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and AMPEREX "849 H

Greater Power Output
Higher Plate lissipation
Longer (perating Life
*Higher Ratings at High Frequency

The application by Amperex of the modern engineering
concept of the space relationship of electrodes in a vacuum
tube has resulted in the design of a new type with far
greater performance capabilities than the standard 849.
Simplification of structure because of this new design has
also made possible considerable economies in manufactur-
ing processes which are reflected in the sprice of these tubes.

THE OUTSTANDING FEATURES OF
THESE NEW TUBES ARE AS FOLLOWS:

® GREATER FILAMENT AREA

® LARGER PLATE SURFACE

® MORE UNIFORM ANODE HEAT DISTRIBUTION

® A MINIMUM OF INTERELECTRODE INSULATING SPACERS

® 1500 WATTS maximum power output per tube as

a Class C. CW amplifier
® 750 WATTS Carrier Power Output. as a plate modulated Class €
amplifier

® 250 WATTS Carrier Power Output as a grid bias modulated
Class C amplifier

® 250 WATTS Carrier Power Output as a Class B Linear R.F.
amplifier

® 1600 WATTS maximum signal power output per pair as Class B.
A.F. modulator

®

150 WATTS Undistorted Power Outlput as a Class & A.F,
Modulator

The features enumerated above clearly demonstrate that
not only can these tubes be used profitably to replace 849's
in existing equipment but that they also fill @ gap in the air
cooled line of tubes for use in equipment where severe de-
rating at high frequencies forced the use of much larger and
costlier tubes.

The 849H can be operated at full ratings up te 30 megacycles
in many classes of service. It is identical in its characteristics
with the 849A. The only point of difference is the grid lead ter-
minal which in the 849H terminates in an arm extending from
the side of the bulb.

AMPEREX ELECTRONIC PRODUCTS, Inc.

79 WASHINGTON STREET BROOKLYN, NEW YORK
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CONTROL UNIT

7

WESTERN ELECTRIC RADIO COM-
PASS ATTACHMENT. The shielded
“anti-static’’ loop antenna is rotated for
direction finding service by an S. S.
WHITE Remote Coutrol Flexible Shaft.
A gear ratio of 264 to 1 between the
control unit and the loop permils ex-
tremely accurate adjustment. Photo
courtesy of Western Electric Co.

Bearing in mind that DEPENDABILITY
is paramount in aircraft radio and direc-
tion finding equipment, it is significant
that Western Electric, and many other
prominent manufacturers of such equip-
ment, all use S, S. WHITE Remote Con-
trol Flexible Shafts.

The reason is not hard to find. Developed
specially for the service, S. S. WHITE
Remote Control Shafts have the charac-
teristics essential for smooth, accurate
And the unfailing perform-
ance of the millions of feet of these shafts
in radio service, has established their
dependability beyond question.

S. S. WHITE has cooperated with many
radio manufacturers in working out their
remote control problems and is always
ready to render such service without obli-
gation. It is only necessary to send us
full details. Such information is invari-
ably held in strictest confidence.

operation.

S.S. WHITE

The S. S. White Dental Mfg. Co.

INDUSTRIAL DIVISION

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

FLEXIBLE SHAFTS for POWER DRIVES, REMOTE CONTROLS and COUPLINGS

2
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NEW LENZ sHIELDED

il

SHIELDED B!
CHASSIS HOOK-UP"WIRE:.®
COPPER BONDING BRAID™

£

* Mistracking reduced due to minimum capacity
* Higher Antenna Gain

* Better Signal-to-Noise Ratio

* Excellent Mechanical Properties

LENZ ELECTRIC MANUFACTURING CO. (’\\9
1751 No. Western Ave., Chicago S 0?“ ‘

sample of Lenz Shielded Low Capacity
‘In Business Since 1904" Auto Radio Lead-in.

LENZ ELECT RIC | Be
MANUFACTURING CO. COmPABY -~ oo

1751 NORTH WESTERN AVE., CHICAGO, ILL. | JAddEss s o

Gentlemen : Please send me FREE . .. fe. (¢£
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SUPERIOR TUBING

Science Approves

Our exhibit of Specialty Small Tubing was again of
great interest at the Annual Science Exhibit at

MANUFACTURERS ) i j -

OF Indianapolis . . . As evidenced by a 30% increase
Seamless and Lock- in our business during 1937. Science and Industry
seam Cathode Sleeves believe that there is a definite need for such an
and Fine Small Tubing organization as
in various metals and
alloys.

NORRISTOWN, PENNSYLVANIA
25 MILES FROM PHILADELPHIA 100 MILES FROM NEW YORK
4 February 1938 — ELECTRONICS
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RADIO'S MOST

DRAMATIC FORWARD-STEP

OF THE YEAR!

i
e, e

Electric ’Pen’’ in Racorder, which, actyated by signals
from broadcasting station, swings to and fro in auto-
matic step with transmitter, silently printing while citi-
zens sleep. With few moving parts, these simplified
Recorders make fausimile possible in remote districts.

Facsimile Rexorder which, early in
1938, pianeer broadcasters will place
in test homes far experimental trans-
mission. Hardly more than a foot
square; complete In a single unit;
automatic; works on any radio.

Facsimile Copy as it issues from the Recarder. Two columns
wide; carries news bulletins, photagraphs, advertising, open-
ing up tremendous new sources of revenue to broadcasters.
Recorder holds week’s supply of paper; cost to consumer,
approx. 20c week.
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1o W€ 5 565 Scanning Head with photoelectric eye, in compact, easily oper-

ated transmitting apparatus, which plugs into ordinary broad-
casting amplifiers without equipment changes; translates printed
matter, line-cuts, half-tones, photos, into electrical signals which
can be sent over regular channels.
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In the prize ring of your motor’s distributor

they “clinch and break” 200 times a second...

HEN you hit it up a mile-a-

minute, the contact points in
your car hit it up two hundred times
a second. Two hundred impulses of
current to your spark plugs! Two
hundred hammer blows a second—
with no time out between rounds!
For electrical contacts must be su-
perhuman in their performance.

Practically all automatic and semi-
automatic machinery depends upon
the making and breaking of an elec-
trical circuit. The electrical contact is
the business end of that operation.
[t mustgoin fighting and break clean.

Engineering and producing electrical
contacts is a highly specialized busi-

P. R. MALLORY & CO., INC., INDIANAPOLIS, INDIANA

ness. Practically every application
requires different contacts.

Mallory is the only company mak-
ing electrical contacts for all services
from adding machines to welding
machines; from burglar alarms to
searchlight controls. Mallory leader-
ship has been recognized for twenty
years . . .

Electrical contacts are made of rare
and precious metals and numerous
alloys. Plati-

in this business of controlling mil-
lions of horse power.

Mallory urges manufacturers, whose
apparatus will call for electrical
contacts, to give early consideration
to this vital factor in satisfactory
performance. Much can be gained
by the selection of proper contact
materials and an exchange of
information before designs are
completed.

num, tungsten,
silver, silver
alloys, moly-
bdenum — all
play their part

MALLORY

Serves the Electrical, Automotive,
Radio and Industrial Fields

ELECTRICAL CONTACTS

Welding Electrodes, Non-Ferrous Alloys and Bi-Metals

Cable Address —
PELMALLO

www americanradiohistorv com

Rectifiers, Vibrators, Condensers and Yaxley Switches
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» CENSORSHIP . However little
we may have liked the Mae West
broadcast, we like the letter of censure
from the FCC still less. The Commis-
sion states that it has no powers of
censorship but that it will consider
the circumstance of the broadeast
when station license renewals come
up. If this isn’t censorship of the most
insidious and yet most brazen sort, we
don’t know A from Z.

The reaction of the listener to this
particular broadeast was immediate and
perfectly certain as to its meaning.
This is all the censorship that is
needed. Any more would soon force
broadcasting into a banality that would
make utterly impossible the transmis-
sion of the many great programs now
on the air. There simply would be no
listeners, there would be no money
for programs and broadecasting would
degenerate into one gigantic flop serv-
ing merely as a free mouthpiece for
the many who like to orate.

> ENGINEERING . . . It has been our
opinion that there has been too little
engineering applied to photography. As
a beautiful science suitable for Ph.D.’s
is has no equal; as a cut and try busi-
ness or hobby for thousands of prac-
titioners it is replete with inefficient
wastage of materials, time and effort.
There are two sheets of paper in the
wastebasket for every good print.
Two articles by Clifton Tuttle of
Kodak Park Research Laboratories,
however, indicate that engineering is
coming into photography. These appear
in the Journal of the Franklin Insti-
tute in September and November, 1937,
and relate to the proposition that an
automatic means of printing negatives
on contact or projection paper would
save time and material and provide
better prints for the amateur who turns

Crosstalk

his films into the drug store for
printing.

Mr. Tuttle’s engineering involves
psychology, scientific sampling, popula-
tion studies, theories of probability,
mathematies, the engineering applica-
tion of photoelectricity to a very prac-
tical and somewhat pressing commer-
cial problem. The two papers describ-
ing this work should provide fascinat-
ing reading to any engineer who has
a problem to solve and who wishes to
know the most modern scientific way
to do it.

>QRM . .. An amateur operating a
half-kilowatt code-phone transmitter
recently came to some grief at the
hands of a new purchaser of a popular
model of a popular broadcast receiver
manufacturer., Everything the amateur
said into his mike was heard on the
BCL radio; key thumps disturbed him
mightily. A service man discovered that
the broadecast receiver was very much
misaligned and that after this had
been fixed up, no more QRM was heard.
The particular model of radio involved
seems very prone to cause trouble of
this sort.

» BAD NEWS . .. There’s a lot of os-
trich-in-the-sand business about the
present business depression, what with
calling it by some other name than
the depression it really is. The edi-
torial offices of Electronics have never
seen so many men, scientists, engi-
neers, older men, younger men, who
have been suddenly thrown out of
jobs they have held, some of them for
upwards of 10 or more years. Research
and development men have not been
spared. They have gone out along with
production men.

That in our opinion is a depression,
and a damned discouraging depression.

KEITH HENNEY

Editor

»GOOD NEWS . . . There are some
bright spots in an otherwise drab sky
at the present moment. For example
Electrical Research Products (ERPI)
has opened an engineering laboratory
in New York City. Products of the
Western Electric Company and the
Bell Laboratories not primarily in-
tended for the telephone industry will
be commercialized by ERPI. Naturally
much of ERPI’'s present activity is
connected with film reproduction, but
a solder pellet detector for use by com-
panies which pack liquid products in
tin cans is already in commercial use.
Thus the many possible uses of electron
tubes for non-communication purposes
have a new avenue for seeing the light
of day. Anyone who knows the work of
the Bell Laboratories and of the per-
sonnel engaged there cannot help but
see that ERPI should find many prod-
ucts for distribution and service to
other industries than the telephone
plant.

J. V. L. Hogan’s station WQXR con-
tributes a bright note, and one which
should tend to counteract any ideas
that the broadecast picture could be
contracted, just a bit here and there
to admit some new stations. Recent
tests with high and low frequencies
disclosed the fact that 4ths of the re-
ceivers reporting on these tone tests
could hear frequencies as low as 60
cycles; that 89 per cent could hear
frequencies up to 6,000 cycles. Even
at 8,000 cycles 64 per cent of the
people could hear the modulation.

All of this proves that high fidelity
stations are worthwhile and that lim-
iting broadcast stations to 5,000 cycle
side-bands would play directly into the
hands of those set designers who can’t
hear a thing above 3,000 cycles and
don’t believe the average radio listener
can either.
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DR.E.F. W. ALEXANDERSON

of the General Electric Research Laboratories.
In the foreground are metal thyratrons under-
going tests in anticipation of industrial service
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Thyratrons and their Uses

Fig. 1—Thyratron motor in simple terms

HYRATRON tubes and their

uses is a subject which is at the
present time uppermost in the minds
of many of those connected with the
laboratories of the electrical indus-
try. Some years ago the same or-
ganizations interested themselves
very largely in radio, but the radio
industry has, in the meantime, at-
tained its principal objectives, and
it has exceeded all expectations in
commercial importance.

The application of the electronic
science to the power industry is,
however, still in its infancy, and we
are not yet able to predict what im-
portance it will have in the commerce
and finance of the future, but we can
say with certainty that the electronic
science, in one way or another, will
be intimately interwoven with most
of the branches of the electrical in-
dustry.

I believe we can classify inven-
tions broadly in two groups:

The first is the one where there is
an insistent public demand for a
certain service, and scientists and
inventors are thereby stimulated to
find a practical solution. The auto-
mobile industry and the aircraft
industry are examples of inventions
of this type.

The second group of inventions is
the one where a scientific discovery
is the starting point and where a new
technic gradually develops. The fun-
damental invention and many of its
refinements are usually established
before the public is conscious that it
has an important new tool at its dis-
posal. A period of years, often longer

A paper, delivered before the United States Patent Office

Society, on the applications

of gaseous filled controlled

rectifiers

By E. F. W, ALEXANDERSON

General Electric Company
Nehenectady, N. Y.

than the life of a patent, will there-
fore elapse before inventions of this
type can be commercially exploited.
Radio is an example of this. The
development of the radio industry

Fig. 2—A d-c thyratron motor op-
erating from 3-phase a.c.

was remarkably fast and therefore
some of the fundamental patents be-
came important before they had ex-
pired, but those cases are, perhaps,
more the exception than the rule for
inventions which start from a scien-
tific discovery. The use of electronics
in the power industry is in this cate-
gory, and while we may visualize a
possible field of immense import-
ance, we do not dare predict whether
or when these expectations may be
realized.

The branch of electronics that
created the modern radio industry
was based on the pure electronic dis-
charge in a high vacuum, but the
branch which holds out the greatest
promise in the power industry is the
ionized discharge in attenuated gas.

www americanradiohistorv com

An electric arc of this type has a
very much higher conductivity than
the pure electronic discharge and,
therefore, is much more adaptable
for carrying the currents of the mag-
nitude used in power circuits.

The mercury vapor arc had been
known and used for a long time, but
with a limited application for recti-
fication of alternating current into
direct current, and it was not until

AL .supp.ry,_.ii ngle phase

transformers
~—

Phagseshifting
S tronsformers
i '\_

|
AL, supply, 5 phase

Fig. 3—Reversible thyratron d-c motor
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Fig. 4—Speed torque characteristics of motor of Fig. 3

the ability to control this mercury
arc was discovered that the possibili-
ties were opened up for broad use-
fulness in electronic power devices.
The controllable gas discharge tube
known as the thyratron can now be
used not only for changing alternat-
ing current into direct current but
also for the reversal of the process
by changing direct current into al-
ternating current, also for changing
one frequency of alternating current
into another frequency, for amplifica-
tion of energy flow from a low level
to a high power, etc. Thus, we have
devices known as thyratron invert-
ers, thyratron motors, thyratron fre-
quency changers, and thyratron am-
plifiers, and I shall attempt to give
you a brief review of the practical
application of these devices.

The starting point of this develop-
ment was the independent discover-
ies of Langmuir and Pierce that a
mercury vapor arc can be controlled
by the application of a negative elec-
trostatic field which prevents the arc
from starting. The basic Langmuir
patent is already expired, but the art
has been progressing at an acceler-
ated rate in developments of new
methods of operation and practical
applications. The first thyratron was
a mercury rectifier of the type used
for arc lighting with a third elec-
trode introduced in the corner of
each side arm. This proved to be a
very practical device. With this we
were able to demonstrate the reversal

10

of the process of rectification and it
resulted in the device which is now
known as the thyratron inverter. The
first thyratron was operated quite
reliably for laboratory purposes at
5000 volts direct current. The object
of this test was to explore the possi-
bilities of power transmission by
direct current. We also set up one
of those first thyratrons to operate
a d-c motor at variable speed in the
factory for operating a lathe. The
next important step which covered
a number of years of laboratory
work was undertaken by A. W. Hull
and resulted in the development of
a practical hot cathode for high cur-
rents. These hot cathode thyratrons
are used in power transmission by
direct current at 30,000 volts which
has been in successful operation for
more than a year. The hot cathode
thyratron is also used in a 400 hp
variable speed motor which has been
in service for a year and a half in
one of the power stations of the
American Gas and Electric Company.

Another important step has been
discovered of a new method of con-
trolling the mercury arc. The arc is
started during each cycle of the al-
ternating current by an ignitor im-
mersed in the mercury pool. The
power flow can be controlled by tim-
ing this ignition. This device has
become known as the ignitron and
should be included in this discussion
because it can be used in many cases
as an alternative to the thyratron

www americanradiohistorv com

and has found a particularly impor-
tant application in electric welding.
Unfortunately, we have no general
name that includes both the thyra-
tron and the ignitron except when
an assembly of such tubes is called
a mutator. This art is in such a
rapid growth that the nomenclature
cannot keep up with it. The 30,000
volt d-c power transmission and the
400 hp thyratron motor which I have
mentioned are indications of the di-
rection in which it is growing. One
of the ultimate objectives which we
hope may be realized is power trans-
mission to whatever distances it may
be economical to transmit electric
power. Technically this appears pos-
sible. Whether it will be useful in
the economics of power distribution
must be answered by the future.
Motor applications on a large scale
are nearer at hand. In the early years
of the electrical industry there was
no acceptable a-c motor. After the
development of the induction motor
and the synchronous motor, two ma-

H{.Eupp;fy.aphn.?e

Fig. 5—Schematic of a torque
amplifier

chines were available which are un-
surpassed in simplicity, reliability,
and economy. These motors are,
however, both inherently constant
speed motors. In later years a vari-
ety of a-c motors have been developed
and a number of these have had a
variable speed characteristic. There
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is as yet, however, no adjustable a-c
motor as flexible as the Ward Leon-
ard combination, and there is still
room for much improvement on ad-
justable speed a-c motors. Electron-
ics opens up new possibilities in this
direction and a number of new motor
types are possible. In the absence
of any accepted terminology, I shall,
for brevity, call them all thyratron
motors and designate the specific
type by further qualifications such
as thyratron d-c motor, thyratron
induction motor.

Thyratron D-C Motor

Figure 1 shows the thyratron d-c
motor in its simplest form requiring
only two tubes. The motor is con-
trolled by the thyratron grids from
standstill until full voltage has been
applied to the armature. From this
point, still higher speed can be at-
tained by weakening the motor field.
This motor can also be used for re-
generative braking, in which case
the tube functions as an inverter
returning the power to the line. For
this purpose, the motor field must
be veversed because the current flow
in the tube is unidirectional.

Figure 2 shows thyratron d-¢ mo-
tor with six tubes and a 38-phase
power supply. This type has been
worked out in commercial form as a
10 hp motor. Small hot cathode
thyratrons are mounted on the front
of the control box, which is not much
larger than the starting box for a
d-c motor of the same power. For
large motors of this type we are
reverting to the original pool type
thyratron with certain improvements
to make them commercially accept-
able. Tubes with a continuous rat-
ing of 400 amperes and a momentary
rating of several thousand amperes
have been designed and appear thor-
oughly practical. Six such tubes
may be used to draw power from a
440-volt 3-phase power circuit and
drive 1200 amperes to a d-¢c motor
at 550 volts. It should be noted that
this motor combination requires no
power transformer and that the mo-
tor is completely controlled by the
thyratron grids.

Reversal and Regenerative Braking

Figure 3 shows a diagram for a
reversible thyratron d-c motor, and
Fig. 4 is the speed torque charac-
teristics of that motor. As shown

ELECTRONICS — February 1938

by these characteristics, it is pos-
sible to operate it as a motor in both
directions, and it will also automat-
ically shift over from motor opera-
tion to regenerative braking if it is
connected to an overhauling load.
This thyratron motor has the very
desirable characteristics which so far
have been associated exclusively with
the Ward-Leonard motor generator
control. It is expected that thyra-
tron converters for this purpose will
find applications for hoists and
cranes and generally for applications
where a high degree of control is re-
quired and the power supply is al-
ternating current.

Torque Amplifier

A specific case where this moto.
has already been extensively used is
the equipment which we call torque
amplifier. The torque amplifier is
not only a speed control but a posi-
tion control where it is required to
accurately reproduce mechanical mo-
tions with a greatly increased power.
One such thyratron torque amplifier
is being installed on a large boring
mill in Schenectady, the object being
to control the position of the tools
which thereby can be set to an ac-
curacy of a thousandth of an inch
by adjusting the dials of the control
mechanism. Such torque amplifiers
with position control have so far not
been available to the industry and
we expect this to become an import-
ant advance in factory practice. A
diagram of a torque amplifier is
shown on Fig. 5. The controlineg

Fig. 7—Use of thyratrons in ship propulsion

shaft is connected to a pair of phase
shifting transformers which in their
turn control the grids of the thyra-
tron amplifier. The shaft of the
machine driven by the motor is also
connccted to the phase shifting
transformers so as to give a differ-
ential action on the motor control.
Thus, whenever the primary shaft
moves, it impresses a grid potential
which sets the moctor in motion and
the motor continues to run until the
differential action has neutralized the
grid potential created by the remote
control. Thus, the motor cannot

Fig. 6—Schematic of a thyratron type of induction motor
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Fig. 8—Diagram of the first 400 hp. thyra-
tron motor of variable speed

come to rest until there is an exact
agreement in the position between
the controlling shaft and the output
shaft., If the controlling shaft is
kept in continuous motion the output
shaft is compelled to follow in a
corresponding angular position, and
the grid control is so sensitive that
an extremely small lag of the output
shaft behind the input shaft pro-
duces the necessary grid voltage to
maintain the motion. The accuracy
of position may thus be kept within
a thousandth of an inch, or within
a few arc minutes of angular motion.

