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TELEVISION

TELEVISION OCCUPATIONS OF THE FUTURE

The above shows the operating technique which will be used in putting on the Television Show this spring.

STUDY of occupational possibilities
A in the field of television before that

interesting art has made its com-
mercial debut is possibly premature and cer-
tainly hazardous. It savors slightly of plan-
ning the Panama Canal shortly before the
discovery of America. At best, any voca-
tional analysis of the television of the future
must be read with several provisos in mind.
In the first place, a normal engineering de-
velopment of television is assumed. That is,
it is taken for granted that technical knowl-
edge of television will increase apace, en-
abling the practical solution of the remaining
engineering problems of television within a
reasonable time.

In the second place, a normal economic
development of television must be regarded
as probable in any analysis of its occupa-
tional possibilities. Television transmitting
and receiving equipment is elaborate and
relatively costly. Television program con-
struction will be more complex and expen-
sive than radio program construction of to-
day. The television art is a comparatively
luxurious one. Manifestly, such an art can
hardly be introduced rapidly on a large scale
in times of marked economic depression nor
can it be expected to win public favor under
such circumstances. The television programs
will be paid for, under our present system
of broadcasting operation, by advertising
sponsors in the main. The sponsors will in
this way purchase a portion of the purchas-
ing power and general good will of the

looking and listening public. But the size of
the audience, its purchasing power, and its
mood will all influence the extent to which
the advertiser can justifiably support tele-
vision broadcasting. Accordingly, there is
an action and reaction between economic
conditions and television success. If times
are bad, the programs must be restricted
which, in turn, affects the public response
that justifies the broadcasting of the pro-
grams. Only in reasonably good times can
this circle of effects be broken advanta-
geously. Accordingly, those contemplating
television as a career will watch closely for
times of general economic recovery since it
is in such times that arts like television can
be expected to flourish and to afford oppor-
tunities for a multitude of new workers.
Opportunities in Manufacturing

Let us start at the factory where the nec-
essary equipment for television transmission
and reception originates. Here are needed
apparatus engineers who are capable of
doing research, development, and design
work in that complicated field. These men
must be technically trained and well-quali-
fied along conventional radio lines in order
to meet the more difficult problems of tele-
vision. These radio engineers are, in fact,
electrical engineers with specialized training
in the particular field of communications. In
the factory there are also needed tube en-
gineers who will handle the similar problems
of vacuum-tube and cathoderay-tube produc-
tion which are an integral part of the tele

vision transmitters and receivers. Some of
these men may be university-trained physi-
cists who are prepared to enter the equally
complex but more commercial fields of tube
research and design. The usual factory per-
sonnel will be required for television equip-
ment construction, including test men, super-
visors, production and manufacturing engi-
neers, and the like.
Transmitting Station Jobs

Once the television transmitter has been
built and shipped, it must be installed in
the television transmitting station and there:
after maintained. At this point, an entirely
new series of openings will exist. Television
station engineers will include field-survey
engineers who will determine the best loca-
tion for the station and its antenna system
and who will study the strength and ac-
ceptability of the signals throughout the
service range of the station. These men will
also furnish the data which will satisfy the
governmental authorities that the station
is covering its territory with an adequate
service in the physical sense. The equipment
must be maintained in good condition at all
times, and emergencies must be met, and this
is the job of the maintenance staff of the
station.

The television-station studios will require
a staff of their own of considerable size and
of wide diversity of tasks. Considering
the technical men only for the moment, there
will be lighting experts who will arrange
and control the powerful illumination which
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floods the sets (scenery) in the studio and
the actors. Thesc men must be skilled elec-
tricians capable of handling, shifting, and
controlling illumination in any desired fash
ion. There will be the microphone or sound
men in the studio who will place and control
the microphone supports or booms which
hold the microphone close enough to the
actors to pick up specch or music, while
still keeping the microphone outside of the
field of view of the camera. Here men with
steady hands, quick responses, and a cool
way of working effectively will be required
(particularly in the stress of high-speed
operations during the studio performance).
In the control rooms of the studio, there
will be sound-control men and picture-con-
trol men who will handle respectively the
quality of the sound and the picture which
is being transmitted.

Sometimes, the television transmissions
will be from sound-motion-picture film which
has been previously made. For example, a
film newsreel may be transmitted. This re-
quires that there shall be projectionists who
will handle and project the film on the tele-
vision pick-up whereby it is sent to the
audience. Here too there will be necessary
film-sound control men and film-picture con-
trol men who will carefully monitor the
transmissions.

Camera Men

The television-camera men will constitute
a new profession as well. These men handle
the television pick-up or “camera”™ which is
trained on the action and carefully and con-
tinuously focussed. The reactions of these
camera men must be instantancous, they
must work with perfect coordination in
groups where several angle-shots of the same
scene are to be transmitted, and they must
be resourceful and artistic in their pictorial
sense.

The television-camera men in the studio
will be a part of a larger group, for it is
clear that the outdoor television pick-ups will
require the services of men of similar quali-
fications and perhaps as great resourcefulness

F. J. Bingley (left) & B. E. Schnitzer, Philco television en-
gineers, monitor a live program from Philadelphia station.

BROOK

to mect the multitude of
complicated, partly unfore
eeable, and sometime
uncontrollable condition
to hc chOlll?(Cde in out
door jobs. The outdoor
camera man will neces-
sarily be of somewhat the
same type as the present
successful newsreel camera
man who can meet an
emergency promptly and
effectively.

Since a fair portion of
television programs may
be, as stated above, from
film, it will be necessary
to film program material,
recording both picture and
sound in the same way as
now done by the motion-
picture studios and news-
reel companies. This will
lead to a demand for film
camera men, sound record

ists, editors, cutters, and
other men of the types
found in the motion-

picture studios of today
The demand in these fields may develop
fairly rapidly as the program “hunger™ of
television broadcasting rapidly increases after
its commercial inception.

Television Service Men

Still considering work of primary tech-
nical nature in the television field, it is clear
that the television receivers of the future
must be installed correctly and kept in good
operating condition. This requires the ex-
istence of a good-sized group of television
service men. Such men must be familiar with
the circuits of television receivers, their oper-
ation, the testing of the receivers for faults,
the location of the faults and their correc-
tion, and the best method of installing and
maintaining the receiver in the home. The
public response to television will depend in
some measure on the skill, honesty, and
diplomacy of these service men, particularly
during what may be the more or less dificult
early days of commercial exploitation of
television.

Caution!

One final word may be in order in the
form of advice to the person who is think-
ing of entering the field of television. Don't
push and run—walk; and watch where you
are going. Speed in rushing into the field
will not be nearly so helpful as first know-
ing where your abilities lie, cultivating those
abilities by training in fields similar to tele-
vision, and then everlastingly sticking to
the job of perfecting your talents and their
application once you have entered the tele-
vision field. Remember that television suc-
cess will come rather as the result of a pro-
longed marathon of effort than from a brief
gold-rush of enthusiasm.

[Reprinted by the courtesy of Occupa-
tions, the Vocational Guidance Magazine
for April, 1938, (Copyright 1938.)]

Soldering Tubing
In soldering the copper tubing and its
connections, a soldering iron is of little use,
unless it be one of the very large, heavy
type. Use a small, hot blow torch

[=1]

I1CW jor
5 Meters

N the old days of “Rock Crushers™ and

“Squeak Boxes™ (spark transmitters to
you youngsters), a ham was known by his
ignal, as well as his call. In many cases if
he should have forgotten to sign, it would
have made little difference anyway as by
listening to the particular note, you could
identify the man behind the gun. The dis-
tinctive signal of the particular individual

| was just as much of a label, as his voice

would be in a conversation

No wonder “wireless™ in those days had
the glamour and fascination to attract a fol-
lowing. Those old time signals had a punch
that somehow scems to be lacking today with
the pure flutclike CW notes. Even though
the CW note of today is better in cases of
interference, it seems to become more monot-
onous to listen to for any length of time, as
compared to the old type note that was com-
posed of several pitches and was full of over-
tones.

Inasmuch as ICW is still a regular form
of communication on the five meter band,
why not rig up a trick oscillator that gives a
combination of tones, which when blended
would give an imitation of the old spark-

type transmitter already discussed. Such an
O 01D
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Circuit diagram of the tone modulator.

arrangement can easily be constructed using
a pair of quarter-watt argon tubes, used with
a pair of triodes as a mixing device to pre:
vent reaction between the two argon audio
oscillators.

Referring to the diagram you will note
that one argon oscillator is used for low tones
while the other is used for higher tones,
each of these oscillators being resistance
coupled to the grids of their respective triodes
(type 30's in this case for portability) for
mixing, and also to get some gain. It is then
only necessary to blend the two tones until
the desired note is obtained. The pitch of
either oscillator can be varied over quite a
range by means of the series resistors so
marked in the diagram, and the two tones
blended by means of the volume control
on the input to the low tone amplifier,
marked “‘Blender Control.” With the saw
tooth waveform produced by the argon oscil-

| lator it is quite easy to adjust the rig to give

quite a good imitation of an old fashioned
spark transmitter, or in fact an imitation of
almost any type of note ever used in “wire-
less” or “‘radio’” telegraphic communication.
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TELEVISION FUNDAMENTALS
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Diagram showing the various stages of the television and audio broadcast.

average broadcast listener’s interest

in radio, who intend getting ac-
quainted with Miss Television during her
“coming out” parties of the next few
months, will find this fascinating new-
comer speaks a new and strange language.
Her sense of time is not that of seconds,
minutes and hours, but is in terms of “H"
and “V"—3H, 0.15H, 0.10V and 0.07V—
in which "H"™ is 1/13230th-second and "“V"
is 22015 H's.

There is much of merit in the develop-
ments of Marconi, Telefunken, Fernseh,
Mihaly-Traub, Scophony, Dumont, Farns-
worth and many others. While it appears
that American practice will be developed
around electron optical scanning systems,
based on the cathode ray tube, equally good
results have been achieved with mechanical
optical systems. Research into the work
done both here and abroad during the past
ten years, brings to light an almost unbe-
lieveable number of combinations of lenses,
apertures, prisms and mirrors mounted on
drums, spirals and discs. As this is being
written, announcement has been made by
Scophony, Ltd. (British) that a $10,000,000
American affiliate will be formed to market
receivers utilizing mechanical optical de-
signs.

YOU gentlemen with more than the

Allen Dumont has an excellent system
of television which involves no synchroniz-
ing signals, has 4-to-1 instead of 2-to-1 in-
terlace, and utilizes two carriers. Qver in
England they use “negative” modulation
which means that highest amplitude is
white rather than the synchronizing pulse
level in blackest black, and the sync pulse
level is zero radiated power where our
standards of “positive” modulation result in
white. Should one care to make a careful
study of the work of many very brilliant
minds and form his own opinion of the
relative merit of each one's methods, it will
be interesting, and definitely instructive; the
fact will remain, however, that the electron
optical systems are going to dominate com-
mercial television just as gasoline motors
outnumber diesels, there will be synchro-
nizing signals transmitted, 441 will bé the
generally-used line frequency, and sync
signals will be above blackest black.

First of all, television broadcasting is to
be done in the ultra high frequency spec-
trum, and. to start, seven channels have

been assigned for this service between 44
and 108 megacycles, and another twelve
between 156 and 294 megacycles (see Fig-
ure 1). This is necessary as it was only in
this division of the useful frequencies that
enough frequencies were available to per-
mit a few channels with the relatively wide
sidebands required (a television channel is
six megacycles in width). Here also, re-
flections from the “heaviside™ layer occur
but seldom. Reflections would be disastrous,
as the difference in time between the arrival
of the ground wave and that of the reflected
wave would produce images in offset pairs
or “ghosts.”

[] [N C1 8 [
(1]2] O] 1413
44 56 66 78 96 108 MC

204 234

156 180
Figure I.

Each channel is complete in itself, that
15 it will include both the video (picture)
and the audio (sound) transmission, and
these will, in every channel, be a definite
distance apart. Thus they can be tuned-in
simultaneously, heterodyned by one oscil-
lator, and each diverted into its own inter-
mediate amplifiers. How this works out is
illustrated in Figure 2. For this example,
the channel in use at the Empire State
Building (N.B.C.) transmitter is chosen—
the channel from 44 to 50 megacycles
(mc.).

It has been found that the wider the
video sidebands, the better the detail and
entertainment value, so, rather than trans-
mit both sidebands (video) and have each
be 2.5 mc. deep, it will be the practice to
utilize but one sideband and have it,
roughly, 4.0 mc. deep. The other will be
suppressed. In Figure 2, the video carrier
is shown as 45.25 mc. and placed 1.25 mc.
from the 44 mc. (lower frequency) edge
of the channel. Its sideband is about 4.0
mc. deep. The sound carrier is at 49.75
mc., placing it 4.5 megacycles above the
video carrier and 0.25 mc. from the 50 mc.
(higher frequency) edge of the band. This
4.5 mc. separation, and the 0.25 mc. plac-
ing of the sound carrier, are in the recom-
mended standards.

If, at the receiver, we tune an oscillator
to 58 mc., and have it heterodyne the 45.25

and 49.75 mc. carriers, we automatically
secure the RMA standard sound interme-
diate frequency of 8.25 mc. and the video
intermediate  frequency of 12.74 mc.
Whether one tunes to the 44-50, the 50-56
or the 78-84 mc. channel, the two carriers
will tune correctly and heterodyne to their
proper i.f. passbands.

