spaced
only a relatively small distance apart, or when
they are near to each other and in different plancs
of polarization. In other words, there is consider-
able diversification in the fading of a radio signal,
not only as regards space but also as regards
polarization. Diversity reception is the method
which takes advantage of this vulnerable spot in
fading’s armor.

“The basic idea is to pick up the signal waves
on two or more different antenna systems and
then combine the signals in a common receiver
circuit. While it might seem possible to accom-
plish the result by coupling the several antennas
to a single receiver in such fashion that the signal
amplitudes are added at r.f., this simple method
is impracticable. An input coupling arrangement
for several sntennas might be phased to give
addition of the r.f. amplitudes under constant
signal phase conditions; but constant r.f. phase

quency phase differences
are no longer of conse-
quence. It is only in the
output of the final de-
tector, where we have
the rectified envelope
of the signal to work
with, that the combin-
ing operation becomes
practicable.”

The latest commer-
cial space-diversity re-
ceiving system uses three antennas spaced about
1000 feet apart and generally located at the cor-
ners of either a right-angle or an isosceles triangle.
Three separate and individually tuned receivers
are used, each connected to one of the three an-
tennas. Detector outputs of the three receivers
are tied together across a common load. Com-
bining the signals after rectification results in
audio output which will be the average of the sev-
eral signals. By virtue of common a.v.c., the
recciver with greater signal input takes control
of the gain of all threc receivers and supplies
practically the total output. The gain of the other
receivers, at that instant of time, is 8o reduced
that the noise they would otherwise contribute is
made negligible. This gives a signal-to-noise ratio
approaching that of the particular receiver in
control at this instant and results in & consider-
ably higher average signal-to-noise ratio than can
be obtained with the single-receiver method of
reception.

While the type of system with separate tuning
of each receiver is ideal for commercial commu-
nication work, where a diversity unit is used to
receive from only one or but a few transmitting
stations and on one frequency for hours at a time,
it is, nevertheless, hardly adaptable for use in
amateur communication work. As was pointed
out in the previous QST article,! scparate tuning
still left the operation complicated and too time-
consuming for practical amateur work. (Just tune
in a signal on the crowded 4-Mec. "phone band
some busy evening on one receiver, and then try
to tune a second receiver to the same signal—and
find out how much time it takes. And as for si-
multancously tuning both receivers across the
band looking for the answer to a CQ —-1)

The single-control dual-diversity system differs
from the commercial diversity system in that in-
stead of using separately tuned receivers with
individual high-frequency oscillators, a common
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oscillator is used which feeds the first detectors of
two receivers. The tuning condensers of the r.f.
circuits of the two receivers and the common oscil-
lator are ganged together. Besides the virtue of
simpler tuning, the duai-diversity method with
its common oscillator is, we believe, an improve-
ment over the commercial practice of using sepa-
rate oscillators with each receiver. Ignoring the
tuning complications of operating two or more
receivers on the same signal, the common oscil-
lator system eliminates the need of the expensive
precautions found necessary in the commercial
type to prevent the high-frequency heterodyne
oscillator of one receiver from
feeding into one of the other
antennas or input circuits.
With separate oscillators it is,
of course, practically impos-
sible to obtain perfect syn-
chronism for any appreciable
length of time. Hence, in the
commercial system, it has
becn found necessary to keep
stray oscillator leakage from
one receiver as much as 140
db below the signal level in
the input circuits of the other
receivers.®

CIRCUIT ARRANGEMENT

The single-control dual-
diversity receiving system
consists of two complete r.f.,
i.f. and second-detector cir-
cuits with a common r.f.
heterodyne oscillator, com-
mon a.v.c. and one audio
amplifier. Two stages of r.f. are used ahead of the
mixer stage of each channel. The five coils for
each stage, together with the necessary trimmer
and padding condensers, are housed in a separate
shielded box. Referring to the top view, the first
box toward the back of the set is the first r.f. stage
for receiver “A.”” The second box is the first r.f.
stage for receiver “B.” The third box is the sce-
ond r.f. stage for receiver ‘“A,” the fourth box is
the second r.f. stage for receiver “B,”” and so on to
the last box (larger than the others) which con-
tains the coil assembly of the common r.f. hetero-
dyne oscillator. A seven-gang variable condenser
with double rotors (one for band-set dial the
other for band-spread) is mounted below the coil
boxes in a separate shielded compartment.

ach box contains the necessary switches to
shift from one band to another, a long shaft
through all the boxes shifting the switches to-
gether in proper sequence.