Ship Propulsion

A promising application of elec-
tronics is electric ship propulsion.

A turbo-generator can be built more
economically for a relatively high
frequency, whereas the slow speed
motors driving the propeller shaft
are favored by a low frequency. A
thyratron frequency changer is
therefore well adapted as a connect-
ing link between the generator and
the motors. On high speed ships it
is necessary to have several turbo-
generators. When the ship is oper-
ated below its maximum speed it is
then possible to shut down some of
the turbines and operate the re-
maining turbines at full speed and
full economy, although the motors
run at reduced speed.

Thyratron Induction Motor

Figure 6 shows the diagram of a
combination that we may call the
thyratron induction motor. The tube
set takes the place of the rheostat
in the secondary of the induction
motor, but returns the power to the
line instead of wasting it. The
speed is controlled by a tap chang-
ing transformer, but for fine adjust-
ment it may also be controlled by
the thyratron grids.

Thyratron Synchronous Motor

Figure 8 shows the diagram of
the first 400 hp thyratron motor.
The tube set functions as a frequency
changer and the motor is structur-
ally of the type of a synchronous
motor. The motor speed is changed
by varying the frequency supplied
by the tube set. On the end of the

Fig. 9—Exciter for a machine that may be used as generator or motor
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motor shaft is a distributor which
controls the grids so that the tube
set functions as if it were a commu-
tator for the full power. From the
point of view of the distributor, the
tube set is a thyratron amplifier;
from the point of view of the motor
armature it is a commutator; and
from the point of view of the power
supply it is a frequency changer.
To distinguish from other types, we
may call this the thyratron synchron-
ous motor. We are thus utilizing
the structure of a synchronous mo-
tor, which is cheap and sturdy. But
instead of being able to use this
motor effectively only at full speed,
we give it the characteristics of a
d-c motor with high torque in start-
ing and acceleration and the ability
to run at any speed.

Power Transmission

Figure 9 shows a thyratron ex-
citer for a machine that may be
used either as a motor or a genera-
tor and may be operated either
above or below synchronism. Such
a combination may be used as a con-
necting link between two power sys-
tems which are not operated in syn-
chronization, or as a synchronous
generator for an a-c transmission
line of such a length that it is be-
yond the range of synchronous sta-
bility. Test developmental arrange-
ments have shown that there is no
technical limit to the length of a-c
transmission lines that may be built
in this way. In this there is a
temptation to let our imaginations
run away by saying that electronics
is the solution to the problem of
power transmission with alternating
current as well as with direct cur-
rent. We are then, however, con-
fronted with the hard facts that
even at present the limit of power
transmission is not technical but
economic. Whether this will be so
in the future and in what distant
future, we do not know.

For those of us who are interested
in electronic engineering it is there-
fore better to be satisfied that this
subject has fascinating possibilities
even if the most ambitious dreams
do not come true, and it is one of
the steps in electrical engineering
which are inevitable because of the
course taken in the physical sci-
ences since the beginning of this
century.
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Method of
stroboscopic

viewing the
pattern
drawn on the record

By WILLIAM F. WICHART

Psgychological Laboratory

Umnivergity of Southern California
Los Angeles, Cal.

turntabkle from the center pin in the
usual manner for recording. A thin
mixture of titanium dioxide in alco-
hol was applied to the surface of the
disc with a soft paint brush, starting
at the outside edge and extending
toward the center one or two inches.
The mixture dries rather rapidly
and leaves a dense white ring of pig-
ment on the outside of the disc.
Should the turntable be wowless,
and an accurately driven vibrating
stylus is pressed down for one revo-
lution on the prepared surface of the
bakelite disc, a sine wave pattern is
then recorded as a black trace on
white background. Driven directly
from the 60 cycle light circuit a reed

Turntable
WOBBLE

Indicator

only a wowless turntable. If the
speed of the turntable varies once
per revolution and always at the
same angular position the strobo-
scopic pattern stands perfectly sta-
tionary at the stylus, while 180°
from this position the pattern will
have a pronounced wobble back and
forth. The point of greatest wobble
merges gradually into the point of
no wobble.

Turntables in which the speed of
rotation varies in some irregular
manner will have an irregular wob-
ble. Therefore the stroboscopic pat-
tern varies irregularly even at the
point of application. This is often
the case with belt driven turntables.
In the use of this device it is not
difficult to be able to recognize the
characteristic pattern variations and
ascertain immediately the cause of
the difficulty.

It is worthwhile to mention an-
other application in the rapid timing
of high class belt driven turntables
by allowing the stylus to record for
about two revolutions before lifting
it, and noting the character and
amount of the overlap. In a few
moments one can obtain data that
otherwigse would require hours of

EVERAL months ago this labora-
tory was faced with the problem
of determining, with a considerable
degree of accuracy, the existence of
fluctuation in speed of rotation
(wow) of various turntable equip-
ments used for disec sound recording
and reproduction purposes.
The most desirable qualities of a
wobble indicator appeared to be the
following:

1. A fair degree of accuracy and
sensitivity.

2. A visual in preference to an
auditory method.

3. Simplicity and portability.

. Low initial cost.

5. If possible, the method wused
should accentuate or magnify
the fluctuations.

1N

The following device, we ‘believe, ful-
fills these requirements to a remark-
able degree.

A twelve inch uncut nitrate record
blank was duplicated in bakelite, and
clamped to the recording or playback

Turntable, recording stylus, and record upon which a black stroboscopic pattern
is traced for checking wobble of turntables

tuned to 120 vibrations a second is
used for a vibrating stylus.

When this record is viewed inter-
mittently at 120 times a second, it
will stand out with a startling ap-
pearance of solidity. The stroboscopic
viewing device consists of a small
synchronous motor driven from the
60 cycle line, and a slotted six inch
disc within a metal housing.

So far we have been discussing
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research with stop-watch and an
electric revolution counter.

QOutside of the limited field of disc
sound recording and sound-on-film
recording, the principle described
here has wide application to rotating
machinery research.

The equipment described has been
worked out with the co-operation of
the engineers of the Universal Micro-
phone Co., of Inglewood, Cal.
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Fig. 1—Warehouse entrance time delay opening and closing control

OOR opening was one of the
earliest applications of a photo-
tube because it was novel and had
popular appeal. Now it is used be-
cause it is practical, reliable, and
‘often shows a profitable return.
The first point to consider in se-
lecting the proper control is that
there are four types of doors, re-
quiring different types of mechan-
ical apparatus to operate them.
These are:

1. Swinging (hinged) doors
2. Horizontally rolling doors

3. Horizontally folding doors
4. Vertical roll-top metal doors

Devices for electrieally operating
each of these types of doors are
available. Electrically controlled
pneumatic operators are best suited
to swinging doors; motcr-cperated
devices are available for all types
of doors; thruster-operated devices
have been used for very heavy

14

hinged or horizontally rolling doors.
In the control schemes that fol-
low all references to ‘“door opera-
tors” infer that an “operator” is a
complete device, electrically con-
trolled, for mechanically opening
and closing a door and including
limit switches for open and closed
position limits of the door.

How is the Door to be Opened?

1. INSTANTANEOUS RESPONSE

is the simplest scheme. This method
will begin to open the door the in-
stant an object interrupts a beam
of light shining across the en-
trance.

2. DELAYED OPENING.

A common objection to the instan-
taneous response scheme is that in
some cases it is not desired to open
the door for a vehicle or a person

www americanradiohistory com

Consider these things

in

Applying Electronic

By W. I. BENDZ
Ilectronic Specialist
W estinghouse Electric & Mfg. Co.,
Boston, Mass.

passing quickly through the beam,
en route to some point other than
the doorway. The easiest method
of meeting this requirement is to
introduce a time delay relay be-
tween the phototube relay and the
door operator so that a person or
vehicle must wait and keep the light
beam interrupted for a period of
several seconds before the door
starts to open.

3. SIZE OF OBJECT.

Certain applications require that
the door be opened for a vehicle
but not for a person. This is accom-
plished by placing two light beams
in front cf the entrance and spaced
several feet apart. The relays are
so connected that the object must
be large enough to intercept both
light beams at the same time or else
the door will not open. A further
refinement of this scheme is to build
the control so that the object must
not only be large enough to span
both beams but must also pass the
beams moving in the proper direc-
tion, as toward the entrance and
not away from it.

The choice of opening scheme de-
pends entirely upon conditions en-
countered with each installation.
In general, the instantaneous re-
sponse scheme is usually preferred
for service garages, in which case
the purpose of an installation is to
open the door as quickly as possible
for the convenience of a customer.
The delayed opening scheme is par-
ticularly useful where physical con-
ditions necessitate that occasionally
an object pass through the opening
beam without entering the build-
ing. The scheme employing two
beams to take into account the size
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DOOR OPENERS

Fig. 3—Service garage entrance.

and direction of travel of an object
is advantageous where the entrance
of a building is on a public street,
and it is desirable to eliminate false
operation caused by people, inter-
cepting the beam.

Controls housed in water-tight case

How is the Door to be Closed?

1. BY PUSHBUTTON.

While there is no logical reason
why a door should be closed by
manually depressing a pushbutton,
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there are some who prefer this way.

2. INSTANTANEOUS CLOSING.

The most common method of closing
is to start closing as soon as a
vehicle has cleared the doorway.
However, this method is not used
for buildings of this type without
one of the protective schemes dis-
cussed below.

3. TIME DELAY CLOSING.
A very simple method of control is
to initiate the closing operation by
a time delay relay a definite time
after a vehicle has passed on
through the light beam which it
intercepted to cause the door to
open. This scheme does not use any
other form of protection to prevent
closing the door upon a vehicle. For
this reason it is applicable to in-
stallations such as a garage for a
fleet of trucks, or like applications
where a certain group of drivers
who are familiar with the apparatus
realize that they must continue
through the doorway within a rea-
sonable number of seconds, once
they have started. It is not the
scheme recommended for a service
garage where an unfamiliar person
might accidentally stall directly in
the doorway after having passed
through the opening light beam.
This method of control does
possess an advantage for installa-
tions where there is a heavy flow
of traffic at some particular time
during the day because it causes
less operation of the door since it
will remain open during the peak
periods of traffic and close automat-
ically as soon as traffic is less fre-
quent.

Protective Methods

1. DOORWAY BEAM.

The simplest protective scheme,
and one that is entirely suitable for
vehicular traffic, is to use a protec-
tive beam of light and phototube
relay directly adjacent to the frame
of the door and on the opposite side
of the door from which the opening
beam is placed. This relay is con-
nected so that it is impossible for
the door to start to close until a
vehicle has cleared the doorway, or
if the door has started to close, and
the vehicle backs up, the protective
relay will cause the door to re-open
immediately, regardless of whether
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Fig. 4—Scheme for public building
entrances

an instantaneous or time delay
scheme is used to initially open the
door.

2. DIAGONAL BEAM.

A scheme that affords complete
protection employs a protective
light beam projected diagonally
through the doorway beginning at
a point outside near the opening
beam and terminating at a point
inside a safe distance beyond the
door. An object intercepting any
part of the diagonal beam prevents
the door from closing. Since the
door cuts the beam when it is par-
tially closed, a switch must be in-
stalled and wired so as to make the
protective beam effective only while
the door is fully open.

Two-way Traffic

While it is much preferred to ar-
range an installation for one-way
traffic having vehicles enter by one
door and leave by another, two-way
schemes are practical. The installa-
tion shown in Fig. 2 is a ramp to
the second floor of a warehouse by
which traffic enters and leaves the
upper floor. The control employs
time-delayed opening and closing to-
gether with a protective beam in
the doorway. Red and green traffic
signals inside and outside at the top
of the ramp automatically function
in such a way that a vehicle travel-
ling in one direction obtains the
right-of-way and signals a red light
to a vehicle that might approach
the other end of the ramp. This in-
stallation incorporates many un-
usual features and represents what
can be done with a complicated two-
way traffic problem.
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A typical installation of this type
is illustrated in Figure 3. For in-
side installations, a standard light
relay, and a light source with a
small transformer to supply low volt-
age for the lamp filament is suitable.
If the light beam is longer than fif-
teen feet, the phototube should be
mounted in a special phototube hous-
ing and connected with a relay
mounted nearby. For outdoor appli-
cations, the light relay enclosed in a
watertight case is best, Fig. 3. Such
applications will function for a sep-
aration up to a thirty-foot span.

an enclosure that harmonizes with
a building style and adds to the ap-
pearance of an entrance. One of
the well-known hardware manufac-
turers offers a complete line of elec-
tric door operators and hardware
for enclosing light sources, and
phototubes. The equipment consists
of brass, bronze, or aluminum posts
and rails, square or round, styled to
meet any possible requirement.
Most satisfactory performance of
such an installation is obtained
when the traffic is one-way, that is,
people enter by one door and leave

Fig. 5—Typical installation at entrance to public building

Control apparatus for these
schemes are usually built of stand-
ard relays enclosed in metal cabi-
nets and located wherever conven-
ient inside the building.

The entrance doors to public
buildings are hinged (swinging)
doors for which pneumatic opera-
tors are excellently suited. They
consist of a cylinder and piston to-
gether with an electrically con-
trolled air valve, and because of
their quickness of response, sim-
plicity, and ability to stand fre-
quent operation, they are applicable
for such duty.

The control requirements for this
service differ from commercial
buildings considerably. First of
all, the device must prevent a door
from closing on a person in its path
no matter what the person may do.
Second, the apparatus must be in

by another. Furthermore, doors
should open away from the direc-
tion in which a person is moving.
Sometimes building laws prohibit
an entrance door opening toward
the inside of a building. A compro-
mise can usually be reached by
using an operator that is equipped
with an “emergency release” which
is a mechanical device that allows
the door to be pushed outward, op-
posite to its normal direction of
operation, when sufficient force is
applied against the door.

How It's Done

The scheme of control frequently
used for entrance doors is shown in
Fig. 4. It will be noted that “A” is
the entering door and “B” the exit
door. The posts A-2 and A-4 (or
B-2 and B-4) contain a light source
and lens and project a beam of
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light focused on two photo-tubes
enclosed in post A-1 (or B-1).

A person entering the building
will walk between posts A-1 and
A-2 and intercept this light beam,
operating the photo-tube relay and
tripping the electrically controlled
air valve of the operator. The door
immediately opens, and as the per-
son steps forward, he also inter-
cepts the diagonal beam A-4 to A-1
(B-4 to B-1). This diagonal beam

is a safety beam and as long as it
is intercepted, it is impossible for
the door to reclose. By choosing the

out of the control circuit when the
door closes further than position
“AC”.

Several schemes are used to pre-
vent a person from using the wrong
doorway. Sometimes a rail or chain
is run from posts on the far side of
the door to the wall. Another very
effective means is to connect a flex-
ible chain or cord between the far
side of the door and a post, such as
B-3 to the door. When the door is
closed, the chain stretches across
its exit side, and a person instantly
realizes he should not use that

Stanley Works).
to fit in posts

proper angle for this beam, it can
be arranged so that a person will
intercept some part of it whenever
he is within the path of the door.
Since the door can not reclose
while either of beams A-1 to A-2 or
A-1 to A-4 are intercepted, ample
protection is afforded against clos
ing the door on a person either in
the doorway or readv to enter it.

Obviously the diagonal beam must
be made inoperative while the door
is closed or else the beam would be
intercepted by the door itself and
could never completely close. This
is accomplished by a switch in the
door-opening mechanism which
makes contact only between posi-
tions “Ac” and ‘“Ad”. The diagonal
beam relay is effective between
these two positions but is switched
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Fig. 6—Railroad station interior doors (courtesy The
At the right is a phototube unit
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door. When the door opens prop-
erly, the chain loops behind it and
is not an obstruction to the person
passing in the right direction.

The entire assembly consisting
of all amplifier tubes, photo-elec-
tric cells, and contrul relay is com-
plete and fits neatly into a pnst
36” high and 3” square or a post 4”
in diameter. There are no parts of
the photo-electric equipment out-
side of the post. Consequently, the
installation of such a unit is re-
duced to a minimum. This type of
relay is extremely compact which
makes for an inconspicuous and
neat installation as well as avoid-
ing the necessity for providing wall
boxes in which to house additional
equipment. By making watertight
joints in the post in which the relay
is enclosed, the unit will function
reliably out-of-doors.

Interior Doors

Interior doors of office buildings,
restaurants, libraries, etc., present
many useful applications. An ex-
ample is a doorway between an of-
fice and a laboratory, where it is
necessary to keep the office doors
closed at all times, yet there is a
considerable amount of traffic be-
tween the two rooms. Busy restau-
rants have installed operators on
doors between the main dining
room and kitchen. This is the scene
of many accidents resulting in ex-
pensive breakage of dishes, and the
benefits derived from automatic
cpening equipment are quite obvi-
ous. A very similar application is
the doorway between a library desk
and the book stock rooms.

Interior doorways are in most
cases the same as public building
entrances and use the same scheme
and equipment previously de-
scribed. In some cases it is not
necessary to use special hardware
in which to enclose the photo-
electric apparatus, and the stand-
ard industrial type units are en-
tirely acceptable. Then, too, the
doors are usually used by the same
group of persons who realize that
they are expecied to keep moving
through the doorway. For this rea-
son, the expense of using the di-
agonal protective beam may be
eliminated since there is ample
time to pass without being caught
by the closing door provided one
moves ahead at a normal pace.
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Cathode Ray Wave Form Distortion

REVIOUS work has been pub-

lished which shows that the trace
of an ultra high frequency signal
on the screen of a cathode ray tube
is unaffected by errors due to time
of flight of the beam electrons through
the deflecting field until frequencies
of the order of 10® cycles per second
are reached. The velocity of the
electron beam and the length of the
deflecting field both play a part in
determining the frequency at which
distortion becomes appreciable.
Libby* has demonstrated both mathe-
matically and experimentally that
the amplitude of the response on the
screen "diminishes with increasing
frequency until a frequency is
reached at which the response is zero
for any finite sinusoidal signal am-
plitude. At this frequency, the time
of flight of an electron in the beam
through the deflecting field is just
equal to the period of the signal.
His Fig. 2 shows clearly that, as the
frequency is increased even further,
the response becomes negative,
passes through a minimum, and then
increases to a second frequency at
which the response is again zero.

It is desirable to go beyond the
work of Libby and investigate the
type of distortion which the trace
of a non-sinusoidal signal will ex-
perience at very high frequencies.
First, however, it will be desirable
to derive a single equation which,
with the aid of a table of trigono-
metric functions, will yield directly
the response of a cathode ray tube as
a function of frequency.

In Fig. 1 is shown a schematic
diagram of a cathode ray tube in
which the essential dimensions and
voltages are indicated. Assume:
(1) the deflection plates to be short
compared to the tube length.
(g>>a)
the deflecting field to be uniform
between the plates and zero
elsewhere.
the average potential of the de-
flecting plates to be E..
the screen to be flat and perpen-
dicular to the gun axis.

Then by the laws of physics, the
force acting sideways on a particular
electron is eE4/h and imparts a side-

(2)

(3)

(4)
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ways acceleration to the electron as
given below:

(FU 'E{I

L ok (1)

where e/m is the charge to mass
ratio of the electron E; is the de-
flecting voltage and h is the separa-
tion between deflecting plates. By a
single integration of Eq. (1), the
sideways velocity imparted to the
electron is determined.

! ¢t/ 2Ewe/m g
L / iy @
i o mh

The time when the electron enters
the deflecting field is denoted by ¢, 2
is the distance the electron has

traveled and /2 E.e/m s its velo-

Fig. 1.

city toward the screen due to the
voltage E,. As the first goal in an
equation giving the response to a
sinusoidal signal, assume:

E; = 1 sin wt 13)

‘When Eq. (3) is substituted into
Eq. (2), the integration can be easily
performed.

dy _ 2e171 . wa
d Tzhw[wn <u¢+ Z\I/QEQ r/m>

wt
sin | —=—=—v 4)
2V2E ¢/ m

Eq. (4) gives only the sideways
component of the velocity. Looking
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again at Fig. 1, we see from similar
triangles that

b du fdx -

?— ala (5)
where dx/dt is the beam velocity as
it leaves the gun and can be calcu-
lated from the second anode voltage
E,. Hence: '

217 . . wa
b= —————sin (7). sin| ——————=
hw~'2Eym/e 2v2E.e;m
where T = ¢+a/2v 2Ese/m. (6)

To find the ratio C of the re-
sponse of a cathode ray tube at any
ultra high frequency to that at low
frequency, divide (6) by the well
known expression:

Schematic diagram of electrostatically deflected cathode ray tube

Va . _
buncorrected = g—hE‘ sin T (7)

for the deflection neglecting time of
flight. The phase difference between
b and E, being irrelevant, T has been
substituted for t. Then,

2v2Ese/m wa
== / sin

2V2E.e/m

= 1.89X 107 y Ea/fa. sin (3.03X105a/ \ Ex)
)

wa

If K, is expressed in volts, f in cycles
per second and «¢ in ¢m. the angle in
parenthesis is in degrees of arc. An
crdinary table of trigonometric func-
tions may be used in computing.
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Equation (6) which gives the re-
sponse of a cathode ray tube to a
sinusoidal signal of any frequency
contains only a sine term which is a
function of T. Therefore, the trace
on the screen is sinusoidal and suf-
fers only from amplitude but not
from wave shape distortion at ultra-
high frequencies. Such, we shall see,
is not the case with a periodic signal
of any other shape.

