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. .. expert workmanship

Qualities outstanding even upon casual examination, are
true outward indications of the painstaking thoroughness,
precision, and skill with which the new Amperex Water-
Cooled tubes were designed, engineered and constructed.

Spacings and dimensions held to a fraction of a thou-
sandth of an inch—vacuums down to almost immeasurable
pressures are your assurance of unvarying characteristics,

highly efficient operation and of extraordinary long life.

A partial list of the types available is shown below:

207 . $350.00 220C . $290.00
846 300.00 228A . 225.00
848 - 325.00 232B . 480.00
863 325.00 214 300.00
891 325.00 222A 220.00
892 325.00 237A . 435.00

AMPEREX ELECTRONIC PRODUCTS, INC.

79 WASHINGTON STREET BROOKLYN, NEW YORK
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cthciently and reliably S. S. WHITE Radio
Shafes fulfill the purpose for which they
were specially developed, namely, remote
control of radio equipment.

“B"“\“ “EM““Y A mass of dara is available 1o show how

Equally convincing, however, is the evi-
dence presented by the simple statement
that S. S. WHITE Remote Control Shafts
are used by RCA and subsidiary com-
panies, as well as by practically all other
prominent radio manufacturers.

The wide selection of S. S. WHITE Radio
Shafts, and companion casings, satisfies
every requirement for sensitive remote
control of Automobile, Aircraft and
Broadcasting Radio equipment as well as
for “coupling” inside the equipment.

Full information about these shafts wifl
be supplied on request. Engincering co-
operation for working out specific applica-
tions is also offered without obligation.
Simply send us the details.

RCA AVR-8 RADIOCOMPASS, ve-
mote controlled with S. S. WHITE
Radio Shafts—an excellent example of
the ready adaptability of flexible shafis
1o gearing.

The S. S. WHITE Dental Mig. Co.
INDUSTRIAL DIVISION

10 East 40th St., Room 2310E, New York, N. Y.

~ Over 60 years of uninterrupted flexible shaft manvufacture and 'idevglogméﬁt.
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Once more Yaxley proves its lead-
ership in advanced switch design!
Yaxley introduces a push-button
station selector switch for auto-
matic tuning.

It is similar in action to the well-
known apartment house lobby
telephone selective ringing switch.

The Yaxley station selector switch
i1s adaptable to both motor drive
and condenser applications. It com-

1] igy] %Y
T B

bines a positive mechanical latch
system with a silver plated switch
— following approved Yaxley de-
sign principles.

Flexibility of tool design makes
combinations possible up to 12 but-
tons and allows adaption to the
mechanical requirements of the
individual designer.

Write for complete mechanical and
electrical specifications.

YAXLEY MANUFACTURING DIVISION

of P. R. MALLORY & CO.,

INDIANAPOLIS

Inc.
INDIANA

Cable Address — PELMALLO
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WORLD’S LOFTIEST SIGN ON RCA BUILDING, RADIO CITY, N. Y.

The new RCA sign stands 900  on the west side—are constructed of  gas, contained in 2376 feet of specially
feet above Rockefeller Plaza. The 5000 pounds of solid aluminum. By  constructed Claude - Neon tubing.
letters— 24 feet tall on the north and  night they are brilliantly lighted with  The sign is visible for many miles
south sides of the building, 18 teet  a new kind of golden-amber helium  around New York City.

RADIO CORPORATIO

RADIOMARINE CORPORATION OF AMERICA
NATIONAIL BROADCASTING COMPANY

.
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.. .Vanguard of Industry

“YNDUSTRY today is following the van-
guard of science into new and infinite
realms of knowledge. It would be a rash
astronomer who said that he had calcu-
lated the outermost limits of space, bevond
which there is nothing. It would be a
rash physicist who claimed that he had
dissected the atom into its ultimate, indi-
visible fragments. Science and knowledge
have no boundaries.

“So it would be a rash economist who
predicted any limit to the tangible results
of scientific thought in the form of new
goods and services placed at the disposal
of mankind. In fact, 1t 1s only by a con-
stant development of new goods and ser-
vices that we may expect to re-engage the
man-power released by technological im-
provements in established industries. The
market for every new commodity even-
tually reaches a saturation point and be-
comes primarily a replacement market,
so that a more eflicient technology re-
duces the number of workers needed in

that field.

““But science is simultaneously creating
new employment, both by the moderni-
zation of established industries and by the
creation of new ones. In our own gener-
ation we have seen the automobile, the
airplane, the motion picture, and the
radio provide totally fresh fields of activity
for millions of men and women. Many of
our older industries have engaged scien-
tists, with notable success, to develop new
and remodel old products to meet the
needs of a modern era.

““The industry which has not learned
how to employ scientists to make it new,
and keep it new, is doomed. Few 1in-
dustries are so stagnant as not to be aware
of this; but there are some so conservative
that the scientist 1s called upon to turn
salesman and show them how modern
science can rejuvenate them to meet
present-day realities and survive.’’

M
Radio Corporation of America

| Your free copy of “TELEVISION? is ready!

to the RCA REVIEW, an outstanding quarterly jour-
nal of radio progress. $1.50 per vear (foreign, $1.85).
will be sentwithout extra charge to all paid-up subscribers Address RCA Review, 75 Varick St., New York City.

j o B ) - |

OF AMERICA RADIO CITY, NEW YORK

RCA MANUFACTURING COMPANY, INC.
RCA INSTITUTES, INC. e RCA COMMUNICATIONS, INC.

This new book of more than 20 recent laboratory and
field reports on the new art by leading RCA engineers

ELECTRONICS — Aucust 1937 5



Sturdiness and Style

... FOR LARGE

HE speeial merits of Bakelite

Molded for the manufacture of
radio cabinets include both decora-
tive and structural advantages. Lus-
trous, colorful, and adaptable 1o
forming into almost any shape, this
material affords faithful reprodue-
tion of an unlimited variety of
decorative designs.

BAKNKELITE

The registersd 1rods morks thown obove dislinguish molariols

CORPORATION,

CABINETS

Strueturally, the  strength, tough-
ness and durability of Bakelite
Molded also offer wide latitude in
design. Consider, for example, the
new Phileo Radio. cabinet illustra-
ted. Not only does this material
provide adequate ruggedness in the
three slender panel bars; but, also,
it permits complete fastening of a

lleavy interior unit by means of
four assembly studs imbedded in
the cabinet.

In addition, Bakelite Molded
usually provides important simpli-
fications and economy in quantity
production of table models. Com-

plete cabinets may be produced in
one operation of the molding press.

In the same operation, all openings,
through-holes and bosses are
formed; metal inserts and assembly
studs are firmly and accurately im-

bedded; and a fine permanent lustre

ot e bR i)

4 ..

1 is imparted to all surfaces.

r We invite you to obtain detailed
¥ information on the decorative, elec-

trical and mechanical characteris-
tics of this material. Write for our
48-page illustrated booklet 13 M,
“Bakelite Molded.”

(Left) Table radio cabinet 16%"x 134"
x 103 " of lustrous black Bakelite Molded.
Product of Philco Radio Corp. of Great
DBritain, Ltd. (Above) Interior, showing
two of the four permanently imbedded
assembly lugs 1chich provide adequate
e Sfastening for complete electrical unit.

PARK AVENUL, NEW YORK, N.Y.

W est Coast : Electrical Specialty Co., Inc., 316 Eleventh Street. San Franecisco, Cal.

241
BAKFLITE CORPORATION OF CANADA, LIMITED, 163 Dufteriu Street. Toronte, Canada

rumencol 1ga lor infiniry, or undimied quannty. It symbolzes ne miedy

BAKELITE

—ombochaed by Bololre Corporanon Under e capial "B @ e e of prusont and Wive ias of Botelie Corporanan’s producls

THE

MATERIAL

A THOUSAND USES
August 1937 — ELECTRONICS
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We’re glad most condensers are
bought on the basis of hard-boiled
engineering tests rather than adver-
tising claims. When quality is allowed
to speak -§o§§tsel§ there can be no
mistaking what it says. That’s why
Sprague Condensers are today specified
by leading radic and electrical

manufacturers throughout the world.

SPRAGU

GOCD CONDENSERS—EXPERTLY ENGINEERED—
COMPETENTLY PRODUCED

SPRAGUE SPECIALTIES COMPANY, NORTH ADAMS, MASS.

ELECTRONICS — August 1937




INSULATOR SPECIALTIES FOR RADIO

S foremost supplier of porcelain insulation to the

radio industry, Lapp realizes its responsibility for
the development and production of dependable and ade-
quate insulation equipment.

Ilustrated at right is the latest development in self-
supporting radiator insulation, a design which secures
utmost efficiency from all materials. Tower leg footing
cast integral with insulator frame—cconomical and easy
to install. Generous porcelain cones afford maximum
electrical protection. Porcelains in line with tower leg,
reducing shear duty.

Below, Lapp porcelain water coil, a design that elimi-
nates sludging. Require no cleaning, and because water
is left pure, eliminates cleaning other parts of system and
frequent water changes.  Regularly used by all trans-
mitter manufacturers and available for replacement in
existing scts.

WRITE FOR
DESCRIBING

YOUR COPY OF LAPP BULLETIN 1317
COILS AND STRUCTURE INSULATORS

syl e T, e, W

LE"ROY NY -U.S.A.
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FOR PRODUCTION OR MAINTENANCE TESTING

choose
dependable

st WESTON MODEL 683 acirs
VACUUM TUBE VOLTMETER

instruments

MODEL 669 VACUUM
TUBE VOLTMETER
.6 ranges from 1 to 16 volts.
AC operated, 115 vdlts 60
cycles.Accuracy within39,
from 40 cycles to 50 mega-
cycles.

MODEL 692 OSCILLA-
TOR — 100 KC — 22 MC

in 5 separate bands.
77
FR O M T H E

WESTON

LINE

For production testing of simple electrical elements . . . or com-
plex electrical circuits . . . you'll find these portable WESTONS
ideal for thorough, time-saving test routine. They furnish the
ranges, operating simplicity, and the dependability needed at
each inspection point. And the series of WESTON pocket-size
instruments illustrated below, is ideal for quick trouble shoot-
ing on control circuits, relay circuits, cables, etc. You will want
complete data on these dependable, inexpensive WESTON
Test Instruments. Write to Newark, or ’'phone the WESTON
office near you. Weston Electrical Instrument Corporation,
618 Frelinghuysen Avenue, Newark, New Jersey.

MODEL 665 AN-
ALYZER—10 AC
and DC voltage
ranges from 1 volt
to 1000. 9 DC cur-
rent ranges, 1 milli-
ampere to 500. 4 re-
sistance ranges, 1
ohm to 1 megohm.

WS ALRLIRIcA (RIARY SP8E -
Semanin i %

MODEL 664 CAPACITY ME-
TER—5 ranges in microfarads
from .0001 to 200. AC voltage
ranges 0-800.

ELECTRONICS — August 1937

" resistance

ranges.

megohm.

MODEL 695 MODEL 697 MODEL 564 MODEL 780
POWER VOLT-OHM- VOLT- CAPACITY
LEVEL MILLIX- OHM- METER—

METER — AMMETER— METER — Range full
S voltage - 4 AC—DC 4 DC voltage scale .02 —
ranges 0-150. voltage ranges 3-600. 2 —2—20

11 DBranges ranges. 2 DC 4 resistance microfarads.
—18DB+-38 current ranges 1000 AC operated.
DB. ranges. 2 ohms to 1

9



MALLorY

MALLORY Dry Electrolytie Capacitors
do not ecause inter-cireuit coupling

i
y i o

The Mallory capacitor shown is designed 10 the first filter section has an extremely low
resiricl inter-circuit coupling. This pariicular R.F. impedance at from 10 1o 20 megacycles,
unit i1s intended for an Auto Radio chassis whichis the region of vibrator hash frequencies.
where temperature and R.F. immpedance are . ) . )
) An actual saving of $.13 per chassis was ac-
also 1important, .
. complished over the cost of the two separate

Tt is rated as follows:

Lug 18 mfd. 150 volis— IsL Filter Section i . . L
(Low R.F.) paper by pass capacitor was eliminated and the

Lug 8 mfd, 100 volis—2nd Filter Section chassis assenmbly cost reduced.

9
Lug 3 4 mfd. 150 volts—Secreen bypass. This Malors
Lug 410 mfd. 25 volts—Cathode bypass.

capacitors originally specified. In addition a

capacitor i8 not a stock item.
[t is, however, of standard construction and
The method of conneeting the cathode to was designed by Mallory engineers based on
the container eliminates coupling difficulties. circuit information supplied by the customer.
Meanwhile, vibrator hash is at a minimum as Ler Mallory engineers work with vou on such

problems. Submit the needed circuit

information or preferably 1he com-

plete chassis for a Capacitor Analysis.

P.R. MALLORY & CO., Inc.
3 4 INDIANAPOLIS INDIANA

Coble Address — PELMALLO

SETIA CATHODE FOIL VEA
. L allory Dry Electrolyiic Capacitors
-, TAB TAB/— ar\(: nlllun'ufla)a'l'urtn-ll ||||1I[?;'lU.t;.'T)uléllls
1.710.073; 1.714,191; 1.918,716, et al.

SCHEMATIC OF
MALLORY QUADRUPLE CAPACITOR

Coupling effects noted in ordinary multiple sec-
tion capacitors are caused by voltage drop
in the cathode foil and an improper sequence of
the anode plates. In fact, the entire matter is due
mainly to mechanmcal rather than electrical design.
The voltage drop in the cathode was corrected by
the proper placing of the cathode tabs. Fach 1ab
was assured positive contact to the container by
a special rivet (see arrow). The plate sequence
was arranged after careful analysis of the circuit.
The remarkable R.F. impedance charactenstic
was obtained through the proper relation between

cathode and anode tabs.

10 August 1937 — ELECTRONICS
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» GONE WITH THE WIND .. . The
cover this month discloses a phenome-
non never seen and rarely photo-
graphed—a multiple lightning flash
blown up on itself in a high wind. When
the picture was offered to us for pub-
lication we sought an explanation from
K. B. McEachron, of G. E.s Pittsfield
Lightning Laboratory. Mr. McEach-
ron, an internationally known author-
ity on the subject, writes as follows:
“The discharge path was evidently
blown along by the wind. From work
with a rotating lens camera it is
known that a multiple stroke may
consist of as many as 40 flashes, the
interval between each ranging from
0.0006 to 0.53 second, and may have
total duration as long as 0.93 sec-
ond. With a wind velocity of 40 miles
per hour, this would mean a total dis-
tance between the first and last dis-
charges of the order of 55 feet. . . .
The reason why the discharges follow
the same path is that the air remains
ionized for a sufficiently long period
so that when the cloud again reaches
a sufficient potential, due to the flowing
in of charges from other seections of
the cloud, a new discharge is estab-
lished over the same path.” The pho-
tograph was taken from the ninth
floor of a building at 22 West 48th
Street, New York, looking south to-
ward the Empire State Building, be-
hind which the flash disappeared. The
photographer is in the sound-system
business, is the first member of our
newly established Cover Club.

» GO WEST, YOUNG MAN

Inside rear cover of the July issue
of the Proceedings of the Institute of
Radio Engineers heralds a new theme
in the radio engineering employment

situation. Originally opened to L.LR.E.
members seeking employment, the
employment page has reversed its

usual message, and tJhis at a time
when radio activity is usually dull.
There are no advertisements from

ELECTRONICS — August 1937

Crosstalk

men seeking jobs. There ave, how
ever, four jobs looking for men; three
of these in the Great Lakes area and
the other location not stated.

Other indication of returning pros-
perity: July is the fifth month Gen-
eral Radio has used a silver imprint
on the back cover. Nor must we over-
look the technical achievements—on
the part of the printer in making
silver ink stick to oatmeal gray stock.

» FISHBONES . . In a spread of
pictures made at the pole-raising fete
of RCA Communiecations, published in
Electronics, May 1, it was stated that
the fishbone antennas were developed
by Mr. Beverage, who points out that
Mr. H. O. Peterson did the work on
these structures and that the patents
were taken out in his name.

» WIDE BAND . . . Taking excep-
tion to the Crosstalk item in June
which stated that manufacturers were
not wise in widening the response
band of home receivers, chief engineer
of one of the largest companies (Mid-
dle West) reported on his experiences.
The laboratory men had “gone to
town” with an 8000 ecycle receiver.
They were enthusiastic. At last good
reception was possible; sales would be
heavy.

In the field, however, the control
was used more as a selectivity control
rather than as a fidelity improver. No
one kicked about the set; but no one
seemed to notice that it sounded better.
Most people merely used the radio
as a background noise-maker anyhow
and never discovered that it really
was much better in response than
what they had been used to.

» RADIO’S LOSS . .. As Electronics
goes to press newspapers carry news
of the loss to the radio industry of
Annings S. Prall, chairman of the

KEITH HENNEY

Editor
Federal Communications Commission.
Member since 1934, chairman since
1935.
» RUMORS . . Persistent rumors

float around that the bottom is about
to fall out of the photocell market. A
large producer is reported to be ready
to release a cesium type tube which
will list for about one dollar. Per-
haps this is what is needed to put life
into the slowly progressing electron-
tube-in-industry business. We have
heard of several applications that
would require upwards of a hundred
cells or so and the inhibiting influence
has been the cost per cell, about $4.

