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» WAR . . . While we do our work in
. eomparative comfort and in compara-
tive freedom from fear, other young men
"in Europe are shooting each other in
the stomach, inflicting unmentionable
agonies of body and spirit upon each
other and upon their families. They
are remaking the boundaries of Europe.
And if you are young enough and wish
to shoot somebody in the stomach listen
to the sentimentalists in this country
and to the speculators. But if you
. don’t look upon this stomach-shooting
business with any degree of pleasure,
make up your mind to be as hard and
realistic as possible. What will a war
get you and me?

Make up your mind that the senti-
mentalists will not appeal to our
reason, they will work on our emotions
for, like the author of “Mein Kampf”
(which you had better read) they have
discovered that emotions and not reason
rule the people.

A war will get us, if we die, glory
and peace and a name carved upon
. stone in a shrine dedicated to those
who fell in a mad delusion; if we live
a war will get us debts and disappoint-
ment and utter disillusionment—an-
other generation wasted. Our children
may survive to see the honest clean
world of tomorrow--but we won’t.

» HMMM! John E. Otterson,
former president of Winchester Re-
peating Arms Corp., ERPI, and Para-
mount pictures now heads Radio Wire
Television Corp. of America, an affilia-
tion of Wholesale Radio Service, Wire
Broadcasting, Inc., and several other
companies manufacturing communica-
tion products and distributing pro-
grams by wire.

In accepting active leadership of this
new - enterprise, Mr. Otterson said.
“Every current techniological trend
points to the ultimate distribution of
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entertainment by wire. Particularly is
this true in the case of television
where, according to leading scientific
authorities. the transmission of images
bevond the horizon presents great dif-
ficulty. Not only can wire networks
bring radio and television into any
home in America from a central point,
but this can be achieved without inter-
ference by static or other forms of
atmospheric disturbance.”

» REVOLUTION . .. Under this title,
Fortune ip its September issue, tells
the lay public what readers of Elec-
tronics must have gleaned if they have
read its pages carefully during the past
several years—that frequency modula-
tion tHreatens a revolution in broad-
casting. Within a month or two there
has been a remarkable stampede among
broadeasters to get in on this statie-
free method of transmission. Fortune
tells of Major Armstrong’s efforts,
largely unsuccessful, to get the in-
dustry behind his work; tells the public
of the remarkable lethargy of the in-
dustry in failing to grasp the funda-
mental differences and advantages of
FM over amplitude modulation (AM).
The radio industry cries for change
and new things, but only for little
changes—nothing really fundamental.
Industry only wants a new type of
dial, or a 12 inch speaker in place of
an 8 inch speaker—nothing like a
whole new set-up that might banish
noise and produce out of the air honest-
to-God tone fidelity.

But industry had better look up.
Long ago, when pentode tubes first
threw a jolt into complacent radio re-
ceiver manufacturers, the statement
was made “by pulling down the shades,
you can sleep late in the morning, but
you can’t keep the sun from coming
up.” The sun of frequency modulation
is surely coming up. Experiments by

the General Electric engineers and by
those of the Yankee Network demon-
strate conclusively this fact.

> JITTERS . . Youthful dancers are
not the only ones today who have
developed a language of the jitters.
Two young engineers taking the train-
ing course at General Electric were
overheard to say “Put a tac on that
BTA and, after you’ve hooked up the
pots and c-t’s and plugged power, see
if she still swings and hunts.”

In case you really want to know
what this gibberish means, here it is.”
“Attach a tachometer to that variable-
speed alternating-current motor and
after you have connected the potential
and current transformers and then
made the proper electrical connections
at the switcjlboard, start the machine
and find out if the speed still oscillates
about the point of synchronism.”

» FRESH START . .. Two of our old
friends are making fresh starts in the
world, one by leaving the radio in-
dustry, and the other by striking out
for himself. Austin Armer, genial
engineer-salesman for Magnavox, joins
the staff of the University of Cali-
fornia on a project involving the de-
velopment of field machinery for the
beet sugar industry.

Frank H. Shepard, Jr., who has the
most uncanny way of making electron
tubes do usefuF things has left RCA
and gone into business for himself. He
can be located at Merchantville, N. J.,
and if you have a problem that might
be solved by an amplifier, or a photo-
tube, or just by sheer knowledge of
circuits and parts, he merits a call.
Shepard is unconventional in the man-
ner in which he puts tubes to work and
often utilizes little known characteris-
ties of conventional circuits for a useful
purpose.



DIELECTRIC CLOTH . . . Better coils in smaller space are possible with

the new glass fabric insulation, as Reuben Lee shows in his article on page 33




.f, New Bio-Electronic

Application

Left, the complete amplifying and recording
system. Response llat between 1 and 45
cps, and sensitivity better than 10 microvolts

Below, the recording unit, which uses a loud-

speaker voice coil and lever system to trace

the output variations in ink on the moving
paper strip

ELECTROENCEPHALOGRAPHY

OLLOWING the discovery of so-
! called “animal” electricity by
Galvani in the 18th century, the
electrical activity of living material
has been studied wherever evidence
of its existence could be found.
Electrodes have been applied to al-
most every portion of the human
body and to laboratory animals with
a view to finding new sources of
potentials of this type. The results
of researches of this type have
yielded an immense body of informa-
| tion, much of which it is still im-
" possible to evaluate at the present
time. From this mass of information
was evolved the valuable and well
known technique of electrocardiog-
raphy or the science of tapping the
electrical action currents of the
heart by means of electrodes placed
on the surface of the body.

Since the human body is in reality
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By WALTER E. RAHM, JR.

New York State Psychiatric Institute

a complex matrix composed of in-
dividual cells and since these cells
are filled with electrolytic solutions,
it is an excellent conductor of elec-
tric current. Therefore, it is possible
to study the electrical activity of
underlying structures by means of
electrodes placed some distance
away on the body surface.

Hans Berger spent more than ten
years studying electrical action
potentials which he obtained by
placing electrodes upon the scalp of
human’ subjects. When, after these
many years of painstaking research,
he was convinced that these poten-
tials had their origin in the brain

tissue, he published a paper in 1929
announcing. his findings. For several
years following this he. published
further reports of his findings only
to have them ignored or dismissed
as representing nothing but arti-
facts. Critical examinations of his
work by others—notably by Adrian,
Nobel laureate in physiology—Ilead
to a complete vindication of his re-
sults. Since then work along these
lines has developed at a continuously
accelerating pace.

As a consequence of intensive in-
vestigation it is now known that the
electrical currents occurring in the
brain are considerably more com-
plicated than was first supposed.
Certain potentials are now recog-
nized as being associated with spe-
cific types of disorders of the central
nervous system. It is now known
that the spike and dome pattern
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occurs frequently in epilepsy and the
slow so-called “delta waves” often

appear over the site of a brain
tumor. Yet despite intensive re-
search this field of investigation

remains still relatively untouched.
Figure 1 shows some normal and
abnormal brain wave potentials.

Amplifier Design Problems

This article deals with some of the
problems and demands made upon
electronic technique in the endeavor
to construct equipment suitable for
this specialized type of research. At
first glance the problem of amplifier
design for this purpose may seem
prosaic, but upon closer study the
need for an unusual design is ap-
parent. The frequency response
curve of the amplifier must be flat
from 1-45 cps, which band width
represents the frequency spectrum

served to eliminate this type of

interference.

Keeping all these considerations
in mind, an amplifier was designed
to be push-pull throughout. This
type of design immediately insured
the independence of the input stages,
a fact which may be easily demon-
strated. It is possible to record si-
multaneously with one amplifier the
electrocardiogram (normally about
one millivolt in amplitude) and
with another amplifier the electro-
encephalogram (normally about 50
microvolts in amplitude). There is
no cross-talk despite the amplitude
differences. If however this is at-
tempted with single-ended amplifiers
the electrocardiogram will appear
also in the electroencephalogram
and distort the record beyond all
usefulness. There are of course no
electrocardiographic currents nor-
mally detectable in the head but

Fiqg.
interval markers,
over a brain tumor and (4)

1—Typical brain wave

of brain wave potentials. This un-
usually low frequency response
necessitates a time constant of at
least 0.5 second. In view of the am-
plitude of brain potentials it is
highly desirable that the noise level
of the amplifier be not greater than
2.0 microvolts. Since as many as
four amplifiers may be used simul-
taneously recording from eight elec-
trodes it is absolutely essential that
the input circuits of these amplifiers
be independent. For this reason the
use of a single-ended amplifier de-
sign is undesirable since the coup-
ling occurring by virtue of a com-
mon ground effectively connects half
of the electrodes in use together.
Finally the high gain of the ampli-
fiers, the intensity of 60 cycle fields
in most buildings, and the neuarness
of the 60 cycle frequency to that of
the brain waves creates a special
problem in this respect. Unusual
and extreme precautions must be ob-
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(2) normal

potentials. (1} One second
or alpha wave, (3) wave
during an epileptic atiack

their apparent presence is an arti-
fact produced by coupling through a
common ground. It is apparent
therefore that if regional differences
over the surface of the head are to
be studied, independence of input
circuits is essential.

To keep the noise level low it was
found desirable to use precision
wire wound resistors in the input
stage. Likewise a good grade of oil-
filled coupling condensers reduced
leakage to a minimum. The value of
the plate resistors in the first stage
is rather critical with respect to
noise and should be kept as low as
feasible. Since the first three stages
are battery operated from a common
source it is desirable to keep the
plate voltage on the first stage low
not only to reduce the noise level, but
also to prevent instability.

Tubes chosen for this design were
6Y7G medium-mu dual triodes.
These tubes have been found very

1)

satisfactory since they greatly re-
duce the physical dimensions of the
equipment and also permit all con-
nections to be made below the
chassis. Since a large proportion of
undesirable interference appears ag
potentials in-phase across the input

grids, it is desirable to reject all |

in-phase potentials. For this reason
none of the cathode resistors are
by-passed. In addition a certain
amount of feedback, which discrim-
inates against the in-phase poten-
tials, is obtained by the circuit in
Fig. 2. In-phase potentials increase
the total current flow through the

cathode resistor of the second stage. ©

The voltage thus generated by this
increased current flow is 180 degrees
out of phase with the

fore the grid resistors of the first
stage are returned to the cathode
of the second stage rather than to
ground as is customary. Despite the
fact that the first three stages are
hattery operated, the total current

drain on the plate supply batteries

is only 0.8 ma thus making possible
the use of small B batteries with a
consequent saving in space.
face of so light a current drain the
useful life of the batteries is ap-
proximately eight months.

Inasmuch as the problem of 60
cycle interference from strong mag-
netic fields i§ a particularly acute
problem in our location, resonant
filter circuits have been installed
across the grids of the output stage.
With this circuit, Fig. 3, the fre-
quency response curve of the amplid
fier is flat to 45 cps but is down
30 db at 60 cps.

Recording System

in-phase
potentials on the input grids. There- =

In the @

-

S P

While the amplifier design em-

bodies some novel features it is
essentially straightforward through-
out. The recording system however
is completely new and represents a
special development for this par-
ticular problem. Formerly either a
cathode-ray tube, string galvanom-

eter or mirror oscilloscope was used =

in conjunction with photographic

recording. This method is open to
many objections other than the tech-
nical difficulties involved. First, it is
often necessary to record for long
periods of time for which photo-
graphic methods of recording aré€
prohibitively expensive. Secondly’
for long records it is almost impos-
sible for the average research
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aboratory to develop the film or
syaper obtained. Thirdly, one cannot
jee at the time of recording what is

seing recorded so that much film or

»aper is wasted on useless artifacts.
The recorders described here pro-
juce an inkwritten record on in-

 expensive syphon recording paper.
Several factors were taken into con-
hsideration

in the design of these

1st Stage

Fig. 2—In order to aid in rejecting in-phase interfer-

gradually to zero at 100 cps. When
in use with the amplifier at full gain
a maximum sensitivity of 2.0 micro-
volts per millimeter can be obtained.

The output stage consists of a pair
of 2A3s coupled directly to the ink-
writer. No coupling transformer is
used because of core saturation at
these low frequencies and consequent
discrimination against the lows. The

2nd Stage

output tubes may be balanced. The
plate-to-plate d-c reading should be
zero, otherwise the base line will be
shifted by the d-c component.

The person from whom a record
is being taken is placed in a com-
pletely shielded room. The electrodes
used are small flat dises of solder
approximately one-quarter of an
inch in diameter and one-eighth of
an inch thick, recessed on one side
to retain a small amount of electrode
jelly. They are held on the scalp by
means of collodion. No hair need be
removed to make good contact. A
piece of No. 28 enameled wire, em-
bedded in the solder button, is con-
nected to the input panel. Separately
shielded wires from this panel run
to a switchboard where the operator
may connect any electrodes to any
amplifier. The switchboard is cap-
able of handling eighteen electrodes
at one time.

The present set-up provides a
method of obtaining an inkwritten
record of alternating potentials, with.

Fig. 3—Resonant fillers tuned to 60 cps are em-

ployed in the grid of the output stage to reduce the
effect of 60-cps stray fields

ing potentials, the feedback connection shown above
is employed

writers. No mechanical or electrical
resonance should occur within the
1-45 cps band. In addition a fairly
large tracing should be obtained and
the relationship between the im-
pressed voltage and the pen displace-
ment should be linear. Since no com-
mercial units were available which

Output Stage

were satisfactory for this purpose,
the problem of construction was laid
at our own doorstep. A writer was
constructed using a permanent field
magnet, a 300-ohm voice coil and a
simple lever system having an ampli-
fication factor of seven. So that a
reasonably large tracing could be

' obtained, the spider supporting the

capillary

voice coil was made quite flexible.
It must not however be too flexible

or a severe resonant period will

appear within the 45 cps pand. The
amplifying lever is merely a piece
of stainless steel hypodermic tubing
carried in a simple C type pivot
bearing. The end of the hypo tubing
merely dips into the inkwell, the
action of the tubing
actually feeding the ink. The long
arm of the lever is braced to prevent
the pen from whipping. The writer
is linear for 1 cm each side of the
base line and the frequency response
curve is flat from 1-50 cps tapering
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powey loss sustained by this im-
pedance mismatch 1is considerable,
but is more desirable than frequency
discrimination. Triodes are very de-
sirable as output tubes since very
little distortion occurs despite the
mismatched impedance. Pentodes
have been used with the hope of
increasing the pen displacement but
distortion was so severe as to render
their use undesirable. It may be also
well to mention that the plate load
resistor in the output stage be vari-
able so that any inequalities in the

a flat frequency response range of
1-45 cps, with a maximum sensi-
tivity of 2 microvolts per millimeter-.
With an output stage compensated
for the loss in inkwriter sensitivity
it should be possible to extend the
frequency range to 90 cps. In the
present design however the band
width has been restricted to 45 cps
since no brain waves of higher fre-
quency have been reliably reported.
The restricted band width also re-
duces the noise level and markedly
reduces 60 cycle pick-up.
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IR.E. Convention, 1939

Twenty-eight papers ranging from shaping of cable signals to administering a radig
. . L L3 . . 3
manufacturing plant, with special attention to television, u-h-f’s, and aircraft radio, were

presented at the I. R. E. Annual Meeting in New York last month

Signal ovipu?
.

Target of R. E. Shelby’s cathode-ray
frequency modulator

IRCRAFT radio equipment and
Aradio economics emerged as
topies of major interest in the 14th
Annual LR.E. Convention held in
New York, September 20-23, at the
Hotel Pennsylvania. In all, 28 papers
were delivered covering not only
such well established items as tele-
vision and u-h-f technique, but also
the application of thyratrons to the
shaping of cable signals and the
engineering administration of a
small radio manufacturing plant.
The attendance was 1612, about 100
less than last year, but a very
healthy turnout nonetheless. In ad-
dition to the technical papers,
presentations were made to Sir
George Lee (the Institute Medal of
Honor) and to H. T. Friis (the
Liebmann Memorial Prize).

Applications of Electronic Techniques

Papers which illustrated the ap-
plication of electronic techniques to
radio engineering advancement were
plentiful. One of the most interest-
ing was that delivered by R. E.
Shelby of the National Broadcasting
Company, who described a “Cathode-
Ray Frequency Modulation Genera-
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Received cable signal (top) and shaped version (center) produced by
a thyratron inverter circuit (Haglund and Breyfogel)
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Sensitive bridge circuit for detecting ionization at 60 cps in voids within
insulation, described by H. A. Brown

124

tor.” This is a cathode-ray device
intended to produce frequency-
modulated signals by generated
square waves whose phase depends
on the audio modulating voltage
applied to the tube. Phase angles in
excess of 360 degrees may be gen-
erated, whereas the more usual
method (that employed by Major
Armstrong) is limited to an initial
phase displacement of about 80 de-
grees. To obtain wide-band fre-
quency modulation from such a small
phase displacement requires the use
of many frequency multiplications,
with attendant tubes and power sup-

plies. By making possible a wider
phase angle swing, Mr. Shelby’s de-
vice reduces the frequency multipli-
cation required, and hence makes
possible a simpler transmitting
system.

The principle of the cathode-ray
generator is shown in the accom-
panying illustration. The spiral seg-
ments shown constitute the target
of a cathode-ray tube. The dotted
circular lines indicate the path taken
by the cathode-ray beam which scans
the target in a circular fashion. Cir-
cular scanning is accomplished by
applying equal alternating voltages
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0 degrees out of phase to the two
sts of deflection plates. The abso-
ate amplitude of these deflection
oltages is controlled by the audio-
requency signal whereas the fre-
uency is kept constant. Conse-
uently, the diameter of the circular
canning path varies with the audio
requency signal. As the scanning
,eam passes over the two spiral seg-
nents it generates in the output
esistance a square wave of constant

frequency, but of a phase depending
on the diameter of the scanning
path. By the use of spiral segments
which have many turns around the
center, it is possible to produce
phase changes of many hundreds of
degrees. Subsequent frequency mul-
tiplication will produce wide-band
frequency modulation, provided that
the initial audio circuit displays a
gain inversely proportional to fre-
quency. The device has been tested
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i resistor
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% (43.75 Mc)
|
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AR coaxial ‘“‘notching” filter structure, designed by G. H. Brown. used in
single-sideband television transmissions

Attenuation ¢haracteristic of the filte

One friter
— ———Three Filters

r structure shown above, designed

to protect the adjacent channel
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in a frequency-modulation trans-
mitter which operated from the Em-
pire State Building and has proved
entirely satisfactory.

The investigation of ionization
and corona discharge in insulators
was discussed by H. A. Brown of
the University of Illinois. This is a
topic of increasing interest because
of the greater demands put on in-
sulation especially at high frequen-
cies. Bridge circuits for detecting
internal ionization in voids within
insulators, both at 60 cps and at
high frequencies were shown. The
60-cps bridge, shown in the accom-
panying illustration, makes use of a
high gain amplifier and selective
filter circuit to detect the presence
of internal ionization.

Still another unusual electronic
application was that of shaping cable
signals by means of thyratron in-
verter circuits, described by H. H.
Haglund and A. W. Breyfogel of
Western Union. Waveform varia-
tions introduced by the cable in-
ductance and capacitance, together

with slow variation of the d-c
axis due to earth currents
induced in the cable, make it

necessary to shape cable signals
before using them to actuate the
recorders. The shaping process irons
out the unwanted variations and
produces an essentially square-wave
signal, the beginning and end of
each square being determined by

_some outstanding characteristic of

the signal as received from the cable.
In prior practice it has been cus-
tomary to use repeating relays of the
electro-mechanical type to perform
this shaping function, but the intro-
duction of higher keying speeds has
pushed cable operation to the “ceil-
ing of capacity” and hence a more
flexible and reliable relaying system
has been made necessary. A typical
example of the signal received from
the cable is shown. The dotted lines
represent the d-c level at which the
grid circuits of two thyratrons are
gset. The thyratrons are arranged in
an inverter circuit, so that only one
of the pair of tubes will fire when
the level indicated by the dotted lines
is reached. When this tube does fire,
an impulse travels from this tube to
the other, thus putting the second
tube in readiness to fire. In this way
the tubes work alternately. The cur-
rent flowing in the plate circuits of
the tube is the square wave desired.
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Frequency-modulated omni-directional
beacon (E. N. Dingley)

It will be noted that a change in the
square wave current occurs only
when the dotted line, on the opposite
side of the axis, is exceeded by the
signal wave. The impulses which
travel from tube to tube are shown
on the same time scale at the bottom
of the diagram.

Plumbing for Filters

Since television transmissions
went single sideband (quasi-ves-
tigial-sesqui-single sideband by ac-
tual count), it has been the job of
engineers to devise fiiters to elimin-
ate the undesired portion of the
unwanted sideband. Since the ecarrier
frequencies are high and the im-
pedances low, lumped-constant filter
elements are impractical for high-
level operation. In consequence,
coaxial line segments have been em-
ployed to produce the required filter
structure. Dr. G. H. Brown of RCA
delivered a paper on this general
subject, and outlined the methods of
simulating capacitances and induc-
tances by coaxial segments. A typi-
cal “notching” filter designed by Dr.
Brown is shown. This is intended to
produce very high attenuation at the
frequency of the sound carrier of
the adjacent television channel. In
practice, three such structures are
employed to obtain the desired at-
tenuation. The vestigial sideband
filter proper was described in the
March 1939 issue of Electronics
pages 26 and 27.

Among the other papers on tele-
vision was “Transient Response in
Television” by H. E. Kallman, R. E.
Spencer and S. P. Singer, of E.M.I.
in England. This paper was an ex-
haustive treatment of the response

16

’Ml/‘ VHATLS ERTT Y, I RISl

1
| ‘Electron
gun

B earn,
\

7 Targef

1
Collector 7
sphere

Tube for studying effects of secondary emission on various surfaces,

described by I. G, Maloff.

Electrons liberated from the target are

collected by the surrounding sphere

Video- modulated
vestigial sideband|
transmitter Mom!or
4525 Mc _ |Delecor]

| Audio signal
| generafor
43.75Mc |

Monitor
oscilloscope

[ Audio signal
generator
49.75 Mc 1

I Sig. mixer

[ panel

i kmescope

Audio signal

generafor
55; 75 Mc _]

‘S_yl’)(:%|
signal
generator

L e

1

r;UdIO signal
‘ generator |
71.75 Mc |

L= J

I-f swee;fa ‘
| sig.generator
/,95 14,6 Mc

Video signal |
Line coupling———— Piciure carrier |
leve! momfor

Sound carriers

W

S|g generator

Sound 1 -f

Interfering i-f

[-f sweep
’ nterfering
sng gengrafor R-f sweep No.!
25 Mc

R-f sweep No.2

R-f sweep
sig, generator
455 -51.5 Mc

R~f sweep
sig. generator
4957515 Mc.

R-f sweep
sng generator
65537735 Mc |

R-f sweepNo.3

Television test equipment used in the General Electric factory at Bridge-

port, Conn.,

for aligning and testing production receivers, described

by L. ). Hartley

of television amplifiers to a unit
pulse of voltage. The authors showed
that the simple shunt peaking coil
employed in video amplifiers is very
nearly as high in performance as
more complicated filter structures.
A figure of merit for transient
response was set up which takes into
account the rate of rise of the
response voltage, and the amount of
overshoot. The figure was applied to
a very wide variety of coupling

filters, under double-sideband as
well as sesqui-sideband conditions.
From the discussion it was apparent
that this paper was a very sig-
nificant compilation of information
on an outstanding topic in modern
television development.

I. G. Maloff of RCA gave his
paper ‘“Functions of Electron Bom=
bardment in Television” for the
second time (having presented it at
the West Coast Convention earlier
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this year). The effect of secondary
electrons in the redistribution of
potential within television pick-up
tubes (see ‘““The Orthicon” page 9,
July 1939 FElectronics) and in the
operation of picture tubes was dis-
cussed from a quantitative as well
as general point of view. One of the
methods of measuring the secondary
electron emission properties of sur-
faces was that shown in the accom-
panying illustration. A target sur-
rounded by a spherical collector
anode is subject to bombandment by
a beam of electrons- which enters
through an aperture‘in the side of
the sphere. By measuring the cur-
rent to or from the target, relative

to the current collected and the
current from the electron gun, it is
possible to determine the ratio of
secondaries to primaries at different
values of accelerating voltage and
retarding potentials. This work has
been of value in establishing the
potentials reached by insulated tar-
gets under electron bombardment, a
topic of great importance in the
design and operation of storage
television pick-up tubes.

Still another paper on television
was that by E. W. Herold of RCA
Radiotron, who outlined an analysis
of the relative merits of different
types of converter tubes for televi-
sion service, with respect to the

’R ing suppressor

J Rod suppressor

--Magnetic
material

The inductive-output high frequency amplifier (Haeff and Nergaard).
Ten watts at 500 Mc over a 10 Mc band have been produced by this
structure .

Contro/ grid---
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A pair of these tubes has
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em, the basic circuit structure of the

generated 56 kilowatts in

the u-h-f region with over 50 per cent efficiency
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noise introduced by them. The con-
clusion was that a pentode type
converter with control-grid injection
was the best, a triode nearly as
good, and the hexode definitely in-
ferior. Mr. Herold showed that the
noise introduced by an r-f amplifier
of the 1852 type is very nearly the
same as that introduced by a pentode
converter of the same type, and
hence that there is no advantage of
using an r-f stage, so far as noise
considerations are concerned. The
effects of fixed vs. grid-leak bias
seemed definitely to give the edge to
the latter method. A grid leak of
4 megohms was recommended for
the latter circuit.

One of the first papers on tele-
vision receiver manufacturing prac-
tice delivered in this country was
that by L. J. Hartley of the General
Electric Bridgeport works, who
spoke on “Production Alignment
Apparatus for Television Receivers.”
The equipment used at Bridgeport
for this purpose is shown diagram-
matically in the figure. A static-
image monoscope tube is used as the
signal source. This signal is mixed
with the sync signal, monitored both
oscillagraphically and by viewing
the image, and then transferred to
the signal generator proper which
produces a 4 watt signal with
sesqui-sideband at a carrier of 45.25
Mec. This is the only channel which
at present is tested on an image
basis. However, the audio channels
on 49.75, 55.75 and 71.75 Mc are
tested directly with tone, and the
interfering channel on 43.756 Mc is
also tested. These four audio genera-
tors are mixed with the picture
signal in resistance pads and fed
out over a single coaxial cable.

For non-image testing two carrier
generators and four sweep signal
oscillators are available. The sound
i-f is tested at 8.25 Mc and also on
the interfering i-f frequency of
14.25 Mec. An i-f sweep covering the
range from 7.3 to 14.6 Mc is used to
line up the picture and sound i-f
channels. R-f sweeps for three chan-
nels; covering each channel with 0.5
Mc and 1.5 Mc overlap at the lower
and upper edges of each channel, are
used for overall check on circuit
alignment. The sweep generators
are built with motor-driven tuning
capacitors so cut as to allow using
sinusoidal sweeps in the alignment

(Continued on page 70)



Below, right, Radio Officer C. H. Roberts seated at the operating position.
Before him, left to right, are the r-f preselector unit of the receiver, the receiver

proper,

and the remote control

equipment for controlling

transmitter.