A shield will be noted between the tubes in the
r.f. section. This is employed not so much to keep
down coupling between tubes of the same receiver

3 J. B. Moore, ‘“Recent Developments in Diversity Re-
ceiving Equipment,” R.C.4A. Review, July, 1937,

circuit but rather to reduce cross coupling be-
tween tubes of the two receiver circuits, “A’” and
“B.” Fairly good isolation between the two cir-
cuits must be maintained to prevent cross-talk
from impairing good diversity action. In the pres-
ent set-up the isolation between circuits “A” and
“B” is approximately 40 db, which proves to be
sufficient, and most of the residual coupling
is between the 6L7 mixers in the injection
circuit.

The i.f. amplifier for each channel uses three
stages with iron-core transformers tuned to 465
ke. in the infinite rejection system described in

%

ORDERLY WIRING AND PLACEMENT OF COMPONENTS PREVAILS

BELOW DECK

November QST.2 This is a radical departure from
previous systems in that two of the i.f. coupling
circuits of each receiver are in themselves infi-
nitely selective in rejecting off-frequency inter-
ference at a particular frequency. As used in this
receiver, the first rejector in circuit “A’ is fixed at
5 ke. off-resonance on the high-frequency side and
the second (variable) rejector is normally set at
minus 5 ke. In circuit “B” the first rejector is
fixed at 5 ke. off-resonance on the low-frequency
gide and the second (variable) rejector is nor-
mally at plus 5 ke. The variable rejectors can
be swung 5 ke. either side of resonance for the
purpose of wiping out a particular interfering
signal.

It has been found in practice that when the re-
jectors are set close to the resonance frequency
(within 1 ke., for instance), the power-factor cor-
rector resistor (B; of Fig. 2 in the Nov. QST
article) becomes quite critical for infinite rejec-
tion; so a variable 1000-ohm resistor in series
with the proper fixed resistor is used in each
circuit as a vernier to permit close adjust-
ment for maximum rejection under such con-
ditions.

December, 1937

19



RECEIVER A
2 . 3 2o | 3ro ). E L 2w DET
e oS Yoy 67 ok7 = | ene
1 Ts fp ’%
P ES=
1"t 100
W [ 4 o~ o A %
il g_z\%..» HE AR NE N
= = 1R e = b A v
i S | e =
o :'P 05 ¥ g i 25 2 J
# " 1 =195 i CI——”* 195
-~ W
o5 § :-.».leg._ I“\. P I PO 5 3 000 1 Meg
oew =
i
E >3ane
\ L i 3100022
n‘( \\ X z ‘(\A‘Jﬁi
\ \ = E
\ \ \ =
v \
\ \ \
\ \ \
§ L Y v - -
\ [ \ T \ T { | [
\V§ ey Ay i \ | IR I i i 1 i
B ] 1sRF 2np RF MIXER tsriF 2no 1 F [T 3moLF 2n0 DET.
€K7 6R7 6L7 6K7 er7 - 6K7 €HE
RECEIVER B

FIG. 1—SIMPLIFIED FUNCTIONAL DIAGRAM OF THE IMPROVED DUAL- DIVERSITY RECEIVER CIRCUIT

To avoid confusion, the seven-gang band-spread tuning condenser is not indicated in
this schematic. Each of its seven sections is simply connected in parallel with the corre-
nding section of the seven-gang band-set comﬂnser shown. For the same reason, the

ull complement of 35 coils is not indicated, but one coil set being shown in each stage.
Note that adjustable series condensers as well as parallel trimmers are used in the r.f.
circuits for better full.-range tracking. The output of the common h.f. oscillator, which is
the feature insuring automatic synchronous tuning of the two receivers, is applied to
the injection ﬁnds of the two 6L7 first detectors. The oscillator is the high-mutual triode
type 6J5G, chosen because of its good output and reliability at very high frequencies.

There is little mutual coupling between the first detectors because of the

which isolates the injection grids from the signal inpwut circuits. The i.

tem of each receiver is a duplicate of the infinite-rejection unit described tn Nov.

fgood 9lqrﬁecining
. ampli; 8ys-
ST.

Receiver ““B” is not shown in schematic form because it duplicates the circuits of Re-

ceiver ““A”’ throughout. The

meter connected in the bridge circuit, near the center of

the diagram, indicates the gain balance of the two receivers. Immediately above this
meter is SW1, the three-position diversity switch which cuts in either receiver alone, or

both in diversity. Decimal capacitance values are pfd., whole-number

1

Resistance values are indicated in ohms, ““M”’ meaning thousands.

are pufd.