» ANNUAL REPORT . . National
Union Radio Corporation reported to
its stockholders that some $45,000 had
been written off to profit and loss in
the year ending April 30, 1937. This
loss was ‘“‘occasioned by the use of
certain equipment purchased during
the past two years for the manufac-
ture of metal tubes. Due to a re-
duced demand for this type of tube this
equipment is not now being used.”

Incidentally, National Union and
several other tube companies showed
a profit for the year’s operations,
some of them for the first time in
their histories.

» FUSES . . In an article on inter-
office communication systems, pub-
lished in Electronics in May, it was
stated “as a rule the best time to
make corrections to the incoming line
is when one is positive that the build-
ing superintendent is no where near
the fuse box.”

The  Underwriters’ Laboratories
point out that the alteration of wir-
ing by unauthorized persons is not
recognized as good praectice and in
many cases is contrary to local regu-
lations.

11



GUGLIELMO MARCONI
April 25, 1874—]July 20, 1937

“"The passing of Marconi removes one of the most significant figures of our
time. His spectacular success in first sending messages across the ocean
from St. John to London may be looked upon in the sense of beginning the
modern development of the whole art of communications, which develop-
ment is the most characteristic feature of our modern civilization.”

—Robert A. Millikan in the N. Y. Times

WwWw.americanradiohistorv.com




Developments in 1938 Receivers

Electrical circuit developments in 1938 broadcast receivers eclipsed by mechanical fea-

tures; automatic tuning controls most evident advance. Armchair sets with push buttons

make operation easier than ever

ITH particular emphasis
placed on the tuning mechan-
isms, the dominant note in the newly
announced 1938 broadcast radio re-
ceivers appears to be improvements
in mechanical design and refinements
throughout the entire receiver
rather than new tubes, new circuits,
new acoustic features or new auto-
matic operating controls. With
AVC, AFC, ASC, forms of auto-
matic acoustic control, highly selec-
tive circuits and (if you wish to pay
for them) excellent audia repro-
ducing systems available for use in
receivers, there appears to be little
opportunity remaining under the
present system of broadcasting for
the development of new features
which will change radically the func-
tional operation of the receiver. This
does not mean that electrical circuit
development has reached a static
stage, nor does it mean that the
1938 receivers are devoid of cir-
cuit improvements. It does mean
that so far as this year’s sets are
concerned, mechanical design tem-
porarily eclipses advances which
have been made in the electrical
circuits or in the acoustic systems.
The most obvious feature of the
1938 receivers is the decided trend
toward the use of mechanical tuning
arrangements, almost all of which
are intended to minimize the
physical work and mental agility of
the operator in selecting the de-
sired program. But the appearance
of the dials has, in most cases, been
improved, and the controls on the
receiver pamel are more legible,
easier to set, and more smooth and
uniform in operation.

Automatic Tuning Devices

The use of telephone dial, push
button, ‘“automatic tuning,” fake
automatic tuning, and similar de-
vices for selecting a limited number

ELECTRONICS — August 1937
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Modern cabinets are being made of plastic materials in increasing num-

bers.

This Garod receiver with twin speaker grilles as an integral part

of the moulded Durez cabinet is typical of the smaller 1938 receivers

of programs correctly and with a
minimum of effort is much in evi-
dence, although these tuning aids are
provided supplementary to the more
usual rotary tuning control so that
the receiver need not be restricted
to the reception of a few stations.
Two different systems of operation
of the tuning system are used for
the push button or telephone dial
forms of automatic tuning. One
of these is a purely mechanical ar-
rangement in which the tuning is
accomplished through the selection
of the proper set of tuning or pad-
ding condensers associated with a
particular push button (as in Spar-
ton receivers) or telephone dial ro-
tation. The other arrangement,
which may be either push button or
telephone dial controlled, employs a
motor drive for rotating the tuning
condenser shaft to the proper posi-
tion for selecting the desired sta-
tion. The RCA and GE sets, for

example, are in this latter classifi-
cation. Obviously those types of con-
trol having electrical connections
between the control panel and the
receiver chassis lend themselves
readily to remote tuning control, but
this feature has not been pushed
very actively, probably because of the
difficulty of providing simple, inex-
pensive, and foolproof remote vol-
ume control. RCA features remote
control push button tuning in some
of their models, but without remote
volume control.

In the class of mechanically oper-
ated tuning controls, there appears
to be no technical limitations on the
number or the frequency distribu-
tion of the stations selected for push
button control. However, several
high quality tuning condensers,
which must not change their charac-
teristics with age, temperature, or
humidity are required, and these
must be adjusted by the service man

13
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or dealer after determining from
the purchaser which stations are to
be selected for automatic tuning.
With telephone dial tuning, not only
is the number of stations which
may be chosen for automatic tuning
limited, but the frequency distribu-
tion of the stations is, in general,
likewise restricted., This is because
each finger port is usually associa-
ted with a given range of carrier
frequencies to which 1t can be ad-
Jjusted for the proper selection of
only one station in that range. Ior
example, if there are ten finger
ports in the dial, each would corre-
spond to a frequency spectrum of
approximately 100 ke., and could
be used to seclect any one of the ten
channels in this 100 ke. spectrum. At
the same time, other broadcast chan-
nels in this 100 ke. range could not,
in general, be tuned in by using this
automatic tuning feature. In gen-
eral it would not be possible to select
for automatic telephone dial tuning
two stations 10 ke. apart, like WOR
and WLW, for example.

The introduction of push button
or telephone dial tuners is likely to
raise a new type of service problem
since none of the automatic tuning
svstems are intended to be adjusted
by the user of the receiver. The
services of a technician would also
be required to realign the automatic
tuning adjustments in the event of
change of capacity of the padding
condensers due to aging, heat, or
humidity. A possible exception to
the statement that a service man
is required to align the set might
be made in the case of RCA sets,
since the automatic tuning feature
used by RCA is sutliciently simple
in adjustment as to be capable of
being lined up by the user if proper
and adequate instructions are pro-
vided.

14

With the general acceptance of
push button and telephone dial con-
trols, drastic improvements in the
frequency stability of all circuits—
but especially that of the oscillator
circuits—have become a necessity.
Perhaps this is putting the cart be-
fore the horse and it would be more
precise to say that the introduction
of automatic tuning devices has been
made practical and relatively inex-
pensive through the extended use
of frequency stabilizing systems.

Two methods of frequency stabil-
ization have gained acceptance;
A¥C and compensation of circuit
changes against temperature (and
perhaps humidity) variations. Of
those receivers using automatic tun-
ing controls, about half make use of
AFC to assure that the desired pro-
gram is properly tuned in for a
given adjustment of the tuning sys-
tem. Present indications are that
there are approximately four times
as many models now using AFC as
had this feature a year ago. Auto-
matic frequency control can now be
found in automobile sets (GE).

In those receivers which do not
use AFC, it has been found neces-
sary to make use of temperature

make certain that desired adjust-
ments will be maintained throughout
the life of the receiver. Wells-Gard-
ner, for example, uses temperature
compensation especially in the oscil-
lator cireuit, rather than AFC for
making the receiver behave. The
fact that some receivers use tem-
perature compensation rather than
AFC is further evidence of the trend
toward refinement and the consid-
eration of small details rather than
to shoot the works on fancy sound-
ing developments of considerable ad-
vertising appeal but which may,
nevertheless, be of problematical
value.

Increased frequency stability of the
i-f circuit, high gain stages coupled
with noise elimination or noise min-
imization, silencing or muting of the
receiver between station changes,
and variable or adjustable i-f band
widths, trends which were initiated
last year in most cases, are con-
tinued in greater degree this year.
Greater stability in i-f circuits is
evident, especially in the higher
priced sets.

Improvements in the frequency
response curve of the i-f amplifier
have been effected in most cases

compensated tuning elements to through the use of better trans-
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AboveChassis of receiver having motor driven tuning control.

Thirteen

stations may be selected by push buttons

Opposite page. Left—Photograph of tuning panel of this early experimental

receiver indicates the trend of this year’s push button sets.

Right—“Qverseas

dial and controls,” push butions, and sloping panel; all the trimmings of the
1038 receivers

formers which frequently employ
three tuned circuits coupled to give
the desired response characteristic.
The selectivity curves are much im-
proved over those of former years.
A typical curve of the complete i-f
system in one receiver gives a re-
sponse which is symmetrical about
the carrier frequency and extends
to 4 ke. on either side of the car-
rier before appreciable attenuation
occurs. At 12 ke. from the carrier,
the attenuation is about -32 db. and
crosses the response curve of an
equivalent i-f system of a year ago.
Thus, the improved receiver has a
flatter characteristic up to 4 ke. of
resonance, and a much sharper cut-
off skirt than the equivalent ampli-
fier of a vear ago.

Iron core transformers seem to
be used to slightly greater extent
than air core transformers in this
year’s sets, especially where tem-
perature compensation is used.

Approximately one fifth of the
new models have variable or adjust-
able frequencyv i-f circuits. Auto-
matic selectivity of the i-f circuit
is not used to any great extent, al-
though manual and simplified man-
ual control is the general rule, and
many of the semi-automatic or man-

ually operated selectivity controls
are tied up in some way or another
with the tone control of the receiver
—a feature which will probably be
found in future receivers.

Acoustic Features

In the advertising handouts, little
is being said about the purely acous-
tical developments of radio receivers
for this year. While it is safe to
assume that the acoustic characteris-
tics of modern radio receivers are
as good (if not better) than they
have been in the past, the trade is
relatively silent on boosting to the
skies as such moth eaten weazel
phrases as “high fidelity.” especially
when Big Bertha claims can be sub-
stantiated only by pop gun Dper-
formance. The acoustic labyrinth of
Stromberg-Carlson and the ‘“magic
voice” of RCA are retained. In
addition, RCA has brought out an
acoustic reflector arrangement
known as the ‘“sonic arc” which, it
is claimed, increases the audio fidel-
ity response. Knowles of Jensen
Radio Mfg. Co., has developed a sys-
tem of speakers with properly
spaced ports or vents to improve
fidelity characteristics of speakers;

e kL.

Audio
amplifier

] <

ign
Speech
OP

Tone cormrol _
shownin bass position

through the use of this feedback circuit
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Follow the arrow and you follow the
style—so say “sonic arc” proponents

these are used in Motorola and other

receivers.
Practically

acoustic compensation of some sort

all  receivers have
or another. This feature may be
beneficial in many cases, but is difli-
cult to evaluate accurately and ob-
Jectively. It appears that any really
worthwhile contributions are to be
found only in receivers of the higher
price range. Such improvements as
have been made in this year’s receiv-
ers consist of boosting up the low
frequency response, loading the loud
speaker to smooth out some of the
peaks, and eliminating speaker and
cabinet resonance which was objec-
tionable in some of last year’s mod-
els, especially since some peaks were
at or near 60 cycles.

Negative feedback has been used
in a number of receivers to assist in
producing a more uniform frequency
response. Some of the General Elec-
tric sets use a combination of both
positive and negative feedback to
obtain the desired frequency re-
sponse curve. Positive feedback is
used on the low frequency end and
negative feedback is used at the high
frequency end. The feedback con-
trol may be varied by the operator
at will to give any desired effect
within the range of the adjustments
provided.

(Continued on page 42)



Directional Array Field Strengths

A method for computing the performance of directional arrays and comparing it with the

performance of a single vertical radiator of the same height, useful in planning improve-

ments in broadecast radiation systems

HE design of a directional an-

tenna array involves two im-
portant factors, the shape of the
pattern and the absolute magni-
tude of the signal strength contours
in the pattern. K. A. Laport has
previously shown' how to calculate
the shape of the directional pattern
of an array of two vertical grounded
radiators. However, his patterns
are relative only, and therefore pro-
vide no comparison (except shape)
between different arrays, or between
an array and a single radiator. The
purpose of this article is to show
how to extend the usefulness of the
method he uses, so as to provide
comparisons.

The usual assumptions are made,
Le., each radiator is a vertical wire
with its lower end very near a ground
of perfect conductivity. In this
article, as in Laport’s, we will deal
only with arrays composed of ra-
diators of equal height. The field
strength of an array will be ex-
pressed in terms of the field strength
of a single radiator of the same
height with the same total power
input. Thus we have a direct com-
parison of the performance of an
array and a single tower, or between
two arrays.

For purposes of comparison the
horizontal pattern of one radiator
alone (i.e. not in the presence of
other conductors) will be a circle
of unit radius. If the absolute
radius of this circle in MV/m at
one mile is desired it can be deter-
mined from previously published
data®. However, for comparison
purposes this radius will be unity.

When operating two radiators
near each other, the current in each
will induce a voltage in the other.
The problem then is to determine
the total current in each radiator.
It is not necessary to determine the
actual current, but merely the ratio
of current in one element of an
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By A. R. RUMBLE

Transmission Engineer
WNEW, Carlstadt, N. J.

array, to the current in a single
radiator alone with the same total
input power as the array.

The following symbols will be
used. If the current in one element
of an array is not the same as the
current in the other element, then
the element with the greatest cur-
rent will be designated as element
No. 1.

1 Current in single radiator
when used alone.

I, Current in element No. 1 of
the array.

I, Current in element No. 2 of
the array.
k —Ratio of the magnitude of
I, to I.
¢ Phase angle of I, with respect
to I,.
Z;—R,+ jX,, = Self impedance of
element No., 1 alone.
Z;,—R,+ jX,,— Self impedance of
No. 2 alone.
X, and X,, consist of self re-
actance plus any loading
reactance in each antenna.
Zn=— Rm+ jXm = Mutual impedance
between the two elements.
Z, =R, + jX,=Total effective im-
pedance of element No. 1.
Z,—= R, + jX, = Total effective
pedance of element No. 2.
By definition:
I,—=Fkl,
I,—kl,(cos ¢ = j8in¢)
And since power in array = power
in single radiator alone,
I,’R, + I’R,— 'R,
And by Kirchoff’s Laws:
E.=1L2n+4LZn
Ea = 11Zr2 ‘|" Ixzm
Combining above equations and solv-
ing for current ratio

Lo

im-

1

- == I R -

1 14+ k2+2k R cos ¢
R,

.
— Is always

I
unity. By multiplying his equations
by the above correction factor we
obtain equations which give a com-
parison between the performance of
a two element and a single radiator
of the same height.

In Laport’s equations

Horizontal Pattern

E ‘(’ L
0 X
1+k242k R.. cos ¢
R.

|
‘,' 14-k2+2k cos a

Vertical Pattern

6,8

1

14+k2+2k R cos ¢
R,

[E)_SE sin 6)_—cos A:[

E

CcoS &

‘/l +k2+2k cos (y+¢)

where a — S" cos 6+ ¢

S’ — Spacing of elements in
electrical degrees or
radians

O — Azimuth angle with re-
spect to the line of the
two elements, In same
units as S’ and ¢.

A —Height of the two ele-
ments in electrical deg.
or rad.

y=.8" (c080) (cosd) = Phase
difference due to differ-
ence in lengths of paths
of two radiations.

8 — Angle of elevation above
ground. Same units as
other angles.

These are the same units as used in
Laport’s article except that he dealt
on.ly with quarter wave elements
where A — 90 degrees.

Determination of Rn/R,

Values of R./R, for spacings up
to one wavelength of heights of /4,
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32/8, and .528% (190 degrees) are
plotted in Fig. 1. For other heights
and spacings, approximate values
may be estimated from the curves,
and exact values may be calculated
from the following formulae by G.
H. Brown’.

Example

As an example of the use of this
method suppose it be desired to de-
termine the field strength at right
angles to the line of the towers of
two quarter wave towers spaced .7Tx
with currents equal and in phase.

8’ = .7X360=252. degrees

¢=0
a = 252 cos 90+0=0
R.
.338
R,

Fe \/ .
14+14+(2X —.338X1
+ (141242 cos 0)
= 87X2.=1.74
This means that in this direction
749, greater field strength will be

obtained than if the same power is
used in a single radiator alone. If

lE
HEEN

the absolute theoretical field strength
is desired it is found by determining
the tield strength of a single radiator
alone and multiplyving by the above
factor. It can be found from the
article’ to which previous reference
is made that the theoretical field
strength of a quarter wave vertical
grounded radiator is:

6.2 MV/m/\/watt at 1 mile.
Multiplying this by the above factor
gives the theoretical field strength
of the array in this direction.

6.2 x 1.74 = 10.8 MV/m
at 1 mi.

\/ watt

If we square the above factor we ob-
tain the power gain of the array.
E* 1.74* = 3.02

This indicates that using the array
gives an increase of field strength in
this direction equivalent to tripling
the power in the single radiator. In-
cidently this figure checks with the
figure given by P. S. Carter® for the
power gain of two half wave dipoles
in free space, which corresponds to
two quarter wave grounded radia-
tors.

