JANUARY . 1941
PRICE 50 CENTS

McCRAW-HILL PUBLISHING COMPANY. INC

WWW-americanradiohistorny com §| «TR


www.americanradiohistory.com

WI/ i

FOR YOUR LABORATORY YOUR PROOUOT OR YOUR PRODUCTION LINE

AUTOMATIC VOLTAGE REGULATORS
195-130 VOLT INPUTS ... 110, 115, 120 VOLTS OUTPUT + 1%

The UTC automatic voltage regulator is NEW. It involves no moving parts and

effects instantaneous correction for either transient or chronic line voltage fluctuations.

STANDARD TYPES SPECIAL UNITS

Type Capacity Net Designs for 220 volt The unique design of these regula-
No. VA — 60 Cyc. Price service available at tors makes possible the construction of

AR-1 15 $12.00 25% increase in special units with relative ease. The
AR-2 30 15.00 price, for 50 cycle output can be arranged to provide
AR-3 60 21.00 units increase price filament and plate voltage, or any
AR-4 120 28.00 25%: for 42 cycles, other special voltages that may be re-
AR-5 250 46.00 35% increase: for 25 quired. Write for details. -
AR-6 500 67.00 cycles, increase price
AR-7 1000 110.00 100%. Special sec-
AR-8 2000 200.00 ondary voltages

e loe available to cus-
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Plain ELF
without Switch

LD Man Centralab presents his little brother . . .
aptly called the ELF Radiohm.

Designed and constructed like the popular MIDGET Radi-
ohm it has the added feature of still smaller size.

In spite of its small size it too features CENTRALAB'S
long straight resistor strip in the inner circumference of
the case . . . a particular advantage in producing good
curve characteristics and low noise level on small controls.

S.PS.T. snap
switch . . .
Underwriters
Can be supplied with S.P.S.T. Switch with or without approved

dummy lug. Switch rated at 2 Amperes at 125 volts.

Underwriters approved.

TAP POSITIONS at 31, 44, 56 and 69% of rotation based
on 300 degrees total rotation.

Send for Specification form 691

CENTRALAB: Div. of Globe-Union Inc. MOUNTING
MILWAUKEE, WISCONSIN

Standard Bush-
$“ o ing Length ...
' V4" shaft dia.

3 tap
locations
available

2 January 1941 — ELECTRONICS
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an—ﬂlﬂ THE FIRST TIME

T—IIS new line of instruments (Type
CF-2) makes it possible to obtain per-
manent records of circuit conditions
where, previously, only indicating in-
struments, or expensive recording
equipment, were available.

You will find these instruments ideal
for electronics work because of their
low power consumption.

THEY’RE INKLESS
There's no ink to spill, blur, or freeze.
You are sure to obtain accurate records
in temperatures from — [0F to |20F,
and rapidly fluctuating loads will not
cause “painted” charts.

The CF-2 recorder is small, sturdy,
accurate within 2 per cent, and readily
portable—it weighs only 12 pounds.
A reliable Telechron motor feeds the
chart at either 1, 2, or 3 inches per hour.

For a-c measurements, the companion
Type CF-1 instrument is available.

Get complete information from the nearest G-E Office. Ask for
our Bulletin GEA-3187, General Electric, Schenectady, N. Y.

—

'GENERAL @) ELECTRIC

ELECTRONICS — January 1941

Obtaining a permanent record of a tube
plate current with a CF-2 d-c milliammeter

\
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the many
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CF Instruments record by making one dot per second.
This record was made with a relatively constant cur-
rent. On Auctuating circuits the record may not be
continuous, but the density of the dots sives an in-
dication of the ge current or voltage.

C

-

I

Range. .. . ... ..

TYPICAL CHARACTERISTICS OF A POPULAR RATING

Resistance. . . .. . ..
Response time. .. ..
Dimensions. . . . . ..
Scale length. . . . . .
Chart speed. . . . . ..

...... 8 9/16 by 10 9/16 by 5 31/32 in.

..................... 3 in, per hour

.16 ohms, approx.
........ 3 sec. approx.

........... 31/2 in,

www americanradiohistorv com
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WE'LL KEEP THE"?W

YOUR ASSEMBLY BILLS

Parker-Kalon’s Unequalled Quality-Control

F‘éh’, | = l

= -

Laboratory eliminates the extra costs
built up by “doubtful” screws

Fastening devices cost little . ..
when they work right. When they
don’t, they cost plenty! The “Doubt-
ful Few”. .. the imperfect units in
a lot that won’t drive properly, or
fail in service . . . carry with them a
high bill for extra time and labor,
interrupted work and customer
dissatisfaction.

To protect you against the cost-
boosting “Doubtful Few”, the Parker-
Kalon Quality-Control Laboratory

was established. Without counterpart
in the industry, it makes it possible
to hold Parker-Kalon Hardened Self-
tapping Screws, Socket Screws and
other fastening devices to higher
standards than ever before could be
attained!

Specify Parker-KaLoN for fasten-
ing devices that ALways Work Ricir
a~xp Howp Ticnir. Send for folder and
free samples. Parker-Kalon Corp.,

192-194 Varick Street, New York.

SOLD ONLY THROUGH RECOGNIZED DISTRIBUTORS

Q.t%- PARKER-KALON
Fastening Devices

WwWwWw.americanradiohistorv.com

PAIM(q

o

o 'm;gt Ct.}npou,m.
Ysa

COSTS NO MORE 1o ge:
this Parker-Kalon Quality-Control
Guarantee with every box of ....

TIVan

Hardened Self-tapping Screws
Types, sizes, head-styles for every
assembly of metal or plastics

Cold-forged Socket Screws
CapScrews,SetScrews,
Stripper Bolts madeto

a new high standard
of quality

Wing Nuts-Cap Nuts-Thumb Screws
Cold-forged . . Neater, Stronger

January 1941 — ELECTRONICS
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A MIDGET IN SIZE—A GIANT IN OUTPUT

Three-fifths
actual size

P ok ‘.“GH-POWER

M

AND TELEVISION

To Get the Most from
Your Tube Dollar
Be Sure to Specify
GL-880’s

GL-880 is the largest of the G-E
developed tubes for high-frequency (FM
and television) services. Its background
is more than 28 years of G-E tube ex-
perience.

GL-880's ingenious ‘‘folded” anode
reduces internal lead lengths by 10 inches
without sacrificing cooling surface. High
efficiency is obtained even at high fre-
quencies.

Dual grid leads for separation of excita-
tion and neutralization minimize neutral-
izing problems.

Easy to Drive
With only 1500 watts driving power at
the grids, two GL-880’s will deliver an
easy 50 kw of FM at 50 mc.

Here's Real Versatility
Primarily for FM and Television, yes,
but GL-880’s have unusual efficiency at
international and standard broadcast
requencies, and as modulators. A pair
will give a 50-kw plate-modulated carrier
at 25 mc!

Be sure toask your near-
by G-E representative
for full information on
the complete line of G-E
transmitting tubes for all
services. There are G-E
offices in 80 principal
cities. General Electric,

Schenectady, New York.

"™ G.E 50,000-watt
§ FM broadcast
transmitter

GENERAL () ELECTRIC
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UNITED AIR LINES

AMERICAN AIR LINES

ASTERN E
AIR LINES

G. A OReilly... TWA =
engineer...says," ' Webhave -1
manyEimac 450T"s with
nearly 10,000 hours of
salixﬁyztlary service.

EIMAC REPRESENTATIVES
. " California, Nevada Ohio, Mich., Ky., Ind., Minn., N. Caro., $. Caro., Georgla,
Y. _l__~ 1 HERB BECKER, 1530 W, Mo., Kan., Neb., lowa Tenn., Flor., Ala., Miss.

104th St., Los Angeles, Cal. PEEL SALES ENGINEER. JAMES MILLAR. 316 Ninth
Wash., Ore., ldaho, Mont. ING CO., E. R. Pecl, 154 St. N. E., Atlanta, Georgia.

GENERAL SALES co., E- ErieSt.. Chicago, Ill. Texas, La., Okla., Ark.
X Verner O. Jensen, 2605-07 N, Y., N. J., Pean., Md., Del., J. EARL SMITH, 2821 Live
dEi.’f 7 : Second Ave., Seattle. Wash. pist of Col., Maine, N. H. Oak St., Dallas, Texas.
BRANIFF AIRWAYS - 5 - : Colo., Wyo., New Mexico, R. 1., Conn., Mass. Chicago, illinois, Wisconsin
- ' W Arizona, Utah ADOLPH SCHWARTZ, G. G. RYAN, 549 W.
RICHARD A. HYDE,. 4253 14726 Elm Ave., Flushing, Washington Blvd., Chicago,
Quitman St., Denver, Colo, New York, I11.
6 January 1941 — ELECTRONICS
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READ WHY ENGINEERS SAY CORNELL.DUBILIER
CAPACITORS FOR EXTRA SERVICE EVERY TIME

OOKING like any other capacitors.

C-Ds are different underneath.
Hidden in the ingredients is an extra
measure of quality. This quality ac-
counts for the longer life, greater
dependability, extra service engi-
neers enjoy in C-Ds. You can expect
extra service every time you specify
Cornell-Dubilier capacitors. It's built
in!... a product of C-D specialization
— actually. extra years of capacitor
experience. Next time, get the capa-
citor that ofiers you extra value at
no extra cost.

REMEMBER!/! Only C-D union-made capa-

citors give you the EXTRAS! at no extra cost.

— WITH CORNELL-DUBILIER CAPACITORS!

ELECTRONICS — January 1941

IF YOU HAVE TWO apples, they may look alike. But
one can be dry and mealy, while the other gives you an
extra measure of juice and goodness. It's the same with
capacitors. For that extra measure of value, look to the
hidden ingredients.

e

wwWwwW americanradiohistorvy com
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Clark Line Walﬁa;e Re«;uldam

PROBLEM

‘[ Maintaining voltage during final test of
electric refrigeration motors.

CONDITIONS

‘[ Motors have full load current of about 2%
amperes at 115 Volis.

([ Power factor, when running, is about 60%.

‘[ Starting current is about 10 to 11 times the
full load running current.

‘[ Power factor at starting is unknown, but must
be very low.

‘[ Clark Size 2 Regulator has capacity of
about 25 amperes at 115 Volts, hence starting one
motor is an overload on the Regulator.

‘[ Under certain temperature conditions in the
refrigerator, the motors can stall, giving locked
rotor current for a couple of minutes before thermal
devices trip and take motor off line.

‘L- Low load Power Factor is over .90, the Start-
ing Power Factor below .30, and Running Power
Factor .60.

RESULT

( The Clark Autovolt Regulator was adjusted
to 113 Volis (correct output voltage).

