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500 KW ... The passing of WLW 
is the only 500 kw station probably 
narks a milestone in broadcast history 
n this country. It is" doubtful if this 
Bower will- find its way on the air 
igain, soon. Already broadcasters 
seem to be looking with more interest 
it the ultra short waves. This means 
local coverage; it means that the rural 
Listener, who from the social standpoint 
needs radio most, will probably not get 
:he service he has received from WLW's 
powerful signal. A few years ago in 
the heart of the old South we asked 
a native what station he listened to 
most. His answer was quick, "Cros - 
ley". From WLW he got signals that 
overrode the local noise. He will get 
mighty little from a hundred watt apex 
station a hundred miles away. 

Incidentally there seems to be a lot 
of wasted talk and worry about the 
number of people who are to sit on the 
FCC. It is not the number of commis- 
sion members that count; it is the cali- 
ber of the members. Politically ap- 
pointed experts seem to have much less 
on the ball, as a general rule, than 
commissioners appointed for merit. 

PAGE MUSSOLINI ... On a sur- 
vey of Photo Technique subscribers, 
one questionnaire came back in which 
the recipient stated that his occupation 
was "reproduction". 

SERIOUSLY . . . Has it ever occur- 
red to those industrialists who demand 
a continually expanding economy, to 
look into the question of the population 
trends? Do they know that the popula- 
tion of all western nations is tending 
to become stable, that its rate of in- 
crease is flattening; that a fixed, or de- 
creasing population is not far off, that 
the number of new automobiles, radios, 
etc., that can be sold annually because 
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Crosstalk 
of the new people coming of merchan- 
dising age, must slacken? 

The excess of births over deaths as 
short a time ago as 1915 was 11 per 
1000 inhabitants. In 1936, according 
to The American Outlook, it was 5.2 
births per 1000. In 1900 only 24 per 
cent of our population was over 40: 
In 1930 this number had increased to 
30 per cent. From 1900 to 1930 the 
number of people over 50 doubled; while 
in the same period the number of chil- 
dren under 5 increased only from 9 to 
11:4 million. In 10 years, between 1920 
and 1930, the number of children under 
1 and under 5 both decreased. Project 
these figures ahead 15 to 20 years and 
see how many new homes will be ready 
for installment buyers. 

NOTES . Keuffel and Esser have 
built several radio engineers' slide rules, 
No. 4183, designed by J. F. Morrison 
of the Bell Laboratories. A. W. Clem- 
ent in December writing about relay 
contacts stated that dissimilar metals 
cannot be used for contact points. En- 
gineers in plants where a vast number 
of high speed relays are in operation 
state that their experience indicates 
that dissimilar metals work best. They 
don't tell us what metals, however. The 
statement that tungsten is not suitable 
for relay contacts, also made by Mr. 
Clement seems to have stirred up con- 
siderable comment. Perhaps some of 
these critics will come forward with 
concrete evidence to confound Mr. 
Clement. From the editors standpoint 
the most important thing was the un- 
usual interest shown in this article on 
contacts. 

A symposium on temperature and its 
measurement in science and industry 
will be held next fall under the auspices 
of the American Institute of Physics. 

Those interested should contact C. O. 
Fairchild, Director of Research, C. J. 
Tagliabue Mfg. Co. 

DEAD BEAT DETECTOR . . . A 
Middle Western hotel has installed a 
photocell across the back stairs. Any- 
one going down the stairs rings a bell 
in the clerk's desk, who pushes a button 
and thereby locks the outer door. Amus- 
ing, but it works. 

The purveyor of electronic devices 
who told us about this neat trick states 
that salesmen are not so much needed 
in this business as teachers. Therefore 
his best salesmen are engineer gradu- 
ates with a bent toward instruction. 
Their job is to tell industrialists what 
can and what cannot be done with elec- 
tronic devices; for example a large de- 
partment store had to be told they 
could not buy a gadget which would 
catch shop lifters. 

AMATEUR AID ... Many broadcast 
listeners suffer interference from trans- 
mitting amateurs. In some cases this 
is the amateur's fault. More often it 
is the fault of the listener's own re- 
ceiver. And in most it is the fault of 
neither but due to unavoidable proxim- 
ity of transmitter to receiver. 

If manufacturers of wavetraps effec- 
tive at amateur frequencies placed in 
the hands of licensed and listed ama- 
teurs a few circulars describing such 
devices in simple consumer terms we 
suspect that they would get wide con- 
sumer circulation. This would be. par- 
ticularly true if the circulars were 
worded in such a way that they aided 
harrassed hams to convince incensed 
listeners that interference elimination 
must often occur at the receiver. 

There are now over 51,004 licensed 
amateurs in this country. 
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Telesurgery 

Above one of the operating tables at the 
United Zion Israel Hosp=tal in Brooklyn, N. Y.. 

is mounted an iconoscope camera. Coaxial 
cable connects the camera to six 12 -inch 
cathode-ray tubes mounted in bcxes (shown in 

picture at left) in the lecture auditorium 
several floors away. Doctors, internes and 
nurses observe operations reproduced life- 
size on the fluorescent screens. Image above 
shows surgeon's hands performing an 
appendectomy. The installation was made 
by the American Television Corporation 
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Cathode -Ray Amplifier Tubes 

A review of the new beam -group principle and its several applications in tube structures 

A> which minimize transit -time limitations and thereby allow the generation of hundreds of 

t, watts at wavelengths as short as ten centimeters, with high efficiency and stability 
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SINCE 
the basic theory of tube 

performance at very high fre- 
quencies was first worked out, some 
ten years ago, it has appeared that 
the final limitation is the time it 
takes an electron to travel from one 
part of a tube to another. This so- 
called "transit -time" limitations can 
be reduced by employing small spac- 
ings between elements, and to a 
lesser extent by applying high ac- 
clerating voltages to the tube elec- 
trodes, but these approaches (illus- 
trated by the acorn and door -knob 
tubes) are soon blocked by difficul- 
ties of construction and insulation. 
It has appeared that our present 
need for reliable and efficient 
sources of high power at extremely 
high frequencies would be unan- 
swered until some new principle 
was unearthed. 

The first evidence that the new 
principle had been" found was the 
announcement by the authorities of 
Stanford University of a new tube 
with an intriguing name, the Rhum- 
batron. This tube, and its offspring 
the Klystron, were claimed capable 
of producing 300 watts, at a fre- 
quency of 1000 .Mc (30 cm) with an 
efficiency between 30 and 40 per 
cent. This was news indeed. Im- 
mediate plans to make practical and 
commercial use of the Klystron 
were concluded between the Stanford 
authorities, the Civil Aeronautics 
Authority and the Sperry Gy- 
roscope Company. The first appli- 
cation is as a source of ultra -high 
frequency power for blind -landing 
of aircraft. Tests have already 
been conducted at M.I.T. show that 
the device has definite practical 
possibilities in the Metcalf-M.I.T. 
system of blind landing. 

No sooner had the Rhumbatron- 
Klystron announcement been made 
than two other announcements 
appeared from widely different 
sources. The first, by a matter of 
days, was the article "A New U -H- 

F Amplifier of Unique Design" by 
A. V. Haeff of the RCA Radiotron 
Division, which appeared in the 
February, 1939 issue of Electronics. 
Close on its heels came "Velocity - 
Modulated Tubes" by Hahn and 
Metcalf of the G. E. Research La- 
boratories, which appeared in the 
February 1939 issue of the Proceed- 
ings of the I.R.E. In the March 
issue of The Journal of Applied 
Physics is still another "On Reso- 
nators Suitable for Klystron Oscil- 
lators" by Hansen and. Richtmyer 
of Stanford University. 

The simultaneous development of 
these new tubes appears to be a 
truly remarkable coincidence. While 
the three devices are not strictly 
the same, they all have in common 
one central feature, namely the use 
of a beam of electrons which is mod- 
ulated at the frequency of the ap- 
plied (or fed -back) signal. For 
those who are interested in the 
genesis of new inventions, this co- 

incidence would make an interest- 
ing subject of study. 

Our interest here is the basic 
principle which is common to the 
new devices. The earliest pub- 
lished reference to this principle 
which the editors have been able to 

find is contained in a German pub- 
lication "On Phase -Focussing of 

Electrons in Rapidly -Fluctuating 
Electric Fields" by E. Brüche and 
A. Recknagel, which appeared in 
the March 1938 issue of the Zeit- 
schrift für Physik. Brüche and 
Recknagel point out that when a 
beam of moving electrons is acted 
upon by rapidly changing (ultra 
high frequency) electric fields, the 
electrons tend to collect in groups. 
These electron groups, in passing 
through electrodes, or in being col- 
lected by anodes, may have a phase 
relation which interferes with max- 
imum efficiency. This is, in essence, 
the transit -time problem. 

Figure 1, taken from the Brüche 
and Recknagel paper, shows how 
out -of -phase electron groups may 
be "focussed" (strictly speaking, 
brought into phase) by the action 
of an accelerating field which alter- 
nates at the proper frequency. An 
analogy, shown at the top of the 
figure, is given in terms of the ac- 
tion of a thin lens on a parallel 
beam of light. The light beam, of 
constant cross-section, is intercept- 
ed by the lens, and its rays are 
bent to the focal point as shown. 
In the electron case, the constant 
cross-section of the light beam is 
replaced by constant separation 
between groups of electrons (which 
have been produced, for example, by 
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Fig. 1-Phase-focussing of electrons, shown by analogy to the focussing of a light 

beam. The electric field acts as the "phase lens" 
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the action of a high frequency sig- 
nal on an electron beam) . The lens 
is replaced by another electric field 
which varies at high frequency. If 
the amplitude and frequency of this 
latter high -frequency field are chos- 
en properly with respect to the 
velocity of the electron groups and 
their spacing, it is possible to slow 
up the first electrons in each group, 
allow the central electrons of the 
group to proceed at their original 
velocity, and to accelerate the last 
electrons in the group. When a 
group is so acted upon, it tends to 
contract, as shown in the figure and 
at the focal point the electron 
group becomes a plane of electrons, 
all of which pass the focal point at 
once. Beyond the focal point each 
group tends to expand again, but 
at the focal point the charge den- 
sity is extremely high. If a collec- 
tor is placed at the focal point, the 
current induced in the electrode by 
the arrival of the focussed group 
is correspondingly great. 

Essentially, the phase -focussing 
process involves two fundamentals. 
First, an electron beam must be 
broken up into electron groups, 
which may be sharply localized or 
not. Secondly, the electron groups 
are caused to come into focus by 
passing them through a rapidly - 
varying electric field. The focus- 
sing action causes the electron 
groups to contract (that is, causes 
the charge density to increase) at 
a certain position beyond the fo- 
cussing field. The high degree of 
charge concentration corresponds 
to a correspondingly high value of 
electron current, which may be col- 
lected by placing an anode at the 
proper point in the tube. In this 
manner a beam of electrons is con- 
verted into an impulse current (al- 
ternating current superimposed on 
a d -c component). And what is of 
paramount importance, the transit 
time effects may be minimized to 
any desired degree by employing 
beams of high-speed electrons which 
pass through fields of compar- 
atively restricted volume. The beam 
may consume an appreciable time 
in passing through the tube, but 
the only important time is that dur- 
ing which the electrons are actually 
in the focussing field. In other 
words, by adjusting the length of 
the tube, the delay between the 
grouping action and the focussing 
action may be made equal to any 
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Fig. 2-The Klystron, developed by physicists at Stanford 
University, which generates hundreds of watts at 10 cms 

Fig. 3-U -h -f amplifier built on the cathode-ray principle and 
described by Haeff in the February issue of Electronics 
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Fig. 4-Double grid arrangement employed in the velocity - modulated tubes developed at the G. E. Research Laboratories. 
(A) basic form, (B) actual electrode structure 

whole number of cycles, so that in - 
phase conditions are always main- 
tained. 

The Klystron 
The information released on the 

Rhumbatron-Klystron, to date, is 
rather meager. Figure 2 shows the 
outline of a simple Klystron feed- 
back oscillator. The electrode C 
is the cathode, those marked F are 
focussing anodes, and A is the final 
anode, while between C and A an 
electron beam passes. This beam 
is in no way different from the 
beams used in cathode-ray tubes. 
The beam passes through two reso- 

nant chambers, R1 and R2 which 
perform the bunching and phase - 
focussing actions previously de- 
scribed. The chambers are hollow 
metal enclosures of torus, or 
doughnut, shape, and are closed by 
wire screens (shown dotted) which 
permit the electron beam to pass 
through the chamber. 

The theory of resonance oscilla- 
tions which may be excited in hol- 
low conductors has, of course, been 
on the books for some time. Re- 
cently a special application has 
achieved prominence in the meth- 
ods of Southworth and of Barrow 
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in transmitting extremely high fre- 
quency energy through hollow 
pipes, and from the mouths of 
horns. 

In the resonant chamber case, 
electric and magnetic fields may be 
set up within the hollow torus, 
which vary at a rate dependent pri- 
marily on the dimensions of the 
chamber. Certain simple shapes 
have been investigated by Hansen.' 
He finds that the resonant wave - 

i length of a sphere, for example, 
turns out to about 1.14 times the 
diameter of the sphere. Of more 

i significance to the radio engineer, 
the Q (ratio of reactance to resist- 

s ance at the resonant frequency) of 
one type of enclosure has the ex - 

I tremely high value 50,000, an ex- 
perimentally -measured value which 

y is very close to the calculated value. 
Referring again to Fig. 2, the 

resonators are such that when ex - 
I sited they produce rapidly -varying 
E. differences of potential between the 
t two wire screens, the frequency de- 
r pending on the dimensions of the 

resonator. These variations in po - 
I tential succeed in causing the elec- 

trons in the beam to be grouped 
in chamber R, and focussed by R,. 
Et is necessary of course that the 
potential variations which appear 
in the two chambers be related in 

} frequency, and this is assured by 
a feedback connection, as shown. 
The feed-back loop consists simply 
of a wire inserted through two 
holes in each of the resonators. 
The loops extending within the en- 
closure link magnetic lines of force 
whereby voltages are induced in 
the feedback circuit. As a result 
the whole system may be made to 
oscillate. Oscillating energy may 
be derived from the anode circuit, 
if the anode is placed at the point 
of phase -focus, or it may be derived 
from the resonators directly by em- 
ploying another loop, similar to 
the feedback loop. A Klystron so 
constructed has developed 300 
watts, at wavelengths between 10 

and 40 centimeters. 

Amplifying by the Cathode-ray 
Principle 

A somewhat different approach, 
described by Haeff in Electronics, 
is the u -h -f power amplifier shown 
in Fig. 3. Since this device has 

IA Type of Electrical Resonator, W. W. 
Hansen, Journal of Applied Phyaice, 9, 654 
(Oct. 1938). 
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already been discussed in detail in 
these pages, we shall give only a 
brief description. The electron 
beam is formed in the gun structure 
at the left of the tube proper 
(shown enclosed in dotted lines.) 
Two cylindrical electrodes A and 
B act to accelerate the beam, which 
then passes to the collector anode. 
Surrounding the tube is a section 
of a concentric line having a hol- 
low inner conductor. A gap in this 
inner conductor, between a and b 

in the diagram, is so placed that 
the electron beam passes by the 
gap, midway between the accelerat- 
ing electrodes. Finally, surround- 
ing the concentric circuit is a fo- 
cussing coil which acts in conjunc- 
tion with the electrode f to keep 
the electron beam in focus. 

The input to the amplifier is ap- 
plied between the control -grid and 
cathode, as shown. When a signal 
is applied, it modulates the electron 
beam (modulating both the charge 
density and the electron velocity, 
but principally the former). The 
beam is thereby broken up into 
localized groups. When these 

Fig. 5-A "drift -tube" velocity - 
modulated r -f amplifier, described 
by Hahn and Metcalf in the I.R.E. 
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groups pass the gap a -b they in- 
duce in the coaxial circuit a vary- 
ing field, at a frequency depend- 
ent on the period of recurrence of 
the electron groups (determined by 
the input signal) and on the di- 
mensions of the coaxial circuit. 
The output is obtained by inserting 
a wire loop into the coaxial circuit, 
as shown in the figure. 

This amplifier has produced an 
output of 110 watts at 450 Mc, with 
10 watts of input power, at an effi- 

ciency of 35 per cent. In this case 
the accelerating voltage was 6000 
volts, the collector voltage 2000 
volts, and the beam (collector) cur- 
rent 150 milliamperes. The advan- 
tages of the device are worth sum- 
marizing: reduction of transit time 
effects by employing electrons of 
high velocity; high efficiency by 
collecting electrons at low velocity; 
high power output because shape of 
collector does not affect perform- 
ance; input-output coupling re- 
duced to negligible proportions; 
low circuit losses due to large cir- 
cumference of circuit parts. 

Velocity -Modulation of Electron Beams 

The principle of velocity modu- 
lation, employed in the tube de- 
veloped by Hahn and Metcalf is 
illustrated in Fig. 4. The electron 
beam passes between two sets of 
grids shown at the left. The sig- 
nal source is applied between the 
grids as shown in the diagram. 
When the upper terminal of the 
signal source is positive, with re- 
spect to ground, the first pair of 
grids acts to accelerate the electron 
beam, whereas the second pair of 
grids acts to decelerate the beam. 
Between the two sets of grids there 
is no field (since the grids adjacent 
to this region are connected to- 
gether) . The effect of the signal 
voltage is, therefore, to produce al- 
ternate accelerations and decelera- 
tions as the polarity of the signal 
changes. The phase of the velocity 
change is always opposite in the 
two sets of grid,. hence by fixing 
the distance between the two sets 
of grids to produce a transit time 
equal to any odd multiple of half 
periods of the signal frequency, the 
action of the two sets of grids is 
made additive. Under such condi- 
tions, the beam, on emerging from 
the second set of grids, contains 

(Continued on page 76) 
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Eighteen trigger gaseous tube measuring, grading, sorting gage 

SEPTEMBER, 1938, marks the 
third year of the more general 

acceptance of electron tubes in the 
automotive and allied industries. 
Three years ago, there were but few 
tubes used in the production of auto- 
mobiles and the associated parts 
which form in the final assembly a 
finished car. 

Today, tubes are being used 
throughout the entire automotive in- 
dustry-phototubes for controlling 
process, inspecting articles for cracks 
and flaws, counting, grading, measur- 
ing and sorting. These are but a few 
of the applications which when 
coupled with uses of electron dis- 
charge devices other than photoelec- 
tric, make up a large portion of auto-. 
matic inspection to eliminate the 
fallacies of the human element. 

A few typical adaptations of elec- 

By 
RALPH A. POWERS 
Electronic Control Corp., 

Detroit, Mich. 

tron discharge devices made within 
the past three years are: 

Balanced amplifier for titration 
control. 

Intercommunication speaking sys- 
tems, wired and wireless types. 

Phototube counter for seat cushion 
springs. 

Phototube temperature control for 
controlling shrinking operations in 
spark plug assembly. 

Wheel testing equipment. 
Phototube spark plug gapping in 

production. 
Phototube attachments for sclero- 

scopes. 
Electronic devices for inspection 

for cracks in permanent mold cast- 
ings. 

/0 % regulation 
20-20ÓM.A. 

5M 10W 

a.4G4.049r- 

Phototube counting of spark plug 
ceramics. 

Explosion proof light source and 
light relays for automatic spray 
painting. 

Phototube temperature control of 
resistance silver soldering steering 
gear assemblies. 

Phototube illumination control 
units. 

Multi -stage phototube amplifiers 
and light sources to control roll-over 
and shake -out machines. 

Phototube units for automatic con- 
trol from dial indicator face. 

Phototube temperature indication 
of billets for extruding press. 

Phototube temperature control of 
cooling bath of dynamic speaker per- 
manent magnets. 

Electronically controlled paint 
thickness gauge. 

Invisible beams of light for auto- 
motive shows. 

Phototube inspection of rock salt 
and rejection of discolored pieces. 
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(O AUTOMOBILE MAKING 
Phototube temperature control of 

resistance heating Pittman arm balls. 
Phototube control of special valve 

stem grinding machines. 
Phototube temperature control of 

resistance welding continuous chain 
producing machines. 

Electronic dwell timers for con- 
trolling presses during full pressure 
part of the stroke. 

Phototube monitoring of powdered 
fuel feed boilers as a safety device. 

Phototube registration control on 
bottle labeling machines. 

Explosion proof photo -electric 
equipment for automatic adjustment 
of carburetors through manometer 
tubes. 

These applications do not take into 
)nsideration the countless uses of 
tandard light relays. 

As a matter of record of progress, 
rticles in the past have discussed 
ie applications of phototubes for 
ieasuring, grading and sorting pis - 

tin )n pins as Electronics for Septem- 

ber, 1935; automatic rejection of 
undersize and oversize articles, ap- 
plication of phototubes to sclero- 
scopes (Electronics June, 1936), as 
a safety device with a "curtain of 
light" (Electronics July, 1937) . To 
these applications of phototubes and 
their associated beams of light, other 
hundreds of applications of ampli- 
fiers, piezo-electric pick-ups and gas- 
eous triodes have been made. Among 
the most prominent has been the 
application of gaseous triodes to 
"trigger" circuits used with self - 
centering gauges. These applica- 
tions are interesting, because they 
allow rapid routine automate inspec- 
tion usually accomplished by means 
of dial indicators or .contour projec- 
tors. The application and use of gas- 
eous triodes in this particular appli- 
cation has materially increased pro- 
duction, and, above all, has eliminated 

B 

Above, self -centering gage. A, undersize contact gage self - 

centers on shaft B on which contact assembly can move right 
or left. C, oversize gage. D, smooth bearings. E, hardened 
points contacting piece. F, locating block. G, hardened steel 
or carboloy inserts. H, piece being measured. Right, circuit 

for rim forming machine 

the possibilities of error due to hu- 
man element. 

The possibilities of electronic 
"latching" through the use of gas- 
eous triode tubes with direct current 
applied to the anode has made pos- 
sible high speed measuring, grading 
and sorting gauges. If the Object is 
off size, the desired gaseous triode 
fires and remains fired until the un- 
desirable piece is rejected through 
solenoid or other means. 

A typical circuit of an eighteen 
trigger gaseous triode unit is shown. 
It is used in a complete measuring, 
grading and sorting gauge for check- 
ing out -of -round diameter to .0001 
in., overall length, and other inspec- 
tion requirements of the manufac- 
tured piece. The grid circuits of 
the gaseous tubes are connected to 
contacts arranged in special self - 
centering gauge heads. The com- 
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control and machine safeguard for rim bending machine 

Set-up for roll inspector system. A, 
housing for mercury high intensity 
lamp, B. C, roll under inspection. 
D. phototubes. E, optical system. 
F, fixture for indexing rolls before 
optical system. G, driving rolls. 
H, light -tight housing. I, compen- 
sating photo tubes, end on view 

plete gauge head is free to float in 
order to obtain centering over the 
piece under inspection. In calipering 
the outside diameter of the part, 
contacts are arranged which pass a 
few microamperes of current to the 
grid of the gaseous triode. If the 
object is the correct size, no contacts 
are made. If the object is under- 
size, the full floating automatic cali- 
pers make contact on one side, 
thereby firing one of the gaseous tube 
circuits. If the object is oversize, 
another gaseous tube fires. The im- 
pulse of this rapid measuring is then 
stored in the fired condition of the 
gaseous triode, due to its d -c poten- 
tials. A$ the piece indexes into the 
rejection station, it is automatically 
rejected by the solenoid and at the 
same time the anode circuit to the 

gaseous triodes is momentarily 
opened allowing de -ionization of the 
gas and restoration of the tube to 
normal operating conditions. At 
first the use of this type of self - 
centering gauge was attempted using 
electrical latching relays with the 
coil current traveling through the 
contacts of the automatic caliper; 
but, not only due to the momentary 
arcing or sparking of these contacts, 
which soon became pitted or oxidized 
sufficiently to lose the .0001 inch ac- 
curacy, but also, because of the speed 
of operation, accuracy was lost. 

This gauging principle was about 
to be discarded until its users found 
that it was possible to substitute 
electron latching tubes for ordinary 
electrical latching relays. This type 
of gauge and gauge head is now be- 
ing accepted due to long life of the 
contact assembly in the caliper head, 
the low replacement cost of tubes, 
and above all, the accuracy now pos- 
sible because of reduced contact pres- 
sure compared to the conventional 
relay system. 

A circuit used in the automatic 
forming of automobile and truck 
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rims is shown. Several relays are 
required to obtain the desired auto- 
matic control ; but while the relays 
play an important part, the combina- 
tion of gaseous -triode time -relays 
operating in conjunction with the 
two stage phototube amplifier as- 
sures positive success in the opera- 
tion of the complete machine. The 
high speed production required elim- 
inated conventional clock timers. The 
timer and other components had to 
be accurate, because if production 
was increased, small percentage in- 
accuracies, common with synchron- 
ous clock timers and relay circuits 
might result in machine damage. 

The following sequence of opera- 
tions shows how the circùit for this 
complete machine works. The ma- 
chine is ready to start if the pilot 
lamp No. 3 is illuminated. A phas- 
ing button is then pushed once, im - 
pulsing an impulse relay and the 
light turns off. The drive motor for 
the complete machine is then started 
by momentarily pushing the motor 
start button on the machine. A bar 
of stock from which the rim is 
formed is fed into the roll feed. 
When the nose of this piece emerges 
a short distance it will close the 
limit switch (A), thereby opening 
the break circuit or lower contacts 
and making the upper circuit. At 
this point the bull wheel on the com- 
plete machine will close to a bending 
position. The bar continues to feed 
into the bull wheel as the limit switch 
roller rides on the top of the bar 
until the tail of the bar finally passes, 
at which time the roller of the limit 
switch drops down causing the lower 
contacts to close' and the upper con- 
tacts to open. In so doing, the relay, 
shown as (B), is energized. This in 
turn starts the electronic time delay 
(C) to start operation and instan- 
taneously the impulse relay (D) in- 
dexes its armature to the make cir- 
cuit No. 1. After a period of time, 
the electronic time delay runs out 
and relay (E) becomes energized, its 
contacts energizing valve solenoid 
contactor. The contactor in turn en- 
ergizes the valve solenoid and the air 
cylinder retracts the bull wheel and 
the work is ejected. As the formed 
rim is ejected it passes through the 
light beam (F) and the contacts of 
the plate circuit relay (G) momen- 
tarily break and then make, thereby 
operating the impulse relay (D) so 
that its armature makes contact at 2. 
If another bar has been correctly 

loaded, the nose of the following bar 
lifts the roller of the limit switch 
and another cycle is started. 

The main object of this complete 
circuit is to eliminate difficulty if the 
formed rim fails to become ejected 
from the rolling fixture or bull wheel. 
If this happens, the armature of the 
impulse relay (D) will stay on con- 
tact (1), as there has been no inter- 
ception of the beam of light. In 
this case, if the nose of the following 
bar raises the roller of the limit 
switch (A), thereby closing its up- 
per contacts, energization of (H) re- 
lay results. This relay electrically 
latches down through the armature 
contacts and the normally closed con- 
tacts of the phasing button indicated 
as No. 2 on the circuit. Energiza- 
tion of this relay causes one leg of 
the armature to break the stop but- 
ton circuit to the motor starter 
switch, thereby stopping the machine 
drive. As an additional feature, an- 
other armature of this same relay 
makes a circuit to sustain energiza- 
tion of the valve solenoid contactor, 
thereby keeping the bull wheel in the 
retracted position during and after 
the time the machine is coasting to a 
stop. At the same time the indicat- 
ing lamp (3) is illuminated. 

In the event the filament of the 
light source lamp becomes burned 
out, relay (I) will become de -ener- 
gized. This will stop the machine. 

As a further precaution against 
electronic breakdowns causing unre- 
liable operation of the complete 
equipment in the event the vacuum 
tubes in the amplifier tubes lose their 
emission and will not pass sufficient 
plate current to maintain relay (C) 
in an energized position when the 
light beam is intercepted by an 
ejected rim, the machine will stop 
as the nose of the following piece 
actuates the limit switch (A). This 
sequence is simple because if relay 
(C) fails to break and make its con- 
tacts, the impulse relay (D) will not 
index its contacts from position 1 

to 2. 
In the event that the machine has 

been stopped through the emergency 
stop circuit, it is restarted by de- 
pressing the phasing button No. 2 

to cause de-energization of relay 
(H), thereby extinguishing the sig- 
nal lamp (3) . In such a position 
momentary actuation . of the motor 
start button will restart the ma- 
chine. 

In setting up such a machine it is 

desirable to sometimes momentarily 
"inch" the machine while the first 
few pieces are going through. It 
will be noticed in the circuit that 
selector switch No. 1 can be set in 
the "inch" position. With the selec- 
tor switch in such a position the 
machine will run only as long as the 
start 'button is depressed. Also, the 
time delay (C) will not be started 
by the bar actuation of the limit 
switch. Consequently, automatic re- 
traction and ejection of the piece 
will not occur, but these functions 
can be made to perform more slowly 
by operating the hand retraction but- 
ton No. 5. The retraction cylinder 
will reverse also as soon as this but- 
ton is released. It will also be no- 
ticed that rejection of the bar rim 
through the light beam will not cause 
actuation of the impulse relay. As 
a result, the contact phase relation 
will not change. 

As a further refinement of this 
complete circuit, the selector switch, 
which can be set in what is known 
as the "time test" position, and the 
bull wheel will reverse from retrac- 
tion position and the machine will 
run following momentary depression 
of the motor start button, but actua- 
tion of the limit switch (A) will not 
start the time delay (C) and break- 
ing of the light beam will not actuate 
the impulse relay (D). This posi- 
tion and operation is used when it is 
desirable to check carefully the 
amount of time it takes for the time 
delay to run out. 

(Continued on page 53) 
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Pressure capacitors 
A modern development in broadcast equipment is the gas -filled variable capacitor, employ. 
ing nitrogen gas at several hundred pounds per square inch pressure. Extremely low loss 
and large values of capacitance in small volume are achieved without loss of flexibility 

IT OFTEN happens that an idea is 
tried in radio engineering and 

dropped for some reason or other, 
only to be resurrected because a 
pressing need has been found to 
apply it. The gas -filled capacitor, 
which is now enjoying a consider- 
able vogue in the latest broadcast 
transmitter designs, is a very inter- 
esting example. 

The advantages of gas as a dielec- 
tric have been known for many 
years, and it is not surprising that 
gas -filled condensers were tried at 
an early date. The Bureau of Stand- 
ards did so in the early 1920's, and 
such condensers were applied in the 
early days at Arlington. Later, 
various manufacturers tried their 
hand at it, and in recent years con- 
densers of this type have been built 
by transmitter manufacturers for 
use on their own equipment. But 
the early gas -filled units suffered 
from the fact that they were not 
variable, and hence could be used 
only with difficulty in any circuit 
which required flexibility of tuning. 
The advantages, the low losses and 
the small space required, were to 
some extent counterbalanced by the 
tendency of the units to leak gas, 
and consequently to fail without 
warning, often at a critical time. 

Within recent months the gas - 
filled capacitor has come back with 
a vengeance. At present there are 
two manufacturers who have devel- 
oped large pressure -gas filled units 
for sale to equipment manufacturers, 
and all indications are that they have 
little difficulty in disposing of the 
new units. The success of the pres- 
sure -type condenser, after so long a 
period of inactivity, may be traced 
to several causes. In the first place, 
the need for a low loss condenser 
of small dimensions has arisen with 

the increae of power in stations op- 
erating in the intermediate and high 
frequency ranges. The low loss is 
important because circuit Q de- 
creases with increasing frequency, 
while the small space permits com- 
pact assemblies, with more advan- 
tageous L/C ratios in tuned circuits. 
Finally the fact that small space is 
used may mean that the cost of the 
pressure -operated unit is but little 
greater than that of the equivalent 

. 
.457s ea 

41141K r, árhiñ v w .a.o.o,,9 
- ...o.e . 

Internal structure of Heintz and Kauf- 
man pressure capacitor, showing tun- 

ing control (left) 

atmospheric condenser, when used 
for variable -capacitance purposes. 
Fixed -capacitance units of the gas - 
filled variety seem to have less ad- 
vantage over mica and vacuum con- 
densers from the viewpoint of size 
but there is the advantage of recov- 
ery from flashover without harm. 
The use of nitrogen at pressures 
from 300 to 400 pounds per square 
inch increases the breakdown volt- 
age by four times, with respect to 

External appearance of H -K unit. 
Pyrex bowls insulate the rotor. The 

gap prevents internal flashover 
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he same structure working at at- 
nospheric pressure, while the in- 
rease in dielectric constant, together 
vith smaller spacing requirements, 
hakes the unit about one-third to 
.ne -fourth the size of the equiv- 
lent air -dielectric unit. Curves 
howing the relationship between ni- 
rogen pressure and breakdown volt- 
ge, as well as dielectric constant, 
re shown in the figure. 
The electrical advantages of the 

ressure-type capacitors are obvious 
rom an inspection of these curves. 
lot so obvious however is the fact 
hat loss of the condenser is practi- 
ally the same as that of an equiva- 
nit air -dielectric condenser, and in 

r act the loss may be lower, since less 
eramic and glass insulation is used 
han in the air -type units. Com- 

b ,ared with the losses of the solid- 
delectric (mica) unit, the gas -filled 
ype displays virtually no losses at 
11. There is practically no change 

r. n capacitance with temperature. 
[ inally gas -filled units are protected 
r .gainst internal flashover by the use 

f air -gaps external to the gas con- 
ainer. Even if flashover should 
ccur internally, no serious harm is 
lone, since the nitrogen quenches 
he arc. Internal flashover is unde- 

Cr irable, however, in that it causes 
c )itting of the plates which may re- 

luce the breakdown voltage, espe- 
ially if any sharp edges are thereby 
>roduced on the condenser plates. 