It is well known that any periodic
wave regardless of shape can be ex-
pressed as the sum of an infinite
number of harmonic frequencies
properly selected as to amplitudes
and phases. Such a representation is
known as a Fourier series and may
be expressed as

at Ultra High Frequencies

Upon comparing the term sin (not
+46,) of (10) with the term sin (noT
+ 6.) of (11), it is evident that the
trace on the screen will be free of
phase distortion between component
frequencies. As ¢t = O when T = O,
the position of the spot on the screen
will not be in phase with the instan-
taneous signal value. This is a matter
of no consequence. Assume:

¢, = 22Ee/m(, mes ) (19
nwa 2vV2Eze/m

then Eq. (11) becomes:

b= qV.,a+ ZquV'a

Ty A g, S (e T+ o)

(13)

n=1

Fig. 2. Schematic diagram of magnetically deflected cathode ray tube

Eq=V,+ Z Va sin (nwt + 6.) (10)

n=1

This expression for E, can be substi-
tuted directly in Eq. (2) and the re-
sulting expression integrated. By
the same reasoning used in connec-
tion with (58), an expression ana-
logous to (6) is obtained.

2V.g
hnwv2Em/a

n=1

nwa

sin (nw T+ ¢a). sin (2 vm) (11)

which, except for C,, is the form of
the equation which results if the
time of flight is neglected. The am-
plitude of each component frequency
is, therefore, diminished by the
amount given by C.. Under a partic-
ular condition of the voltage E. and
signal frequency, it is possible to
have a harmonic absent from the
trace on the screen which is present
in the signal. For instance, under
proper conditions, the fifth harmonic
might be absent although the third,
fourth and sixth would be present
with diminished amplitudes. In this

case, bwa/2\/2E.e/m = r radians. It
is to be noted, however, that, if
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Hygrade Sylvania Corp.
. Marys Works
St. Marys, Pa.

wa/2\/2E.e/m == (or some mul-
tiple thereof), C, =0 for all values
of n. Hence, for this condition, only
the d-¢ component of the signal ap-
pears on the screen. In other words,
the frequencies at which the response
passes through zero are independent
of the periodic wave form of the
signal.

The case of magnetic deflection
can be dealt with very briefly. In
Fig. (2), the following assumptions
are made:

(1) H, the magnetic field, is perpen-
dicular to the paper.

(2) H is confined to the space be-
tween the dotted lines separated a
distance a apart.

(3) ¢g>>a.

(4) The length of the electron path
within the deflecting field is inde-
pendent of the deflection.

It is well known that an electron
traveling in a magnetic field perpen-
dicular to its velocity tends to travel
in a circular path of radius (7)
where

r V2E;m/e
If ds is an element of electron path
within the field, the angular dis-
placement of the electron is
_d_s _ Hds (15)
r Y2E:m/e
Since the electron velocity remains
constant as determined by the second
anode voltage

ds = V2Ese/m di (16)

The angle a can be determined by
substituting (16) in (15) and inte-
grating.

/‘¢ + o/ V2Ewe/m
o
»

Again ¢ is the time when the electron
enters the deflecting field. If it is
remembered that a = b/q, it can be
seen that essentially Eq. (17) differs
from Eq. (2) only in that H replaces
E.h.

H(e/m)dt (17)

(Continued on page 29)
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Snow-static studies are carried out in this flying laboratory of the
United Airlines. On the bench are automatic recorders for correlating
static levels with weather conditions

EW radio engineers outside the

aircraft industry realize the ex-
tent to which the commercial air
lines are now utilizing radio facili-
ties for maintaining the regularity
and safety of their services. Equip-
ment in the planes and on the
ground has been expanded to in-
clude such refinements as simultane-
ous transmission of voice and range
signals, the voice reporting weather
information, while the radio range
provides beam signals for navigation.
As adjuncts to the radio range sys-
tem, newly developed ultra-high fre-
quency services are now being in-
stalled. Among these are the “cone-
of-silence’” marker, which gives the
pilot a positive indication of the loca-
tion of the radio range transmitter,
and the “fan-type” marker which
acts as a location marker along the
beam itself. Experimentation with
“blind-landing” systems has reached
a point where commercialization is
not far off. The Army has been
successful in taking an airplane off
the ground, flying it over a pre-ar-
ranged course, and landing it again,
all by radio control and without a
person on board.

With this increase in available fa-
cilities have come corresponding im-
provements in the equipment used,
and great progress in connection
with such transmission problems as
static, skip-effect, and other vagaries
of transmission which make radio
unreliable. Nor has this develop-
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ment been limited to the air lines
alone. Equipment is available for
the private flyer in a wide variety of
shapes and sizes. To add to the ef-
fectiveness of this equipment, the
Government is now establishing cer-
tain “watches” during which govern-
ment radio stations will listen on the
bands assigned to itinerant flyers,
ramely, 3,105, 3,120, and 6,210 kc.
Frequency measuring services are
now available so that the private
flyer’s transmitter can be properly
lined up at appropriate intervals,
and arrangements have been made
so that the airline transmission fa-
cilities may be used by private fly-
ers upon the payment of a standard
fee.

The Snow-Static Problem

The most difficult obstacle in the
way of radio reception under all
weather conditions is ‘“‘snow-static,”
a general term for static caused by
charged particles, whether they be
particles of dust, snow, sleet, rain
or fog. Snow-static usually has a
continuous hissing character, and
may have a definite pitch which runs
up and down the scale. It appears
usually when conditions are other-
wise difficult, and when the pilot is
relying completely on his radio for
navigation or communication. Its ef-
fects are particularly troublesome in
the 200 to 300 kec. band in which the
beam signals are sent. For this
reason much effort has been expended

wWWw americanradiohistorv com-—_

Developments

by several of the leading airlines’
radio laboratories (particularly those
of the Transcontinental and Western
Air and the United Air Lines) to
track snow-static to its lair and to
find means of minimizing it.

The first successful attack on the
problem was made by means of the
shielded anti-static loop, which has
recently been listed by the Bureau
of Air Commerce as required equip-
ment on all commercial air lines.
The loop is of circular shape, vary-
ing in size from 10 to 15 in. in diam-
eter and is enclosed in a circular
metal tube, the tube being continu-
ous except for a short section which
is made of insulating material. The
presence of the insulation prevents
the shielding from acting as a
shorted secondary turn on the loop.
and allows the electromagnetic com-
ponent of radio reception to influ-
ence the loop, while effectively shield-
ing it from electro-static disturb-
ances. When the pilot runs into
snow-static, he switches his receiver
from the conventional straight-wire
antenna to the loop.

Keying mechanism of the new
Floyd Bennett radio range beacon.
The black discs have cam outlines
for the A and N signals and for the
identification signal ""FB*
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1n Aircraft Radio Area

New services for communication and navigation, on long

as well as ultra-short waves, have permitted more regular

schedules in airline operation without decreasing safety

The purpose of the loop is primar-
ily that of improving signal-to-noise
ratio, but the fact that it is a
loop antenna, makes it available,
in addition, for direction finding.
Through the use of a rotating
loop the pilot is able to take direc-
tion finding “sights” on stations
within range, and by performing a
triangulation problem can ascertain
his position with a fair degree of
approximation.

Unfortunately the  anti-static
shielded loop is not effective in all
types of snow-static, and on occasions
it fails to produce much improve-
ment, especially when the static level
is very high. In order to investi-
gate further this effect, an engineer-
ing party composed of men from the
United Air Lines, the Bell Telephone
Laboratories, the Bendix Corpora-
tion, and physicists from Purdue,
Reed College and Oregon State un-
dertook last year a comprehensive
static survey in the Pacific North-
west. One of the conclusions of this
survey is that much of the static is
caused by the discharge of electrie-
itv. from the trailing surfaces of
the ship, i.e., from the tail and from
the after edges of the wings. These
experiments also suggested a very

novel means of improving the signal,
relative to the noise caused by this
component of the static. This method
consists of trailing a fine wire from
the tail of the ship, the wire being
supported at the end of a heavier
wire about 50 ft. long. Between the
fine wire and the heavy wire is
placed an ordinary suppressor re-
sistor, of the kind used to reduce
ignition static. Because the radius
of curvature on the small wire is
smaller than that of any part of the
plane, including the larger support
wire, the greater part of the dis-
charge takes place from the fine
wire. The oscillatory currents aris-
ing from the discharge are prevented
from re-entering the plane by the
presence of the suppressor resistor.

Advances in Communication
Equipment

The transmission of messages to
and from the plane, has been im-
proved greatly in reliability. Part
of this improvement is the result
of increases in power, both in the
plane transmitters and on the
ground, which has effectively lowered
the noise level. One manufacturer
has offered a heating device equipped
with a thermostat which maintains

For easy tuning at high frequencies, aircraft receivers may be obtained

with crystal controlled oscillators, one crystal being required for each

desired frequency. Below is a typical RCA receiver chassis containing

Note the holes cut from the chassis to reduce
weight

a crystal mounting.

- - S
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The shielded

required
equipment on ail transport planes,

loop, now

reduces snow-static by allowing

only the magnetic component of

the incoming wave to affect the

receiver. Note the insulation seg-

ment at the bottom of the loop
housing

the interior of all radio cubinets at
a constant temperature, thereby re-
moving the cause of failure due
to moisture collection. Very small
and efficient transmitters, especially
suitable for private planes, have been
constructed with beam power tubes,
acting as a crystal controlled oscil-
lator and modulator.

There is at present a division of
opinion as to whether the rotating
generator or the vibrator is the more
desirable type of power supply. Most
commercial transports also have an
auxiliary battery supply, used for
emergency purposes only.

Receivers are almost universally of
the superheterodyne type, and many
of the newer models have complete
wavelength ¢overage from 150 ke. to
15,000 ke. While most all of the re-
ceivers provide a continuous tuning
range from the lowest frequency to
the highest, it is common to experi-
ence difficulty in setting the receiver
directly on an assigned wave length
above 2,000 ke. To aid in this ad-
justment, several manufacturers
have offered receivers containing
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Navigation position in American
Airlines test plane, fitted with the
L.M.T. rotating-loop compass. The
moterlike objects are phase difier
ence indicators which show the
bearing of the incoming signal

Typical receiver and transmitfing

equipment, Bendix receivers (left)

and transmitter installed in a Lock-
heed 14 plane

crystal controlled oscillators, which
“lock-in” at certain pre-arranged
frequencies, one crystal being neces-
sary for each frequency desired.

On the border line between com-
munication and the navigation radio
service is the newly developed si-
multaneous radio-range and weather
reporting stations which transmit
beam signals and voice at the same
time. Formerly it was customary
to silence the radio range signals
during the broadcast of weather
reports, since the weather broad-
cast stations and radio range sta-
tions are assigned to the same fre-
quency in any given locality. To
enable the radio range system to
operate continuously, the radio range
carrier is modulated at 1,020 cycles.
On the same carrier voice modula-
tion frequencies from 50 to 4,000
cycles (except between 830 and 1,252
cycles which are suppressed by
means of a filter) are transmitted.
The removal of this band of frequen-
cies from the voice does not seri-
ously interfere with its intelligibil-
ity. In the plane’s receiver filters
are also required to separate the
voice from the radio range. Filters
for this purpose have been developed
in exceedingly small size, weighing
only 31 lb. and mounted in a box
23 x31 x5 inches. With a switch
having three positions, it is quite
possible to direct the range signals
to one pair of headphones and the
weather signals to another, so that
the co-pilot may keep tabs on the
weather, while the pilot is following
the beam.

The major airports of the country
are now equipped with airport traf-
fic control stations, operating on 278
ke., . which contact each radio-
equipped plane as it comes within
the vicinity of the airport and di-
rects its movements thereafter. Sev-
eral ultra-high frequency channels
have been reserved for this service,
since it is essentially a local service
in which ultra-high frequencies could
be used with maximum freedom from
interference effects. These channels
are located in the range between 126
and 132 me. Still other frequencies at
33.42, 35.8, 37.86 and 39.06 mc. have
been reserved for local service in
instructing student pilots during
their first solo flights.

Radio Aids to Air Navigation

Foremost among the navigation fa-
cilities now in use in this country is

www americanradiohistorv com

the radio range beacon system oper-
ated by the Bureau of Air Commerce.
Each radio range station transmits
directional signals along four
courses, two of which are along the
regular airway, the other two being
for cross airway flying, or in rare
cases to mark intersecting airways.
In two opposite quadrants the signal
A is sent by a directional antenna
system, while in the remaining quad-
rants the signal N is transmitted.
At the boundaries between the quad-
rants the A and N signals synchron-
ize to produce a continuous tone,
which is used by the pilot as a guide.

Following the beam, the pilot hears
the continuous tone of the beacon un-
til he is immediately over the towers
of the station. At this point the
signal suddenly ceases for a short
interval, while the plane is traveling
in the so-called ‘‘cone-of-silence” di-
rectly over the towers. This silent
region is used to determine the exact
position of the plane relative to the
airport. One of the difficulties of
this mode of operation is the fact
that silence is a negative indication
and may be occasioned by momen-
tary failure in either transmitter
or receiver, thus producing a false
cone-of-gilence indication. To guard
against this, the Bureau of Air Com-
merce is installing a number of
ultra-high frequency beacon stations
called “cone-of-silence markers”,
which are intended to give a definite
indication to the pilot when he passes
over the towers of the radio range
station. These marker transmitters
operate on 75 megacycles with an
output power of 5 watts and emit a
continuous modulated signal of 3,000
cycles.

Another type of ultra-high fre-
quency marker is used between radio
range stations and at the edges of
airports. This is a so-called “curtain”
type operating like the cone-of-si-
lence marker on 75 megacycles but
with 100-watt power. The antenna
of this type of marker consists of
four half-wave radiators arranged
horizontally end to end in the direc-
tion of the radio range course. All
of these radiators are fed in phase,
by the use of quarter-wave lines,
producing a signal having a fan-like
or curtain shape. The plane of the
fan is at right angles to the radio
range course, and extends about 12
miles wide at 3,000 ft. altitude and
about 3 miles thick. The receiver
produces both an oral and visual in-



dication when the plane passes
through the curtain.

In addition to these navigation ra-
dio facilities along the airways a
considerable development is now un-
der way to improve the navigational
facilities directly at the airport.
Since 1933 much effort has been di-
rected toward the development of a
fool-proof “blind-landing” system. A
modification of the original Bureau
of Standards system, developed by
the Lorenz Co., in Germany, and dem-
onstrated at the Indianapolis airport
last summer, consists of a transmit-
ter feeding a half-wave vertical
radiator with 500 watts at 33.3 mega-
cycles. On either side of this half-
wave radiator are two unenergized
di-poles with shorting relays, keyed
with the A and N signals, at
the center of each. The pilot picks
up the main beam and proceeds to-
ward the airport following the con-
tinuous signal. At 10,000 ft. from
the airport a separate channel in
the same receiver picks up a signal
on 38 megacycles which is being di-
rected vertically from the ground by
a 5-watt transmitter modulated at
700 cycles. Through a rectifier and
relay system, the signal actuates a
lamp on the dashboard indicating to
the pilot that he is on the beam and
2 miles from the edge of the air-
port. The pilot then begins to lose
altitude at a fixed rate. By the time
he reaches the edge of the airport
he is about 50 ft. from the surface
of the ground. At the edge of the
airport another marker transmitter
supplies him with a 38-megacycle
signal but modulated at 1,700 cycles
which operates through a filter rec-
tifier relay to flash another lamp on
the dashboard. The pilot then is
ready to commence the glide to the
surface of the airport proper. He
may perform this glide in one of two
fashions. In the first, he simply
loses altitude, with the ship held in
landing position, until the ground is
visible or until the wheels strike
ground. In the other, the pilot fol-
lows indications of a volume indica-
tor on the receiver, which is set to
indicate a definite leve]l of signal
strength. The beam transmitted by
the 500-watt transmitter is so ar-
ranged that a locus of constant signal
strength is set up along the beam,
the locus coming close to the ground
as the plane nears the transmitter.
The pilot, by following this locus of
constant signal strength on the vol-

Compact and completely seli-contained, this Lear transmitter employs

beam power tubes throughout, has a generator type power supply
unit mounted between the master oscillator and the modulator and

ume indicator meter can perform a
glide to the ground entirely without
reference to ground itself. To guard
against failure in the system, due to
changes in transmitter power or re-
ceiver sensitivity, each transmitter
is carefully monitored, and the sig-
nals are brought to a central moni-
toring panel in the control tower of
the airport from which the radio con-
trol operator may inform the pilot if
any part of the system fails to func-
tion.

Still more recent experiments in
blind landing systems have been per-
formed by the National Bureau of
Standards. One such experiment is
an ultra high frequency antenna op-
erating underground in the center of
the airport which is capable of estab-
lishing a satisfactory landing beam.
One of the first installations of blind
landing intended for commercial test
purposes is that installed at the Pitts-
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amplifier tubes

burgh Airport by the Washington
Institute of Techmology. The even-
tual aim of this development is the
coupling of the receiver relays to the
automatic gyro pilot, so that a land-
ing can be made completely auto-
matically, with no attention except
the supervision by the pilot.

The directional aspects of these
facilities are controlled from the
ground. It is also possible, of course,
to install in the plane a direction-
finding system which will allow the
pilot to perform caleulations based on
triangulation taken with the aid of
a loop antenna. This system has
been widely used by the private fiyer,
and a considerable number of air-
craft direction finders have been sold
to this class of pilot. Receivers used
tune not only to regulation aircraft
frequencies, but also to the broad-
cast band so that with proper pre-

(Continued on page 52)
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KDKA's New
Antenna Reaches

ABOVE

Section by section the tower rose in height. One
of the steel sections on the way up guided, and
rode, by riggers

RIGHT

When the iadividual sections were raised, steel
riggers rode with them, each day going higher
until the towe:r reached 710 feet

INSERT

The antenna about cne-third its finished height.
At the top are the steel riggers and the wooden
boom used to raise sections of the tower
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for

Clouds

ABOVE

Triangular section of the new tower with welded sup-
porting members gives camera man a shot in the new
mode of photographv

LEFT

The tower rests on this man-size insulator. Man
is H, W. Irving, chief operator at Saxonburg

BELOW

Forged Steel turnbuckle will withstand pull of
100,000 pounds. Antenna is 5 feet wide, weighs
60 tons, delivers 284 mv/m at 1 mile
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Time Delay in

Resistance—Capacity Circuits

Fig. 7. Loaded supply circuit (A) and its equivalent (B)

N THE February 1937 issue of
Electronies, the authors presented

exact formulas and approximations
for determining the net timing of
circuits comprising two stages of
resistance-capacity filtering. Curves
were given showing the character-
istic rise and fall of voltage at the
output terminals in response to a
sudden change at the input.

The principal application of such
filters is in conjunction with recti-
fiers, where the purpose is to obtain
a current proportional to the en-
velope or rectified value of a current
of higher frequency. The most com-
mon case is the detection or demodu-
lation of a radio frequency carrier,
but in this instance the problem of
filtering out the carrier without
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appreciably distorting the audio fre-
quency waves is generally made com-
paratively easy by the large ratio
of carrier to modulation frequency.

In practically all of these applica-
tions, the rectifier, with comparative-
ly low conducting resistance, charges
a condenser. When the modulation
falls, the rectifier resistance is prac-
tically infinite for reverse current.
Thus the speed of response of the
system must be separately calculated
for charge and discharge.

Rz Rz |~,.

Fig. 8. Loaded tube circuit (A) and its equivalent (B)

If the rectifier impedance may be
assumed to be infinite during the dis-
charge period, the circuit is simple
and its timing easy to calculate.
When the rectifier is conducting a
number of circuit elements enter
into the net charging resistance. For
simplicity, the rectifier and its asso-
ciated circuit may be represented by
means of equivalent circuits. Before
attempting to show the circuit
equivalents for rectifiers. it will be
well to establish some general rela-
tions in accordance with which some
simplified equivalents may he drawn.