Below, left, a close-up view of the transmitter remote control, consisting of

cam segments (left) which come to rest against the stop when the proper
frequency has been found

RADIO MAURETANIA

With larger ships ruled off the sea, the new Mauretania continues her transatlantic runs

against the hazards of war. Her radio equipment, shown here, is the latest on the sea

The Bellini-Tossi direction finding loop
system. The loops are fixed in position,
the bearing being indicated electrically.
The loop parallel to the keel is smaller
because of reradiation from the hull

The pre-selector, receiver and remote

control units open for inspection, Bands

are switched by rotating the drums

until contact is made with the desired
coil terminals

The “iron-man” of the installation is
the automatic remote control of the
transmitter (right of center}). The arms
exlending from the control unit tune
the circuits in the transmitter proper
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A Special-Events Transmitter

For broadcast use in picking up outside special events, this 15-watt storage-battery-oper-

- ated equipment is readily portable, and should offer no difficulties to station engineers

desiring to construct it

ORRELATION of +the ultra
high frequencies with special
events has long been taken for
granted. Most of the pick-ups for
rebroadcasts of short range mobile
programs have utilized frequencies
above 30 megacycles. The modern
trend, however, seems to indicate
increasing interest in the possibili-
ties of the intermediate frequencies
for this purpose, as for instance,
- golf course coverage.

This trend may be ascribed to the
many factors affecting transmission
at ultra-high frequencies which fre-

¢ quently vary with environment. No
one can be sure of the signal propa-
gation over land because of the
presence of “shadow effects.” Usually
the amount of power used is neces-

supply circuii.
showing rf and a- filters

Dynamotor power

sarily limited to a very few watts
since the majority of such trans-

| mitters are of the battery operated,
. pack type. Among other drawbacks
| is the ever present bugaboo, ignition
| interference, which is always bad
i enough in spite of “squelch” circuits.
These considerations, among

I\ others, led to the decision to give
" the intermediate frequencies a trial,
" frequencies which at WFBL are al-
o located from approximately 1.6 to
1.2.8 Mc. A compromise was found
Wl between power and portability, in a
" unit which would fit into the dimen-
| sions of a small suitcase. The power
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By D. F. LANGHAM

Engincering Dept., \WFBL

supply unit is housed separately in
a similar case.

Selection of the dynamotor power
supply was a matter of elimination
since batteries were impractical and
a gas-driven generator far too cum-
bersome. The latter would be much
too noisy in golf course work or in
close proximity to the microphone.
Some thought was given to the
vibrator type power pack but was
finally discarded in favor of the
dynamotor.

The first step in drawing up the
constructional details was to choose
suitable ecarrying cases since all
design revolved around their dimen-
sions. Much thumbing of the files
disclosed the object of our search in
a Western Electric case normally
designed to house their 22A portable
speech input equipment. The outside
dimensions are 14 inches high, 163
inches wide and 7% inches deep.
This case is not only down to a really
portable size but is neat appearing
and exceptionally durable.

The Transmitter

Since the inside diameter of the
case limited the depth available to
about 7 inches, it was decided to
follow a ‘“‘panel-less,” sub-base chas-
sis type of construction. Even then,
the 807 socket had to be further
sunk but all other parts were ar-
ranged to fit into and onto a 2-inch
sub chassis without a great deal of
difficulty. One important advantage
of this method of construction is the
quick access to all tubes and parts
requiring maintenance. This factor
also allows taking advantage of one

of the features of this transmitter,
namely the easy change of the
removable r-f unit.

All parts are mounted on this
single sub-base so that the trans-
mitter. is installed or removed as a
complete unit. Dimensions of the
base are 13 inches x 15% inches x 2
inches and formed of eighth-inch
aluminum. Thus every bit of avail-
able space is used and yet room
allowed for removal from the case.
Note that the original compartment
partition has been removed to ac-
complish this. The base is also
flanged inward, drilled and tapped
for fastening with bolts from be-
neath. A sheet of sixteenth-inch
aluminum is bolted to the bottom of
the case so that when the trans-
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The antenna tuning unit. The 7-turn
inductance is L; (see diagram p. 20}

mitter is installed, shielding is
completed.

Although our purpose was to
utilize the intermediate frequencies
almost entirely, ultra-high operation
also became possible if desired by
merely plugging in the ultra-high
r-f unit. This unit is complete in
itself for each band and includes all
inductances and tuning condensers,
pretuned. The only other operation
necessary is to plug in the proper
crystal for each frequency.

The transmitter circuit and tube
lineup are quite conventional al-
though there are several unusual
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details involved. The 807 was chosen
for the final amplifier because of the
small grid excitation required and
freedom from neutralization require-
ments. A 6N7G serves both as oscil-
lator and Dbuffer when working
straight through and as oscillator-
doubler at the ultra-highs. This
method was decided upon after con-
sidering the “tri-tet” circuit chiefly
because our ultra-high crystals were
of the harmonic cut variety and
would be subject to high currents in
a tri-tet type of circuit.

The r-f units were formed on a
base of eighth-inch aluminum and
victron, each 4 inches x 9% inches in
size and Dbolted together. Five-
eighths-inch holes were punched in
the aluminum and banana plugs
centered in the victron for all in-
sulated connections. The chassis was
treated likewise except that jacks
were centered in the victron.

The tank circuits for oscillator
and buffer-doubler were built in
shield cans 2% inches x 3% inches.
Condensers were of the midget,
semi-circular plate type and coils
were wound on forms 1 inch x 1%
inch except the u-h-f coils which are
self supporting. The final tank coil
was formed on a National UR-13
assembly. It should be noted that
shunt feed to the plates is used
throughout. This greatly simplified
wiring and mechanical problems by
cutting the necessary plugs to a
minimum of 5.

All plate circuits and the 807 grid
current are metered by means of
three 0—150 ma meters. Two of
them are permanently wired to read
the plate current of the final and
modulators. The third is arranged
to read all other currents by means
of an interlocking system of push
buttons which allows the meter to
normally read oscillator-buffer cur-
rent when no button is pressed. All
meters are of the 2 inch square type
and sunk flush within the sub-base.
The antenna meter is located in the
upper right corner adjacent to
the final tank while the 3 plate
meters are placed in a row in the
middle of the chassis. The range of
the antenna meter is 1.5 ampere.

One other point concerning the
r-f portion which bears mentioning
is the method of providing neutrali-
zation for the second triode of the
6N7G. When acting as a buffer on
the intermediate frequencies the
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neutralizing condenser is auto-
matically connected in the circuit by
arrangement of the r-f wiring. As a
doubler, the condenser is removed
from the circuit when the u-h-f unit
is plugged in. The neutralizing con-
denser is located underneath the
chassis and is permanently tuned to
neutralize a 6N7G. This is not inter-
changeable with metal 6NT7s.

The Audio Circuits

In calculating the audio power
required, a maximum of 32 watts
input to the modulated amplifier was
assumed with a probable average of
28 watts likely. This meant the
modulators must be capable of at
least 16 watts of audio. A pair of
6L6s were finally decided upon for
several reasons.

First, more than sufficient power
could be obtained by operating them
near class “A” conditions. Secondly,
their beam characteristics make
them highly susceptible to small grid
voltage changes. Only 40-50 volts,
grid to grid, are required to excite
them fully. This meant that they
could be driven by a type 6C8 tube
in a phase inverter circuit, thus
eliminating the weight of an input
transformer. The space-saving value
of this method is obvious too. In
addition, only one more tube is re-
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quired to complete the line up, A
high voltage gain 6J7 was selected
for pre-amplification, which is suf-
ficient for any of the existing low

level microphones to drive the
system easily to 100 per cent
modulation.

Cannon plugs and receptacles are
used, being standard equipment at
WFBL. A 3-pin receptacle intro-
duces any low impedance microphone
to a midget input transformer
which in turn matches the grid of
the pre-amp tube. A normally closed
jack lifts the transformer from the
circuit when it is desired to use a
high impedance microphone such as
the crystal type. Much care should
be used in laying out and wiring the
input circuit. Short grid leads and
careful shielding are a necessity,
especially so when condensed into
such a compact outfit in the prox-
imity of the high gain 6L6s.

Power Supply

Since the total plate drain of the
transmitter is normally about 225
ma, it is advisable to obtain a
dynamotor capable of 250 ma at 400
volts. In our case we chose to have
an even greater margin and so pur-
chased a specially built dynamotor
from Pioneer rated at 300 ma at
400 wvolts. Under full load and
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Complete circuit diagram of the transmitter, except power supply and

antenna tuning unit.

The push-button (PB) switches connect the plate

current meter to the various stages
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View of the power-supply case which contains also the
microphone, cables and antenna tuning unit

modulation the regulation was found
to be excellent.

Input to the dynamotor is 6 volts
at a full load drain of approximately
26 amperes. Eleven amperes are
required to drive the generator un-
loaded. Total filament current is 4.1
amperes bringing the total current
consumption to approximately 30
 amperes.

The filter circuits are straight-
forward and simple and are con-
tained in an 8 inch x 6 inch x 2 inch
metal box. This filter box and dyna-
motor are mounted on an iron base
sheet with a terminal strip in the

The complete equipment in service
on a motor launch
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middle. The base is s%-inch thick
and its dimensions are 9 inches x 15
inches designed to fit snugly in the
large compartment of the carrying
case. The terminal board is of
3-inch bakelite 4 inches x 9 inches
in size. On it are located the 4 pin
power receptacle, blade switch and
battery posts. The whole is raised
5 inches from the base on iron
brackets. The small compartment
accommodates the antenna loading
unit and spare tubes. There is also
sufficient space atop the filter box
for a hand microphone and power
cable. Thus everything is trans-
ported in the two cases but the
storage battery.

It is advisable to reduce the length
of the power cable to a maximum of
about 5 feet to prevent too great a
voltage drop. A six wire shielded
cable was employed with three of
the wires connected together for one
filament leg. Two wires and the
shield formed the other leg which
was also grounded. The sixth wire
carries the plate voltage.

A small single blade knife switch
was incorporated into the terminal
board to cut both filament and dyna-
motor. A stand by plate voltage
switch is located on the transmitter
chassis.

Antenna Unit

The highest practical length for
our vertical antenna was approxi-
mately 12 feet for the type trans-
mission intended. Therefore a load-
ing system or partial “dummy” must
be substituted for a full length an-
tenna. Since a quarter wave antenna
at 2830 ke is approximately 85 feet

The transmitter proper with top removed and antenna
tuning unit in place.

The plug-in circuits are at the top

long it will be seen that considerable
inductance would be necessary.

The necessary elements of a sim-
ple, conventional loading device were
installed in an aluminum box with
overall dimensions of 5% inches x 3%
inches x 7 inches. The design was
such that the tuning knobs would
not interfere with its fitting the
carrying case small compartment.
When in use it is fastened to the
outside of the transmitter case by
means of brackets and thumb screws.
Binding posts set in victron furnish
terminals for antenna and ground.
Two short leads equipped with
banana plugs complete the circuit
by connecting to the coupling coil.

The loading constants are merely
a tapped inductance and variable
condenser. The coil is close wound
of No. 16 DCC wire on a 2-inch
form. It consists of 45 turns tapped
every 5 turns. The condenser is a
250 uuf National type TMS. A single
pole, 10 position, isolantite insulated
tap switch is used to vary the
inductance.

The coupling coil, 7 turns, is
wound directly over the ground end
of the final tank and terminates in
banana jacks. By this method either
the loading system or a doublet may
be used. Normally one end of the
coil connects to the antenna meter
which in turn goes to ground. The
other end series the loading in-
ductance and condenser to the an-
tenna. At ultra high frequencies the
antenna connects directly to the
coupling coil and thence through
the meter to ground.

There are a few points of interest

(Continued on page 59)

21



Input Conductance
NEUTRALIZATION

By including a small inductance in series with the cathode, the input conductance of
tubes operating at high frequencies may be reduced, with resulting greater flexibility of

circuit design and improved circuit Q

HE input conductance of a tube
used as an r-f amplifier is nor-
mally negligibly small at moderate
frequencies, for example up to about
25 Mc. Where it is. desired to use
sharply-tuned circuits at higher fre-
quencies, it is found that tube input
conductance rapidly becomes a seri-
ous limitation on effective cireuit Q.
If, on the other hand, the circuits
are intentionally broad, as for tele-
vigion service, the deleterious effect
of tube input conductance may not
become very evident until higher
frequencies, of the order of 70 Mec,
are reached. Even in this case, how-
ever, there are many circuit ar-
rangements where improved per-
formance could be secured if the
necessary damping were wholly
under the designer’s control as to
placement and magnitude. This
article describes two methods of
neutralizing input conductance.
The input conductance of conven-
tional vacuum tubes is determined
by three factors: (A) conductance
at cut-off attributable to dielectric
losses and to the series combination
of resistance and capacitance equiva-
lent to the effects of the space
charge close to the cathode; (B)
feedback from the anode-cathode
circuit to the grid-cathode circuit
through the grid-cathode capacitance
of the tube and the self-inductance
of the cathode lead, the latter being
common to the input and output
circuits; and (C) the transit time
of electrons through the tube. For
the 6AC7/1852 tubes the second fac-
tor is believed to constitute over 80
per cent of the total input con-
ductance, as evidenced by recent
calculations and observations. Both
the second and third factors are
proportional to the g, of the tube
and to the square of the frequency;
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thus they are difficult to determine
separately, and for the same reason
may be conveniently simulated in
toto by an equivalent cathode lead
inductance larger than actual. Thus
as far as the major part of the input
conductance is concerned the equiva-
lent circuit of a vacuum tube is
represented by Fig. 1. It can be
shown that the conductance G be-
tween points ¢, and k in Fig. 1 is
given by

G (1)2 Cgk Lk gm (1)

where L, is the equivalent rather
than the actual cathode lead in-
ductance.

Qualitative reasoning applied to
the circuit of Fig. 1 is as follows:
The voltage drop across L, caused
by the cathode current lags the
applied voltage E by 90°. This
voltage FE\. causes a current to flow
back to the grid through C,. which
leads E. by 90° or which is in phase
with the applied voltage.

Figure 2 shows the neutralizing
circuit, which is the same as Fig. 1
except for the added inductance L.
The voltage drop E. across L, caused
by the cathode current, is now re-
versed in polarity with respect to
E\ in the sense that C,, and L are
in series between ¢, and k. Thus the
current flowing back to the grid
through C,, is 180° out of phase
with the applied voltage K. For a
certain value of L the currents
through C,. and C,, will be equal as
well as opposite in phase; then the
conductance between ¢, and %k is
zero. Proof of this is given in the
Appendix wherein it is shown that

the circuit should be proportioned
so that

L_GCa
L, = (vgg (2)

C,. is the inherent capacitance be-
tween the grid and all elements of
the tube which are at a-c ground
potential, stray circuit capacitance
to ground, and any added -capa-
citance that might be used.

For the 6AC7/1852 and 6AB
7/1853 tubes the added inductance
L takes the practical form of a
straight piece of No. 20 wire of
about 13” in length connected be-
tween the cathode terminal of the
socket and a ground lug on the
chassis. The plate load circuit, the
screen grid, and the suppressor grid
are returned to the ground Ilug,
while the input circuit is returned
to the cathode terminal of the
socket. This is illustrated in the
sketech of Fig. 3.

When the tube is operated near
cut-off there will always be a small
conductance between g, and k caused
by the previously. discussed factor
(A). This cannot be neutralized
when the g, approaches zero. Hence
a neutralization circuit designed
strictly in accordance with equations
(1) and (2) will reduce the conduc-
tance to a small value equal to that
of the tube at cut-off, which value
will be constant with variations in
gm. Slightly increasing L will pro-
vide zero or even negative conduc-
tance at large values of g, and the
same small positive value near cut-
off.

Since (2) is independent of fre-
quency, neutralization should be
independent of frequency. This is
strictly true only as long as the
frequency does not approach the
natural resonant frequencies of the
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Equivalent Input Circuit of
Conventional Amplifier

Input Conductance Neutralization Circuit

Socket

Grid,.*
return

Chassis

Plate

T return

Suppressor
Screen

7

Practical Form of Inductance L

Neutralization Circuit for: use with
Converter Tubes

capacitances and lead inductances of
the tube . electrodes. This was
checked experimentally for a given
circuit using an 6AB7/1853 tube at
13, 20, 40 and 60 Mc. Variations in
conductance were of the order of
half the conductance of the tube at
cut-off. This may be attributed to
variations in the stray capacitance
between the high side of the various
coils and ground and to errors in
measurement.

The plate-cathode capacitance of
the 6AC7/1852 and 6AB7/1853 is

ELECTRONICS — October 1939

less than the grid-plate capacitance
when the suppressor and screen are
grounded. Thus no trouble should be
experienced with feedback through
the former capacitance.

A very similar means® of neutral-
izing input conductance, employs an
inductance of about 0.1 wh in the
sereen grid lead as shown in Fig. 4.
Basically this circuit is the same as
Fig. 2; there are, however, two dif-
ferences: the point K (cathode pin)
is now at ground potential, and only

« Suggested by H. A W heeler,

Figs. 1 to 4—Circuits for analyzing

conductance neutralization, and

practical construction for cpplication
to a receiver chassis

the screen current flows through the
inductance L..

Since the impedance in the screen
lead lowers the shielding effect of
the screen grid, the method is espe-
cially adaptable to converter tubes,
where the plate load impedance is
negligible at the frequency of the
grid signal voltage.

APPENDIX

Let Y equal the admittance be-
tween points ¢, and k in Fig. 2. Let

. 1
Z wLk + - (1)
JwCgk
Then E = I1,Z, + IxjwLk (2)
Since, Irx = guk; .(Imh (3)
Jwlgk
EC.x "
I = = = : 4)
Zngk + gmL‘.\ ( /
Assume, Zo = jwlL + - 1 (5)
JwCeg
E gmL
_ KT -
Then I 7 <1 CaZs + g|nLk> (6)
1
Since Y = L B ik (7
1 Iml + Cng-z
Y = 14— 8
Z< gmLk 'gk21> ®
L Zs p
e ‘9)
Let L 7 ‘
1 1 ‘
Then ¥V =+ (10)

For frequencies appreciably less
than the resonant frequencies of the
L’s and C’s

Z1 o 1 =
Jwlgk
1_——
’ JwCep
Thus (9) and (10) become
L Cgx N
L.~y (11)
Y = jo (Ceg + Cax 12)
Thus under the conditions of

equation (11) from which (12) was
derived, the admittance Y is inde-
pendent of the transconductance of
the tube and is a pure susceptance.
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The Image Dissector

An account of the development, principles of operation, construction and operating char-
acteristics of an outstanding television pick-up camera tube, which has proved its worth

as a transducer for motion picture film programs

HE Image Dissector tube is an

electronic device for changing
light energy into usable electric
energy for the purpose of modula-
ting a television carrier in the
broadcast of television images. The
tube, as its name implies, dissects
the optical image to be televised into
many thousand picture elements
from which the photoelectric cur-
rents, in their proper sequence, con-
stitute a video signal.

One of the earliest forms of the
Image Dissector tube is shown in
Figure 1. K is the cathode from
which photoelectrons were emitted;
D——condenser plates for deflecting
the electron beam horizontally and
vertically ; A—the anode for acceler-
ating the electrons; H—the aper-
ture, and C—the collector.

A second form of the Image Dis-
sector employed the use of magnetic
fields for focusing and deflecting the
electron beam. This tube is shown
in Fig. 2. The hatched areas are
cross-sectional views of the coil sys-
tem. The tube is similar to the one
described in Fig. 1, except for the
box B, which entirely surrounds the
only part of the collector in the tube
that is exposed. This box has on its
front face a small hole, the defining
aperture.

In the early days, considerable
difficulty was encountered in obtain-
ing photo-surfaces of sufficient sen-
sitivity. Television signals from
tubes with Na and KH surfaces did
not effectively override the random
noise from the cathode, and when
the change to Cs-Cs,0-Ag surfaces
was made the sensitivity was in-
creased forty to fifty times. An im-
proved form of the Image Dissector
used these new photo-surfaces, and
the geometrical form of the Dis-
sector, as it is known today, was
also adopted, as is shown in Fig. 3.
F was commonly referred to as the
finger and it housed the collector
wire C. The aperture H was punched
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Fig. 1—An early form of the dis-
sector, which used electric deflection

Fiqg.
rangement, but no electron multiplier
structure

3—Improved geometrical ar-

in the side of the finger facing the
cathode K. W is an optically flat
window, which allowed the light to
be transmitted without distortion
onto the solid silver cathode.

A later form of the Dissector,
shown in Fig. 4, included an r-f type
electron multiplier. The initial
photo-currents from the cathode,
after passing through the aperture,
were made to oscillate between two
surfaces having secondary emission
ratios greater than one. Every time
an electron bombarded a surface it
would knock two or more secondary
electrons out of the surface, and
these would be accelerated toward
the opposite surfaces, resulting in

By C. C. LARSON
and
B. C. GARDNER

Farnsworth Television Inc. of Peuna.

further gain. After a number of
oscillations had occurred, all of the
electrons were collected, and the
process again repeated. Figures 5
and 6 are pictures of completed
tubes containing r-f type multi-
pliers.

Focusing
cor/—---

Glass
insvilafor

ey, b —
XIS AN Gy

&
g-
472 15 ey

Deflec fing
cors/

Fig. 2—Tube using magnetic deflec-
tion for moving electron image past
scanning aperture

While r-f type multipliers func-
tioned well, further development
indicated that somewhat greater
stability could be obtained with
multipliers of the electrostatic type.
The new electron multiplier incorpo-
rated in the Image Dissector tube
was of the electrostatic type and
depended upon static voltage condi-
tions between successive stages for

electron multiplication. This type of

multiplier will be discussed in detail
later.

Figure 7 is a picture of a com-
pleted Image Dissector tube with an
electrostatic type electron multiplier.
The tube shown in Figure 7 was
successfully used and gave excellent
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Fig. 4—The image dissector with the r-f type electron mulliplier structure which
made it a practical pick-up device

television pictures, but active re-
search, which was constantly en-
couraged, resulted in improvements
in mechanical design, electrode
geometry, photoelectric and sec-
ondary emission surface formation,
etc. As a final result, the present-
day Dissector, shown in Fig. 8, is
capable of giving excellent per-
formance and is especially adapted
to telecine (televised motion pic-
ture) application.

Theory of Operation

The essential parts of an Image
Dissector are the cathode, the anode,
the electron multiplier and the
scanning aperture. The tube is il-
lustrated in Figure 9. The photo-
electrons emitted by the cathode, due
to the optical image focused upon it,
are focused by means of an axial
magnetic field so as to form an elec-
tron image in the plane of the
aperture. All of the photoelectrons
that leave a given point on the
cathode surface do not have veloci-
ties in a direction normal to the
cathode surface. If all the electrons
of random velocity distribution from
a given point on the cathode surface
are made to converge at a cor-
responding point in a plane parallel
to the cathode plane, an electron
image is formed. The potential dif-
ference between the cathode and the
anode accelerates the photoelectrons
so that, in conjunction with the
axial magnetic field, a sharply fo-

cused electron image is formed in
the plane of the aperture. This
electron image is deflected both hori-
zontally and vertically by applying
transverse magnetic fields. The mo-
tion of the electron image past the
aperture results in progressively
selecting areas of the image, causing
a progression of electron bombard-
ments of the first segment of the
multiplier corresponding to respec-
tive areas of the original optical
image. This process is one of “dis-
secting”” . the electron image and is
the origin of the name “Dissector.”

Fig. 5—Upper left, early form employing r-f mulliplier.

The photoelectrons that enter the
aperture in the entrance face of the
first segment are primary electrons
striking a secondary emission sur-
face. The secondary electrons emit-
ted are focused on a successive seg-
ment or stage, and at this stage each
electron again becomes a primary
and is responsible for more sec-
ondaries. In this way a tremendous
gain over the original input current
through the aperture is obtained.

Construction of Image Dissector

At the present time—and probably
for a long time to come — each
Dissector that is produced in the
Laboratory is treated as an in-
dividual unit, i.e., the production of
Dissector tubes is unlike the mass
production of simple photoelectric
cells and radio tubes. The variables
that enter into the completion of a
Dissector are many and difficult to
control. For that reason, a routine
or schedule has been developed in
Dissector assembly and pumping
that is closely followed.

The glass blank used in Dissector
assembly is of pyrex with a shoulder
at one end for supporting the
cathode and a polished flat window
at the other end to admit light. The
cathode is held tightly in place
against the shoulder by means of a
tungsten spring support, the ter-
mination of this support spring be-
ing brought out of the blank as the
cathode terminal. The electron multi-
plier is sealed on the side wall of
the Dissector close to the window

Fig. 6—Lower left,

later r-f form. Fig. 7—Lower right, electrostatic type multiplier. Fig. 8—Upper
right, final modern form, using electrostatic multiplier and window shaped
for motion picture images




Fig.
the Farnsworth Laboratories where

end. It is displaced from the axis
of the tube so as to allow a suf-
ficiently wide opening to admit light
through the window.

The cathode is a spun pure silver
cup with a flat bottom, 44 inches in
diameter and a rim % inches wide.
The cathode surface is polished to
a mirror finish and then etched.
Etching is accomplished by heating
in air with a hydrogen flame to a
temperature of about 500 degrees C.
The cathode is held fast and the
flame directed at the cathode sur-
face from below with a slow oscil-
latory motion parallel to the surface.

_-1ststage

Apertfure ’_‘T
- \‘I

b

Fig. 10—Deltail of 1l-stage electro-
static electron multiplier used in the

present form of dissector

11—The pumping position in

dissector tubes are produced

A very fine and uniform etch is
obtained with this method and is
very satisfactory for television
photoelectric surfaces.

The anode is a eylinder of evapo-
rated nickel closed at one end except
for the window through which the
light rays of the image to be tele-
vised are transmitted. There is a
14 inch gap between the edge of the
cathode rim and the top of the anode
cylinder. In the completed tube the
axis of the cathode and the anode
cylinder coincide.

The electron multiplier consists of
eleven stages for multiplication and

Cathode. L-Multiplier

housing

Anode (Ni wall coating) ' ‘

view of
using

Fig. 9 — Diagrammatic
modern dissector structure,
static multiplier

a collector. The first ten stages are

segments, constructed of monel
metal electroplated with silver.
These segments, Fig. 10-a, are

quarter circular boxes with closed
sides. On the receiving face of each
of these segments is fastened a 90
percent open fine wire screen which
is for the purpose of maintaining a
proper potential distribution in the
multiplier. The eleventh stage is a
flat monel plate, upon which has
also been deposited silver, of the
same dimensions as the exit face
of the tenth stage. The collector
is between the tenth and eleventh
stages, as shown in Fig. 10-b. The
collector is a fine wire mesh on a
framework of the same dimensions
as the eleventh stage.