Probably the easiest way to visualize the
“pickup™ and re-creation of television trans-
mission of a scene is to imagine that you
have before you, as a photoprint, the
scene to be transmitted, as it would be at
any given 1/30-second. You have a cur-
rent-generating pencil, from which a wire
leads to the transmitter—you draw a straight
line across the top edge of the picture, and,
as you go over a black spot the current
generated increases, while a gray spot pro-
duces less current, and a white area would
result in no current flowing. Obviously,
using a photograph, the current would
constantly be changing.

Now you draw another line as close to
the first as possible, so that a total of 441
lines will cover the picture completely.
When you have finished, every point of
the picture will have been represented by
a current, either strong or medium or weak,
flowing from your pencil. In television, a
tiny stream (or beam) of electrons is caused
to travel, just as you did it, over the image
picked up by a lens and a complex variety
of cathode-ray tube called an Iconoscope.
This is called “'scanning™ and it results in a
constantly-varying current, modulated onto
a high frequency carrier, which, when re-
ceived, can be re-created into an identical
picture by another beam on the end of
another type of cathode-ray tube termed a
Kinescope.

While cathode-ray tubes, as used in tele-
vision, will be analyzed and explained in
detail in the next article, I present in Figure
3 a simplified sketch of the Iconoscope and
Kinescope, to make the current discussion
more readily understandable. The pickup
of a scene is, in principle, not difficult to
understand when an illustration is avail
able. The left wall of the Iconoscope, as
shown in Figure 3, is of exceptionally clear,
highly-polished glass, with a lens of the
order of f2.8 or 3.5 mounted at correct
focal distance so the scene to be transmitted
is reduced to proper size on the Signal Plate
within the tube. As the electron beam sys-
tematically covers the image on the Signal
Plate, a constantly-varying current is caused
to flow to amplifiers and the transmitter.

At the receiving end, this varying cur-
rent which is stronger as the picture is
darker and weaker as the picture tends

44MC 50MC
6MC |
f—a.50MC APP
4 ROX. "25MC
» 4
Al '
-
PICTURE SOUND
CARRIER CARRIER
4525 4975

Figure 2.
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Figure 3.

toward white, varies the intensity of the
clectron stream in the Kinescope as the
beam scans the inner surface of the glass
end of the tube. As this inner wall of the
tube is coated with a preparation (may be
cither a sulfide or a silicate of zine) which
is highly luminescent, the original scene is
re-created in approximately 225,000 pin
points of light with surprising fidelity. The
negatively-charged particles that compose
the beam are moving with velocities of the
order of 30,000 miles per second.

Thus, what one will really see is a rapid
scquence of pictures as ‘“scanned” by a
lightning-fast electron pencil. To avoid
flicker, it was known that 24 complecte pic-
tures (movie standards) or better, would
have to be created per second on the end
of the Kinescope. The number 30 was
chosen, because, being a multiple of the
60-cycle supply frequency, hum difficulties
could more readily be avoided. Hum would,
in this case, show itself as a dim pattern
moving across the picture.

Further to eliminate flicker, it was de-
cided to “‘scan™ the image in a manner
known as “interlacing” (see Figurc 4). This
means that, instecad of picking up our lines
in regular 1, 2, 3, 4, 5 order, we pick
them up as 1, 3, 5, etc., until we have 22015
lines and then jump back and get 2, 4, 6,
etc., through another 220V, lines—each
complete operation taking not more than
1/60th-sccond. The full set of 441 lines
is known as a “frame” while each half is
a “field.”

Quite a few factors entered into the
choice of 441 as the correct number of
scanning lines; any less than this did not
give satisfactory detail from a complex
scene, while more than this created serious
problems. Important, however, as will be
shown later, the number has simple factors
and can be had by multiplying odd num-
bers—3x3x7x7. This enters into the gen-
eration of synchronizing signals at the
transmitter.

To use the language of the RMA Rec-
ommended Television Standards Report,
1 will, hereafter, refer to the length of
time required from the start of one line
to the start of the next line in a field as
“H,” and the time required from the
start of one field to the start of the next

as “V.” These times are, of course,
1/13230th-second and 1/60th-second re-
spectively.

To sec how they are used, I now refer
to Figure 5. The upper half illustrates
the television signal covering the bottom
cdge of the picture in one scanning field
("A™) and the top edge of the following
field (“B"); the lower half of Figure §
portrays the signal during transmission of
the bottom edge of the second field (“B™)
and the top three lines of what would be
a third fleld ("C™). This is necessary to
show the differcnces in pulse arrangement,
which explain how interlacing is accomp-
lished.

As in voice transmission, the carrier
provided for video transmission has a
definite amplitude (voltage maximum)
which it maintains cvenly until modulated,
whercupon the voltage rise in each side-
band varies with the impressed signals. In
the television transmitters and receivers, it
is so arranged that full black (of the pic-
ture) will be at 75 to 80% of maximum
amplitude. The remaining 25% or 20% is
to be used for synchronizing pulses. Thus,
all variations in the image transmitted are
taken care of by variations in carrier volt-
age from zero to 75 or 80% of maximum
amplitude.

Since we have full black at 75% ampli-
tude, anything that may be done with the
other 25% would not be visible on our
Kinescope, and it is here that we put the
synchronizing pulses. At the left end of
the upper half of Figure 5 we come into
the middle of the fifth line from the bot-
tom of the picture of one field. As illus-
trated, it is going from dark to light (slop-
ing down). The narrow upright pedestal
shown represents the last 15% of this line,
at the right edge of our transmitted pic-
ture. What is called a “blanking pulse™ is
injected which immediately jumps the car-
rier to full black. In other words, we do
not “see” the last 0.15H on each swing of
the Kinescope beam.

The narrower extension on the top of
the pedestal is the “horizontal synchroniz-
ing pulse,” whose job it is to swing the
traveling Kinescope beam back to the left
for the start of the next line (4th from
bottom) while a condition of full black
exists. This horizontal synchronizing pulse
starts 0.01H after the front edge of the

blanking (full black) pedestal pulse. It

lasts but 0.08H in time, then the voltage
drops back to the blanking pulse level for
0.06H more, and, at its end, we are start-
ing the 4th from the bottom lne of the

picture. This cycle continues through the
last line of picture.

You will note a vertical broken line iden-
tified as “Bottom of Picture—Field A"
This is the bottom edge of that which is
visible; our electron beam will continue
swinging but the final 15 to 22 lines of
the field will be blanked out or black. The
recommended standards say this period,
known as “vertical blanking™ shall be 0.07
to 0.10 of the time of one field (1/60-
second) which is, roughly 15 to 22 lines
of our 220V per field.

With the Kinescope held black, six nar-
row pulses termed ‘“‘equalizing pulses” are
introduced. They are 0.04H wide and
spaced at 0.5H intervals, beginning 0.01H
after vertical blanking began. Three of
these are, in effect, horizontal synchronizing
impulses to keep the beam horizontally syn-
chronized; the three marked “*M” are nec-
essary to assure proper interlace in the
receiver, and their action will be described
in article three.
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VISUALIZATION OF INTERLACING

Figure 4.

The vertical synchronizing pulse, which
comes next, requires the time 3H. It is
composed, as shown, of six 0.46H pulses
and six serrations or slots which are 0.04H
each. It should be noted that the front
edge of the vertical synchronizing pulse
and two of these serrations (0) correspond
in their timing with the horizontal syn-
chronizing pulses. The other three (N)
are necessary to make identical the vertical
synchronizing pulses of odd and even fields
(sce the vertical synchronizing pulse di-
rectly below in the following field).

While these slots are shown with vertical
sides, because they are so small in the illus-
tration, the sides are really sloping, so
there is a slanting fall on one side of each
slot equal to 0.005H in time, and a slanting
rise on the other side of 0.005H in time.
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Figure 5. A diagrammatic breakdown of a television signal.
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That is only 5/1000th of 1/13230th of a
second, but these slopes are necessary that
a wave of the proper form be supplied
to the deflecting circuits of the receiver's
Kinescope.

While the vertical synchronizing pulse
has now thrown the Kinescope beam back
to the top of the picture for the start of
another field, there remain six more equaliz-
ing pulses, which must be present for the
same reason as was the first group. A series
of horizontal pulses then follows before the
vertical blanking is removed, and the pic-
ture 1s resumed. The number of such pulses
at this point may vary from approximately
six tu thirteen and this will not affect re-
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ception, except that it shortens the height
of the picture by an infinitesimal amount
if morc are used. At the point marked
“Top of Picture—Field B" the vertical
blanking ends and slightly over four lines
of the next field are shown.

The lower half of Figure 5 is similar in
its cycle of pulses to that of the previous
field, but certain features should be stressed.
Note that the last line of Field B (odd
field) is not complete when the vertical
blanking begins at the bottom of Field B's
picture. These are (presuming 30 lines of
blanking per frame) lines 407, 409 and
411, and their timing must be 1,H “off”
in relation to those above in Ficld A (even

field) which are 406, 408 and 410. At the
right end of the lower illustration, a half
video line is indicated following the finish
of vertical blanking, whereas above it, a
full video line is shown. In the upper draw-
ing, these top-of-field (B) video lines are
I, 3, 5, 7, etc., while below, these first lines
are 2, 4, 6, 8, etc,, of an even field (C).

When the fact that “‘an aspect ratio of
4:3 is recommended to conform with exist-
ing motion picture practice™ is added, we
have concluded our review of the more
important introductory features of tele-
vision. This quoted sentence simply means
that the height of the picture shall be 34
width, regardless of size Kinescope used.

BUILDING

ITH television looming on the
horizon an attitude of watchful
waiting is being assumed by the

radio public in general. But neither the
ham nor general radio experimenter is the
type to sit and wait for someone clse to do
things for him. Not so many years ago
when there began to be some thought given
to the possible practical value of short waves
for communication and broadcasting these
men didn’t wait for someone else to point
the way. They dug in and pioneered de-
velopment. There is every chance that they
are likewise going to play a big part in
evolution of television. Even the Radio
Corporation of America recognized this pos-
sibility when over a year ago it made both
informatton and special television tubes
available to experimenters, and particularly
to hams.

A TELEVISION

In this video set, which is based on the
Garod Model 100, certain refinements have
been avoided-—refinements whose complica-
tions do not justify their advantages. It is
believed by the designers, for instance, that
to build the sound and video receivers in
one unit would add complications not war-
ranted by the saving in space and a few
tubes that might result. Moreover, a sepa-
rate receiver can be more readily used for
other ranges such as the 5- and 10-meter
ham bands, the u.h.f., high-fidelity broad-
cast stations, etc., than can one whose cir-
cuits are intertwined with those of the video
receiver.

The complete circuit diagram for the
video receiver and power supply is shown
in the figure. These are two separate units
as shown and are interconnected by means
of cable and plug.

B VB M )
RECEIVER

The first six tubes constitute the super
heterodyne receiver and include one rf.
stage, combined oscillator-mixer, 3 i.f. stages
and diode detector. This differs in a num-
ber of respects from conventional broad-
cast superhets. First of all, every r.f. and i f.
circuit must be capable of passing a tre-
mendously wide band of frequencies which
constitutes the video signal. Even where
only only a single side-band is transmitted
the receiver circuits are called upon to pass
a band approximately 2500 kilocycles wide
or more. This is accomplished by heavily
loading the tuned circuits of both r.f. and
i.f. with resistors as shown at R1, R6, R10,
etc. The rf. and if. tubes are all of the
new ultra-high frequency type developed
especially for television use. These tubes
provide high gain at these frequencies—

. gain comparable with that obtained at lower
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Circuit diagram of a home-built television receiver.
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frequencies from the 6K7, and the like.

The tuning range is approximately 39 to
63 megacycles, and the intermediate fre-
quency 12 megacycles. The receiver is de-
signed to receive pictures from stations
using the R. M. A. standards of 441 lines,
30 pictures per second with interlaced scan-
ning. It can be adapted to other standards
by alteration of the sweep constants.

The first and second video amplifiers
(1852 and 6V6G) function like the audio
amplifier in a sound superhet except that
they must be capable of passing a wider
frequency range. There ds also the differ-
ence that the signal as amplified by these
tubes contains not only the picture modula-
tion, but also the synchronizing impulses by
means of which the viewing process at the
recciving end is kept in exact step with the
scanning operation at the transmitter. There
are two groups of impulses, one controlling
the horizontal sweep and operating at
13,230 cycles per second, the other the ver-
tical sweep, at 60 cycles per sccond.

The scanning impulses are of greater
voltage amplitude than the picture signal
and are separated from the latter by means
of the 6H6 diode just to the right of the
6V6G video amplifier. This diode is biased
by means of the potentiometer R36 so that
it passes current only at voltages above a pre-
determined level appearing in the output of
the 6V6G. Thus by adjusting this level (by
means of R36) to a point somewhat higher
than the picture signal output the syn-
chronizing impulses are separated from the
picture signal and cause current to flow
through the 6H6 corresponding to the syn-
chronizing impulses. Then by means of
properly proportioned circuits, the high-fre-
quency and low-frequency synchronizing
impulses are separated, the former being
fed to the control grid of the high-fre-
quency sweep oscillator and the other com-
ponent to the low-frequency oscillator,

Separation of the synchronizing signals
after rectification in the 6H6 is accom-
plished through sclection of the proper re-
sistance-capacity filter values. C32, having
a value of only .00001 mfd. will not pass
the low-frequency signal but will pass the
high-frequency. impulses to the grid of the
high-frequency oscillator. The low-fre-
quency impulses are readily passed by C31
to the grid of the low-frequency oscillator
but the high-frequency impulses are blocked
out of this circuit by the high resistance of
R34. Thus complete separation is effec
tively obtained.