For estimating the time constant
of a condenser which is being
charged through some supply cireuit,
or for making calculations involving
power transfer from one circuit to
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another, the impedance of both cir-
cuits as measured from the connect-
ing terminals, must be known. This
may call for arbitrarily separating
the entire network into two parts,
one of which is considered to be the
load or receiving, and the other, the
supply circuit. Frequently the supply
circuit will then consist of the branch
from which the power comes, plus
one or more others which are loads
across the actual supply branch. For
example if a tube is supplying audio
frequency power, it may be loaded
by a plate resistor, or other imped-
ance, but the entire combination con-
stitutes the supply circuit furnishing
power to the load. Under such con-
ditions the impedance of the circuit
is that of all of the branches in
multiple, regardless of which are in
fact supplying and which are absorb-
ing power. This assumes that such
passive branches have impressed
across them the full voltage develop-
ed across the terminals of the active
branch.

In.Fig. 7-A the total current I,

will be I; 4 %
¥

Internal resistance
of fube 2
e

and total supplied voltage
Ei=By + LRi=Fx + (%Z) R + LR,

whence E’z(l 4 %l—) =E, —LR,
2

or
E.=

E, R ER, RiR,
= I =2 (1
(LB RO R R CRAR &
+ R + Ry

These equations indicate that the
voltage E. across the terminals of
the supply circuit is the same as
would result from supplying a volt-
E\R,
Ri\+R,y
as shown in Fig. 7-B.

It is obvious that a third resist-
ance can be added in similar man-
ner, or that the same principle can
be extended to as many branches as
desired. Thus a vacuum tube with
plate resistor and with a loading
resistance such as shown in Fig. 8-A
would have the impedance corre-
sponding to all three resistances in
multiple as indicated in Fig. 8-B.

Making use of the foregoing prin-
ciple, the driving tube plate resist-

R:R,

through a resista
oug istance 7 "

age

ance R, and plate supply resistance
R; may be combined with a single
resistance R,. With this simplifica-
tion the resistance coupled rectifier
in Fig. 9-A, may be represented by
Fig. 9-B.

For an approximate analysis of
the action of the circuit shown in
Fig. 9-B, it seems simplest to assume
that the impressed voltage and cur-
rent are squars waves. We shall
make the further assumption that
the reactance of the blocking con-
denser is zero, and the capacity C is
so large as to have negligible react-
ance. For working out the voltage
and current relations it is necessary
to consider only what happens during
one or two cycles, at any stage of
the operation of charging the con-
denser. If, as is usually the case, a
large number of cycles are required
to charge the condenser, the back
em.f. during such a small interval
will be substantially constant. The
voltage across the condenser at the
time under consideration is desig-
nated by E..

Assuming a voltage E, across the
condenser and a d.c. charging current

mﬁw——l

Rectifier

Egquivar/an? charging resistance

Fig. 9. Rectifier circuit ond charging circuit of same

impedance
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Fig. 10, Resistance-capacity coupled rectifier with condenser
and discharge resistances
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Discharga

Fig. 12. Transformer coupled rectifier

I, is being supplied, we can calculate
the magnitude of the alternating volt-
age at the source, F,, and the expres-
sion for the relationship between FE,,
I; and E; will show the effective re-
sistance of the circuit including the
rectifier, through which the con-
denser is being charged.

The assumption of a square wave
alternating current plus the condi-
tion that for a half cycle there is no
current through the rectifier, means
that the direct current I, and alter-
nating current I, at this point are
equal, giving a total current of
I, + I/ = 2I, for the positive half
cycle, and I,— I, = 0 for the nega-
tive half cycle. While the current
21; is flowing through the rectifier
the voltage across the rectifier and
load C will be F, + R, X 2I,. The
direct current, I,, must return to the
point D through the resistance R,
and this requires that the point D
be maintained at an average poten-
tial equal to IR, negative with re-
spect to F', which voltage is built-up
across the blocking condenser. The
alternating voltage at the point D

28

(referred to F') is determined from
this average potential (—I,R,) and
the maximum positive value E, +
2 LR,, The alternating voltage Iis
therefore

Ey'=E, + 2I1R; + LR,
= E3 + 1; (Rz + 2R3) ........... (2)

In addition to the direct current
I, which flows through R,, the voltage
E,/ will cause an alternating current
E,/R, through R, Then the total
alternating current which the gen-
erator must supply will be

gy B B
I'=I + 72 =I; + i
E; + I3 (R: + 2Rs)
R,

_ B Ry+2R;
— +13<1 4 o2 ) ............. @)

=I;+

The voltage which the generator
must supply is
E/'=E) + I'R\=E; + I;(R: + 2Rs)

+ Ry{IE\—,: + 13<1 + Mﬁ)l

R {
- E3<1 + 1%)

Vi
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Fig. 13. Full wave rectifier

4 IS{R, +<1f2 + 2Rs><l + %)} ()

or dividing by 1 + % and solvivg for E;
Ry
Rl +R‘J

RIRR } -4
-’a{m t Rt

E3=E|,

The effective supply circuit resist-
ance is

R\R,
B+ R,

The equivalent circuit is shown in
Fig. 9-C.

For determining the time constant
of a condenser, charged through a
resistor, it is usual to consider that
the voltage applied to the resistor is
suddenly changed from 0 to E, or
vice versa. The equivalent assump-
tion when a rectifier is included in
the circuit is that the alternating
voltage is suddenly changed from
0 to E, or vice versa, Since in circuit
9-B the rectifier does not appear
as such, the condenser charging is to

+ R+ 2R3
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be calculated on the basis of a sud-
denly applied direct voltage, but it is
evident from Fig. 9-A or B that the
rectifier will prevent the condenser
discharging through the same path.
It is usual to provide a discharge re-
sistance R, of Fig. 10.

The equivalent of Fig. 10-A is
Fig. 10-B while the condenser is
being charged. When the rectifier
is inactive and the condenser is dis-
charging the equivalent is simply the
one discharge path R, indicated in
Fig. 10-C.

Again for simplicity, assume a
square wave of impressed voltage.
During the positive half cycle the
alternating and direct currents add,
and since again they are equal, the
current through the rectifier is
I,+ 1, =21, and A is positive with
respect to B by E, -+ 2I,R, Since
there can be no steady voltage dif-
ference between A and B, the neg-

we have Fig. 11-B for the equivalent
of Fig. 11-A during charge, while,
as before, the discharge equivalent
includes only R,, as indicated in Fig.
11-C.

If the rectifier is fed through a
transformer whose resistance to the
flow of direct current in the second-
ary is negligible, the case is practi-
cally equivalent to that just consid-
ered, of a reactor and blocking
condenser, except that if the trans-
former is of some ratio, instead of
unity, the primary circuit resistance
must be multiplied by n®. The circuit
and equivalents are illustrated in
Fig. 12.

If a full wave rectifier is employed
as indicated in Fig. 13, the factor 2
by which the rectifier resistance R,
has been multiplied in the previous
cases is omitted, since one or the
other of the rectifiers is working for
each half wave of the applied voltage.

Fig. 11, Capacity coupled rectifier with inductance by-pass

ative swing of A must be the same
as the positive swing, so that

E2’= Es + 213R3 ........................ (6)

Since the choke takes no alternating
current, the current through the
blocking condenser is I/ = I/ = I,
Then the generator must supply a
voltage

E/=E'+1I'Ri=E;+2LR; + L R,
=Es+2LR; + IiRi=E+ L{(Ri+ 2Rs). . (7)

Again combining the discharge
resistance R, with the net resistance
during charge of the rectifier circuit,
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In the foregoing, the assumption
that the rectifier carries current half
the time, resulted in the rectfiier
resistance being multiplied by 2 in
the equivalent circuit. If the total
rectified current must be passed in a
smaller fraction of the time the
momentary current must be higher
and the voltage drop correspondingly
greater. Therefore, as previously
explained, the rectifier resistance is
multiplied by a factor A which may
be as low as 2 but is in general
higher depending on what fraction
of time conduction is taking place.

wWWw americanradiohistorv com

Correction

There is an error in sign in equation
(11) of the article, “Time Lag in
Resistance-Capacity Filters”, by Kel-
logg and Phelps, in the February issue
of Electronics. It should read

0382t _ 2611
e =0.724Ec ¢ 4+ 0275E¢ 1

Cathode Ray
Wave Form
Distortion

[Continued jrom page 19]

As any periodic signal can be rep-
resented by a Fourier series of this
type

H=A,+

n=1

A, sin nwt

(18)

any equation for the magnetic case
can be obtained from the similar one
for the electric case by merely re-
placing V,/h by A, and V./h by An.

The following general conclusions
can be drawn regarding the response
of a cathode ray tube at ultra high
frequencies,

(1) The response of a cathode ray
tube to a sinusoidal signal suffers
only amplitude diminution as pre-
dicted by equation (9).

(2) The trace of a periodic signal
containing harmonics of the funda-
mental suffers no phase distortion,
although amplitude distortion exists.

(3) Each harmonic in a periodic
signal suffer amplitude diminution
as though it were sinusoidal signal
of frequency nf = nw2n.

(4) The response to a periodic sig-
nal of any wave form is zero pro-
vided oa/2\/2E.e/m =x or some
multiple thereof. The frequency of
the fundamental is assumed to be
/27,

(5) The response of a magnet-
ically deflected cathode ray tube suf-
fers the same amplitude diminutions
of harmonic components of a periodic
signal as does an electrically deflected
one. Furthermore, the frequencies
of zero responses are the same if the
lengths of the deflecting fields and
the beam velocities are the same,

1Libby. I.. L.: Cathode

Ultra High IFrequencies;
Sept. 1934,

Ray Tubes at
Electronics 15-17,
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Rotatable Antenna

at PCJ
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General view of the rotatable beam

R ADIO Works, Eindhoven Holland,
started the first short-wave broad-
cast. The 30 meter transmissions
were specially intended for the Dutch
Indies. The transmitter was an ex-
perimental device in the Philips Lab-
oratory. It was shown that a reason-
able reception was possible. In the
beginning there were only occasional
transmissions, but gradually the
transmissions of PCJ grew into a
regular service.

In the Indies special troubles were
encountered, caused by exceptionally
bad atmospheric conditions. So an
increase in power of the transmitter
was planned. The limits of possible
power were rather narrow however.
The bigger transmitter was moved
from the Philips Laboratories to
Huizen at the coast of the Zuiderzee.
Soon the want of more power was
felt again. The possibility of a beam
aerial directed to the Indies was con-
templated. But, then, it was found
necessary to give transmissions for
other Dutch speaking countries in
the West Indies and South Africa.
So the construction of a beam be-
came the question of a great number
of beams. A possibility was the con-
struction of a moderate number of
beams with rather wide angle of
radiation thereby losing a great
part of the effectiveness—or con-
struction of a large number of beams
with very narrow angle of radiation.
The last solution was the best, but
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By D. J. FRUIN

Hilversum, Jolland

was found impossible on account of
the enormous cost of the beams and
the very large area necessary.

So a daring plan was contemplated
-—the erection of one very narrow
rotatable beam. The entire mast
structure had to be self-supporting
and had to be mounted on a kind of
turntable. An additional difficulty
was the fact that the mast had to be
constructed of wood so as not to
spoil the directivity.

At last the constructional troubles
were overcome and the antenna was
erected. First a big circular founda-
tion of concrete was laid, to a depth
of 2.5 meters. In the foundation two
circular rails were mounted with dia-
meters of respectively 45 and 18
meters. In the center of the circle a
very heavy vertical spindle was put
into a concrete block of 20 cubic
meters. This spindle is the center
around which the structure rotates.
The rails and the center can be seen
in the illustration. Now a steel bridge
weighing 95,000 kg. was laid across
the rails and resting on 8 wheelcases.
On each side of the bridge there are
four wheelcases, two on the inner and
two on the outer rail. On the bridge
two square self supporting wood
masts were erected. The distance of
the feet is about 14 meters. The
height is more than 60 meters. On
the top of the masts is a cross with
four arms consisting of four plat-
forms on which a man can walk.
From the tips of the platforms the
antenna wires are suspended. Four
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Beam is rotated until it aims radia-
tion in the desired direction

antennae on one side are the trans-
mitting wires and the other four
are the reflectors. Strictly there are
no antenna and reflector wires. To
secure a very sharp directivity it was
found desirable to feed the reflectors
as well as the antenna wires. Thus
there are 8 vertical antenna wires,
each divided into three parts, each of
which is a dipole and, therefore,
there are 24 dipoles.

The weight of the masts is 18,000
kg. each so the entire structure has
a weight of 130,000 kg. It is calcu-
lated that in a storm the pressure
on one foot of the tower can be
48,000 kg. To prevent the possibility
of the wind blowing the structure
down each wheelcase has two heavy
steel clampings grasping the rails. In
practice the antenna will be turned
by a motor.

The beam has an angle of radia-
tion of only 15 degrees giving an
effective increase in power of 24
times or the equivalent of a non-
directive aerial radiating a power of
1500 kw. The wave length is 16.88
meters.

Manpower will be replaced by a motor for moving the antenna
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Single-unit Video Converter

A signal-to-sight transducer, incorporating all cathode ray tube circuits, ready to
operate directly from the video output of a second detector. Unit separates sync signals,

generates sweep voltages, amplifies them for electrostatic deflection. modulates grid, and

provides power supply

EVELOPMENTS of the past

few years in television have
gradually crystallized the design of
television receiving equipment into
a logical order which divides the
unit into a number of chasses with
a minimum of wires, particularly sig-
nal leads, running from one chassis
to another. The demodulated video
signal, coming from the low im-
pedance output of the second detec-
tor, is in an ideal condition to be
transferred from one chassis unit
of the receiver to another. Transfer
of the signal previous to detection
is obviously impractical from an
electrical standpoint and would mass
a great amount of equipment on
the final chassis. If the video signal
were delivered to the cathode ray
tube and sweep circuits subsequent
to amplitude and frequency separa-
tion, separate leads to these cir-
cuits would be necessary for each
synchronizing signal and for grid
modulation.

The unit described here has been
designed to operate in conjunction
with video receivers in much the
same manner that some type of elec-
tro-acoustic transducer, such as a
loud speaker, is used in the develop-
ment of audio receivers to accomplish
the final translation from electrical
to acoustic energy. With this view
in mind, it has been designed to oper-
ate directly from the output of the
second detector of the video receiver.
The video signal then undergoes
amplitude and frequency separation
for synchronization and is at the
same time carried to the grid mod-
ulating circuit of the cathode ray
tube.

Amplifier Design

A complete circuit diagram of the
video chassis is shown in Fig. 1. In
the interest of simplicity the gas
discharge type of sweep circuit is

By G. ROBERT MEZGER

Allen B. Dumont Laboratories, Inc.
Upper Montclair, N. J.

utilized. It has been found that
this circuit synchronizes much more
easily than a hard tube sweep cir-
cuit and it has the advantage that
no wave form distorting circuits or
transformers are necessary in order
to obtain a sawtooth waveform.
Linearity is preserved by charging
the condenser C, from a high voltage
source at essentially constant current
through a high resistance consisting
of R. and R, Only a small portion
of the first part of the charging
characteristic of the condenser,
which is practically linear, is utilized
by keeping the bias and therefore
the output of the discharge tube
small. Synchronizing is effected by
applying a positive synchronizing
pulse to the grid of the discharge
tube. This pulse momentarily drops
the bias of the tube and causes it to
discharge slightly earlier than it
would if it were running free. The
effect of synchronization, then, is to
slightly lower the bias on the dis-
charge tube and thus reduce its
output. This effect becomes immedi-
ately apparent when a synchronizing
signal arrives at the grid of the
discharge tube by causing a slight
reduction in the pattern size on the
cathode ray tube. The input circuit
to the grid consists of a low resis-
tance potentiometer R, and the resis-
tance R, in series with the grid of
the tube. The high resistance of E.
serves to limit the peak positive sig-
nals which may be applied to the
low impedance grid circuit of the
discharge tube. The effect of this
resistance is to cause high positive
surges to be developed across itself
rather than across the grid of the
discharge tube which would drive
the grid positive and reduce the
output of the tube to zero.

ELECTRONICS — February 1938
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The high impedance output of the
discharge tube, which is essential
to preserve linearity, imposes cer-
tain requirements upon the input
circuit of the first amplifier stage in
order that satisfactory linearity may
be obtained. The time constant of C.
and R, should be at least ten times
the period of the signal which the
amplifier is carrying. This require-
ment becomes most important in the
low frequency sweep circuit where
the period of the signal being ampli-
fied is relatively long. At the same
time, the value of R, must not be too
small in comparison with the value
of the series combination of R, and
R.. If R, be too small in value, the
feed current to the charging con-
denser C, will divide between C,
and the shunt circuit to ground of C,
and R, in series, which will cause the
sawtooth wave to round off at the
top. This will be evident on the
screen of the cathode ray tube as a
bright line on the right or bottom
sides of the raster (line-pattern),
which is due to the delay of the
beam in slowly following the rounded
top of the sawtooth wave. Distortion
will also be caused at the input to
the first amplifier tube by excessive
capacitance to ground. Due to the
high impedance of this circuit, it
is not possible to use a capacitive
voltage dividing network in shunt
with the potentiometer R, since the
impedance of such a network would
place an excessive load upon the
plate circuit of the discharge tube.
Therefore, in order to reduce fre-
quency diserimination with voltage
division along this high resistance
potentiometer, the shunt capacitance
of the circuit must be at an ab-
solute minimum. It was found that
one source of such trouble was the
capacity of the potentiometer ele-
ment to its case. Removal of the
front plate on the unit disconnected
the shell from ground and intro-
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Fig. 1-—Complete circuit diagram of the converter, except power supply

duced comparatively small series
capacitance to ground which aided
materially in reducing the return
trace time of the sweep circuit.

Up to the grid of the first ampli-
fier tube, stray ecircuit elements are
most important in preserving a true
sawtooth wave, due to the required
high impedance of the circuits. The
first amplifier tube offers the first
place to change to a low impedance
circuit to minimize these difficulties,
and for this reason a comparatively
small plate resistor is used in this
and the following stage.

Push-pull deflection of the cathode
ray tube, at the high second-anode
voltages used on cathode ray tubes
for television work, is imperative
for two reasons. As the second anode
voltage of the cathode ray tube is
increased, the “stiffness” of the beam
increases so that a higher voltage
must be applied to the deflection
plates to obtain full scale deflection.
Since low impedance amplifier cir-
cuits must be used for linear ampli-
fication of the sawtooth wave, it is
desirable to use the lowest possible
plate supply voltage in order that
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tube life may be maintained and
power supply cost kept at a mini-
mum. Push-pull amplification will
permit twice the deflection voltage
obtainable from single-ended ampli-
fication at a given plate supply volt-
age. In addition, both deflection
plates of the cathode ray tube will
vary reciprocally in potential, which
will cause both plates to be at a
constant average voltage with respect
to the final anode. When using single-
ended amplification with one deflec-
tion plate tied to ground, and when
the high voltages necessary for full-
scale deflection with high final anode
voltages are applied, the free deflec-
tion plate must vary so far in poten-
tial from the fixed one to obtain the
necessary deflection that it begins
to operate as part of the electron
gun. As the beam then approaches
the end of its sweep it becomes more
and more defocused. With push-pull
amplification it is possible to retain
satisfactory focus over the entire
screen area at even the highest sec-
ond anode voltages.

The push-pull eircuit, as shown in
Fig. 1, obtains its signal 180 deg.

wWwWw americanradiohistorv com

out of phase, at the grid of the sec-
ond push-pull amplifier, from a volt-
age dividing network across the out-
put of the first stage. Tubes 7, and
T. thus supply push-pull voltage to
the deflecting plates. The network be-
tween tubes uses the resistance di-
vider R,, R, for division of the low
frequency, ‘“forward” portion of the
sweep, and the capacitance divider
C,, C, for division of the high-fre-
quency portion of the signal, which is
composed mainly of the return trace.
R, and R,, are designed to total to a
high resistance in order to reduce
the loading of the plate circuit of the
first stage, and they are proportioned
to deliver 1/u of the plate signal of
the first stage to the grid of the
identically designed second stage.
For proper division of the high fre-
quencies across this high resistance
combination, the capacitance C, is
chosen in value to be just enough
larger than stray circuit values that
the condenser may gain control of
the voltage division. C, is then made
p times the middle-range value of
C.. When these circuit elements are
all properly proportioned, a signal

February 1938 — ELECTRONICS



of exactly the same amplitude and
wave shape but 180 deg. in phase
from that on the grid of the first
stage (T.) should appear on the grid
of the second stage (T,).

Electrostatic Deflection

The amplifiers are connected to
the cathode ray tube in the manner
found in all electrostatic deflection
type oscillographs. The only precau-
tion necessary is that the deflection
plate decoupling resistors, R, and
R.. be large enough that the time
constant of the deflection plate
coupling circuit will not be too short
for the signal applied. Electrostatic
deflection of the cathode ray tube
was chosen here in the interests of
simplicity. It has been found simpler
to generate and amplify a pure saw-
tooth wave for electrostatic deflec-
tion than to provide the distorted
wave necessary for magnetic deflect-
ing coils.