It is only necessary to calculate

~ N

illll
BN

the factor once for each complete
pattern. Kach radius of the pattern
is multiplied by the factor. Fig 2
shows how the correction factor va-
ries with spacing and phase angle for
two quarter wave elements with
equal currents. There are several
noints of interest on these curves.
At very large spacings there is no
appreciable coupling between the two
elements and R, approaches zero.
If either R, or cos ¢ = 0 then:

]

and if K 1

I
4]

Notice that all the curves are ap-
proaching this value at large spac-
ings. At approximately .43\ spac-
ing R, also equals zero for the quar-
ter wave elements. At this spacing
the only coupling between the ele-
ments is purely reactive. Therefore
all the curves pass thru the point
432, .707. The ¢ = 90 degrees curve
is constant at .707 since the two cur-
rents are in quadrature and there is
(Continued on page 72)

1 .
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Fig. v—Ratio of mutual resistance to self-

resistance of two vertical grounded radiators
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Fig. 2—Correction factor for two quarter-wave

radiators
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Tube Controlled Candy Wrapper

PHOTO-ELECTRIC control

used by the automatic Packag-
ing Machinery Company of Grand
Rapids, Michigan, on a machine for
automatically wrapping candy bars,
has proven extremely practical and
reliable.

The use of a photo-electric con-
trol on the machine has eliminated
the necessity of closely supervis-
ing the cutting operation, and
through the reliability of the ap-
paratus it is not necessary to have
an expensive technical man available
at all times to service the machine.

Any automatic candy wrapping
machine is in itself a complicated
piece of apparatus. It is doubly
complicated when it is necessary to
install a mechanical means of ac-
curately cutting the paper so that
it will always have the trade-mark
in the proper place after the candy
bar is wrapped, and to be certain
that this trade-mark is always in
the same place during the thousands
of operations of the machine,

When designing the machine, the
control was simplified by utilizing a
light source actuated from a printed
spot on the paper to time their cut-

By FOSTER A. HALL

Westinghouse Electric & Mfg. Co.,
Grand Rapids, Mich.

ter. A photo-troller with an electric
eye and photo-tube and an electric
solenoid furnished the basic ele-
ments. The candy wrapping ma-
chine has a maximum output of 120
candy bars per minute, and even un-
der this severe test the photo-tube
control operates perfectly and the
overall operation of the machine as
a whole, is such that the variation
in paper lengths is less than 1/64 in.

An interesting feature is that,
should the electric eye miss opera-
tion on the spot, the machine auto-
matically cuts the paper about 3 inch
longer than normal. However, in
less than eight operations of the
photo-troller the paper will again be
back to the predetermined length
with the trade-mark in the proper
position.

The photo-troller is mounted on
the right-hand side of the machine
in the black box directly below the
discharge table for the candy bars,
as illustrated. Two flexible conduits
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lead from this controller to the light
source and the photo-tube. The light
source is mounted directly above the
paper and shows just above the roll
of paper which feeds the machine;
the photo-tube is mounted directly
beneath the light source with about
a quarter of an inch clearance
through which the edge of the paper
passes on which is printed the oblong
black interrupter spot. This spot
can be seen on the right-hand side
of the paper roll.

The paper cutter on this machine
is actuated by a black oblong spot
printed on the paper which when
passing between the light source and
the photo-tube, causes an electrical
impulse to trip the paper cutter. The
spot is very dense to properly inter-
rupt the light beam; and has a cer-
tain printed location with reference
to the trade-mark on the paper so
a satisfactory operating sequence
could be obtained.

The operation of the photo-troller
is based on the use of a grid glow
tube, which breaks down at a cer-
tain grid voltage. Once the tube is
excited it continues to pass current
until the circuit is interrupted; for
this reason it is necessary to have
in the circuit some device which will
open the circuit after the paper cut-
ter has operated. This is accom-
plished by a switch operated directly
from the shaft operating the paper
cutter; after the knife cuts the paper
the grid glow circuit is opened and
is closed just before the knife is
ready to make a new cut. Since the
grid glow tube is only tripped on
the impulse caused by the interrup-
tion of the light beam, the circuit,
including the grid glow tube, is lim-
ited to approximately 35/100 of an
ampere and is used to operate a sole-
noid which trips the cutting blade
on the machine,

Under phototube control this machine
wraps 120 candy bars a minute with less
than 1/64 inch variation in paper length.
The control unit is shown in the inset at

the left
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Resistance in Ohms

This combination chart relates five important parameters for standard telephone type relays: relay current, voltage,

resistance, power consumption, and ampere-turns.

chart like that shown in Fig. 2

These curves will be useful for design work or for preparing a

Relays in Tube Output Circuits

Circuit conditions for developing optimum relay magnetomotive force rapidly deter-

mined by superimposing relay characteristic chart on tube static curves.

Effect of varia-

tions of voltage or relay and tube characteristics easily seen

RACTICALLY every type of

vacuum tube application in the
industrial field requires a relay in the
plate circuit of the final tube. This
article describes a method which per-
mits a visual comparison of the tube
and relay characteristics by super-
imposing the relay characteristics on
the tube characteristics so that the
origin of the relay characteristic cor-
responds to the plate supply voltage
and zero plate current. 1f the tube
characteristics are known it is im-
mediately possible to determine by
inspection the most suitable resist-
ance for a standard telephone type
relay coil to operate in the plate cir-
cuit and supply the maximum mag-
netomotive force for operating the
relay. The method gives the same
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By E. E. GEORGE

Tennessee Electric Power Co.
Chattanooga, Tenn.

results as are obtained by the usual
resistance load line characteristies,
but by superimposing the two fami-
lies of characteristics the effects of
variations of either the tube or the
relay parameters may be more easily
visualized.

The curves presented in this arti-
cle have been worked up for standard
telephone type relays, since these are
used more frequently than any other
type in vacuum tube plate circuits.
Fig. 1 shows the ratio of turns to the
coil resistance for such relays. The
data given is for Automatic Electric
Company’s relays of the AQA or

similar type, assuming copper wire,
enameled cotton insulation, no slugs
or other accessories reducing the
winding space, and coils full wound
(except as noted) so as to get the
maximum number of turns in the
specified length and limiting outside
diameter. Other makes of telephone
type relays have similar characteris.
tiecs. For example, this design of re-
lay is similar to that used in much
Western Electric telephone equip-
ment. Very few standard designs
have full windings where the resist-
ance is less than 30 ohms, and the
points shown to the left end of the
curve are therefore for coils § or 2
of full wound, since these are the
maximum available below 30 ohms.
When plotted on log-log paper, the
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Fig. 1.—Theoretical curve and observed points showing coil resistance
and number of turns for standard telephone type relays

relation between the coil resistance
and the number of turns in the relay
may be represented by means of a
straight line having a slope equal to
one-half. This slope has been drawn
in Fig. 1, together with the points
justifying the assumption of the
square root relation connecting the
relay resistance with the number of
turns in the relay coil. While this
relation has been derived empirically
it has a sound theoretical basis be-
cause of the relatively constant ratio
of insulation to copper on modern en-
ameled magnet wire and the large
ratio of outside to inside coil dia-
meter on commercial telephone type
relays. The relays for which Fig. 1
applies have a winding length of
21% in, an outside diameter of 1 in.,
and an inside diameter of & in.

In order to justify the graphical
construction of Fig. 1 and determine
the magnetic characteristics of the
relay in terms of the operating vol-
tages and current the following
mathematical notations will be
adopted: Let MMF — the magneto-
motive force developed, T the
number of turns on the relay, R =
resistance of the relay, P

the
power consumed in the relay coil,
I, the current through the relay,
I, = the plate current of the vacuum
tube, E, the voltage across the
relay coil, £, = the voltage on the
plate of the tube and E, = the total
plate supply voltage. Using this
symbolic notation, we may derive
from Fig. 1 the relations:

T = 600 R} (1)
P =FE.%*R =1,°R = E, (2)
MMF = I,T = 600 I,R} = 600 P} (3)
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For a relay in the plate circuit of
a vacuum tube we have the relations

L=F 4)

H + &) (5)
so that the magnetomotive force pro-

duced, in terms of the tube voltage
and current, is

E,

MMF = I,T = 600 [(E, — E,) I} (6)

Equation (8) expresses the rela-
tion between the magnetomotive
force in ampere-turns and the power
consumption of the relay, and en-
ables us to plot ampere-turn curves
with voltage, current and resistance

characteristics of the relay coil as
coordinates. While the square root
relation between resistance and am-
pere turns is true for all types of
cylindrical windings meeting closely
the above mentioned requirements of
space factor and ratio of outside to
inside winding diameter of the con-
stant, 600, will vary for winding
spaces of different size or shapes.
Plotting data for full-wound coils of
different size of wire on log-log
paper, enables us to determine the
proper coeflicient for the square root
relation given in Eq. (3) for wind-
ings of any size, shape, or type of
material. The set of curves at the
head of this article shows the fam-
ily of ampere-turn characteristics
plotted against relay coil resistance
and relay current (or relay coil
voltage) as well as the power con-
sumption for standard telephone
type relays. Since 13 watts ig fre-
quently considered a maximum
continuous duty rating of telephone
relays, this value is shown along
with decimal and other values more
convenient for graphic interpola-
tion. Although the relay curves
shown will be useful to any
one employing standard telephone
type relays in vacuum tube circuits,
they are not used directly in the
graphical method, which is the sub-
ject of this article.

The characteristic curves of a re-

300

[ 200

)
o
<}

Relay Current in Milliamperes

300 200

100

Voltage Across Relay

Fig. 2—Hyperbolic curves giving telephone relay ampere turns as a
function of voltage and current
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lay, showing the magnetomotive force
plotted as a function of relay cur-
rent and voltage on rectangular co-
ordinates, are rectangular hyperbolas
giving loci of equal ampere-turns.
The characteristics of rectangular
hyperbola* are such that a change of
scale does not change their relative
shapes, and it is this property which
permits us to superimpose the relay
and tube characteristics even though
the scales may be dissimilar. By
changing the scale of the hyperbolas
of Fig. 2, using Eq. (38) for deter-
mining the conversion ratio, the same
hyperbolic curves can be used to de-
termine the power output of the tube
under operating conditions.

The method of using Fig. 2 in con-
nection with tube static characteris-
tics depends upon having a copy of
Fig. 2 to a scale suitable for use with
tube characteristics, plotted on some
transparent medium. It is essential
that the voltage and current scales on
this transparent scale be evident,
since they must be compared with the
equivalent scales of the tube charac-
teristics in order to determine the
proper multiplying factors. In using
this chart it has been found useful to

* See any book on analytical geometry or

‘““Mathematics for Engineers” by Raymond W.
Dull for properties of hyperbolas.

trim close to the axes so that the
transparent chart may be superim-
posed on tube characteristics without
removing these from their binders.

It will now be necessary to deter-
mine the secale ratio for Fig. 2 when
used with any set of tube static char-
acteristics. To do this compare the
voltage scale on the relay characteris-
tic with the voltage scale on the tube
characteristies, and the current scale
of the relay chart with the current
gcale on the tube characteristies. If
the voltage change on the tube char-
acteristics corresponding to a 100
volt change on the relay characteris-
tic is F¢, and if I, is the plate cur-
rent variation of the tube character-
istics corresponding to a relay cur-
rent change of 100 milliamperes,
then the scale multiplying factor will
be

F = (FF)} = (Edy)}/100=0.01 P} (7)

where F', and F'; are, respectively the
voltage and current multiplying fac-
tors, and P is power in watts. An
example will make this clear.

If, as shown in Fig. 3, 100 milli-
amperes on the relay characteristic
corresponds to 196 milliamperes on
the tube characteristic, the current
scale factor will be F'; = 196/100 or
1.96. Similarly, if 198 volts on the

tube characteristic corresponds to
100 volts on the relay characteristic,
the voltage multiplying factor, F, is
1.98. The total multiplying factor
will then be (1.96 x 1.98)% or 1.972.
Obviously, for a given set of relay
hyperbolas, the scale factor will, in
general, change with each new graph
of tube characteristics.

Fig. 3 shows the application of the
relay characteristies, applied to 6L6
tube. The origin of the relay char-
acteristic curve is placed at the point
on the tube characteristic corre-
sponding to zero plate current and
the operating plate voltage (I, 0,
and E, 400 volts in this case)
with the current and voltages axes of
both characteristic curves parallel.
The point at which the relay charac-
teristic becomes tangent with the
tube characteristic (for any grid
voltage) gives the maximum mag-
netomotive force which can be de-
veloped under the assumed condi-
tions. Connecting the point of tang-
ency thus found with the origin of
the relay characteristics will give the
optimum load line. Conversely for
given plate and grid bias voltages,
we can determine the upper and
lower limits of the magnetomotive
force developed by the relay as soon

(Continned on page 5HR)

Fig. 3—Superposition of a transparent drawing of Fig. 2 on the static churac-
teristics of the 61.6. The origin of the relay curve corresponds to the operating

-~ point, I, — 400, I, —0.

300 |

300

The dotted line is the
load line for maximum
0 power output assuming
o the grid voltuge may go
a to zero.
E
8
L o
= 1S, P 6lL6 n
tcﬂ * V4 ':é Average Plate g
0 < Characteristics 8
/] i 85 with E¢, as Variable E
S | 300 =
A g» =
L~ £ nﬂwo\' : o | = |
goEs Hoo—1| | 200 & |
/ ey, l ?_) |
» = F5e | -10 | Us.; |
e 900
1 --800 15 5
L =700+ +-20 |oo§
B — -- 600 E Ec| =| -25 o
— 500 30 5
c “Ecis 2y | =235 740 Q.
L — ﬁ, 1Y . =| o
0 100 200 300 - 400 ~1500 600
‘ Plate Volits . .
200 100 0 I
Voltage Across Relays

ELECTRONICS — August 1937

21



Video Amplifier Design

Practical data. including an example. for the design of wide-band amplifier circuits.

having the uniformity of frequency and phase response necessary for television receivers,

transmitters, and studio equipment

By R. .. FREEMAN and
J. D. SCHANTZ

Farnsworth  Televigion Ine. of PPenna.

VIDEO amplifier is one that is

responsive to picture signals,
and, therefore, is an extremely good
audio as well as a very wide band
radio frequency amplifier. It is used
in the studio for amplification and
for impedance wmatching purposes;
in the transmitter for amplification
and modulation; in the receiver for
amplification, and often times in all
three components of a television sys-
tem as a polarity changer. In the
design of such an amplifier the fre-

quency response, phase shift and
transient response must be consid-
ered.

Frequency Response

Although television in the United
States is not yet commercialized it
is practically certain that the stand-
ards’ set down by the R.M.A. Com-
mittee on Television will be adopted
permanently. These standards es-
tablish 441 lines, 30 c.p.s. frame fre-
quency, 4 to 3 aspect ratio, odd-line
interlacing, utilization factor of 0.8,
and a 6.0 Mec. channel width for
transmitters. With this set of stand-
ards the upper video frequency limit
necessary to scan a pattern of ver-
tical bars having a pitch equal to the
line pitch would be 4.85 Mc. It has
been found® that this upper limit
is not necessary when equal resolu-
tion is to be obtained for both the
horizontal and vertical directions.
Equal horizontal and vertical reso-
lution is obtained when the upper
frequency limit is about two-thirds
of that calculated from the bar pat-
tern. This would require an upper
limit of 3.1 Mc. However, the
transmitter channel width of 6.0 Mec.
would necessitate side bands of 2.5
Mec. since the audio c¢hannel and
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Wave-form distortion results if both amplitude and phase response

are not correct. Fig. 2—Actual and equivalent circuits of the video amplifier

22 T T

20 | A
1.8
N e
R 1
s 4 R |
212 = —! . 1
B D - ' |
g’ 1.0 E I — - 1 -
2 08 F ] — — -2 ; H*——z——.t——4~
Y 06 |Curve ,Rafiog Rorho );(L (af’ZSMC) Curve Roufiol;- | Rorho— (orf'lSML)
o, 4 [+
= A | ol ¢l o5 "¢ E 1.0 051 |
< BB s | os — £ } ool
C 12 0 1. |
® 02 -p j T 4| o oes 03
| 1 |
o
0 02 04 06 08 1.0 12 14 16 18 20 22 24 26

Frequency ~Megacycles

FIG.3

Fig. 3—High frequency response curves in terms of the relative impedance
Z. To obtain the actual gain multiply Z by g,, and by X, value at highest
frequency (2.5 Mc.)

guard band must be considered.
Hence, at present, 2.5 Mec. will be
taken as the upper video limit. Ob-
servation has indicated that a maxi-
mum variation in response of about
four to five db. for the whole sys-
tem can be tolerated. This requires

a very flat response for any one am-
plifier stage.