The cathode-ray tube employed is one of
the 5-inch type in which the image has a
greenish tint, Tubes which provide a black
and white image can be used but have the
objection that for given anode voltages the
images are less brilliant, which is another
way of saying that for equally brilliant pic-
tures the “‘green” tube is less cxpensive.

All voltages for the cathode-ray tubes
are provided by the 879, high-voltage sup-
ply. The 5Z3 supply takes care of all other
tubes.

Construction Hints and Data

The antenna primary L16 is connected
to the Dipole (or other type) antenna
through a twisted pair. The secondary is
tuned to the carrier frequency by the first
section of the three gang condenser, and is
fed into the grid of the 1852 r.f. ampli-
fier. The plate circuit feeds through in-
ductor L2 as a plate load into the control

grid of the 6K8 converter (through the
.0001 mfd. coupling condenser). The oscil-
lator is of the Hartley type, although the
elements have been nsed in a somewhat un-
conventional manner. Note that the oscil-
lator plate (No. 6 pin) is not used. It was
found that better stability was obtained
with the circuit as shown, than with the
conventional arrangement. The converter
is followed by three i.f. stages operating
at 12 M.C. The €H6 is used as a diode
detector in the usual way. The two chokes
L8-L8 together with the .00003 mfd. con-
denser serve as a filter to remove the if.
component from the video channel. The

1852 and 6V6 act as Ist and 2nd video
amplifiers respectively for the picture signal.
A single 115 volt cell such as is used for
Pen-Lite flashlights supplies the “C" bias
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for the 1852 first video stage. This cell
will last for a considerable period, since no
current is drawn. The output of the 6H6
is connected to the control grid of the
cathode ray tube as well as the synch. sep-
arator.

The sweep circuit oscillators are of the
multi-vibrator type, are very stable in opera-
tion, and can be recadily controlled by the
synch. pulses, which are introduced into the
6L7 tubes. Both sweeps utilize the same
circuit arrangement, except of course, that
different constants are used for the hori-
zontal (high) and wvertical (low) sweep
frequencies. The saw-tooth waves generated
in such a multi-vibrator, are, if no compen-
sating means is used, logarithmic in form
Chokes L12 and L13 arc therefore inserted
to correct this deficiency and produce a
saw-tooth, substantially linear, so that the
electron beam is carried across the tube at
a uniform rate.

The synchronized sawtooth pulses are
then fed to the two sets of deflecting plates
to scan the face of the picture tube by
means of the electron beam emitted by the
electron gun in the neck of the tube. This
beam is in turn modulated (through the
control grid) by the picture impulses ob-
tained from the output of the 6V6.

Means are provided for centering the
picture by varying the fixed positive poten-
tial on the two sets of deflecting plates.
Other controls focus the becam by changing
the potential on the focusing electrode (R59)
and adjust the bias on the cathode ray tube
(R56) to set the average brightness (con-
trast).

Assembly and Wiring

The assembly of the component parts may
be seen from the photographs and diagrams.
All parts should be assembled as shown and
checked against the circuit diagram to pre-
vent any possibility of error.

Note that the end of the shield on the
underside of the chassis is soldered to a lug
fastened under one of the screws on the
gang condenser.

Coils L1, L2, L3, and L16 are wound
with No. 16 bare wire. A 14” diameter
form is used and removed after winding.
Turns are spaced approximately 13"”. The
number of turns is indicated in the diagram.

It is important that the wiring shown in
diagram be followed carefully. As each
wire or component is put in, it should be
checked off. The grounds and heaters
should be wired first, then the various B
voltages, i.f. transformers; then resistors,
mica and tubular condensers. All wiring
should be as short and direct as possible.
Particular care should be taken in wiring the
video amplifier to avoid high grid or anode
capacities to ground, since this will result
in a loss of high frequencies with consequent
poor detail. This applies especially to leads
from the Diode detector to the 1852 and
coupling condenser from 1852 to 6Vé6 as
well as wiring from L11. These should be
lifted away from the chassis 14 to V4 inch.
Do not fasten the grid lead from the picture
tube to the chassis or wrap it around the
other leads in the cable.

CAUTION

Approximately 1400 wvolts is supplied to the high
voltage Anode. This voltage should be treated with
great respect, since under certain conditions it may
be DANGERQUS. Be sure that the power switch
is OFF or better still, yremove the line cord from the
outlet, when making any changes, or touching any
parts, other than the control knobs.

With a high resistance (1000 ohms per
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volt) voltmeter, measure all voltages, with
respect to the chassis. Results should be
approximately as tabulated. Variations will
occur due to linc voltage conditions and
tubes. If there is any substantial deviation
in voltage from that given in this table,
ascertain the reason, and correct it before
procceding further, or damage to tubes or

other parts may result.
WARNING

Be sure that the Voltmeter prongs are well insulated
and use great care in wmaking these measurements to

avoid shock from the High Voltage supply.
Alignment and Operation

Set the picture tube bias control (No. 1)
all the way to the right. Set the horizontal
and vertical sweep (Nos. 6 and 7) controls
half way.

Now turn the spot locating control
(No. 3) all the way to the left and rotate
the other spot control (No. 4) through its
entire range. If neither a spot nor a raster
(the scanning pattern) appears, move the
hrst spot locating control (No. 3) slightly
to the right and rotate the other locating
control through its entire range again. Con-
tinue this procedure step by step until some-
thing appears upon the viewing screen of
the C-R tube.

Now adjust the vertical and horizontal
sweep controls until a complete raster ap-
pears. This should be approximately 4”
square (the actual picture will be somewhat
smaller due to the presence of the blanking
and synch. pulses in the station carrier).

By means of the spot location controls
(Nos. 3 and 4) this pattern may now be
centered on the tube face.

The size of the picture is determined by
two factors, namely: the sweep circuit volt-
age and the voltage applied to the second
anode. The picture increases with increase
in sweep voltage and decreases inversely as
the square of the second or high voltage
anode potential. The sawtooth voltage
developed by the multi-vibrators is a func-
tion of the *'B™ voltage applied to the plates.
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Since we are operating near the voltage
limit of the 5Z3 rectifier tube, it is imprac-
tical to obtain any improvement in this direc-
tion. Amplifiers could be used to increase
the sweep voltages, but this would compli-
cate matters greatly. The other alternative
is to reduce the 2nd anode voltage. Refer-
ring to the circuit diagram, a 100,000 ohm
(R66) dropping resistor is indicated in
series with the low voltage filter system.
This results in a larger picture, at only a
slight sacrifice in brilliance. The use of this
resistor is optional, depending upon which
characteristic is the more desirable.

The image ratio should be 4:3. If the
picture does not conform to this ratio, a re-
arrangement of resistors in the sweep plate
and screen circuits will correct this. Poten-
tiometers could be inserted to control the
voltages applied to the deflection plates,
but these additional controls are hardly
necessary, since once this adjustment is made,
it need not be changed, for a given set of
tubes.

After this has been satisfactorily checked,
we may proceed to the i.f. amplifier adjust-
ments. An output meter or preferably an
oscilloscope is connected across the output
of the video amplifier (6V6 plate). A signal
from a signal generator or equivalent source
is now introduced at the converter grid
(6K8). The intermediate frequency is 12
mc. The i.f. transformers are now adjusted
for maximum output in the conventional
way.

Now introduce a signal, whose frequency
is approximately that of the principal sta-
tion to be received, into the antenna circuit.
Tune this signal by rotating the dial, then
align the antenna and r.f. circuits for max-
imum output by means of the trimmers on
the variable condenser.

After this has been done, the receiver is
ready for a test on the air. It is best to
make adjustments on the fixed pattern trans-
mitted by television stations during test
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periods preceding the regular scheduled pro-
grams. The i.f. system should now be re-
adjusted by staggering the peaks to accept a
wide band of frequencies (2 megacycles).
This will result in considerable improve-
ment in picture detail, with relatively slight
loss in gain.

The if. transformers are heavily loaded
(with 1500 ohms across each secondary).
It is possible to omit these, with an increase
in gain if they are carcfully realigned so
as to stagger the peaks, with a resultant
“square top™ resonance curve over the band.

The r.f. circuits should now be realigned
for best tracking. It may be necessary to
adjust the r.f. coil inductances slightly to
obtain the proper range and tracking. 1f
necessary the end plates of the variable con-
denser may be bent to accomplish this.

About 20 volts at the control grid of
the cathode ray tube is necessary in order
to obtain a good picture. If everything is
functioning properly this should be easily
obtained from stations within range. This
can be checked with a vacuum tube volt-
meter or calibrated oscilloscope.

A little experience will enable the user
to tune in a station quickly and clearly.
Proper manipulation of the controls is im-
portant.

T1—1500V. Power transformer 8CI12

To—Revr. power trans. 8K93

Lis—Rcvr. Filter choke 20H No. 1 L 11 R
Lis—Hi-Voltage filter choke 1000H No. 1 F45R
Lia—Low frequency sweep choke 2000H No. 1 FATA
Li2—High frequency sweep choke 300H No. 1 C42j
Lii—R.F. Chz%(c—fo MH

Lio—R.F. Choke—55MH

Lo, 8—R.F. Choke—120 MH

L4, 5. 6. 7—L.F. Transformers—12 M.C.., U100
SIZES:

C—21, 23, 25, 28, 30, 33, 34, 39, 46, 47, 48—
§25V. Peak net electro.

C—44, 45—2000V. (J347)

C—41—1000V. (J345)

C—37—1000V. (]J344)

C—42, 50—2000V.. (J346)

C—40, 43, 26, 5, 7.9, 10, 12, 14, 15, 17, 18, 20,
22, 24, 27, 29, 49—400 volts.

C—51, 4, 13, 16—200V.

C—135, 16, 8, 52, 19, 31, 32, 38—Mica

1, 2, 3—3 gaug variable
R—64, 36, 52, 56, 44, 61, 62—Wire wound pots.

TELEVISION WORDS &

TERMS

WORDS AND PHRASES COMMONLY
USED IN TELEVISION
Aperture Distortion:

A loss of image definition of the scanning
aperture. The height of the aperture is
equivalent to the height of one scanning
line.

Aspect Ratio:

This is known as the ratio of the width
to the height of the picture framed area.
Automatic Background Control:

This is commonly referred to as “Black
Control™ and refers to an automatic means
of controlling the illumination of the cath-
ode-ray reproducer modulating the cathode-
ray intensity.

Composite Signal:

When the video, blanking and synchro-
nizing signals are combined or are present
it is known as the “"Composite Television
Signal.”

Consecutive Scanning:

This refers to the method in television of
scanning the image in which the field-fre-
quency and the frame-frequency are iden-
tical.

D.C. Video Component:
This is that part of the video signal com-

ponent which appears as a steady back-
ground illumination of the scene being
transmitted.

Direct Pickup:

This deals with the televising of objects,
scenes or persons, etc., directly from life
and is not to be confused with the film
television method.

Even-line Interlacing:

This refers to the number of lines scanned
in each frame and is an even integer.
Field Frequency:

The number of times per second the field
area is fractionally scanned is called the
“Field Frequency™ when used in interlaced
scanning.

The Blanking Impulse of the Field Fre-
quency:

Is transmitted at the end of each vertical
scanning of the picture field in order to
erase the retrace path of the cathode-ray
spot at the television receiver end.

Field Distortion:

When the velocity of the scanning spot
or the departure from a rectilinear shape of
scanning field takes place in the form of
distortion of the shape of the object in
television, it is known as “Field Distortion."

Field Frequency Synchronizing Impulse:

In order to keep the vertical scanning of
the generator at the receiver in step with
the transmitter, it is necessary to impose
a square topped impulse at the end of each
vertical scanning of the picture field.
Frame Frequency:

Refers to the number of times per second
the frame area is completely scanned.
Frame:

The frame is a complete picture.

Horizontal Blanking Impulse:

Is a synonym for “Line Prequency Blank-
ing Impulse.”
Horizontal Scanning Frequency:

Is the synonym for “Line Prequency.”

Ghost Image:

If the signals generated during the re-
trace time of the television camera scanning
produce a ghost image signal, it is known
as the “Ghost Image.™ This is subsequently
erased by the blanking signal.

Iconoscope:

This is the television eye and is a cathode-
ray type tube which has a mosaic plate and
is so arranged that the positive charges
thereon are neutralized so that the discharge
currents constitute a video signal.
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Image Dissector:

A television cathode-ray camera type tube
in which an electron image which corre-
sponds to the optical image of the scenc
being televised is made to move in such
a way that the electrons so collected con-
stitute a video signal current.

Interlaced Scanning Field:

Is a rectilinear field in which the field
frequency is a part of the frame frequency
and in which the lines traced on each action
being scanned on the picture area are made
to fall evenly between those of each pre-
vious fraction of one scanned line in order
to completely scan each picture frame.
Interlace Ratio:

Is the numerical ratio of the field fre-
quency to the frame frequency.

Keystone Distortion:

When the picture field assumes a trap-
czoidal rather than a rectangular shape it
results in an optical or electrical distortion
which is referred to as a “‘Keystone Dis-
tortion."”

Kinescope:

This is the cathode-ray tube used in tele-
vision which relies on an electrostatically
focused cathode.

Line Frequency:

A saw tooth wave is used for scanning
in a horizontal direction and is the line
frequency that is equal to the number of
lines per second scanned.