Separation of Synchronizing Pulses

The synchronizing signal separa-
tor. as shown in Fig. 1, consists of
a diode T. which is biased to pick
off the synchronizing peaks and a
triode T, to provide phase reversal of
these peaks for positive signal syn-
chronization of the discharge tubes.
In addition the triode provides a
small amount of amplification which
may be useful in synchronizing the
sweep circuits at low signal levels.
In order that this unit may be used
with anyv phase of synchronizing
pulse which may be transmitted, the

Res Ll

input to the synchronizing signal
separator is taken from the same sig-
nal that is applied to the grid of the
cathode ray tube. Since in all in-
stances the synchronizing signal
must be negative at this point in
order to blank out the return trace,
a signal of this phase will always
be available to operate upon for syn-
chronization signal selection regard-
less of the particular type of trans-
mission in use.

The operation of the synchronizing
signal separator directly from the
diode detector as used in this unit
has resulted from an attempt to
eliminate all coupling condensers be-
tween the demodulated video signal
source and the amplitude separator.
Previous experiments with separa-
tors such as the positive grid triode
type have all resulted in the coupling
condenser between the video signal
gsource and the amplitude separator
assuming a charge in direct propor-
tion to the average picture modula-
tion. This slowly varying charge
caused the amplitude separation level
to shift with picture content and in-
troduced video frequency synchron-
ization into the high frequency syn-
chronizing circuit causing the ver-
tical sides of the picture to vary in
shape with the transmitted signal.
The direct coupling method used in
this circuit together with the diode
amplitude separator eliminates this
trouble and permits separation en-
tirely independent of the average
picture content of the video signal.

The bias for the diode amplitude

5
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separator is obtained from the drop
across R. caused by the cathode cur-
rent of the triode amplifier and
phase inverter. This bias puts the
plate of the diode negative with re-
spect to the cathode so that no signal
is passed until the cathode reaches
a minimum negative peak corre-
sponding to the amplitude of the
synchronizing pulse. Voltages above
this negative peak are amplified,
changed in phase by the triode stage,
and then fed to the frequency dis-
criminating network which sepa-
rates the high from the low frequency
pulses. A small inductance L, blocks
the high frequency pulses to the syn-
chronizing circuit of the low fre-
quency sweep. Condenser Cy is pro-
vided to by-pass and high frequency
surges from the grid circuit. A
small condenser, Ca, couples the high
frequency synchronizing pulses into
the grid circuit of the high fre-
quency discharge tube.

It is to be noted that the video
signal must be supplied to this unit
from a source of low impedance and
that the source must be continuous
for d.c. in order that a return path
be provided for the diode plate cur-
rent. Such a source is found in the
diode second detector of a video re-
ceiver, and with the cathode ray
tubes available at the present time
it is possible to obtain sufficient mod-
ulating voltage from the second de-
tector to fully modulate the cathode
ray tube.

Modulation of Cathode Ray Tube

It might seem at first thought that
the problem of modulating the cath-
ode ray tube directly from the sec-
ond detector is a definite limitation
to this unit. The only real reason
for this requirement is that a d-c re-
turn path must be provided for the
diode plate current. Should it be
necessary to supply the video signal
from some other type of signal cir-
cuit, such as the plate circuit of a
video amplifier, a return path may be
provided for the diode by adding a
resistor across the video input. This
has the disadvantage that it intro-
duces capacitive coupling and places
an additional load upon the video sig-
nal supply. Should it become nec-
essary to supply more modulating

Fig. 2—High and low voliage power supply
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voltage, a stage of video amplifica-
tion may be inserted between the
second detector and the video input
to this unit.

The modulating signal for the
cathode ray tube is taken from the
same point that feeds the diode syn-
chronizing signal separator as dis-
cussed above. The condenser C,
must have a voltage rating sufficient
to withstand the full high voltage
power supply voltage, for the positive
of this power supply is grounded in
order that four expensive high volt-
age coupling condensers will not be
necessary to provide connection be-
tween the deflection plates and the
deflection amplifiers. It will be noted
that both the grid and the first anode
of the cathode ray tube are modu-
lated. This modulating method, to-
gether with proper cathode ray tube
design, tends to keep the spot in
focus over large changes in modulat-
ing voltage.

Positioning and Power Supply Circuits

For the same reason that push-pull
deflection of the cathode ray tube was
employed to eliminate defocusing at
the edges of the raster, a balanced
positioning arrangement has been
used for centering the pattern on the
screen. The dual potentiometer, R,,,
R, applies positioning voltage simul-
taneously to the two deflection plates,
driving one positive while the other
becomes more negative. As a result,
only half the voltage difference be-
tween the final anode and the two
deflection plates is necessary for a
given deflection as would be required
for positioning by varying only one
plate with the other fixed at the d-c
final anode potential. The final anode
of the cathode ray tube is kept at
the mean d-c potential of the reflec-
tion plates by the voltage dividing
metwork R, and R Positioning
voltage will be required to compen-
sate only for the earth’s magnetic
field and for slight misalignment of
the gun in the blank of the cathode
ray tube. For this reason, the de-
flection plates must deviate only
slightly at d-c from the final anode
voltage, and it will be satisfactory to
supply only a small range of posi-
tioning voltage of the order of two
to three hundred volts. The small
deviation from the final anode volt-
age and the balanced positioning
used in this unit, together with the
symmetrical deflection employed, all
tend to retain the electron beam in
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uniform focus over the entire screen
area of the cathode ray tube.

The high voltage power supply
bleeder and voltage divider for the
cathode ray tube employs two parallel
circuits to properly maintain the
electrode voltages on the cathode
ray tube independent of the varia-
tions in current drawn by the vari-
ous electrodes. When using a high
resistance bleeder across a power
supply to obtain peak voltage output
from the rectifier, it has been found
that the use of a single combined
high resistance bleeder and voltage
divider for all electrodes of the
cathode ray tube results in serious
unbalances of the voltage division
with only slight variations in elec-
trode currents. The high voltage
power supply bleeder and voltage di-
vider for the cathode ray tube, as
shown in Fig. 1, employs two parallel
circuits, one to feed the first anode
of the cathode ray tube, and the
other to supply the second anode.
The two separate circuits for the

"focus and intensity controls aid ma-

terially in reducing interaction be-
tween these two circuits.

A schematic diagram of the power
supply for the unit is shown in Fig.
2. It will be noted that the power
supply is conventional in most re-
spects with the exception of special
precautions to prevent excessive a-c
modulation on the grid of the cath-
ode ray tube. These precautions
must be observed much more closely
than is necessary in ordinary cathode
ray oscillograph design. In the
greatest number of oscillograph ap-
plications in the past, the presence
of a slight amount of a-c modulation
on the grid was of very little con-
sequence. The two stage resistance-
capacitance filter on the high volt-
age power supply serves to ade-
quately reduce the ripple in the out-
put of this circuit. This ripple must
be at a very low value since the
positive or insensitive end of the
cathode ray tube is tied at ground
and the sensitive elements of the
tube are forced to follow the ripple
of the power supply. The modula-
tion resulting from this ripple has
been reduced by tying the first anode,
the cathode, and the grid together
at this modulation voltage through
condensers Cy, and C, shown in Fig.
1. This forces these three elements
to ‘“pump” together at ripple fre-
quency and the resulting modulation
on the beam is greatly lessened.

The electrostatic shield around the
primary of the power transformer
effectively ties the chassis of the
unit to ground through the power
line. This prevents the chassis from
“pumping” with respect to ground
due to the stray capacity of the un-
grounded end of the primary to the
core and chassis. A large amount
of spurious signal is thereby elim-
inated from the sweep amplifications
and modulating circuits.

The stray capacity of the cathode
ray tube heater winding to other
windings on the transformer has
been found to couple the heater to
the high voltage end of some one of
the high voltage windings and there-
fore cause the cathode to follow the
voltage variations of this winding.
Such variation of the cathode volt-
age introduces serious a-c modula-
tion of the beam. It can be reduced
by either by-passing the cathode to
ground through a large high voltage
condenser or by the use of the elec-
trostatic shield around the heater
winding as shown in Fig. 2.

The design of the cathode ray
tube equipment of television receiv-
ers has been affected, up to the pres-
ent time, 'so much by cathode ray
oscillograph design that many of the
simplifications permissible for tele-
vision service have been overlooked.
In oscillograph design it is custom-
ary to ground the positive of the
cathode ray tube power supply in or-
der that the final anode and the de-
flection plates may be at d-c ground
potential. This was necessary to
insure safety to the operator when
using the equipment with the un-
known circuit directly connected to
the deflection plates. In television
receiving equipment, however, there
is no excuse for the operator touch-
ing the cathode ray tube. For this
reason, the cathode ray tube power
supply and the sweep circuit plate
supply have been connected in se-
ries. This connection has a number
of advantages. For a desired high
voltage on the cathode ray tube, the
potential of the high voltage power
supply may be reduced by the sweep
amplifier plate supply voltage,
thereby effecting a saving in high
voltage condenser and transformer
cost. Conversely, with existing equip-
ment the brilliance of the pattern
may be materially increased by an
amount proportional to the sweep
amplifier power supply voltage.

(Continued on page T4)
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RESISTORS THAT HAVE NEVER
BEEN MADE BEFORE .....for jobs

that have never been done before. ..

F

Initiative — Resourcefulness — Coopenatior
1o advance the interests
of the industry

For years, leading engineers, physicists, designers, etc.
have looked to IRC for all their resistance needs ...

Time and again the call has necessitated pure re-
search in the production of resistances thet had never
been made before . . . and, time and again, IRC has
pioneered successfully in producing exact.y what was
needed . . . Whatever your resistance requirement
it will pay you to try Resistance Headquarters first.

INTERNATIONAL RESISTANCE COMPANY

8 NORTH BROAD STREET, PHILADELPHIA, PA.

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

MAKERS OF RESISTANCE -UNITS OF MORE TYPES, IN MORE SHAPES, FOR
MORE APPLICATIONS THAN ANY OTHER MANUFACTURER IN THE WORLD
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TUBES AT WORK

Overloads in broadcast transmitters may

be by-passed around the plate meter by

an ingenious fuse mechanism. Police

radio monitoring equipment.

Protecting the High
Voltage Plate Ammeter

WIiILLICE E. GROVES
Staff Inginecr KSL, St. Louis

As IS WELL KNOWN by radio engineers
whose job it is to operate and maintain
high powered radio equipment, the
weakest link in the plate circuit chain
of such equipment is the plate current
ammeter. This instrument is in a cir-
cuit which is subject to frequent over-
loads, especially during the “bug elim-
ination” phases of development. Flash-
overs during tube testing, during
the last stages of tube life, overloads
due to line pops, modulation surges,
power line surges, lightning, and “bugs”
of frequently unknown nature all con-
tribute to the large number of plate
eircuit overloads which occur in the
best of transmission equipment.
When we had lost our share of plate
ammeters at KSL, it was decided that
something shculd be done about it.
With the permission of Mr. E. G. Pack,
Chief Engineer, the writer proceeded
to search for a solution of the problem.
Fuses were definitely out, because they
merely weakened the plate -circuit
further, and while protecting the meter,
would increase the probability of shut-
downs. In the broadcasting business,
a one or two minute shut-down may
cost more than several meters. Then
too, a 17,000 volt fuse is no small item.

Several possible solutions to the prob-
lem, using relays and thermo-electric
mechanisms were investigated, but the
arrangement to be described excels
them all in simplicity and effectiveness.
Figure 1 is a schematic of the final so-
lution.

Referring to Fig. 1, the operation of
the device may be described as follows:
(1) and (2) are phosphor-bronze strips
bearing tungsten contacts, (3). (4) is
a heavy strip. The strips (1), (2)
and (4) are isolated electrically from
each other by a group of insulat-
ing wafers (5). The whole assembly
is mounted on a strap-iron angle (6)
by means of the round-head machine
screws (7), the mounting screws being
insulated from the strips by means of
insulating sleeves (8). Through two
small holes (9) in the strip (1) is
fastened a piece of standard fuse wire
of appropriate rating. This wire is
pulled upward with sufficient tension to
cause the contacts (3) to separate
slightly, and is then fastened in this
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condition by the binding post (11).
The device is mounted on the same
or similar insulators as those support-
ing the meter to be protected, since it
must be at the same general potential
as the instrument. The electrical con-
nections are made as shown in the
sketch. The terminals (13) and (14)
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Fig. 1 Assembly of ammeter

protector

are then used in lieu of the regular
instrument terminals in connecting the
instrument into a circuit.

Current normally flows from terminal
(13) through the meter, through strip
(4), the fuse wire (10) and thence
through strip (1) to terminal (14).
Should a current of magnitude greater
than a predetermined value attempt
to pass through the instrument, the
fuse wire will melt, opening the cir-
cuit between strips (1) and (4). The

melting of the fuse wire will also allow
the contacts (3) to close because of the
elasticity of strip (1). The current
then cannot flow through the instru-
ment, but is provided with another path
from terminal (13) through strip (2),
contacts (3) and strip (1) back to ter-
minal (14). The instrument has thus
been isolated and protected, and the
circuit has been restored automatically
through contacts (3) without interrup-
tion. When time or convenience per-
mits, the fuse wire may be replaced and
the instrument restored to normal serv-
ice.

e o o

Crystal Monitor for
Checking Police Radio

By LesLie E. KULBERG
Radio Division
Westinghouse Elee. & Mfg. Co.,
Chicopee Falls, Mass.

ULTRA HIGH FREQUENCY police radio
installations require not only initial
frequency adjustments but subsequent
periodic checking because of constant
operation and the vibration which the
cruiser receivers and transmitters re-
ceive. Also, the frequency setting must
be checked during any replacement of
parts, or immediately upon return of
the set to the car. These adjustments
consist in setting the transmitter to
the assigned frequency if it employs
a self-excited oscillator, and alignment
~f the receiver intermediate frequency,
as well as oscillator, radio frequency,
and detector stagesin superheterodynes
employing a self-excited oscillator.

To perform these operations easily,
quickly, and accurately, the use of a
suitable oscillator and precision wave-
meter, or of a signal generator, are
two possibilities. Both suffer from lack

(Continued on page 40)

is fixed to the
needle of this pickup, interrupting
light reflected from a lamp to a

A moving vane

phototube. The vibrations of the
needle are thereby translated to
variations the phototube current,

which is amplified. The delicate

needle suspension thus made pos-

gible is said to reduce scratch and
improve response

PHOTOTUBE RECORD
PICKUP

Detailed view,
housing (below), needle and vane,

showing lamp in

reflecting mirror and phototube
(above)
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Inset, below, is LIFE SIZE illustra-
tion of New Type "K' Series of
Plugs, offered in 7 ldiameters (%"
to 2" fillers) carryiny from one to
37 conductors—for Lirplane, Radio
and General Signal 3ervice

Above, at right: New,
heavy-duty, weather-
proof, locking Plug
for Power and Signal
Service (pictured 34
actual size).

Note the sturdy, yet
brecise construction,

The'BIG & LITTLE OF IT ...

HE two plugs pictured here typify the wide range of sizes and the great variety of design

available in CANNON Cable Connectors, embracing as they do over 00 different
fittings and thousands of stock parts. Thus it is that CANNON can supply unusual needs
with unusual speed. This is true because CANNON is the only company in America with
an international clientele which muajors in the production of Cable Connectors.

CONSEQUENTLY, the CAN- in the almost universal adoption
NON line offers the largest of the line by the largest manu-

number and greatest variety of facturers of aircraft, broadcasting
types, to which additions are being equipment, transport equipment,
made constantly, to meet new re- by Army and Navy, and by geo-
quirements. This leadership in physical research organizations.

variety and in design has resulted

Two catalogs available:
(1) General Plug Catalog
(2) Special Airplane Plug Catalog

CANNON ELECTRIC DEVELOPMENT CO.

4120 WEST AVENUE 33, LOS ANGELES, CALIFORNIA
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IF they can't take it,

you can't get them. Every SPEER Insu-
lated Resistor, of the millions shipped
annually, can be depended upon for
accurate, dependable service any-
where. Constant electrical tests after
prolonged steaming, wetting and re-
frigeration check the product so no-
body has to take a chance—neither
our customers nor we—both of us have
valuable reputations to guard.

Moulded insulation, B. M. A. color-
coded for identification, seals the
carbon resistance unit, insures perma-
nently perfect contacts with the heavily
tinned copper wire. Data booklet No.
70 sent on request.

SPEER
INSULATED

RESISTORS

&) 8065

|
|

Tubes At Work

(Continued from page 38)

of accuracy, and to approximately the
same extent. In addition, the first
method requires too much equipment
for ease of operation when “on location”
at the cruiser. The second one requires
a costly unit, if the setting is to be at
all indicative of the actual frequency,
and such laboratory equipment was
never meant to endure the rigors of
the usage it would receive. -

When accuracy of frequemcy is the
paramount concern, the %tal con-
trolled oscillator immediatély offers
possibilities. The crystal frequency
monitor gives this immediate and de-
cided advantage over other methods,
in combination with greater ease of
operation. For example, one design is
capable of supplying a 30 to 42 Mec. or
4100 ke. signal, either of which can
be modulated or not as desired, for
the adjustments previously mentioned.
The low frequency is for intermediate
frequency use and although normally
supplied for 4100 ke. can be obtained
for other frequencies if desired. In
addition, it serves as a transmitter
frequency monitor, to ensure the main-
tenance of the FCC 0.05 per cent
maximum frequency deviation require-
ment, a task in itself. It will also
permit aural monitoring of the trans-
mitter’s quality and act as a secondary
frequency standard.

The monitor is portable and com-
pletely self-contained

The method of setting a cruiser
transmitter on frequency is as follows.
Using the unmodulated h-f output as
determined by the calibration chart,
and with the proper crystal holder in
its socket, a piece of insulated wire is
attached to the detector antenna post.
This should be long enough to give a
good signal in the phones when the
transmitter is modulated. Next a two-
foot piece of wire is connected to the
h-f antenna post and moved about with
respect to the first wire, for best
mixing. The transmitter frequency is
adjusted to zero beat with the monitor,
as indicated in the monitor phones.

An evident advantage arises from
this type of adjustment against a
crystal standard. Every cruiser trans-
mitter can be set at the monitor fre-
quency instead of varying among each
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Here are a few reasons why

ALLIED RECORDERS

are winning universal accept-
ance where QUALITY perfor-

mance counts . . . . . . .

Inyestigate these exclusive featun*;

l The Universal joint supporting the FEED MECHAN-

ISM is provided with a longitudinal movement, in addi-
tion to vertical and horizontal movements, which eliminates
all possibility of binding between the center pin of the
turntable and driveshaft of feed mechanism.

TURNTABLE DRIVE insures long life, smooth, noise-
less, vibrationless running. Its steady speed insures
freedom from “vows” and guarantees play back in pitch.
Speed is changed from 33 1/3 to 78 rpm. or vice versa by
merely shifting lever, without stopping turntable or motor.

3 The CARRIAGE rides on a Stainless Steel Bar, and has

a long accurately machined bearing which insures lon~
life and smooth, steady movement. Cam lever is provided
for lowering and raising cutting head smoothly and gently.

An AUTOMATIC SPRING-CONTROLLED LOCK-

ING PIN in the turntable insures against slippage of
blank or drive shaft during recording and permits playing
of any commercial record without need of removing any
holding device or stopping the turntable.

These and other valuable features which make for ease of
operation and QUALITY performance are among the reasons
why every user of our equipment is our friend.

[ ]
For best recording results,

USE ALLIED ‘‘CLEEN-CUT’’ BLANKS

ELECTRONICS — February 1938

ALLIED
RECORDING PRODUCTS CO.

126 WEST 45th STREEI, NEW YORK, N. Y.
CABLE ADDRESS: Allrecord
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AN ENTIRELY NEW AND VA

CERAMIGON

(G0 MME

AR L i

ERIE
CERAMICONS

FOR CONTROLLING REACTANCE DRIFT

RIE Ceramicons are unusual
in that they have a definite,
linear and reproducable tempera-

of

These small fixed condensers are

ture coeflicient capacity.
available as single units with
either a positive temperature co-
efficient of 1.2 x 10~ per °C. or
a negative coefhcient of 6.5 x
10~ per °C.

These features have led to the
development of Erie Compensat-
ing Ceramicons, consisting of
two Ceramicons connected in
parallel and mounted in a single
sealed case. By properly propor-
tioning the capacities between

the two units, practically any

LUABLE DIE\*E[I]PMEIIT

TRADE MARK REG

IN TUNED OSCILLATOR CIRCUITS

temperature coefficient within
the limits of the single units
may be obtained. Where the de-
sired temperature coefhicient is
identical with that of either unit,

only one Ceramicon is used.

Engineers will readily appreci-
ate the particular value of Erie
Compensating Ceramicons for
controlling reactance drift due
to heating in tuned high fre-
quency circuits, such as in re-
ceivers designed for push button |

tuning.

Fill in the coupon today for
samples and complete data on

Erie Compensating Ceramicons.

<

|7ERIE RESISTOR CORPORATION, ERIE, PENNA.