( During starting period of one motor, output of
Regulator showed very slight increase (less than
one volt) then dropped to exactly 113 Volts.

{ Regulation was maintained at low load .90

Power Factor, and at approximately 10% load .60
Power Factor, with no noticeable variation in
the Voltmeter.

‘]: During starting pericd the load was 120% at
something less than .30 Power Factor, with total
rise of less than 1 Volt.

YOUR INTEREST

( Equally fine Voltage Regulation can be
obtained in your plant.

( Just state your voltage conditions, and "“3C"
engineers will gladly co-operate.

P

~_OFFICES IN PRINCIPAL CITIES

THE CLARK CONTROLLER (0.

B 1146 EAST 152™°ST.

8

CLEVELAND, OHIO il

January 1941 — ELECTRONICS
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| THREE

MILLION

§ POUNDS

ON THIS PIECE
OF PORCELAIN

... ALL LAPP TOWER INSULATORS INCORPORATE
THE SAME ENGINEERING DESIGNS visicors at the Lapp plant are

often most amazed at this demonstration—the proof test of a porcelain base insulator with
1,500,000-1b. loading. On design test, this same unit withstood 3,000,000 lbs.

We are proud of a porcelain cone of two-and-a-half-in_h wall thickness that will stand up under
3,000,000 lbs. of compression loading. But we don’t -l1im any magic for it. It’s merely the
application of sound engineering principles in mechanic:1 design and in porcelain production.

Back of every Lapp development is the same kind of thinking. Products { .r radio transmission
include tower footing and guy insul:tors, porcelain water cooling systems and pressure gas-
filled condensers. Every engineer contemplating
installation of a new transmitter, or moderni-
zation of present equipment, should hear the
Lapp story.

LAPP

INSULATOR (0., INC., LEROY, N. Y., U. S. A.
ELECTRONICS — January 1941 9
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For the first time in instrument bistory, ali the features
listed above have been combined in a single, low-
cost instrument to herald a new era in testing!

Originally designed for radio circuit testing, the RCA
JUNIOR VOLTOHMYST has proved unexcelled for
use in all electrical fields where extreme sensitivity,
accuracy and ruggedness are important factors. lt
utilizes the famous Rider VoltOhmyst electronic push-
pull circuit. Thus, instead of being applied directly to
the circuit under test, the meter is driven by the elec-
tronic circuit which, in turn, is energized from the
circuit being tested.

By this means, the high input resistance of 11,000,000
ohms can be maintained on all d-c voltage scales, giving
a maximum sensitivity of 3,666,666 ohms per volt.
This extreme sensitivity also allows resistance measure-
ments from 0.1 ohm to 1000 megohms. As maximum
meter driving power is limited by the capabilities of

the electronic circuit, full meter protection is obtained
on d-c voltage and ohms measurements. A shielded lead
with an isolated probe is furnished to insure negligible
circuit disturbance during d-c¢ voltage measurements.

SPECIFICATIONS

D-C VOLTMETER ... 6 ranges of 0-3, 10, 30, 100, 300 and 1000
volts with a constant input resistance of 11,000,000 ohms. This
permits true dynamic testing under actual operating conditions.
Full meter protection.

OHMMETER . .. 6 ranges of 0-1000, 10,000, 100,000, 1,000,000,
10,000,000, l 000,000,000 ohms. No zero reset requlred when
changing scales. No leads to short. Full meter protection. All ohms
read on one scale having low end expanded for greater accuracy.

A-C VOLTMETER ... 5 ranges of 0-10, 30, 100, 300, 1000 volts.
Isolated a-c circuit uses copper oxide rectifier giving 1000 ohms
per volt sensitivity.

METER ACCURACY ... 2% at full scale. Matched pair multiplier
resistors accurate to 1%. Rugged meter movement; withstands
mechanical shocks.

ASK FOR RCA CATALOG NO. 105 —Describes Junior VoltObmyst, also the full line
of RCA Oscillographs and Test Equipment for a wide variety of industrial needs.

RCA MANUFACTURING CO., INC., CAMDEN, N.J.- A ser\nce of ihe Radio Corporahon of Amerlca f’;’
In Canado: RCA Vu:ior Co., lld., Monh‘eal ffl
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A OIL BURNER IGNITION offers an ideal application for
Isolantite*. Its high strength minimizes risk of mechanical failure;
its non-porosity aud high puncture volage offer equally important
advantages from the electrical standpoint. Vitrified at high tem-
peratures, Isolantite is impervious to oil and moisture. In addi-
tion to oil burner ignition insulators of the types illustrated,
Isolantite supplies complete ignition assemblies, including elec-
trodes, to many of the leading oil burner manufacturers.

> IN FM, TOO, Isolantite is the logical choice. Typical instance
of its use is at W1XOJ, the Yankee Network station at Paxton,
Mass., which was designed and built by Radio Engincering Labo-
ratories. Photo shows power amplifier unit, with plate lines sup-
ported by Isolantite stand-off insulators. Isolantite engineers will be
glad to cooperate in solving your special insulator design problems.

ELECTRONICS

January 1911

> VERSATILITY OF ISOLANTITE is illus-
trated in this photo of the Western Electric 50
kilowatt transmitter at WJSV, Washington, D. C.
Stand-off insulators, coil forms, condenser insula-
tion, notched bars for inductance supports, and
lead-in insulators are standard Isolantite insulator
designs adaptable to many types of equipment.

W TRANSMISSION LINES engineered by
Isolantite are made in large and small sizes, with
single or double internal conductors. Bulletins
describing Isolantite’s Transmission Line, solder-
less fittings, and accessories are available on re-
quest. Write us outlining your problem and we
will send you complete information. (Isolantite
Transmission Lines are sold nationally through
Graybar Electric Company.)

i 3
|
1

IKEULATICN
LICHLICHTS

< LIBERAL USE OF ISOLANTITE in this Hammarlund transmitting kit is typical of its
widespread application in progressive design for both amateur and commercial use. Low loss
factor, high strength, and close mechanical tolerances are outstanding advantages of Isolantite,
and are important factors contributing to its broad, diversified utility.

‘Registered trade-name for the products of Isolantite, Inc.

-

IseLt

N

CERAMIC INSULATORS

ISOLANTITE, INC. FACTORY: BELLEVILLE, NEW JERSEY

SALES OFFICES: 233 BROADWAY, NEW YORK, N. Y.

11
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Type W plate transformers
and reactors for all small
and medium high-voltage
rectifiers.

. .. IN ALL RATINGS;
FOR ALL REQUIREMENTS

Continuous research

AmerTran modu-
lation transform-
er, oil-immersed
type, for large
broadcast trans-
mitters.

work by our engineers
since the early days of radio
has made and maintained the
AmerTran trademark a symbol

representing the ultimate in trans-

Type W filament transformer,
air-insulated type, for tests up
to 50 Kv.

formers for communication ard elec-

tronic circuits. This also explains why our

AmerTran audio trans
formers and reactors are
available for all appli
cations and meet exact
Type RS plate transformers requirements.
and reactors, oil - immersed
type, for large rectifiers.

products are preferred and used by so

many of the largest equipment manufacturers

and best-equipped broadcasting stations. Today
our list of products covers the complete range of
transformer requirements for electronic tube circuits
—from the smallest audio unit used in an air-craft radio

receiver to the giant power and modulation transformers
for a 50,000 watt broadcast transmitter. Furthermore, all
types and sizes can be produced economically either singly or

in quantity to meet your particular specifications.

Let us submit data on
transformers for your requirements.

—_— MER
RN

AMERICAN TRANSFORMER COMPANY

Manufacturers 178 Emmet St. Newark, N. J.
SINCE 1901

at Newark, N. J.

12 January 1941 — ELECTRONICS
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HIGH FREQUENCY ... An osillator
delivering frequencies from 100 to 1200

cycles supplies sufficient power output for

VIBRATION... Avibration testing machine
proves the ability of Dunco relays to with-
stand specified vibration tests. Speeds up to
60 cycles per second at various amplitudes

a

CURRENT ... Storage batteries delivering
any d-c voltage from 2 to 24 volts provide

for strenuous load tests. Inrush currents up to
500 amperes and continuous currents up to

operating relay coil circuits at high frequen-
cies without reducing the applied voltage. may be obtained with this test equipment. 250 amperes at 24 volts are obtainable.

SHOCK ... A shock testing device covers.
the exacting Navy requirements in this
important test and erables Dunco to study
relay performance under abnormal conditions.

ALTITUDE ... A bell jar, vacuum pump

and altitude meter for simulating conditions
at altitudes as high as 30,000 feet enable o
study of contact action under such conditions.

... but every DUNCO RELAY

is just as carefully tested!

Just as cach Dunco aviation type relay or solenoid is
desiened, constructed and tested for aviation’s exacting
requirements, so are Dunco industrial units specifically
designed and tested for the specific conditions under
which they are 1o operate. Only by such care to detail can
the utmost in relay dependability be obtained. Only as a
result of such eare, could Dunco Relays have become
first choice of so many of the nation’s leading and most
discriminating users . . . Catalog on request . .. Dunco
Relay Engineering help at your service.

HIGH-SPEED TIMING... Anoscilloscope
and high-speed motion picture camera pro-
vide a means of studying high-speed contact
action which cannot be seen with the eye.

A POPULAR NEW SENSITIVE RELAY

Dunco Type ¢S’ Relays set new standards of performance
in combining a high degree of sensitivity with fast, low-
power operation. Unexcelled for use with sensitive con-
trol units such as mercurial thermostalts; for electronic
uses such as welding timers; burglar alarms operating
from dry cells and many others. Write for details.

STRUTHERS D“NN, Inc. . 1526 Cherry Street, Philadelphia, Pa.

ELECTRONICS — January 1941 13
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Performance...
“Right to a Turn”’

for this Prominent Appliance

Manufacturer—with
- MATLoRrY

Improved Vitreous Resistors

ALLORY Improved Vitreous Resistors have a

performance record second to none. This was
recently horne out by their selection, after exhaustive
tests, by the manufacturer of one of America’s most
popular electric ranges.

TRRTT Connected in series with the heating element 1o keep a
ADJUSTABLE RESISTORS warming compartment at the proper temperature. ..
Mallory Resistors give long life and dependable per-
formance. In every essential, they are as superior as
quality materials and workmanship can make them.

They assure maximum wattage dissipation, high resist-
ance to humidity, and high resistance 1o permanent
change due to overloads.

YARDOHM
RESISTANCE KITS o7 _
7

If resistors are included among vour needs, cither as
original equipment . . . or for processing, maintenance,
or experimental work, vou ean depend on Mallory.