Phase Response
Television requires that the wave
form of the camera signals, syn-
chronizing pulses and blanking
pulses, be preserved. It is known
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that the wave form will be preserved
if the phase angle is proportional to
frequency, or in other words, if
there is a uniform phase delay for
all frequencies. The phase delay T
in terms of frequency f in mega-
cycles and phase angle ¢ is:

microseconds

¢
360 f &
The total phase delay probably is
not important as long as all pulses

poor transient response. However,
one may reason that picture detail
necessitating frequency components
up to 2.5 Mec. would lose resolution
if the 2.5 Mec. component were
shifted 90° greater than the tenth
subharmonic component. This
would limit the permissable varia-
tion in phase delay to 0.1 micro-
second over a frequency band of
ten to one. This is a most stringent
requirement for an overall system,

T
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Fig. 4—Phase response curves corresponding to the amplitude response
most linear, represents a desirable
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Fig. 5—Phase delay curves of Fig. 4 reduced from degrees to microsec-
onds, showing that up to ten stages may be used without exceeding the
0.1 microsecond limit

and video signals are delayed the
same, whether transmitted through
the same or different channels. The
permissable variation in phase delay
over the video band is not accur-
ately known. Uspally any signifi-
cant variations are accompanied by

especially in r-f and i-f stages, but
not difficult for a single video stage.
Transient Response

Since preservation of wave form
is so important in television, it fol-
lows that the response of compo-
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nents of a television system to im-
pulse excitation is important. Poor
transient response will give rise to
two classes of eflects,—loss of pic-
ture detail and annoying disturb-
ances. The latter may be explained
by a few examples which are usually
most likely to occur. When a video
amplifier is corrected for loss of high
frequencies by haphazardly adding
inductance, it is possible that this
inductance may resonate with cir-
cuit capacities near the video band
and give an appreciable circuit Q.
Impulse excitation, caused by signal
components, would then excite this
resonant circuit. The picture would
then show bands of white on the
trailing edge for sudden changes of
black to white or vice versa. If dis-
tortion of the synchronizing and
blanking pulses occurs so that the
resultant wave travels beyvond the
zero line, as shown in Fig. 1-b, white
lines will occur in the picture since
this is the region of picture gignals
and gives increasing brightness in
the downward direction. Pulse dis-
tortion may also give poor return
trace blanking, especially if the
frame blanking pulse develops a tail.
This would give an indefinite top
border to the picture and also cause
a vertical line to become skewed if
the tail were long enough to allow
the envelope of line sync pulses to
deviate from a straight line.

High Frequency Response

There are several ways of design-
ing an amplifier to give satisfactory
response for video frequencies. The
circuit shown in Fig. 2-a hag the
most advantages in simplicity and
performance. It is merely the fa-
miliar resistance coupled amplifier
with inductance L added to counter-
act the loss of higher frequencies
because of the shunting capacity C.
In Fig. 2-b the equivalent circuit
for the high frequencies is shown.
These frequencies cover the band
from 10 ke. up to 2.5 Mc. The low
frequency response and filtering will
be considered later.

The capacity C represents stray,
tube input, tube output, and feed-
back capacities. In using screen
grid tubes of the r-f type the latter
capacity is negligible; furthermore
the plate resistance is more than
100 X B and the circuit can be
treated as one having a generator
producing a current ¢, = gne, and a
voltage e, = 1,Z.
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The grid leak resistance K,; is nec-
essarily large compared to R and can,
by Thevenin’s theorem, be combined
in parallel with the plate resistance
R, The resultant, R, will still be
large enough to allow the use of the
current generator. The gain in the
high frequency range will be Z‘ =

g
gnZ when Z represents the parallel
circuit of capacitive and inductive
branches. The magnitude and phase
angle of Z will consequently establish
the frequency and phase response
of the amplifier. In developing the
expression for Z as a function of
X,, X., and R, one obtains for the
magnitude of Z:

3 X X R2X 2
A L C @ ¢
7 <R2 T <.xrxc>2> &
and for the phase angle of Z:

Xi— X,

=iy (3)

v

¢ = tan ! )];L—- tan -

It has been found that certain ra-
tios of X;, and R to X, (values taken
at the highest frequency, namely,
2.5 Mec.) give flat frequency and
linear phase responses.

The curves of Fig. 83 and Fig. 4
were computed from the above
Equations for Z using as parameters
the 2.5 Mec. values of X,/X. and
R/X.. The frequency axis rep-
resents the range up to 2.5 Me,,
but may as well represent any range
provided the ratio X, to R to X is
evaluated at the maximum frequency.
For example, multiplying the ab-
scissa by two and using the same
reactance and resistance ratio would
give the response of an amplifier
passing up to 5 Mec.; naturally, L
and C are then calculated from the
5 Mc. values of X, and X,. Since
X, would be half as much as at 2.5
Me. R would be half as great to
maintain the ratio, and the gain
would be half that obtained for 2.5
Mec. design. It has been found that

. X .
the ratio of YL 3 gives the best
compromise between gain and toler-
able response distortion. Conse-
quently, for this ratio there are sev-
eral curves drawn for various values

of the ratio of ‘)Ié from 0.9 to 2.0.

c

Any of this family gives a satisfac-
tory transient response. It will be
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X
noted that for = “ =31 resonance oc-
Ag

curs at 2.5v/ 2 Mec. and the Q is less
than unity. It will be noted that
the best frequency response is ob-

tained for }1;_ =1 or 0.9, the latter

[+]
being desirable to compensate for
r-f circuit side band attenuation.
However, the most linear phase re-

sponse is obtained when )1; = 1.2.

Rp Ryt
Ra= ¥Rt
ptRg 2p

Meg

p—

FIG.6

Ra?R + RyaR2+ Ry X°

quency band. The studio and trans-
mitter amplifiers usually contain
about sixteen stages for a 1 KW
transmitter, taking into account line
matching amplifiers. The receiver
will have either zero or two stages;
hence the variation in delay may
become considerably greater than
the stated limit. By using elec-
tron multipliers® much higher stage
gains can be obtained with appre-
ciable reduction in interstage net-

. RaZ Xy

Z, =

(Ra +R)'+ X2

Since R )(,_2 and X are negligibly
smal'ﬁhe correction factors are -

r=

+J = r4yox
(RatR)? +x,° I

Ra R
RatR

- R 2
A= (A
t (RA"’R> XL

Fig. 6—Equivalent circuits when R, is only 10 to 100 times as great as the
load resistance, as in pentode and beam-power tubes

Fig. 7—Equivalent circuit parumeters for low frequency response of t.he
video amplifier. Fig. 8—Circuit including filter Ry Cy, to avoid coupling
through the common plate supply

In Fig. 5 a few of the curves of
Fig. 4 have been converted to phase
delay as a function of frequency.
From this figure we can see that up
to 10 stages can be used without
exceeding the previously established
limit of 0.1 microsecond for varia-
tion of delay in a ten to one fre-

works and their attendant phase dis-

tortion.
The dotted curves of Fig. 3 indi-
cate the performance that is obtained

X,

for =1 for one case that might

[+
be used inadvisably in trying to aug-
ment the highs. It represents a
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condition near the point where in-
sufficiently damped resonance in the
band might occur. One stage like
this may not cause that type of
trouble but several stages will cer-
tainly lessen the image resolution
because of the poor phase shift re-
sponse. The other dotted curve rep-
resents a condition of extremely
good phase and frequency response
for one set of values. However, this

is obtained with a reduction in gain.

ate analysis for the response in such
cases is complicated. An approxi-
mate correction for the previous
analysis can be used by formulating
the expression for R, in parallel with
R + jX, and equating the real and
imaginary components to a new pair
of parameters » + joy. This is
shown in Fig. 6. Hence, for E,-
10R, or r — .9R and for a choice of
R/X,=1 we would actually use a
circuit value of R/X.,= 1.1

Cc=0.01 uf
6C6 L _ oce
2m.a. i
L:QSph @
- 1 |
|
Rggq= I
I.Omeg =
I3 L
R =3,000 I X¢=2950
|CK:50~f l C Sfray:’o,‘/‘?
1 | +250 v. —_
"‘"’* Ce=3Tpf
Csg=8uf i
= — |
+100 v. +400 v {
N Cgq and Cx may be electrolytics
Gain = 3.6 shinted with 0.001uf mica ¢ondensers
FIG. 9 I

Fig. 9—A typical video stage employing a plate inductance and de-
coupling filter, designed from the methods presented in this article
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\
(a) Pulse applied to grid of first stage T —=0.06—
(b) Af ter passage through first stage
(c) After passage through two idenfical stages
(d) After passage through ten identical stages

Fig. 10—Transient response to a blanking impulse lasting 0.0015 seconds

Inasmuch as the analysis so far
only applies to the case where Ry »
R as in screen grid tubes, consider-
ation may be given to other tubes.
The pentode and beam power tubes
are excellent video amplifiers. Here
we have a condition where R, is
about 10 to 100 times R. An accur-
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The expression for x; would likewise
follow: z; = 0.825X, and for a

choice of X _ 0.5 we would use a
C

circuit value of X;/X. = 0.61. This
would give an error of less than 3%.

Since the gain of a video stage
depends on the value of X; at maxi-

WWw.americanradiohistorv.com

mum frequency as well as the mutual
conductance, it can be seen the fig-
ure of merit of a tube as a video
amplifier is the ratio of mutual con-
ductance to interelectrode capacities.
The table (page 60) gives a few of
the tubes having a high figure of
merit. The acorn tubes are well
suited for low level studio stages as
they introduce less tube noise. For
line matching amplifiers, several
tubes in parallel are employed so as
to prevent excessive loss because the
plate resistor is placed at the far end
of the line and equals the character-
istic impedance of only 75-100 ohms.
For parallel operation the g¢.. and
tube capacities are multiplied by the
number of tubes.

Low Frequency Response

A good video amplifier should have
a low frequency gain characteristic
which is flat and which is free from
phase distortion at the lowest de-
gired frequency. Since the picture
repetition rate is thirty per second,
it i3 obvious at once that it is neces-
sary to have the amplifier pass fre-
quencies as low as thirty cycles per
second. If the response character-
istic is flat at considerably lower
frequencies, the contrast of the re-
produced picture will be much im-
proved.

The equivalent circuit of a con-
ventional resistance-capacity coupled
amplifier at low frequencies is shown
in Fig. 7. The desirability of using
multi-electrode tubes in video am-
plifiers is explained in the section on
the high frequency response. An
analysis of the equivalent circuit will
show that the gain at low frequencies
is:

G =% _. gnR @Ry Cc

e VIt (wk,C,) @

The phase characteristic will be seen
to be:

¢ — Cot_lecRg[ (5)

It is usually advisable to filter the
plate circuit of each stage of a re-
sistance-capacity coupled amplifier in
order to avoid trouble from coupling
through the common plate-supply
source. By properly proportioning
this network, it can also be made to
compensate for loss in low frequency
response brought about by the in-
creasing reactance of the coupling

(Continued on page 60)



Radio Tube Noise

Tubes make radio receivers possible.

But in addition to their desired contributions of

amplification, detection, rectification, they often add their quota to what the layman

1

labels as “static”

INCE the commercialization of

screen grid tubes, sensitivities
of radio receivers have been greatly
increased. Receivers of good qual-
ity are now designed for maximum
sensitivities ranging in different
types from 1 to 20 microvolts. How-
ever, the problem of background
noise has been an undesirable accom-
paniment. A considerable amount of
this noise is introduced by slight
electrical fluctuations in the tubes.
The effect of tube noise, due to the
shot effect, gas ionization, x-rays and
secondary emission on the ultimate
sensitivity of an amplifier, has been
considered elsewhere, **°. In addi-
tion to these sources of noise, other
electrical or mechanical variables
in the tubes may, when present, set
up disturbances of an even higher
order of magnitude®.

Tube noise of this type is sim-
ilar in character to that occasioned
by a microphonic connection or by
atmospherics. The most common
examples are intermittent crashes oc-
curring when the tube undergoes vi-
bration and sustained hissing, or
squealing sounds ranging from mere
audibility to an intensity sufficient
to destroy reception from local broad-
casters, Fortunately, due to inten-
sive investigation of the causes of
noise, manufacturers have been able
to work out processing methods
which have greatly reduced the
earlier serious trouble.

The more important tube defects
responsible for this class of noise
are:

1. Variable electrical leakage de-
posits.

2. The presence of conducting
threads of carbonaceous material
lodged between elements.

3. Variable or sliding contact be-
tween metal parts, nominally at the
same potential.

4. Poor welding of the elements

26

By HUGH G. HAMILTON
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to their lead wires and intermittent
short circuits between elements.

5. Mechanical
ments.

vibration of ele-

1. Varable Electrical Leakage Deposits

Variable electrical leakage is a
prolific source of trouble and it is
probably the most difficult to elim-
inate. The tube elements must, of
course, be mechanically supported.
Consideration of cost, ruggedness
and uniformity have led to the adop-
tion of insulating spacers, usually
made of mica, or a ceramic material
of high resistivity (Fig. 3). Cal-
culations on a type 42 tube with
mica spacers give values of 3.8x10*
ohms between cathode and control
grid and 12x10° ohms between the
control and screen grids, considering
the path through the mica at oper-
ating temperatures. Actual meas-
urements on type 42 tube processed
under conditions conducive to forma-
tion of leakage film give average
values of the same order of magnij-
tude as those calculated with the ex-
ception that an occasional tube may
show an interelectrode conductance
1,000 or 10,000 times greater than
normal. However, a test of these
tubes with a group which have been
normally processed shows nearly all
of the former to be very noisy in
comparison with the latter. This
observed fact was puzzling because
oscillographic observations on most
tubes of the former type did not in-
dicate the presence of any instan-
taneous leakage values which might
cause noise yet not continue long
enough to actuate a microammeter.
Subsequent investigation resulted in
two explanations for noise due to
conductive deposits:

A. Noise may be caused by a meas-

urable leakage path of fluctuating
resistance between one or more ele-
ments in the tube. Since the ele-
ments are generally in series with
high resistances, fluctuations in leak-
age will produce fluctuations in elec-
trode voltages which are manifested
as an audio disturbance. In addi-
tion, shock excited oscillations are
evidently produced in the radio fre-
quency circuits. The leakage must
be rather severe, however, for this
type of noise to become troublesome.

B. Noise may be caused by inter-
mittent or fluctuating contact of tube
elements against isolated patches of
conductive deposits. These deposits
are the same as those present when
there is measurable leakage between
elements, the only difference being
that the direct path has been broken
into sections so that no current flow
can be observed. This class of leakage
noise is particularly serious in radio
frequency tubes and is more gener-
ally encountered than the class noted
above. The mechanism of noise pro-
duction is due to the phenomena to
be described under “Variable Or
Sliding Contact Between Metal
Parts.”

Figure 2 shows the result of pass-
ing high voltage sparks between ele-
ments over the insulator surface in
tubes with high leakage. The sparks
have broken up the extremely thin
conducting film on the spacers. Fig.
1 shows an interesting relationship
of leakage currents in an artificially
applied thin film. The curve of leak-
age current versus applied voltage
for a strip of clean mica is linear.
A thin film of nickel evaporated on
this mica caused the relationship to
become exponential, The curve taken
on a type 42 tube known to have
electrical leakage is similar to that
of the nickel film on mica.

It is of interest to summarize the
more common causes of film forma-
tion. These are:
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(a) Distillation of nickel from the
cathode, due to abnormal tempera-
ture during exhaust.

(b) Distillation of material from
other metal parts in the tube which
may have been raised to an abnormal
temperature by the high frequency
induction furnace during exhaust.

(¢) Distillation of a conducting
hydrocarbon residue left after par-
tial decomposition of oils during ex-
haust. A small amount of oil may
remain on metal parts after fabrica-
tion which may not be properly
cleaned thereafter. Perspiration
from the hands of the mounting op-
erators sometimes causes trouble.

(d) Metallic deposits from con-
densation of the “getter” material
(magnesium or barium) vaporized
just before sealing off the tube.

(e) Distillation of impurities of
relatively low vaporization tempera-
tures from the metal parts.

(f) Deposit of conducting residue
resulting from incomplete decompo-
sition during exhaust of organic
binder used in the cathode coating.

(g) Distillation of barium or
strontium and barium and strontium
oxides from cathode coating.

(h) Deposit of carbon or of a con-
ducting hydrocarbon formed by dis-
tillation and decomposition of the
carbonaceous material on the sur-
face of a carbonized plate. A consid-
erable amount of hydrocarbon com-
pounds is mixed with the carbon on
the plate. The high temperatures of
exhaust probably crack them, the re-
sult of the reaction condensing as a
conducting film.

(i) Sputtering off of easily remov-
able oil contamination from the
grids, during aging.

Leakage is largely controlled by
exhaust and aging processes and by
the preliminary processing of tube
parts. It may be minimized most
easily by suitable adjustments of
these processes. The surface appli-
cation to the insulating spacers of a
finely divided ceramic such as alumi-
num oxide is also effective. In the
case of mica spacers, mechanical
scoring of the surface by means of
a scratch brush is also helpful.

Noises due to electrical leakage
are apparently created by radio fre-
quency disturbances set up either in
the film or more probably at the
microphonic contact between the film
and adjacent element supports. If
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in tubes prior to

such tubes are placed in the 1st r-f
socket of a radio receiver, it is found
that the application of a carrier sig-
nal causes relatively little increase
in the noise. If the cause were due
directly to modulation of the carrier
by changes in leakage occurring at
an audio rate, we would expect the
noise to increase in proportion to the
carrier voltage, up to the point
where the carrier is modulated 100
per cent.

II. Conducting Carbonaceous Threuds
Between Elements

The next cause of noise is the
presence of threadlike bits of con-
ducting material in contact with one
or more active tube elements. In a
case of this kind, the conducting
thread may carry sufficient current

Set-up for discovering noises
shipment

to be raised to incandescence by the
applied voltages so that it glows like
the filament in a carbon lamp. If
the tube is jarred slightly the glow
will often change in intensity with
an accompanying change in the noise
from the speaker. Incandescence be-
comes noticeable when a minimum of
about 15 volts is applied to the ele
ments contacted by the thread. The
amount of current required to pro-
duce this effect generally lies be-
tween 10 and 50 milliamperes. If
the current increases further the
thread will burn out. In case the
conducting material is lodged be-
tween the control grid and cathode,
the high series resistors in the grid
circuit will limit the current below
the glow point but the production of
noise will be just as serious.
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Investigation has shown these
threads to be bits of carbonized lint.
The air circulating through the tube
factory carries in suspension small
quantities of light woolen, cotton or
paper threads of which a large
amount comes from the operators’
clothing. To determine the source,
glass plates coated with a thin oil
film were placed in each department
of a tube factory and the number
of threads settling upon the oil were
counted. The air outside the plant
was found to be nearly free of lint,
while the greatest concentration oc-
curred in the mount department,
where a large group of girl opera-
tives work.