Line Frequency Synchronizing Impulse:

Is the same as the frequency of the saw
tooth waves, which is used for scanning in
the horizontal direction.

Line Frequency Synchronizing Impulse:

Is transmitted at the end of each scanning
line to keep the horizontal generator at
the receiver end in step with the horizontal
generator at the transmitter end.

Line Frequency Blanking Impulse:

Is a square topped impulse transmitted
at the end of each scanning line to erase
the return trace of the cathode-ray spot
on a television receiver tube.

Master Pulse Generator:

This generator is used at the studio end
to provide all blanking and synchronizing
signals for both the receiver and the trans-
mitter.

Magnetic Deflection:

Refers to the directing of a lateral or
vertical motion to the cathode ray spot by
passing it through a field produced by a
coil through which the saw tooth scanning
current is flowing.

Magnetic Focus Coil:

Is a solenoid which directs the stream of
clectrons emitted by the cathode-ray gun
into a very fine spot on the cathode-ray
screen.

Negative Transmission Polarity:

When a decrease in the light intensity re-
sults in an increase in the radiated R. F.
power of the transmitter it is known as
“Negative Polarity."

Negative Picture:

When the polarity of a video signal is
reversed at the grid of the cathode-ray re-
ceiving tube it is called a negative picture.
Odd-Line Interlace:

When the number of lines which are
being scanned during each picture frame
become an odd number they are known as
*QOdd-Line Interlace.™

Optical Focus:
This refers to the focusing of the image

optically on the light sensitive cathode ol
the dissector tube and should be distin-
guished from the electrical focusing of the
clectron image produced within the tube.
Oscillight:

Is a cathode-ray television reproducer
tube which is of the magnetically focused
type.

Positive Polarity of Transmission:

When increase in initial light increases
the radiated power of the transmitter the
polarity of the transmission is said to be
positive.

Picture Element:

The smallest subdivision of the picture
area defined in the process of scanning.
“Rain”:

If a poor signal-to-noise-ratio exists on
the television image it is commonly referred
to as “‘rain.”

Retrace Time:

The time which elapses between the end
of one vertical scansion of the picture field
and the start of the next vertical scansion.
Or else, it might be the time-elapse be-
tween the ending of one scanning line and
the starting of the next consecutive line.
R. F. Television Signal:

The signal caused by the modulation
of the R. P. picture carrier by the com-
posite television signal.

Scanning:

When the dimensions, including the
height and width together with the inten-
sity of the picture, are being scanned by
means of a predetermined manner and
from an electrical amplitude-time function
representative of the illumination intensity
of each elementary area of the original
image, the amplitude-time function thus ob-
tained becomes a video signal.

Scanning Interference:

When there is crossitalk between the
video and scanning circuits and it is pro-
duced on the television image, it is known
as scanning interference.

Scanning Field:

Is the area covered by the scanning spot
either in dissecting or reproducing the tele-
vision images.

Synchronization:

When the generators at the receiver are
in step with the scanning generators feed-
ing the television camera, both the trans-
mitter and receiver are said to be in “syn-
chronization.™
Scanning Generator:

Is used to generate the saw tooth waves
which are used for the electrical scanning
of the television scanning tube or the
cathode-ray type of reproducer.

Telecine Transmission:

Refers to the process of televising and
transmitting motion picture film subjects.
Vertical Blanking Impulse:

Commonly referred to as “‘thec field fre-
quency synchronizing impulse.”

Vertical Synchronizing Impulse:

Refers to the field frequency synchroniz-
ing impulse.

Vertical Scanning Generator:

Refers to the field frequency scanning
generator,
Video Signal:

When the cathode-ray tube in the tele-
vision camera is used to scan an image, the
signal resulting from the scanning which
is being transmitted is called the “Video
Signal,” or one which may be seen.
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XTAL DOPE

QUARTZ CRYSTALS USED IN HAR-
MONIC TYPE OSCILLATOR CIRCUITS

Many amateur operators are disappointed
in attempting to oscillate so-called 10 and
20 meter crystals in the harmonic type of
oscillator circuits. It is well to point out
that 10 and 20 meter crystals are essen-
tially cut to 60 meter fundamental and
therefore operate on their odd harmonics
rather than the even harmonics. Por ex-
ample, a circuit which attempted to use a
so-called 20 meter crystal would actually
put out a harmonic on 15 meters, which
would fall outside of the amateur bands.
It is therefore apparent from the above
that in order to get good efficient per-
formance from either 10 or 20 meter crys-
tals that they be used as a straight crystal
controlled oscillator and never to use them
as a generator of harmonic frequency.

Never attempt to use a crystal itself as
a power device. It is far better to use an
oscillator which is idling than one which
has a high plate voltage supplied. It is
always good practice to incorporate some
sort of a fuse in the crystal circuit and this
may well be one of the popular type of
pilot lamps, possibly of the brown bead
variety. This particular bulb will pass 125
ma of current at full brilliancy. Most
crystals are designed to operate up to that
value but never excecding that value, so
that if this bulb were used in the crystal
return circuit of the oscillator, any current
in excess of 125 ma would blow the bulh,
thereby protecting the crystal. It should
not be assumed that the crystal should be
operated to light the bulb to full brilliancy
as such is not the case and the crystal cur-
rent should be kept well below those limits.
Crystals suitable for frequency multiplying
are either the 160, 80 or 40 meter typc
and may be of any of the standard cuts.

Crystal cleaning: The quartz used for
crystals must be handled very carefully when
cleaning and the best solution to use is
either alcohol or carbon tetrachloride, which
is available at the drug store in the form of
“Carbona.”” The face of the crystal must
never be handled by the hand and a clean
handkerchief or piece of soft paper should
be used when replacing the crystal to its
holder.

WIRE TABLE
Winding Turns Per Inch
=3 =]
nZ nZ
=+ g|D.CC[S.CC.| En- |[sg[D.C.CIS.C.C.[ En-
] amel (|3 amel
o [&]
6| 544 | 560 26 | 39.90 | 45.30 | 57.00
7| 6.08) 8.23 27 | 42.60 | 49.40 | 64.00
8] 680 | 6.94 28 | 45.50 | 54.0 | 71.00
9) 7.64 ) 7.68 29 | 48.00 | 58.80 | 81.00
10| 851 | 855 30 | 51.10 | 64.40 | 88.00
11| 9.58 | 9.60 31 | 56.80 | 69.00 {104.00
12 | 10.62 | 10.80 32 | 60.20 | 75.00 |120.00
13 | 11.88 | 12.06 33 | 64.30 | 81.00 {130.00
14 | 13.10 | 13.45 | 14.00 34 | 68.60 | 87.60 [140.00
15 | 14.68 | 14.90 | 16.00 35 | 73.00 | 94.20 |160.00
16 | 16.40 | 17.20 | 18.00 36 | 78.50 |101.00 {190.00
17 | 18.10 | 18.80 | 21.00 37 | 84.00 [108.00 [195.00
18 | 20.00 | 21.00 | 23.00 38 | 89.10 {115.00 [205.00
19 | 21.83 | 23.60 | 27.00 39 | 95.00 (122,50 [215.00
20 | 23.91 | 26.40 | 29.00 40 1102.50 {130.00 [230.00
21 | 26.20 | 29.70 | 32.00 41 1112.00 [153.00 |240.00
22 | 28.58 | 32.00 | 36.00 42 [124.00 [188.00 (253.00
23 | 31.12 | 34.30 | 40.00 43 [140.00 [192.00 |285.00
24 | 33.60 | 37.70 | 45.00 44 |153.00 (210.00 {275.00
25 136,20 | 41.50 | 50.00
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HERE arc two general television trans-
messnon systems in usc today. First, is

by means of the whirling disk and the
seccond by means of tubes. The second
classification is divided between the Icono-
scope, used by RCA, and the Dissector, used
by Farnsworth on the West Coast. Neither

of these latter tubes are available to the
amateur.

AMATEURSS
TELEVISION TRANSMITTER

The system of transmission of a nega-
tive is quite unique in that it incorporates
the cathode ray tube as the heart. The
difference between our system and the Icono-
scope was that while the Iconoscope scans
an image inside of the tube, we were able
to scan an image outside of the cathode
ray screen. This was done by placing a
negative flat against the end of the cathode
ray tube and transmitting the ray through
the glass and the film, collecting it in an
Eby cell upon which it had been focused
by means of a series of lenses. This then
would be our “Iconoscope.” The lens we
used was an ordinary photographic convex
type which can be purchased in any sup-
ply store. Our system had one drawback.
There was not enough light hitting the Eby
cell to operate the modulator for the or-
dinary speech input,

Our second big problem, therefore, was
to design an amplifier which would amplify
the very small amount of cnergy obtained
from the Eby ccll sufficient to modulate a
small transmitter.

A lot of different things had to be taken
into consideration. Firstly, the amplifier had
to pass a very wide range of frequencies,
from 20 to 1,500,000 cycles with a con-
stant output over the entire frequency rate.
We determined we had to have at least a
60-volt output from the amplifier in order
to adequately excite the drivers and the
modulators of the transmitter.

In order to avoid distortion, the capacity
of all of the parts had to be very small.
The amplifier had to be hum-free, and each
stage would have to be shielded so that there
would be no interaction between them.

Forgetting for the moment the video or
transmission of television signals, we con-
centrated on the design of an amplifier
suitable for our purpose. Before going into
the actual construction itself, it might be
well to state a few axioms of television.
The simple basis of comparison with televi-
sion is the ordinary broadcast transmission
and reception. An ideal broadcast or phone
transmitter is one which can follow trans-
mitted variations in one ten-thousandth part

ready to transmit a picture.

The complete Video Section hooked up

The radio
frequency section is not shown.

of a second. This will not do for television
In picture transmission it is necessary that
the transmitter follow a variation from
light to dark in almost a millionth part of
a second.

In our transmitter the total numbers
of lines in the complete picture was 240
scanned sequentially, and horizontally 24
picture transversals per sccond or 24 com-
pletc frames per second. The line frequency
of our transmitter then was 5,760 cycles
horizontal deflection, and frame frequency
of 24 pictures per second. Later we were
able to push out scanning lines up to 300
with some distortion and our horizontal de-
flection ran 7,200 cycles. This distortion
was noticeable and not pleasing to the eye

Before commencing the construction of
the amplifier it would be better to construct
the oscilliscope and its associated circuits.
If two 908 oscilliscope tubes are available,
one may be used with which to transmit, and
the other one to check the entire system by
receiving the image. They may be hooked
in parallel insofar as the power circuits go.

High voltage power supply for the cathode
tube can be seen dircctly behind the am-
plifier in the picture at the top of the page.
It uses a single 866 rectificr and operates on
the half-wave rectification system. The
current drain from this power supply is one
milleampere and it will not cause any
voltage fluctuation in the power supply
when this is used. A full-wave system could
be used, but the cost would be exorbitant.
The diagram fully explains the component
parts and their hook-up. It also gives the
necessary voltages for checking.

After the high voltage supply has been
completed, the sweep circuits should next
be commenced. The cathode ray sweep cir-
cuit and its associated power supply is
shown. The controls in the front of the
panel are from left to right the horizontal
amplitude control, the horizontal frequency
control, blocking control, frequency control
and the vertical amplitude control. This
sweep circuit operates the horizontal and
vertical amplifiers of the cathode ray oscilli-
scope. It ntilizes two 885 discharge tubes



”
En ]

'S 1939 RADIO & TELEVISION DATA BOOK

v
7]

RADIO Nk

SWYyo QUO‘Yl ‘p@4pwun
6ZH dipsoddo soa saply
SWyo OC 51 ZEpY Poysow
S.28 15D} *s92 "y

SWYO QF fe——f Yy pPIY4DIWL
$,2S 154y rsod py

;[ swyo 9po'0I—98Y
g suiyo I l—Cc8y
‘L D swyo gOI—iIRY
‘m g dow ¢——gpY

o g dow ¢'—Z2gY

n oI swyo gQUS—Iy
mgl swio 0000 T1—08Y
‘R QI swyo 0r—6LYH

M QI SWYO L—8IH
QI suiyo QQUS—L2LH

‘L "D swyo QOI~—914
fpv swyo PO 0g—S2
jod Jowt ey ry
e Dow gremmgpry
jod Sows Femg

n g Jows Gty
“1tod Zow C'emgry
n e How Zem69Y
rjod daw G e—goy
N O Bow '=—r9Y
n g dow [——99)y
N g dow [——c9y
n g dow o1—39Yy
Tn g dow QI—£9Y
‘m g Bow [—F9H
‘rod sungo OO 0SE—194

Il

ra=r o5y

erd =
15y

o 65y 09y
b AAA
s3oA0| ¥ i Al row L ]
09-21 L7IOAQEE — - - =, Sea B ]

(1]
~<‘L“

e

ana ERCIC
qvolL w:_m
HAE N

:
\
£ 44 i34 '
? £ As2v
SL0A0S,. %
S wy S170AOEE--{ ovy s> & <]
-0001 —AMA—E T AN
o.UMW svy
wy
wea—-
"wo
~@® ———pu

‘1od swiyo Q' 0S—09Y
‘n QI Swyo gYSI—o6SYH
L "D swiyo gg—goy

‘L D Swyo gge—rcy
nogr swyo 9OOI—9cY
[ swyo 009 00E8—S<H
N[ swiyjo gog9—iSY
o swyo 900 gr—geSY
fod swyo 900'0s—ZH
‘moQI swyo gOSL—ISH
nogl swyo QOSL—=(SH
‘1od swyo 900'0S—6rY
mof o swyo 9oo‘gr—81 y
“n QI swyo 9OOI—2rY
L D swjo 9e—opy
swyo o0 NE—S<EY