P. R. MALLORY & CO,, Inc.

8s ;G"E

—— =
X ey o INDIANAPOLIS INDIANA
. séf Send for this catalog Cable Address— PELMALLO
ﬁ Your technical source files are incomplete if you do not
. i have thns catalog of Mallory approved precision products.

NATION-WIDE ({

SERVIC,
P.R_MALLORY & CO.inc_h sl

A I_ L o R \_DISTRIBUTORS
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ELECTRONICS....KEITH HENNEY

Editor...J]ANUARY,

1941

> ETA KAPPA NU The 1940
award of Eta Kappa Nu, honorary
electrical engineering society, has been
given to Jesse E. Hobson, central sta-
tion engineer, Westinghouse Electric
and Manufacturing company, East
Pittsburgh. This award is for young
engineers graduated not more than 10
years and less than 35 years of age
and was inaugurated in 1936 to recog-
nize “meritorious service in the inter-
ests of their fellowmen”. In making
their choice for the award, the judges
pay attention to all of the candidates

activities, technical, civie, social and
cultural.
Two Honorary Mention Awards

were given, one to Stuart G. Hight of
the Bell Telephone Laboratories and
one to Donald G. Fink, Managing Edi-
tor of ELECTRONICS.

Without underrating to the slightest
degree Messrs. Hobson and Hight,
ELECTRONICS is tremendously pleased
with the award to Mr. Fink. The
Award permits us to say certain things
about Mr. Fink which for modesty’s
sake would otherwise not have ap-
peared here. So that all of the readers
of ELECTRONICS may know, we publish
what Eta Kappa Nu says about him:

“Donald G. Fink entered the Massa-
chusetts Institute of Technology in
September 1929, and graduated in June
1933 with the B.S. Degree in E.E.
He continued at the same institution
for another year, doing graduate work
in various courses in electrical engi-
neering and physies. Since that time
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CROSS

TALK

Donald G. Fink

he has done graduate work at Colum-
bia and the Stevens Institute of Tech-
nology.

“He developed an early interest in
radio, having qualified for an amateur
radio license at the age of 16. His in-
terest in television began at M.L.T.
where he operated a scanning dise re-
ceiver.

“His ability as an editor began at
M.I.T. where he progressed through
all the subordinate positions on the
staff of Tech Engineering News to
Editor-in-Chief.

“In June 1934, he became editorial
assistant on the staff of ELECTRONICS, a
McGraw-Hill publication dealing with
the uses of vacuum tubes in commerce
and industry. In 1935, he became as-
sociate editor of the same publication,
and in 1937, managing editor, which

www americanradiohistorv com

position he now holds. He has also
served since 1938 as radio editor of
Aviation magazine.

“He was co-author of a book entitled
‘Neon Signs,” and has instructed eve-
ning courses in advanced electronics
at the New York YMCA Technical
School. He delivered a series of lec-
tures on atomic physics and electronics
to members of the engineering staff of
Westinghouse Lamp Company at
Bloomfield. These lectures formed the
basis' of a book entitled ‘Engineering
Electronics’ published in 1938. It has
been used as an introduction to the
subject in 60 colleges and universities.
Another series of lectures was deliv-
ered to the above group on ‘The
Sources and Uses of Radiant Energy.’

“In January 1940, Mr. Fink published
a book entitled ‘Principles of Televi-
sion Engineering’. Since August 1940,
Mr. Fink has served as a panel mem-
ber of the National Television System
Committee which is now engaged in
setting up standards for commercial
television transmission. He is chair-
man of the Publications Committee,
Radio Club of America; member of the
Institute of Radio Engineers, Tau
Beta Pi, Sigma Xi, and Pi Delta Epsi-
lon. In addition to his technical accom-
plishments, Mr. Fink has been a par-
ticularly active leader in the life of
the young people in his home com-
munity.”

The publishers of ELECTRONICS and
his associated editors are proud of this
recognition of his accomplishments.
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SOUND IN

Synchronizing Sound . . . . In the production of motion pictures, the scene
is photographed and the accompanying music recorded separately. Later, in the op-
eration shown above, the two are synchronized as the sound is dubbed on the f{film
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MOTION PICTURES

The first of two installments reviewing progress in the

me hods and equipment for recording sound in the motion

picture industry, from its inception in 1927 to the present

HE sound motion picture has .

not yet attained such an age
that many persons will have com-
pletely forgotten the thrill which
they experienced at their first view-
ing of a talking picture. Yet in that
brief span of approximately a dozen
years since the “Jazz Singer” took
the country by storm, the technique
of sound recording for motion pic-
tures, and the equipment and film
stocks employed in the process, have
enjoyed an uninterrupted and almost
unbelievable degree of development.
The practice of making duplicate or
triplicate sound records of a scene
to insure a single satisfactory fin-
ished record has long since been
discontinued, and the type of action
portrayed on the screen is today
in no way limited in scope by re-
strictions imposed by the recording
equipment.

The sound records of the earlier
talking pictures were sixteen-inch
disc records, similar in general ap-
pearance and composition to ordi-
nary phonograph records. They
were recorded at a rotational speed
of 334 rpm, to permit a playing
time equal in length to the time
required for projection of a com-
plete reel of picture. The recording
channel proper consisted of several
condenser microphones and their
associated amplifiers, a mixer table,
booster and main recording ampli-
fiers and a number of bridging
amplifiers whose input circuits were
multiplied across a “bridging bus”
formed at the output of the main
recording amplifier. The output cir-
cuit of each bridging amplifier was
connected to the cutting head of a
wax recording machine through a
calibrated attenuator.

The cutting heads employed in
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By NATHAN LEVINSON

Warner Brothers Pictures, Inc.

the production of Vitaphone records
exhibited a frequency-response char-
acteristic which, for a constant in-
put level, produced a record of con-
stant amplitude for all frequencies
in the interval between 40 and 409
¢ps, and a record of constant veloc-
ity in the interval between 400 and
5009 cps. The low frequency re-
sponse of the cutter was reduced
to avoid overloading of the record
by the high-energy, low-frequency
components normally present in
speech and music. The cutter showed
a very rapid decrease in response
at frequencies above 5000 cps. The
curve of Fig. 1 indicates the com-
bined frequency-response character-
istics of an early wax recording
head and an early disc reproducer
head.

The original records were cut on
soft wax blanks whose surface had
been brought to a high degree of
polish by the use of sapphire shav-
ing knives. The production of a
good record required the use of a
freshly shaven wax blank whose
temperature was held within rather
narrow limits to prevent smearing
or chipping of the wax during re-
cording. The novelty and uncer-
tainty injected in the production of
motion pictures by the advent of
sound made it necessary to provide
means for the director of a picture
to check the character of the sound
record immediately upon completion
of the shooting of each scene. There-
fore playback reproducers were pro-
vided which permitted reprcduc-
tion of the record cut in the soft
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waX. Records which had been so
reproduced were, of course, unsuit-
able for later processing and for
this reason, it was necessary to cut
two or three records of each scene
photographed.

At the completion of shooting and
editing of a picture it was necessary
to combine the individual record-
ings of each scene which appeared
in the finished picture in such a
manner that the single record asso-
ciated with each reel of the picture
would contain just that dialogue,
music, and sound effects necessary
for the scenes appearing in that reel.
The process of combining a number
of original recordings of dialogue,
music, and sound effects into a single
final record is known as “dubbing”,
or ‘rerecording”. The difficulty of
selecting a few words or sentences
from a number of individual disc
records and combining these in
proper order and in exact syn-
chronism with the aection tgking
place on the screen presented no
small problem. In fact, the diffi-
culties of this prccess of selection
and combination were so great that
only one of the Hollywood studios,
Warner Bros., was ever equipped to
rerecord from disc records on a
large scale.

Nor were the troubles encoun-
tered in disc recording ended when
the final records for a picture had
been completed. The maintenance
of synchronism between picture and
sound in the theater was dependent
upon accurately placing the theater
reproducer at the start mark on the
record and simultaneously placing
the picture start mark in the pic-
ture gate of the projector. If the
picture film was torn during pro-
jection and had to be spliced, it
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was necessary to remove one or
more frames of the picture from
the reel and consequently at each
splice in a reel, synchronism between
picture and sound was destroyed by
an increasing amount. Since the
picture and sound record were sep-
arate, it was not an unusual occur-
ence to find the record correspond-
ing to one reel of a picture being
reproduced with a different reel of
that picture. While this may have
tended to create audience diversion
during the screening of a dull pic-
ture, it helped in no way to main-
tain the dignity of the theater man-
agement. Furthermore, after a
certain number of playings the rec-
ords exhibited a very pronounced
loss of quality and often became
extremely noisy. All of these factors
tended to detract materially from
the technical and entertainment
values of a picture and were respon-
sible in no small measure for the
change from disc recording to sound-
on-film recording.

Recording on Film

The recording channel employed
for producing the early film sound
track was practically identical to
that employed for producing disc
records. The signal output of the
bridging amplifiers was merely de-
livered to the film recording ma-
chine instead of to the wax cutting
head. While differing in many de-
tails, all film recording machines
provide a light-tight housing in
which the film is exposed, maga-
zines for the unexposed and exposed
stock, means for moving the film
at a uniform rate of speed past a
light beam which exposes the film
in accordance with the waveform
to be recorded, the light source,
modulator unit and optical system.
The combined frequency-response
characteristic of an early film re-
cording machine and an early film
reproducer is shown in Fig. 2.

The sound track produced on film
varies in width from 76 to approxi-
mately 100 mils and occupies a posi-
tion adjacent to one set of the film
sprocket holes. All track may be
broadly classified as being of either
the variable density type or variable
area type and each possesses cer-
tain advantages and disadvantages
not possessed by the other. Two
methods of producing variable dens-
ity track were employed during the

18

early period of film recording. In
the first, typified by the Aeo-light
recording at one time extensively
employed by the Fox Studios, the
signal to be recorded modulated
the light produced by a gaseous dis-
charge tube and the resultant vari-
able intensity illumination was pho-
tographed on the uniformly moving
film in the recording machine after
being passed through a very nar-
row fixed slit. The second and more
widely used method of producing
variable density track involves modu-
lating a beam of constant intensity
light by means of a light valve and
photographing the illuminated va-
riable width slit formed by the light

valve ribbons on the moving film. .

This type of record subjects each
point on the sound track to an ex-
posure of constant intensity, but of
a duration determined by the char-
acter of the signal being recorded.

Variable area track is produced
by permitting the light from a con-
stant intensity source to strike the
mirror of a galvanometer, and after
reflection therefrom, to pass through
a narrow slit of fixed width, through
a suitable optical system and then
upon the sound track being exposed.
Oscillations of the galvanometer mir-
ror, which are produced by signal
currents corresponding to the sound
to be recorded, cause the light beam
striking the recording slit to illu-
minate a greater or lesser length of
that slit. The sound track resulting
by this process of recording is es-
sentially an oscillographic trace of
the signal currents.