The aperture is a die-punched
hole in .002 inch nickel foil which
is fastened to the entrance face of
the first stage. The eleven-stage
multiplier is mounted on a 12-wire
stem and is shielded with a metal
box 3% inches long by # inches deep
and s inches wide. The metal parts
in the multiplier are all vacuum-
fired before the multiplier is as-
sembled. The cathode is the last
part to be sealed into the tube.
This is to decrease the probability

of any contaminating substances
settling on its surface.

Each Dissector is pumped 18
hours. The tube is baked at 460
degrees C for the first ten hours
and is given a 5-hour bake at 80
degrees C after the surfaces are
formed. Forming the Dissector
photo-surface differs from the usual
formation for Cs-Cs,0-Ag surfaces
in that oxygen gas is admitted after
the Cs has been distilled on the
surface. This offers an additional
control over uniformity of photo-
emission from different areas of the
cathode surface. Oxidation of the
Ag surface is accomplished in the
usual way in a glow discharge in
the presence of oxygen. The oxide
thickness is controlled by observing
the interference colors the cathode
goes through, the glow being inter-
rupted when the proper color is
obtained. The multiplier segments
are individually oxidized in the same
manner, i.e., a glow discharge in
oxygen. The oxide is controlled by
observing the current in the dis-
charge for a given time interval
for each segment.

After the cathode and the mul-
tiplier segments have been oxidized,
the tube is pumped to remove the
oxygen and when a certain minimum
pressure is obtained, as observed
on an ionization monometer, the
tube is ready for the caesium.

It has been found, in order that
Dissectors of uniform character-
istics may be obtained, that there is
an optimum temperature ratio be-
tween the cathode and the glass
blank. When this ratio is ap-
proached, the Cs is flamed into the
tube. The tube is brought up to
temperature in a hot air oven fol-
lowing a given time-temperature
schedule, and at a certain time a
short interval is allowed for dis-
tilling the Cs into the tube. The
cathode again goes through a se-
quence of colors while the Cs is
impinging upon it and these colors
offer control over the amount of Cs
used. The multiplier stages also
react with the Cs forming a good
secondary emission surface. Oxygen
is admitted which again changes the
color of the cathode and completes
the formation of the cathode and
multiplier surfaces.

Figure 11 is a photograph of a
Dissector pumping station. The
tube, surrounded by the glass chim-
ney, is being brought up to tem-
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perature by a blast of hot air from
below, preliminary to distilling in
the Cs.

The photoelectric sensitivities of
Dissector cathodes are of the order
of 30 to 45 microamperes per lumen.
These sensitivities are determined
from measurements using a stand-
ard tungsten lamp as a light source
at a color temperature of 2710 de-
grees K. The light flux falling on
the cathode can be calculated from
the formula:

AC

d2
where F is the flux in lumens, A the
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Fig. 12 — Above, spectral sensitivity
curve of a typical image dissector
surface

Fig. 13—Right, total current yield from
dissector with light from a tungsten
lamp operating at 2800° K.

area of the cathode illuminated, C
the intensity in candles of the light
source, and d the distance between
the cathode and the light source.

A Dissector having a sensitivity
of 35 microamperes per lumen and
illuminated with a high light bril-
liance of 200 foot candles will pro-
duce a calculated primary current
through a 5 mil by 5 mil aperture of
1.2 x 10° amperes. This is current
from the high light areas on the
cathode. The multiplier gain can be
caleculated from the formula

T = 1, S"

where i is'the output current from
the multiplier, 4, the initial photo-
current that gets through the aper-
ture, S the secondary emission ratio
of the multiplier surface and 7 the
number of stages. This assumes that
S is the constant for every stage.
S is a function of the voltage be-
tween stages up to about 400 volts
per stage, which is the maximum
voltage for peak secondary emis-
sion for cesiated surfaces. Dissector
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multipliers are normally operated at
about 100 volts per stage and for an
average multiplier S can be taken
as 2.6. The calculated output cur-
rent for the high lights from the
multiplier, using this value of S,
is 50 microamperes. The overall mul-
tiplier gain at this level is 42,000.

Noise due to shot effect from the
cathode can be calculated from the
shot effect equation:

B :\/ ilet

where %A, is the current responsible
for noise; ¢, the current for one
picture element; e the electronic
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charge; and At the time for trans-
mission of one picture element.
Theoretical signal-to-noise ratios of
30 to 1 .are obtained in using this
equation. For 30 frames per second
1

2.7x10°x 30
In the laboratory, work is now in
progress to determine the noise
level experimentally from the out-
put lead of the multiplier.

Measurements indicate that in the
case of the photocell multiplier
noise of sufficient magnitude to be
objectionable originates on the
cathode. Consequently, it is rea-
sonable to assume that the noise
originating in the multiplier of the
Dissector is down against the
cathode noise in the ratio of the
gain of the secondary electrons leav-
ing the target to the photoelectrons
that strike the target or the sec-
ondary emission ratio of the first
stage.

For 441-line resolution and an
aspect ratio of 4 to 3, and assum-
ing the size of the optical image

At is -

focused on the cathode to be 3
inches wide and 2% inches high, the
scanning aperture used is .005
inches by .005 inches. If the ratio of
the optical image to the electron
image is 1 to 1, the theoretical res-
olution will be obtained. This aper-
ture size divides the image into
270,000 picture elements. The aper-
ture, which is die-punched in nickel
foil, is kept within a tolerance of
.0001 inch.

Special Consideration of the Image
Dissector. 1. Spectral Sensitivity

The photo-sensitive cathode of
the Image Dissector has the usual
color response characteristic of
Cs-Cs,0-Ag  surfaces. Figure 12
shows a spectral sensitivity curve for
a Dissector. The curve peaks in
the infra red at about 7500 A. This
curve is for photo-current per unit
energy of incident monochromatic
light as measured with a thermo-
couple and a VanCittert Monochro-
mator.! The peak in the ultra-violet
is due to the absorption of pyrex

glass.
Figure 13 shows the total photo-
electric yield from a Dissector

using a tungsten lamp at about
2800° K. The combination of the
spectral energy distribution for a
tungsten lamp and the color sensi-
tivity of the Dissector causes the
peak to occur at 8000 A. In a tele-
cine projector using a tungsten
lamp as a light source, the point of
“best” focus on the Dissector
cathode is in the infra red about
8000 A.

2. Freedom from Shading

Since the initial signal from the
cathode of the Dissector consists
purely of photoelectrons and does
not depend upon picture element
capacitance effects and secondaries,
the output signal from a Dissector
is entirely free from shading. This
eliminates the necessity of using
corrective circuits for cathode
shading and greatly simplifies cir-
cuit engineering.

3. Blanking

The Dissector is inherently a di-
rect-coupled device and, conse-
quently, can be made to deliver all
of the background information if a
constant reference level can be in-
serted in the output signal. This

(Continued on page 50)
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Effect of Microphone Polarity
on Percentage Modulation

The assymmetry of male speech waves (by which most commercial announcements are
carried to the audience) makes possible 150 per cent modulation without distortion or

sideband chatter, if the proper microphone polarity is used

By J. L. HATHAWAY,

Engineering Department, National Broadcasting Company

ANY broadcast operators have

noticed that their modulation
monitors sometimes indicate ap-
preciably greater downward modu-
lation than upward or vice-versa.
Those who have checked transmitter
output closely with a cathode ray
tube have no doubt noticed the same
thing ; often peak amplitude is much
greater in one direction than in the
reverse.

Some years ago, during the de-
velopment of an automatic audio
gain control in the National Broad-
casting Company laboratory, an ex-
treme dissimilarity of peak ampli-
tudes was noticed on a speech wave.
Yet when sine wave tone was ap-
plied to the unit on test, the waves
seemed exactly similar on positive
and negative peaks. This led to a
search back along the circuit to find
which amplifier was overloading, or
if the microphone might be the
offender. Data showed that the am-
plifiers involved were not even close
to overload and that the microphone
gave symmetrica! response to sine
wave tone. The answer was found
to be that the speech sound waves
were unsymmetrical and that the
loss of low frequency response in
the microphone and amplifiers ac-
centuated the dissymmetry. Speak-
ing very close to a velocity micro-
phone so accentuated the Ilow
frequency response that deficiencies
farther along in the system were
compensated for. In this particular
case little, if any, dissymmetry of
peak amplitude was noticed, although
at greater speaking distances a two
to one ratio of peak amplitude
existed.

Succeeding tests showed that most
male voices consistently have peaks
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Fig. 1—Typical audio frequency

oscillograms. The male speech dis-

plays much higher peaks above
than below the axis

in one phase about twice as great as
in the reverse. This is with typical
high fidelity microphones and ampli-
fiers. The photograph, Fig. 1, was
made of a typical voice wave on a
cathode ray oscilloscope. Female
voices generally give a slightly
smaller ratio of positive to negative
peak amplitude, although some of
them are at least two to one. Cer-
tain orchestral instruments give a
two or one ratio, however, in most
orchestral pickup work nearly all of
the sound at the microphone has
been reflected one or more times,
causing the dissimilarity to be
averaged out, as shown photo-
graphed on Fig. 1.

In the case of the human voice,
singing or speaking, maximum peaks
occur on the same side of the zero
axis. That is, all persons have
maximum sound wave peaks in the
same direction, although the ratio of
positive and negative amplitude
varies with individuals as well as
the manner of speaking and the dis-
tance from the microphone. After
transmission over 1000 miles of good
telephone lines some dissymmetry
still remains, although it appears to
become slightly ironed out, due
mainly to small non-linearities in the

telephone line repeaters. The dis-
symmetry appears to be a function
of breath or air passing outward
through the vocal organs. The only
means of reversing the phase of
maximum sound wave peaks is to
reverse the direction of the breath.
Thus, if air is sucked in through the
vocal organs while talking, a rever-
sal from normal occurs. This, how-
ever, is rather difficult to do and can
be considered as never occurring
during ordinary conversion or broad-
casting. Thus we have a condition
wherein the electrical peak ampli-
tude from a good microphone during
speech or singing is appreciably
greater in one phase than the
reverse. Obviously, the average
energy must be exactly equal on
each side of the axis, since the
microphone transformer, as well as
the following circuit, is not capable
of passing direct current. It is in-
teresting also to note that as we
approach d-¢ amplification, making
the microphone and amplifier flat
down to about 15 cps, the dissym-
metry diminishes.

In amplifier and transducer sys-
tems amplitude distortion is created
primarily by the highest peaks of
the wave. Thus, when a system has
an equal leeway of swing in either
direction, the side of the speech
wave causing distortion is that of
greatest peak amplitude. It is en-
tirely possible for peaks in one
direction, on such a system, to dis-
tort severely, while the other side
does not touch distortion. An in-
teresting condition arises when the
system overloads at a lower level in
one direction than the reverse. In
this case the overload point is a
function of the phase and it is en-
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MODULATION %

Fig. 2—Modulated carrier with incorrectly phased envelope.
The peaks extend toward the axis of the wave
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Fig. 3—Same as Fig. 2 but with phase of envelope reversed.
Over one hundred ‘per cent modulation is now possible
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Fig. 4—System for reversing phase automatically as required
to maintain maximum upward modulation

tirely possible with such a system
to derive four times as much un-
distorted power with one microphone
polarity as with the reverse. Ob-
viously, if maximum peaks are ap-
plied to the system in the direction
of minimum leeway, overloading will
be noticed at a lower level than if
the phasing were reversed.

Most radio transmitters are good
examples of systems wherein the
overload point is different on the
two sides of the axis. All trans-
mitters are limited to 100 per cent
downward modulation, since less
than zero carrier cannot be obtained.
However, many modern transmitters
are capable of swinging upward ap-
preciably above the 100 per cent
mark. It is understood that certain
recently developed 5 kw broadcast
transmitters, for example, will modu-
late upward to at least 150 per cent.
If voice modulation is applied to
such a transmitter with maximum
peaks phased for downward modula-
tion, the upward peaks cannot ex-
ceed 50 to 60 per cent without over-
modulation. However, with reversed
phase, the upward modulation may
hit 150 per cent or more if the
transmitter “will take it” before dis-
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tortion or voltage break-down oc-
curs. Furthermore, assuming no
transmitter nonlinearity, this does
not increase adjacent channel inter-
ference above that to be expected
by the corresponding power increase.
Amateur transmitters and in fact
many others can easily be definitely
fixed in polarity of the speech waves.
This often permits an appreciable
modulation increase without distor-
tion, or conversely, a reduction of
distortion at the same power. The
National Broadcasting Company has
recently placed in service a new type
pack transmitter employing auto-
matic audio gain control and audio
circuits phased to give more than
100 per cent modulation upward.
Tests show that if the microphone
output is reversed, distortion in-
creases appreciably. Small broad-
casting stations can sometimes fix
the polarity of all of their micro-
phones for best results. However, in
the case of larger stations and
networks, this is impractical.
Phase may be reversed whenever
amplifiers or telephone lines are
changed or different microphones
used. In the case of velocity micro-
phones, the phasing is opposite on

opposite sides of the microphone.
This is the type microphone em-
ployed at the National Broadcasting
Company for nearly all dramatic
work, the actors using both sides
and therefore causing a continual
change of the polarity of maximum
peaks. As a means of overcoming
this, apparatus has been developed
for the correction of reversals
whereby the phase is changed every
time it becomes wrong for maxi-
mum upward modulation. The device
performing this is reasonably simple
and the reversal is accomplished
without the introduction of audible
click. This implies that the reversals
can occur only during program
pauses or moments of relative
silence, such as during the pause
after a word or syllable. This re-
quires that when a phase reversal
occurs at the microphone, there is a
delay of one word before the “trans-
verter” corrects for it. A unit of
this type has been tested on certain
National Broadcasting Company
transmitters with a resultant in-
crease of upward modulation.

As to the practical value of the
automatic reversing system or
“Transverter,” it is necessary to
consider certain factors in addition
to the possibility of increased modu-
lation. Practically all of the better
present day broadcast transmitters
are equipped with modulation limiter
devices. These are almost without
exception full wave actuated. If a
half wave actuated limiter were em-
ployed, the transmitter output would
jump up and down by as much as
6 db depending upon the phase of
the speech wave. However, if the
phase were controlled in the circuit
ahead of the “limiter,” the half
wave actuated “limiter” would be
more ideal than the full wave type,
provided the downward modulation
peaks were used for control. That is,
the circuit must be lined up so that
the upward modulation peaks are of
the greater amplitude, but the down-
ward peaks actuate the limiter. In
the case of the RCA 96A limiter, for
example, the circuit is easily lined
up in this manner by disconnecting
the diode plate which is rectifying
maximum peaks, when these are at
the same time giving upward
modulation.

Listening tests show that for a
given maximum peak in either direc-

(Continued on page 51)
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A Network-Selecting Chart

A graphical method ot selecting two-terminal combinations of inductance and capacitance

which will satisfy given reactance-frequency relationships, useful in designing networks

for equalizing and balancing communications circuits

HE evolution of high frequency

telephony and of television has
brought with it many problems in
which the design of passive elec-
trical networks answering given
transmission and impedance require-
ments plays a major part. The solu-
tion of such problems presents many
mathematical difficulties, as these
networks have to be made to measure
for each specific case, and no
straightforward method of design is
available. As an example, the need
of equalizing sound or carrier cir-
cuits often arises. This may be due
to the presence of equipment such
as channel or line filters, or to the
comparative inefficiency of lines and
feeders at higher frequencies.
Balancing line impedances to avoid
crosstalk is a somewhat similar
problem. But whatever the problem,
the key to its solution is always the
same: A basic two-terminal reactive
network possessing a specific varia-
tion of reactance with frequency (or,
in some cases, several such net-
works), must be found and made
part of the final design.

This required variation is best
expressed by a reactance vs fre-
quency plot. One or more such plots
may be obtained graphically from
the original attenuation or im-
pedance specifications. Plots ob-
tained in this way may or may not
correspond to physically-realizable
2-terminal reactive networks. In
many practical cases, networks com-
prising 3 elements (coils and con-
densers), are sufficiently complex to
simulate ‘the required reactance
within the useful band to a satis-
factory degree of approximation, if
their design and the element values
are suitably chosen.

The “logarithmic reactance chart”
printed herewith achieves this choice
in a simple way. The chart contains
ordinary reactance versus frequency
curves drawn to logarithmic scales,
but the curves and the scales are on
separate sheets. The chart, which
resembles a 2-dimensional slide-rule

By PAUL J. SELGIN

Transducer Corporation

in operation, can be used to obtain
the reactance of a given network, or
the network having a prescribed
reactance variation. For the latter
purpose, a reactance plot is drawn
on the scale sheet (Sheet No. 1),
then the sheets are moved in rela-
tion to each other until the plot
drawn coincides, as nearly as pos-
sible, with one of the existing
curves on Sheet No. 2. Two con-
stants, X, and F., are then deter-
mined by the scale readings at the
points where the two “reference
lines” on Sheet No. 2 cross the scales
on Sheet No. 1. A further constant,
a, is associated with the curve that
has been ‘“covered.” Finally, the
relative ‘“orientation” of the two
sheets (4 orientations are possible)
is noted. The orientation defines the
form which the network must have,
and the three constants lead directly
to the element values, as can be seen
on the tabulation accompanying the
scale sheet.

Three logarithmic scales are pro-
vided for both frequency (cps) and
reactance (ohms). They can be used
according to the orders of magni-
tudes involved.

A typical plot of a desired re-
actance-vs-frequency variation is
plotted on Sheet No. 1 for illustra-
tive purposes. When Sheet No. 2 is
superimposed on Sheet No. 1, it is
found that the best fit occurs be-
tween the curves marked a = 0.01
and a = 0.02 with interpolation at
approximately a = 0.013. When so
positioned, the reference lines on
Sheet No. 2 take the positions shown
by the dotted lines on Sheet No. 1.
These dotted lines are illustrative
only, and apply only to the par-
ticular example cited. The intersec-
tion of the dotted lines with the
scales on Sheet No. 1 gives the
values of X, and F,. Thus, if the
original plotted curve on Sheet No.
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1 applies with the scale of X in 107
and scale of F in 10° units then the
values are X, =4.7x10°, and F.=
1.1x10°. Next the orientation of
Sheet No. 2 must be examined. S is
found at the top, N at the bottom,
W at the left and E at the right.
This orientation corresponds with
the third shown in the tabulation
on Sheet No. 1, hence the reactance
network consists of a capacitor
shunted by a series-tuned circuit.
The values of C,, L, and C, are found
by substituting the values of a, X,
and F,, as indicated in the tabula-
tion.

It will be noted that the method
is restricted to reactances of three
elements or less, with two effective
terminals, but beyond this no re-
strictions apply, so long as the given
curve can be fitted to one of the
curves shown on Sheet No. 2.

Space does not permit a complete
derivation of the theory on which
the curves are based. However,
briefly, the curves on Sheet No. 2
are plots of

log | X! vs log F in
F

X=aF+ 1= &
for different values of a, in logarith-
mic coordinates. The use of log
scales permits the shifting of the
coordinates relative to the curves
without changing the relationships,
simply changing the magnitudes of
the scales. (Note, however, that no
“twisting” of the coordinates is per-
mitted.) Also, the reversal of posi-
tion indicated by two of the alterna-
tive orientations simply produces
susceptances for reactances, and re-
sults in an interchange of the
capacitive and inductive elements,
i.e. the reactance of the inverse net-
work is meant. The other two al-
ternative orientations result simply
in the replacement of series in-
ductance by series capacitance. These
considerations lie behind the table
of network configurations given on
Sheet No. 1.
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Fibrous Glass Insulation
in Radio Apparatus

By REUBEN LEE

Westinghouse Electric & Manufacturing Co.

LASS insulation has found

widespread application in elec-
trical machinery during the past
vear and is now entering the radio
field. Should its use become as popu-
lar in radio as it has in power work,
there will necessarily be revisions of
standards and a need for under-

standing the nature of this new
material.
Glass insulation is made from

glass fibers of ineredibly small eross
section (on the order of 2/10 mil
diameter) and in either short
(staple) lengths or continuous
strands. Yarn formed from the fibers
is quite flexible. It may be woven
into tape, cloth and sleeving or it
may be used to cover wire in place
of cotton or silk covering. Coils
wound with such insulation with-
stand higher temperatures, are less
affected by corona and resist mois-
ture absorption more effectively than
coils wound with organic insulation.
For a given current to be carried,
the wire may be smaller in cross sec-
tion if glass insulation is used. It is
understandable, therefore, that one
of the principal motor applications is
in railway service where weight is a
paramount consideration and where
heavy overloads with consequent
high temperatures are often en-
countered. Recent papers' in the
power journals describe the advan-
tages of glass insulation. The rapid
growth of the use of this material
is indicated by the fact that there
are today 25 motor manufacturers n
the United States who can supply
glass-insulated motors.

We may reasonably expect to find
radio applications of glass insulation
in related fields. Transportation ap-
paratus in general is undergoing
continual reduction in weight and
size. The advantage of glass in this
respect is that it can be run at
higher temperatures without in-
creasing size.
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Fig. 1—A comparison of coils insulated with cotton (top row) and with glass

(bottom row),

The design conditions for both seis were the same except

for temperature rise and they perform equally well

It is the purpose of this article tc
indicate how glass insulation can be
applied advantageously in radio ap-
paratus. Although glass is highly
resistant to moisture absorption and
to corona, these advantages are con-
tingent upon the use of proper im-
pregnants just as with cotton insula-
tion. Where impregnants are not
necessary, the advantages of glass in-
sulation are usually already present,
for example, in h-f coils having cera-
mic forms and uninsulated wire.
The discussion will hence be confined
to impregnated coils which hitherto
have been cotton or silk insulated.
Since the problem now centers
chiefly on the insulation tempera-
ture, it is well first to review this
subject insofar as it applies to radio.

In comparing the temperature
limitations of glass and cotton in-
sulation, it is worthy of notice that
glass falls under the A.LLE.E. desig-
nation of Class B insulation, and
cotton under Class A insulation.

This classification assumes impreg-
nation of both materials with or-
ganic compound. Maximum allow-
able temperature rise of each class
of insulation is:

Class A—55°C rise
Class B—T75°C rise

These figures are based on a 40
degree C ambient temperature. The
Class A insulation limit is a definite
figure based on empirical data
gathered over many years. On the
other hand, the Class B limit is an
arbitrary conservative standard,
adopted with the recognition that
manufacturers can successfully make
coils capable of withstanding much
higher temperatures. The indefinite
nature of this limit arises from the
wide differences in properties of im-
pregnating compounds and the prac
tical impossibility of limiting the
amount of Class A materials, al-
lowed for structural purposes, in
the coil.
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Fig. 3—The use of glass insulation
increases the permissible radio fre-
quency voltage across the coil

Experience upon which the Class
A limit was based established that
provided the limit is not exceeded,
several years’ life can be expected of
the insulation. For short intervals
of time, the limit may be exceeded
materially without damage. The
solid curve of Fig. 2 shows the ap-
proximate life expectancy of Class A
insulation, versus maximum oper-
ating temperature (ambient plus
rise plus 10 degrees C allowance for
hot-spot). The dotted curve of Fig.
2 is the life of Class B insulation
which would be expected if the
A.LE.E. standard limit were appli-
cable in any particular coil. The
materials used and the manufac-
turer’s expertness in applying these
materials determine largely whether
this is the actual life curve or
whether considerable increase in
operating temperature is permissible.

The accumulation of data neces-
sary for a curve such as Fig. 2 re-
quires several years’ time or longer
than can be taken before setting
operating temperature limits for a
new material like glass. A valuable
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basis can be had however, by com-
paring the life of glass insulation
with organic insulation when the
latter is operated at the higher tem-
peratures of Fig. 1. Laboratory tests
can thereby be conducted in a short
time.

A set of coils all alike except for
class of insulation was tested by
connecting them across a suitable 60
cycle voltage supply. The voltage was
high enough to cause a high opera-
ting temperature, which was of
course the same for each coil. The
initial drop in current was the result
of increasing coil resistance and
when a final rise in current occurred,
the cause was coil insulation failure.
All the Class A insulated coils failed
30 minutes after voltage was applied.
All the glass insulated coils were still
operating after 29 hours, with no
signs of incipient failure. By the
end of that time, nearly all of the
impregnating compound was burned
out of the coils, leaving them me-
chanically weak.

Two points are worth mentioning
in connection with these tests. First,
they simulate actual working com-
parisons. That is, the general shape
of the curves would be the same if
the absicissas were months instead
of minutes, corresponding to a lower
operating temperature. Second, ex-
cept for mechanical strength, the
upper temperature limit for glass
insulation is its melting point.
Wherever coils depend upon impreg-
nation for mechanical rigidity, the
upper limit is set by the impreg-
nating compound. The higher the
safe operating temperature of the
compound, the hotter the coil can be
without damage.

The results of these tests were
applied to the re-design of a set of
standard universal wound plate
chokes. Since r-f power must be con-
served, it was specified at the outset
that the watts dissipated in the new
coils were to be no higher than in
the old coils. The frequency range
was to remain unaltered. The r-f
volts per turn must be limited to a
value well below the corona limit to
safeguard the life of the impregnant
and the d-c plate current was to
remain the same. Figure 1 illustrates
the size reduction that was accom-
plished while fulfilling these require-
ments. The glass insulated coils in
the lower row perform at least as
well as the respective coils in the
upper row and they operate at a

higher internal temperature. The
average weight and size of the glass-
insulated coils in percentage of those
for cotton insulated coils are as
follows:

Weight ............. 259,
Diameter ........... 67%
Length ............. 439

An idea of the increase in radio
frequency voltage permissible across
a given coil wound (a) with cotton
insulation on the wire, or (b) with
carefully applied *glass insulation
(all dimensions remaining the same)
can be had from Fig. 3. In this case
the r-f watts consumed in coil loss
increase as the square of the voltage
and the comparison is useful only
where such an increase in coil loss
can be tolerated.

Summarizing these results, the
use of glass insulation instead of
cotton or silk in r-f coils has one or
more of the following advantages:

a. Raises the operating voltage
over a given frequency range.

b. Extends the frequency range
for a given value of r-f voltage.

c. Raises the permissible d-c plate
current which flows through the coil.

d. Makes available for higher
voltage coils of small dimensions.

It should not be concluded from
the foregoing that glass insulation is
applicable only to the choke in radio
apparatus., Similar gains can be ob-
tained in power components as well
as coils, especially in transportation
apparatus where weight is at a
premium. This was demonstrated
recently by the substitution of glass
for cotton in aireraft radio power
transformers with weight reductions
averaging 30 per cent. Not only were
these reductions accomplished with-
out sacrificing efficiency; the life
expectancy was. also increased over
100 per cent.