The longer of these threads occa-
sionally catch between the grids of
a mount during assembly. When
the mount is exhausted, the intense
heat carbonizes the material which
then becomes a high resistance con-
ductor.

Various means have been tried in
attempting to eliminate this diffi-
culty such as the use of air jets to
blow the lint away, vacuum suction
devices, or a tiny flame to burn it
up, before the mount is exhausted.
Probably the most successful, how-
ever, is the application of high volt-
age between tube elements, which
fuses the carbonized lint. Another
effective, although expensive, method
of filtration is by circulating air in
the mount department.

The presence of such carbonaceous
material between elements in a radio
tube gives rise to extremely loud
and disagreeable fryving or crashing
sounds. If the resistance of the
conducting path is sufficiently low,
the tube may be rendered completely
inoperative, and apparently dead, al-
though this is seldom the case.

The microphonic nature of the con-
tact between the light carbon fila-
ment and the grid wires may give
rise to high frequency radiations
which, in addition to the sizeable
irregular voltages across the high
series resistors in the radio set, ac-
count for the severity of this type
of tube noise.

111. Variable or Sliding Contuct Be-
tween Metal Parts

In this category is considered the
production of noise by variable con-
tact of metal parts or surfaces nom-
inally at the same potential, or hav-
ing no exterior connection. For ex-
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ample, one of the metal eyelets which
would normally be welded to the
plate support (Fig. 3) might be-
come loosened. It will be noted that
it is not intended that this eyelet
carry any current and that its move-
ment does not open or close any
circuit associated with the tube. It
is nominally at plate potential. Since
it is still held in position by the
mica spacer, a slight vibration will
cause it to slide up and down on the
support. On account of the micro-
scopic surface irregularities of the
eyelet and support wire, any current
flowing between the two varies in
strength at audio and at radio {re-
quencies. If the eyelet gains a slight
charge from stray electrons from
the cathode for instance, then its
discharge to the support wire will
be interrupted by the variable con-
tact, with resultant introduction of
radio frequency impulses in the plate
circuit, in this case. These dis-
charges apparently occur in the form
of a series of damped oscillations.
It is improbable that the contact
potentials of the two pieces of metal

tive radio receiver. All wiring must
be thoroughly shielded, or interwire
pickup will result and it will be im-
possible to determine which element
the fault is on. A noisy tube is in-
serted in the test socket and the
tube jarred. If there is a loose part
present, capable of causing noise
in a radio receiver, the same noise
will issue from the radio set to
which the device is connected. By
connecting each element in turn to
the antenna post of the receiver, at
the same time grounding all the re-
maining elements, the noise will in
general appear only, or be much
louder, in connection with the ele-
ment with the loose part. Two ex-
ceptions are loose parts on either the
plate or screen grid, and the case of
a getter cup touching the flash. In
the former case, the large area of the
screen grid (with the outer cage
often connected to it) and the adja-
cent plate gives rise to sufficient
pickup within the tube so that a
loose part on either one will cause
about the same amount of noise to
appear on both elements. The getter
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Fig. 1. Leakage in artificially made films

are responsible, since the effect is as
pronounced with two pieces of metal
cut from adjacent portions of a
strip or wire.

In connection with an investigation
of this phenomena, an experimental
testing device has been made which
permits, within limits, the localiza-
tion of the tube element carrying
the loose part, without opening the
tube. This consists of a socket for
the tube under test, wired to a series
of low capacity switches which will
connect each tube element indepen-
dently either to a common ground
bus or to the antenna post of a sensi-

Fig. 2—Effective use of sparks to reduce
leakage

cup touching the flash causes noise
to appear on all elements.

1V. Poor Welding of the Elements.
Intermittent Short Circuits Between
FElements

Nearly all parts used in the con-
struction of a radio tube are spot
welded in place. Inasmuch as an
average of 25 welds are made in
each tube, it is necessary to guard
carefully against poor welding. If a
poor or intermittent contact exists
between any active tube element and
its lead wire, the voltage on that
element will be interrupted, and a
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seriously noisy tube will result. In
connection with this problem, thyra-
tron, or other form of automatically
timed welding is extremely helpful
in eliminating as many as possible
of the variable factors controlling
the weld. The number of cycles
through which the welding current
flows, the strength of the current,
and the pressure upon the weld
should as far as possible be auto-
matically controlled.

Usually, a poor connection of this
nature or an intermittent short be-
tween elements is noted through
flickering of the meters on the tube
tester. However, the loose contact
or ghort circuit may be present for
such a brief interval that the inertia
of the meter needle prevents it from
following the current variation.
Such tubes can generally be found
with the use of a special short tester
in which neon glow lamps are placed
in series with each active element.
Any defective tubes getting by this

ELECTRONICS — August 1937

test are caught by a test for noise
in a radio receiver (See photo-
graph).

V. Mechanical Vibration of Elements

The effect of mechanical vibration
of the elements with respect to one
another, at a definite periodicity, pro-
duces what is known as “miecro-
phonic” noise. Vibration of the tubes
in a receiving set by sound waves in
the air, or in the chassis, may cause
such elements as are not tightly
locked in place to vibrate at their
own natural frequency. During the
changes in position, the tube charac-
teristics change slightly in synchron-
ism with the vibrating elements, with
the result that an a-c component is
introduced into the plate current.
The usual sources of trouble are
loose cathodes and grids in the case
of heater type tubes, and filament
vibration in the filament types. Early
tubes were manufactured with a
good deal of clearance between the

WWwWw.americanradiohistorv.com

holes in the insulating spacers and
the element supports passing through
them. In some cases, support was
obtained by melting wires into a
glass bead.

It has been found that the use of
rigid supports, together with the re-
duction of clearances between spacer
holes and element supports to 2 or 3
thousandths of an inch or less practi-
cally eliminates microphonism.

Detection of Noisy Tubes at Factory
Inspection

It is probable that noisy radio tubes
of the type discussed in this paper
are the cause of more real annoyance
to the consumer than any other tube
defect. For this reason it is import-
ant to eliminate tubes showing any
trace of noise.

A photograph of a typical fac-
tory noise tester is given here. The
noise test is simply a sensitive radio
set which has been adapted for pro-
duction purposes. The automatic vol-
ume and tone controls have been elim-
inated, while provision hasbeen made
to include each tube element cross a
load so that no matter how compli-
cated the circuit may be in which the
tube is ultimately used, the tube
noise will have been inspected. The
noise tester is thoroughly shielded by
an iron case from interference by
electrical equipment operating near
it. The tube under test is put in a
conveniently placed socket which has
been wired by means of shielded
leads to that part of the circuit
where the tube under test would
ordinarily be used. A movable
shield is then dropped over the top
of the tube, and the tube submitted
to mechanical vibration. Any sign
of noise is sufficient cause for re-
jection. In case the test set is in-
stalled on the manufacturing floor
or other physically noisy location, a
neon light is connected to the output
in addition to the loud speaker for
visual indication. The circuit is then
adjusted so that both speaker and
neon lamp operate at the slightest
sign of noise from the tube under
test. Input sensitivities are ad-
justed to 5 microvolts or less.

Refevences

1A Study of Noise in Vacuum Tubes and
Attached Circuits, F. B. Llewellyn, Proc.
[.R.B., February 1930—page 243.

2 Fluctuation Noise in Radio Receivers,
Stuart Ballantine, Proc. I.R.E., August 1930
—page 1377.

3 Electronics, September 1930.

4+ The investfgatiou described in this paper
was carried out at the Hygrade Sylvania
Corporation, Salem, Mass.
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Tubes at Work

A photocell headlight analyzer, stroboscopic studies of loudspeaker diaphragm oscilla-

tions, an a-c voltage regulator using 874 tubes on the line side of the transformer, are

among this month’s tube applications

Self-Generating Photocell used
In Auto Headlight Testers

A COMPACT INSTRUMENT for measuring
the output of automobile headlight
lamps has recently been developed by
a midwest manufacturer. The device
consists of a funnel-shaped reflector
which is placed against the lens of the
headlight and a self-generating photo-
cell which receives the light. The
output of the cell is directed to a
sensitive microammeter whose dial is
divided into three sections indicating
poor, medium and good illumination.
This deviee checks not only the illumin-
ation of the lamp itself, but also the
loss of illumination due to dust on the
reflector and on the lens surfaces, both
of which reduce lighting efficiency by
as much as 50 per cent.

® o O

Stroboscope Aids Dynamie
Speaker Design
By W. O. RoGERS
Central Station Div. Westinghouse Llec. &
Mig. o, New York
THE STROBOSCOPE has long been recog-
nized as an aid in studyving the ecycle
of high speed re-occurrent phenomena.
To date, the principle field of applica-

Studying the front surface of a
speaker cone in action by means
of a portable Stroboglow

tion has been in the study of rotating
bodies, and reciprocating motions. Re-
cently, interesting applications have
been made in the study of vibrating
bodies such as diaphragms of horns
and cones and diaphragms of moving
coil microphones and dynamic speakers.

Coincident with refinements in radio
transmitting and receiving equipment
and circuits, manufacturers of dynamic
speakers are deep in research to in-
sure their product doing its part to-
ward the production of high fidelity
reproduction.

In this research, it has been demon-
strated that dynamie speaker dia-
phragms do not follow a sine wave dis-
placement when fed with a sine wave
signal unless the speaker is perfect in
design, manufacture and assembly. In
carrying on this research, a portable
stroboglow unit (see Figure) has
proven an indispensable tool. The buzz
which is noticed in a poor quality dy-
namic speaker is the result of distortion
of the reproducing surface. The cause
of this distortion can be one of many
which may be revealed by a stroboscopic
inspection. Non-uniform construction
of the cone material results in a dis-
torted cone surface which in turn re-
sults in a distorted phase-displacement
curve. Such construction if extreme in
character might result in rubbing of
the voice coil ring on the pole of the
field electro magnetic if the cone is con-
structed without the use of a cone
spider.

Cracks in the cone surface are re
vealed under the stroboscopic inspection
which otherwise could not be detected
as the cone surface appears perfect
when at rest. Loose parts, such as dust
cups, voice coil loops, spiders, etc., can
be observed and steps taken to remedy
the conditions causing these defects.
Short voice coil leads restrict the full
travel of the cone while long loops
may cause vibration. Either of these
conditions are immediately identified as
a possible cause of distortion.

The frequency of the applied sine
wave signal depends on the point of
maximum amplitude of cone travel. In
large speakers, this is about 40 cycles
per second while in smaller speakers,
this frequency may be as high as 200
cycles.  Since the particular strobo-
glow used has a speed of flashing rang-
ing between 500 and 10,000 per min-
ute, it was readily adjusted to give a
clear image of the vibrating cone
either in a stationary position or slowly
moving through its cycle of motion.

Such adjustments instantly reveal the
presence of any mechanical defects
which interfere with the ultimate per-
formance of the unit.

Quality control in manufacture may
be attained by demonstrating, before

View of the Stroboglow used in
tests described

groups of the factory employees, the
results of these defects and how their
individual operations influence the op-
eration of the completed product.

By the addition of a suitable phase
shifting device and a calibrated high
powered microscope, curves showing
distortion and harmonic content may be
plotted. Such research can have but
one result, a larger demand because
of a more perfect product.

A Simple A-C
Voltage Regulator
By G. F. LAMPKIN

THE TREND TOWARD full a-¢ operation of
radio equipment has been very definite
since the introduction of the 226 and
227-type tubes years ago. Laboratory
and test equipment have, as a rule,
lagged behind the general trend be-
cause their operating requirements are
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STEREOSCOPIC X-RAY “SEES AROUND” OBSTRUCTIONS

By moving an xoray tube and the photographic film in opposite directions during the expo-
sure, Jean Kiefler of the Connecticut State Tuberculosis Hospital has succeeded in recording

objects in one plane only. The box at the right when photographed ordinarily shows the image

both of the bars and the cube (left, above), but with the new apparatus, only the cube is
recorded. By this means it is possible to photograph parts of the body normally obscured by

In the case of
for in-

much more stringent.
the vacuum-tube voltmeter,
stance, full a-c operation is attended
with difficulties due to line voltage

fluctuations. This difficulty applies
equally well to other classes of equip-
ment such as precision oscillators,
frequency meters, signal generators,
analyzers, and so on.

The regulating scheme detailed here-
in is applicable to power units which
are a source of plate current, or of
both plate current and filament cur-
rent. Plate powers upwards of 30 ma.
at 200 volts d-c, plus filament loads
of five watts, may be controlled. The
method utilizes two neon regulator
tubes of the 874 type, connected back
to back across the power transformer

— ——

AC /ine voltage.
......... Peak = 162 v. l

RMS. =I5 v

_ Voltage on fransftormer !

874 lgnitron voltage =127 ||
~Operating voltage = 90

T

|

|

1

|
‘ ‘\ Second half-cycle rs
| simitlar fo the first

Fig. 1—Approximate waveform of
voltage applied to transformer,
using 874 tubes as regulators

primary. A regulating resistance is
connected in the a-c supply. ahead of
the neon tubes. The idea is outlined
in the circuit diagram shown on Fig.
2. The spread of line voltage over
which the method is effective depends
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on the total load connected to the
transformer. A light load can be
regulated over a wider range of a-c
supply voltage than can a heavy one,
the limiting factor being the safe,
rated, current on the 874 type tubes.

The theory of operation of the neon
regulator tubes on d-¢ is rather well
known. The bulb has a very flat voltage
characteristic. The voltage across its
terminals does not vary more than
one or two volts from an average of
90, as the current changes from a low
value up to the rated maximum of 50
ma. When placed across the output
of a B-eliminator the tube simply soaks
up any excess current which might
tend to flow, either because of a higher
line voltage or an easier external load
on the d-¢ side. By drawing the ex-
cess current through the resistances
of rectifier and filter, the impressed
voltage is dropped to the nearly con-
stant value of 90 volts at the regulator
tube.

The regulator tubes may be oper-
ated in series across the d-c cutput of
the eliminator to econtrol the voltage
at multiples of 90; i.e, two tubes for
180 volts, three tubes for 270 volts,
etc. An advantage of regulating with
the tubes on the a-c side is that the d-c
voltage is not limited to multiples of
90, but may be any desired interme-
diate value; and, with only two tubes,
d-c¢ potentials as high as 400 or 500
volts may be stabilized. Another ad-
vantage of the a-c regulation method is
that the filament supply as well as the
B supply is smoothed of fluctuations.

bones, etc., which have never been seen except in post-mortem dissection

The system is simple to put in oper-
ation, and for parts requires only
standard items readily available on the

market. The resultant r-m-s voltage
i
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Fig. 2—Diagram and performance
characteristics of power pack

on the transformer is such that the
usual 5-volt and 2.5-volt filament wind-
ings, connected in series, will give
close to 6.3 volts. It is advisable to
use the 6.3-volt tubes because of the
lower power requirements for their
heaters. The same filament source of
6.3 volts will suffice to light the recti-
fier tube and the radio tubes in the
laboratory or test equipment. This is

(Continued on page 36)
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NEW BOOKS

Fundamentals of
Vacuum Tubes

BY AUSTIN V. EASTMAN, Assistant
Professor of Electrical Engineering,
University of Washington. MeGraw-
Hill Book Co., New York, 1937. (438
pages, illustrated, price $4.00)

UNLESS ONE IS ACCUSTOMED to use the
words ‘‘vacuum tubes” as a generie
term for vacuum and gas filled diodes,
triodes, tetrodes, pentodes, photosensi-
tive devices, as well as for cathode ray
tubes and magnetrons, there is likely to
be a feeling that the title selected by
Prof. Eastman is not sufficiently broad
and inclusive to do justice to this new
text on cubes. The book is much more
than a text on wacuum tube funda-
mentals and fultills in an excellent
manner the author’s intent of combin-
ing in “a single text the basic theory
underlying the operation of all types
of modern tubes, both radio and in-
dustrial, together with their more
common applications.” The industrial

and communication applications are
presented in an unusually well bal-
anced selection of material. Thus the

industrial engimeer will tind as much
material for his use as the communi.
cation engineer, and this one volume
should find a place in the libraries of
those who desire a general background
on tube matters without specializing
too much in either field.

The book is a serious work, and an
excellent geometrical mean between the
elementary tube books and the exten-
sive reference works such as that by
Chaffee. The text is designed espe-
cially for senior students in electrical
engineering, but will, no doubt, also
prove useful to the practicing engineer.
Bessel functions are mentioned but not
discussed and little calculus (limited
usually to the maximization of one
quantity with respect to another) is
used. Therefore as far as mathemat-
ical ditheculty is concerned any senior
electrical student should be able to
read 95% of the book at sight with
only mental checks on the equations
employed. At the same time lack of
extensive use of higher mathematics
has not resulted in lack of rigor, for
the author has managed to present the
essential concepts in a straightforward
and unusually clear manner. In a con-
siderable number of cases the concepts
are developed in a manner different
from the usual treatment, and it ap-
pears that the final results have been
obtained miwore directly and with less
labor than with the more usual meth-
ods of approach. The essential as-
sumptions, limitations, and concepts
are clearly stated, the more important
equations are indicated by means of
an asterisk, and a number of very
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practical problems are given without
answers. These pedagogical tricks of
the trade are likely to be appreciated
by the student and will save the time
of those using the book for reference
work.

