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Similar to the new W.E.342-A and 343-A

Have been operating satisfactorily in Broad-
cast transmitters where the original lighter fila-
ment types had proven both unsatisfactory in

performance and in life duration.

Heavy rugged filaments of greatly increased
emission capabilities are the outstanding feature

of both of these Amperex Heavy Duty Types.

Effective shielding is provided for both the

anode seal and grid support seals.

The grids are of the special Amperex design,
where the cross wires are swedged into evenly
and accurately spaced notches in the support-
ing rods. This exactness of spacing and ab-
sence of oxidation and brittleness in the Am-
perex mechanically constructed grids, results
in uniform characteristics and #rouble-proof

operation.

220-C...5290 232-C... %480

AMPEREX ELECTRONIC PRODUCTS, INC.

79 WASHINGTON STREET

BROOKLYN, NEW YORK
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EROVOX

CAPACITY and

In the best interests of ALL users of
L condensers, AEROVOX engineers have
developed this more critical checking means.
Tests and readings, more than any claims and
superlatives, best tell the true story of any
and all condensers.

Years of experience testing and chécking con-
denser quality have been boiled down to pro-
vide this simple, portable, moderately-priced
instrument. A handy manual supplied with
each instrument (or 50c separately) reviews
the entire bridge art. You simply can’t afford
to be without this condenser yardstick.

Ask to See It . ..

® Your local AEROVOX jobber can show you
this unique instrument. Or if you prefer, write
us direct for descriptive literature.

...and what it does

1 Meter Range Switch . . . the
“brains” of the Aerovox Bridge.
Provides external milliammeter

first three positions; external volt-

meter next three positions, ranging
from 60 to 600 v. at 1000 ohms per
volt; *‘Bridge” indicates power on
and balancing position. Also pro-
vides vacuum-tube voltmeter and in-
sulation resistance test at “VTV’;
leakage test through X terminals at”

“L, 60 MA” and “L 6 MA” posi-

tions; and polarizing voltage read-

ings on proper meter range at “PV?”
position.

2 Polarizing Voltage Control.
Inner knob serves as trans-
former tap switch. Outer knob

is vernier control indicating con-

tinuously variable voltage 15 to 600

volts in 3 steps. Voltmeter auto-

matically switched to proper trange

0-60, 0-300, 0-600. Variable voltage

available between terminals +X and

Ground for meter calibration, load

tests, amplifiers, etc.

3 Power factor control and switch
for insulation resistance test.

4 Bridge Range control . . . for
reading capacity:

10 — 100 mfd.

1— 10 mfd.

1— 1 md

01— .1 mfd.

001 — .01 mid.

.0001 —.001 mfd.

Multiplying factor tor both capacity
and resistance indicated on face of
control.

5 Zero Adjustment for
vacuum-tube voltmeter
and bridge detector.

Push Button for insu-
lation resistance test.

7 Main Dial, linear cali-
brated, for capacity
and resistance readings.

AEROVOX CORPORATION

New Bedford, Maia.

Sales Offices in All Principal Cities
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Registered U. 8. Patent Office VOLUME |9
1939 Membler of Audit Bureau of Circulations NUMBER 3
RAY D. RETTENMEYER
Editor

cEditorial
Commente-

UDGE EUGENE O. SYKES of the Federal- Com-

munications Commission has tendered his resigna-
tion to President Roosevelt. Judge Sykes, who from
the point of service is the oldest member of the Com-
mission, first took office as Vice-Chairman of the old
Federal Radioc Commission- in 1927. Well liked, it
would seem that, if his resignation is accepted, the
Commission stands to lose a valuable member.

. PLACE and date has been set for the annual con-
vention of the National Association of Broad-
casters. This gathering will be held at the Ambassador
Hotel, Atlantic City, N. J., from July 10th through
I3th. Among the problems which will be discussed
by the Broadcasters at this meeting will be copyright
and program standards. Further information will, of
course, appear in later issues of COMMUNICATIONS.

IN line with the joint NAB-RMA radio campaign, dis-
cussed in our January editorial, the NAB have pub-
lished two booklets to be distributed nationally: "The
ABC of Radio" and "How to Use Radio in the
Classroom"”. The first booklet has been presented to
inform the radio listener of the workings of radio,
while the second is expected to help educators adapt
radio broadcasts to the classroom. Although it is not
our usual practice to review books here, we believe
these two are at least worthy of mention. There has
been a distinct need for materials of this type, and
we believe they should do much to further the aims
of the campaign.

AS we pointed out in our January editorial, fre-
quency modulation is assuming considerable im-
portance. At the present time, two experimental
stations are in operation and six are under construc-
tion. In addition, production will soon be started on
receivers which will be capable of handling frequency-
modulated as well as amplitude-modulated signals.
While the full significance of frequency modulation
cannot as yet be fully appreciated, it would seem to
have a promising future.

26 SAFETY IN TELEVISION RECEIVERS

.Contents-
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13

An interesting photo of a number of small wheels rolling up a
calibration curve. Such wheels are used in the inductance-
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FROM THE FIRST MINUTE . . .
AS LONG AS YOU ARE ON THE AR . . .

THIS LAPP CONDENSER
WILL DELIVER UNIFORM
PERFORMANCE...

There’s no need for compensating ‘adjust-
ments while the condenser “warms up”
when a Lapp Gas-Filled unit is on the job.
Add these other real advantages: You get
your full power into the antenna—a single
.porcelain bowl is the only loss-producing
dielectric in the unit; you save space—the
Lapp condenser packs into the same vol-
ume more capacitance for given voltage
than any other condenser; you’ll never have
a blow-out—the Lapp condenser has no
solid dielectric to puncture; you'll get
month-in and month-out service without
gas leak or cause for worry. And there you
have the reasons why more and more éngi-
neers are replacing condensers in their cir-
cuits with Lapp Gas-Filled units—and are
specifying Lapp condensers in new equip-
ment. Write for descriptive data.

INSULATOR CO., INC., LEROY, N.

e = .S - e -
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POINT-TO-POINT COMMUNICATIONS

—TWO NEW GATES TRANSMITTERS—

GATES
MODEL
350-CP

In medium power communications equipment
the Gates American 350-CP offers continuous
operation at 350* watts or intermittent opera-
tion at 500 watts fully voice modulated, high
fevel and with the well known CM44 Peak
Limiter adding to the modulated signal
strength. The 350-CP may be had for any fre-
quency or combination of frequencies up to 38
megacycles making it ideal for nearly every
type of communications service whether it be
ship-to -shere,airport, police or private. It may
also be had for C. W. operation only at a pro-
portionate reduced cost. Every part in this
transmitter has been rigorously tested for its
ability to stand up under all. types of weather,
humidity and to withstand certain abuse that
might arise where emergency would demand
greater power output by overloading.

The 1-A Transmitter pictured below is ideal for all
general communications where 100* watts continuous
or 200 watts intermittent service is desired. Fully high
level voice modulated through the famous Gates CM44
peak limiting speech amplifier which adds more to the
signal strength. The 1-A may be had for any fre-
quency ‘up to 38 megacycles, operating with complete
freedom of carrier noise or distortion. The use of only
the highest quality components assures top efficiency
and elimination of break downs caused by humidity
conditions. The 1-A is distinctly that type of equip-
ment that can be operated 24 hours a day, year in and
yvear out, with assured satisfaction.
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FOR MARCH, 1939

Frequency Response Characteristic of Amplifiers

EmpLOYING N EGATIVE FEEDBACK

By FREDERICK EMMONS TERMAN & WEN-YAUN PAN

NEGATIVE FEEDBACK is widely used in
audio amplifiers for reducing distortion,
improving frequency response, minimiz-
ing hum, etc. It is not commonly re-
alized, however, that although negative
feedback will improve the frequency re-
sponse in what is the normal range of
the amplifier, it may at the same time
introduce peaks of response at very high
and very low frequencies that give rise
to noticeable distortion, particularly
when handling transients. '

It is the purpose of the present paper
to consider briefly the types of frequency
response characteristics that can be ex-
pected when negative feedback is em-
ployed. This will be done by first con-
sidering qualitatively a number of cru-
cial and somewhat idealized cases, and
then presenting the mathematical analy-
sis of the phenomena involved.

SINGLE-STAGE AMPLIFIER

In the absence of feedback, a single-

STANFORD UNIVERSITY

stage resistance, impedance, or output-
transformer coupled amplifier has a fre-
quency response such as shown by «
in Fig. 1, assuming the screen and
cathode bypassing is adequate. A volt-
age amplifier with interstage trans-
former coupling is excepted from the
cases discussed in this paper. For pur-
poses of refererice, the low and high
frequencies at which the amplification
has dropped to 70.7 percent of the mid-
frequency amplification will be termed f,
and f. respectively. If now feedback
is introduced into such an amplifier by a
resistance network, the resulting re-
sponse curve will be given by b, ¢, or
d in Fig. 1 with progressively increas-
ing feedback. It will be noted that these
new curves have exactly the same shape
as a except that the 70.7 percent points

Calculated and experimental ampli-
fication characteristic for two-
stage feedback amplifier.

have been shifted to higher and lower
trequencies. Consequently the iniroduc-
tion of feedback in a typical single-
stage amplifier has the same effect upon
the frequency response as though the
stage were redesigned by couventional
methods to have a flatter frequency re-
sponse. The factor by which the flat-
ness of response is improved by feed-
back depends upon the feedback factor
A 8 and is

Flatness factor pro-)
duced by feedback|
in a single-stage(
amplifier

where A is the midrange amplification
in the absence of feedback, and B is the
fraction of the output voltage fed back
(B is always negative). The signifi-
cance of Eq. (1) is made clear by con-
sidering a specific case. Thus if
AB = —4, the flatness factor is 5,
which means that with feedback, the
70.7 percent response points at low

=1—A8 (D)

N 1

[ 1 |
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Amplification as function of fre-
quency. Mid-frequency ‘gdin of

and high ends occur at frequencies re-
spectively 1/5 and 5 times the corre-
sponding frequencies for the amplifier
without feedback.

TWO-STAGE AMPLIFIER

The frequency response of two iden-
tical amplifiers without feedback has the
shape shown by e in Fig. 2, and is the
product of two corresponding curves
such as @ in Fig. 1. If feedback is now
introduced from the output of the sec-
ond tube back to the input of the first
tube by means of a resistance network,
the frequency response: takes the form
shown by curves b, ¢, d and e of Fig. 2
as the amount of feedback is progres-
sively increased. [t s seen that al-
though the addition of feedback has
flattened the response in the ramge be-

tween f, and fo, 1t has at the same time
mitroduced peaks of response at lower
and higher frequencies. The character
of these peaks depends upon the amount
of feedback as seen in Fig. Z, and it is
apparent that the peaks are large and
not far removed from the normal re-
sponse range of the amplifier.

The peaks of response shown in Fig. 2
are caused by regeneration arising from
the fact that at high and low frequen-
cies there is sufficient phase shift in the
amplifier to transform what is nega-
tive feedback in the mid-frequency range
into what tends to be positive feedback.

Curves of phase shift are also given
in Fig. 2. 1t is seen that although feed-
back reduces the phase shift and phase
distortion in the range where the ampli-
fication characteristic is flat, the phase

Amplification of ftwo-stage feed-
back amplifier vs. frequency. Two
stages dissimilar.

shift changes very rapidly with conse-
quent large phase distortion at fre-
quencies corresponding to the peaks of
response.

In Fig. 2 the individual stages are
identical. Very mwuch the same result
occurs however if one of the stages in-
itially has a flatter response than does
the other. This is illustrated in Fig. 3,
which shows that although flattening
one of the stages displaces the peaks
farther away from the normal mid-range
as might be expected, the peaks are still
present.

THREE-STAGE AMPLIFIER

A three-stage amplifier employing
feedback from the output of the final
stage to the input of the first stage acts
in much the same way as does a two-
stage amplifier, although there are cer-
tain differences in detail. In particular
a three-stage -amplifier will always
oscillate if the feedback exceeds a cer-
tain critical value, while a two-stage
amplifier will not if adequate screen and
cathode bypassing is used.

Although there are many combina-
tions possible in a three-stage amplifier,
the important practical case is when
two stages are identical and the third
stage is much flatter than the pair of
identical stages, as this arrangement
makes it possible to employ more feed-
back than if all of the stages were
identical.t  With such an arrangement
the maximum allowable feedback factor
A8 is given by the equation

Maximum allow-)
able feedback fac-{ _
tor A8 in three-[
stage amplifier |

1See F. E. Terman. ‘“Feedback Amplifier De-
sign,” Electronics, Vol. 10, p. 12, Jan., 1937.

2(n+1)*
— @

n

I T I T I I
3 l{ TWIO—STAGE1, »DIISS_IMILAR
X
51— , ) ]
X XX - R
N = | AoB =—100
et
e
s N a=5 . F Fs
5 a = Flatness Ratio= Tt
%: F; and Fp = 70.7%b points of less flat stage.
RS 0 Fjand Fy=70.7% points of flatfer stage.
oA % 3|-a=fo Ao = Middle frequencgy amplification.
03 > \ B = Fraction of output voltage fed back.
X § 1) .
2 3
g 3 |
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35| @ o :
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Fig. 2. Amplification and phase

shift as a function of frequency for

two-stage amplifier with various

amounts of feedback. Mid-fre-

quency gain of each curve taken
as 1.

where A, is the mid-frequency ampli-
fication of the entire amplifier in the
absence of feedback, § is the fraction of
the output voltage that is fed back, and
# is the factor by which the flatness of
the flat stages exceeds the flatness of
the identical stages (ie., if f. and f,
are the 70.7 percent points at low and
high frequencies for the identical stages,
then the corresponding points for the
flat stages are respectively f/n, and
nf,).

The {frequency-response characteris-
tics of a typical three-stage amplifier
with various amounts of feedback up to
the point where oscillation is ap-
proached are shown in Fig. 4 for two
values of n. It will be noted that the
peaks in the response become progres-
sively more pronounced as the feedback
approaches the amount given by Eq.
(2), and that in general the peaks for
a given amount of feedback are greater
than with the two-stage amplifier.

CONCLUSION

It is seen from the preceding discus-
sion that the reduction in distortion,
and also the improvement in flatness of
response in the middle-frequency range,
that result from the use of negative
feedback, are accompanied by peaks of
response at high and low frequencies if
the feedback takes place over two or
more stages. It is only in the single-
stage case that the usc of feedback gives
an effect equivalent to a simple flatten-
ing of the amplification characteristic.
The peaks of response that are present
when fecdback takes place over more
than one stage explain the peculiarities
in quality sometimes observed when
feedback amplifiers reproduce transients.
If such troubles are to be avoided too
-much dependence must not be placed
upon feedback to widen the frequency
response. Rather, the response without
feedback should be made as satisfactory
as practicable, and then feedback intro-
duced only to give a necessary final im-
provement.

While the discussion in this paper has
been concerned only with audio ampli-
fiers, peaks of similar character also oc-
cur at high frequencies in radio trans-
mitters employing negative feedback.

(Continued on page 42)

Fig. 4. Amplification as function

of frequency for typical amplifier

with various amounts of feedback.

Mid-frequency gain for each curve
taken as 1.
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THe Rabio Recevir As Part

Fig. 2., Ship radio installation
1921.

INTRODUCTION

SOUND "BROADCASTING is approaching its
twentieth birthday anniversary, so that
we can say no longer, as has been said
so often, that it is in its infancy. New
infants are being added to the broad-
casting family, by name facsimile and
television, and sound broadcasting, be-
-ing nearly twenty years old, is past the
infant and adolescent stages, has had
its growing pains, and has passed
through the critical formative years. It
has now reached maturity and is set-
tling down to its serious life work. It
is therefore fitting that sound broad-
casting should examine itself critically
to see wherein it may improve or better
fit itself for greater usefulness in the
future.

T look at the Broadcast Engineering
Conference as such an examination and
analysis. In that view, it is particularly
fitting that special attention should be
directed to the receiving end of the sys-
tem. It is trite to say that the trans-
mitter is useless without receivers, or
that receivers are useless without trans-

o o P

&

Rl

R

mitters. It may be equally trite to say,
but I do not think it is as generally ap-
preciated as it should be, that the great-
est usefulness and benefits of the broad-
cast system can not be realized until the
maximum of coordinated operation of
transmitters and receivers has been ef-
fected. There has been very little of
such coordination during the past years
of sound broadcasting. Of course, only
a little has been necessary to provide
even the large and effective public ser-
vice which sound broadcasting has be-
come, since the essential requirements
of coordination have been merely those
of radio and audio-frequency ranges,
and these have been susceptible to sim-
ple specification and accomplishment.
Furthermore, these requirements have
not included serious technical difficul-
ties or conflict of interests.

However, at this time of relatively
advanced development of the service, it
may be that further improvement, re-
finement, or extension, may be found by
a greater degree of coordination be-
tween the transmitter and the receiver.
It may be that possibilities can result
ifrom a combined effort which have not
appeared under the independent devel-
opment course which has been followed
so far. The object of this paper is to
explore this hypothesis, and to set
down suggestions which appear to have
possibilities of service improvement
through combined study and action of
transmitter and receiver interests. In
relation to this idea, it is interesting and

Left: Fig. 1. A commercial radio
receiver of 1921.

Below: Fig. 12. A superhetero-

dyne of 1925. .

Right: Fig. 3. The first popuiar
vacuum-tube receiver.
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Presented Before the

Second Annual Broad-

cast Engineering Con-
ference

should be very helpful, that recently the
National Association of Broadcasters
and the Radio Manufacturer’s Associa-
tion have formed a joint committee as-
signed the duty of developing ways and
means for improvement of industry wel-
fare as a whole. This committee, and

Hrcthun Vo Dyck

Manager, RCA License Laboratory

others of more technical make-up, may
be the instruments by which successful
coordination can be effected.

This paper is to deal primarily with
the receiver part of the system, and it
will be useful in the study to examine
first the history of receiver develop-
ment, in respect to those phases which

"have had important effect upon system

matters, such as growth of the service,
quality of service, cost of operation,
listening habits, social value.

HISTORY OF SOUND RECEIVER
DEVELOPMENT

The first receivers produced for sale
to the public were extremely simple.
This was not because more complex and
more efficient ones were not known to
radio engineers, but because they were
the best suited to the new purpose. Fig.
1 shows a good commercial receiver of
that time, which incidentally, used the
superheterodyne circuit which was first
introduced into broadcast receivers only
after several vears. Fig. 2 shows a

large merchant ship receiver installa-
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OF THe Broapcast System

Held at The Ohio State

University, Columbus,

Ohio, February 6-17,
1939

tion. In contrast, Fig. 3 shows the first
highly popular vacuum-tube broadcast
receiver. Simplicity was a paramount
requirement becausc operation was to
be effected by laymen, not by trained
radio operators. Radio engineers did
not know at that time how to build

VTR A A

An historical analysis of radio
receivers, to be followed by
a second article, covering present

equipment and pointing the way
toward future development.

complex high-performance circuits with
simple operating features. That had to
be learned, and it took years to accom-
plish. Today, home broadcast receivers
have circuits which are vastly more
complex than those of the commercial
receivers of 1920, and yet their controls
are simple enough for the layman to un-
derstand. This evidences a difference
between receiver and transmitter engi-
neering which has existed from the be-
ginning, and still is present, namely,
that where the receiver designer must
so utilize new developments as not to
add unduly to the operating skill re-
quired, and as a matter of fact where
he actually has succeeded in reducing
the skill required to a “push-the-button”
stage, the transmitter engineer has been
free to utilize new developments with
little thought to operating skill. The
transmitter operator can be depended
upon to read meters, watch gauges, pull
switches, and even if push-buttons are
given him, he can be depended upon to
exercise skill in the order of pushing

i

@;@f?«

=

them. The receiver designer not only
supplies the push-buttons, but has to
arrange them so that if the user pushes
all of them at once nothing untoward
will happen.

Considered with relation to other ap-
pliances in the home, the broadcast re-
ceiver has some remarkable characteris-
tics. It is at once the most complex,
the most sensitive, and the most pre-
cise device, which has entered the home.
It operates on inputs measured in mil-
lionth parts of one volt, it includes
generation of voltages of hundreds of
volts, and it maintains frequency accept-
ance conditions to one part in many
thousand throughout years of use with-
out attention. If we did not today so
quickly accept and become accustomed
to the marvels of the age, we would
find interest and romance in the story
of this development by tracing the step-
by-step contributions from hundreds of
engineers which have made possible the
refined product we now have.

It is well to note that in the begin-
ning of broadcasting, the 'system set-up
as a whole was simple, that it too under-
went change toward greater complexity,
and that it is still changing in that
direction. In the beginning only one
wave frequency was used, namely 833
kilocycles. Soon 750 kilocycles was
added, then a band, then extensions of
the band to the present range of 540
to 1600 kilocycles. But then additional
bands were added, in the short-wave re-
gion, and now we are seeing the ultra-

Left: Fig. 7. An early vacuum-
tube receiver.
Below: Fig. 9. The first cabinet
receiver.

Right: Fig. 14. Receiver to be in-

stalled in lid of old phonographs.

Fig. 10. The tuned-radio-frequency
receiver.

short-wave region added. Presumably,
the micro-wave band will follow that.

The development of receivers is inti-
mately associated with the development
of vacuum tubes. The first tubes were
simple triodes having high power con-
sumption, low amplification, poor uni-
formity, high internal capacitance, poor
circuit-matching characteristics. Only
two or three types were available at all,
to serve all purposes. As development
progressed, all of these objections were
overcome, until today the receiver de-
signer has several hundred tube types
from which to choose. Each major step
in tube advance made possible a new
receiver service expansion. The low-
power cathode tube made possible porta-
ble sets, the alternating-current tubes
changed broadcast listening from a me-
chanical hobby to a public service, and
the screen-grid tube made possible the
utilization of complex, high-amplifica-
tion circuits having greater efficiency
and the necessary stability. Today’s
tubes are so excellent, in fact, that one
is tempted to say that they have reached
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Fig. 4. The first WJZ transmitter. Compare with Fig. 5.

the ultimate, or at least that no great
further improvement is needed. How-
ever, it will be well to resist the tempta-
tion, because there is little doubt that
some new development of tomorrow will
open up additional receiver and broad-
cast service possibilities.

After the first simple receivers had
done their duty in the initial stages, and
after broadcast stations had increased to
be very considerable in number, it be-
came apparent that two certain re-
ceiver improvements were needed vi-
tally. These were more selectivity and
less radiation. It was an unfortunate
characteristic of the simple, early re-
ceivers that theyv radiated and caused
interference. Two circuits having the
needed characteristics were available,
both having been invented before the
advent of broadcasting. One was the
“tuned-radio-frequency” circuit, and
the other the “super-heterodyne.” The
latter was considerably more complex,
and although in commercial use, not
enough was yet known about it to permit

St ¥
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its use in large quantity production.
The tuned-radio-frequency circuit was
considerably simpler, and considerably
easier to reduce to the new practice of

- large production and layman operation.

Therefore it became popular, rapidly
displaced the early sets, and for several
vears met the need for more receiver
selectivity, which was growing as the
number of broadcast stations increased.
But the limit of its capabilities was
finally reached, however, and the super-
heterodyne circuit was introduced. By
this time, the complexities of this cir-
cuit had been brought under control and
it could be built with economy and re-
liability under mass-production methods.
Today, this circuit is used universally,
and is still meeting system require-
ments.

Up to this time, practically no corre-
lation between transmitters and re-
ceivers had been effected, or necessary,
except with respect to wave frequency
range. However, at about this time, an-
other factor entered, that of fidelity of

Fig. 6.
‘Progress of
receiving
tubes,
1916-1938.
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transmission and reception. Up to this
time, receivers had been very seriously
deficient in this respect. Even the best
receivers had a tone frequency range of
only about 300 cycles to about 3000
cycles, and the deficiency was due pri-
marily to the loudspeakers used. In-
troduction of the electro-dynamic
speaker brought enormous improvement,
and caused more attention to be paid to
the matter of fidelity, in transmitters
as well as receivers. For example, it
was found that improvement of trans-
mitter frequency stability gave improve-
ment in fidelity of reproduction. As a
further consequence of the dynamic
loudspeaker, and the improved tone fre-
(uency range, it became feasible to util-
ize larger reproduced volume. Receiver
output increased from small fractions
of one watt to several watts, and the
receiver became a qualified musical in-
strument for the first time. Another
result of this improvement in receivers
was that they were then capable of
revealing  transmitter  imperfections.
Transmitter engineering and operation
were then forced to pay full attention to
tone frequency range, frequency sta-
bility, hum modulation, over-modula-
tion, and all matters affecting fidelity of
transmission, and transmission improve-
ment resulted.

Satisfactory basic components of the
receiver having been obtained, later de-
velopment began to turn in the direc-
tion of circuit refinements. Such addi-
tions as single-knob tuning, higher
sensitivity, automatic volume control,
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Fig. 13. The first a-c tube receiver.

hum and noise reduction, tone control,
selectivity control were provided. These
refinements might be called internal in
nature, and as they grew into standard
practice, the attention of designers be-
gan to be directed externally, that is
toward operating characteristics. This
resulted in changes such as better knobs
and dials, smaller and more convenient
cabinets, better antenna design, and has
finally culminated in automatic or push-
button tuning and remote control. This
trend still has considerable momentum,
and will be discussed further in connec-
tion with future possibilities.