Although the average early sound-
on-film records were little, if any,
better from a quality standpoint
than the disc records which they
replaced, they so facilitated the pro-
duction, editing, and projection of
sound pictures that by 1931 prac-
tically all sound recording was being
done on film. Editing the sound rec-
ord of the finished picture was tre-
mendously simplified, since the proc-
ess of intercutting various sound
track sequences presented no greater
problems than intercutting the cor-
responding picture sequences. This,
of course, resulted in enormously
simplifying the process of rerecord-
ing. It was now only necessary to
provide reels of properly intercut
dialogue and properly intercut reels
of music and sound effects and to re-
record these in synchronism with
the picture to provide a single reel
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Fig. 1—Frequency response characteristic
of typical early wax recorder and repro-
ducer heads
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Fig. 2—Frequency response characteristic
of an early film recorder and film repro-
ducer
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Fig. 3—Frequency response characteristic
of a modern film recorder and film repro.
ducer

or final negative. Film recording
provided other advantages, however,
which were scarcely less valuable
than the improvement possible in
rerecording methods. Unlike the re-
quirements in wax recording where
many precautions were necessary,
the film recording machine could be
placed at a considerable angle and
be used through a wide range of
temperatures with no change in qual-
ity of the finished record. The light
valves or galvanometers, once prop-
erly adjusted, are comparatively
rugged devices and require much
less frequent inspection and main-
tenance than wax cutting heads.
Perhaps the only single outstanding
advantage of wax over film records
lies in the fact that the wax record
may be immediately played back for
checking purposes, whereas some in-
terval of time must elapse between
the recording process and the time
at which completely processed prints
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of an early theater loudspeaker system
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Fig. 5—Frequency response characteristic
of a modern theater woofer-tweeter loud-
speaker system
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Fig. 6—Overall frequency response char-

acteristic of an early wax recording and

reproducing system, including micro-
phones and speakers

from the film record are available.

The introduction of acetate disc
recording early in 1934 effectively
supplemented film recording by pro-
viding playback records of much
greater useful life than soft wax
records and having the further ad-
vantage of possessing more desir-
able physical properties than wax.
Continuous improvements in acetate
disc coating, as well as improved de-
signs of cutting heads and repro-
ducers now make it possible to pro-

duce acetate records which are
almost equal to high quality film
recordings.

Playback records are no longer
employed for checking the recording
of individual scenes of a picture,
but find their greatest application
for reproduction, on the set, of music
which has been pre-recorded for cer-
tain scenes of a picture. The proc-
ess of pre-recording is employed
primarily as a means of saving time
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on the set for .such scenes of a
picture which involve the photog-
raphy of action which must be ac-
curately synchronized with the mu-
sical score. For example, during the
production of elaborate musical num-
bers involving complicated dance
routines, straightforward produc-
tion technique would demand that
the director of the picture divide
his attention between the action
proper, the performance of the or-
chestra employed, and the degree of
synchronism maintained by the va-
rious groups involved in the complete
scene being photographed. A flaw-
less performance on the part of the
actors could be rendered worthless
by a slight error on the part of
some member of the orchestra, while
a perfectly performed musical score
might be rendered valueless by im-
perfect synchronisation or action on
the part of the principals appearing
in the scene. It is obvious that the
difficulty involved in securing a com-
pletely satisfactory record of such
a scene is greatly increased by the
number of the performing groups.
The process of pre-recording the
musical score for such scenes in a
picture and reproducing these rec-
ords on the set while the action is
being photographed relieves the di-
rector of all concern regarding the
orchestral performance, and permits
both the director and the principals
involved to concentrate their atten-
tion on securing a perfect perform-
ance. Since the record may be re-
produced a number of times with
the same results, the scene may be
reenacted until a perfect perform-
ance is secured. The motors em-
ployed for driving the playback re-
producer and the camera on the set
are electrically interlocked, so abso-
lute synchronism between the pho-
tographic and sound records is
assured.

During the early period of film
recording, the quality of the records
produced was very much inferior
to that of present day sound track,
and it is interesting to consider in
some detail the numerous improve-
ments in recording equipment, tech-
nique, and materials which have
made possible the present tvpe of
high fidelity recording.

The variable density type of rec-
ord is essentially a half-tone pho-
tograph of the recorded sound wave.
It will be evident, therefore, that
undistorted reproduction of a vari-
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able density record can only be ob-
tained when the entire range of
exposures are restricted to the
straight line portions of the H & D
characteristics of the films employed,
and when the over-all gamma of the
print sound track, as appreciated
by the phototube in the sound re-
producing mechanism, is equal to
unity. Although the science of sensi-
tometry was well developed long be-
fore the advent of the sound picture,
little use had been made of it in
the processing of motion picture
films, and the sudden demand made
upon the laboratory for proper proc-
essing of sound track necessitated
an over night revision of processing
control methods. While it was pos-
sible for an experienced person to
judge the quality of a picture nega-
tive by inspection with sufficient ac-
curacy for practical purposes, this
method was wholly inadequate for
the determination of proper sound
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Fig. 7—Overall frequency response char-
acteristic of a modern scoring channel
plus a modern theater reproducing sys-
tem, including microphone and speakers

track processing, and had to give
way to accurate sensitometric con-
trol of both negative and print de-
velopment. The introduction of the
Eastman type II-B sensitometer in
1931 was of great value in the study
of sound track processing, since it
provided a means of accurately and
consistently impressing a series of
known exposures on the film whose
characteristics were under investi-
gation. So powerful a tool did sensi-
tometric control provide that within
a few years after its introduction
for sound track purposes, it was
almost exclusively employed for the
control of both sound track and pic-
ture processing in the laboratory.
As a result of this step, the degree
of uniformity and general print
quality prevailing throughout the
motion picture industry today, is al-
most unbelievably higher than that
existing in 1930.
(Continued on page 73)
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A Low-Power Transmitter for
Demonstrating F-M Receivers

Because high fidelity programs are not available at all times on f-m stations at present, engi-

neers of E. H. Scott Laboratories have built a demonstration system with which they can test

and demonstrate f-m receivers

HE operation of experimental

wideband frequency-modulation
transmitters during the past year
has given ample proof of the su-
perior audio quality which can be
provided with freedom from back-
ground noises within the service
area of the station. However,

By MARVIN HOBBS

B, H. Seott Radio Laboratories, Inc.

through practical necessity many of
these f-m stations have not pro-
vided a continuous service of program
material capable of demonstrat-
ing the improved quality possible
from the greater range of high
audio frequencies. In some cases
a large percentage of the programs
have been carried by telephone
lines of vrelatively limited fre-
quency range and in other instances
most of the material has been de-
rived from transcriptions. While the
latter type of program has provided
some degree of high fidelity, it is
only in the direct studio pickups
that an approach to the capabilities
of the system has been made.

Several f-m demonstration systems
similar to the equipment described
in this article have been constructed
at the E. H. Scott laboratories for
the purpose of providing high qual-
ity program material, regardless of
the availability of regular programs.
This equipment has already proved
to be of great value and will continue
to be for some time to come because
it allows complete flexibility in dem-
onstrating receivers.

The basic material for this system
consists of a high fidelity micro-
phone and audio preamplifier fol-
lowed by a linear frequency modu-
lating circuit, a stable oscillator,
cascaded frequency  multiplying
stages, and a means for coupling the
output signal to the receivers. The

Fig. 1—Complete audio and f{m
radio frequency facilities are incor-
porated in this rack mounted unit
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audio and r-f circuits of this system
have been built into one unit and
have been assembled in a rack and
panel arrangement with the separate
filament and high voltage power
supplies, cathode ray oscillograph
equipment and a phonograph turn-
table, as shown in Fig. 1. This unit
may be classified as a signal gen-
erator or perhaps more appropri-
ately as a miniature f-m transmit-
ter because of its fixed output level:
and its fixed central frequency.
While provision for an a-m signal
at 600 ke was made in the equip-
ment shown here, this feature was
not included in all of the systems
and is not shown in the circuit dia-
gram. Also the phonograph turn-
table was omitted on most of the
systems, because a good demonstra-
tion can be made only with high
fidelity transcriptions whose fre-
quency range is much greater than
commercial recordings ordinarily
available.

As shown in Fig. 2 the r-f signal
is generated at a relatively low
frequency by a 6J5 oscillator and
is frequency modulated by a 6AGT
reactance control tube in a variable
inductance circuit. Two frequency
tripler stages bring the output sig-
nal up to 41.4 Mc and another 6AG7
tube feeds it into a low impedance
transmission line which matches
the antenna input circuit of the f-m
receivers. The basic frequency mod-
ulator circuit and tripler tube ar-
rangement were suggested by Mr.
D. E. Foster of the R.C.A. License
Laboratories. No variable output
attenuator is provided, because the
signal is treated simply as though
it was being received from a local
station and no useful purpose would
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Fig. 2—Circuit diagram of the audio

and f-m radio sections of the dem-

onstration equipment. The modu-

lated oscillator generates a fre-

quency of 4.6 Mc which is tripled

twice to the carrier frequency of
41.4 Mc
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be achieved by varying its level dur-
ing a high fidelity demonstration.
Since a signal of 5,000 to 10,000
microvolts represents an average
f-m signal within the metropolitan
service area of a transmitter a level
of that order is very suitable for
demonstrating noise free high fi-
delity, although much stronger or
much weaker signals will serve the
purpose equally well. The basic con-
sideration in this respect is that
the f-m carrier-to-noise ratio should
be such that a signal-to-noise ratio
of at least 60 db is obtained at the
receiver output terminals.

The following conditions were
found to be essential to the proper
operation of these units.

(1) Overall fidelity should be a
maximum from the microphone to
the loudspeaker of the receiver in-
clusive.

(2) The correct degree of high
audio frequency pre-emphasis should
be provided.

(8) Frequency modulation should
be linear at all audio frequencies
up to and including =75 ke.

(4) Microphonism and noise in
the modulating tubes should be at
a minimum.

(5) The system should be free
from hum pickup in the audio and
microphone circuits and from hum
modulation at the oscillator of the
signal generator or the receiver.

(6) The center frequency, as af-
fected by the parameters of either
the oscillator or the frequency mod-
ulator, should be reasonably stable.

