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CONVENTION
HEADQUARTERS
HOTEL STEVENS
SUITE 2519-20
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NOW... A COMPLETE, COMPREHENSIVE LINE OF ANTENNA LOOP WINDINGS

GUTHMAN has acquired the exclusive
franchise rights to the rubber-covered

ANTENIFORM LOOPS made under patent
application of the DIAMOND WIRE AND
CABLE COMPANY, of Chicago Heights, Ill.

By adding these remarkable new loops to
our comprehensive line, we can now meet
every requirement in aerial units promptly

and efficiently.




o VOLUME
CONTROLS

In every branch of the electronic
industry Centralab Controls play
a major part in producing certain,
smooth, flawless attenuation. Set
manufacturers, servicemen and ex-
perimentors turn to Centralab for
positive performance. Whatever
your Volume Control needs may
be . . . specify Centralab.

MIDGET FLATOHM

All controls furnished with
any desired maximum re-
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The resistor curve of a volume control is more important
than its overall resistance...that is why Centralab con-
trols are furnished with the variety of curves shown here.
Curve six is most widely used for high resistance radio grid
and diode controls. Curve 1, or 4, are best for C bias, and CENTRALAB ¢ 900 E. KEEFE AVE o MILWAUKEE, WISCONSIN
Curve 3for antenna Cbias. Curve 10isused ontapped controls. A Division of GLOBE-UNION INC. Cable Address: Centralob Milwaukee
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NOW BRANDED —m
IN THE U. S. A.

Technicians and manufacturers of elec-
trical products affiliated with the indus-
try years ago are thoroughly familiar with
the outstanding electrical and mechanical
properties of TURBO sleeve insulation, That
is the reason they continue to specify

TURBO.

Pioneering twenty years ago to increase the efficiency of this vital part
of appliances and equipment, TURBO played a dominant role in
decreasing service mortality due to faulty or inferior insulation.

Later TURBO scored another scoop by introducing an exclusive feature
—inside impregnation. A rrocess that gives those extra production
advantages essential to quality . . . and profits!

Now the TURBO process of manufacture has been brought to the United
States in its entirety. Thus the superior technical properties of TURBO
become an assured manufacturing process . . . the American way!

As always, shipment the same day order - -
from largest to smallest - - is received.

WILLIAM BRAND & (OMPANY

Mica Plate and products—Varnished oil tubing, Saturited Sleeving, Vamished Cambric, Cloths and Composites

276 FOURTH AVE. NEW YORK, N. Y. 217 NO. DESPLAINES ST., CHICAGO, ILL.
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%Vm/% STABILITY . . .

UNDER ALL KINDS OF OPERATING CONDITIONS

SILVER

ERIE

/
TYPE M 4F [}
-

—{® _
825 * 25 MMF
Type F Erie Silver Mica

Ceramic Case
Up to 2500 MMF

ERIE

Rovarme

SIANER MIGA

Type ] Erie Silver Mica
Molded Case
Up to 1000 MMF

J| eRE

=

M SUVER MICA |

Type K Erie Silver Mica
Molded Case
Up to 500 MMF

SUPPRESSORS
CERAMICONS

SILVER-MICA
CONDENSERS ' { &

TOKONTO, CANADA <+ LONDON, ENGLAND - PARIS, FRANCE-J.E.CANETTL CO.

RESISTORS N

1ICA CONDENSERS

It's false economy to specity a condenser that has been specially
developed to operate practically independent of temperature,
unless this stability is maintained under extremes of tempera-
ture that might occasionally occur.

With a temperature coefficient of .000025 mmi/mmi/°C and
a power factor of less than .04%, Erie Silver Micas provide an
unusually high degree of stability not available in any other
type of condenser of equal size and capacity. Even after 5 com-
plete cycles of 5 hours at —40° F and 15 hours at 180° F, their
permanent capacity change is less than 0.2%. ln addition, Erie
Silver Micas will vary less than .05% in capacity aftér being
subject to 100% relative humidity at 104° F for 100 hours.

Such excellent characteristics under all kinds of operating condi-
tions make Erie Silver Micas ideal for use in tuned oscillator
circuits where mica-foil condensers are impractical. We will be

glad to send you complete test data on these units.

» MOLDED BEZELS Y

Wy,

'RESISTOR CORPORATION, ERIE, PA. [

\  POLYSTYRENE  \
\  COIL FORMS

S O
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An Example of

Synchronized control is aptly represented by the new Remote Reading
Liquid Level Gauge by Guardian. Using 38 Relays by Guardian—4
Stepping Switch Contact Discs and one tap switch—a total of 70.191
different direct-connected liquid level readings can be accurately made
employing a 26 pair cable. For each single wire added to the cable,
4,799 additional readings may be taken.

RELAYS sy GUARDIAN

Without complete synchronization of each relay and control unit one
to another—without a perfectly synchronous relationship between
each mechanical unit—correct readings of dozens of individual tank
levels would be impossible. Tested and proved under actual operating
conditions, the performance of this new Guardian Gauge verifies the
value of using Relays by Guardian—of synchronized control.

*

g |

Control mechanism at right consists of banks of Relays by Guardian
with a single dialing switch, which, in turn selects any one of dozens
of tank head control units at varying distances—a few feet, a mile or
miles away. Correct tank level readings appear in light-up numerals
on the Indicator Panel at left,

This specialized application, one among hundreds, serves to illustrate
the ability of Guardian engineers. Clearly shows how Guardian equip-
ment—Relays—Stepping Switches-—Solenoids by Guardian are designed
and built into complete control assemblies to meet specific requirements
—should convince you—Relays by Guardian will make your product
more responsive, more saleable. e
Indicator Panel Indicator Panel

Mw”,_@ —TF

Ask Guardian to Make Specific Recommendations. Write Control
GUARDIAN ELECTRIC
1625 West Walnut Street Chicago ° Illinois

ELECTRONICS — June 1940 7




Swimmers or capacitors ...

EIGHT the same, reach the same, suits the same.
These two might be twins. But--what a differ-
ence in performance! One has that effortless, tireless
stroke that comes from long practice. The other is
just a swimmer.

As with swimmers, capacitors, too, may look alike.
The “suits” may be the same—but what a difference
in performance! One capacitor boasts the sound
dependability that comes only from long experience
—the other is just another capacitor.

For more than thirty years Cornell-Dubilier has con-
centrated all of its engineering and manufacturing
efforts in the production of capacitors. The superiority
of Cornell-Dubilier capacitors lies hidden to the eye—
hidden in the ingredients Cornell-Dubilier painstak-
ingly builds in. Recognized only in the time-tested
longer life, thoroughly dependable operation and
surviving economy of the C-D capacitor you buy.
Engineers however long ago recognized the presence
of these hidden vital ingredients in the performance
records of Cornell-Dubilier capacitors—that is why
there are more C-D's in use today than any other
make.

/ma‘.l

100k alike

but what a difference
in_performance!

ONLY CORNELL-DUBILIER
DRY ELECTROLYTICS

offer all these features

y
These Features:

¢ Special high-voltage paper separator
¢ C-D etched plate

e Special C-D electrolyte

¢ Special high formation process

Result in:

e Minimum capacity change over wide temperature
range.

¢ Great reduction in physical size—up to 40%, for some

types.

Increased useful life.

Reduced direct current leakage.

Reduced equivalent series resistance.

Higher breakdown voltage.

‘Improved audio and radio frequency impedance

characteristics.

The Type EZ Capacitor is available in single, dual,
triple and quadruple capacity combinations with vari-
ous mounting facilities, Send for engineering bulletin.

Remember! All C-D capacitors are union made
and competitively priced.

*ETCHED FOIL—NOT FABRICATED PLATE
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PERMANENT MAGNET

FOR GENERAL PURPOSE
PUBLIC ADDRESS WORK

This new type 'S’ Projector employs an especially
designed, highly efficient, 8" Permanent Magnet
loud speaker sealed into an enclosure, taking
full advantage of the JENSEN Peri-Dynamic
PRINCIPLE. The result is sharp improvement in
middle trequency response and in that quality of
crispness and intelligibility so essential to the
reproduction of sound in public address applica-
tions. In addition, feedback troubles are substan-
tlally reduced by practically eliminating back side

June 1940

15-25 WATT
HEAVY CAST BULKHEAD
SHEET STEEL BELL
BAYONET PLUG
CAST METAL STAND
24 BELL DIAMETER

radiation. And of course, the loud speaker be-
comes thoroughly pretected from weather.

The Projector is rigidly constructed of cast
aluminum and sheet steel; mechanical modes
likely to generate objectionable resonance are
thoroughly subdued. Electrical access to the loud
speaker is gained by a strong bayonet type sep-
arate plug and socket assembly.

Dealer's price, (No. SPH-81) com- $3|20
plete with PM speaker, only NET
Mounting standard extra.
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2 YEARS AGO-

1940 —_ TWENTY-FIVE
YEARS LATER the same
measurements can be duplicated
with this equipment at fre-
quencies up to 1,000,000 cycles
per second and with accuracies
far in excess of those possible
in 1915. Included are General
Radio Type 516-C Radio Fre-
quency Bridge. Type 684-A
Modulated Oscillator, Type
619-E  Heterodyne Detector,
Type 663 Resistors and a head-
set. Before 1940 has gone by
G-R instruments will probably
be available to extend the fre-
quency range of these measure-
ments to 10,000,000 cycles!