Gentlemen:—Please send me_________samples of

Total capacity at

room temperature. NAME

ERIE COMPENSATING CERAMICONS

>
&>

(State

Tolerance en capacity | TITLE
at room temperature. |
Percent change In | company _

capaclty from 30°to 60°C.

(or other desired range) STREET

Tolerance on
capacity change.

R CO

TORONTO, CANADA -

42

LONDON, ENGLAND -

<
Q
<

P T S
e

PARIS, FRANCE-J.E.CANETTI CO.

|-,oscillator

other. The headquarters receiver is
then in constant tune with all of them,
instead of requiring shifting to catch
each separate car’s frequency.

While on the subject of the use of
the monitor with transmitters, there is
that use for which the development
was named, i.e., for monitoring the
output of a transmitter as regards to
quality, ripple and noise. Suitable for
checking these factors either in mobile
or station house installations, it can
be set up permanently in the latter
case. To operate, a wire coupled to
the transmitter output is connected
to the detector post, the headphones
plugged in, and the unmodulated h-f
circuits turned on. By adjusting the
three tuning condenser controls the
beat note is prevented from appearing,
while the signal can be heard. By
tuning to zero beat as well, frequency
and aural monitoring can be performed
simultaneously.

Receivers of the fixed-tuned type,
with perhaps only a vernier tuning
control available externally, must have
all circuits aligned. To adjust the
high frequency circuits, the required

Schematic circuit diagram of
connections

h-f output is connected to the receiver
input or coupled to its antenna, and
using modulated h-f output (and of
course the proper crystal) the receiver
main controls are tuned for minimum
reading of the monitor plate meter.
Spare receivers can be set on fre-
quency at the service bench, ready for
immediate installation and use. The
same is true of receivers brought in
for repairs. This avoids the necessity
of driving the car to a point remote
from the station house transmitter,
in order to tune up the receiver.

To align the i-f amplifier, modulated
i-f output is switched on, the i-f an-
tenna connected to the grid of the
receiver first detector, and the i-f
stages adusted for maximum loud-
speaker volume or minimum receiver
tuning meter deflection.

The photograph shows a typical
monitor. It is complete with battery
power supply within its metal shielding
case.  The circuit consists of a crystal
with  fundamental and
tripler tank circuits, a harmonic am-
plifier (doubler), a 4100 ke. i-f self-
excited oscillator, and a mixer or de-
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DELCO
APPLIANCE
SCORES

AFE=

THIS NEW AUTO RADIO
TUNING MOTOR jumps
into high speed the instant the
switch is touched, is reversible,
extremely smooth and quiet
and has ample power.

The illustration below gives an
idea of the sturdy flange or
bracket mounting, the well
taped coils, the simple connec-
tions and the self aligning
bearings; but to appreciate the
many quality features of this
inexpensive motor you should
have a sample in your hands.

If you will send data showing
your requirements, our engi-
neers will be glad to meet these
requirements promptly and
expertly.

ELECTRONICS — February 1938

It's Reversible with
Single Pole Double
Throw Switch

i . s

| —and High Starting
A Torque for
Instant Action

DELCO APPLIANCE MOTORS

(s}'&‘g

S

X

PRODUCT OF GENERAL MOTORS

RS SALES CORPORATION

“GENERAL MOTOR
ROCHESTER.N.Y.
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A Battery Engineering Service
for Radio Engineers

“Eveready” No. X-145 Special “C” Battery
as used in Studio, Channel and Monitoring Amplifiers
at National Broadcasting Company, Radio City.

® A “T” Grade Dry Cell differs materially from the cells used in stand-
ard “C” Batteries. The ““T” Grade Cell has extra heavy zinc and it is
hermetically sealed—no venting at all. It has a very small ampere-hour
capacity, but because of the hermetic seal and other features, its rate
of shelf depreciation is very low. It is good only for biasing purposes
and then only in grid circuits where no grid current flows.

The “Eveready” No. X-145 Special “C” Battery shown above is made
with ““T” Grade Cells. This is a 372 Volt Battery and is. tapped at
every 1V5 Volts excepting minus 16V, 18 and 19%4 Volts. Dimensions:
height—314 in., length—4-1/16 in., width—4-1/16 in.

This Battery solved a battery problem for the National Broadcast-
ing Company. In their amplifiers these batteries are subjected to a tem-
perature of 110 to 115° F. Replacements are made once per year for
safety. At normal room temperature these batteries will give two full
years service,

This is only one application of the “T” Grade Cell. They are also
used in a 472 Volt “C” Battery on all Bell System long lines repeaters.
As batteries made from these cells are all special and made to order,
they can be made up to almost any specifications for which the cell
dimensions of 34 in. dia., 2V4 in. long are suitable.

We maintain a complete battery engineering service. We have the
most extensive and best equipped battery research and testing labora-
tories in the world. With these facilities plus forty years of experi-
ence, we are well equipped to cope with any problem involving pri-
mary batteries.

BATTERY HEADQUARTERS
NATIONAL CARBON COMPANY, Inc.
General Offices: New York, N. Y.

Branches: Atlanta Boston Chicago Cleveland Dallas Kansas City Louisville
Minneapolis New York  Philadelphia  Pittsburgh Portland  San Francisco

Unit of Union Carbide [TIAW and Carbon Corporation
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tector. Type 30 tubes are utilized
throughout. All switching is accom-
plished by means of the four toggles,
“H.F.Filament”, “I.F.Filament”, “H.F.-
Modulation”, and “I.F.Modulation”.
The use of either filament switch alone
provides the designated frequency out-
put, unmodulated. Turning on the
modulation switch for the frequency
range desired impresses a tone of ap-
proximately 1000 cycles upon the out-
put, by means of the buzzer. The de-
tector is automatically on whenever
the instrument is set for h-f output.
One crystal is plugged into the circuit
and a spare one carried in the socket
attached to the small door (seen inside
the case in the figure). By merely re-
moving the two thumbscrews by which
the door is held in place, it is a simple
matter to reach inside and exchange
crystal holders. Only two are required
for any given installation, and are, of
course, of one sixth the output
frequency.

A constantly available calibration

Setting a police cruiser’'s tranmit
ter on frequency with a crystal
frequency monitor

chart appears on the front panel,
designating the settings of the three
controls for the four police frequencies
—30.1, 33.1, 37.1, and 40.1 Mec., each
of which uses its own crystal. The
controls are set at the necessary posi-
tions for the frequency wished, and
then returned in the order A, B, C for
maximum reading of the milliammeter
in the plate circuits of the two h-f
tubes.

Two antenna posts on the front
panel serve for coupling the outputs
of the two oscillators, and when either
1» used in conjunction with the third
post, it serves to mix the monitor fre-
quency against that of the equipment
being checked, by tuning the latter for
a beat note in the phones. This last
post by itself, serves for coupling to
a signal to be detected or demodulated
only.

The convenience resulting from the
use of a device of this type can readily
be appreciated. At the service bench it
displaces slower, more complicated
equipment. No output meter is re-
quired in tuning up receivers. As a
result, greater speed and ease of opera-
tion and greater accuracy is obtained.
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NTRICATE PARTS made of Nickel strip, wire and
Itubing—-formed, drawn, bent, notched, peened,
gpot welded—are turned out by the million—and
each part precision made. No wonder Radio relies
upon Nickel: For just as this amazing metal an-
swered the requirements of early pioneers, so to-
day, in various forms and alloys, it meets the com-
plex demands of modern tube production.

Strong and tough, yet ductile, Nickel has excel-
lent fabricating qualities. It forms readily—avoids
breakage under the rigors of the most intricate
forming. It spot welds readily to Nickel and car-
bonized Nickel, and also to many other metals—
producing a strong joint with little oxidation.

And despite the demand for smaller and smaller
parts, closer and closer spacing and precision, all

have been possible because of the superior fabri-, .

cating qualities of Nickel. Not alone in tube fac-
tories, but in numerous plants making special
wire, tubing and strip for radio parts, the excel-
lent fabricating qualities of Nickel have simplified
the job, increased yields, cut costs.

Perhaps they can do the same for you. We'll be
glad to discuss your needs—and to mail your copy
of “Nickel in the Radio Industry.” Address “Elec-
trical Research.”

£
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THE INTERNATIONAL NICKEL COMPANY, INC., 67 WALL ST., NEW YORK, N. Y.
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Tough, strong and ductile, Nickel
is ideally suited to modern

forming operations.

Nickel spot welds readily to many
metals, producing a strong joint

ARG b e
with little oxidation. T




LS BECAUSE
of CURVES AND
ONS MAK|NG IT
0 GIVE MY
CUSTOMERS A PERFECTS ;
CONTROL AT ALL TIMES.

AV

CONTRO
NUMBER
COMBINATI
POSSIBLE T

JACK VAUGHAN
Service Department Mgr.
Broadway Department Stoze
Los Angeles, California

Our West Coast friend is but one of the thousands of
Centralab enthusiasts. Their testimonials from the tropics to

the frozen places of the globe speak volumes for Centralab

performance.

Servicemen or set builders . . . experimenters, and ama-
teurs all voice their approval; for they unanimously

"SPECIFY CENTRALAB".

Canterbury Bd. Kilbourn 118 Ave. Ledru-Rollin

D.v. of Globe Union Inc.
N. W. 6 England Paris

Milwaukee
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Variable-Selectivity
Superhet

COMMENTING ON THE FACT that present
day receivers still lack selectivity suf-
fictent for modern requirements, espe-
cially variable selectivity, McMurdo
Silver analyses the situation as follows.
The basic trouble seems to be that coils
of sufficiently high Q are not obtain-
able, and if obtained are not used prop-
erly. Shielding with small cans lowers
the effective Q. Shunting a high Q
coil with a low resistance diode detec-
tor further destroys the benefits of

Second-detector circuit

having good coils. With these consid- l
erations in mind he has produced a re-
ceiver with the characteristics shown |
in the graph, on page 48.

“This system has been produced
through development of a new type of
powdered r-f iron coil core (Ferrocart),
new types of Litz coils, and the incor-
poration of the whole, including tuning
condensers of Q equaling that of good
Isolantite insulated laboratory air con-
densers, in shield cans large enough not
to impair hard-bought circuit Q. The
use of popular small 13” to 2” square
i-f transformer cans is one reason for
poor selectivity, for such small cans
quite definitely lower Q which is al-
ready too low. The first remedy is to
use shield cans so large as not to meas-
urably reduce coil Q@ when coils first
measured in open air are inserted in

PHOTOELECTRIC
FLOUR TESTER

G. B. Puzrin, chief engineer of the
Ukrania Research Institute, with a
photoelectric device used to deter-

mine the percentage of bran in
flour, to an accuracy of 0.2 per cent

ELECTRONICS — February 1938
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Miniature Aero Transformers *

VS NN FIVA

Gerranii

...a complete listing
for AIRCRAFT and PORTABLE WORK

@® The new Ferranti Aero Transformers
are small in size, light in weight and are
supplied in rectangular cases which pro-
vide reversible mounting without increas-
ing overall dimensions. Each unit is fitted
with electrostatic and magnetic shielding
and is of special moisture-proof construc-
tion for severe climatic conditions.
Available in 40 units with a useable fre-
* quency range of from 20 to 20,000 c.ps.;
operating level is from —80 to 422 db.
OTHER FERRANTI Types include Audio Chokes — Inter-

ACTUAL
SI1ZE

PRODUCTS stage — Output — Input — Mixing — Line
A & B Units for Audio to Line and Mixing — Voice Frequency —
Amplifiers Bridging. Low insertion loss in all units.
Equalizers Size: 114”"x 1V4”x 1V4”— 41} oz.
P & F Units for Power Many units designed to carry plate cur-
Supplies rent. Medium Q Reactors for Equalizers,
Filters Filters, etc. can be supplied.

All units available immediately from
stock. Prompt delivery on special require-
ments.

Ferranti Aero Transformers offer high
quality at low cost.

Electrostatic
Voltmeters

Modulation Sets
Attenuators

Rectifiers

COMPLETE DESCRIPTIVE LITERATURE ON REQUEST

ZW. Duc.

Z

R.C.A. BUILDING, NEW YORK, N. Y.
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——

RHEOSTATS

Ring Type
30 to 150

4" Rheoual
150 Wens
Bullwtin 1IO6

WARD LEONARD

Ring Type Power Rheostats
are for use where compact-
ness and practically stepless con.-
trol are required. Ward Leonard
goes further—it offers a quality rheo-
stat with various features . . . double
ended stiff metal contact arm the con-
struction of which separates the functions of
contact pressure and current handling . . . special alloy contact
... "dead" shaft . .. hence freedom from mechanical and elec-
trical trouble and longer life. Send for Bulletin 1105. It is of value

« toyou.

WARD LEONARD

ELECTRIC COMPANY
Electric Control Devices Since 1892

®

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

Please send me Bulletin No. 1105,

them. In practice this means a can of
23” to 3” in diameter for i-f coils of
customary size.

Coil and core development involved
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Response curves of variable selec-
tivity circuit

rigorous investigation of ecoil sizes,
shapes, number of “Pi’s”, wire size,
number of strands, insulation and the
correlation of all these factors. The
fortunate answer was the dependable
production of coils measuring Q = 205,
an improvement of more than 509 over
the coils customarily found in amateur,
commercial or broadeast receiver i-f

Large can (left) contributes to high
performance

transformers, Using better powdered
r-f iron cores, variable i-f tuning con-
densers could be replaced by inductance
tuning obtainable by micrometric serew-
thread movement of these cores inside
their coils to vary inductance instead of
capacity. Conventional moulded mica,
and even the “tooth-pick” types of
small capacitators, however, proved fo
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Paragraphs on Television
Synchronizing

By J. R. DuNcaN
Midland Television, Inc., Kansas City

A TELEVISION PICTURE may contain 441
lines, the scanned pattern may be per-
fect, the spot size and focus uniformly
excellent, and the resolution maximum,
but if there be any failure in the syn-
chronizing signal all is lost. Con-
versely, other imperfections can be tol-
erated so long as the picture appears
to be “glued” on the end of the picture
tube. The adoption of the interlaced
pattern while offering what seems to be
the only practical solution for flicker
elimination at the same time added an-
other worry to our synchronizing prob-
lem. Many times what is supposed to
be a 345 or 441 line picture turns out
to have just half that many lines, if
something happens to the vertical syn-
chronizing impulse. The general trend
of opinion seems to be that we need
more synchronizing signal amplitude,
but there is such a thing as too much
synchronizing signal, notwithstanding
popular belief to the contrary.
Suppose we examine an oscillator of
the type most commonly used in this
country and see what happens when
there is too much synchronizing signal
amplitude. First, consider the hori-
zontal sweep. Figure 1 shows the form
of the voltage wave on the grid of the
oscillator. In this discussion on syn-
chronizing, it is important that we un-
derstand that there are two separate

b Oscillator
@
2 L
o+
—B+
;0 —r1e Ip cutoff Rg_tfc B
£=| o f - l
(]
/

d

Time —>

Fig. 1.—Synchronizing voliage
wave-form

and distinct parts to the oscillation
cycle, viz: the time during which the
oscillator is active (abe) and the tran-
sient and discharge period (cdef). This
active or impulse period determines,
among other things, the amplitude of
the sweep in the output circuit, while
the discharge period determines the
frequency of the sweep. Changes in
the impulse wave will therefore af-
fect the edges of the scanned pattern,
while a change in the discharge wave-
form influences the effectiveness of the
synchronizing. A positive synchroniz-
ing impulse introduced into the grid
circuit at any time during the period
(ef) will cause the oscillator to initiate
a new cycle provided the amplitude of
the impulse is sufficiently great to raise
the circuit voltage at that time to
cut-off. But, any amount it raises it
beyond cut-off is added to the oscillator
impulse. It is, therefore, extremely im-

portant that the ratio of oscillator im-
pulse to this additional synchronizing
impulse be sufficiently great that slight
changes in synchronizing amplitude will
not be reflected noticeably in the edges
of the horizontal scanning. No harm
would result if the amplitude of all
horizontal synchronizing impulses were
the same, or if the position of the syn-
chronizing impulses on their pedestals
(the blanking out) were moved in more
from the leading edge. But, since
neither condition obtains in actual prac-
tice, it is well to consider the ragged
pattern edges that might result from
the use of too robust a synchronizing
signal, particularly if this signal is
modulated with interference during
the course of its transmission and re-
ception.

When the synchronizing signals are
modulated with. interference, some of
the amplitudes are increased and some
are decreased; in one case we have the
sweep circuit being driven and, in the
other, falling out of step. Both condi-
tions, of course, are objectionable. In-
terference suppression circuits, when
used in connection with the circuits
handling only the synchronizing, offer
a partial solution of the problem.

The amplitude of synchronizing re-
quired for the satisfactory operation of
a given oscillator depends in part upon
how far from below frequency we wish
to “pull” the oscillator into step, and
the waveform of the discharge curve at
that particular point. Ordinarily, oscil-
lators are operated sufficiently below
normal synchronizing frequency to pro-
vide certain tolerances for slight cir-
cuit changes that may occur during
the course of operation or the replace-
ment of the oscillator tube. It is the
writer’s belief, based on many tests un-
der actual working conditions in the
field, that most satisfactory synchroniz-
ing is to be had when the oscillator tube
and cireuit require a minimum toler-
ance and may be operated at very near
the scanning frequency. It follows from
this that the type tube used as oscil-
lator should have very definite and uni-
form characteristics. Such a tube, as
far as I know is not available on the
market at this time.

The waveform of the discharge curve
may be varied to resemble either that at
(a) or (b) in Fig. 2. Synchronization
at time ¢ with the waveform of (a) is
much more critical and subject to fail-
ure than that of (b).

So much for the problems of syn-
chronizing the horizontal sweep circuit.
It is important now to understand what
occurs when we synchronize the vertical
oscillator. A synchronizing failure in
this circuit during the showing of an
interlaced pattern may result in poor
interlacing (badly paired lines), loss of
half the pattern lines (a reduction in
detail), or complete frame failure. A
perfectly interlaced pattern is possible
if consecutive vertical synchronizing
impulses are identical both in waveform
and spacing and there is no extraneous
signal pickup in the vertical sweep cir-
cuit, particularly crosstalk from the
horizontal sweep circuit.
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As in the case of the horizontal oscil-
lator, optimum results are obtained
when the ratio of oscillator impulse
to synchronizing impulse is a constant.
In the case of the vertical, this constant
should be large, and any method for
obtaining this objective will be found
helpful from the standpoint of interlac-
ing. One method suggested by the au-
thor early in the history of interlacing,
viz: the use of a narrow vertical syn-
chronizing impulse; such an impulse
has the added advantage over the broad
type impulse of having a steeper wave-
front and, therefore, capable of more
accurate timing action.

|

Fig 2—Effect of transient
wave-form

There seems to be some misunder-
standing as to the character of the nar-
row type vertical impulse. [t is not of
the same time duration as a horizontal
synchronizing impulse, but usually lasts
approximately one-half the time of one
scanned line. Hence, the necessity of
serrating the vertical synchronizing im-
pulse is eliminated and along with it
the use of additional complicated cir-
cuits in the synchronizing signal gen-
erator. Synchronization is possible
when both horizontal and vertical syn-
chronizing amplitudes are the same, but
it is preferable that the vertical be
slightly greater in amplitude—say 5 per
cent.

In addition to the use of a narrow
vertical synchronizing impulse, the ra-
tio of vertical oscillator impulse to syn-
chronizing impulse may be further in-
creased by making the oscillator im-
pulse broader. Since the matter of re-
turn time (ratio of scanning time to
return time) in the vertical sweep is
open to wide tolerances, it is easy
enough to broaden the oscillator im-
pulse by increasing the capacity of C in
Fig. 1. A poorly interlaced pattern
may often be improved by this one
change.

Under the conditions outlined for
good synchronizing, pictures have been
received over the air when the field
strength was around 500 microvolts
(ratio of picture to synchronizing ap-
proximately 4:1) that were entirely
satisfactory from the standpoint of
both interlacing and synchronizing. Of
course, the picture was pretty well
“snowed under” by the noise, as would
be expected with a field strength of
one-tenth of that recommended for good
reception.
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Left—AmerTran inverse feed-back medulation
transformer for service in a 50 Kw. high-level
broadcast transmitter.

AVE you considered the

advantages of inverse feed-
back in the modulation system
of a broadcast transmitter? If
properly engineered, you obtain
lower distortion . . . more linear
modulation an improved
signal to noise ratio.

AmerTran engineers coordinate properly the leakage
inductance and capacities in a transformer design so
as to insure desired performance characteristics. Modu-
lation transformers for inverse feed-back circuits have
a progressive phase shift—normally 30 degrees from 30

cycles to 10 kilocycles.

Frequently characteristics are

uniform within 0.5 dB throughout the same range. May
we send vou complete data on equipment for your re-

quirements?

ZMER
AMERICAN TRANSFORMER /@J\

52

COMPANY
178 Ennmner St, Newark, N. .

Manufactured
Since 1901 at
Newark, N. |.