A development having large effect
upon hoth receivers and transmitters,
as well as upon broadcasting service as
a whole, was that of the extension of
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broadcasting to short waves. This in-
volved very considerable expansion of
broadcasting, but was carried out with
little coordination between transmitter
and receiver interests. This was due
largely to the fact that the receivers
were intended for reception from for-
eign stations, rather than our own,
while our transmitters were to supply
foreign receivers rather than domestic
ones. Even so, the number of receivers
built here for sale abroad was large, and
it is remarkable that the innovation was
accomplished with so little coordination
between broadcasters and receiver
manufacturers. It seems to prove that
the democratic way of operation can be
depended upon for good results in the
public interest without resort to cen-
tralized, planned, and dictatorial meth-
ods, even in a matter such as this,
where the project is new, untried, and
requires an experimental, groping ap-
proach.

In the first introduction of short
waves, receiver manufacturers supplied

§
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The first home broadcast
superheterodyne.

Fig. 11.

receivers to cover practically all the
short-wave radio services. It soon de-
veloped that public interest in some of
these, such as aircraft, amateur and po-
lice, was limited, and now the low and
medium-priced receivers, and even many
of the high-priced ones, are designed to
receive only those short-wave bands
which are used in foreign broadcasting.

There are two further factors in re-
ceiver development to date which have
had large effect upon the system. One
is the matter of cost. The prices of
receivers have heen reduced without any
apparent relation to the complexity of
their designs, the quality of their ap-
pearance and performance, or the ser-
vice they render. Most of this reduc-
tion has been the normal result of large
production operation, but some of it
has been a competition in reduction of
price accompanied by undue lessening
of performance and quality of construc-
tion. This has resulted in a lessening
of prestige of the radio instrument in
the estimation of the public, with more
or less distortion of their appreciation
of proper values in the product. Con-
sequently, and for example, few buyers

.
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Fig. 8.

today have a clear conception of the dif-
ference between the $9.95 set and the
$49.95 one, even with respect to basic
performance matters in which they are
interested.,

However, the cnormous reduction in
cost has resulted in universal utilization
of the service of broadcasting. In this
country, a recciver in every home is
very nearly completely realized.

A factor of significant magnitude in
the development of hroadcasting has
been its combination with other things,
such as the phonograph and the auto-
mobile. It has even been united with
the refreshment bar to make a combi-
nation doubly entertaining to many. The
automobile receiver has heen especially
important from the transmitter vicw-
point. It has increased the amount of
time devoted to listening, especially
during the sumumer time, which is the
low season for listening, and has there-
fore enlarged the audience, in effect.
From the purely technical standpoint, it
has offered new aspects of the propaga-

Fig. 5.

A modern broadcast transmitter.
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Some early radio equipment.

tion problem and of the “man-made
static” problem.
(To be continued)

LEAR APPOINTMENT
Lear Developments, Inc.,, manufac-
turers of aircraft radio equipment at
Roosevelt Field, Mineola, L. I., an-
nounce the recent appointment of Mr.
Sydney Nesbitt as Sales Manager of the
company.

STANDARD ELECTRIC ORDER

Standard Electric Aktieselskab, asso-
ciated company in Denmark of the In-
ternational Telephone and Telegraph
Corporation, reports that it has received
the order from the Danish auathorities
to supply the complete studio equipment
for the new Broadcasting House to be
erected in Copenhagen. This is to be
one of the largest radio centers in
Europe, and will have several features
new to studio equipment and studio ar-
rangement.

Compare with Fig. 4.
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AMONG the many components of a mod-
ern broadcasting plant, it seems that one
in which the rate of improvement has
been slow is the matter of monitoring
facilities.  Audio-frequency amplifiers,
for example, have been brought to a
point where they leave little to be de-
sired, That they have arrived at this
high degree of refinement is due largely
to the fact that they are readily and
accurately measurable by suitable and
repeatable methods, and in the same
category fall modulators and radio-
frequency amplifiers. The loudspeaker,
unfortunately, is not subject to quite
such satisfactory performance measure-
ment which probably accounts in large
measure for it’s less rapid improvement.
The situation prevails, that often in
the absence of a suitable way to express
its degree of naturalness of reproduc-
tion, the final test of a loudspeaker is—
“What does it sound like?”—and this
state of affairs is still further aided and
abetted by the character of the room in
which the loudspeaker is placed.
Perhaps the reason why a given pro-
gram or orchestra for instance, sounds
entirely different over one station than
it does when it broadcasts from another
(long distance wire lines and micro-
phones excluded from this considera-
tion), can be explained in terms of mon-
itoring loudspeakers better than in any
other way. If one station balances the
program by the use of a loudspeaker
that is deficient at the high frequencies,
the tendency is to place the microphone
relatively close to the instruments play-
ing the high frequencies. For another
whose loudspeaker is down at the low
end, the reverse is true. Likewise a
hump at the low end would cause the
low-frequency instruments to be placed
relatively further away, etc. In each
case, however, it is believed that the ef-
fort is made to secure what sounds
to be the proper balance, as judged by
the reproduction obtained in the moni-
toring loudspeaker. That this balance
may be considerably different from the
balance existing in the signal fed to the

By SAMUEL A. WAITE

radio transmitter is readily apparent. It
is also entirely possible for certain
peaks in microphone response (usually
at the higher frequencies) to coincide
with dips in loudspeaker response and
therefore go unnoticed. Indeed it is
possible for sounds to be picked up and
broadcast that are inaudible on some
loudspeakers, such as low-frequency
fundamental tones for example. Another
and very troublesome effect is caused by
the directive characteristic of certain
types of loudspeaker, i.e., the higher the
frequency, the narrower the beam of
sound radiation which causes its posi-
tion in the room to still further compli-
cate matters. When balancing a show
which requires several people in the

A front view of the loudspeaker
system.
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monitor room, obviously all of them can-
not receive the same balance, as their
respective positions will differ relative
to the high-frequency beam, and con-
flicting opinions may arise regarding
balance.

Now it is customary wherever pos-
sible, to make every part of a broadcast
station stand on its own feet: that
means, with respect to frequency charac-
teristics, that every part will be flat
if it is possible to make it so, such as
amplifiers, etc., resorting to coniple-
mentary characteristics in other pieces
of apparatus only where necessary, such
as for wire-line equalization and the
like. Therefore, the monitoring loud-
speaker should have a flat frequency
response, and in addition be as free
from all other types of distortion as
possible, and also deliver a uniform re-
sponse to all parts of the monitor room.

A loudspeaker system designed to
meet these requirements and believed
original with the writer, took practical
form in 1936 and has undergone many
months of development and critical lis-
tening tests. During this time not only
were the usual testing and measuring
methods applied, but nearly every type
of program material was compared for
naturalness of reproduction by quickly
moving from the room containing the
loudspeaker t6 the room containing the
program material and noting the dif-
ference. By a long and laborious proc-
ess the causes of these differences were
found, and they were reduced to a point
where the reproduced sound is almost
indistinguishable irom the original with
respect to frequency characteristic, phase
distortion, and harmonic distortion,
when used with a flat channel and a flat
microphone. The remaining difference
being one which a single loudspeaker
cannot reproduce—namely, the spatial
characteristic which requires two or
more complete channels to give the
necessary auditory perspective. The
frequency response is very uniform from
30 cycles to 13,000 cycles, gradually fall-
ing off to 15,000 cycles. The low fre-
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quencies down to 30 cycles are repro-
duced as true fundamentals, and the
harmonic generation at any frequency
above 30 cycles is undetectable by a
trained ear, even when listening to a
pure tone input. A feature of this loud-
speaker system is its comparatively
small size for its ability to cover so
great a range of fundamental tones, re-
quiring but 18%% by 28 inches of floor
space without the grille, although stand-
ing 57 inches high. A horn for ex-
ample to reproduce 30 cycles would
require a mouth about 9 feet square.
This allows its use in monitor rooms
even smaller than the optimum which
should be about the same size and shape
and have about the same reverberation
time as the average living room, inas-
much as it is in the living room that
radio broadcasting reaches its intended
destination.

The complete two-way loudspeaker
system consists of a multicellular horn
coupled to a high-quality electro-
dynamic receiver for the high irequen-
cies, a large cone-type electro-dynamic
speaker working against the acoustic
load of a vented box for the low fre-
quencies, a dividing network, an
equalizer, and a rectifier for supplying
the fields of both units, all enclosed in
a cabinet-like arrangement.

The high-frequency horn is placed at
a suitable height and distributes the
high frequencies from 600 cycles to 15,-
000 cycles over a solid angle of 70
degrees in the horizontal and 35 degrees
in the vertical planes, and it is this wide
distribution of high frequencies that
allows practically all points in a room
where an auditor might be located to he
covered with direct radiation, as con-
trasted with the usual narrow beam
from a single cone-type speaker. But
this is not the only benefit derived from
a wide angle of high-frequency radia-
tion—-in the case of a single beam,® the
reflection path is dependent upon the
angle it makes with the walls in the
room and upon the angular relationship
of the walls themselves. Therefore as
some of the energy is given up at each
reflection it may be attenuated to an
inaudible value by the time it gets to
certain points in the room, in addition
to being late with respect to low fre-
quencies which left the speaker simul-
taneously, at points where the travel has
necessitated several reflections (delay
distortion). With the 8-cell horn shown,
nearly the entire useful listening portion
of the room is not only covered with
direct radiation, but the wide distribu-
tion angle results in large dispersion of
even the first reflection so that the pat-
tern of the reverberant energy is also
much more uniform. Now horns do
peculiar things at or near their low-
frequency cutoff, but in this case the

Equalizer
Loss H.F.
Pad Rep;‘:bd.
53 o
__| Dividing
gg Network
N,
i~ Rectifier
< >
L.F. Reprod.””

Block diagram of loudspeaker sys-
tem components.

horn cutoff frequency is below the di-
viding network crossover frequency of
600 cycles hence no distortion occurs
from this source.

The high-quality receiver unit is of
the metallic diaphragm type, lightness
of the moving parts being an attribute
in minimizing distortion of transients,
and of course sound waves encountered
in broadcasting are largely transient in
character.

The low-irequency part of the svs-
tem not being a horn is therefore free
from effects produced by a horn work-
ing at or below its low-frequency cut-
off, works in the range from 600 cycles
down to 30 cycles and has a satisfac-
torily wide angle of radiation up to 600
cycles inherently, due to the fact that
the moving diaphragm or cone diameter
is small compared to the wavelength.
It employs an 18-inch cone-type dy-
namic speaker especially designed for
low-frequency response. The loading on
the back of thé cone due to the proper
use of the semi-confined air in the
vented box allows frequencies where the

Speaker system with back cover re-
Note bracing.

moved.

cone diameter is very small compared
with the wavelength to be reproduced as
true fundamental tones (down to 30
cycles), and with reasonable efficiency.
The box is constructed of heavy material
and also is very rigidly braced to pre-
vent any spurious resonances.

The dividing network® is of the series
type, similar to those used in theatre
systems has a characteristic impedance
of 10 ohms, crossover frequency at 600
cycles where each radiator receives
half of the power, and has a phase shift
at 600 cycles of 221 degrees which, by
proper positioning and poling of the
high-frequency receiver unit, allows the
acoustic output of each radiator to be
additive at 600 cycles. The dividing
network also incorporates the loss pad
for adjusting the relative acoustic out-
put of the two radiators to a uniform
value because their transducing effi-
ciencies are not equal.

The purpose of the equalizer is to
remove some irregularities in the re-
sponse and thus obtain a very uniform
frequency characteristic.

Because no loudspeaker can ever be
perfect, and the best practical one must
necessarily be a compromise® of many
factors, the naturalness realized from
this design testifies to the success with
which these compromises have been at-
tended. .

Should really high-fidelity broadcast-
ing become the rule, it would give the
receiving set manufacturers an incentive
to produce high-fidelity receivers worthy
of the name, as they would be assured
of satisfactory inputs for their receivers.
Of course there will be those who say it
cannot be done in view of 10 kc separa-
tion of carrier frequencies, monkey chat-
ter, etc.,, but it can, at least for those
who live sufficiently close to one or
more broadcast transmitters, and there
are a large number of listeners so situ-
ated in this country—enough, in fact, to
justify production of as wide a band-
width receiver as they are willing to
pay for. Band narrowing devices would
make these receivers as satisfactory as
the present day sets with a 4000-cycle
average upper limit, for more distant
reception. The increase in the degree
of naturalness is very rapid* in the
octave from 4000 cycles to 8000 cycles
and while less rapid in the octave above,
still much to be desired provided the
signal is free from microphone peaks
and contains a natural balance.

While the underlying incentive to the
investigation which resulted in this
loudspeaker design was with respect to
radio broadcasting, it is finding applica-
tion in the motion picture industry both
in review rooms, and, due to its con-
venient size, as portable preview equip-

(Continued on page 45)
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Book Reviews

STANDARDS ON ELECTRONICS
1938, published by The Institute of Radio
Engineers, Inc., 330 West 42, Street,
New York City, 1938, 59 pages, paper
covers, price 50 cents.

In the past, it was the practice of the
IRE to issue a single comprehensive stan-
dardization report which covered all
phases of radio. This necessitated the
issuance of the complete report even
though changes in standardization may
have occurred in only one field. The pres-
ent improved practice is to publish sepa-
rate reports for each branch of radio, of
which Stendards on Electronics 1938 is
one.

The first ten pages is devoted to the
standardized definitions of tubes and their
component parts. This is done for vacuum,
gas, cathode-ray, and photoelectric tubes.

Five pages are then devoted to symbols,
both’ letter and graphical.

The remainder of the book concerns

itself with methods of testing vacuum °

tubes and covers .such topics as the mea-
surement of vacuum tube characteristics,
coefficients, ionization and leakage cur-
rents, interelectrode capacitance, power
output, detection characteristics, and
phototubes.

This book is a valuable addition to every
communication engineer’s library. R.L.

THE 1939 RADIO AMATEUR’S
HANDBOOK, sixteenth edition, by the
Headguarters stoff of the ARRL, pub-
lished by The Awmerican Radio Relay
League, Inc., West Hartford, Conn.,
1938, 454 pages text plus 106-page cata-
log section, paper covers, price $1.00 for
continental U. S. A., elsewhere $1.25.

Year after year the ARRI Headquar-
ters Staff produces a “bigger and better”
handbook, the new sixteenth edition sur-
passing all previous editions in excellence.
The major defect is the small amount of
space devoted to Instruments and Measure-
ments. .

The tabular data on vacuum tube char-
acteristics of about 400 types of tubes is
one of the most complete compilations to
be found anywhere. If for no other reason,
this fact alone makes it imperative that
the engineer purchase each succeeding edi-
tion of this handbook, despite the consider-
able duplication of text material.

On page 65, the power output watts for
the 6A3 is not 1.5 and 1.0 as shown, but
is 15. and 10. watts respectively.

New and improved circuits appear in the
chapters devoted to receivers and trans-
mitters. The section on antennas has been
greatly revised and .enlarged, and presents
considerable information on this Sulgje%

MODERN PLASTICS, Volume 16, No. 2,
edited by E. F. Lougee, published by
Breskin and Charlton Publishing Cor-
poration, 122 East 42 Street, New York
City, 1938, 304 pages, cardboard cover,
price, $2.00. )

This Catalog-Directory issue of Modern
Plastics contains a series of articles de-
scribing the developments that have occurred
in the plastics industry in the past year,

not only in the United States but also
throughout the rest of the world.

The Plastic Properties Chart, which is
inserted opposite page 172, is 1134 by 31
inches in size and tabulates 45 physical
and chemical properties of 27 kinds of plas-
tic materials. This is probably the most
complete and accurate chart of plastics
ever compiled and should prove invaluable
to everybody who has_occasion to manu-
facture or use plastics.

Modern Plastics also contains a selected
bibliography of American and foreign pub-
lications pertaining to plastics. A short
list of words used in plastics and their def-
initions should be useful to anyone who is
unfamiliar with the terminology employed
in this field.

At the end of this book will be found
several directories: “Directory of Chemi-
cals and Raw Materials,” “Directory of
Machinery, Equipment and Supplies,” “Di-
rectory of Custom Molders, Fabricators,
Designers,” “Directory of Trade Names
and Manufacturers of Plastics” and an
“Alphabetical Index of All Manufacturers
and Addresses.”—D. B.

THE RADIO HANDBOQOK, ffth edi-
tion, by the editors of “Radio,” pub-
lished by Radio, Ltd., 7460 Beverly
Blvd., Los Angeles, Calif., 1938, 592
pages, paper covers, price $1.50 in con-
tinental U.S.A.; efsewhere $1.65.

The new revised edition of this useful
handbook contains a number of short wave
and u-h-f circuits of receivers and trans-
mitters which should prove of interest to
the radio engineer.

A chapter has been devoted to radio re-
ceiver tube characteristics. Data on tubes
released during 1938 are not’ given.

The non-tabular form employed in list-
ing the characteristics of transmitting
tubes requires considerable space. The
non-alphabetical, non-numerical arrange-
ment decreases the usefulness. of these
data for reference purposes. On the other
hand, the authors are to be highly praised
for their practice of marking with an
asterisk those tubes which they particu-
larly recommend to amateurs designing
new equipment. To anyone considering
building a transmitter these recommenda-
tions will undoubtedly be valuable.

Also useful in designing a transmitter

are the block diagrams showing the com-
parative outputs of various cw, radiotele-
phone, and combined cw and radiotelephone
transmitters. The audio amplifier block
diagrams should prove advantageous not
only for transmitter construction but also
in designing public-address systems.

The section on decibels is the best ele-
mentary treatment that the reviewer has

seen.
5

MATHEMATICS FOR RADIO AND
COMMUNICATION, Book I, Arith-
wmetic, Algebra, Geometry, by G. F.
Maedel, published by Prentice-Hall, Inc.,
Qfse;g York City, 1938, 314 pages, price,

In recent years there has occurred con-
siderable agitation for the drastic shorten-
ing of the time to be devoted to the teach-
ing of mathematics of students who did not
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intend specializing in the sciences. Educa-
tors are unanimous in their agreement that
a certain amount of mathematics is essen-
tial to everyone, but they are in complete
disagreement regarding the number of such
courses and the amount of time to be spent
on them.

Opponents to change of the status quo of
the mathematical curriculum hark back to
the two thousand year old cry that there
is no royal road to mathematics. Thus far
they seem to have the better of the argu-
ment and will continue to do so as long as
mathematical textbooks are written from
the pedantic point of view without regard
to the practical application of such learning.

It is quite possible that the appearance
of Mathematics for Radio and Communi-
cation will mark the turning-point in the
“for and against mathematics” controversy.
This excellent book distils the essence of
what must be known in three branches of
elementary mathematics (arithmetic, alge-
bra, and geometry). Unlike other mathe-
matical textbooks which might be consid-
ered to be glorified puzzle books, the pres-
ent book not only retains the rigor so nec-
essary to mathematics, but also is thor-
oughly practical in nature. For general
use in the schools some alterations would
be required, such as increasing the scope
of the problems and decreasing the empha-
sis placed upon radio.

It is quite likely that every engineer has
at some time or another been asked by a
friend, “What book would you recommend
that deals with elementary mathematics and
which I could study by myself?” The en-
gineer need no longer rack his brains for
a suitable answer and then be forced to
admit defeat, for Mathematics for Radio
and Communication can be recommended
without hesitation. Not only does this book
give numerous problems which pertain to
radio, but it also gives answers to all of
them, thereby making this book invaluble
for self-study.—D. B.

NOMOGRAM FOR THE INDUCT-
ANCE OF A CIRCULAR RING

(See page 15)

IN EXPERIMENTAL WORK with ultra-
short-wave circuits the inductance coils
used may consist of a single turn coil
in the form of 4 circular ring. The in-
ductance of a circular ring may be ob-
tained from a formula due to Kirchhoff.

L= 0.00628D{ log.8D/d —2 }microhenry
where L is the inductance in micro-

henries, D the diameter of the coil and
d the diameter of the wire (circular

cross section). Both dimensions are in
centimeters. '

The accompanying nomogram rep-
resents the inter-relation of L, D and d
for a certain range of values. Its range
may be extended by making use of the
rule that the inductances of geometri-
cally similar circuits are directly
proportional to their linear dimensions.
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LIGHT, by V. T. Saunders, published by
Chemical Publishing Company of N. Y.,
Inc., New York City, third edition, 1938,
328 pages, price, $2.50. .

In the past, a knowledge of light and its
manifestations was not an essential part of
the intellectual equipment of the communi-
cations engineer. The advent of television
has changed this state of affairs, for not
only does this art require the actual use of
optical devices, but also, through :the fre-
quent use of optical analogies, light makes
its influence felt even in the analysis of
electrical circuits.

This book concerns itself mainly with
geometrical optics, the other phases of light
being treated less thoroughly. Since it re-
quires, except for a very few places, only
a knowledge of elementary trigonometry,
it should prove of interest to the engineer
who wishes to acquire an understanding of
the subject with a minimum of effort. In
order to expedite the student’s grasp of the
subject the author adopts the highly com-
mendable practice of furnishing answers to
all questions requiring numerical answers.

In the back of the book there is pasted a

- useful chart which shows ‘the frequencies,

the wave lengths in centimeters, and the

~ NBC BEAM

THE NATIONAL BROADCASTING COMPANY
is building a new directional antenna

.system which will focus on South

American countries, according to Mr.
Raymond F. Guy of the Engineering
Department of -that company. Engineer
Guy further - stated that the antennas,
which were designed by Mr. William
Duttera, also of the Radio Facilities De-
partment, would be available for use by
the network’s two short-wave broadcast-
ing stations W3XL and W3XAL at an
early date. )

Most interesting is NBC’s reason for
the development of the new system.
South America, at the present time, with
its two language groups, Spanish and
Portuguese, centered roughly in Argen-
tina and Brazil, respectively, is covered
by NBC'’s single beam. The objective of
the engineers is to get more power into
these large listening centers by a greater
concentration of the power from the new
25-kw transmitters.

One way of accomplishing this was
the rather complicated method of build-
ing two separate antennas, one of which
would be focused on Buenos Aires and
the other on Rio de Janeiro—shifting
from the first antenna to the second as
the program would change from Span-
ish to Portuguese. There was another
possibility—instead of changing anten-
nas, it was decided to build one whose
beam could be shifted.

With the possibility of mechanical

wave length in Angstrdm units of the
whole, electromagentic spectrum.—R. L

COLUMBIAN COLLOIDAL CAR-
BONS*, by the Columbian Carbon
Company, distributed by Binney and
Smith Co., 41 East 42nd Street, New
York City, 1938, 193 pages.

Undoubtedly everyone is familiar with
the sooty deposit resulting when a plate
is held over a” kerosene lamp. Although
this is, in essence, the principle underlying
the manufacture of colloidal carbon (“car-
bon black” to the uninitiated), the actual
cornplexities of manufacture are so many,
for what appears to be so simple a prod-
uct, as to almost surpass belief.

It is little realized how many and varied
are the uses of colloidal ¢arbon. To quote
from this book: “It is fairly safe to con-
clude that every processed material that
is black contains colloidal carbon, with
the exception of dyed cloth and fabric
materials.”

*This is a limited edition which is being dis-
tributed to those industries employing or con-
templating employing célloidal carbon, as well as
to consultants and chemistry departments of
universities.—Editor.

The antenna of W3XAL.

shifting of the actual geographical loca-
tion of the antenna eliminated because
of its cumbersomeness, an electrical
shifting of the beam by a change in the

By GENE GODDESS

antennas’ elements was decided upon.
In contradistinction to the method

adopted at the Dutch station PC]J, in

which a physically rotatable antenna

The W3XL modulator unit.
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The properties of carbon as ordinarily
known and the submicroscopic colloidal
carbon. (from 60 down to less than 25
millimicrons) differ considerably. Cus-
tomarily, carbon is considered a conductor.
Yet, an increase of 50 percent in insulating
power is imparted to the rubber insulation
for electric wires if a small amount of
colloidal carbon is added to the rubber.

The automobile tire of today is made
of equal quantities of rubber and colloidal
carbon, this combination accounting for
the modern tire’s great durability. This is
only one of the many uses of colloidal
carbon which are described herein.

Incidentally, the printing in this book
is so jet black that the letters almost jump
off the page. Yes, you've guessed it—the
ink was made of colloidal carbon.

NEW COMPANY

News comes to us that Nathan Schnoll,
Chief Engineer of Solar Manufacturing
Corporation, has resigned his position to
organize Industrial Instruments, Inc.,, with
headquarters at Bayonne, New Jersey.

ANTENNAS

with fixed beam characteristics was em-
ployed, NBC’s newest development will
be a stationary system whose beam will
be changed by changing the electrical
elements of the antenna by remote con-
trol from the transmitter. While the
Dutch method requires several mo-
ments for a bodily change of its posi-
tion, the second splitting American net-
work will accomplish the same electrical
effect in three or four seconds.