(7) The system should be free
from amplitude modulation.
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Fidelity and Noise Considerations

In Fig. 3 the frequency response
characteristics of the microphone
and the loudspeaker system are
plotted together and in Fig. 4 these
two characteristics are combined
with similar data for the complete
electrical system from the audio in-
put at the signal generator to the
output transformer of the receiver.
Although these responses are shown
up to 10,000 cps only, listening tests
indicate that they hold up well for
several thousand cycles beyond this
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100
ycles per Seco
Cycles per Second

10,000

. Fig. 3—Frequency characteristics of
microphone and loudspeaker system

point. It is apparent that insofar
as audible response is concerned the
quality performance of this system
is comparable with that which may
be expected from commercial f-m
transmitters using present day au-
dio equipment. The characteristics
of the studio are not presented here
because this equipment has of
necessity been operated under vari-
ous acoustical conditions, although
an effort has been made wherever
possible to make an approach to a
properly treated studio. However,
when comparing actual sounds with
those which are reproduced by the
loudspeaker it is well to bear in
mind that both the transmitting
and receiving studios may have a
marked effect upon the apparent
fidelity.

The audio frequency pre-emphasis
circuit, which consists of the parallel
combination of a 20 ppf condenser
and a 5-megohm resistor in series
with a 50,000-ohm resistor in the
grid circuit of the 2nd 6AC7 audio
amplifier, provides a convenient
means of adjusting the overall elec-
trical fidelity and the audio voltage
available for modulation. All of the
receivers with which this equip-
ment has been used have incor-
porated audio de-emphasis circuits
of the correct time constant to com-
pensate for the pre-emphasis at the
transmitter as specified by the
F.C.C. standards. Therefore, it was
necessary for the pre-emphasis cir-
cuit in our demonstration equipment
to correct for the receiver de-empha-
sis and also to make up for any
other frequency deficiencies. While
this correction might be carried to
almost any degree empirically, it ap-
pears to be more satisfactory to use
high fidelity audio equipment hav-
ing practically a flat response from
50 to 15,000 cps because of the
gain lost by the pre-emphasis cir-
cuit. Under these conditions, if the
process of modulation can be ac-

b

2

Fig. 4—Overall

frequency characteristic of

microphone, electrical system and loudspeaker

complished without a loss of high
frequencies, the degree of pre-empha-
sis required at the transmitter is
of the order which might be ex-
pected to compensate for the de-
emphasis at the receiver. In the
circuit of Fig. 2 the low value of
plate load resistor in the second
6ACT audio circuit ahead of the
modulator tube avoids any loss of
high frequencies due to the capacity
in the modulator grid circuit.

The greatest possibility for un-
satisfactory results with a demon-
stration system of this type rests
with the frequency modulator stage.
If any appreciable distortion is pro-
duced at this point, the quality of
the output will be greatly affected
and the audible effects will be very
noticeable because of the wide fre-
quency capabilities of the system.
The 6AGT tube operates very well
in this respect when properly biased
and provides linear modulation over
an ample range. Cathode ray oscillo-
graph observations of the wave form
of the audio output of the receiver,
when various audio frequencies are
applied to the audio input of the
signal generator, reveal that the
sinusoidal wave shape is maintained
throughout the frequency range.
However, because of the pre-empha-
sis circuit, overloading for the high
audio frequencies of equal voltage
occurs at much lower levels than
for the low audio frequencies. The
cathode ray oscillograph provides a
convenient means of observing the
level of modulation without intro-
ducing any distortion of the audio
wave form.

To avoid distortion it is also im-
portant that the plate circuits of
the 13.8 Mc and 41.4 Mc frequency
triplers be capable of accepting with
a minimum of attenuation the modu-
lated frequency spectrum, which is
a total of 50 ke wide in the first
tripler stage and a total of 150 ke
wide in the second tripler. The cir-
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cuits tuned to 13.8 Mc are capaci-
tively coupled by a 1000 puf con-
denser common to the two fixed
condensers, providing a degree of
overcoupling which allows the de-
sired bandpass. The inductances
of this circuit are tuned by means
of brass cores. The coils of the 41.4
Mec circuits, which do not lend them-
selves so well to capacitive coupling
because of lead inductances, are
placed about 1 inch apart on a com-
mon form to provide the required
degree of overcoupling. These cir-
cuits are tuned by 25 pupf air dielec-
tric trimmers. Additional loading
of 25,000 ohms was added on the
plate and grid sides to flatten the
response characteristic.

It was found that the 6ACT tubes
and the 6AGT modulator tube quite
often exhibited microphonism and a
quiet condition was obtained only
by mounting each of these tubes on
rubber cushioned sockets and also
by selecting the quietest tubes of a
given lot. A 6ACT was used in
preference to a 6J7 in the first au-
dio stage following the microphone
in order to obtain a considerably
better signal-to-noise ratio, which
is due largely to the operating con-
dition of low plate current and high
mutual conductance. By using this
tube many weak sounds, which were
completely masked by the first audio
tube noise when using the 6J7,
could be heard with a fairly good
signal-to-noise ratio. It is probable
that a still better signal-to-noise
ratio could be obtained by using a
high ¢, triode as the first tube and
by adding additional stages to bring
the audio gain up to the desired
level. The only other defect of the
6ACT for this purpose, other than
microphonism, is a type of transient
tube noise of a broken character.
This condition was also remedied by
selecting quiet tubes, which could
be found by going through a lot
of six or more. In the quietest con-
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dition it was found that the overall
signal-to-noise ratio of the system
was determined largely by the first
audio tube, which seems to be a
common characteristic of some f-m
transmitters now on the air.

The Power Supplies

The hum problem is so closely
associated with the power supply
that the two may be discussed si-
multaneously. In the first model of
this equipment an attempt was made
to operate the filaments, plates and
screens from a common power sup-
ply with ac applied to the filaments.
However, after a few listening tests
it appeared far better to keep all
leads having any 60 cps potential
completely removed from the audio
section of the unit. Also, since there
was some possibility of hum modu-
lation due to ac on the filaments of
the frequency modulator or oscil-
lator, it was decided to use dc for
all of the filaments, except that of
the rectifier in the high voltage
supply. The filament voltage is ob-
tained from a copper oxide rectifier
and is filtered in a conventional
manner as shown in Fig. 2. By lo-
cating the ac “on-off” switch near
the power supplies, there is no neces-
sity to bring any leads from the
ac line near the microphone cable
or audio system.

The high voltage power supply is
well filtered with a dual section in-
ductance-capacity filter and each
plate and screen circuit which
showed any tendency to be affected
by hum voltage was filtered by re-
sistance-capacity combinations. Both
- power supplies are mounted consid-
erably below the microphone and
audio circuits to eliminate induction
effects from the chokes and power
transformers. As an added precau-
tion the microphone cable has been

Fig. 5—Power supply which contains a high voltage
tube heaters

supply and a CuO rectifier for the

double shielded to prevent pickup
from stray hum fields.

It will be noted that an r-f filter
has been inserted in both the high
voltage and filament leads entering
the chassis from the power supplies.
These networks prevent r-f energy
from feeding into the power supply
cables and radiating through the
ac line.

Frequency Stability

The power supplies also have a
considerable influence on the fre-
quency stability of a signal gen-
erator of this type. It was found
that there was very little drift due
to the components of the oscillator
stage itself when the modulating
circuit was completely disconnected
from it. However, when the control
tube was properly connected and
in operation, any variations in the
line voltage had a marked effect
upon the oscillator central frequency.
As the line voltage varied slightly,
the potentizg.ls of the 6AGT changed,
causing a temporary surge of fre-
quency modulation. It was apparent
that this condition could be reme-
died by providing a voltage regu-
lated power supply which would
completely regulate the filament,
grid, screen and plate voltages of
the control tube.

However, it was found to be suf-
ficient for our purpose to reduce the
L-C ratio of the oscillator circuit
to the point where it was just pos-
sible to obtain a == 8.33 kc linear
deviation, which after two stages
of tripling resulted in a net modula-
tion deviation of — 75 kec. With
the audio signal available and by
supplying the bias of the control
tube with a 4% volt C battery, it
was possible to reduce the frequency
fluctuations to a point where no
audible effects were produced, al-

though they were still detectable
with a discriminator meter. A cer-
tain amount of long period drift was
present, due, apparently, to a varia-
tion in the mutual conductance of
the oscillator and modulator tube
and possibly some heating effect.
However, this drift is of little con-
sequence in our demonstration work,
because it is not sufficient to pro-
duce audible effects and if correct
tuning is desired the receiver can
be retuned after a few minutes of
operation. It is apparent that the
degree of frequency stability re-
quired for a simple f-m demonstra-
tion system is not comparable with
that required by a commercial trans-
mitter.

Operation of the System and Studio
Technique

To avoid acoustical feedback it
is necessary to locate the signal gen-
erator and the microphone in one
studio and the receivers in another.
The signal is fed by means of a low
impedance transmission line, which
is connected directly to the antenna
terminals of the receivers to avoid
radiation. Close proximity of the
listening and transmitting facilities
allows the listener to compare the
actual sounds with those reproduced
by the loudspeaker by passing from
one studio to the other. An im-
portant point to observe in locating
the signal generator and micro-
phone is to provide either a sound
proof studio or a quiet location.
Outside noises or machinery vibra-
tion within the building can pro-
duce a sufficient background to mask
any noise free characteristics.

Several instruments and sound
producing devices capable of gen-
erating a wide band of frequencies
or a series of relatively pure tones

(Continued on puage 86)

Fig. 6—The qudio amplifier. modulating, circuit, and
high frequency circuits are contained on this chassis
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Bell-Jar Exhaust—A New
Metal Tube Production Technique

Considerable reduction in material and production costs may result from the radical re-design of
the metal tube, plus a simpler and faster method of exhaust and sealing, developed by General Elec-

tric engineers in the laboratories at Schenectady and now under production tests

(Above) The lead-wire prongs. with the glass beads, are

fitted into the iron header and heated until the glass forms
a perfect insulating seal between wire and header. A new
glass, matching the ‘thermal expansion of ordinary iron, was
developed for the beads

(Below) The element structure, the same as used in con-

ventional metal tubes, is then mounted on the prong wires
and the metal shell placed over it. The whole assembly is
then placed under a bell jar for pumping

1 (Above) The header of the n2w tubz contains glass beads

as lead insulation. Here the lead wires (which serve also
as the terminal prongs) are fed into ravolving spindles. After
each wire is heated, powdered glass d:ops on it, melts and
deposiis as a bead on the wire
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4 (Left) Here the bell jars have been lowered in position.