While it would be difficult to pre-
dict accurately the extent of the
application of the material to radio,
it does seem probable that glass
insulation will take the course out-
lined above. The increased resis-
tance to moisture and other deterior-
ating elements is already proving
useful. But whatever future develop-
ments may bring, it is certain that
glass ultimately will supersede cot-
ton and silk in some specific in-
stances, while in others, it will not.

“Kibrous Glass for
Electrical Engineer-

1Ferris and Moses:
Electrical Insulation.”
ing, December 1938.
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WESTINGHOUSE GRAPHIC INSTRUMENTS

Here are the instruments that both read and These instruments are available in a variet
write. For measuring and recording values of types, depending on chart length and accu
continuously in any electrical operation, or racy required. Portable, socket or switchboard
in any mechanical operation that can be light in weight and easy to operate. Low energ

recorded electrically. consumption and simple construction.

TYPE A

Circular chart models for 1, 3, or 7-day.
records—synchronous or 8-day clock, a-c
or d-c, portable or switchboard. Ideal for
survey and process control. Direct acting
— simple, sturdy construction. Accuracy
within 3%.

TYPE U

Economical strip chart recording ammeters
and voltmeters for 8-day charts. Synchro-
nous or 8-day clock, chart speeds of 1 or 2
inches per hour, portable or switchboard,
a-c or d-c. Also for survey and process
control. Light in weight, strongly built,!

positive acting. Accuracy within 3%.
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TYPE G

Strip chart voltmeters, ammeters, watt-
meters and varmeters for recording minute
values on 35, 17, 8 or 3-day charts at
speeds of 34, 1Y%, 3 and 6 inches per

minute or hour. Portable or switchboard.

For power plants and general applications
where long and high precision records are

required. Accuracy within 1%.

Save Money by using Recording Instruments
with NEW Westin g/oouse Sockets

Install these inexpensive sockets on any
machine, and, with the use of the test jack,
you are ready to plug in recording instru-
ments without change of wiring or loss of
production time.

This is the quick, low-cost, accurate way
to get operating facts continuously, or to
make periodic checks on any machine or
electrical circuit. Sockets cost little—to
buy or install.

WESTINGHOUSE COMPLETE
ELECTRICAL ANALYSIS SYSTEM

A Westinghouse men are ready " Through the use of Westinghouse sockets and
i to help you. Send for Booklet . { olug-in i ¢
1112136 on Socket Instruments the complete line of plug-in instrumen S, or
anthooklet 2219 on the Westi the industrial analyzer and test jack, you can
i Syst f Electri .
,{lfal(;:if \s)(’/srietr: 3) Wf:sfifg_ secure all data necessary for checking per-
house Electric & Manufactur- formance, trouble-shooting and product de-
"Q‘ ing Co., East Pittsburgh, Pa., | ¢
Dept. 7-N. J velopment. J-40231

N

WESTINGHOUSE
ELECTRIC




PROGRAM
ROCHESTER FALL MEETING
SAGAMORE HOTEL, ROCHESTER, N. Y.

November 13, 14, 15, 1939

MONDAY, NOVEMBER 13

8:30 A. M.
Registration

9:00 A. M.
Inspection of Exhibits

9:30 A. M.—12:30—NOON

Technical Session

Spectral Response of Phototube to New Illuminants, A. M.
Glover, RCA Mig. Co., Radiotron Division.

Observations on Coverage with Frequency Modulated
Waves, Paul A. De Mars, Yankee Network.

A Noise Meter for Television Frequencies, C. J. Franks.
Microvolts, Incorporated.

12:30 P. M.

Group Luncheon—Main Dining Room.

2:00 P, M.—4:00 P. M.
Technical Session
Circuit Consideration of Superhetrodyne Converter Tubes,

C. R. Hammond and E. Kohler, Jr.. Ken-Rad Tube &
Lamp Corporation.

The Use of Cascade Circuils with Staggered Parameters
for Obtaining Ideal Filter Characteristics, V. D. Landon,
RCA Mtigqg. Co., Victor Division.

4:00 P, M,
Inspection of Exhibits
Meeting—IRE Electronics Committee—Parlor C.

Meeting—RMA Committee on Broadcast Receivers Green
Room A.

6:30 P. M.—8:00 P. M.

Group Dinner—Main Dining Room.

7:30 P. M.
Inspection of Exhibits

8:00 P. M.
Technical Session

What Do We Do Next?, Kenneth Jarvis, Consulting Engineer.

TUESDAY, NOVEMBER 14

9:00 A. M,
Registration

Inspection of Exhibits

9:30 A. M.—12:30—NOON
Technical Session

Annual Message of RMA Director of Engineering, W. R. G.
Baker.

A Survey of Standard Signal Generators, E. Karplus, Gen-
eral Radio Company.

Compensation of Vacuum Tube Input Capacitance Varia-
tion by Bias Potential Control, John F. Farrington, Hazel-
tine Service Corporation.

12:30 P. M,

Group Luncheon—Main Dining Room.

2:00 P. M.—4:00 P. M,
Technical Session

Some Factors Governing Choice of Lenses for Television
Cameras, H. B. DeVore and Harley Iams, RCA Miqg. Co.,
Radiotron Division.

A Demonstration of Audio-Frequency Testing with Square
Waves, L. B. Arquimbau, General Radio Company.

Vacuum Tube Life Probability Versus Consumer Satisfac-
tion, Henry Parker, Rogers Radio Tubes, Ltd.

4:00 P. M.
Inspection of Exhibits

6:30 P. M.—8:00 P. M.

Fall Meeting Dinner (Stag)-—Rochester Club.
Toastmaster—A. N. Goldsmith

Speaker-—H. B. Richmond

Subject—RMA-IRE Cooperation

WEDNESDAY, NOVEMBER 15

9:00 A. M,
Inspection of Exhibits

9:30 A, M.—12:30—NOON
Technical Session
The Gradation of Television Pictures, H. E. Kallmann.

Tubes for High Frequency Amplification in Receivers, M. A.
Acheson and W. P. Mueller, Hygrade Sylvania Corpora-
tion.

11:15 A. M.

Inspection Trip, Stromberg-Carlson Frequency Modulated
Wave Station, Rochester Gas and Electric Building,
(Next Door to Sagamore Hotel).

12:30 P. M.

Group Luncheon—Main Dining Room.

2:00 P. M.—4:00 P. M.
Technical Session

Television Receiving Antennas, Stanford Goldman, General
Electric Company.

Progress in Development of Instruments for Measuring
Radio Noise, C. M. Burrill, RCA Miq. Co., Camden, N. ].

Sumary of the Significance of the Papers Delivered at this
Meeting, D. D. Israel, Emerson Phonograph & Radio
Corporation.

4:00 P. M.
Exhibits Close
Meeting—RMA Committee on Television—Green Room AS
Meeting—RMA Committee on Sound Equipment—Parlor A,
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§ Troublesome, performance-ruining frequency drift
§ d.ue to temperature may occur in as many as 6 or 7
§ different components. Tracking it down and doing
§ away with it in each individual component is
§ usually a long and expensive process. This pro-
§ cedure is unnecessary since, in most cases, an Erie
§ y Ceramicon used as part of the capacitive reactance
§ in the oscillator circuit can effectively compensate
§ ’g¢ ] for the summation of all the individual drifts.

§ These ceramic-dielectric condensers can be sup-
§ plied with any desired permanent and reproducable

temperature coefficient between +.00012 and

FREQUENCY DRIFT 7
! If you will send a chassis and wiring diagram

WITH of your set, our engineering department will be
glad to show you how simply and efficiently an

E R I E c E R A M I c o N s Erie Ceramicon can remedy this frequency drift.
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By using the new molded Type K Erie Silver-
Micas in place of ordinary mica condensers in
tuned circuits, frequency drift caused by condensers
can be eliminated.

The low temperature coefficient of Erie Silver-
Micas (0 to +.00004 per°C, depending on capacity)
is unusually stable even under adverse operating

T

conditions. After 5 complete cycles of § hours at
coN DENSER —30° F and 15 hours at 180° F, capacity change is
§ less than .135%. After 100 hours in 100% relative
§ FT humidity at 104° F, the capacity will change less
§ than .05%.
§ WITH Type K molded units are available in ranges
\ from 15 mmif. to 500 mmf. Other types wiih the
% E R I E S I l'v E R - M I c A same general characteristics are made up to 2500
. CONDENSERS .
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ERIE RESISTOR CORPORATION, Eie, (72.

TORONTO. CANADA + LONDON, ENGLAND + PARIS, FRANCE-J.E.CANETTI CO.
TORS » CONDENSERS ¢ MOLDED PLASTICS

MANUFACTURERS OF RESIS

ELECTRONICS — October 1939 39



NEW BOOKS

of

Theory and Application
Electron Tubes

By HERBERT J. REICH, Associate
Professor of FKlectrical Engineering,
Unwersity of Illinois. MecGraw-Hill
Book Co. 670 pages, illustrated. Price
$5.00.

Professor Reich’s book is one of the
more recent of the growing texts on
electron tubes, and while the field is
quite thoroughly written, “Theory and
Application of Electron Tubes” does
fulfill a useful service. The author
states, “The book is intended to give
the student a sufficiently thorough
ground in the fundamental principles
of electron tubes and associated cir-
cuits to enable him to apply electron
tubes to the solution of new problems.
The author has not attempted to dis-
cuss all applications of tubes to special
problems, but rather to cover basic
principles and typical applications.

Although written primarily as a
text for college students, it is hoped
that it will also prove to be of value to
practicing engineers as a reference
book.” Within the confines of these
statements, the book fulfills its fune-
tion admirably.

The chapter headings are: Physical
Concepts, Thermionic Emission, Grid
Controlled High Vacuum Tubes,
Methods of Analysis of Vacuum Tubes
and Vacuum Tube Circuits, Modulation
and Demodulation, Amplifier Defini-
tions, Classifications and Circuits, An-
alysis and Design of Voltage and
Current Amplifiers, Class A and Class
AB1 Power Amplifiers, Class B and
AB2 and Class C Amplitiers, Vacuum
Tube Oscillators, Electrical Conduetion
in  Gases, Glow and Are-Discharge
Tubes and Circuits, Light Sensitive
Tubes and Cells, Power Supplies, Elee-
tron Tube Instruments and Measure-
ments. Thus the book covers the usual
subjects, as well as some not frequently
treated.

The book is definitely intended for
engineering students or those having
a good foundation in mathematies and
physics; it is in no sense of the word
a trade school text. Mathematical an-
alysis and graphical methods are ex-
tensively employed, but only when they
serve a useful purpose. Throughout
the book is entirely practical, and
where simplified technique ean be used
to obtain the desired result, this is
done. There is a wealth of material
presented, and the subjects are logi-
cally assembled and co-ordinated. More-
over the book is unusually thorough,
especially for one of its size. Each
chapter contains a bibliography to
which reference may be made for ad-
ditional data which could not be cov-
ered in greater detail in the chapter.

Features of the book, which in the
opinion of this reviewer, merit special
mention are: (1) the completeness and
thoroughness of the treatment of the
various classes of amplifiers, including
treatment of inverse feedback circuits,
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(2) the inclusion of chapters on elee-
trical conduction in gases and glow-
and arec-discharge tubes and circuits
(although the reviewer feels that
greater emphasis might have been
placed on the kinetic theory of gases,
at least to the extent of including the
work of Loeb and Kennard in the bib-
liography), (3) the extensive treatment
of electron tube instruments and
measurements, and (4) the use of
series expansion methods for analyzing
the non-linear operation of tubes and
their associated circuits. The book does
not discuss the operation of tubes at
ultra-high frequencies where transit
time of electrons is important, and this
scems to be an important omission for
a book of this type. The author has
eliminated the hackneyed treatment of
emission in whieh both forms of Rich-
ardson’s equation are given and gets
down to brass tacks with the generally
accepted equation. Child’s equation is
hardly adequately derived for the aver-
age student, and the treatment does
not indicate the physical significance
too well. Figure 7-4 is not correctly
labelled.

All in all, Professor Reich’s text is
extremely suitable for the intended
purpose. While not as complete in the
physics of tubes as other texts, nor as
erudite as some, it is, in this reviewer’s
opinion, the best practical text on elec-
tron tubes yet published in English.—
B. D.

L [ ] ®

Principles of Electricity
and Magnetism

By GAYLORD P. HARNWELL, Pro-
fessor of Physics, University of Penn-
sylvania. The McGraw-Hill Book Co.,
New York, 1938. 619 pages, illustrated.
Price $5.00.

A GREAT MANY books on electricity and
magnetism have been written since
Maxwell’s day. But this book marks a
departure from many of its predeces-
sors. For one thing, it establishes the
practical system of units in the begin-
ning of the book and adheres firmly to
them throughout, thus avoiding much
confusion and making easy the transfer
from physical theory to engineering ap-
plications. The book is practical in
other respects, since it draws very
simple comparisons before laying down
the rigorous treatment, and it pays
much more attention than is usual to
the modern applications of electricity
and magnetism. The chapter on vacuum
tubes, for example, includes the cath-
ode-ray oscilloscope which is an item not
usually met in texts on physies. A
later chapter on vacuum tube circuits
includes treatments of amplifiers in
classes A, B, and C, as well as of os-
cillators. None of these treatments is

exhaustive but together they indicate
the scope of the book.

The subject is one which apparently
cannot be taught without leaning on
vector symbolism, but to ease this diffi-
culty a very worthwhile mathematical
appendix is included which starts “from
scratch.”

As a reference book on fundamentals
underlying all electrical fields, the book
should be very valuable to the engineer
and student alike. It must be carefully
studied, since the order of presentation
is not always convenient and easy to
follow, but when studied will reveal the
basis of nearly all important electrical
phenomena. The chapters include:
Electrostatics, Electrostatic Energy and
Dielectries, Characteristics of Dielec-
trics and Conductors, D-C Circuits,
Non-ohmie Circuits and A-C, Chemiecal
Thermal and Photoelectrical Effects,
Vacuum Tubes, Gas Conduction, Elec-
tromagnetic Effects, Electromagnetic
Reactions, Magnetic Properties, Elec-
tric Machinery, Circuits of R, C and L,
Coupled 'Circuits and Lines, Tube Cir-
cuits, and Radiation.—p.G.F.

Radio and Instrument Flying

By KARL S. DAY, Assistant Flight
Superintendent, American Airlines. Air
Associates, Inc., Garden City, N. Y.,
1938, 28} pages, illustrated.

THIS IS A PRACTICAL BOOK which de-

seribes in detail the procedures used by

pilots in navigating aircraft by the cor-
relation of radio and other instruments.
For the student of radio-aided flight
the book should be very worth while.
For the engineer its main interest is
as an object lesson to be borne in mind
when designing aireraft radio equip-
ment. Engineers, having read this
book, will have more sympathy with the
pilot’s demand that radio equipment b_e
simple and reliable and that the indi-
cating instruments be coordinated as
much as possible with other flight in-
struments—D.G.F.

TWO-WAY TELEVISION

studio, re-
cently set up in the Ambassador
Hotel at Atlantic City, to demon-
strate two-way high-definition tele-

Temporary television

vision, The viewer waliches the

image of a friend on another floor

of the hotel in the receiver before

him, while the television camera

picks up his image from a similar
receiver
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Jericd, Bbred, drilled-and sanded air:
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. . . in buying technical plastics, as in buying soap

chips, ready-to-use is often more satisfactory

You could shave your own soap chips, but
with many economical, ready-to-use chips on
the market, it sometimes isn’t worth your
time, trouble and expense.

There is a possibility that in your shop,
equally valuable time and money may be
wasted in fabricating parts that can be bought
more profitably from us—and ready-to-use.
For two good reasons:

First: Synthane Technical Plastics have
many properties /n combination. Their selec-
tion, in place of another material, generally
gives you initial advantages in weight reduc-
tion, corrosion resistance, machinability,
and numerous other physical, chemical, me-
chanical and electrical characteristics.

Second: You gain—usually—by letting us
machine parts for you. You relieve yourself

of the responsibility for mistakes in machin-

ATED PARTS o SILENT STABILIZED GEAR MATERIAL

TNECRIRIS YN W4 NIA

ing, for rejects, and delays in delivery. You
benefit from our experience in newer, faster
ways of machining Synthane. We make prop-
erly the dies, jigs, and fixtures for machin-
ing technical plastics. You also save the
capital investment in machine tools if the
present equipment of your shop is not well
suited for the fabrication of Synthane ex-
clusively.

If your production requirements justify the
installation and maintenance of special ma-
chines then do your own machining. We’'ll
supply your sheets, rods and tubes.

At the left are parts machined from Syn-
thane by us for three widely different manu-
facturers. We believe you, too, will find
Synthane materials and machining well worth
looking into. Why not send in your appli-
cation today?




TUBES AT WORK

MONG the applications this month

are a compact photoelectric colori-
meter, a new method of high voltage
testing, water-cooled television lamps,
and an oscilloscope motor-tester

Trough-Type Colorimeter
Uses Self Generating Cell

AN EXTREMELY RELIABLE colorimeter
based upon the photoelectric cell has
been developed by Le Materiel Tele-
phonique, associated company in France
of the International Telephone and
Telegraph Corporation, and is expected
to have wide application in the food
preparation and chemical industries,
in such processes as the manufacture
of sugar, spirits, paper, etc. Extensive
tests demonstrate that the new instru-
ment performs delicate color compari-
sons rapidly and with much greater
consistency than methods which depend
upon the judgment of the human eye.

Its speed of manipulation, robust-
ness and simplicity allow the use of
non-expert labor in processes hitherto
requiring delicate visual judgment.
The equipment is also suitable for the
determination of the pH value (or
hydrogen ion concentration) of a
liquid solution.

L.M.T. trough-type colorimeter

The principle of the colorimetric
determination consists in passing light
from an electric lamp through the
liquid under examination and meas-
uring the resulting current produced in
a photoelectric cell placed on the other
side of the liquid. The colorimeter
therefore consists of the following es-
sential parts, in order of position: an
electric lamp to supply the light rays,
an optical system of suitable lenses, a
diaphragm for regulating the amount
of light traversing the liquid, a filter
support to carry suitable colored filters
which may be interposed in the light
track, a movable shelf to carry the
glass troughs for the reference liquid
and for the liquid under comparison,
the photoelectric cell and a microam-
meter.
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Two glass troughs, one filled with a
reference liquid and the other with
liquid to be examined, are placed side
by side on the movable shelf and a
suitable light filter may be placed in
position. Light from the source is con-
trolled by the switch on the front edge
of the colorimeter (see photograph be-
low) and the lever, also in front, is
operated to permit interception of the
light ray by the reference trough.

The quantity of light received by the
photoelectric cell is regulated by means
of the diaphragm until the needle of
the microammeter is on a mark sen-
sibly in the center of the scale, and the
deflection is noted. The lever is then
operated to bring the trough of the
liquid under test into the position of
the light ray and a new deflection is
obtained which characterizes the color
or opacity of the liquid preparation
being analyzed.

For standardizing and rapid com-
parison of samples, it would be possible
to calibrate the apparatus for a given
coloring matter by putting as abscissae
the pH value of the solution and as
ordinates the corresponding deflections.
From the curve thus obtained the pH
value of the solution can be read off
against a particular deflection obtained.

Glass troughs of 20 mm and 40 mm
thickness are used, the former where
the liquid is sufficiently colored to give
an effective deflection with that thick-
ness but in cases where liquids to be
analyzed are only faintly colored, or
where it is necessary to stir the liquid,
40 mm troughs would be employed.

A system of four 20 mm troughs
would be employed in all ecases of
colorimetric measurements of pH, for
example, in cases in which the power
of the luminous transmission of the
liquid to be studied may be different
from that of distilled water which is a
constituent of the reference trough.

The parts described are enclosed in a
pressed metal case, of which the dimen-
sions are: length, 11 inches; width,
6.7 inches; height, 3.75 inches.

High Voliage Testing at Low
Power

AT THE SHARON, Pennsylvania works
of the Westinghouse Company, equip-
ment has been installed for the testing
of distribution transformers, and other

equipment exposed to lightning hazards,
under conditions simulating an actua]
stroke of lightning. Lightning strokes
possess enormous energy, and hence it
is impractical to provide equipment
capable of imitating the lightning
stroke exactly, but it is quite possible
to imitate its effects with equipment
possessing low energy storage. In
actual lightning the high voltage and
high current exist simultaneously and
hence the power represented by their
product is very great. In the Sharon
Works equipment, the high voltage and
the high current are provided by two
separate generators which act in suec-
cession. Thus the voltage impulse is
generated in a rectifier circuit which
charges a bank of small capacitors in

#

2
<
Microsecond’ f
switch =
/mpedance —.I— A
B] ¢ D I
— T
2
==
High-current ™ Low~-current  Vy

impulse generator/  generarorlong

Tsy  Aurationdischarge)\ ||
object  High-voltage g
impulse generator

Circuit for separating current and
voltage surges

parallel. The capacitors are then dis-
charged in series, so that a total vol-
tage in the millions of volts is de-
veloped, but at very low current,
representing the expenditure of a small

1000 1o 3000 Av.

per microsecond

\ /-/O/'gh current
Voltage I,f(/ 1000 amps. approx,)

‘Approx.one hun-
o ,( alred fo fon fhou}
D sand amps.
At B N —— \.ﬁ
g Duration ~+1=000/to 0/ sec. and
[ 10 te 100 more
microsecond

Fraction of; fo several
microseconds

Successive current and voltage
waves

amount of energy. Similarly the heavy
current stroke is produced by charging
a capacitor of high capacitance at low
voltage and discharging it through the
path established by the high voltage
stroke. Considerable energy is con-
sumed in the current stroke, but it is
available at low voltage.

The circuit arrangement of the test
equipment is shown in the figure. The
object to be tested, T, is connected
between ground and the high voltage
tester A and also to two current gen-
erators, one having a high current for
a small duration, the other a small
current for a longer duration. When
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MODEL 461
(TYPE 2)
Broad flexibility
plus accuracy for
routine current
testing. Ranges
...10/20/50/
100 Amperesself
contained Pri-
mary; maximum
of 800 amperes
with Inserted

Primary.

?

MODEL 327

(TYPE 2)

Extreme accura-
cy plus flexibil-
ity for certifi-
cation work.
Ranges: 10/20/
50/100 Amperes
at binding posts;
and 200/300/
400/600/1200
Amperes with
Inserted Pri-
mary.
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Current Transformers

TYPICAL ACCURACY CURVES

RATIO CORRECTION—60 CYCLES

. 1.000 TTT EEEREE

=No =T e

£ T

¢ 0.005 [T
’ 0 1 2 3 4 5

Secondary Amperes

Zf; @ PHASE ANGLE—60 CYCLES

£T 50

| & ]

2 » i T

om E =

< e 0 L L I

0 -

_;6 2 (0] 1 2 3 4 5

-

Secondary Amperes

o

TYPICAL ACCURACY CURVES

RATIO CORRECTION—60 CYCLES
1.0000[ T T T

Correction
Factor

0.9990
0 1 2 3 4 5
Secondary Amperes
g, PHASE ANGLE—60 CYCLES
g5 _
=D 10 T
T3 | T
2 > : 1
22
£
23 0 i 2 3 4 5
= v
(-5

Secondary Amperes

ol

Complete details on these and other WESTON portablsa Current and
Potential Transformers for laboratory and commercial testing are
available in bulletin form. Send for your copy.

ECTRICAL INSTRUMENT CORP., 618 FRELINGHUYSEN AVENUE, NEWARK, N. J.
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All Richardson parts and products are precision fabricated to meet def-
But more than that:

inite specifications and close tolerances. the plas-

tics themselves possess precision guallties.

LLeS U Le@EE
LAMINATED AND MOLDED

INSUROK, the precision plastic, is produced under exacting technical
control from inspection of the raw material to final approval of the fin-
ished product. It is constant in its Physical, chemical and dielectric
It serves its particular use with fidelity, and gives a

generous surplus in value and performance.

characteristics.
For electrical parts . .. a
seemingly unimportant punching to the most intricate precision mold-
ing . . . INSUROK offers many profitable production advantages. To
finished products it adds priceless qualities that build good will, pres-
tige and increased sales.

Literature on request.

ke RICHARDSON COMPANY

M(lros( Park, (Chicago) 111 Lockland. (Cincinnati) Ohio
New Brunswick, N. J. Indianapolis. Ind.
Detroit Office:  4-252 G. M. Building, Phone ‘Madison 9386
New York Office: .75 West Street, ‘Phone Whitchall 4-4487

Founded 1858

Surge equipment in action on
telephone pole

the high voltage generator discharges,
the microsecond switch in series with
the high current generator allows the
high current discharge to follow within
one microsecond or less, and this is
then followed by the low current dis-
charge which may last for a 0.1 second
or longer. The succession of discharges
is shown in graphical form in the
accompanying plot.

The initial high voltage discharge
breaks down the discharge path and
bridges the gap over the test object.
The ionization in the discharge path
then persists long enough to allow the
high current impulse to follow im-
mediately. This high current discharge
does most of the actual damage. Finally
the low current discharge follows the
same path. The photograph shows a
typical discharge produced on a tele-
graph pole. The effect was severe
enough to shatter the pole in very
much the same manner as if it had
been struck by lightning.

Communications Equipment
for Disaster Service

THE EDITORS ARE indebted to G. W.
Sloat, Radio Electrician of the Port-
land Oregon Fire Department, for
information on the radio equipment of
an unusual disaster service truck in
use by that Department. The truck
was designed by Aaron M. Frank and
donated by him to the Department. In
all it contains about 1,000 pieces of
rescue and diaster-service equipment
suitable to meet almost any conceivable
emergency. Besides portable power
generating plants, lights and cables,
complete radio and public address
equipment, the truck contains first aid
equipment, oxygen breathing appara-
tus, resuscitator, inhalator, respirator,
complete kit of surgical instruments,
aceteylene torch, an outboard motor,
binoculars and a 16-mm movie camera.
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Statistics!

jHE business curve in the Electronics field is up—and will continue
to climb sharply.

The advertising income of Electronics is up-—advertisers have
invesced more dollars in Electronics advertising space during the first
10 months of 1939 than any other similar period in the publication’s
history

This means that more manufacturers are making greater use of the
advertising pages of Electronics to make sales—to reach those important
men (often inaccessible to salesmen) who buy or influence purchases.

Your sales message in the November issue will reach your potential
customers at the height of the buying season. It will also have wide
distribution at the November Rochester meeting of the L.R.E. where
engineers, alert to technical progress, are looking for the answers which
you may supply.

Make sure that you have sales representation in November Electronics.