® GENERAL RADIO COMPANY celebrates
its 25th Anniversary this month. The twenty-
fifth year in the life of most companies or per-
sons is not particularly significant; but in the
radio and electronic measuring-apparatus field
twenty-five years takes one practically back to
the beginning. General Radio is probably the
oldest company of its kind in the world. It
has been continuously engaged (under the same
name, with the same directing head and with
the same managerial policy) in the design,
manufacture and sale of precision electrical
laboratory apparatus for use at communication
frequencies. General Radio instruments have
always kept abreast of the developments in the

1915 —_ SKIN-EFFECT RE-
SISTANCE MEASURE-
MENTS OF CONDUCTORS at
radio frequencies up to 100,000
cycles per second. During 1915-
1916 important research on this
problem was undertaken at one
of the leading educational in-
stitutions with the equipment
shown — the latest then avail-
able. Included in the set-up are
an Alexanderson r-f alternator
delivering 2 kw at 100,000
cycles, a hot-wire ammeter,
adjustable paper condenser,
variable air condenser, fixed
telephone condenser, single
slide-wire, fixed and adjustable
inductances, a portable gal-
vanometer, a headset and 1,000-
cvcle commutator interrupter,
These instruments represented
the latest developments in the
instrumentation field in 191S.

1940

electronic art and its apparatus has in no small
measure contributed to the ease with which
further developments have been and are pos-
sible.

The extent of diversification in the manu-
facture of its apparatus is always surprising to
persons not long familiar with General Radio.
G-R instruments are in use throughout the en-
tire world in the leading laboratories, factories
and commercial organizations.

If you are interested in electrical measuring
equipment at audio or radio frequencies, you
should familiarize yourself in detail with G-R
products. Worite for a copy of Catalog K.

Address 30 State Street, Cambridge, Mass.

GENERAL RADIO COMPANY

CAMBRIDGE
MASSACHUSETTS

June 1940
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Takes the Guesswork Qut
of Vibrator Construction

The performance record established by Mallory-buiht
Vibrators in millions of auto radios is any thing but a lucky
accident. It has been earned the hard way . . . by the most
extensive rescarch ever undertaken by a vibrator manu-
facturer. Mallory, of course, does not rely upon any outside
research facilities, and consequently ... in both the elec-
trical and metallurgical fields . .. Mallory’s Vibrator re-
scarch and experimentation continues without interruption.

Mallory-built Vibrators lead in design and in metallurgical

perfection. Tungsten contacts developed by Mallory are
famed in every field in which product efliciency depends
largely upon the making and breaking of an electrical

circuil.

Built by the most highly specialized technicians in the
industry ... Mallory-built Vibrators offer characteristics
not duplicated by any other vibrator. Low initial starting
voltage over the whole useful life of the vibrator. Ixceed-
ingly long life with no decrease in output. l.ow mechanical
noise. Lower vibration level. Permanent alignment of com-
ponent parts. Longest contact life. Lower initial cost and
lower operating costs. No other vibrator offers you these

vital characteristics to the same

high degree as Mallory-built
| Vibrators. Make them your

standard specification. It will
pay dividends in efficiency and

economy.

12

Progressive assembly of internal mechanism. All parts
are checlked for thickneas, being placed in order in this
“trolley’”, where they travel to the next operator in the
assemnbly line.

After assemnbly, every Mallory-built Vibrator is teated for
electrical characteristics . . . output, balance, wave form,
starting voltage and steady operation on this meter
board and cathode ray oscilloscope.

Every Mallory-built Vibrator is tested for noise in a
sound-proof room under actual set-operating conditions.
This has been established as the only practical and con-
clusive test of the noise factor.

P 3. LR NGRS

Life test. A percentage of every production run on every
type of Mallory-built Vibrator is tested under actual set
operating conditions for 1000 hours. Mallory takes the
guesswork out of ““results’’ as well as construction.

P.R.MALLORY 8 CQ.Inc.

June 1940 — ELECTRONICS
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.KEITH HENNEY.

Editor

.JUNE, 1940

» DEFENSE The invasion of
the Low Countries of Europe will have
at least two effects upon this country.
One will be a complete awakening to
the vital need for a tremendous expan-
sion of our defense organization both
moral and physical. Inadequate appre-
ciation of the forces at work in Nazi
Germany, in spite of adequate warnings
available since 1927, is now having its
terrifying effect. Belated appreciation
in this country of those same forces will
soon have its effect here and will be
evidenced by an enlargement of funds
spent for defense equipment.

All through the depression the gov-
ernment has kept busy many communi-
cation plants, large and small. This has
been all to the good; and this work will
continue.

There are, however, too many dis-
quieting rumors of conflicts between
the army and the navy, and between
the services and the civilian expert
aides. Jealousy between navy techni-
cians and civilian radio experts, as
only one example, creates havoe on
morale, delays production, costs the
people vast sums of money, time and
effort. Politics enters into these vital
matters all too often. All these mat-
ters should be delved into and cleaned
up that we, too, happy in our ignor-
ance and complacence may not be
caught too late.

The second effect of the war will
be an increased demand for war mate-
rials to be manufactured in this coun-
try. The Allies have some 7 billion

CROSS

TALK

dollars to spend; when this is gone
there will be tremendous pressure to
advance credit, all of which means
busy factories and busy hands. But
it will be a sad sort of activity, never-
theless.

» WOLF . Cyclotrons get bigger
and better. The Rockefeller Founda-
tion has made an appropriation of $1,-
150,000 to the University of California
for a new cyclotron to be built under
the direction of Dr. Ernest O. Law-
rence. The University is to raise an
additional quarter million dollars. The
magnet will weigh approximately 4,-
500 tons, copper windings will weigh
about 400 tons. At a wavelength of 57
meters, 50-million volt deuterons will
be obtained. 2,500 kw will be available
for operation of the machine.

Lately there have been new an-
nouncements of the energy available
when, and if, certain nuclei are
smashed—enough to run a big three-
stacker liner across the Atlantic at 40
knots and all that sort of thing. - We
are getting a bit blasé about all these
predictions. No one as yet has supplied
atomic energy to push a dead fly across
a frictionless surface. Atomic energy
always seems to be one jump ahead of
the scientists—they always need a big-
ger jimmy, and having got the jimmy
the vision of releasing the energy is
just as bright but is only delayed a bit
in time.

Knowledge about how things are
made out of the ultimate building blocks

of nature is sufficient excuse; scientists
need not kid us along with these prom-
ises of something utilitarian. Can we
Americans never enjoy beauty, or
knowledge, or any of the esthetic qual-
ities without wanting to know how
much the thing cost, or what we are
going to get out of it?

» MUSIC Among those receiv-
ing the 1940 medal awards presented

by the Franklin Institute on May
15th, Laurens Hammond, President
of the Hammond Instrument Co.,

will be the only person whose award
will come as the result of an achieve-
ment that has had a far-reaching in-
fluence in the field of music. Mr. Ham-
mond will receive the John Price
Wetherill medal, an award founded in
1925 and bestowed annually to a per-
son of outstanding achievement “for
discovery or invention in the physical

sciences, or for new and important
combinations of principles already
known”. Mr. Hammond will receive

the award “in consideration of the
inventive skill displayed in the develop-
ment of the Hammond Organ, a prac-
tical musical instrument for the pro-
duction of tones of a wide range and
pitch, intensity and quality by elec-
trical means, and for the combination
and manipulation of these tones with
the speed, certainty and flexibility de-
manded in the production of musical
compositions”.

Mr. Hammond admits that he cannot
read musie or play it.



Panoramic Reception

All the stations on the dial of a receiver may be indicated simultaneously on a cathode-ray

oscilloscope by repeatedly sweeping through the band. Such a receiver gives the relative

frequencies and signal strengths of several stations, hence is suited to radio navigation

66 ANORAMIC RECEPTION” is
a4 name given to a newly-de-
vised method of receiving many
stations simultaneously, by its in-
ventor Dr. Marcel Wallace of New
York. The system is simple, so
simple in fact that most engineers
who have seen it demonstrated
wonder why it has not been put into
practice long before this. The first
announcement published in Flectron-
tes was printed in July, 1938, page
36. Since that time more complete ap-
paratus has been built and a demon-
stration of the system has been made
to oflicials of the Civil Aeronautics
Authority at the Indianapolis Air-
port, to show its effectiveness as a
radio range beacon for aireraft.
Essentially, panoramic reception
is accomplished by observing radio
signals on the screen of a cathode-
ray oscilloscope. The receiver is a
conventional  superheterodyne in
every respect except that the cir-
cuits of the oscillator and antenna
are tuned continuously from one end
of the band to the other at a rate of
about 60 times per second. The re-
ceiver thus sweeps past the signals
present on the band and registers
an audio output voltage as each sig-
nal is encountered. The output is
applied to the vertical detflection
plates of an oscilloscope. The hori-
zontal sweep frequency of the oscil-
loscope is controlled so that it is
synchronous with the 60 per second
tuning cycle. Hence each station on
the band registers as a stationary
vertical detlection of inverted-V
shape. The height of the V is de-
termined by the signal strength, its
position on the horizontal axis by its
frequency. Any change either in
signal strength or frequency of any
of the stations present, is immedi-
ately visible. Even the modulation
of the signal, which produces a

14

hh- —k
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The dual frequency aircraft beacon transmitter and panoramic
reception patterns indicating off course to right and left of beam,

respectively
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Development form of panoramic receiver built for extreme com-

pactness and light weight.