‘L D swyo gc—i3 Y

n [ swyo 0009—EPY
‘@ QI swyo gOSI—z+Y
‘od sutyo Q0O‘0S—IPY
N QI swyo 9YOS——0ry
QI sWYOo 0POC—o6EYH
‘L D swiyo os—gy
1od Hows J'e—m2zey
‘n I Jow Cmm9gy
‘[ Jow Ce—mGgY
swyo 000‘OI—i £y
swyo oO'oI—eey
‘[ Sow ['——ZgY
‘w f Jow [—JgY
‘M [ Sow ['—grYy
mooswyo goO‘0l—65H

-
T

—
I swyo goU'0I—82TH
mo fop—rLTH
‘1od Jow ['=—QTY
‘LD swyo ge—eTy
[ Bow [—pTY
‘[ Jouwt [—gTY
I swyo 00U'0I—2c3y
I swyo gou‘ol—IcY
I swiyo go0'03—03Y
o [ Bow p—6IY
‘L *D swyo gs—gIy
n f ow [—2 1Y
o f Sow [—91Y
I swyo 9po'0I—SIY
I swyo 000'01—*FIY
I swye 000‘0r—=Id

vy

HEQ

€y

S1TOA00E =
SLIOA00S—~ = == = — =

[}

T
1
1
LY |y

WY sy

T

H3ILLIASNYY

i S1I0A00P— —~— =
=) 4 v
mw_: AsH ==EoI0aY
b = 259
e, /e
-~ oY

SNOILDINNOD 38N1

L

S110A 00T -~ — -

v
‘ASH

sitorool 9y
7 -
/' . ———
S170A0062 YAl S0
13 10
3015 HOV3
SVAGZ6

g

oy
RE L §
LU §

n f dows [—Z 1Y
‘D swyo OS—I Iy
@ g Yow J—oIy
‘@ [ Jows [e—oY
SWYO 000°'01—8Y
swyo 9oo'orI—LY
swyo 000 05—9Y
‘jod Sow J=——gy
o [ Sout Gy y
‘30d Sewt Z—gy
o [ Jowt GGy
cn [ Jow c—J Yy

voru pfu £600'—3LI

QIHUVA
3SIMYIHLO SSIINN

aadod ‘pfut ¢Z =123

‘008 Pfuw 02D
‘Pfu 0001 “1no

ALYV 04 JYNLIIA

$7103 LSVIavoue ; -
3% 001 Y §234 1V S 11539011806 BN 038149530 10N
SLNINOdWOD H3L LINSNYHL 38 o
Y —— s o bl e el
@ ALIYYI0d 38NLOId @
£ umm»,‘ 1
NOILD3143Q YILLINSNYY
vzl () ON HLIM com.o>um_w50>o-/
€D LN3HHND 31V T NIW £QY 22412
IL \ e A4 HNE'2
1r [{3=] 206
vEy 4
L)
Fl €. 2 £
M 2y
MOT38 AS
SSv-2 I_
1x3n 5 L
oL g
W4
L) 4 RREFEPEd
]
Nn.—u‘ — oy \ -
siS-2 92 (12°] GG~ q0uLNGY o
£ SQI8D SS¥ OL JNaNi L5028 15VELINGD SlLEsg
MOV LI0A1 04 TOY
YILLINSNVHL NOISIA3I3L W4 3TdNIS
— e

1fa} ‘s0rpmpows o3 ndujy
‘3 000T “pPfu $—89)
& Q0S Pfw 000T—L9)
‘a 00F ‘P 00OI—99)
‘& Q0¥ ‘Pfw 000I—S9)
@ 005 ‘Pfw —F$90

‘a 00S "Pfut $—£9)

8 00S 'PfW F—590
poqw pfur £S00"—I19
‘a 00S ‘Pfw E—090

‘a 00S 'Pfu T—6SD
‘8 000ZT ‘Pfw 85I
sadod -pfuwr € =—28D
sadod -pfu € =—9S5D
1adod ~pfut ['=—SSD
sadod *pfu ["—+¥5)
sodod *pfw ['=—EED
sadod pfwt €2 =—TED
-goope ‘pfw g—ISID
-joae ‘pfw §—0S)
sadpd ‘pfut ['=—6¥%D
19dod ‘pju I'=—8¥D
10010 "Pfw =%
000 pfw g—9¥D
o010 ‘pfwt g—5¥I
10012 ‘pfus B—F¥D
1odod ‘pfw '—E¥D
sadod ‘pfw I'—T¥D
sadod ‘pfw T'—I¥D
.1na ‘pfw [000"=——0FD
yovge ‘pfw g—6£D
sadod -pjw [—8E€D
sadod ~pfut —2€D
sadod “pfuw S0°—9€D
Jadod pfu SO'—SED
sodnd ‘pfw T=—PEI
sodod pfw T=—€£D
sadod ‘pfw 32D
sodod *pfw sz —I€d
sodod pjuw 5308
sadod pfw ms-.lQNnv
sadod ~pful so—822
sodod pfw I=—=22D
sadod pfus 1—92)
sadod “pfM $5°—532
sadod ~piut s —¥2D
sadod ~pju §T—88D
sodod -pfu SO'=——32D
sadod *pfut SO'—I1Z)
sadod pfw [—0ZD
sodod “pfw [—61D
sadod ‘pfwt €3 —8ID
sodod ‘pfw €T =210
aadod ‘pfut SO'—91D
aadod pjut 0"—SID
sadod pfu [—pI)
sadod ‘pfw [=—gI)
dodod ‘pfuw €Z'—ZI)
aodod ‘pjut $Z—11)
sodod ‘pfut cZ'=—0I )
aadod ‘pfw g0"=—6)
sodod -pfw €0°—8)
Jodod ‘pfu fe=27)
Jodod "pfu [=—9)
Jadod ‘pfw gZ=——C)
sodod ‘pfw ¢Z'—%)
sadod ‘pfw €0°—¢I)
4adod ‘pfw $@'~—Z)
*19a)2 *a 0OF ‘Pt g—I)

syueuodwon)




14

and two ‘58 tubes. The associated power
supply to which it is connected by means of
a cable and plug arrangement contains a
power transformer a type 523 choke and
the condensers in filter arrangement. Two
power supplies are mounted on this chassis,
one for the sweep circuits and the other for
the amplifier. The transformers are mounted
along the rear side of the sweep circuit
chassis and 2V4 volt filament transformers
are used to light all of the heaters in the
transmitter.

After the oscilliscope power supply and
sweep circuits have been completed it will
be well to test them with an oscilliscope. In
the event that the sine wave input is not
available for test purposes, 60 cycle current
may be put upon horizontal or vertical
plate through a .002 mfd. mica condenser.
If everything is in order, the oscilliscope
should operate as is customary.

The amateur is now ready for the con-
struction of the difficult part, the amplifier.
Component parts are all listed in the dia-
gram itself. Procure a chassis 35 inches
long, 10 inches wide and 6 inches high. Di-
vide this into six compartments, cach of
approximately 6 x 10 inches in size. The
tubes should be mounted in each compart-
ment as is shown in the photograph, mak-
ing certain that all wiring is as short as
possible. Do not purchase anything but the
very best parts. Check each resistor at the
time of the purchase, and be sure that the
values are exact and usc the ohmmeter as a
reference rather than the printed label upon
the part. A few ohms difference in the
various resistors might unbalance the ampli-
fier and will make a great deal of difference
in the performance of the finished product.
Mount the Eby cell on the outside of the
chassis to the extreme left and proceed with
the wiring and construction as is indicated
jointly by the diagram and the photograph.

After the amplifier has been completed
tubes should be inscrted and it should be
checked for hum by turning on all of the
filaments and the voltage to each tube. If

RADIO NEWS 1939 RADIO & TELEVISION DATA BOOK

any hum is present, it will show on the
cathode ray tube in the receiving position.
Hum must be removed before the amplifier
can be put into television operation.

By means of the lenses, focus the beam
of the transmitting cathode ray tube upon
the Eby cell. If everything is in order, a
square frame of light should appear on the
receiving tube at the other end of the ampli-
fier. Both cathode ray tubes are connected
in parallel as is indicated in the diagram.
If the diagrams, pictures and hints herein
contained have been followed, and the ap-
paratus tests ok, a picture can now be tele-
vised. Place a sharp contrast negative up
against the end of the cathode ray in the
transmitting position. Turn on all filaments
and tubes. If everything is working right,
a positive reproduction should appear on
the receiving C. R. tube screen. You are
now ready to put the television transmit-
ter on the air.

Because of the wide frequency range of
video signals, it is impossible through a
transformer plate to modulate any transmit-
ter. Grid modulation therefore will have
to be resorted to. The modulator and driver
should now be constructed. We used a
pair of 10's as modulators and a pair of
10's as RF final amplifiers.

Feeding the output of the amplifier at
points x-x into a pair of 45's in push-pull
as is indicated in the diagram, we fed that
to 210's operating in Class A. Here again
the diagram is self-explanatory. The out-
put of the 45 drivers is fed through a
low impedance network to the modulators.
These, in turn, grid modulate another pair
of 10's acting as final RF amplifiers. The
crystal and exciter circuit in the RF section
has not been drawn since it is well-known
to almost every amateur.

In order that amateurs who have different
types of receiving sets, as well as any short
wave listeners who might be equipped to
give you a report, can tune you in, the
following procedure is one we adopted with
considerable success.

Fire up your regular transmitter, call
“CQ Television,” or “CQ Video.” Do not
turn on the video transmitter. When you
make a contact, inform the person receiv-
ing, that you wish to transmit a video sig-
nal.  The person receiving will need the
following information. First, the wavelength
in KC upon which you expect to transmit
your video signal; second, the horizontal
scanning frequency, and third, the vertical
frequency of the image.

Actually in practice, it works out some-
thing like this. W9 . . . calls CQ on 59.9
MC. Receiving a reply, he advised the re-
cipient to watch for the video signal on 58
MC and gives him the horizontal scanning
frequency of 5760 cycles and the vertical
frequency of 24 cycles. The recipient then
tunes his television receiver to 58 MC and
sets his cathode ray sweep circuit to the
horizontal frequency of 5760 cycles and the
vertical frequency of 24 cycles. By doing
this, the transmitter and the receiver were
in synchronization. Transmitted signal and
picturc came through with considerable clar-
ity. Audio or voice transmission must be
at least 1.5 MC removed from the video
signal.

The transmitter we described does not
transmit any signal of a synchronizing
nature, but it does enable the amateur to
start on his way with television. As we
see it, in the future amateurs will call “CQ
Video™ and receiving an answer, will trans-
mit their video signals. The receiving ama-
teur will set up the necessary components
in his receiving oscilliscope to synchronize
with the transmission. Wide variation from
60 cycles on the A.C. line will prevent the
picture from being received properly.

At the present writing, the television bands
have been put down to 2.5 meters insofar
as the amateur operator is concerned. This
means that extraordinary care will have to
be used to prevent feedback. Any such mani-
festation will spoil the picture transmission,
and may even make it unintelligible. Great
care should be taken to avoid r.f. feedback.

LEARNING THE CODE

HE Ham Maker consists of groups of

letters, numbers, and abbreviations ar-
ranged in groups of five; in other words, code
words.

There are fourteen horizontal rows of
these code words, each row containing four-
teen groups. They are arranged in rows
vertically and horizontally so that they can
be read down or across.

This sheet was evolved after a long search
for some economical, sure-fire way of giv-
ing code practice to aspiring hams. I have
tried sending from newspapers but the fault
there is that only common letters appear
while z, x, j, q, and numbers seldom appear.
Also there is no way of estimating your
speed when sending this way.