Advertising forms close October 31.
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Stretchers, tents, linesman’s gloves,
clothing, cots, jacks, chains, and tools
are but a part of the auxiliary equip-
ment.

The communications system consists
of a public address system of 200
watts audio power, with a quadruple
loudspeaker unit which mounts flush
with the top of the car when not in
use but which when raised can be
swiveled in any direction and turned
up or down. The radio transmitter
operates with 100 watts power on the
u-h-f fire and police emergency band.

. . The antenna is raised from the roof
% n HUNDREDS of THOUSANDS by the action of a compressed air lift,

. H The radio receiver tunes from 520 to

Of E'GC"I‘O"IC, Rad'o and | 40,000 ke. A complete portable radio

’ndusfr,'a' !nsfallaﬁons receiver and transmitter system is also

available. The microphone used with

Just check the performance-record of Ohmite units— this portable unit is waterproof and

you'll see why they're first choice in so many elec- may be fitted into a gas-mask. The

tronic, radio and industrial installations. Their long, portable transmitter is crystal con-

trouble-free service in the control of light, heat, speed trolled to the same frequency as that
and power — their ability to stand up under shock,

of the main car transmitter. The por-
table equipment is intended for com-
munication from within a burning
building to the truck, but it is powerful
enough for communication as far away
as 15 miles direct from the man carry-
ing the unit.

vibration, heat and humidity — have proved their
complete reliability and economy. In the extensive
range of Ohmite stock types, sizes and ratings, you
can oftzn tind the quick, economical solution you seek

- or Ohmite Engineers, with their wide experience,
will be glad to cooperate with you in designing the
best unit for your specific need.

.. OHMITE

Cathode-ray Polar Diagram
' Indicator

AN AUTOMATIC INDICATOR to draw Ny-
‘ quist polar diagrams, showing magni-

tude and phase with relation to
) frequency in a cireuit, has been de-
I
|
!

veloped by the Central Laboratories
maintained by the International Tele-
| phone and Telegraph Corporation in
Paris. The equipment has been de-
signed on a new basis, and being
entirely automatic, it is only necessary
to operate a switch to cause the spot
of a cathode-ray oscillograph to draw

| TYPICAL NYQUIST DIAGRAM
STOCK or SPECIAL UNITS for YOUR EXACT NEED | o b

OHMITE RHEOSTATS are un-  Enamel. Available in Fixed or
equalled for permanently smooth,  Adjustable, Regular or Non-In-
gradual, close control. All-por- ductive, General-Purpose or Pre-
celain vitreous enamel construc- ~ €I1S10n types. *OHMITF NEW
tion — nothing to smoke, char, TAP SWITCHES bring new effi-
shrink or shift. 9 sizes from 25  ¢1€0¢Y to high current crrcutt
o 1000 watts, 9 OHMITE switching.  All-enclosed ceramic

; construction, with silver-to-silver
RESISTORS are accurately wire- contacts and “slow-break” quick-

wound and pgrmaner}tly Pro-  make action. Four sizes from 10
tected by Ohmite Vitreous to 75 amperes, 240 V.A.C.

INPUT OUTPUT

yilbidhic

CIRCUIT

Put Your Problem up to Obmite — or Send Today for Catalog 17.

& OHMITE MANUFACTURING COMPANY * * %
x = 4816 Flournoy Street ) ¢ Chicago, Illinois, U. S. A.

Ty

62 Kbt with OHMMITE
RHEOSTATS ~ RESISTORS ~ TAP SWITCHES Amplitude and phase characteristics
i on c-r indicator

120"
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the diagram. The diagram can be
traced at different rates, corresponding
to a spot velocity of 1 inch to 10 inches
per second, and with a photographic
system coupled to the oscillograph, it
is possible to take a photograph of the
diagram.

Equipment for generating Nyquist
diagrams

The equipment operates between 60
ke and 4000 ke and is applicable to
the study of repeaters, filters, trans-
formers, artificial lines and, generally
speaking, of any electrical quadripole.
It was developed in connection with
research on amplification, attenuation
and investigation of phase shift varia-
tions versus frequency, in laboratory
work on repeaters, and circuits ap-
plicable to television and transmission
by coaxial cables. The complete unit is
mounted on three bays: power supply,
wattmeter, and oscillator.

Oscilloscope Used for Check-
ing Speed of Small Motors

THE DETERMINATION of the speed of
small motors at no load is made dif-
ficult by the fact that conventional
tachometers consume sufficient power
to obviate the no-load condition.
Stroboscopic methods may be used but
they call for poor lighting at the work
bench, and some skill is required on
the part of the operator. Recently a
simple direct reading system was de-
vised by the Clough Brengle Company
for a manufacturer of fractional horse-
power motors. The system is shown in
the accompanying sketch. The motor to

Bar magnef.

: Oscilloscope
Beat frequency osa'//gfor"
of PO°]
OO0
O 0 0000

Set-up for measuring speed of small
motors

be tested is held in a small cra@le, wi1§h
a quick-release bar which permits rapld
handling. A small fitting, A in the dia-
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- FREQUENCY MODULATION
ON THE YANKEE NETWORK

Eitel-McCullough, Inc.
788 San Mateo Ave.

San Bruno, California

... Eimac tubes give unexcelled

performance and long life” . . .
says Mr. Paul DeMars, technical
director for the Yankee Network.

Skeptics said it wouldn’t work but Mr. Paul DeMars
(technical director for the Yankee Network) be-
lieved in Major Armstrong’s system of Frequency
Modulation. Through the farsightedness of Mr.
DeMars and the cooperation of Mr. Shepherd
(owner) this remarkable achievement in Broadcast
transmission has become a reality.

No engineer, pioneering in this field, could afford
to risk the possibility of failure through the use of
inferior equipment . . . every part must be fully
dependable and capable of rendering superior per-
formance, not only in the finished transmitter but
all through its experimental stages.

It is significant to note that Eimac tubes occupy
the important sockets of the Frequency Modulation
at WEOD and the High Frequency Broadcast sta-
tion W1XO]J, now in service on the Yankee Network.

One more proof that: In the important new de-
velopments it’s Eimac tubes every time.
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gram, is fitted on the motor shaft, and
acts as the rotor element of a small a-¢
generator formed by the magnet whose
poles fit over the fitting as shown. The
frequency of the a-c¢ generated in the
coil surrounding the magnet is directly
proportional to the speed of the motor

and hence can be used as the basis of
a comparison measurement. The output
of the coil is connected to the vertical

deflection plates of a cathode-ray oscil-

loscope, while the horizontal plates lead
to a beat-frequency oscillator, whose
frequency calibration is marked di-

rectly in rpm. The beat frequency is
adjusted until the pattern formed on

Tube and disc type rectifiers are the ideal means the oscilloscope is a simple ellipse,
) . . which is the Lissajou figure indicating
for converting A.C. to D.C. They are noise and main- that the two frequencies are the same.
. . . The a-c generator does not prod

tenance free and more efficent than rotating equip- R e e T T har,ﬁonié‘s"ein? |
v . . ’ s trodu(.:ed may be attenuated by the
2l UTC rectifiers are designed to customers’ speci capacitance C connected  acrosy. fHi
fications, and are inexpensive, whether in large generator output. The speeds attained
. . . . are as high as 20,000 rpm, and as low
quantities or single lots. Write for quotations on as 5,000 rpm, corresponding to a fre-
. quency range (since there are two
equipment for your needs. cycles generated for each turn of the

shaft) of from 166 cps to 660 cps,
both of which lie well within the usual
response range of the equipment used.

Water-cooled Lighting for
Television

ONE OF THE DIFFICULTIES in television
studio production is the removal of
heat produced by the illuminating
lamps. Former practice has involved
powerful air-conditioning systems, but
even such strong-arm methods have
failed to reduce the heat to the point
where the performers could be com-
fortable during extended broadcasts.
One answer to this problem has been
evolved by General Electric engineers
who have designed an argon-filled high-
pressure water-cooled lamp which not
only has higher efficiency than the
equivalent incandescent lamp, but pro-
jects practically no heat at all into the
studio. The lamp, shown in the accom-
panying illustration, contains three
quartz-enclosed argon lamps covered
with quartz water jackets. Two rubber
hoses connect to the lamp housing, one
to the water tap at the edge of the

UTC industrial rectifiers are available from 1 volt to 250,000
volts and from 1 watt to 250 Kw. Typical units are illustrated
above,

A—For physiotherapy and medical D—3 phase 220 V. supply

e

equipment E—5 Kw. high voltage supply
B—For filament supply F—20 Kw. high voltage supply
C—5 Kw. 220 V. supply G—Variable voltage laboratory unit

Write: ENGINEERING DIV 150 VARICK ST. & NEW YO
R X RK. N. Y. . iah- Y
EXPORT DIVISION: 100 YARICK STREET NEW YORK, N. Y. CABLES: '""ARLAB' Walarsse };fr::ressure T
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studio, the other exhausting to the
sewer system. The electrieal circuits
are equipped with pressure-operated
switches and magnetic valves to turn
off the water supply and current in
the event of low pressure or other
failure.

Lamps in use in Schenectady studio

The argon gas operates at a pressure |

in excess of 1000 pounds per square
inch, and generates a light about two

and one-thirds as intense, for a given |

power input, as does the usual in-
candescent lamp. The heat generated
is intense, but about 90 per cent of the
heat is conducted away from the lamp
by the water system. The total light
output of four fixtures containing 12
lamps, is 780,000 lumens, for 12,000
watts input, i.e. the luminous efficiency
is about 60 lumens per watt. The water
jacket passes virtually all of the visible
radiation but impedes most of the
infra-red, which has been troublesome
in causing sunburn during studio
performances.

Errata

PROFESSOR A. R. NiMs of the Newark
College of Engineering has called at-
tention to errors in his article in
“Circle Diagrams for Tube Circuits”
which appeared in the May, 1939 issue,
as follows:

Page 23—Just under the title “Mini-
mum Gain Locus” the numerator of
the fraction is omitted. This numerator
should be i+,

Page 24—Just under the title “Circle
Diagram for Power Output,” in the
first fractional expression for Po, there
should be brackets in the denominator
to indicate that R * is a factor of the
whole denominator.

Page 25-—Just above Equatlon (8)
Ro, in the middle expression for
P., should be changed to R» as it ap-
pears in the third expression for Po.

At the bottom of the second column
on page 25, as well as in the caption
of Fig. 3, the wording should be “the
angle EOD which has the same sinre
as the angle COD.”

Finally on Page 26—at the bottom
of the first column the angle, (/) is
omitted before the symbol COD in the
expression for k-.
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Fairchild Unit 227 Transcription Turntable

The best reproducer in the world won’t give you per-
fect record playing and split-second timing unless
your turntable is absolutely accurate. Fairchild offers
its Unit 227 as the most accurate turntable made.

With Fairchild Unit 227 you can:

Change simply from Mount various types
78 RPM to 33 RPM. of reproducers on
You merely shift the push the panel or on the enclo-
rod on the turntable’s cen- sure in which the turnta-

ter snaft. ble itself is mounted.
Play either vertical Easily flush mount
or lateral cut records turntable in a cabi-
up to 16 inches in diame- net or desk for permanent
ter. studio installations.

Equipment assembled on a 17-inch by 2l-inch alumi-
num panel Y inch thick finished in black crackle
lacquer. A 1/50 H.P.—1800 RPM synchronous motor
drives the turntable through a 2-speed adhesion drive.
Turntable made of seasoned cast iron, dynamically bal-
anced. Weight 16 pounds. For “wow" free perform-
ance gears and worms are ground to an accuracy of
less than two paris in ten thousandths of an inch.
Equipped with quiet 110-120-volt 60-cycle motor.
Floating motor assembly isolates motor vibration from
turntable.

Send today for descriptive literature

» ..it had to satisfy Fairchild first”

AERIAL CAMERA CORPORATION
88-06 Van Wyck Boulevard, Jamaica. L.1. N. Y.




* For 50 years, we have specialized in the manufacture
and application of these devices. May we apply our
experience fo your problems? American Automatic Electric
Sales Co., 1033 W. Van Buren St., Chicago.

Va
MAKERS OF TELEPHONE AND SIGNALING APPARATUS
ELECTRICAL ENGINEERS, DESIGNERS & CONSULTANTS

GOAT'S HISTORY OF SIGNIFICANT EVENTS -7

N 99 ...

The rubber heel was invented . . .
a major contribution to walking
comfort by "insulating'' the wearer
against '"walking shocks". The
Fred Goat Company, now six
years old was making major con-
tributions to the machine tool
industry through precision equip-
ment,

TODAY . . . in 1939

Goat ‘''tailor-made"” Radio Tube
Shields assure superior perform-
ance in millions of sets by
insulating them against invisible
atmospheric ''shocks" that would
otherwise interfere with high fidel-
ity reception.

Features

Goat Tube Shields are
attractively designed
to improve the ap-
pearance of your sets

. . and add mate-
rially to their "buy"
appeal.

GOAT RADIO TUBE PARTS, Inc.

(A DIVISION OF THE FRED GOAT CO., EST. 1893
314 DEAN STREET, BROOKLYN, N. Y.

20

Image Dissector

(Continued from page 27)

can readily be accomplished by de-
creasing the output of the Dissector
to zero, which is exactly “black”
level. This eliminates the necessity
for a separate photo-sensitive pick-
up device to integrate the light from
the entire optical image and so
obtain the requisite background in-
formation. Therefore, in this device
blanking and background informa-
tion can be obtained in one opera-
tion.

As stated previously, the Dissee-
tor tube appears to lend itself
ideally to telecine work. The Farns-

. worth Company has developed a

| complete telecine channel, including
a continuous projector,” utilizing the
Dissector tube.

It is true that the Dissector tube

is limited in sensitivity but, with
| the ample illumination which a pro-
jection lamp supplies, the signal-to-
noise ratio is extremely satisfactory.
Freedom from cathode shading and
availability of background infor-
| mation warrant its use in such
applications where scenes of vary-
ing contrast and background are
| thrown on the cathode in rapid
| succession,

1The authors wish to express their appre-
ciation to the Physics Department of North.
western University for use of their equip-
ment for obtaining these curves.
[ 2 See “Electronicg’”, July issue, 1938 and
“Journal of the Society of Motion Picture
Egz3gineers”, Volume XXI, No. 5, November,

8.

GERMAN TELEVISION
RECEIVER

This chassis represents what, a few
months ago, represented the most
advanced commercial design of Ger-
man television receivers for the
home. The cathode ray tube has
a rectangular rather than a circu-
lar face. What progress-is being
made in European television under
the present circumstances is, pretty

much, anybody’s guess
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Microphone
Polarity

(Continued from page 29)

tion there is a much lower volume
to the ear with certain tvpes of
program than others. Orchestra
pickups generally have about equal
peaks in both phases and therefore
are restrained to the same extent by
full wave and half wave actuated
limiters. However, if a singer over-
rides the orchestra peaks, it is found
that amplitudes are greater on one
side of the axis than the other. This
leads, in the case of a full wave
actuated limiter or
actuated limiter incorrectly po-
larized, to a drop of average level
of 2 to 4 db. If the half wave
actuated limiter had been reversed
in phase, however, the level drop
would not have occurred. Further-
more, dramatic scripts originating
at the local studios are found to get
through the limiters at much lower
average levels than those coming
over long telephone lines and even
lower than the musical portions of
the same shows. A properly funec-
tioning ‘‘transverter” goes a long
way towards correcting this.

Another reason for slightly im-
proved results, obtained by phasing
for greater upward than downward
speech modulation, lies in the radio
receiver. Most detectors, even the
diode type, generate appreciable dis-
tortion on 'high percentage down-
ward modulation but are distortion
free on similar high percentage up-
ward modulation. Thus the average
detector distortion is diminished by
proper phasing.

The practical value of maintain-
ing correct polarity for maximum
upward modulation is obvious. The
amount of benefit to be derived is a
function of the particular amplifier
or transmitters involved, as well as
the microphone and individual voice
being transmitted. It appears that
many existing broadcast trans-
mitters will modulate at least 1 to 3
db higher without distortion if phase
is correctly maintained. At the same
time when peak limiters are em-
ployed, average level ccases to be a
function of the dissymmetry of the
human voice and the listener is pro-
vided with a program of more
uniform volume.
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IN
CINAUDAGRAPH

SPEAKERS

There is a Cinaudagraph speaker for every indoor and outdoor

job,

it’s what you DON'T SEE
that counts most!

If you’re any judge of materials and workmanship,
you can recognize quality in the Cinaudagraph speaker.
But there’s more to Cinaudagraph’s success than what
you see on the surface. Actually, it’s what stands behind
this complete line of permanent magnet and electro-
dynamic speakers that counts most. It’s the years of
research and experiment, of design and assembly and
rigid laboratory testing—all performed under one roof
by trained engineers expertly supervised every step of
the way. That’s why today, Cinaudagraph is the world’s

outstanding speaker line.

Proﬁlts come biggest where volume sales come quick-
st. The turnover is rapid on Cinaudagraph speakers
because every sale means a 1009, satisfied customer.
And you know what they say about satisfied customers

—*“your best advertisement”.

in both electro-dynamics and permanent magnets from 5" (o

277. Send for new catalog today.

CINAUDAGRAPH CORPORATION

STAMFORD

CONNECTICUT



THE ELECTRON ART

Each month the world’s technical litera-
ture is scanned to see what physicists and
engineers are doing with tubes, for
presentation to Electronics’ readers

Efficient Crystal Oscillator

A PIEZOELECTRIC source of intense
ultra-short waves is described in an
article by W. W. Salisbury and E. W.
Porter under the title, “An Efficient
Piezoelectric Oscillator,” in the Septem-
ber issue of the Review of Scientific
Instruments. In the schematic wiring
diagram, shown in Fig. 1, a pair of
806 oscillator tubes in parallel are
connected in a circuit similar to the
shunt-fed Hartley oscillator. The pri-
mary oscillator coil is inductively
coupled to a secondary coil which feeds
power to the piezoelectric crystal im-
mersed in an oil bath. The secondary
of this transformer supplies the high
frequency voltage directly to the
crystal, and is wound with double cot-
ton covered wire on a 3-in. tube.

Since a separate secondary coil is
used for each different quartz erystal,
no attempt is made for continuously
adjusting the frequency of the output
circuit. Instead, the secondary coil is
adjusted by winding a coil to have a
natural frequency somewhat lower
than the natural frequency of the
crystal. Turns are removed from this
coil until optimum activity of the
crystal is obtained. The secondary gives
a voltage step-up ratio of between 10
and 15, depending upon the frequency.

The quartz crystal rests on a heavy
brass plate in an open dish of trans-
former oil. This brass base acts as one
of the condenser plates or electrodes

for applying voltage to the crystal.
The circuit oscillates only at the fre-
quency to which the secondary is
resonant, and if the secondary coil is
removed, the tube oscillates at a higher
frequency.

The author states that the mode of
operation is superior to an arrange-
ment having a primary and secondary
tuned to the same frequency, because
it pushes the undesired resonant peaks
(which occur when two tuned circuits
are closely coupled) so far away that
it cannot produce enough grid excita-
tion to give oscillation. This allows the
oscillator to put full power into the
erystal circuit and into the quartz
cerystal in a stable condition.

It is stated that more than 40 per
cent of the energy applied to the plates
of the oscillator tubes is transformed
into ultrasonie vibration in an oil bath
surrounding the crystal, and as little
as 75 watts input power will maintain
a continuous fountain of oil 4 centi-
meters high over a 1l-in. square quartz
crystal. Approximately one-third of
the energy radiated into the oil bath
can be transmitted to any liquid in a
thin bottom glass vessel. A glass tube
having a diameter of 1 in. and closed
at one end with a flat glass membrane
was placed in the oil bath directly over
the quartz plate. It was found that 50
cubic centimeters of water could be
heated at the rate of 2° per minute
with a plate voltage of 1,200 volts and
a plate current of 50 milliamperes.

Corona 20 mh. rfc.
shield aoflz ' pf wound in sections
lass tube ! v
corona shield -]- *3000 v.
Brass
R X 00005 uf
pOS i Pyrex dish ] F mad L
== N S
Brass plate  Vibrating quartz Grid ﬁk;;”e”f Plate
Threaded tubing 5in. diam. current | voltage | current
wound with /Vo.glﬁ bare copper 0-00ma) 0-0v. | 0-amp.
meter | meter meter
3in. diam.
tubing L3 0002 puf Y
2 in. long o.M { =-3000v.
79 | |acc 19000 .1
Corona Corona 200 watt
shield T| 26T shield
L2 L7
Pyrex
standoff Pr}; ’;f;’," p
insulators > <
Insulators
— 0y AC
Small pyrex
standoff Insulators

Fig. 1—Schematic wiring diagram of crystal oscillator for generating
ultrasonic vibrations in liquids

1939 London Radio Show

THE Rapio SHow, which was held at
Olympia from Aug. 23 to Sept 2, dis.
played the most recent advances of the
British Wireless industry in which al]-
wave receivers and television receivers
played a dominant part, according to
the August 24th issue of The Wirelesg
World.

Baird Television displayed three
main models in different cabinet styles,
one of which is combined with a broad-
cast receiver. All of the screens are
viewed directly, or “head on.” These
models are priced at approximately
$180 to $220. A. C. Cossor displayed a
television receiver using the 15-in.
cathode-ray tube arranged for direct
viewing, and providing a picture 12 in,
wide by 10 in. high. This unit is com-
bined with a three-band broadcast re-
ceiver and uses a total of 21 tubes.
As is true in the case of some of the
Baird receivers, additional gain is em-
ployed for those installations in which
the television signal strength may be
weak. Television receivers with 12-in.
cathode-ray tubes were also shown by
Dynatron Radio. These receivers are
available with television sound equip-
ment only, or in combination with all-
wave receivers. One model, using 45
tubes, is an all-wave radio and tele-
vision receiver with automatic record-
changer in the phonograph equipment,
Television receivers demonstrated by
the General Electric Co. included a
model to be used in connection with
existing radio receivers as an ‘“add-on
unit.” The console model using a 9-in.
tube provides pictures 6 in. by 7% in.

Television receivers produced by
Scophony are unusual in that they
make use of mechanical scanning. The
smallest receiver produces a picture
approximately 14 x 18 in. The viewing
screen is flat and is built as an in-
tegral part of the cabinet. Other re-
ceivers give pictures approximately 24
in. by 19 in.,, and 4 ft. by 3% ft.

A number of innovations were intro-
duced in the field of broadcast radio
receivers. Several receivers made use
of triode output tubes and many small
short-wave receivers were in evidence.
Mechanical push-button tuning is
utilized extensively. The General Elee-
tric Co. showed a wide range of re-.
ceivers, the majority of the smaller
types having a single short-wave band.
A mechanical push-button tuning sys-
tem operates the wave-band switching
and there is provision for manual tun-
ing. Receivers designed primarily for
overseas use have a range of from 11 to
2,100 meters in five wave-bands. In-
dependent bass and treble tone controls
are incorporated in a number of re-
ceivers. In a receiver manufactured by
the Mullard Wireless Service Co., the
push-buttons not only operate the tun-
ing system but also operate the wave-
band switch. In this model, as many as
six stations are available for push-
button tuning, of which three must be
medium waves. The British McMurdo
Silver Co. displayed a 15-tube receiver
of advanced design, combining the sen-
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sitivity of the “communication type” — =
receiver with the high quality recep- - y

tion from local stations. Variable selec- I N s u L AT I 0 N H E A D Q u A R T E R s
tivity of the three i-f stages and one . 2 ) i

stage of r-f are incorporated in this set.

The Augetron is the principal ex-
hibit of Vacuum Science Products, Ltd.
This is a six-stage grid controlled elec-
tron multiplier having an indirectly
heated cathode operating a 1% amp. at
2 volts. This tube requires about 300
volts per stage or 2,000 volts total
anode voltage. Current in the final
stage may be as much as 10 milli-
amperes and the overall transcon-
ductance is reported as being 40,000
micromhos. It is claimed that the
voltage amplification of the order of
1,000 times can be secured from a
single multiplier even in television
application.

As has already been indicated, a
feature of many of the radio receivers
operating from the power line, is the
use of a triode output tube. Pentodes |
are still being used on portable and
smaller receivers for d-c¢ operation. A
number of firms displayed battery-
operated tubes with filaments consum-
ing 50 milliamperes at 1.4 volts. The
Edison Swan Electric Co. showed the

well-known high transconductance tele- T O us e a n i nsu l a t i on t h a t i S

vision r-f pentode, gas triode sawtooth | - .
oscillators, and other special television
~ tubes. Sh(;rt television tubes for mag- | nOt exGCllY rlghl for the JOb
netic deflection and focusing were dis-

played. The General Electric Co. in- There are actually countless formulae on record here at Continental-
troduced four new tubes having fila- Diamond. Each for an insulation of known characteristics — each
ments operating at 2 volts. The main exactly right for some specific requirement. When our Engineering
feature of the tubes (a triode-hexode, \ Service Department is asked to produce a material for some unusual

a duo-diode-triode, an output tetrode
and a triode), is a reduction in fila-
ment current while improving or re-
taining the normal characteristics.
High transconductance tubes with a

service it can draw upon a fund of knowledge and experience un-
equalled in the insulation field. This technical help is yours for the
asking and may be the means of improving your product's perform-
ance, reducing manufacturing costs or simplifying assemblies. Write
us today.

TELEVISION CAMERA

INTERIOR CONTINENTAL-DIAMOND FIBRE CO.

Newark, Delaware
Represented in Canada by DIAMOND STATE FIBRE CO. OF AMERICA, LTD., TORONTO

DILECTO MICABOND

A laminated plastic, commonly known as Thin splittings of mica bonded tagetherwith
. phenolfibre, made in sheets, rods and tubes
or fabricated parts 1o specifications. Has
high electrical insulation properties, great
resistance to water, practically unaffected
by oil or mild acids. It is a strong, taugh ma-
terial with a wide application for use in con- . ) :
nection with modern electrical appliances. heat and‘moisture resistance, is readily
punched, sawed or formed.

specially developed binders into standord
plates, tubing or in formed rings, punched
and sawed segments or other special parts.
Micabond has high dielectric strength, is
practically uegpffected by acids, has high

DIAMOND
VULCANIZED FIBRE CELLULAK

A tough, economical, insulating material A laminated form of insulating tubing,

made in standard sheets, rods and tubes. possessing extremely high dielectric proper-
Can be readily fabricated or formed. A

‘material of couniless applicatians.

iies, and marked resistcnce to flash-over.

vUuLCoID CELORON

Inside view of the television camera A thermo-plastic, non-hygroscopic insulating A Phe"j:"';l:°':z:_cfib";¢ nbc':e ::S:;:jf
which has been sending pictures material made in standard sheets, rads and ﬁ’“::?' " ' h‘:C A 4 Ub’ e |gd ;’ X | Y

D Lee tubes. It is strong and tough, h.°5 go?d "9 in weight. Can be molded fo "’"Y' 5
from Houywo"’d where the Don electrical insulating properties and is readily sired shape and contour to replace intricate
system operates as the only tele- tabricated. metal and insulation assemblies. Write for
vision transmitter on the West Coast. CELORON Bulletin.