The success of the new designs 
ies primarily in mechanical engin- 
ering rather than in the electrical 

aspects, and for this reason many of 
:he important features may be new 
o Electronics' readers. In the first 

place it must be remembered that 
nitrogen at 20 times atmospheric 
pressure is a difficult substance to 
confine, especially when the casing 
must contain an insulating segment, 
and when also a tuning rod, capable 
of rotation, must pass through the 
casing. A major part of the me- 
chanical design, therefore, resides in 
the choice of proper gasketing ar- 
rangements. Gaskets are now avail- 
able which are of the self-sealing 
type, that is which press against the 
parts to be sealed by virtue of the 
internal pressure. Even with these 
precautions it is not possible to com- 
pletely eliminate gas leaks under all 
conditions. Hence it is advisable to 
keep tabs on the pressure by means 
of a gauge attached to the case, or 
to have an auxiliary supply of nitro - 
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Typical pressure capacitor manufac- 
tured by the Lapp Insulator Company. 

Tuning control is at top 

gen (in commercial tanks) avail- 
able for connection to the condenser, 
should the need for it arise. 

The ratings of the condensers 
vary from 75 to 2000 µµf in capaci- 
tance, from 20,000 to 42,000 volts, 
peak rating (corresponding to about 
15,000 volts r -m -s carrier, 100 per 
cent modulated) and from 40 to 100 

amperes. The voltage and current 
ratings depend upon the frequency 
of operation. The accompanying 
curve shows the relation between 
voltage rating and frequency recom- 
mended for the Lapp Insulator Com- 

pany units. Similarly the current 
ratings for the Heintz and Kaufman 
condensers vary from 94 amperes at 
0.5 Mc to 44 amperes at 10 Mc (for 
the 1000 µµf and larger maximum - 
capacitance sizes) . 

Constructional Details-H and K Units 

The major constructional features 
of the pressure capacitors manufac- 
tured by Heintz and Kaufman, Ltd., 
of San Francisco are shown in the 
illustrations. The two sets of plates 
plates are of "butterfly" shape, that 

External appearance of Lapp unit. 
Provision is made for monitoring the 

gas pressure on the gauge 

is each plate consists of two sectors 
which are placed opposite each other, 
with the shaft in the center. This 
arrangement makes for mechanical 
balance, and it also insures sym- 
metry in the paths taken by the cir- 
culating currents, so that no part of 
the plate tends to overheat. The 
stator plates are connected directly 
to the case by four tie rods which 
run vertically. The rotor plates are 
supported, on the central shaft, from 
a flat bar of mycalex, which consti- 
tutes the only internal solid dielectric 
substance in the assembly. Immedi- 
ately above the mycalex support is 
a flat plate with gear teeth cut into 
its circumference (sector gear) . A 
small pinion gear which engages the 
teeth of the sector is mounted on 
a steel shaft which acts as the tun- 
ing control. The shaft protrudes 
through a gas -tight sleeve, or pack- 
ing gland. 

The rotor plates themselves make 
contact with the rotor terminal 
through a pair of 3 -inch discs, one 
of silver, the other bronze, which 
bear against each other under spring 
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1 

Internal view of H -K variable unit. 
Note smooth contours to prevent corona 

pressure. Since the entire current 
must pass through this contact, it is 
carefully machined to produce even 
bearing pressure over the whole con- 
tact area. The upper contact, which 
is not movable, connects directly to 
the main rotor terminal rod. The 
insulation of this rod is accomplished 
by using two Pyrex glass bowls of 
conical shape. The inner bowl bears 
the whole pressure of the gas; the 
space between the bowls is open, 
through a vent, to atmospheric pres- 
sure, thus preventing any net pres- 
sure on the outer glass. The gas- 
kets throughout are made of neo- 
prene, which is considered superior 
to rubber. 

The case is of seamless steel tub- 
ing, copper plated on the inside to 
reduce eddy current losses. Copper 
plating is also used on the upper and 
lower mounting plates, for the same 
reason. As originally designed, these 
units were fastened with tie rods 
on the outside of the case, but a 
later design omits the tie rods. In 
the latter design the bottom of the 
enclosure is welded directly to the 
case itself, as shown in the draw- 
ing. The mounting angles are also 

F 

-1 
F 

é 

A non -tunable Lapp unit which may 
be pre-set to any desired capacitance 

welded. All parts at high potential, 
especially those on the external ter- 
minals, are rounded to minimize co- 
rona. The external arc -over gap is 
adjusted for peak voltage before 
shipment of the unit, but may be re- 
adjusted if necessary when installed. 

The gas used is dry oil -pumped 
nitrogen, of the kind readily avail- 
able in commercial tanks. The nor- 
mal pressure range is from 300 to 
350 pounds per square inch, gauge 
pressure. No pressure gauge is at- 
tached to the condenser itself, but a 
-1-inch gas fitting is included on the 
grounded (casing) portion, so that 
it may be connected to a gas gauge, 
or to a supply of gas. In the latter 
case, it is recommended that a 200 
cubic foot tank be used, with a gas 
reduction valve, a shut-off valve, and 
a safety valve included in a 22 -gauge, 
i -inch copper line to the condenser. 
The gas contained in a single com- 
mercial tank of 200 cubic feet capac- 
ity is sufficient for over a year's 
service on from one to three capaci- 
tors, depending on their size and con- 
ditions of use. 

The physical dimensions are 17 
inches diameter, in all sizes, (11h 

inches exclusive of mounting lugs, 
while the height varies from 2 inches for the 250 µµf size to 37 
inches for the 1500 µµf size. The 
capacitance ranges are 75-270 µµgß 
125-550 µµf ; 215-1025 µ,u1; 785_ 
1325 µµf ; and 1150-1540 µµd; mini- 
mum and maximum capacitances, re- 
spectively. Fixed -capacitance units 
within the above ranges are also 
available. 

Design and Construction Data of Lapp 
Insulator Units 

The tank of the Lapp Insulator 
Co. units is of seamless aluminum 
tubing. A study of the stresses in 
a cylinder will show that the longi- 
tudinal stress is only one-half the 
circumferential; it is therefore pos- 
sible to cut away half the thickness 
of the tank near the end without 
changing its strength. This has 
been done on the inside of the tank 
and into the groove formed is 
snapped a carefully machined ring 
which is called the "pressure ring." 
Onto the face of this ring is placed 
a gasket and on- this a "loading 
ring" forming a seat for the insu- 
lator and to carry the load to the 
tank. A gasket is also used between 
the insulator and the loading ring. 
In the bottom of the tank a similar 
arrangement is used: a "pressure 
ring" snapped into a grooved tank 
and a bottom plate with a gasket 
between. These gasket spaces are 

accurately machined pockets which 
prevent the gasket material from 
extruding under the pressure, an 

important feature in .high pressure 
construction. 

The only loss -contributing dielec- 
tric is the porcelain insulator. It 

is important that this be of such de- 

sign as to give as little loss as is 

feasible. The insulator performs 
the combined functions of a tank 
sealing means and a mechanical sup- 

port for the rotor. The porcelain 
is made the full size of the inside 
of the tank and the center portion 
has an extended hub, through which 
the end of the rotor shaft extends. 
This single porcelain is entirely open 

at the top end and permits the free 

circulation of air which carries off 

any heat generated in the dielectric. 
The voltage distribution over or 

the flux through the insulator is 

controlled by means of the shield 
which is so shaped to produce even 

heating of the dielectric with conse- 
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quent minimum power loss. In other 
words, the loss in each section is so 
regulated that it is equal to the heat 
radiating characteristics of the par- 
ticular section. This is desirable 
due to the poor heat conductivity 
of the dielectric material. 

The rotor shaft rests on ball bear- 
ings top and bottom, the packing 
which is at the top of the shaft is of 
the "self -energizing" type with ini- 
tial sealing against the shaft being 
produced by means of a spring. The 
packing is held in place by means 
Df a "jack -nut" at the top into which 
are screwed three "jack -screws." 
This permits tightening to any de - 
;ree with a small set -screw wrench. 

On the shaft on the inside of the 
:ank is a current collector of silver- 
plated beryllium copper sliding , on 

silver plated copper ring. This 
prevents the current flowing through 

vided also on the operating shaft. 
Where it is desired to adjust the 

condenser under voltage a porcelain 
shaft with universal connections at 
the end is provided. This is sup- 
plied as a regular part of the vari- 
able condenser. 

The stator is made of plates held 
in place by means of annular 
spacers sliding closely in the tank. 
These are also machined to ±.001. 
The method of holding the stator 
plates is interesting. A long sleeve 
spacer bears on the ground edge 
of the insulator and on this rests 
the first stator plate spaced inter- 
mediately of the corresponding ro- 
tor plates. Alternate spacers and 
plates build up the stack to the de- 
sired length; on the last spacer 
presses a spring washer of the disc 
type. 

As previously mentioned, the tank 

at 1000 lbs per square inch and all 
designs will be proof tested to double 
the recommended operating pressure 
or 400 lbs per square inch. 

For the present the recommended 
gas is oil -pumped nitrogen which is 
thoroughly dry. This is cheap and 
easily available and is extremely 
stable both under normal conditions 
and under arcing. Experiments are 
being conducted with other gases 
that show promise, and the present 
designs are adequate both for these 
gases or for nitrogen. 

The standard connector supplied 
with these condensers is for tubing 
and is of the circular wedge type, 

inch for the smaller size, inch 
for the medium and 1 inch for the 
largest. Tubing is the best con- 
ductor for radio frequency and these 
connectors use it most effectively. 
Supplementary angle connectors can 
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the ball bearings and insures their 
long life. 

The plates are held in place by 
means of annular spacers on a 
1 inch diameter central shaft. These 
spacers are machined and gauged to 
It .001 to insure accurate spacing 
of the plates. These plates may be 
of any form desired but as now 
constructed are of the butterfly type 
in the variable condenser. 

The rotor shaft is turned by 
means of a worm gear of a 15/1 
ratio and the shaft has a resistance 
of 10 inch pounds torque when the 
condenser is under full pressure. 
A supplementary seal of the same 
type as the main shaft type is pro - 

is of aluminum and the bottom plate 
and "loading ring" are of heat 
treated aluminum. The other parts 
are of silicon aluminum castings. 
These are materials ideally suited 
to radio frequencies due to low in- 
herent losses as well as low weight. 
The rotor shaft is of heat treated 
aluminum and all plates of hard 
rolled aluminum sheet. The weight 
aspect is clearly illustrated by the 
15 kv, 1500 µµf variable condenser 
which weighs only 85 lbs. 

Each type of design has been 
tested at radio frequency to be sure 
it will carry the specified continuous 
voltage, as well as the flashover. 
All types have been design -tested 

be supplied when desired. 
Three basic sizes have been pro- 

vided, the 7.5 kv, 10 kv, and 15 kv, 
and these have three types-fixed, 
adjustable, and variable. Sizes up 
to 2000 µµf are available. The rat- 
ing may need some further explana- 
tion. By 7.5 kv rating is meant that 
at 1000 kc a voltage of 7.5 kv rms 
on the carrier may be applied and 
continuously modulated 100 per cent. 
At higher frequencies it is necessary 
to lower the ratings somewhat due 
to heating of the insulator. Other 
types of ceramic for higher frequen- 
cies are being developed and with 
these it will not be necessary to re- 
duce the ratings. 
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Fig. 1 Circuit for providing coupling between plate 
and grid in a sweep oscillator 

Fig. 2 Stabilizing effect of plate -to -grid coupling. Tube 
number one has abnormally low ignition potential. 

oscillates at high frequency 

ONE of the difficulties encoun- 
tered in the use of gas triodes 

in a relaxation circuit is the insta- 
bility caused by the changes which 
take place in the ignition potential. 
Although this instability usually 
shows up as a gradual shift in the 
frequency of oscillation as the tube 
ages, erratic instabilities are also 
present at times, and the problem 
of tube replacement is serious be- 
cause of the difference in ignition 
potential between tubes. For the 
purposes of this discussion, ignition 
potential is defined as the anode 
potential, for a given grid potential, 
at which the tube discharges. 

Manufacturing tolerances cannot 
be economically held to less than plus 
or minus 15 per cent. In the usual 
relaxation circuit this would also 
mean a frequency difference of about 
30 per cent and difficulty would be 
experienced in providing dependable 
synchronization of such a circuit 
upon interchange of tubes. If mer- 
cury vapor tubes are used, the 
trouble is more serious because the 
ignition potential of such tubes is 
dependant upon the temperature. 

It is the purpose here to describe 
a method in which the effect of tube 
changes on frequency can be greatly 
reduced, but without the limitation 
of previous circuits in that the cath- 
ode may be held at ground potential. 
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By WINSTON E. KOCK 

This makes possible a considerably 
greater signal output and minimizes 
trouble from cathode -to -heater 
shorts. 

Principle of Operation 

A varying voltage derived from 
the discharge circuit is superimposed 
upon the constant grid bias. This 
causes the grid to become highly 
negative immediately after the dis- 
charge pulse and to become less neg- 
ative gradually as the condenser 
voltage builds up preparatory to the 
next discharge pulse. The circuit 
diagram is shown in Fig. 1. (For 
simplicity, the limiting resistor of 
the discharge circuit is not shown). 

The grid is coupled to the dis- 
charge circuit by means of resistor 
R2. In the usual circuit (R0 miss- 
ing), a tube with an abnormally 
high ignition potential will oscillate 
at an abnormally low frequency, and 
vice-versa. In the circuit of Fig. 1, if 
the tube has an abnormally high igni- 
tion potential, then as the voltage 
builds up to reach that value, the 
grid potential becomes less negative 
and thus reduces the ignition poten- 
tial and causes the tube to discharge 
earlier than if R, were not present. 
Likewise, if the tube has an abnor- 
mally low ignition potential, as the 
voltage on the plate builds up, the 
grid voltage, being initially highly 

negative, delays the discharge, and 
the tube fires later than if R, were 
not present. In both cases the fre- 
quency of oscillation approaches 
more nearly the , frequency produced 
by a tube having normal ignition po- 
tential. 

The amount of stabilization is de- 
termined by the relative values of Ri 

and R2; the smaller R2 relative to Ri, 

the greater the coupling and stabil- 
ization. Increased coupling requires 
the bias voltage to be increased in 
order to maintain the same frequency 
and circuit operation, and the effec- 
tiveness of the circuit is limited by 

the overall supply voltage available. 
Figure 2 shows the effect of increased 
coupling on the frequency of such an 
oscillator for tubes having widely 
variant characteristics. It is observed 
that two tubes having ignition and 
extinction potentials which are so 

different that they generate oscilla- 
tions differing in frequency by 100 

per cent when placed, in turn, in an 

ordinary relaxation circuit (no coup- 
ling), will generate oscillations dif- 
fering in frequency by only a few 

per cent when a sufficient amount of 

coupling is introduced. 
In the circuit of Fig. 1, the anode 

ignition potential is given by the fol- 
lowing relation :- 

E2R2 K, - (R1 + R2) K2 
E; _ R1(1+K1)+R2 

(1) 
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weep Circuit Oscillator 

1 

where K, and K2. are contants de- 
pending upon the electrode spacing, 
gas pressure, etc. For example, for 
the type 885 gas triode, K, is approxi- 
mately 10.4 and K2 is approximately 
11. 

The condition when R, = R2 repre- 
sents a fair amount of coupling and 
Eq. (3) reduces to 

\ 
E.= E2, 2KK )2(2KKl) (2) 

It is seen that for K, and K2 large 
with respect to 2, K,/2 K1 K1/ 

Fig. 3 Grid and plate voltages in 
a synchronized sweep oscillator 

K, = 1, and the ignition potential Ei 
becomes independent of changes in 
either of these constants. Since these 
constants are the only factors which 
can affect the ignition potential and 
since the extinction potential is not 
as susceptible to change as seriously 
as the ignition potential, it is to be 
expected that a decided stabilization 
in frequency against tube variations 
will be achieved. By increasing the 
coupling so that R, is large compared 
to R,,, an examination of Eq. (1) 
shows that the K factor in (2) is re- 
duced to K,/1-1- K, which represents 
a further increase in stabilization. It 
is also evident that an increase in the 
value of the factors K, and K, will 

lead to a greater stability for the 
same amount of grid coupling. 

It is readily verified that the fre- 
quency of oscillation of the circuit 
of Fig. 1 is dependent upon all of the 
parameters in the circuit and is seen 
to be further dependent upon R, and 
R, through their effect on E,. 

However, since ordinary variations 
in these resistance elements are not 
serious a stabilization against the ef- 
fects of ignition potential variations 
heavily outweighs the effect of such 
resistance variations. 

Synchronization 

Synchronization of this type of 
oscillator is also made more depend- 
able by the introduction of grid -to - 
plate coupling. Figure 3 shows the 
voltages present in a relaxation oscil- 
lator with and without grid coupling. 
(A simple circuit such as Fig. 1 is 
assumed). Ep represents the plate 
voltage and this is kept the same for 
both cases. Curve 3 indicates the grid 
voltage necessary to initiate the dis- 
charge for the values of plate voltage 
E. Curve 1 indicates the actual grid 
voltage for an oscillator without 
grid -to -plate coupling, and at point P 
a pulse is introduced to synchronize 
the oscillator frequency with the 
pulse frequency. Curve 2 illustrates 
the grid voltage for the case when 
grid -to -plate coupling is present and 
with pulse P occurring as in curve 1. 

It is observed that case 2 is much 
less susceptible to being thrown out 
of synchronism by undesired random 
pulses (as at A), since the undesired 
pulse in either case must be suffi- 

ciently large to cause the grid volt- 
age to exceed curve 3. In case 1, the 
random pulses need have an ampli- 
tude greater only than the difference 
between curves 1 and 3, whereas in 
case 2 they must exceed the differ- 
ence between curve 2 and curve 3. 

If the sweep is made linear by the 
use of a pentode, all of the curves 
become straight lines (shown dotted) . 

The area enclosed between 2A and 
3A and likewise the factor of safety 
are thereby further increased. This 

is particularly noticeable just before 
ignition. 

De -ionization 

Another improvement obtained 
through the use of plate -to -grid coup- 
ling is the increased frequency range 
made possible by the shortening of 
the de -ionization time. The upper 
limit of frequency of an ordinary 
gas -triode relaxation oscillator is de- 
termined by the time required for the 
ions to recombine after each cyclic 
discharge. When the anode voltage is 
removed or made sufficiently low to 
allow interruption of the arc, a defi- 
nite time is required for the plasma 
to disappear, that is, for the vapor to 
"de -ionize." Since recombination oc- 
curs mainly at the plasma boundaries 
and not in the plasma itself, this de - 
ionization time can become large for 
heavy arc currents and slowly mov- 
ing ions. Low atomic weight gases 
such as argon have shorter de -ioniza- 
tion times than the heavier elements 
such as mercury because the small 
mass of the positive ions allows them 
to acquire greater velocities. The 
presence of an electrode or other sur- 
face favors recombination and thus 
tends to reduce the de -ionization 
time, especially if this electrode be 
held at a negative potential. This is 
due to the formation of a positive ion 
sheath around the electrode.. The 
amount of negative voltage applied 
to the electrode determines the 
thickness of the sheath and hence the 
effectiveness of the ion "sink" thus 
formed in removing the positive ions 
from the plasma. The comparatively 
large mass and hence slow speed of 
the positive ions makes their removal 
the determining factor in interrupt- 
ing the arc. 

The use of plate -to -grid coupling 
causes the grid to be thrown highly 
negative at the instant the discharge 
occurs and this negative electrode 
promotes rapid de -ionization and 
quickly extinguishes the arc. This 
shortened de -ionization time permits 
an extension of the upper frequency 
limit for such relaxation oscillators.. 
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Power for 
Television 
Receivers 

By E. W. ENGSTROM and 
R. S. HOLMES 

RCA Mfg. Co. Camden, N. J. 

ALTHOUGH the power supply rec- 
tifiers in television receiver per- 

form the same function as the power 
supply rectifier in a sound broadcast 
receiver, there are certain differences 
and certain characteristics that are 
important. At least two rectifiers are 
needed, one for the plate and bias 
voltages and the other for the high 
anode voltages of the kinescope. 

The complete circuit diagram (Fig. 
3) shows the power supply circuits 
for the experimental television re- 
ceivers discussed in this series of 
articles. There are three separate 
rectifiers : one for'the amplifier tubes, 
one for the kinescope first anode and 
one for the kinescope second anode. 

The low voltage rectifier is full 
wave, inductor operated. Since all 
the amplifier tubes and the deflecting 
circuits have their plate voltage and 
bias supplied from this one rectifier, 
it is important that the regulation be 
good. The load taken by the i -f ampli- 
fier tubes varies with the strength of 
the received signal, due to the a -v -c 
action. If this load variation had an 
appreciable effect on the voltage sup- 
plied by the rectifier it would react 

Fig. 1-Front view of receiver. Con- 
trols are: Center, tuning; left, video; 
right, audio. Thin glass in the 

mirror minimizes double images 

Fig. 2-Rear view showing chassis 
and tube layout. Picture tube is 

shielded against stray fields 

on the deflecting circuits to change 
the picture size, and cause variations 
with the signal strength. A separate 
filter section isolates the audio power 
output tubes from the other circuits 
to prevent crosstalk into the rest of 
the system. 

The loud speaker field coil is con- 
nected in series with the negative 
lead from the rectifier to ground 
where it acts as part of the filter. 
The voltage drop across the field is 
used to supply the a -v -c amplifier 
tubes. 

The horizontal centering potentio- 
meter is also in series with the nega- 
tive lead, so that the total rectified 
current flows through it. Since the 
current is high, the potentiometer re- 
sistance can be made sufficiently low 
so that it has practically no effect on 
the horizontal deflection. 

The second -anode power supply is 
a conventional half wave rectifier for 
an output voltage of approximately 
6,000 volts. For reasons of conveni- 
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of design and operation have been 
discussed. Figure 1 is a circuit dia- 
gram of the complete receiver. Re- 
ceivers incorporating these circuits 
have performed satisfactorily in the 
RCA television field tests in New 
York. Figures 1 and 2 are front and 
rear view photographs of such a 
receiver. 

Modifications of Original Circuits 

Since this series of articles began, 
development has brought about cer- 
tain modifications in the transmis- 
sion standards. Conclusions have 
been reached that it is feasible to 
attenuate one picture side band of 
the transmitted signal. This has per- 
mitted a wider frequency spacing be- 
tween carriers of the picture and 
sound transmitters and in turn per- 
mitting a wider video frequency 

band. A spacing of 4.5 Mc has been 
chosen (3.25 Mc was used as the 
illustration in an earlier article) . 

Figure 4 indicates a television chan- 
nel showing the transmission char- 
acteristics of transmitter and 
receiver. 

For the r -f circuits this means a 
wider pass band to include both car- 
riers. For the circuits previously 
described this means tighter coupling 
between the two r -f circuits and 
somewhat more damping to maintain 
the flat response characteristic. 

The picture i -f amplifier may have 
its band pass characteristic widened 
to approximately 4 Mc. The original 
requirement still holds for having 50 
per cent response of the overall pass 
characteristic at the picture carrier. 
Increasing the band width of the pic- 
ture i -f amplifier makes it desirable 
to lower slightly the frequency of the 

Fig. 3-Circuit diagram of complete receiver showing picture, sound and power systems 

SOUND 1 ERMEDATE FREQUENCY CHANNEL 

2A LE 

ence, flexibility, and regulation, a 

s separate rectifier was used for the 
j kinescope first anode. Also, it was 
c found convenient to adjust the 
j kinescope beam focus by varying the 

primary transformer voltage and 
thereby avoid high voltage leads and 
circuit components. (By proper de- 
sign of circuit elements, first anode 

I supply may be obtained from a 
0 bleeder on the second anode rectifier.) 
i The negative side of both rectifiers is 

returned to the kinescope cathode so 
r that the focusing ratio and screen 

voltage are not affected by the bias 
potentiometer setting in the kines- 
cope cathode circuit. Screen grid 
voltage for the kinescope is obtained 

r from a bleeder on the second anode 
;r supply. 

In these articles the components 
t and circuits of a television receiver 
f have been reviewed and the principles 
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Fig. 4 Selectivity charac- 
teristics which conform 
with RMA Standard T-115 

picture intermediate carrier in order 
to maintain a low response at the 14 - 
Mc amateur band. An intermediate 
frequency of 12.75 Mc is a good 
choice for picture. The sound inter- 
mediate frequency will naturally be 
4.5 Mc lower, 8.25 Mc when using 
12.75 Mc for picture. 

New Tubes for Television Receivers 
Available 

Tube types have not been indicated 
in these articles. For earlier work 
i -f amplifier tubes were of the pen- 
tode type with suppressor and screen 
grid tied together to boost the trans - 
conductance. Amplifier tubes of high 
transconductance suitable for televi- 
sion are now available. These may 
be used with the regular conections. 

During the discussion of i -f ampli- 
fiers, rejector circuits were described 
for reducing the response at the 
sound intermediate frequency. In 
cases where it is desirable to reduce 
the response of the amplifier to an 
interfering signal on the opposite 

side of the picture carrier, similar 
rejectors may be used. For example, 
if the next lower service in frequency i 

is television, then the sound carrier 
of this lower frequency television 
channel will be 1.5 Mc from the de- 
sired picture carrier. A rejector cir- 
cuit in the picture i -f amplifier tuned 
to 14.25 Mc will reduce the response 
to such an interfering signal. This 
problem of adjacent channel selec- 
tivity is considered an important and 
difficult one because of adjacent chan- 
nel transmitter operation in the same 
service area. 

An example of what may be ob- 
tained for overall selectivity in a re- 
ceiver having a picture band width of 
4 Mc with rejector circuits on both 
sides is given in Fig. 5. This curve 
is a plot of the signal strength re- 
quired at the antenna terminals of 
the receiver to maintain a constant 
voltage at the receiver output plotted 
against carrier frequency with the 
receiver properly tuned to the 50-56 
Mc television channel. 

This concludes this series of ar- 
ticles discussing the underlying 
principles of television receiver de- 
sign and operation which began in 
the April 1938 issue. 
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Fig. 5-The receiver sensitivity at the video carrier is re- 
duced to half of its full value and the curve is such that 

the signal presented to the detector is fully modulated 
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The Permatron 
and its application 
in industry 

CONSIDERABLE interest has 
been aroused 'by the announce- 

ment, at the AIEE winter convention, 
of a new electronic control tube, the 
Permatron. This tube performs a 
function similar to that of the thyra- 
tron except that the control is ob- 
tained through a magnetic field ap- 
plied outside the bulb rather than 
with an internal grid. 

This type of control was invented 
some years ago by Percy L. Spencer, 
and some of its possibilities were dis- 
cussed in the January 1935 issue of 
Electronics by E. D. McArthur. Mc - 
Arthur's discussion dealt principally 
with a study of magnetic control ef- 
fects observed in tubes constructed as 
thyratrons. The Permatron repre- 
sents a design in which magnetic con - 

By WILLIAM P. OVERBECK 
Raytheon Production Corporation 

trol is the major consideration. Thus, 
improved characteristics for this type 
of control have been obtained and its 
possibilities in industrial application 
have been enhanced. 

In addition to the anode and cath- 
ode, the Permatron contains a cylin- 
drical electrode, called the "collector", 
which surrounds the discharge path 
as shown in Fig. 1. If a magnetic 
field is applied across the tube, elec- 
trons, drawn from the cathode by a 
positive anode potential, are deflected 
to the collector and do not gain 
enough velocity to cause ionization. 

This action prevents flow of current 
to the anode. Releasing the magnetic 
field allows conduction to start to the 
anode. Conduction continues until 
the anode potential is removed or be- 
comes negative. The collector may 
be connected to the cathode or, 
through a high resistance, to the 
anode. Connected to the cathode, 
the collector draws only a micro- 
scopic current from the cathode, even 
when conduction to the anode is 
blocked by the magnetic field. Con- 
nected to the anode, the value of the 
series resistance may be used to vary 

P. L. Spencer, inventor of the Permatron, demonstrates the use of a magnetic control field 
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Fig. 1 Arrangement of electrodes 
and control magnet in typical 

permatron 

Fig. 2-Application of permatron to 
telegraph relaying 

the sensitivity of the magnetic con- 
trol. 

Successful application of the Per - 
matron to industrial work is possible 
for four reasons: 

1. Through its special design, the 
power required for magnetic 
control has been reduced to a 
practical value. In experimen- 
tal tests, less than one watt has 
been used to control, through 
the tube, as much as 200 kilo- 
watts. This means that control 
circuit components, including 
the magnet, need not be large 
and cumbersome. 

2. Since the control magnet and its 
circuit may remain insulated 
from the tube and main power 

circuit, and since control is not 
affected by polarity of the mag- 
netic field, a new degree of free- 
dom is given to control circuit 
design. These factors allow 
simplification of many circuits 
as illustrated by the applications 
described below. 

3. Reaction of the tube on the con- 
trol magnet circuit is so small 
that the magnet may be oper- 
ated directly from communica- 
tion systems without danger of 
reflections, or from circuits in- 
cluding delicate instruments. 

4. Variation in design of the mag- 
net coil allows control to be ob- 
tained over a wide range of con- 
trol voltages. This is particu- 
larly useful if the control is 
from direct current. 

The Permatron as a Telegraph Relay 

As in all communication systems, 
the major problem in telegraphy is to 
rescue a signal which has become dis- 
torted by transmission over many 
miles of lines and to restore it to a 
condition which will preserve the in- 
telligence which it is to carry for 
many more miles. An original tele- 
graph signal may be represented by a 
square wave as shown on axis A of 
Fig. 2. After transmission over sev- 
eral miles, this signal may appear as 
shown by the wavy line on axis B. 

The Permatron circuit shown in' 
Fig. 3 may be used to correct the dis- 
torted wave form. Two tubes (a and 
b) are used. Each is operated by a 
magnet having two windings. One 
set of windings is connected to a local 
battery and supplies a constant d -c.; 
magnetic field to each tube. This' 
"bias" field is represented by the 
dotted lines in Fig. 2. When the in- 
coming signal is applied to the other 
set of coils, the dotted lines indicate 
the value of incoming signal which 
produces zero magnetic field through 
each tube. Thus, at point x on the 
incoming wave, tube (b) is conduct- 
ing and tube (a) is not. The con- 
denser, Ci, is charged up to nearly the 
full voltage of the local d -c supply: 
with the end which is connected to 
the anode of tube (b) negative. At 
point y on the wave, the field through 
tube (a) passes through zero, allow- 
ing it to start. This forms a con- 
nection between the positive terminal 
of the condenser and the cathode of 
tube (b) and forces the anode of tube 
(b) to a negative potential for a 
period long enough to allow conduc- 
tion to stop and to allow the magnetic 
field through it to prevent it from re- 
starting. The condenser then charges 
up in the reverse direction and is 
ready to perform the same function 
in stopping tube (a) when point z is 
reached. This switching of current + 

Fig. 3-Circuit for restoring distorted waveform in long-distance tele- 
graph communication, employing push-pull permatrons 
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from one tube to the other produces a 
voltage across the output terminals 
of the circuit which has the wave 
form shown by the square wave on 

axis B. This wave represents the 
restored signal which is sent on to 
the next relay station. The resistors, 
Ri, and the condenser are chosen so 
that the time constant, R,CI, is 
greater than the deionization time of 
the tube (approximately 500 micro- 
seconds). 

The value of Permatrons in this 
circuit lies in the fact that the mag- 
netic bias and the plate supply for 
the tubes are both obtained from the 

charging, the life of a battery may be 
more than doubled. If the charging 
is automatic, the only attention re- 
quired by the battery is a regular ad- 
dition of water. The virtues of this 
combination have become so well 
recognized in the last few years that 
many new automatic charging de- 
vices have been placed on the market. 
Most of these employ copper -oxide 
rectifiers and saturable -reactor con- 
trol units. Such units have been 
found very satisfactory and it is un- 
likely that electronic devices will 
ever completely replace them. How- 
ever, it has been found that there are 
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Fig. 4-Circuit employing three -phase -reactor magnetic full -wave con- 
trol for controlled charging of storage batteries 

same d -c source and in the fact that 
the control coils have a linear imped- 
ance and may be operated direct from 
the incoming line without producing 
interference or reflections. 

Automatic Battery Charging with 
Permatrons 

One way in which a rectifier does 
not equal the performance of a stor- 
age battery is in its transient regula- 
tion to load. When the output of a 
rectifier is filtered to the point where 
it is as smooth as that obtained from 
a battery, the impedance of the filter 
causes sharp transient changes in 
voltage whenever the load is suddenly 
changed. The major disadvantage of 
a battery, on the other hand, is its 
high cost of maintenance and replace- 
ment. 

The combination of automatic 
charger and battery possesses several 
advantages. By proper control of 

many instances where power ratings 
and rigid control requirements make 
electronic control necessary. 

Figure 4 shows a circuit in which 
Permatrons are used for automatic 
charging. The circuit is that of a 
full wave rectifier in which the Per - 
matrons are controlled by magnets 
having three windings. One pair of 
coils is operated from a -c furnished 
by a phase shift circuit which con- 
sists of the plate transformer second- 
ary, the resistor R3 and the condenser 
Co. Another condenser, C3, is con- 
nected in parallel with the control 
coils and is of a value which reson- 
ates, at 60 cycles, with the coil in- 
ductances. This reduces the current 
drawn from the phase shift circuit 
and makes it possible to use com- 
ponents of lower rating. 

