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Solar bas perfected the tubular

paper capacitor—now it s reliable

Wax-molded

Jaaldriis
Tubular Paper Capacitors

The tubular type of small capacitor has offered
great economy for values in fractional microfarads,
but its life has heretofore been limited due to
inadequate sealing in cardboard tubes. Dampness
and climatic humidity have been disastrous to
reliable service.

Now, the new “Sealdtite”—exclusively SOLAR
—molded in hard wax and moisture-proof—Dbrings
perfection to this economical form of capacitor. Its
remarkably long life recommends it for many adap-
tations where more expensive units have been used.
SEALED FOR SAFETY,

Engineering data and samples
available on letterhead request y

SOLAR MANUFACTURING CORPORATION ¢ BAYONNE, NEW JERSEY ;
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HIGHER
FREQUENCY
BRACKETS

At the “run of the mill” frequencies radio parts

\/

-

T

designed and produced with "“average” care will

N

deliver a satistactory performance.

But today’s ultra-high frequencies demand cor-
responding ultra-precision parts unaffected by
the vagaries typical of these frequencies. . . . . .
CENTRALAB Fixed Resistors have an excellent

frequency characteristic less affected by voltage,

humidity and frequency changes.

Again we suggest . . . SPECIFY CENTRALAB.

OR
SULAT ~
oupen BAKEUTE Ccqame 1N

(=] 3
; .
ND WIB
C ~ CERAMIC CONDUCTOR  ¢ap BO
c
OND
LEAD ©
WIRE

Baptized in fire at 2500 degrees—hard

as  stone—center ceramic core and

ceramic jacket fired together to form «a

single shock-proof wunit. Pure copper

applied by Schoop metal spray process

forms intimate end contact to conducting
areda.

Radio engineers are now tapping the resources of
frequency bands formerly used only in laboratories.
In order to make these bands operative parts must
now be used that adhere strictly to the limitations
of these bands. Centralab engineers have success-
tully met these problems with Centralab parts.

Centralab

DIV. OF GLOBE-UNION INC., MILWAUKEE, WIS.

AXIAL LEAD
RESISTORS
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Micro Switch with regu-
lar plunger being oper-
ated by bellows type
thermostat.

Reset Button

T B

Micro Switch with spe-
cial plunger asused inan
adjustable thickness de-

tector.

LK LIMIT
SWITCH

Micro Switch built into a
sealed metal housing for
precision serviceintough
spots. Cam actuated.

Micro Switch with snap
spring actuatorasa Break
indicator.

Metal-Clad Micro Switch
with snap spring actuated
by magnet.

Micro Switch with snap
spring actuator operated
by cam.

A Precision Snap Action Switch That Occupies a Space only
3" X 7/s" x2". . Operates Instantaneously Under Pressures
as Low as 4 oz., with Movements as little as .0001" . .
as Many as 600 Times a Minute for Millions of Operations!

The unusually precise design, construction and the perform-
ance of this switch make its application to a wide variety of
products and functions a most logical proposition. The col-
umn at the right lists some of the products on which, and
functions for which, it is now being used.

Though built with watch-like precision, it will stand the
constant pounding of repeated operations. Its action is light-
ning-fast. It has a long life—many users report from five to
ten million operations. It operates in any position and is not
affected by ordinary vibration. It is easily mounted with two
No. 6 Screws and weighs only one ounce. It carries the rein-
spection label of the Underwriters’ Laboratories and has the
approval of the Hydro-Electric Power Commission.

It is adaptable to the following A.C. inductive motor,
heater and lamp loads: %2 H.P. Motors, 115 to 460 volts;
Heaters, 1200 watts, up to 600 volts; Lamps, 1000 watts for
normally closed switches, 3 amperes, normally open switches.
It can be used with a diversity of actuating mechanisms such
as shown at the left.

Informative literature and data sheets, covering Standard,
Super-Sensitive, and Metal-Clad Micro Switches and Micro
Switch Motor Protectors will be sent you upon request. And
when out-of-the-ordinary applications of the Micro Switch
are involved, competent service is available.

MICRO S SWITCH

MANUFACTURED IN FREEPORT, ILLINOIS BY

MICRO SWITCH CORPORATION

New York Chicago Boston

ELECTRONICS — September 1939
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If you use time, tempera-
ture, pressure, weight, re-
lay, or solenaid controlled
devices or fractional H.P.
motors in the manufacture
of your product, you can
apply the Micro Switch to
advantage. It is now used
on products in this partial
list of classifications.

CONTROLS

Air Conditioning___Blower
and Draft__Boiler__Cycle
Circuit__Damper Regulators
__Electric Furnace__Mag-
netic__Pressure__Test___
Gate Control__Relays___Sig-
nals__ Interlocks_

INSTRUMENTS

Flow Meters_ Fuel Indica-
tors___Fuel Tank Level Testers
__ Humidistats ___ Electrom-
eters ___RPM Indicators ___
Tickers___X-Ray Timing De-
vices____

THERMOSTATIC DEVICES

Incubators___ Brooders___In-
dicating___Industrial___Oven
__Room___

MACHINES & MACHINE TOOLS

Coin Operated___Automatic
Hobbing__ Honing__ Hy-
draulic Presses__Automatic
Gauging___Bottling__ Count-
ing and measuring __ Cutting
—Die Sinking__ Drilling___
Tapping__Lathes_ _Auto-
matic Screw__ Milling___
Riveting__Packaging___
Rubber Working___Printing
__Textile__Welding___

SAFETY DEVICES

Burglar Alarms__ Recorders
___Oil Burners___Stop Light
Systems___Traffic Signals___
Transformer Protection___

MISCELLANEOUS

Annunciator Systems___Count-
ing Devices___ Direction Indi-
cators___Daters and Printers
__ Flashers___Cameras___Oil
Regulators___Phonographs
__ScalePivots___ScaleWeight
Printer__ Steaming Devices
___Animated Displays___

Micro Switch Corporation
Freeport, Ill.
Gentlemen: I am interested in

the Micro Switch for........ .

tion.
Name . .. ..........cocii...



ANNOUNCING... 3 £
Bakelite Pelysiyrene Film

o -
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-« . a flexible dielectrie tape that
provides exceptional advantages

for clectronie equipment

FOLLOWING the wide success of Bakelite Polystyrene
molding materials for high-frequency equipment,
Bakelite Laboratories now announce another useful
product made from the same unique Plastic. It is
Bakelite Polystyrene Film ...a new low-loss dielectric
in thin, pliable sheet form.

Developed especially for electrical insulation pur-
poses, Bakelite Polystyrene Film has found immedi-
ate demand for the winding of capacitors in radio sets.
Its low power factor provides increased efficiency.
Electrical properties will remain constant even at vary-
ing temperatures. This is made possible because of
the stable characteristics of Polystyrene and its ex-
ceptional water resistance.

Bakelite Polystyrene film is supplied in either
water-white or a purple-black tint. It is now supplied
in %" width and 1 mil thickness. Widths from %" up
to approximately 8" in intervals of %" will soon be
available in varying thicknesses.

Write for complete details, including physical and
electrical properties of Bakelite Polystyrene Film.
Address inquiries to Dept. 13.

BAKELITE CORPORATION, 247 Park Avenue, New York

Chicago: 43 East Ohio Street
BAKELITE CORPORATION OF CANADA, LTD., 163 Dufferin Street, Toronto
West Coast: Elcctrical Specialty Co., Inc., San Francisco, Los Angeles, Seattle.

VISIT THE BAKELITE EXHIBIT, HALL OF INDUS-
TRIAL SCIENCE, NEW YORK WORLD’'S FAIR 1939

ELITE

pmaricl g lor iy, Of AR QUONY. 7 1y mBOKES T3 waliute
avaber of prsect ond Wiure vies of Bolalas Corporatont producti,

BAK

rode @oeks thomn Gbows duur
Soavkacnaed by Boroime Corporgton. Unde: e <

PLASTICS HEADQUARTZ
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FOR RAD/O ENGINEERS

CONTEMPLATING PURCHASE OF
NEW TRANSMITTER EQUIPMENT

Dedicated to the cause of more efficient, trouble-free
radio transmission, these Lapp specialties should be on
the check list of every engineer contemplating installa-
tion of new transmitter equipment or modernization of
present equipment. “Insulated by Lapp” is a phrase syn-
onymous with operating security in radio transmission
and in electrical power transmission the world over.

el LAPP GAS-FILLED CONDENSERS

New, superior design and rigid mechanical construction
in the Lapp Condenser results in genuinely trouble-free
service. Maximum capacity for given external dimensions.
Practically zero loss. No change in capacitance with
change in temperature. Puncture-proof. Wide range of
sizes for practically every transmission requirement.

LAPP TOWER FOOTING INSULATORS

Sectionalizing types for insulation of existing structures.
Push-pull types for self-supporting radiators. Base insu-
lators for guyed radiators up to 1ooo-foot height. All
these base insulators utilize the Lapp patented curved-side
compression cone for maximum mechanical strength.

LAPP GUY INSULATORS

Mast guy insulators are available in a range of sizes suit-
able for supporting structures up to and including 1000
feet high and 500 KW duty, for break-up duty and primary
installation. Construction with the Lapp compression
cone assures that porcelain be loaded only in compression.

LAPP PORCELAIN WATER COILS

The famous Lapp Water Coil for transmitter tube cooling,
the coil that eliminated sludging in the water system. Be-
cause water used with the Lapp coil remains pure and at
high resistance, tube life is increased and expense and
inconvenience of changing water and replacing hose and
fittings is eliminated. Alternate cooling system can be
worked out with Lapp porcelain pipe, pieces and fittings
of which are available for practically any requirement.

Complete descriptive literature is available on all these Lapp spe-
cialties for radio transmission. Write today.

LAPP

INSULATOR €O., INC,, LE ROY, N. Y., U. S. A,
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Lete: AmerTran modula-
tion transformer, oil-im-
mersed type, for large
broadcast transmitter.

for every application

in electronic circuits

Continuous research work since
Above: Type W filamen:

transtormer, air-insulated the early days of radio has made
e (e o o @ 90 and maintained the AmerTran

trade-mark a symbol representing
the ultimate in transformers for
ccmmunication and electronic cir-
cuits. This also explains why our
products are preferred by so many
of the largest equipment manu-
facturers and best equipped broad-
casting stations. Visit our booth *
at the LR.E. convention in New
York and become acquainted with
recent improvements in  trans-
former design. Our engineers will
be pleased to discuss your prob-
lems with you in detail.

Above: Type W plate trans.
tormers and reactors for all
small  and medium power
rectifiers

Right Type RS plate
transtormers and reaceors,
otl<tmmersed  tvpe for
large recrifiers

* Booths Nos. 1 and 2, Hotel Pennsylvania, Sept.
20 to 23.

Lete: AmerTran audio traaos-
tormers are universally con-
sidered  the '‘Standard of
Excellence’’ for every ampli-
fier application.

MER
RAD

' AMERICAN
TRANSFORMER

COMPANY
178 Emmet St., Newark, N. J.

Manufactured

Since 1901

at Newark, N. J.
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WE HAVE CROSSED THE THRESHOLD OF TOMORROW

For twenty years we here at Wholesale Radio Service
Company have blozed new trails in Public Service.
Scarcely o phase of the communications field has
been left untouched during the years of our growth.
Today thousands of discriminating buyers in every
land are listed among our satisfied customers. For
into every shipment we have always put more than
just top-flight merchandise.

It has been this spirit of extra service that has en-
abled us to grow from a modest shop into a world:
wide organization. We operate seven retail branches

today, with three giant central distributing points
from which flow thousands of shipments daily.

As we have grown however, so too have grown the
demands of the people we serve. Industry, for new
and better materials; individuals, for finer instruments
and forms of reception. We have lived to see many
new developments replace the old, many of our for
mer services, once essential, no longer required.

In fact, our very name for so many years perfectly
adapted to our business now belongs to yesterday.
It does not fit with our plans for tomorrow.

Naturally, we were attached to our old name, but sentiment has no place in progress. And so from now on we shall be known as

Haoio Wive Television Inc.

{ name selected because it accurately pictures the very business we are engaged in.

IWhat do we meun? Let’s look at that name more closely.

RADIO :

Up through the years we have grown and expanded with Radio—very backbone of
ugh the years v °8 ) Nt very :
our business. Yet even in the face of today’s magic, life-like reception, much remains

to be done. So naturally Radio Broadcasting will continue to engage our interest.

WIRE :

A new service gaining momentum with each day is WIRE BROADCASTING.
Already many of today’s entertainment forms are available by means of wire with

great fidelity, reliability, and economy. We believe that soon the art of broadcasting by wire
will encompass the trausmission of both sight and sound. Every current technological devel-

opment points to this end.

TELEVISION

Third and newest term in our name. Breath-laking is television’s power to
reproduce for man’s entertainment and knowledge, the life and happenings

of storied lands afar, the news events that will make tomorrow’s headlines. With television a
vast new field of human relationship is magically thrown open. Whichever way you choose lo
receive your television programs, by wire orradio, we will offer the finest services available

anywhere.

The new name; thus embodies all of those features
which from now on are to comprise the principal part
of our business. Radio Wire Television Inc., proposes
to extend its activities into every phase of the elec-
tronic art. Several associate enterprises which control
important patents relating to the entire communica-
tions field have already been merged with our com-

pany. With these patents, we hope to throw open a
vast number of new services to the general public.
Of special interest are plans to expand the number
of retail outlets for Radio Wire Television Inc. in
order that local branches may be placed at the dis
posal of all who are interested in finer entertainment
services, better products and lower costs.

Radio Wire Television Inc., is licensed by arrangement with Electrical Research Products Inc. under patents of
Western Electric Company, Bell Telephone Laboratories, Inc., and American Telephone & Telegraph Company.

Hadio Wire Television Inc.

formerly WHOLESALE RADIO SERVICE CO., Inc.

NEW YORK ¢ CHICAGO ¢ ATLANTA ¢ BOSTON

1
= == = e
T AR - y
%Mm ) e T :
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[ MON Texperience points 1o NIGREL

Nickel’'s Advantages in
Television

a. Fasily formed, makes sound
welds.

b. Strength to withstand defore
mation during forming and at
high temperatures during boni-
bardment,

¢. Resistant to corrosion and im-
mune to rust,

d. Low in gas content and easily
degassed at moderate tempera-
tures.

€. Good electron emission char-
acteristics,

\KERs of science’s latest
i\/l product are Allen B.
Du Mont Television Labora-
tories of Passaic, N. J. Yet
turning out the tube that’s the
heart of television is nothing
new to this progressive con-
cern. Nor is the use of Nickel.

For years Du Mont has pro-
duced oscillographs for indus-
trialtesting. Employed in these
units is a type of cathode rav
tube similar to that used in tel-
evision. As a result, Du Mont
has tried many metals, and
now standardizes on parts
made of Nickel. Why ? Because

this metal alone among many

8

for

lEVlSlﬂN
THBES

| of properties offered by
this metal results in
exceptional fabricating

and operating advantages

Forming and
Nickel parts.

spot welding

2 Stages in production of Pure
* Nickel elements for cathode
ray tubes.

parts into glass envelope.