Uses electronic capacitance variation

to sweep through the received band

change in the height of each V, may
be identified if its frequency is re-
lated to the sweep frequency, as
could readily be realized in the case
of transmitters especially set up for
beacon use. Noise appears as irregu-
larities on the base line of the oscil-
loscope trace, and to some extent on
the V itself, but the signals may be
identified, as to relative frequency
and amplitude, in the presence of
noise which would make the signals
almost inaudible if received by a
loudspeaker.

This visual method of observing
radio signals has several distinct
advantages when applied to naviga-
tion. Navigation by radio is based
by the comparison of signal strengths
from two or more sources, usually
on different frequencies. The panor-
amic receiver is essentially a signal
strength indicating device for sev-
eral signals at the same time, and
hence the receiver is particularly
well suited to the purpose.

The Dual Frequency Radio Range
Beacon

One important application of the
panoramic principle is illustrated in
the range beacon recently demon-
strated by Dr. Wallace at Indian-
apolis. The transmitter, shown in
the accompanying photograph, con-
sists of two line-controlled oscillators
operating on 124 and 124.1 Mc re-
spectively and feeding two horizon-
tal dipole antennas arranged at
right angles to each other. Since the
radiation pattern of a single dipole
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is a figure-eight, the combined out-
put consists of two figure-eight pat-
terns superimposed. The transmit-
ters were arranged for alternate
keying by electronic keying circuits
designed to operate in the range
from 2 to 80 pulses per second.
The course to be followed by the
plane is one of the intersections be-
tween two lobes of the double figure-
eight pattern. It the pilot finds him-
self in this region, the two signals
appear on the screen of his panor-
amic receiver as inverted V’s of
equal height. If he finds himself
off course, 1n one of the lobes at
either side of the intersection, ‘the
pattern on the screen shows him on
which side he is off course, since the
inverted V on the screen, corres-
ponding to signal region in which
the plane is situated, will be of
greater height than the other. More-
over, the relative difference in the
height of the two V’s gives the pilot
a direct indication of how far off
course the plane is. As the pilot
flies back toward the course, the two
signal V’s gradually assume equal
amplitudes, whereupon the pilot
knows he is on course. The system
does not differ in principle markedly
from the A-N radio range beacons
now in use, since both depend on
superimposed figure-eight patterns.
But the panoramic system requires
no manual tuning on the part of the
pilot, is effective in the presence of
a high degree of noise, shows the
pilot on which side of the beam he
happens to be, and gives a direct
indication of the amount by which

Typical panoramic reception pattern show-
ing transmitters on five frequencies, three
of predominantly strong signal strength

he is off course. The tests of this
system showed that it is entirely
practical as a range beacon service.

Receiver Design Factors

While the principle of operation
of the panoramic receiver is simple,
it must not be supposed that there
are no controlling factors in the de-
sign. The tuned ecircuits, particu-
larly those of the i-f amplifier, of
the receiver operate under transient
conditions when the oscillator fre-
quency is swept over the band, hence
care must be taken to allow full
build-up of the resonant current in
each circuit while the signal re-
mains within the pass band of the
i-f circuits. With ordinary i-f trans-
formers having a @ of 50 to 100, it
is necessary that about 20 cycles of
the radio frequency current occur
before the current reaches its maxi-
mum value. Furthermore, the signal
applied to the i-f transformer is not
constant while the signal passes over
the pass band, but increases along
one edge of the resonance curve and
then decreases along the other. To
take this factor into account, it has
proved advisable to allow 40 cycles
of the r-f current to occur while the
signal remains within the pass band
limits. Thus if the entire broadcast
band from 550 to 1600 ke is covered
in 1/120th second (one half-cycle
of a 60 cps sweep), the intermediate
frequency is 455 k¢, and the band-
pass is 10 ke the r-f input will oscil-
late about 40 cycles while the signal

(Continued on page 84)
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Television Receivers

Using

Electrostatic Deflection_‘

HE television receiver design

discussed here differs definitely
from other receivers providing com-
parable picture size. Those features
having primary engineering inter-
est to both the designers and the
users of television equipment are
described.

The large picture tube is equipped
with electrostatic deflection plates
and is thus quite different from the
large-sized tubes employed in other
types of television receivers mar-
keted in this country. Sets are
available utilizing the 5-inch tubes
operated electrostatically but for
convenient viewing size and excel-
lence of detail a numbeyr of manufae-
turers have chosen the electromag-
netic system of beam deflection for
the television scanning at the re-
ceiver, and considerable information
has been published regarding the
deflection circuits for these electro-
magnetic tubes. This article de-
scribes 14-inch and 20-inch cathode
ray tubes utilizing electrostatic de-
flection plates. Such receivers pre-
sent a different problem with
respect to the sweep deflectors and
the construction of the tubes them-
selves.

Electric vs Magnetic Scanning

It will be well here to point out
some of the current views with re-
gard to the relative merits and de-
merits of cathode ray tubes operated
with electric deflection as against
magnetic deflection. Judged from a
cost standpoint, the picture tube it-
self can be constructed somewhat
more cheaply for magnetic deflec-
tion, since the alignment is not quite
as critical, and the gun has fewer
mechanical parts. However, this by
no means constitutes a major item
in the cost of the tube and, there-
fore, when a blank is once chosen
suitable for the voltage insulation
necessary, the expense of building
the electrically deflected tube is very
little more than the expense of build-
ing the magnetically deflected tube.
The cost of a magnetic deflecting

By
THOMAS T. GOLDSMITH, Jr.

Director of Research
Allen B. DuMont Laboratories

IN this country, the DuMont Lab-
oratories have been the leading
exponent of the use of electric,
rather than magnetic, forces for
deflection in large television
picture tubes. This article re-
views the reasons for this pref-
erence and describes a typical
receiver suitable for use either
with a 14-inch or a 20-inch picture
tube

yoke is generally high and this item
is not needed with the electrostatic
tube.

Regarding the deflection circuits,
it is a choice between providing high
currents through suitable coupling
transformers or high voltages
through linear amplifiers.

In the case of magnetic deflection
it is necessary to provide a peculiar
waveform to provide the desired low
frequency sawtooth current wave-
form, and furthermore, the require-
ments of rapid return time causes
very high surge voltages in the
transformer circuits so that insula-
tion here becomes nearly as serious
a problem with the electromagnetic
circuits as with the electrostatic cir-
cuits. The deflection plates require
only linear amplification of the
originally-generated sawtooth volt-
age. Thus the cost of the amplifier
components is probably about the
same for either system, except for
the deflecting coil.

An electrostatic deflection system
has the great advantage of being
able to follow wide wvariations in
signal frequencies without the dis-
turbance inherent with a magnetic
deflecting coil. In other words, de-
flecting plates can operate with
equal response over all frequencies
from dc well up into the megacycles.

One particularly advantageous fea-
ture of electrostatic deflection is the
freedom from screen burning due to
the ion spot caused by negative ions.
Such ions are deflected though with
some loss of focus by means of elec-
trostatic deflection plates. In this
way the ions are scattered over a
large screen area in the electrostatic
tube and produce no disfiguring
burned spot near the center of the
screen. The matter of focusing of
the beam warrants discussion. In
general the magnetic deflection pro-

Gun structure and deflecting plates of the

20-inch picture tube. The deflecting plates

are flared to obtain maximum deflection

sensitivity and to avoid defocussing the
spol



duces little acceleration or deceler-
ation of the beam and tends toward
a somewhat more uniform spot focus
over the entire screen. Fortunately,
however, the deflecting plates them-
selves by suitable balance of the
positioning voltages may be utilized
to correct the spot shape over the
various sections of the screen and
thus limit astigmatism of the spot
below the disturbing value.

Both electromagnetic and electro-
static systems are fraught with dif-
ficulties regarding raster shape for
wide angles of deflection. The term
“raster” is frequently employed to
describe the illuminated rectangle
consisting of the scanning lines.
Fringing effects of the magnetic
deflecting coil are capable of pro-
ducing a barre] effect of this rect-
angle. It is also possible to obtain a
pin-cushion effect. Specific design of
the deflecting yoke can offset these
errors to yield a reasonably true
rectangle. Electrostatic deflection
may produce a trapezoidal effect on
the pattern. The trapezoidal error
is noticed most seriously when tubes
are connected for so-called ‘‘single-
ended” deflection and in which only
one plate of each pair is used for
signal, and the other plate of each
pair is tied to the second anode. For-
tunately, however, employment of
hoth plates of each pair with signals
LELECTRONICS 1940
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Two views of the 20-inch receiver: left the console

with broadcast and short-wave receiver: right. the

chassis assembly proper which consists of five
separate units

of opposite phase and approximately
equal amplitude from a push-pull de-
flection system corrects this trape-
zoidal error so that the electrostatic
tube also produces a good rectangle.