All these faults are done away with in the
Ham Maker. Every letter and number is
included at least once in each line. Abbre-
viations commonly in use appear often. Fur-
thermore the sender, by glancing along the
top of the page as he sends and keeping
his eye on the watch, can keep a very ac
curate check on his speed. Suppose he fin-

ishes group two at the end of 15 seconds, his
speed is 8 words per minute.
Some hams and would-be hams have at-

sentences containing all the letters. Obvi-
ously this is a difficult task in the first place,
and in the second place the code student

tempted to solve the problem by making up  unconsciously memorizes the sentences.
1 2 3 4 5 6 7 8 9 10 1n 12 13 14
1 | zagws | xeder | fvt, | gbybn| mju. | ikolp 22q 32z | poiuy | trewq | 98k 75m | lkjhg 66b
2 | ghikl | gfdsa | trgfb | bovxs | mlk? 78f qwsax | 43g | bvexs | ployg | 740 mi6 | 42m | gtrwq
3 | qplfg | hgikp | 92r rés 74d | zzlpq | jnoet 35x x01 23m | mzqim| kdlpw | hydra | 90k
4 | wdadk | fus2 | jpjl | esdki | mobxe| vsdfg | hdsja | k83 24y | cantk | leaky | auick | doggy | slipk
5 | crock | swigq | 372q | frtyu |kyrwq |awpjs | 12y kra9 | w98 | pinky | boppq | scram | sinex | xer,
6 | whose | ink8 | mqz7 | 35m | kitty [sweet | kiddo | slkjw | w3dg | hurry wotg | wik? | clunk | tax,
7 | meete | bendj | moq. | x-hi il? xenia | pjm, 62m | as?m | dew?2 | wait, | break | sox8 | wheng
8 | cqdew | Thot | bghjk | ,7j frogs | soupy | piggy | i0199 | atf, a3vu | equak | 7-k 25x6 | yucyi
—79 aqesw | dxecf | frvgt | hby8 | 87) nkm4 | 261 lop, 90t soq, | dew2 | tht4 585 h55
10 | d57 49¢ | ripto | bit3 73k | fplkj |awrgq |mkptg| .v, Imefq | jviss | tinko | blabs | w9gt
11 | eqeqd | ewdq | jrkkt | hisis | wiqj | r.ga | kpsek | rst4 82r st,s | grxps | eomps | etnxo | b73
12 | ursig 092 73qp | grhkm | esdkf &, frank | poppy| w60 46v | cantl | eak? 581 oru9
13 | gak? | .sw15 | 34b | qlzfr { jpitd 2.8 yuhzs | wdjna | isu5 1jip twitt | steep | sleet ar-s
14 plo | kmijn | uhb? vgv8 | 5tfe rdx4 3ess | wan?2 8.2 ?arh |808.1 | dew5 | tnxoh 738
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SECTION

T I

THE JONES 8-TUBE SPECIAL SUPERHET

OMMERCIALLY built communica-
C tion receivers are being used by a

great many amateurs. However, ex-
perimenters still like to build their own.
Some of the experimental receivers have cir-
cuit improvements which can be added to
existing receivers without too much effort,
thus bringing the nearly obsolete receiver
up to date in performance. For these rea-
sons, magazine articles on both simple and
complicated receivers are of interest to nearly
all readers. The receiver illustrated here has
a number of good circuit improvements such
as high C oscillator, low C r.f. and detector
tuned circuits; modern tuned plate hexode
mixer system; simple variable selectivity crys-
tal filter circuit; high IF amplifier frequency
with high image rejection; simple second
detector, AF and BFO circuit with a 6N7G

tube; and a fine new noise limiting circuit.

The receiver was primarily designed for
code reception with a view to obtaining a
high signal to noise ratio. It is quite satis-
factory for phone reception though no AVC
or R meter circuits were included. It would
be possible to use AVC on the two IF stages

with a separate amplified AVC circuit with:

a 6B8 tube without disturbing the present
circuit layout. Plug-in coils, inside of re-
movable shield cans provide good efficiency
and short r.f. leads with less difficulty in
construction than in the case of a band-
switching system.

Band spread over each amateur band is
accomplished by tapping the ganged midget
tuning condensers across the proper amount
of coil turns in each case. This tuning con-
denser is connected across the whole 80 and

160 meter coils but is tapped part way down
for the other bands. The coil table gives the
turns and dimensions for all bands from 10
to 160 meters.

Low C to L ratio is extremely desirable
for the signal frequency tuned circuits for
weak signal reception. A low C oscillator
circuit is unstable and tends to drift badly
while the receiver is reaching its normal
operating temperature. These effects can be
nearly eliminated by using a high C to L
ratio in the oscillator circuit. It was found
that very good tracking of the tuned r.f.,
detector and oscillator circuits was possible
with a high C oscillator over the relatively
narrow amatcur bands. The trick is to ca
culate the values of inductance and capaci-
tance which will cause the oscillator to tune
to about 1600 KC (1560 KC in this re-
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Underside the receiver chassis.

ceiver) higher in value than the detector and
v.{. crcuits. This can be accomplished with
either a low C or high C oscillator circuit
with a low C r.f. and detector circuit

The oscillator circuit has an effective ca-
pacity of about 3 or 4 times as great as that
used in the r.f. circuits cven though it is
tuned to a higher frequency. The oscillator
semi-fixed padder condenser Cg is set at
nearly 100 mmfd. for all bands, while the
detector and r.f. padders C; and Cy are set
to about 10 or 15 mmfd. The oscillator
tuning condenser Cg has to have about twice
as high a maximum capacity as the other
tuning condensers C; and Cp. The latter
each are 20 mmfd. and the oscillator con-
denser C3 is 35 mmfd. These three con-
densers are mounted on individual 10 ga.
aluminum brackets about three inches high
by one and three-quarters inches wide, which
act as shields between condensers as well as
rigid supports. Flexible shaft couplings pro-
vide a method of single dial control. The
oscillator tuning condenser is nearest the
front panel in order to reduce any tendency
for shaft and coupling backlash in the tuning
dial. A flexible shaft coupling between the
oscillatur condenser and the dial is a neces-
sity to prevent any detuning effects from
slight movement of the pront panel

The three plug in coils for each band fit
into isolantite coil sockets mounted inside of
the three large coil shields shown in the
rear view of the receive-. These coil shields
have removable covers and are reasonably
rigid though not as heavy as would be
desired.

The r.f. stage is regenerative, controlled
by the screen grid potentiometer and the
cathode tap on the tuned grid circuit. A
6K7 should be used in locations near strong
signal stations such as broadcast stations
in order to prevent cross-talk into the short
wave bands, In other locations a 6)7 sharp
cut-off tube will provide a little better signal
to noise ratio and higher gain. An 1853 or
1851 tube will provide even more r.f. gain
but are not easily handled when controllable
regeneration is desired

The first detector-oscillator 1s a 6)8G
hexode which is much more effective than
any of the older combination mixer tubes.
It is fairly similar to the 6K8. A tuned plate
oscillator circuit provides better frequency
stability and less detector reaction than the
conventional oscillator tuned grid circuits.
The 6J8G tube has an extra internal grid
connected to the oscillator grid for injection
similar to the 6L7 tube.

A high intermediate frequency was chosen
in order to minimize image response in the
high frequency amateur bands and to im-
prove the sensitivity for 10 meter band re-
ception. The usual 465 KC IF causes the
oscillator to be tuned to more nearly the
same frequency as the detector grid and
space charge effects tend to decrease the
signal to noise ratio in the 10 meter band
region. This degenerative effect is reduced
when the oscillator frequency is far enough
away from the signal frequency so the ratio
of frequencies is more like that obtained in
the 80 meter band with a 465 KC IF. The
1600 or 1560 KC
IF is very desir- |
able in a receiver
designed for 10
and 20 and even
40 meter band re-
ception. The gain
is less with a 1560
KC IF and so two
stages are needed,
though in this case
each stage is over-
biased enough to
reduce the gain to
a value about
equal to a single
465 KC high gain
I1F stage. The ad-
ditional tuned IF
stages aid in selec-
tivity.

The crystal filter
circuit includes a
1560 KC crystal
shunted by a vari-

able 5 megohm resistor. This simple ar
rangement  provides continuous  selectivity
rom no crystal to full crystal celectivity
without any appreciable detuning effect. 1t

quite casy to properly adjust the phasing
condenser for single signal reception
¢ven with a high frequency crystal. Con
denser C, . was mounted near the crystal
socket and is not adjustable from the front
panel.

The second detector, audio amplifier and
heat frequency oscillator are combined into
one 6N7G tubhe which is a double triode
similar to a 6A6. This portion of the cir-
cuit is quite similar to the one used in the
“Super-Gainer™ receivers. For phone recep-
tion the resistor Ryg is set to a low enough
value to practically short-circuit the external
cathode coil which backs the second detector
out of oscillation. This cathode coil is
mounted underneath the chassis near the
variable resistance Ri5 and the 6N7G socket
The resistor is controlled by a knob on the
front panel and an extension shaft. The r.f.
trimmer condenser Cy is also controlled by
an extension shaft and knob for precise ad-
justment with regeneration in the r.f. stage.

The second section of the 6N7G tube acts
as an audio frequency amplifier with re-
sistance coupling to the regenerative dctector
section. The noise limiter is a full wave
diode type 84 tube in a push-pull circuit
which limits both ‘‘positive’ and ‘‘nega-
tive” peaks of noise. This type of noise
limiter or suppressor is quite effective for
reducing auto ignition noise. The center-
tapped choke Ty (the primary of a small
push-pull output to speaker transformer)
reverses the “negative™ peaks to “positive”
peaks for operation on the diode plates
which only work on positive peaks.

The diode plates act as a partial short
circuit across the audio amplifier during
periods of noise pulses greater than the
cathode bias on the 84 tube. This tends
to punch a hole in the desired signal dur-
ing periods of strong noise peaks but since
noise peaks are of extremely short duration,
this causes no apparent distortion. The
delay bias on the 84 cathode is obtained
from a small 70 ohm cathode bias variable

Topside the receiver chassis.
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resistor connected in series with the normal
3150 or 400 ohm cathode resistor in the
11 power amplifier tube. This delay volt
age is adjustable in order to set the noise
suppressor starting action at any desired
level.

With no delay bias the noise reducing
action takes place on all audio signals and
distorts voice reception. A delay voltage
of V5 to § volts eliminates this distortion
and allows that amount of audio signal to
pass through without distortion

Component Parts List

C1=—20 mmfd. var, Bud 323

C=——20 mmfd. var. Bud 323

Cy—335 mmfd. var. Bud 322

Cy~—15 mmf. var. Hammarlund HF15

C5==3-30 mmfd. trimmer Hammarlund

Ce—100 mmfd. max. padder Bud 321

C;—.01 mfd. 600 v. paper C-D

Cs=—.1 mfd. 600 v. paper C-D

Cy—.0001 mjd. mica Mallory

Cry=—.001 mfd. mica Mallory

Ci11™25 mmfd. var. Hammarlund H

C12==.00005 mfd. mica Mallory

C13==.002 mfd. mica C-D

C14—Ye mfd. paper 400 v. C-D

C15—=14 mjd. paper 400 v. C-D

Ci16==20 mfd. elec. 50 ¥V C-D

€179 mfd. elec. 450 v. C-D

Cig—16 mfd. elec. 450 v. C-D

Ti1~—center tapped audio chokhe~—primary of PP
pentode to loud speaker transformer—

T:=—3:1 interstage AF trans.

CH—15 henry 85 ma. filter choke

LC—2nd detector cathode coil—30 turns No, 28-
DCC random wound on a V%" diameter
porcelain rod insulator

R1—300 ohms Y, w. Centralab

R:=—50,000 pot. (RF regeneration) Centralab

Ry—20,000 1 w. Aerovox

Ry==50,000 Y4 w. Aeravex

Ry=—300 Y w. Centrolab

Rg=30,000 1 w. Aerorns

R;=—5,000 Y4 w. Aerovoas

Ry=—=10,000 1 w. Aerovox

Roy=—5 megohms ( xtal selectivity contrel) Centralab
Ry=—1,000 ohm Y w. Centralab

R1=—100,000 1 w. Aerovox

R|:—50,000 pot, (IF control) Centralab

17
Ryg—10 meg. 1'5 w., Centiolah
R14==20,000 34 .
H15=—1,000 pot. (2nd det. regeneration) f.ontrolab

R1g==10,000 Y w. derovos

R:=—25,000 Y 1. Aerovox

R1g=—30,000 1 w. Aerovox

R19—350 ohm 10 w. Ohmite

Ri==70 ohm rheostat (mise. silgnee bias) Frost
R |=—25,000 10 w. Ohmite

) 8 Tube Communication Receiver COIL DATA
IL
,SSND R. F DETECTOR OSCILLATOR
ME'II'nERS ) ) 7 All coils 113" diam.ﬁ'{efcep_t 10 osc.) ) -
454 turns No. 20 DCC 454 turns No. 20 DCC 145 turns No, 20 DCC
| 34" long 34” long 13" long—1%g” diam.
|Cond. tap at 4 turns Cond. tap at 4 turns No cond. tap
10 Cath. tap at % turn
Ant.—2 tums No. 26 Primary—4 turns No. 34/Grid—2¢% turns No. 26
DSC interwd. ) DCC interwd.
12 turns No. 22 DCC 12 turns No, 22 DCC 415 turns No. 20 DCC
114” long 114" long | 1”7 long
Cond. tap at § turns Cond. tap at 5 turns Cond. tap at 2%5 turns
20 Cath. tap at 14 turn |
Primary 8 turns No. 34|Grid—5 turns No. 26 DCC
|Ant—3%3t No. 26 DCC DSC interwound 14" long
|24 turns No. 22 DCC |24 turns No. 22 DCC 10 turns No. 20 DCC
114" long | 114" long 143" long
40 Cond. tap at 12 turns Cond. tap at 12 turns Cond. tap at 5 turns
|

Cath. tap at 13 turn

|Ant.-——5-tur;s No. 26 DCC|Primary—12 turns No. 34|Grid coil—7 turns No, 26

_ closewound |_ DSCinterwound | DSC interwound
|40 turns No. 24 DCC 140 turns No., 24 DCC 159 turns No. 20 DCC
114” long | 134" long 74" long

No cond. tap
80 Cathode tap at 34 turn |

|No cond. tap

‘No cond, tap
|

IA"" 8 turns No, 26 DCC|Primary—20 turns No. 34|Grid coil—10 turns No. 26

closewound

DSC interwound

DCC closewound to plate

| coil
180 turns No. 26 E " /80 turns No. 26 E 24 turns No, 22 DCC
1.4” long 1.4” long 1” long
160 No cond. tap No cond. tap No cond. tap

Cathode tap at 34 turn

Ant.—10 turns No. 26 E
closewound

Primary—32 turns No. 34|Grid coil—15 turns No. 26
DSC closewound below
secondary |

DSS closewound below
plate coil

RADIO TUNER FOR P. A. SYSTEMS

Simplicity of control, including a phone jack, make
this P.A. Tuner the ideal for use by the serviceman.