There will be two stuch beams directed
at South America. One of these beams
will be operated on a frequency of
21630 kc and the other on a frequency
of 9670 kc—the choice of the frequency
depending on the program and operating
conditions. Additional beam antennas
‘operating on frequenties of 17780 ke
and 6100 kc will be directed at will to-
ward either Europe or South America.

The beam emanating from the new
antenna system will have a width of 20°
at 70% of the maximum signal. There
will be a slight overlapping of the two
antenna patterns sent out by each of the
electrically steerable antennas, but since
the patterns will be made at different
times, there will be no interference prob-
lem.
~ The antennas, which are being erected
at .a cost of $15,000 each will be at
Boundbrook, New Jersey. The an-

_tennas will consist of 250 foot and 170

foot steel towers and wooden poles—
ranging up to 170 feet in height.

e
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An NBC-RCA tfelevision camera

ready for action. Interior views

of this unit are shown on the fol-
lowing two pages.

By
Dr. ALFRED N. GOLDSMITH
Consulting Industrial Engineer

D. STUDIO-TO-TRANSMITTER LINK

HIS is a relay connection by radio
T or cable enabling the carrying of
the video-audio program from a fixed
studio or a mobile pick-up point to the
transmitting station.

D-1. Fixed Studio Link

At this time, programs are carried
from the studio to the transmitter either
by coaxial cable or a radio relay. The
radio relay may use the higher-tre-
quency uhf channels or the micro waves.
Frequencies between 150 and 200 mc
have been found useful, and higher fre-
quencics may prove adequate. In one
practical instance 177 mc is used to
cover a distance of approximately 1
mile between and over tall steel build-
ings. Directional transmission and re-
ception were here necessary to avoid
the effects of undesired reflection of
waves, multiple-path reception, and re-
sulting macceptable irregularities in the
curve showing the strength of the re-
ceived signal versus the carrier f{fre-
quency of this signal. At the transmit-
ter, a one-wavelength dipole, central
fed, was placed over a metallic reflector.
The dipole elements were supported at
their centers by metal rods a quarter-
wave long. Fading and distortion were
practically absent in this circuit, and it
showed high diurnal and seasonal
steadiness and reliability. Tts perform-
ance compared favorably with that of a
coaxial cable also connecting the studio
and the transmitter. The feasibility of
such radio relays may enable cconomies

TeLevision Economics

Part 1l

where long or inconvenient coaxial-
cable installations would otherwise be
involved, for example, through long
and circuitous urban routes.

In this connection, the reliability of
uhf circuits has been closely studied for
various distances of transmission. For
example, with transmitting and receiv-
ing antenna heights of about 220 and
160 feet, and with a transmitter power
of 4 watts at 150 mc, both slow and
rapid fading, increasing at night, were
experienced over a 38-mile overland
path (corresponding to an optical path
of about 35 miles, neglecting wave re-
fraction). The fading at midnight was
greater than 1 db about 70% of the
time, and greater than 10 db about 5%
of the time; while at one o'clock in the

afternoon the fading was greater than
1 db only about 35% of the time, and
never greater than 10 db. On such a
circuit, in general fading was less than
10 db for 979 of the time even though
it sometimes reached 20 db. It was
noted that halving the path length re-
duced the fading in db to one-fifth of
the value for the longer path.

No overland fading was found at dis-
tances of 6 and 17 miles. Nevertheless,
whenever the attenuation over the
transmission path in addition to the in-
verse-distance attenuation reached 30
db, fading occurred. The transmitting
conditions were described as correspond-
ing to a satisfactory service so far as
overland  line-of-sight communication
over distances of this order is con-
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cerned. However, it should be noted that
intervening obstacles in cities and the
effects of clectrical noise and wave re-
flections near an urban receiving sta-
tion (if used) injure picture quality and
require fully adequate power at the re-
lay transmitter to overcome their ef-
fects. It would be poor commercial
planning to use an inexpensive but weak
link for this purpose.

D<2. Mobile Pick-Up Units

The pick-up of outside everits- where
no fixed connection to the transmitter
is practicable has been carried out in
Europe by direct motion-picture pho-
tography of the event followed shortly
thereafter hy radio transmission of the
filmed pictures. For this purpose a film
camera is placed on the roof of a truck,
and developing, washing, and fixing
tanks for the film are placed inside the
truck together with a television film
scanner and uhf transmitter to relay the
resulting signal to the main transmit-
ting station. The film is scanned before
it is quite dry. It is obviously possible
to scan film as a negative by proper
choice -of the numbér of video amplify-
ing stages. This method has the ad-
vantage of vielding a permanent record
of the event, but it has the disadvan-
tages of appreciable cost of the film and
processing as well as whatever delay
in transmission is involved. By suita-
ble photographic methods this delay can
be kept acceptably short for most pur-
poses. The advantages of this method
are the possibility of editing and re-
peating the presentation, as well as the
availability of a record of the event.

In America and Europe it has also
become common practice to use direct

An interior view of a felevision

camera showing
preamplifier.

lconoscope and
NBC photo.

television pick-up by mobile relay units.
In one case; 10-ton trucks are used as
units. One of these carries the tele-
vision camera and the video generating
and control equipment. Another of
these carries a television transmitter on
the relay frequency. Both of these may
be run on whatever power supply is
locally available. In the event that no
power lines can be locally tapped, a
third truck is required which is pro-
vided with a gasoline-engine-driven
generator with unusually good voltage
regulation, and of the necessary power
of about 50 kva. If no other means are
available for transmitting the audio.
program to the main transmitting sta-
tion from the pick-up point, a fourth
truck is necessary to carry an audio
transmitter for the sound channel. It
will be noted that the mobile equipment
1s essentially that of a small studio, but
even so is relatively inflexible since only
a single camera chain is available in
most present equipment. Undoubtedly
future mobile equipment will require
added facilities for the sequential use
of several cameras. It has been esti-
mated that it takes from 2 to 5 engi-
neers to man each truck, this corre-
sponding to a possible total field staff
on an outside pick-up of about 12 engi-
neers.

The economics of these arrangements,
unless used on a large commercial scale,
leaves something to be desired. The
equipment is relatively bulky and
costly, and -while it is mobile and
rugged, it can hardly be regarded as
being highly flexible and speedy in its
transfer from one location to another
nor yet capable of meeting rapidly
changing adverse local conditions. It
is possible that compact, lighter, and
more flexible equipment will be devel-
oped, as well as means for further mini-
mizing the effect of difficult operating
conditions such as wind, rain, and heat.
Nevertheless, there is a lower limit to
the permissible power for such relay
transmitters since electrical noise at the
receiving station requires that consid-
erable transmitter power be available
if an undistorted and clean picture is
to be received. The ideal equipment
would approximate, in portability and
cost, portable newsreel outfits, but this
seems a remote possibility at present.

In England some mobile units of 1
kilowatt at 86 megacycles have been
provided with three cameras which have
been used at such events as football
matches, one being placed in the spec-
tators’ stand, and two others stationed
opposite the 25-yard lines. Two of
these cameras were provided with the
equivalent of image .iconoscopes. The
transmitting antenna is sometimes car-
ried on a square framework at the upper
end of an 80-foot extension ladder.

]8 ® COMMUNICATIONS FOR MARCH 1939

wWww americanradiohistorv com

Other similar English pick-ups, which
are here listed to indicate the scope,
likely operating problems, and cost of
such methods, include: tennis matches,
boat races, horse races, cricket test
matches, Trooping of the Colors,
the Coronation procession, the Lord
Mayor’s Show, Cenotaph Services, dem-
onstrations of fire fighting, gardening,
golf, horsemanship, model boats, and
sheep dog trials.

D-3. Coaxial-Cable Link

Coaxial cables meeting the present
requirements for transmitted video
band width, minimized differential
phase delay, and the like, have not been
described, but presumably can be pro-
vided. In the absence of installation and
maintenance cost data on such cables,
their economic feasibility over short and
long distances and on a specific scale of
operation remains undetermined.

One European television transmitter
has been connected to a number of the
most likely points of program origina-
tion in the same city by a coaxial cable
10 miles long. Another European tele-
vision studio has been connected by
coaxial cable to its transmitter, the
video frequencies in this case (between
20 cycles and 2.5 megacycles) being
used to modulate a 5.5-megacycle car-
rier which 1s sent over the cable; back-
ground or average-brightness signals of
low frequency being used to modulate
a 100-kc carrier which is sent over the
same cable. This .cable consists of a
specially designed flexible outer con-
ductor of copper. sheatlied in lead and
protected by a serving of impregnated
jute over which steel wire is wound
spirally. The inner conductor is of
solid copper. The maximum attenua-
tion per mile rises from 4.8 db at 1 mc
to 6.6 db at 3 mc and 12.6 db at 8 mc,
the characteristic impedance being 71
ohms. Unusual care was taken in this
case to secure a uniform impedance
characteristic. For this reason the outer
conductor was held at an extremely con-
stant diameter and, while flexible, was
free from distortion on bending. The
outer tube was designed to be fully self-
supporting.

It may be added that such cables have
also been proposed for primary tele-
vision broadcasting on a toll basis.
Cable runs, through densely populated
sections having residents at an income
level adequate to purchase such tele-
vision service, might prove both tech-
nically and economically feasible but no
data nor announced plans for such toll-
broadcasting services are available.

E. STUDIO RADIOC EQUIPMENT
This group comprises equipment in
or near the studio, intended for the pic-
ture. and sound pick-up, the control
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and modification of the resulting signals,
the injection of synchronizing and al-
lied signals, and the monitoring of all
signals, further including film pick-up
devices, and testing equipment. It con-
stitutes a substantial fraction of the
transmitting-station apparatus cost.

E-1. Video Pick-Up Equipment

The main element of the video equip-
ment is the camera pick-up tube (vari-
ously referred to as an iconoscope,
image iconoscope, dissector tube, emi-
tron, and so on). The essential element
in the storage type of tube is a mosaic
plate carrying a multiplicity of photo-
sensitive and secondary-electron-emit-
ting granules on one side of an insulator
and a conducting signal plate, from
which the video output may be with-
drawn, on the other side of the in-
sulating plate. A collector or conduct-
ing coating in the tube is usually also
provided for absorbing a portion of the
secondary emission from the mosaic;
and this is also usable as a signal-output
terminal. Means are provided for
(generally obliquely) scanning elec-
tronically the sensitive face of the
mosaic plate in accordance with what-
ever scanning sequence is desired.
The production of such tubes is a spe-
cial art involving many elements of de-
tail and expense. The mosaic plate it-
self is preferably ruby mica about 50
microns or less in thickness. It is of
the most uniform and the highest qual-
ity available, Approximately 30 to 40
percent of the surface of the plate is
covered by the particles, which are each
less than one-tenth of the scanning spot
size. One method of coating the mosaic
plate involves air-settling a cloud of
silver-oxide dust on the plate, the dust
particles being later reduced by heating.
A special furnace and separate settling-
chamber equipment are required. One
of the principal defects in the otherwise
uniform deposits are particles of lint
in the air; and accordingly special pre-
cautions are necessary to prevent lint
settling on the plate during its forma-
tion. Another method of producing the
granular structure on the plate is by
agglomeration of either an evaporated,
a sputtered, or a chemically-reduced sil-
ver film. The silver particles may be
cacsium coated with subsequent oxida-
tion, there being a fairly wide variety of
methods of treatment.

Halation effects (luminous image
spreading) have been reduced in the
iconoscope by sand-blasting the mica
surface of the mosaic plate delicately
to avoid specular refractions therefrom.

Recent improvements in these devices
include scanning-beam guns producing
an electron stream of constant current
during the focussing process, and by
such designs that secondary electrons
from the gun apertures are not per-

mitted to enter the primary beam. The
“dark spot” in the iconoscopes (to be
later discussed) has been reduced by
the use of a cylindrical bulb for the
iconoscope in place of the earlier
spherical bulb. Another improvement
has consisted in making the walls of
the bulb photo-sensitive, and then
steadily illuminating them and thus
increasing the sensitivity of the device.
Further, sensitiveness, spectral response,
and saturated signal output have all
been improved by evaporating an ad-
ditional silver layer over the sensitized
mosaic and rebaking.

In place of the insulating signal plate
of the standard iconoscope, semi-con-
ducting plates of appropriately selected
glass have been tested in Europe. The
resulting storage pickup tube is claimed
to have considerably higher sensitivity
and efficiency than the standard icono-
scope, which sensitivity can again be
increased by the use of a transparent
photo-cathode and the focussing of the
resulting electron-density image beam
on the signal plate. Successful operation
of semi-conducting-signal-plate pick-up
tubes depends on suitable choice, in as-
sociation, of the capacity between the
picture element and the conductor at the
back of the mosaic plate, the secondary
emission factor of the mosaic, the time
constant of the picture element as based
on the capacity and resistance between
the picture element and the back con-
ductor, the collector potential, and the
intensity of the incident light. ITn gen-
eral, the best overall operation of this
type of tube (with avoidance of picture
persistence or ‘“hang-over” through
stccessive  scannings) occurs when
there is a certain residual space charge
over the mosaic which tends to limit the
electron emission therefrom, although
this mode of operation naturally some-
what reduces the available sensitivity
(by about 30%).

Iconoscopes are run with a second
anode potential of about 1,000 volts.
The iconoscope itself is preferably
shielded electrostatically, for example,
by an external and surrounding wire
grid which is itself connected to an ap-
propriate point in the first stage of the
preamplifier. The output from the
iconoscope is about 1 mv across 10,000
ohms, but in general the iconoscope
should work into 30,000-300,000 ohms.
Magnetic beam deflection is commonly
used (the deflection yoke carrying both
the vertical and horizontal deflection
windings). The video-frequency am-
plifier connected to the iconoscope out-
put is also electrically shielded and is
designed to have a sutficiently low out-
put impedance to enable satisfactorily
sending the picture signals over a
required length of special cable to the
video control room.

The iconoscope preamplifier generally

v

Another view of an open television

camera. Note that Iconoscope
shield has been removed. NBC
photo.

has an input of a few tenths of a mi-
croampere and an output of 0.5 volts or
more for the peak-to-peak video signal.
The first stage of the preamplifier is
connected to the collector and signal
plate of the iconoscope. It is principally
designed to deliver the best available
signal-to-noise ratio and need not neces-
sarily have a flat frequency or phase
characteristic. The correction of fre-
quency or phase limitations of the first
preamplifier stage may satisfactorily be
carried out in later stages. In the first
preamplifier stage, high transconduct-
ance low-plate-current tubes are most
useful., Conventional older tubes have
an input capacity of about 10 micro-
microfarads, which is excessive for this
purpose. New tubes of the specified
type are available, and improve the sig-
nal-to-noise ratio several times in ad-

dition to having an extremely low
shunt-input capacity.
The iconoscope produces certain

spurions irregularities or shadings in
the image field. These spurious signals
may be as high as 3 or 4 times the pic-
ture signals. These are generally can-
celed out by the injection of reverse and
locally generated and controlled shad-
ing voltages. This shading input can
be introduced across a small resistance
in the grid circuit of the first pream-
plifier stage. Typical preamplifiers have
4 or more tubes, and approximately 50
or more component parts..’

More recently the “image icono-
scope’” has attracted attention and come

(Continued on page 27)
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Practical Aspects of Wideband
TeLevision AmpLiFIER DesicN

OST of the literature covering

video amplifiers deals only with
the theoretical factors limiting the high
and low-frequency steady-state and
transient response of resistance-capaci-
tance coupled amplifiers and methods of
extending the useful response region.
The purpose of this paper is to present
information of a practical nature which
will be helpful to the designer of a wide-
band, high-gain amplifier whether it is
used for television or for other purposes
such as biological research, or the study
of transient waveforms.

BALANCED VS. UNBALANCED AMPLIFIERS

From a theoretical standpoint the bal-
anced resistance-capacitance  coupled
amplifier offers some attractive ad-
vantages. As the grids of two tubes
operated in “push-pull” are excited with
identical signals displaced 180 degrees
from each other, the current changes in
the plate circuits of the tubes will also
be identical, but displaced 180 degrees
from the respective grid signals. As
both tubes are connected to the same
power supply, the instantaneous sum of
the space currents drawn will be a con-
stant amount provided the tubes, circuit
elements, and signals of both sides are
exactly balanced and that the signals are
exactly 180 degrees out of phase. Be-
cause the bleeder of the power supply is
an impedance common to all the stages
operated from that power supply, any
signal set up across this bleeder im-

*Presented at the second Pacific Coast Con-
vention of the Institute of Radio Engineers, Port-
land, Oregon, August 11, 1938,

pedance will, in turn, be transferred to
the other stages. As this common im-
pedance is very low at the higher fre-
quencies due to its being shunted with
the output capacitance of the power-
supply filter, feedback at these irequen-
cies is unlikely. However, at fre-
quencies of only a few cycles per second

£ i
7. ﬁ/%anj&/e}zmt

Instructor in -Electrical Engineering-
OREGON STATE. COLLEGE

the reactance of these condensers be-
comes large, resulting in a large signal
being transterred to preceding stages.
The tendency is then toward a low-fre-
quency relaxation oscillation commonly
called “motor-boating.” The balanced
connection aids in decreasing the
amount of voltage appearing across the
power-supply bleeder and hence being
applied to preceding stages by tending
to keep the current drawn irom the
power supply by any given pair of tubes
in a stage at a constant value, thus re-
ducing the tendency to motorboat.

The decoupling networks R, C, and
R. C. of Fig. 1 aid in keeping the signal
voltage from appearing across the
bleeder resistor. The decoupling net-
work R; C; connected in this manner
does not increase the effective plate load

‘ol the tubes at the low frequencies at

which the shunting action of C; becomes
negligible. In the unbalanced amplifier
the amplification may rise to abnormal
heights at very low frequencies because

of the increase in plate load impedance
of such a decoupling network. The ex-
tent of this difficulty in unbalanced
amplifiers may be shown by an example
encountered in one typical wide-band
amplifier. The plate resistance was 1000
ohms and the decoupling resistance was
5000 ohms shunted by an 8-microfarad
condenser. The normal stage gain was
9 from a few cycles to 1.5 megacycles.
Owing to the increasing reactance of the
condenser bypassing the 5000-ohm resis-
tor at low frequencies, the effective load
impedance of the tube increases eventu-
ally to 6000 ohms and the gain in the
region of 1 cycle per second to about
54. With a large grid coupling con-
denser and grid resistor, this could
make the stage abnormally sensitive to
low-frequency surges and would un-
doubtedly result in relaxation oscilla-
tions. It will be noticed that an intel-
ligent use of this same effect can be
used to correct for poor low-irequency
response and excessive phase shift. The
R, C; network of the halanced circuit
of Fig. 1 does not result in this desired
or undesired increase in amplification
at low frequencies to anv appreciable ex-
tent. If low-irequency correction is de-
sired in the balanced amplifier, it must
be inserted at the points marked “x.”
The bias for the tubes in a balanced
stage may be obtained without degenera-
tion by means of the unhypassed resistor
R, of Fig. 1. The cathode currents of
both tubes flow through this resistance
to ground, and the fact that the signal
current of one tube is in phase opposi-
tion to that of the other results in a con-

—

To Firgt S+°g€$

Bleeder
Resistor

Fig.1
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stant current through R, if the two
halves of the stage are exactly balanced
in all respects.

In a perfectly functioning balanced re-
sistance-capacitance coupled amplifier,
there should be no transfer of the signal
from one side to the other. That is, if a
signal is applied between ground and
the grid of the tube on one side, no sig-
nal should appear in the plate or grid
circuits of any of the following tubes of
the opposite side. In other words, a
balanced resistance-capacitance coupled
amplifier is in reality two independent
amplifiers put together. In practice it
will be found that the combination of a
wide frequency hand and high overall
gain will often result in trouble with the
balanced amplifier which otherwise ex-
hibits so many theoretical advantages.
One common trouble is an oscillation of
two tubes in one stage in parallel, with
any mid-branch impedance acting as
part of the load resistance’. Once this
oscillation is set up, feedback can take
place to preceding stages by virtue of
the voltage across the mid-branch im-
pedance of the power supply common to
several stages. If the two halves of the
stages are unbalanced in any way (such
as one tube being more sensitive than
the other) the stronger side sets up a
signal across the mid-branch impedance
in phase opposition to the signal of the
weaker side, exaggerating the unbal-
ance. It will be found very difficult to
balance both sides because this unbal-
ancing tendency is cumulative. Ex-
tremely good decoupling, perhaps even
to the extent of decoupling the two tubes
of a single balanced stage from each
other, is one answer to these difficulties,
but effective decoupling calls for either
very large condensers or very large re-
sistors or both. Satisfactory condensers
larger than about 16 microfarads are

1“General Purpose Audio Amplifier”’—Preis-
man, CommuxicaTions. p. 11. May, 1938.

not generally available and the large
resistors necessitate high supply volt-
ages to make up for the decoupling re-
sistor drop.

Because of these troubles encountered
in the balanced amplifier, it loses much
of the theoretical glamor which might be
attributed to it after-a. casual survey.
With the older type of low transconduc-
tance tubes, many of these oscillation
troubles may have been non-existent
but with modern tubes (to be discussed
later) having transconductances as
much as seven and one-half times as
high as the Type 57, these oscillatien
possibilities are enhanced.

Because the input to a balanced ampli-
fier is often in single-end form, some
sort of phase inverter must be used be-
cause transformers, which simplify the
problem for audio frequencies, cannot
be used over the wide range of fre-
quencies used in television. Resistance-
capacitance networks must be used and
the inverter of Fig. 2 may be used with
fair success provided the extremely high
transconductance tubes are not used. By
a judicious selection of grid circuit time
constants, the low-frequency amplitude
response and phase shift may be bal-
anced for the two sides of the amplifier.
The inverter is excited in phase opposi-
tion to the input tube by taking its ex-
citation voltage from the plate circuit of
the input tube. This involves a voltage

divider which will divide uniformly to

the upper frequency limit of the ampli-
fier. In television amplifiers this fre-
quency may be several megacycles, and
special precautions must be exercised to
insure equal voltage division for all fre-
quency components. Equal voltage di-
vision at all frequencies will be realized
only when the capacitance across each
portion of the resistor is inversely pro-
portional to that portion of the resist-
ance. If the resistor is divided into two
parts, R, and R, then to make E, (the
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voltage across R.) proportional to R,
and E, (the voltage across R,) pro-
portional to E, at all frequencies, the
relationship

R.C. =R, C,

must exist’, where C, is the capacitance,
distributed or otherwise, across' R,, and
C, the capacitance across Ry,. The ratio
Efl )

— may have either a rising or falling

b
characteristic with frequency, depending
Rﬂ C'il

upon whether the factor is greater

R, G,
or smaller than unity. An estimate of
the distributed capacitance to ground
‘per stage makes possible the calculation

of the approximate value of C, needed.

Based on the preceding discussion of
balanced and unbalanced amplifiers, and
on the facts generally known regarding
these aniplifiers, the advantages of the
unbalanced amplifier over the balanced
type are as follows:

(1)

No phase inverter trouble and ad-
justment.

Half the parts needed for
amplifier proper.

(2) the

(3) Same gain as the balanced ampli-
fier except that if balanced output
is used the output voltage is double
that of the single ended output—a

gain of only 6 db.

Only half the low- and high-fre-
quency compensation networks to
be inserted for the same frequency
response.

Only half the heat dissipated in the
housing—a possible important fac-
tor with high gain necessitating
many stages and tight shielding.

4)

(5)

2“Theory -of Voltage Dividers and their Use
with Cathode-Ray Oscillographs’—Peters, Black-
burn, and Hannen. Bureau of Standards Re-
search Paper No. 460.
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A power factor of .015%, at h.f. and u.h.f. brings Alsimag
within the quality range of pure quartz and makes it the

most suitable ceramic insulation for Television applications.
SALES OFFICES

New York > S Alsimag materials are produced economically by applying

Boston ® St Louis modern production methods, which cut down cost and

Philadelphia ~ ® San Francisco improve qualify_
Washington ~ ® Los Angeles

® Cleveland

Send for Property Chart, giving further data on our popular Alsimag
materials.
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SELECTION OF TUBES

The recent release of several high
transconductance tubes has helped the
designer of wide-band amplifiers greatly.
The RCA Type 1851 and 1852, and the
Sylvania 1231 are typical tubes now
available which have transconductances
of 9000 and 5500 micromhos respectively
when connected as pentodes. A rea-
sonable gain can be realized with these
tubes even though it is necessary to use
low plate load resistances to minimize
the shunting effect of stray capacitances.
For instance, an amplifier uncorrected
for high-frequency response having a
stray capacitance to ground as high as
100 micromicrofarads and a plate load
resistor of 1000 ohms can realize a gain
of 19 db per stage using a Type 1851
and still have a high-frequency response
such as the 6F6 or 802 having relatively
low inter-electrode capacitances and
capacitances to ground are suitable.