5 Sealing stem mount and Nickel

4 Evacuating a 14-inch Du Mont
cathode ray tube.

5 Securing bakelite base 10 tube
stem and soldering eonnections

to completed tube.

tried offers all of the
advantages listed above.
In addition to the

cathode ray tube, Du Mont

television receiving sets use
15 to 31 others...
special design, others standard.
[n all of these tubes Nickel plays
an important part, as it does in the

some of

tubes of other television manufac-
turers. Thus is Nickel fast becoming
the preferred metal of Television as it
is of Radio. For further information on
Nickel write:

THE INTERNATIONAL NICKEL
COMPANY, INC.
67 Wall Sireet New York, N. Y.

A

MONEL
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TYPE SS 3 ® Engincers concerned with design problems
where low cost and space savings are factors

will find that these compact inexpensive
switches fit in exactly with their plans. The
four types illustrated here have innumberable
applications for handling small power circuits.

TYPE SS-1 is a single pole throw switch with Underwriters’
Approval for .75 amp. 125 volts. May also be supplied with three
terminals as a single pole double throw switch which is not
approved by the Underwriters’. This is known as Type SS-2.
These types suggest the following uses:

Two-position tone control; Sensitivity control; Change-over switch
for AC-DC sets; Line switch for small sets; Small motor control;
Tap switch for power transformer; Dome light switch for auto-
mobiles; Defroster motor switch; Heater-blower switch for auto-
mobile use; High-low speed switch for small motors; Battery drain
control switch for battery sets; Pilot light switch for battery sets.
TYPE SS-1A is identical with SS-1 except it has a snap-on shield
approved by the Underwriters’ as a terminal enclosure.

TYPE SS 3A

TYPE SS-3 is a double pole double throw switch which suggests
itself for the following uses:

Change-over switch for battery-110 volt sets; Band change switch;
Phono-radio switch; and many other uses. May be supplied as a
double pole single throw switch known as Type SS-4.

TYPE SS-3Ais identical with SS-3 except has a snap-on terminal
enclosure.

WRITE FOR SAMPLES AND PRICES

All illustrations ave actual size.

FIXeD RESISTORS STACKPOLE CARBON COMPANY V’OlU.ME CONTROLS

* ST. MARYS, PENNA., U.S.A.

SWITCHES TONE CONTROLS

These products are sold only to manufacturers of original equipment.

ELECTRONICS — September 1939 9



Where Lives l)v[)vml on
the Infailin o ( )[)eruli onof

Transmitters and Receivers. .. .
PR MALLORY & CO.Inc. \ ‘,‘\ | I | .
MAL LoRY Vibrators are Specified

When tormy weather clouds the pilot’s vision, he must depend on
his radio equipment to bring the plane safely to its destination.

There can be no compromise with de pendability of operation when
human lives are at stuke. There can be no failure . . . no delas
in the transmitting and rece iving of mse ssages.

Foremost manufacturers of air raft transmitters and rece 1vers choose
Malory Vibrators to insur: unfaili_ug operation. They have found l»}
actual « xperience that unly \llullury Vibrators offer all these advantagu 'S,

1. Low initial starting voltage without sacrifice of operating performance.

2. lixceedingly long life with practically no decrease in output.

3. Substantially constant reed amplitude over wide range of battery voltages.
. Low mechanical noise.

5. Lower vibration level.

6. Permanent alignment of component parts.

7. Long life through use of highest-grade tungsten contacts.

MALLORY VIBRATOR
FOR 12 VOLT OPERATION

New Vibrapacks —1vwo new dual Vibrapacks — P. R. MALLORY & €O, Inc.
No. VP-555 with a rating of 300 volts at 200 ma. load, 6.3 volts 'ND'ANCA:oA';'ds PELMAL'L';D'ANA

mput, and No. VP-557 with an output of 400 volts, 150 ma.
. . . have been added to the Mallory line of vibrator power
supplies. Other units are available to manufacturers in P.RMALLORY & CQ.inc.
production quantities for 6, 12, 24, 32 and 110 Volts, DC

operation, with a single output rating over a range of 125 to M A L L O RY
325 Volts. For general application, standard flexible-output
Vibrapacks may be obtained from Mallory-Yaxley Distributors.

10 September 1939 — ELECTRONICS
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» DEPARTURE . . Electronics has
studiously avoided publication of
feature articles dealing with the manu-
facturing processes of a single manu-
facturer in our industry. In this issue
we depart from that plan in the in-
stance of the article by Herbert Chase.
Mr. Chase, a contributor of long stand-
ing to FElectronics, had the unusual
opportunity of learning at first hand
how Erie resistors were made, and
wrote for us the article published in
this issue. It seems to us that there
is much of interest in the ways in
which things are made, including parts
which go into electronic assemblies,
each insignificant by itself but con-
tributing mightily to the effectiveness
of the whole. This is an experiment.
If readers profit by this article others
will follow.

» CATS . . . Sometime ago Electronics
related the story from England of the
discovery that leaks in cables could
be traced by pumping a gas smelling
of cats through the -cable, and then
running a dog up and down the out-
side. C. A. Briggs of Washington,
D. C., thinks that he has something of
use along this line. He says “What
is the nature of that cat gas? Is it
obtained by passing cats through gas
or gas through cats? Some years ago
a wood pussie found access to my
basement and left a lingering re-
minder that mneeded no Labrador
retriever to discover. If the cat gas is
similar to my basement aromatics, is
there a market for the stuff?”

» INCIDENTALS ASCAP
(American Society of Composers, Au-
thors and Publishers), according to
NAB (National Association of Broad-
casters), has a total annual revenue
of approximately 6 million dollars. Of
this. 4 millions comes from broadcast

CROSS

TALK

stations. In the last 6 years ASCAP
has got from the broadcasters over 20
million dollars.

According to Dun & Bradstreet, July
22, the radio industry as of that date
had sold more sets than in the same
period in the previous year, but due
to television publicity the sale of
higher priced sets was down so that
on a dollar basis 1939 to date is not
so hot. Sale of time on the air, how-
ever, continues to soar. Billings for
March were greater than for any
month on record. The first 6 months
saw total billings of more than 41
million dollars.

» ERRORS . . . In recent book review
of Paul Deeley’s book on electrolytic
condensers the statement was made
that this was the first book in English
on the subjeect. Chapman and Hall,
London, very properly point out that
in 1937 they published “Electrolytic
Condensers: Their Properties, Design
and Practical Uses” by Philip R.
Coursey.

Mr. Ryder, whose article on motor
control circuits was published in De-
cember, 1938, Electronics states that in
Figs. 1, 2 and 4 of that article the
resistor R is improperly connected to
tube B. It should be connected between
grid and cathode instead of between
grid and plate.

» OBIT . . The world of electrical
engineering suffered, in June, the loss
of Dr. A. E. Kennelly whose world-
wide reputation as an engineer and
as a scientist is well known. The first
use of complex notation applied to
Ohm’s Law in alternating current engi-
neering was published by Dr. Kennelly
in 1893; in 1902 he expounded his
theory of the conducting layer in the
upper atmosphere which has come to
be known by the Kennelly-Heaviside

layer. His schedule for years had been
heavy with work for the American
Standards Association; his contribu-
tions to the literature of electrical
engineering and to mathematical
theory and his work with the pro-
fessional societies had made him one
of the best known and most respected
of modern scientists.

» PERSONAL . . . Richard T. Orth,
head of the receiving tube design sec-
tion of the RCA plant at Harrison,
N. J.,, was awarded one of the ten
Alfred P. Sloan Foundation fellowships
for a year of advanced study of in-
dustrial problems at M.I.T. He has
been granted a year’s leave of absence
to take advantage of the opportunity.

W. J. Brown, an Englishman who has
attended many IRE conventions and
who has many friends among communi-
cations engineers in this country, has
formed a company, The Electronic En-
gineering Services, Ltd., for the pur-
pose of keeping English firms up to
date on America practice, and to keep
Americans aware of what is going on
in England. Mr. Brown was chief en-
gineer of the designs department of
the Gramaphone Co., then director of
engineering of Philco Radio and Tele-
vision of Great Britain and was an en-
gineer with Metropolitan Vickers be-
fore these more recent engagements.

Vladimir Karapetoff, Professor of
electrical engineering, Cornell, retired
in June and has been made professor
emeritus. Professor Karapetoft, it will
be remembered, is not only a scientist
and teacher of note but an accom-
plished musician as well. It was
natural that he should combine his
interest in electrical circuits and
musical instruments in producing one
of the early electrical musical devices.
He holds honorary degrees of Doctor
of Science and Doctor of Music.
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Scene of Action to Office in Eight Minutes. . . .

In modern newspaper practice, news and pictures must
travel together for simultaneous presentation. Here, a
photographer of International News Service is transmit-
ting a news picture from a hotel room, near the scene
of action, to key station (New York, Chicago or San
Francisco) from where it is relayed by separate lines
to the various newspaper offices. The unit for coupling
to the telephone line is shown on the small table. The
photograph has just been developed and printed in the

improvised darkroom in the bath room




Pictures

N the past two years, although the

fundamental principles of wire
transmission have remained un-
changed, many improvements and re-
finements have been made in the
equipment to improve the quality of
the picture, to reduce size and weight
and hence facilitate the transporta-
tion of portable units, and to sim-
plify its operation so that a photog-
rapher unfamiliar with electrical
engineering can use it with full

gatisfaction. 'The same agencies,
Acme News Pictures, Associated
Press, Finch Telecommunications,

International News Photos and Wide
World Photos have continued in
operation, and each has made sub-
stantial progress.

The general arrangement of the
transmission systems of the different
agencies is very much the same.
They differ only in details of con-
struction and operation. Each pic-
ture transmitting unit has a cylinder
around which the picture to be
transmitted is wrapped, a scanning
head containing a light source and
a phototube, and a motor drive of
constant speed and each receiving
unit has a cylinder around which the
negative material to be exposed is
wrapped, a scanning head carrying
the modulated light source and a
motor drive. All systems have a
means of synchronizing the trans-

Transmitting room of Wide World Photos. Note the position of the telephone receivers
on the coupling coils and the dummy receivers on the telephone hooks. These trans-
mitters are designed to operate from the storage batteries shown under the bench

mitting and receiving motor drives
and of properly phasing the two
rotating cylinders so that the trans-
mitted picture will be properly lo-
cated on the receiving film. All of
the systems transmit on a carrier
frequency and therefore all contain
carrier frequency oscillators, modu-
lators, demodulators and amplifiers.

Principles of Operation

No method has vet been devised
whereby more than a single piece of
information can be transmitted at
one time in a single circuit. There-
fore, as in television, the picture
must be divided into a large number
of units, each of which is small
enough so that it may be considered
that it contains only one shade of
white, black or gray. It is then pos-
sible for a phototube to ‘“look” at
each unit in turn and translate the
shade of each unit into a voltage
which may then be transmitted over
the telephone lines. At the receiving
end, the voltage is retransiated into
light which is used to expose a cor-
responding unit on the negative film
by an amount which will permit a
very close reproduction of the orig-
inal shade in the unit of the positive
print of the transmitted picture.

In practice, wire transmission of
pictures is accomplished in the fol-

ELECTRONICS — September 1939

Wwww.americanradiohistorv.com

lowing manner. Two cylinders of
the same dimensions, one in the
transmitting unit and one in the
receiving unit., are located a consid-
erable distance apart, up to 3,000
miles and more. Around the trans-
mitting ecylinder is wrapped a posi-
tive print of the picture to be trans-
mitted and around the receiving
cylinder is wrapped a negative
photographic film, generally with
rather high contrast emulsion. It is
possible to transmit to more than
one receiver at one time, but for pur-
poses of illustration one receiver will
be considered. The two cylinders are
rotated at very closely identical
speeds (generally about 100 r.p.m.),
by means of synchronous motors
controlled by frequency standards
such as temperature compensated
tuning forks and are in phase with
each other in respect to the position
of the transmitted picture and the
receiving negative. As the cylinders
rotate, scanning heads move longi-
tudinally along the cylinder at the
rate of about one inch per 100 revo-
lutions, or at a scanning rate of 100
lines per inch. The transmitting
scanning head contains a source of
light to illuminate a small area in
the picture equal in size to a scan-
ning unit (about 1/100 inch square)
and a phototube to pick up the light
reflected from the illuminated area.
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The transceiver unit, contained in

two cases, of Acme News Pictures

is easily carried by one man and

accommodates pictures up to 7 by
9 inches in size

Receiving unit of the Associated
Press. The drum with the negative
film rotates in a light tight case to
give complete daylight operation.
The film is placed on and removed
from the drum in a darkroom

The transceiver of International

News Photos can be changed from

transmitting to receiving by throw-

ing one switch located on the scan-
ning head
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The receiving scanning head con-
tains a source of light which may be
varied in accordance with the signal
from the phototube pickup in the
transmitter, or according to the
amount of light reflected from the
picture scanning unit to the photo-
tube. The light is focused on the
film in the form of the scanning unit
in the original picture and that por-
tion of the film is exposed by the
proper amount.

Modulated Carrier Signal

The signal from the phototube is
used to modulate a carrier frequency
of about 2,000 cps. The modulated
signal is amplified and fed into the
telephone line by one of several
methods. It may be fed through a
transformer supplied by the tele-
phone company and connected di-
rectly to the line, or it may be fed
to the line by means of a coil placed
in close proximity to the telephone
receiver or the coils of the bell box.
The signal is picked off the line in
the same manner. At the receiver,
the signal is demodulated and ampli-
fied. Tt is then fed to the light
source which may be varied in ae-
cordance with the variations of the
incoming signal. There are several
methods of doing this. A crater
lamp may be employed whose in-
tensity varies with the applied volt-
age. The light mayv also be varied
by keeping the intensity of the
source constant, but varying the
cross-sectional area of the light beam
as it passes through the optical sys-
tem. This may be done by vibrating
a small galvanometer mirror, which
reflects the light beam, in accord-
ance with the voltage variations‘ of
the picture signal. The latter method
is applicable to either the variable
line width or variable density system
of shading reproduction. The light
beam is focused on an elementary
area of the film and exposes the
entire film by exposing one unit area
after another, in the same order as
the original picture is scanned in the
transmitter, until the process is com-
plete. After the completion of trans-
mission, the film is removed from the
cylinder and is developed, fixed and
washed in the usual manner after
which as many positive prints as
desired may be made. In the de-
veloped negative or the finished print
of the transmitted photograph, there
will be found a large number of nar-
row lines which are very slightly

diagonal. They are called the scan-
ning lines and are caused by the
rotating motion of the cylinders and
the longitudinal motion of the scan-
ning heads which cause the scanning
path to be in the form of a helix on
the cylinder which in turn causes the
path to appear as the large number
of parallel, slightly diagonal lines in
the finished picture. However, these
lines are generally unnoticeable when
the picture is printed in a news-
paper.