It should be pointed out that the
deflection sensitivity of a magnetic
tube varies inversely with the
square-root of the accelerating volt-
age while the deflection sensitivity
of the electrostatic tube varies in-
versely as the first power of the de-
flection voltage. In this respect, for
example, if one wished to double the
accelerating voltage to increase bril-
liance he would require a larger
change in the electrostatic deflecting
system than in the electromagnetic
deflecting system. However, at the
present time very satisfactory de-
flecting systems have been developed
for either type of tube operating at
accelerating voltages from 6000 to
8000 volts.

Fourteen-Inch Tube

A tube chosen to provide a moder-
ate sized picture has been used for
some time in commercial receivers.
This 14-inch tube operates at 8000
volts, utilizing the intensifier prin-
ciple. An additional ring near the
screen accelerates the pattern sub-
sequent to deflection thus providing
increased intensity without undue

deflection voltage requirements. The
bulb shape has been chosen so as to
provide reasonable freedom from
danger to implosion under the sev-
eral tons of force subjected by the
atmosphere on the evacuated bulb.
The shape in the enlarged region
resembles a sphere which is the
strongest geometrical structure.
This, of course, provides curvature
to the screen, but a reasonable
amount of flattening has been ac-
complished without sacrifice in
safety. These bulbs are thoroughly
tested both by a polariscope and by
a pressure tank after careful an-
nealing processes. The screen color
is a nominal white screen, though
a slight predominance of yellow
seems to be most acceptable under
average public viewing conditions.
The phosphor consists of a mixture
of materials. On analysis with a
microscope when the tube is in oper-
ation one can see discreet particles
emitting various colors but so closely
spaced and uniformly distributed
that the total visible effect is white.

The gun structure is illustrated in
the accompanying photograph. A
large neck is employed leaving ade-
quate space for a high voltage seal
through which nine electrodes are
brought. The gun consists of an
indirectly heated cathode surrounded
by a control grid consisting of a
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Diagram of the deflection chassis of the 20-inch receiver.
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The video signal from

the second detector acts as input, and the output consists of synchronized vertical
and horizontal sawtooth waves. In this chassis reside the main circuit differences
between the DuMont receiver and those employing magnetic scanning

cylinder closed at one end except for
a small hole through which the elec-
tron beam passes. Next is a pre-
accelerating electrode to provide a
high initial velocity so that all
electrons have essentially uniform
energy before the focusing process
is completed. This preaccelerator
also has a defining aperture. A
focusing cylinder of some length op-
erates at the reduced potential and
then the final high potential is ap-
plied on the second anode. The beam
then proceeds through the two sets
of detlection plates and is subse-
quently accelerated an additional
amount by the intensifier ring be-
fore striking the screen.

Chassis Construction

The chassis design is based on a
“five-unit” construction, as follows:

(1) Power unit. The entire bot-
tom deck of the assembled receiver
is devoted to the power supplies.
This consists of a 300 volt supply to
operate the receiving tubes in both
the sound and picture channels. An-
other full-wave rectifier provides
1500 volts at low current to operate
the final amplifiers for the sweep
deflection. A third section 1s a half-
wave rectifier supplying 4000 volts
negative from ground to operate the
electron gun. A fourth section has a
half-wave rectifier supply 4000 volts
positive from ground to operate the
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intensifier ring and this, of course,
requires very little current, so the
filter problem is simple. The trans-
former winding provides sources
for voltage doubling to these last two
rectifiers.

The entire power unit is protected
by fuse and safety switches. The cir-
cuits are completely enclosed to re-
move the hazard of high voltage.
Remote controls are used so that the
high potentials and possible corona
are limited to this enclosed region
which greatly reduces the disturb-
ances in the sensitive receiving cir-
cuits. The skeleton structure for in-
sertion of the remaining chassis
assemblies is built as a permanent
part of this power chassis. Connec-
tion for power from the remaining
decks is made by plug and socket
for ease in assembling the units
after individual test.

(2) R-f tuner. This small assem-
bly contains the local oscillator and
mixer tube with their associated r-f
resonant circuit. Provision is made
for five channels and with the struec-
ture chosen expansion of the chassis
to include different or additional
channels can be readily made without
obsoleting the remaining assemblies.

(3) Picture intermediate-frequen-
cy chassis. This unit contains four
stages of intermediate frequency
amplification and a detector. The
coupling transformers have associ-
ated with them suitable trap cir-

cuits to reject signals from adjacent
television stations, and have an
overall band pass of 4 megacycles.
They are designed for intermediate
frequency operation from 8.76 to
12.75 megacycles.

(4) Sound i-f and a-f chassis:
This unit is fed by a link from"the
r-f unit and contains two stages of
intermediate frequency amplication
at 8.25 megacycles. A detector and
a-v-¢ tube then feeds an inverter and
a pair of 6V6 tubes in push-pull to
operate the speaker. Phonographic
attachment facilities are provided.

(5) Cathode-ray control assembly.
This so-called “penthouse” structure
contains the final stages of the video
amplifier, the coupling circuits and
d-¢ reinsertion circuit to the grid
of the cathode-ray tube. It also con-
tains the syncuronizing separator
tubes which pick off the peaks of
the video signals and through suit-
able frequency discriminating net-
works apply them to the sweep oscil-
lator tubes. These oscillator tubes
provide a linear low amplitude saw-
tooth wave which is then inverted
and amplified through balanced
stages to obtain the necessary high
deflecting voltages to scan the
cathode-ray tube screen. A type of
blocking oscillator is used to trigger
off the sweep circuit. The amplifier
requirements demand tubes capable
of operating with the 1500 volt plate
supply necessary to give the high
voltage for the deflection plates.
However, the current required in
these amplifiers is low, and there-
fore standard receiving tubes may
be used as far as thermal dissipation
is concerned. However, particular re-
quirements must be met with regard
to voltage insulation of the inside
elements and in the pins and wiring
to the sockets.

The sweep chassis has certain con-
trols mounted at the back, which ad-
just pattern size and line and frame
frequencies. Positioning controls are
supplied for centering the pattern,
and an astigmatic control is provided
which serves to correct spot shape
distortion. This control varies the
average d-c¢ voltage about which one
set of plates operates with respect to
the average voltage about which the
other set of deflection plates oper-
ates.

Since only this chassis utilizes the
high voltage it has a special cable
thoroughly insulated for the accel-
erating voltages of the cathode-ray
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tube. A rubber block mounting strue-
ture holds the neck of the cathode-
ray tube on this chassis. Most of the
cabinet designs for these receivers
utilize direct viewing of the screen,
so that the cathode-ray tube lies
horizontally.

With this five-unit assembly it
is possible to test each of the five
chassis individually, and further-
more the factory construction of the
units is under more rigid control.
The units may be transported more
readily in this form which facilitates
field work. Each assembly may be
taken out by removing screws and
detaching plugs.

With television still definitely in
a development stage this unit assem-
bly enables modifications to be made
readily in the receiving circuits with-
out obsoleting the remaining chassis
which are not effected by the de-
sired changes. For example, a
change in a number of channels or,
indeed, in the transmitted frequen-
cies of television would require re-
placement of only a minor portion
of the entire receiver. There are
probabilities that one locality may
require a different series of chan-
nels than another, and this construc-
tion still maintains standardized

building and testing of the major
part of the receiver.

Another feature of the umt design
1s its enclosed structure whereby
each circuit is shielded adequately
from other circuits likely to cause
interference.

Production Test Procedure

The manufacture and testing of
the cathode-ray tubes is an indi-
vidual department in itself. These
tubes are approved for alignment,
brilliance, spot-size, detlection sensi-
tivity and mechanical strength be-
fore assembly in the final receivers.

After assembly the power supply
chassis are connected by their plug
outlets to a standard load which
at once indicates any flaw in the
four rectifier circuits.

The r-f chassis is attached to a
standard power supply and i-f unit.
Standard signals are applied for
proper alignment and band adjust-
ment of the five channels. An r-f
sweep oscillator is employved to ob-
serve the band response directly on
an oscilloscope.

The picture intermediate-fre-
quency chassis is adjusted with a
sweep oscillator operating at the
picture i-f frequency, and the sig-
nals are applied exclusively from the
last intermediate frequency stage to
the first. The output is observed
from the detector on an oscillograph.
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The trap circuits are adjusted re-
spectively to attenuate the adjacent
channel picture signals and the ad-
jacent channel sound carrier and
the local channel sound carrier so
as to avoid interfering signals on
the cathode-ray-tube screen.