For the low-level, voltage-amplifica-
tion stages of a wide-band amplifier,
these tubes are very useful. As their
bias point is only about minus 2 volts,
and the gain per stage is limited by the
selection of that plate load resistor
which is compatible with high-frequency
response, a power stage is usually nec-
essary to achieve enough output. Any
of the ordinary pentode output tubes
such as the 6F6 or 802 having relatively
low inter-electrode capacitances and ca-
pacitances to ground are suitable.

The high transconductance type of tube
has a great tendency toward instability
unless the grid circuit resistance, con-
sisting of the grid resistor and the plate
load resistor effectively in parallel, is
quite low. For the ordinary stage of
the wide-band amplifier, the low plate
load resistor dictated by high-frequency
response considerations takes care of
this, for it is usually only a few thousand
ohms at the most. However, the input
resistance of the first stage must be
dictated by the type of equipment to be
coupled to it. If this signal source is
of the high-impedance type such as a
phototube or electron multiplier, the
high transconductance tube will be apt
to cause instability in the form of oscil-
lations which may degenerate into a
blocking disturbance resembling the re-
laxation oscillation. For such applica-
tions a tube such as the Type 1603 is
recommended, not only for its low noise
properties, but also because it has a
normal transconductance.

The shielding of the metal type of
high transconductance tube unfortu
nately is often poor, at least in the
earlier tubes. In several instances it
was found necessary to scrape the
enamel off the metal shell and install
a band which was grounded at the
nearest possible point. Connecting the

shield pin to ground was often found
to be insufficient.

NOISE

Microphonic characteristics of ordi-
nary tubes necessitate the use of rubber
mounted sockets or spring suspensions
for the first one or two stages of high-
gain amplifiers. Special tubes are avail-
able such as the Type 1603 in which the
trouble from this source is minimized by
extra bracing of the electrode structure.
For gains of less than 80 db, micro-

Fig. 5.

lllustrating how cathode
feedback straightens dynamic char-
acteristic of an 1851.

phonic noises will present no undue
problems. In addition to special sus-
pensions, installation of felt of other
sound absorbing material may be nec-
essary for protection of the electrodes
of the initial stages against vibrations
caused by extraneous sound waves for
the higher gain amplifiers.

Of the other sources of noise, thermal
agitation and hum are most probable
sources of trouble. The thermal agita-
tion noise will be determined almost en-
tirely by the resistance in the first grid
circuit. The magnitude of the noise from
this source may be calculated from the
relationship :*

E*= (1.65 X 10™) R (f.—1)

assuming normal room temperatures to
be the operating temperature of the
input grid resistor, where

R = resistance causing themal agi-
tation noises

f,— f, = frequency response band
of amplifier )

IE = effective value of thermal agi-
tation noise.

For example, the thermal noise that
could be expected with an input grid

3Radio Engineering, Terman, 2nd Edition, p.
229. :
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resistance of 100,000 ohms with an
amplifier whose response band is 2
megacycles wide would be about 53
microvolts effective.. This would be
about the theoretical minimum input
noise voltage that could be hoped for
without elaborate precautions and it may
easily be the factor which limits the
usable gain of a wide-band amplifier.

Hum from the power source is ordi-
narily greater than the thermal agita-
tion noise if plate and heater power is
derived from the a-c mains. Good
filtering of the plate power supply for
the initial stages is usually sufficient to
minimize hum from this source. How-
ever, the heaters fed from a-c introduce
hum by virtue of the alternating elec-
trostatic and electromagnetic fields
caused by the heater current. Suitable
heater bias, as described by McNally’,
and careful shielding of the heater wires
will help the situation. For extremely
high-gain amplifiers, it is essential to
heat the early tubes by means of bat-
teries.

To keep the signal-to-noise ratio at
the highest value, a relatively large gain
should be used in the input stage. Let us
assume that the total noise produced at
the input grid is 0.1 millivolts and that
an equal noise voltage is produced in the
second grid circuit. It is obvious that
noise produced in any stages after the
second will have negligible effect. To
preserve a signal-to-noise ratio of 10
to 1 the input signal must be at least 1
millivolt. Based upon these assump-
tions, Fig. 3 has been drawn. If there
is a 10-to-1 signal-to-noise ratio on the
input grid, the ratio at the second grid
depends upon the gain of the first stage.
Under these particular conditions, a first
stage gain of less than 5 would be un-
wise unless ample signal were available.
It might be said that, in general, the
noise problem is not severe unless the
amplifier has an overall gain of more
than 80 or 90 db.

THE USE OF FEEDBACK

Negative feedback may be applied to
wide-band amplifiers resulting in an im-
provement in frequency response, and
a reduction in amplitude distortion and
noise. In order to keep the feedback
effect uniform throughout the entire fre-
quency band in wide-band amplifiers, the
blocking condenser used with the feed-
back resistor in the common two-stage
type of feedback must be large enough
to keep the reactance of the condenser
small compared to the resistor in series
with it. This feedback resistor is part
of a voltage divider and any appreciable
reactance of the blocking condenser
upsets the division of voltage. The
necessity of a large and bulky condenser

(Continued on page 38)

‘Proc. IRE, Vol. 20, p. 1263, August, 1932.
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YOUR RESISTANCE PROBLEM

Television type CLAROSTAT com-
position-element control. Insulating
bushing provides 2000-volt insulation
to ground. % x 22 mounting bush-
ing. (Shown slightly larger than
actual size.)

Clarostat composition - element
control for televiston, witl! 5000-
volt insulating sleeve and ¥ x 32

mounting bushing. Unit with
power switch if desired. .Any
- length shaft can be jprovided.

(Shown actual size.)

CONTROLS

for Television

® HIGH voltages required in television reception values, from 1,000 ohms to 5 megohms. Wire-

call for exceptional insulation precaution in con-
trols. The critical needs of video reproduction
demand positive conduction throughout each con-
trol to avoid blotching of screen images. To main-
tain proper balance of delicate circuits, controls
must maintain their resistance values within close
limits.

These three cardinal requirements, plus others, are
fully met by CLAROSTAT Television Controls. The
composition-element type is for high-resistance

Tell Us Your Problems....

@ In addition to controls especially intended for television needs, CLAROSTAT offers wire-
wound power resistors now found in television transmitters and studio equipment. Also
glass-insulated flexible resistors, metal-clad resistors, precision resistors, plug-in resistors and

etc. We either have what you ineed or can develop and produce that special

resistor or control. So submit your problems and our engineers will collaborate with sugges-

ballasts, etc.,

tions, specifications, samples, quotations.

cLAa ROSTAT

wound type is for lower values, from 1 to 100,000
ohms. Either type is provided with insulating sleeve
of 2000-volt or 5000-volt insulation to ground. These
units meet Underwriters’ test at stated voltages.

From the standpoint of positive conduction, these
controls leave nothing to be desired. Resistance
values are closely maintained even after long ser-
vice. In the composition - element type, humidity
and climatic conditions have a minimized effect.

%’Uﬁlaﬁé«/zmj & /nc.

285-287 NORTH SIXTH STREET
BROOKIVN, NEW YOIIK, U. S.A.

e OFFICES IN PININCIPAL CITIES »
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THE safety of tele-viewers, or what-

ever people who look in on television
programs in their homes may be called,
rests squarely in the hands of present
and future television engineers. Since
many who now consider themselves to
be radio engineers will soon be con-
cerned with television, this subject
should interest them too. It is my pur-
pose to present a picture of electrical
shock, in general, and to show where
television fits in this picture. At some
future date a number of suggestions will
be made for improving television safety
factors.

While television literature is quite
extensive, few references have been
made to the matter of safety. Tele-
vision receivers, only, will be considered
at present since transmitters offer prob-
lems of a different order of magnitude.

ELECTRIC SHOCK

Electric shock may be divided into
two broad classes: those due to cur-
rent from a continuously operating
source, and those due to current from
a sudden discharge. First, the current
from a continuously operating source
will be considered. These sources in-
clude power lines, whether alternating
or direct current, transformers, recti-
fied power supplies after the initial
contact, etc.

CAUSES OF DEATH

The most comonly accepted causes of
death from electric current may be di-
vided into three classes. First, the cur-
rent may cause the heart or brain to
lose its power to react to a stimulus.
Second, metabolism in the body may be
so accelerated that the blood is de-
prived of its supply of oxvgen and

asphyxiation results.  Third, sudden
violent muscular contractions may cause
fatal hemorrhages in various parts of
the body especially in the brain. Arti-
ficial respiration* may be effective in
restoring life in the first two instances
and especially in the second. The first
two causes result usually from more or
less prolonged passage of current while
the third is usually the result of a sud-
den heavy current. The path which
the current takes determines to a large
extent the effect on the body. A path
through the heart is usually much more
dangerous than other paths.

SAFE CURRENT

The current which may safely be
passed through the body depends on the
frequency. Frequencies of 50 to 150
cycles are the most dangerous. Direct
current is considered to be equivalent
to alternating current at 350 cycles.
The human body readily tolerates the
following for considerable periods of

1“Electrical Injuries,” by Charles A. Tauffer.

*For the proper procedure to follow in case of a
severe shock, readers are referred to “Resuscita-
tion from Electrical Shock,” by C. B. Desoto, p.
16. Feh.. 1939. QST.—Editor.
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By
hred W. Bardern

time: 8 ma at 60 cycles, 30 ma at 11,-
000 cycles, 800 ma at 100,000 cycles,
and 3,000 ma at 1,000,000 cycles.

While there is no close agreement by
various investigators in the field, some
sort of weighing of the available in-
formation would lead to the conclusion
that 75 ma of 60-cycle current and 150
ma of direct current should be con-
sidered as a dividing point between
safe and dangerous currents. The re-
sistance which the human body presents
to an electric circuit depends largely
on the skin resistance and hence on the
type and area of contact. In general
it varies between 5,000 and 100,000
ohnis in actual cases with something of
the order of 30,000 ohms being average.
Direct current usually kicks the sub-
ject away from the circuit while alter-
nating current, especially at frequencies
around 60 cycles, causes the subject to
cling tighter to the circuit. Prolonged
contact with the circuit usually causes
more and more current to pass due to
the breaking down of skin resistance.
Above 50,000 cycles the muscular con-
tractions disappear.

In 1934 the census of the United
States showed that 442 people were
killed by lightning and 723 by electric
currents in that year. Insurance com-
panies state that 50 percent of electric
accidents are fatal.

CONDENSER CHARGE

Danger from condenser charge has
not been very well investigated. An
early investigator found 400 joules fa-
tal to a l-pound guinea-pig and con-
cluded that the number of joules in the
charge were more important than the
voltage or initial current.’

GENERATED VOLTAGE

An automobile ignition system has
considerable similarity to a television

2A. E. Kcennelly and E. F. W. Alexander in
Electricai World, July 21, 1910. .

3Dr. R. N. Cunningham in New York Medical
Journal.
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receiver. The voltage generated is of
the order oi 10,000 to 15,000 volts. The
waveforin is very sharp being roughly
equivalent to an impulse lasting for
0.0005 second. The system will pass
impulses having peak currents of 100
to 200 ma through the human body.
The system will pass about 1 joule per
discharge through the human body.
Such a system is not considered to he
dangerous but will deliver an unpleasant
shock. Perhaps “kick” is more des-
criptive of the feeling of the subject as
it seems more mechanical than clectrical.

IMPORTANT FACTORS

Three characteristics are important
i the television receiver: fhrst, the
short-circuit power transformer cur-
rent; second, the short-circuit direct
current from the power supply; and
third, the joules in the filter condensers.
Since the cathode-ray tube and its
bleeder system may be operated on a
current of the order of 1 ma the first
‘two characteristics may be made per-
fectly safe by proper design. Table I
has been:prepared showing voltage, ca-
pacity and joules for various combina-
tions. Table Il shows the capacities
which will store 1 joule when charged
to various voltages. It is believed that
Table Il shows not only a safe limit
but a limit which will insure a not too
severe shock.

INTERLOCKING SWITCHES

Interlocking switches have heen used
extensively in television systems but are
not considered infallible or a direct so-
lution of the safety problem. A per-
usal of published circuits indicates an
apparent lack of appreciation of the
problem in many cases. A request sent
to ten leading transformer manufac-

ADDITIONAL REFERENCES

Death by Electric Current in British
Medical Journal, vol. 1, 1913.

Electric Shock, by W. B. Kouwen-
oven, in Engineers and Engineering,
vol. 48, 1931.

Practical Engineer, vol. 62, 1920.

Electrical News, vol. 35, 1926.

injuries Caused by Electricity, by
Sir Thomas Oliver, in Transactions of
the Fifteenth international Congress on
Hygiene and Demography. Washing-
ton, 1912.

Journal of the Institution of Elec-
trical Engineers, vol. 31, 1901-1902.

C. L. Kasson in Electric Light and
Power, March, 1930.
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High frequency or hig
high-voltage supp

turers resulted in no useful information
regarding current characteristics of
their transformers. Measurements, how-
ever, showed that a transformer rated
at 5 ma would deliver 140 ma into a
low resistance, a dangerous current
from a’ transformer with a very low
rating.

RECOMMENDATIONS

It is appreciated that exact figures or
ficures applicable under all circum-
stances are impossible. Herewith are
shown some recommendations ior de-
sign of television receiver high-voltage
systems. They are believed to be easily
attainable from a technical standpoint
and to represent safety from severe
shock to the tele-viewer. A frank dis-
cussion of the subject is invited espe-
cially from those who have first-hand
experiences to submit. As stated above,
practical suggestions as to how the rec-
commended specifications may be met
will be considered at some future time,

] . .
TELEVISION COURSE

The Radio Electronic Television Schools
4709 Woodward Ave., Detroit, Mich.. have
announced a new training plan for both
radiomen and those who have had no previ-
ous cxperience or training in television.
electronics and radio. Heretofore the school
has offered both home-study and residen-
tial training courses. The new plan con-
tenplates an interchangeable arrangement
for all students wherebyv a home-studv stu-
dent may transfer to the residential school.
or vice versa, at any time during the train-
ing program.

TELEVISION "ECONOMICS
(Continued from page 19)
into partial use. In this device, the op-
tical image is formed on a semi-trans-
parent photo-cathode.

The light image reproduces itseli in
the form of an-electron beam of cor-
responding electron density in its trans-
verse cross section, which is then en-

I) IOy
hly peaked waveform
ly whenever possible.

s should be used'in

larged and magnetically focussed on the
mosaic. The mosaic material has high
secondary emission, and accordingly
there is formed on the mosaic an am-
plified “charge image.” This is scanned
clectronically to produce the picture
signal.

The translucent photo-cathode con-
sists of consecutive layers of silver
oxide, caesium, and silver. The cathode
coating may be made by spraying a
metal on the glass surface: covering
this with a layer of silver, oxidizing
the silver layers, coating this with
caesium, and buking the lavers. It must
be produced under precisely controlled
conditions ; and, in particular, means are
necessary within the tube for evaporat-
ing silver on the cathode without hav-
ing the evaporating device in the path
of any portions of the beams necessary
for the iconoscope operation. However,
numerous 1niprovements and variations
are possible. Careful reduction of the
electro-optical aberrations in beam fo-
cussing also is necessary.

The cathode may have a sensitivity of
up to 30 microamperes per lumen. It
is to he noted that caesium on caesium
oxide on silver n the conventional
iconoscope has given as high a sensi-
tiveness as 40 microamperes per lumen,
though it 1s usually considerably less.

The advantages of the image icono-
scope include the jollowing:

(a) The semi-transparent photo-
cathode. has a sensitivity of 20-50
microamperes per lumen versus less than
15 microamperes per lumen for the
usual mosaic in the “standard” icono-
cope.

(Continued on page 49)
®

ANDREA TELECEPTOR
THIL VITAL IMPORTANCE of a correct
antenna 1s appreciated by everv manu-
facturer of television equipment and
must be impressed upon every purchaser
of such equipment. Man-made inter-
(Continued on page 47)

COMMUNICATIONS FOR MARCH 1939 e 27

www americanradiohistorv com


www.americanradiohistory.com
www.americanradiohistory.com

TR R

)

Out of the Lahoratery. .. nt

Video Equipment Rack Newly Designed by
RCA for Television Purposes

*

Latest RCA Television Transmitter! —
1 KW Transmitter for Broadcast Stations

RCA MANUFACTURING CO., INC., CAMDEN, N. J.
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the Field Comes a Full Line of RCA
elevision Broadcasting Equipment

“ RCA Television Camera
This Field Type televi-

sion camera developed by
RCA utilizes the RCA
lconoscope. A triumph
of engineering.

RCA presents a full line of commercial type
television apparatus designed in the labora-
tory but built along the line of commercial
broadcasting apparatus. This equipment in-
cludes many of the features which have

made RCA audio equipment so popular

among broadcasting engineers. In addition, )
it incorporates new and specialized designs A E
developed particularly for video service. i :

From the recently designed camera, the
video terminal racks, and the modern 1 KW
piclure transmitter, to the necessary test
equipment, RCA television units form a
. . 350-A RCA Square Wave Generator...The 350-A
complete chain ready for broadcustmg. instrument plus a cathode ray oscillograph provides
rapid indications of transient response of circuits.
Based on RCA’s years of laboratory and field
test experience with television, this equip-
ment with its advanced styling includes the

latest developments, assuring excellent per-

formance at a reasonable price.

In television, from camera to kinescope, it’s

RCA ALL THE WAY

i ‘ J i
i s

RCA Type 351-A Video Sweep Oscillator. ..

The 351-A instrument plus a cathode ray oscillo-

graph allows video rc?iponse curves to be produced
and studied.

A Service of the Radio Corporation of America
|
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BOTTOM OF PICTURE —>
HORIZONTAL

SYNC!H/

MODULATION
100%

BLACK— 75-80%

|
!
|
!

WHITE —
PICTURE

Fig. 1.

18 O

VERTICAL BLANKING AND SYNCHRON\ZING
IMPULSES

WITH HORIZONTAL EQUALIZING

«— TOP OF PICTURE

Wi

\ ¥

Picture, synchronizing and blanking signals near bottom of one field.

RADIO TrRANSMISSION CONSIDERATIONS

OW does a television picture

transniitter differ from a broad-
cast transmitter 7 Which of the perfor-
mance characteristics are important in
television? What system of modulation
is employed? These and. similar ques-
tions are frequently asked by the radio
engineer whose experience lies with the
more conventional systems. This ar-
ticle attempts to outline some of the
differences in performance of radio
transmission apparatus for sound and
for pictures.

In the first place, a television trans-
mitter bears resemblances to hoth tele-
graph and radio-phone apparatus. In
addition to carrving the impulses of
variable amplitude and frequency which
make up the picture signal, it must also
transmit regular impules which have
certain similarities to a telegraph dot.
These latter impulses are, of course, the
synchronizing and blanking signals

Sound vs. Picture

which appear at the end of each line
and at the end of each half frame. Fig.
1 illustrates a highly hypothetical sig-
nal and shows the approxiinate degrees

By T. A. SMITH

RCA MANUFACTURING CO., INC.
Camden

of modulation which are required by
the various components. I‘or nega-
tive modulation, a white portion of the
picture will produce a decrease in car-
rier and hence low carrier amplitudes
are due to bright sections of the trans-
mitted image. The modulation of the
television transmitter is very asymmetri-
cal—quite unlike audio—a fact of con-
siderable importance in circuit design.

The illustration shows the last few
lines at the bottom of the picture be-
fore the scanning spot is returned to the
top by the vertical synchronizing and

Fig. 4. The RCA
1000-watt picture
transmitter. 1t is
believed that the
power of this
transmitter, with

a suitable anten-
na, is sufficient to
render a satisfac-
tory service over
a reasonable area.

It conforms with
the RMA stand-
ards.
®
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difference in the width of the two types
of synchronizing and blanking signals
which corresponds to a considerable
difference in frequency of the funda-
mental component. Note also the rela-
tive straightness of the sides of the im-
pulses which must be reasonably well
preserved. Note the slots in the vertical
pulse for keeping the horizontal oscil-
lator going during the return-line time.
These factors refer to the important
business of synchronizing. There is
also the equally important requirement
of sending the picture signal in proper
form.

VIDEO REQUIREMENTS

First, let us consider the picture sig-
nal. For a 441-line picture scanned at
the rate of 30 frames per second and
having a relative width-to-height ratio
of 4 to 3, the maximum frequency bhand
required for transmission of equal hori-
zontal and vertical detail would he in
the order of from 30 cycles to 4 mega-
cycles. If this frequency band is estab-
lished as the response of the transmitter,
it will be found that the synchronizing
and blanking pulses can also be repro-
duced with a reasonable degree of ac-
curacy. In fact the shape of these im-
pulses was selected to fit within the pic-
ture requirements.

The synchronizing and blanking
pulses are waveforms having relatively
steep slopes. It is desirable to provide
sharp slopes on these waveforms so that
noise impulses will have little effect on
the time of triggering off the oscillators
in the receiver. The reproduction of
these waveforms involves transmission
of a frequency band of the same gen-
eral order as the picture which does not
introduce any additional requirements
and enables the accuracy of synchroniz-
ing to be maintained within rigid lim-
its.

D-C COMPONENT

So much for the higher limit of the
band needed. But what about the low-
frequency limit? This has heen speci-
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fied as the frame frequency of 30 cycles.
However, the complete picture signal
contains frequencies down to zero fre-
quency or direct current because the
symmetry of the signal changes during
various sorts of picture transmission.
since not all pictures to be transmitted
contain the same total amount of light,
thus resulting in a shifting of the a-c
axis. Hence it should be remembered
that television video signals are not, in
general, regular and that the a-c axis
(or line drawn so that the signals sub-
tend equal areas above and below it)
shifts during transmission. In sound
transmission this is not an important
consideration since the audio signal is
reasonably symmetrical. This shifting
of the a-c axis for two different sorts
of pictures is shown in Fig. 2. For such
a shifting signal, a difference in direct-
current component is required for re-
production. This is necessary, but d-c
amplifiers are difficult to handle and
somewhat expensive. A much easier
way, so far as merely conveying the in-
telligence for the picture background is
concerned, is to transmit only the a-c
component but to insert the proper vary-
ing d-c bias at the Kinescope end of
the system, in the receiver. This is
done readily by allowing the pedestal
height to adjust the d-c¢ bias of the
Kinescope and so to bring the impulses
back to their original positioning.

The d-c component is introduced at
another point in the system; namely, in
the transmitter. As indicated in Fig. 2,
the signal going through the a-c system
occupies a greater range of voltage than
that required for a d-c system. A larger
voltage excursion requires a greater
field of modulation. TFor the sake of
improving the transmitter efficiency, it
is desirable to insert the d-c component
in the transmitter and so to reduce the

Fig. 5. Square-
wave generator
employed for
checking phase
displacement of
circuits. The
use of square
waves for test-
ing amplifiers
was described
on page 22 of
the February '

issue. 2

done during the interval when the pic-
ture signals are transmitted, not during
the time when the blanking signals
are transmitted. The result is that the
average carrier is varied to compensate
for the shift in the a-c axis, in accor-
dance with the over-all illumination of
the picture, in a somewhat similar
fashion to controlled carrier trans-
mission, with resultant improvement in
signal-to-noise ratio and higher trans-
mitter efficiency. The receivers pick
up only the a-c component so that it
is necessary to reinsert the d-c bias
again at the Kinescope. The d-c inser-
tion at the transmitter is for purposes
of increased efficiency and better signal-
to-noise ratio, not for reestablishing the
black level of the signal for reproduc-
tion.

Thus the frequency band required for
an a-c system can be specified as cover-
ing the range of from 30 to 4,000,000
cycles—some 400 times wider than for

broadcast transmitter.
What will happen if the transmitted
frequency band is less than the required
gamut? If the high-frequency response
starts to fall off gradually, the effect
will be a loss of detail along the lines
small details disappearing and vertical
lines of demarcation between white and
black areas becoming less distinct.
Phase shift at the point of cutoff of
the {frequency-response characteristics
should be avoided as this will tend to
cause transients of alternate light and
dark fringes to appear in the picture.
Attenuation of low frequencies will
affect the reproduction of large, hori-
zontal shaded bands in the picture.

a conventional

NOISE LEVEL AND DISTORTION

Hum level must be low in a television
system or the received picture will have
broad gray and white bands. High-
frequency noise produces an ever chang-
ing granular structure and other types
of interference result in other annoy-
ing effects in the picture. Noise in the

. . <t Fig. 3. Block diagram of the
dynamic modulation range. This is 1-kw picture transmitter. transmitter or amplifier circuits tends
ANT.
CRYSTAL POWER SIDEBAND
osc. BUFFERS TRIPLER [.PA, AMPLIFIER FILTER
2 2 ™™ r—3 r=y oo
— s — R.C.A. R.CA. e Rd R4
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to -limit the contiast range, tending to
lighten the blacks or darken the whites.
A hum level of the order demanded for
broadecasting is usually satisfactory for
television.

Harmonic distortion caused by non-
linearity is not as serious as might be
expected in comparison with the ef-
fects produced by harmonic distortion in
audio systems. If, for example, modu-
lation is effected in the grid circuit of
the power amplifier, non-linearity of the
modulator or power amplifier, resulting
in harmonic distortion, is noticed princi-
pally as a change in contrast, usually
preventing good halftone reproduction.
This may wash out details in some areas
of the picture and is undesirable but
does not cause a sudden change of qual-
itv as does the appearance of harmonic
distortion in an audio system.