The two other sets of coils are op- 
erated with d -c and are connected so 
that the a -c voltages induced in them 

by the a -c coils are balanced out. One 

set of d -c coils is connected in series 
with the output current and provides 
"current control". The other set of 
d -c coils is operated by an amplifier 
tube, T1, whose grid voltage is the 
difference between a portion of the 
output voltage and the constant volt- 
age appearing across a glow dis- 
charge tube, T2. This provides "volt- 
age control". Direct current flowing 
through either of these sets of coils 
varies the time in each cycle at which 
the tubes start by shifting the zero 
axis of the a -c magnetic flux. 

If the output characteristic of the 

With current 
and 

voltage control' 

Fig. 5 Comparison of voltage vs 
magnetic types of control 

Fig. 6 Circuit for "fading" two 
neon signs 

rectifier, without any control, is as 
shown by the upper line in Fig. 5, the 
effect of the current control coils, act- 
ing in conjunction with the a -c coils, 
is to produce the drooping character- 
istic shown by the dotted line. Addi- 
tion of the voltage control produces a 
flat portion in the curve at low values 
of output current. The voltage con- 
trol, as shown, is effective only to a 
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Photograph of typical structure, 
showing enclosed region between 

cathode and anode 

certain value of output current. This 
is due to the fact that beyond this 
point, the grid of the amplifier tube 
is so far negative that its plate cur- 
rent is completely cut off and it ceases 
to function. By proper design, the 
point at which the output voltage 
starts to drop is set at the maximum 
allowable charging rate of the bat- 
tery. The sliding taps on resistor R4 
are set to make the value of the flat 
portion of the curve equal to the 
voltage at which the battery is to be 
maintained. When connected to the 
battery, the action of the entire sys- 
tem is as follows : 

With no output load, the rectifier 
charges at the full rate if the battery 
is below the required voltage. As 
soon as the battery is up to full volt- 
age, the rectifier supplies only a 
trickle charge. When light loads are 
applied, the rectifier supplies both 
load current and trickle charge. When 
heavy loads are applied, the rectifier 
supplies maximum charging current 
and the battery supplies the rest. 
Thus, the battery is able to perform 
its two specialties: supplying heavy 
overloads and sudden current surges 
whenever required. In between 
times, the rectifier supplies the power 
and keeps the battery in good condi- 
tion. 

The use of Permatrons in this cir- 
cuit is helpful in many ways. First, 
combination of the three controlling 
systems is greatly facilitated by the 
use of multiple windings on the con- 
trol magnets. Second, the current 
control is efficient, since the voltage 
drop through the current control coils 
may be made extremely low, and re- 
quires no auxiliary transformers or 
amplifiers ; and, third, the ability to 
wind the coils for any impedance level 
enables the designer to match circuit 
characteristics with the characteris- 
tics of the voltage amplifier tube, and 
to operate the a -c phase shift circuit 
from the same source which supplies 
anode voltage to the Permatrons. 

An Automatic Fader for Neon Signs 

When neon signs were first de- 
veloped, much of their value was due 
to the fact that they were different, 
and that neon signs were conspicuous 
among many signs using incandes- 
cent lamps. Today the neon sign re- 
quires new effects in order to main- 
tain its leading position in the ad- 
vertising field. It is impossible to 
produce smooth variations in inten- 
sity in neon lighting simply by vary- 
ing the applied a -c voltage. If the 
voltage applied to the sign trans- 
former is reduced, the glow suddenly 
goes out before an appreciable reduc- 
tion in intensity has been obtained. 

When a gas -filled control tube is 
connected in series with the sign 
transformer primary, the brilliancy 
may be varied smoothly by varying 
the time in each cycle during which 
voltage is applied to the sign. Al- 
though this varies the effective a -c 
input voltage to the sign, surge volt- 
ages introduced by the sharp start- 
ing of the tubes are sufficient to 
ignite the signeven when the total 

brilliancy is extremely low. 
The Permatron circuit in Fig. 6 is 

designed to produce the effect of 
smooth color change with neon. It 
operates two sign transformers in 
such a way that the brilliancy of one 
neon tube is smoothly increasing 
while the other is decreasing. This 
variation is made periodic, so that 
by arranging two neon tubes, one red 
and the other blue, close together, the 
apparent color of the .sign may be 
made to change periodically through 
red, orange, purple, blue, and back 
again. 

In this circuit each control coil is i 

operated from a phase shift circuit 
consisting of a reactor le and half of 
the resistor R7. The reactors are 
periodically varied in opposite se- 
quence by an iron cam, which rotates 
on an eccentric axis so that the iron 
moves in and out of gaps in the re- 
actor cores. The condenser C6 is a 
double -section unit which resonates 
both control coils to reduce the load 
on the phase shift circuits. The 
forces on the cam are so well bal- 
anced that it may be turned by a 
small synchronous clock motor. This 
periodic variation of the phase shift- 
ing reactors produces variation in 
the time at- which each Permatron 
starts conduction, which in turn pro- 
duces the continuous variations in 
brilliancy of the sign tubes. 

Several features of the Permatron 
combine in this circuit to give it the 
simplicity which is required for sale 
in a large and highly competitive mar- 
ket. Since no connection is required 
between the tubes and control circuit, 
the motor wiring, the phase shift cir- 
cuit, the filament transformer, and 
the power circuit are grouped to- 
gether in every possible way to 
reduce the cost of materials. The 
ninety -degree lag between control 
coil voltage and current makes 
it possible to operate the phase shift 
circuits under conditions where max- 
imum variations in sign brilliancy 
are produced by the minimum varia- 
tion in inductance of the phase shift 
reactors. This is very useful, since it 
is always difficult to produce a large 
continuous variation in inductance 
either by changing an air gap or by 
d -c saturation. The ability to use a 
continuously varying reactor in this 
manner eliminates the need of mov- 
ing electrical contacts, such as might 
be needed for a variable resistor, and 
thus adds to reliability of the device 
and to freedom from maintenance. 
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By S. T. CARTER 
WSOC, Charlotte, N. 

WSOC'S 
PACK TYPE 
TRANSMITTER 

THE ultra -high -frequency crystal - 
controlled pack type transmitter 

described herein is the result of sev- 
eral years experimentation and ex- 

perience with pack transmitters of 
all varieties at WSOC. The models 
constructed and tried have included 
modulated oscillators, self-excited os- 

cillators driving modulated ampli- 
fiers and the crystal -controlled unit. 

This latter unit has several unique 
features, and should be of interest to 
broadcast engineers and amateurs 
concerned with high- and ultra -high - 
frequency transmitters and receivers 
of small size and light weight. 

The complete unit, with its associ- 
ated battery power supply, is housed 
in an aluminum and durai case 11 

by 15 by 5 inches. An idea of the 
construction of the case may also be 
had from the photographs. The right 
hand side, or front panel, has at- 
tached to it the four eighth -inch 
thick aluminum shelves. .The bot- 
tom compartment formed *by these 
shelves. houses the battery supply of 
180 volts of "B" battery, the 3 -volt 
"A" supply and the two "C" batteries 
for the speech amplifier and the auto- 
matic modulation control. The nar- 
row space between the bottom and 
middle compartments is for the pro- 
tection of the wiring of the speech 
amplifier, modulator, and receiver 
circuits. The parts for this portion 
of the unit are mounted on the third 
shelf. The small upright panel at 
the rear of this compartment serves 
two purposes, a support for the r -f 
shelf, and a mounting for the micro- 
phone receptacle and the headphone 
jack. Corresponding holes are cut 
in the back of the outer ease to pass 
the plugs of the microphone and 
headphones as well as the antenna for 
the receiver. 

The top shelf with its 5 by 5 inch 
baffle shield, supports the r -f section 
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of the unit. All parts, except the 
antenna coil and condenser, are 
mounted on this shelf. The front 
panel supports the antenna condenser 
with its associated coil mounted di- 
rectly to its terminals. The oscilla- 
tor and doubler are mounted to the 
rear of the shelf with the baffle shield 
between these two stages and the 
final neutralized amplifier. 

The built-in cue receiver operates 
on two bands of frequencies, one cov- 

ering several hundred kilocycles in 

the neighborhood of 2500 kc and the 
other covering several thousand kilo- 
cycles in the u -h -f band. The unique 
thing about this receiver is that not 
only the coils, but complete circuit 
changes are made in the shift from 
high to low frequency reception. On 

the u -h -f range a super -regenerative 
type of detector is used while for 
reception on the lower frequencies 
a straight regenerative detector is 

used. 
Coverage of two bands was felt 

necessary and desirable at WSOC. 
Normally, this transmitter works di- 

rectly to the WSOC mobile unit. 
This unit (a half -ton truck) has, in 

addition to the receiver for the u -h -f 

transmitter, several other pieces of 

apparatus. Two transmitters are lo- 

cated in the truck. Both operate 
from the 110 volts ac supplied by 

a generator. One of these transmit- 
ters operates in the low frequency 
end of the broadcast pickup band 
with a carrier power of ten watts, 
the other, a 40 -watt transmitter, op- 

erates on either 2790 or 2058 kc. 

With the frequency coverage of the 
built-in cue receiver, reception is 

possible from any of the transmit- 
ters employed as well as from WSOC 

direct. In addition to the reception 
of cues, the receiver is valuable for 
pre -broadcast arrangements where 
the pack is at a considerable distance 

from the truck or where crowds make 
communication difficult. 

With the system of automatic gain 
control shown, about 12 db of com- 
pression is practical and has proven 
well worth while. The quality of 
transmission is in no way impaired 
when the modulation control is 
switched in. Using inductor types 
of microphones and with the auto- 
matic modulation control operating, 
sufficient output from the modulators 
for one hundred per cent modulation 
is obtained with the gain control 
about one-third open. With the gain 

A quarter -wave rod antenna is 

connected at the top of the case by 
means of wing nuts 
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control full on, considerable variation 
ih pickup level is permissible. 

The automatic modulation control 
(a -m -e) makes use of a small amount 
of audio from the grids of the 1J6G 
through the 2:1 audio transformer 
to the diode plates of the 1B5. The 
negative voltage developed across the 
250,000 -ohm resistor in the center 
tap of the transformer serves as 
additional bias for the first stage of 
the speech amplifier, thus limiting 
the gain of this stage within limits. 
The 12 volts of bias in series with 
the 250,000 -ohm resistor and ground, 
controls the point at which effective 
compression begins. An increase of 
over 12 db input gives an output in- 
crease of approximately 3 db. The 
switch S, provides a means of oper- 
ation either with or without the mod- 
ulation control. 

The speech amplifier and the mod- 
ulators use only two tubes and have 
more than sufficient gain and output 
to modulate the four watts input to 
the final amplifier. The speech am- 
plifier uses a single 1E7G with its 
two pentode sections connected in 
cascade. The second pentode section 
is transformer -coupled to the 1J6G 
which is used as a class B modula- 
tor. Three volts of bias is used on 
the 1J6G. 

An overall frequency run on the 
tranmitter shows good response be- 
tween 100 and 5000 cps, the output 
being down 4 db at 8,500 cps. The 
output falls off rapidly beyond these 
limits. Distortion is not noticeable 
on an oscilloscope. Both the low and 
high -frequency response can be im- 
proved by the elimination of the 
input transformer. The use of crys- 
tal microphones should be practical 
although they have never been tried 
on this particular unit. The addition 
of the automatic modulation control 
introduces no additional distortion 
which can be detected on an oscillo- 
scope. 

The receiver consists of the type 
30 detector and a 1B5 triode as the 
audio amplifier, the diode plates serv- 
ing as the automatic modulation con- 
trol rectifier. The switching circuit 
of the detector is shown in the dia- 
gram. 

A SPDT toggle switch, Sy, is pro- 
vided in the headphone circuit to 
allow either reception or monitoring 
the program being broadcast. 

The r -f section of the transmitter 
uses a 1E7G, one pentode section be- 
ing the oscillator and the other the 

The r -f section is mounted on the top shelf. Note that the 
frequency doubler is tuned by an extension shaft. The batteries 

are carried in the bottom compartment 

frequency doubler. Ample excitation 
for the final amplifier is obtained 
from the doubler. Two milliamperes 
or more of grid current is easily ob- 
tained. The modulated amplifier 
uses a 1F4 with plate neutralization. 

With a full voltage set of batteries, 
loading the final amplifier to four 
watts input is accomplished without 
difficulty. With less than 150 volts 
of battery, it is difficult to obtain 
the required input for a two watt 
carrier. However, operation of the 
battery supply at this voltage is apt 
to produce noise due to the internal 
resistance. 

Using a quarter -wave vertical rod 
antenna, coverage at a half mile re- 
sults in a signal that completely over- 
rides all noise encountered so far. 
Coverage up to several miles should 
be practical under favorable condi- 
tions. Tests so far have been made 
without regard to buildings and other 
obstacles between the transmitter 
and the receiving point. The re- 

ceiver has been located in the down 
town area. Removal of the receiver 
to a point where the noise level is 
lower would result in signals useable 
over a much wider range of signal 
strength. 

No trouble should be experienced 
in construction of a unit similar to 
this one, that is, other than that 
usually encountered in the deter- 
mination of proper coil sizes. 

The antenna coupling system 
shown has proven best for our needs. 
Various other systems, including top 
loading of the antenna, have pro- 
duced r -f voltages in rather large 
quantities on the case of the unit 
and the microphone. With the sys- 
tem shown, no trouble from this 
source has been noticed so far. An- 
tenna current is in the neighborhood 
of 0.125 amperes for the two -watt 
carrier. The use of either a full 
half -wave antenna or loading the an- 
tenna to a half wavelength has pro- 
duced no noticeable increase in sig- 
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nal strength at the distances at 
which tests have been made so far. 

The controls for the oscillator, 
doubler, and final amplifier tank con- 
densers, as well as the antenna tank 
condenser, are brought out to screw 
driver slots in the front panel. Only 
occasional retuning is necessary. 

The output of the oscillator - 
doubler tube depends to a large ex- 
tent on the value of screen voltage 
used. Low voltage at this point re- 
sults in low output and/or insta- 
bility. 

The gain of the 1E7G speech am- 
plifier may be increased somewhat by 
increasing the screen voltage. How- 
ever, when the "B" voltage starts to 
fall off, using the a -m -c will produce 
squeals. The gain of the stage is 

ample with the voltages shown. 
Two meters are provided to check 

the operation of the unit. A double - 
range voltmeter for checking the fila- 
ment and plate voltage, and a milli - 
ammeter for reading plate current of 
the oscillator, doubler, final amplifier 
and modulators. This meter is con- 
nected through S: across the 25 -ohm 
resistors in series with the plate 
supply leads to these stages. 

Some improvement in the construc- 
tion of the transmitter might be 
made by making the overall size of 

the case one inch higher and a half 
inch wider on the five inch side. The 
additional inch of height could well 
be used in the small space between 
the audio shelf and the battery com- 
partment. Space would be provided 
for the automatic modulation con- 
trol and headphone switches, the 
leads would be shortened consider- 
ably and eliminate some crowding 
of parts into the battery compart- 
ment. 

The case is constructed of one - 
eighth inch aluminum and 18 -gauge 
dural. The corners are formed by 
using quarter inch square brass rod, 
drilled and tapped for the assembly 
screws. The eleven by fifteen inch 
panel on one side is made in two 
pieces to simplify inspection of the 
batteries. 

The entire case was given a coat 
of French Grey enamel and baked to 
obtain a wrinkle finish. Small screw 
eyes are located along the top and 
sides to provide a means of attach- 
ment for the shoulder straps. The 
case size shown is the result of 
some experimentation on case sizes 
and has been the most comfortable 
to wear when strapped to the back. 
However, the small changes in size 
recommended should make little or 
no difference in this respect. The 

crystal used in the oscillator is of 

the Tourmaline type. 
In the photograph of the control 

panel, the controls shown are as fol- 

lows : the top right screw driver slot 

is the antenna condenser, the lower 

right hand slot is the final amplifier 

tank condenser, the center control is 

for the oscillator tank condenser and 

the left hand control is for the 

doubler tank, the top left hand bar 
knob controls the receiver band 

change switch, top left hand bar 
knob is for the audio gain control. 

The second row of bar knobs are: 
right, receiver tuning and left, re- 

ceiver regeneration control. The 

two bar knobs near the bottom of 

the panel are : tap, filament rheostat, 
and bottom, milliammeter switch. 

The toggle switches are the controls 

for the headphone transfer and the 
automatic modulation control off -on 

switch. 
In the event crystal types of mi- 

crophones are tried, the A-10 input 
transformer should be eliminated, 
the 100,000 -ohm resistor in the grid 
of the first stage grid should be re- 

placed by a five megohm resistor and 

a 0.1 of condenser should be used in 

series with the "hot" side of the 
microphone. The gain remains fairly 
constant with either type. 

Circuit diagram showing transmitter circuit on the left and cue receiver circuit 

on the right. Note the frequency range switch of the cue receiver. The tubes 
used are of the 2.0 volt series 
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These pictures, taken at the Allen B. Du - 
Mont Laboratories, Passaic, N. J., show 
steps in cathode-ray tube manufacture. 
First, the fluorescent screen is applied and 
then trimmed on a vertical lathe as shown 
above. The collodial graphite shield is 
then applied and the mount assembly is 

inserted and sealed in place 

Adjusting the stopcocks above the mois- 
ture trap. The vacuum necessary is 
approximately 10 3 microns and is obtained 

by a mercury condensation pump 

Close-up of bombarding. The tempera- 
ture required is 800°-1000° C. The elec- 
trodes are connected to break down the 

cathode coating and to check quality 

Cathode-ray Tubes 
IN THE MAKING 

Removing the soot which was 
left after annealing to prevent 
too rapid cooling and guard 

against cracking 

The Pirani gauge indicates 
when the gases are driven 
from the glass to the proper 

degree 

The screen material is being 
inspected. Overheating may 
alter color characteristics and 

reduce luminous output 

The metal oven above is low- 
ered and heats the tube to 
approximately 400° C to drive 

off the occluded gases 

The metal parts of the mount 
assembly are freed of occluded 
gases by being heated to 

incandescence by induction 

Three-inch tubes are produced 
on "trolley" exhaust machines 
to gain the advantages of mul- 

tiple production 

tr 
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Properties of Ceramic Materials 
A comprehensive listing of the mechanical and electrical properties of porcelain, commer- 

C cial and low -loss steatite, cordierite, titania, and lava materials, compiled from average val- 

ues listed by manufacturers and standard references 

By HANS THURNAUER 

PORCELAIN STEATITE TITANIA BODIES CORDIERITE 
BODIES 

Low Thermal 

LAVA 

Natural 
UNITS 

Dry Process Wet Process Commercial Low Loss 
High Dielectric 
Constant Bodies 

Expansion 
Bodies 

Machined 
Stone 

Typical Applications 
Low Tension 
Insulators 

Low and High 
Tension 

Insulators 

Low and High Tension 
and High Frequency 

Insulators 

High Frequency 
Condensers 

1 2 

Low Tension and High 
Frequency Insulators 

Specific Gravity 2.3-2.5 2.5-2.6 3.9 3.0-3.9 2.0-2.2 2.3-2.8 

Water Absorption 
' ea 

0.5-1.0 Nil Nil to 0.1 Nil 0.1-1.0 1.0-1.5 

Nil Nil Nil Nil Nil Nil 
Water Absorpt. of Impreg. Mat. 

Tensile 
Unglazed 

S a 
14 

J 

1000-2000 5000-6000 6000-7000 I 7000-8000 
5000-6000 4000-5000 1000-3000 850-1250 

1500-2000 6000-8000 7000-7500 I 8000-8500 Strength Glazed 

30,000-50,000 45,000-60,000 70,000-100,000 80,000- 
100,000 

70,000- 
90,000 

20,000- 
60,000 

20,000- 
30,000 

Compressive 
Unglazed 

40,000-50,000 60,000-100,000 80,000-100,000 - Strength Glazed 

6.000-8000 10,000-11,000 18,000-20,000 20,000-22,000 18,000- 
20,000 

16,000- 
19,000 

4000- 
10,000 

10,000 - 
14,000 

Modulus of 
Unglazed 

7000-8000 12,000-18,000 21,000-23,000 22,000-24,000 Rupture Glazed 

Resistance to Impact (Charpy) 
Ft. lbs. 

in.' 

1.5-1.7 1.7-2.0 1.7-2.0 1.5-1.7 0.8-1.2 1.3-1.4 

Linear Coefficient of Thermal 
Expansion 20°-100°C 

.... 3.0-6.0 X 10.6 6.0-7.0 X 10-6 6.0-6.5 X 10-6 7.0-8.0 X 10-6 5.0-7.0 X 10-6 1.1-1.8 X 10-6 9.0 X 10-6 

40-100 250 200 200-250 200 100 80-100 

Dielectric Strength 
Volts 

per mil 

6.0-7.0 5.5-6.5 80-85 14-80 5.0-5.5 5.0-5.5 
Dielectric Constant 

1,000-1,000,000 cycles 

Volume Resistivity at 75° F. 

... 

Meg ohm 
/cc 

Above 10' Above 10' Above 106 Above 10' Approx. 10s 

60 cycles 

qO 

1.7-2.5 0.25-0.35 0.10-0.15 1.5-2.0 0.8-1.0 

0.8-1.0 0.18-0.25 0.03-0.06 0.06-0.10 0.4-0.8 0.3-0.8 
Power 
Factor 

1000 kc 

0.6-1.0 0.18-0.20 0.01-0.04 0.06-0.10 0.3-0.5 0.25-0.5 
10,000 kc 

60 cycles 

% 

10.2-17.5 1.37-2.27 0.55-0.97 7.5-11.0 4.0-5.5 - 
4.8-7.0 0.99-1.37 0.16-0.39 2.0-4.4 1.5-4.4 

Loss 
Factor 

1000 kc 

3.6-7.0 0.99-1.10 0.05-0.26 1.5-2.7 1.25-2.75 
10,000 kc 

Si Dielectric 
1,000 kc 

6.0-7.0 5.5-6.5 80-85 14-80 5.0-5.5 5.0-5.5 

Q Á Constant 10,000 kc 

, ó 

3 

II Power 
1,000 kc 0.8-2.0 0.27-0.37 0.06-0.12 0.6-1.2 0.45-1.2 

0.6-1.5 0.27-0.30 0.03-0.08 
0.06-0.10 

0.45-0.75 0.45-0.75 
Factor 10,000 kc % 

4.8-14.0 
E s- Loss 

1,000 kc 
1.48-2.35 0.33-0.78 3.0-6.6 2.2-6.6 

3.6-10.5 1.48-1.95 0.16-0.52 2.2-4.1 2.2-4.1 

Temperature 
paclly 

Factor 

Coefficient 
"C Between 

10,000 kc 

of Ca- 
20-80° C. 

.... -I- 6.5 X 10-' + 1.2 X 10'' + 1.2 X 10'' - 6.5 X 10-' -6.5 X 10'ío 
+1.2X10-' 

+ 2.5 X 10-' + 1.0 X 10 -'to 
+2.5 X10" 

These data represent average values and vary according to composition, size, method 

of manufacturing, etc, and are generally obtained by A. S. T. M. test methods. 
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Revised U -H -F Allocations 
The service allocations of channels between 30 and 300 megacycles have recently been 
revised by the FCC. This listing supersedes the chart published in Electronics, December, 
1937 

30.02 
} Gi13j 33.38 RB 37.10 

30.b0, 33.42 AV 37.14 
30.54 CSH 33.46 SV&EX 37.18 
30.58 P 33.50 P 37.22 
30.62 GMP 33.54 GMP 37.26 
30.66 EX 33.58 PR 37.30 
30.70 P 33.60 F* 37.34 
30.74 F 33.62 SV&EX 37.38 
30.78 F 33.66 AV 37.40 
30.82 RB 33.70 G 37.42 
30.86 PR 33.74 RB 37.46 
30.90 G 33.78 P 37.50 
30.94 FO 33.82 EM 37.54 
30.98 P 33.86 F 37.58 
31.02 SV&EX 33.90 F 37.62 
31.06 GMP 33.94 P 37.66 
31.10 P 33.98 PR 37.70 
31.14 EX 34.021 G(25) 37.74 
31.18 SV&EX 34.98 f 37.78 
31.22 RB 35.02 RB 37.82 
31.26 CSH 35.06 EX 37.86 
31.30 G 35.10 P 37.90 
31.34 FO 35.14 EM 37.94 
31.38 F 35.18 PR 37.98 
31.42 F 35.20 F* 38.00 F* 
31.46 EM 35.22 P 38021 G(2b) 31.50 P 35.26 RB 38..98 
31.54 SV&EX 35.30 G 39.02 PR 
31.58 FO 35.34 CSH 39.06 AV 
31.62 RB 35.38 F 39.10 P 
31.66 CSH 35.42 F 39.14 SV&EX 31.70 G 35.46 SV&EX 39.18 P 
31.74 EM 35.50 P 39.22 CSH 31.78 P 35.54 GMP 39.26 RB 31.82 F 35.58 MF 39.30 G 31.86 F 35.62 RB 39.34 EM 31.90 P 35.66 CSH 39.38 P 31.94 FO 35.70 G 39.42 FO 31.98 PR 35.74 FO 39.46 EX 32.021 G(25) 35.78 P 39.50 P 32.'98 i35.82 RB 39.54 SV&EX 33.02' PR 35.86 IS 39.58 CSH 33.06 EM 35.90 P 39.60 F* 33.10 P 35.94 FO 39.62 RB 33.14 F 35.98 PR 39.66 EM 33.18 F 36.00 F* 39.70 G 33.22 P 36.02 G(2b) 39.74 FO 33.26 PR 36.98 39.78 P 33.30 G 37.02 RB 39.82 RB 33.34 EX 37.06 SV&EX 39.86 EM 

P 
SV&EX 
EM 
P 
CSH 
G 
RB 
P 
F* 
PR 
FO 
P 
EX 
CSH 
RB 
IS 
G 
MF 
P 
EM 
AV 
P 
CSH 
RB 

72.00 
72.04 
77.90 
78.00 
90.00 
90.10 
95.90 
96.00 

108.00 
108.10 
111.90 
112.00 , 

116.00 jAM 
116.11 1 B(16) 
117.91 
118.10 
126.00 
126.10 
128.90 
129.06 1 GB 129.18 1 
129.30 ATC 
129.421 GB(3) 129.66 f 
129.78 ATC 
129.90 GB(3) 130.16 ; 
130.30 ATC 
130.441 GB(3) 130.72j 

39.90 P 
39.94 FO 
39.98 PR 
40.021 G 40.98 (2b) 
41.00 F* 
41.021 B(75) 43.98 J 
41.80 F* 
44.00 T(2) 56.00 
46.20 Ft 
48.40 FtFt 
49.5047.30 Ft 
56.00 AM 60.00 
60.02 . G(116) 65.94 ( 

66.001 T(1) 

G(82) 

T(2) 

G(57) 

T(2) 

G(39) 

G(3) 

ATC (20) 

130.86 ATC 
131.00 GB 131.28 J 
131.42 ATC 
131.56} GB 131.70 
131.84 ATC 
131.98 GB 
132.12 F 
132.26 B 
132.40 SV&EX 
132.54 CSH 
132.68 EX 
132.82 P 
132.961 B(2) 133.10f 
133.24 F 
133.38 SV&EX 
133.52 P 
133.66 EM 
133.80 F 
133.94 F 
134.08 B 
134.22 PR 
134.36 E 
134.50 P 
134.64 F 
134.781 

BD. (2) 134.92 f 
135.06 P 
135.20 F 
135.34 SV&EX 
135.48 B 
135.62 SV&EX 
135.76 B 
135.90 PR 
136.04 F 
136.18 P 
136.32 F 
136.46 EM 
136.60 F 
136.741 B(2) 136.88 f 
137.02 F 
137.16 CSH 
137.30 P 
137.44 SV&EX 
137.58 MF 
137.72 F 
137.86 SV&EX 

138.00 PR 
138.14 EX 
138.28 F 
138.42 P 
138.561 B(2) 138.70 f 
138.84 SV&EX 
138.98 F 
139.12 P 
139.26 EM 
139.40 F 
139.54 SV&EX 
139.68 PR 
139.82 F 
139.96 EX 
140.10 l AV (28) 143.88 f 
144.00 l G(80) 155.88 J 
156.00 l T(2) 168.00 f 
168.04 l G(68) 179.86 f 
180.00 1 T(2) 192.00 
192.10 l G(60) 203.90 f 
204.00 l T(2) 
216.00 f 
216.11 l G(36) 
223.81 J 
224.00 l AM 230.00 f 
230.121 G(16) 233.72 f 
234.00 l T(2) 246.00 f 
246.12 l G(47) 257.76 f 
258.00 l T(2) 270.00 J 
270.14 l G(44) 281.88 
282.00 

1 

T(2) 
294.00 
294.15 1 G(20) 299.85 f 

* Available for low power fixed service in Hawaii only. 
t Existing authorization for low power fixed service in the Territory of Hawaii to remain unchanged for the present 

AM - Amateur 
ATC - Airport Traffic Control 
AV - Aviation 
B - Broadcast 
CSH - Coastal and Ship Harbor 
EM - Special Emergency 
EX - Experimental 

SYMBOLS 

F - Fixed 
FO -- Forestry 
G - Government 
GB -- Guard Band 
GMP--. Geophysical and Motion Pic- tures 

Numbers in parenthesis indicate number of channels 

ELECTRONICS REFERENCE SHEET 

IS - Intership 
MF - Marine Fire 
P - Police 
PR - Mobile Press 
RB - Relay Broadcast 
SV - Special Services 
T - Television 
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RESISTANCE WIRE 
WELDED TO TERMINAL 

POSITIVE SPIRAL 
SPRING CONNECTOR 

ELEMENT TIGHTLY 

WOUND TO CLOSE 
TOLERANCES ON 

HIGH QUALITY 
PHENOLIC BASE 

SPECIAL ALLOY 

CONTACTOR 

TYPE W 
WIRE WOUND 

CONTROLS 
By combining the well-known spiral spring con- 

nector and a simple, time -tested contactor assembly 
with an accurate, tightly wound element, IRC engi- 

neers have provided a potentiometer having excellent mechanical and 

electrical characteristics. The spiral spring connector not only elim- 

inates a cause of noise common to ordinary collector ring type units, 

but contributes materially to smoothness of operation. Highest quality 

materials carefully fabricated and assembled assure long life plus the 

smooth "feel" so much desired in this type of control. 

Your own engineering tests on this newest IRC product will prove 

convincing. Samples to your specifications gladly sent upon request. 

DISSIPATION 
2 Watts at 50 degrees C. Temperature Rise. 

RESISTANCE VALUES 

All ranges from 5 ohms to 10.000 ohms. Stand- 

ard tolerance 2_10%. 

SHAFTS 
1/4 in. diameter. 3/8 in. bushing. Desired 

shaft lengths and other mechanical require- 

ments should be specified. 

MULTIPLE UNITS 
Can be supplied in dual and triple types as 
well as ganged with Types C and CS Metal- 
lized Controls. 

SWITCH 
Available with or without standard switch- 
also off position for use as low power rheostat. 

DIMENSIONS 
11/4 in. diam. Depth from mounting lace, 9 16". 

INTERNATIONAL RESISTANCE COMPANY 
403 NORTH BROAD STREET, PHILADELPHIA, PA 

In Canada, 187 Duchess Street, Toronto, Ontario 

MAKERS OF RESISTANCE UNITS OF MORE TYPES, IN MORE SHAPES, FOR 

MORE APPLICATIONS THAN ANY OTHER MANUFACTURER IN THE WORLD 
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NEW BOOKS 
Fundamental Electronics 
and Vacuum Tubes 
BY A. L. ALBERT, Prof. of Communica- 
tion Engineering, Oregon State College. 
Macmillan Co., New York. (422 pages. 
Illustrated. Price, $4.50). 

THIS BOOK HAS been written as a text- 
book on the use and applications of 
electron tubes for electrical engineering 
students. Throughout, the main em- 
phasis has been placed on engineering 
methods and principles, and only enough 
fundamental theory has been included 
to enable the student to understand the 
mode of operation of electron tube de- 
vices. 

Viewed in this manner, the title of 
the book may be somewhat misleading, 
for less than three of its 14 chapters are 
devoted to fundamental electronics. 
Much of the material in these three chap- 
ters has been summarized without proof, 
or references have been given to ele- 
mentary textbooks rather than to orig- 
inal sources of information. The student 
is, consequently, glided over a difficult 
and involved subject, perhaps without 
a full realization of the complexity of 
modern fundamental electronics, or the 
rapid changes and developments which 
are taking place in that field. The per- 
son who looks for the equations of tra- 
jectories of charged particles, for the 
effect of transit times, or a thorough 
treatment of space charge, for example 
as representing "fundamental electron- 
ics", is likely to feel a bit short changed. 
Viewed as a college text for students 
majoring in power or communication 
engineering, however, the book is highly 
satisfactory. 

The chapter headings include: basic 
electronic theory; emission of electrons; 
thermionic cathodes; two -electrode ther- 
mionic vacuum tubes; three -electrode 
thermionic vacuum tubes; multi -elec- 
trode thermionic vacuum tubes; recti- 
fiers; vacuum tube voltage amplifiers; 
vacuum tube power amplifiers; oscil- 
lators; modulators; demodulators; pho- 
toelectric devices and circuits; and 
cathode ray tubes and measuring de- 
vices. I. 