QST for
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CONSTRUCTIONAL FEATURES

The mechanical construction is quite unique.
A conventional chassis is not used. A heavy steel
frame of U-shaped angle construction is the
main support of the various units. This frame is
mounted between two larger frames of similar
construction which form the sides of the cabinet.
Another U-gshaped angle frame with reinforced
corners is bolted to the bottom. The cover, in-
stead of being just a flat piece of sheet metal, is a
solid box-shaped unit. The front panel follows the
same general design of reinforced construction.
The two side pieces are box-shaped and give good
support for the main center panel. The whole
makes for a very rigid assembly, strictly func-
tional in design and pleasing in appearance.

The front panels are aluminum finished with
“alumilite.” (A heavy aluminum oxide is de-
posited on the surface of the aluminum by
electrolysis, which gives it a tough permanent
finish.) The main dials are similarly treated. To
insure good frequency stability, excessive heat is
kept out of the receiver by building the power
supply and power audio amplifier in separate
boxes of similar construction to that of the re-
ceiver. These units are placed at the sides of the
main receiver and conform to give unified appear-
ance.

A few words about the mechanics of the tuning
mechanism. Both rotors of the 7-gang variable
condenser are fitted with split worm-gear drives.
Both of the large 6-inch dials are direct reading in
frequency, a separate scale being used for each
range. This is a great help in tuning, in setting
and re-sctting the different frequency ranges
without reference to calibration charts or tables.
The band-set dial calibrations hold true provid-
ing the band-spread dial is set to zero. The band-
spread dial calibrations for each of the ham bands
are effective when the band-set dial is set to the
high-frequency end of the particular ham band
being used. This dial is directly connected to the
worm shaft and requires 35 complete revolutions
for one complete span of its associated main dial.
The outer rim of each of the main dials carries a
scale having 35 equal divisions. One revolution of
the micrometer dial (behind the panel) moves the
main dial one division. Since the micrometer dial
on the worm shaft is calibrated with 100 divisions,
the dial setting can be read with an accuracy of
one part in 3500. This auxiliary micrometer cali-
bration is for use when greater calibration ac-
curacy is needed than that supplied by the direct
frequency calibrations on the particular scale be-
ing used. This micrometer calibration arrange-
ment allows a scale length equivalent to approxi-
mately 35 feet. The scheme is not entirely original
with us, as it has been used for some time by sev-
eral of the well-known laboratory instrument
manufacturers for applications in which precise
calibration is highly desirable.

(Continued on page 76)

Low-Power Contest Results

THE August Low-Power Contest (for stations
using 25 watts or less) turned out in some
respects to be a miniature Field Day. Some 60
per cent of the 137 operators participating did
so from portable stations “in the field.” 54
operators manned 46 stations at home locations,
83 operators manned 26 field stations. Comments
from participants bring out the fact that low
power gets results. The fellows to whom low
power was a new experience, marveled at the
results obtained even though the meters were
not banging over onto the pins. The regular low
power men justly demand, “Chalk up one for
our sidel”

Scoring was simplified as much as possible.
Each contact counted one point. An extra credit
of 10 points could be claimed for sending a
message to A.R.R.L. HQ’s reporting transmitter
tube line-up and power supply equipment. The
sum of claimed points were multiplied by 1.5, if
either the receiver or transmitter was self-
powered, and by 2, if both transmitter and
receiver were supplied from a source independent
of the public mains; 25 watts input to the final
stage of the transmitter could not be exceeded in
any case. But one transmitter and one receiver
were permitted to be used at any one time at any
station.

‘The leader in this first exclusively low power
contest was W2DXKJ-2, operated in the tower
at 40 Wall Street, New York City, by Arthur H.
Lynch, W2DKJ, A. J. Haynes, W2JHV, and
P. A. Denonn, W2IGK. These men worked 107
different stations for a score of 234. And now
for the surprise—all work was with about 8 watts
input on 56-Mec.! W2DKJ has always been an
enthusiastic participant in field day operations,
making a new record for 56-Me. F.D. work in the
June affair. The experience gained in previous
doings certainly paid dividends! ¥B, DKJ, JHV
and IGK!!

The three-man crew of the Central Colorado
Radio Association’s entry, WOPWU-9, came in
second with 172 points. . . . 76 QSO’s, self-
power being used throughout. (peration was
from Flagstaff Mountain, Colo., ’'phone and c.w.
being used on 1.75, 14 and 56 Mec. Power was
obtained from a gas driven generator.

Third in line was W8IFD-8 at Camp Aharah
(Y.M.C.A. camp), about 140 miles north of
Kalamazoo, Mich. The three operators here
(WB0OBP, WBQQE and W8IFD) emerged from
the battle with 160 points from 70 QSO’s. 3.5, 7-
and 14-Mec. c.w. and 3.9-Mc. 'phone were used.
Storage battery and ‘B’ batteries for the re-
ceiver, storage battery and genemotor for the
transmitters, constituted the power source.