TRANSIENTS AND PHASE ANGLE

The television transmitter, however,
has other requirements which are not,
at present, considered as important
parameters in audio transmitters. The
most important are the transient re-
sponse and phase displacement.

In the television equipment, sudden
impulses must not produce an oscillation
or this will be seen in the picture. Filter
systems are sometimes resonant in the
video band and produce strange effects
in the picture. Testing by means of
square waves of various frequencies is
apt to show up such conditions.

Phase shift of an objectionable sort
will produce a light or dark fringe near
a vertical line in the picture. The
cause of this displacement and fringing
will be.apparent if it is considered that
the edge of a vertical line corresponds
to a high frequency whereas the width
of the line corresponds to a lower fre-
quency. If the higher frequencies are
shifted in phase, the width of the line
will be physically. separated from the
sharp edge, ie., the line will have an
indefinite, shaded edge with a sharply
defined line a short distance away and
parallel to it. It is desirable to obtain
apparatus which will produce a phase
angle proportional to frequency (con-
stant phase shift expressed in micro-
seconds). Square waveforms also pro-
vide an indication of phase shift taking
place in the circuits.

TRANSMISSION SYSTEMS:

Previous material has summarized the
various factors which affect the per-
formance of a television-picture trans-
mitter. The actual design of the trans-
mitter may be carried forward in a
number of different ways. For ex-
ample, it is possible to provide for low-
level modulation with a series of linear-

amplifier stages or ‘the transmitter may
be modulated in the final stage. Another
variant is to provide for an r-f trans-
mission system in which the ~video
amplifiers are replaced by radio-fre-
quency amplifiers- in the -studio. This
may be compatred to a system used for
sound broadcasting in which a crystal
oscillator of perhaps 100 kc was to be
located in the studios and an r-f ampli-
fier operated at the same frequency was
to be driven by the crystal oscillator and
modulated by the output of a micro-
phone amplifier. Instead of employing
audio-frequency amplification therefor,
linear radio-frequency amplifiers would
be employed and the modulated 100-kc
signal would be sent to the transmitter.
At the transmitter the signal would be
heterodyned against anhother carrier and
amplified in order to.obtain the desired

output frequency and power output.
Television-transmission systems have
BLACK
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Fig. 2. Showing shift in a-c axis
produced by change in symmetry
of two video signals.

been constructed employing a parallel
method of. procedure.

In the RCA 1-kw television trans-
mitter a more conventional system is
employed. A crystal-oscillator circuit is
followed by a series of frequency multi-
pliers and buffers which drive the out-
put amplifier. The final stage is grid
modulated by a d-c coupled video ampli-
fier of low plate impedance. The d-c
component is inserted in the grid of
the power amplifier by changing its d-¢
bias in accordance with the voltage pro-
duced from a small tube on which the
pedestal voltages are applied. With
this type of construction, it is not neces-
sary to employ a series of wideband
linear r-f amplifiers. Grid modulation
has been used rather than plate modu-
lation because it is difficult at present
to produce large amounts of video power
with wide frequency pass band charac-
teristics. If plate modulation is used,
thus requiring more modulating power,
it will be found that due to the dis-
tributed capacity of the tubes, it is nec-
essary to use .low plate-coupling im-
pedances and hence the power gain may
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become unity or less. Grid modulation
has proved satisfactory for picture trans-
mission, particularly since it appears
that video harmonic distortion can be
tolerated to a somewhat greater extent
than in audio systems.

PARTIALLY-SUPPRESSED SIDEBAND

Because the television channels are
only 6 mc in width, a portion of the
lower sideband must be filtered out in
order to vetain the video sidebands
within the prescribed limits. The RCA
picture transmitters employ a filter be-
tween the output of the transmitter and
the line to the antenna. This filter is
composed of sections of concentric lines
forming a high-pass filter with one or
more notching sections for removing the
sideband more completely outside of the
channel. While a high-level filter re-
quires the dissipation of the power con-
tained in the section of the sideband
which is removed, it assures complete
filtering.

Test apparatus for lining up picture
transmitters is of special design. A
square-wave generator is desirable for
checking transient response and phase
displacement. This apparatus also pro-
vides an indication of frequency re-
sponse, but a video sweep oscillator is
convenient for checking frequency char-
acteristics. A cathode-ray oscillograph,
responsive to a wide video band is
necded for testing as well as for setting
levels. An r-f sweep oscillator may be
desirable for checking the pass charac-
teristics of the line, filter and antenna.

From this brief review, it will appear
that the picture and sound transmitters
differ considerably in respect to require-
ments from the standpoint of frequency
response, distortion, noise level, phase
displacement, etc. A consideration of
these requirements has determined the
design of picture transmitters and it is
hoped that this will help to explain the
divergencies 1m design between the
newer equipment and the more conven-
tional apparatus.

CATHODE-RAY TUBE CHART

An elaborate lithographed two-color
2% x 314 foot wall chart just issued
enables even the layman to understand
the principles of cathode-ray tube oper-
ation. Compiled and published by
DuMont this chart is finding uses in
classroorn, lecture halls, sales rooms.
stores, servicemen’s gatherings, and
even in windows as an attractive dis-
play. The chart depicts a large cross-
section view of a cathode-ray tube with
lettered components and corresponding
explanations. Copies of the wall chart
may be obtainéd at the cost price of 50
cents each, direct from the Allen B.
DuMont Labs.
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INTENSIFIER TYPE CATHODE-RAY
TUBE

priMARILY for larger and brighter tele-
vision images at given cost, but likewise
of importance in other applications, the
DuMont intensitier element is said to
mark a fundamental improvement affect-
ing sensitivity of cathode-ray tubes.
Covered by patent applications, this is a
development of the Allen B. DuMont
Labs., Inc.

The intensifier electrode takes the
form of one or two metallic deposit rings
near the screen end of the cathode-ray
tube, and serves to accelerate the elec-
trons after deflection. So equipped, a
tube is sald to have greatly increased
brilliance without corresponding loss in
deflection sensitivity. Herctofore, at-

| !‘;— -‘ 'a

tempts at increasing deflection sensitiv-
ity while operating at given anode volt-
age, have heen along lines of increasing
deflection plate size and decreasing the
space hetween.

The DuMont 54-9-T five-inch tube is
provided with the intensitier feature, as
well as several refinements in its gun
structure to obtain better focus and
modulating characteristics. In opera-
tion, the electron gun is operated at the
same potentials and in the same manner
as other DuMont tubes of corresponding
screen diameter. The intensifier elec-
trode may be connected to the final
anode and the tube operated in the con-
ventional manner. If, however, an ad-
ditional voltage equal approximately to
the accelerating clectrode potential be
applied between intensifier and second
anode, the effect of the former is to
brighten the pattern equivalent to doub-
ling - the accelerating voltage, yet not
causing so great sensitivity decrease as
would normally result. In terms of
screen pattern size, this means that, in-
stead of a 509 reduction which
doubled accelerating voltage would nor-
mally produce, the voltage with use of
accelerating element reduces pattern
size by only 18%. Thus the design of
deflection amplifiers is simplified con-
siderably.

The positive potential required be-
tween second anode and intensifier elec-
trode may be taken {from existing
cathode-ray tube power supply by addi-
tion of a single half-wave rectifier oper-
ating from the same transformer wind-
ing and connected in reverse polarity.
Filter requirements may be satisfied by
the use of a light filter condenser and a
high-resistance bleeder.

ikl

VOLTMETER-OHMMETER
WITHOUT PARALLEL

A radically new multi-range electronic d-c voltmeter-
ohmmeter employing an ultra-sensitive, statically and
dynamically balanced push-pull circuit. Accuracy inde-
pendent of line voltage and tube variations; operates
from 100-130 volt, 25-60 cycle line supply.

WIDE RANGE

0.05 volt to 5000 wvolts in 9
ocverlapping ranges.

0.1 ohm to 1.000,000,000 ohms
in 7 decade ranges,

ADVANCED DESIGN

No readjustment of zero
when changing ranges.
Highly stable push.pull cir:
cuit (pat. pending).
Balanced statically and

dynamically.

PRECISION
CONSTRUCTION

Quality components through-
out, ’
Built for years of troublefree

service.

erice $573°

THE VOLTMETER THE OHMMETER

¢ measures from 0.05 to 5000 volis ® measures from 0.1 ohm to 1.000.-
®input resistance constant at 16 meg- 000,000 ohms
ohms on all ranges low voltage across resistance being
® “‘contact potential” error eliminated checked—irom 0.030 volt across 0.1
® no readjustment of zero when chang- chm to a maximum of 3 volts across
ing ranges 1000 megohms
® measures d-c operating and control e convenience of operation — one
vo_ltclges under dynamic conditions scale—one zero adjustment—does
with r-f and a-f present—input capac- not require readjustment when
itance 1 mmi range is changed

® checks oscillator operation up to and
| including ultra-high frequencies
®no stray pick-up

® 7 overlapping ranges for maximum
accuracy and ease of reading

® will indicate plus or minus voltages ® resistors adjusted to 19
.vnthout swltCh}ng .Iectds ® lead resistance error at low values
®instrument maintained at ground po- eliminated

tential at all times
® resistors adjusted to 19
egoverall accuracy within 29, of full scale ® overall accuracy 3% at mid scale

CONSTRUCTIONAL FEATURES

® isolantite insulation—hermetically sealed power transformer—hermetically sealed
condenser (no electrolytics used)—low operating voltages—high safety factor—
cabled wiring—functional layout—sloping panel of chromium plated brass—cad-
mium plated chassis—protected throughout against adverse humidity conditions.

@ stable zero

Send for complete specifications and literature
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INDUCTIVE

Design and

Fig. 1.

By O. J. MORELOCK
Radio Engineer

TUNING

Application

WESTON ELECTRICAL INSTRUMENT CORP.

HE method of tuning resonant cir-

cuits: over broad frequency ranges
by continuous variation of the circuit
inductance, has been outlined in an ar-
ticle published in the February issue
of CoMMUNICATIONS. In- this article
it was shown by diagrams and curves
that greatly expanded tuning ranges
were available with increased uniformi-
itv of operation, using this systen.
Higher resonant circuit voltages were
shown to be obtainable at the vacuum-
tube grid, thus providing greater radio-
frequency amplification in high-fre-
quency, as well as u-h-f receivers. Cir-
cuits with Q increasing with frequency
can be designed making use of the end-
inductance feature.  Furthermore, in
multiple units these coils can be made
to track accurately over the whole band
once they are properly adjusted:

In adapting the continuously-vari-
able-inductance (CVI) system to prac-
tical designs, considerable study was
applied from the maufacturing angle.
This involved simplification as much
as possible, the minimum tnumber of
moving parts, a standard design for
easy assembly in multiple units and
a study of dial or indexing require-
ments.

U-H-F REQUIREMENTS

From the electrical standpoint it ap-
peared that ‘the severest and most press-
ing requirements for tuning devices of
this type, were present in high-fre-
quency and u-h-f fields. Equipments with
a high order of stability and broad cov-
erage are definitely needed for experi-
mental and actual service work in the
higher frequency section of the spec-
trum. Testing devices as well as high-
er gain receivers are required for all
the mobile services including television,
aircraft, police, amateur and military
as well as other services. According-

This is the second article of a series
on this inferesting subject. The first
article appeared on page 12 of our
February issue.—Editor.

ly, high-frequency and u-h-f design
problems were attacked first in the
CVI design, as these devices will un-
doubtedly be most urgently required.
Tests showed that a 34-in. diameter
coil would cover most requirements up
to approximately 175 megacycles. The
coil forms are of high-grade bakelite
tubing and are accurately grooved for
the wire. Several end-ring arrange-
ments were tested and it was found
that  screw-machine  brass  rings
knurled to fit the inside diameter of

the coil tube would provide the best.

design. The ground end ring is solid
fitting into the ground end of the coil
and equipped with a hole and set screw
for fastening and positioning on the
shaft, The grid end ring has an en-
larged hole for shaft clearance and low
shunt capacity. One assembled coil with
end rings is shown in Fig. 1. The coil
is wound with special wire which is, in
turn, connected to the two end rings and
forms the assembly as shown.

To provide a greater working range
and a lower minimum coil inductance,
a single-wheel carriage design was
worked out. The original design of this
device included a double-wheel carriage,
but this new arrangement allows the
contactor to approach much closer to the
grid end of the coil and makes use
of the last fraction of coil turn right
up to the grid-ring connection. This
single-wheel design may be observed in
Fig. 2. The contactor cannot be seen,
but actually rides on the wire above the
wheel and in under the frame and antler
spring. The contacting nib does noth-
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ing but its own job of making contact,
the rotation of the coil, in conjunction
with the carriage motion through the
wheel, keeping the contactor in position
on the wire. By observation it will be
seen that the contactor leads the wheel
in approaching the high-frequency end
of the coil as the coil is rotated.

A group of wheels as used in the car-
riage assembly to follow the turns of
wire on the coil are shown on the front
cover.

Having designed the carriage to al-
low close approach of the contactor to
the coil end, it was necessary to pro-
vide an accurate stop mechanism. Such
a mechanism would require the fol-
lowing features:

(1) Free movement of the coil and
carriage should be allowed
through all required turns.

(2) The rotation of the coil should
be stopped accurately before the
contactor reached the end of the
last turn.

(3) If possible, means should be
provided for indicating the turn
number at any point in the coil
rotation.

Various worm-gear arrangements
were tried, but it was found that too
much stress was set up in the high ratio
gears and too much torsion or frame
weave occurred for accurate stopping.
It is quite possible that with very heavy
parts a worm-gear drive and a stop
might be worked out, but the design
would be bulky and expensive.

Accordingly, a novel and practical
combination stop mechanism and turn
counter was evolved by the writer.
The design provides an accurate
stop mechanism with low gear ratio
and provides means for stopping the
coil rotation within two or three de-
grees at any predetermined number of
turns. A partial side view of this
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mechanism may be observed in Fig. 3.
The stop gear is moved over one posi-
tion each time that the coil is rotated
through 360 degrees, and an index plate
carrying the turn numbers is fastened
to this gear. This index plate works
in conjunction with a uniformly di-
vided dial, the turn number being read
on the-index, and the decimal fractions
of the turn indicated on the dial.

As mentioned previously, the end in-
ductance and tuning capacitor mount
between the grid coil contactor and
ground. A complete tuner with these two
components in place is shown in Fig. 2.
The photograph was taken from an
angle to illustrate this mounting and to
show the carriage.

U-H-F OSCILLATOR

There has been much demand for a
portable high-frequency oscillator in the
television, aircraft, government, and po-
lice fields. The first production appli-
cation of the CVT system will appear
shortly on the market in the form of a
compact u-h-f oscillator Fig. 4, weigh-
ing only 16 pounds and covering a fre-
quency range of 22 to 150 megacycles.
This continuous band is available on
fundamentals with 16 complete revolu-
tions of the dial affording over 5700
degrees of dial tuning: The coil is
driven directly by the dial, thus afford-
ing accurate resetability at all points,
by eliminating any gear mechanism.
Fig. 4 shows the .complete oscillator as
it will be sold, equipped for various
types of service in mobile work.

The r-f section of the high-frequency
oscillator is completely assembled be-

Fig. 2. A tuner.

Fig. 3. An induc-
tive tuned oscil-
lator unit from
which a partial
side view of the
combination stop
mechanism and
turn counter can
be obtained.

e s

tween the two end: plates of the induct-
ance tuning unit. This makes use of a
standard acorn type 955 tube with asso-
ciated filters for operation over the wide
frequency range. Fig. 3 shows the v-f
section with the tube and component
parts in position. Note the compact
arrangenient of the parts and the very
short grid and plate leads to the oscilla-
tor tube. The end inductance, tuning
capacitor and grid coupling condensers
can be easily seen connected in the grid
circuit of the acorn tube. The circuit
used is a modified Colpitts with a ca-
pacitive center tap connecting into the
cathode circuit. Plate and cathode r-f
chokes are shown in the upper left
and center right-hand sections of the
photograph. At the top center of the
picture may be seen the connecting

Note the end inductance and tuning capacitor.
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spring which makes contact to the an-
tenna rod when this is fastened in posi-
tion on the top of the oscillator case.
Only three battery connections to this
unit, as shown, are required to provide
a continuously-variable-frequency oscil-
lator from 22 to 150 megacycles. The
circuits are adequately filtered so that
no particular precautions need be taken
in the leads from the supply circuits
to the oscillator section.

Referring to Fig. 4 many interesting
features have been included in this de-
vice to provide accurate and dependable
signals in the high-frequency and
u-h-f bands for mobile service work.
CW or modulated signals are available
from either the antenna rod or the at-
tenuator jacks as required. A 400-
cycle modulator is included which may
be switched on providing approximate
309 modulation over the whole fre-
quency band.

A beat-note detection jack is avail-
able for plugging in phones and making
zero-beat adjustments for crystal op-
eration, or for zero beating with local
transmitters. The oscillator is equipped
for picture modulation on all television
bands. A picture modulator will short-
ly be available, designed with output
circuits for correctly modulating the
u-h-f oscillator. This merely plugs in-
to the jack in the upper center section
of the panel. With this combination,
television signals are emitted from the
antenna rod or attenuator jacks. The
internal circuits of the oscillator are
designed for flat modulation character-
istics and these circuits will cause no
appreciable sideband attenuation even
on television-modulation signals. Like-
wise. all types of audio-response curves
can be taken on receivers by supplying
uniform modulation from audio oscilla-
tors to the external modulation jack.

The 2V4-in. instrument noted on the
panel operates in six different ways
through the rotary selector switch. This
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is used for various purposes including
measurements on both of the internal
batteries so that immediate checks on
thesc batteries can be made by the op-
erator. Equipment 1s inciuded for crys-
tal operation and this involves meter-
ing and tuning equipment as well as an
internal socket for quartz crystals.
When used in this way, the signal
emitted from the rod is modulated by
the crystal oscillator, and the beat note
between the crystal and u-h-f oscilla-
tors may be picked up with a receiver.
Thus the unit forms a miniature crys-
tal-controlled transmitter for high-fre-
quency work, which can be set up at
a moment’s notice anvwherc in the field,
on the wing of an airplane or near a
car, etc. No connections are required
with the rod, and the efficiency and op-
eration . of the antenna system on the
mobile unit can be tested rapidly. This
is an important advantage, as the char-
acteristics of any car or plane antenna
are altered when counections irom a
signal generator are made directly to
the antenna input.

One important feature of this service
oscillator is its phenomenal stability
over this very broad band of frequen-
cies. The inductively-tuned oscillator
circuit has many advantages along these
lines, in that vibration effects causing
variation in frequency in condenser
tuned oscillators are not present. Fur-
thermore, variation in tube capacitance
has very little effect on the oscillator
at any point i the range as the tun-
ing capacitance is fixed and also con-
stant at all times. The tube capacity

~
i)
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is actually a small percentage of the
total and this is true regardless of the
frequency setting of the oscillator. Due
to the large number of revolutions and

~direct-drive features, the resetability ot

the oscillator to a predetermined fre-
quency, is quite accurate and this along
with the high-stability features of the
device make it a valuable piece of equip-
ment for all types of measurement in
the high-frequency spectrum.

ISEC’ TAKES FINCH: LICENSE

W.-G. H. Finch, President of the Finch
Telecommunications Laboratories, Inc. has
announced that the International Standard
Electric Corporation, a subsidiary of the
International Telephone and Telegraph
Company, has taken out a license under the
Finch facsimile patents.

CUTLER-HAMMER APPOINTMENTS

The promotions of Mr. E. W. Seceger
to Chief Engineer and Mr. P. B. Harwood
to Assistant Chief IEngineer are an-
nounced by Mr. W. C. Stevens, Vice-
President in Charge of Engineering, Cut-
ler-Hammer, Inc, Milwaukee manufac-
turers of electric apparatus. Prior to theil
advancements, M. Secger was Assistant
Chief Engineer and Mr. Harwood Gen-
eral Engineering Supervisor.

WESTINGHOUSE APPOINTMENTS

C. J. Burnside, formerly Manager of
Radio Ingineering for the Westinghouse
Electric & Manufacturing Company, Balti-
more, Md., has been appointed Manager of
Radio Sales, Walter Kvans, Radio Division
Manager. announced recently. Succeeding
Mr. Burnside is Donald G. Little, {ormer
Chief Engineer of the radio engineering
department.  John W. McNair, formerly
works manager of the Westinghouse Mer-

Fig. 4. An ultra-
high-frequency os-
cillator which uses
the CVI system.
This unit weighs
16 pounds and
covers a frequen-
cy range from 22
to 150 mega-
cycles.
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chandising Division at Mansfield, Ohio,
has been named Assistant Manager of the
radio division.

TELEVISION AMPLIFIERS
(Continued from page 24)

is readily seen. Phase shift of this feed-
back wvoltage and the possibility of
oscillations existing in all multi-tube
feedback circuits cause many to avoid
their use for wide-band purposes.’

Single tube feedback, however, of the
type obtained by employing an unby-
passed cathode resistor, is extremely
simple and foolproof in its operation
and offers some worthwhile advantages.
Cathode bias in wide-band amplifiers
calls for a very large capacitance to
shunt the bias resistor so that no de-
generation will occur at the very low
frequencies causing abnormal loss of
amplification in that region. As the re-
actance of a 100-microfarad condenser
is about 80 ohms at 20 cycles per second,
it is obvious that the loss in gain in
this region would be appreciable with
100 microfarads across a 130-ohm
cathode resistor. Good low voltage elec-
trolytic condensers are available, but for
avoiding a drop in low-frequency re-
sponse, several hundred microfarads
would have to be used, a bulky and rela-
tively expensive arrangement.

The use of an unbypassed cathode re-
sistor does cause degeneration and hence
results in a loss in gain, but the response
will be independent of frequency as far
as the cathode resistor is concerned. The
loss in gain can be made up by increas-
ing the load resistance. This resistance
can be adjusted so that the same gain is
realized using degencrative fcedback
that was obtained with the bypassed
cathode resistor. The only sacrifice
will be a slight reduction in high-fre-
quency response. By using the new
high transconductance tubes this in-
crease in gain can be realized by using a
plate load resistance that, although
larger than before, is still relatively
small. For example, consider a stage
employing a type 1851 tube operated
with a bypassed 130-ohm cathode re-
sistor and with a plate load resistance of
1000 ohms. The voltage gain of the
stage under these conditions is 9. By
removing the cathode bypassing con-
denser the distortion arising in that tube
is greatly decrcased and the stage is
freed from low-frequency loss in ampli-
fication, but the overall gain falls to
425. By employing a plate load re-
sistance of 2350 ohms, the gain is again
9 for the stage. The slight loss in high-
frequency response can he easily cor-

SAn excellent summary of the use of common

types of feedback is given in an article by Ter-
man in January, 1937, Electronics.
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rected by one of the standard ways®. It|
must be borne in mind that no improve-
ment in frequency response is realized
by single-tube feedback except that the
discrimination against the low {fre-
quencies by the bias comlenser-resistor‘
combination is eliminated. [t might be
said that the use of this type of ieed- |
back is made possible in wide-band
amplifiers by the introduction of the
new tubes.

The straightening of the dynamic
characteristic by means of cathode feed-
back in a single stage utilizing a tvpe
1851 tube, and the resulting decrease of
tube distortion is shown in the cathode-
ray oscillogram of TFig. 5. \Without
cathode feedback the larger distorted
wave and the scverely bent dynamic
characteristic is attained. The introduc-
tion of cathode fcedback by the removal
of the cathode bypass condenser results
in the straight characteristic and the
nearly perfect sine wave in the output.

The necessary calculations for the de-
sign of single tube feedback circuits are
easily made. The feedback factor, 8, is
found from

Rc

where R, is the cathode bias resistor
and R. is the plate load resistance. This
holds as long as R. is small compared
to the plate resistance of the tube and
the grid leak resistance of the following
tube. The amplification, A, which
would be realized if the cathode resistor
were bypassed can be found from the
expression,

A=GuR.,

where G, is the transconductance of the
tube. This amplitication is reduced by
cathode bias degeneration. The actual'
gain realized is given by the following
expression.

A
1+8A

In using unbypassed cathode resistors,
the screen grid should be bvpassed di-
rectly to the cathode.

Actual gain =

POWER SUPPLIES

As far as plate and screen electrode
potentials are concerned, well designed
power supplies of the conventional rec-
tifier-filter type are very satisfactory for
wide-band, high-gain amplifiers. The
only exception may possibly be the

(Continued on page 438)

8See “High-Frequency Correction in  Re-
sistance-Coupled Amplifiers,” by E. W. Ilerold,
CoMMUNICATIONS, August, 1938; ‘““Wide-Band
Television Amplitiers,” by F. Alton Everest,
Electronics, January, 1938; “Amplification I’rob-
lems of Television,” by F. Alton Everest, CoM-
MUNICATIONS, January, 1938. IEFach of these
articles contains several refervences to the litera-
ture on this subject.