PRODUCTS

American Transformer Co.
manufactures transformers
for every industrial, elec-
tronic and laberatory appli-
cation in sizes up to 10,000
Kva. and for potentials up
to 132 Kv. Other products:
voltage regulators, test sets,
rectifiers.

IRANSEORMERS

Aircraft Radio

(Continued from page 23)

cautions broadcast stations may be
made a part of the navigation sys-
tem.

An entirely new principle in air-
craft direction finders was demon-
strated recently by the laboratories
of Le Materiel Telephonique. In this
compass, the loop antenna is rotated
at a rate of 5 r.p.s. by a motor in
the plane. The loop, acting as the
armature of the generator and seep-
ing through the line support in the
incoming field of the radio wave,
generates an alternating current of
10 cycles per second. On the same
shaft with the driving motor and
driven by the same motor is an a-c
generator whose output at 10 cycles
per second has a definitely fixed
phase with respect to the axis of the
ship. The phase angle between the
voltage generated in this generator
and the voltage generated by the
loop, is an indication of the differ-
ence in phase between the axis of
the ship and the axis of the incoming
wave. The phase difference is used
to actuate a visual indicator which
then gives the direction of the plane
with respect to the incoming wave
directly in degrees.—D.G.F.

[ ] [ ] [ ]

SPEEDER WARNING

Thomas McCaleb of Harvard with
his traffic checking device. A photo-
tube registers the speed of each pas-
sing car and actuates a warning
sign by the road if the speed limit is
exceeded. Infra-red light is used to
control the phototube
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SYNTHANE makes it possible for the

manufacturer to scan the 1,202,240
stitches of a sheer silk stocking in the
twinklingof aneye. ... Synthane Bakelite-

laminated is used in stocking examiners

because it has three desirable properties
in combination—smoothness, solid color,
and wear resistance. . . . You can get this
same combination of properties or almost
any other combination you desire in
Synthane, for Synthane has an unusually
broad combination of physical, electrical,
chemical and mechanical properties.
Synthaneis a dense, solid material, tough,
strong and light in weight—an excellent

electric insulator—with a low power fac-

SHEETS « RODS < TUBES ¢ FABRICATED PARTS « SILENT STABILIZED GEAR MATERIAL

vww americanradiohisto

STOCKING

tor, low moisture absorption, high dielec-
tric strength and low dielectric constant.
It’s chemically inert and corrosion resis-
tant. It machines easily. Synthane is often
the most economical material to use
through lowered production costs, better
product performance, dependable adher-
ence to standards. Why not write for data

on Synthane, giving us your requirements?

SYNTHANE GORPORATION, 0AKS, PENNSYLVANIA

Bakelite — S laminated




THE ELECTRON ART

ACH month the world’s technical literature is scanned to

see what physicists and engineers are doing with tubes, for

presentation in tabloid form to Electronics’ readers.

A Phototube

Spectrophotometer

A SPECTROPHOTOMETER which is ecapable
of measuring a transmission down to
1 per cent with a precision of about
1 per cent is described by Simon Shlaer
in his article, “A Photoelectric Trans-
mission Spectrophotometer for the
Measurement of Photosensitive Solu-
tion,” appearing in the January issue
of the Jouwrnal of the Optical Society
of America.

The accompanying schematic wiring
diagram will indicate the method of
operation. Monochromatic light, after
passing through the sample to be
measured, falls on the cathode of a
photoelectric cell, whose current, pass-
ing through a high resistance, estab-
lishes grid voltage for the amplifier
tube. The amplifier uses a four-element
type FP-54 tube, operated at low
voltages to eliminate ionization and
constructed with extremely high in-
sulation resistance. The voltage drop
across the grid resistor is balanced
out by means of an uncalibrated po-
tentiometer until the galvanometer in
the plate circuit of the tube reads
zero. The sample is then removed from
the light beam and balance is again
restored so that the galvanometer cur-
rent reads zero. The second balanced
condition is established by the rota-
tion of a polarizing prism. The angle
through which this prism has to be
rotated in order to restore balance
can be used to determine the per-
centage of transmission of the sample.

Mechanical Aids to
Mathematics

ForR MANY YEARS slide rules, calculat-
ing machines, and similar pieces of
equipment have been used as an aid
for mechanical computation. In the
realm of higher mathematics, the dif-
ferential  analyzer, the network
analyzer, the cinema integraph, and a
machine for solving simultaneous

algebraic equations have been devel-
oped by the Massachusetts Institute
of Technology and are finding daily
application in the solution of problems
in engineering and physies which would
not be economical if solved in the usual
manner.

One of the newest mechanical aids
in the solution of mathematical prob-
lems is the isograph, recently devel-
oped by the Bell Telephone Labora-
tories for the solution of complex poly-
nomials of as high as the tenth degree.
The application of the isograph to
certain problems in electrical engineer-
ing, as well as the mechanism of the
isograph are described in two articles
in the Bell Laboratories Record for
December, 1937.

With the help of this device the roots
of polynomials may be located quickly
and easily irrespective of whether they
are real or complex. The presence
of multiple roots is no barrier to the
solution of such problems. Since the

aitit

Two operators adjusting the isograph

Sample

Phote
ce/l

FPhot

Schematic wiring diagram of spectrophotometer. The polarizing prisms in the photo-
meter head are used to determine balance conditions

process employed in the solution of
these problems is one of successive
and independent approximation, an
error made at any point is auto-
matically corrected by the next step.

According to one of the Record
articles, the complex variable may be
expressed in the form r (cos § +isind),
where r represents its magnitude and
9 the angle that » makes with the axis
of reference. Higher polynomials may
be expanded in terms of the above
equation, in which ¢ is the independent
variable.

Since the independent variable in
plotting the curve is an angle, what
is required for the isograph is a rotat-
ing unit that provides two linear mo-
tions—one proportional to the sine and
the other to the cosine of the angle.
There would have to be ten of these
units to provide for the ten terms of
the equation, and while the first unit
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THE FEvER THuHAT CURES

IN THE new science of electrotherapy, the medical

profession relies on instruments that respond
with the precision of a surgeon’s skilled hands. The
fever that cures — produced in the patient’s body
by high frequency currents—must be carefully con-
trolled by dependable instruments. There can be
no compromise with quality in the construction of
the equipment which generates and controls the
currents. The manufacturers of equipment for
electrotherapy meet the physician’s needs by the
greatest care in the design of their product and in
the selection of materials.

For the high frequency circuits they find in

MWW ameri

Isolantite® the insulation they need — strong, pre-
cisely made, dependable in operation — an insula-
tion uniform in quality, supplied to meet exac-
ting specifications. The technical cooperation of
Isolantite engineers is a valuable aid in the formu-

lation of insulator designs for every type of service.
* Registered Trade-name for the products of Isolantite, Inc.

—
S A
A .

[ g

INSULATORS

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




A NEW DEVELOPMENT

Important to

Every Sound Engineer

Shure “Tri-Polar”

Crystal Microphone

UNI-DIRECTIONAL.
“% Wide - angle  front-side
{ pickup — dead at rear.
Cuts out audience noise
and feedback.

BI-DIRECTIONAL,
Typical ‘‘velocity” char-
acteristic pickup
frem front and back—

dead at both sides.

with

NON-DIRECTIONAL,
Full 360 - all -
A around pickup for group
presentations and general

degree

¢ applications.

Uni-Directional, Bi-Directional,
Non-Directional Response in

ONE MICROPHONE!

Now, for the first time in any microphone,

vou can have true directional-control!
The Shure “TRI-POLAR” is the only micro-
phone to give you all three basic directional
characteristics

(uni-directional, bi-directional.

and non-directional) in one unit, any one of
which may be selected instantly by a turn of a
switch at the microphone.

You can pick up the desired sound and get
high quality reproduction without feedback
adverse conditions of

This un-

precedented versatility solves many pickup

even under exlremely
reverheration and background noise.

problems in public address. studio and remote
broadcast work.

The “TRI-POLAR” is also the first practical
bi-directional crystal microphone—and the first
economical uni-directional microphone of any
type.

It is rugged. light, compact. Has no delicate
moving parts. Gives smooth, high-quality wide,
range response from 40 to 10,000 cycles under
all operating conditions.

MODEL 7204, Shure “TRI-POLAR”, com-
with 25 ft. {Code: Rulak)

List Price

plele cable,

* Shure Patent Applications on file in U, S, Patent Office.

The operating principles of the “TRI-POLAR” are explained in the current issue

of the Shure Technical Bulletin.

Write for your free copy today.

A NEW LOW PRICE!
SHURE ZEPHYR
Balanced-Tracking Crystal Pickup

Recent production economies have made possible a
reduction in the price of the Shure Model 99B Zephyr
This is the pickup that
was awarded a prize trophy in the recent Modern
Plastics Competition, Scientific Group,
tional design and streamline beauty.

it lists now at ouly...........

Crystal Phonograph Pickup.

@ i
m Mu:nupnum ¢ ACOVSTI DEVICES |

e

for its fune-
Formerly $12.

$10

Shure Patents Pend-

« SHURE BROTHERS * fng., Licensed under
225 W HURON ST, CHICAGO, USA. patents of the Brush
CABLE ADDRESS * SHUREMICRO Development  Com -

pany.
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moves through an angle ¢, the second
unit must move through an angle 2 4,
the third through an angle 3 4, and so
on. Then, by providing a means of
summing the sine and cosine motions
separately, and allowing these mo-
tions to control two perpendicular mo-
tions of a pencil and drawing board,
a closed curve will be described as #
increases from 0° to 360°.

To secure motions proportional to
the sine and cosine of the angle of
rotation, the isograph utilizes the pir
and slot mechanism, shown in the
drawing. An arm rotating about a

AC=Rsin €
BC =R cos 6

fixed point, causes a pin arrangement
to slide, by means of a rectangular
block, in rectangular slot cut in two
slide bars, each of which is slid back
and forth in one direction only, the
two motions being at right angles to
each other. These motions are equal
to the length R times the sine and
cosine of the angle of rotation. By
making the length of the arms ad-
justable so that they may be thus
equal to the constant of the equation,
the displacement of the sine and cosine
on the figure are always proportional
to one pair of turns. Ten such units
are provided and geared together to a
common driving motor, but the gearing
is so designed that when the arm of
the first unit moves through an angle
§, that of the second unit will move
through an angle of 24, etc.

To provide for summing up all of
the sine terms and all of the cosine
terms, the ends of all the slide bars
carry pulleys so that a single wire
may be carried around all of the sine
pulleys and another around all of the
cosine pulleys. These wires control the
relative motion of a pencil and drawing
board to plot a curve as the angle is
varied from 0° to 360°. The resulting
curve which is drawn by the pencil on
the drawing board may be used to
determine the real and quadarature
roots of the equation.

Although the mechanism involved in
the construction of the device is not
inherently complicated, the construc-
tion of a satisfactory isograph is diffi-
cult because of the extreme precision
with which all parts must be made and
assembled. Backlash must be elimi-
nated and gears must be fitted with an
accuracy of 0.0001 in. for play.
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. For Every Test Requirement

MODEL 310 LINE

Precision portables (electrodyna-
mometer type accurate within 14
of 1%) for eritical test work, avail-
able for AC and DC, in voltmeters
(single. double and triple range),
ammeters, milliammeters, watt-

meters, ete. Scale length,5Y inches.

MODEL 430 LINE

Rugged portables for maintenunce
work., A full line of DC instru-
ments (Permanent Magnet Moving
Coil type—accurate 10 % of 1%).
AC instruments (Movable Iron
Type—accurate to within 3§ of
190). Also wattmeters for DC and
AC (accurate within 1% of 19,).
Seale length, 4 inches (approx.).

MODEL 622 LINE

Single and multi-range wultre-sensi-
tive DC instruments for measure-

ment of minute currents in radio,

telephony, thermocouple work,
electro-chemistry, and the like.
Shielded, double-pivoted instru-
ments ( Permanent Magnet Movable
Coil type—acrurate within 1% of

For maintenance work, for industrial or school
laboratories — wherever portable test instru-
ments are employed—the name WEsTON is
recognized as a symbol of trustworthy elec-
trical measurement.

WEesToN “Portables” are designed in several
types, with specifications and ranges to meet
the particular requirements of all varieties of
test work. Behind all the specifications, how-
ever, is the same “engineering-from-hedrock”
—a consistent application of the design factors

ELECTRONICS — February 1938

1%) . Scale leingth, 6 inches.

that make for rugged dependability as well as
rated accuracy.

After all, when you buy a WEsToN—what-
ever the type or specifications—you get an extra
icrement of experience which stems from a
half-century of instrument building. Why not
check with the WESTON representative as to
the type of meter best suited to your needs?

Weston Electrical Instrument Corporation,
618 Frelinghuysen Avenue, Newark, New
Jersey.

ESTON

W /27727717 A O —
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THE Presto distributors listed below now carry a complete
stock of Presto Green Seal discs and needles. To save time
and transportation costs order direct from your nearest dis-
tributor. When ordering by telegraph, use code words at right.

AVERAGE
ITEM | DIAMETER THICKNESS PRICE CODE
i

6" 152 cm.. ... .051 ’ .40 Sixol

8" 203 cm..... .051 .55 Eogta
10" 954 cm... .. , .051 .80 | Taboz
11 7/8" 302cm..... ‘ 065 1.35 Elvet
12" 305 cm. ... I 051 1.00 | Twelv
131/4" 337 cm..... | 051 1.35 | Thyrt
16" 406 cm.. ... ‘ .051 1.80 Sycen
16" 406 cm. .. .. i 065 2.00 | Sihev

dozen  miiis s inz neanai in frees

eac
T A Steel C Needles,
N E E D l E s ype fee Sz} esr e . .p.e.r 2.65 | Stela

Sapphnre Cutting Needles, each. ....... 5.00 Sapph
c U TT l N G Resharpening Sapphire Cutting Needles,
- 1.65 Resap

Bent Steel Playing

N E E D I. ES Phonographs, perM............

P lAYI N G Red Shank Steel Plr\{mg Needles, per M. 6.75 Redem

edles for Acoustical

R 6.75 Bense
201.can.................4......74. .35 |_Dis-oz
Perpint........... B AL & Bk &S B8 1.65 Disnt
Perquart. ......... hick B PEETT F 2.65 Diqut
Pergallon......................... 10.00 Digal

Prices subject to usual quantity discounts

DISTRIBUTORS

ATLANTA, GA. DETROIT, MICH. PITTSBURGH, PA.
Morris F. Taylor Metropolitan Sound Systems Cameradio Company
440 W. Peachtree St.. N.W. 4762 Woodward Avenue 963 Liberty Ave.

BELMONT, MASS, HOLLYWOOD, CALIF. ROCHESTER, N. Y.
Henry M. Lane Norman B. Neel George S. Driscoll
350 Lake St. 5334 Hoflywood Bivd. 199 Brett Rd,

Chllencafl INDIANAPOLIS, IND. SALT LAKE CITY, UTAH
%OE -Sors‘!fhe god Van Sickle Radio, Inc. Radio Supply Co.

. Jackson Bivd. 34 W. Ohio St. 46 Exchange Place

CEEVE’LQNSD-ﬂOSHllo - KANSAS CITY, MO. SPOKANE, WASH.
1636 Euclia Ave & & Office Appliance Co. Spokane Radio Co.

DALLAS TEX;E 302 Reliance Bldg. 611 First Ave.

T Earl Smith MILWAUKEE, WISC. TULSA, OKLAHOMA
P. O. Box 1805 Continental Engineering Co. Kay Sales Company
DENVER coLo. . 3617 N. Greenbay Ave 317 Central Bank Building
. C. Mu[mx Sound Systems, NASHVILLE TENN. WASHINGTON, D. C.

@ Omberg U. S. Research Corp.
3]0—-]5fh St. Franklm Road Rialto Theatre Bldg.
FOREIGN . . . EXCEPT CANADA AUSTRALIA AND NEW ZEALAND
The M. Simons & Son Co., inc . M. Clubb & Co., Lid.
25 Warren St., New York, N. Y. 76 Clarence St., Sydney, Australia

PRE 'I' RECORDING CORPORATION
- 143 West 19th St., New York, N. Y.
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Contribution to Electric
Circuit Theory

THE SCIENTIFIC ADVANCES of any tech-
nical subject are made throughout the
years by a series of advances, each
of which may be regarded as an
elaboration upon the proceeding or
as another step in a series of succes-
sive approximations. For the electrical
engineer engaged in power work, cir-
cuit analysis on the basis of a single
frequency is sufficiently adequate. The
communication engineer, on the other
hand, is forced to extend his mathe-
matical analyses so that current and
voltages covering a wide range of
frequencies may be dealt with. Prac-
tically all of the power and communica-
tion circuit theories which have been
developed up to the present time are
a complex exponential function of time
as given by ,jwt, where w represents
a constant frequency.

Recent advances in communication
engineering, in which frequency modu-
lation, as developed for practical oper-
ation by Major E. H. Armstrong, makes
necessary another step in the series
of successive approximation in devel-
oping electric circuit theory. The
theoretical analysis of circuits in which
the frequency varies continuously, is
dealt with by John R. Carson and
Thornton C. Fry in a paper, “Variable
Frequency Electric Circuit Theory with
Applications to the Theory of Fre-
quency Modulation,” which has been
published in the October, 1937 issue of
the Bell System Technical Journal.

The variable frequency electric cir-
cuit theory of Carson and Fry is
developed by replacing the wusual
cisoidal oscillation, represented by
¢jot, by the more general time function

represented by exp ( i f‘Q ) d t)
0 y

where Q(¢) is the instantaneous fre-
quency, and may be considered to be
made up of two parts. Thus, the total
instantaneous frequency may be con-
sidered to be composed of a constant

| frequency w, plus a term wu(t) which

represents the deviation from this con-
stant frequency. The instantaneous fre-
quency may therefore be expressed as:
Q(t) = o +r(1)
Using this expression for the instan-
taneous frequency, and making rather
thorough use of the method of opera-
tional calculus, expressions are de-
rived for the admittance and the cur-
rent for a voltage of variable fre-
quency. The results of the more gen-
eral electric circuit theory of Carson
and Fry naturally degenerate into the
usual constant frequency electric ecir-
cuit theory when p (t) in this last
equation reduces to zero.

The variable frequency electric cir-
cuit theory is applied to the case of
frequency modulation. It is shown, that
in frequency modulating communica-
tion systems, the low frequency signal
which is ultimately wanted in the
receiver may be detected by direct and
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Two types (A) for
glass tube with
finder ring (B) for
metal tube, both
with or without
grounding lugs.

Cinch ond Ouak
Radio Sockets are
licensed under H. H.
Eby socket patents.

...FOR GREATER
EFFICIENCY

“50% increase in point of breakdown’’ is the findings of tests to date. Note increased distcnce
between contacts. And of course compact, trim sockets —more than 30% smaller. These metal
saddle sockets eliminate riveting trouble —no breakage or damage. Rigid, this most durable,
newest socket, is streamlined for greater efficiency! Ucinite laminated insulation used exclusively

in all Cinch products. Get samples and prices, it pays.

C l N c H SUBSIDIARY OF UNITED-CARR FASTENER CGORP., CAMBRIDGE, MASS.

MANUFACTURING CORPORATION 2335 W. Van Buren Street, Chicago, lilinois
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for ""Push-Button' Tuning

The tiny Model "R" motor, illustrated above, is specifically designed for
use in radio tuning by *push-button” control.

Exclusive safety and dependability features make the Model “R” motor
the most rugged and efficient of its kind. Securely mounted, self-aligning,
oilless bearings guarantee permanent shaft alignment and noiseless opera-
tion. Thermostatic protection against accidental burning out, plus ample
heat radiating area provided by the housing, make the Model "R” ideal
for concealed positions. Yet the overall dimensions are only 2§” x 2}”
x 14", The Alliance Model “R” motor can be had now in large quanti-
ties at low cost. Mounting and gear assemblies will be supplied to
meet your particular demands and specifications.

Write, Wire or Phone for Complete Details

ALLIANCE MFG. CO. « ALLIANCE, OHIO

A book which should be in the
working library of everyone
interested in radio
[ ]

By KEITH HENNEY

Fditor, “Electronics”

Principles of Radio

A thoroughly revised edition of a well-known radio book for home or
class study. Much new material has been added to replace obsolete data.
Modern tubes, modern circuits, modern practice, and modern values of
circuit constants are used throughout. The book presents features of
present-day receiver design and other recently developed devices, brief
treatments of television, facsimile transmission, etc. New practical prob-
lems have been added, dealing with the circuits and constants with which
radio is concerned.

Third Edition 495 pages; 311 illus., 5% by 8; $3.50
ON APPROVAL COUPON

JOHN WILEY & SONS, INC.
440 Fourth Avenne, New York, N. Y.

Kindly send me a copy of Henney’s “Irinciples of Radlo.” I agree to remit the
price ($3.50) within ten days after its receipt, or return the book postpaid

B 3 T R R Rk R N

Address. ... o i i i i it i i e, City and State,......ov0ieiierenienenn.

Employed by
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simple means. For the case of pure
frequency modulation, the signal can-
not be obtained simply and directly
from the frequency modulated wave.