Unfortunately, it is necessary to re-
port that a number of errors exist,
such as the statement on page 170 that
periodic changes of 10 to 15 per second
represent direct currents, the incorrect
labelling of grid voltage on a diagram
purporting to represent diode operation
on page 313, and a number of inaccur-
ate current wave forms in some of the
high vacuum rectifier circuits of Chap-
ter IV. In a few cases the text might
have been made more rigorous by a
more precise choice of words. It is
only fair to say, however, that al-

though possibly confusing to one
obtaining his introduction to tubes
from Prof. Eastman’s book, these

matters are not sufficiently serious as
to cause confusion to those even only
fairly familiar with tubes and their
circuits. Certainly these errors and
ambiguities can be corrected -easily
in the second edition.

Portions of the book which struck
this reviewer as being unusually well
done include the practical data on de-
sign of filters for rectifiers in Chap.
IV, discussion of distortion in push-pull
circuits on page 174, the short but con-
cise treatment of the input impedance
of triodes on page 198, and the design
data for oscillators and amplifiers of
the Class B and Class C variety, all of
which will appeal immediately to the
practical engineer.

All in all, “Fundamentals of Vacu-
um Tuves” can be considered an excel-
lent job of textbook writing in the elec-
tren tube field—B.D.

Short-Wave Diathermy

BY TIBOR DE CHOLNOKY. Co-
lumbia University Press, New York,
N. Y. (810 pages, 38 illustrations.
Price, $4.00).

THIs BOOK is offered to the medical
profession as an outline of short wave
diathermy in its present state of de-
velopment and as a survey of the lab-
oratory and clinical work which has
been carried on to date. It deals with
a historical outline of the subject,
diathermy equipment of both spark
and tube varieties (briefly), experimen-
tation with, technic of, and clinical
applications of short wave diathermy.
It summarizes with a critical yet tol-
erant attitude the results of some 750
books and articles listed in the bibli-
ography. It is evident that the author
has a realization of the possibilities
of the beneficial effects of short wave
diathermy as well as of some exag-

gerated claims which have been made
as to the therapeutic value of short
waves, but it is for the medical profes-
sion to pass on the merits of this
volume as a contribution to medical
science.

Most writings on diathermy appear
to be lamentably weak in the field of
electricity and ordinary college physics
to which M.D.’s are exposed in their
undergraduate courses. This book is
no exception in that respect. If it is
unreasonable to expect a physician to
know the circuit intricacies of spark
and tube equipment which he may be
called on to operate, the chapter on
physical principles and equipment
might have been written in collabora-
tion with a physicist or engineer with
considerable improvement. The au-
thor uses such terms as “a current of
one million frequency” leaving it to
the reader to judge for himself whether
results are to be expressed in cycles,
kilocycles, or megacycles per second—
a matter of some importance, especially
when the specific effects of certain
wave lengths are under discussion.—B.D.

Measurement of
Radiant Energy

EDITED BY W. E. FORSYTHE.
McGraw-Hill Book Co., New York, N.
Y. (452 pages, 224 illustrations. Price
$5.00).

PREPARED UNDER THE DIRECTION of A.
C. Hardy, H. E. Ives, and W. E. For-
sythe, and written by a staff of twenty-
one specialists, this volume is a com-
pilation of modern data pertaining to
radiant energy and methods of measu-
ing it. The treatment covers radiation
laws, radiation constants, care that
should be exercised in radiation meas-
urements, selective and non-selective
detectors, methods of separating the
radiation into wavelength intervals, and
the various methods of measuring radi-
ant energy including precautions for
precise work.

Of special interest to readers of
Electronics is Chapter VII on the
“Measurement of Spectral Radiation
by means of the Photoelectric Tube”
prepared by Dr. L. R. Koller. This
chapter deals, in a somewhat elemen-
tary manner, with the characteristics
and operation of phototubes, mostly of
the emissive type, rather than with
photoelectric effects and theories. Em-
phasis is placed on the phototube as a
selective device for measuring elec-
tromagnetic energy; suitable ampli-
fying circuits are shown and sugges-
tions for using the phototube most ef-
fectively in various portions of the
spectrum are given.

Although an advanced reference
book, ‘“Measurement of Radiant En-
ergy” is easily readible, practical, and
devoid of unnecessarily lengthy de-
scriptions. A valuable feature is the
inclusion of numerous references to
current literature at the end of each
chapter.—B.D.
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Nuclear Physics Chart

By DR. CHARLES M. LACK

Westinghouse Electric and Manufacturing Co.

Picture Probable Approximate
Name Representation Composition Charge Mass RS
Neutrino * @ Unknown Zero 1/2000 Unit  Undiscovered but theoretically necessary for
conservation of ass energy in many
nuclear transformations.
Electron @ Elementary 1 Unit Neg. 1/2000 Unit Carrier of electricity in wire conduction and
vacuum tubes.
Positron ** @ Elementary 1 Unit Pos. 1/2000 Unit  Discovered recently. Very unstable. Probably

unites with electron and both disappear. **
Particle ejected during breakdown of a
large number of artificially prepared radio-
active substances.

Proton Elementary 1 Unit Pos. 1 Unit Ordinary hydrogen nucleus or ionized hydro-

gen atom.

Neutron Proton Zero 1 Unit Discovered recently. Electron and proton are

@ Electron closely bound so there is no external

electric charge. This enables it to pene-

trate matter easily until it unties with a

nucleus forming an isotope usually radio-

active.

Deuteron Neutron 1 Unit Pos. i :
Heavy Hydrogen Proton os. 2 Units Discovered recently.
Nucleus
Diplon

Given off in ordinary radioactivity.

Alpha Particle 2 Neutrons 2 units 4 Units
Helium Neucleus 2 Protons
. . Electron is separated from proton and loosely
l}:“lrotllum A P‘;Oto" Zero 1 Unit bound to it. May be ionized in discharges
yarogdn, Atont @ j) Electron to form proton and free electron.
Deuterium *** Proton Zero 2 Units Discovered recently. Occurs one part in ten
Heavy Hydrogen Atom Neutron thousa_nd.of ordinary hydrogen. May be
Diplogen g—) Electron easily ionized to form a deuteron.
Hydrogen Isotope
v,
v
N
Hellum Atom 9 )} 2 Protons Zero 4 Units Electrons loosely bound. May be ionized
2 Neutrons in discharges to form alpha particles and
N\ 2 Electrons two free electrons.

<y

* 1y certaln nuclear transformations it is necessary to postulate the ejection of small chargeless particles of two varieties or else abandon the laws of conserva-
tgou of mass energy. Ohe of these particles (neutrino) has a varinble mass usually less than that of the electron and the other (anti-neutrino) a negative mass of
the same amount.

** Modern physics believes mass and energy are different forms of the same thing and under certain conditions can be directly transformed one into the other.
The manss of an electron, for instance, is equal to the cnergy of an electron or proton after being accelerated through 500 KV. When an electron and positron
combine and disappear, two gamma rays are produced by the 500 KV type.

*4¢ An {sotope of an element is a form of the clement having the same chemical properties but different mass. The chemical properties of all elements are
determined by the number of outer loosely bound electrons. Thus to form an isotope it Is necessary to increase or decrease the number of neutrons in the
nucleus,
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Television Terms

An alphabetical glossary of words and phrases commonly used to describe the operation

of television equipment, supplementary to those given in “Television Terminology”,

Electronics, June 1937

Aperture distortion:

A loss of image definition due to the finite
width of the scanning aperture, the height of
the aperture being equivalent to the height of
one scanning line.

Aspect Ratio:
The numerical ratio of the width to the
height of the picture frame area.

Automatic Background Control:

A method of automatically adjusting the back-
ground illumination of the cathode-ray repro-
ducer by modulating the cathode-ray intensity
with the d-c¢ component of the video signal.

Black Control:

A name sometimes used for Automatic Back-
ground Control,

Composite Television Signal(R.M.A.):

By a composite television signal is meant a
signal in which the combined video. blanking,
and synchronizing signals are present.

Consecutive Scanning:

A method of television image scanning in
which the field-frequency and the frame-fre-
quency are identical.

D-C Video Component:

The part of the video signal due to the
average steady back-ground illumination of the
scene being transmitted 1is called the d-c
Component of the video signal.

Direct Pickup:

The process of televising scenes or objects
directly from life as contrasted with the trans-
mission of film subjects.

Electron Multiplier:

A video amplifier tube in whichr amplification
of the original electron emission (either photo-
electric or thermionic) is obtained by bombard-
ing the emitted electrons against one or more
secondary-emissive surfaces.

Even-line Interlace:

An interlaced scanning field in which the
number of lines scanned during each frame is
an even integer,

Field Frequency (R.M.A)):

The field frequency is the number of times
per second the field area is fractionally scanned
in interlaced scanning.

Field Frequency Blanking Impulse:
A s?uare topped impulse transmitted at the
end of each vertical scansion of the picture
field for the purpose of erasing the retrace path
of the cathode ray spot at the television receiver.

Field Distortion:

Distortion of the shape of proportions of
objects in the television image due to non-
uniform velocity of the scanning spot, or de-
ga;’éure from a rectilinear shape of scanning
e

Field Frequency Synchronizing
Impulse:

A square topped impulse transmitted at the
end of each vertical scansion of the picture
field for the purpose of keeping the vertical
scanning generator at the receiver in step with
the transmitter.

Frame Frequency (R M.A)):

The frame frequency is the number of times
per second the {rame area is completely
scanned in interlaced scanning.

Frame:
A single complete picture.

Horizontal Scanning Frequency:
Synonym for ‘‘Line Frequency.”

Horizontal Synchronizing Impulse:
Synonym for “Line Frequency Synchronizing
Impulse.”

Horizontal Blanking Impulse:
1Synonym for “Lige Frequency Blanking Im-
pulse.

ELECTRONICS REFERENCE SHEET

By FRANK J. SOMERS

Irarnsworth Televigion, Inc., of Penna,

Ghost Image:

A spurious image usually displaced in phase
from the main image and having the same or
opposite polarity as the main image. (E.g. The
signals generated during the retrace time of
the television camera scanning produce a ghost
image signal which is subsequently erased by
the blanking signals.)

Iconoscope:

An electronic television camera tube in which
an insulated photo-electric mosaic plate is
scanned with a cathode ray beam so that the
positive charges thereon are neutralized and
the resulting discharge currents constitute a
video signal.

Image Dissector:

A television camera tube in which an elec-
tron image which corresponds to the optical
image of the scene being televised is made to
move with respect to a fixed scanning aperture
in such a way that the electrons so collected
constitute a video signal current.

Interlaced Scanning Field:

A unidirectional rectilinear scanning field in
which the field frequency is an integral multiple
of the frame frequency and in which the lines
traced on each fractional scansion of the picture
area are made to fall evenly between those of
each previous fractional scansion so as to com-
pletely scan each picture frame.

Interlace Ratio:

The numerical ratio of the field frequency to
the frame frequency is called the interlace
ratio.

Keystone Distortion:

An optical or electrical distortion whereby
the picture field assumes a trapezoidal rather
than rectangular shape.

Kinescope:
An electrostatically focused cathode ray tele-
vision receiver tube.

Line Frequency (RM.A)):

The line frequency is the frequency of the
sawtooth wave used for scanning in the hori-
zontal direction and is numerically equal to the
number of lines scanned per second.

Line Frequency Synchronizing
Impulse:

A square topped impulse transmitted at the
end of each scanning line to keep the horizon-
tal scanning generator at the receiver in step
with the horizontal generator at the transmitter.

Line Frequency Blanking Impulse:

A square-topped impulse transmitted at the
end of each scanning line for the purpose of
erasing the return trace of the cathode-ray spot
on the television receiver tube.

Master Pulse Generator:

A central unit used at the television studio
to provide all blanking and synchronizing sig-
nals both for the transmitter and the receiver.

Magnetic Deflection:

The method of imparting lateral or vertical
motion to the cathode-ray spot by means of
the field produced by a coil through which the
sawtooth scanning current is made to flow.

Magnetic Focus Coil:

A D-C solenoid placed over the neck of
an oscillight tube for the purpose of con-
centrating the stream of electrons emitted
by the cathode-ray gun into a fine spot on the
cathode-ray screen,

Multipactor:
A cold-cathode secondary-emission multiplier
tube.

Negative Polarity of Transmission:

The polarity of transmission is said to be
negative when a decrease in initial light intens-
ity results in an increase in the radiated r-f
power.

Negative Picture:

The image produced when a video signal of
reversed polarity is applied to the grid of the
cathode-ray receiver tube.

Odd-Line Interlace:
An interlaced scanning field in which an odd

number of lines is scanned during each picture
frame.

Optical Focus:

_The focussing of the optical image on the
light sensitive cathode of an image dissector
as distinguished from the electrical focussing
ofb the electron image produced within the
tube.

Oscillight:

A magnetically-focussed cathode-ray television
reproducer tube.

“Pairing-Off”:

Expression used to describe the condition of
an interlaced scanning field when the lines
traced on succeeding fractional scansions are
not evenly spaced but are distributed in pairs.

Positive Polarity of Transmission:

The polarity of transmission is said to be
positive when an increase in initial light in-
tensity results in an increase in the radiated
r-f power,

Picture Element:

A picture element is the smallest subdivision
of the picture area defined in the process of
scanning.

“Rain”:

Expression used to describe the effect.on the
television image of a poor signal-to-noise-ratio.
Under such conditions thermal agitation and
shot-noise produce on effect similar to the
appearance of “rain” on the television image.

Retrace Time:

The time which elapses between the end of
one vertical scansion of the picture field and
the start of the next vertical scansion or the
time elapsing between the ending of one scan-
ning line and the starting of the next consecu-
tive line.

R. F. Television Signal:

The signal resulting from modulation of the
r-f picture carrier by the composite television
signal.

Scanning:

The process of analyzing in a predetermined
manner an optical image having the dimensions
width, height, and intensity for the purpose of
obtaining an electrical amplitude-time function
representative of the illumination intensity of
each elemetary area of the original image. The
amplitude-time function thus obtained consti-
tutes a video signal.

Scanning Interference:

The effect produced on the television image
by cross-talk between the video and scanning
circuits.

Scanning Field:

The area traversed by the scanning spot
either in dissecting or reproducing the tele-
vision image.

Synchronization:

The process of keeping the scanning genera-
tors at the receiver in step with the scanning
generators feeding the television camera.

Scanning Generator:

A vacuum tube circuit used to generate the
sawtooth waves used for the electrical scan-
ning of a television camera tube or a cathode-
ray reproducer tube.

Telecine Transmission: ] )
The process of tram}mitting motion-picture
film subjects by television,

Vertical Blanking Impulse: o
Synonym for “Field Frequency Synchronizing
Impulse.”

Vertical Synchronizing Impulse:
Synonym for “Field Freouency Synchronizing
Impulse.”

Vertical Scanning Generator: _
Synonym for ‘Field Frequency Scanning
Generator.”

Video Signal:

The video signal is the signal generated by
the television camera in the process of scan-
ning the image being transmitted.



Initiative — Resourcefulness — Cooperation

W ALL ... f- ALL & pipmant

of the industry
<§etwce um[etCthj — Wu& Clmfdwm

For leading makers of radio,
communications, and industrial
electrical equipment through-
" out the world ... IRC makes
resistors of more different types
and shapes, for a wider variety
of appIications than any

other Resistor manufacturer.

INTERNATIONAL RESISTANCE COMPANY

401 NORTH BROAD STREET. PHILADELPHIA, PA.

Factories:or Licensees in Canada, England, France, Germany, Italy, Denmark and Australia’

MAKERS OF RESISTANCE UNITS OF MORE TYPES, IN MORE SHAPES, FOR
MORE APPLICATIONS THAN ANY OTHER MANUFACTURER IN THE WORLD
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DU MONT

New ALL-PURPOSE

Five

inch @SCILLOGRAPH

TR

-

¥

]
TYPE 148

A Precision Laboratory Instrument, yet

Rugged and Portable for Field Work
INCORPORATES THESE FEATURES

* A five inch new type 54-XH Du Mont % All controls on front panel with grad-

Cathode Ray Tube — fine uniform uated dials.
fOC”_S- ) * Removable calibrated celluloid scale
* Vertical plates direct, one stage or for tube.

two stage amplifier, wide range.

* Horizontal plates direct, one stage
amplifier, or linear sweep.

* 400 volt power supply for amplifiers
and sweep.

* Separate 1100 volt rectifier for Cath-

* High input impedance to amplifiers. ode Ray Tube

* Amplified and calibrated linear sweep

* | iti .
IS to 30.000. L?::;;'\Oan or external positive synchro
* Sweep return trace eliminator. * Terminals provided for direct connec-

* Complete freedom from interaction

tion to deflection plates for D. C. and
between controls.