For transmission of news pictures
as quickly as possible from the scene
of action to the newspaper office
there have been developed a number
of portable transmitting and trans-
ceiver units. They feature light
weight, small size and simplicity and
flexibility of operation. They are
small enough to be carried in a pair
of suitcases and are simple enough
in operation that they may be oper-
ated with full satisfaction by a non-
technical person by following printed
instructions. Transmission can take
place from any telephone in a hotel
room, a corner drug store or a back-
woods general store as long as there
is power available to operate the
transmitter. There exists a differ-
ence of opinion regarding the flexi-
bility of power supply required in
such units. One group holds forth
that where there is a telephone, there
is almost certain to be a 110 volt, ac
or dc power line and designs its units
accordingly. Another group says
that there is undoubtedly a storage
battery close to every telephone in
the country and therefore designs its
equipment to work from batteries as
well as from a 110 volt power line.
The widespread use of the auto-
mobile is responsible for the latter
idea. Also, if necessary, a storage
battery may be borrowed from the
auto, airplane or boat which trans-
ported the equipment to the locality.

Field Telephone Connections

In field operation a coupling coil
located close to the receiver or bell
box of the telephone may be used to
couple to the telephone line or a
coupling transformer may be con-
nected directly to the line, but in
this case it is necessary to notify
the telephone company so that they
may make the necessary connections.
In some cases when the importance
of the occasion warrants it, such as
the recent trans-continental trip
across Canada by the King and
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Block diagram of the Finch Telecommunications trans.
The motor is driven by a tuning fork and power
amplifier operating in constant temperature ovens

mitter.

Queen of England, special telephones
may be installed for the transmis-
sion of news pictures.

It is interesting to note that it is
possible to transmit photographs in
color as well as in black and white.
It is done by transmitting the three
color separation negatives separately
and by the use of the proper de-
velopment and dyeing technique at
the receiving end.

Commercial Wire Transmission
Systems

With the general background
given, it is now in order to describe
some of the features of the various
commercial wire transmission sys-
tems. The Acme News Pictures sys-
tem now consists of 27 stations lo-
cated at strategic points throughout
the country. It is the plan of this
organization to equip each of its sta-
tions with an extra portable unit
and thereby efficiently cover a con-
siderably larger territory. The port-
able transceiver unit is 14 inches
long,*'9 inches high and 9 inches
deep and weighs 28 pounds. The
synchronizing and power unit for
the synchronous motors is in a sep-
arate unit which measures 15 inches
by 9 inches by 7 inches. Synchron-
ization of the transmitter and re-
ceiver is obtained by sending from
the transmitter an impulse once per
revolution at the start of transmis-
sion. The impulse causes a neon
lamp at the receiver to glow momen-
tarily. Similarly, the receiver causes
another neon lamp to glow momen-

TRANSMITTING
COUPLING COIL~

RECEIVING
COUPLING COIL

|
8L
80X

PHONE LINE

PHONE LINE

tarily at the same point of rotation.
The speed of the receiver cylinder is
reduced until the two lamps glow at
the same instant and the transmitter
and receiver are then in synchron-
ism. The speed of rotation of the
receiver cylinder is then returned to
normal. The carrier frequency is
1,800 ¢ps and the maximum modula-
tion frequency is 750 cps. Acme
uses a coupling unit furnished by
the telephone company to couple to
the telephone lines.

The eylinder, or drum, which ro-
tates at 100 rpm, accommodates pic-
tures up to 7 by 9 inches in size.
The scanning head moves across the
picture at the rate of one inch per
minute and scans nine square inches
in one minute or a complete picture
in seven minutes. The unit is de-
signed to operate from 110 volt,
50-60 cycle power.

Leases Nation-wide Network

The Associated Press leases from
A. T. and T. a nation-wide network
of telephone lines over which it
transmits its news pictures. The
network covers approximately 40
stations in the larger cities of the
country. There are also a number
of portable transmitters for use by
the local newspapers and for use
when a story of national interest
breaks within several hundred miles
of a network station. The portable
units are capable of operating from
a variety of power sources: 110
volts ac or dc, storage battery or dry
cells. A carrier frequency of 2,400
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The Finch receiver uses a band pass filter to eliminate
frequencies outside of the operating range which might
cause unnecessary distortion of the transmitted picture

¢ps is used and band pass filters are
used on the telephone line to pass
only the carrier frequency and its
sidebands and to exclude extraneous
noises which would distort the pic-
ture. The cylinder on which the pic-
ture is mounted rotates at 100 rpm
and is about twelve inches in circum-
ference. The scanning rate is 100
lines per minute and therefore in
one minute approximately twelve
square inches of picture area are
scanned.

While the detail transmitted by
the present equipment with a scan-
ning rate of 100 lines per inch is
considered to be ample for present
newspaper technique, the Associated
Press has under development at this
time equipment capable of transmit-
ting with a scanning rate of 200
lines per inch and will give consider-
ably more detail than is transmitted
at present.

Finch Telecommunications, while
not primarily interested in the com-
mercial operation of a news picture
agency, has developed a wire trans-
mission system for such use and does
at times transmit newspictures. The
cylinder of the Finch equipment
normally operates at 100 rpm, but
may be operated at 50 rpm if ap-
preciable static which would impair
the quality of the picture, is present.
The carrier frequency is 2,000 cps
and the upper sideband is sup-
pressed by filters in the line which
pass a band from 1,000 to 2,000 cps.
The transmitter and receiver are

(Continued on page 90)
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As long as a limited supply
twice this size, will be furnished to readers who
desire to construct the receiver

Fig. 1—Complete circuit diagram and parts list of the receiver.

lasts copies of this diagram, approximately




A Television Receiver for the Home

A modification of Electronics ‘laboratory” receiver, designed especially for domestic use.

The new design offers performance equal to that of the better commercial receivers at con-

siderably less cost. and it may be constructed almost wholly with standard components

HE design of the television re-
ceiver described in this article is
based on the ‘“Laboratory Television
Receiver” developed in Electronics
laboratory in 1938, and described in
the July to December 1938 issues,
inclusive. When the laboratory model
was completed, the author decided
that its performance was sufficiently
good to warrant the construction of
a similar receiver for home use.
Accordingly a somewhat modified de-
sign was drawn up. Since the pro-
ject was a personal one, the cost
had to be kept to a minimum. Actu-
ally almost 100 dollars was saved
from the cost of the laboratory
model by judicious cutting of cor-
aers, but in no respect was perform-
ance sacrificed to cost. The com-
plete cost of the new receiver was
$262, including a $50 9-inch cathode
ray tube. Further savings can be
effected if a 5-inch tube is used, and
if the receiver is housed in a home-
made cabinet (or none at all). But
it is unlikely that reduction of cost
below $200 can be effected without
serious losses in fidelity or sensi-
tivity.

A second consideration in the new
design was the use of components
available on the market, rather than
hand-made ones. Fortunately wide-
band picture i-f transformers made
their appearance on the market when
the design was in its first stages.
A considerable saving of time as
well as ease of reproducing the re-
ceiver were thereby gained. Finally,
the new design embraced several
improvements in circuit arrange-
ments, notably a simpler and more
reliable sync-separation system, the
inclusion of an automatic brightness
control tube, and simplification of
the controls.

The new receiver was designed,
assembled and put into operation in

By DONALD G. FINK

Managing Editor, Rlectronics

a total time of about 24 working
days. Since completion it has been
in operation in the author’s home,
about 10 miles airline from the NBC
transmitter and somewhat below the
line of sight (due to the interven-
tion of the Palisades). For four
months the receiver has given highly
satisfactory performance in all re-
spects. The signal level fed to the
antenna terminals from a single di-
pole is about 1 millivolt, and this
signal is more than sufficient to
cause severe “blooming’” (excess
brightness) of the picture tube when
the brightness control is set to the
blanking level. This rough-and-
ready method of estimating receiver
sensitivity indicates that recogniz-
able pictures can be obtained down

to a level of 200 microvolts, although
500 microvolts is perhaps the lower
limit for satisfactory reception. In
any event the sensitivity is suflicient
for most locations within the service
range of the transmitter, and a di
rectional antenna is ordinarily re-
quired only at locations beyond the
25-mile radius.

The fidelity of the picture re-
ceiver, as indicated on the repro-
duced image of the standard NBC
test chart, is between 300 and 350
lines. The upper limit in this case
apparently rests in the size of the
scanning spot in the picture tube,
since the measured frequency re-
sponse is down only 10 db at 4,000,-
000 cps in the video circuits. Sub-
stantially flat response is obtained

Fiqg.
mirror raised. Fig. 3—Above, rear
view showing projective screen

2—Right, front view with




up to 3.5 Mc. The low frequency
response, judged by the ability of
the screen to reproduce “low-key”
images (mostly black with small
white areas) is adequate. The phase
responses, audio fidelity, oscillator
stability, synchronizing and scan-
ning performance are the equal, so
far as can be judged by eye, of the
higher priced commercial receivers.
The receiver is much less critical in
adjustment than its “laboratory”
predecessor and in fact can be de-
pended upon to start operating from
a cold condition and to attain syn-
chronism at once without adjust-
ments. Accordingly it is believed
that the interested reader may con-

Fig. 4—The circuits are arranged

in three chasses, for power supply

(bottom), scanning generators (right),
and signal circuits (left)

struct the receiver and derive as
much satisfaction from it as from
any commercial receiver of the same
proportions, at roughly two-thirds
the cost of the commercial product.

General Qutline of the Design

The electrical details of the re-
ceiver are shown in the complete cir-
cuit diagram, Fig. 1. The tube
line-up of the picture-signal circuit
includes a 6AC7/1852 converter (no
r-f stage), three 6ACT7/1852 picture
i-f stages, a 6H6 second detector and
sync clipper, a 6AC7/1852 video am-
plifier, a 6H6 automatic brightness
control rectifier, and a type 1800 or
1804-P4 picture tube. The sound
channel includes two 6AB7/1853
sound i-f stages, a 6SQ7 second de-
tector, a-v-¢ and a-f, and a 6V6G out-
put stage. The sync and scanning
circuits employ a 6SJ7 amplifier, a
6N7 waveform separator, a 6N7 ver-
tical sawtooth generator, a 6C5 ver-
tical output tube, a 6N7 horizontal
sawtooth generator, a 6L.6 horizontal
output amplifier and a 1V damping
rectifier. The power supply includes
two low voltage supplies employing
573 tubes, one for the signal chassis
and one for the scanning chassis,
and a high voltage (7000 volt d-c¢)
unit employing an 879 tube. In all
there are 23 tubes, including the
picture tube.

The reader who is familiar with
the ‘“laboratory” model described
last year in these pages will find
many similarities and a few impor-
tant differences in the new design.
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In the first place, only two channels
are provided for in the r-f circuits,
in the interests of simplicity and
low-cost and because, at present, no
more than two signals are in pros-
pect for any reception area. Addi-
tional channels may be added, read-
ily, however. In the second place,
the standard recommendations of the
R.M.A. have been adopted in the
picture and sound i-f channels, that
is, a carrier of 12,75 Mc for the pic-
ture and a carrier of 8.25 Mec for the
sound. (The double superheterodyne
arrangement of the preceding design
has been wisely avoided.) Otherwise
the sound channel is conventional.

The video signal section differs
mainly in the addition of the 6HG
automatic brightness control tube,
which adds very greatly to the en-
joyment of the programs, but is by
no means essential to the reception
of good images. The separation of
the sync signals from the composite
video signal is accomplished by a
diode rectifier (rather than the tri-
ode of the previous design). Care-
ful decoupling of the sync amplifier
and separation circuits and the em-
ployment of a multi-element R-C fil-
ter in the vertical sync system have
contributed greatly to the stability
of the interlace performance of the
sync circuits. When the adjustment
of the circuits is correct, the inter-
lace is maintained perfectly over
periods as long as three hours (the
longest consecutive period of opera-
tion thus far, during the broadcast-
ing of the Eastern Grass Court ten-
nis matches).

The vertical and horizontal scan-
ning generators are essentially the
same as in the “laboratory” model,
with the single exception that the
fine and coarse frequency controls
have been consolidated into single
“coarse” controls which are suffi-
cient for the purpose. The magnetic
deflection scanning yoke is the stand-
ard RCA type 9831. Two low voltage
power supplies are used only be-
cause a large enough transformer
could not be obtained in the stand-
ard lines to meet the current re-
quirements of the receiver. The
cost of making two supplies was thus
very little more than consolidating
them in one circuit. The high volt-

Fig. 5—Two views of the power

supply chassis which contains two

low voltage units and the 7000-volt
supply
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Fig. 6—Left, rf coil dimensions.

The

Right, oscillator coils.

numbers on the leads correspond with those on Fig. 1

age circuit uses the low-capacitance
type of R-C filter which allows 7000-
volt operation without straining the
pocketbook for filter capacitors, and
at the same time is considerably
safer from the standpoint of elec-
tric shock.

Physical Arrangement of the Receiver

The front view of the receiver,
with the mirror lid raised, is shown
in Fig. 2. The mirror itself is i-inch
plate glass specially selected by the
neighborhood glazer as having faces
both plane and parallel, and coated
with a high quality silver mirror
surface on the back side. Reflection
from the front surface on the mir-
ror, while present, is not sufficient
to cause a double image to be ap-
parent when viewing the program.
The cabinet itself is a standard
product intended for a radio-phono-
graph combination, purchased from
a radio supply house. The cathode
ray tube is protected by a. 10-by-12
inch plate of shatterproof glass. The

various controls (some of which are
visible in the mirror in Fig. 2) are
brought up through the top partition
of the cabinet, surrounding the pic-
ture tube. To the left are the syne
and scanning-circuit controls, to the
right the signal-circuit controls, and
at the front the high-voltage bleeder
controls (brightness and focus).
These controls issue from the cor-
responding chasses, as described be-
low.

The rear view of the receiver,
with the protective screen in place
is shown in Fig. 3. This screen,
made of copper netting, cannot be
removed without opening interlock
connections on both high and low-
voltage power supplies. The screen
allows ventilation of the 300 watts
of power consumed and converted
to heat by the set.

The view of the interior of the
receiver with the screen removed
(Fig. 4) shows that the circuits are
laid out in three chassis. At the
bottom is the power supply chassis,

including two low-voltage supplies
and the high voltage supply. At
the left is the signal chassis, with
antenna terminals at the top and
video signal lead at the bottom lead-
ing to the base of the picture tube.
The picture tube with the high vol-
tage bleeder resistors and controls
is mounted on a bakelite platform
on the power supply chassis, At the
right (viewed from the rear) is the
scanning chassis which takes the
syne pulses from the signal chassis
and generates the scanning current
for the yoke which is supported
around the neck of the picture tube
by brass brackets. No loudspeaker
is included in the cabinet, for two
reasons, first that there was no room
for a loudspeaker of sutlicient size to
make use of the high fidelity output,
and secondly to avoid magnetic re-
action of the field structure of the
speaker on the cathode-ray scanning
beam. The audio output transformer
is included in the signal chassis, and
two leads about 15 feet long are
brought out from the rear of the
cabinet for the voice coil of the
speaker. In practice, a 15-inch loud-
speaker in a all-wave broadcast re-
ceiver has been used. No acoustic
feedback or other instability has
been found.