The author is well aware of the im- 
possibility of covering this vast amount 
of material in the confines of a single 
volume with any degree of exhaustive- 
ness, and frankly admits that no at- 
tempt has been made to cover com- 
pletely' both communication and power 
applications. The wide range of sub- 
jects which are covered makes it im- 
possible to develop in detail all of the 
important equations and concepts. The 
instructor will be able to develop, as 
class room work, details of such sub- 
jects as space charge and emission equa- 
tions which are given without proof. 
For those who may be required to study 
alone, the large number of references 

at the end of each chapter provide a 
source of material for further study. 
Each chapter contains a number of 
problems or suggested assignments. 

Important features of the book are 
the large number of illustrations, the 
completeness with which the field is 
covered, the inclusion of quite recent 
developments, the direct approach and 
practical aspect in treating each topic, 
extensive use of references, and freedom 
from unnecessary mathematics. The 
book is well edited, printed and bound, 
is well organized, has a good index, is 
justly priced, and is admirably. suited 
to the needs of engineering students for 
whom it was primarily written.-B.D. 

The Radio Handbook 
By the Editors of RADIO. Fifth edi- 
tion, 592 pages, 1938. Price, $1.50. 
Radio, Ltd., Los Angeles. 

IN THIS new edition of their radio 
handbook the editors of Radio have 
not been content merely to revamp a 
certain portion of the previous texts. 
They have constructed new equipment, 
and have described it; they have re- 
vised rather completely certain of the 
sections. Although some of the ma- 
terial is reprinted from Radio, most 
of the material has been written ex- 
pressly for this annual handbook. 

Among the 20 sections that on an- 
tennas seems to be particularly good 
with many diagrams showing construc- 
tion, directivity, methods of coupling 
to exciters, etc. Thirty pages are de- 
voted to the characteristics of modern 
receiving and transmitting tubes, show- 
ing the complexity of the present tube 
lists. 

Although the book is written largely 
with the amateur in mind it is a prac- 
tical book for anyone working in the 
art. 

The Engineers' Manual 
BY RALPH G. HUDSON, Professor of 
Electrical Engineering, Massachusetts 
Institute of Technology. (2nd, ed., 340 
pages, Illustrated.) John Wiley & Sons, 
New York. 

IT IS SAFE TO SAY that very few who 
have graduated from engineering col- 
leges since the World War are un- 
acquainted with "The Engineers' Man- 
ual"; most engineers who have used it, 
regard it second only to a good slide 
rule in essential professional equipment. 

The second edition of this popular 
manual has just appeared, and when a 
technical book can sell for twenty-two 
years without fairly extensive revisions, 
all indications point to thorough, accur- rate work in preparing and organizing 
the text. 

The second ;edition differs from the 
first only in being somewhat more com- 
plete and comprehensive. All of the de- 
sirable features which have made this 
book popular have been retained, in- 
cluding the important method of pres- 
entation which explains the use of the 
formulas, and indicates the units in 
which the measurements are to be made. 
The main sections of the book deal with 
mathematics, mechanics, hydraulics, 
heat, electricity, and mathematical ta- 
bles and conversion factors. The book 
is of convenient, pocket size, with flex- 
ible cover. All indications are that it 
will continue to provide handy, compact, 
useful information for the student or 
practicing engineer.-B. D. 

Proceedings of the 
International Telephone 
Consultative Committee 
Plenary Meeting, Copenhagen, June 
11-20, 1936. International Standard 
Electric Corp., New York. Price $2.50, 
388 quarto pages. 

THE RECOMMENDATIONS of the "Comite 
Consultatif International Telephonique" 
in promoting and coordinating long- 
distance telephone communication on 
an international scale are described in 
this volume. An important feature is 
the index which covers all material in 
the 1934 as well as the 1936 edition 
and indicates whether the material is 
new, modified or maintained un- 
changed. The bibliography of Eng- 
lish, French and. German publications 
contains over 1200 references covering 
all phases of the telephone art.-c.w. 

Radio Facsimile 
Published by RCA Institute's Technical 
Press, New York. (353 pages. Illus- 
trated. No price stated.) 

THIS VOLUME IS "an assemblage of 
papers from engineers of the RCA 
laboratories relating to the radio trans- 
mission and recorded reception of per- 
manent images." Of the twenty papers 
included in this collection, no less than 
thirteen have been reprinted from 
publications receiving wide dissemina- 
tion in the radio engineering field. Thus 
the main contribution of this volume is 
that it collects in handy form papers 
by RCA engineers. The fact that "in 
assembling what may be regarded as 
the first book, or treatise, devoted ex- 
clusively to radio facsimile" the editors 
have found it desirable to include only 
one point of view would seem to 
definitely limit its value to a disinter- 
ested reader who may, after all, be 
aware that more than one firm has been 
engaged in the development of facsimile 
equipment. 

The book is divided into four parts 
dealing with the historical development 
of facsimile, status of radio facsimile 
in 1938, radio facsimile communication 
methods and equipment, and facsimile 
in broadcasting.-B.D. 
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PARALLEL 
CONDENSER. 

CKPAQItUj4E.MULTIPl1ER 

4 }acc 

CAPACITANCE BRIODE: 
LTK1,4+1 MIWLYO:iD+F 

4E1(ERAL RA01O CO 

AmmeocrwwA 
POWER- FACTOR 

7G 

Direct -Reading Schering Bridge 
for 

Capacitance and Power Factor Measurements On 

CONDENSERS 
INSULATORS 
CABLES 
TRANSFORMER OILS 
WAXES 

IHIS Capacitance Bridge is direct -reading in 

capacitance at audio frequencies with a range 

of 100 uuf to I uf, and in power factor at I kc from 
0.002% to 6%. When the substitution method is 

used its capacitance range is 0.1 uuf to 1000 uuf 

with the internal standard and up to I of with an 

external standard. 

When used as a direct -reading bridge it is suitable 
for measuring the capacitance and power factor of 
2 -terminal condensers. 

Write for Bulletin 

RUBBER 
CERAMICS 
GLASS 
PAPER 
ELECTRICAL MACHINERY 

With its direct -reading feature this bridge is very 

convenient for laboratory measurements and pro- 
duction testing of condensers; determining dielec- 
tric properties such as power factor or phase angle, 
dielectric constant, dielectric loss and the change 
of these properties with moisture absorption; meas- 

urements of resistance of electrolytes and capaci- 
tance and power factor tests on insulators and 

insulator bushings. 

TYPE 7I6 -A CAPACITANCE BRIDGE... $335.00 

407 for complete data 

GENERAL RADIO COMPANY, Cambridge, Mass. 
Branches in New York and Los Angeles 
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TUBES AT WORK 
The choice of tubes for the increasingly 
important wide -band amplifier applica- 
tions, a phototube galvanometer control 
of logarithmic type, and a mercury rec- 
tifier arc -back indicator 

Choice of Tubes for 
Wide -Band Amplifiers 

By DALE POLLACK 

RCA Manufacturing Company, Inc., 
Camden, N. J. 

THE DESIGN OF AN AMPLIFIER to pass a 
wide band of frequencies presents 
many awkward problems, one of them 
being the choice of the most suitable 
tubes from the multitude of available 
types. The circuit to be considered 
here is the fundamental resistance -ca- 
pacitance coupled amplifier of Fig. 1. 
It will be shown that the utility of a 
tube in such a wide -band amplifier, 
so far as its frequency response is con- 
cerned, can be expressed in terms of a 
simple figure of merit. While the 
figure of merit will be derived with 
reference to the simple resistance 
coupled amplifier of Fig. 1, the same 
criterion may be applied to any sim- 
ilar amplifier circuit in which the gain 
at high frequencies is limited by the 
shunt capacitance. 

Figure 2 shows the equivalent cir- 
cuit of the resistance coupled amplifier. 
The gain at high frequencies is given 
very closely by 

a g. R 
1-I-jwCR (1) 

where a = complex gain of the amplifier 
stage =I«ALB 

gm = mutual conductance of tube 

R = effective load resistance = 
1 

RL + R, + r 
RL =--- load resistor 
R, = grid leak of succeeding tube 
w =2-rf 
r, = plate resistance of tube 
C = total plate circuit shunt capaci- 

tance, including input capaci- 
tance of succeeding tube. 

The maximum gain, from eq (1), is 
amnx = gm R (2) 

The gain is reduced to 0.707 its maxi- 
mum value (3 db) when the frequency 
is such that the imaginary part of the 
denominator of (1) equals unity, that 
is, when 

w h CR =1 (3) 

where (eh = 2srfh is the angular veloc- 
ity for which the gain is reduced by 
3 db. Eliminating R between (2) and 
(3) gives 

gm 4 

which relates the maximum gain, and 
the frequency at which the amplifier 
response is 0.707 the maximum, to the 
tube and circuit parameters. In a 
wide band amplifier it is always de- 
sired to obtain the greatest gain for a 
specified frequency range. Equation 
(4) shows that the maximum gain and 
the frequency response are each direct - 

Fig. 1 Actual circuit of wide -band 
amplifier 

ly proportional to the ratio of the mu- 
tual conductance to the total shunt ca- 
pacitance. Consequently, to obtain the 
greatest gain for a desired frequency 
range the g,n/C ratio should be as large 
as possible. 

The shunt capacitance, if it is 
assumed for convenience that the am - 

MEASURING THE 

A new method of measuring 
pletely automatic, has been 
Harvard, shown here with his 

at piesent is two and 

Fig. 2-Equivalent circuit for cal- 
culating wide -band response 

plifier is made up of similar stages, is 

C=C,+C,+C (2+alcos+ cos 

o 

-E C.<<a, (5) 
This expression is readily shown to be 
true, if the output capacitance of the 
preceding stage is included as well as 
the input capacitance of the succeed- 
ing stage. At the frequency for which 
the gain is 3 db down, 

a l = 0.707 «m,z and 0= 45° 

Consequently (5) may be written 

C=C,+C+C (2++--_) 
(6) 

The stray capacitance includes all 
capacitance except that of the tubes. 
A distinction must be made between 
two principal cases, first, that for 
which the tube capacitances predomi- 
nate, and, second, that for which the 
stray capacitances are large compared 
with the tube capacitances. In a wide - 
band voltage amplifier the tube capac- 
itances are normally much larger 
than the stray capacitance. In a modu- 
lator stage the capacitance presented 
to the modulator by the radio frequen- 
cy circuits may be much larger than 
the modulator tube capacitance. 

The transconductance g,,,. is, of 
course, a property of the tube alone. 
Consequently, when the tube capaci - 

SPEED OF LIGHT 

the speed of light, which is corn - 
devised by W. C. Anderson of 
apparatus. The limit of accuracy 
one-half miles per second 
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lidIfrifilfOU CAN COMPENSATE 

FOR ANY FREQUENCY DRIFT FROM 

TO IV 

t0 
o , U 10 20 30 40 50 60 70 

TEMPERATURE °C 
80 900 100 

SINGLE UNIT etie CERAMICON 

o 

o 
0a, 

o o 

o 

o o 
d 

m 

o 

INSULATED 

(ERAMICONS 
AVAILABLE IN 

-THESE MAXIMUM 

RANGES 

NON -INSULATED 

CERAMICONS 

AVAILABLE IN 

THESE MAXIMUM 
RANGES 

P120 P50 N P O N50 14100 HISS N200 N250 N300 N 350 N 400 N 450 14500 14550 N100 N680 

CERAMICON TYPE NO. -TEMPERATURE COEFFIC ENT OF CAPACITY X 06 

(N 350 IS -.000350 MMF./ M ME/0C) 

New wide range in single units pro- 
vides larger capacities in both in- 
sulated and plain types. 

The recent development of improved ceramic ma- 
terials now makes it possible for Erie to offer single 
unit Ceramicons with any desired temperature co- 
efficient of capacity between -1--.000I2 and 
-.00068 per °C. Since the temperature coeffi- 
cient of these silver-plated ceramic -dielectric con- 
densers is definite, linear and entirely reproducable, 
they will accurately compensate for reactance 
changes caused by temperature variations in other 
components. 

As shown in the chart at the left, completely sealed 
and insulated Erie Ceramicons are available with 
the proper capacity and temperature coefficient 
for most applications. Where higher capacities 
are required, non -insulated Ceramicons are sup- 

plied. 

Their excellent operating characteristic plus the 
wide range of capacities and temperature coeffi- 
cients make Erie Ceramicons ideal for your radio 
frequency uses. 

ERIE RESISTOR CORPORATION,guk., 
I ORONTO, CANADA LONDON, ENGLAND PARIS, FRANCE-J.E.CANETTI CO. 

MANUFACTURERS OF RESISTORS CONDENSERS MOLDED PLASTICS 
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RCA and NBC Announce 

TELEV % 
Television Broadcasting Begins on April 30th in the New York 1 t, 

...and Wei U Television 
Receivers Are Ready Now! 

Years of patient effort in RCA Laboratories 
-millions spent on research-now convert 
a fantastic dream into a splendid reality ... 

April 30th marks the birth of a new in- 
dustry-television. On that day sight will 
join with sound to bring you a wealth of 
new experiences. 

Television offers something everyone 
wants. If you live in the New York 
metropolitan area you can have it 
right now. No prediction can he 
made as to how soon television 
will be available nationally, but 
RCA is bending every effort to meet 
popular demand. 

When television becomes a nation- 
wide service it should provide new 
opportunities for workers. Think how 
recently radio was an experiment and a 
toy. Swiftly it became a great industry. 
Today, radio is a source of livelihood 

to thousands. RCA hopes to help in a 
similar growth of television in the future. 

The development of television has 
required much research. To insure suc- 
cess RCA gathered in Camden, a dis- 

tinguished group of scientists and 
IQ engineers. A long step forward was 

their development of the Icono- 
scope, the "eye" of television, 
and the Kinescope, the screen." 

These are the bases of RCA electronic 
television, and have been made available 
to the entire industry. 

Television also had to be proved in 
the field. RCA has spent more than two 
million dollars in practical field tests of 
television in New York. RCA 
and its various subsidiary corn - 

1 

panies have been, and are, el 
in every phase of television - re 
engineering, manufacturing, inst 
broadcasting and service. This 
ence is unmatched anywhere. 

Now the great day has arrived. 
era begins. Through RCA Victo) 
vision Receivers you can take 
part in one of the greatest 
adventures in all scientific 
history. It is an adventure 
you will never forget. 

The development of tele - 

i.' 

vision is one more example 
ceaseless research of RCA and i e 
ious subsidiary companies. By Xa 

looking ahead, RCA seeks not h 

improve the general services of (de 

but to produce equipment of lFht 

standards at moderate prices for irr 

industry and laboratory. That's y f', 

radio and television, it's :(. 
\m All the Way. 

FACTS YOU'LL WANT TO KNOW ABOUT TELEVISION 
Indications point to the operation, in the near future, of 
three stations in the New York area; also one at Schenec- 
tady, N.Y., and one at Los Angeles, Calif. At the aver- 
age electric rate it will cost about one cent an hour to 

operate a television receiver. Size of pictures are shown 
set descriptions on these pages. Beginning about April 3 

NBC will provide two one -hour programs per week, pl, 

special event pick-ups of sports, visiting celebrities, et 
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iELOIV) MODEL TT -5 RCA Victor Television Attachment is for use 

nnected to modern radios through which sound is heard. It contains 
RCA 5" white screen Kinescope ... presents a picture about 31" by 

" in size ... uses direct method of viewing ... has 16 tubes exclusive 
Kinescope ... is a table model ... has 5 television channels and selec- 

r switch for television tuning. Like the TRK-5 this instrument uses 
,) rayed silver compensated condensers and Styrol R -F and I -F trans- 

rmers. 

:A Victor Model TRK-9 (not illustrated) is similar to Model 
.K-12, except that it is direct viewing and uses a 9" Kinescope. 

(AT LEFT) MODEL TRK-12 is the finest television instrument offered 

by RCA Victor. It contains an RCA 12" white screen Kinescope which 

provides a picture size of 7I" by 9a", viewing is indirect through mirror 
attached to cabinet top. Other fine features of this instrument are as 

follows: 36 tubes exclusive of Kinescope, 4 chassis (1 video, 1 power 
supply for video, 1 all -wave, 1 power supply for all -wave), 5 television 

channels, selector switch for television tuning, 12 -tube all -wave sound 

chassis, 12 watts (pentode push-pull) sound power output, high fidelity 

reproduction, inverse feed-back included with control, 12" high fidelity 

speaker, phonograph jack. This instrument also uses sprayed silver 

compensated condensers and Styrol R -F and I -F transformers as men- 

tioned below in description of Model TRK-5. 

(ABOVE) MODEL TRK-5 RCA Victor Television Console. Features 
of this instrument in which you will be interested include an RCA 5" 
Kinescope with white screen ... 24 tubes exclusive of Kinescope ... 3 

chassis, one an all -wave radio receiver, one an all -wave power supply 
and one for television ... 5 television channels ... a selector switch for 
television tuning ... a 8 -tube, 3 -band push-button radio ... 5 watts 
(pentode push-pull) of sound power output and a 12" loudspeaker. 
This instrument reproduces a picture in size of about 3e" by 4I". 
Picture may be seen by direct method of viewing. Sprayed silver 
temperature compensated condensers are used in this instrument. These 
have proper temperature coefficient to maintain circuit stability regard- 
less of temperature changes. This instrument uses Styrol R -F and I -F 

transformers to greatly simplify mechanical and electrical construction 
and to give highest type insulation. 

You can buy RCA Victor Television Receivers on C.I.T. easy payment 
plan ... For finer radio and television performance-RCA Victor Tubes. 
In Television-from Camera to Kinescope-It's RCA All the Way. 

mews" N 
eeceirees 

ZCA Manufacturing Company, Inc., Camden, New Jersey A Service of the Radio Corporation of America 
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the New DAVEN Type No. 910 
VOLUME LEVEL INDICATOR 

,.. ._....._ YY _.._..... 
( u . >o ,: r, u :;\ 

i( \' ;A.\..\_.',y 

,s 

\\ 
uYd /1 wr Nrorr'xfmº::,.::> 

/1/ü 
ua_..:. 

?rFµYWCOpMk 

It is designed to indicate audio levels in broadcasting, sound recording, and allied 
fields where precise monitoring is important. The Type 910 unit is completely self-con- 
tained, requiring no batteries or external power supply. The indicator is sensitive to 
low power levels, rugged and dependable. 

The indicator used in this panel is the new WESTON Type 30 meter, the dynamic 
characteristics of which have been approved by BELL TELEPHONE LABORATORIES, 
N.B.C. and COLUMBIA Engineers. The indicator reads in percent voltage and VU. The 
"VU" is defined as being numerically equal to the number of DB above 1 mw. refer- 
ence level into 600 ohms. 

Two meter controls are provided, one a small decade with screwdriver adjustment for 
zero level setting of the meter pointer: the other a constant impedance "T" type network 
for extending the range of the instrument in steps of 2 DB. 

Because of the length of the meter scale, small differences in pointer indications are 
easily noticed. For this reason the screwdriver type vernier is provided. All V. I. 
meters can thus be adjusted to the same scale reading. This is particularly convenient 
in complex installations where several V. I. meters must be read by one operator, or 
in coordinating the various meters at different points in a network. 

SPECIFICATIONS 
* INPUT IMPEDANCE: 7500 ohms constant on 

all steps of meter range switch except 
on the 1 mw. calibration step. 

* POWER LEVEL -RANGES: Standard 1 mw. 
at 600 ohms reference. See table below. 

* FREQUENCY RANGE: Less than 0.2 Db. 
variation up to 10,000 cycles. 

* SCALE READING: Meter calibrated -20 to 
3 VU and 0 to 100%. Type "A" Scale, 
for sound level work is marked in VU on 
the upper scale; Type "B" Scale for broad- 
casting work is marked in percent on the 
upper scale. 

* INDICATING METER: Copper -oxide -type 

adjusted for deliberate pointer action. Large 
clearly marked scale. 

* METER RANGE CONTROL: Heavy duty "T" 
network. Input impedance 7500 ohms; Out- 
put impedance 3900 ohms. Attenuation var- 
iable in steps of 2 VU. 

* METER ADJUSTMENT CONTROL: Miniature 
step-by-step decade type unit. Designed 
for fine adjustment of the zero level read- 
ing over a range of ± 0.5 VU. 

* MOUNTING: Standard relay rack Mounting 
Aluminum Panel 51/4 x 19." 

* FINISH: Black alumilite, dull satin finish; 
R. C. A. or W. E. gray. 

'l'ype No. Range Zero Level 

910-A 
910-B 
910-C 
910-D 

1 mw. -j-4 to 40 VU off 
1 mw. +4 to 40 VU off 
1 mw. +4 to 24 VU off 
1 mw. +4 to 24 VU off 

1 mw. 
1 mw. 
1 mw. 
1 mw. 

600 Ohms 
600 Ohms 
600 Ohms 
600 Ohms 

Scale Price 

A $65.00 
li 65.00 
1 60.00 
li 60.00 

The new "T" attenuator 
illustrated at left is a 12 
step unit. Both the 12 
and 20 step attenuators 
are in stock for immediate 
delivery. 

Type T-994 
Price $12.50 

12 step attenuator 

Type TA -1000 
Price $17.50 

20 step attenuator 
Round dial supplied with 

above attenuator 

Type 991 
Price $2.50 

Rheostat for 
calibrating meter 

THE DAVEN COMPANY 
158 SUMMIT STREET NEWARK, NEW JERSEY 

tances predominate, Eq. (4) is a con- 
venient figure of merit for the high 
frequency performance of a tube. If, 
on the other hand, the stray capaci- 
tance is large, the shunt capacitance, 
C, is largely independent of the tube 
employed and the criterion of a tube, 
from Eq. (4), is simply its mutual 
conductance. 

In the first case, when the tube ca- 
pacitance predominates, the g,n/C ratio 
is a constant for a given type of tube 
construction. Thus, the mutual con- 
ductance may be increased by increas- 
ing the length of each of the elements, 
but the capacitances will be increased 
in approximately the sanie proportion. 
The figure of merit may be increased, 
however, by making more fundamental 
changes in the construction, such as 
by altering the grid structure or by 
the use of the beam power principle. 

Table I gives the figures of merit for 
a number of common tube types at 
rated operating conditions, since some 
of this information is not readily 
available. In computing the capaci- 
tance reflected through the grid -plate 
capacitance of the succeeding tube in 
the amplifier, the gain of pentodes has 
been assumed to be 10, for triodes µ/3, 
except for the 6F5 for which the as- 
sumed gain is 5. In general, it will 
be seen that the preferable tubes to 
be employed in wide band amplifiers, 
when tube capacitance is the determin- 
ing factor, are the acorn types, the 
beam power tubes, and the television 
tubes of the 1800 series. 

When the stray capacitance predom- 
inates, as noted above, the choice of 
tube is governed largely by its mutual 
conductance, which is also given in 

NEW FASHIONS 
IN SPEAKERS 

A shallow or flat loud speaker, 
shown above the fireplace, has 
been built by an English designer 
to assist in solving the problem of 
multiple sound outlets for the aver- 
age home. The surrounding wall 
behaves as a baffle to prevent loss 

of bass tones 
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Keep Your Cabinet -Styling 

Tuned to Popular Demand 
with Barelite Materials 

"Style that sets a new standard" is 
the description applied by RCA 
Victor to its 'New Yorker' set in 
lightweight, heat -resisting, moisture - 
resisting Bakelite Molded. Cabinet 
molded by Mack Molding Company. 

The De Wald 'Bantam' demonstrates 
how a clever handling of the grill 
can give a two-tone effect to this 
Bakelite Molded cabinet. Molder: 
Richardson Company. 

IN AROUSING popular demand for radios today, style 
is as big a factor as performance. Given a choice 

of several receivers, all of reputable make, the aver- 
age buyer prefers the one most attractive to the eye, 
most decorative in the home. 

That is why so many of radio's best sellers are 
housed in Bakelite molded cabinets. With versatile 
Bakelite plastics, radio manufacturers are given more 
latitude in the creation of distinctive, original designs 
that would be difficult and costly to obtain with other 
materials Of vital importance, also, are the produc- 
tion economies that can be gained through molding, 
in a single operation, a complete cabinet with self- 
contained color and lustre. 

There are more than 600 Bakelite molding mate- 
rials available in virtually any color desired, from 
delicate ivory to rich jet black-presenting you with 
an opportunity to lower production costs while keep- 
ing in tune with popular demand for improved radio 

styling. Write for Portfolio 13 of illustrated booklets 
describing varied types of Bakelite Plastics. 

BAKELITE CORPORATION, 247 Park Avenue, New York 
Chicago: 43 East Ohio Street 

BAKELITE CORPORATION OF CANADA, LTD., 163 Dufferin St., Toronto 

West Coast: Electrical Specialty Co., Inc., San Francisco, Los Angeles and Seattle 

Consult Bakelite Headquarters for Plastics 

At this single central source, more than 2,000 plastic materials 
are available, including molding materials, laminated stock and 
insulating varnishes of unusual value to radio designers. They 
offer wide selection of color, transparent or opaque effects, tough- 
ness, power factor and other characteristics. 

Fill your needs more accurately with Bakelite POLYSTYRENES, 

UREAS, CELLULOSE -ACETATES, PHENOLICS. 

BAK5L1TE 
PLASTICS HEADQITARTFRS 

VISIT THE BAKELITE EXHIBIT, HALL OF INDUSTRIAL SCIENCE, NEW YORK WORLD'S FAIR 1939 
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NO MISFIT (PARTS) 

''Ìl1rrÌ 

t11i+11{ 11(t .... ... 

Each Major Component of this 

ANTENNA COUPLING UNIT 
* is manufactured entirely by E. F. JOHNSON CO. * to meet each customer's specific requirements * thus assuring perfection of operation 

The outstanding thing about all Johnson equipment is dependability-the 
result of careful precision engineering. This coupling equipment for 
example, is NOT made up of miscellaneous stock items manufactured 
somewhere else. Each major part has been designed and made by John- 
son for maximum coordination, and meets F.C.C. requirements in every 
detail. We can supply coupling and phasing equipment for either direc- 
tional or non -directional antenna systems, or units permitting directional 
and non -directional operation with the same system. The latter can be 
designed to permit switching from directional to non -directional and 
vice versa without removing carrier from the air. 
If yours is a special problem, write us immediately. Our engineers will 
gladly cooperate with you or your consulting engineers in solving your 
antenna coupling problems. Recommendations and quotations gladly fur- 
nished without obligation. 

CONTROL PANEL 
The control pa ne l provides 
switches for changing from di- 
rectional to non -directional oper- 
ation and vice versa and for 
turning on the tower lights. 
Meters indicate the antenna cur- 
rent in each tower. 

"NI ANIIFAI'TIIHERS 

Catalog 301D sent on request 

E. F. JOHNSON CO. 
WASECA, MINNESOTA 
INr11IIT: 2.5 IV11111EN ST., NEW 1'1111k, N. 1. 

OF 11,x11111 TRANSMITTING EQUIPMENT"' 

Trans- 
mitter 
Pentodes 
Beam 
Power 
Tubes 

Table I. In this case the most desir 
able tube types are the 1800 series 
the 2A3 and the beam power tubes 
The g L/C ratio may be increased b: 
paralleling tubes, which is not the cas 
when the tube capacitance is the majo 
factor. 

In intermediate cases, when the stras 
capacitance and the tube capacitanc, 
are of the same order of magnitude, 
the choice of tube must be made b: 
computing the total capacitance fo 
each type. For convenience in makint 
such calculations the approximate tota 
tube capacitance 

Ctoe. = C, -h C,-}- C, ( 2-}- l 

is also given in Table I. 
The concern here has been solel' 

with the frequency response of tilt. 
amplifier. The ultimate choice of ; 

tube must, of course, depend upoi. 
other considerations. Among these are 
the required voltage swing and powe 
output, the availability of supply volt 
ages, and permissible distortion an( 
noise. 

TABLE I 

tDm 
A 
F F 

Triodes 2A3 
6C5 
6F5 
6J5 
801 
955 

Receiver 1A4P 
Pentodes 6C6, 57 

6K7 
954 
956 

1851 
1852 
1853 

802 
803 
837 
6L6 
6V6 

6Y6G 
25L6 

807 
813 
814 
832 

Áwo°r 
ó d V w 

Qó 
p,.[j',.j (: 

...0 

ä,E P. 

57 5250 92 
27 2000 74 
27 1500 55 
26 2600 100 
28 1800 64 
11. 1700 155 
16 750 47 
12 1200 100 
19 1650 87 

6 1100 180 
6 1800 290 

i7 9000 520 

14 5000 360 
22 2250 100 
48 40Q0 83 
27 3400- 125 
26 6000 230 
23 4100 180 
28 7000 250 
26 8200 320 
19 6000 320 
31 5000 160 
28 3300 120 
12 3300 275 

Approximate figures, assuming, for triodes 
gain of µ/3 (except for the 6F5, for whic 
5 is assumed) and for pentodes a gain of 11 

Phototube Controls 
Logarithmic Response 
in Galvanometer 

By J. H. JUPE 

FROM FRANCE, comes news of a photo 
cell which has been adapted to cause ; 

galvanometer to give logarithmic read 
ings instead of linear. The scheme de 
pends on the galvanometer coil beini 
deflected by the current in the circui 
under test, but at the same time bein; 
controlled by a current depending 01 

the position of the mirror. 

44 April 1939 - ELECTRONIC.` 

www.americanradiohistory.com



What's New? 
WELDRAWN-a New Weed 

Cold Drawn Tubing Comparable 
to Seamless in All but Price... 

SUP4VOR 

R r 
SUPERIOR TUBE PRODUCTS 

MECHANICAL SEAMLESS STEEL 

STAINLESS SEAMLESS STEEL 

PURE NICKEL SEAMLESS 

INCONEL SEAMLESS 
BRAWN MONEL 

ALUMINUM 
BUTTWELDED 

STEEL COLD DRAWN 
LOCKSEAM & SEAMLESS 

CATHODES 

Now that this unusual tul4 roduct has proved 

customers itself highly satisfactory== ourregular 

we offer WELDRAWN with complete confidence 

in its value to many industries. 

Produced from 18-8 Stainless Steel Strip by 

welding and then Cold Drawing, WELDRAWN 

offers the tage of interior and exterior sur- 

faces w are equal. Compared with seamless, 

this j y er inside surface will, in all probability, 

etter performance in most applications .. . 

5% the cost of seamless, WELDRAWN is 

w available in sizes up to 5/8 inches O.D., and 

wall thicknesses from .012 to .083 ... Write for 

testing samples sized to your requirements. 

SUPERIOR TUBE COMPANY NORRISTOWN, PA. 

SUPERIOS TUBING 
E1,1';1,11t11N ICS I irrr! 1939 t5 
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TRANSFORMERS 
NOW-for every commercial or scientific application-a new, 

dependable source of perfectly regulated AC unaffected by line 

transients or chronic high or low voltage levels. Unlimited flexi- 

bility of design and capacities to meet practically any requirement. 

(U. S. Patent Nos. 2,143,745-1,893,251) 

P 

TRAN SF SRM E P. 

tltt T «ieeeete, 

BULLETIN 
SM -2 2 A bulletin giving complete 

engineering data avail- able on request. Write for it on Your letterhead. 

SOLA ELECTRIC COMPANY 
2525 clybourn ave., Chicago, ill. 

An ordinary reflecting galvanometer 
is set up with lamp, lens and scale, but 
with a mask, having an opening vary- 
ing in width exponentially, over the 
lens. The mirror can be considered as 
being in a logarithmically shaped beam 
and receiving more or less light ac- 
cording to its position. Close by the 
scale is a photocell with a large surface 
area and so placed that no light falls 
on it when the light spot is in the zero 
position. 

Immediately the mirror moves the 
spot up scale, the cell receives light at 
the same time and sets up a current 
which is arranged to Oppose that of 
the circuit under test. Thus, the 
stronger the deflecting current, the 
greater is the opposing current from 
the cell, the two being connected in 
opposite polarity. As the light re- 
ceived varies exponentially with the 
deflecting force on the mirror the gal- 
vanometer has an exponential control 
and so the reading of the scale is log- 
arithmic instead of linear. 

Improved Form of Alnico 
Magnet Displays Great Pulling 
Power 
BY THE USE of a new steel jacket sur- 
rounding a small magnet made of iron - 
aluminum -nickel -cobalt alloy, W. E. 
McKibben of the General Electric Re- 
search Laboratory has succeeded in 
producing a magnet capable of lifting 

This tiny magnet can support 1500 
times its own weight 

weights equal to 1,500 times its own. 
weight. In a test recently conducted, , 

a magnet weighing 1.85 grams lifted 
a weight of 2750 grams. The use of 

the steel jacket not only serves to. 

direct the magnetic flux against the; 
object to be attracted, but also pro-, 
tects the magnet against demagnetiza- 
tion when not in use. 

Audimeter Records Listening 
Habits of Radio Audience 
A NEW DEVICE for producing a perma-, 
nent record of the listening habits of'. 

a large group of radio listeners is the 
Audimeter, which is based on the de- 

sign of Professors Elder and Wood 
ruff of M.I.T., and is under Gommer- 
cial development by A. C. Nielsen Com- 
pany. Essentially the device consists' 
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Buy leather to make your own shoes? Hardly! 

A-Milled, drilled, and turned 
variometer stator mounting. 

B-Turned hìgh.tension insulator. 
C-Milled and drilled sparing .lri 

THEN WHAT ABOUT PARTS 
FOR YOUR OWN PRODUCT? 