N efhicient radio tuner for Public Ad-
dress application is something more
than “any old receiver which will

tune to and through the broadcast band.™
It is frankly an objectively engineered in-
strument, built specifically and therefore
functionally for P. A. service to meet the
particular requirements which program dis-
tribution facilities involve. It need not be
an expensive item; as a matter of fact, the
average job is neither costly nor complex,
since it is called upon to do no more than
pick up program stations in the broadcast
band and produce an audio signal of suffi-

cient level to drive any succeeding amplifier
to proper output—something which a very
simple set-up employing very few parts can
be made to do.

Physically, the tuner is quite compact and
certainly portable—cabinet dimensions being
833”x834”x13”. In non-portable layouts,
by the way, and particularly in assemblies
of dual-channel design, two of these units
may be mounted on one standard 19-inch
relay panel—and operated simultaneously
without interference one with the other,
TRPE design of course precluding any neces-
sity for local oscillator circuits, which in

The parts connected to each tube are grouped around that socket to give the best
reception afforded by short leads and feed-back free operation on local signals.

contingent superhet. tuners might cause con-
siderable trouble.

The coverage is limited to the standard
broadcast band—the actual frequency range
being from 530 kc. to 1600 kc. Tuning and
tracking is very precise—and related to a
calibrated four-inch dial scale.

The Circuit

Four tuned stages are employed—antenna
the two r.f., and detector—with variable con-
densers in gang for single-dial control. The
detector—a diode—provides both an AVC
voltage and an a.f. voltage related to signal.
The tworsection a.f. tube, with its two output
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Circuit dia'gram for the P.A. Tuner.

(Meissner P4-6)

C=—Integral with coil

C», Cg, Cy, Ct—4% gang 365 mmfd., Meisaner 21-
5123

€C3=—.05 m/fd.
C4=—.0001 mfd.
Cp=—.05 mfd.
C7;=—.0001 mfd.
Cy=—.05 mfd.
Clo0==0.1 mfd.
€11=—.0001 m{d.

C€13—.00025 mfd.
C14—.05 mfd.
Ciz=—0.1 mfd,
Ci6—10 mfd., 25 v.
C17=.25 mfd., 400 v.
C18~0.1 myd.
C19~—0.1 mfd., 400 v.
Cog—.01 mfd., 400 v.
C»1, C22—8 mfd., 300 v. elcctro.
C:3—0.1 mfd., 400 .
C24=—.00025 mfd.
Co5=—0.1 mfd.
R1=—100,000 ohms

R.=—=400 ohms
R3~—100,000 ohms
R;=—50,000 ohms
R;=—100,000 ohms
Rg—100,000 ohms
R;==40,000 ohms, 1 wait
Rs——40,000 ohms, 1 wartt
Ry=—=400 ohms
R10~—2,500 ohms
R11—25,000 ohms

R 7==25,000 ohms, 1 watt
R13==25,000 ohm pot.
R14—25,000 ohms, 1 watt
R15=—=400 ohms
R16=—=500,000 ohms
R17=—500,000 ohms pot.
R18==500,000 ohms
CH—30 Hy., 40 ma.
T1=—Melssner 14-1496 coil
T2, T3, T4——Meissner 14-7860 coils
Ts=—Power trans. (250 v.d.c. 30 M4 )
SW—D.P.S.T.

J—Monitor jock

circuits, makes possible simultaneous head-
phone (monitoring) output and amplifier
feed, the monitoring circuit, when in use, in
no way affecting the operation of the other.

Consider first the dctector circuit. Here
we use a diode, its parallel plates connected
to the high side of the last r.f. transformer's
secondary through a small mica capacitor—
rather than conventionally, which is to say
directly. The rcturn lead for the secondary
winding is then grounded, the effect being
to provide for a tuned circuit here which will
track with those preceding it. The diode,
which with a conventional arrangement
would have considerable shorting effect on
the secondary and in such a way as to make
track-tuning here extremely difficult (and
which would take considerable power from
the third 6K7 stage, lowering the gain of that
stage) has its own input circuit—in terms
of physical make-up, a resistor connected
from the plates to the high side of the ef-
fective 250,000 ohm load component.

The audio component of the rectified sig-
nal develops across 200,000 ohms of the
load leg and is coupled to the volume level
potentiometer, which controls the input to
both grids of the 6F8G dual-triode, 50,000
ohms of the load being used to limit the
amount of a.f. voltage available. The d.c.
component of that signal is used for pur-
poses of AVC, the total voltage developing
across 200,000 ohms being applied to the
first two r.f. stages and one-half that volt-
age being applied to the third. Note, by the
way that .0001 mica capacitors are shown
wired from plates to ground in the first twc
6K7 circuits; this practice is desirable when
the tuner is used largely for local signal
reception (though gain remains high enough
for extended range pickup) and if for no
other reason than to prevent any possible
circuit oscillation

The 6F8G plates, unlike the grids, are not
paralleled but work into separate output cir-
cuits—one for headphone monitoring, one
for tuner feed to the amplifier. Monitor-
ing does not affect the output in any way;
neither the quality nor the level of the sig-
nal supplied the amplifier is changed by
headphone plug-in.

Terminals 1 and 3 provide a 10,000 ohm
match to the amplifier input, terminals 2 and
3 a 2,500 ohm match. Terminals 4 and §
parallel the monitor circuit. Connections to
200 or 500 ohm lines may be successfully
made to terminals 2 and 3—but advisable
practice (this really goes without saying)
would of course be to provide a more accur-
ate line match by means of a suitable trans-
former, its high impedance primary tied to
1 and 3.

Layout

The four-gang condenser centers along
the chassis, with the transformers (r.f.) to
the right and the associated tubes to the left
of it. The 6H6 is forward in tube line-up,
the 6K7 in the first tuned circuit toward the
rear and nearest the glass 6GF8G. Power com-
ponents—rectifier, power transformer, and
filter condenser are at the back.

The potentiometers for volume and tone
control are assembled on the front chassis
drop, the one to the left and the other to the
right of the tuning dial. The phone jack
is on the front panel, which is extended
forward from the chassis sufficiently far to
provide for ample dial-face clearance.

Wiring and Construction

Matters of assembly are, for the mos
part, fairly obvious to the reader who has
studied the circuit and under-chassis dia-
grams; and those of wiring are made clear
with similar study. However, a few pointers
might facilitate exact reproduction and pro-
vide for proper tuner performance on “first

test,” so perhaps we had best present these
pointers or suggestions here—with apologies
to the more advanced and practiced builder
to whom they may scem unnecessary—but
with our advice to the general reader that
they be borne carefully in mind.

Mount the small parts—sockets, terminal
strips, and the like—first. Solder each
socket-saddle to the chassis at some con-
venient point.

Remove the flat strips between mounting
bolts on the power transformer (these strips
afford a tight press on the laminations),
mount the transformer as indicated, then
replace the strips below chassis.

Install the grommets for the gang con-
denser stator or grid leads (lower). Bend
the lower stator lugs until they clear the
chassis, solder 21/4-inch long pieces of green
braid covered stranded wire to the upper
stator lugs, then install the condenser shield
on the tuning unit, bringing the grid leads
through the shield openings provided and
terminating these leads with grid-cap clips.
Mount the condenser on the chassis, after
connecting the lower lugs to the green
leads (short direct tied) from associated
r.f. transformers.

Remove the plate leads from the r.f.
transformers and replace with pieces of
braid-shielded wire, stripping the braid back
an inch or so at each end of the wires. Con-
nect these new leads in circuit properly.
See to it that the shield material makes no
other than chassis contact, and solder the
shield material to chassis at both socket and
each of the transformer points.

The chassis serves as one common lead for
the filament circuit; connect the No. 2 lug of
all but the 5Z4 socket to it. Connect the
6F8G grids together by means of an appro-
priate length of green-braid covered stranded
wire—from the number 5 terminal of this
tube’s socket up through chassis to the grid
cap.

Mount the tuning dial last—fastening it
to the chassis by means of a single mounting
screw. With the dial pointer set in line
with the horizontal scale markers and with
the variable condenser plates at full mesh,
tighten the hub-screws on the shaft.

Check and re-check for proper wiring
continuity.

Alignment and Operation

Close the line switch (on the tone control)
and check for these voltages (to chassis):

A. Common screen supply bus—75 volts.

B. R.f. plates—240 volts.

C. 6F8G plates—120 volts.

The total “B" drain will measure 27 ma.
if the receiver is properly wired and all tubes
are drawing correct power at these potentials.

Tuned circuit alignment is made at one
point—at about 1400 kc. If an accurate ad-
justment is effected at this one frequency,
the tracking will hold true across the band.
No bending of outside condenser plates
should be necessary.

As we have advised before, the .0001 mfd.
mica condensers from plate to ground in
the first two 6K7 circuits should not be re-
moved unless maximum sensitivity is re-
quired of the tuner. In most tuner appli-
cations the sensitivity and gain will be en-
tirely sufficient with the condensers in place.

To operate the unit, connect to your am-
plifier, matching the two assemblies prop-
erly at the screw terminals
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ANTENNA

HEN rtadic reception was con
fined to the broadcast band, the
aerial did not present much of a

problem. Any length of wire from 50 to
150 feet in length and attached to a con-
venient housetop, tree or barn would suf-
fice. Now, however, with short wave recep-
tion very much in the picture, the call is for
all-wave doublets, double-doublets, spider-
webs, and other complicated forms of an-
tennae, all laid out to the most precise
specifications. It is much more difficult to
find supports just the right height and just
the right distance apart, and it is usually
necesary to erect a special support for at
least one end of the antenna.

Attempts to put up thirty or forty foot
wooden or metal masts or towers have often
proven to be expensive failures for the in-
experienced, but it is really no trick if you
know how. This article will describe a 38-
foot metal mast which is simple to construct,
easy to erect, and which is inexpensive—
the whole job can be done for about seven
dollars, and will literally “last a lifetime."”

This mast is constructed, fundamentally,
of two lengths of galvanized iron pipe, one
of somewhat smaller diameter than the other,
so that it will telescope within the larger
section at the joint between the two. A gal-
vanized iron cap and pulley are provided at
the top of the mast and a galvanized mount-
ing flange at the bottom—these together
with suitable guy wires, are all that are nec-
essary to provide a strong, sturdy and pro-
fessional-looking antenna support.

A complete list of materials, with ap-
proximate costs, follows:

Approximate

Material Cost

[—20 foot section 1* fron pipe................. $2.10
1—20 foot section 1'2” iron pipe.......... ... 3.30
I—1" plpe cap....covueiieinnann.. 10
1—I1'%" floor flange............... 25
2—34*x2'2" machine bolts and nuts .05
I—Galvanized iron clothesline putle: NI
200 feet No. 10 galvanized Iron wire.. .. .BO
20 ‘'Eqq’’ strain insulatofs.................... .50
TORB o bifuns s - < - oo TR § ctvenich Pt - $7.00

The actual costs of these materials will
vary somewhat in different localities, but the
prices given are about average, and the actual
total cost should not vary by more than
half a dollar from the estimated cost as
shown. The two sections of pipe, the pipe
cap and the flange can all be obtained from
any good plumbing shop, the machine bolts,
pulley and galvanized iron wire from any
hardware store, and the strain insulators
from any radio shop. Iron pipe such as this
is always referred to by inside diameter, so
the two lengths of pipe may be larger than
you would expert. The actual outside dia-
meter of those two sections are approximately
2” and 134" respectively, but the plumber
won't know what you are talking about if
you order them this way.

The general appearance of the completed
mast is shown by the sketch. Allowing for
a two-foot overlap, and with 20-foot sections
of pipe, the height of the completed mast
will be 38 feet, as shown. Similar masts of
lesser height can easily be constructed, of
course, by using somewhat shorter lengths
of pipe—two 16-foot lengths will make a
mast 30 feet high, allowing the same over-
lap, and two 12-foot lengths will make a
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mast 22 feet high. The constructional details
given here can easily be modified if masts
of lesser heights are desired.

A 34" hole should be drilled through the
smaller pipe about two feet from one end,
and one of the machine bolts put through
it and tightened securely. This bolt pre-
vents the smaller pipe from slipping down
within the larger one further than desired,
and also provides a convenient spot to
attach the lower guy wires, as shown.

Another 34” hole should be drilled in the
smaller pipe about four inches from this
end, and the other machine bolt secured in
this. This bolt serves as an anchor for the
top guy wires, as well as for the wire by
which the pulley is attached, and prevents
any of them from slipping down. This end
of the smaller pipe should be threaded when
you buy it, to take the cap as shown. This
cap is not absolutely necessary, but it does
keep rain and snow out of the upper section,
and gives it a finished appearance.

The end of the larger pipe should also
be threaded, to take the floor flange, which
in turn may be bolted or screwed down to
a block of metal or hard wood set into the
ground, to give the mast a firm footing.

Masts of this type not more than twenty
feet high may be guyed with a single set
of guy wires radiating from the top of the
mast only, but taller masts should have two
sets of guy wires as shown. One set is
attached to the top of the mast, and one
set at or just above the center. These should
be arranged in triangular fashion, as shown.
One wire forward, in the same direction as
the antenna, and two toward the rear, all
equally spaced around the circumference of
an imaginary circle. All three are necessary
at the middle of the mast, but only the two
back guys are needed at the top—the an-
tenna itself will serve as the front guy at
this point.