The Power Supply Chassis

The division of the circuits in the
three chasses is indicated by dotted
lines on Fig. 1. At the right is the
power supply section. The top and
below-decks views of this chassis are
shown in Fig. 5. The supply for the
signal circuits is arranged in a line
along the lefthand edge of the
chassis. It includes a two-section
filter. A similar supply arranged
along the opposite edge supplies

Fig. 7—Top and bottom views of the signal chassis, which includes

to cathode-ray tube and loudspeaker
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Fig. 8—Top and bottom views of the scanning generator chassis, which includes sync signal

amplifiers and separator circuits,

power to the scanning chassis,
through a single-section filter. Six-
conductor cables with standard plug
and socket connectors lead from the
low voltage power supplies to the
chasses immediately above them.
The high-voltage supply occupies
the center of the chassis (Fig. 5).
The high voltage transformer is an
Acme neon-sign transformer, model
207, rated at 7500 volts, r-m-s. A
resistor in series with the primary
of this transformer limits the out-
put voltage of the supply to 7000
volts d-¢, and insures that the trans-
former is operating well under its
maximum rating. This increases the
life expectancy of the transformer.
The rectifier is a type 879 tube,
which is operated above its maxi-
mum rating, but which appears to
give good service. The type 2V3G,
which made its appearance after the
supply was built, is a better tube for
the purpose. The filter capacitors
are G.E. pyranol units, type 23F73,
rated at 0.03 «f, 7000 volts d-e. The
resistor R, between them consists
of three 150,000 carbon units in
series. The bleeder consists of R,
100,000 ohm brightness control; R,
two 150,000-ohm carbon units; R,
two 325,000-ohm units; R, a 500,-
000-ohm focus control; and R,., ten
500,000-ohm units in series. The
leads from bleeder to the picture
tube are made across the bakelite
platform directly to the socket. Ex-
tension rods from R, and R, as
shown in Fig. 4, lead directly up-
ward to knobs above the cabinet
partition. The interlock consists of
two tubular fuse mounts connected
in series with the power supply,
mounted on the chassis, which en-
gage clips on the protective wire
secreen. From these clips wires lead
upward around the edge of the
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frame to similar clips which are
engaged by fuse mounts near the top
of the cabinet. Wires from these
mounts extend to the on-off switches.
Removing the wire screen thus
breaks the circuit directly in series
with the on-off switch, in two places.
Two complete interlock circuits are
employved, one in series with the
high voltage transformer primarvy,
and the other in series with all the
other transformer primaries. The
arrangement allows independent con-
trol of the high and low wvoltage
circuits, which is a distinct advan-
tage in development work, but not
necessary otherwise.

The Signal-Circeuit Chassis

The signal circuit chassis, shown
within dotted lines in the upper por-
tion of Fig. 1, includes all circuits
between the antenna and the cathode-
ray tube control grid and between
antenna and loudspeaker voice coil.
The r-f circuits are based on the
design of the Andrea Radio Cor-
poration, and are essentially the
same as those employed in the tele-
vision kit manufactured by that
company. Since these parts are not
available separately, it is necessary
for the constructor to wind the coils
by hand. The coil data, shown in
Fig. 6, is published by the permis-
sion of the Andrea Radio Corpora-
tion. The antenna coil consists of
four windings (L, L, L; L,) wound
of No. 26 enamelled copper wire on
a %-inch outside diameter form. Coil
L, is two turns, center-tapped, close
wound. Coil L. is six turns of the
same wire, and is close-wound di-
rectly alongside coil L. with no
separation between the two coils.
Coil L, is four turns of the same
wire, close wound and separated
exactly 17/64th inch from L. on the

The scanning yoke appears at the left

same form. The pick-up coil L, is
two turns of the same wire, space
4th inch from L, on the same form.
The details are shown in Fig. 6.

The oscillator coil consists of three
windings on a gth-inch outside di-
ameter form. The pick-up coil L, is
one and two-fifths turns of No. 22
enamelled copper wire close wound.
The grid coil L, is two and one-fifth
turns of No. 22 wire close wound
and spaced exactly 1/16th inch from
L/. The plate coil L, is two and
four-fifths turns of No. 22 wire on
the same form and wound directly
adjacent to L,, The two coil forms
(antenna and oscillator) are mount-
ed at least three inches apart, so
that no couplings exists between
them except through the coils L,-L,.

The tuning capacitors employed
are tubular adjustable units manu-
factured by RCA which can be ad-
justed and locked in position. Any
good quality air-trimmer capacitors
will suffice. Switching between bands
is accomplished by a three-pole dou-
ble-throw rotary switch. The three
puuf capacitor units are small zero
temperature coefficient units which
aid in maintaining the circuit ad-
Jjustment. The variable trimmer C,,
in the oscillator ecircuit is brought
out to a knob at the rear of the set,
and seldom needs adjustment. How-
ever, it might be desirable to make
this control available through the
cabinet partition in the same man-
ner as the other controls.

The picture i-f stages employ
6ACT/1852 tubes to obtain maximum
gain, although 6AB7/1853 tubes are
somewhat preferable when lower
gain can be tolerated. The i-f coup-
ling units are manufactured by the
F. W. Sickles Company and were de-
scribed in the May, 1939 issue of
Electronics, pages 21 and 22, Units
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T, T., T. and T, are permeability-
tuned wide-band picture i-f units
with trap circuits included while T,
and T, are the sound i-f units, some-
what similar but displaying a band
width of roughly 150 ke. Unit T'; is a
rejector-acceptor unit in the sound
i-f input. The connections indicated
correspond to the markings on the
cases of the units, all of which ex-
cept T, mount under the chassis.

The sound system is completely
conventional  except for the rather
high value of i-f intermediate fre-
quency, 8.25 Mc. It is aligned in the
conventional way, by applving 400-
cps-modulated 8.25 Mc carrier to the
grid of the last sound i-f tube and
tuning for maximum output at the
sound second-detector load, then re-
peating for the next-to-last sound
i-f stage. Full alignment instruc-
tions are supplied with the coupling
units by the manufacturer.

The picture i-f alignment, which
presents a considerably more difficult
procedure, is likewise outlined by
the manufacturer. The author was
fortunate in having available the
services of a first-class i-f sweep
oscillator and oscilloscope, so that
alignment could be performed vis-
ually. This is by all odds the simpl-
est method, but it is quite possible
to align the stages with a signal
generator in point-by-point fashion
if sufficient time and patience are

available. If point-by-point align-
ment is emploved, each stage should
be aligned as a separated unit, using
an external detector to obtain the
output readings. Then the three
stages are combined and an overall
check of response vs. frequency is
performed. If the overall response
is not satisfactory, slight adjust-
ments to each of the stages may be
made, but any attempt to compensate
for the deficiencies of one stage by
overcompensation in another stage is
apt to introduce undesirable phase
responses. Hence the need for mak-
ing each stage behave properly as a
unit before combining it with the
others. The picture i-f system is
capable of delivering a gain of about
3,000 to 4,000 over a bandwidth of
3.95 Mec. The gain control of the
picture i-f system (contrast control
of the receiver) is the manual con-
trol R,, which applies bias to the
first two picture i-f amplifier tubes.
The control operates very satisfac-
torily and introduces no difficulties
from feedback.

The picture second detector (the
left hand section of the 6H6) oper-
ates into a filter-coupling arrange-
ment. The coils L, and L. are uni-
versal wound chokes, but any coils of
the indicated inductance will suffice.
The signal for the video amplifier is
taken from the mid-shunt tap of the
filter element. The capacitor C

TELEVISION
SYSTEM

Fig. 9—RCA-NBC test chart, reproduced by the receiver from a one

millivolt signal under normal conditions.

The actual size of the

image was 8 by 6 inches
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serves no real purpose (since the
d-c restorer tube follows later in the
circuit) and hence may be omitted.
If it is omitted, K., may also be dis-
pensed with.

The video amplifier is substan-
tially the same as that used in the
“laboratory” receiver previously de-
seribed. The peaking coil L, is a
universal wound choke, but, as in the
case of L. and L, may have almost
any form provided it has the indi-
cated inductance. The d-c restorer
rectifier (automatic brightness con-
trol) serves to develop a bias on the
cathode ray tube grid which is equal
to the peak level of the output video
signal, and hence remains fixed re-
gardless of changes in the waveform
of the video signal. The average d-c
component applied to the picture
tube control grid then depends on
the average of the picture signal,
and the average brightness of the
scene is correctly reproduced. In
operation the screen of the picture
tube is dark until the picture signal
appears, whereupon the screen as-
sumes a level of brightness propor-
tional to the level actually being sent
from the transmitter. Fade-outs in
motion pictures and similar changes
in brightness are thereby properly
reproduced. The 6H6 automatic
brightness tube performs the only
function not performed in the labor-
atory receiver.

The svne separation function (per-
formed by the right-hand section of
the first 6H6 tube, in conjunction
with the second detector) operates
by virtue of the fact that the bias
developed by this tube approximates
the blanking level in the video sig-
nal, and hence the only current flow-
ing through the diode elements is
that due to the sync pulses. A filter
consisting of L, (two pies of a 4-pie
25 millihenry r-f choke) and Cea
serves to prevent the passage of any
i-f components to the sync circuits.
The wire leading from L, to the
scanning chassis is a 2-foot length
of shielded concentric cable with a
standard plug-and-socket connector.

The photographs in Fig. 7 show
the top and bottom views of the
signal circuit chassis just described.
The four controls which issue from
the top of the chassis (as mounted
in the cabinet) are the tone control
R.., the contrast control R, and vol-
ume control R,, and the station-
selector switch. As viewed in Fig.
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Fig. 10—Images photographed directly from the mirror of the receiver, during the telecast of

“The Donovan Affair” from the NBC transmitter.
Superpan Press, enlargement about four times

7, the top side of the chassis shows
the sound channel toward the front
of the picture and the picture chan-
nel toward the rear. The layout is
not critical but should insure the
shortest possible leads from picture
i-f tubes to the coupling units, as
well as short leads in the second
detector and video sections of the
receiver.

The alignment of the r-f portions
of the receiver is as deseribed in the
articles on the laboratory receiver.
For those readers who do not have
the July to December 1938 issues of
Electronics, the series of articles is
available in reprint form in the
booklet “Television Receiver Prac-
tice”, issued by the Electronics edi-
torial department at a price of 50
cents.

Scanning Chassis

The remaining chassis is the scan-
ning chassis, shown at the bottom of
Fig. 1 and illustrated photographic-
ally in Fig. 8. The reader is referred
to the above-mentioned articles on
the laboratory receiver for a descrip-
tion of the operation of the blocking
oscillator and amplifier circuits, as
well as of the methods of testing
linearity and other aspects of sync
performance. The only significant
difference between the circuits of
the laboratory receiver and the pres-
ent design is the inclusion of the
filter Cu, R., Co, R, C., in the input
of the vertical blocking oscillator.
This filter insures that none of

22

the high-frequency horizontal syne
pulses will be present to exert con-
trol of the vertical scanning genera-
tor. The controls brought out to
the cabinet partition are nine in
number: vertical hold control R,,;
vertical size control R.; vertical
peaking control R,,; vertical distri-
bution control R.; vertical centering
control Rs; horizontal hold control
R, horizontal size control R.,; and
horizontal centering control R,. It
has been found very desirable to
have all these controls available, al-
though they require only occasional
adjustment. In all there are 16
controls including the on-off switch.
Of these only seven require adjust-
ment from day to day. These con-
trols, which have been fitted with
red knobs, are vertical hold, hori-
zontal hold, brightness, focus, con-
trast, volume, and station selector.
Examples of received images are
shown in Figs. 9 and 10. Figure 9
is the standard NBC test pattern.
The picture was taken directly into
the mirror of the receiver when it
was operating at the fore-mentioned
location (10 miles from the trans-
mitter, signal level about 1 milli-
volt). This illustration does not do
Justice to the receiver in all respects,
since the photographic processes and
the photoengraving have obliterated
some of the detail actually present
in the received image. However,
the image is otherwise representa-
tive of the normal performance. The
vertical detail (indicated by the

Exposures 1/10th second, at f/4.5. Agta

horizontal ‘“wedges” of converging
lines) is about 350 lines, that is, the
wedges are resolved to the center
circles. In the horizontal direction
the detail limit (indicated by the
vertical wedges), lies between 300
and 350 lines. The principle defect
of the pattern is the increase in con-
trast from top to bottom of the
picture, which is probably occasioned
by improper phase response at 60
cycles of the video amplifier. How-
ever, the defect is noticeable only
on the test pattern, and not during
regular programs. It should be noted
that the tendency of the image to
“tear” due to the picture signal
influencing the synchronizing cir-
cuits, which was noticeable in the
“laboratory” receiver, is completely
absent in the present model.

Figure 10 shows two images pho-
tographed from the normal viewing
position (i.e. camera aimed at the
mirror) of scenes from “The Dono-
van Affair”, a mystery drama re-
cently telecast from the NBC stu-
dios. The detail is indicated by the
pattern on the actor’s tie (at the
left), and by the sharp distinction
between black and white at the edge
of the tie.

The apparent detail of the scene
at the right is less than that at the
left, but this is due to the fact that
the figures are smaller. The image
is somewhat unusual in that it has
a greater depth of perspective than
most photographs of television pic-
tures display.
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Institute of Radio Engineers

Fourteenth Annual Convention
September 20-23, 1939, Hotel Pennsylvania, New York, N. Y.

Program

WEDNESDAY, SEPT. 20

9:00 A. M.
Registration

10:00 A. M.—12:00 NOON

Opening address by R. A. Heising, President of the
Institute,

“A Single-Sideband MUSA Receiving System for Com-
mercial Operation on Transatlantic Radiotelephone Cir-
cuits,” by F. A. Polkinghorn, Bell Telephone Laboratories.
New York, N. Y.

“Medium-Power Marine Radiotelephone Equipment,” by
]. F. McDonald, Radiomarine Corporation of America,
New York, N. Y.

2:00 P. M.—4:00 P. M.

“The Corner Reflector,” by J. D. Kraus, Ann Arbor,
Michigan.

“Gaseous lonization and Surface-Corona-Discharge Detec-
tion at Low and High Frequencies,” by H. A. Brown.
University of Illinois, Urbana, Ill.

“R New Standard Volume Indicator and Reference Level”
by H. A. Chinn, Columbia Broadcasting System, New
York, N. Y.; D. K. Gannett, Bell Telephone Laboratories,
New York, N. Y.; and R. M. Morris, National Broad-
casting Company, New York, N. Y.

“Vestigial-Sideband Filters for Use With a Television
Transmitter,” by G. H. Brown, RCA Manufacturing Com-
pany, Camden, N. J.

A Cathode-Ray Frequency-Modulation Generator. by R. E.
Shelby, National Broadcasting Company, New York,
N. Y.

THURSDAY, SEPTEMBER 21
10:00 A. M.—12:00 NOON

“Solar Cycle and the F. Region of the lonosphere,” by
W. M. Goodall, Bell Telephone Laboratories, New York,
N. Y.