S0 YOU SEE

AS WELL AS HEAR

PHASMAJECTOR TELEVISION-
SIGNAL GENERATOR Type 202

¢ Especially intended for factory testing of television
receivers, for laboratory studies, and for servicing of

television sets in the field.

This new instrument will generate all the essential ele-
ments of a complete television signal, including controlled
horizontal and vertical synchronizing and blanking pulses,
and a fixed test pattern for analysis of television ampli-

fiers and reproducing equipment.

When operated with the Weston Model 787 High-Fre-
quency Oscillator, a complete miniature tfelevision trans-
mitter is available for the study of radio-, intermediate-,
and video-frequency sections of a complete television

receiver.

To the serious television worker such equipment becomes
an absolute necessity, since it furnishes an independent
television signal the characteristics of which may be con-
trolled by the operator, for the investigation of ALL

characteristics of television receiving equipment.

WRITE FOR INFORMATION . . .

ALLEN B. DU MONT LABORATORIES, INC.

PASSAIC NEW JERSEY

CABLE ADDRESS—WESPEXLIN, 'NEW YORK
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the New DAVEN Type No. 910
POWER LEVEL INDICATOR

It is designed to indicate audio levels
in broadcasting, sound recording and
allied fields where precise monitoring
is important. The type 910 unit is com-
pletely self-contained, requiring no bat-
teries or external power supply. The
indicator is sensitive to low power
levels, rugged and dependable.

The new WESTON Type 30 meter used with this unit is a
copper-oxide type instrument possessing nearly ideal character-
istics for monitoring purposes. The adjustment is such that the
pointer will indicate 99% normal deflection at zero Db. in ap-
proximately 0.3 seconds. Overswing is not more than 1 to 1% %.
The meter scale is calibrated in decibels and percent. It is large,
clearly marked and carefully designed to minimize eye fatigue.

Two meter controls are provided, one a small decade with
screw-driver adjustment for zero level setting of the meter
pointer; the other a constant impedance “T” type network for
extending the range of the instrument in steps of 2 Db.

Because of the length of the meter scale, small differences in
pointer indications are easily noticed. For this reason the screw-
driver type vernier is provided. All V.I. meters can thus be
adjusted to the same scale reading. This is particularly con-
venient in complex installations where several V.I. meters must
be read by one operator, or in coordinating the various meters
at different points in a network.

SPECIFICATIONS

INPUT IMPEDANCE: 7500 ohms constant on all steps of The new attenuator illustrated above is a 12 step
meter range switch except on the 1 mw. calibration step. unit. Both the 12 and 20 step attenuators are in
POWER LEVEL-RANGES: Standard 1 mw. at 600 ohms stock for immediate delivery.
reference. See table below.

FREQUENCY RANGE: Less than 0.2 Db. variation up to
10,000 cycles.

SCALE READING: Meter calibrated —20 to +3 Db. and
0 to 100%. Type “A” Scale, for sound level work is marked
in Db. on the upper scale; Type “B” scale for broadcasting
work is marked in percent on the upper scale.
INDICATING METER: Copper-gxide-type adjusted for
deliberate pointer action. Large clearly marked scale.

* METER RANGE CONTROL: Heavy duty “T” network.
Input impedance 7500 ohms; Output impedance 3900 ohms.
Attenuation variable in steps of 2 Db.

METER ADJUSTMENT CONTROL: Miniature step-by-
step decade type unit. Designed for fine adjustment of the
zero level reading over a range of £0.5 Db.

* TERMINALS: Screw type'lugs.

* MOUNTING: Standard relay rack mounting Panel 5%4
x 19”.

* FINISH: Black alumilite, dull satin finish; R.C.A. or W.E
*

* L S S

*

gray.
NET WEIGHT: 3% ibs.

Special screw-driver type rheostat for

I'yre No. RANGE ZERO LEVEL SCALE PRICE N €
calibrating meter.

910-A 1 mw. 4 to 40 Db. off [ 1 mw. 600 Ohms A $65.00
910-B 1 mw. 4 to 40 Db. off | 1 mw. 600 Ohms B 65.00
910-C 1 mw. 4 to 24 Db. off [ 1 mw. 600 QOhms A 60.00
910-D 1 mw 4 to 24 Db. off | 1l mw. 600 Ohms B 60.00

Type T-994 12 step attenuator Price $12.50

Uhnits calibrated 6 mw. across 500 ohms available upon request. Type TA-1000 20 step attenuator Price 17.50

NOTE: Unless otherwise specified, meter range controls will be supplied Type 991 Rheostat fonj calibrating meter Price 2.50

turning counter-clockwise for decreasing attenuation.

THE DAVEN COMPANY

MANUFACTURERS OF SINGLE & DUAL POTENTIOMETERS, SPECIAL ROTARY SWITCHES, FILAMENT RHEOSTATS, MIXER
PANELS, VARIABLE & FIXED ATTENUATORS, FADERS, RF SWITCHES, VOLUME INDICATORS, OUTPUT METERS, LINE
EQUALIZERS, ATTENUATION BOXES, MULTIPLIERS, SUPER -DAVOHMS, LABORATORY EQUIPMENT, SPEECH INPUT CON-
TROL APPARATUS, DECADE RESISTANCES, RESISTANCES,. DAVOHMS, GAIN SETS, AND OUTPUT POWER METERS.

158 SUMMIT STREET NEWARK, NEW JERSEY
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VETERAN WIRELESS OPERATORS
ASSOCIATION NEWS

A

W. J. McGONIGLE, President

RCA Building, 30 Rockefeller Plaza, New York, N. Y.

H. H. PARKER, Secretary

ACHIEVEMENT AWARD

THE FIRST Marconi Memorial Medal of
Achievement awarded by our Association
was presented to David Sarnoff for his
outstanding achievements in the radio art.
Mr. Sarnoff was unable to receive the
medal in person at our Fourteenth An-
nual Dinner-Cruise at the Hotel Astor
on February 11th, 1939, as he was a guest
at the home of Ambassador Joseph P.
Kennedy, at Palm Beach, Florida, at’ the
time. The presentation of the medal by
our President, William J. McGonigle, and
its acceptance by Mr. Sarnoff, were made
by long distance telephone connection. A
loudspeaker - was used at the banquet to
carry Mr. Sarnoff’s voice to all parts of
the hall.

In presenting the medal to Mr. Sarnoff
by long distance telephone our President
said:

“Fellow members of the Veteran Wire-
less Operators Association: Thirty-two
years ago a young lad gained the proud
title of Junior Operator with the Ameri-
can Marconi Company. A year later, he
was assigned to his first station, at Sia-
sconsett, Massachusetts. Ior four years
he remained an operator, being assigned
to more and more important stations
until he was appointed Radio Inspector for
the company. Those four years at the
key rendered this young man eligible for
membershlp in our Association and he has
beén a member since our incorporation and
has the distinction of being our Number
1 Life Member.

“In 1914, hé became:- Contract Manager
for the Marconi Company. Then he gave
up his active membership in the telegraphic
fraternity, and started up the ladder of
executive operation. He then became Com-
mercial Manager, General Manager, and
finally in, 1930, President of what had in
the meantime become one of the largest
communication companies in the world,
the Radio Corporation of America. I need
not say to you that I have been referring
to former wireless operator, David Sarnoff.

“We are proud of his success for many
reasons, but chiefly because his is the suc-
cess of ‘one of us.” And to give tangible
proof of our high regard and esteem we
present to him this evening our first Mar-
coni Memorial Gold Medal of Achieve-
ment in tribute to a wireless operator who
has risen to a position of eminent promi-
nence in the communications industry.

“Veteran Sarnoff cannot be with us this
evening, on account of conditions not un-
der his control, but we will now listen
to his acceptance of this award. Mr. Sar-
noff is talking by long distance telephone
from Palm Beach, Florida. Mr. Sarnoff.”

Mr. Sarnoff replied: “Mr. President
and fellow members of the Veteran Wire-
less Operators Association: I am deeply
touched by the honor you have shown me
this evening, because it comes from men
associated with me from the early days

of radio communications and men who
have played a great part in its development.
You have chosen a novel method to be-
stow honors. By doing it in ‘absentia’
the recipient is spared the embarrassment
of listening to an obituary of himself, and
the audience is spared the agony of listen-
ing to a long speech. In thus blazing a
new trail, you may some day again be
known as Veterans.

“l have been a member of your organ-
ization since its beginning, and have al-
ways been in sympathy with its aims, which

David Sarnoff.

re: to foster an esprit de corps among
wireless operators, to recognize meritori-
ous service by them, and to acquaint the
public with their work, traditions and
ideals. In these troubled days, it is of
great value to have the steady hand and
the experienced mind of the builders of
an industry still on call.

“Two years ago, on the occasion of the
thirtieth year of my service with RCA,
my fellow-workers gave me a party. At
that time your Association presented me
with a scroll, referrmg in generous terms
to my years of service in thls art and in-
dustry. This scroll hangs in a prominent
place in my study at home. There, too, I
shall place the medal which you are pre-
senting to me this evening. I regret that
you cannot forward it to me where I am
now at the speed of light, by teletranspor-
tation.

“In accepting this great award from you,
I should like to point out that there have
been and there are others who also started
from a lowly beginning, and reached the
same goal as I have. Time prevents my
calling of the roll, but I may mention an
old friend, the late George S. Davis, who
began life as a coal passer on a ship in
the United States Navy, and passed
through the position of wireless operator,
to the presidency of Tropical Radio. Ed-

ward J. Nally began life as a messenger
boy and reached the presidency of - the
RCA. Another I may mention is Thomas
Morgan, whom I first knew when he was
one of Uncle Sam’s wireless boys and now
known as the able president of the Sperry
Gyroscope Corporation.  Apparently, it
seems to be easy for wireless men to be-
come presidents. In fact, your own presi-
dent, Mr. McGonigle, also handled the key
on shipboard in his earlier days and han-
dled it very well, indeed.

“In accepting your first Marconi Medal
of Achievement tonight, I consider it not
merely a personal honor, but rather a trib-
ute to America; for it is a tangible ex-
pression of the fact that this land of ‘ours
1s the land of opportunity. A young man
beginning life, in our country, is not forced
to have his life moulded by others than
himself ; he is not the victim of a caste sys-
tem that compels him to remain always
within the narrow boundaries into which
he was born. He is free to follow his own
destiny, and to make of himself whatever
life’'s complicated system of native talent,
study, force of character, persistence and
opportunity may afford.

“In a rapidly changing world, there is
always some new horizon beckoning, some
new field towards which the newcomers
may look forward. In my day, wireless
was the magic key to a future. Aviation
next captured the imagination of youth.
Today, one of the outgrowths of radio—
television—holds possible future oppor-
tunities which no one can fully evaluate
as yet. Twenty years from now, it may be
that some veteran of the Iconoscope may
be awarded by you a token of your feel-
ings, and if he receives it in the. spirit I
feel tonight, he will indeed be a grateful
man. Good night, boys, and my- fond-
est 73.”

Among the messages received at the ban-
quet was one from Mr. Alfred J. McCos-
ker, President of WOR and Chairman
of the Board of the Mutual Broadcasting
System. Mr. McCosker wired as follows.:
“William J. McConigle, President, Veteran
Wireless Operators Association, Hotel
Astor, New York City. Unfortunately I
cannot be with you tonight, but may I take
this opportunity to extend my heartiest
congratulations to the Veteran Wireless
Operators Association to Dave Sarnoff,
one of your most distinguished members,
and to all of my friends. The Veteran
Wireless Operators Association is a grand
organization whose history and tradition
has contributed immeasurably to the broad-
casting and communication industries.
WOR has always been privileged to coop-
erate with you and it is our sincere wish
that this' fine spirit may ever predominate.”
(Signed) Alfred J. McCosker, President
of WOR and Chairman of the Board of
Mutual Broadcasting Service.

An inspiring letter from our beloved

(Contined on page 54)
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FREQUENCY-MODULATED
STATION

THE FIRST high-powered frequency-
modulated radio station, W2XMN, will
be put into operation this Spring, it is
announced by Major Edwin H. Arm-
strong, professor of electrical engineer-
ing in Columbia University, who de-
signed and built the broadcasting equip-
ment.

Arrangements have been made with
station WQXR for the new station to
receive and transmit the programs now
broadcast from New -York’s “High
Fidelity” station. Mr. John V. Hogan,
radio ‘engineer and owner of WQXR,
has filed a petition with the Federal
Communications Commission for .per-
mission to build a frequency-modulated
station in New York City. The studios
and programs of WQXR will be used
by W2XMN until such a time as Mr.
Hogan’s own station is erected.

Construction of frequency modulated
receiving sets of the new type has al-
ready been started on a commercial
basis by General Electric. The new sets,
when produced on a quantity basis, will
cost no more than the ordinary good set
of today and will be able to receive both
the old and the new kinds of broadcast-
ing much the same as sets now receive
both the short and long-wave programs.
Arrangements are being made for man-
ufacture and sales of transmitter by the
Radio Engineering -Laboratories of
Long Island City. Patents on the sys-
tem have been granted to Major Arm-
strong in the important countries of the
world.

°
FARNSWORTH JOINS RMA

A new member of RMA is the Farns-
worth Radio and Television Corporation,
whose application for membership in the
Association was approved by the RMA
Board of Directors at New York on Feb-
ruary 2. Membership of RMA now in-
cludes virtually all of the leading com-
panies interested in the development of
television, and non-member companies, as
well as all broadcastmg interests, have
part1c1pated in RMA engineering work in
connection with television. The Associa-
tion also is considering a special engineer-
ing service to determine signal strength
and market areas of future television broad-
casting service.

.

ELECTROMAGNETIC HORNS

How HORNS are useful in directing ra-
dio waves, just as they are for sound
waves, was demonstrated recently be-
fore the Institute of Radio Engineers
by Dr. George C. Southworth, Bell
Telephone Laboratories. Using a wave
only 3% inches long, sent down a metal
tube into a horn ten feet long and two
and a half feet square at its mouth, Dr.
Southworth showed that practically all
the energy was shot out in a narrow

beam.  Giving the waves this kind of

send-off, Dr. Southworth said, is as

An interesting view of the 387-
foot Lehigh antenna of WHOM,
Jersey City, N. J.

good as a 500-fold increase in power
for an antenna of the ordinary type.
One of his transmitters was about the
size of a big flashlight and when he
pointed it toward the open throat of the
big hom’%s ‘the beam of waves immedi-
ately set'a loudspeaker into action. Evi-
dently the horn’s directivity was as use-
ful on the receiver as the transmitter,
both for the purpose of increasing, sig-
nal’ pick-up and discriminating against
unwanted signals, as the speaker dem-
onstrated by shooting a beam at. the side
of the horn.

Reviewing briefly some experiments
which he performed before the same
audience last year, Dr. Southworth ex-
plained how very short radio waves
could be sent down a metal tube, or
guided by a cylinder of insulating rub-
ber. At the end of such a tube a film
of graphite on paper would act as a re-
sistance to absorb the waves. Or they
could be radiated into space; Dr. South-
worth showed how varying amounts of
energy could be drawn from the tube,
depending on the way its flared out into
the horn.

G. C. Southworth receiving a
radio beam by means of a wave
collector.

=
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FEEDBACK AMPLIFIERS
(Continued from page 7)

This undoubtedly accounts for reports
received from broadcast engineers stat-
ing that when a large amount of feed-
back is used a peculiar form of quality
distortion is observed that appears to be
associated with transients.

MATHEMATICAL APPENDIX

The vector amplification of a single-
stage amplifier having adequate screen
and cathode bypass condensers can be
expressed as follows®:

’

Amplification at] _

1
low fregeuncies| . (12)
1—j
Amplification at] _ A (1b)
high frequencies{ —
1+

s

where

A’ = amplification
range.

X, = 1(‘:eactance of coupling condenser

>

X, = reactance of equivalent shunting
capacitance C,.

R = resistance formed by grid leak
in series with combination of
plate and coupling resistances in
parallel.

R., = resistance formed by plate, coup-
ling and grid-leak resistances all
in parallel.

in  mid-frequency

If now f; and f. are taken as the fre-
quencies that make X, =R and X, =

R.q, respectively, then Egs. (la) and
(1b) can be written
Amplification at] _ A (22)
low frequencies, 5
1—j—
f
Amplification at] _ A . (2b)
high frequencies f
14j—
f.

where f is the actual frequency. It will
be noted that when f = f, and also when
f = 1, that the voltage amplification has
fallen to 70.7 percent of the mid-range
value A, and that the phase shift is 45°.

The amplification when feedback is
used is given by the well-known equa-
tion
Amplification  of
feedback ampliﬁer}

A, 1
= =— —(3)

- B0 1
(=)

2See F. E. Terman, “Radio Engineering,” Sec-
ond Edition, p. 177-180]
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Two Years Ahead of the Game

‘We have been building 12H Speech 2> front-of-panel-access attenuators
Consoles for a long time — and we're
mighty proud that we've sold a lot of
them. In fact, we've set the style — a
style which will be as good 4 years hence >>extended response, lower noise, less
as it was in 1936. distortion !

The 12H has been so widely recognized J
because every detail was technically 2> finer finish
RIGHT. There was not a single cheap . ) -
thing about it. We did a painstaking job 2>illuminated, specially damped V.I.
of the original design—a design we have |
not changed until we had some really im-
portant improvements fully worked out.
The NEVW, improved 12H is now ready to
do an even better job for you.

2>complete tube circuit metering
using separate d-c instrument |

2> many other conveniences
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THONOGRAPH records of telephone
calls, secret conversations and con-
fessions have provided important evi-
dence in almost all of the recent Federal
and Municipal criminal investigations.
The new model MP Recorder was de-
veloped by Presto as a result of three
years of experience in building equip-
ment for investigation work. [t combines
facilities for recording continuously , with-
out interruption, from two sensitive,

Jor criminal investigation

hidden microphones or from two tele-
phone pickup coils. Special filter circuits
in the amplifier make it possible to ob-
tain good records under most unfavor-
able noise conditions.

The model MP Recorder. consisting
of two dual-speed 12" turntables and a
hlgh‘gam amplifier, is mounted in a sin-
gle suitcase weighing only 62 pounds. It
can be set up for use anywhere in less
than five minutes. Write today for de-
scriptive folder.

PRESTO

develops

new voice recorder

where

Ay = actual vector amplification
B ={raction of output voltage
fed back.

It is to be noted that tn actual feedback
amplifiers B 1s always negative because
the feedback is negative.

If the value of amplification given by
Eq. (2) is now substituted in Eq. (3),
the result becomes, after some algebraic
manipulation

A
Amplification of)
one stage at low| _ 1—Ap (4a)
frequencies with| £/
feedback J 1—; B

1—AB

A
Amplification of
one stage at high 1—AB
frequencies with (4b)

feedback J 14 (/%)
1—AB

Comparison of Egs. (2) and (4) indi-
cates that they are of the same form

but that the amplification is now reduced
by the factor 1/(1— AB) because of
_feedback, while the points of 70.7 per-
cent response at high and low f{re-
quencies now occur at frequencies of
fi/(1—AB) and f. (1 —AB), respec-
tively, instead -of f; and f;. This is
equivalent to a flattening of the response
curve without changing its form, as
shown in Fig. 1, which is calculated
from Egs. (4).

In the case of a two-stage amplifier,
the actual amplification without feed-
back is obtained at once from Egs. (2a)

- PREST - RECORDING CORPORATION

245 West 55th Street, New York, N. Y.

300> SERIES

A COMPLETE NEW LINE OF ||
SMALL PLUGS-SOCKETS -

2 CONTACTS TO 33 CONTACTS

and (2b), as
PLUGS WITH CAPS @ PLUGS WITH BRACKETS 6
SOCKETS WITH CAPS ¥  SOCKETS WITH BRACKETs || Actual amplifi-]
cation at low} AA’
Ask for Bulletin 300 frequencies ] = (52)

HOWARD B. JONES
2300 WABANSIA AVENUE, CHICAGO, ILLINOIS

Actual amplifi- ,
cation at high AA

frequencies = —— (5b)
- ST

Frequency Measuring Service

Many stations find this exact measuring service WORLDW]D t.
of great value for routine observation of trans-
mitter performance and for accurately calibrat-

ing their own monitors.

MEASUREMENTS WHEN YOU NEED THEM MOST

where the prime indicates the second
stage. When these equations are sub-
stituted into Eq. (3) the results are:

Amplifi-
at any hour every day in the year cation of
two stages
R.C.A. COMMUNICATIONS, Inc. at low fre-

quencies '

Commercial Dept. with feed— (63)
A RADIO CORPORATION OF AMERICA SERVICE back .
66 BROAD STREET ' NEW YORK, N. Y. AAB 1—3— 1-—3—
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cation of
two stages |
at hight
frequen-|

cies with| £ ¢
feedhack ( 1+ i__) ( 14+ i—)
AAB— o £/

The resuits given in Fig, 2 are plotted
from these equations for f = f,, and
i/ = f, while [lig. 3 is obtained for
the case f/ =f,/a, and f/=af,. A
check between the amplification calcu-
lated by Eqs. (6) and values measured
for an actual two-stage feedback ampli-
fier is shown in Fig. 5

Formulas for the three-stage case
analogous to Egs. (5) and (6) can
readily be obtained by the same process,
and lead to

Amplification of three stages at low

frequencies with feedback

Ampliﬁ-]

AA

AAA

AAA"B—

(500

(7a)

Amplification of three stages at
high frequencies with feedback

AAA

AAAB —

{ i i
(1+j—) tri— J1+i—
f.: le lel

(7b)
where the double primes refer to the
third stage. The curves of Fig. 4 are
obtained by plotting these equations for
fi=£f'= nf,” and f= & — £"/n.

LOUDSPEAKER SYSTEM
(Continued from page 13)

ment for use in theatres not yet equipped
with modern high-fidelity horn systems.
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(3) “Loudspeakers and Microphones,”
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(4) “Audible Irequency Ranges of
Muste, Speech and Noise,” W. B.
Snow, Jour. Acous. Soc. Am., Vol.
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NEW‘

STANDARD |
Set by

ICONIC

LOUD SPEAKER SYSTEMS .

Many, many months ago Lansing engineer’
sensed the growing need for a fine quality
loudspeaker system that would meet the
exacting demands made upon broadcast
monitor and audition systems. School audi-
toriums, also, have long wanted an inex-
pensive speaker system delivering theatre
quality for use with their 16 m.m. moving
pictures and for speech reinforcement. The
Lansing lconic system more than satisfies
these needs. It is designed according to the
same principles as the finest theatre sound
reproducing systems and Lansing is known
the world around for fine theatre systems.
The upper register is clear and brilliant, the
low tones are deep, full and true. The even
response and beautiful balance through its
long range from 40 to 10,000 cycles will
delight the most critical hearer.

As a monitor system it may be depended upon to
reproduce the program exactly as it is going out
on the air. Used in the audition room each voice
and each instrument is heard in its true natural
tones.

Small theatres and school auditoriums can insure a
quality performance comparable to any large
theatre by producing the sound with an lconic
System.

Manufacturers and commercial firms furnishing

public address and sound systems will find the
lconic an excellent foundation upon which to build.
Complete and Aetailed information concerning the

Lansing lconic System may be had by writing fo.
Bulletin C-4.

Model 812, above,
il'ustrates the
basic system.

Model 810, at
left, shows the
fine console cabi-
net model.

Tones above the crossover
frequency of 800 cycles are re-
produced by a high-frequency
driver and multicellular horn.

Tones below 800 cycles are re-
produced by a heavy low-
frequency speaker mounted in
a special acoustically-designed

baffle.

LANSING MANUFACTURING CO.

6900 McKinley Ave.

Los Angeles, Calif., U. S. A,
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T0 SPECIFY TOP QUALITY IN
ELECTRICAL VARNISHED INSULATION
ENGINEERS CHECK TURBO

Stripped of all sales artfulness
varnished electrical insulation

materials — like all engineering

products—boil down to one fun-

damental—quality.

To insure the quality element in
Turbo products all other con-

siderations are subordinated.

Hence Turbo varnished Tubing
and Sleeving are held rigidly
to dielectric specifications ob-
tainable only by the exclusive and
cost increasing constant—inside
impregnation all the way through.
The same rigid specifications and
constants are assured as to heat
and flame resistance as well as

mechanical abrasion.

in the very nature of such con-
stants” a safeguard is provided

against corona action.

The exitra quality demand for
television insulation finds «a
natural answer in the Turbo
brand.

William Brand
and Company

276. Fourth Ave., New York, N. Y.
217 No. Desplaines St., Chicago, Il

KUNZ JOINS SUPREME

Walden H. Kunz, head of the Radio
Engineering Department of Indiana Tech-
nical College, has joined the engineering
staff of Supreme Instruments Corporation,
Greenwood, Mississippi. He will do re-
search and development work for Supreme
in the high-frequency field, culminating in
new high-frequency test equipment. Mr.
Kunz has had a background of both theo-
retical and practical experience.