Thomas H. Lee, owner of Holly-
wood’s only telecasting station, with
the camera.
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A
LUBRICATED
SLIDING
CONTACT

RHEOSTATS

at new LOWER prices

In our constant etforts to improve

Jagabi Rheostats, we have now
introduced a lubricated sliding con-
tact, which we believe to be the
most important single improvement
to our rheostats during the past 30

years,

This new feature, which we call

“Lubri-tact’—from lubricated

con-

tact—eliminates scratching and
abrasion and introduces a smooth-
ness of fine adjustment that is re-
markable. Thz electrical contact is
actually improved and, because of
the graphitz lubrication, wear on
brushzs and winding is reduced to

a minimum.

Bulletin 1620-E describes this new

improvement

and also lists new

lower prices. Write for a copy.

JAMES G. BIDDLE CO.

ELECTRICAL AND

SCIENTIFIC INSTRUMENTS

1211-13 ARCH ST.

PHILADELFPHIA, PA.

|

6.3 volt heater and an octal base were
also displayed by G-E. An important
application of electron devices was dis-
played by the Edison Swan Electric Co.
who featured the Electroencephalo-
graph which is a rather complicated
low frequeney amplifier and cathode
ray tube for the examination of low
frequency potentials established in the
brain.

Linear DB Meter

THE CONSTRUCTION of a linear decibel
meter having a range of more than 60
decibels is described by K. Akadawa
and H. Uno in the May issue of Elec-
trotechnical Journal, published by the
Institute of Electrical Engineers of
Japan. The authors show the char-
acteristics of a cuprous oxide rectifier
whose resistance varies logarithmic-
ally with terminal voltages of from 0
to about +0.5 volts. By utilizing the
logarithmic compression characteris-
tics, a linear decibel meter for about
35 db can be obtained. By connecting
several cuprous-oxide devices, as shown
in Fig. 1, in a series-parallel arrange-

O

Fig. 1—Series-parallel arrangement
for extending the logarithmic range
of the rectifiers

5 10

00501 05 50 100 V

P S (s s e (NS
0 10 20 30 40 50 60 70db

Input Voltage (level)

T
[
1
|
1
]

Fig. 2—Logarithmic characteristics
of completed meter with meter con-
nections shown in upper left

ment, the linear decibel scale may be
considerably extended. In brief, the
voltage relations of the resistances and
copper oxide devices are such that
when the linear decibel relation of one
rectifier is exceeded, that of the next
comes into play, and so on, so that the
total range may be considerably ex-
tended over that of the single recti-
fier unit.

Based on this principle, the authors
have succeeded in obtaining a decibel
meter capable of measuring linearly -
more than 70 db by adding selenium
or cuprous oxide rectifiers in series
parallel as shown in Fig. 2.

radio parts.

130-26th St.

WAXES « COMPOUNDS for
ELECTRICAL INSULATION

Zophar offers prompt service on Insulating Compounds for
a wide variety of electrical applications, including:

- insulation for CONDENSERS, TRANSFORMERS, COILS, power
packs, pot heads, sockets, wiring devices, wet and dry batteries, etc.
Also WAX SATURATORS for braided wire and tape.

Special compounds mage to vowur oroer

LZOPHAR MILLS INC.

FOUNDED

WAXES for

Brookiyn, N. Y.
1846

NEW SUPER HI-POWER GENEMOTOR

for Heavy Duty Service

Sets a new high standard for Power Units used on Marine,
Police, and Aircraft Radio. The exceptional Hi Effi-
ciency, small size, and light weight are the result of a

new type, one piece field ring, and armature design.

y Grease packed ball bearings require no oiling or atten-
a tion. Double enamel and silk wire on armature insure

trouble-free operation; end dust cover removable. Made
in two sizes, 150 and 225 watt output, up to 1000 volts,
input 5.5 volt and up.

There is a Carter Genemotor or Converter for every
quirement. Write for further information

150 Watt, Weight 131 Ibs.
82" Long, 4% Wide, 5" High e

CARTER W OTOR (0.

1606 MILWAUKEE AVENUE

CHICAGO, ILLINOIS
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Determination of Natural
Physical Constants

IN THE DEPARTMENTAL Resumés of
Recent Research in the September issue
of the Journal of Applied Physics, an
abstract and critical discussion of J.
W. M. DuMond’s article in the July 15
issue of the Physical Review is given.
In this abstract it is pointed out that
of the three fundamental constants, e
the electronic charge, m the electronic
mass, and & Planck’s quantum of ac-
tion, e is the only one which can be
measured directly with precision with-
out involving the other two. The inter-
relation existing between the constants
is indicated and the results of measure-
ment by a number of workers are given
in a convenient graphical representa-
tion which permits a clear insight into
the tangle of determinations of the
various constants. IFrom the graph
given (which includes a number of
revisions and additions which do not
appear in the July 15 issue of the
Physical Review) variously orient
claims represent the different experi-
mental determinations of e, m and *.
After the analysis and rejection of
several hyvpotheses as to the origin of
the discrepancy between the various
experimental measurements, the con-
clusion is drawn by DulMond that ex-
periments leading to the determination
of h/e should receive careful attention.
Those desiring further information
on this subject are referred to the
July 15 issue of the Physical Review
and to the September issue of the
Journal of Applied Physics for the
revised graphical presentation.

AIRPLANE TELETYPE
SERVICE

Ground ftransmitter which is used
for sending teletype radio messages
to airplanes. With this equipment,
it is possible to communicate with
planes either by voice or through
the us2 of teletype equipment. P. D.
McKeel, of the Civil Aeronautics
Authority, is shown operating the
transmitter.
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@t Last! ABEAM TETRODE
with INSTANT-
HEATING FILAMENT

for communications service. Superior
Performance—Reduced Battery Drain
where transmitting period is but a
fraction of the total time. The ideal
tube for two-way transmitters.

Characteristics of Hytron HY69

Thoriated-tungsten filament. .. .. 6.3 volts @ 1.5 amp.
Plate input. ... ... ... 600 max. volts & 100 max. ma.
Screen input. ... ... ... 300 max. volts & 15 max. ma.
Plate dissipation. .................... 40 max. watts
Nominal R.F. output at max. input. .. .. ... .42 watts
Shielded for R.F.... . ........requires no neutralizing

Full ratings allowable for radiophone operation up
to 60 megacycles.

Other Hytronic Products

In addition to the above, there is a complete line of low and
medium-power transmitting types also suitable for diathermy,
U-H-F tubes, low-loss ceramic-based ‘'Bantams,’’ and low-drain
“*Bantam Jr."' tubes for wearable hearing aids.

~ $3.50
/%f HYTRONIC LABORATORIES

Standard 5-prong Ve
" A Division of the Hytron Corp., Salem, Mass.

AIFVAJ CIRCUIT CONTROL

LEACH RELAYS
Dependable operation of | = . D
control circuits is assured '
by this new line of 4 and 6

ampere relays. Built to
Leach quality standards.

Pole pieces are nickel- Type 1157

plated, heat-treated Contact: V™" diameter Pure

. : Silver. Rating: 6 amperes at
Beryllium copper. Nothing 3755000 "ae = ist Price: $4.50

is grounded to the frame.

All parts and pieces are so constructed that nothing can twist
or turn out of alignment. All iron parts are heavily cadmium
plated. Canvass-base bakelite is used throughout for in-
sulating purposes, unless otherwise specified. Can be supplied
for either AC or DC operation.

Write for our NEW catalog describing our complete line of
dependable relays.

LEACH RELAY COMPANY

5915 Avalon Boulevard, Los Angeles, Calif.
|5. E. 26th St., NEW YORK CITY Lawrence and Lamon Aves, CHICAGO
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Meters for Use Over
Wide Frequency Range

IT 1S COMMON practice to design a-¢
measuring instruments with a single
: scale when the voltages to be deter-
g CoAIALOA mined are below a certain limiting

i s ol 1 frequency. In an article “Frequency
Compensation for A-C Measuring In-
struments” by Carl-Heinz Sturm, ap-

o8 llooo OHMS TO pearing in the Funktechnische Mon-
h for J 1939. Th ,
1,000,000 MEGOHMS | thows why it i °

is necessary to use

. . . . multiscale instruments for the higher

Full details and illustrations in frequencies. This article by Sturm is

RESISTOR BULLETIN 37 | practical and comprehensive and in-
cludes a listing of formulae useful to

Free copy with Price List sent | {he instrument designer.

on request. Write for it. In designing for a certain frequency

range it is necessary of course to know

N 0 I S E T E STE D the ohmic resistance of t.he measure-
ment network and also its inductive

reactance so as to compensate for them
At slight additional cost, resistors will in the frequency range from f, to f.
be supplied individually “noise-tested” The ohmic resistance for current or

to this specification: “For the complete voltage measurements is determinable
audio frequency range, resistors shall with direct current. The inductive re-

RCA Commun'\cations,

| Electric Co. Co.
(‘%;;?';:ghouse Elec. & M]ngt. ' o
Automatic Electric Co(.l,aﬁon,
Bartol Research Foun
Franklin Instituté Cauge
S. Hart — Moisture uge

EI:’I'er;:k Institute of Therap
Nﬁfzf\:ll-c'l‘echnica\ [aboratories
Roller-Smith Company .
General Talking Pictures

i sting Co.
National Broadcasting -

Corp.

g CO.

have less noise than corresponds to 1 actance is determined for both current
Railway d Navy and voltage ranges by the use of an
U. S. Army an o : part in 1,000,000.” (For values up 1o a-c source of known frequency. Accord-
Griﬁ"i‘lh ‘(ﬁ)bls\;;";l‘;‘lllfu(‘illri“g Corp. 10 megohms) :
Air-Trae d

ing to Fig. 1 there will be a current I

flowing with a voltage V indicated

S S W H I T E when the a-c source of frequency f is
° ° utilized on the circuit shown.

The S. S.White Dental Mfg. Co. The current flowing through the

INDUSTRIAL DIVISION voltage indicator of resistance RKv must

be subtracted from the total current
Department E, 10 East 40th St., New York, N. Y. in order to determine that which flows

—— —————— | through the network of Rwm and Lmw.
Thus

/\ I.=I—(V/R,)
Oor T E L Ev I S I O N/ fOO ./ Now with current, voltage, and fre-

quency known there are two possible

c ANN o N O/eVe/Op S methods of determining the inductive

reactance «L of the network.
The i d f the R,, L, ar-
CO~AX|AL CONNECTOP\_ . - e 1mpedance o e ar

rangement, namely Z,, is determinable
o

L
Reod

CANNON Multiple Cir-
cuit Cable Connector of
34 Poles, with 4 Center
Poles Shielded Concen-
trically thru Plug.

e
©
2

o LM\

LIMAXING more than 25 years of manufacturing o

experience under the same management—many
of which have been devoted to the development ot
Multiple Circuit Plugs and Receptacles—the Cannon
Company has completed a Multiple Cable Connector with Co-axial contacts for
television.
The use of this Multiple Connector with the Co-axial poles makes possible any
combination of contacts with the shielded circuits for high frequency current, The
completion of the Connector, with its Co-axial poles completely shielded through
the plug, marks the first time that the application has been accomplished success-
fully in a Multiple Cable Connector. . . . Pictured here is the type developed for
the Radio Corporation of America and the General Electric Company . . . With R R
more ﬂ!an 1,000 stock fittings, the Cannon line now comprises the greatest variety 1 H
of Multiple Cable Connectors offered by any manufacturer in the world. CANNON
Plugs are pre-eminent for Sound Service and allied applications, in Aeronautics, o ——s
Geophysical Research, Ship-Control and Laboratory Panef:. They are described fully L
in a series of Illustrated Bulletins. g Lig

When requesting Bulletin, please
specify your particular requirements.

CANNON ELECTRIC DEVELOPMENT CO.

%* 420 West Avenue 33, Los Angeles, California
K EASTERN SALES OFFICE, 220 Fifth Ave,NewYork,NJY,

Fig. 1 (above)—Measurement of volt-
o " age and current into a meter whose
! ] = resistance is R and whose induct-
CANNON PLUGS W [l i
\ g - v B _ lent circuit of Fig. 1 when frequency

' 3 : : S compensation is employed

26 October 1939 — ELECTRONICS



3

A

Here’'s WATT you need

Atlas P. M. Driver Units and Exponential
Trumpets are unquestionably the first choice
of public address and communications engi-
neers . . . where power and max.mum sound
coverage is required.

Years of experience in unit and trumpet
building mark the latest Atlas models as the
ultimate in modern sound reproduction. High
ratio of acoustic transfer efficiency . . . n>
phase distortion . . . lifelike quality . . . All
combine to insure the success of any P. A.
installation. Why not have Atlas P. M.
Driver Units and Trumpets work remarkable
results for you?

Here's Helpful Literature . . .

Send for bulletins on Atlas P. M. Driver
Units ond Trumpets, "Marine’’ Horn and Unit,
and your copy of Catalog F-39 describing a
complete line of sound equipment.

ATLAS SOUND CORP.

1454 - 39th Street

BLILEY

Brooklyn, N. Y.

The complete Bliley line includes
ovens, holders and crystals for all
frequencies from 20 kc. to 30 mc.
Several new units have recently been
developed for high frequency mobile
work. Write today for Catalog G-11
for full description.

BLILEY ELECTRIC COMPANY

UNION STAYION BUILDING ERIE, PA-

o —
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from'  m V/I and from the geo-
n)gtmcal subtraction for vector quan-
tities we can find Luw.

Thus, wilwt = Zu1 — R,
then L., ‘/M

w

The equation, as previously stated,
is a relation between the vector quan-
tities so ecommon in a-c theory and it
naturally follows that the unknown
L can also be determined from a vee-
tor triangle drawn to scale.

With frequency compensation the 1

| circuit arrangement e¢an be shown to
| have the form of Fig. 2. ‘

[

The complex intpedance of condenser
Cis Z, —j/wC. Since C is coupled
in parallel with the series arrangement
of R: and L., the complex impedance
of the network is given by:

(Rs + joLy) (—

A
5 Z. jaC)

Zy= (Z1—+Zc)—-=_ B
(R1 + juJLx) - j-:u_C

the total impedance is Zw+Zx.

With d-¢ measurements on the net-
work arrangement in Fig. 2 it is seen
that only R: and Rw, which here in-
clude the resistance of their respective
inductances, enter, as the reactance of
C is infinitely high.

The previous relation can then be
shown to be Z ,_ —Ro+R:.

For frequency compensation from f,
to a higher frequency f. we equate the
impedances:

Zon=Zws where ;=0 and w;

-_—‘2Trf2.
This gives Rm + R = R»n + jw:Ln +
. R’ L
—ic TC
Ry +j welln - =
1 J waln szc

Subtracting R. from both sides and
multiplying through by the denomina-
tor of the third term on the right
we have:

1

. R .
Ry 4 jwsLi Ry — j——= — JwaLimF

0)2(-'

Lo iR L

—wrln+ =0T
Equating reals we get: Ri? wetly L
Lm Ll
+ C + C b

and for the imaginaries wiL1 B1 = w2LaR 1,
so that Li— L«
Solving Eq. (1) for C we find that
2L, .
C= R+ wiltn
The form of this equation indicates
that the capacity C is a function of
w? and therefore, theoretically, there
can be no complete compensation
throughout the entire frequency range
from fi to f. The variation for real
values between f, and f, is very slight
so long as w/L’m is small in comparison
to R Even with a relation of
5w2Lm*—=R." the largest error is less

than 3 per cent.

ROLLER-SMITH
4 144
INSTRUMENTS

are just the right size for small
switchboards, panels, “built-in”
equipments and many other ap-
plications. They are available
in surface and flush cases and
had in
square cases, as illustrated.

The line includes both direct

may now be the new

and alternating current am-

meters, microammeters, milliam-
millivolt-

meters, voltmeters,

meters, single and polyphase
wattmeters, frequency meters

and pyrometers.

P
et T A\Dl‘“ [T 80
‘4‘\_ "o \'l»)\l y d’t’f

P
4

AMPERES

D.C. 100

Long scales, exceptionally high
accuracy and illuminated dials
(if ordered) are some of the
outstanding features of these
instruments. Complete listings
and technical details are given
in Catalog AK-48-a, which will
gladly be sent on request.

A companion line of 3" in-
struments is shown in this same
Catalog. The 3” instruments are
a little smaller than the 4” ones

but have the same high qualities.

ROLLER-SMITH COMPANY

MAIN OFFICE AND WORKS:
BETHLEHEM, FA., U. S. A.

Sales Agencies in Principal Cities
in United States and Canada

o7




DYIAMOTORS

SMOOTH
QUIET
DEPENDABLE

“PINCOR” offers the only complete line
of “B” power supply equipment for police
units, aircraft and radio broadcast service
and sound systems. Available in a wide range
of frames, sizes and capacilies to fit any par-
ticular requirement.

“PINCOR” dynamolors are the last word
in efficiency and reguolation. Deliver high
voltage current for proper operation of your
apparatus with a minimum of A. C. ripple.
These units will give years of smooth, quiet,
satisfactory service. They are compact, light
weight. Available with or without filter. Send
coupon for catalog.

PIONEER GEN-E-MOTOR CORP.

Dent. R-4J
466 W. Superior St., Chicago, Illinois
Export Address g

25 WARREN ST.
NEW YORK, N. V.
. S. A,

EIllllll'lllIIIIIIIIIIIIIII- Ill.
E PIONEER GEN-E-MOTOR CORPORATION H
» Dept. R.4J, 466 West Superior St., Chicago, Illinols :
s Without obligation kindly send me “PINCOR™ ®
s Silver Band Dynamotor catalog and data sheets. :
[ ] -
BNGME i e e .
- [ ]
B Address . .pe... .. umba cbmedeot ool andl vwesa .
L] -
[ ] [ ]
8 Oty isgpimmocscennnncaeenen State ........... .
:llIIIIIIII'lll-.lllllllll.l.lllll.llll.-‘-
fd
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The Augetron

A DESCRIPTION of what is perhaps the
first commercially available multistage
electron multiplier is contained in the
September issue of Television and
Shortwave World for September 1939.
The tube is manufactured by the
Cossor and is available in England.

Essentially, the structure of the
“Augetron” is similar to the electron
multiplier devices described several
times in Electronics. The tube, which
has terminal connections at each end,
contains six stages, and is operated at
an overall anode voltage of 2,000 volts,
or approximately 300 volts per stage.
When operated under these conditions,
each normal secondary emitter gives a
stage gain of approximately 2i. The
final stage consists of a flat plate sec-
ondary emitter preceded by a flat
perforated plate selector. This arrange-
ment is found to give a gain equivalent
to a multiplication of approximately 7.
The overall gain is 1,000 for the entire
six stages. The cathode is in the form
of a suitably sensitized metal plate, in
which has been punched a large num-
ber of holes in funnel shape depres-
sions. The collecting fields due to the
succeeding positive electrodes can
penetrate through the holes at the
bottom of each depression and so the
secondary clectrons go through and
are accelerated in the desired direction
to the succeeding anode.

The output current is limited to

approximately 10 milliamperes, and
since the gain is about 1,000, the input
current must be limited to 10 micro-
amperes.

® ¢ ®

Measurements of A-C Arcs

THE SEPTEMBER ISSUE of the Journal
of Applied Physics contains an article
by S. G. Eskin entitled “Energy Meas-
urements of Reigniting A-C Ares.”

According to the author’s summary,
an oscillographic study of ares formed
between silver contaects in the ruptur-
ing of 120 volts a-c circuits containing
resistive loads shows that reignition of
the are occurs at low speeds of contact
separation. Data has been obtained by
means of a ballistic wattmeter showing
the effects of current and line voltage
on arc energy for silver contacts open-
ing at speeds from 0.024 to 16.7 in.
per second. In the low speed range
reignition is more prevalent at 225
volts than at 115 volts, and restriking
of the arc occurs at higher speeds for
higher current. The formation of an
arc in reigniting cycles is believed to
be due to field emission of electrons,
and average fields of 3 x 10° volts per
centimeter being found for all cases of
reignition observed. Reignition occurred
at potentials as low as 72 volts and the
intermediate glow discharge normally
observed in the interruption of indue-
tive circuits did not appear.

b A\
Varying Input Voltage
95-130 VOLTS

INSTANTANEOUS ACTION

® A

NO MOVING PARTS

When a precision electrical device or a critical process is powered from

an AC line, a Raytheon Voltage Stabilizer will permanently eliminate
all of the detrimental effects caused by AC line voltage fluctuations.

Made for all commercial voltages and frequencies, single or three phase.

Raytheon's twelve years of experience in successfully applying the

Stabilizer to hundreds of perplexing voltage fluctuation problems is at

your service. It will pay you to take advantage of our engineering skill.

Write for Bulletin DL48-71 JE describing Raytheon Stabilizers.

RAYTHEON MANUFACTURING CO.
100 Willow Street, WALTHAM, Massachusetts
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Portable |
Transmitter |

(Continued from page 21) | !

I
which should be discussed in con- |
clusion: L

First, why the four binding posts |
and provision for separate filament
battery? It must be realized that |
we are working with 6 volts where
6.3 is normal for the tube filaments. 1

The loading effect of the dyvnamotor

plus any drop which might be |
present in the filament wiring may

bring this value below 6 volts. Thus

the heavy filament wiring in the‘
power cable. If the voltage drops

below 5.5 a serious decrease in trans- |
mitter output occurs, accompanied

by audio distortion. Therefore even .
with a new heavy duty storage bat- |

tery it is reasonable to expect a |
maximum program length of 45

minutes. However oftentimes this

type of transmitter may be called

upon for golf course work etc. where

periods of operation up to 2 hours

are desired.

WARD LEONARD

ELECTRIC
32 SOUTH STREET

Electric Controls Since 1892

COMPANY

e o SEND FOR
BULLETINS. Each bul-
letin gives dimensions,
ratings, uses and con-
struction features of a
specific product.

RELAYS
RESISTORS
SPEED REGULATORS
CONTACTORS
VOLTAGE REGULATORS
MOTOR STARTERS

MOUNT VERNON. N. Y.

In this case two storage batteries |
are used. One runs the dynamotor
and the other the filaments. This
is accomplished by merely removing
a shorting strap across the two posi-
tive posts as in the diagram. It will
be seen also that it is possible to
parellel both batteries easily if de- |
sired or seriés them for 8-volt input. |

Under actual tests from boats and
cars this system has given 2-3 hours
continuous operation without any
appreciable dropping of output. As
long as the filaments are receiving a
full 6 volts the plate voltages will
remain proportional and linearity
will be preserved even if the dyna-
motor battery drops off somewhat.

Set-ups can be accomplished in
almost any type of conveyance in an
average of 15 minutes. Most of the
time is consumed in clamping the
antenna and obtaining a ground.

The antenna in all cases so far
has been a 12-foot vertical with a
clamp type base which can either be
screwed to a wood foundation or
clamped to a bumper. It is also

Glass Fractionating
Diffusion Pumps

Glass Fractionating® Pump (Three-stage),
Type GF-15

LOWEST pressures (less than 5 x
10-8 mm. at 25° C.) are made pos-
sible by continuous purification of
the pumping fluid during operation.
Neither liquid air nor cold-trap is
required for effective performance.

IMPORTANT TO:

Industry —for the economical ex-
haustion of glass vacuum systems.
Laboratories —for the exacting re-
quirements of research.

Inquiries are invited regarding our
aids to high-vacuum technology.

*[J. S. Patents 2,080,421, 2,150,676,
2,153,189, and patents applied for.

adjustable as to vertical angle.

Grounds have been made to the DlSTII-I-ATION PRODUCTS, INC. X%;Fy

chassis of a car or plane or to the |

motor in a boat. I
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THE INDUSTRY IN REVIEW

The Audograph, a Recording Machine of New Design

SOUND recording machine of radi-

cally new design has recently
been announced by The Gray Manu-
facturing Co., Hartford, Conn., manu-
facturers for many years of coin
telephone equipment. This machine is
called the Audograph and incorporates
many new features which make it cap-
able of producing inexpensive high
quality recordings. It is about the
size of a standard typewriter, weighs
about twenty pounds and is therefore
readily portable. The acetate discs
used on this machine are 0.005 inches
in thickness and may be mailed or filed
like letters.

The Audograph is a dise machine,
but here a comparison with ordinary
recording equipment ceases because a
stationary, curved deck similar in ap-
pearance to a half cylinder has re-
placed the usual platen or turntable,
the recording and reproducing styli
are rigidly mounted and fully enclosed
and in operation the record passes
under the stylus rather than the stylus
over the record.

The present model represents one of
a group which, it is contemplated, will
be developed to meet the requirements

of 2 number of applications. It was
designed to be a practical dictating
unit suitable for use in the average
office under average acoustic condi-
tions. In it, however, are incorporated
the basie principles that go to make
this system an economical and eflicient
method for producing recordings of a
quality comparable to those in com-
mercial use.

In general the driving mechanism of
the Audograph may be divided into
two parts. The first provides the con-
stant linear surface speed at which the
record is driven and the second pro-
duces the spiralling of the sound
groove. There is no connection between
these two sections except in operation
when the record becomes in effect an
essential link in the mechanism for it
is through the record that the power
applied to the drive mechanism is
transmitted to the serated record
spindle and the feed screw to which
it is attached.

The power section consists of a
small, synchronous motor resiliently
mounted on the chassis and connected
through the reduction mechanism to a
pair of drive rollers located adjacent

UNCLE SAM RECORDS BROADCAST
PROGRAMS

James Homsy, inspector in charge of the Sam Pedro monitoring

station of the FCC, operates the recorder which makes records

?i programs which may not be construed as being in the public

interest. The FCC monitoring stations throughout the country also

keep track of the frequency at which radio stations operate and
otherwise police the air.
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to the stylus. These drive rollers en-
gage the record and cause it to pass
beneath the recording stylus at a con-
stant surface speed. The feed screw
mechanism is located directly under
the serated record spindle and is
geared to the spindle. As the record is
rotated by the driving rollers the feed
screw is turned at a constantly de-
creasing rate in direct relation to the
increasing diameter of the sound
groove.

Aside from the extreme simplicity of
construction there are several advan-
tages to this method of drive. Perhaps
for this particular application the
more important features are the ability
instantly to start and stop with an
action fast enough to split syllables,
and the ability to maintain a constant
surface speed. The advantage of con-
stant surface speed is that it greatly
increases the capacity of the record in
recording time and that it maintains
uniform groove formation throughout
the record.

In the outward appearance of the
Audograph the most noticeable depar-
ture from ordinary recording equip-
ment is the absence of a turn-table.
The paper-thin record revolves over a
specially formed curved, stationary
platform.