“Attenuation of High Frequencies Over Land at Short
Ranges,” by John Hessel, Signal Corps Laboratories, Fort
Monmouth, N. J.

“Demonstration of Aerological Radio Sounding Equipment,”
by Harry Diamond, F. W. Dunmore, W. S. Hinman, Jr..
and E. S. Lapham, National Bureau of Standards,
Washington, D. C.

12:30 P. M.—2:00 P. M.

Informal Luncheon: Presentation of the Institute Medal ot
Honor to Sir George Lee of the British Post Office and
the Morris Liebmann Memorial Prize to H. T. Friis of
Bell Telephone Laboratories.

2:30 P. M.—5:00 P. M.

R Parallel-T Circuit for Measuring Impedance at Radio
Frequencies,” by D. B. Sinclair, General Radio Company,
Cambridge, Mass.

“High-Speed Multiplex System for Loaded Submarine
Cables,” by H. H. Haglund and A. W. Breyfogel,
Western Union Telegraph Company, New York, N. Y.

»Electronic-Wave Theory of Velocity-Modulation Tubes,” by
Simon Ramo, General Electric Company. Schenectady.
N. Y.

“On Refraction and Radiation of Electromagnetic Waves,”
by S. A. Schelkunoff, Bell Telephone Laboratories, New
Yo:k. N. Y.

FRIDAY, SEPTEMBER 22

10:00 A. M.—12:00 NOON

“Cathode Ray Tubes in Aircrait Instrumentation,” by C. W.
Carnahan, Hygrade Sylvania Corporation, Emporium,
Penna.

A True Omniddirectional Radio Beacon.” by E. N. Dinaley,
Jr., United States Navy Department, Washington, D. C.
“Basic Economic Trends in the Radio Industry,” by Julius
Weinberger, Radio Corporation of America, New York,

N. Y.

“Engineering Administration in a Small Manufacturing
Company,” by C. T. Burke, General Radio Company.
Cambridge, Mass.

2:00 P, M.—4:00 P. M.

“Rircrait Radio Compasses—Principles and Testing.” by
R. J. Framme, Aircraft Radio Laboratory, Wright Field,
Ohio.

“Errors in Closed-Loop Direction Finders Caused by
Abnormal Polarization,”” by R. I. Cole, Signal Corps
Laboratories, Fort Monmouth, N. J.

SATURDAY. SEPTEMBER 23
10:00 A. M.—12:30 Noon

“Functions of Electron Bombardment in Television,” by
1. G. Maloff, RCA Manufacturing Company., Camden, N. J.

“Transient Response in Television,” by H. E. Kallmann,
formerly of Electrical & Musical Industries, Ltd.. in
collaboration with R. E. Spencer and S. P. Singer, Elec-
trical and Musical Industries, Ltd.; Hayes, Middlesex,
England.

“A Wide-Band Inductive-Output Amplifier,” by A. V. Haeff,
and L. S. Nergaard, RCA Manufacturing Company.
Harrison, N. J.

2:00 P. M.—4:30 P. M,

“Superheterodyne First-Detector Considerations in Tele-
vision Receivers,” by E. W. Herold, RCA Manutfacturing
Company, Harrison, N. .

“Development of a 20-Kilowatt Ultra-High-Frequency
Tetrode for Television Service.” (In three parts.)

Part 1. “Electrical Design,” by A. V. Haeif, L. S. Nergaard,
RCA Manufacturing Company, Harrison, N. J., and W. G.
Wagoner ‘and P. D. Zottu, *formerly of RCA Manufactur-
ing Company, Harrison, N. J.

Part II. “Construction,” by R. B. Ayer. RCA Manutacturing
Company, Harrison, N. J., and P. D. Zottu,” formerly of
RCA Manufacturing Company, Harrison, N. J.

Part III. ““Test Equipment and Results,” by R. B. Ayer and
H. E. Gihring, RCA Manufacturing Company, Harrison,
and Camden, N. J., respectively.

“Production Alignment Apparatus for Television Receivers,”
by L. ]. Hartley, General Electric Company, Bridgeport,
Conn.

(1{ Resigned, now with Heintz and Kaufman, Ltd., South San-
Francisco, Calif.

(2) Resigned, now with Thermal Engineering Corporation,
Atlanta, Ga.

ELECTRONICS — September 1939

23




THE TIME TELESCOPE

Contacts opening -
camera Shutter--

Fig. 1—Condenser C,, which is charged to a voltage deter-
mined by the neon tubes, Ni, acts as a power reservoir for
for the time lapse circuit

HE contributions of photography

to the development of the elec-
tronics industry are not veryv ex-
tensive, although theyv are highly
important. Perhaps the most fa-
miliar example of this use of pho-
tography is represented by the
oscillographic records made with a
string or cathode-ray oscilloscope.
Photographs of natural as well as
man-made lightning, of the paths
of elementary charged particles in
atomic physies, and radiographs of
tube structures have all aided in
the development of the electronies
industry.

But one branch of research and
knowledge climbs upon the back of,
and benefits from another branch.
Just as electronics has benefited
from the use of photography, so has
photography made extensive use of
the products and knowledge in the
electronics field. For example, as a
result of many improvements in the
design and manufacture of incandes-
cent lamps, photographers have
available photoflash and photoflood
lamps, as well as bulbs for general
lighting.  Electronic equipment is
used in the manufacture of photo-
graphic materials. The high speed
photographic technique developed by
Edgerton and his associates at the
Massachusetts Institute of Tech-
nology, depends entirely upon the
application of equipment and prin-
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Contacts closing
shutter

Y

Fig. 2—The time of exposure is determined by the con-
ductivity of the phototube, P, which is determined by the

intensity of light falling on it

ciples developed by electronics en-
gineers. This high speed photo-
graphic technique makes possible
the production of motion pictures
which greatly reduce the apparent
speed at which the photographed
subject moves.

At the other end of the time
spectrum, if we may use that term,
is the time lapse photographic tech-
nique which greatly increases the
apparent speed with which a subject
moves. Ordinary slow motion pho-
tographs are familiar to every mo-
tion picture enthusiast, but the ap-
parent speed change can be carried
to great lengths. Thus, motion
which is totally imperceptible to the
eve may be made to appear like the
dance of a whirling dervish, under
the appropriate conditions.

Fundamentals of Time Lapse
Photography

The basis of slow motion pho-
tography lies in the relative rates of
speed with which the original sub-
ject is photographed and projected
onto a screen. If the original sub-
Jject is photographed at a very slow
rate (i.e., with a lapse of time be-
tween successive exposures which is
large compared to the duration of
the exposure time of the individual
motion picture frames) and the film
projected at the normal speed, any
motion which has taken place during

the successive exposures is appar-
ently speeded up. To illustrate this
point let n be the number of frames
per unit time which are photo-
graphed of the original subject, and
let p be the number of frames pro-
jected during the same unit of time,
Then, the apparent speed ratio, S,
will be
S =p/n
so that by varying either n or p (or
both) the apparent speed change
can be made any desired amount
within reason. Ordinarily the speed
of projection is 24 frames per sec-
ond, so that if the second is used
as the unit time, p = 24. If now the
second is used as the time unit and
the original subject is photographed
with a time lapse of one hour be-
1

= '3_(;%)
p = 24, and consequently the speed
ratio is S = 86,400. With a speed
ratio as great as this, a full year’s

tween successive exposures, n

. growth of a plant may be seen on the

screen in 6.1 minutes. The human
eye and brain may not discern slight
day-to-day changes in a growing
plant, but they cannot fail to observe
the important alterations taking
place when viewing a film having
such alterations in time.

Extreme care must be taken in the
preparation of time lapse films be-
cause the element of time involved
in making the original motion pic-
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Electron tube equipment, used to control automatically and completely a motion pic-

ture camera in time lapse photography, aids in research studies at Rutgers University

By BEVERLY DUDLEY

Associate Editor

Time lapse circuit
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Fig. 3—A simplified schematic diagram of the time telescope unit.
Correlation of the circuits determining exposure {ime and interval
between exposure is effected by a system of timed relays

ture film is very important. A com-
plete record of a growing plant, of
the construction of a bridge or
building, or of any other slowly
moving process may take months or
even years to complete. In many
cases there is only one opportunity
to make a suitable record, and that
record must be absolutely correct
from beginning to end, without
errors, interruptions, breakdowns,
or other undesirable conditions tak-
ing place. Moreover, the photo-
graphic process must take into ac-
count the vicissitudes of time,
weather, and other factors likely to
affect the photographic process dur-
ing the making of the entire film.
Equipment which meets all reason-
able requirements for time lapse
photography has been developed,
over a period of years, at Rutgers
University, primarily for the study
of plant growth. Several complete
control units for actuating the

camera and the illumination have
been built. The latest of these,
called the “Time Telescope” by Clin-
ton P. Veber who developed the de-
vice, is almost uncanny in the opera-
tions it will perform. It has been
in use for a sufficiently long period
of time to be thoroughly tested
under all conditions of operation.
Most important of all, from the
standpoint of readers of Electronics,
is the fact that the control equip-
ment is entirely electronic in opera-
tion and has no moving parts other
than the control knobs and the relay
contacts.

The time telescope is a compact,
rugged, foolproof —and especially
for the multitude of operations it
performs — comparatively inexpen-
sive unit for controlling the oper-
ation of a motion picture camera
used in conjunction with it. It is
fully automatic in operation, will
operate under any reasonable con-
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ditions of temperature or humidity,
is completely electro-optical in oper
ation and will make exposures any-
where, at any time, under light of
varying or constant intensity or
spectral distribution. So long as
there is film in the camera and power
is supplied to the time telescope,
time lapse exposures will be made
under the conditions for which the
unit is adjusted. Through the use
of control circuits in which a photo-
tube and RC discharge elements play
an important role, the exposure time
is automatically determined and
the lapse between successive ex-
posures can be predetermined. When
the time approaches for the making
of an exposure, a warning signal is
given about ten seconds before the
exposure is made. This signal per-
mits the attendant to remove himself
from the scene so as not to appear In
the photograph. The exposure is
automatically timed by the aid of a
phototube so that each frame re-
ceives the same amount of light and
therefore has the same average den-
sity. Or, if desired, an exposure
modulator can be used which will
increase or decrease the normal ex-
posure for such special effects as
simulating the approach of dusk or
of dawn.

At the beginning of the exposure
period, incandescent lamps are
turned on so that adequate illumina-
tion is always available. If desired,
these lights may be made to turn on
about three seconds after the shutter
is opened, so that the lamps do not
become operative during daylight,
since daylight exposures are usually
of less than three seconds exposure.

An interesting feature of the
equipment is that the time telescope
consumes current only during the
exposure time. During exposure, a
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Fig. 4—A comparison of the old and the new. At the right is the original

equipment with its special chamber for the subject and its several units.

C. P. Veber is shown with the latest equipment at the left which is
contained in one unit

large condenser is charged, and after
being completely charged, it gradu-
ally discharges through a resistance
to determine the time lapse period.
It might be said that the device
takes a bite of electricity during
exposure time and is then satisfied
with its meal until the next exposure
1s made. The condenser acts as a
power supply, but is charged only
intermittently, and gradually dis-
sipates its charge in a way which
controls the time lapse period. A
similar circuit, operating by virtue
of a RC series circuit is likewise
charged and discharged in such a
manner as to determine the time of
duration of the exposure.

In its present form, the time tele-
scope may be operated from a 6 volt
storage battery or from the 110 volt
a-¢ line at will. It may be set to
have a time lapse period of from
¥ second up to 1 hour, and the time
lapse period is independent of hu-
midity and depends slightly (about
1 or 2 per cent) on wide changes
in temperature. The time lapse pe-
riod is independent of the exposure
time, except for those cases in which
the latter exceeds the former, as
may occasionally be the case in
special instances. Time lapse periods
longer than 1 hour may be made
manually without turning off the
machine or in any other way inter-
fering with its operation. The de-
vice is capable of making constant
exposures which are continuously
variable from 10 second to 10 min-
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utes when the ambient light is
constant. However, when the light
is variable, variable exposures may
be made so that each frame receives
the desired exposure and has the
same average density.

For description of this time tele-
scope, the reader is referred to U. S.
Pat. 2,156,440, “Combination Time
Lapse and Photoelectric Exposure
Control Mechanism” issued to Clin-
ton P. Veber on May 2, 1939.

Principle of Operation

In its most elementary form, the
principle of operation of the time
telescope depends upon the charging
and discharging of an electric circuit
containing a condenser and resistor.
This circuit, in turn, acts to ionize
a gaseous discharge lamp, such as a
neon bulb, which actuates the de-
sired control elements. The charging
and discharging rates of these cir-
cuits determine the operating times
for the control of the photographic
equipment. While the complete dia-
gram is highly complicated, it may
be broken down into simple elements
for purposes of explaining the under-
lying mode of operation. Essen-
tially, the fundamental circuit con-
sists of two parts: (1) the time
lapse circuit which controls the
interval between exposures, and (2)
the exposure circuit, which controls
the duration of the exposure as a
function of the intensity and quality
of the light.

The time lapse circuit is shown in

its most elementary form in Fig. 1.
A voltage, E, charges the condenser
C, to a voltage which is determined
by the neon voltage regulating tubes,
N.. The circuit is so arranged that
the source of voltage is removed as
soon as C, becomes fully charged.
The condenser, C,, now acts as a
power reservoir for the rest of the
circuit, and discharges through the
resistor R, and the condenser C,,
building up a voltage across the
latter. The rate at which the voltage
across C, builds up depends upon
the resistance, R,, and the capaci-
tance of the condenser, C.. When the
voltage across C, reaches a critical
value, the neon tube, N, ionizes, and
in the conducting state, permits a
pulse of current to flow through the
relay winding, W, recharging C,,
thus starting a new time lapse cycle,
and actuating the contacts which
open the shutter of the camera,
thereby initiating exposure.

Just before the shutter is opened,
another relay (not shown) charges
the condenser, C, (at the same time
C, is charged) in the exposure time
circuit of Fig. 2. The charge
on C; discharges through the photo-
tube, P, into the timing condenser
C., and when the voltage across N,
reaches the critical value of break-
down, this neon tube becomes sud-
denly conducting, triggers off N,
and permits a pulse of current from
C; to flow through the relay winding
W, actuating the contacts which
close the shutter of the camera.
During and after the exposure
period, condenser C, of the time
lapse circuit is being charged, and
as soon as it reaches the breakdown
potential of N, the cycle is repeated.
The exposure time depends upon the
resistance of the phototube, P, and
this, in turn, depends upon the light
falling upon it. Consequently, the
light falling upon the subject, which
is focussed on the phototube, P, by
means of the optical system of the
time telescope, thus controls the ex-
posure time.

The two elementary circuits de-
scribed are, of course, combined in
such a way that they operate as a
unit, repeating the cycle just out-
lined as often as required. A more
complete diagram (intended to illus-
trate these principles of operation
rather than to give design data) is
shown in Fig. 3.