SERVICE INSTRUMENTS BOOKLET

Service Instruments have prepared an
80-page booklet which gives detailed in-
formation about the Rider Chanalyst and
true dynamic testing.. It explains the use
of the Rider Chanalyst for the location of
the defects in receivers of all kinds and
types. Copies may be had by mailing 25¢
in stamps or coins to Service Instruments,
Inc., 404 Fourth Ave., New York City.

MASS & WALDSTEIN REPRESENTATIVE

Maas & Waldstein Company, makers of
industrial finishes, Newark, New Jersey,
announce the appointment of Harlan M.
Gale as a sales representative for the New
England territory. Mr. Gale, who was for-
merly connected with the Cleveland Var-
nish Company and the Glidden Company,
is well known in New England.

WARD LEONARD REPRESENTATIVE

Ward Leonard Electric Co. have an-
nounced a change in address of their agent,
Mark G. Mueller, whose new address is
1644 Blake Street,:Denver, Colorado.. Mr.
Mueller is their representative in the states
of Colorado, Westersi Nebraska, Northern
New Mexico and nearly all of Wyoming.

TRANSFORMER CATALOG

The Spring-Summer edition of their
transformer catalog, No. 400-CX, is an-
nounced by the Electric Mfg. Co., 500 W.
Huron St., Chicago, Ill. Several new
transformers are included. Copies may be
obtained free of charge from any Thor-
darson distributor or direct from the fac-
tory. :

GUTHMAN BULLETIN

Edwin I. Guthman & Co., Inc., 400 S.
Peoria St., Chicago, Ill., have recently
made available their catalog supplement A.
This bulletin covers the Type Ul7 com-
munication receiver, U21 audio tone con-
trol tuner, UZ3 modulator-driver and uni-
versal p-a amplifier. Also described are a
frequency deviation meter, a diversity
coupler and a frequency meter-monitor.

~ WAXES
COMPOUNDS

INSULATION and WATERPROOFING

of ELECTRICAL and RADIO
COMPONENTS

. such as transformers, coils,
power packs, pot heads, sockets,
wiring devices, wet and dry bat-
teries, etc. Also WAX SATU-
RATORS for braided wire and
tape and WAXES for radio
parts. The facilities of our
laboratories are at your disposal
to help solve your problems.

FOUNDED 1846

Jah
MILLS, Inc.
120-26th 5T., BROOKLYN, N. Y.

WHEN YOU CHANCE
YOUR ADDRESS

Be sure to notify the Subscription
Department of COMMUNICATIONS
at 19 E. Forty-seventh St., New York
City, giving the old as well as the new
address, and do this at least four weeks
in advance. The Post Office Department
does not forward magazines unless you
pay additional postage, and we cannot
duplicate copies mailed to the old
address. We ask your cooperation.

of the Chelsea.

SE

FOR RECREATION

s ROOM
OR RELAXATION 3 ony
@ﬁoon the éﬁe[na Per Person

Here you will find everything to further your comfort and
enjoyment — outside ocean-view rooms

& randas for lounging . ..sun deck . .. beautiful dining i
room at the ocean’s edge . . . superb cuisine . . varied 7

sports and entertainment. You'll like your fellow guests,
too, and the delightfully friendly atmosphere

SPECIAL WEEKLY RATES

RIGHT ON THE FROM
WITH

BOARDWALE / $@ wmeais
&BATH

2in aRoom

wide ve-

I JOEL HILLMAN L4
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NASH RADIO REPRESENTATIVE
Saul Shapiro, Los Angeles factory repre-
sentative, is now California representative
for Nash Radio Products, Inc., of St. Louis,
manufacturers of recording lubricants and
cleaners.

ATR CATALOG

American Radio & Television Co., 300
E. 4th St., St. Paul, Minn, have made
available Catalog No. 139. It covers their
complete line of vibrator-operated and rec-
tifier power supplies including shaver-
packs, low-power inverters, radio inverters,
industrial inverters, vibrapacks, polarity
changers, “A” battery eliminators, battery
chargers, rectifier packs, etc.

°
ANDREA TELECEPTOR
(Continued from page 27)
ference and poor antenna construction
will greatly lower the performance of
even the most expensive television re-

ceiver.
Andrea Radio and Television Corp.
in collaboration with the L. S. Brach

%

4] i ¥l |EESES ;
! &

sond 1 2

Mfg. Corp. now offer a complete an-
tenna system for home television re-
ceivers. The Andrea Teleceptor fea-
tures a climate sealed teleceptor coup-
ler into which are attached the antenna
rods which form the legs of a one-
quarter-wave doublet and 75 feet of
low-loss rubber-jacketed transmission
line having its impedance matched to
the doublet and the antenna circuit of
the television receiver. The rods and
teleceptor are supported by a mast with
crossarms of treated Washington cedar,
which combines lightness of weight and
required strength. The entire unit
comes complete, ready for assembly,
and when assembled stands 8% feet
high with a spread of 10 feet, all ar-
ranged to be attached directly to any
portion of the roof. The vertical pole
comes in 4-ft sections with a telescop-
ing shell for extending the pole. There
are some instances where additional
height may be desirable, in which case
the construction permits the attaching
of an additional section of pole that
would extend the height to 1234 feet.
The length of the doublet rods may be
chosen for maximum efficiency on the
particular television channels desired,
and the entire doublet may be rotated
in a horizontal plane to any desired po-
sition, taking advantage of the direc-
tional characteristics of the doublet to
exclude interference.

(e

Callite Products, pioneer in FLUORESCENT
MATERIALS, now has available, for immediate
delivery, SILICATES and TUNGSTATES, in all
colors in the spectrum, for Cathode Ray Television
Tube applications. Callite engineers will be glad to
cooperate with you in finding the proper fluorescent
material for your tube design.

CALLITE LEAD-IN WIRES

OF TUNGSTEN—MOLYBDENUM—KULGRID

ALL COLORS IN SPECTRUM

FOR TELEVISION TUBES

Tungsten in Callite Hard Glass Welds is processed to
give compact fibrous structure free from longitudinal
cracks and is centerless ground to eliminate surface im-
perfections.

Molybdenum supports are rigid and maintain proper
alignment of tube parts. Only pure metals of best
quality are used.

Accept no irferior substitutes. For
more detailed information write to
engineering dJepartment. Your in-
quiries are invited.

CGALLI

EISLER ELECTRIC CORP.

Kulgrid ‘C’ Strand does not oxidize, does not become
brittle, and welds more readily to tungsten and copper.

PRODUCETS
DIIVISTO N

KX 39th ST. e UNION CITY, N. J.

Vitreous Enameled RESISTORS

% Whether your requirements call for a
small 1 watt unit or a big heavy-duty
1000 watt resistor—simply check with
Ohmite! For only at Ohmite can you
find such an extensive range of wire-
wound  all-porcelain  vitreous-enameled
Resistors to meet practically every need
more quickly, more economically, more
dependably.,

% Fixed, Adjustable, or Tapped—Regular
or Non-inductive—General-Purpose or
Precision units—immediately available in
stock types and ratings, or special de-
signs promptly created and produced to
vour specifications. Let us submit
samples, or

Wyite today for Catalog 17.

OHMITE MANUFACTURING CO.
4869 Flournoy Street, Chicago

5 /?zq%t lHIll

RESISTORS ~ TAP SWITCHES

RHEOSTATS =«
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NON-GLARE TREATMENT FOR
GLASS

GLARE from reflected light, which has
made it difficult to see pictures framed
under glass at certain angles, has been
removed by a new process developed in
General Electric’s research laboratory
by Dr. Katharine B. Blodgett. By ap-
plying thin chemical films to the surface
of glass, Dr. Blodgett has been able to
nullify or neutralize rebounding light
rays with the result that pictures framed
with glass so treated appear as though
there was no glass at all, regardless of
the angle viewed from.

THE VODER

AN ELECTRICAL DBEVICE which, under
control of an operator at a keyboard,
actually talks was demonstrated on
January 5 at the Franklin Institute,
Philadelphia. Known as the Voder, it
is a development of Bell Telephone
Laboratories as a scientific novelty to
make an interesting educational exhibit
for the Bell System’s displays at the
San Francisco Exposition sand at the
World’s Fair in New York.

The Voder creates speech. It is the
first machine in the world to do that.
Individual vowels and consonants have
been made by a variety of instruments,
but they have never been linked into
connected speech. Seated at a keyboard
something like that of the old-fashioned
parlor organ, an operator can carry on
a conversation simply by pressing keys,
singly or in combination. It takes a
good deal of practice and some time to
learn—not as much time as it takes the
human to learn the mechanisms he is
born with, but still quite a while.

Designers of the Voder provided it
with electrical equipment correspond-
ing to the two kinds of speech sounds.
One kind of sound is made by forcing
the breath through the mouth, past
tongue, teeth and lips. Turbulence in
the air-stream sets up a hissing sound
which contains a great many vibration-
frequencies. Some of these are rein-
forced by resonances in the mouth
cavity; that is the way in which are
made all the sounds of speech when one
whispers, and such sounds as s, th and
i. In the Voder there is an electrical
hiss, and with some of the keys the
operator can control its quality so as
to make those sounds. Other keys make
the “stop consonants” like d, k, and p.

Another kind of sound enters into hu-
man speech, most importantly in the
vowels, like a, e, and o. It comes from
the vocal cords, and is very complex
and somewhat musical. In the Voder,
therefore, there is an electrical source
of sound corresponding to the vocal
cords; and there is a pedal for chang-

The voder in operation.

ing its pitch and for giving to speech
a rising or falling inflection as desired.
When the operator wants the sounds
made by the vocal cords, instead of
whispered sounds or consonants, an
arm rest switch is depressed. Then the
particular parts of this vocalized sound
which are wanted are selected by play-
ing the proper keys.

g prop! ~

TELEVISION AMPLIFIERS
(Continued from page 39)

power source for the first stage or two
of amplifiers having a gain of 80 or 90
db or above, whose output noise level
must be very low. Even in this case
it will probably be found that most of
the hum arises from the heater wiring
or the heater itself. In one typical
amplifier of 85 db gain, the hum was
reduced to extremely low level by heat-
ing the first tubes from a storage bat-
tery, but still deriving the other elec-
trode voltages from a well-filtered
power supply.

The main difficulty surrounding the
use of rectifier-filter power sources lies
in the fact that at the low frequencies,
their internal impedance is appreciable.
As shown in the simplified diagram of
Fig. 4, several stages may be receiving
power from the same power supply. The
impedance formed by R¢ and C¢ in par-
allel (to a first approximation at least)
is common to the plate circuits of all
three of the stages deriving power from
the one supply. Each plate circuit is
coupled directly to the grid circuit of
the following tube by means of the con-
denser C. and resistance R,,. Any im-
pulse arising across the RC; com-
bination due to a disturbance in stage
3, for instance, will be applied. with
some attenuation, to the grids of stages
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2 and 3. As a signal suffers a phase
shift of 180 degrees in going through
one amplifier stage, the passage of this
impulse arising in the plate circuit of
stage 3 back to the grid of stage 2 would
cause it to be amplified by stages 2 and
3, arriving at the plate of stage 3 in
proper phase to aid the original im-
pulse. This causes an instability which
is stopped only by the driving of grids
positive causing a current to flow
through the grid leak resistance which
causes a large negative voltage to be
applied to the grid. This allows the
tube again to become inoperative, prob-
ably repeating the cycle in a sustained
relaxation oscillation. For proper phase
relationships, it is obvious that it takes
at least two stages to oscillate in this
manner and a third stage must be con-
nected to the same power supply in
order that the grid of stage 2 be coupled
into the circuit. It follows, then, that
it will be impossible for this mode of
oscillation to exist with only two stages
irom the same power supply.

The tendency toward these relaxation
oscillations will depend largely upon the
magnitude of the impedance of the par-
allel combination, R-C:. At low fre-
quencies, this impedance increases due
to the finite reactance of C. at these
frequencies. For this reason the feed-
back will be negligible except at these
low frequencies, and hence the frequency
of oscillation will be low. The inherent
low-frequency response of the amplifier,
determined entirely by the grid circuit
components, C. and Ry, will also de-
termine the tendency to oscillate be-
cause if the amplifier does not amplify at
the frequencies at which the impedance
of R¢ and C; is appreciable, no oscilla-
tion can take place. Unfortunately,
wide-band television amplifiers usually
demand uniform low-frequency response
to 30 cycles per second or lower, making
them particularly susceptible to relaxa-
tion oscillations.

The safest way to avoid this trouble
is to operate no more than two stages
from a single power supply. By in-
creasing the value of C. greatly, more
than two stages of moderate gain pos-
sibly could be operated from one sup-
ply. The decoupling networks, R,-C,,
(and similar ones in the screen-grid
circuit) can be used to great advantage
provided the supply voltage is high
enough that large values of R, can be
used so that obtainable values of C,
will be really effective. It must be re-
membered that the Ri:C, network is
ordinary low {frequency compensation,
the point of action being determined by
the size of C. If only decoupling is
desired, this correction point must be
at such a low frequency that the ampli-
fier, due to C. and Ry, is ineffective.
Little can be expected of the R, C, net-
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work from a decoupling standpoint,
however, if it is designed for effective
low-frequency compensation.

Separate screen-grid decoupling cir-
cuits are often of great value in con-
trolling the relaxation oscillations. In
one particularly troublesome case, a
screen decoupling circuit of 8 micro-
farads capacitance and 100,000 ohms re-
sistance in parallel for the first tube of
a group of three operated from one power
supply was effective when 100 micro-
farads added to the 48 microfarads al-
ready shunting the power supply bleeder
did not reduce the oscillation. "It can
be seen that the method selected for
avoiding relaxation oscillations is de-~
termined largely by economic factors.

CONCLUSION

In the design of wide-band amplifiers,
practical considerations often demand
the use of certain methods or circuits
while the same amplifier viewed from
theoretical considerations appeared sat-
isfactory. This paper has attempted to
call attention to several of these, per-
haps unrelated, practical problems.
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DX BULLETIN

DX Radio Products Co., 1571-1579 Mil-
waukee Ave., Chicago, Ill., have issued a
22-page bulletin covering their line of coils,
chokes, transformers, inductances and trim-
mer condensers. Of special interest is a
6-page section devoted to circuits. Thé
bulletin is available from the above or-
ganization.

LEAR BULLETIN

Lear Developments, Inc, Bldg. 31,
Roosevelt Field, Mineola, L. I., have just
issued a bulletin covering their ARC-6
automatic aircraft direction finder, as well
as the T-30-AB, R-3-AB. transmitter-
receiver. The bulletin is available from
the above organization.

ALLIED BULLETIN
An interesting and attractive 8-page bul-
Jetin is now available from Allied Record-
ing Products Co.,, 126 W. 46 St., New
York City. This bulletin deals in consid-
erable detail with their wide-frequency-
response recorders.

NEW NEELEY LINE

Norman B, Neely, technical sales agent
with main offices in Hollywood, announces
appointment as Western distributor for an
acetate shaving collector, designed and
manufactured by the Lakeside Supply Com-
pany of Chicago. Through Mr. Neely
units are now available for demonstration
on any type of recording equipment.

..irwas ONLY

A PEBBLE .

But it did
the Job!

RELAYS by
GUARDIAN

* No larger than the stone from David's sling, yet in most fields of industry
RELAYS by GUARDIAN possess the power to finish many a gigantic task, where,
like Goliath's sword and shield, the mechanical method is too bulky, too slow,
too power-consuming to prevail against problems which RELAYS by GUARDIAN

take in easy stride.

Are you seeking a way to improve your product, eliminate excessive mechanisms,
make your machine more responsive, more efficient, less costly. more salable?
... Then investigate RELAYS by GUARDIAN immediately.

. Send for our catalog C, "RELAYS by GUARDIAN."

GUARDIAN'c/ ELECTRIC

CHICAGO, ILLINOIS

I8 W. WALNUT STREET

G-M PUBLICATION

The 10th issue of the G-M house publica-
tion entitled “G-M Comments” has been re-
leased. Two new G-M instruments and a
new series of self-generating photoelectric
cells are announced. Information included
in the issue covers galvanometers, photo-
tubes, power-supply units, and rheostats.
Copies may be secured by writing to G-M
Laboratories, Inc., 1733 Belmont Ave,
Chicago, Il

WESTINGHOUSE BULLETINS

The Westinghouse Lamp Division,
Westinghouse Electric & Manufacturing
Co., Bloomfield, N. J., have made avail-
able two interesting bulletins. One bulle-
tin gives the ratings for various Westing-
house electronic tubes. The second bulle-
tin, No. 17, discusses Ignitron tubes. To
secure copies, write to the above organiza-
tion.

SMPE ATLANTIC COAST OFFICERS

At a meeting of the Atlantic Coast Sec-
tion of the Society of Motion Picture
Engineers at the Hotel Pennsylvania on
January 11, the following officers for 1939
were announced: D. E. Hyndman (East-
man Kodak Company), Chairman; George
Friedl, Jr. (International Projector Corp.),
Past Chairman; P. J. Larson (Consulting
Engineer), Secretary-Treasurer; H. Grif-
fin (International Projector Corp.), Gover-
nor-2 years; R. O Strock (Eastern Ser-
vice Studios), Governor-1 year.

The Centenary of Arago’s communica-
tion to the French Academy of Sciences
disclosing the new findings of Daguerre
on what was then known as light-writing
was celebrated at the meeting.

TELEVISION ECONOMICS

(Continued from page 27). ,

(b) The strong field at the photo-
cathode is capable of saturating the
electron emission and thus increasing ef-
ficiency of operation.

(c) Although the final mosaic in the
image iconoscope necessarily operates
at the usual reduced efficiency when
scanned, its high emission ratio, with
measured values of from 3 to 11 times,
produces a further improvement in
operation.

The performance of the image icono-
scope has experimentally been found to
be highly satisfactory, and particularly
in its capability of producing high-
quality pictures at relatively low levels
of illumination. Thus, with 1,000-volt
supply for the electron beam (with a
beam current of 0.1-0.2 microampere),
400-line picture resolution is available;
while raising the voltage to 3,000 im-
proves picture resolution to the 800-
line point.

The mosaic in these tubes may be .
made in several ways including, typi-
cally: (a) small silver elements are de-
posited on a 1.5-mil sheet of mica, and
are then oxidized and caesiated; (b) a
mica surface is heated to incandescence

COMMUNICATIONS FOR MARCH 1939 e 49

www americanradiohistorv. com


www.americanradiohistory.com
www.americanradiohistory.com

BROADCASTERS —

WHAT WOULDN'T YOU GIVE
FOR A QUALITY METER?

Q\)ALJTY

FAIR
POOR Goop

BA EXCELLENT
ATURAL

The loud speaker in the control
room by which you balance your
_pick-up, place your mike and con-

trol your program, is the only
QUALITY Meter you've got!
Put your QUALITY “right over
to the pin” with this one .. ..

by the originator of this new type

of two-way loud speaker system,

a pioneer Dbroadcaster himself

(WDAS, 1923).

Remember, the fidelity in your
transmission depends upon the
difference between naturalness and
your monitoring loud speaker’s
characteristics.

Know, accurately, what degree
of fidelity you really are trans-
mitting !

Response: Natural (that says it all)

Freq. Range 30-15000 cycles, all funda-
mentals.

Harmonic Generation: Undetectable by a
trained ear, even when listening to a
pure tone input.

Dimensions: 28" x 18%” on the floor,
57”7 high.

Weight: 290 Ibs.

Expensive? Moderately so. but you may
never have to discard it for a better one.

SAMUEL A. WAITE
306 No. Oakhurst Drive, Beverly Hills, Calif.

in an oxygen atmosphere, and there-
after exposed to caesium vapor; (c) a
metallic signal plate is covered by a
deposit of a finely-divided insulating
powder (e.g., cryolite). The preceding
type (b) has higher sensitiveness than
type (a) but is less readily produced
uniformly; while type (c) with suitable
processing provides a uniform and
highly sensitive mosaic.

Available data on the useful sensi-
tivity of the standard iconoscope are not
completely consistent, the tubes pre-
sumably having been somewhat vari-
able, i.e., giving a performance which
depends upon their mode  of use, and
having been subject to steady manufac-
turing improvement. In general, the
following data may serve as a guide.
Assuming a lens of focal length of 6-7
inches and of speed of f:3.5-4.5, ex-
cellent results on outdoor pick-up are

- obtainable when the surface brightness

of the illuminated area is about 100
candles per square foot (corresponding
to a bright Fall day). A brightness of
20 candles per square foot still gives
satisfactory transmission (correspond-
ing to about 3 millilumens per square
centimeter on the mosaic). Entertain-
ment value is seriously reduced or ab-
sent when the surface brightness drops
notably below 5 candles per square foot.
From the preceding, it will be seen that
with the usual low reflection coefficient
of surfaces in studio and outdoor pick-
up (0.10-0.30 approximately), illumina-
tion of the surface for excellent pick-up
with the standard iconoscope should be
of the order of 1000 foot candles or
more, even though usable results are ob-
tainable with a fraction of this illumina-
tion, fixing lighting level and its cost.

It should be stressed that any reduc-
tion of lighting for satisfactory pick-up
constitutes a major economic improve-
ment in television. It reduces power
consumption, cost of lighting equipment,
replacement costs for lamps or carbons,
inconvenience or annoyance to the actor
with resulting deterioration of quality of
performance or injury to make-up, air-
conditioning requirements, and per-
sonnel required to handle the lighting
system. This should be kept in mind
in connection with the present consider-
able cost of uniform and highly sensitive
iconoscopic tubes.

The image iconoscope is therefore of
particular interest since it has an in-
trinsic sensitivity 6 to 10 times greater
than that of the standard iconoscope.
Further, spurious signals requiring
shading correction are stated to be less
with the image iconoscope. Whereas
the standard iconoscope uses a lens of
focal length of 6.5 inches and speed
of £:2.7-4.5 for the longer shots (with
a view angle of 37 degrees), the mag-
netically-focussed type of image icono-
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scope typically uses lenses of focal
length of 2.5-3 inches and speed of
1:1.7, and the electrostatically-focussed
image iconoscope typically uses a
lens of 3.25-inch focal length oper-
ating- at f{:2.1. For close-ups, a
narrow-angle lens of focal length of
14-18 inches is used with the standard
iconoscope, and one of correspondingly
less focal length for the image icono-
scope. The full tenfold increase in sensi-
tivity of the image iconoscope as com-
pared with the standard iconoscope is
not used in studio operations, the lens be-
ing stopped down to secure greater depth
of focus, and a twofold or threefold in-
crease in sensitivity is thus obtained.

The trend in iconoscope design is to-
ward higher sensitivity, greater resolu-
tion, increased uniformity of product,
and reduced cost (the last factor is some-
what contradictory to foregoing).

Depth of focus'is of major importance
in satisfactory television presentations
where, of course, retakes are impossi-
ble, as contrasted with motion-picture
operations where any reasonable num-
ber of retakes may be made. It has
been pointed out that where greater
depth of focus is required in photog-
raphy, the focal length of the lens may
be reduced while maintaining its rela-
tive aperture constant, thus avoiding
loss of sensitivity. It is true there are
marked limitations to this method if a
natural perspective of the resulting pic-
ture is required. Nevertheless, minor
increases in usable depth of focus in
photography are thus obtainable. The
signal output of the iconoscope, by con-
trast, depends on both the intensity of
the illumination of the mosaic and also
on the scanning-spot velocity across the
mosaic, wherefore the video output sig-
nal is related to light flux rather than,
as in photography, to light intensity.
In an iconoscope, reduction of the area
of the mosaic and corresponding reduc-
tion of the focal length of the lens gives
an overall reduction of sensitivity. Tt
has been- stated that the video output
is approximately inversely proportional
to the square of the depth of focus ob-
tained in the object field—a limitation
which requires that efforts be made to
increase the sensitivity of the icono-
scope. Such increases in sensitivity re-
sult from the addition of a secondary-
emission multiplier to the iconoscope for
signal amplification, from increasing the
photo-sensitivity of the mosaic and im-
proving its general operation, or from
using secondary-emission amplification
of an optical’ image. The last-men-
tioned expedient requires that an elec-
tron image rather than a luminous
image be focussed on the mosaic, this
arrangement constituting the image-
iconoscope. .

Depth of focus is a primary financial
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Dirt Is Destructive
to Communication Equipment!

JIN X0 Jumbo Gleaner

“3-in-1"

Vacuums—Blows—Sprays!

Here’'s a sure way to avoid the
ravages of dirt and dust to which
sensitive, balanced instruments are
otherwise subjected! The Jumbo
Cleaner either blows or sucks all
dirt and dust from even the
most inaccessible places. Reduces
“shorts” in wiring and delicate
electrical systems!

High velocity, low pressure airstream
for vacuum or blowing dry-air. Reduces
corrosion and rotting of insulation, Wide-

ly used in broadcasting and communica-
tion offices. Portable—weighs only 14 Ibs.

Ask about Free Trial Offer

Ideal Commutator Dresser Co.
1062 Park Avenue Sycamore, lHinois

TELEVISION PRESENTS
A NEW PROBLEM

The Shallcross line of kilovoltmeters,

ranging from one to two hundred kilovolts,
have been used for years by other branches
of the electrical industry. The dependability,
accuracy, and fair price of these instruments
will interest you.