So close behind WSIFD-8 that you can hardly
notice the difference is VE3GT . . . 159 points

(Continued on page 80)
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e What the League Is Doing e

League Activities, Washington Notes, Board Actions—For Your Information

Preparations for the American
regional conference at Habana
and for the world conference at Cairo are sub-
stantially complete at this writing. In fact, by the
time these words appear in print the Habana
conference will be about over. Qur aims at the
latter conference are to see all the amateur bands
confirmed as exclusively amateur within the
American region, to prevent the overrunning of
the 7-Mc. band by 'phone, to obtain region-wide
authority for the handling of third-party friendly
messages by amateurs, and to effect amateur
participation in the Pan-American Radio Tech-
nical Union. We should have some preliminary
reports on the outcome in next QST.

At Cairo the United States will stand for the
preservation of all of our bands. She believes that
the 1.7- and 3.5-Mc. bands should continue in
their present status, shared with fixed and mobile
in the international table, so that their whole
widths may be available on this side of the water
as now, and so that European nations may con-
tinue to give their amateurs as much of these
bands as they need. Rejecting both the proposals
to widen and to narrow our 7-Mec. band, the U. S.
will support our present width. The 14-Mec. band
will be similarly defended against the proposals
to reduce it, and the 28- and 56-Mec. bands
sponsored as exclusively amateur. Qur govern-
ment wants each nation to continue free to set the
power of amateur stations, opposing the Japanese
proposal to cut us to 50 watts in the antenna.
Similarly favorable decisions have been reached
on numerous minor points which are not of great
interest at this stage.

Even the ultra-high frequencies will come in
for some consideration at these international con-
ferences. Further information on developments
in thlis field will be found in this month’s edi-
torial,

Conferences

R.M.A The A.R.R.L. Board at its last meet-

R ing petitioned the Radio Manufac-
turers Association to establish higher standards
in the design of midget broadcast receivers to
preclude the pick-up of interference from other
services operating in accordance with good engi-
neering practices. The R.M.A. seems to have
pitched right into the subject and have been to
see us to obtain data on the exact nature of the
interference and on the damages suffered by
amateur radio a8 a result thereof. Qur technical
editor has given them extensive data on the

principal types of interference experienced and
on the technical deficiencies of the affected re-
ceivers which are responsible for the trouble.
There is room to hope for some real progress in
this matter, certainly for a much clearer realiza-
tion of the deficiencies of these cheap sets.

New On October 1st Colonel Joseph .
C.S.0 Mauborgne became Chief Signal Of-

O+ ficer of the Army with the rank of
Major General, succeeding Major General James
B. Allison, who has retired. IS

Because the Signal Corps deals with many
forms of communication, it is interesting to
know that General Mauborgne is primarily
a radio man. In 1912, as a lieutenant at Fort
Riley, Kansas, he installed a quenched-spark
radio set of his own devising in an airplane and
provided the first air-to-ground radio communi-
cation in history, and two years later accom-
plished two-way radio communication between
plane and ground for the first time. In his long
career he has of course had many important as-
signments. His last previous one was as director
of the aircraft laboratory at Wright Field,
Dayton, before which he was Signal Officer at
the Presidio of San Francisco. During the 1927
Washington conference (eneral Mauborgne,
then a lieutenant-colonel, was a warm defender of
amateur radio and worked actively in our behalf,
as was reported in QST at the time. In fact it is
interesting to note the recent promotions of the
two service men who were most instrumental in
our aid at that time: Lieutenant-Commander
T. A. M. Craven, U.S.N., retired, has recently
been appointed an F.C.C. commissioner; while
General Mauborgne now heads his branch.
Indicative of the latter’s continued interest in us
is the following letter he recently wrote to the
Editor:

Dear Warner:

1 was delighted to receive your letter of October 8, 1937,
extending the congratulations of yourself and the American
Radio Relay League upon my appointment as Chief Signal
Qfficer. May I extend my most sincere thanks to both your-
self and the League for your congratulation and good
wishes?

Having started as a ‘*ham’’ many, many years ago, it is
but natural that my sympathies for the American radio
amateur should always be of the warmest nature, as I be-
lieve you personally have witnessed during my many con-
tacts with you in connection with the work of radio confer-
ences in the past. You may be assured that I shall continue
to have a very strong interest in the operations of the
American Radio Relay League. 73.

(Continued on page 43)
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Applying Inverse Feedback to the Universal
Speech Amplifier

Moadifications to Improve Frequency Response and Increase Power Output

By George Grammer*

OST ’phone operators are distinctly
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