The sound channel is aligned at
8.25 megacycles with a standard
signal generator, and its band width
is sufhicient to allow the slight fre-
quency drift due to warming up and
operation of the radio-frequency and
local oscillator circuits. These trans-
formers respond to a frequency
width of 100 ke. The units are tested
for operation of the a-v-¢ circuit and
to see that the gain control and out-
put stages operate free of distortion.

The top deck is attached to a
standard assembly and a standard
cathode-ray tube is inserted. Sig-
nals are applied to the input of the
video amplifier. These signals consist
of a standard pattern with the
proper synchronizing and blanking
pulses inserted. Such a pattern gives
at once means for adjusting the
{frequencies, amplitudes, linearity
and positioning of the two sweep
circuits. With an oscillograph the
sensitivity of the video amplifier is
checked.

When each individual unit

(Continued on paye 89)
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improves

The 20-inch electrostatically-deflected picture tube.
accelerating electrode
brilliance

Typical image reproduced on a l4.-inch tube using the
receiver here described (441-line pattern)

Note

near fluorescent screen, which
without affecting the deflection
requirements
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Voltage Control With a
Non-Linear Wheatstone Bridge

By WALTHER RICHTER

Consulting Engineer, Milwaukee

A voltage control device which
: combines simplicity with util-
1ty is that consisting of a Wheatstone
bridge which has two linear and two
non-linear elements in opposite
branches. The incandescent lamp is
probably the simplest and most
widely available non-linear resistance
element and therefore forms the
basis of the circuit described here.
A typical non-linear Wheatstone
bridge circuit is shown in Fig. 1.
The non-linear relation between
voltage and current of an incande-
scent lamp is due to the fact that an
increase of voltage across the fila-
ment and the consequent increased
current through it, raises the tem-
perature and therefore the resis-
tance, of the filament. Assuming
identical lamps and resistors in the
two branches ACB and ADB of the
bridge, it is clear that the bridge
is in balance, that is the voltage e is
zero, when the lamp resistance R,
equals the resistance R. If E, is the
voltage applied to the bridge for a
balanced condition, and %, is the cur-
rent’ in each branch, the voltage
across each of the four arms of the
bridge is then E,/2. If the applied
voltage rises above the value E,, the
currents in the two branches ACB
and ADB each rise by an equal
amount. This increases the voltages
across AC and AD, but since the
lamp resistance R, is increased due
to the temperature rise of the fila-
ment, the voltage AC will rise more
than the voltage AD, and the point C
will show a positive voltage with
respect to point D, equal to the dif-
ference between the voltages across
the lamp and the resistor. If the
voltage E is decreased below the
value E,, at which the bridge is in
balance, similar reasoning shows
that C becomes negative with re-
spect to D. For an applied alternat-
ing voltage this means that the volt-
age between C and D is in phase with
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the voltage between A and B for
FE > E,, is zero for E E, and is
180° out of phase for F < E,. Ob-
viously, this is a tailor-made condi-
tion for the control of thyratrons and
other gaseous tubes. By combining
the voltage e with a fixed alternating
voltage 90° out of phase, a voltage
suitable for the well known phase
shift method of tube control can also
be obtained over a reasonable range.
The purpose of this discussion is to
show how the designer of such cir-
cuits can calculate the output volt-
age e for a given variation of the
applied voltage E. This permits him
to predict the performance of a given
arrangement, or if definite limits are
set for the variation of E, he is able
to specify the step-up equipment—
either transformers or amplifiers—
needed between the points € and D
and the grid of the final tube.

With the foregoing explanations
in mind it is obviously an easy mat-
ter to determine the value of the
resistance R necessary to produce
balance at a given applied voltage
E,. Suppose that the bridge is to
be in balance for an applied voltage
of 120 volts, i.e. E, = 120. We have
seen that the voltages across all four
arms must be equal at balance, which
means that there must be E,/2 = 60
volts across the lamp as well as across
the resistor. From the volt-ampere
characteristic of the lamp in question
we find the current 4, of the lamp
at an applied voltage of E,/2; the
resistance of the lamp is then

Rro and this is also the value

E
)
which the fixed resistor must have
to produce balance at F E, If
40 watt lamps are to be used as an
example, we would find from the
curves on Fig. 8 that the current
taken by such a lamp with an ap-
plied voltage of 60 volts is 240 ma or
0.24 amp. The necessary resistance
R is therefore 60/.24 = 250 ohms.

Fig. 1-—Circuit diagram of a typical non-

linear Wheatstone Bridge. The symbol

Ry, indicates the non-linear resistance ele-

ments and e represents the output voltage
of the device

Fig. 2—Voltage-current characteristics of
the linear and non-linear elements of the
Wheatstone Bridge

It must be able to dissipate 60x.24

14.4 watts.

However, this does not answer the
question how much control voltage
(e) is available, if E, changes by an
amount AFE. The problem can be
solved in a simple manner. In Fig. 2
OP represents the lamp character-
istic, and SP represents the volt-
ampere characteristic of R, plotted
from right to left, with S as the zero
point. With E, applied to the com-
bination and R of the value as cal-
culated in the previous paragraph,
the voltage OQ across the lamp will
equal the voltage SQ across the re-
sistor, both being E,/2, while QP
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Fig. 3—Characteristic curves of commer-

cial Mazda lamps. The dynamic resistance

of the lamps is given by the scales on the
curves

Fig. 4—Circuit used to determine the ef-
fect of a load impedance across the output
terminals (Thevenin’s theorem)

Applied Voltage

represents the current ¢,, Now let
the applied voltage increase by the
amount A E to the new value OS".
The resistor characteristic shifts
parallel to itself into the position
S’ P’; the voltage across the lamp
will be OQ’, across the resistor S'Q’,
while the current will be Q'P’. In-
spection of the figure confirms the
initial reasoning, based on the resis-
tance increase of the filament, that
the voltage OQ’ across the lamp is
now higher than the voltage S’Q’
across the resistor.

If AFE, is the voltage increase
across the lamp, and A E'; the voltage
increase across the resistor, then
evidently

AE=AFE,+ AEg
while the difference of these two in-
creases is the output voltage ¢

e= A EL — A ER
Referring to Fig. 2 it is seen that
A F, = QQ" = PV and AE = SY
= PT; therefore A E, = AF —
A E, = VT. The increase in current
At equals P’Q” — PQ = PV. We
now wish to express AE, and AFE,
in terms of the lamp characteristic,
the resistance R and the increase A ¢
of the current. The increase AE,
= VT is simply the resistance R
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times the current change, that is
AEr=A1XR

If we consider the change A E small

enough so that the part PP’ of the

actual lamp characteristic can be re-

placed by the tangent without ap-

preciable error, we can write

0 di
PV—PVXdE

o At=AF X-fl‘;-
T 1= L dE
and AE,=131X 27
di

dE/di has the dimension of a resist-
ance. The plate resistance of a
radio tube is defined in a similar
way. We may call dE/di the dynamic
resistance R, of the lamp at the
operating point P. With this we can
write
AEr=A1XRp
Substituting these expressions into
the equations for A E and e, and
solving for e
AE = Ai (Rpo + R)
= A71(Rpr — R)

Ry, — R
e - (m15>
Figure 3 shows theuvolt-ampere char-

acteristics of the common size 115
volt Mazda lamps. Along each

curve are given the values of R,.
Example: Using 60 watt bulbs, de-
termine the resistor for a bridge
balance at E, 110 volts and give
the unbalance voltage e for a 2 volt
variation in the voltage applied to
the bridge.

Solution
R =-F/2 _ 55/ 347 — 158 ohms
Rp at 55 volts from curve: 325 ohms
325 158
2 395 & 158 .69 volts.

The unbalance voltage e is usually
not enough to operate a gaseous
tube. There are several ways to
raise this voltage. In the first place
a transformer may be introduced
between the voltage to be regulated
and the bridge itself, so that the
lamps are operating at a voltage
nearer to their rated voltage. This
steps up A E in the transformation
ratio. It has the added advantage
that the lamps, which are operating
at a higher temperature, respond to
the voltage variations faster with
corresponding resistance changes
than when operating at lower tem-
peratures. However, even with this
a step up transformer is usually re-
quired between the points C and D
and the tube, serving at the same
time as insulating transformer. This
transformer constitutes a load be-
tween the points C and D, and will
decrease the calculated open circuit
output voltage. Fortunately there
is no difficulty in accurately pre-
dicting its influence, or that of any
other load impedance Z connected
between the points C and D. This
is easily accomplished by the applica-
tion of Thevenin’s theorem, accord-

(Continued on page 108)
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DESIGN of a
27-inch LOUDSPEAKER

For the Lagoon of Nations Display at the N. Y. World’s Fair, 2000 watts of audio power are

handled by a group of dynamic loudspeakers of extremely large size and high power-handling

capacity. Details of the design. including provision for %i-inch voice-coil travel, are here described

By R. T. BOZAK

Cliief KEngineer
United Telctone Corp.—Cinaudagraph

NE of the problems associated
with the Lagoon of Nations
displayed at the New York World’s
Fair was to estimate the noise level
resulting from location of the loud-
speaker system in the center of the
great fountain display. The sound
had not only to penetrate the cur-
tain of water, but to ride sutliciently
above the noise to provide coverage
of crowds of 100,000 or more spread-
ing in a great oval with its inner
edge an average of some 200 feet
from the loudspeaker location.
The solution of this problem was

found in the installation of very
large 27-inch dynamic loudspeakers
developed especially for the job.
These units, so far as is known,

represent one of the most ambitious
undertakings in loudspeaker develop-
ment to date. The large size was
dictated by the desire to use a small
number of individual units. Where
large volume of sound is to be han-
dled there are distinct advantages
in utilizing the smallest possible
number of reproducer units. If the
angle of coverage is such that it can
be handled by a single high-power
speaker rather than a cluster of
smaller ones, definite reductions in
both phase and amplitude distortion
are often possible. Large cone area
is obtained in either case but a
single large cone handling the entire
power has greater travel-amplitude
and the resulting higher velocity
provides improved propulsion on low-
frequency transients.