During exhaust the metal envelope is suspended by an
electromagnet, allowing the exhaust to occur through the open-
ing between header and shell. The exhaust tubulation is thus
eliminated, and pumping speed greatly increased. The reentrant
glass cup (third from left) contains liquid air to trap moisture
during exhaust. When the exhaust is complete the shell drops
onto the header and molten solder seals the gap
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5 (Right) After completion of the exhaust, the tubes are aged

20 minutes in this rack at varying over-voltage and over-
current conditions. By watching the lamps, the operator can
tell the condition of each tube during the aging period

Ve @

6 (Left) The characteristic check, not unlike that given to con-

ventional metal tubes, includes tests for heater current, gas
current, screen and plate current, noise and microphonics. The
new tubes are not commercially available but several thousand
test samples are now in operation in radio receivers

y ol . s s

NEW OLD METAL TUBE
CONSTRUCTION CONSTRUCTION

(Right) The simplicity of the new tube structure, compared

with a double-ended conventional metal tube of the same
type. The same element structure is used in both tubes. J. E.
Beggs, at left, played an outstanding part in the development of
the new tube, as well as in that of the older metal tube
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Fig. 1—Parallel and series dividing networks made

up of full-section (top)

HE demand for extremely high

quality reproduction of sound
has created several gradual changes
in the design of loudspeakers and
their associated equipment. The com-
plexity of the apparatus depends
upon the efficiency of the electro-
mechanical system, the amount of
acoustic power to be radiated, the
frequency ranges to be covered, and
especially the solid angle through
which uniform distribution of sound
quality is to be obtained.

In order to satisfy these require-
ments, the most satisfactory solu-
tion to date has been by the use of
a two-way system where the fre-
quency range is divided into two
parts and one or more loudspeakers
are utilized for each of the fre-
quences ranges. The speakers em-
ployed are, of course, radically dif-
ferent from each other in design,
each unit being particularly suitable
for its own intended range. It is
not possible to design speakers eas-
ily which will efficiently and faith-
fully reproduce frequencies in one
band and provide sharp attenuation
for those frequencies outside of the
desired band. For this reason it is
necessary to supply an electrical net-
work somewhere in the system so
that each set of loud speakers will
have transmitted to it the correct
frequency band. These networks
have been commonly known as “di-
viding networks”., Usually the di-
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and half-section elements

viding network is placed between
the output transformer and the
voice-coils of the speakers. The de-
signs given in this article are in-
tended for this type of operation.
The crossover frequency, the fre-
quency at which the power is to be
separated between the two bands of
frequencies, is governed by several
factors. If the frequency is too low,
the high frequency unit and horn
must also be of comparatively large
size which defeats the purpose of the
two-way system. On the other hand,
if the crossover frequency is too
high, there is danger of running into
characteristic decrease in response
which appears in large cone speak-
ers. Where economy in cost and
space is the most important factor,
a fairly high crossover should be

Loudspeaker

By JOHN K. HILLIARD

Sound Department, Metro-Goldicyn-Mayer Picturcs

utilized (approximately 800 cps),
whereas a more optimum cross-over
for best all around considerations
may be in the vicinity of 400 to 500
cps.

Characteristics of Dividing Networks

A dividing network should be
chosen which gives fairly rapid at-
tenuation beyond the cutoff point in
order to keep any appreciable low
frequency energy out of the high
frequency unit and to minimize the
effect of irregularities due to peaks
which exist beyond the crossover
frequency.

From an analysis of large num-
bers of speaker systems, it appears
that dividing networks should pro-
vide at least 12 db attenuation one
octave away from their cut-off. At-
tenuation of more than 18 db per
octave is not necessary or desirable
because of the increased losses in the
transmitting range and the cost of
the additional filtering which would
be employed.

The two-way dividing network
consists of a low pass filter and a
high pass filter designed to operate
from a common source at their in-
put terminals. Two general methods
are in use, connecting the filters in
series or parallel to their input ter-
minals. These two types of net-
works are (1) the filter method and

TABLE I — DESIGN FORMULAS FOR FIG 1.
R, 1
L, = henries C, = farads
W wcR,
2R, 2
L, = — henries C; = farads
We chn
i henri C; = ! farad
L; = ﬁ enries 5= 3R, arads
. 1
Li=1 +m) — henries C:i=1 +m) “R farads
1 R, . 1 1
L, = T o henries C; = 1+ =R, farads
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The current emphasis on high-fidelity repro-
duction of sound has given the woofer-tweeter
combination new prominence. Hence this prac-
tical design procedure for frequency-dividing
networks, of the low-loss inductance-capacity

type should be of interest to engineers in the

audio-frequency field

(2) the constant resistance method.
Different design methods are used
for the two types. The filter method
is more commonly used because it is
somewhat more flexible. Hence it
will be discussed first.

In arranging a lowpass and a
highpass filter for series or parallel
operation, it is only necessary to
employ special design methods in
connection with the first half sec-
tions in each of the filters. The re-
maining sections of the filters are
designed in accordance with con-
ventional filter practice. For the first
half filter sections, mi-derived types
are used. The filters having mid-
shunt terminals for parallel opera-
tion and mid-series termination for
series operation. The number of
sections depends upon the rate of
attenuation desired in the sup-
pressed frequency bands. Where it
is desired to secure an attenuation
rate of change of about 18 db per
octave one filter section is sufficient.
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Where a rate of change of about 12
db per octave is satisfactory, half
sections can be used.

Figure 1 shows four dividing net-
works units, two of whick are
parallel types and the other two
series types. Network A is secured
by the use of a basic type “T" full
section of the parallel type, a low
pass section being used for the low
frequency side and a high pass sec-
tion for the high frequency side.
Network B is obtained by the use
of =-type low pass and high pass sec-
tions with the series type circuit.
Networks C and D are secured in
the same manner, except that “L”
tvpe low pass and high pass sec-
tions are used.

Constant Resistance Networks

A constant resistance dividing
network is one whose resistance at
the input terminal is constant with
change of frequency for the proper

e
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Fig. 2—Graphical data for selecting the

L and C elements of the dividing networks

in Fig. 1, in terms of the cross-over fre-

quency. dassuming a ten-ohm voice-coil
impedance

resistance loads at the output ter-
minals (see Fig. 3). The constant
resistance networks can only be de-
signed for 6 or 12 db per octave and
for this reason can only be used in
these specific cases. However in the
large majority of cases, 12 db per
octave is used and these networks
can be utilized. One of the features
of this design is that in the manu-
facture of the networks the induc-
tance coils are all of the same value,
as are all the capacitors. The paral-
lel method such as Fig. 3D is ex-
tensively used. Figure 4 shows the
data for these networks for various
crossover frequencies.

In preparing the curves it was as-
sumed that the coils and condensers
were nonresistive. In practice where
the component electrical elements
contained some resistance, the
curves will be slightly different, es-
pecially in the crossover range
which in some cases has the effect of
shifting the crossover slightly away
from the theorectical cut-off point.
The added resistance also consumes
power in the transmission band and
where this loss is an important item,
the resistance should be as low as

possible.
For instance, in a 100-watt sys-
tem, 1 db loss in transmission

through the corresponds to a re-
duction of available power to about
79 watts dividing network since 1
db = 10 log (100/79). Ordinarily

Fig. 3—Simple constant-resistance net-

works and design equations. limited to

6 or 12 db attenuation per octave outside
the pass region
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Fig. 4—Graphical data for selecting the L and C elements of the constant
resistance dividing network, in terms of the cross-over frequency

the loss can be reduced to about 0.5
db which is about as low as commer-
cially practical. The impedance ob-
tained at the input terminals of the
dividing network in Fig. 2 varies
from network to network. In gen-
eral the impedance of any of the
corresponding series and a parallel
type are inverse to each other. In
practice where the speakers are ar-
ranged in series parallel combina-
tions to give load resistances as
closely as possible to R, ohms at
the high and low range output
terminals, the input impedance will
not adhere strictly to the image (or
reflected) impedance characteristics.
However the shape of the attenua-
tion curve is changed very little
and for this reason it is usually ne-
glected in design data. Usually the
low frequency dynamic speakers
have a mechanical anti-resonance at
frequencies below 100 cps. This re-
sults in the low frequency speakers
having a relatively high input im-
pedance at the lower frequencies.
For this reason in some cases more
uniform overall attenuation results
have been secured in connection
with low frequency loudspeaker
units by using dividing networks of
the series type.

The location of the dividing net-
work in the circuit varies, depend-
ing upon the type of system and
emergency precautions required. As
previously stated, it is customary
to place the dividing network be-
tween the power amplifier and
speaker. This is done primarily to
eliminate the need for more than
one power amplifier. Where more
than one power amplifier is avail-
able, the dividing network can be
placed ahead of these amplifiers and
as a reswlt the network can be con-
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siderably smaller in size due to the
fact that less power is transmitted
by it. In this setup a more favor-
able impedance characteristic can
some times be maintained through-
out the frequency range. However,
where an accurate balance between
high and low frequency units should
be maintained, care must be taken
to determine that these amplifiers
maintain constant gain at all times
and with the use of inverse feed-
back, undoubtedly this condition can
be easily maintained. In this con-
nection where it is desirable to
radiate more low frequency power
than in a balanced setup, more
power from several amplifiers in
parallel can be used in the low fre-
quency branch.

In well designed two-way horn
systems, in most cases it will be
found that the distortion present in
the system ahead of the speaker is
sufficiently great so that a low pass
filter will be required to cut off the
higher harmonics. This is particu-
larly true in systems which are de-
signed to reproduce records, signals

from radio transmitters which are
overmodulated or otherwise dis-
torted. These low pass filters are
usually constructed so that consid-
erable attenuation takes place above
8000 cps, depending upon the amount
of distortion present.

1t has been found that only in
the highest grade of sound repro-
ducing channels or radio transmis-
sion systems can these units be op-
erated without some attenuation at
the higher frequencies and this fact
must not be overlooked if the best
results are to be obtained.

In the design of the two-way
loudspeaker system and network, the
load impedance is made approxi-
mately 2% to 3 times greater than
the source impedance (power ampli-
fier output impedance). For in-
stance, if the individual impedance
of the high and low frequency units
are each 10 ohms, best results
are achieved by operating from a 4
ohm power amplifier impedance
(output transformer secondary).
The improvement from this method
of operation is derived from the
damping action caused by the low
impedance of the power amplifier
transmitted through the network
which shunts the loud speakers to a
comparatively low value in order
that very little counter emf is de-
veloped across the terminals. The
low impedance also tends to main-
tain a constant velocity radiation re-
gardless of impedance change of
the speaker. The performance of
the network is changed only slightly
by this unsymmetrical impedance at
both ends and can be disregarded up
to a 3 to 1 ratio. The network is
designed on the basis of the loud-
speaker impedance and not the
source impedance.

Fig. 5—Curves showing the insertion loss for 90 degree and 180 degree phase
ditference (6 db per octave and 12 db per octave respectively)
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Control Circuits for Indusiry

Applications of the gas tetrode, type 2050 or 2051, to a variety of time delay and photo-
tube relay circuits, plus a description of their uses in controlling injection molding
machinery, printing presses, bells in a church tower, laundry air-doffers and washing

machines.