When you want shoes you don't buy 
leather, install shoe machinery and set 
about making them yourself. It wouldn't 
pay. Yet you may be making parts for 
your product that you should buy .. . 

where conversion by you isn't worth its 
inconvenience and cost. We may be able 
to help you as we've helped others. 

First, by the use of Synthane Bakelite - 
laminated ... a versatile material with a com- 

bination of many desirable properties. Sec- 

ond, by doing the entire job of machining. 
When you turn the whole job over to 

us you relieve yourself of the responsi- 
bility for jigs and fixtures, for tooling up, 

for mistakes and rejects, for deliveries. 
You eliminate capital expense for pro- 

SETS RODS TUBES FABRICATED PARTS SILENT STABILIZED GEAR MATERIAL 

VIP 14.1411* 

1'NTHAN t.0R111'ORATIt)N, OAKS, PENN, i i.I 

duction equipment, interest charges and 
charge -offs for depreciation. You take 
advantage of the economies which come 
from our special equipment, specialized 
experience and methods. 

What you pay for is always a known 
quantity in your costs. In short, you get 
what you want, when you want it, at a 
definite price, without any production 
worries, and most important ... usually 
at an attractive saving in conversion costs. 

As an example, it paid three widely dif- 
ferent manufacturers to have us produce the 
products at the left. If you are interested in 
this convenience and economy write us your 
requirements. You have nothing to lose. 

If you are already set up to machine parts 
economically we can supply you with Synthane 
Sheets, Rods, and Tubes . . . help you in 
every way possible. 

www.americanradiohistory.com



MODULATION 

PARTS... 

AmerTran 
inductance 

Left-AmerTran inverse feed-back modulation 
transformer for service in a 50 Kw. high-level 
broadcast transmitter. 

HAVE you considered the 
advantages of inverse 

feed-back in the modulation 
system of a broadcast transmit- 
ter? If properly engineered, 
you obtain lower distortion .. . 

more linear modulation ... an 
improved signal to noise ratio. 

engineers coordinate properly the leakage 
and capacities in a transformer design so 

as to insure desired performance characteristics. Modu- 
lation transformers for inverse feed-back circuits have 
a progressive phase shift-normally 30 degrees from 30 
cycles to 10 kilocycles. Frequency characteristics are 
uniform within 0.5 dB throughout the same range. May 
we send you complete data on equipment for your re- 
quirements? 

AMERICAN TRANSFORMER 

COMPANY 

178 Emmet St., Newark, N Jr. 

Ähd iiTiN 
Manufactured 
Since 1901 at 
Newark, N. J. 

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

VSEORA/EItS 

of a mechanically operated stylus 
which traces a line on an electrically 
driven paper tape. The tape is driven 
by a synchronous electric clock motor, 
and its longitudinal displacement rep- 
resents the time axis of the record. 
The pointer is coupled directly to the 
tuning dial of the receiver in such a 
way that its lateral displacement on 
the tape indicates the frequency to 
which the receiver is tuned at any 
given time. The purpose of the in- 
strument is to show definitely what 
programs are listened to by individual 
members of the radio audience. A sup- 
ply of tape is sufficient for 30 days, 
and tests have indicated that the in- 
strument records reception from as 
many as 60 to '70 different stations. 
Some 200 of the instruments have been 
in use since last September. 

One of the problems associated with 
the device is the possibility of power 
failure. A clockwork drive provided 
in the instrument is automatically re- 
leased in case of power failure. A 
solenoid switch is used to indicate on 
the record when the receiver is turned 
on and off so that the position of the 
dial during the off period is not inter- 
preted as listening time. The device 
is mounted in a cabinet small enough 
to be included within the cabinet of 
most console radios. Provision is also 
made for remote recording in the 
event the instrument itself cannot be 
placed in the cabinet. 

Indicators 'for Arc -Back 
in Mercury Vapor 
Rectifiers 

By E. WARREN LOGAN 

TVMC, Memphis, Tenn. 

WITH THE PRACTICALLY UNIVERSAL ac- 
ceptance of the mercury vapor recti- 
fier as a power source for radio broad- 
casting transmitters, countless numbers 
of rotating machines are now retired 
from service. There is no question of 
the advantages of the rectifiers from a 
standpoint of noise, efficiency, trouble, 
etc., but the mercury vapor rectifier 
can be quite a stubborn animal at times. 
When it takes off on a tangent and 
starts arcing back and blowing main 
line fuses-what is there to do? One 

The arc -back indicator developed 
at WMC 
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IN SERVICE OVER A YEAR 

342A and 343A effect 
worthwhile savings in 
TUBE HOUR COSTS! 
Some of your fellow broadcast engineers are using 
342As and 343Ás. Ask them what they think of these 
popular water-cooled tubes, many of which are still 
going strong after more than a year of service. 

Engineered to give you maximum performance within 
the ratings of the component parts of Western Electric 
transmitters, the performance characteristics of these 
tubes have been a revelation to the industry. 

Increased filament sizes - to allow for a greater 
amount of tungsten evaporation-call for added fila- 

S 

Molded glass construction 
Fewer and cleaner metal parts 
New radiant energy shields 
Improved grid construction and 
characteristics 
Copper -to -glass seals throughout 
Better performance with fewer 
outages 
Larger filaments with fewer sup- 
porting elements 

ment heating power from 11 to 40 per cent. Though your 
power costs may be $10 to $25 per socket higher, your 
annual tube hour costs should be $75 to $100 lower! 

Invest in these advanced Western Electric tubes- 
spend a little extra for power-save three to ten times 
your extra power cost! And cut your time off -the -air, too ! 

DISTRIBUTORS 
Graybar Electric Co., Graybar Building, New York, N. Y. 
In Canada and Newfoundland: Northern Electric Co., Ltd. 
In other countries: International Standard Electric Corp. 

Western ElectrIc 
ELECTRONIC EQUIPMENT 
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GLOBAR SOLVES 

RESISTOR PROBLEM 

on new M&W Watt -Hour Meter Protector 

New M&W Watt -Hour Protector protects meters from current 
surges caused by lightning or high voltages. It is a low point in 
the meter circuit; by means of Globar Brand Resistors excess 
current is shunted to ground instead of passing through the meter. 

Globar Brand Type B Resistor with metallized 
ends, one multi -pointed. Negative voltage char- 
arteristic. In the meter protector, two of these re - 
.,,tors are located below a non -arcing metal plate. 

GLOBAR BRAND Ceramic Resis- 
tors are an important part of the 

new watt-hour meter protector just 
introduced by The M &W Electric 
Manufacturing Co., Inc. Working 
with the designers of this device, 
Globar engineers were able to pro- 
duce a special resistor to meet the 
many exacting requirements neces- 
sary for efficient, dependable opera- 
tion. Thanks to this cooperation,the 
manufacturer soon found his resis- 
tor problem was no problem at all! 
Perhaps you, too, can benefit from 
the same helpful Globar service. Let 
us know about your problem. 

GLOBAR DIVISION 
THE CARBORUNDUM COMPANY . NIAGARA FALLS, N. Y. 

REG. U. S. PAT. OFF. 

Sales Offices and Warehouses in New York, Chicago, Philadelphia, Detroit, Cleveland, Boston, 
Pittsburgh, Cincinnati, Grand Rapids 

(Carborundum and Globar are registered trade -marks of The Carborundum Company) 

answer is to watch the bank of tubes 
and try to catch the culprit in the act. 
But if the flashes are several hours 
apart, this is impractical. The prac- 
tical answer is an arc -back indicator. 

Under certain conditions, usually 
well along in the life of a mercury 
vapor rectifier tube, a surge will occur 
in the reverse direction to normal, 
putting a very heavy load on the oppo- 
site tube on that phase so that the 
brightly glowing one is not the one 
flashing back but is the opposite one. 
Now, inasmuch as the flash back is a 
surge of current in the reverse direc- 
tion, it should be simple to_ devise an 
indicator. A polarized relay that drops 
a flag instead of closing a contact will 
promptly show which is guilty. The 
flag should remain tripped until manu- 
ally reset which can be done when the 
rectifier is shut down. 

Units of this type were built and 
installed at WMC over a year ago and 
have proven invaluable for quick trou- 
ble shooting. Quite often a line surge 
will cause quite general flag tripping. 

tú 

Bakelife 

ne 

á 
E 

é4 

le 

Nut 

Notch for/ 
flag -- 

Copper 
insert-- '- 

Copper 
insert 

Ouideo pi 
; - ; 

.` li- 1 

.-. 
i. 

o 0 - 
armature in 

released position 

Structural details of the indicator 

This should not be taken to mean bad 
tubes, but when the same flag repeats 
the performance accompanied by the 
usual fuse blowing it is an indication 
that that tube should be removed from 
service. Often the faulty tube may be 
used in a lower voltage service and 
many more hours obtained. 

The main rectifier at WMC is in two 
sections, three phase, full wave, using 
six 872A tubes in each section. The 
two in series work at 14,000 volts feed- 
ing a pair of 892's. To equip this 
rectifier with commercial arc -back indi- 
cator units would cost the price of 
another big tube. In our case the units 
were built under pressure of a recur- 
rence of rectifier trouble. 

The photos and drawings show the 
installation and construction of the 
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units. It was deemed best to work all 
units in the same parts of the circuits 
so that they would be interchangeable. 
This requires operation above ground 
and a good mounting is to use a large 
standoff insulator adjacent to or just 
above the respective tubes. One lead 
can drop out to the tube plate and the 
other from the case out to the circuit. 

The device consists essentially of an 
armature in a solenoid, suspended be- 
tween the poles of a polarizing perma- 
nent magnet. The polarizing magnets 
in our case were "borrowed" from some 
hand -cranked magneto generators that 
were available. They were of a size 
to permit a low resistance winding with 
sufficient ampere turns for the neces- 
sary sensitivity. Also, the large mag- 
net allows an assembly that is simple 
and sturdy and trouble free. 

By using a winding of about four 
hundred turns of number 16 single - 
cotton -enamelled covered wire a sensi- 
tivity of better than one-half ampere 
in the reverse direction was obtained 
together with a very low resistance coil. 

This sensitivity will be controlled 
somewhat by the magnet strength but 
more so by the size and permeability 
of the iron used in the armäture and 

Six indicators mounted on their 
respective rectifiers 

by the gap between armature and polar- 
izing magnet. We made the coilspools 
from i -inch thinwall copper tubing and 
1/4 -inch sheet bakelite spoolheads 
notched to pass the magnets. The 
armature is a %-inch carriage bolt 
with a cross bar . of 1/s x 1/z inch soft 
iron and is pivoted on a pin through 
the armature and a projection of the 
1/z -inch tubing. By setting four escut- 
cheon pins in the spoolhead the arma- 
ture may be kept aligned and the sim- 
ple pivot is sufficient. The ends of the 
armature bar should have small cop- 
per inserts driven in and filed not 
quite flush. This is to prevent an iron 
to iron contact and possible "freezing" 
up. The end of the armature is notched 
to engage the flag and the bar is cut 
to allow just enough movement to 
allow positive release of the flag. 

The units were put into cases bent 
up from sheet brass and the back of 
each unit case was provided with a 
boss drilled and tapped to screw onto 
a standoff. The flag is a piece of the 
same material as the case pivoted on 
a short piece of wire through holes 
in the side of the case and soldered 
to the flag. It is adjusted to engage 
freely with the notch in the end of the 
armature and to drop into view when 
the armature is drawn over to the op- 
posite side on a reverse surge. 

Direct Current Amplifier for 
Industrial Use 
THE FEBRUARY ISSUE of the General 
Radio Experimenter gives a descrip- 
tion of a new and interesting direct - 
current amplifier intended for indus- 
trial applications. Three stages are 
used, two pentodes and a triode. De- 
generation is used to minimize changes 
in circuit gain. The degeneration volt- 
age fed from the last stage to the 
first is controlled by a resistance which 
may be adjusted to give any desired 

;Input resistance 

Input 

V-1 

Meter resistance., 
V-2 v3 r o 

vap 

Range volts Zero sets' 

_s 

Output 

Degenerative d -c amplifier for 
industrial use 

gain. The input resistance can be 
varied from 10 ohms to 10 megohms. 
The output of the amplifier is 5 milli- 
amperes at output voltages from 1/10 
volt to 1 volt. The device may also be 
used as a current amplifier, since a 
0.01 microampere current passing 
through a 10 megohm resistance in the 
input will produce a 5 milliampere out- 
put current. A regulated power sup- 
ply, having a low internal impedance, 
is compensated for operation over a 
range of power supply voltages from 
100 to 130 volts. Small changes in the 
heater current of the first stage are 
apt to cause great shifts in the output. 
To overcome the diffculty, a regulator 
transformer is used in conjunction 
with ballast lamp to stabilize the cur- 
rent of the first tube. The diagram 
of the instrument is shown in the ac- 
companying figure. 

Automatic Facsimile Tele- 
graph Put in Service by West- 
ern Union 
THE ULTIMATE in simply -operated com- 
munication systems has" been an- 
nounced by the Western Union Com- 
pany with the installation of an auto- 
matic facsimile telegraph at the Essex 
House, New York City. The instru- 
ment is housed in an attractive cabi- 
net fastened to the wall and contains 
a slot into which the' message, either 
typed or written in black ink or black 
pencil, is dropped. The telegram blank 
used is of special shape, making it 
impossible to insert the message im- 
properly. In operating the device it is 
necessary to push a small button until 
a small sign lettered "Deposit mes- 
sage" is lighted. The message is then 
dropped into the receiving slot with 
the message facing outward. There- 
after the message is scanned photo- 
electrically by the device and facsimile 
signals are sent to main office at 60 
Hudson Street, New York. The mes- 
sage is retained until the receiving 
office acknowledges receipt of the mes- 
sage, whereupon the original telegram 

is deposited by the machine in the bot- 
tom of the cabinet. The rate of trans- 
mission is 15 sq. in. per min., an ex- 
tremely high speed for commercial fac- 
simile telegraphy. 

Cubical Television Antenna 
for G. E. Station at Albany 
AN ANTENNA OF UNUSUAL design is 
now being installed for the new 10 kw 
television station of the General Elec- 
tric Co. in the Helderberg mountains 
about 12 miles outside of Albany, N. Y. 
The antenna, shown in the accompany- 
ing photograph consists of eight hollow 
bars, of copper, each about 7 feet long 
and 4 inches in diameter. The radia- 
tors are arranged on the edges of a 
perfect cube, being supported by a 
wooden framework. The radiators are 
fed from opposing apexes of the cube. 
The use of one system of radiators 
above the other gives additional signal 
strength at low angles close to the 
ground. 

Programs for the station will be 
radiated on a 1.9 meter wave from the 
studios in Albany. The ultra -high - 
frequency transmitter under the call 

G. E. Television antenna, arranged 
as a cube 

W2XH will operate with a power of 
40 watts. The main transmitter, 
W2XB, on the hilltop will have a re- 
ceiver for picking up the relay trans- 
mission. It is claimed that the new 
main station will have a higher signal 
power than any existing television 
transmitter in America and that it will 
succeed in covering adequately all re- 
gions within a 40 -mile radius of the 
station. 

Use of Ignitrons in Railway 
Operation 
USE OF METAL -TANK mercury -arc recti- 
fiers in the transportation industry 
was reviewed by J. H. Cox and G. F. 
Jones before the A.I.E.E. winter con- 
vention in New York. They pointed 
out that the combined rating of recti- 
fiers used in railway systems of the 
United States now exceeds 500,000 kw. 
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Altitude & Humidity 
have no effect on the capacity of this 

little tank condenser 

For 600 -volt electrification two mer- 
cury -arc rectifiers of the ignitron type 
have been installed, capable of han- 
dling 3,000 kw. When the voltage is 
as low as this, the arc voltage drop 
across the rectifier constitutes an ap- 
preciable fraction of the total load 
voltage, and represents a proportion- 
ately large loss. With the ignitron 
type of rectifier, the arc voltage drop 
across the tube is from 14 to 18 volts. 

Alert radio engineers are adopting Eimac Vacuum Tank ---- 

Condensers ... eliminating old-fashioned, bulky, open 

plate and pressure -dielectric types. 

Since the dielectric in these Condensers 
vacuum, capacities remain constant regardless of 
altitude and humidity changes. The small physical 
size offers another decided advantage: plate area 
in each unit is confined to one cubic inch while 
the total size of the tube is two inches in diameter 
by six and one-half inches long. By combining 
several of these units, any desired capacity may 
be obtained. Extremely high capacity tank circuits 
can now be confined to a very small space. This 
feature is of particular importance in the design 
of portable equipment or where space is a limit- 
ing factor.' A well known broadcast station em- 
ploys Eimac Vacuum Condensers to provide 500 
mmfd capacity requiring only one cubic foot of 
space in the transmitter. 

It is obvious that short, direct leads may be 
employed and greater efficiency obtained by using 
a condenser of this type. In multifrequency trans- 
mitters a separate tank circuit may be used for 
each channel; band switching accomplished by 
means of simple switches in the low current plate 
leads. 

There are many other advantages which will be 
immediately apparent to every well informed en- 
gineer-the possibilities of improvement in trans- 
mitter design are practically unlimited. Write to- 
day for your copy of a four page illustrated folder 
containing more detailed information about Eimac 
Vacuum Tank Condensers. 

This "gang -condenser" consists of ten standard 
units which, combined, build up a capacity of 
500 mmfd. The single units are available in 6, 
12, 25, and 50 mmfd and can be used in com- 
bination for any capacity desired. The infi- 
nite resistance of vacuum forms a dielectric 
capable of withstanding the highest voltages. 
SEE YOUR DEALER OR WRITE FOR COM- 
PLETE DATA. 

EITEL-McCULLOUGH, IN 
7 9 0 SAN MATEO STREE 
SAN BRUNO, CALIFORNIA 

Portable high -current ignitron 
rectifier 

Battery of low voltage ignitrons for 
electrochemical processing 

The illustration shows a 1,500 kw unit 
for a 600 -volt service, consisting of six 
separate ignitron rectifier units com- 
plete with auxiliary vacuum system 
and grid control circuits. The 600 - 
volt system is particularly applicable 
to subway systems and similar heavy 
duty traction service. 

Another use of the ignitron rectifier 
is in the chemical industry, as illus- 
trated by the installation at the Buf- 
falo Electrochemical Company, Buffalo, 
N. Y. An installation of six ignitron 
rectifiers is used to supply a total load 
current of 4,800 amperes, and has done 
so almost continuously since the in- 
stallation in January, 1938. Each of 
the six units supplies 800 amperes at 
200 volts to a bank of cells used for 
the production of hydrogen peroxide. 
The current regulator was used to 
maintain the current at any level pre- 
determined between 2,000 and 4,800 
amperes. The arc drop is from 12 
to 17 volts, as compared with 20 or 30 
volts for a conventional rectifier of 
the same rating. 

52 April 1939 ELECTRONICS 

www.americanradiohistory.com



Electronics in 
Automotive Plants 

(Continued from page 15) 

Inspection for cracks and checks 
in rollers always presents a prob- 
lem. At the present time groups of 
40 to 50 girls in the average bearing 
factory perform this inspection func- 
tion. The girls, or operators, at their 
inspection tables watch rollers for 
roller bearings as they pass on a 
horizontal spindle, which not only 
indexes the roll ahead, but, more- 
over, revolves it as it passes. 

Inspection 

Several years have passed since a 
patent was granted on methods and 
means of phototube inspection of 
rollers from roller bearings for 
cracks and flaws. This patent dis- 
closed methods of individually scan- 
ning progressively each linear inch 
and in a spiral the circular surface 
of the outside of the roller; yet, to 
inspect and reject the undesirable 
rolls, the slowness of such a set-up 
would merely replace a few inspec- 
tors, who at the present time view 
these rolls under a cylindrical lens. 

While still in the experimental 
stage, the newer proposed photo- 
electric method, as shown, was de- 
vised, in which 57 phototubes will 
scan the highlights on one surface 
of the roller (illuminated by a mer- 
cury tube) for the entire length at 
one instant. The use of a mercury 
tube lamp, as illumination of the 
roller, allows a -c amplifiçation of 
phototube current output. There are 
two rows of phototubes within the 
housing. Each row acts as a com- 
pensating circuit and, thereby, elim- 
inates the necessity of sensitivity 
adjustment due to uneven color or 
unequal light reflection from one 
roller to the next. If the roller has 
a general overall dark appearance, 
the light intensity on both groups 
of the balanced phototube system 
diminishes, thereby allowing the bal- 
ance to remain. If, however, as the 
roll is automatically turned, a crack 
of any size appears, it will cast a 
shadow, or an image of this brightly 
illuminated crack, upon one row of 
phototube cathodes. The result will 
be a complete unbalance of the input 
circuit of the phototube amplifier. 

Yesterday... 
you willingly paid 

a premium for Quality 
Today Quality must pay you. 

Today Sellers as well as Buyers are frankly talk- 

ing lowered prices. It is a world of shifting values; 

a world in which one factor remains fixed and 

unchanging - Ferranti QUALITY. 

For 56 years Ferranti Quality has been an 

outstanding reason for the selection of Ferranti 

products, even at yesterday's higher price levels. 

Today, more than ever before, Ferranti Quality 

continues your protection in buying such products. 

It is your assurance that you will get the utmost 

"value received," regardless of the price -tag. 

FERR ANTI MANUFACTURES: 
Audio and Power Transformers - Chokes- Fil ters - Equal- 

izers - Special Coils of All types - for Aircraft, Marine, 

Radio and associated Communication Equipment. 

W14/ ELECTRIC 
INCORPORATED 
RCA BUILDING 

NEW YORK, N.Y. 
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THE ELECTR ON ART 

FROM the technical literature this month: 
Degeneration for voltage regulation, a 
narrow -band television system that works, 
copper -oxide rectifier applications, photo - 
tube analyses, and a dissertation on the 
February cover. 

Regulation By Means of 
Variable Negative Feed- 
back 
TH,E IDEA of using a variable negative 
feed-back in low frequency amplifier 
regulation is in itself not new, but a 
new application of this method is made 
in the October, 1938 issue of Funktech- 
nische Monatshefte. This principle 
found early use as an industrial tool. It 
is true that the circuit is not as simple 
as previous control hook-ups, but the 
advantages derivable from the dynamic 
type of regulation supersede by far all 
previous kinds of control. 

In Fig. 1, tube 1 serves to amplify 
the low -frequency currents which flow 
through the detector G. The rectified 
currents are tapped off potentiometer 
P and fed into tube 3. The cathode 
of tube 2 is coupled with the plate - 
cathode circuit of tube 3 which is a 
pentode with two negative control grids. 
The control of the tube's resistance 
depends equally on both control grids. 
In order that the dynamic working 
point of tube 2 shall be independent of 
the degree of negative feed-back, its 
negative grid voltage is fed through 
a cathode resistor Rk around which is 
shunted the a -c component through a 

by-pass condenser Ck in the usual man- 
ner. The a -c voltage which the nega- 
tive feed back controls, arises from the 
potential drop in tube 3. In order to 
use this circuit as a dynamic equalizer 
it is necessary to have the control volt- 
age so connected that with increasing 
signals it will raise or weaken the re- 
sistance of the control tube and thereby 
strengthen or weaken the negative feed- 
back. 

A circuit with transformer input and 
output of the low -frequency voltage 
is shown in Fig. 2. The control circuit 
in this case is not in the cathode - 
coupling, but instead is formed by re- 
sistance R and the transformer con- 
nected in parallel with it from which 
network a feed-back voltage is obtain- 
able through condenser C. 

It is well to consider that the nega- 
tive feed-back voltage is somewhat dis- 
torted since the control -tube resistance 
is varied not only by the input grid 
control voltage, but also it changes di- 
rectly under the influence of plate volt- 
age on tube 3. 

The author claims that this new cir- 
cuit incorporates, through the ingenu- 
ity of the designer, material advantages 
over the well known control circuits 
which utilize two tubes connected in 
opposition. 
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Fig. 1 --Above, basic degeneration in the cathode circuit. Fig. 2 --Below, another degenerative circuit using a cathode -coupled i -f stage 

Narrow Band Picture 
Transmission 
A METHOD of transmission and repro- 
duction of line images is described by 
A. M. Skellett in the March issue of 
Electrical Engineering, which system 
utilizes a cathode-ray tube for repro- 
duction, the spot of the tube is made to 
trace out the line image twenty or more 
times per second, and the method em- 
ployed does not require the high de- 
tail which is essential for high quality 
television performance. In an experi- 
mental set, a drawing of, a woman's 
head was reproduced in outline with 
an equivalent total band width of ap- 
proximately 2,600 cycles. This is made 
up of two bands, each. 1,300 cycles wide 

This Mickey Mouse cartoon 
duced with a band width of 

10 kc 

for the potentials of the two sets of 
deflecting plates on the cathode ray 
tube. Analysis of a more complex image, 
such as that of an animated cartoon 
shows that such material could be 
transmitted and reproduced by the 
method given by the author within a 
total band width of 10 kc. 

Illustrations shown in the original 
article are each in the form of a closed 
loop in which the spot on the cathode 
ray tube is made to traverse by apply- 
ing simultaneously the proper instan- 
taneous voltages to the horizontal and 
vertical deflecting plates. The voltages 
are, of course, directly proportional to 
the x and y coordinates of the point 
of the drawing, taken along the path 
of the spot in the direction in which 
it moves. Thus, the system essentially 
resolves itself into the problem of 
making one (or more) line drawings, 
determining the x and y coordinates 
for each point on this line, generating 
deflection voltages proportional to the 
x and y coordinates, and transmitting 
the two voltages simultaneously 
through some medium after which they 
may be picked up in an appropriate 
receiver, and reassembled in such a 
manner that x and y displacement volt- 
ages are applied to the horizontal and 
vertical plates of the reproducing 
cathode ray tube for the reproduction 
of the image. 

The primary advantage of this 
method is that it enables certain types 
of drawings to 'be reproduced with 
much less band width than is neces- 

can be repro 
approximately 

5 1 
April 1939 - ELECTRONICS 

www.americanradiohistory.com



Acheson L.oiioids Corp. 

Aerovox Corp. 
Alden Products Corp. 

American Lava Corp. 

American Transformer Corp. 

Bakelite Corp. 
James G. Biddle Co. 

Callite Products 
The Carborundum 

Co. 
Globe Union 

Centralab Div., 
Cinauda raph Corp. 

Ma Corp. 
Clarostat 

an industry: 
h s three imp 

radio manufacturing 

Jensen Radio Mfg. Co. 

Howard B. Jones 

Lenz Electric Mfg. Co. 

Littelfuse Labs. 
Mallory & Co. 

Mtgs. Screw & Supply 
Mica Insulator Co. Corp. 
National Union Radio 

Ohmite Mfg. 
Co.or 

CO: 
Precision. RManufacturing Co. 
R. 

l Ltd. 
Remler Co., 
The Richardson Co 

Your sales message ° 
are interested in the 

presented through ELECTRONICS 
to +ne who 

new circuits and 

You sell dapplicationn and 
r of .yourrch s products 

to 

technical application 
designs they are creating.engineers 

and managers whoe must 
dssembly, 

You sell the production on9 
mass -production lines, 

product as it applies to 

purchasing agents who refer constantly 
strength and 

executivesi 

in da 
ei availablestanty 

You sell the 
and 

of parts and 
components 

ordered 
to ELECTRONICS as a 

book 
of information on 

Shakeproof Lock Washer Co. 

Shallcross Mfg. Co. 

F. W. Sickles Co. 

Solar Mfg. Corp. 
Speer Carbon Co. 

Superior Tube Co. 

Synthane Corp. 
Thoomad&s SkCinner Steel 

Thordarson Elec. 
Mfg. 

Co. 

Ward 
Wh to rn 

Div. 
S. S. 

Zophar Mills Inc. 

c Theycome to 

every man of importance in the industry. 
resenta- want - and need for their business 
- the 

each month because they publication, namely p 

two primary func}1O^s of this industrial P 

up-to-date on every 

tion of: to keep them p 

engineering and manufacture of radio 
Editorial material designed 

development in the design, 9 
place 

sets and allied equipment. 

Advertising which serves to make ELECTRONICS ato 

the arket manufactureof 

for components 
and materials 

u equipch ment. 
goito 

reach 

these manufacturers 
is NOW! The way 

these same radio sets andq P 

Summer advertising 
The time reach your Spring and 

hhm is ELECTRONICS! 
Can concentration 

schedulet with ELECTRONICS 
focal point of your 

on the radio manufacturing 
by as ready -reference ° staffs. 

ELECTRONICS 
engineering every company, 

by their design and a^9 
these groups - 

ELECTRONICS reaches all three °f IN 
PUT YOUR SALES MESSAGE 

Ike /940 
ARE IN 

electronics 
TOD AY 

The radio receiedlers this 
ers that 

°ll 
make 

simmer 
their debut to 

and engineer. 
are news this 
ing articles in ELECTRONICS 

spring. For that reason the entire 

radio manufacturing industry kQeps 

its eyes on ELECTRONICS 
for the 

) omen s 

latest engineeringdevelopments design. And 
and trends °attentions he industry 
with equalcolumns 
follows the advertising catalogue of 

be- 

cause they 
parts and materials 

experimelnti°+g 
manufacturing 

The Advertisers who want to reach the Manufacturing 
using ELECTRONICS 

¡mental And Experimental Radio Market are 
components 

and radio set mate- 

rialsvertising 
combe 1940ntsis through 

receivers 

The only, economical means advertising 
designers ofhonor roll 

to the manufacturers 
and 9 

Proof of the first three 
of 

19set 

ELECTRONICS. 
ELECTRONICS 

acceptance is the following 

EL ELECTRONICS and materials 

monthsnt 
radio 

- 
39 

companies who have used comp 

to present their sales messages 

manufacturer and design. 

Continental -Diamond Fibre Co. 

Cornell Dubilier Elec. Corp. 

Drake Mfg. Co. 
Co. 

Wilbur B. 

Erie Resistor Corp. 
Ferranti Electric Inc. 

Ferrocart Corp. 
of 

American 

The Formica 
Co. 

General Electric Co.asts, 
Inc. 

Goat Radio 
International 

Nickel Co. 

International 
Resistance Co. 

Cinch 9 Isolantite, 
CI t Mfg Corp. when 

dprofitable functions 

ECTRONICS 

LECTRONICS - April 1939 

www.americanradiohistory.com



IF, in keeping with today's highly 
competitive radio market, you are 

interested in lower production costs 
together with minimized performance 
troubles, then you really want A.A.E.' 
service. 

It costs you nothing. Yet it can save 
you thousands of dollars in production 
costs, and far more in breakdown insur- 
ance. AEROVOX engineers are con- 
stantly rendering A.A.E.' service to 
set, sound -system and other manufac- 
turers. Which 
measure, why 
assemblies have 

explains, in large 
AEROVOX - equipped 
outstanding perform- 

ance records, despite surprisingly low 
cost. 

Ask Us .. . 

Our engineers will gladly survey and 
study your condenser requirements in 
terms of all components and circuits. 
Specifications, quotations, samples, cheer- 
fully submitted to responsible parties. 
Ask for latest catalog. 

'Aerovox Application Engineering 

CORPORATION 

NEW BEDFORD, MASS. 
IN CANADA: AEROVOX CANADA, limited Hamilton, Ont. 

sary at the present time with the 
usual scanning method of television 
operation. 

The author points out that the two 
kinds of detail which will suffer most 
are straight portions and sharp bends. 
The overall shape and form of the 
image and the larger details are de- 
pendent on the lower frequencies which 
are present in the transmission band. 
These frequencies are therefore the 
most important ones. If the bands in- 
clude enough harmonic to reproduce 
the small detail, even in approximate 
form, the larger details of general form 
will be reproduced with good fidelity. 

A cartoon of one of Walt Disney's 
popular figures was chosen for deter- 
mining frequency band required to re- 
produce a sketch of considerable ' com- 
plexity. It was resolved into one con- 
tinuous line such as would be followed 
by the cathode ray spot for reproduc- 
tion. This reproduction is shown on 
page 54. Parts of the line are over dark 
paths which are not shown. The total 
band width necessary for satisfactory 
reproduction of this image was judged 
to be 10,000 cycles. This total is made 
up of 5,000 cycles each for the x and 
y deflecting potentials. 

In the transmission of writing or 
script, a total band width of 10,000 
cycles is judged adequate for about 
seven words of average length. The 
total band width for script is pro- 
portional to the total number of letters 
and spaces, or to the number of words 
of average length. 

In conclusion the author shows that 
the type of images which are capable 
of transmission by this method include 
drawings, diagrams and maps, either 
with or without animation, animated 
cartoons, etc. Script, including signa- 
tures and foreign language characters, 
which could not be readily handled by 
ordinary existing communication facil- 
ities might also be transmitted, and 
sketches, primarily of news value, 
would also lend themselves to transmis- 
sion by this method which, compared 
to the usual television system, is com- 
paratively simple. 

Degeneration in 
Television Amplifier 
A NEW us>1 for the vacuum -tube is 
found in television circuits wherein the 
tube's property as an amplifier is neg- 
lected and instead very heavy negative 
feedback properties are utilized. This 
novel application is described in an 
article entitled, "Cathode -Coupled Cir- 
cuits" in the Wireless World of Dec. 15, 
1938. 

The load impedance is placed in the 
cathode circuit instead of the anode 
circuit thereby causing the stage to 
have a very low output impedance. With 
a plate circuit load it is well known that 
appreciable feed-back through the grid - 
plate capacity is obtained and the au- 
thor stresses the analogous situation 
which exists in the grid -cathode circuit 
when a cathode load is used. 