Both top and middle guy wires may be
brought down to the same point, which
should be a stake or pipe driven into the
ground at a distance from the mast of not
less than half the total height. This stake
or pipe should be two or three feet long,
and should be driven into the ground at an
angle, to provide the maximum resistance
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MAST FOR $7.50

to strain. All guy wires should be mnade fast
to the mast before raising, and after the mast
has been raised the lower set should be
drawn up to the stakes loosely as first, and
then gradually tightening first one and then
another until the mast is absolutely vertical
and all wires are taut. The two guy wires
from the top may then be drawn up, but
these cannot be finally adjusted until after
the antenna is erected and has put its strain
on the mast.

The approximate length of each guy wire
can be calculated in advance, by considering
it as the hypothenuse of a right triangle, with
the mast as one other side and the distance
from the foot of the mast to the stake as
the third side. Then (height)? plus (dis-
tance to stake)? equals (hypothenuse)2. In
the case of a 38-foot mast, with the stakes
20 feet from the base, this would give

V (38)2 + (20)2= V 1444 | 400 —

V 1844 = 43"
as the length of each of the two top guy
wires. Add about five feet to this, for easy
handling and fastening, and cut it off later.
The approximate lengths of the lower guy
wires, to the same stakes, would figure out
about 28-29 feet each.

For maximum efficiency, particularly if
the antenna is to be used for transmitting,
strain insulators should be inserted in each
guy wire at ten-foot intervals. Such insula-
tors will break up these wires into short,
electrically isolated sections of a length that
will not absorb energy from the antenna if
it is used for transmitting, or cause any
“shielding" effects if it is used for receiving.

A metal mast such as this does not need
any annual painting or, in fact, any atten-
tion at all, once it has been erected in a
workmanlike manner. If a good grade of

sout

Guy wmc\\

Pulley and Top details.

galvanized wire is used, to prevent rust, a
mast of this type will give many years of
faithful service, with no other attention
than an annual inspection to detect cracked
insulators or guy wire stakes which may be
loosening. And it will be far more satis-
factory and pleasing in appearance than any
of the usual haywire antenna hung on
tree limbs, bent and rotting 2x4 beams or
crumbling chimneys, such as are seen so
plentifully on every hand.

For those amateurs, desiring a wvertical
radiator, the mast will more than fll the
bill. It may be used insulated from the
ground, or not, depending on the type of
feed. 33’ is the usual amateur length. This
can be made of two pieces 16’ in length se-
curely threaded together by means of a re-
ducing joint. A bolted antenna should not
be used for transmission because of loss at
the bolted stages.
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AMATEUR TRANSMITTER SECTION
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The VOX System is simplicity itself. While the laboratory model is mounted on a
separate chassis, there is no reason why this unit cannot be built into the xmtr.

ITH the advent of more QRM in
Wthe ham bands plus the skip and

fading that has been more than
usually present these last few months, quick
“breakin” for ‘phone or even CW use has
become alinost a necessity. Many ham in-
stallations are so equipped, but then there
has always been a mess of switches to throw
and the ability of getting at them quickly.
In a rapid breakin QSO the switches
“*smoked™ with their continuous “‘on-and-
off,” and the average ham soon got to the
point that he did not care to use that type
of contact. I became determined to find a
way out of the difficulties of throwing
switches and evolve—if I could—a system

that would permit “'lazy-man" operation and
yet be fool proof and sure-acting.

The unit employs a 37 tube as an ampli-
fier and isolator, coupled to an 885 gas dis-
charge tube which, in turn, controls the bias
on the 37 tube to operate the relay. Ap
proximately 1% volt of energy is required
across the input terminals. The unit may
be coupled with a condenser to one of the
speech amplifier tubes.

If 37 tubes are not available, 76’s or even
56's may be used without much change in
the circuit, excepting that the 56's will re-
2.5 v. a.c. for the filaments. 1 found that
the 37 tubes had just the right amount of
gain and stability to operate perfectly and
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Block diagram of the VOX System.

R1=—250.000 ohms pot.

Ro—3000 ohms Yo w.

R:;~—0.5 megohms Yo .

Ry=—0.5 megohms Vo w.

Ri—3000 ohms I w.

Ry=—=30,000 ohms 1 w.

R;=—2 megohms Y3 1.

Rg—2 megohms Y4 w.

Ry—2 megohms ¥} 1.

Rig==2 megohms 1} ac.

Ryj—2 megohms ¥ 0.

Ryo=e=10,000 ohms 2 0.

Ryi3==10 megohms ¥ w.

Ry 4=—25,000 ohms 10 w. al}.

C1=—10 mfd. 25v. electro.

Co~—1 mfd. 450v. paper.

C2=—0.1 mfd. 450v. electro.

C4~—8-8 mfd. 4500. elvetro. (Tobe ‘Pluggin’)

Cil—30 hy choke (Stancor C-1706)

RY—D.P.D.T. Relay: To make one and to
break one. (Pull in at I5ma, drop out at
10ma.) (CGuardian Type 15-1000 A2-B3).

T1~—Audio 3:1 (3000 ohm primary). (Stancor
A4-53).

T.—Same as T.

T3~—6.3v. AC, 2.50. AC, 5v. AC, 250v.
from filter. (Staneor P.1045).

SW—AC siwitch on R;.

DC

hence my choice of them as amplifiers.

The circuit is a simple one and the input
may be connected across the 500 ohm out-
put line of the speech amplifier where it
goes to the modulators, or else the input
may be connected in series with the plates
of any one of the speech tubes. Of course,
for operation it will be necessary for the
speech always to be on with means to re
move the power from the modulators and
r.[. section of the transmitter. Most hams
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prefler to cut the power in the a.c. primary
circuit, although it can be done in the B
side of the power supply. In this latter
case it would be well to use a separate relay
to prevent the high voltage, which might be
lethal, from being present in the VOX
System housing. I am sure that there must
be as many ways of connecting this little
system as there are different types of rigs.
Lay out a bent chassis similar to the one
used in the model I built, or a standard
chassis 57 x 10” x 3” may be purchased. In
experimentation, it was found advisable to
isolate the power 80 tube and its associated
circuits from the rest of the VOX System
in order not to pick up too much hum which
itsell might throw the transmitter on. This

was done by locating that tube and its power
transformer to the extreme right of the
chassis while the other three tubes are located
on the left-hand side.

Once the holes are drilled and punched
out, the filament leads should be wired in,
being sure to use or make twisted wires so
as to have the hum cancel out. After the
filament leads are wired in, the power cir-
cuit should be wired in complete. It should
then be tested and if the voltage rises above
300 volts d.c., provision for a bleeder (Ry4)
and tapping of that bleeder should be ar-
ranged for. The VOX System operates on
exactly 250 v. d.c. under full load, and more
than that will make for unstable operation
of the 885 gaseous discharge tube.
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After completing the placement of the
transformers, the audio circuit should be
wired in.

Care should be taken to sec that the
respective input and output circuits of the
audio end be kept carefully separated in
order to reduce feedback.

If the circuit has been carefully wired in,
the VOX System is now ready for a test.
Do not connect into the transmitter-receiver
circuit yet. Connect power input to electric
light lines, and replace the relay with a 0-100
ma. meter in series with a 10,000 ohm re-
sistor. Turn on unit. The meter should read
between 20 and 25 ma. with the input to
the first 37 set for the minimum gain or
**ground” setting.

) | =3

VISUAL

DEVIATION
FREQ. METER

NE of the oldest phenomena known
O to the radio amateur is the effect,

termed ‘“‘zero beat.” This occurs
when two carriers of identical frequency are
superimposed one on the other. The result-
ing frequency, numerically, will be of zero
audio amplitude and if either of the two fre-
quencies are changed they will produce a
beat note, the frequency of which is the
difference, numerically, between the two car-
riers.

It was this condition of which advantage
was taken and the frequency monitor was
developed so as to have this beat note be-
come visual rather than aural.

To do this an oscillating detector was
built with an amplifier, and in the output
of the amplifier a simple a.c. voltmeter was
placed.

Since this a.c. voltmeter will read any
amplitude of alternating current, and since
a beat note is of that character, little or no
difficulty was experienced in having the
meter register the beat note which was im-
posed upon it. Fortunately for the author,
the average a.c. voltmeter is not linear. By
this it is meant that the higher the audio
(a.c.) frequency, the less the response of the
voltmeter to this frequency as long as the
voltage is varied with the a.c. component.
The curve of the response of the meter rises

to a certain frequency per second in cycles
and then drops off rapidly again to zero.
This may be checked very easily by any
amateur if he will put an audio oscillator
across an a.c. voltmeter and see that, rising
from zero beat to say about five thousand
cycles the meter gradually rises in the indi-
cation of the amount of a.c. voltage. From
5000 cycles to 10,000 cycles it drops off very
rapidly and beyond 10,000 cycles it fails,
or refuses, to register any voltage whatsoever.
The frequency has passed beyond the scope
of a normal 60 cps. meter. It was this addi-
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Circuit diagram of the Visual Monitor.

tional phenomenon of which advantage was
taken in building the visual frequency
monitor.

The action of this visual frequency monitor
is as follows: Supposing that the transmitter
is operating on a frequency of 3800 kcs.
The meter was warmed up to operating tem-
perature and set for a frequency of 3800
kes. This resulted in a zero beat signal or
an a.c. (audio) component in the output of
the audio amplifier of zero volts. Now if
the transmitter frequency were to shift by
one thousand cycles, the 3801 kc. frequency
of the transmitter and the 3800 kc. oscil-
lating frequency of the detector would beat
one against the other resulting in a beat note
of 1000 cycles, which, if a pair of phones
were placed in the output of the monitor,
would be distinctly heard as a high pitched
whistle. In addition to this, this 1000 cycle
note has a definite a.c. component and is
registerable in voltage on the meter.

In using this theory in the construction
of the visual monitor it was found in actual
operating that this was not practical. This
was so because on zero beat the meter did
not register anything, and it took a consider-
able “off-frequency™ shift to make the meter
show an appreciable amount of increase of
voltage. Or the monitor may be loosely
coupled to any one of the modulated buffer
stages; the higher the frequency the better
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since the transmitter oscillator frequency is
multiplied by the buffers. In order to check
whether the transmitter frequency has shifted
beyond the range of the meter, a phone jack
is inserted in the output circuit and it can
thete be determined aurally that the fre-
quency has shifted more than 500 cycles
and has shifted beyond the audio range.

Still a third point presented itsclf, which
was that the oscillating detector could be
picked up in the receiver when in receiving
position. This, of course, would be most
annoying when tuned to receive a signal.
Therefore, the monitor frequency is detuned
to produce a note of—say—500 cycles, and
thereafter this setting and frequency of the
monitor is used as a reference point.

Thus it can be seen that the visual monitor
does not give the actual frequency during
operation but rather shows any deviation
whether plus or minus from the fixed fre-
quency transmission. Summing up, then, with
the oscillating detector set at 500 cycles off
the frequency of the transmitter, any further
change by the transmitter will manifest itself
as change in a.c. voltage or audio on the
output meter, whether this change be up or
down. In other words, the note will become
500 cycles plus or minus whatever the fre-
quency to which the transmitter shifts and
it is this particular change which is looked
for on the meter and which indicates that
the transmitter is not operating on its proper
frequency.

Construction

The metal chassis measures 9”x5” and is
2” deep. This size is convenient for the
amount of parts which are to be mounted,
but any handy size may be used, if the
various parts are not crowded. It was first
intended that a standard full-wave rectifier
be used with a power transformer but after
making tests on the stability of the detector
it was felt that a half-wave rectifier furnish-
ing a lower plate voltage to the tube would
greatly add to the stability.

A combination rectifier and output pen-
tode tube is used which receives its filament
voltage through a resistor cord the same as is
used in the a.c.-d.c. receivers. This tube is
wired in series with the combined detector
and first audio tube. Filtering of the rectifier
output is done with a 2000 ohm carbon re-
sistor in place of the usual choke. Meter is
O-150 v. a.c. @ 100 ohms per volt resist-
ance.

The controls on the front panel are ar-
ranged so that short and direct leads may
be made to the tuned circuits. The upper
right-hand knob is the trimmer condenser
which sets the frequency of the regenerative
detector to a point within a few cycles of
the incoming signal from the transmitter.
The band-setting condensers mount along
the inside of the chassis in order that they
may afford short leads to the selector switch
as well as being readily accessible to tune
from the side when the bands are being set.

Directly under the trimmer condenser is
the special shorting type selector switch.
This switch is furnished with isolantite insu-
lation to further aid the over-all efficiency.
To the left of the switch control knob is
mounted the regeneration control. This con-
denser controls the amount of feed-back in
the detector circuit and is used to adjust the
regeneration to a maximum indication of
the needle on the indicating meter after the
trimmer condenser has been properly set.
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A phone jack is provided so that the
signal appearing in the output may be moni-
tored. By so doing, the operator may in-
stantly tell the approximate cbange in fre-
quency required to change the reading on
the output meter and by becoming familiar
with this change he can estimate how many
kilocycles the transmitter frequency has
shifted, assuming that the detector is oper-
ating day and night or at least long enough
to have reached a proper operating tempera-
ture.

The wiring of the various parts is sim-
plicity itself and the only precaution needed
is to keep the wires short and direct.

It is important that the temperature in
the metal box be kept as constant as pos
sible. It would be even more satisfactory to
line the insides of the box with a layer of
Celotex or some other form of insuiating
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