Written from extensive experience in the field

HE growing application of elec-
tronic devices to industrial
problems represents a field of en-
deavor too often neglected by the
engineer and engineering student to
whom electronics signifies the radio
and allied fields alone. Electronic
devices for industry must be sharply
differentiated from present radio
practice. While price is, naturally, a
consideration, the industrial elec-
tronics engineer must realize that
ordinary cheap radio parts have no
place in industrial controls. Indus-
trial equipment, and particularly
automatic machinery, imposes re-
quirements vastly more exacting
than those of the home radio receiv-
ing set. Failure of the receiving set
may annoy the family, but failure
of a process machine may tie up a
whole plant. Couple with this the
fact that industrial service is con-
tinuous for one, two or even three
shifts a day, five or six days per
week, year in and year out, and it is
obviously foolish to attempt to use
inferior or doubtful equipment.
Industrial service also imposes de-
sign factors that do not exist in
radio receiver practice. Tempera-
ture, extreme vibration conditions,
exposure to blows and rough han-
dling are all considerations of de-
sign that the broadcast receiver
manufacturers need barely consider,
but which to the industrial elec-
tronics engineer, may spell success or
failure. Ease and speed of replace-
ment and repair, simplicity and re-
liability of design, conservative
operation and the ability to take
punishment must be the qualities
engineered into industrial electronic
devices.

Control of Plastic Molding

The rapid growth of the plastics
industry and the keen competition
in this field has stimulated a demand

ELECTRONICS — January 1941

By GILBERT SMILEY

General Control Company

for accurate and reliable control
equipment, particularly for injection
molding machines in which all
phases of the molding cycle must be
accurately maintained if a uniform
and satisfactory product is to be
secured.

Injection molding machines con-
sist of a separable die or mold into
which the plastic is injected under
pressure after being plasticized by
passing through a heating chamber.
To secure flow of the plastic into
the often intricate recesses of the
die, considerable pressure is re-
quired. As a rule the die is closed
by a hydraulic cylinder operating
through a mechanical toggle that
locks it shut under very high pres-
sure. The injection plunger, also
hydraulically operated, then picks
up a measured “charge” of granular
plastic, forces it under great pres-
sure into the heating chamber and
forcing an equal quantity of already
heated and ©plasticized material
through a nozzle and system of gates
into the die cavities. The injection
plunger then ‘“dwells,” keeping the
plastic in the water cooled die under
pressure during the primary cooling
period to prevent excessive shrink-
age. To facilitate ejection some
slight shrinkage is desirable, so at
the termination of the plunger dwell
there is a further period of die
dwell, after which the die opens and
the piece or pieces are ejected. Some
further time is then required to com-
plete the plasticization of the
charges in the heating chamber,
after which the die recloses and the
cycle repeats. Thus the complete
cycle consists of die closure, plunger
advance, plunger dwell, die dwell,
and die open period.
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Since the molding press is hy-
draulically operated, control is best
effected through solenoid valves
operating on the hydraulic system.
The solenoid valves are, in turn,
controlled by the electronic timing
device. Such a timing device is shown
in the accompanying illustration and
the circuit is given in Fig. 1. Most
of the units supplied have been for
230 volt 50 or 60 cps operation.
Hence the 2051 gas tetrode was used,
as this voltage does not exceed its
ratings. To follow the circuit it is
best to refer to Fig. 2 which illus-~
trates the simple elementary timing
circuit employed.

As shown, the device is reduced to

External appearance of the molding-machine
control equipment shown in Fig. 1
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its simplest working components.
With a source of alternating current
connected to L, and L., the tube
heater will be energized by the trans-
former, 7T, and rectification will
occur in the grid-cathode circuit.
As a result, a charge of the indi-
cated polarity will accumulate in C.
When the switch is closed the
cathode is directly connected to L,
and the full line voltage is applied
to the plate-cathode circuit. How-
ever, the grid is biased negative by
the charge accumulated in C. which
charge effectively blocks space cur-
rent until sufficient time has passed
for the charge to be dissipated
through R.

As a matter of fact, the grid-
cathode voltage at any instant is
composed of an alternating voltage,
the magnitude of which is a func-
tion of the position of the slider on
1, and the voltage across C. T is
connected so that, when L. is posi-
tive with respect to L,, point B is
negative, consequently, movement of
the slider toward B increases the
negative component of grid alter-
nating voltage when L. is positive.
Since the tube will “fire” or ionize
only when L. is positive, the adjust-
ment of the slider on V permits a
considerable reduction in the com-
ponent of grid voltage supplied by
C in order to prevent ionization of
the tube. Since the time cycle be-
tween closing the switch and the in-
stant when the total grid voltage
falls to a point permitting space cur-
rent is expressed by the equation:

E
t=RC ln—EU
it is obvious that ¢ may be increased
by decreasing FE,, other factors
being the same. Since E, is the volt-
age across C, which may be reduced
by moving the V slider towards B,
the maximum time period may be
adjusted by this slider. E is across
C when the switech is closed.
Thus, if a maximum time period of,
say, two minutes is required, ap-
proximate values of R and C are se-
lected and the slider is set to yield
two minutes with B at a maximum.
R is then varied to secure time inter-
vals between zero and the selected
maximum. The phasing of the trans-
former to make B negative with L.
positive is used instead of the oppo-
site phasing as it tends to reduce the
magnitude of R and C.

The tube fires at the expiration
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Fig. 1—Time control circuit for an injection molding machine,
based on three R-C delay circuits using gas-tetrode relay tubes

of the time period and supplies the
load, L, (which may be a relay) with
rectified alternating current within
the limitations of the tube, if the
constants of L are suitably selected.
L remains energized until the switch

disconnects K from L, at which
instant L is deenergized and C
starts to be recharged. By prop-

erly proportioning C, R, D, and F,
recharging of C requires but a few
cycles, after which the cycle may be
repeated. Resistor D is included to
limit grid current during the charge
period and during “firing.” The
screen serves a dual purpose as it in-
creases the control factor (about 100
in the 2050-2051 as compared with
10 in the 884-885) and also takes
the brunt of the ion discharge dur-
ing firing, protecting the cathode
and grid, whose functions are more
electronic than ionic because of this
construction. The resistor F is sim-
ply to connect K to L..

Returning to Fig. 1, in the light
of the foregoing discussion it can
be seen that the circuit consists,
essentially, of three units such as
the one shown in Fig. 2. In the
injection molder cycle, after allow-
ing the tubes to warm up the action
is as follows:
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1. Unit as shown with a-c switch
closed, die solenoid closed through
R,. Die advances.

2. Die closes fully at which point
the limit switch closes energizing
the plunger solenoid, advancing the
plunger and starting the time cycle
of the left hand tube.

3. Left hand tube times out, oper-
ating R,, deenergizing plunger sole-
noid after suitable dwell, returning
plunger, establishing a shunt circuit
around limit switch through R-R,
and starting cycle of the center tube.

4. Center tube times out, oper-
ating R., deenergizing die solenoid,
opening die and limit switch (now
safely shunted) and starting time
cycle of right hand tube.

5. Right hand tube times out
operating R, destroying shunt cir-
cuit, recycling left hand tube and
deenergizing R, which action re-
cycles center tube and R., which, in
turn, energizes the die solenoid,
starting a new complete cycle and,
simultaneously, recycles the right
hand tube and R,

When the “auto-1 cycle” switch is
closed the timing out of the right
hand tube does not destroy the shunt
and all three units remain timed out
with relays energized. Pushing
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Fig. 2—Basic time-delay circuit. The de-

lay interval is controlled by the size of

the R and C elements and by setting of
the potentiometer V

Fig. 3—Non-delay relay circuit for con-
trolling an electromechanical relay from
a high-impedance control circuit

either the local or remote “1 cycle
start” buttons will destroy the
shunt, producing the results as in 5
above, but not before R, is operated.
Thus the total cycle cannot accident-
ally be shortened with consequent
underheating of the plastic, a condi-
tion more serious than overheating.
* The actual construction followed
shows to some extent in the photo-
graph. The use of grid controlled
gas tetrodes permits the direct
operation of industrial control relays
without intervening sensitive relays,
a factor that makes this type of unit
industrially usable. Because of the
heavy vibration on and about mold-
ing ©presses, the ordinary high
vacuum tube, sensitive relay com-
bination is practically useless. A
further factor in favor of the gas
tubes lies in the definite and abrupt
distinction between non-conduction
and conduction. The load current
comes up promptly from a few
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micro-amperes to a substantial value
at the moment of firing. With high
vacuum tubes the load current rises
gradually with a consequent gradual
increase in armature pull, making
accurate timing problematical under
severe conditions of vibration.

All components are selected for
their mechanical and electrical excel-
lence. Oil-filled, oil-impregnated
condensers capable of withstanding
extreme temperatures, the best
available resistors, transformers,
switches and parts are the rule. The
writer also wants to go on record as
favoring nothing but a good tough
wafer socket with a cutting grip on
the tube prongs.

A word is not amiss concerning
the use of electronic timing equip-
ment versus . mechanical, synchro-
nous clock or hydraulic systems, or
other timing methods that might
conceivably be employed. In the elec-
tronic units the only moving parts
are the relays. This constitutes a
definite advantage over mechanical
and synchronous timers as there is
so much less to get out of mechan-
ical order. As compared with hy-
draulic or pneumatic timers, the
variables of temperature, humidity,
viscosity and wear introduce a de-
gree of inaccuracy far greater than
any conceivable from a time con-
stant R-C circuit made with reliable
components. In fact the mechanical
simplicity and high repeat accuracy
of the gas-tube timing device is its
principal selling point, regardless of
cost.

From Printing Presses to Church
Bells

This same type of circuit is ap-
plicable to a number of industrial
problems that otherwise might be
much more difficult of solution. A
few of these are of sufficient interest
to merit mention.

A large envelope printing concern
was troubled with failure in auto-
matic envelope printing presses.
One envelope would jam and others
would rapidly pile up behind it until
twenty or thirty were intimately
entwined with the entrails of the
press before the operator noted the
trouble, stopped the machine and
cleared up the mess. The machines
now are equipped with electronic
delay units so arranged that each
envelope, on emerging, recycles the
timer, the cycle for which is set at

www americanradiohistorv com

% second with envelopes emerging

every % second. As long as the timer
is recycled before timing out by the
emergence of an envelope, the ma-
chine goes merrily along, but, in the
event that an envelope jams and
fails to emerge, the time cycle is
completed, the relay operates and
the machine is stopped, with, at
the most, two spoiled envelopes,
and greatly reduced clearing time.
The circuit of this unit is essentially
that of Fig. 2 with the switech nor-
mally closed. Each envelope opens
the switch for a few cycles, recharg-
ing C, which prevents operation
until the time cycle expires or an-
other envelope recycles the device.