The basic cathode -coupled circuit is 
shown in Fig. 1. If. the cathode load 

Z is fairly large compared to the a -c 
resistance of the tube, the value of e, is 
very nearly (80-90%) equal to e,. 

An interesting feature of this circuit 
is that in anode coupling a negative in - 

Fig. 1-Television amplifier circuit 
in which degeneration is provided 
by means of the cathode im- 

pedance, Z 

put resistance is obtained when the 
anode load is a fairly high valued in- 
ductive load. In the cathode circuit, 
however, an inductive load gives a posi- 
tive input resistance and a capacitive 
load is necessary for negative resist- 
ance effects. 

The application of the latter type of 
coupling is shown in this paper. It is 
of importance to note the possibility of 
parasitic oscillations when using this 
type circuit. 

In an a -f circuit, for instance, the 
cathode coupling resistance always has 
some capacity in shunt with it and this 
is generally of the same order as the 
grid -cathode capacity. For ultra -high 
frequencies this will give a very low 
negative input' resistance. Under such 
conditions it is apparent that if the grid 
circuit wiring forms a tuned circuit and 
its damping is not high, parasitic oscil- 
lations will take place. Trouble from 
this cause is usually avoided because 
the wiring in a -f circuits is very short 
and a resonant circuit is therefore not 
formed within the operating frequency 
range. 

Fig. 2-Improved degenerative am- 
plifier which eliminates the heavy 

damping of the diode detector 

The drawback inherent in the diode 
detector, in that its input impedance 
may be very low and therefore damp 
the input tuned circuit very heavily, 
may be overcome by using a cathode - 
coupled i -f stage feeding into the diode 
detector. This circuit is shown in Fig. 2. 

Suitable values for the component parts 
are given in the paper. 

56 April 1939 - ELECTRONICS 

www.americanradiohistory.com



Our February Cover 
THE MULTIPLE EXPOSURE photograph 
which was used on the cover of the 
February issue of Electronics may be 
considered as having been quite suc- 
cessful if the number of responses 
which it elicited can be considered as 
any criterion of the interest. More- 
over, the analysis on page 11 came in 
for its share of praise-and condem- 
nation. 

Undoubtedly many persons have dis- 
covered by this time that in putting 
together this story at the last min- 
ute, we not only apparently misplaced 
a few decimal points in our slide rule 
calculations, but presumably also got 
mixed up with the wrong scales as 
well. And while, perhaps, the major- 
ity of readers who observed this state 
of affairs did not bother to write in, we 
have various communications-in vari- 
ous degrees of indignation and scorn 
-from several people, and enough cal- 
culated information to make up our 
income tax blanks. At any rate, the 
replies we have received should settle 
once and for all the analysis of the 
cover photograph, if it does not open 
new controversies. But before proceed- 
ing, we wish to acknowledge informa- 
tion received from Eldred Hough, Tuc- 
son, Ariz., Robert L. Alcorn, Jr., Cham- 
berlain, Pa., Milan W. Garrett of 
Swarthmore College, Swarthmore, Pa., 
and J. M. Snodgrass, of Boston, Mass. 
Mr. Snodgrass, incidentally, went to the 
trouble of preparing the velocity -time 
curves shown on page 58 which show 
the velocity of the club and golfer's hand. 

Mr. Hough points out that the golf 
club weighs 15.5 oz., the ball weighs 
1.96 oz. and that consequently the accel- 
eration of the ball is 7.95 times that of 
the club, or 64,000 ft./sec.2 The force 
at impact is 195 pounds. If the con- 
tact lasts for 0.01 second the velocity 
is given as 500 feet per second. Mr. 
Hough calculates the kinetic energy at 
impact to be 976 foot-pounds, and ob- 
serves that "the horse power is then 
8.86 which is a very reasonable value 
for an athlete to exert over a very 
short time." 

Mr. Alcorn shows up an error in the 
calculation of the kinetic energy and 
says that "actually the ball appears to 
have a velocity of approximately 450 
feet per second corresponding to about 
314 foot-pounds of energy." He claims 
the curve showing the speed of the 
golf ball is in error but makes no 
further comment. 

Being interested in muscular activity, 
J. M. Snodgrass went through the cal- 
culations himself, from which he pre- 
pared the velocity -time curves shown. 
He writes: "Counting the first exposure 
as zero, it is interesting to note that 
the hand velocity remains practically 
constant between the 16th and 22nd 
exposure intervals. (On this basis of 
counting exposures, the ball was hit be- 
tween the 21st and 22nd exposures.) 
Thus, during this interval no driving 
power is being supplied to the club by 
means of body or hand acceleration. 

"The club shaft at the hand is mov- 
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When you buy an Auto- 
matic Electric Relay you 
get a precision product 
designed and con- 
structed by an experi- 
enced company - f o r 

Automatic Electric has 
been making relays for 
over forty years! 
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the Automatic Electric line of types, polarized relays, etc. Avail - 

relays includes quick and delayed able with any contact combination 
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duty types, mechanical l o c k i n g circuits of any voltage. 

Write for complete illustrated catalog of relays, stepping switches, electric counters, 

solenoids, keys, and other electrical control accessories. Address American Automatic 
Electric Sales Company, 1033 W. Van Buren St., Chicago. 

AUTOMATIC ELECTRIC 
MAKERS OF TELEPHONE AND SIGNALING APPARATUS 

ELECTRICAL ENGINEERS, DESIGNERS AND CONSULTANTS 

PERMAG DYNAMIC SPEAKER 

Highly sensitive 
Excellent frequency 
response 
Powerful, high perme- 
ability, permanent 
magnet 
Complete dust proof- 
ing 

"LITTLE GENERAL" 
This new Oxford unit will 
provide unlimited new out- 
lets to alert manufacturers, 
engineers, sound - expert; 
and amateurs for the de 
velopment of new, more 
compact radio and sound 
equipment 

OXFORD-TARTAK. 
RADIO CORPO RATIO N 

915 W. Van Buren St. Chicago, U.S.A. 

Oxford-Tartak Radio 
Corp., 
915 W. Van Buren St., 
Chicago, Illinois 
Gentlemen; 

Please Send Full De - 
teils at Once. 

Name ___-_____ 
Address- 
City 

Dept, H 
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Call on Callite engineers for de- 
tailed information on fluorescent 
materials, lead-in wires and con- 
tact points. 

CALCITE PRODUCTS DIVISION 
EISLER ELECTRIC CORP. 544 39th ST. UNION CITY, N. J. 

Metal FRACTIONATING' 

Diffusion Pumps 

4" Metal Fractionating* Unit 

Inquiries are invited regarding molecular -distillation apparatus, diffusion 
pumps of unique design, pump oils, and other high -vacuum equipment. 

* Fractionating pumps are protected by P. S. Patent 2,080,421 and patents applied for. 

CAPABLE of high speeds, these 
new pumps are designed to 

meet the demands of an advanc- 
ing technology. Continuous puri- 
fication of the pumping fluid dur- 
ing operation assures the lowest 
possible pressures. 

IMPORTANT TO: 
Industry-for the exhaustion of 
large systems. 
Laboratories-for the exacting 
requirements of research. 

DISTILLATION PRODUCTS, INC. 
ROCHESTER, N. Y. 

ing freely with only its accumulated 
momentum. 'The club head is, how- 
ever, accelerating due to the angle of 
the shaft and the centrifugal compo-'. 
nent of the motion. 'The tangential 
photographic error unfortunately be- 
comes rather serious in this region. 
It is thus clear that long before the 
ball is actually hit the golfer has ex- 
pended all his muscular energy and ' 

control that can possibly effect the 
drive. In this connection the shape of 

0 

60 
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120- 

ÿ 100- HAND VELOCITY 

65 

BO- 

LL 60 - 

e 
HEAD OF CLUB 

ó 

40- 

20- 

0 05 I I 20 0 -0 4 
TIME FROM BEGINNING OF STROKE, IN SECONDS 

Time velocity curves for the head 
of the golf club and the velocity 
of the golfers hand, as determined 
from our February cover by J. M. 

Snodgrass 

the club shaft is interesting. The pro- 
jection of the shaft leads the head up 
to exposure 15. Then as the hand 
acceleration becomes zero the club head 
begins to lead as the result of the cen- 
trifugal component. 

"The velocity curve of the club head 
is too greatly smoothed as published as 
there is actually a decided and signifi- 
cant hump in the velocity. This hump 
corresponds with a rapid increase 
rather than decrease in the hand ve- 
locity." Like several others, Mr. Snod- 
grass is quick to point out our difficulty 
with the slide rule, and appends for our 
information a number of references on 
animal movement and locomotion which 
treat with the above noted constant 
velocity and momentum phases of hu- 
man activity. 

We are taken to task by Milan Gar- 
rett of the Department of Physics of 
Swarthmore College for calculating the 
force at impact, since there is not suf- 
ficient information available to make 
this determination. On the basis of 
reasonable assumptions regarding the 
length of the wooden scale at the foot 
of the golfer, a maximum velocity for 

F 

the club head is calculated to be 190 
feet per second. The maximum ve- 
locity of the ball must then be less than 
380 feet per second, which is the limit- 
ing value if the mass of the club head 
is infinite. 

But there is humor in the story as 
well as seriousness. The Juggernaut 
on the February cover is compared to 
a human whirlwind who possesses more 
arms than the image of an- Indian diety. 
Taking us at our words for the energy 
developed, Mr. Garrett wonders if it ' 

wouldn't be cheaper to "breed a race 
of these fellows than to go on building 
expensive hydroelectric installations". 
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CA -A1:0) 

TELEVISION 
Components 

WRITE FOR THE 
LATEST DATA ON A 
WHOLE SERIES OF NEW 
NA-ALD TELEVISION 
COMPONENTS. 

They are developed in collab- 
oration with laboratories that 
have had the benefit of observ- 
ing actual requirements revealed 
in field tests. 

In part, they consist of a con- 
nector for the 11 -prong Cathode 
Ray tube -1802-P1 and 1802-P4. 

The development not only con- 
sists of meeting every require- 
ment in the connector, but also 
in the attached leads. Special ma- 
terial and processes meet high 
voltage breakdown tests. (Under- 
writers double voltage -- 1000.) 
Has complete freedom of ioniza- 
tion noises at operating voltages 
with tests at both normal and ex- 
treme humidities. 

Other components-special rec- 
tifier socket - low capacitance 
sockets and plugs-interlocks- 
high Q wire-safety grounding 
cords-insulated tube caps, etc. 
Write us just what you are doing 
in television so that we may keep 
you informed of developments 
that will interest you. 

CA -ALL 

ALDEN PRODUCTS COMPANY 
717 Center St. Brockton, Mass. 

. . : ::;FcC+º::..:i 

. -, 
e, 

!t. 
. ; - ( 

New MIKE -LITE 
for Entertainers 

i, 

Indispensable for modern bands 
and public address systems. 
Astatic Quality Crystal T-3 Micro- 
phone with two adjustable spot- 
lights to throw a flattering halo 
of soft, warm light on faces of 
entertaining artists or speakers. 
Chrome finish. List Price, com- 
plete, $62.50. See jobber or 
write for literature. 

ASIATIC MICROPHONE 

LABORATORY, Inc. 
YOUNGSTOWN, OHIO 

Licensed Under Brush Development Co. Patents 

Astatic Patents 
Pending 

Application of Copper 
Oxide Rectifiers 

AN ARTICLE in the March issue of 
Electrical Engineering, by E. W. Mor- 
ris, under the title given above, has for 
its purpose, a description of a few of 
the representative installations made 
in the various industries so far as 
concerns copper oxide rectifiers. 

It is pointed out that since the rating 
of a disk rectifier unit depends upon 
the ability to dissipate losses, rectifier 
disks are frequently made with cooling 
fins and spaces to assist in heat dis- 
sipation. The assembled unit may be 
connected into groups for half- and 
full -wave rectification, for any number 
of phases and in parallel or series for 
increased current or voltage ratings. 

One of the first uses for such types 
of rectifiers was in the field of bat- 
tery chargers. Whereas the first units 
to be made were of small size, such as 
those required for radio receiver use, 
the units are now available with rat- 
ings up to 6 amp. at 130 volts. A bridge 
type copper oxide rectifier has been 
used in a self-regulating charger for 
automatically charging 'batteries at 
some predetermined rate. 

In the field of industrial control, 
versatility has been added to former 
equipment by the use of the copper 
oxide rectifier. The advantages for d -c 
operation of contactors and relays 
can be obtained from an a -c source 
and a rectifier unit. For rotating ma- 
chinery, the d -c fields can be excited 
from an a -c supply and regulated by 
means of the proper arrangement of 
the reactors and the rectifiers. Circuit 
breakers may be tripped from an a -c 
source by the use of the copper rectifiers 
and condensers, and give excellent 
service, since the rectifiers require no 
additional attention after being in- 
stalled. 

The author states that "'Corrosion of 
underground structures can be miti- 
gated by the use of cathodic protection, 
and is conveniently accomplished by 
connecting the underground structure 
to the negative terminal of the d -c 
source and by maintaining it negative 
to the earth by 0.30 volts or greater. 
Corrosion occurs in underground struc- 
tures due to stray current from d -c 
systems, and from electrochemical re- 
actions between the structure and the 
surrounding soil. More current flows 
from the underground structure 
through the soil to other parts of the 
structure, corrosion occurring when the 
current leaves the structure." 

In this article no attempt has been 
made to list all of the possible appli- 
cations, but a few representative in- 
stallations using copper oxide rectifiers, 
together with a number of wiring dia- 
grams, are given. Units have been as- 
sembled with ratings which vary from 
0.001 watt to several kilowatts. While 
the article makes no attempt to be ex- 
haustive, it is one of the very few 
which attempts any kind of a survey of 
the uses of dry rectifiers and as such, 
merits considerable attention. 

11 
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Service 

and 

Satisfaction 

a 

LEHIGH 
VERTICAL 

RADIATOR 

IS CHOSEN BY 

WHOM 
This 387 ft. insula- 

ted antenna in oper- 
ation for WHOM, 
Jersey City, N. J., 

is the second Le- 
high Radiator fur- 

nished to this sta- 

tion. Let this dis- 
play of confidence 
be your guide when 

you contemplate a 

new antenna. 

a.o10 DIVISION 

LEHIGH STRUCTURAL STEEL CO. 
17 BATTERY PIACE, NEW YORK, N. Y. 
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SMOOTH 
QUIET 

DEPENDABLE 
"PIN COR" 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 capacities to fit any par- 
ticular requirement. 

"PINCOR" dynamotors are the last word 
in efficiency and regulation. 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. 
Dept. R -1D 

466 W. Superior St., Chicago 
Export Address 

25 WARREN ST. 
NEW YORK, N. Y. 

U. S. A. 

-- 

PiN 
s1weRC oq 

DYNgNO6qA,0 
04, 

PIONEER GEN -E -MOTOR CORPORATION 
Dept. R -4D, 466 West Superior St., Chicago, Illinois 
Without obligation kindly send me PINCOR" 
Silver Band Dynamotor catalog and data sheets 

Name 

Address 

City State 

'a.. 

Equivalent Modulator 
Circuits 
THE JANUARY ISSUE of the Bell Sys- 
tem Technical Journal contains an 
article, under the above title, by E. 
Peterson and L. W. Hussey. 

Equivalent modulator circuits are 
developed in the form of linear resist- 
ant networks. They are equivalent in 
the sense that the current magnitude 
in any mesh of the network is equal 
to the current amplitude of a corre- 
sponding frequency component in the 
modulator. The elements of the network 
are determined by the property of the 
modulator, while the terminating re- 
sistances are those physically existent 
in the connector circuit. 

With this correspondence demon- 
strated, the operating features of the 
modulator may be inferred from the 
known properties of linear network. 
Among the properties considered are 
the transfer efficiency from signal to 
side band, and the input resistance to 
signals as affected by the side band 
load resistance. 

Equivalent networks are worked out 
for a number of interesting cases, in- 
volving different impedances to un- 
wanted modulation products together 
with different non-linear characteris- 
tics. The equivalents come out compara- 
tively simple in form under the re- 
strictions noted are followed in the 
text, which makes the carrier large 
compared to the signal and the circuit 
element purely resistive. 

Electron Optics 
SINCE comparatively little has appeared 
in the American technical press deal- 
ing with electron optics, it is worth 
calling the attention of readers of 
electronics to the article on "Electro- 
static Electron Optics," by Frank Gray 
in the January, 1939 issue of the Bell 
System Technical Journal. As might 
be expected the article is reasonably 
long and fairly mathematical, and an 
adequate summary of it cannot be 
given here. 

The scope of the article, however, is 
indicated by the following author's 
summary: Certain types of electro- 
static fields may be used as lenses to 
focus electron beams. The theory of 
these lenses is developed for electric 
fields that are symmetrical about the 
central axis. The introduction of the 
two velocity functions exactly reduces 
the partial differential equations of 
electron motion to a series of ordinary 
differential equations. The first equa- 
tion describes the action of a lens for 
electron paths near the axis; the re- 
maining equations determine the higher 
order aberation terms. Sections on 
the following subjects are included: 
the general equations of electron ob- 
jects, thin lenses, thick lenses, aberra- 
tion, the reduction of aberration, aper- 
tured plates, and concentric tubes. A 
list of symbols and lens equations is 
also included at the end of the article. 

PLUGS -SOCKETS 
TERMINAL PANELS, ETC. 

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

WRITE FOR BULLETINS. 

HOWARD B. JONES 
2300 Wabansia Avenue 

CHICAGO ILL. 

New!-A MILLION 
VACUUM TUBE 

VOLTMETER 
MODEL XM e 
NET PRICE. 
ONLY 

$24.95 
-FEATURES- 

INPUT IMPEDANCE -24 Megohms 
VOLTAGE TRANSFER-by co -axial cable 
RANGE -3 to 3000 volts, AC or DC with nine 

push button scales 
Effect of 50% second harmonic on reading is 

S to i l2% 
TURNOVER- _t3% 
FREQUENCY RANGE -30 cycles to 40 MC 
OPERATION on AC 

Fully guaranteed. Write for literature. 

-MILLION 
Radio and Television Labs. 

595 No. UNION ST. CHICAGO, ILL. 
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Photoelectric Cell Used 
for Chemical Analysis 
AN ARTICLE by R. M. Eavens and E. P. 
Silberstein, describes "An Opacimeter 
used in Chemical Analysis" in the 
March issue of the Journal of the So- 
ciety of Motion Picture Engineers. The 
instrument- is designed to measure the 
light transmission of a colored or tur- 
bid solution and the essential measur- 
ing equipment consists of a barrier 
type photoelectric cell connected to a 
microammeter. 

Other parts of the equipment, as 
shown in Fig. 1, consist of a suitable 

CuSO4 Test ,Filter Photronic AOl! cell, c ',holder ce// /amp t ` Opa/g/ass.' 

Fig. 1-Diagram of apparatus used 
in the opacimeter for chemical 

analysis 

light source, collimating and condens- 
ing lens, the samples to be tested, a 
suitable diaphragm and other acces- 
sory electrical and optical parts. 

A barrier type photoelectric cell is 
used to measure the intensity of the 
light transmitted by the solution under 
test. Since the cell is color selective, 
the light source must be maintained 
at a constant color temperature. The 
light intensity falling upon the photo- 
electric cell is maintained within a 
given range by varying the distance 
between the photoelectric cell and the 
opal glass diffusing disk which is il- 
luminated by the light passing through 
the solution under test. 

A glass tank containing a 4 per cent 
copper sulphate solution is placed on 
the light source side of the test solu- 
tion in order to reduce the sensitivity 
to infra -red radiation. 

The concentration of the test solution 
is obtained from a calibration curve 
which has previously been determined 
from known samples. Use of the in- 
strument is not restricted . to chemical 
reaction giving rise to a clear, colored 
solution. In practice it has been found 
that the amount of constituents present 
can be reliably determined by measur- 
ing the change in light transmission 
arising from the formation of uni- 
formly dispersed precipitates, and espe- 
cially if settling of the precipitate is 
prevented by the use of suitable dis- 
persing agents. 

Light Filters for Television 
ONE OF THE research items published in 
the March, 1930 issue of the Electro 
Technical Journal published by the In- 
stitute of Electrical Engineers of 
Japan, at Tokyo, deals with "Light 
Filters for Television Studio Illumina- 
tion." 

S. S. WHITE RESISTORS are used in the 
sensitive, accurate HART MOISTURE GAUGES 

These gauges are built in types for 
measuring percentage of moisture in 
wood, paper, pulp, plaster, and many 
other materials. Measurements are 
quickly made by taking meter readings 
from the material under test, and 
matching them with readings obtained 
from the percent moisture standards 
built into the instruments. These gauges 
are notably sensitive and accurate- 
and it is in securing and maintaining 
these qualities that the resistors play a 
leading part. S. S. WHITE Resistors, 
particularly in the high values, satisfac- 
torily meet the requirements. 

S. S. White Resistors 
are available in various types 
and in a comprehensive range 
of values from 1000 OHMS TO 
1,000,000 MEGOHMS. They are 
widely used in radio and elec- 
tronic equipment. RESISTOR 
BULLETIN No. 37 gives full 
details. A copy, with price list, 
mailed on request. Write for it. 

Above: Rear view (cover and battery re- 
moved) of the Hart Type D -7-C Moisture 
Gauge for lumber, showing the S. S. 

WHITE Resistors. At left: Front view of 

Gauge with Contactor. Photos courtesy of 
RAYMOND S. HART, New York, N. Y. 

S. S. WHITE 
The S. S. White Dental Mfg. Co. 

INDUSTRIAL DIVISION 
Department E, 10 East 40th St., New York, N. Y. 

GOAT'S HISTORY OF SIGNIFICANT EVENTS -4 

IN '96. 
. . . the world at large attributed 
practically no importance to the fact 
that an airplane had made the first 
sustained, powered flight . . . At 
this time the Fred Goat Co. (3 
years old), was winning recognition 
in the special machinery field for 
its highly accurate workmanship. 

TODAY ... 
... Commercial airlines cover the 
world. For greater safety, prac- 
tically all transports are radio - 
equipped ... and for better recep- 
tion, a high percentage of all avia- 
tion radios are equipped with Goat 
form -fitting shields. 

(A DIVISION OF THE FRED GOAT CO., EST. 1893) 

314 DEAN ST., BROOKLYN, N. Y. 
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THE INDUSTRY IN REVIEW 
A Cathode -Ray Antenna Phasemeter 

By JOHN P. TAYLOR 

ONE of the most interesting of re- 
cent developments in the broad- 

cast field is a cathode -ray -type r -f 
phasemeterl. While designed originally 
to serve as an aid in adjusting broad- 
cast directional arrays, this device will 
undoubtedly find a much wider field- 
not only in other frequency bands, but 
also for numerous types of phase meas- 
urements other than those on antennas. 

Anyone who has had even the most 
casual contact with the installation or 
maintenance of a directive array has 
some appreciation of the practical dif- 
ficulties. In no small part these diffi- 
culties have sprung from the lack of a 
simple, accurate method of measuring 
such factors as the mutual impedance 
and the phase differences between the 
currents in the several elements. Or- 
dinarily the desired relationships can 
be calculated without much difficulty 
but adjusting the actual installation to 
obtain these has always been a tedious 
operation-with accurate results guar- 
anteed only by field intensity measure- 
ments. Moreover, it has been found 
that in some instances the adjust- 
ment of the array has inadvertently, 
and unknowingly, been shifted with the 
result that the installation has been 
operated for extended periods with to- 
tally incorrect adjustment. The use 
of a phasemeter to overcome these dif- 
ficulties has already been suggested'. 
Previous models, however, have been 
rather complicated in design. The 
cathode-ray type phasemeter is funda- 
mentally very simple. 

Principle 

The ability to indicate phase bal- 
ance-or phase difference-is one of 
the best-known properties of the cath- 
ode-ray tube. When the voltages ap- 
plied to the two pairs of plates have 
the same frequency and are in phase, 
or are of opposite phase, a straight- 
line trace appears on the tube. For 
small phase differences the trace be- 
comes an ellipse-enlarging to a cir- 
cle (for equal amplitudes) for a 90 
deg. difference. It is not practical to 
read phase difference directly from 
such a pattern. However, if a phase - 
shifting device is interposed in one 
voltage lead, the phase of this voltage 
may be adjusted until a straight-line 
trace is obtained. The phase shift so 
introduced is then equal to the phase 
difference in question. The phase 
shifter may be calibrated, thus provid- 
ing a direct reading. This principle, 

Complete circuit of the cathode-ray phasemeter 

Method of using phasemeter in lining up antenna 

in brief, is utilized in the antenna 
phasemeter. 

Small pickup coils (of equal dimen- 
sions) are coupled to each of the an- 
tenna elements-and the "samples" of 
r -f energy thus obtained brought in 
over concentric lines to the phaseme- 
ter, which may be located in the trans- 
mitter building or in any convenient 
location. The calibrated phaseshifter 
is connected directly in one input. Both 
voltages are amplified and applied to 
the plates of a small cathode-ray tube. 
When used as a measuring device the 
phaseshifter is rotated until a straight 
line is obtained on the screen and the 
phase difference read directly from the 
scale. When used as a monitor the 
final adjustment is simply left fixed- 
in which case any deviation from the 

straightline pattern indicates drifting 
or detuning at some point in the sys- 
tem. 

Circuit Details 
To provide for arrays of more than 

two elements, six input connections are 
provided. Thus six lines may be per- 
manently connected and the phase dif- 
ference between any two checked by 
setting switches Sl and S2 to the de- 
sired positions. The input connections 
are separately terminated in imped- 
ances of approximately 80 ohms to 
correctly terminate concentric lines. 
The signal required at this point is 
less than a volt. 

Referring to the diagram it will be 
seen that S1 feeds one of the input 
voltages into a 1617 connected as a 
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pentode amplifier. The load circuit of 
this tube is such that the output volt- 
age leads the grid voltage by 90 deg. 
A high resistance potentiometer con- 
nected from the output circuit back to 
the grid makes it possible to obtain a 
voltage of any in-between phase. This 
adjustment is secured by a large dial 
calibrated to read directly in degrees 
of phase difference. The constants of 
the circuit are chosen such that this 
calibration is obtained for equal out- 
put at either end of the scale. Thus 
by a manipulation of the adjustments 
provided, and without the use of other 
equipment, the calibration can be easily 
checked-and readjusted if necessary 
by means of P7. Switch Ss, offers a 
choice of capacities suitable for differ- 
ent frequency ranges. By setting this 
to the correct range the instrument is 
automatically set up for use and no 
further tuning adjustments are re- 
quired. 

The two r -f amplifiers are identical. 
They are of the fixed -type, broadly 
tuned so as to require no adjustment 
in use-although P. and Ps are pro- 
vided for making adjustments of gain. 
Since relatively high voltages are re- 
quired for good deflection on the oscillo - 
graph, three stages of amplification 
are provided-with 89 type tubes being 
used in the output. It is essential that 
these amplifiers either have no phase 
shift, or that they introduce equivalent 
phase shift. Semi -variable reactors 
take care of this requirement. In ad- 
dition to the controls mentioned there 

are the usual adjustments of center- 
ing, focus and intensity for the cathode 
ray tube itself. 

Construction 
Mechanically this phasemeter is a 

single unit intended either for rack or 
table mounting. Front panel controls 
include the two line input switches (Si 
and Ss), the two gain adjustments (Pa 
and P,), the calibration control, and 
the focus and intensity controls for 
the tube. The centering controls, since 
they require adjustment only on sub- 
stitution of another tube, are made by 
screw driver adjustments from the 
rear. In the right center may be seen 
the capacity selector switch which pro- 
vides for operation at any frequency 
from 200 kc to 1600 kc. 

Applications 
This particular phase meter was de- 

signed primarily for broadcast stations. 
The most important aspect of such ap- 
plication is its use in monitoring the 
operation of a directive array. Up to 
six antenna elements can be accommo- 
dated. If desired, a v -t voltmeter can 
be used to check the amplitude of the 
several antenna currents, although in 
most installations other means of read- 
ing these are already available. 

In using the phasemeter as a moni- 
tor the only operation ordinarily re- 
quired is that of rotating the phase 
adjuster until the straight-line trace 
is obtained, and then reading the phase 
difference directly. If only two direc- 

As business paper 
publishers for over 
fifty years, McGraw-Hill is uniquely 
equipped to offer complete, authoritative 
direct mail coverage of Industry's major 
markets. Extreme accuracy is maintained 
(guaranteed to 98°o) and through careful 
analysis of markets, complete classifica- 
tion of companies and personnel, etc., the 
widest possible selections are available. 
Send for handy reference folder, "Hun- 
dreds of Thousands of Reasons Why" 
which describes how McGraw-Hill Lists 
are built and maintained. 

What Fields Do You Want fo Reach? 

Aviation 
Bus & Electric Railways 

Civil Engineering and Construction 
Administrative Executives 

Electrical Dealers & Wholesalers 
Mill Supply Houses 

Power Services 
Product Engineering 6 Design 
Production and Maintenance 
Radio Dealers & Wholesalers 
Radio Engineering & Design 

For further details, selections from 
above basic classifications, counts, 
prices, etc., or estimates on special lists 

ask any representative or write to 

i(T MAIL DIVISION..:. 1` McGRAW-HILL PUBLISHING CO. 
330 W. 42nd STRUT MEW TORY. M. Y. 

Complete Lists Covering Industry's Major Markets 

WAXES COMPOUNDS for 
ELECTRICAL INSULATION 

Zophar offers prompt service on Insulating Compounds for 

e 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. WAXES for 
radio parts. 
Special compounds made to your order. 

ZOPHAR MILLS INC. 
130 -26th St. Brooklyn, N. Y. I 

FOUNDED 1846 
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A 111ODER11 PLANT DEVOTED TO THE 

MANUFACTURE OF 111DDERA CAPACITORS 

A jew of the applications for which CD capacitors are available: 
RADIO RECEIVING 

TRANSMITTING 

TELEVISION 

RECORDING INSTRUMENTS 

PHOTO ELECTRIC 
CELL APPLICATIONS 

AMPLIFIERS 

XRAY APPLICATIONS 

THERAPEUTIC AND 

DIATHERMY 

METERS 

HIGH TENSION LINES 

EXPERIMENTAL AND 
RESEARCH WORK 

LIGHTNING SURGE 
CAPACITORS 
CARRIER CURRENT 
WORK, ETC. 

ELECTRONIC APPLICATION{ 

Our engineering department will be glad to cooperate with you in 
obtaining the most economical and efficient type unit for your re. 
quirements. Your inquiries are invited. Catalog No. 160 on request. 

COR111E1.L-DUBILIER 
ELECTRIC CORPORATION 
1005 iaaUton Boulevard, Sough Plainfield New !array 

Cabla Add,...: "CORDU" 

Ate. 

Frequency Measuring Service KoRLDwo 

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

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

R.C.A. COMMUNICATIONS, Inc. 
Commercial Dept. 

A RADIO CORPORATION OF AMERICA SERVICE 
66 BROAD STREET NEW YORK, N. Y. 

ALWAYS ON THE JOB GIVING 

DEPENDABLE OPERATION 
The new Leach Impulse Relays make possible 

many new developments such as new circuits, new 
lock-out schemes-alarm systems and safety devices. 
Operation is dependable, absolutely quiet, and fast 

time required to shift from one position to the 
other is approximately 1/60 second. 

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

15 E. 26th St.. New York City 

LEACH RELAY CO., 5915 AVALON BOULEVARD, LOS ANGELES, CALIF. 
Please send me your new catalog. I am interested in 
Name 
Company 
Address 

relay. 

City .... ..... 

tional elements are employed the phase 
shifter can be left in position. In this 
case it will only be necessary to snap 
on the monitor and observe the shape 
of the trace. With regard to the meas- 
ured phase difference, it will be noted 
that if the lines are of equal length this 
will be the same as the desired phase 
difference between antenna currents. 
When this is not the case, the addi- 
tional phase shift occasioned by the 
difference in lines can be easily sub- 
tracted or added, as required. The 
necessary correction can be accurately 
determined by making a measurement 
of the phase shift of the line. This is 
most conveniently done before installa- 
tion; i.e. by coiling the line up so that 
both ends are easily accessible, feeding 

Interior of phasemeter 

rf in one end, and comparing the phase 
of the voltage at this point and that 
at the farther end of the line. 

A phasemetex of this type will also 
be of great convenience in making the 
original adjustments on a directive sys- 
tem. The procedure in the past has' 
been to lay out all the components of 
such a system on paper, build up the 
calculated branching and phase shift- 
ing networks, and then, by painstaking 
field intensity surveys, to check the 
resulting pattern. Often small errors 
or intangible factors cause unexpected 
variations with the result that time - 
taking surveys have to be repeated. 
With a phasemeter the necessary field 
work is greatly facilitated. The phas- 
ing networks can be accurately checked 
and adjusted before installation (as- 
suming, of course, that the line im- 
pedance to be used is known). This is 
done by feeding rf into one end of the 
network and using the phasemeter to 
read the phase difference between this 
input voltage and voltage at the output 
of the network. The phasemeter has 
an input impedance of 80 ohms, so 

that it will itself correctly -terminate 
a network designed for use in standard 
coaxial lines. For higher impedance 
lines, resistance can be added in series 
to obtain the proper termination. When 
networks are thus accurately pread- 
justed, the system can be immediately 
placed in operation-and the final ad- 
justments of phase relation between 
element currents made by using the 
phasemeter (in normal connection) as 
an indicator. If the system has been cor- 
rectly designed, the desired pattern 
will be obtained when the phase and 
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PROFESSIONAL 

SERVICES 
(Rates on Application) 

ELECTRICAL TESTING 
LABORATORIES 

Characteristics 
of Vacuum Tubes 

Tests of photo cells, glow lamps, crater lamps. 
Tests of electronic and optical devices 

East End Avenue and 79th Street 
New York, N. Y. 