Another novel feature of this record-
ing system is the revolving anvil which
provides the base on which the sound
groove is inseribed in the record. This
anvil together with the stationary
curved platform, drive mechanism and
other novel control features, provides
a means of recording for general com-
mercial application which for quality
of results, simplicity of operation,
economy and compactness, surpasses
any method of recording now available.

The Audograph was designed to
overcome another objectionable feature
of conventional recording, namely the

elimination of the shavings or chips.

normally obtained during the cutting
of wax or lacquer coated records and
the frequent fouling or breakage of
styli during the recording. In place of
sapphires and steel needles and cut-
ting, the sound groove is embossed in
the record by means of a diamond
stylus which does not require sharping
and lasts indefinitely. These styli are
employed in the recording and repro-
ducing heads of the Audograph and
are specially ground and polished for
the purpose. During the recording the
effective pressure at the stylus point is
several thousand pounds per square
inch with the result that the sound
groove is permanently impressed in the
record.

The most desirable element for ac-
tuating the diamond styli was found
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For the Electronics Equipment
Manufacturer

* NEW x%

Safety Terminals, Insulated Rectifier and
Connectors, High Voltage
Tube Sockets, Iron Core RF Chokers,
QuartzQ Polystyrene High

Frequency VYariable Condensers, Meter

Thyratron

Insulation,

Type Dials, Cast Aluminum Chassis, etc.

Catalogue Upon Request

JAMES MILLEN
150 EXCHANGE ST.

MYG.CO.Inc.
MALDEN, MASS.

POWER

TRANSFORMERS

AIR-COOLED
TRANSFORMERS

for Voltage reduction. Insulated and Auto Types,
from 1/ K.-V. A. to 25 K.-V. A

SIGNALLING
TRANSFORMERS

for reduction of line voltage to 4, 8, 12, 16,
20 or 24 volts 50 to 750 V. A.

MERCURY VAPOR LAMP
TRANSFORMERS

for maintaining the exact voltage necessary for
highest Mercury Vapor Lamp efficiency.

ACME also manufactures

Radio transformers in production guantities.

Luminous Tube transformers. Acme Voltrol for

0 to 135 volt voltage regulation. Acme Break-
down Tester. Your inquiries solicited.

THE ACME ELECTRIC & MFG. CO.
31 Water Street

A

Cuba, N. Y.

emo<ief loctric

T R A NS F ORMERS
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to be the piezo crystal. This elemnent
had the mechanical strength to with-
stand the pressure required to indent
the hard acetate surface and at the
same time had the frequency range for
quality recording. The recording head
on the Audograph is of this type and
is very similar in design and char-
acteristics to some of the erystal heads
in use on professional recording equip-
ment. It is rigidly mounted as to hori-
zontal movement and may be moved
vertically only to the extent necessary
to perform the record and play-back
operations.

The reproducing head likewise em-
ploys a crystal as its generating unit
and has somewhat the same character-
istics as the recording head. In this
instance, however. the head has been
designed particularly to meet the re-
quirements of the office machine field.
This head also is limited in its vertieal
movement by the control mechanism.
Movement in the horizontal plane is
held to plus or minus one-half groove
off center.

In designing the amplifier employed
in the present model of the Audograph,
consideration was given to the require-
ments of the office machine field. The
matter of background noises, intensity
and volume all had to be taken into ac-
count in the design of the amplifier.

The amplifier in the present model
has a frequency response of from 150 to

5000 cycles and has specially designed :

circuits which obviate, insofar as pos-
sible, the wundersirable background
noises but still permit the recording
of a shout or a whisper without change
in gain control and without danger to
the recording element. What was
formerly a manual operation has thus
been made automatic.

Dictation equipment requires, per-
haps, more control features than any

RADIO SAFE LANDING
SYSTEM

Although one might, at first, mis-
take this for some form of mechan-
ized warfare unit, this motorcycle
is a portable marker beacon used
at Washington D. C. for the Air
Track radio safe landing system.
From the fog shrouded ground, the
unit sends up a vertical fan of radio
signals across the path of the in-
coming plane, which gives the pilot
a definite signal which may be used
in landing

We Wrote:

by

Based on an
actual incident
from our files

This typical, unbiased Lingo report was sent
by request to a Southern station contem-
plating a new antenna system. Further in-
vestigation by the station confirmed our re-
port that the proposed location was not
suitable, Acting on our advice, a new loca-
tion was selected and a Lingo
Vertical Tubular Steel Radiator was pur-
chased for greatest efficiency and economy.

Lingo technical experience—plus exclusive
Lingo features of design—plus the experi-
ence of satisfied engineers throughout the
country—are behind you when you choose a
LINGO “TUBE” RADIATOR for your own
important use. We're ready to serve you in
the shortest time. The “time factor” of a
recent job where we furnished complete
engineering data in 3 hours, bears this out!

Write for details today!

Hlustrated, technical folder sent on request.
For pertinent data also give location, power
and frequency of station. Write today.

JOHN E. LINGO & SON, fnc.

Dept. E-10

CAMDEN, N. J.




| other type of recording apparatus with ,
the possible exception of some very

| specialized applications. All of these A CONTINUOUS

control functions are available on the
Audograph but may be either manual 7

or electrical, as desired. Furthermore, WORLD S PAIR
being electrical these functions may be
controlled remotely from any point
however  distant. Such flexibility
makes possible a truly centralized
stenographic department.

The start and stop operations arve
accomplished by means of a simple
cam and lever arrangement which
raises or lowers the drive roller. Since
3 there is no momentum and very little
tion, R er SO inertia to overcome, it is possible, as
Notohgrmiist instrnléﬂf‘:'l‘l‘rsesog‘ such stated earlier, instantly to start and
ed fea stop the rotation of the record.

; advanc » price.
many ingly moderate 1 are L . .
surprisin o RCP features The back spacing mechanism is

A 280 Tube

and

“Sylvaloy”
Filament

a
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I“""f“"'v pfﬂ.sa“my au?d 'lonagy'_mg, and pawl. During this operation the
cur‘“u)x:ﬂnbilil_v of this ‘:m Send driving mechanism is released mo-
?:Ei:()b'l est oqulpﬂ‘"&é testers mentarily and the record is moved
for the full S'““:yrs on all three laterally without revolving.

oK’d by enginee performanceo The correction marker is located in

« rac . . Q
accuracy the same housing with the recording

counts:
and reproducing heads and in opera-

and price

RCP POCKET MULTL tion places a readily visible, colored
TESTER—MODEL 413 mark t(_m th’I?h.recml‘d z(llt thekpoint of
IT TOOK RCP to design & correction. 1s colored mark becomes
pocket siz\e instrument with all bedded i . VISIT OUR EXHlBIT IN THE
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| ONLY IN AN will give improved coverage of metro-
‘,. ltza:ﬁl\tgxzutéw; politan Pittsburgh. A feature of the ELEC
i jtip]ws “the * price new transmitter will be the automatjc TRICAL TESTING
. ) —- 2 S el (0 replacement of inoperative tubes by LABCORATORI'ES
nary ranges, the sensitivity and facilities f - i 3 g haracteristics
glllr;”;n lturge ﬂ'v(ul\wsnthls new DCG»bacuum u?ll;emv?)al?- pUSh]ngi 2;‘ button. The defective tube is ™ G of Vacuum Tubes
1 eter offers. Ranges up to 00 volts DC and removec ) Sen 5 a ests of photo cells, glow lamps, ter | b
1 billion ohms. Lowest voltage reading 0.1 vorllt. rom .the CllCl..llt ar}d & RIS Tests of electronic and opgi:alc?tavl[::esamps
Gets its unusual sensitivity from an input resist- tube placed in service lmmediately East End Avenue and 79th Street
ance of 200,000,000 ohms on all rances except 6 | ith little 1 : : New York, N. Y
voits. “Total of 12 ranges al ondirect ' rouding [ wi ittle loss of station time and Phone: Butterfield 8-2600
ster scales nerati y « . . g
e relln‘arkabledver;atinty mgﬁes‘l{]ﬂgw&trﬁ l small hazard to operators . . . Victor -
deal ftor producti 1 us : VIC i 3 q
A i) TR lneus.ui §exme | O..Allen i1s now Technical Director of
hand-rubbed sloping walnut case. Net v85 [ Wilbur B. Driver CO., Newark, N. J. "NTERNATI“NA[ EI-ECTRUN":S! lNc'
RCP MULTITESTER He was f]""m‘.’rly with RCA and Hy- Radio ..o oo AND DEVELOPMENT  evision
MODEL 409A grade . SyAv.ama . . . That television Sound ...Vl Electronics
ACCURATE  WITIIN reception is feasible aboard small Condensers +r o ero unss METHORS b e
5;177;)8 :gnps%;tl.ub:x%(l]g? ;\;achts and other craft was recently Vibrators ........... Lamps ...... ..., Speakers
sive system of AC meas- em 5 N : : 630 Fifth Avenue New York, N. Y.
R b iudl onstrated on a 85-foot sail boat in Cable: Interengin, New York
rzlll('yt at ulltfreuuengiesli Lone Island Sound by Dr. Thomas
a emperatures and a 3
ave oo 4o, 40 Goldsmith of Allen B. Dumont Labs HAROLD J. McCREARY
racuit (};l'};l',‘"s(-_m_‘llﬁ;: ce .General Electric has developed a Mem. A.l.LE.E. & W.S.E.
low rungo scale teading nine-inch cathode ray oscilloscope good Consulting Engineer
s I i e ||| 0 LEher than B Me G E. has also o €
power supply. "Can be used on both Derined developed a new line of pointer-stop Dortad b ftadio” o
G g 0 At wny feavency @19 @p Instruments for measuring currents or Fociory Prustise  sailioad ISIEaliy
> . atent Studi
fﬁlrﬁég% w;?t,, ,l,.,e cofmp,e,e story of voltages of short duration . . . Ken- 105 W. Adams St Phono srztzp‘tg)o? Chicago, Ili
a ; . > M . . h 4
free on reql:xes,t'.y L0 G B GEPTI: dall Clough, president and chief engi-
neer of The Clough-Brengle C i
v ; o1 lhe 0. is ]
now directing insteement moe Co. 18 | | PHOTOBELL CORPORATION |
company . . . High definition televi- Consultation—Designs—Models
1510n demonstration systems are now Phgg)t;:;t‘:ltlr\ig applications for lndulstw
. d 3 NG: cans, cartons, people
PRODUCTS CcoO. INC. Socat“d 1n If’lttsburgh, St. Paul, and CONTROLS: machinery, welghing, signs
88 PARK PLACE N ¥ e alt Lake Clty as well as in the New .ALARMS: burglar, smoke, etc. .
f . Y. C, York World’s Fair and the Golden 125 Liberty Street, New York City

62 October 1939 — ELECTRONICS



Gate Exposition . . . B. A. Proctor
Co., Inc., designers of sound recording
equipment, have removed their offices
from 17 West 60th St. to 230 Park
Ave., New York. The laboratories will
remain at the 60th St. address. The
Proctor Company has recently granted
the Gray Manufacturing Co., Hartford,
Conn. a license under issued and pend-
ing patents to manufacture and market
a dise recording machine of radically
new design known as the Audograph

RCA and Farnsworth have en-
tered into agreements whereby each
may use the inventions of the other in
the fields of television and in other
fields of their respective businesses
. Gano Dunn, president of J. G.
White Engineering Corp. and of Cooper
Union, has been chosen as the 1939
recipient of the Hoover Medal,
“awarded by engineers to a fellow en-
gineer for distinguished public serv-
ice” . . . Arthur Isbel has resigned
as Manager of the Commercial Depart-
ment of RCA Communications. He is
succeeded by George Shecklen who had
been in charge of RCA Communications
in China.

Literature

Parts. Sockets, plugs, connectors,
switches, insulators, transmission lines,
etc., are described in Catalog 57-J by
American Phenolic Corp., 1250 Van
Buren St., Chicago.

Steelstrap. Stopping profit leaks
beyond the production line by efficient
packaging. A booklet by the Acme
Steel Co., 2840 Archer Ave., Chicago.

Microphone. Model TR-56 Bullet sensi-
tive microphone described in booklet by
Transducer Corp., 42 West 48th St.,
New York. -

Receivers. Communication receivers,
pre-selectors, band expanders, i-f trans-
formers and other accessories are
described in Catalog No. 89 by Radio
Manufacturers Engineers, Inc., 111
Harrison St., Peoria, IlL

Parts. Condensers, dials, drives,
scales, knobs, coils, forms, couplings,
chokes, insulators, foundation units,
i-f transformers, Hetrofil, and other
accessories described in booklet by
James Millen Mfg. Co., Inc., 6 Pleasant
St., Malden, Mass.

Welding Equipment. Automatic Thyra-
tron-controlled arc-welding equipment
is described in Publication GEA-3042A.
Ignitron Contactors for spot and pro-
jection welding are described in Pub-
lication GEA-3058A. Formex magnet
wire is described in Publication GEA-
2973. All by General Electric Co.,
Schenectady, N. Y.

Test Equipment. More than 40 models
are described in the 1940 catalog of
Precision Apparatus Co., 647 Kent
Ave., Brooklyn, N. Y.
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.\ Better performance of any ma-
sohh V9 chine depends largely on the rela-
Cod ) tionship of‘ono control element to

‘.e\a\\o“' Ce\Ce another. From the simplest relay

,Q‘.ocz\ owev to intricate combinations — your

\~a“\" ) control problem can best be solved

using the experience, rescarch and

practise of a trained staff special-

izing in the design and produetion
of coordinated controls.

COMPLETE CONTROL ASSEMBLIES

designed and built by experienced hands — will cut
experimental costs to a minimum — speed deliveries!

Cut experimental costs to a minlmum by submitting your
control problems to Guardian Electric. Whatever you need—
from the simplest small relay to complete control assemblies—
can be compactly designed, completely fabrieated and tested
at Guardian—delivered ready for mounting in your machine.

Any Quantity AS You Want Them — WHEN You Want Them!

Let Guardian engineers work with you ., . . for you. Ask us to
malke specific recommendations. Write for Catalog “E” Today!

GUARDIAN (¢ ELECTRIC

Type-R

1625 W. Walnut Street Chicago, lllinois  stepning Relay

REMLER

Silver-Tap Attenuators

Self-cleaning silver blades on silver taps
(.030” solid silver) machined to precision
“foated” in ball bearings assuring unequalled
smoothness of operation. Clock Spring pig-
tail. The single sliding contact in the input
circuit results in contact noise being attenu-
ated within the unit in direct proportion to
the loss introduced in the circuit providing
constant noise to signal ratio. Impedance
practically constaut over the entire range
of the pad. Long life; trouble-free service.
Famous Remler quality.

Standard impedances of 50, 200, 250
and 500 ohms. Speciul values to order

REMLER COMPANY, Ltd., 19th at Bryant, San Francisco

TR 3
pRZINNe) 3 ) !
HIGH QUALITY SOUND INSTALLATIONS N
USE HIGH QUALITY LOUDSPEAKERS oy
Only University Loudspeakers have all the following '@.;f'}

specifications:

Absolutely non-resonant under all conditions
Highest acoustic output to overcome worst background noise
Lowest harmonic distortion at low and high acoustic levels
Maximum possible electro-acoustic conversion efficiency
Totaliy waterproof under all climatic conditions
Uniform frequency response over wide projection angle
Write for deseriptive and technical catalog E-39

UNIVERSITY LABORATORIES
New York City

195 Chrystie Street

12
%o Loup speAKERS

FOR EVERY TYFE OF

SOUND SYSTEM
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ALL COLORS IN SPECTRUM

FOR TELEVISION TUBES

Callite Products, pioneer in FLUORESCENT MATERIALS,
now has available for immediate delivery SILICATES and
TUNGSTATES, in all colors in the spectrum, for Cathode
Ray Television Tube applications. Callite engineers will
be glad to cooperate with you in finding the proper
fluorescent material for your tube design.

CALLITE LEAD-IN WIRES
OF TUNGSTEN—MOLYBDENUM—-KULGR!D

Tungsten in Callite Hard Glass Welds is pro-
cessed to give compact fibrous structure free
from longitudinal cracks and is centerless
ground to eliminate surface imperfections.

MOLYBDENUM

Molybdenum supports are rigid and maintain
proper alignment of tube parts. Only pure
metals of best quality are used.

Accept no inferior substitutes. For
more detailed information write to
engineering department. Your in-
quiries are invited.

CALLITE

EISLER ELECTRIC CORP. 544 39th ST.

Kulgrid ‘C’ Strand does not oxidize, does not
beeome brittle, and welds more readily to
tungsten and copper.

PRODUCTS

DIVISION

UNION CITY. N. J.

Note These Features of This New
Webster Electric Crystal Pick-up!

Moisture-proofed crystal element . .
range from 50 to 8500 cycles

.Frequency response
. Rubber cushioned arm
assembly . Needle pressure of only
2.5 ounces . . Convenient single hole
mountmg for motor boards from 1/16” to
12" thick . . . Write for technical details.
WEBSTER ELECTRIC COMPANY
RACINE, WISCONSIN,U.S. A. Est. 1909

Export Dept.: 100 Vanck Street, New York
City. Cable Address:" " ARLAB’” New York

Licensed under patents of the

Brush Development Company

“"Where Qualxty is a Reaponsxbxlxty and Fair Dealing an Obligation”

s

Sensitive! Powerful !

KURMAN RELAYS

® Specially Adapted for Aircraft Radio

Type 223 is particularly adapted for

speed keying of high voltage, high

frequency current.

Meets conditions encountered in
aircraft radio demand.

Kurman Relays are unaffected by posi-
tion or vibration

Provided with Mica-insulated balanced

armuture—contact arm assembly. Full

particulars in Bulletin 210.

Send for it . . . TODAY!
ELECTRIC
KURMAN

223

241 Lafayette St., New York City
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Trouble Shooter’s Manual. Volume X
of Rider’s Manual contains desecrip-
tions of 2600 models of radio receivers,
Also information on television, fac-
simile and electronic musical instru-
ments. John F. Rider, Publisher, 404
Fourth Ave., New York.

Parts. A large variety of parts inelud-
ing switches, volume controls, con-
densers, resistors, pilot lights and many
other parts are described in the 1940
catalog of P. R. Mallory & Co., Inc,
Indianapolis, Ind.

Solenoids, coils and transformers are
featured in a catalog by Dean W. Davis
& Co., Inc., 549 Fulton St., Chicago.

Parts. A wide variety of parts, i-f
transformers, condensers, hardware,
etc., are described in Catalog No. 40
by J. W. Miller Co., 5917 South Main
St., Los Angeles.

Resistors. Wire wound resistors of
close tolerance are described in a cata-
log by Instrument Resistors, Inc., 375
Main St., Little Falls, N. J.

Resistors. Resistors and rheostats are
described in Circular 507 by Ward
Leonard Electric Co.,, Mount Vernon,
N. Y.

Standards. A historical paper on the
development of standards in this

country is given on page 227 of Indus-
trial Standardization. American Stand-

ards Association, 29 West 39th St.,
New York.
Service Equipment. Latest instru-

ments are described in Catalog No. 12
by The Hickok Electrical Instrument

Co., 10514 Dupont Ave., Cleveland,
Ohio.
Loudspeakers. Both electro-dynamic

and Nokoil (permanent magnet) speak-
ers are described and list prices are
given in Catalog No. 839 by Wright
DeCoster, Inc., St. Paul, Minn.

- |New Products

Selenium Rectifier

A NEw LINE of industrial rectifiers,
known as the Type SR series of Fan-
steel-I. T. & T. Selenium Rectifiers, has
been announced by Fansteel Metal-
lurgical Corp., North Chicago, Ill.
These rectifiers employ selenium plates
which operate similarly to other dry
plate rectifiers, but a lesser number of
plates and plates of a smaller size are
required for a given voltage-current
output. Efficiency is affected very little
by temperature and therefore blowers
or special cooling equipment are un-
necessary. Age lowers the output only
slightly, about five per cent in 10,000
hours and has no effect in the reverse
current blocking direction. Selenium
rectifiers will withstand overloads as
high as 75 per cent for several hours
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—NEW/! TURNER 22X-—

CRYSTAL MICROPHONE

Powerful Sales and Profit Builder!

The attractive modern design, smooth re-
sponse and high level output of the 22X offer
unusual opportunities for sales and profits.
Large capacity crystal permits long lines,
ldeal for the Ham. Rugged enough for the
toughest P.A. job. Removable cable set;

full "tilting head. Satin-chrome 5
finish. Features equal to many $'| B- 0
$25 units ...l ' List

With 7 Ft.
Range 30-7000 cycles Cable set
Level—52 D.B.

The TURNER CO.

Get Full Information c,9l0 17th St. N.E

EDAR RAPIDS, IOWA
Ldcensed Under Patents of The Brush Development Co.

PLUGS —SOCKETS

TERMINAL PANELS, ETC.

9Nd

1INO0S—100-9-d
aaivaisni

a4v-9-S

HUNDREDS OF STANDARD ITEMS
- OR SPECIALS TO YOUR BLUE-
PRINTS.
WRITE FOR BULLETINS.

HOWARD B. JONES

2300 Wabansia Avenue
‘ CHICAGO ILL.
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without deterioration. The power
fagtor is practically unity, although
this will vary according to the design
of the associated transformer.

Photoelectric Control

A NEW PHOTOELECTRIC control, Model
150, is announced by United Cinephone
Co., 43-37 Rawson St., Long Island
It operates on 110 volt, 60

City, N. Y.

cycle power and contains a transformer

to provide six volts for the light source. |
The power relay is designed for a non- |

inductive load of three amperes. A
potentiometer adjustment permits com-
pensation for various degrees of light
intensity to the phototube. The net
price is $19.75.

Television Test Equipment

THREE NEW TELEVISION test instru-
ments have been announced by RCA
Manufacturing Co., Camden, N. J.
They are a piezo-electric calibrator,
Model 157, a five-inch wide-range oscil-
lograph, Model 158, and a television
alignment oscillator, Model 159. The
alignment oscillator is for the visual
alignment of the r-f and i-f circuits in
television receivers. The calibrator is
a small erystal oscillator having funda-
mental frequencies of 250 and 2000 ke.
Harmonics of these frequencies are
such as to provide exact calibrating
frequencies for use in all high fre-
quency work. Its accuracy is plus or
minus 0.05 per cent. The five-inch
oscillograph is useful for viewing syn-
chronizing and blanking pulses, hori-
zontal and vertical saw-tooth waves
and grid and plate voltages on the
horizontal and vertical oscillators.

Soldering Iron

A NEW SOLDERING iron (Catalog .No.
400) especially designed for very light
soldering is announced by Drake Elec-

tric Works, Inc., 3654-56 Lincoln Ave,,
Chicago. It measures eight inche:s
overall, weighs eight ounces and is
rated at 60 watts. It has a one-quarter
inch tip.

| REDeDOT

| Lifetime Guaranteed
Instrument

| MODEL 1252. . ONLY $48.34 Dealer Nt Price
|
l ODEL 1252 is now furnished with REDe
DOT lifetime guaranteed twin instru-
ment, tilting type. One instrument indicates
when bridge is in balance—the other is direct
reading in peak volts. This vacuum tube volt-
meter is self-calibrating with the additional
advantages of the tube on the end of the
cable. The initial operation of adjusting the
bridge at the zero level insures exact calibra-
tion, independent of tube emission values, or
when replacing tubes. Ranges are 3-15-75-300
volts. The ideal instrument for high frequency
measurements.
Furnished in metal case, black suede enamel
baked-on finish, etched panel silver and red

on black, complete with tubes and acces-
sories. . ..... .$48.34 Dealer Net Price

MODEL 1251

Self-Calibrating Yacuum Tube Voltmeter—the same
as Model 1252 but with tube mounted inside the
case..... Dealer Net Price $47.67

WRITE FOR CATALOG

Section 2310, Harmon Ave.
The Triplett Electrical Instrument Co.
Buffton, Ohio

RIDLEY

Precision
ELECTRICAL INSTRUMENTS
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D.C. studies
through

A.C. circuitls
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with the

Du MoNT

ELECTRONIC
SWITCH

® Because of the unique nature of the
electronic switch circuit employed in
the DuMont Type 185 Electronic Switch
and Square-Wave Generator, it is pos-
sible to utilize this instrument to study
direct-current signals with the conven-
tional alternating-current amplifiers in
standard cathode-ray oscillographs.

Used in conjunction with such instruments
as DuMont Types 168, 175 or 175-A
Cathode-Ray Oscillographs, this method
may be employed for local or remote
monitoring of modulated radio-frequency
radiations at the detector of an ordinary
radio receiver, and for the study of small
direct-current signa's such as bias poten-
tials in vacuum-tube amplifiers.

Latest issue of DuMont Oscillographer
contains detailed information on this ap-
Plication. A copy of this issue will be
sent on request, together with descriptive
literature on DuMont cathode-ray equip-
ment.

PASSAIC

Cable Address:

Wespexlin, New York
R R R A S D |
[Le—t2= - == .=
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Spectrophotometer
A NEW INSTRUMENT, the Regional
Spectrophotometer, for the measure-

ment of color absorption of liquids for
each narrow region of the spectrum
from the infra red to the ultra violet
region is announced by Coleman Elec-
tric Co., Inc., 310 Madison St., May-
wood, Ill. Extremely small impurities
in a liquid may be detected by the
variation in the characteristic absorp-
tion curve which can be plotted from
the readings obtained from the Spectro-
photometer. The concentration of
liquids as evidenced by color absorp-
tion may be quickly and accurately
determined. The range of the instru-
ment being far beyond the visible
spectrum, 350 to 1000 millimierons,
permits investigations of color absorp-
tion characteristics which heretofore
have been almost impossible.

Stop Nuts

It 1s ANNOUNCED by Elastic Stop Nut
Corp., 1015 Newark Ave., Elizabeth,
N. J. that in addition to its standard
line of self-locking nuts, these nuts
are now available on order in any
metal and in any combination of style,
size and thread system. Elastic stop
nuts incorporate a resilient non-
metallic collar which takes up all the
thread play, thus establishing a
constant thread contact which holds
the nut in position on the bolt regard-
less of vibration or wear of surround-
ing parts.

Aircraft Transmitter

A NEW AIRCRAFT transmitter has been
announced by Collins Radio Co., Cedar
Rapids, Iowa. It is the Type 17F-5
which contains the improved Autotune
system of rapid frequency selection. A

sir.lgle. set of condensers and variable
f:oxls 1s arranged for continuous tun-
ing over the desired range. The tuning

operation is accomplished automatically
within five seconds after the selector
switch is set to the frequency desired,
Another feature of this transmitter is
the use of high level modulation of the
output Class C r-f amplifier. Mody-
lating voltage is obtained by an
efficient Class B operated modulator
stage, transformer coupled to plate and
screen of the r-f final amplifier tube,
This system requires no critical ad-
justment of output loading or r-f
excitation values which might vary
under operating conditions to produce
distortion. The Type 813 tube used
as the final amplifier requires no neu-
tralization, thus assuring stable opera-
tion. This transmitter has been
granted an approved type -certificate
by the Civil Aeronautical Authority.