The simplified schematic wiring
diagram is intended only for pur-
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poses of illustrating the mode of
operation of the time telescope con-
trol equipment, and is not intended
to be a complete explanation of the
numerous and various controls which
may be effected by this equipment.
Further details are contained in
U. S. Pat. 2,156,440 which should be
consulted for more complete ex-
planation.

To illustrate the fundamental
mode of operation, assume that the
circuit is being used for the first
time and that, consequently, all volt-
ages in the circuit, including those
across condensers, are zero. Now,
if the power is applied to the circuit
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by pressing the push button, a
momentary flow of current will flow
through the transformer and recti-
fier, and will appear at the output
of the rectifier as the appropriate
and desired de. Two input sources
are shown, one of which feeds the
relays while the other is the high
voltage which charges condensers C,
and C,, when the charging relay
contacts are closed. Contacts of K,
close after C, and C; have been
charged.

When the voltage supply conden-
sers C, and C, are charged by press-
ing the push button, the condenser
voltages assume the extinguishing

2

Fig. 5—Typical setup of the equipment with the subject in the fore-

ground. The

lamps are turned on automatically just before each

exposure

Fig. 6—Complete electronic unit for controlling the lamps and motion
picture camera for time lapse photography. The control knobs are at
the left, while the phototube is behind the large lens
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voltage of N., N,, N,, which thus act
as voltage regulating devices. As
time passes, the condenser C, dis-
charges through W, W, and C,,
building up a voltage across C..
When the voltage across C, reaches
the critical or breakdown voltage of
the neon tube N, the tube becomes
conductive, passes a pulse of current,
closes the relay contacts, and applies
another pulse of current to the trans-
former and rectifier, thus repeating
the cyecle already followed through.
The rate at which this cycle occurs
depends upon the values of C, C..
W., and W, but W. and W, are used
to control the time lapse cycle or
time lapse period.

While C, is discharging to build
up a voltage across C,, and as soon
as R, is actuated, the voltage of C,
1s applied across N,, and, of course,
the phototube and the condenser C..
Thus, C, acts as the power supply
for the phototube circuit. Here
again the voltage across N, charges
the condenser C. and builds up a
voltage across it at a rate depending
upon the capacitance of C, and the
conductance of the phototube and of
W,.. When the voltage across C
reaches the breakdown value of the
trigger elements of tube N., it be-
comes condueting and passes a pulse
of current through the relay which
closes the camera shutter. Since
the shutter was opened when relay
R, was actuated, by means of a relay
system not shown, and is closed when
the relay in series with N, is ac-
tuated, the shutter is opened for
the duration of the time taken to
charge C. to the breakdown voltage
of N,. The time required for this
depends upon the conductance of the
phototube, and this, in turn, depends
upon the light falling upon it from
the photographic optical system.

This elementary illustrative circuit
is divided into three parts: (1) the
power supply ecircuit, (2) the time
lapse circuit TL,and (3) the exposure
time circuit ET. The constants of the
time lapse circuit are chosen so that,
usually, the TL cireuit operates
much more slowly than the ET
circuit, and the ET circuit is only
brought into action at some pre-
determined set of conditions of the
TL circuit. The entire circuit is
operated through the discharge or
charge of RC circuits and only con-
sumes power when the push button
is closed or when relay R, is
actuated.
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RESISTORS AND CONDENSERS
IN MASS PRODUCTION

Resistors and condensers are essential to all electronic circuits. Automatic machinery

plays a large part in their manufacture, which is described herein

By HERBERT CHASE

Fig. 1—Typical resistors, Ceramicons and mica
condensers manufactured by Erie Resistor Cor-
poralion by the mass production methods dis-

cussed in this article

N a strict sense, quantity produc-
tion may never be reduced to an
exact science but, from a commer-
cial standpoint, a close approach to
it has been attained in the plant of
the Erie Resistor Corporation.
There, both resistors and condensers
are turned out in mass-production
quantities, much of the work being
done on ingenious automatic ma-
chines designed for the purpose.
Some of these machines perform
testing operations much more rap-
idly than tests can be made by
hand, and at the same time elimi-
nate human errors.

Two general forms of resistors
are produced in a variety of sizes
and resistance values, but all having
as the essential unit a cylindrical
bar of carbon. In one form, designed
for use without a ceramic case, wire
leads are soldered to a coating of
copper applied to the carbon in the
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form of a metal spray. In the other
form, leads are first attached to
brass caps which are subsequently
pressed over the copper-coated ends
of the bar after the resistance unit
is assembled in a ceramic case.

Manufacture of resistors starts
with preparation of a mix consisting
of finely powdered carbon, a binder
and inert materials. The mix issues
from a mixing machine in. hard
lumps which are first dried, then
ground in a mill and then screened.
Ingredients of the mix are varied to
vield the required resistance within
a given dimension of bar. Initial
forming of the carbon bar from the
powdered material is carried out in
a Stokes tableting machine. The
formed bars are discharged onto a
metal belt which carries them
through a baking oven, from which
they issue in hardened form.

The carbon bars which are to be

capped must be accurately sized in
diameter to insure a tight fitting
cap and these bars are passed
through a centerless grinder which
gives the required uniform diame-
ter. All carbon bars, whether
ground or not, are delivered to
machines which apply the coating of
copper to each end. The bars are
loaded into a hopper in this ma-
chine, shown in an accompanying
illustration, and from the hopper
are advanced in successive steps
along each of two tracks or guides.
Above the tracks is mounted the
metal spray gun into which copper
wire feeds automatically. The gun
is oscillated on a pivot so that the
spray is directed first at one track
and then at the other and back
again, repeating the cycle continu-
ously while the machine is running.

At the ends of the tracks, the
carbon bars are given a rotary mo-
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pra—

tion about their own axes while the
spray is being applied, so that the
coating is uniform over the area
covered. Above the tracks are ro-
tating disks which shield the por-
tion of the rod not to be coated and
confine the spray to a band of the
required width. As soon as one end
is coated, the gun shifts and coats
the end of a bar on the other track.
During this period, the first bar is
advanced so that the other end may
be coated. In other words, the spray
is cut off while the bars are moved
longitudinally and are being set in
position for rotation. After the sec-
ond end is coated, the bar is dropped
out and is ready for delivery to the
testing machine. Progress of the
bars through the copper coating ma-
chine is in continuous step, the ma-
chine operating automatically and
with very little attention.

Before the carbons coated on the
ends with copper are assembled
with other parts, it is necessary
that their resistance be determined
accurately and that they be sorted
according to resistance value within
the predetermined tolerances. This
is accomplished in an automatic ma-
chine here illustrated. Carbons are
fed onto a jig, carried by a slowly
rotating wheel from a hopper, each
carbon being fastened by a latch de-
vice which has two contacts in a
constant voltage circuit. Below the
jig, which rotates in a vertical plane,
are eight bins, each of which re-
ceives those carbons which come
within the resistance range intended
for it. Unlatching and dropping of
the carbon is effected by relays op-
erated through an electronic control.
This control consists of a tube in
the grid circuit of which the re-
sistor is connected. When the cor-
rect value of resistance, correspond-
ing to a particular bin, is registered,
the grid bias of the tube is sufficient
to cause the plate current to actuate
the relay. By this automatic ma-
chine, sorting can be done within
0.5 per cent of the nominal resist-
ance value. When sorted, carbons
dropped in each bin are kept sep-
arate, of course, until marked after
assembly with a suitable color code.
Carbons which do not fall within the
range of values desired or are other-
wise defective are automatically
dropped into a reject bin.

The carbons which are to have
soldered lead wires are transferred
to another machine and are fed into

chucks arranged to progress along
a chain from station to station. In
this machine, the lead wire is auto-
matically wound on each end of each
carbon. The wire is applied over
the copper coating and then cut to
length. As the carbons with leads in
place progress through this ma-
chine, the ends carrying the leads
are dipped first in flux and then in
molten solder and are subsequently
discharged after the solder has
hardened and made the required
permanent electrical contact between
the lead and the copper coated ends
of the bars.

Following these operations, the
resistors are transferred to a paint-
ing machine which is semi-automatic
and is designed to apply lacquer to
give the resistors the color on body,
tip and dot required by the marking
code. To apply these colors, the re-
sistors are mounted in suitable car-
riers in the machine in such a way
as to be brought successively into
contact with the respective colors.
The body and tip colors are applied
by dipping as the resistors progress
through the machine. As drying is
required following the application

Fig. 2—Automatic tester and sorter

for carbon rods. An electronic unit

measures the resistance and drops
them into the proper bins

Fig. 3—Machine in which carbon
rods are sprayed at each end with
copper. Note copper spray (arrow)

of each color, the parts are passed
through ovens forming parts of the
machine. The dot color is applied
by a rotating disk which dips into
a trough of lacquer and the edge of
which is brought momentarily into
contact with each of the resistors
on the respective carriers. As much
of this machine is inclosed, the
operations are not readily photo-
graphed, but views of two stations
in the machine are shown in accom-
panying illustrations. Manufactur
ing operations on this form of re-
sistor are ecompleted in this machine
and the resistors issue from it ready
for final checking of resistance
value, packing and shipment.

Ceramic cases for resistors are
received from outside sources, ma-
chined to the correct dimensions but
without exterior marking. Before
these cases are placed over the car
bons, they are usually given an ex-
terior body color and stripes to iden-
tify the resistance value. The color
is applied on special machines which
rotate the case while it is being
sprayed at the required number of
stations around a dial, using a
quick-drying lacquer.

Resistors which are to receive the
insulating cases require the appli
cation of brass caps to which the
lead wires are riveted. The caps art
small, cup-shaped stampings with a
hole in the center to fit over the lead
wire. Preparation of the cap and
wire assembly is done in a special
machine here illustrated. This in-
cludes a rotating dial which carries
the wire from station to station.
To make a secure joint between the
wire and the cap, the wire is first
upset to form, a short distance from
one end, a shoulder against which
the cap may rest. Upsetting is done




Fig. 4—A station on the pdinting machine which applies the Fig. 6—On this machine, the lead wire is attached to the

three or four code colors to resistors after the leads are

soldered to the copper sprayed ends

Fig. 5—Another station on the
painting machine, The paint cov-
ered disc leaves a dot of paint on
each resistor

by striking the wire in suitable dies
arranged around the central dial.
Wire, ready tinned, is drawn from a
reel through a straightener and into
the first die where it is cut to length.
Successive operations then form the
shoulder. Caps, fed in from a hop-
per at one station, are automati-
cally slipped over the short end of
the wire, with the outside of the
cap against the upset flange, after
which the short end of the wire is
struck a blow which rivets or heads
it over, permanently fastening the
cap between the rivet head and the
flange, after which the assembly
drops from the machine. This ma-
chine operates automatically with
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cap. A flange is upset on the wire, the cap is set on the

wire and the end of the wire riveted

very little attention and at a rapid
rate. It is arranged to stop auto-
matically if wire jams at any sta-
tion, or if the completed assembly
is not ejected.

The caps with wires attached are
then ready for assembly to the ends
of carbon previously ground and
copper coated, an operation which is
done in a fixture illustrated in an
accompanying figure. An operator at
one side of a bench first slips the
carbons into the ceramic shells and
places these in a chute which car-
ries them, one at a time, into a
fixture before an operator on the
other side of the bench. Each such
fixture has a pair of sliding heads
and into each of these the operator
loads a cap with wire attached, caps
inward. She then presses a treadle
which brings the heads together and
forces the caps one over each end
of the carbon on which they are a
press fit. This operation also locks
the carbon into the shell or case and
completes the resistor except for
sealing and vacuum impregnating.

Sealing of the carbon within the
ceramic shell is done in a special
machine illustrated. The resistors
are fed by hand into clips on a chain
which carries them first to a gun
which applies a fixed amount of
cement to one end and then into an
oven which sets the cement. Con-
tinuing through the machine, the re-
sistors are similarly sealed on the
other end, pass again through an
oven and thence to the unloading sta-
tion where they are removed from
the clips. After a final baking to
complete the cure of the cement, the
units are vacuum impregnated in

wax, excess wax being removed in
a “degreasing” operation. This com-
pletes the resistor and it is ready
for inspection, packing and ship-
ment.

Production of Fixed Condensers

Although the production of small
fixed condensers involves certain
procedures which are similar or
identical, the different character of
the product necessitates, of course,
many different operations.

The fixed condensers are of two
types: one with silver plates in in-
timate contact with a ceramic dielec-
tric and marketed under the trade
name, “Ceramicon”, and the other
with silver plates in intimate con-
tact with a mica dielectrie, called
“silver-mica” condensers. Cerami-
cons have a definite, linear and re-
producible temperature co-efficient
and are widely used in tuned oscil-
lator circuits to compensate for
changes in frequency resulting from
variations in temperature. They are
made in numerous types: one with
a positive temperature coefficient of
0.00012 per deg. C.; another, which
has a titanium dioxide dielectric,
with a negative temperature coeffi-

. cient of 0.00068 per deg. C.; and

others having coefficients between
these limiting values. Since titan-
ium dioxide has a high dielectric
constant (85), fairly large capaci-
ties are obtainable in a rather small
unit.

Manufacture of the Ceramicon
begins with application of silver to
the small tubes. This is done by
placing the tubes on racks dipping
them in the gilver solution and sub-
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sequently firing the tubes at high
temperature to leave a coating of
pure silver. Tubes are produced in
the same standard diameters as for
carbons used in making resistors
and hence can take wired caps of
the same size, made and applied in
the same way with similar ceramic
cases and sealed in the same manner
on the same sealing machine used
for resistors. In consequence, the fin-
ished product of this type looks the
same as a resistor of the same physi-
cal type, except that the case, in-
stead of being lacquered to identify
it by a color code, is left without
finish and is labeled by a special
printing machine with code numbers

]
|

Fig. 7—Fixture used for applying capped wires to the ends of car-

and letters and at the same time is bons, the latter first having been slipped inside a ceramic case and
marked as to capacity and tolerance. fod down the chute at the center. Jaws at each side of the chute,
In the silver-mica type of con- brought together by a treadle, force the cups over the ends of the carbon

denser which has a temperature co-
efficient of + 0.00025 per deg. C the
mica sheets are stamped to size
with holes for assembly, are given a
treatment, to apply the silver, and
then are assembled into a ceramic
case made to fit them closely. Wire
terminals with an eye formed at one
end, and the other pdrts of the con-
denser (mica sheets and case) are
fastened together with eyelets ap-
plied in an ordinary eyeletting ma-
chine. The eyelets not only hold
the assembly together but establish
the required permanent -electrical
contacts between the silver coatings
of the mica and the terminals. The

assembly, except for applying the
eyelets, is done by hand and is quite Fig. 8—.fochme. in Wthl.‘l cement is applied to sec.!l carbons and Cerami-
v ) cons within their ceramic cases. Assembled units are placed in clips
simple. on the chain which carries them to gun stations where cement is ap-
In some forms of condensers, a plied and through ovens where the cement is set

resistor is assembled in the same
case with the condenser to produce
heat and compensate for tempera-
ture changes in some other part of
the apparatus in which the unit is
to be installed.