In the loudspeaker under discus-
sion, for instance, the voice coil
moves over a range of three-quarters
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of an inch under full low-frequency
load. The resuit of this piston action
on the air is to impart to the listen-
ers a combination of feeling and
sound the same as do a beaten bass-
drum or the rumbling notes of the
great organ, providing a highly im-
pressive sense of realism.

A question naturally arises as to
whether a large moving structure
of such great mass and capable of
such swing amplitude can at the
other extreme follow the extremely
rapid reversals and minute move-
ments involved in the reproduction
of a 10,000 cycle tone. The answer
1s perhaps best provided by the

sound pressure characteristic of this
speaker as shown in Fig. 1.
Such wide and flat response is not

Relative Responsedb

4 6 100 2 4 6 1000 2
Frequency-cps

3 4 56789100

obtained without special measures
involving materials and design, both
electrical and mechanical. Mass must
be held to a minimum if the flux
requirements are to be kept within
practical limits because it is only
by maintaining a high ratio of mag-
netomotive force (in the voice coil)
to mass that effective operation is
obtainable.

The Voice Coil

In order to reduce mass to a
practical minimum, at the same time
producing a moving structure cap-
able of withstanding the strain (pro-
portionately far greater than In
smaller speakers) to which it is sub-
jected by the high power and wide

Fig. 1—Overall frequency re-

sponse characteristic of the

final form of the speaker, in-
cluding baftle

Fig. 2 —Effect of different
cone materials and magnet
structures on frequency re-
sponse curves. The final
speaker employed hyper-iron

and the high-fidelity cone

.r/andard rron

m“hl A. “

7 3 4 56189000
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Fig. 3—Division of three frequency ranges along the structure
of the polyfibtous cone

Magnet casting —-4

Freld coil ——-—f

Diaphragm
basker ~-~

Fig. 4—Cross-sectional scale view of

structure.

voice-coil excursions, work was car-
ried on from several angles.

The voice coil is wound with alu-
minum ribbon to provide less weight
than copper for equivalent current
carrying capacity. The ribbon form
permits better utilization of winding
space with a reduction in the num-
ber of turns required and a smaller
gap with resulting increased flux
densities for a given weight of mag-
net metal.

The next step was to provide the
means for coupling this coil to the
diaphragm; a means which must
provide light weight, great rigidity
(to transmit minute forces with the
minimum of loss through compli-
ance), freedom from warping, im-
perviousness to heat and moisture.
Fortunately, development work in
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the cone and magnet

The magnet weighs 450 pounds, including the coil

the laboratory had just been com-
pleted on a voice-coil form of a metal
named ‘“Acim”. This material is
highly tempered and provides a
higher ratio of stiffness and tensile
strength to weight than any form
material encountered. As a result
of this development it was possible
to reduce the voice-coil form to
paper thinness and still retain more
than adequate rigidity and strength
to withstand the high shock loads
imposed on the moving system. This
also meant further reduction in gap
width, together with increased heat
dissipation and consequently im-
proved power-handling ability for
the voice coil.

Turning to the cone, there are
obviously other considerations in-
volved than solely that of least pos-

sible mass. The weight of a 27-inch
cone produces an inertia value in
excess of the stiffness factors of any
known types of paper. As a result,
in experimental tests employing
standard papers there was found the
usual tendency for the cone to break
up into various nodes of active and
inactive areas which shifted con-
tinually with frequency. In addition
the high-frequency waves evidenced
a natural tendency to travel over the
cone surface and be reflected back
by the rim. One result of this was
to prolong transient impulses; an-
other was to produce non-linear re-
sponse due to the varying phase
relationships between exciting and
reflected waves.

Reference to Fig. 2, Curve 3,
shows the response characteristic
of a speaker using a cone of standard
paper. Curve 2 of this same figure
shows the improvement accomplished
through substitution of a special
polyfibrous cone material used in the
27-inch unit. This has the effect not
only of extending the frequency
response range but of improving
linearity.

The structure of this special mate-
rial is such that its compliance
varies gradually from extreme stiff-
ness at the apex to considerable sup-
pleness at the rim. The stiff apex
area reproduces all impressed fre-
quencies, as indicated in Zone C, Fig.
8 which illustrates in simple form
the condition resulting when fre-
quencies of 7000, 1000 and 100 cps
are impressed simultaneously on this
type of cone. The more compliant
surrounding structure serves to ab-
sorb the 7000-cycle frequency, sub-
stantially confining its reproduction
to a definitely prescribed area just
adequate to provide the small re-

Fig. 5—The field coil, shown in com-
parison with a 12-inch engineer’s rule.
Flux density, 21,000 lines per sq cm




quired coupling to the air. This ab-
sorption prevents the waves from
reaching the rim and thus avoids re-
flection. In Zone B both the 1000 and
100-cycle tones are reproduced but
beyond this zone the 1000-cycle fre-
quency is absorbed. Here again the
area of Zones B and C are sufficient
to provide proper coupling to the air
for this 1000-cycle frequency. In
Zone A only the 100-cycle frequency
1s present and this area is isolated
from the rim by compliance rings
and by the action of the fibers of a
felt rim construction.

Actually this cone is not limited to
three gradations of compliance, nor
are the areas of different compliance
sharply defined. The variation is a
gradual one such that any frequency
will be provided with active area to
provide correct air coupling but be-
yond the limits of that area the
energy is dissipated in the form of
frictional heat developed in the com-
pression and stretching of the fibers
in the more compliant areas. In ad-
dition to the prevention of rim re-
flection this cone design provides
high damping and as a result there
1s no troublesome overhang.

The Magnet

Having achigwed a-moving struc-
ture of the réquired ‘characteristics
there remained the problem of pro-
viding adequate magnetic flux to
drive this large surface at the high
velocities required, particularly in
the reproduction of strong bass tran-
sients in which long axial travel of
the voice coil is involved. At the very
high frequencies it is also essential
that the magnetomotive force be
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Fig. 6—Assembled magnet structure show-

ing gap for voice coil. By the use of a

very thin metal form for the voice coil

and small gap clearance. high flux
density is achieved

Fig. 7—The speaker completely assembled.

Excepting size, the main physical diter-

ence compared with smaller speakers is

the large size of the magnet pot relative
to the cone housing

maintained at high level because al-
though the amplitude of travel of

the voice coil is minute, terrific
velocities are attained and to change
the direction of such rapidly moving
mass involves considerable force.

An interesting illustration of the
difference in response characteristics
obtainable through improvement in
magnet design is found by referring
to Fig. 2. Curves 1 and 2 are for the
same moving structure but with dif-
ferent magnets. Not only was over-
all efficiency increased but due to a
characteristic of the special iron em-
ployed, the voice-coil impedance was
maintained substantially constant up
to 10,000 cps, with consequent radi-
cal improvement of response at this
end of the range. In the final 27-
inch speaker this special iron is
utilized.

Figure 4 shows a section of the
entire 27-inch speaker assembly with
details of the design which provides
flux density of 21,000 lines per sq
cm in the gap. Such is the concen-
tration of magnet metal that the
complete pot with field coil weighs
close to 450 pounds, of which the
copper in the field coil contributes
65 pounds. The front plate of the
magnet required special attention in
order to maintain flux unifqrm even
beyond the edges of the gap so that

voice-coil excursions of #-in. in each
direction could be experienced with-
out variation of the field density.
To accomplish this the front ring
takes the unusual shape shown, ex-
tending as far as possible in the
forward direction with just enough
clearance to prevent being struck by
the cone during maximum move-
ments.

Also of interest in Fig. 4 is the
detail of the felt rim assembly. It
will be noted that compliance rings
are provided only at the edge of the
cone, the graduated compliance of
the cone material itself making them
unnecessary at other points. In ad-
dition to the rings a felt backing is
also provided. This has been found
to offer definite advantages in rapid
damping of the lower frequencies,
particularly in the case of powerful
transients where hangover would be
serious. The voice coil diameter is
6 inches, and the pot diameter 14
inches.

The curve of Fig. 1 shows the
response characteristic of the final
development mounted in a 1200
cubic-foot closed baffle. It will be
noted that the response is flat within
8 db from 28 to 10,000 cps.