Phone: Butterfield S-2600 

INTERNATIONAL ELECTRONICS, INC. 
DESIGN AND DEVELOPMENT 

Radio Television 
Sound Electronics 

MANUFACTURING METHODS 
Condensers Tubes Resistors 
Vibrators Lamps Speakers 
630 Fifth Avenue New York. N. Y. 

Cable: Interengin. New York 

HAROLD J. McCREARY 
Mem. A.LE.E. R. W.S.E. 

Consulting Engineer 
Laboratory Facilities 

Research Electronics 
Development Television DesignRadio 
Factory Practise Railroad Signaling 
Patent Studies Telephony 

105 W. Adams St. Phone STate 4003 Chicago, III. 

RADIO DEVELOPMENT & RESEARCH CORP. 
CONSULTANTS AND DESIGNERS 

including 
Amplifiers-Antennas-Transmitters 
Receivers-Laboratory Equipment 

Special equipment designed and constructed 
145 West 45th Street. New York, N. Y. 

Tel. BRyant 9-6898 

Radio & Television Engineering Service 
Foreign and Domestic Services 

CONSULTANTS, DESIGNERS AND MFGS. FOR 
Electronic Devices-Carrier Frequency Equipment 
-Receivers-Amplifiers-Special Test Equipment- 
Transmitters, etc. 
Clifton Theatre Bldg., Main Ave.. Clifton, N. J. 

Phone-Passaic 2-1333 

Now, more than ever 
before, industry should 
take advantage of the 
opportunity to use the 
broad experience and 
knowledge of the con- 
sultant and profit by 
such use. 

PROFESSIONAL ASSISTANCE 
in the solving of your most difficult prob- 
lems In the highly specialized field of 
electronic devices is offered by consul- 
tante whose cards appear on this page. 

amplitudes of these currents agree with 
the calculated values. Thus no field 
measurements need be made during the 
adjustment. It will still be desirable 
to make a survey after the work is 
complete. However, this will be in the 
way of a final check, rather than a part 
of the procedure. 

The phasemeter is also of conven- 
ience in making certain other measure- 
ments connected with the installation 
of a directive antenna, for example, 
the mutual impedance between ele- 
ments. This impedance is ordinarily 
calculated in advance and from it and 
the other dimensions of the system the 
proper element currents are calculated. 
Thus the proper operation of the sys- 
tem depends, for one thing, on this 
calculated impedance being obtained in 
the actual insta1la'n. Recognition of 
this is given by. f `'FOC in requiring 
a measurement Of this mutual imped- 
ance as a part of`'the "proof of per- 
formance" of a directional installation. 
The method of measurement is not 
specified. One method used in the past 
has been to measure the individual re- 
sistances and reactances for conditions 
of the other element in floating and 
parasitic operation, respectively-from 
which the mutual impedance can be 
calculated by substitution in the proper 
relations'. The phasemeter can be used 
for more accurate determination by 
employing it to measure the phase dif- 
ference between the current fed the 
first antenna element and that induced 
in the second when the latter is tuned 
as a parasitic reflector. From this 
phase relation and the amplitudes 
which can be read with meters the 
mutual impedance is easily established. 

Another interesting measurement 
which can be made with a phasemeter 
is that of the self -impedance of one 
antenna during operation. In a direc- 
tional system this is important because 
the impedance of the elements are, in 
general, quite different during opera- 
tion than for static conditions. Here- 
tofore, no method for measuring the 
operating impedance has been avail- 
able. With the phasemeter shown it is 
a relatively simple_ procedure. The 
same method can be used in measuring 
the impedance of a single -element an- 
tenna, although in this case other meth- 
ods, such as the substitution or bridge, 
may be more convenient. 

All of the above measurements apply 
especially to broadcast systems. They 
will aLso be of equal benefit in connec- 
tion with adjustment of directive sys- 
tems for other applications. The de- 
sign and installation of radio range 
beacons is a good example. There are 
obviously many other types of rf meas- 
urements for which this instrument 
should lend itself, not only in the 
transmitter field but also in receiver 
and allied fields. 

1 G. H. Brown and G. Swift, A Radio 
Frequency Phase Meter, Broadcast News, 
June 1938 

2 J. F. Morrison, Simple Method For Ob- 
serving Current Amplitude and Phase Rela- 
tions in Antenna Arrays, Proc. I. R. E., Oct. 
1937 

a G. H. Brown. Directional Antennas, Proc. 
I. R. E., Jan. 1937 

The HANDIEST 
TESTER of all! 

MODEL 66'6 

DEALER NET 

$14.00 

AT A NEW LOW PRICE 

POCKET VOLT -OHM 
MILLIAMMETER 

A complete instrument for all 
A.C.-D.C. voltage, direct current and 
resistance analyses. 

Model 666 has 3" Sq. Triplett im- 
proved rectifier type instrument. A.C.- 
D.C. Voltage Scales read: 0-10-50- 
250-500-1000 at 1000 Ohms per volt. 
D.C. Milliampere scales read: 0-1-10- 
50-250. Ohms scales read: Low /-300 
High 250,000. Resistance range can be 
increased by adding external batteries. 
Size, 3 1/16" x 51/4" x 2%". Black 
Molded Case and Panel. Newly im- 
proved Low Loss Selector Switch. 
Complete with Alligator Clips, Bat- 
tery and Test Leads ... Dealer Price, 
$14.00. 

Also, a new high range tester-Model 
666-H . . . Same as above but with 
ranges: A.C. and D.C. volts 0-10-50- 
250-1000-5000 at 1000 Ohms per volt; 
D.C. M.A., 0-10-100-500; low ohms 
0-300 (10 ohms center scale) ; high 
ohms 0-250,000. Dealer Price . $14.50. 

18 INSTRUMENT STYLES 

4" Modernistic Square In- 
strument... A.C., or D.C. 
All Popular Ranges. 

CHOOSE 

18 STYLES 
2" to 7" 

Round, Square 
Fan or Twin Cases 

MOST MODELS AVAILABLE WITH FRONT OR 
REAR ILLUMINATION. 

Write for Catalog! 

THE TRIPLETT ELECTRICAL INSTRUMENT CO. 

234 Harmon Ave., Bluffton, Ohio 

G*;:r 
f/ZechE-ályt 

ELECTRICAL INSTRUMENTS. 
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Acoustic Testing Instruments 
By the Pioneers in Sound Control 

Ten years' practical consulting ex- 
perience in acoustic, noise and vibra- 
tion control, backed by the unpar- 
alleled experience of Bell Telephone 
Laboratories in the design of acous- 
tic systems, qualifies us to offer 
unusually reliable and practical 
Sound Level Meters; AC and Battery 

Operated 
Industrial Noise Analyzers for Routine 

Production Testing 
High Speed Graphic Recorders 

acoustic testing instruments. 
Laboratory instruments meet all re- 
quirements of the American Stand- 
ards Association and the most crit- 
ical engineers. Routine production 
testing equipment is simplified for 
reliable use in the plant. 

Sound Frequency Analyzers: Indicating 
and Recording 

Filter Sets: Band-pass, High-pass, Low- 
pass 

Vibration Testing Equipment 

The RA -281 Recording Frequency 
Analyzer is the first complete, prac- 
tical acoustic testing equipment for 
the development laboratory, provid- 
ing for overall noise measurements 
and continuous analysis, either by 
meter indication or automatically 
recorded graphic record. 

The RA -248 Industrial Noise Analyzer 
is essentially a rugged AC -operated 
sound meter with all the filters re- 
quired for routine production testing. 
Controls have been simplified for 
operation by factory personnel. 

Electrical Research Products lac, 
SUBSIDIARY OF 

We5tera Electric Company 

195 BROADWAY, NEW YORK 

/PFRMANFNT 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 INDIANAPOLIS, INDIANA 

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

3 8 YEARS EXPERIENCE 

TYPE 1402 

BLILEY 
FREQUENCY CONTROL 

SERIAL NUMBER 

9725 KC` 
MAP - 4+Z. 

MADI IN t), S, A. 
ERIE. PA, 

IMPROVED CRYSTAL 

CONTROL AT HIGH 
FREQUENCIES 

Police and Broadcast Engineers will find the type M02 holder, complete with Bliley High Frequency Quartz Crystal, well suited for long periods of rigorous service in all types of mobile and portable transmit- ters. A unique spring design maintains positive pressure while preventing undesirable elec- trode movement under severe vibration or shock. Catalog G-10 contains complete in- formation-write for your copy. 

BLILEY ELECTRIC CO. 
ERIE PENNA. 

Multi -Frequency 
Marine 
Transmitters 

FIVE NEW radiotelephone and tele- 
graph transmitters, rated at 200, 

350, 500, 750 and 1000 watts, have been 
announced by the Marine Radio Cor- 
poration, 91 Third Avenue, New York, 
N. Y. 

The transmitters proper are mounted 
in modern dual wall type cabinets and 
finished in slate gray wrinkle with cor- 
ner trim of smooth black. The high 
gain speech amplifier is furnished in a 
separate console cabinet for desk 
mounting. Components are mounted 
on removable chasses so arranged that 
every part is readily accessible. In- 
terconnecting cables are carried inside 
the inner walls and terminate in newly 
developed Mycalex insulated connect- 
ors, eliminating unsightly cables and 
lugs. 

All units are of ample rating and 
will not overload nor cause loss of 
stability when operated at their maxi - 

Multi -channel transmitter 

mum rated output, nor will distortion 
occur in the audio channels. A fea- 
ture of "Marine" transmitters is that 
all transformers from the largest plate 
transformer and choke to the smallest 
audio component are oil filled, an ad- 
vantage when used under tropical and 
humid conditions. 

The transmitters are built for opera- 
tion on a number of pre -determined 
frequencies. Either manual or auto- 
matic frequency change control may be 
had. The manual frequency change 
control is a single handle on the front 
panel. The automatic frequency change 

Ir 
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The heart of the 280 tubeQ 

WILBUR B. DRIVER CO. 
NEWARK, NEW JERSEY 

WIRE WOUND RESISTORS 

Type P-1 , .. 5 watt 
Type BP... 10 watt 
Type VP... 20 watt 
POWER 

RESISTORS 

HIGH IN QUALITY 

ACCURATE COMPACT 

ECONOMICAL 
Adaptable to applications such as public ad- 
dress amplifiers, midget, auto, and airplane 
radio sets, replacements or wherever low 
price, without sacrifice of quality and accu- 
racy is required. 
Enamel wire wound; coated with ceramic in- 
sulation and baked at low temperatures; ter- 
minals hard soldered to windings. 
Accuracy to 2%; can be supplied in I% accu- 
racies at slight additional cost. Write for 
prices and details. 

PRECISION RESISTOR CO. 
332 Badger Avenue 

NEWARK NEW JERSEY 

control is a group of push buttons 
(each button representing an operating 
frequency), or a telephone type dial, 
which are duplicated on the panel of 
the speech unit for complete remote 
control of the transmitter. All cir- 
cuits, including the antenna, are com- 
pletely pre -tuned. Quartz crystals are 
used for frequency control. 

Modulation is high level Class B, 
capable of 100% modulation, at which 
the amplitude distortion is less than 
5%. The a -f response is virtually flat 
from 50 to 10,000 cycles, plus or minus 
1.5 db. The transmitters include a 
built-in cathode ray modulation indi- 
cator (oscilloscope) with a 3 -inch 
screen, upon which both the trapezoidal 
and modulation envelope type of figure 
may be produced. 

The Marine antenna network effi- 
ciently transfers the output of the 
transmitter to the antenna as well as 
eliminates the radiation of harmonics 
of the operating frequency. Normally, 
provision is made for connection to a 
balanced two -wire transmission line 
having small reactance and a resistive 
impedance of about 500 ohms. With 
the Marine method the full output 
is transferred to the antenna on the 
fundamental frequency, harmonics be- 
ing almost entirely eliminated. The 
energy lost in harmonics with other 
methods is therefore used to full ad- 
vantage on the fundamental, increas- 
ing the overall effective output of . the 
transmitter. 

Power is taken from 115 or 230 
volt, single phase 50/60 cycle lines, 
although other voltages and frequencies 
may be provided on special order. A 
panel control auto -transformer compen- 
sates for variations in line voltage. 
Vacuum tubes, transformers and other 
components are at all times protected 
by the extensive use of automatic fast - 
acting relays, time -delay devices and 
fuses. A master relay is incorporated 
in the frequency control mechanism 
which removes all plate voltages while 
changing frequencies so that quick fre- 
quency change may be accomplished 
withoút the necessity of shutting down 
the transmitter. Illuminated meters 
are used to provide complete metering 
of all essential circuits. Adequate ven- 
tilation is provided by fine mesh bronze 
screened louvres in the side walls and 
doors as well as a ventilating fan. 

News 

+ Licensing agreements have been con- 
cluded between American Screw Co., of 
Providence, R. I., and the following: 
Chandler Products Co., Euclid, O.; Sco- 
vill Mfg. Co., Waterbury, Conn.; Pheoll 
Mfg. Co., Chicago; Lamson & Sessions, 
Cleveland; Continental Screw Co., New 
Bedford, Mass.; Corbin Screw Corp., 
New Britain, Conn., and National 
Screw Mfg. Co., Cleveland. The Phil- 
lips recessed head screws have a wide 
application in air -craft, electrical ap- 
pliances, motor cars, etc... . Clark 
Controller Co., Cleveland, has acquired 

Pl&CIs'/ON 
IS A MAJOR 

REQUIREMENT 

o' 

INSUROK 
THE SUPERIOR PLASTIC 
When you select Richardson as 
your source of supply for Molded 
or Laminated INSUROK, and 
other synthetic plastics, you enjoy 
the comprehensive facilities of 
Richardson's completely equipped 
plants. Further, you make sure 
of strict adherence to every detail 
of your requirements and unvary- 
ing exactness and precision in ex- 
ecuting your specifications. A 
request will bring a Richardson 
technical man with complete in- 
formation. 

9Xe RICHARDSON COMPANY 
MELROSE PARK. CHICAGO, ILL. FOUNDED IRKS LOCKLAND. ,CINCINNATI' 09410 

NEW BRUNSWICK. N. J. INDIANAPOLIS. IND. 
DETROIT OFFICE: 4-362 G. M. BUILDING. RHONE MADISON Babe 
NEW TORK OFFICE: 76 WEST BERGE, AMONG WHITEHALL s-A.BI 
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r 

or LINGO 

445' 
Lingo Radiator 

WIBW, Topeka, Kan. 
One of the tallest radiators 
of this type in the world. 
This tower, recently in 
stalled, was ERECTED as 

well as constructed 
by Lingo. 

Here's how you can meet 
that vital need for the ut- 
most in antenna perform- 
ance at the lowest cost! 
Lingo Vertical Tubular Steel 
Radiators now in service 
throughout the country are 
winning praise from particu- 
lar engineers. With this 
modern, efficient Radiator 
you can reach a new high 
in efficiency and cut mainte- 
nance costs to a minimum 
-backed by our protective 
5 -year insurance. Join the 
progressive stations who are 
stepping up their efficiency 
with Lingo "Tube" Radia- 
tors-built and erected by 
an organization with over 
40 years' experience. 

Write for free 
Illustrate Folder 
U rite today for full informa- 
tion how Lingo can save you 
money and increase your ef- 
ficiency. Please give station 
location, frequency and Power. 
Recommendations gladly of- 
fered without obligation. 

JOHN E. LINGO 

& SON, INC. 
Dept. E-4 

CAMDEN, 
N. J. 

LINGO 
VERTICA 

RADIATORS 

Chief Engineer Jesse Marsten (left) 
who has recently assumed addi- 
tional duties as Vice President, 
and Harry A. Ehle, who will re- 
main in charge of Industrial Divi- 
sion sales in addition to assisting 
the President at International Re- 

sistance Company, Philadelphia 

control of the Invex Corp., Bethlehem, 
Pa., an electrical research organization 
which is being moved to the Clark 
plant. Invex is retaining its corporate 
identity with W. H. Williams as Presi- 
dent and Palmer H. Craig as Vice -Pres- 
ident and its developments will be 
made and sold by the Clark organiza- 
tion. . . . Ansley Radio Corp., makers 
of the Dyn'aphone radio -phonograph 
combinations and electronic pianos, has 
acquired the Cornell-Dubilier plant at 
Bronx Blvd., and 238th St., Bronx, N. 
Y., as its new factory. . . . Nathan 
Schnoll, former chief engineer with 
Solar Mfg. Corp., has organized his 
own company known as Industrial In- 
struments, Inc., Bayonne, N. J. . . . 

Roller -Smith Co., Bethlehem, Pa., an- 
nounces the appointment of James E. 
Bevan as Assistant Chief Engineer. 
. . . Finch Telecommunications Labs 
announced that arrangements have been 
made with International News Service 
to use highlights of their general news 
reports for facsimile transmissions 
from their station W2XBF. 

Literature 
Mobile Radio. Bulletin 250 describes 
two-way mobile radio for police and 
fire service. Bulletins 252 and 253 
contain information on uhf radio tele- 
phone stations, and bulletin 255 de- 
scribes Frequency Meter Monitor and 
Signal Generator. Radio Engineering 
Labs., Long Island City, N. Y. 

Handbook Catalog. Illustrates and de- 
scribes wires, cables and flexible cords 
for industrial uses. Rockbestos Prod- 
ucts Corp., New Haven, Conn. 

Control Thermometer. Industrial Indi- 
cating Control Thermometer, Series 
4200 described in bulletin 4201. Wheelco 
Instruments Co., 1929 S. Halsted St., 
Chicago. 

Wide Frequency Response Recorders. 
Various models illustrated and de- 
scribed. Allied Recording Products Co., 
126 West 46th St., New York City. A 
new catalog which lists recorders and 
other products is also announced. 

A Dependable 
MINIATURE 

FREQUENCY METER 
for Power Frequencies - between 
15 and 500 cycles per second 

Frahm Frequency Meters indicate by 
the resonant vibration of accurately 
tuned steel reeds, which hold their orig- 
inal calibration for a very long time. 
Simple. Rugged. Unaffected by wave 
form or by ordinary voltage and tem- 
perature changes. Wide range portable 
and switchboard types also available. 

Write for Bulletin 1555-E. 

JAMES G. BI DDLE CO. 
litCIRICAL INSTRUMENTS 

1211-13 ARCH STREET PHILADELPHIA. PA. 

HIGH POTENTIALS 
EASILY MEASURED 

K1L,OVOLT 

METE17 

cJHALtcRnsSM,G 
CoLliNcnA(,o 

10 KV, 

The Shallcross line of kilovoltmeters, 
ranging from one to two hundred kilo- 
volts, have been used for years by other 
branches of the electrical industry. The 
dependability, accuracy, and fair price of 

these instruments will interest you. 
Let us help you with the problem 

high voltage measurement. 
Write for Bulletin 700 -KG 

RESISTANCE 
RANGE FROM 
1 OHM TO 10 

MEGOHMS 

SHALLCROSS MFG. CO 
COLLINGDALE, PA. 

of 
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:ngineering Bulletins. "Heater -Cathode 
.eakage as a Source of Hum" gives 
iethods of predicting hum by calcula - 
ion and means of reducing hum in 
lulletin 38-1. "Effects of Electrode 
roltages on Conversion Gain of Penta- 
Tid Convertors 6A7, 6A8GT" tables 
nd discussion given in Bulletin 39-2. 
adio Tube Division, Tung -Sol Lamp 

Yorks, Inc., Newark, N. J. 

leceiving Tube Characteristic Chart. 
1o. 1275-B gives data on 191 RCA 
ubes. Commercial Engineering Sec - 
ion, RCA Mfg. Co:, Harrison, N. J. 

Transformer Catalog. Spring -Summer 
adition. No. 400-CX. Thordarson Elec- 
ríc Mfg. Co., 500 W. Huron St., Chi - 
.ago, Ill. 

ladio "A" and "B" Batteries. For 
standard makes of 1.4 volt portable 
eceivers. Leaflet available. U. S. 
electric Mfg. Corp., 222 West 14th St.. 
Jew York City. 

Igastat. A timing unit described in 
)ulletin No. 4. American Gas Accum- 
ilator Co., Elizabeth, N. J. 

Magnets. "Little Giant Magnet" de - 
;cribes cast permanent magnets for 
oud speakers and electrical instru- 
nents. Crucible Steel Co. of America, 
-Jhrysler Bldg., New York City. 

general Catalog. No. 10-A. Describes 
nicrophones and cable connectors. Car- 
ier Microphone Co., 439 S. La Brea 
.ve., Inglewood, Cal. 

athode-ray Tube Wall Chart. A two - 
!olor lithographed chart tells the story 
)f cathode-ray principles at a glance. 
Price 50c. Allen B. Du Mont Labs, 2 
Main Ave., Passaic, N. J. 

Pilot Light Assemblies. Also signal in- 
licator jewels and socket assemblies. 
Dial Light Co. of America, 136 Liberty 
st., New York City. 

rime Recorders. "The Graphic" tells 
how to select, apply and use them. 
3 -page bulletin, No. 139. The Ester - 
line -Angus Co., Indianapolis, Ind. 

1939 Catalog. Second Edition, includes 
new items of Hammarlund Mfg. Co., 
124 West 33rd St., New York City. 

Switchboard Instruments. Round and 
rectangular types described in catalog 
No. 48. Catalog No. 48-b describes 
Type FA (4 inch) a -c frequency me- 
ters. Roller -Smith Co., Bethlehem, Pa. 

Electricity and Wheels. An interesting 
booklet tells about the progress of elec- 
tricity. General Motors Corp., B'way 
and 57th St., New York City. 

Application Note. No. 102. On the 
6SK7 as an i -f amplifier. RCA Mfg. 
Co., Harrison, N. J. 

Rectifier Power Supplies. Also vibra- 
i tor -operated instruments. Described in 

catalog No. 139. American Television 
& Radio Co., 300 East 4th St., St. Paul, 
Minn. 

A 
MrUIi1ÍÍuflCATHODE-RAY CATHODE-RAY 

O Intensifier -Type Cathode -Ray Tube 

High Brilliance 

Four Free Deflection Plates 

e 5 to 100,000 cycles 

0.04 r.m.s. volts per inch 

Single Sweep 

e High Direct Deflection Sensitivity 
O Flexible Switching 

O Conveniently Portable 

Available as the Type 175 for high- and low -frequency recurrent studies; 
and as the Type I75 -S for high- and low -frequency transient and recur- 
rent studies. This new instrument represents an important addition to 
the complete Du Mont line of cathode-ray indicating equipment for all 
purposes. 

Write for information. 

ALLEN B. DU MONT LABORATORIES, INC. 
2 Main Avenue Passaic, New Jersey, U. S. A. 

Cable Address: Wospexlin, New York 

HUNDREDS of THOUSANDS 
of Wire -Wound Units in Stock 

For Quick Shipment! 
This is a service only Ohmite can render 

so completely. For here you have at your 
call the largest, most complete stock of wire - 
wound Resistors and Rheostats in the country 
-hundreds of thousands of units in a range of 
types and sizes unmatched anywhere-readily 
available at all times for immediate shipment. 
Let Ohmite analyze your resistance applica- 
tions and submit samples for your requirements. 
Special models can promptly be designed and 
produced to your specifications. 
Write Today For Your Copy of Cataloe 17. 

OHMITE MANUFACTURING COMPANY 

4816 Flournoy Street * Chicago, U.S.A. 

/4 elk d. 011MllTE 
RHEOSTATS * RESISTORS * TAP SWITCHES 
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NEw ELSCTgpNIC 

VOLTMETER -OHMMETER 
WITHOUT PARALLEL 

A radically new multi -range electronic d -c voltmeter - 
ohmmeter employing an ultra -sensitive, statically and 
dynamically balanced push-pull circuit. Accuracy inde- 
pendent of line voltage and tube variations; operates 

from 100-130 volt, 25-60 cycle line supply. 

Vo1lOhHsyvt 

THE VOLTMETER 
measures from 0.05 to 5000 volts 
input resistance constant at 16 meg- 
ohms on all ranges 
"contact potential" error eliminated 
no readjustment of zero when chang- 
ing ranges 
measures d -c operating and control 
voltages under dynamic conditions 
with r -f and a -f present-input capac- 
itance 1 mmf 
checks oscillator operation up to and including ultra -high frequencies 
no stray pick-up 
will indicate plus or minus voltages 
without switching leads 
instrument maintained at ground po- 
tential at all times 
resistors adjusted to 1% 

overall accuracy within 2% of full scale 

WIDE RANGE 
0.05 volt to 5000 volts in 9 

overlapping ranges. 
0.1 ohm to 1.000,000,000 ohms 

in 7 decade ranges. 

ADVANCED DESIGN 
No readjustment of zero 

when changing ranges. 
Highly stable push-pull cir- 

cuit (pat, pending). 
Balanced statically and dynamically, 

PRECISION 
CONSTRUCTION 

Quality components through- 
out. 

Built for years of troublefree 
service. 

PRICE $5750 

THE OHMMETER 
measures from 0.1 ohm to 1,000,- 
000.000 ohms 
low voltage across resistance being 
checked-from 0.030 volt across 0.1 
ohm to a maximum of 3 volts across 
1000 megohms 
convenience of operation - one scale-one zero adjustment-does 
not require readjustment when 
range is changed 
7 overlapping ranges for maximum 
accuracy and ease of reading 
resistors adjusted to 1% 
lead resistance error at low values 
eliminated 
stable zero 
overall accuracy 3% at mid scale 

CONSTRUCTIONAL FEATURES 
isolantite insulation-hermetically sealed power transformer-hermetically sealed condenser (no electrolytics used)-low operating voltages-high safety factor- cabled wiring-functional layout-sloping panel of chromium plated brass-cad- mium plated chassis-protected throughout against adverse humidity conditions. 

Send for complete specifications and literature 

SERVICE INSTRUMENTS, INC., 404 Fourth Avenue, New York City 
FOREIGN DIVISION, 145 W. 45th Street, N. Y. C., Cables - "Servicin" 

New Products 

Electronic Switch 
A SQUARE WAVE GENERATOR, with no 
moving or vibrating parts, Type 185 of 
Allen B. Du Mont Labs., Inc., Passaic, 
N. J., provides electronic switching so that two phenomena appear to be 
present at the same time. It is pos- 
sible to observe not only the amplitude 

and form of two waves, but also their 
phase relationship. The switching rate 
is approximately 6 to 2,000 times per 
second, permitting observations of either 
extremely low or high frequencies. As 
a generator it may be used between 60 
and 400 cps. 

IGM 

for 

SENSITIVITY 

ONLY a fractional flea 
power-in the form 

of sound, audio frequency 
voltage, or direct current, 
-is ample for rapid, pos- 
itive operation of Sigma 
instruments. 

THEIR 
use frequently 

permits elimination of 
auxiliary relays, electron 
tubes, and associated ap- 
paratus, with resulting 
simplification of equip- 
ment and circuits. 

COMPLETE information 
about sensitive D.C. 

relays, audio frequency 
relays, and acoustic 
switches will be sent at 
your request. 

Sigma Instruments, Inc. 
388 Trapelo Road 

Belmont Massachusetts 
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MCGRAW-HILL PUBLISHING COMPANY INC. 

(publishers of ELECTRONICS) 

ANNOUNCE 
A New Technical Photographic Journal 

PHOTO TECHN IQUE 
PHOTO TECHNIQUE is to be a new monthly journal 

published by the McGraw-Hill Publishing Co. to furnish 
technical data on the various branches of the photographic 
processes, covering the research, manufacture, application 
and use of photographic materials. 

PHOTO TECHNIQUE will be the "clearing 
house" for new and advanced practices of 
photography, especially for those vitally 
interested in color, motion picture, high 
speed, stereoscopic, scientific, industrial, por- 
trait, amateur, commercial, medical, news, 
aerial, etc. etc. 

PHOTO TECHNIQUE will not be a picture book. It 
will deal with the technique of the photographic process. 
However, the artistic aspect will not be neglected and each 
issue will contain sufficient pictures and other illustrative 
matter to properly explain the text. Its primary purpose will 
be to bring to the reader a discussion of the new processes, 
new methods, new equipment, new films, new lenses and 
any other new items that will help the photographer im- 
prove his results. 

Among its pages will be found articles for the commer- 
cial photographer; 'the advanced amateur; the scientist and 
industrial engineer who use photography for technical pur- 
poses; for physicians, surgeons and x-ray technicians; for 
news photographers; for the motion picture photographers, 
and others who want to make use of improved scientific 
photography. 

There will be considerable space devoted to the technique 
of the various branches of photography: - processing 
films - plates and prints - printing by contact and pro- 
jection-exposure meters-filters-light sources-high 
speed motion-quick operating light sources-crime pre- 
vention and solution-radiographic-x-ray-infrared- 
ultraviolet - astronomy - astrophysics - spectroscopy- 
metallography- stress analysis - mineralogy- photomi- 
crography. Emphasis will be placed on the measurement 
and specification of the characteristics of photographic 
materials, their advantages, uses and applications. 

PHOTO TECHNIQUE will fill the special 
needs of the advanced photographer which 
no other publication in this country even 
attempts. 

Each issue of PHOTO TECHNIQUE will contain as fea- 
ture material, several regular "departments" each devoted 
to one particular phase of photography. There will be in- 
cluded in each issue a special form of "reference data" and 
other useful information which will aid in improving the 
photographic technique of the reader. "Short cuts, hints, 
kinks and laboratory notes" will also form a separate de- 
partment which will contain brief notes on a host of prac- 
tical aids to the photographer. 

All of the man -power, resources and experiences of the 
McGraw-Hill Publishing Company, the largest industrial 
and technical publishers in the world, are pledged to the 
success of PHOTO TECHNIQUE. 

Keith Henney, author of "Color Photography for the 
Amateur" and editor of "Electronics" will edit PHOTO 
TECHNIQUE. Mr. Henney's experience in the editorial 
field, together with his knowledge of practical photography 
give him a wide and sympathetic understanding of the 
photographic field and its editorial requirements. 

Assisting Mr. Henney as Managing Editor of PHOTO 
TECHNIQUE will be Beverly Dudley, associate editor of 
"Electronics." With Mr. Henney, he is co-author of the 
"Handbook of Photography." Mr. Dudley has had wide 
technical editorial experience with newspapers and maga- 
zines since 1923. 

Several prominent photographic companies have en- 
thusiastically welcomed PHOTO TECHNIQUE as a tech- 
nical publication that will provide an adequate medium for 
the publication of many of their findings which, at the 
present time, do not receive wide circulation. 

If you are interested in the technique of improved pho- 
tography you will certainly want each monthly issue of 
PHOTO TECHNIQUE. The first issue will appear in 
May. Why not enter your subscription as a CHARTER 
SUBSCRIBER now? This is the only way of assuring 
receipt of the first issue. The coupon is for your conve- 
nience - the important thing is to return it to us 
immediately. You will not be billed until you have 
received your first issue. 

PHOTO TECHNIQUE, 330 West 42nd Street, New York City 

I would like to become a CHARTER SUBSCRIBER to 

PHOTO TECHNIQUE. Enter my subscription under your 
special "pre -publication" offer of 15 issues for $5. (Regular 
rate - 12 issues for $5.) I will remit upon receipt of bill 
which will not be sent until I have received the first issue. 

THIS OFFER INVALID AFTER JUNE 1, 1939 

Name 

Address 

City State 

Company Position 

My Primary Interest 
In Photography Is 
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HERE ARE TWO VALUABLE NEW 

IMPROVEMENTS FOR YOUR 
PRESTO RECORDER 

Presto Vertical Damper-Holds the 
groove depth and width absolutely 
uniform. Completely eliminates low 
frequency flutter and patterns due to 
mechanical vibration or surface irreg- 
ularities in the disc. Improves both the 
quality and appearance of your record- 
ings. Can be added to any Presto 6-D 
or 7-B turntable at very nominal cost. 

Presto Spiralling Feedscrew - Enables 
you to make starting and run -out 
grooves or to space recordings of mu- 
sic and announcements on your elec- 
trical transcriptions without breaking 
the continuity of the groove. Any Presto 
feedscrew furnished with the 6-D or 
7-B recorder can be converted to a 

spiralling feedscrew at moderate cost. 

Send u.r the model and serial number of your recorder. Let u.r 

quote you on adding Ihe,re important feature,r lo your equipment. 

PRESTO 
RECORDING CORPORATION 
242 West 55th St., New York, N. Y. 

WHY CINAUDAGRAPH? 

TELEVISION receivers, portable 
amplifiers, electronic pianos, powerful 
public address systems and many other 
new developments in the communica- 
tions field have presented new speaker 
problems. Engineers have naturally 
turned to Cinaudagraph for their par- 
ticular speaker requirements. 

WHY CINAUDAGRAPH? 
The industry has found that the highly 
specialized knowledge, extensive re- 
search facilities and the skill of a 
famous engineering staff has made 
Cinaudagraph the logical supplier of 
quality speakers "built to specifica- 
tions." 
Cinaudagraph engineers will be happy 
to cooperate with you in obtaining the 
proper type speaker for your particular 
requirements. No obligations of course. 
Catalog on request. 