R. F. signals.

P[US . . A New Sweep Expanding Amplifier

Above are three photographs showing the 168 unit employing the wave expanding
feature. Three pictures have been taken of the same unit, with only a change in
the setting of the horizontal amplitude control. This control is shown above with a
distinctive white coloring, appearing at the right center of the front panel.

The first photograph shows four one thousand cycle waves, packed close together.
A slight adjustment of the one control spreads the pattern as shown in the second
photograph. Now if it is desired to study only the middle portion of the wave a
further adjustment of this one control will spread the pattern as shown in the third
photograph.

This wave expanding feature of the new Type 168 Oscillograph is very valuable
in the study of complex waves where it is desired to spread a small portion of the
wave for detailed study. Furthermore it allows expansion of waves of much higher
frequency than the fundamental frequency of the sweep. Million cycle waves can
be observed with good detail, and the return trace eliminator, a regular. television
principle, permits the waves to appear only on the forward linear portion of the
sweep.

ALLAN B. DU MONT LABORATORIES, INC.

Upper Montclair, New Jersey

Tubes at Work

(Continued from page 31)

accomplished by grounding the heater
circuit at one point, and using a 1-v or
84 type rectifier having high-potential
rating between heater and cathode.
Although the operating voltage of
the neon regulator approximates 90,
some 120 to 130 volts are required to
ignite the tube. Further, at the peak
inverse voltages encountered on a 115
or 120-volt line, the tube passes current
only in one direction. Therefore the
form of voltage across the tube, and
correspondingly across the transformer
primary, is as shown in Fig. 1. On
each half cycle the potential increases
to the ignition voltage for the particu-
lar tube, the tube then lights, and for
the remainder of the half cyecle con-
sumes enough current through the
regulating resistance to maintain ap-
proximately 90 volts across itself. The
action is repeated on the succeeding

330
| 320 ol —
Epc ¥eeees,
Rated load on §74’s’
310
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Line Voltage, Exc
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I 874
f[ DC load=10M A.

Fig. 8—Typical performance on light
load

half cycle by the other tube. Since the
primary current on typical transform-
ers lags the supply voltage, the in-
stantaneous current is at or near zero
as the ignition point is approached. The
instantaneous drop in the regulating
resistor is respectively at or near zero,
so that the full value of the a-c supply
can act to boost the neon tube over
the top.

It is important that condenser input
be used on the filter. The stabilization
of the d-c voltage will not be good if
choke input is used. It is preferable
to use 874 tubes having nearly equal
characteristics so that they will ap-
proach their maximum current ratings
at the same level of input voltage. The
optimum method of design, or adjust-
ment, is to set a minimum value of a-¢
line voltage, then increase the regulat-
ing resistance until the 874 tubes nearly
reach extinetion. The tubes then will
take care of all higher line voltages
up to their overload point. A 200—ohm,
50-watt, adjustable wire-wound resis-
tor is suitable for use in the a-c¢ line.
The leveling action becomes better as
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From THE Broapcast ANTENNA INTO MiLLions oF HoMmEs

a- S the radio broadcasting stations carry the finest of

programs into millions of homes throughout the
country, Isolantite ceramic insulators contribute their
share to the perfect functioning of the broadcasting
equipment — to the radiation of the invisible rays from
the transmitting antenna — to the perfection of their re-
production in the home.

From crystal frequency generator throughout radio
frequency circuits Isolantite insulators reduce dielectric
losses. Isolantite coaxial transmission line systems and
antenna insulators give maximum efliciency in transmis-

sion and radiation. In the home, receiving sets insulated

with Isolantite give dependable broadcast reception.

To the service of its customers, Isolantite brings its
long experience in the design and manufacture of ceramic
insulators for the broadcasting industry. Isolantite engi-
neers will gladly cooperate in the selection or design of

suitable insulators for every broadcasting application.

ISOEANTRIERING

C 1 ¢

Factory: Belleville, N. J. ¢+ Sales Office: 233 Broadway, New York, N. Y




. . . a specialist to the Nth degree

BIG LOCKS, little locks, old locks, new locks... he knows them all, inside

and out! His international reputation broughthim the task of recovering
a fortune in gold from a sunken liner. Solid steel walls of the ship’s
safe under 360 fect of water had guarded the treasure for 17 years.
Called from 3000 miles away, he dived to the ocean floor, and though
hampered by a high-pressure diving suit, opened the safe — intact! It
was a triumph of personal courage and specialized knowledge.
nsu ”for Perhaps you have a tough electrical insulation problem to “crack”.
That, too, is a job for a specialist...with years of specialized experience,
special manufacturing equipment and highly developed research

éy facilities. We’re ready and eager to cooperate.
om , dﬂ] 200 Varick St., New York; sq2 S. Dearborn St., Chicago; 1276 W. 3d St., Cleveland,

Birmingham, Boston, Cincinnati, Los Angeles, San Francisco, Seattle. Montreal, Toronto

§ A7

1 | ]~
HERE'S A PRETTY PROBLEM!

A Giant D. C. Traction Motor demands
a commutator with five times the usual
number of segments. Can this commutater
be insulated and kept tight under service?
Here is a problem for insulation specialists.

By making special Micanite to withstand
tremendous pressure; by holding it to hair-
breadth tolerances; and by initiating
modified assembly methods, Mica Inswlator
Company engineers had the answer.

A problem solved. .. and another case-
history added to Mica’s encyclopedia of
experience, which is available to the elec-
trical industry.

OVER 40 YEARS OF SPECIALIZATION MAKES THE DIFFERENCE

MICANITE . . . EMPIRE VARNISHED INSULATIONS . . . LAMICOID LAMINATED PLASTIC MATERIALS




the regulating resistance goes up; or,
stated in another way, a range of 110 |
to 130 line volts can be controlled more l
satisfactorily than can 100 to 120 volts.
In Figs. 2, 3, and 4 are operating
data on different layouts, showing what |
may be expected from the method. The
first curve in Fig. 2 shows regulation |
for a fairly heavy load. The d-c side
supplied 30 milliamperes at 200 volts, |
while the filament windings lighted
two 0.3 ampere tubes in addition to the l
84 rectifier tube. For a spread of 16

200}
| Epc
190 \\_
180k
65
| E¢ '
60-/
| 800k, x
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B2 Lo Lo g,
l ] 1 £.3%
Y 40 Sy
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DCload=32MA. | Es
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Line Voltage , E e
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Fig. ,—Unit which displays megative
characteristic

per cent on the line voltage from 110
to 128 volts, the filament voltage varied
a total of 3.2 per cent. The plate
voltage did not depart more than 0.75
per cent from the average, over the |
same range. The filter was a two-
section type using iron-core chokes.
The 874 tubes came into action at the
point noted, having been extinguished |
at the lower a-c voltages. The rated |
load point on the 874 tubes also is
shown.

In Fig. 3 a relatively light load ob- |
tained. The transformer of the pre-
ceding diagram was the so-called four- |
tube midget type, which pulled some
150 milliamperes no-load exciting cur-
rent at 115 volt, 60 cycles. The trans-
former of Fig. 3 was a similar type,
but of different make, and required
260 milliamperes under the stated con- |
ditions. The presentation shows bet- |
ter performance characteristics than |
the preceding run, chiefly because of
the lighter load. For a 16 per cent
variation of input voltage the d-¢ out-
put remained constant to better than
0.2 per cent.

The curve of Fig. 4 is presented to
show that under very light loading the
voltage actually may decrease as the
input increases. This phenomenon |
probably is due to changing phase con- |
ditions, but occurs rather consistently
at light loads. It offers interesting
possibilities in the way of compensating
effects for radio apparatus, either taken
alone or in conjunction with the fila-
ment voltage characteristic.
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A NEW INSTRUMENT
by

‘SENSITIVE’

that
recognizes
no

rival!

This DYNAMOMETER
POLYRANGER 1is
a MULTIRANGE current

and voltage measuring LENGTH
dynamometer, completely of
shielded magnetically, switch Vermier e Saks
controlled and entirely 63 Inches

self-contained.

Its 13 internal ranges enables the user to measure A.C. currents
and voltages from 2 m.a. to 10 amperes and from 2 volis to 3000
volts in easy overlapping steps. This wide range spread will cover
the great majority of measurements with an accuracy of 1/3 of 1%
at commercial frequencies.

THE “DYNAMOMETER POLYRANGER” was designed for use
on a frequency of 60 cycles per second as the great majority of
alternating measurements are made on this frequency.

The “DYNAMOMETER POLY-
RANGER’S” accuracy, speed of
reading and overload capaecity
(500% on current) as well as
its large range spread make it
ideal for educational use or
where an instrument must serve
many purposes,

This versatility makes it par-
ticularly adapted to the com-
plete testing of a new product
design BEFORE they reach
the marketing stage. This
instrument is very com-
pletely described in our
144-page general instru-
ment catalog No. 40.

A copy of this catalog and our
other publications, including a subscrip-
tion to our company paper “Electrical Measure-

” is vours for the asking.

ments,

SensITIVE RESEARCH INSTRUMENT CORPORATION
Llectrical lusts

4545 BRONX BLVD. NEW YORK CITY

INSTRUMENTS DESIGNED AND MANUFACTURED FOR A DISCRIMINATING CLIENTELE SINCE 1927

In the' * We are proud to number among them the RCA Mfg. Co. and their licensees both In this country and abroad
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CONTROLS
YOU SHOULD KNOW

These bulletins contain technical informa-
tion about the new Ward Leonard Con-
trol Devices. Every designer and manu-
facturer of equipment for the generation
and use of electricity will find them of
great value. Send for any or all of the
bulletins featuring controls listed below.

v

* 3 & - 0 > &
Catrr RredavaeKavibs

Resistors Speed Regulators Motor Starters
Rheostats Yoltage Rectifiers
Relays Regqulators Contactors

WARD LEONARD Control Devices Since 1892

Ward Leonard Electric Company, 32 South Street, Mount Vernon, N. Y.

Please send me bulletins relating to: Resistors [], Rheostats [], Relays [, Speed Regulators [J, Voltage
Regulators [], Motor Starters [T], Rectifiers [[], Contactors [].
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Company
Street

City and State
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[ particular run, while the input was
varied over a 21 per cent range, the
filament voltage increased 4.2 per cent

and the d-c¢ voltage decreased 4.0 per
cent.

Direct-Coupled Push-pull
Oscillograph Driver Stage

THE EDITORS HAVE RECEIVED an inter-
esting amplifier ecircuit intended for
use with high voltage cathode-ray
oscillographs, designed by Mr. S. A.
Talbot, biophysicist at the Johns Hop-
kins Hospital in Baltimore. Biologi-
cally produced signals, for which the
amplifier is designed, change slowly, so
that a-c amplification cannot be used.
A direct-coupled d-c amplifier is accord-
ingly used, the total gain being 4x 10°
and the output signal voltage (maxi-
mum) 700 volts. The diagram shows
the output direct-coupled driver stage,
which amplifies the output of previous
stages. The output stage is arranged
| in push-pull, which gives a high out-
| put signal without the necessity of
| using a high plate supply voltage. A
| 450 volt plate supply in this circuit
will produce a 700 volt undistorted
swing in the output. Another advan-
tage of the push-pull connection is the
fact that the sum of the plate currents
is constant, so that a plate supply of
poor regulation may be used. Because
the total plate current does not change
a single plate supply may be used to
feed two amplifiers (one for each set

Direct-coupled amplifier stage capable
lof delivering an wundistorted output
| swing of 700 wolts, from a 450 wvolt
' supply

of deflecting plates) without interac-
tion between the circuits. Freedom
from degeneration in the biassing re-
sistor is also obtained.

If the stage preceding the output
stage contains but one tube, the re-
versal of phase required between the
push-pull inputs is usually obtained by
taking part of the output signal of one
of the push-pull tubes as grid signal
for the other. In the circuit shown,
however, a direct-coupled grid for the
second tube is used, with a compensat-
ing bias voltage of two volts. The
overall sensitivity displayed by the cir-
cuit is 10 mv/mm with 2000 volts anode
voltage on the cathode ray tube.
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RCA

Research and Development

Communication—broadcast or directed, by voice or music or code or
sight, on f{ilm, or by facsimile—is an art based on and maintained by
research, by exploration into new methods, new processes, new mate-

rials, new mathematics, new concepts.

The millions of words that

cross the seas in code, the thousands of hours of entertainment and
education for millions of listeners, the ship-to-shore system, communi-

cation between land and aireraft or with land vehicles
continued research.

all hinge upon

Radio Corporation of America plays a major role

in this dramatic art of communication; its research and development
activities are told in the following pages by the editors of Electronics.

IT 1s romantic but true, that the
Radio Corporation of Americy,
the outstanding example of private
enterprise in the radio and electronic
arts. was formed at the suggestion

even persuasive insistence—ot ofli-
cials of the United States Govern-
ment. At the end of the Great War
overseas communication with the
United States was largely dominated
by foreign capital. The only facili-
ties bearing any semblance to a
commercial  international  system
were owned by the Marconi Com-

pany. The Navy Department,
with an eve to a possible future
situation in which this foreign

control might place commereial op-
portunity above public welfare, saw

First RCA laboratory. Spring 1920.
E. W. Kellogq, R. D. Greenman

the chance to develop an American
svstem.

The opportunity that presented
itself was the proposed sale of the
Alexanderson alternator to the Brit-
ish Marconi Company by the General
Klectric Company, which had de-
veloped it. General Electric had prac-
tically no other purchaser—certainly
no American buyer. And vet, at that
time, it was the most promising
single piece of apparatus which
would make possible transoceanic
communication through space, and
could thus offer a service in compe-
tition with, and independent of,
underwater cables.

So, on April 4, 1919, the Acting
Secretary of the Navy, requested the

H. H. Beverage, H. L. Olsen, Chester Rice,

General Electric Company to hold up
its negotiations for the sale of the
alternator until a conference with
the Navy might take place. Out of
this round table discussion came the
Radio Corporation of America. The
new company thus formed had for
its premises that the United States
should possess its own communica-
tion system, and that this should be
realized from the practical opportun-
ity the Alexanderson alternator, to-
gether with the multiple tuned an-
tenna, offered. The entire history
of RCA since that time has been
based on the same two premises—
to perform a service, and to develop
technical equipment to improve and
expand that service.

The commercial side of this pic-
ture has been told many times. The
early history of the company has
been cited as an early instance of
governmental participation in busi-
ness, because for a while representa-
tives of the Government sat in on
meetings of the Board of Directors.
The financial background of the com-
pany has been told at length in an
article in the September, 1932, issue
of Fortune. But the real background
of the company is not finance, nor the
commercial give-and-take of busi-
ness, but technical organization. The
story of this part of the company’s
activity has not been told, except in
fragmentary form. FElectronics pre-
sents, therefore, this story of the
research and development activities
of RCA. The laboratories and their
products, the men who man them,
the achievements that have been pro-

2



Remotely controlled swivel antenna at Riverhead, used in ultra-high frequency studies

duced—all fit into that early vision
of an American communication sys-
tem, but in a fascinating and com-
posite way that could not be fore-
seen by those who were in at the
start.

HISTORY

When RCA “took over” the assets
of the Marconi Wireless Telegraph
Company of America existing in
this country, it inherited a factory
at Roselle Park, N. J., where marine
communication apparatus was made.
It also inherited some good men with
the factory; men whose jobs were
research and development. Among
them were H. Shoemaker, Roy
Weagant and F. H. Kroger, the last
of whom pioneered in engineering
then, and has been in the forefront
of radio experimentation since 1902.
Today he uses his days and his
imagination at Rocky Point, Long
[sland, working on projects 2 to 5
years in advance of their practical
application. He makes no secret of
the fact that at present his time is
being spent on schemes involving
wavelengths of fractions of a centi-
meter.

The Roselle Park plant was closed
in 1920, and the men who experi-
mented there moved, some to the site
of RCA’s projected trans-atlantic
station on Long Island, and some to
quarters at 326 Broadway, New
York, where marine commercial and

3

technical activities were continued.
C. H. Taylor, from the Marion,
Mass., station of the Marconi Com-
pany joined the group on Long Is-
land. Mpyr. Taylor had come to this
country in 1902, to participate in the
struggle to send radio signals across
the Atlantic with reliability. None
has a better right to look with satis-
faction upon present achievements
than he, because he has had an active
part in forcing stubborn space to
vield before relentless investigation.
And yet if you call upon him at his
office today you may find him por-
ing over reports of the effects of
recent sun spots on short wave
transmission. It is not enough that
continuous communication is now an
assured fact; today the job is to
insure that nothing shall interfere
with communication at accustomed
speeds.

The first laboratory set up by RCA
was housed in a tent, erected late in
1919 at Riverhead, Long Island, the
site of the company’s projected re-
ceiving center. Under this canvas
H. H. Beverage, now Chief Research
Engineer of R.C.A. Communications
(1937 President of the Institute of
Radio Engineers) inaugurated a pro-
gram of field research in radio re-
ception. Beverage had served with
Alexanderson in General Electric.
In 1920, activities were transferred
to a little white shack, fifteen feet
square. This was later enlarged,

WwWw.americanradiohistorv.com

and the work here was augmented
by another laboratory established at
Belmar, N. J., in one of the build-
ings acquired from the predecessor
Marconi Company.