This speaker is intended primar-
ily for mounting on a flat baffle
(open or closed) of suitable dimen-
sions. With such a baffle the effi-
ciency is high and the frequency
response approximately that of Fig.
1. Thus for normal high-power, high
fidelity sound installations this com-
bination provides an extremely effec-
tive reproducer system and one of
the utmost simplicity inasmuch as it
avoids the complications of space
phasing where several speakers are
employed and of properly blending
the outputs of tweeter combinations,

Where higher efficiency is re-
quired (the efficiency of this speaker
Is already approximately 6 per cent
higher than the typical smaller
speaker) it can be economically ob-
tained through the use of a horn
baffle of good design. Such increased
efficiency will be limited to the low-
frequency end of the range and the
addition of one or more auxiliary
high-frequency speakers will be re-
quired to reestablish an overall flat
response. But this may prove more
economical than a general increase
in power and speaker equipment suf-
ficient to provide equivalent in-
creased output.
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INDUSTRY ORGANIZES

For National

Jefense

LERT to what is happening in Europe, the American

people are setting out to strengthen their defenses

against aggression from any quarter. Already the govern-
ment has laid down an initial program to that end.

The surest defense against aggression is the ability to
resist it. If we are known to be well prepared we may
avert attack. If we cannot avert it we shall be armed against
it. But preparedness against war means preparedness to
wage war.

And modern war is an industry. Like every other indus-
try, it is a matter of men, materials and machines. Fighting
men must be skilled workers, trained to use an arsenal of
special tools and equipment that are just as diversified and
just as essential to success as those of any other industry.

The plant, supplies and personnel of war must rival in
efficiency those of any peacetime industry. For the stakes of
success or failure in war are not paid in money profits or
losses: they are paid in the lives and property of the people,
in the security — perhaps the survival — of a nation.

L3 * *

Sound national defense calls first for a comprehensive
program, carefully planned to back up a clear-cut policy as
to what we expect to defend. Next comes the appropriation
of funds to realize that program. These first steps are vital:
they are up to government.

Then program and appropriations must be translated into
performance. Native raw materials must be produced, pro-
cessed and stored. Our meager supplies of strategic materials
of foreign origin must be built up until we have accumu-
lated ample stockpiles against the use and wastage of active
war. And most urgent, because it is most complicated, raw
materials must be manufactured into the innumerable items
required to equip the modern army.

We of McGraw-Hill, living with American industry as
we do, are keenly aware of the effort that will be required
to produce the materials and equipment now needed to
modernize our national armament.

Tanks and anti-tank guns, airplanes and anti-aircraft
guns, machine guns and automatic rifles, trucks and tractors,
destroyers and supply ships — these are but a few items
from the endless inventory of military and naval equipment
that we must produce by scores, hundreds and thousands,
even to arm an Initial Protective Force, behind which we
might rally our national resources for decisive effort.

Obviously the army and navy must count on American
industry for an ample and continuous supply of this equip-
ment, and industry must organize to produce it in vast
quantities, This means the construction and adaptation of
manufacturing, transportation and storage facilities, the or-
ganization of competent executive and technical staffs, the
training of skilled craftsmen in numbers adequate to main-
tain exacting production schedules. All this, in itself, is an
industrial organization problem of the first magnitude, but
upon it is imposed still another and vital specification —
sustained speed.

For time is the all-essential ingredient of modern war. It
cannot be bought with any appropriation, however great;
once lost, it cannot be recaptured; we must make effective
use of it while we still have it. And at this juncture we have
none to waste in fumbling, jockeying or experiment.

% % *

Two courses are open to carry out such a program.

1. We might adopt the totalitarian plan of nationalizing
industry, conscripting the wealth and labor of all, and sup-
pressing the normal incentives and management of industry
in favor of the authority and control of government officials.

2. Or we can stick to the American way of achieving
national unity and efficiency by intelligent cooperation be-
tween industry, labor and government.

There are those to whom the first will appeal as being
the more direct. But I am convinced that most Americans
will insist that the job be done in the American way. And in
this preference the President, speaking for government, al-
ready has indicated his concurrence.




But effective cooperation in so complex and unfamiliar a
task demands the utmost of mutual understanding and con-
fidence from all concerned. Confusion of purpose and con-
flict of opinion are bound to arise — have, indeed, already
arisen, Needs and capacities in many fields must be recon-
ciled, relative priorities for various products must be de-
termined, specific parts of the whole program must be
allocated, supervised and coordinated with other parts.
Government ofhcials, smarting under the whip of urgency,
must render quick decisions on highly technical matters,
while industrial executives, masters of their own operating
technique, must adapt themselves to arbitrary and unfamiliar
requirements,

Under such conditions, many problems will arise that
must be worked out between the men of industry and those
of government. Some of them will be the more acute be-
cause of the restrictions under which industry has had to
work during recent years—restrictions that have curbed not
only the expansion of plant capacity, but also the develop-
ment of improved processes and the supply of skilled
workers. Now, from this sag in our industrial growth, many
departments of industry must undertake an overnight ex-
pansion of capacity to meet the exacting time schedules of
national defense. So industry must look to government for
the cooperation that will enable it to expand its facilities
promptly and yet write off in reasonable time its heavy
emergency investments.

*® * ®

If we are to deal wisely with these situations, and many
more we canniot now foresee, everyone engaged in any part
of the defense effort must be willing and able at all times
to get a fair understanding of the problems of the others.
To help maintain such an understanding McGraw-Hill is
peculiarly fitted.

1. By the organized exchange of views and information
among our 24 papers, we can help to coordinate the think-
ing and practice of the 1,000,000 executives, technicians
and operating men who are their readers, in matters that
have to do with their part in the defense project.

2. Through constant contact with government agencies
and the men of industry, our papers can interpret to in-
dustry the needs and policies of government and to govern-
ment the problems and requirements of industry.

3. For the men of industry, each of our papers will
expand its regular service as a clearing house of technical
and operating data, with special reference to the needs of
plants that are producing defense materials and equipment.

To forward these objectives we have set up within our

company a National Defense Editorial Board. It is com-
posed of the chief editors of our publications that serve
the functions and industries that are of key importance to
the defense effort. Made up of men intimately familiar with
the personnel and practice of their industries, this board
will stimulate and supervise the activities of McGraw-Hill
papers insofar as they can contribute to the defense effort.
It will outline basic editorial themes, directed to the for-
warding of that project, to be adapted by each paper to the
special needs of its specific field.

The board will keep close touch with industrial execu-
tives and technicians so as to keep abreast of new problems
as they arise. It will maintain contact also with government
defense agencies and keep our editors posted as to govern-
ment objectives, plans and problems. Thus it will function
as a link between the several governmental defense agencies
and the McGraw-Hill editorial organization, and so help
each editorial staff to develop a program best suited to the
special problems of its industry.

* * *

In thus undertaking our part in an extraordinary indus-
trial effort, we shall not néglect the normal concerns of
American industry. So far as may be consistent with the
paramount needs of national defense, production and dis-
tribution of the goods and services normally consumed by
the American people must go on. The effort to mobilize
industry for the national defense must be, in large measure,
an additional job and an added burden.

That burden is within the capacity of the American
people. But it will not be light. And if industry is to carry
successfully its heavy share of that burden, it needs the full
cooperation of every industrial function.

For more than seventy-five years, through peace and
war, McGraw-Hill publications have served to interpret be-
tween the various departments of industry and between in-
dustry and the American people. Today, as we face these new
problems, there is a new and urgent need for interpretation
between the industries we serve and the government to
which we all bear allegiance. It is fitting that McGraw-Hill
should undertake this effort. To it I pledge every resource
of our organization.

President, McGraw-Hill Publishing Company, Inc,

This message is appearing in all McGraw-Hill industrial and business publications,
reaching over a million readers.



Institute of Radio Engineers
Fifteenth Annual Convention

June 27, 28, and 29, 1940, Hotel Statler, Boston, Massachusetts

Program of Technical Papers

THURSDAY. JUNE 27
10:00 A. M.—12:00 NOON, BALLROOM

“Marine Radiotelephone Design” by H. B. Martin, Radio-
marine Corp,

“50-Kilowatt Air-Cooled Broadcast Transmitter’” by R. N.
Harmon, Westinghouse.

“RCA-NBC Orthacoustic Recording” by R. A. Lynn and
B. F. Fredendall, National Broadcasting Company.

“Instrument Production” by E. H. Locke, General Radio Co.

8:00 P. M.—9:30 P. M. ROOM 10-250, M.LT.

Popular Lecture ‘‘Microwaves—Present and Future” by
Massachusetts Institute of Technology Group.

FRIDAY, JUNE 28

10:00 A. M.—12:30 P. M., BALLROOM

“Ulira-Short-Wave Transmission over a Fixed Optical Path”
by C. R. Englund, A. B. Crawford, and W. W. Mumtford,
Bell Labs.

“Centimeter-Wave Detector Measurements and Perform-
ance’’ by E. G. Linder and R. A. Braden, R.C.A,

*The Inductive-Output Tube-Characteristics and Perform-
ance’’ by Bernard Salzberg, R.C.A.