Stop motion devices of this nature
are readily applied to any machine
from which products emerge at
regular intervals, In this particular
instance a Microswitch was used to
operate the timer, but the method
may be extended to a photoelectric
recycling for small, light parts or to
heavy limit switches where large
parts are used.

Similar timing units have been
applied to gas fired ovens in which
a delay is desirable after starting a
blower to permit complete exhaus-
tion of fumes before starting the
gas. In this instance the delay is
initiated by the closing of wind
switches operated by the blower
blast, which positively insures ex-
haust. At the expiration of the
delay (in this instance, five minutes)
the tube timer operates to condition
the gas circuit, which can then be
started, but which cannot be started
prior to the delay. Failure of the
blower blast, even momentarily, com-
pletely recycles the timer and shuts
off the gas as a safety measure.

Perhaps the most unique tube
timer installation was on a motor-
driven church bell installation,
where bells aggregating many tons
were mounted in a somewhat shaky
tower. The bells could not be per-
mitted to exceed a normal swing, as
the strain of swinging them over
and over would be too much for
their supporting structure. The de-
sired cycle was briefly:

1. Bell hanging straight down,
motor turned on, raising bell, for
example, to right.

2. Bell raised to right until cam
on bell shaft actuates limit switch,
shutting off motor and recycling
timer.

3. Bell starts down swing as free
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pendulum, reclosing limit switch and
starting timing cycle.

4. Bell swings down through dead
center, up to left and then back to
dead center, at which instant timer
times out, restarting motor and
hence, restarting the whole cycle.
Possible because bell swings at con-
stant pendulum rate.

Incidentally, an additional limit
switch was connected across the line
so that, should the first switch fail
to stop the motor, the second would
throw a dead short on the line, blow-
ing the fuses. To date, no fuses
have been blown.

The Gas Tube Relay

Another interesting application of
the gas tetrode is its use as a relay
when an extremely low voltage, low
current or high resistance contact
must operate a power relay circuit.
Figure 3 shows an appropriate cir-
cuit that has been found most useful
in reducing the load on very light or
fragile contacts which are some-
times encountered in instrumental
work. The theory of this circuit
needs but little explanation. With
transformer, T, placed as in Fig. 2
the tube is biased through R and D.
When the contacts, C, close, the
bias is removed and the grid returns
to cathode through D permitting the
tube to fire, energizing load, L. The
current through C can be kept ex-
tremely low by making R and D
large, say five or ten megohms.

The utility of the gas tetrode is
by no means exhausted by the ap-
plications here cited. Its use in
photoelectric circuits is equally im-
portant, as, due to its high control
factor, low grid current and high
output it can be worked directly
from phototubes to control consider-
able power. An example is shown in
Fig. 4. This circuit illustrates the
extreme simplicity made possible by
the use of the gas tetrode. The unit
is assembled in a single case with a
lens for the light source and uses
a mirror for the light beam. By
using a projector bulb, a sufficiently
concentrated light source is pro-
vided. The phototube and resistor R
shunt the heater, the drop in which
provides the necessary bias, and the
lamp B operates in series with the
heater, thus killing two birds with
one stone, as the lamp becomes the
dropping resistor. The resistor M
serves as a by-pass for the inductive
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Fig. 6 — Below.
combination photo-
relay and time-de-
lay circuit used for
controlling an “air-
dotfer” in alaundry
which forms neat
piles of laundered
articles

“-Phobstube 868 o equivalent

discharge of the relay coil during the
non-conducting half cycle.

The circuit, is, of course, subject
to many modifications, but it shows
how simply a photoelectric relay can
be made. There is so little to the
unit that there is practically nothing
to go wrong, an advantage in an
industrial design. Such photo-relays
have operated satisfactorily in many
difficult applications, with long light
throws and under severe vibration
and temperature conditions.

In certain instances where rela-
tively great sensitivity is required,
the gas tetrode has been used as an
amplifier coupled to the phototube.
Along these lines are such applica-
tions as the counting of textile
threads by a modified sound on film
optical setup, and the control of the
articulated rails of textile finishing
tenter frames by a photoelectric
means. In both instances a small
light differential is involved making
action more positive when amplifica-
tion is employed.

The basic circuit used includes
some rather novel practices, as
shown in Fig. 5. In this circuit a
diode rectifier is connected ‘back-
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Fig. 4—Left, a phototube relay circuit. em-

ploying the 2051 gas tetrode, from which

all unnecessary circuit elements have
been eliminated

Fig. 5—Below, marginal limit photo-relay

circuit which will control the gas-tetrode

relay tube within specified limits of in-
cident light

lifigr  Gos TeiTode =

wards” to produce an output of the
polarity indicated. This output is,
in turn, applied to the phototube
circuit, D, the drop wire V, and the
amplifier tube in such a way that
any increase in amplifier plate cur-
rent will increase the drop in re-
sistor R, increasing the negative bias
in the gas tetrode grid-cathode cir-
cuit. By adjusting the slider on V
the bias on the amplifier can be ad-
justed so that the firing point of the
gas tetrode will coincide with a de-
sired light value on the cell.

A variation of this circuit is
shown in Fig. 6. Here a single
phototube is connected to produce a
rather unique control function. It
will be noted that the circuit is such
that increased conductivity of the
tube (from increased illumination)
will make the grid of amplifier 1
more positive and that of amplifier
2 more negative and vice-versa.
Thus, increased illumination will cut
off the plate current of amplifier 2,
destroying the negative bias on gas
tetrode 2 and energizing relay 2. De-
creased light energizes relay 1. By
proper adjustment of the potentiom-
eters practically any desired range
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of illumination can be accommodated
and the illumination levels for the
energization of the relays can be
widely spaced, brought together or
even overlapped.

This discussion would be incom-
plete without a discussion of an-
other rather ingenious circuit,
shown in Fig. 6. This device for
which this unit was developed is
used to stack hot towels, pillow-
slips, etc emerging from a laundry
mangle on a conveyor. The mate-
rial in question is almost too hot to
handle, and girls assigned to this
work can stand but a few minutes
without being relieved.

The Air-Doffer

The air-doffer, as the device is
called, operates by blowing the hot
article from the point where they
are about to drop off the conveyor
belt onto a rack, across which they
hang in a neat stack. The con-
veyor belt consists, actually, of sev-
eral parallel webs, and through one
of the interstices the light source
throws its beam up to a mirror and
back into the cell. Since the essen-
tials of both circuits have been given
in the discussion of Figs. 2 and 4,
the operating cycle will be discussed
without recourse to theory.

1. The leading edge of the article
to be doffed intercepts the light
beam energizing relay 1, opening its
contacts and recycling gas tetrode
2 and relay 2.

2, The article advances, its lead-
ing edge dropping down over the
end roll of the conveyor, directly be-
neath which is a perforated pipe sys-
tem and in front of which is a rack
onto which the article is to be doffed.

3. As the following end of the
article is about to leave the con-
veyor, it restores the light beam,
closing relay 1, which energizes the
solenoid valve admitting air to the
blower pipe, starting the article in
its flight from conveyor to rack, and
starting the timing period of gas
tetrode 2.

4. Gas tetrode 2 times out, open-
ing the solenoid valve circuit, stop-
ping the blast and restoring the cir-
cuit to start a new cycle.

By proper design of the pipe sys-
tem and accurate regulation of air
pressure and timing, articles can be
stacked with amazing accuracy.
After flying several feet through
the air, the margins of similar pil-
low slips will all hang within one-
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eighth inch. The air blast is a
short puff, that, literally, picks the
article up and hangs it over the rail.
This unit is uncannily accurate in
operation and almost unbelievable
to watch in action. The simplicity
and repeat accuracy of the control
contributes much to its effectiveness,
for, as can be seen from the dia-
gram, there is very little to get out
of order.

Relays for D-¢ Power Supply

So far this article has been largely
confined to extolling the praises of
the gas tetrode. If the writer seems
to have plugged this development it
is because it has proved a most use-
ful electronic tool in industrial con-
trol work. Although its utility in
alternating current applications is
unquestioned, in direct current
problems it is often more conven-
ient to use other types of tubes
rather than to provide means of ex-
tinguishing the gas arc.

A typical example of this situa-
tion is illustrated in Fig. 7. This
control was developed to operate an
automatic dishwasher from 230
volts direct current. The operation
may best be understood by a de-
scription of the operating cycle with
reference to the circuit.

1. At the start of the cycle the
unit is connected to the d-¢c mains
as shown. Condensers C, and C, are
charged to the full 230 volt poten-
tial of the indicated polarity.

2. The start button is pressed
shunting the left hand contacts of
relay 1. This establishes a series
circuit through relay 1, the two fila-
ments, the pilot light, the stop but-
ton and the contacts of relay 4 which
series circuit energizes the tube
filaments, pilot lamp and relay 1,
which latter operates to:

(a) Shunt the start button, left
hand contacts

Apply 230 volts to the wash
motor, center contacts
Disconnects C; from the 230
volt minus and connect R,
across C, starting the dis-
charge cycle.

3. The quick-heating type 30
tubes are ready to operate promptly,
but some time (about two and one-
half minutes) is required for C, to
discharge through R, to the point
where the bias on 30 tube number 1
permits relay 2 to operate.

4. Relay 2 operates, in turn en-

(b)
(¢)
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ergizing relay 3 which disconnects
the wash motor and starts the rinse
valve. At the same time C. is con-
nected to R, for discharge.

5. C. discharges in about ten sec-
onds at which time relay 4 operates,
opening the holding circuit described
in 2 above and turning everything
off.

Thus the device provides a com-
plete automatic cycle, circulating the
alkaline wash solution with a motor
driven pump for 2% minutes, shut-
ting off the pump and turning on a
hot water rinse for 10 seconds and
then turning everything off, includ-
ing itself. Relays 2 and 4 are Sigma
type M which have a Microswitch
movement giving snap action and as
much freedom from vibration as can
be found in a sensitive relay. The
only load on their contacts is the coil
current of relays 1 and 3, which
latter are heavy industrial control
types with blow-out coils on the con-
tacts carrying motor current.

By operating the filaments, pilot
lamp and the coil of relay 1 in se-
ries, protection against failure of
tubes is insured and such failure is
indicated by the fact that the pilot
will not light. A stop button is
provided to “kill” the entire system
in case the operator, for example,
forgot to lower the side panels of
the washer after loading, which
would squirt water all over the lot,
including himself.

The various circuits disclosed
herein are in the main the subject
of patents issued or pending. They
have been included to illustrate
methods of attack rather than to
suggest specific solutions for gen-
eral problems.

Fig. 7—A time-cycle circuit operated from
230 volts d-c, for controlling rinsing and

operations in a commercial

laundering machine

washing
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