Testing or -calibrating of con-
densers is accomplished with the
type of apparatus shown in one of
the illustrations, the unit Dbeing
placed in a clip mounted at the left
gide of the instrument panel. Tests
are made for both capacity and
power factor at radio frequencies.
The operator views a dial with limit
markings set for particular specifi-
cations. Sorting is accomplished as
a result of this test and the units
tested are subsequently labeled for
identification by the printing ma-

chine above mentioned, and are then Fig. 9—Apparatus used for checking the capacity and power factor of
ready for vacki d shi t condensers as the latter are held in a clip at the left of the panel. A
y pacxing and shipment. dial with limit seltings facilitates the measurements
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Behavior of Half-Wave Rectifiers

The wave forms of the output voltage and current of a half-wave rectifier with various types

of load are analyzed by means of Fourier’s series.

some harmonic terms are computed for the circuits discussed

The d-c, fundamental frequency and

ALF-WAVE single phase recti-

fiers have received rather wide
use, but less than their share of
analytical attention. An engineer
looking for definite information on
this circuit finds little available in
textbooks and the technical litera-
ture, and, even worse, he must treat
what he does find with care, for it
may be incorrect. Current wave
forms for a few circuits were de-
rived in an article! in a recent issue
of Electronics, but in a way different
from the present study. The an-
alyses presented here are an out-
growth of previous work with full-

wave circuits,” and are made by
means of a Fourier series repre-
sentation of voltage and current

wave forms. The series method need
not be advanced as the best for all
situations, but it does have advan-
tages for manyv rectifier and filter
cases. It is a convenient way to ex-
press recurring wave forms. Also,
if the voltage at the input terminals
of the rectifier load circuit is ex-
pressed properiy by a series, the
corresponding current series can be
obtained by applying to each voltage
term the impedance of the circuit
for that frequency. The series
method can be applied to multi-sec-
tion filters for which the differential
equation or the operational method
18 difficult, and moreover, has the
virtue of showing directly the har-
monic components. The analyses
given here show the wave form and
the series terms for the circuit in-
put voltage, as well as for the
current, as the input voltage takes
many forms with a half-wave recti-
fier, depending upon the type of load.

Electrical rectifiers have often
been termed valves to indicate the
analogous condition of one-way flow
met with a check valve in a water
pipe. The rectifier might also be
called a switch which has been
“trained” to open whenever the cur-
rent tries to flow in the reverse of
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RECTIFIER

E EFFECTIVE = 300 V.

1=.0675+.106 SIN@WE-.045 COS 2 Wt
-.009 COS 4 Wt =~

€'=135.0 + 212.1 SIN-@¢ -90 COS 24t -18 COS 4@t ~- -

Fig. 1—Curves for the case of a pure resistance load. The equa-
tions give the d-c, fundamental and harmonic terms

the preferred direction. The switch
concept is useful, in visualizing the
fact that events in the load circuit
while the rectifier is non-conducting
are independent of the a-c¢c supply
line, and depend only on the load
circuit. Such non-conducting periods
occur for some loads with a single
phase full-wave rectifier or even
with a polyphase rectifier, but they
always occur with a single phase
half-wave rectifier as conduction
cannot continue for a complete cycle
in any practical circuit.

Curves are presented to show the
behavior of a half-wave rectifier
with several types of load. The re-
sults shown here are computed on
the basis of a perfect rectifier, that
is, a rectifier having zero voltage
drop across it for conduction periods
and zero reverse current for non-
conduction periods. A power supply
of sinusoidal wave form and negligi-
ble impedance is also assumed. The
perfect rectifier is used here as it is
desired to show general circuit char-
acteristics rather than the peculiari-
ties of any particular type of rectifier.
However, rectifier imperfections can
be taken into account approximately
in particular cases. A gaseous recti-
fier may be approximated by a con-
stant voltage drop for the conduction
periods. A vacuum rectifier may be

replaced by a perfect rectifier plus a
resistance to a fair degree of ap-
proximation if the tube drop is
small compared with the load voltage.

Discussion of the Curves

Figure 1 shows the case of a
purely resistive load. The current
and the voltage ¢’ follow the sin-
usoidal pattern for the half cycle
from 0° to 180°, and then are zero
from 180° to 360°. The equations
show the first few terms of the series
for ¢ and i to represent this form
of variation. We see a constant or
d-¢ term, a very large term of line
(or “fundamental”) frequency, and
smaller amounts of various multiples
of this frequency. The difference
between ¢ and ¢’ shown by the curves
during the non-conduction period is
significant physically as the inverse
voltage across the rectifier.

Figure 2 shows the current in a
circuit consisting of resistance and
inductance in series. It will be seen
that conduction continues beyond
the 180° point due to the induced
emf of the inductance. For the con-
stants used in this case the “switch”
opens at about 304°, so ¢’ follows
the sinusoidal form until that point
is reached, and is zero for the re-
mainder of the cycle. The average
value of the ¢’ curve (which is the
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f=60~

12.0151 4 .0035 SIN UL -.0169 COS UL +.0003 SIN 2 wt
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University of Michigan
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+14 COS 2 wt--~

Fig. 2—The effect of inductance in the load circuit is to increase
the period of conduction
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Fig. 4—A simple f{ilter circuit causes the conduction period to
continue to beyond the 300 degree point

d-c voltage component) is much
smaller than in the first case, as may
be checked by inspection of the
curve. The average value of ¢, which
is equal to the average value of ¢
divided by R, is also much less than
in Fig. 1. Another striking differ-
ence, compared with Fig. 1, is the
great increase of the fundamental
frequency component of ¢’

Figure 3 shows the effect of plac-
ing a condenser in parallel with a

resistance. Conduction through the
rectifier ceases at the point ¢, where
the total current tends to reverse.
After 6, ¢ follows an exponential
decrease until it meets the sinusoidal
e at 360° + 6. In this case ¢’ has a
much greater average value than in
Fig. 1, and a smaller harmonic con-
tent, as might be expected from its
smaller range of fluctuation. The
conduction period in this case is
about 62°. The current ¢, shows
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rather poorly in the graph; it is of
course similar in form to e

Figure 4 shows a simple form of
filter circuit. Here, as in Fig. 2,
the inductance causes conduction to
continue far beyond the 180° point.
After 6. there is an exponential sec-
tion, for the same reason as in Fig.
3. The smoothing effect of the cir-
cuit on the load (i) is shown by
both the equation and the curve; the
condenser takes the major part of
the alternating current through L.
The voltage ¢’ has a small d-c com-
ponent, and a very large funda-
mental frequency term (85 per cent
greater than in Fig. 1).

Figure 5 shows a circuit which is
essentially the same as one reported
by a contributor to Electronics® with
values modified. The applied voltage
has been multiplied by 20 and all
impedances by 100, to make the case
comparable with the others presented
here. The proportions remain as in
the reported case, but the current
should be one-fifth as great. No at-
tempt is made to correct for rectifier
imperfections as no data were given
regarding the rectifier characteris-
tics. The constants of the circuit,
with S open, are the same as in
Fig. 2, so the effect of closing the
switch may be found by comparison
of Fig. 2 and Fig. 5. The circuit
as a whole gives a more nearly
resistive effect with S closed and
conduction lasts only to 186°. After
186°, ¢ has a negative exponential
section, due to the decreasing cur-
rent through the coil and R,. In this
case ¢ has an average value nearly
four times as great as in Fig. 2, and
the total ecircuit resistance is lower,
so that the total current (average
value) is about five times as great.
The average coil current is half of
the total or about 2.5 times as great
as in Fig. 2. It is also much
smoother in form. The observed in-
crease of coil current upon closing S
seems unreasonable if R, is consid-
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Behavior of Half-Wave Rectifiers

The wave forms of the output voltage and current of a half-wave rectifier with various types

of load are analyzed by means of Fourier’s series.

some harmonic terms are computed for the circuits discussed

The d-c, fundamental frequency and

ALF-WAVE single phase recti-

fiers have received rather wide
use, but less than their share of
analytical attention. An engineer
looking for definite information on
this circuit finds little available in
textbooks and the technical litera-
ture, and, even worse, he must treat
what he does find with care, for it
may be incorrect. Current wave
forms for a few circuits were de-
rived in an article’ in a recent issue
of Electronics, but in a way different
from the present study. The an-
alyses presented here are an out-
growth of previous work with full-

wave circuits,”? and are made by
means of a Fourier series repre-
sentation of voltage and current

wave forms. The series method need
not be advanced as the best for all
situations, but it does have advan-
tages for many rectifier and tilter
cases. It is a convenient way to ex-
press recurring wave forms. Also,
if the voltage at the input terminals
of the rectifier load circuit is ex-
pressed properly by a series, the
corresponding current series can be
obtained by applving to each voltage
term the impedance of the circuit
for that frequency. The series
method can be applied to multi-sec-
tion filters for which the differential
equation or the operational method
is difficult, and moreover, has the
virtue of showing directly the har-
moni¢c components. The analyses
given here show the wave form and
the series terms for the circuit in-
put voltage, as well as for the
current, as the input voltage takes
many forms with a half-wave recti-
fier, depending upon the type of load.

Electrical rectifiers have often
been termed valves to indicate the
analogous condition of one-way flow
met with a check valve in a water
pipe. The rectifier might also be
called a switeh which has been
“trained” to open whenever the cur-
rent tries to flow in the reverse of
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Curves are presented to show the
behavior of a half-wave rectifier
with several types of load. The re-
sults shown here are computed on
the basis of a perfect rectifier, that
is, a rectifier having zero voltage
drop across it for conduction periods
and zero reverse current for non-
conduction periods. A power supply
of sinusoidal wave form and negligi-
ble impedance is also assumed. The
perfect rectifier is used here as it is
desired to show general circuit char-
acteristics rather than the peculiari-
ties of any particular type of rectifier.
However, rectifier imperfections can
be taken into account approximately
in particular cases. A gaseous recti-
fier may be approximated by a con-
stant voltage drop for the conduction
periods. A vacuum rectifier may be
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from 0° to 180°, and then are zero
from 180° to 360°. The equations
show the first few terms of the series
for ¢’ and 7 to represent this form
of variation. We see a constant or
d-c term, a very large term of line
(or “fundamental”) frequency, and
smaller amounts of various multiples
of this frequency. The difference
between e and ¢’ shown by the curves
during the non-conduction period is
significant physically as the inverse
voltage across the rectifier,

Figure 2 shows the current in a
circuit consisting of resistance and
inductance in series. It will be seen
that conduction continues beyond
the 180° point due to the induced
emf of the inductance. For the con-
stants used in this case the “switch”
opens at about 304°, so ¢’ follows
the sinusoidal form until that point
is reached, and is zero for the re-
mainder of the cycle. The average
value of the ¢’ curve (which is the

September 1939 — ELECTRONICS

Mailed

in the
United States



EFFECTIVE = 300 V.
f =60~

i=.0151+ ,0035 SIN < -.0189 COS &I +.0003 SIN 2 we

+.0011 COS 2¢¢ -~ -

i3;
V. B. STOUT

e'=230.2+ 389.3 SIN &% +46.4 COSW-51.3 SIN 2a)¢
+14 COS 2 Wt ~-—

Fig. 2—The effect of inductance in the load circuit is to increase
the period of conduction

E EFFECTIVE=300 V.
f=60~

if".164 4 023 SIN wt. -.026 COS &t -.005 SIN 2 wt
-.015 COS 2@wt-——

e'= 328.64456 SINwt-52.9 COSw? -9.5SIN 2 &t

.

130.2 COS 2 wt- -

Fig. 3——When a capacity is in parallel with a resistance. the
conduction period is decreased, but there is a continuous flow
of current through the resistance

E EFFECTIVE =300V
f=60~

. iR= .0I58-.0019 SIN &¢ —.0005 COS ait
+.00D1 SIN- 2 @it ==~

e'=31.5+ 390 SIN &€ +51:8 COS&? -52.6 SIN 2 wt

“g-4°

422.0 COS 2wt===!

LY

Fig. 4—A simple filter circuit causes the conduction period to
continue to beyond the 300 degree point

d-¢c voltage component) is much
smaller than in the first case, as may
be checked by inspection of the
curve. The average value of ¢, which
is equal to the average value of ¢
divided by R, is also much less than
in Fig. 1. Another striking differ-
ence, compared with Fig. 1, is the
great increase of the fundamental
frequency component of €.

Figure 3 shows the effect of plac-
ing a condenser in parallel with a

resistance. Conduction through the
rectifier ceases at the point 6., where
the total current tends to reverse.
After 6, e follows an exponential
decrease until it meets the sinusoidal
e at 360° + 6, In this case ¢’ has a
much greater average value than in
Fig. 1, and a smaller harmonic con-
tent, as might be expected from its
smaller range of fluctuation. The
conduction period in this case is
about 62°. The current iz shows
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rather poorly in the graph; it is of
course similar in torm to ¢

Figure 4 shows a simple form of
filter circuit. lere, as in Fig
the inductance causes conduction to
continue far beyond the 180° point.
\fter 0. there is an exponential sec
tion, for the same reason as in Fig
3. The smoothing eflect of the cir
cuit on the load (7.) is shown by
both the equation and the curve; the
condenser takes the major part of
the alternating current through L
The voltage e¢ has a small d-c com
ponent, and a very large funda
mental frequency term (85 per cent
greater than in Fig. 1

Figure 5 shows a circuit which is
essentially the same as one reported
by a contributor to Electronics® with
values modified. The applied voltage
has been multiplied by 20 and all
impedances by 100, to make the case
comparable with the others presented
here. The proportions remain as in
the reported case, but the current
should be one-fifth as great. No at-
tempt is made to correct for rectifier
imperfections as no data were given
regarding the rectifier characteris
tics. The constants of the circuit,
with S open, are the same as in
Fig. 2, so the effect of closing the
switch may be found by comparison
of Fig. 2 and Fig. 5. The circuit
as a whole gives a more nearly
resistive effect with S closed and
conduction lasts only to 186°. After
186°, ¢’ has a negative exponential
section, due to the decreasing cur-
rent through the coil and E,. In this
case ¢’ has an average value nearly
four times as great as in Fig. 2, and
the total circuit resistance is lower,
so that the total current (average
value) is about five times as great.
The average coil current is half of
the total or about 2.5 times as great
as in Fig. 2. It is also much
smoother in form. The observed in-
crease of coil current upon closing S
seems unreasonable if R, is consid.