Capacitors

A NEW TYPE of oil-filled filter capacitor
for general transmitting use has been
announced by Solar Manufacturing
Corp., Bayonne, N. J. This unit, Sol-
arex Type O is available in all stand-

ard values and is built of paper sec-
tions which are oil-impregnated under
high vacuum. The insulated assembly
is rigidly held in a round metal can
which is oil-filled and hermetically
sealed. The terminals are on porcelain
stand-off insulators and the units may
be used in any position. Also announced
by this company is the Type DY dry
electrolytic capacitor. A new type of
mounting is used with base prongs

which fit chassis slots and are fastened_

by twisting.

Microphones

Two MICROPHONES have been an-
nounced by The Brush Development Co.,
3311 Perkins Ave., Cleveland, Ohio.
Model QO has a frequency range from
30 to 9,000 cps and an output level of
minus 54 db. It is not responsive bo
wind disturbances and therefore 18
suitable for many outdoor uses. Model
US was developed to meet the demand
for a sensitive microphone in the in-
expensive field. It has an output level

of minus 44 db and has good ﬁdelity.%

It is designed especially for 'mqbile
transmitters and for communications
work. Also announced by this company
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are Type BJ headphones. A soft rub-
ber jacket encasing the cartridge as-
sures ruggedness, comfort, good ear
seal and safety from shock. A hermeti-
cally sealed aluminum cartridge con-
struction protects the phones against
adverse climatic conditions.

Condenser

THE NEW Type 755-A Variable Air
Condenser announced by General
Radio Co., 30 State St., Cambridge,
Mass., is designed for use in high- and
ultra-high-frequency circuits. A pre-
cision worm drive with 30 to 1 reduc-

tion drives the rotor plates. Backlash
is practically eliminated through the
use of a spiral spring on the main
shaft. Both the rotor and stator plates
are of soldered brass, heavily copper
plated. The plates are shaped to
spread out the frequency scale. Both
rotor and stator are insulated from the
frame. The range of direct capacitance
is 5 uuf to 142 uuf. Rotor-to-ground
capacitance is 7 wuuf and stator-to-
ground capacitance is 6 wuuf. The
equivilant series inductance is approxi-
mately 0.0055 #h at minimum capac-
itance setting. This condenser can be
used in conjunction with a coil switch-
ing system at frequencies as high as
350 Me.

Transmitting Tube

A NEW FILAMENT type beam power
transmitting tube, the HY69 to replace
the HY61 (identical with the 807),
has been announced by Hytronic
Laboratories, 76 Lafayette St., Salem,
Mass. It is designed for communica-
tion work where the operating period
is but a fraction of the total time and
therefore the thoriated tungsten fila-
ment heats to operating temperature
almost instantaneously. The Type
HY69 has a plate dissipation of 40
watts as compared with 25 watts of
the Type HY61. This tube fits ngl
into police radio, air-craft radio,
marine radio, forestry service and
other applications where radio is used
in short-distance -communications.
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Astatic Meets Increasing Demand
with New, Crystal Recording Head

Model X-26 is designed for use in recording an acetate coated blank, but
may cxlso_ l?e used on wax master plates. Due to the constant amplitude
characteristic, higher volume levels can be recorded without groove cross-
over. By changing values in the matching circuit, the frequency response
may _be modified to suit any condition. Astatic 33-C Recording Head
Equalizer will answer all average recording requirements. Astatic T-26
Transiormer provides a convenient available means for matching the
X-26 Recording Head and input network to low impedance lines.

X-26—Recording Head.......... List Price $30.00
T-26—Matching Transformer .. ... ... .. List Price $7.00
33-C—Recording Equalizer ............  List Price $2.50

ASTATIC MICROPHONE LABORATORY, Inc.

YOUNGSTOWN, OHIO

Astatic Crystal Products Licensed Under Brush Development Co. Patents

URACY * 2%

50 WATI

OUTPUT POWER METER
TYPE OP-961*

reading O{
VEL from O.

=7 e
N ; Provides dire
Y )//435' X LGWER or Db. LE
= b" :‘ g mw. to 50 watts.

i ¢ Load impedance range 25 to
20,000 ohms; 40 steps.
”“wg‘ﬁéﬁs ¥ Frequency range 30 to 10,000

[1.}
AR
cycles.

% Accuracy + 2% ot midscale
meter reading.

$110

Write for further details
«pATENTED

OMPANY

NEWARK, NEW JERSEY

67



Oscillator

A RESISTANCE TUNED audio frequency
oscillator has recently been announced
by Hewlett-Packard Co., 367 Addison
Ave., Palo Alto, Calif. A continuously

I e N

We manufacture a complete line of equipment

SPOT WELDERS, electric, from % to 500 KVA Please reply
TRANSFORMERS, special and standard types Attention
INCANDESCENT LAMP manufacturing equipment Ohas. Eisler,

RADIO TUBES, ex-ray, cathode ray, photo cells President
ELECTRONIC EQUIPMENT, vacuum pumps, etc,
TUNGSTEN SLUGS, rod and wire manufacturing equipment
GENERAL GLASS working machines and burners
01 EGE G1.ASS working units for students and lahoratory

variable frequency range is provided

751 So. 13th St. (near Avon Ave.)

EISLER ENGINEERING COMPANY, CHAS. EISLER, Pres.

Newark. New Jersey

CHANGE AC TO DC
WITHOUT MOVING
PARTS, GLASS BULBS,
LIQUIDS, OR SPARK-.
ING CONTACTS.

DRY—DURABLE

COMPACT—ECONOMICAL
SPECIAL RECTIFIERS
AND
COMPLETE ASSEMBLIES

)

B-L RECTIFIERS

NEW XT

DYNAMOTORS

5200 Series...Output 200 Watts
6100 Series...Output 500 Watts

THE BENWOOD LINZE CO.

ST.LOUIS, MO.
ELECTRICAL RECTIFIERS
(ANUFACTURERS

ENGINEERS

Write for Information Today

» FEreomlNne, *

517 S. Laflin St., Chicago, U. S. A,

VACUUM TUBES AND
ELECTRONIC DEVICES

Industrial control and ecircuit problems.
Design, Development and Construction of
tubes and circuits.
VACUTRON, INC.

20 West 22 St. New York, N. Y.

“What Can It
Do For Me?”

FINE RIBBONS
of Tungsten, Molybdenum and
Special Alloys
To your specifications

H. CROSS

15 BEEKMAN ST. NEW YORK

Advertising that is read with this
thought in mind, may provide the
solution to a problem that has kept
you awake nights for weeks.

Remember, back of the signature of
every Electronics advertiser is an-
other organization, whose members

ELECTRON TUBE PARTS

QUALITY All Types EST. 18 YEARS
Seal Finish Tungsten Woelds
Tungar Welds Coil Springs
Filament Hooks Bases
Spot Welders Caps
Stem Wire Cutting & Forming Machines

“‘The EngineeringCo." ofNewark,N.J., Inc.

Daniel Kondakjian, Pres.
59 Branford Street Newark. N. J.

MICROMETER 7 el

FREQUENCY trom ltgatnsrgsitters.
(o] .

METER within 0.01 Ser s

LAMPKIN LABORATORIES

-- Bradenton, Fla., U. S. A.—

ACTONE Shadowgraphed Needles

give true reproduction because they

‘ torm-fit record grooves. Protect ex-
pensive recordings. Use Actone
shadowgraphed perfect point neadles
for all reproductions.

Write for Bamples

have thought long and hard about
your business in the course of in-
troducing and applying their prod-
ucts or services to your industry.
If their offerings can improve the
quality of your company’s product
. .. Of SaVe your company’s money
. . . they can contribute to your com-
pany’s income.

We all know, “It pays to advertise.”
It pays just as big to investigate
what is advertised!

Each month, Electronics advertisers,
old and new, invite you and over
13,600 other subscribers to investi-
gate further the advantages they
can provide,

Departmental Staff
ELECTRONICS

H. W. ACTON CO., Inc., 370 7th Ave., New York

638

by means of a resistance capacity net-
work. The thermal drift is negligible.
A balancing circuit is used so that the
distortion over the frequency range
from 20 to 35,000 eps is less than one
per cent. Four standard models are
available with one watt output in
either cabinet or relay rack mounting.
This company will supply oscillators
for special purposes using the resist-
ance tuned principle.

Indicating Device

A REMOTE CONTROL motor or indicating
device operating similarly to the Sel-
syn motor has been announced by Els-
bert Manufacturing Co., 353 West
Grand Ave., Chicago. It is controlled

as to direction and amount of motion

by an external switch. For each
change of a switch contact, the motor
unit makes 1/24 of a revolution in a
direction according to the direction of
motion of the switch. The motor has
six field poles with opposite poles con-
nected in series. The rotor consists of
eight laminated poles with no wind-
ings. The three sets of field poles are
connected to the first three contacts
on the switch controlling the motion.
Further motion is obtained by connect-
ing the field poles, in order, to the re-
maining switch contacts. The unit is
approximately 2% inches in diameter
and it consumes 73 watts. The prefer-
able voltage is 12 to 24 volts ac.
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Meter

A UNIVERSAL METER in which the oper-
ator is protected against accidental
contact with high voltages is an-

nounced by The Clough-Brengle Co.,
5501 Broadway, Chicago. It is the No.

220 Unimeter in which special high
voltage terminals are provided. Seven
ranges are provided for both ac and
dc voltages. The direct current scales
range from 50 microvolts to 20 am-
peres. There are also resistance and
decibel scales. Also announced by this

‘company is the No. 230 A-C Bridge

for the measurement of condensers.
The range is from 2 wuuf to 200 uuf.

D-¢ voltages can be applied to con-
densers during measurements to insure
correct readings of capacity and power
factor under conditions of actual use.

Power Outlet

A COMPACT POWER outlet which can be
riveted to the chassis of a radio set
with the same size rivets as the sockets
and other parts is announced by Alden
Products Co., 715 Center St., Brock-
ton, Mass. The design was prompted
by the fact that conventional outlets
are too large for chassis mounting and
do not fit into production line methods
of assembly. The new outlet is rated
at 15 amperes, 125 volts and 10 am-
peres, 250 volts. It is supplied with
either contact terminals or lead wires.

Signal Generator

A SIGNAL GENERATOR, Series KE-200,
which features the a-v-c substitution
method for simplified, accurate radio
receiver alignment is announced by
Precision Apparatus Co., 647 Kent
Ave., Brooklyn, N. Y. It has six bands
from 110 ke to 72 Me and is direct
reading on all bands. The maximum
deviation is one per cent on all bands
under widely varying climatic con-
ditions. An independently controlled
400-cps oscillator is included and the
r-f signal may be modulated from zero
to 100 per cent.

Make more money on

your radio servicing jobs— .

This is qné,‘;'“s;rvice manual it will pay
you to use, +will step up your profits
on servicing johs: from the day you put
the book to work for you. Every line
in it has come out of actual, shirt-sleeve
practice. This is no theory book.

This manual gives you blunt, step-by-step
directions for finding troubles and for fixing
them. Some of the methods are homely trade
kinks that have never before been known except
to a few expert service men. The book will
save you hours of time and will give you
satisfied customers.

It points out the weak points of radio re-
ceivers of specific makes and models, and con-
sequently enables you to go right to that point
to spot the trouble. It saves you going through
elaborate tests of the entire circuit.

Every trouble solution in the book has been
checked and re.checked again and again. Every
page of directions may be depended upon.

Try the book out on your next servicing call.
e are anxious to send you a copy on ap-
proval for 10 days’ examination just for that
purpose. Fill in and send the coupon today.
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Just Out!

RADIO SERVICE
TRADE KINKS

! By LEwis S. SimonN, Manager, Rexall Radio Stores,
Brooklyn, N. Y.

269 pages, 9 x11, spiral-bound to
open flat, $3.00

® A quick-reference manual gf radio
set troubles and their repair

® Saves time in testing and trouble-
shooting—shows weaknesses and key
trouble spots of specific sets

® Gives practical methods of repair
and adjustment taken from success-
ful radio servicing experience

® Covers hundreds of makes and
models of radio receivers, household

and auto

McGRAW-HILL ON-APPROVAL
COUPON

Book Co., 330 W. 42nd St., N. Y. C.
J Simon’s Radio Service Trade Kinks for

%ngu;};? examination on approval. In 10 days 1

will send $3.00 plus few cents postage, Or return

book postpaid. (Postage paid on orders accom-

panied by remittance.)

L 1)

McGraw-Hill

Name .
Address ...
City and State
Position

Company
(Books sent on approva

L-10-39

[LITELLLLY

Make TR & S Rivets
Standard for
Complete Satisfaction

In specifying rivets for your job,

it is important to get the best.
That's why you should insist upon
TR &S rivets. TR &S quality
means every rivet is of uniform
preciseness, accurately gauged to
drive smoothly and with non-

brittle efficiency.

Insure complete satisfaction by
making T R & S rivets the stand-
ard specification. We have solved
the riveting problems of Amer-

ica's leading industrial concerns.

Many

motorized U Inquiries
models invite
available with
in single samples of
stroke and work you
multiple wish to do
drive

TUBULAR
RIVET & STUD CO.

World's Foremost Producers of Rivets
Wollaston Massachusetis
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66 BROAD STREET

Frequency Measuring Service

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

WOmDi iwmi £

NIRELP

NEW YORK, N. Y.

ILR.E. Convention

(Continued from page 17)

oscilloscopes. Marking on the align-
ment circuits is performed by ab-
sorption circuits for frequencies
other than carrier frequencies. The
carrier frequencies are marked by
an oscillation generated at an off-
carrier point by heterodyning a
crystal oscillator with the sweep
oscillator, the beat note being cut
into the circuit at the time the
sweep passes the carrier position.

38 YEARS

| E"MAA/ﬂvr MAGNETS

ALL SHAPES — ALL SIZES
FOR ALL PURPOSES

Stamped, Formed, and Cast; Chrome, Tung-
sten, Cobalt and ALNICO** (cast or sin-
tered) under G. E. license.

THOMAS & SKINNER

STEEL PRODUCTS COMPANY

1116 E. 23rd STREET

Laminations for Radio Transformers — Tools
Dies — Heat Treating — Stampings

INDIANAPOLIS, INDIANA

EXPERIENCE

Aireraft Navigation Equipment

Two papers suggested methods
whereby radio guidance can be made
a more effective aid to air naviga-
tion. The paper by C. W. Carnahan
was particularly concerned with the
use of cathode-ray tube indicators
for showing the position of a plane
relative to a beacon station. The
author suggested the use of a fre-
quency moduldted wave for produc-
ing a signal having a definite
characteristic at all points of the

| compass, so that the true direction

EMPLOYMENT : BUSINESS ;
UNDISPLAYED RATE:

10 cents & word, minimum charge $2.00.

Position Wanted :
employment only), %
payable in advance.

the above

Proposals, 40 cents a line an insertion.

Copy for new advertisements must be received by October 31st for

(full or part-time salaried
rates,

SEARCHLIGHT SECTION

OPPORTUNITIES :

INFORMATION :

Boz Numberg in care of our New York,
Chicago, or San Francisco offices count
10 words additional in undisplayed ads.
Replies forwarded without extra charge.

Discount of 10% If full payment {s made
in advance for four consecutive insertions
of undisplayed ads (mot including pro-
posals) .

.% <

EQUIPMENT — USED or RESALE

DISPLAYED—RATE PER INCH:
The advertising rate is $6.00 per inch for all

advertising appearing on other than a con-
tract basis. Contract rates quoted on request.

An advertising inch 18 measured 7%“ vertl-
cally on one column, 3 columns—30 inches
—to a page,

the November issue

POSITIONS VACANT

POSITIONS WANTED

EL.LECTRICAL ENGINEER WANTED by

Transformer Manufacturer, must be capable
designing radio type transformers, estimate
costs, supervise production etc. Robert M.
Hadley Co., P.O. Box 456, Newark, Delaware.

POSITIONS WANTED

LICENSED RADIO TELEPHONE OPER-

ATOR, first clags, technical graduate, six
years experience control room work, nemo,
recording, network feeds. Now employed. De-
sires opening offering opportunity for advance-
ment. PW-219, Electronics, 330 W. 42nd St.,
New York, N. Y.

FACTORY MANAGER. PRODUCTION MAN-

AGER. Successful large scale electrical
mechanical, novelties, sheet metal products
experience. Planning, methods, time study,

piece work, Cost reduction, labor-material.
Inventory control, cost estimates, skilled labor
relations. Design, development new products.
Steam, electric, vacuum, hydraulic equipment.
Bakelite molding. Machine shop, maintenance,
engineering, purchasing. Complete manage-
ment. Moderate salary. Location unimportant.
PW-220, Electronics, 330 W. 42nd St., New
York, N. Y.
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RADIO ENGINEER: age 30, graduate in Elec-

trical and Radio Engineering. 1st class tele-
phonq and telegraph licenses. Eight years
experience in broadcast and commercial oper~
ations. Desires position with broadcast station.

%l‘)‘l{l-(%rlq. glectronics. 330 W. 42nd St,, New Good running condition | " e 2
= EISLER ENGINEERING CO., Chas. Elsler, Pres.
FOR SALE 75) So. 13 St, (near Avon Ave.) .. Newark, N. J.

3-STAGE HIGH [
VACUUM PUMP
G.E. Type York Model -
Original Cost $350.00
Now selling for $45.00

STANDS for all types of microphones; Stand-

ard or special floor and desk models. Expert
repairs Velocity and Carbon microphones. Ellis
%ﬁnboratory. 189-R W. Madison St., Chicago,

PATENT ATTORNEY

PATENTS—Personal attention ensures satis.

factory results -— Application, searches,
negotiations—Thad R. Goldsborough, Patent
Attorney, 2714

Quarry Road, North —
Washington, D. C. rthwest

HIGH GRADE USED

ELECTRON TUBE MACHINERY

Huge BStock of Every Type and Variety

KAHLE ENGINEERING CORPORATION
Specialists in Equipment for the Manufacture of
Neon Tubes, Radio Tubes, Incandescent Lamps,
Photo Cells, X-ray Tubes, etc.

900 DeMott St., North Bergen, N. J.

DEPENDARBLE
Used
ELECTRONIC TUBE EQUIPMENT

A complete line of used equipment for th -
facture of Radlo Tubes, Neon Tubes, Inca?nine:c:gt
Lamps, etc.
Write for Bulletin showing savings from 25 to 75%
EISLER ELECTRIC CORP.
534 39th Street, Union CIW,ON. ).

Mention of
Searchlight Section of

ELECTRONICS

will be appreciated by the
advertisers and the publishers
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need
relays

Jack, target, potential, oil dash pot,
thermal time delay and indicator
types. In fact, all types for all pur-
poses are made by Autocall, special-
ists for over 30 years in signalling
and control devices and equipment.

INDICATOR TYPE

Eleven position rotary indicator. High
speed. Indicator can be numbered, let-
tered or consist of colored bars, etc., as
required.

Write today
for NEW CATALOG

>

“Thel\mliocallG.

o ANNUNCIATORS

» LIQUID FLOW DEVICES

o CODING TRANSMITTERS
« SIGNALLING SYSTEMS -

o RELAYS

o INDICATING DEVICES

o BELLS, HORNS, CHIMES
and MISC. EQUIPMENT

o TERMINAL DISCONNECT BLOCKS

ALL TYPES

Model CR-6-A

BEAT FREQUENCY
STANDARD SIGNAL GENERATOR

The model CR-6-A beat frequency st.cxnd-
ard signal generator supplies « reliable
signal of known potential and tfrequency
over the wide ranges of from 10 micro
volts to 100 volts any where in the range
from 10 cycles per second to S0 kilocycles
per second.

Over eight years of experience and
two years of design and research com-
tributed to making this instrument avail-
able at such a reasonable price.

The JONES-ORME Engineers are expe-
rienced in the design of special audio
frequency equipment. Write us about
your special problems, we will be glad
to quote on special equipment.

Write for circular or model CR-6-R beat
frequency standard signal generator and
other Jones instruments.

JONES-ORME Company
2233 University Avenue
St. Paul, Minnesota

of the plane from the beacon could
always be known continuously. The
paper immediately following, by
E. N. Dingley Jr., of the Navy De-
partment, was by an unusual coin-
cidence on precisely the same topic,

and in fact went into considerable
detail on a frequency-modulated
system for an omni-directional

beacon devised by the author. The
basic arrangement is shown in the
figure. A single frequency-modulated
transmitter feeds three radiators,
one directly, the other two through
delay transmission lines. The delay
introduced by the transmission lines
is sufficiently long, relative to the
variation in frequency, so that the
signals radiated from the antennas
|are always different in frequency.
Furthermore, the relative distance
(of the plane from any two of the
radiators introduces a further dif-
ferential delay, which further alters
the frequency difference between the
two received waves, and which does
so according to the azimuthal posi-
tion of the plane.

lGenemtion of Ultra-High Frequencies

f Two papers on the ever-important
itopic of generating and controlling
| power at ultra-high frequencies.
' A. V. Haeff and L. S. Nergaard of
RCA Radiotron described the present

version of the 1nductive-output
beam-type power amplifier (de-
| scribed in Electronics, February,

1939, page 30).

About 10 watts have been gen-
erated at 500 Mc at power gain of 10
into a circuit loaded for flat response
over a band of 10 Mec.

A more conventional approach to
high power on the ultra-highs was
revealed in three papers on “De-
velopment of a 20-kilowatt ultra-
high-frequency tetrode for Televi-
sion Service” by Messrs. Haeff,
Wagner, Zottu, Ayer, and Gihring
of RCA Radiotron. The tetrode con-
struction was chosen because the
small grid-plate capacitance of the
design obviated the necessity of
neutralizing (difficult from a me-
chanical point of view on the u-h-f
service) and decreased the number
of possible parasitic oscillations.
A power output of 56 kilowatts in
two tubes, at an efficiency of greater
than 50 per cent has been produced
experimentally on frequencies in the
neighborhood of 100 Mec.
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BAND SWITCH

i

+ Will Handle 1 kw Power
 Versatile Application
» Nickel Silver Contacts
+ Alsimag Insulation
» Low Loss—Reliable
* Rating at 1 mc:

15 Amps. 4000 Volts

WRITE FOR DATA

KAUFMAN

CALIFORNIA U-$ A~

HEINTZ

SOUTH $AN FRANCISCO

Sound engineers come direct to Lafayette for their
P.A. requirements because Lafayette has everything
in P.A. It saves valuable time . . . saves money, too!
The Lafayette *‘packaged” line for 1940 is complete
—boasts a sound system for every purpose, each
engineered for greater performance and depend-
ability. Lafayette stocks are also complete. There’s
no waiting, no running around for necessary com-
ponent parts. Buying direct, of course, means lower
prices for quality sound equipment. So, do as prom-
inent sound engineers do—come to headquarters
for your P.A.—and take advantage of Lafayette
service and economy. Mail the coupon for FREE
Lafayette catalog with the big P.A. section.

NEWYORK,N.Y. CHICAGO, ILL. ATLANTA, GA,
100 SIXTH AVENUE ® %01 W. JACKSON BLYD. ® 245 PEACHTREE ST.
BOSTON, MASS. « BRONX, N.Y. o NEWARK, N. J. < JAMAICA, L. 1.

LAFAYETTE fuuc jooeess

EQUIPMENT
Hadio Wire Television Inc.

IDepf. 14KP9—100 Sixth Ave., New York, N. Y. l
BRush FREE 1940 Radio Catalog No. 78 =
Pname — [ |
| ]
N AboREss e

]

PASTE COUPON ON PENNY POSTCARD
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_I)UAL- Point
MICRODYNE

) HE new AUDAX Jewel-point

} MICRODYNE not only in-
sures flat response to well over

I 8,000 cycles but saves the
untold delay, expense and annoy-
ance of sending your pick-up back
to the factory should an accident

| damage the jewel itself.

1

|

Thanks to an ingenius feature—
essentially and exclusively AUDAX
| —even while waiting for a new
JEWEL, you can keep the MICRO-
DYNE going by using conven-
tional steel needles—and still be
sure of congistent hi-fidelity per-
formance.

This important advantage has
scored heavily among technicians |
who formerly were afraid to em-
ploy a jewel-point . . . once more
strengthening the AUDAX repu-
tation:

| "The Standard
By Which Others Are '
Judged and Valued"

ence in helping sound reproduec-
tion to higher planes of perfor-
manee! What wonder that today |
our Magneto-Inductive principle |
is standard with leading engi- |
neers in the world’s foremost |
Broadcasting Stations, Labora-
, tories ., . . in fact, wherever the

highest quality performance is |
paramount.

MICRODYNE — regardless of cli-
matic conditions — delivers con-
sistently uniform response with
the sharp, clean-cut definition of |
the finest Magneto-Inductive
Pick-up . . . yet for all its superla- |
tive quality, COSTS NO MORE
THAN THE ORDINARY |
PICK.-UP.

LIST PRICES START AT

$2.50 |

WRITE FOR OUR LATEST LITERATURE |

AUDAK COMPANY

300 Fifth Ave., New York City

“Creators of High Grade Electrical and
Acoustical Apparatus since 1915”

Twenty-odd years of rich experi- )
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SENSITIVITY

D.C. RELAYS

operating at one to fifty
milliwatts to control A.C.
loads of 50 to 1000 watts

A.F. RELAYS

actuated by telephonically
applied sound to initiate
control functions through
other relays

ACOUSTIC
SWITCHES

with sensitivity adjustable
for desired response to
sounds of high or low
intensity.

Write for Data Sheet Num-
ber Seven listing new Sigma
products including the type
3-U one milliwatt relay.

Sigma Instruments, Inc.

388 Trapelo Road
Belmont Massachusetts

put your foot down
AND YOUR FEET UP

Resolve right now that you're
through chasing around in search
of the equipment you need. You're
going to relax, put your feet up,
order everything from the Lafa-
yette radio catalog—and save
your energy, and money. It's not
only the smart way to buy today
in radio — you can’t beat our 24
hour delivery service; it's the thrif-
tiest way to buy. For you can’t beat
our prices. Send for copy of Radio’s
buy-word book for 1940. It's FREE.

Hadio Wire Television Inc.
formerly WHOLESALE RADIC SERVICE CO., INC.

 NEW YORE  CHICAGO - ATLANT
100 Sixth Avenue 801 W.Jackson Blvd. 265 Peach )

| BOSTON  NEWAER JAMAICA.Ll  BEONX
110 Fodoral St 20 Contral Ave.  90-08 186th SL -
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