Let us help you with the problem of high
Write for

voltage
700-SE.

RESISTANCE

RANGE FROM

1 OHM TO 10
MEGOHMS

measurement. Bulletin

SHALLCROSS MFG. CO.

COLLINGDALE, PA. |

factor in television, provided it is not
obtained at the cost of unduly increased
illumination of the set. It enables the
successful and natural pick-up of com-
plicated action, gives freedom of ex-
pression and mobility to the actors by
reducing artificial restraints on them
and permitting them to devote them-
selves concentratedly to their parts, it
reduces the choppy effect of excessive
cutting from one viewpoint to another,
it avoids blurred and meaningless back-
grounds, and it greatly increases the
satisfaction of the home audience since
it provides a picture -which is sharp and
clear in all parts. Thus it greatly en-
hances the appeal and value of the tele-
vision service. It must be remembered
that the television picture at this time
has quality limitations imposed by its
line structure. Television is a costly
and luxurious form of communication
and any reduction in image sharpness
at the receiving station in effect dis-
cards a part of the image detail which
has been painfully sought by expensive
technical methods. Thus, a 441-line pic-
ture in the focussed foreground may be
nothing more than a 30-line picture, in
effect, in an out-of-focus background.
The limited depth of focus now avail-
able can be judged from the following
typical data which apply to the stand-
ard iconoscope if a 14-inch lens be used
at £:3.5, with a maximum permissible
diameter of the circle of confusion of
0.008 inch. If the lens is used to pho-
tograph the head and shoulders of an
individual at a distance of 15 feet from
the lens, the depth of focus is only a
few inches. TFor a 6.5-inch lens operat-
ing at £:3.5, with the same permissible
maximum circle of confusion, a {full-
length picture of an individual made at
say 15 feet from the lens shows a back
depth of only a couple of feet—and in
practice even less than this may be use-
fully employed.

Studio camera operations have been
simplified by providing reflex finders on
the camera to follow the action continu-
ously. The cameras themselves are
mounted on perambulators, on which the
cameramen may or may not be carried.
Motors for driving the cameras up and
down, with simple controls, are avail-
able, as are also convenient handles for
focussing, panning, or tilting. Maxi-
mum flexibility, mobility, and ease of
operation are economically justified
under the trying conditions of a tele-
vision presentation. The camera is pro-
vided with Thigh-voltage protection
against shock to the operators and is
connected by a special cable to the con-
trol room. This cable carries the nec-
essary deflection and amplifier voltages
to the camera, and carries the amplified
signal output back to the control room.

(To be continued)

LINGO

VERTICAL RADIATORS

and Antennas for every type of
transmitting service

Because so many alert engineers have found
that antenna c¢osts go down when Lingo
Products go up . . . there is now a Lingo
Antenna to meet the increasing demand for
Lingo efficiency and economy in every
branech of radio. Outstanding in the broad-
casting field is owr Vertical Tubular Steel
Radiator . for portable and emergency
transmitting, the Lingo Dural Portable Radi-
ator . . . and for high-frequency use, our
Turnstile Antenna and other U.H.F. designs.
We welcome your inquiries regarding spe-
cial designs in any type of transmitting
antenna employing tubular construetion in
various metals. such as: Steel, Dural,

Bronze, ete.
power of station. No obligation, of

‘ course.

JOHN E. LINGO & SON, Inc.
Dept. C-3 Camden, N. J.

LINGO

Write today for mew illustrated folder
and complete details, cost, etc. Please
include your location, frequency and

VERTICA
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THE

MARKET PLACE

NEW PRODUCTS FOR THE COMMUNICATIONS FIELD

N. U. TELE TUBE

A new ‘‘stubby” 5-inch cathode-ray tele-
vision tube incorporating several new fea-
tures has been announced by National
Union. The latest addition to the Video-
tron family is a streamlined, compact ai-
fair measuring 13-inches in length—31%
inches less than earlier designed units with
the same size screen. The 5-inch ‘“‘stubby”
offers advantages for adaptation to small
cabinets, Electrostatic deflection is utilized
and images are reproduced in black and
white. The new tube has been assigned the
type number 1805-P4. National Union
Radio Corporation, 57 State Street, New-
ark, N. J.—CoMMUNICATIONS.

GRID-CONTROL RECTIFIER
United Electronics have just announced
a new grid-control rectifier No. 967. The
tube corresponds to the 866 A with the
exception that it is of the Thyratron na-

“ture and may be used for voltage regula-
tion, voltage control and keying circuits.
Characteristics are available from United
Electronics Corp., 42 Spring St., Newark,
N. J—CoMMUNICATIONS.

A B C RADIO BULLETIN
The A B C Radio Laboratories, 3334 N.
New Jersey St., Indianapolis, Ind., have
issued a bulletin covering their short-wave
converters and antennas for police and
other uses.

OHMITE PARASITIC SUPPRESSOR
The Ohmite type P300 parasitic sup-

@? OHMITE

| Parasitie Suppre:

pressor is a non-inductive vitreous enamel
resistor combined with a choke into one
integral unit. For full details, write to
Ohmite Mfg. Co., 4835 Flournoy St., Chi-
cago.—COMMUNICATIONS.

KONTAK MIKE VOLUME CONTROL

Smooth and easily controlled crescendos
can be obtained with the new Amperite
footpedal control. It can be used with any
of the Amperite high-impedance Kontak

microphones for misical instruments. The
volume can also Be set to any point ahd
the foot removed.” Since the control is
wired as a “T” pad, any number up to five
can be used in parallel and fed into one
input. When used in parallel any of the
controls can be varied without affecting
the other, it is said. Amperite Co., 561
Broadway, New York City.—CoMMUNI-
CATIONS.

FUSE CLIPS

Littelfuse announces fuse clips for cap
sizes ¥ in to 13/16 in of Beryllium Cop-
per. They are designed to fill the need
for a.clip having high-resistance to fatigue,
heat and vibration in aircraft, portable
tools, etc. Beryllium Copper, the alloy of
beryllium and copper, which is used in
these fuse clips, will, when treated, with-
stand a vibration pressure of 35,000 to
10,000 1bs. per square inch almost indefi-
mtely It is said to have a gripping
strength about three times that of phos-
phor bronze, and a’ wear resistance of five
times that of phosphor bronze when used
in fuse clips. Littelfuse, Inc., 4238 Lincoln
Ave,, Chicago, T11.—CoMMUNICATIONS.
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EISLER BULLETIN

The Eisler Engineering Co. have re-
cently issued a bulletin describing and giv-
ing data on the Eisler spot welders. To se-
cure a copy of the bulletin write to -the
above organization at 740-770 South 13th
Street, Newark, N. J.

WIRE-WOUND . RESISTORS

Ceramic-jacketed, fully-sealed precision
non-inductive wide-wound resistors in a
wide range of resistance values up to 3
megohms, and in %5, 1, 134, and 2-watt rat-
ings, are now offered by Clarostat.

Each unit comprises a ceramic spool with
a plurality of sections so that the winding
can be in reverse direction “pies” for ad-
jacent sections. The selected enameled re-
sistance wire is impregnated and protected
by a ceramic sleeve that slips over the
spool. Standard tolerance of 1% on all
stock items. On special order, units can
be supplied with tolerances as low as
1/10th of 1% at slight increase in cost.

Wide assortment of terminal styles, includ-
ing wire leads, lugs, lugs at one end, and
caps for 6/32 screws, binding posts and nut
terminals. Resistance values plainly marked
on the units. Clarostat Mfg. Co., Inc., 285-7
North Sixth St., Brooklyn, N. Y.—Cowm-
MUNICATIONS.

ACETATE SHAVING COLLECTOR

An acetate shaving collector is shown in
the accompanying illustration. This unit
measures approximately 11 by 17 by 11
inches and weighs 20 pounds. A high-
speed universal motor pulls the thread or
shaving away from the stylus, through a
nozzle and deposits it in a ]ar partly filled
with water. A second jar is provided as
a safety measure to prevent moisture from
going into the motor. Nozzles are made to
fit the various types of recorders. Lake-
side Supply Co., 416 South Dearborn
Chicago, Illinois.—CoaMUNICA-

Street,
TIONS.
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The heart of the 280 tube
| WILBUR B.DRIVER CO.

NEWARK, NEW JERSEY

' OF CUSTOMER
BE SUR U0 SATISFACTION

with Brush headphones!

U
; o8 &
PIEZO
ELECTRIC

DEVICES

® MopeL BJ—A communica-
tions type headset which will
fill the bill for commercial ap-
plications. Lightweight alumi-
num case, with crystal element
hermetically sealed within.
Phones encased in molded rub-
ber jackets assuring comfort
and good earseal. As an added
feature the conventional card
yoke has been replaced, on this model, by a single cord,
giving the operator greater freedom. List price . . . $12.00
@® MopeL A-1—This exceptional Brush headset will meet
with approval among your most demanding customers, in

fields of broadcasting, recording, speech correction and
sound research work. They carry positive assurance of
faithful, high fidelity, wide range response and light weight.
Response of the Model A-1 is 50 to 12,000 c.p.s. You'll find
it easy meeting the strictest specifications with these fine
Brush headphones. List price . . . ... $27.50

THE BRUSH DEVELOPMENT CO.
3317 Perkins Avenue Cleveland, Ohio

-gplatovec{ éy F. C. C.
BLILEY CRYSTALS

Bliley Broadcast Crystals, Holders
and Ovens are specially designed for
General Communication Frequencies
from 20 Kc. to 25 Mc. Bliley Broadcast
Crystals and Ovens are approved by
F.C.C. Forfull information and prices,
write for Bulletin G-9.

BLILEY ELECTRIC COMPANY

UNION STATION BUILDING ERIE, PA.

SMOOTH ... QUIET ... DEPENDABLE

“PINCOR” offers the only comblete line of ‘‘B'’ power supply equipment for police
units, aircraft and radio broadcast service and sound systemsS. Frames, sizes and
capacities to fit any requirement.

“PINCOR’” dynamoters are the last word in efficiency and regulation. Deliver high
voltage current for prcper operation of your apparatus with a minimum of A.C. ripple.
Compact, light weight. With or without filter. Send for catalog.

PIONEER GEN-E-MOTOR CORPORATION
Dept. R-5CC, 466 West Superior St., Chicago, Illinois
e e e g o ey ey et et e

Without obligation kindly send me "“PINCOR™ Silver

Band Dynamotor catalog and data sheets. !
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L N g5 e85 a8 0006856050900 00000600086005600066008600 ]
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{7 Also send me Converter Ca

talog. |
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CRYSTAL & DYNAMIC MICROPHONES

Webster-Chicago has just announced two
new model microphones which are said to
feature improvements in both performance
and appearance.

Model 1236 is a diaphragm type crystal
microphone, espec1ally adapted to p-a work.
The high-capacity torsion-drive crystal is
moisttire-sealed.

The new dynamic microphone utilizes a
moving coil mounted on a Dural dia-
phragm. The frequency response is rated
at from 50 to 9,000 cycles. The output
level is —56 db. Assembly includes a bal-

anced guadropi type winding transformer
to eliminate stray electro-magnetic pickup.

Full information on request from W eb-
ster-Chicago, 5622 Bloomingdale Ave,
Chicago, I11.—CoMMUNTICATIONS,

MOLDING MATERIALS

Two mnewly formulated, asbestos-filled
Durez molding materials have just been
made commercially available. These com-
pounds are known as Durez 38-443 and
Durez 38-646. Several advancements over
others of their type previously offered have
been incorporated into these new materials.

Durez 38-443 was formulated specifically
to meet Underwriters” specifications of
withstanding 200° C. for 72 hours. It also
has an impact strength of 23 (ASTM)
and a compressive strength of 28000
(ASTM). Heat resistance is recorded at
490° F. Specific gravity is 1.80.

Durez 38-646 has a low specific gravity
for asbestos-filled molding compounds—
1.59. It has a slightly higher heat resist-
ance, 500° F., but a lower impact strength—
.19 (ASTM). However, its flexural
strength of 9000 (ASTM) is greater than
for anv previously available. Compressive
strength is also 28,000 (ASTM).

Further information is available from
General Plastics, Inc., North Tonawanda,
New York.—CoMMUNICATIONS.

RECORDING ASSEMBLY

Rek-O-Kut Corporation announces a
new recording assembly which records on
acetate. It consists of a spindle and worm
gear driven at the center of the turntable,
feed screw, cutting head mounting and cut-
ting head. This entire mechanism can be
simply aligned with turntable. It operates
with as little as 2 watts driving power
from amplifier. Cutter impedance 8 ohms.
Rek-0O-Kut Corporation, 254 Canal Street,
New York, N. Y.—CoMMUNICATIONS.

LOKTAL SOCKETS AND ADAPTERS

A complete line of molded sockets and
adapters for the new loktal tubes are avail-

able in black bakelite. Supplied with
molded-in-plate, retainer ring mounting or

Above is a close up of a coupling
joint of a gas-filled aluminum co-
axial cable installed at WTAM
{(below). This transmission line
was developed by Isolantite, Inc.,
in conjunction with NBC and the
Aluminum Co. of America.
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an adapter plate for replacement work.
Contacts have a long wiping action and
grip the entire length of tube prong se-
curely. Adapters for tube testers and an-
alyzers are available both wired and un-
wired. Prices on request from Awmerican
Phenolic Corp., 1250 Van Buren St., Chi-
cago.—CoMMUNICATIONS.

PENCIL-TEX
Under the name Pencil-tex, the Freder-
ick Post Company recently introduced a
new pencil drafting cloth. Of similar ap-
pearance to fine tracing cloth, Pencil-tex
has a new and patented velvety surface

Ll L s e BT P

which is said to have a remarkable affinity
for pencils of all degrees of hardness. Post
claims that even the hardest of hard pen-
cils will leave a sharp, uniform, ink-dense
line in its wake. This line intensification,
together with a glass-like transparency is
said to permit the production of a blue-
print with the sharp contrast of “prints”
made from fine ink tracings. The accom-
panying illustration shows identical draw-
ings made with a 5H pencil on ordinary
pencil cloth, on vellum paper, and on Pen-
cil-tex.

A novel try-it-yourself kit is now being
distributed to interested drafting supply
users by the Frederick Post Company,
P. O. Box 803, Chicago, Illinois.—Com-
MUNICATIONS,

ROLLER-SMITH CONSOLIDATION

The Roller-Smith Company announces
the consolidation, as of February 1st, 1939,
of its Executive Offices (located prior to
February 1Ist in New York City) with its
works at Bethlehem, Pa. After February
Ist all activities of the company were
concentrated at the new headquarters.

YWOA NEWS
(Continued from page 41)

Honorary Member, Mr. Edward J. Nally,
from his home in Connecticut. Mr, Nally
(First President of the Radio Corporation
of America) in his own handwriting
wrote :

“My Dear Mr. McGonigle: I am sorry
that the notice of the interesting meetmcr
of the VWQA did not reach me in time
to enable me to send you a letter or tele-
gram of felicitation. We are away from
telegraph and telephone and when I re-
ceived late last evening Mr. Clark’s kind
reminder in the shape of your most inter-
esting program I regretted I could not
have sent you an expression of my interest

* and admiration at the wonderful way in

which the association does and has done
so many worthwhile things.

“All of those listed are fully deserving
of the high honor your Association has
accorded them. It is most fortunate and
fortultous that there exists an organization
of such high DuUrposes and one so well
fitted to carry out its fine mtentloqs More
power to it and to you. Sincerely,
(Signed) E. J. Nally.”
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PERMEABILITY TUNING Js Here!

ALADDIN RADIDO INDUSTRIES,
466 West Superior Street, Chicago, lllinois, U. S. A.

Licensee of Johnson Laboratories, Inc.
These devices manufactured under one or more of the following U. §. Letters Patent:
1,887,380 1,978,600 2,002,500 2,032,580 2,051,012 2,082,590 2,104,792 2,111,490 2,131,976
1,940,228 1,982,689 2,005,203 2,035,439 2,059,393 2,082,595 2,106,226 2,111,373 2,135,841
1,978,568 1,982,690 2,018,626 2,037,883 2,082,587 2,094,189 2,106,229 2,113,603 Other pat-
1,978,599 1,997,453 2,028,534 2,038,281 2,083,589 2,095,420 2,106,253 2.,122.874  ents bending

INC.

New 1938 Edition

The RADIO MANUAL

Here's the only complete Handbook for
students, amateurs, operators, and in-
spectors. It covers the entire field of
radio in 1,000 pages with hundreds of
illustrations and diagrams. It is actual-
ly a complete course of training in radio
operation and a complete reference book
for everyone in the field. It gives in-
stantly the answer to every question
about principles. methods, and apparatus
of radio transmitting and receiving.

The zuthor. G. E. Sterling, is Assistant Chief,
Field Section, Engineering Dept., Federal Com-
munications Commission. Write for complete
description, free. (C-3-39)

W. GRAHAM FERRY, Mgr. D Van Nostrand Co., 250 Fourth Ave., New York

IEZO Electric Grystals Exclusively

® Quality crystals for all practical frequencies sup-
plied SINCE 1925. Prices quoted upon receipt
of your specifications.

Our Pledge: QUALITY FIRST
SCIENTIFIC RADIO SERVICE

UNIVERSITY PARK HYATTSVILLE, MD.

HOTEL DRAKE

SOUTH CAROLINA AVENUE AT PACIFIC
ATLANTIC CITY, NEW JERSEY

European Plan Hotel — Moderate Rates
L 150 Outside Rooms Beautifully
Furnished ® Also Small Apartments ®
Fully Equipped, including Electric Re-
frigeration L] Convenient to Piers,
Theatres and Churches ®  Also Bus
and Railroad Depot ®  Garage Ac-
commodations,

For Literature and Rates, Address

!
|

@® The combination of high tensile
strength that assures a lasting bond,
and faster, eleaner work made pos-
sible by quick acting flux of Ppure water
white rosin, has given Gardiner Rosin-Core Solders an
outstanding reputation for efficiency and economy on radio
worlk by expert or amateur. Yet, due to modern Droduction methods and big sales.
Gardiner Solders cost less than even ordinary kinds. Made in various alloys and
core sizes . .. und in gauges us small as 1/32 of an inch ... in 1, 5 and 20-1b spools.

Eastern Sales Office and Warehouse: DAVID M. KASSON & CO., 401 Broadway, N. Y.

Spot Welders, electrie, tfrom 'Y to 500 KVA;
Transformers, special and standard types; Incandes-
cent Lamp Manufacturing Equipment; Radio Tubes,
Ex-Ray, Cathode Ray, Photo Cells, Electronic
Equipment Vacuum Pumps, etc. Tungsten Slugs,
Rod and Wire Manufacturing Equipment; General
Glass Working Machines and Burners; Coflege
Glass Working Units for students and laboratory;
Photo-Flash Lamp Equipment; Neon Sion Manu-

I facturing Equipment; Thermos Bottle Equipment;
[ Laa _.J Wire Butt Welders. CHAS. EISLER, Pres.

EISLER ENGINEERING COMPANY B 3
739-750 So. 13th St. (Near Avon Ave.) Newark, New Jersey. 4819 S. CAMPBELL AVENUE CHICAGIONICE

III

== % We manufacture a complete line of equipment [
-1
1

HEADQUARTERS FOR

...TELEVISION... l Spring Tfﬁining s not

,\l\\"u,\'s a leader in Radio, Sun Ruadio Company sets the puace for Television
engineers with a compiete stoek of components, kits, tubes and information.
Muke Sun your Headauarters for Television just as you have for Radio.
IN STOCK—RCA TELEVISION DParts jncluding Deflecting Yokes, Power
Transformers, Vertical Output Reuctors, Vertical Oscillating Transformers.
Power Supplics, Kinescopes, ete. We also carry Meissner Television Kits.
Kinescope Cirenit Diagrams availuble. \Write for them.

SUN RADIO CO. REv'Wwor' Wy

confined to ball players!

Ambitious radiomen realize that training also
plays an important part in their careers. CREI
technical training in Practical Radio Engineer-
ing is the sure way to plan a definite future in
Radio. Today there are CREI students and
graduates in more than 275 U. S. broadeasting
stations. These men are not only safeguardmg
their present jobs but insuring their futures in
a field where training pays. Let us explain
how you can prepare for a better job and

U L C A IZ E D FI BR E_ - V higher salary in vour spare time. Write today
3 3 F,ree! for details.
PHENOL FIBRE New illustrated book- CAP|T°L RAD lo

let, ** d Pl
e ettt P ENGINEERING INSTITUTE

tical R;;z'io Engineer- DEPT. CO-3
ing.” rite for your .
" opy ot omeel " 3224 16th St., N.W., Washington, D.C.
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New! A MILLION

VACUUM TUBE
VOLTMETER

..

—FEATURES—

InpuT IMPEDANCE—24 Megohms
VOLTAGE TRANSFER—by co-axial cable
RANGE—3 to 3000 volts, AC or DC with
nine push button scales
Effect of 50% second harmonic on reading
1s —5 to +129%
TURNOVER— 4+ — 3%
FREQUENCY RANGE—30 cycles to 40 MC
OreraTiON on AC
Fully guaranteed.
Write for literature.

MILLION

RADIO AND TELEVISION LABS.
695 W. Ohio St. Chicago, 1ll.

SRR T S

Radio Engineers

RADIO AMATEURS

buy a fresh copy today of the

RADIO AMATEUR
CALL BOOK

The CALLBOOK is the only publication that
lists all licensed radio amateurs in the United
States and over a hundred and seventy-five
different foreign countries.

Each issue also contains a world map show-
. ing amateur prefixes, press time and weather
schedules, amateur prefixes listed alphabeti-
cally and by countries and a world time con-
version chart.

Complete ... . Accurate . .. Up-to-Date

Issued Quartetly
MARCH ... JUNE ... SEPTEMBER
and DECEMBER
Annual subscription $4.00
Single copies $1.25
Buy your copy now from your radio jobber
or direct from:
Radio Amateur Call Book, Inc.
608 S. Dearborn St., Chicago, I, U. S. A.
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Hicu-Frequency: Laoratory STANDARDS

—

'h HREE recently developed General Radio instruments now

: make possible accurate measurements of capacitance,
resistance, voltage and current up to the ultra high radio-
frequency range. Each of these instruments is the outcome
of considerable research involving not only new design
methods, but also new calibration technique. These instru-
ments are invaluable in all laboratories where precision
measurements are being made.

CAPACITANCE

E The Type 722-N Precision Condenser is a modification of
' the standard Type 722 Condenser noted for many years for
its ruggedness stability and accuracy. In the new condenser
connection is made at the center of both rotor and stator
plate stacks. The rotor stack is fed by a brass disc with
wide multiple-finger brush contactors. The stator stack is
fed through a heavy strip connector. This construction
reduces the metallic resistance and residual inductance by
a factor of approximately three. The residual inductance
is constant and equal to 0.024 th. The capacitance range is
100 to 1100 wuf, direct reading with linear calibration,
and with a calibration accuracy of = | uuf, The Type
722-N Precision Condenser is priced at $150.00.

CURRENT and VOLTACE

The Type 493 Vacuum Thermocouples are heater-type
couples designed for accurate measurements of r.m.s. values
of voltage and current irrespective of waveform. These units
can be used with good accuracy for current measurements
to frequencies up to about 300 Mc. Many new and unique
features are incorporated in these couples. Four unmounted
models (preferred for ultra-high-frequency use) with rated
currents from 3 ma to 100 ma and with corresponding heater
resistances from 600 ohms to 2 ohms are priced at $10.00
each. The corresponding mounted models are priced at

$12.50 each.
RESISTANCE

The Type 633 Resistor is a new standard designed for use
where units of low resistance with small residual reactance,
moderate power-handling capacity and accurately known
values are required. The design of these resistors overcomes
many disadvantages of former straight-wire units. The wire
is clamped upon flat metal fins to decrease the inductance
and to increase the power dissipation. These units are stocked
in seven resistance values adjusted to within 1%,. The fre-
quency error of resistance is less than 5%, for all frequencies
below 50 Mc. The temperature coefficient at normal room
temperature is less than = 0.002°%, per degree C. With
values of 1, 2, 5, 10, 20, 50 and 100 ohms, the Type 663

Resistors are priced at $5.00 each. ;.v.'f.ﬁ.-‘...,..
Write for Bulletin 394 for

A °-a°,° Complete Information

<
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For fifteen years scientists of the RCA Laboratories have labored to make
one of the immemorial dreams of man come true. In abstruse mathe-

matical equations, in endless experiments, in complicated apparatus that

‘has been designed, built, and scrapped, only to be redesigned, rebuilt, and

again scrapped, they have sought and found the means to bring distant
images clearly before the eye of the observer, with the speed of light.

In April, 1939, RCA’s broadcasting service, the National Broadcast-
ing Company, will establish in New York City the first regular public
television program service in Ainerica. At the same time the RCA Man-
ufacturing Company and a number of RCA licensees will make high-
quality television receivers available to the public in the New York area.

teen years ago television was a dream. Today it is a reality.
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