33



R§ 1000 AMMETER

L rotaL
E EFFECTIVE 300 V.
f 60~

o ToraL

i =.078+.119 SINwt -.002 COS wt -.,001 SIN 2 wl
TOTAL -.044 COS 2 wit---

if.oas}-.oos CoSwt -.001 COS 2wt -~-

-

e'= 117+ 237.5 SINW? + 1.9 COSwWt -1.7 5IN 2wt -88.8 COS 2 Gt~ —-

Fig. 5—Resistance, R., provides a discharge path for the induc-
tance, confining the conduction period to the range between
zero and 186 degrees

ered only as a shunt which diverts
current from the coil. The influence
of I, on wave forms is of greater
importance in this circuit, as be-
comes evident upon a study of the
change in conducting period of the
rectifier. Physically, R, might be
visualized as providing a discharge
path for the inductance, thus enabl-
ing the rectifier to shut off near the
130° point, and so not subject L to
the negative supply line voltage dur-
ing the half cyele from 180° to 360°,
as in Fig. 2

The table gives a summary of the
harmonic¢ components of the circuit
input voltage ¢ for the five cases
presented. In this table the sine and
cosine terms of each frequency are

combined to show the total ampli-
tude. All components show great
differences between the various

cases, but the greatest interest at-
taches, in general, to the d-¢ and the
fundamental frequency parts. The
d-c¢ term ranges from 30 to 328 volts,
and the fundamental from 70 to 392
volts. This table illustrates the point
that no one set of harmonic values
can be given as representative of
conditions on a half-wave rectifier.
The voltage equation of Fig. 1 is the
one usually referred to in text books
as the voltage of a half-wave rec-
tifier; it should be used, however,
only in the special case of a resistive
load.

A detailed description of the pro-
cedure followed in deriving the equa-
tions would extend this article un-
duly. The method, in general, is a
modification of that presented for
full-wave rectifiers in an article
already mentioned.” The circuit be-
havior can be determined qualita-
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tively from general circuit consider-
ations and a voltage series derived
by the necessary combination of
sinusoidal sections, exponential sec-
tions, etc. In case the point of tran-
sition from one section to another

that accuracy of output ripple is
obtained only when the correct input
value is used. References can be
cited* in which the proportions of
the conventional half-wave voltage
of IFig. 1 are given as the proper
values for a filter circuit. In another
case ' the same curves are presented
for either choke-input or condenser-
input filters, with no distinction as
to the input ripple in the two cases—
which is not correct, even for a full-
wave rectifier; also, curves are
shown for odd harmonies, implying
use of the chart for half-wave recti-
fiers, but nothing is given either to
help find the input voltage har-
monics, or even to point out that a
problem is involved in finding them.
Harmonic terms have been computed
for several circuits, and the results
compared with published material;
often errors of 50 to 100 per cent
have been found, and occasionally
much larger amounts. The errors
are due in part to the use of in-

TABLE |—Amplitudes of the harmonic components of the circuit input voltage, ' [maximum
values), of Figs, | to 5. The supply voltage is 300 volts (effechve)

Fig. | Fig. 2 Fig.3 Fig. 4 Fig
Harmonie Load = R LR C. R L,CR R L shunfed
D-C Term 135.0 30.2 328.6 315 117.0
| (Fundamenfal) 212.1 392.1 69.8 393.4 237.5
2 90.0 53.3 31.7 57.0 89.9
3 0 46.4 17.7 49.3 8.5
4 18.0 37.9 10.2 40.0 16.8
5 0 29.8 5.8 30.2 5.0
6 1.7 20.8 3.3 21.6 6.5
Conduction Period 180 304° 62° 303° 191°

Is now known, it can be found by a
trial solution, or by other methods.
The current series is derived from
the voltage series, and checked to
see that the total current is zero
during the non-conducting period.

Applications of the Method

The series form of representation
of the circuit input voltage is useful
in many ways, as it shows not only
the d-c component, but also the fre-
quencies and amplitudes of the har-
monics which are present. A major
use is in the study of filter circuits
in which the load, or output, ripple
can be computed for any harmonic,
knowing the input ripple and the
circuit constants. However, it must
be emphasized again that the input
ripple differs for practically every
load connected to a half-wave recti-
fier, as indicated by the table, and

correct input harmonics, and in part
to discrepancies in the assumptions
on which the published curves are
based.

Conclusions

1. The wave form and the har-
monic make-up of the voltage from
a half-wave rectifier depend on the
load connected to it.

2. The effect of circuit changes,
as in Fig. 5, can be understood only
by a study of the wave-form changes.

3. Filter ripples based on the har-
monic terms of Fig. 1, are incorrect
for actual filter circuits.

1 Half‘Wave Gas Rectifier Circuits, C. M.
Wallis, Electronics, Oct. 1938, p. 12.
? Analysis of Rectifier Filter Circuits, M. B.
Stout, Elec. Eng., Sept. 19353, p. 977.
371’roblem Crosstalk, Electronics, May 1938,
p. 7.
+ “Rectifier Filter Circuits.”
Elec. Jour., April 1932, p. 18
5 Power Supply Filter Curves, W. W. Waltz,
ngctroniCS Reference Sheet, Elfotronws, Dee.
1935

o Reuben Lee
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Compensated Amplifier Chart

HE accompanyving chart is de-
signed to give relative values of
the gain and phase shift of one stage
of a resistance coupled amplifier
which is compensated by addition of
certain elements to its load imped-
ance. The actual and equivalent
circuits of such an amplifier stage
are shown in Fig. 1. The chart is
based on the equivalent circuit,
which includes in the shunt capaci
tance (. the inter-electrode capaci-
tances of the tube and stray wiring
capacitance of the coupling circuit.
The gain of the amplifier stage
and also the phase shift between E,
and F, can be determined so that
(A /A, =1//X24+Y* and 6,—tan'
(Y/X), where A, is the gain at any
frequency f and A, is some particu-
lar value of gain used for reference;
6 1is the angle of phase shift be-
tween F, and F,, positive when E
lags behind £,; and X and Y are
quantities depending on frequency
and on the various circuit elements.
The expressions for X and Y can
be simplified, for very high frequen-
cies and for very low frequencies, to
the same ftorm, with parameters q,
1 and B to be defined later,

: (9/B)? "
X =1 -t (1)
B
Y ( 4 2

AT By @

The chart is simply a graphical
method of finding X and Y for any
given values of ¢, 4 and B and also
of finding A,/A, and 0, for any
values of X and Y.

The simplified forms of Equations
(1) and (2) are obtained, naturally,
only by making certain assumptions.
Explicitly stated, these assumptions
are: First, the ratio C,/C. is con-
sidered so small compared to one
that it may be neglected. Second,
L/C.R.R. is much smaller than one.
Third, R. and R, are of the same
order of magnitude. Fourth, the
time constants C,R, and C.R. are of
the same order of magnitude. These
four conditions are easily met in de-
sign practice and do not restrict the
usefulness of the method.

The values of ¢, A and B for use
in Equations (1) and (2) and in the
chart may be defined more conveni-

By Y. J. Liu and J. D. Trimmer

Massachusetts Ingtitute of Technoloyy

ently by first defining the resist-
ances:

Ry 1 ]i 1

R ., I
R k,+ !
. 1 1
R, R
5 y HI)Rll )
Rig=FK [1'*‘12c (h’c+1l"p+l‘d)]

where the subscripts H, L and Ld
refer, respectively, to high frequen-
cies, low frequencies, and low fre-
quencies with decoupling.
Then for high frequencies,

gn = 2mjCsR y

Ay =Ry R,

By (CskuR.) I
and for low frequencies,

[ 1 2xfC.R L4

RaR K,
RualR. (RRe+ I+ Ra)

1 Colal,
( JRV (Ifc+Rd)
) Calglt,
Brg = Coltra (Ret Ry

A Ld =

As previously stated, the value of
A./A,. is given on the chart. The
reference value is A,—=R,/R,. This,
multiplied by the tube’s amplification
factor, is the gain of the uncompen-
sated amplifier in its medium fre-

E=-pEs (b) Equivalent circuit

Fig. 1—Actual and equivalent amplifier
circuits

ELECTRONICS REFERENCE SHEET

quency range, and, if compensating
elements are chosen in accord with
the conditions listed above, it is also
very closely the gain of the com-
pensated amplifier in its medium
frequency range.

The dotted lines on Fig. 2 serve to
illustrate the use of the chart. Sup-
pose the high frequency parameters
are A,,=0.96 and B, =2.0. The dotted
lines show how values of gain and
phase angle are found for two dif-
ferent values of q,, that is, for two
different frequencies.

The first step is to locate the value
of qu on the horizontal scale at top
center of the chart. Starting with
7,—=0.8 and projecting down to the
inclined line drawn for B,=2.0, the
projection is then to the left and on
to the two curves f.(2) and f, (2),
thence downward to the inclined line
drawn for A4,=0.96. Of the two
projections, the one from f.(z) is
carried to the right; the other is
used to establish the distance below
the line A,=0. This distance is
picked up and laid off, on the ¢,-scale
in the center of the chart, to the left
of the point ¢,=0.8. Projection
downward then gives an intersection
establishing values of X and ¥, and
also of gain and phase shift. Here
X=0.855, Y=0.465, relative gain is
1.027 and phase shift is 28.9 degrees.

The procedure for ¢,=3.5 (q.
greater than one) differs in two re-
spects from the above (¢, less than
one). In the upper left of the chart,
the 1f,(z) curve is used instead of
f.(z), and the length picked up from
the projection from this curve to the
Au-line is laid off along the vertical
gu-scale. Thus the relative gain is
found to be 0.822 and the phase shift
85 degrees.

For high frequencies, positive
phase angles read from the chart
mean lagging of the output relative
to the input voltage. For low fre-
quencies, positive angles on the
chart mean leading of the output
voltage.

For convenience i using the low
frequency parameters, the frequency
scales are plotted in terms of
—1/qu,, which is directly propor-
tional to frequency; that is —1/q1a
=2nfC Ry,
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TUBES AT WORK

Among the subjects discussed this month

are an ultra sensitive bridge, a contactless

volume control, two phototube applica-

tions, a hiss silencer, projection tele-

vision, and photoejectric effects on neon

tubes

An Ultra-Sensitive
Bridge

By Jo EMMETT JENNINGS

IN THE FIELD of electronics and other
fields of research, there is a constant
need for a highly sensitive instrument
which has an extremely high input im-
pedance as well as a low power require-
ment for operation. An instrument to
fill these requirements is the vacuum
tube bridge, which can measure to 10
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Fig. 1—Original circuit designed for
the measurement of bioelectric
phenomena

amperes. The purpose of this partie-
ular model is for measuring vacuum
by means of positive ion collection at
the anode of a radio tube.

Operation of the Bridge

An article published in Electronics
in October 1936 by Burr, Lane and
Nims describes a direct current oper-
ated bridge which was designed to
measure bioelectric phenomena. The
original circuit is shown in Fig. I,
and the shielded unit consisted of the
bridge and batteries to eliminate the
external electrical forces which might
upset the balance. Type 112A tubes
were used in the circuit as they were
the best available at the time the unit
was designed. The operation is normal
and the adjustment simple if one prin-
ciple is clearly understood. In a triode
vacuum tube with proper adjustment
it is possible for the grid to require
no power and is at an equilibrium. This
is known as the floating grid condition.
In actual operation the grid voltage
applied externally is exactly equal to
voltage or potential the grid would seek
if it were not connected in the circuit.
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Figure 2 shows the complete diagram.
R, (5000 ohms) is the plate balancing
resistor; R. (20,000 ohms) is the bias
control. A switch changes the 0-100
microammeter to the 0-20 microamme-
ter. For the operator who is not thor-
oughly familiar with sensitive meters
it is a good idea to use a variable
shunt across the meter to avoid dam-
age to the sensitive movement. To ar-
rive at the proper grid bias practically,
1t is necessary to first set the variable
plate balance resistor R, at approxi-
mately the same resistance as the fixed
resistance in the plate lead of the other
tube. F, is next adjusted and set at a
point whre the meter is at zero. The
input selector switch is rotated from
low to high resistance. Should there
be any movement of the meter the grid
is not balanced and the plate and grid
controls must be readjusted until no

movement occurs when the input
switch is rotated.
Problems in Design
An experimental model was con-

structed adapting the circuit in Fig.
1, to be used on alternating current.
The first of the problems encountered
was the instability of the meter due
to changes in line voltage. The addi-
tion of an 876 ballast tube in conjunc-

tion with an autotransformer to supply
the 65 volts lost in the tube did not
completely solve the problem of regu-
lation, as there was a slight change
in voltage which operated the bridge.
Of the numerous types of gaseous type
voltage control tubes the 874 was fin-
ally selected as the most practical of
the group. In the circuit for testing
the gas, shown in Fig. 3, it was neces-
sary to have a well regulated supply
as the grid current is constantly be-
ing varied. The autotransformer had

to A

Tube
under test

to G

OHto B

oD 70 B

Fig. 3—Gas testing circuit

all the qualifications except that its
magnetic field threw the bridge com-
pletely out of adjustment when the
arm was varied. A large shield was
used to isolate the transformer. In
the experimental model using the 112A
tubes, no position of the balancing re-
sistors would give a perfect balance
of the bridge. The cause was finally
attributed to the leakage in the tube
base which was made of bakelite. Even
after the tubes were debased complete
balance was impossible. Several 112A

tubes were measured and found gassy.
There was also the aging process which
consisted of lighting the filament for
250 hours to stabilize the filament emis-
sion.

0-Joov.

AYTOTRANSFORMER

Fig. 2—Complete circuit diagram of the ultra-sensitive bridge
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Variable
Condenser

@ FOR USE IN high- and ultra-high fre-
quency circuits the new G-R Type 755-A
Condenser fills a demand for a compact,
precision-built, ruggedly constructed varia-
ble condenser with low losses, very low series
inductance and low effective resistance.

FEATURES

SPECIFICATIONS A Stainless steel rotor shaft
B Rotor contact ring of nickel silver with
g . e ure silver overlay: 4-finger silver con-
Capacitance 8..5 uuf  minimum, racf brush
145 pupf  maximum; Equnvalenf C Polystyrenc rotor insulation; Mycalex
series inductance 0.0055 yh; Insu- stator insulation ]
: D Heavy, copper-plated, soldere brass
lation Polystyrene and Mycalex; rotor and stators

m

30:1 precision worm drive with spring in

Rotor and stator plates insulated
indicator drum to prevent backlash

from ground; Three-hole panel

S £ Drum scale engraved with 15 divisions
9 G Removable paper scale for individual cali-
brations
Type 755-A Condenser .. .%$35.00 H Removable base plate and cover of
nickel-plated brass
| Ball bearings on main shaft
J Heavy cast-aluminum box; 3-point panel
suspension
e WRITE FOR BULLETIN 471 FOR COMPLETE DATA K Worm dial with 100 divisions on scale
GENERAL RADIO COMPANY it
| T MASSACHUSETTS
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SHALLCROSS

Solid Silver Switches

ﬁcationS

o q Specl
€ xacting
- Our Own

Built to

Types 532 and 531 can be fur-
nished with from 2 to 15 con-

tacts with shorting or non-short-

ing contact arm of bronze or
multi-leaf silver. Switch plates
are ceramic with a surface leak-
age of | x 10'> ohms. Contact

resistance with silver arm is only

Fig. 4—Front and rear views of
the bridge

00075 ohms. Contacts will safely break 15 amps. non-induc-
tive load, and withstand 2000 V. For complete data on these . . o
With these ideas in mind a search

high grade inexpensive switches write today for Bulletin was made for a simple tube wh<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>