“A New Ulira-High-Frequency Tetrode and its Use” by
A. K. Wing, Jr., and J. E. Young, R.C.A.

“ARvailable High-Mutual-Conductance Tubes” by E. W.
Schafer and E. R, Jervis, National Union.

“An Ultra-High-Frequency Dosemeter-Diatherm” by J. D.
Kraus and R. W, Teed, University of Michigan.

“Sparking of Oxide-Coated Cathodes in Mercury-Vapor-
Filled Tubes” by J. W. McNall, Westinghouse.

10:00 A. M.—12:30 P. M., GEORGIAN ROOM

“Recent Advances in the Design of Cathode-Ray Oscillo-
graphs” by P. S. Christaldi, DuMont Labs.

“Oscilloscope Patterns of Damped Vibrations of Quartz
Plates” by H. A. Brown, University of Illinais.

“A Method of Measuring the Magnetic Properties of Small
Samples of Transformer Laminations” by H. W. Lamson,
General Radio Co.

“A Radio-Frequency Bridge for Measurements up to 30
Megacycles” by D. B. Sinclair, General Radio Co.

“Coil Reactance in the 100-Megacycle Region’” by Ferdi-
nand Hamburger, Jr. and C. F. Miller, Johns Hopkins
University.

A New Electron Microscope” by L. Marton, M. C. Bancaq,
and J. F. Bender, R.C.A.

“Stable Power Supplies for the Electron Microscope” by
A. W, Vance, R.C.A,

2:00 P, M.—5:00 P. M., BALLROOM

“Alrcraft Antennas’ by G. L. Haller, Wright Field.

“Rain and Snow Static” by H. K. Morgan, T.W.A,

“Ultra-High Frequencies in Air-Transport Communication”
by J. G. Flynn, Jr., American Airlines.

“Mlicrowave Beams for Instrument Landing of Airplanes”
by W. L. Barrow, M.LT.

“AR Microwave Receiver for Instrument Landing” by F. D.
Lewis, M.LT.

“Panoramic Reception” by Marcel Wallace.

“Radio Navigation and the Omnidirectional Radio Range”
by D. G. C. Luck, R.C.A.

2:00 P. M.—4:00 P. M., GEORGIAN ROOM

“Optimum Conditions for the Operation of a Class C Am-
plifier’” by E. L. Chatlfee, Harvard.

“Power-Tube Performance as Influenced by Harmonic
Voltage” by R. I. Sarbacher, Harvard.

“High-Efficiency Frequency Doublers’” by J. E. Shepherd,
Harvard.

“Space-Charge Relations in Triodes and the Characteristic
Surface of Large Vacuum Tubes” by E. L. Chatfee,
Harvard.

“Equivalent Electrostatic Circuits for Vacuum Tubes” by
W. G. Dow, University of Michigan.

“Water and Forced-Air Cooling of Vacuum Tubes with
External Anodes’” by I. E. Mouromtseff, Westinghouse.

“Large Air-Cooled Tubes in 50-Kilowatt Transmitters” by
I. E. Mouromtsetf and W. G. Morgan, Westinghouse.

4:00 P. M.—5:30 P, M., GEORGIAN ROOM

Informal discussion on “Power Tube Operating Character-
istics and Ratings’” led by E. L. Chaffee.

SATURDAY, JUNE 29

10:00 A. M.—12:30 P. M., BALLROOM

“A Portable Television Transmitter” by C. D. Kentner,
R.C.A.

“Small Iconoscopes of Recent Design” by W. H. Hickok,
R.C.A,

“R New Method of Synchronization for Television Sys-
tems” by T. T. Goldsmith, R. L. Campbell, and S. W.
Stanton, DuMont Labs.

“Synchronizing and Deflection Circuits of a Television Re-
ceiver’” by R. E. Moe, G.E.

“AR Type of Light Valve for Television Reproduction” by
]. S. Donal, Jr., and D. B. Langmuir, R.C.A.

"Television Radio Relaying” by F. H. Kroger, Bertram
Trevor, and J. E. Smith, R.C.A,

“The Influence of Filter Shape-Factor on Single-Sideband
Distortion” by J. C. Wilson and H. A. Wheeler, Hazeltine.

1:45 P, M.—4:30 P. M., BALLROOM

“Interference Between Stations in Frequency-Phase Modu-
lation Systems” by Dale Pollack.

“Interference Between Two Frequency-Modulated Signals”
by Stantord Goldman, G.E.

AR New Broadcast Transmitter Circuit Design for Fre-
quency Modulation” by J. F. Morrison, Bell Labs.

“Frequency-Modulation Systems Characteristics” by M. L.
Levy. Stromberg-Carlson.

’National Broadcasting Company’s Field Test of Frequency
Modulation” by R. F. Guy and R. M. Morris.

Demonstration of Frequency-Modulated Wave Broadcast-
ing Systems” by E. H. Armstrong and P. A. deMars.
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NARROW BAND vs WIDE BAND
in F-M RECEPTION
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"B’ - Volume
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Fig. 1—Circuit diagram of the f-m receivers built for these tests; The set is
essentially the same as the table-model converter unil now available commercially

By M. I. I.EVY, Engineer in Charge, Radio Development, Stromberg-Carlson Telephone Mfg. Co.

HE results of constructing and
measuring four frequency-modu-
lation receivers using various degrees
of transmitter swing provide the
material for this article. The four
f-m receivers were built identically
in every respect with the exce ption
of those factors which changed when
various transmitter swings were
used. The specifications used in the
construction of the receivers are
shown in the accompanying table.
The frequency characteristic was de-
signed to be flat to 10,000 cps within
6 db of that at 400 cps, overall. The
circuit of these receivers appears in
Fig. 1
The transmitters used for the
measurements are a Radio Engi-
neering Laboratories 1000-watt unit
used in conjunction with W8XVB in
Rochester, N. Y., and a unit built in
the laboratory of about one watt out-
put for measurement purposes. The
two transmitters were checked
against each other. The laboratory
unit was used only in those measure-
ments which did not require large
swings.
Discussion of Measurement Procedure
The transmitters were calibrated
for frequency swing by beat meth-

26

ods to determine what audio voltage
at the input of the modulator was
necessary to produce the various
swings desired. The calibration was
made using an audio frequency of
100 cps. The actual calibration was
made by using a wide band receiver
and an oscillograph which allowed
for accurate indication of band

- N
5% 888 8

om 100 1000 10000
Modulation Frequency

Ouyuf Audio Voltage
(%of Voltage at 400 cps)

Carrier Frequency in Mc
41 42 43 44

f 1
Avg. overall sensitivr
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|
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Fig. 2—Fidelity, sensitivity, and
selectivity curves of the four re-
ceivers. The characteristics are
identical except in the width of the
acceptance band

width along with audio beat note.
The curves between frequency swing
and audio voltage are linear over
the ranges employed in the tests.

All audio frequency measurements
were made at the output of the dis-
criminator or the output of the first
audio stage which was a resistance-
coupled stage. All noise measure-
ments were taken using a potentiom-
eter and an amplifier, in conjunction
with a peak vacuum tube volt-
meter and where necessary an oscil-
lograph.

Harmonic distortion measure-
ments were made with a General
Radio harmonic analyzer and dis-
tortion factor meter. (It was found
that 400-cps measurements on the
distortion factor meter checked very
closely the results of the harmonic
analyzer and in most cases these
measurements were used.)

The measurements show:

1. The frequency characteristics
(Fig. 2) of each of the four Sys-
tems measured are similar i.c., there
seems to be no limitation in provid-
ing a good frequency characteristic
with any system of transmitter
swing,

2. The overall distortion (Fig. 3)
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Results of tests conducted by Stromberg-Carlson to determine the relative merits of em-
ploying frequency swings of 150, 120, 60 and 30 ke for frequency modulation reception,
reported to the Federal Communications Commission at the f-m hearing
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Fig. 4—Drift characteristic of the
oscillator used in the four test
receivers
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Fig. 5—Signal-noise ratio as a func-
tion of frequency swing employed.
taken with filters to eliminate hum

in each case is the same order of
magnitude.

3. The drift (Fig. 4) in each of
the four receivers is obviously the
same since that portion of each re-
ceiver is identical.

4. From the standpoint of prac-
tical operation, the drive ratio must
be increased proportionately to ob-
tain the same “ease of funing”.

5. The signal-to-noise ratio (Fig.
5) decreases when the transmitter
swing system is reduced. The signal
to noise ratio of 150 kc swing sys-
tem is about 62 db (transmitter
noise only) whereas with a trans-
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Fig. 3—Overall distortion as a function of percentage modulation, which
corresponds with the transmitter swing, for the four degrees of fre-
quency swing

mitter swing system of 30 kc¢, the
signal to noise ratio is 48 db and 60
ke swing system is 54 db. The sepa-
rate receivers designed for the vari-
ous transmitter swings were used
in these measurements. It is noted
here that regardless of any external
noise these differences are always
present, because under the condi-
tions of measurements the receiver
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