The mathematics, however, show that
the expression for the signal can be
obtained by differentiating the fre-
quency modulated wave. From this it
is inferred that the detection of a
pure frequency modulated wave in-
volves, in effect, its differentiation.
The process of rendering explicit the
low frequency signal has been termed
“frequency detection.” Actually fre-
quency detection converts the pure fre-
quency modulated wave into a hybrid
modulated wave containing both fre-
quency and amplitude modulated com-
ponents. Thus, the detection of a fre-
quency modulated wave involves con-
version into amplitude modulation
after which detection may be accom-
plished on the basis of amplitude
modulation. From the fact that the
frequency modulated wave must be
differentiated in order to convert it
into amplitude modulation, it can be
shown that frequency detection can be
effected by means of an electric net-
work.

It is shown that for the detection of
frequency modulated waves, by straight
rectification, the modulation frequency
must be less than the carrier fre-
quency, and that the frequency detect-
ing network should be as nearly as
possible a pure reactance. The condi-
tion is also derived for the minimiza-
tion of both linear and non-linear dis-
tortion. Reduction of noise may be
accomplished through the use of a
balanced rectifier, consisting of two
frequency detectors in parallel, the
rectified outputs of which are then
differentially combined in a common
low-frequency circuit.

While the Carson-Fry article will
undoubtedly appeal to mathematically-
minded engineers and physicists be-
cause of its application to a subject
which, at the present time, is very
much alive (that is frequency modu-
lation), its greatest contribution is
perhaps in the extension of electric
circuit theory to take into account
with mathematical rigor, the analysis
of circuits having variable frequency.

Graphical Solution of
Impedances in Parallel

COINCIDENTALLY WITH the publication
of the article “Graphical Determina-
tion of Impedances in Parallel,” in
the Electron Art Department for Jan-
uary, there was published in the Jan-
uary issue of Electrical Engineering
a letter from John L. Clark on “Graph-
ical Solution of Impedances in
Parallel.” In his communication, Mr.
Clark illustrates and proves a method
for determining the net impedance of
any two impedances in parallel.
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They won't
let you down

... these Mercury Vapor
ReCtiﬁerS -’ Broadcasting stations all

over the country have found these five tubes
remarkable for their long life, reliability and
freedom from arcback.

W ” FOR 50 KW
+«*/ TRANSMITTERS
’ 2668

Important features are:

1. Enclosed field structure: the anode sur-
rounds the cathode shield and limits ioniza-
tion to a small volume.

2. Rugged filament design.
3. Reliable glass construction: careful

control of manufacturing processes mini- FOR 5 Kw
mizes glass strains.

.FOR 1 KW (2 pin base)
2618 (2 pin base)

319A (4 m' base) 3211

(4 pin base)

CHARACTERISTICS

315 A 267 B
266 B 321 A 319 A
Filament voltage . : - ......Bvolts S volts S volts
Filament current_ E ™ J ciieiie--.42 amperes 10 amperes 6.75 amperes
Maximum peak plate current. = ___ ---....20 amperes 2.5 amperes 2.5 amperes
Maximum peak inverse potential_ 20,000 volts 12,500 volts 7,500 volts
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SPECIAL SERVICEM,MWW&,
« STANDARD Myfmm L

IN addition to our regular stock of resistors and rheostats

in a wide range of values and sizes, the maintenance of a
diversified assortment of component parts and fictings per-
mits the prompt handling of special requirements.

Our engineering cooperation is gladly offered in meeting
your individual needs.

Do not hesitate to call upon us.

HARDWICK, HINDLE « Inc

136 PENNINGTON ST. — NEWARK, N. J.
ol &

Frequency Measuring Service g $ o

Many stations find this exact measuring serv-
ice of great value for routine observation of
transmitter performance and for accurately
calibrating their own monitors.

MEASUREMENTS WHEN YOU NEED THEM MOST
at any hour every day in the year

R.C.A. COMMUNICATIONS, Inc.

Commercial Dept.
A RADIO CORPORATION OF AMERICA SERVICE

66 BROAD STREET NEW YORK, N. Y.

Iy vou can depend upon their
Ima:I(JPIER'I\TING RELIABILITY

o T, AR Leach small size circuit control relay,

,ﬁ = = type No. 1357 is a compact, rugged and

d reliable control relay ideal for your con-

trol circuit. These relays have solid

cores, positive contact and low current

consumption—built so that you can de-
pend upon them!

TyrE LEACH RELAY COMPANY
1357 5915 Avalon_ Boulevard, LOS ANGELES, CALIF.
15 E. 26th St., New York City

LEACH RELAY COMPANY, 5915 Avalon Boulevard, Los Angeles, Calif.

Please send your catalog. I am interested in.............. type relay.
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Logarithmic Phototube Circuit

A SIMPLE TYPE of phototube circuit hav-
ing a response which is a logarithmic
function of light flux stimulus is de-
scribed by John Russell in the Decem-
ber issue of the Review of Scientific
Instruments under the title “A Photo-
electric Cell Circuit with a Logarith-
mic Response.” As shown in the ac-

companying illustration, the circuit

Schematic wiring diagram of phototube
circuit

consists essentially of a phototube, a
three-element amplifying tube contain-
ing a microammeter from a plate cir-
cuit, a power supply, and the neces-
sary voltage dropping resistor. The
plate current response of the triode is
proportional to the logarithm of the
light intensity for a range of 10,000
to 1, according to a chart shown by
the author.

Response of the circuit shown above

From the fact that the electrode cur-
rent is a power function of the electrode
voltage, the author shows that (for the
circuit shown) the following relation
exists:

log 1,= K, + K,E,,
where, i, is the current to the grid,
in E; is the potential of the grid with
respect to the electron emitting fila-
ment. For the equilibrium condition to
be established, the current in the photo-
tube and the grid current of the triode
must be equal, for, if i, is the current
in the phototube, the relation at equi-
librium is

pe = 1g-

For a vacuum type of phototube, the
current flowing through it is directly
proportional to the incident light influx
so that if F is the value of the incident
light flux, the photoelectric current is

ipe = K,F
This equation can be put into the loga-
rithmic form,

log i, —log K, -+ log F

February 1938 — ELECTRONICS




2%l

FORMICA INSULATION

Thc'sc' insulators made from Formica rectan-
gular tubing provide sturdy and efficient protection for
heavy duty bus bars as produced by the Delta Star Eleetrie
Company, Chicago, Il . .. Formica has been used in light
and heavy equipment by leading American cleetrical man-
ufacturers for nearly 235 yvears=ever sinee such materials
have been widely used in the electrical industry . .. A large
producing and machining equipment makes it possible to

give prompiservice. Send us your blue prints for quotations.

THE FORMICA INSULATION CO., 4638 SPRING GROVE AVE., CINCINNATI, OHIO

ORMICX
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Gmmunicales
Wocerel ae UWSe
Todviy. NEW

SUPER'PRO

THE STANDARD
for 1938!

* Standard and Crystal models
for three tuning ranges viz,—
7Y% 10 240, 15 to 560, and
15 to 2000 meters.

* Sixteen tubes—8 metal and 8
glass.

* Direct tuning, calibration ac-
curate to within % %.

* Electrical band spread.
* Fractional micro-volt sensitiv-
ity,

* Two of R.F. on all

bands.

stages

* Absolute image rejection on
all bands.

* Selectivity variable beitween 3

to 16 ke.
* High fidelity audio.

* Calibrated band-width, beat
oscillator, sensitivity, and
audio gain controls.

* Stand-by; AVC- Manual;

Speaker - Phone; C.W.-Mod.,
and Off-On switches.

#* Built like a battleship. Finest

materials and workmanship.

Hammarlund Mfg. Co., Inc,
B || B2 421438 W. 33d. St. New
I \ York
m“‘ : [JPlease send me *‘Super-Pro™ bulletin,
Eﬂumu [ Please send me new ''38” catales.
WDAY’ Name  ......
4 Address
o, L s

" Canadian Office: 41 W. Ave. N.
Hamilton, Ontario
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From these equations it can be shown
that the relation between the incident
light flux and the grid voltage is

log F +log K,—= K, + K,E,,
which shows that the grid potential is
a logarithmic function of the incident
light intensity.

It now remains to produce linearity
between the plate current of the triode
and the grid voltage, and this is accom-
plished by the usual method of insert-
ing the high resistance in series with
the plate circuit.

Electron Theory

FOR THE INTELLIGENT reader who is
not necessarily a specialist in theoret-
ical physics, the article “Electron
Theory,” by R. G. Kloeffer in the Jan-
uary issue of Electrical Engineering
gives a brief and simple picture of
modern electron theory. The electron
is shown to be a part of the atom,
and to be the means by which elec-
tricity flows. Its function in electron
tubes is explained, and the operation
of amplifiers, rectifiers, and photoelec-
tric devices of various types is dis-
cussed.

To our editorial co-workers who fre-
quently bombard us with the question,
“Say, just what is electronics all about
anyway?’ we can now point to Mr.
Kloeffer’s article as providing a basis
for answering at least a part of this
question.

HONORED FOR WORK
WITH ARTIFICIAL
TRANSMUTATION

Prof.

versity of California, has received

the Comstock Award for his discov-

eries with cyclotron. Here he is

inspecting the cyclotron at the Uni-

versity of Rochester with Prof. Lee
duBridge (right)

E. O. Lawrence, of the Uni-
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co N T RO L
IN THE PALM OF YOUR HAND

Another achievement of Astat.
ic Engineers. New Grip-to-
Talk Mode! CD-104 now comes
equipped with palm-operated
relay switch. This is the famous
D-104 mounted on chrome
desk standard with black base.

Full year guarantee.

LIST PRICE $27-50

Astatic Mlcrnphone Labnratory, Inc.
DEPT. A-8, YOUNGSTOWN, OHIO
Licensed Under Brush Development Co. Patents
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“JAGABI"
RHEOSTATS

SMOOTH
POSITIVE
RUGGED

DURABLE

A Jagabi
Switchboard
Type Rheostat

OR fine adjustment and control of

electric current, Jagabi Sliding-
Contact Porcelain Tube Rheostats have
been, for many years, first choice of
engineers and research workers in
many fields. Stock sizes, types and rat-
ings for most requirements. Special
Rheostats if you need them. Write for
descriptive Bulletin 1515-E.

JAMES G BIDDI_E CO.

[ ELECTRICAL - INSTRUMENTS |

1211-13 ARCH STREET

PHILADELPHIA. PA.
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MANUFACTURING REVIEW

News

+ According to Gerard Swope, orders
in every major department of the Gen-
eral Electric Co. were greater in 1937
than in 1936. Nothwithstanding the
reduction in the last few months, the
number of employees during 1937 was
greater than a year ago. Orders re-
ceived for the fourth quarter amounted
to $73,997,063 compared with $84,857,-
181 for the same period of 1936, a de-
crease of almost 13%. However, for
the nine month period, the total for
1937 was $305,276,556, compared with
$211,891,038, representing an increase
of 449,

+ Handy and Harmon, 82 Fulton St.,
New York, fabricators of precious met-
als, announce the formation of a Metal
Powder Products Division, which will
engage in the development and manu-
facture of products fabricated from
metallic powders.

+ With the expectation ultimately of
doubling its present production and
greatly increasing the number of em-
ployees, the Spencer Lens Co., 19 Doat
St., Buffalo, N. Y., recently completed
negotiations for the purchase of 25
acres at Cheetowaga where a new plant
will be constructed.

+ E. K. Cohan, C.B.S. director of engi-
neering, sailed on January 15 for Cairo,
Egypt, where he will represent Colum-
bia at the World Telecommunication
Conference to be. held this month. Aec-
tompanying him on his journey is
Haraden Pratt, vice-president and chief
engineer of the Mackay Radio and Tele-
graph Co. and president of the Institute
of Radio Engineers for 1938.

+ Ralph J. Cordiner has been appointed
manager of the appliance and merchan-
dise department of the General Elec-
tric Co. according to an announcement
by Charles E. Wilson, executive vice-
president of the company.

+ The order for 42 aviational combina-
tion radiotelephone and radio range
beacon signal transmitters at 36 sta-
tions of the Bureau of Air Commerce
of the Department of Commerce is in
manufacture at the plant of the Fed-

New Products

eral Telegraph Co., Newark, N. J.
According to Admiral Luke McNamee,
president of the company, this equip-
ment will replace and modernize beacon
equipment along principal air routes.

+ Myron T. Smith, formerly sales
engineer for the New York Office of
the General Radio Co., has recently
opened a new office in Los Angeles
where he will be available for consul-
tation concerning the application of
G-R instruments. In addition to engi-
neering service, a stock of laboratory
instruments and parts will be main-
tained in order to facilitate the prompt
handling of orders on the West Coast.
The New York office has been taken
over by Frederick Ireland, after having
spent several years in the factory and
laboratories at Cambridge, Mass.

+ To facilitate service to Canadian ra-
dio set manufacturers, Jensen Radio
Mfg. Co. has recently concluded ar-
rangements with the Canada Wire &
Cable Co., of Toronto, Ontario, for the
manufacture of Jensen products in Can-
ada. Mr. C. A. Savage will be in
charge of the new Toronto office.

+ Five post-doctorate scholarships for
research in modern physics at the
Westinghouse Research Laboratories in
East Pittsburgh are to be awarded to
young scientific workers this spring,
according to Dr. L. W. Chubb, director
of the Westinghouse Research Labora-
tories. Appointment will be for one
year and the fellows will be eligible
for one reappointment. Five or more
fellows will be appointed the following
year under a plan which provides ulti-
mately an opportunity for ten physic-
ists to continue research using the fa-
cilities of one of the nation’s leading
industrial laboratories.

+John F. Cunningham, supervisor of
production for the General Electric Co.
since September, 1931, has been ap-
pointed assistant to the vice-president
in charge of manufacture, according to
W. R. Burrows, vice-president in charge
of manufacturing. Mr. Cunningham

succeeds Myron F, Simmons, who is re-
tiring from the company.

+.At a recent meeting of the Board
of Directors of the Ferris Instrument
Corp., of Boonton, N. J., it was de-
cided that the business policies of the
company should be continued with as
little change as possible, in line with
activities under the late Malcolm Fer-
ris. C. J. Franks has recently been
elected president and chief engineer of
the company and John H. Redington
has become treasurer and sales man-
ager.

+ According to Walter C. Evans, man-
ager, the Radio Division of the West-
inghouse Electric & Manufacturing Co.,
will be moved from its present loca-
tion at Chicopee Falls, Mass., to Balti-
more, Md. Construction of the new
factory at Wilkins Ave. and Catherine
St., has been begun and it is expected
that the transfer of the employees and
their families, together with equipment,
will be completed within the next six
months.

+ The Wilbur B. Driver Co., of New-
ark, N. J., paid its stockholders a divi-
dend of 40 cents per share on Dec. 20,
and reported a successful year of
business together with further expan-
sion of its plant’s capacity.

+ Audio Production, Inc., producers of
industrial films, has acquired the
Easton Studios of General Service Stu-
dios, Inc:, the organization operating
the former Paramount Studios in As-
toria, L. I.

+ According to an announcement by
J. B. Kleckner, president, H. B. Rick-
ards has joined Motiograph, Inc., as
advertising and publicity chief. Mr.
Rickards comes to Motiograph after
a varied experience in both newspaper
and theatrical fields. His connection
with the theatre dates from the
inception of sound pictures when he left
the radio promotion department of the
Chicago Herald-Examiner to become
associated with Paramount Famous
Lasky in Hollywcod.

Thermionic Amplifier

A NEw amplifier made by Leeds &
Northrup, 4901 Stenton Ave., Philadel-
phia, makes it possible to adapt exist-
ing potentiometers to glass electrode
measurements. It will measure =+0.1
millivolt. Can also be used for meas-
uring potentials encountered in polar-
ization studies.

ELECTRONICS — February 1938

Power Amplifier

A THREE-STAGE power amplifier having
a rated power output of 19 watts with
a peak power of 25 watts, an overall
gain of 110 db. and a frequency re-
sponse sensibly flat from 40 to 10,000
cycles has been announced by the Am-
plifier Co. of America, 37 W. 20th St.,
New York City.

www americanradiohistorv com

Field Intensity Meter

A SUPERHETERODYNE RECEIVER, loop an-
tenna, and calibrating oscillator forms
a field strength meter developed by
Doolittle & Falknor, Inc., Chicago.
With batteries the device weighs 43
Ibs. The indicator is a microammeter
in series with the diode load of the
second detector.
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Catalog & Literature Service

Manufacturers' literature constitutes a useful

source of information. To make it easy to keep up

to date, "'Electronics' will request manufacturers

to send readers literature in which they are inter-

ested.

1. Vapor Lamps. A folder on high
efficiency mercury vapor lamps is
available from the Spanner Vapor
Lamp Co., Inc,, 781 E. 142nd St., New
York City.

2. Protectoid. A folder on a trans-
parent packaging material known as
Protectoid is available from the Cellu-
loid Corp.. 10 E. 40th St., New York
City.

3. Electrometer Tube. Information
Bulletin No. 15, issued by the Lamp
Division of the Westinghouse Electric
& Mfg. Co., Bloomfield, N. J., gives
technical data on the type RH-507 elec-
trometer tube, as well as on the type
WL-756 carbon resistor tubes.

4. Automatic Control Equipment.
Bulletins are available from the Zenith
Electric Co., 607 So. Dearborn St., Chi-
cago, covering magnetic contactors, re-
mote control switches, turn switches,
interval timers and other automatic
electrical control equipment.

5. Microphones. A comparison of
the various types of microphones made
by the Transducer Corp., 30 Rockefeller
Plaza, New York, together with the
characteristics of the microphones is
available for distribution.

6. Testing Equipment. Test equip-
ment for industry, school and labora-
tory, is described in a new bulletin
issued by the Weston Electrical In-
strument Corp., Newark, N. J.

7. Tube Charts. A revised edition
of their tube characteristics sheet con-
taining data on all types of tubes
available in the Sylvania line is avail-
able from the Hygrade-Sylvania Corp.,
Emporium, Pa.

8. Photoelectric Colorimeter. Bul-
letin No. 460 describes a photoelectric
colorimeter suitable for the quantita-
tive determination of the concentration
of solutions possessing inherent color.
The bulletin is available from the Rubi-
con Co., 29 No. 6th St., Philadelphia.

9. Rectifier Power Unit. A 4-page
bulletin describing heavy duty recti-
fiers is available from the B-L Elec-
tric & Mfg. Co., St. Louis, Mo.

10. Radio Transmitter. Catalog No.
52 from the Harvey Radio Laboratories,
25 Thorndike St., Cambridge, Mass.,
describes a number of high-frequency
transmitters with output ratings up to
§ of a kilowatt.

11. Fluorescent Paint. An ultra-
violet lamp, together with a number
of colored fluorescent paints is de-
scribed in a bulletin issued by the
Eisler Electric Corp., 540 39th St.,
Union City, N. J.

12. Pyrometers. Catalog No. 1101-D
of the C. J. Tagliabue Mfg. Co., Park
& Nostrand Ave., Brooklyn, provides
data on their high speed photoelectric
pyrometer,
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13. Wire-wound Resistors. A loose-
leaf catalog giving technical data on a
wide variety of precision wire-wound
fixed and variable resistors has been
issued by the Precision Resistor Co.,
334 Badger Ave., Newark, N. J.

14. Coupling Shaft. Flexible coup-
ling shafts and casings, especially suit-
able for automobile radio control work,
are described in Bulletins No. 1137 and
3093, which are available from the
S. 8. White Dental Mfg. Co., 10 E.
40th St., New York, N. Y.

15. Amplifier Data. A wide variety
of amplifying equipment together with
their component parts and technical
and other circuit information is given
in the third edition of the Amplimanual,
issued by the Standard Transformer
Corp., 850 Blackhawk St., Chicago.
Form No. 101 describes Stancor power
supply equipment,

16. Transmitter Manual. Technical
data on sixteen radio transmitters up
to 1 kw. rating are given in the third
edition of the Hamanual published by
the Standard Transformer Corp., 850
Blackhawk St., Chicago, IlL

17. Temperature and Pressure Con-
trol. Temperature and pressure control
equipment is described in bulletin No.
1172 and catalog No. 1136 A of the C.
J. Tagliabue Mfg. Co., Park & Nos-
trand Ave., Brooklyn, N. Y.

18. Record Price List. A new price
list on records and recording equipment
is available from the Mirror Recording
Corp., 38 W. 25th St., New York.

19. Volume Control Replacement.
Copies of the 9-page bulletin which
indicate at a glance the make and type
of sets served as well as the function
of more than 1,200 exact duplicate con-
trols is available from the Clarostat
Mfg. Co., 285 No. 6th St., Brooklyn.

20. Relay Equipment. Relays, plugs,
switches, and other accessories for com-
munication work are listed in Catalog
CC1 released by C. P. Clare Co., 4541
Ravenswood Ave., Chicago.

21. Communicating System. An 8-
page catalog describing their commu-
nicating systems is available from the
David Bogen Co., 