During the World War, the best
reception point was located in Maine.
It was decided therefore to explore
possibilities of this location for com-
mercial operation. The company pro-
posed to relay transatlantic signals
received in Maine to New York by
radio rather than by wire. Trans-
nmission was to be accomplished on
wavelengths of about 1600 meters,

H. O. Petersen and H. H. Beverage
with field strength measuring set, a

Radiola and the first h-f
generator in a wash boiler

signal



It probably is remembered only by
those who were actively engaged in
this work that Belfast, Maine, was
the station at which automatic radio
relay and multiplex radio transmis-
sion were first achieved. On a singl
carrier, five separate channels carry-
ing signals received from Iurope
were imposed, to be unscrambled af
Riverhead into their original compo-
ents. At about this time, C. W.
Hansell took the fundamental work
with crystals of W. G. Cady, of Wes-
leyan University, and G. W. Pierce
ot Harvard, and applied it to create
the first crystal-controlled radio
transmitter.  The stail at Belfast
found time, between jobs, to accom-
plish the first successtful interna-
tional program, which was received
from London and automatically re-
layed by radio to New York, for
broadeast over station WJZ.  This
occurred in December of 1924.

After many months of commereial
operation at Belfast it was concluded
that it would be more etfective to
work with longer transatlantic cir-
cuits, to gain the convenience of hav-
ing the point of reception close to the
operating terminal at New York City.
Accordingly, activities in transatlan-
tic communication were consolidated
at Long Island. Here H. H. Bever-
age, H. O. Peterson, C. W. Hansell,
J. L. Finch, P. S, Carter and N. E.
Lindenblad continued their feud
with 2,000 miles of ocean, under
the veteran C. H. Tavlor.

Evidence of the ectfectiveness of
this organized approach to a com-
mercial. international radiotelegraph
service is that, at the end of
1920, the first year of RCA opera-
tions, radio circuits had been estab-

P

lished with England. France Ger-
many, Norway, Hawaii and Japan.
These facilities included 300 KW sta-
tions, 409 foot towers and other gar-
gantuan items. Today, the complete
RCA international svstem is com-
prised of 55 cireuits which link the
United States, its insular territories
and the Philippines directly with 45
countries. Nowadays the bulk of the
traffic is carried on short-wave chan-
nels, using much less bulky, and movre
effective transmitters and antennas.

Transoceanic radio circuits were
not the sole interest of RCA. The
assets of the American Marconi
Company acquired by RCA upon its
organization included ship stations
of American registry and shore sta-
tions on American mainland. It was
the most profitable part of the com-
pany’s business. It deserved techni-
cal attention. Therefore the benefits
of continued engineering in long
distance communication spread into
this field, and ships began to receive
better equipment. Crystal detectors
gave way to vacuum tubes, and spark
and arc transmitters gave wayv to
tube equipment. Efforts in this latter
direction were met with some resist-
ance from potential users, however,
because vacuum tubes were things of
glass, with delicate internal elements,
and therefore too fragile to be
trusted to operate satisfactorily
when subjected to a ship’s vibration,
or to the possibility of breakage
when they might be most needed, in
emergency. Despite these objections
the last RCA spark transmitters
were made in 1922,

In 1924 engineers of the company
produced the first practical, commer-
cial, rotating-loop type, radio direc-

-

90 megacycle “boiler” transmitter under construction at Rocky Foint. At full
load the shield gets hot, so air-cooling is used

tion finder. This important aid to
navigation has since been under
continued improvement.

Prior to 1920 efforts toward radio
development were for the most part
directed to improvement of point-
to-point and marine communication.
But in that year something hap-
pened in Pittsburgh. Frank Conrad
of Westinghouse put the baseball
scores on the air by voice, discov-
ered that thousands of people would
listen on home made receivers,—and
broadcasting was born. Later that
same year C. W. Horn joined in this
new field, becoming manager of ra-
dio operations, and technical boss of
famous KDKA. Mr. Horn (Charlie
to most people) is now Director of
Research and Development of NBC.

The beginnings of broadeasting in
America (1920) presented problems
in the design of transmitting equip-
ment which were far different from
those of long-range, point-to-point
radiotelegraph communication. For
a time, RCA’s requirements in
laboratory work relating to this
new field were met by Dr. A. N.
Goldsmith and his assistants, at the
College of the City of New York.
Dr. Goldsmith had been retained
since the Marconi Company days, as
consultant, and his laboratory staff
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RCA-Victor plant at Camden. Ground space,

14,000 employees maximum, plant,

consumed annually.

power

had originated many important ad-
vances in the communications field.
Among these was the development
of the centralized high-speed ink
recorder system, in 1921, which re-
placed the aural recording system
inaugurated by the British Marconi
Company. In this system the
signals are recorded on a paper tape
and transcribed on typewriters by
groups of operators.

By 1924 it was apparent, however,
that the full time of this staff would
be required, in quarters specially
prepared for their. needs. In that
year the company set up a new lab-
oratory at the edge of Van Cortlandt
Park, in New York City, to which
the group moved.

The laboratory’s activities in two
groups were under Dr. Goldsmith.
One, the Research Division, was
headed by Julius Weinberger, and the
other, the Engineering Division, was
headed by Arthur F. Van Dyck;
both now of the License Laboratory.
These groups supplied specifications
for broadcast transmitters and re-
ceivers, conducted field surveys for
the buyers of broadcasting equip-
ment, and supervised the design and
construction of the first broadcast-

S

82 acres, floor space 480 acres,
41,500 kw., 50,000 tons coal

ing stations, and carried on contin-
uous quality control testing of all
sets and tubes sold by RCA. From
their work came many devices
which were important in ad-
vancing the art, including the first
electric phonographs, many funda-
mental acoustical developments, the
velocity microphone, centralized ra-
dio, the first low-priced a-c receivers
using the 226 tube, measurement
methods. early sound motion picture
devices and a television system
giving theatre-size pictures.

The years 1929 and 1930 were im-
portant times, for it was then that
the company acquired manufactur-
ing rights and manufacturing facili-
ties. With the purchase of the Vie-
tor Talking Machine Company in
1929, it was set up to manufacture
home receivers and radio equipment
of all types. In 1930 the purchase
of a plant of the General Electric
Company at Harrison, N. J,
equipped it to enter the tube manu-
facturing field. This plant was an
outgrowth of the first incandescent
lamp factory of Thomas A. Edison.

Beyond the attainment of these oh-
jectives, RCA gained also a large
complement of additional laboratory
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men-power. It was logical that fu
ture laboratory activities be concen
frated at the Camden and Harrigon
plants. Accordingly the Van Cort
landt Parvk Laboratory was closed
and moved to one of the
focations in New Jersev.,

In 1930 there
laboratory maintained as o service
to licensces. RCA has been render
ing such service since 1928 1rom the
laboratories which were also doing
the company’s other research work.
By 1930, this service  had
rown to an activity requiring a sep
arate technical group. orpanized to
render engineering sevvice on a more
comprehensive scale to its patent
users.  The License Laboratory was
first established at 75 Varick Street
but later, in the spring ol 1935, was
moved to its present quarters at 711
Fifth Avenue, New York.

RCA’s laboratory facilities hay
grown as adjuncts to the variou
services of the company. Ior this
reason thev are not consolidated at
any one place. but are located con
venient to the various activities.
These services may be divided into
four general classifications: Com
munication, Manufacturing, Broad-
casting and Licensing.

its statb

was  established i

license

RCA COMMUNICATIONS
LABORATORIES

Communications, from which the
radio industry sprang, is overshad
owed by broadcasting in public in
terest, but it has never ceased to be
the vital factor in pressing engineers
and research men on toward greater
knowledge. Not only must apparatus
be developed, but Nature herself
must be investigated to know bhest
how to circumvent and to take ad-
vantage of the vagaries of weather,
and such seemingly unrelated phe-
nomena as the spots on the sun, and
the ionization of the upper air.

Communications research activi
ties divide broadly into three divi-
sions, Transmission, Reception anc
Terminal Equipment. The work of
these groups is co-ordinated under
H. H. Beverage, Chief Research En
gineer, who in turn reports to C. H.
Taylor, Vice President in Charge of
Engineering.

Transmission

The transmission laboratory, un-
der C. W. Hansell, is located at Rocky
Point, L. I, adjoining the commer-



cial-transoceanic radio facilities. Its
function is to develop new and move
efficient types of transmitters and
antennas for frequencies used in
transoceanic communication and for
frequencies higher than those em-
ployed in such work and for the study
of propagation in portions of the
radio spectrum not now in general
use.

There is continual search for
transmitters of greater stability and
power, in the simplest and most eco-
nomical designs. In the early at-
tempts at creating short wave trans
mitters of considerable power great
difficulty was encountered in pre-
venting self oscillation between the
various stages. This problem was
solved by making the successively
higher powered stages multiply the
frequency, in addition to amplifying
power. The arrangement was so suc-
cessful that it was rapidly adopted
for use in short wave communica
tion throughout the world.

In 1927 the Transmitting Division
developed the first four-tube power
amplifier, which held the world’s
record for the highest high-fre-
quency power on a4 given frequency
for several years. In 1927, also the
first quick wave change device was
developed, almost doubling the value
of the individual transmitter by fit-
ting it for dav or night service.
More recently, the same principles,
emploving newer tubes and associ-
ated components, have been applied

Magnetron research
at Harrison

to create a transmitter with an out- ¢iples and equipment successfully
put of 200 kilowatts—the highest employed in one radio band hold little
unit output in short waves today. promise of adaption to even experi-
Frequently it is found that prin- mental work in another. An example
of this is in crystal control of trans-
mitters. Iixperimental work with
ultra-short waves soon demonstrated
that as the frequency was increased
the crystal method of controlling
transmitters became more and more
cumbersome and expensive. Crystals
have definite, practical, upper fre-
quency limits, beyond which an ex-
cessive number of multiplier stages
becomes necessary in ultra-short
wave work. To obviate this necessity
the transmission laboratory devel-
oped the principle of resonant line
control. This consists, basically, of
a concentric transmission line a
quarter wavelength long—a device
ol extremely low loss, comparable to
a crystal and yet capable of control-
ling the transmitter directly, without
use of crystal or multipliers.
Harking back to the reason for

Facsimile equipruent control board
at 66 Broad Street, New York



founding the company—so that
America could have its own radio
communication system—it is inter-
esting to note how antenna develop-
ment made its contribution to this
end. In fact, improvements in an-
tenna design made the system possible
economically. Commencing with com-
plicated and expensive arrays, it was
seen that a multiplicity of such an-
tennas, for simultaneous communica-
tion with several countries, would
result in prohibitive plant and main-
tenance cost. The necessity for more
economical antenna designs, of sim-
pler mechanisms, was obvious. Sub-
sequent mathematical and theoretical
exploration pointed to the possibili-
ties of obtaining desired performance
from antennas of radically different
design. Thus the Transmitting Divi-
sion came to develop various types
of “long wire” radiators, each suc-
cessive type representing an advance
both in efficiency and economy of
construction and maintenance over
preceding efforts. Today’s antennas
produce a concentration of power in
the desired direction equal to that of
the older arrays at the cost of about
five to ten per cent of the earlier
method.

The application of directive trans-
mission is illustrated by an incident
during the course of Admiral Byrd’s
last voyage to the Antarctic, when it
was desired to send a special radio
program to his ship by way of Rocky
Point. According to the itinerary,
the Jacob Ruppert should have been
off the coast of Ecuador, so trans-
mission was attempted with an
antenna directed on South America.
When it was found that the vessel
was in mid-Pacific instead, and out-
side that antenna’s beam, the en-
gineers hastily went into conference
with a terrestrial globe.

The difficulty was solved by re-
versing the Moscow antenna elec-
trically, and the radio waves from
Rocky Point played upon the ship
like the searchlight of a passing
vessel. Today’s directional trans-
mission is a far cry from the splash
of energy sent off in all directions
in the ethereal mill-pond by the early
gpark transmitters.

Reception Division

The Reception Division is located
at the main receiving center, at
Riverhead, L. I., under the direction
of H. O. Peterson. It is engaged in
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the development of transoceanic re-
celving facilities which involves not
only the improvement of receiving
equipment but also the continuous
study of the propagation of electri-
cal energy through space. The work
is not confined to the frequencies
utilized for transoceanic communica-
tions but extends also into the ultra-
high frequency domain.

The most important early contri-
bution of this receiving laboratory
was the “wave antenna” for long
wave reception developed by Bever-
age, Rice and Kellogg. This was the
first time the aperiodic principle was
used in reception by which an an-
tenna of fixed dimensions receives a
wide band of frequencies with equal
efficiency. Nothing looked less like the
antennas then existing. The wave
antenna was strung on telephone
poles, not over 20 feet from the
ground. This line of poles was aimed
in the general direction of the coun-
tries from which signals were to be
received—and the wires on these
poles were actually grounded at the

remote end. Later, when the labora-
tory became active in investigation
of short wave phenomena, H. O.
Peterson designed the “fish-bone”
type, which is standard in RCA
communications practice at present.

Propagation studies with “fading”
on short waves led to experiments
in combining the products of signals
received at different frequencies, as
well as the products of horizontally
and vertically polarized waves. Still
another method, known as ‘“‘spaced
diversity” reception, utilized three
antennas in triangular formation
spaced about a thousand feet apart.
These were of the “fish-bone” type,
for reception of horizontally polar-
ized waves, the energy from each
being fed to its own receiver. The
combination of the products of the
receivers provides signals unusually
free from fading difficulties. How-
ever, there remained problems of
mutual interference between re-
ceivers, which necessitated the de-
velopment of tuned radio frequency
amplifiers for operation on much

Balloon ascensions at Riverhead deter-
mine “angle of arrival” of radio waves




higher frequencies than had pre-
viously been employed. The di-
versity receiving system was sub-
sequently adopted as standard at all
RCA  transoceanic  radiotelegraph
stations, and the same principles
extended to include telephonie opera-
tion. The latter makes possible the
present standards of the RCA ad-
dressed program service, by which
programs are received tfrom foreign
countries foi connection to Amer-
ican broadcesting networks.

fixtension of propugation studies
into the realm ot ultra-short waves,
and the development of suitable
transmitters and receivers for in-
vestigating this new domain led to
cooperative program with the Mutual
Telephone Company of Ilonoluly,
which gave five islands of Ilawaii
@ telephone system devoid of con-
necting wires. This was of particu-
larly practical value, since cuble con-
nections between the islands had
proved unusable because of great
ocean depths, and long wave signals
had been found to be too mutilated
by stutic. The ultra-short wave sys-
temm has been in continuous and
automatic operation since it wuas
installed, in 1931.

Rabe Goldberyg i Radio

Todayv’s organized research is not
without its ingenious short-cuts. It
will be recalled that Edison, as a
telegrapher, contrived a combination
ot clock and automatic telegraphic
keving device which “reported” for
him to a dispatcher at regular in-
tervals, leaving his mind free for
experimental work.

One of today's counterparts is «
voung engineer at the Riverhead sta-
tion, whose assignment was to study
the angle of arrival of short wuve
signals. A transmitter attached to
a4 caplive balloon was employed in
the tests, but it was soon found that
any appreciable degree of wind
caused the balloon to “bounce,”
therebyv rendering worthless meuas-
urements at a given length of cord.
Tirtng of rising during the best
sleeping hours of the night and driv-
ing to ““location” only to find a de-
tfeating breeze, this engineer devised
a pendulum with a five-gallon oil can
suspended on a ten-foot string. A
spike fastened to the bottom of the
can was utilized as one contact, and
a ring ot metal, in the center of
which it normally rested, wus the

Lenox Lohr, Pres.

0B.Hanson, VP Ch. Eng.
CW.Horn,Dir Dev.&Res.

e

R.M.Morris
Dev. Engineer

Photophone
|M.C.Batsel

other.  Wind frem anyv direction
would sway the can and close the
cireuit.

In operation, the complete rig
worked like this: On being awakened
by his alarm clock, the engineer
reached for his telephone and called
Riverhead 2576. At the luaboratory,
the microphone and other apparatus
translated the ringing bell into the
action of lifting the receiver off the
hook for one minute. During this
time, contacts of the wind measuring
device outdoors actuated a buzzer
near the telephone transmitter. By
the frequency and duration of the
buzzes thus caused, the engineer
could determine whether the wind
would accommodate his  balloon
measurements,

Termminal FEquipmment Division

The function of the Terminal
Equipment Division, headed by J. L.
Callahan, is to improve the terminal
apparatus incident to all phases of
central office operation. This includes

WwWw.americanradiohistorv.com

Receivers

C.J.Pannill, Pre
L.F. Byrnés,ChEng

RC A Victor Div

LM.Clement
V.P.Res.and Eng.

ransmitters General

Electronic
Research

Research [
K.Zworykin

Meeting of the Board of Editors, RCA
Institutes Technical Press. Front row, left
to right: R. S. Burnap, Radiotron; I. F.
Byrnes, Radiomarine; Dr. A, N. Goldsmith,
Consulting Engineer; C. ]. Pannill, Radio-
marine and RCAIl; L. M. Clement, RCA
Victor; C. W. Horn, NBC. Standing, C. S.
Anderson, Production; E. S. Colling, RCA
Review Manager; R. M. Morris, NBC;
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the preparation of messages for ac-
tual transmission, i.e., transcribing
or converting printed text into time
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