CINAUDAGRAPH 
CORPORATION 

STAMFORD CONNECTICUT 
Manugactur¢rs o4- permanent inayn¢t and 

electro- dynamic 1r¢ah¢ri 

Coaxial Cable Connector 
DEVELOPED BY Cannon Electric Develop. 
ment Co., Los Angeles, the plug is 
housed in a wall fitting and the recep. 
tacle is mounted in a 90° shell. The 
coaxial poles are completely shielded 
through the plug and the receptacle. 
The unit is designed for television cam- 
eras. 

Instantaneous Recorders i 

DESIGNED FOR MANY uses by RCA Mfg. 
Co., Camden, N. J., console Model MI - 
12700 will record and reproduce at 
speeds of 78 or 113 rpm, using 10, 12, 
or 16 inch records, either outside -in or j 

inside -out, and has a visual indicator i 

meter, h -f amplifier, loudspeaker, tone 
and volume controls. Portable Model 
MI -21701 is complete with microphon 
and records and reproduces 10 or 
inch records, at 78 rpm. 

Portable Magnetometer 
TRIPLETT ELECTRICAL Instrument Co., 
Bluffton, Ohio, announce an indicating 
instrument (4 inch sq type), which has 
a D'Arsonval movement without mag- 
net. The magnet to be tested is placed 
in contact with protruding pole pieces, 
furnishing the required magnet field for 
the instrument. The pointer moves 

across the scale in accordance with the 
setting of the milliammeter, and indi- 
cates the comparative strength of the 

magnet. Variations of the rheostat- 
milliammeter control makes it possible 
to check magnets of different strengths. 
Source of current is self-contained No. 

6 dry cell battery. 

Fuse Clips 
FOR CAP SIZES 1/4 to }l inches of beryl- 
lium copper having high resistance to 

fatigue, heat and vibration in aircraft, 
portable tools, etc., Littlefuse, Inc., 

4238 Lincoln Ave., Chicago. Beryllium 
copper will withstand a vibration pres- 
sure of 35,000 to 40,000 lbs. per sq. 

in. almost indefinitely. These clips 

will withstand prolonged temperatures 
up to 200° C. without losing tension. 
The standard finish is cadmium plate. 
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Screw Thread System 
"AERO -THREAD" SCREWS and studs fea- 
ture the use of a spirally wound insert 
or bushing of precision formed, high 
tensile, bronze spring wire. This insert 
fits into the tapped hole by screwing 
into the threads and when once it is 
installed it becomes a fixed part of the 
tapped hole and in final assembling the 
stud or cap screw bearing is against 
and in direct contact with the spiral 
bronze insert instead of against the 
softer metal of the light alloy part. The 
Screw Thread system, available in all 
sizes from Air Associates, Inc., Garden 
City, N. Y., has application to all 
threaded parts, particularly those where 
high strength and shock resistance are 
required, or where fastenings are to be 
made in the light alloys or similar soft 
metals. 

"Tropex" Transformers 
"TROPEX" IS A SPECIAL transparent and 
elastic compound which is highly resist- 
ant to salt air, high humidity, excessive 

moisture, etc., and is used by Thordar- 
son Electric Mfg. Co., 500 W. Huron 
St., Chicago, as an additional protection 
for their "Tropex"transformers. 

Time Totalizer 
AN INSTRUMENT OF Production Instru- 
ment Co., 710 W. Jackson Blvd., Chi- 
cago, "Time Totalizer" consists of 
number of wheels geared to a syn- 
chronous motor so that they record time 
in hours and tenths of hours. When 
connected in parallel with a motor, 
radio, X-ray or diathermy apparatus, 
lighting circuit or other ac circuit, the 
instrument automatically accumulates 
the total "on time." It can be used to 
measure the actual life of tubes and 
other apparatus. 

Fluorescent Materials 
FOR TELEVISION TUBES. Callite Prod- 
ucts Div. of the Eisler Electric Corp., 
Union City, N. J., announces that sili- 
cates and tungstates in all colors in 
the spectrum are now available. 

AS MUCH CURRENT 
AS YOU WANT... _ (7' 

WARD 

LEONARD 

RING TYPE 

RHEOSTAT 

Is made in 112", 21a", 3" and 4" diameters for 30. 50, 100 and 150 watts 
respectively. They are designed for control of currents where a 
compact power rheostat is required to provide a fine continuous 
adjustment. It is described in Bulletin 1105. Other Rheostats 
described in numerous Bulletins. 

Send for Bulletins of Interest. 

WARD LEONARD ELECTRIC COMPANY 
32 SOUTH STREET MOUNT VERNON, N. Y. 

Electric Controls Since 1892 

BEAT FREQUENCY STANDARD SIGNAL GENERATOR 

The CR -6 has two logarithmic frequency 
ranges 10-20,000 cps and 10-50,000 cps. Max. output 
5 watts. Level constant ± 0.5 db over 20 KC range. 

Write for complete specifications on the CR -6 and other U. S. E. Instruments 

PRICE 

x325°° 

UNITED SOUND ENGINEERING COMPANY 
Manufacturers of Electronic Equipment under A. T. & T. and Western Electric Patents. 

2235 University Ave. St. Paul, Minn. 
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MULTI - RANGE TESTERS 

"PRECISION" 
QUALITY TEST EQUIPMENT 

AT POPULAR PRICES 

Every laboratory, broadcast station 
recording studio, service organization, 
amateur, engineer and school can use 
these popular priced multi -range testers. 

"PRECISION" Series 860 
Willi large 9" Meter 

A laboratory type multi -range tester incorpo- 
rating a large NINE inch D'Arsonval type meter 
of an accuracy within 2% and a base sensi- 
tivity of 400 microamperes. The removable se- 
lector unit is completely encased for remote 
control operation. 
* FIVE AC and DC VOLTAGE RANGES at 1000 ohms 

per volt. 0-10/50/150/500/1500- 
* FOUR OHMMETER RANGES 0-400 (20 ohms center): 

first indication 1'4 of an ohm. 
0.100,000 ohms (800 ohms center). 
0-I megohm (8.000 ohms center). 
0-10 megohms (80,000 ohms center). 
All ohmmeter ranges are powered by self-contained 
battery supply incorporated Inside of remote control 
unit. 

* SIX DC CURRENT RANGES 0-Ima/l0ma/50ma/ 
150ma/SOOma and 10 amperes. * FIVE DECIBEL RANGES from -10 to +59DB. 
ODB, +I4DB, +23.5 DB, +34DB, +44DB. * FIVE RANGES FOR OUTPUT INDICATIONS (same 
as AC voltage ranges). 

Panel and control unit constructed of heavy gauge 
steel finished in baked shrivel black enamel. Panel Is 
backed with a steel dust cover housing. Size of panel, 
20 x I01/2 x 4; of selector unit 7 x 8 x 31/2. e 
Complete with batteries and test leads, net.. $39.70 

"PRECISION" Series 842-P 
With a 2500 volt AC DO Range 

* Large size 4% Inch square meter. 
* FIVE AC and DC VOLTAGE RANGES at 1000 ohms 

per volt: 0 to 10/50/250/1000/2500 volts. * SIX DC CURRENT RANGES: 
0 to 1/10/50/250 MA: 0-I; 0-10 AMPS. * FOUR RESISTANCE RANGES: 
0.400 ohms (20 ohms center). 0-100,000 ohms. 0-1 
megohm. 0 -IO megohms. NOTE: Provisions for 
mounting ohmmeter power supply (41/2 and 45 v bat- 
teries) on inside of case. No external connections 
necessary. * FIVE DECIBEL RANGES from -10 to +63 DB; 
ODB; +14 DB; +28 DB; +40 DB; +48 DB. 

842-P. Size 9x10x6. Housed In walnut finished wood 
portable case with removable cover. Less 95 batteries and test leads. Net Price 

SEE these as well as any of the other 12 popular 
PRECISION Test Equipment models on display at all 
leading radio parts Jobbers. Catalogs available on request. 

PRECISION 
APPARATUS CO. 
821 EAST NEW YORK AVENUE 

BROOKLYN. NEW YORK 

Export Div. 458 B'way, N.Y., U.S.A. Cables: Morhanex 

Pencil Drafting Cloth 
"PENCIL -TEX" MAY SOON eliminate the 
use of ink in drafting rooms, claim 
Frederick Post Co., Box 803, Chicago, 
Ill. The new item is of similar appear- 
ance to fine tracing cloth but has a new 
and patented velvety surface with a 
good affinity for pencils of all degrees 
of hardness. Line intensification, to- 
gether with a glass -like transparency, 
permits the production of a blue print 
without the characteristic fuzzy lines 
of an ordinary pencil drawing. A 
sample kit is available. 

Set Tester 
"HAM METER" IS A SELF-CONTAINED, 
pocket-size, portable instrument (de- 
signed primarily for the amateur) of 
Simpson Electric Co., 5216 S. Kinzie 
St., Chicago, Ill., which was built ex- 
pressly for checking high voltage and 
all component parts of transmitters and 
receivers. Some of its features are: 
Guaranteed accurate within 2% on do 
and 5% on ac; a copper oxide rectifier 
is built into the meter for ac voltage 
ranges, and a battery is provided for 
ohmmeter ranges; voltage 3000; test 
cables insulated for 5,000 volts; Simp- 
son D'Arsonval movement with bridge - 
type construction and soft pole pieces. 
Literature is available. 

Microphones 
A DYNAMIC MICROPHONE, Type 1245 for 
high impedance and Type 1245A for low 
impedance (200 ohms), utilizes a mov- 
ing coil mounted on a Dural diaphragm. 
The frequency response is at from 50 
to 9,000 cycles and the output level is 
-56 db. The assembly includes a bal- 
anced quadropi type winding trans- 
former to eliminate stray electro- 
magnetic pickup. 

Webster -Chicago Co., Chicago, also 
announce Type 1236, a diaphragm type 
crystal microphone which is especially 
adapted to high quality PA work. The 
high capacity torsion -drive crystal is 
moisture -sealed. Reproduction range is 
from 40 to 10,000 cycles and the output 
level is -52 db. 

Generating Plant 
A SELF-CONTAINED self-regulating elec- 
tric generating plant, Model H -H-9, 80 
KVA unit, is manufactured by Bardeo 
Corp. of America, Los Angeles. An 
automatic voltage regulator, containing 
no moving parts, tubes, spring tensions, 
or carbon piles in its construction, will 
maintain 2% voltage from no load to 
full load. Time interval from cold start 
to full speed and voltage is reported to 
be 4.5 seconds. It was designed mainly 
for broadcasting stations for an emer- 
gency standby plant that can be put 
into operation at a moment's notice. 
Range of plant capacities are from 5 
kva to 80 kva. 

Vacuum Tube Voltmeter 
MODEL XII VOLTMETER is an electronic 
potential measuring device featuring 
pushbutton ranges from 3 to 3,000 
volts on a -c or d -c 'circuits. It will 
not disturb circuit under test; has an 
input impedance of 24 megohms. The 
instrument covers 30 cycles to 40 mega. 
cycles and is a -c operated. Million 
Radio & Television, 685 W. Ohio St., 
Chicago. 

Grid Control Rectifier 
UNITED ELECTRONICS CORP., 42 Spring 
St., Newark, N. J., announced a new 
rectifier, No. 967, which corresponds 
to the 866-A with the exception that 
it is a thyratron and may be used for 
voltage regulation, voltage control and 
keying circuits in amateur transmit- 
ters. 

Constant Velocity Record 
A STANDARD 12 -INCH PRESSING recorded 
at 78 rpm has 3 frequency runs, the 
first consisting of the glide frequency 
recording from 50 to 10,000 cycles with 

breaks at regularly spaced intervals. 
During the breaks in this Universal 
Microphone record (Inglewood, Cal.) 
a voice announces the frequency. 

Blue Print Machine 
ELPRO PRINTER of Electronic Products 
Mfg. Corp., 208 W. Washington St., 

Ann Arbor, Mich., is: Portable; easy 
to operate; produces drawings of a 

limited size, and makes prints in from 
1 to 5 minutes. 

Microphones 
SHURE BROS., 225 W. Huron St., Chi- 

cago, enter the dynamic microphone 
field with two models. Model 60 

"Rocket" (utilizes the principle of a 

moving -conductor in a magnetic field) 

is intended for PA, remote broadcast- 
ing, recording, ceill systems, etc., and 

has a response of .high -quality wide - 

range (± 5 db 70-7000 cycles) with 

semi -directional pickup characteristics. 
Available in 35-50, 200-250 ohms and 

high impedance output. Model 65, 

"Unidyne" is a cardiod type uni -direc- 

tional moving coil dynamic microphone' 
covering a frequency range of from 

40 to 10,000 cycles. 
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I,mplifier 
.MPLIFIER CO., OF AMERICA, 37 West 
9th St., New York City, announce a 34 
att, master beam power amplifier with 
le following characteristics: High and 
,w frequency equalization, 10 db cut or 
)ost at 20 cycles or at 10,000 cycles; 
egenerative inversion; dialogue filter; 
ush-pull beam power drivers; stabi- 
zed power supply; calibrated output 
eter; automatic volume expansion and 
)mpression; two microphone input 
Iannels, one photo input channel; uni- 
?rsal output for from 0.3 to 500 obms; 
ve stages, 135 db maximum gain, 
sponse is flat within 1 db 20 to 20,000 
'cles, noise 60 db below maximum out - 
it. 

'elephones 
CA MFG. Co., CAMDEN, announce a 
,und powered telephone which has 
een in use by the U.S. Navy for several 
ears and is now commercially avail - 
)le. Model PB112B1 handset type in- 
udes a transmitter unit, a receiver 
lit, and a line -connecting switch de- 
gned to operate under pressure with - 
it loss of efficiency or change in 
iality, especially in locations where 
ianges in pressure, or constant pres- 

i ires other than normal atmospheric 
-essures may be expected such as in a 
lip's fire room, etc. The unit is water - 
roof and will stand total immersion. l rinciple of operation is described in 
tail in available literature. 

TESTERN ELECTRIC announce Models 
50A and 751A loud speaking tele - 
hones, which will handle speech or 
usic with maximum peak powers of 20 
atts. Characteristics are: Impedance, 
pproximately 8 ohms; efficiency is 
ival to direct radiator type speakers 

similar size; a wider and more uni- 
erm frequency response range (from 60 

10,000 cycles) ; angle of coverage 
?tween 30 and 45 degrees. 
Also announced by Western Elec. is a 

)und powered magnetic telephone, 
lodel 11A, designed primarily for ship- 
)ard where failure of an electrical sup- 
ly system will not affect the telephone 
peration because its electrical voice 
lrrent is generated internally by the 
npact of sound waves on a special 
iaphragm independent of external 
ower. A self-contained, hand operated 
enerator provides for signaling. The 
nit is water -tight, weather -resistant 
nd can be adapted for service in con- 
bruction camps, warehouses, and other 
xposed locations. 

Mike -Lite 
L STAND MICROPHONE with adjustable 
pot lights to halo the features of 
rtists or speakers is available from 
kstatic Microphone Lab., Inc., Youngs - 
own, O. Each unit is equipped with 
5 ft of one -wire shielded cable and 
5 ft of a -c lamp cord with trans- 
ormer. Also announced is Model E4P 
rystal pickup with tone equalizer. 

Televerter 
MODEL 772 WILL EXTEND the range of 
20,000 ohms -per -volt analyzers to 5,000 
volts. The unit consists of resistor 
tube, two test leads, prods, and a 
mounting clamp. Maximum current 
drain is 50 microamperes with an .in- 
put impedance of 100 megohms on the 
top range. This is a new Weston 
Electrical Inst. product. 

Concentric Cables 
DISC SPACER TYPES TELCON cables have 
been designed for hf transmission over 
considerable distances and have a 
dielectric embodying the maximum 
amount of air space consistent with 
mechanical stability. The dielectric con- 
stant is less than 1.1 and a power factor 
less than 0.0005. Several types are 
available from Charles Parrag & Co., 
Inc., 56 East 11th St., New York City, 
in which the ratio of diameters of outer 
and inner conductor is arranged to give 
minimum capacity or minimum attenu- 
ation, or a definite characteristic im- 
pedance according to requirements. 

Other products available from Par - 
rag Co. are: cables for broadcast relay; 
and also Gutta -Percha aluminum foil 
(widths from inch to 24 ins) which 
can be used for screening against elec- 
trical interference or other uses. Liter- 
ature is available. 

Filter 
AN ET EC.. a nrÁVER FILTER has been 
developed by J. W. Miller Co., Los An- 
geles, Cal. It consists of two duo - 
lateral wound chokes of .03 mh induct- 
ance and a condenser of 0.03 »f. The 
filter is plugged in between the electric 
shaver and the lamp socket. 

Other New Products 
Because of space or time limitations 

the following new products cannot be 
accorded a paragraph by themselves. 
They merit attention, however. 

Volume Level Indicator, Type 30, of 
Weston Electrical Instruments, New- 
ark, N. J., which is a monitoring instru- 
ment whose performance conforms with 
the joint findings of NBC, CBS, and Bell 
Telephone Labs. See February 1939, 
page 28, and also July 1938, page 62, 
Electronics for further descriptions. 

Improved paper tubular capacitor, Cor- 
nell-Dubilier Elec. Corp., S. Plainfield, 
N. J. Improved radio noise locator 
Model 239, Tobe Deutschmann Corp., 

SENSITIVE ELECTRONIC 

AC VOLTMETER 
MODEL 300 

New principle 
10-100,000 cycles 

I millivolt to 100 volts in five 
ranges. 
Logarithmic voltage scale 
and uniform decibel scale. 
A -C operation, I I5 volts 60 
cycles. 

Stable calibration unaffected 
by changes in line voltage, 
tubes, etc. Accuracy 2%. 
Can also be used as an am- 
plifier (70 DB gain) flat to 
100,000 cycles. 

MODEL 400 
SOUND METER 
ATTACHMENT 

Converts Model 300 Voltmeter 
into direct -reading sound -pres- 
sure meter for sound and noise 
measurements, loudspeaker 
tests, etc. Comprises high-grade 
dynamic microphone accurately 
calibrated against Rayleigh disk, 
input transformer, attenuator 
and equalizer for compensating 
frequency curve of microphone. 
Range 30-10,000 cycles, reading 
down to 1 bar rms. Can be used 
with any Model 300 Voltmeter. 

Write for Bulletin 2B. 

Ballantine Laboratories, Inc. 

BOONTON NEW JERSEY 

ELECTRONICS - April 1939 75 

www.americanradiohistory.com



Electrode Materials. A secondary - 
electron -emitting electrode comprises a 
conductive base, for example of nickel, 
aluminum, silver, copper or alloys there- 
of, carrying a thin layer of an insulat- 
ing derivative of an alkaline -earth 
metal, particularly the borate, on which 
is deposited an electron emissive layer, 
preferably an alkali -metal such as cae- 
sium or its oxide. The layers are pref- 
erably not greater than 001 inch. The 

electrode exhibits the thin film field 

emission phenomenon of Malter. The 
borate is evaporated onto the conduc- 
tive base from a heated filament. 
491,287, Marconi Co. 

Direction -finding. Apparatus for de- 

tecting and indicating the presence of 

objects, for example aircraft. W. J. 
Rickets. No. 494,667. 

"Hand -Me -Down" or Perfect Fit? 
Ready-made relays or timers may "get by" 
but will they FIT your needs? It means a 

lot to your good products' reputation- 
whether the control accessories are really 
contributing to its performance. 

Our lorg and varied experience in produc- 
ing electrical control devices that FIT may 
be helpful and profitable to you. Let us 
hear from you today-no obligation. 

STRUTHERS DUNN, INC. 
148 N. Juniper St. Philadelphia, Pa. 

DUfl[O&&/th0/DEVI[ES 
/dore than. an. accessory -an improver of presti9e, dependability and performance 

Exposure Control. The second ex- 
posure in the treatment of reversible 
photographic films is controlled by a 
system comprising two photoelectric 

cells of the barrier type connected in 
series opposition and in parallel with 
an ammeter and a galvanometer. No. 
493,932. A. L. Debrie. - 

Drilling Machine Control. Applica- 
tion of photoelectric tube to drilling ma- 
chines. Patents No. 495,762 and 495,- 
818, to Associated Equipment Co. 

/ / 
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SOLENOID COUNTERS 

New four-wheel counters -1300 ohm 24.48 v. d.c. 

These counters have many applications in photo- 
electric cell work, broadcasting stations, and in- 
dustrial uses. Original cost $6.50; while limited 
stock lasts, $2.00 each; 3 for $5.00. C.O.D. only. 
Perfect cond. guaranteed or mun') refunded. 

FEDERAL SALES COMPANY 
26 S. Jefferson St. CHICAGO, ILL. 

VACUUM TUBES AND 
ELECTRONIC DEVICES 
Design, Development, Construction to 
specifications. Let us develop your idea. 
Coils, etc., sealed into cans or bulbs. 

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

Another Problems Solved 
The Insulated dial light sockets for AC DC seta 
that are used in nearly all the Underwriters' ap- 
proved sets are Alden. Sketch your exact mount- 
ing problem and samples and prices will be for- 
warded promptly. All our dial light sockets have 
the minimum number of parts so they can be sup- 
plied to you with leads at the lowest possible over- 
all cost. 

ALDEN PRODUCTS COMPANY 
717 Center Street Brockton. Mass. 

59 Branford Street 

* CAESIUM AZIDE 
* A Source of Purest Metal 
*.For Research & Manufacturing 
Also other Caesium Salts and Azides of 
the alkaline and alkaline earth metals. 
SENSITIVE PLATE & CHEMICAL CO. 
432 Clay Street San Francisco 

ELECTRON TUBE PARTS 
QUALITY All Types EST. 18 YEARS 

Seal Finish Tungsten Welds 
Tungar Welds Coil Springs 
Filament Hooks Bases 
Spot Welders Capa 

Stem Wire Cutting & Forming Machines 

"The Engineering Co." of Newark, N.J., Inc. 
Daniel KondakJian, Pres. 

Newark, N. J. 

FINE RIBBONS 
of Tungsten, Molybdenum and 

Special Alloys 
To your specifications 

II. CROSS 
15 BEEKMAN ST. NEW YORK 

Write Alden Your Problem 
On every multi -wire, connector, socket problem with 
or without special cable. Special attention to giv- 
ing you a completed cable with every consideration 
for it to meet every kind of requirement-mechani- 
cal, shielding, low capacitance, complicated either 
as to leads or covering. Also fiat -woven cable with 
any number of leads with and without connectors. 
48 -hour service on leads cut to length with ends 
stripped, twisted and solder dipped. 

ALDEN PRODUCTS COMPANY 
717 Center Street Brockton, Matt. 

UNIVERSAL 
Grasp -to -talk in single and double but- 
ton. crystal and 33 -ohm models. Stream- 
lined, rugged, compact, lightweight. Hand 
grasp opens circuit. For police cars, fairs, 
window demonstrations, p, a., amateurs. 
call systems, sports event, etc. Incl. 6 ft. 
cord. 

Universal Microphone Co., Ltd. 
424 Warren Lane, Inglewood. Calif., U.S.A. 

?Find what you are looking for? 
If this or other advertising in? 
this issue does not supply the 0 
information of products wanted 
write 

Electronics 
330 West 42nd St., New York City 

We manufacture a complete line of equipment 
Spot Welders, electric, from 3( to 500 KVA 
Transformers, special and standard types 
Incandescent lamp manufacturing equipment 
Radio Tubes. ex -ray, cathode ray, photo cells 
Electronic equipment, vacuum pumps, etc. 
Tungsten slugs, rod and wire manufacturing equipment 
General glass working machines and burners 
College glass working units for students and laboratory 

EISLER ENGINEERING COMPANY 
751 So. 13th St. (near Avon Ave.) Newark, N,ew Jersey 

Ask for our 
Bulletin on new 
type vertical 
Bents Welder. 
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Television 
The following patents have been 

granted to P. T. Farnsworth of Farns- 
worth Television Inc., San Francisco: 
No. 2,135,615, a current amplifier of the 
multipactor type. No. 2,139,813, sec- 
ondary emission electrode. No. 2,139,- 
814, cathode ray tube. No. 2,140,284, 
projecting oscillight. No. 2,140,285, a 
multiplier coupling system. No. 2,140,- 
832, means and method of controlling 
electron multipliers. No. 2,143,145, 
projection apparatus for projecting 
optical images from a motion picture 
film. No. 2,143,146, method of operat- 
ing electron multipliers by generating 
electrons of random velocities, sepa- 
rating those electrons having velocities 
within a desired range, admitting a 
number proportioned to the amplitude 
of the signal to be amplified, etc. 

Television System. Impressing an 
image upon a photosensitive surface, 
means for scanning a surface other 
than the photosensitive surface to cause 
the emission of an electronic stream 
of constant, intensity from the other 
surface, means for causing the forma- 
tion at one time of an electrostatic 
reproduction of the whole of said image 
to modulate said stream, an anode for 
picking up the modulated stream, and 

means for thereafter causing said elec- 
trostatic reproduction to disappear. 
F. C. P. Henroteau, RCA. Application 
dated Dec. 15, 1932. No. 2,146,822. 

Transformer. A high frequency 
coupling network comprising a trans- 
former with primary and secondary 
windings and a shielding for prevent- 
ing the capacitative coupling effect in 
order to have a purely inductive coup- 
ling betweén primary and secondary; 

etc. Kurt Schlesinger, D. S. Loewe. 
No. 2,147,553 to 2,147,559, inclusive. 

SEARCHLIGHT SECTION 

SALES ENGINEER WANTED 
EXCEPTIONAL OPPORTUNITIY 
Our company makes industrial elec- 
tronic equipment, rectified AC power 
supplies and transformers. 
We need a sales engineer conversant 
with these products who can sit down 
with our customers and establish the 
important design fundamentals right 
on the spot. 

This is an exceptional opportunity 
If you can' qualify write 

SW 199, Electronics 
330 W. 42nd St., New York City 

POSITION VACANT 

YOUNG MAN experienced in the manufacture 
of l'easium Photo Electric Cells. State ex- 

Derlenle. Box 395, Rochester, N. Y. 

POSITIONS WANTED 

(See also "Selling' Opportunities Wanted") 

E.1%.; RADIO, MEASURING and Control De- 
vices; ten years experience in Development 

and Production; Mechanically skilled; also 
Ultra. High Frequency experience; Business experience; Excellent references; salary sec- 
ondarY to opportunity. PW-203 Electronics, 
880 W. 42nd St., New York, N. Y. 

RADIO ENGINEER, now employed, desires permanent connection anywhere. Experience, four years broadcast engineer and three years development and manufacture of inter-com- inunleatlon equipment. Best of references, first class telephone license. PW-200 Electronics, 
620 N, Michigan Ave., Chicago, Ill. 

JUNIOR ELECTRICAL ENGINEER, com- munication, electronics, B.S., Maine Univer- ity. Desires interview for employment on trial anywhere. Research, design, production, Service. PW-I90 Electronics, 330 W. 42nd St., New York, N. Y. 

POSITION WANTED 

DEVELOPMENTAL ENGINEER having three 
years of electrical experence, also registered 

patent attorney, desires developmental work 
with concern that can advantageously use pat- 
ent attorney. Best references. MSEE degree. 
Can prosecute patent applications, design non - 
infringing apparatus, and prepare priority rec- 
ords. PW-201 Electronics, 330 W. 42nd St., 
New York, N. Y. 

um 

SELLING 
OPPORTUNITIES 

OFFERED-WANTED 
Selling Agencies-Sales Executives 

Salesmen-Additional Lines 
w 

OPPORTUNITY WANTED 

SALES OR DEVELOPMENT ENGINEER, 
American born citizen, five years business 

experience England, traveled Europe, Far East, 
hold patents automatic machinery, tensile 
testers, printing scales, photo electric circuits, 
5 years textile plant maintenance, age 35, 
locate anywhere. SA -202 Electronics, 330 W. 
42nd St., New York, N. Y. 

SPECIAL INSTRUCTION 

RADIO Code Course on three Records with 
Instruction Book. Self -teaching. Dealer's Net 

$6. Poinsettia, Inc., Ralston, Pitman, New Jer- 
sey. 

WANTED 

ANYTHING within reason that is wanted in 
the field served by Electronics can be 

quickly located through bringing it to the 
attention of thousands of men whose interest 
is assured because this is the business paper 
they read. 

Again Leads in Quality 

and Dependability 
Quoting from one of many expres- 
sions received by radio engineers: 
"Judging by other iron cores re- 

ceived, we never thought long- 
high permeability cores electri- 
cally and physically like yours 
could be produced in quantities. 
They all run well within I% of our 
permeability standards. Most of 
them check on the button. We 
found the maximum variation to 
be less than 1/40/0." 

Our engineers and our production 
department are well qualified to 
collaborate with all of our cus- 
tomers. 

FERROCART 
CORPORATION OF AMERICA 

(Devoted exclusively to engineering and 
production of magnetic iron cores) 

Laboratories and Works 
Hasfings-on-Hudson, N. Y. U. S. A. 

NJW 

ELEVISI 
eadquarters 

Always a leader in Radio, Sun Radio 
Company sets the pace for Television 
engineers with a complete stock of 
components, kits, tubes and informa- 
tion. Make Sun your Headquarters for 
Television just as you have for Radio. 

IN STOCK 
RCA TELEVISION Parts including De- 
flecting Yokes, Power Transformers, Ver- 
tical Output Reactors, Vertical 
Oscillating Transformers, Power Sup- 
plies, Kinescopes, etc. We also carry 
Meissner Television Kits. Kinescope Cir- 
cuit Diagrams available. Write for 
them. 

''RADIO CO. 
X12 Fulton Street, New York, N. Y. 

N Cob!, Aid..,,. WA/RADIO NEW YORK 

HIGH GRADE USED 

ELECTRON TUBE MACHINERY 
Huge Stock 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. 

u,n DEPENDABLE 
Used 

ELECTRONIC TUBE EQUIPMENT 
A complete line of used equipment for the manu- 
facture of Radio Tubes. Neon Tubes, Incandescent 
Lamps, etc. 
Write for Bulletin showing savings from 25 to 75% 

EISLER ELECTRIC CORP. 
534 39th Street, Union City, N. J. 
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Audax 
decibel 

ANOTED 
banker enjoyed telling 

how he had "made" such -and - 
such a man by merely walking with 
him, arm -in -arm, across a ball -room 
floor. This suggestion of associa- 
tion extends into the realm of 
sound -reproduction . .. where mu- 
sical instruments are considered 
TOPS when seen to be MICRO - 
DYNE -equipped. 

News gets around. Even if we never 
advertised, we could not fail to at- 
tract the industry's attention by the 
stellar performance of MICRO - 
DYNE Pick-ups. When results MUST 
stand on their own feet . . . even 
though price is important . . . 

MICRODYNE is selected, because 
buyers know that AUDAX will 
never let them down. 

High Fidelity Radio Stations like 
WQXR, especially noted for the 
sterling quality of their reproduc- 
tion, have settled upon AUDAX as 
their choice after diligent, impartial 
comparison .. . because this is the 
one sure way to be certain of day- 
to-day consistent High Fidelity per- 
formance, regardless of the climatic 
conditions. 

The Presence of a MICRODYNE on 
a combination, too, is indicative of 
the quality of the machine. 

Absolute facsimile music, real as 
life itself, through an AUDAX! 
INVESTIGATE! 

Listing $19.50 up 

AUDAK COMPANY 
500 Fifth Ave., New York City 
"Creators of High Grade Electrical and 

Acoustical Apparatus Since 1915" 
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New 
The Library now 
comprises a re- 
vised selection of 
books culled from 
leading McGraw- 
Hill publications 
in the radio field. 

McGraw-Hill 
RADIO 

ENGINEERING 
LIBRARY 

- especially selected by radio specialists of 
McGraw-Hill publications - to give most complete, dependable cov- 
erage of facts needed by all whose fields 
are grounded on radio fundamentals. 

- available at a special price and terms 

These books cover circuit phenomena, tube 
theory, networks, measurements, and other 
subjects-give specialized treatment of all 
fields of practical design and application. 
They are books of recognized position in the 
literature-books you will refer to and be 
referred to often. If you are a researcher 
or experimenter-if your interest in radio is 
deep-set and based on a real desire to go 
further in this field-you want these books 
for the help they give in hundreds of prob- 
lems throughout the whole field of radio 
engineering. 

5 volumes 3319 pages, 2298 illustrations 

1. Eastman's FUNDAMENTALS OF 
VACUUM TUBES 

2. Terman's RADIO ENGINEERING 

3. Everitt's COMMUNICATION ENGI- 
NEERING 

4. Hund's HIGH -FREQUENCY MEAS- 
UREMENTS 

5. Henney's RADIO ENGINEERING 
HANDBOOK 

Special Low Price and Easy Terms 

Bought singly, the five volumes comprising 
this library would cost you $24.60. Under 
this offer you save $2.50 and, in addition, 
have the privilege of paying in easy install- 
ments beginning with $2.60, 10 days after 
receipt of the books, and $3.00 monthly there- 
after. Already these books are recognized as 
standard works that you are bound to require 
sooner or later. Take advantage of these con- 
venient terms to add them to your library now. 

SEND THIS ON APPROVAL COUPON 

McGraw-Hill Book Co., Inc. 
330 W. 42nd St., New York, N. Y. 

Send me the McGraw-Hill Radio Engineering Libran 
5 vols., for 10 days' examination on approval. In 1C 

days I will send $2.50, plus few cents postage, and 

$3.00 monthly till $23.50 is paid, or return books post- 
paid. (We pay postage on orders accompanied bl 
remittance of first installment.) 

Name 

Address 

City and State 

Position 

Company L 4-31 

(Books sent on approval in II. S. and Canada only.) 
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