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Electron 
Tubes in Overalls 

THE electron tube is one of the most versatile 
and flexible man has produced. In communi- 
cation it performs 'duties impossible for any other 
mechanism. In industry it saves time, it saves in 
the cost of things, it protects life and property. 
The tube does many things better, cheaper, 
quicker :than older devices. Many industrial jobs 
are performed by the tube which cannot be done 
in other ways. In wartime, the speed-up of pro- 
duction made possible by the electron tube may 
prove to be its greatest contribution. Tubes have 
gone into overalls. 

It is impossible to give examples of all of the 
things tube can do within the confines of a single 
issue of ELECTRONICS. The applications de- 
scribed are typical, and the, selection is designed 
to show not only the ingenuity of engineers work- 
ing with tubes but the versatility and flexibility 
of these devices whose motivating force is the 
ultimate building block of the universe itself- 
the electron. 
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industrial Tube Characteristics 

'F all methods of controlling 
energy, that afforded by the 

le of electron tubes is one of the 
Lost convenient and effective. 
The advantages of control through 

ie use of electron tubes may be 
;,mmarized as follows: (1) There 
i a wide variety of energy trans- 
irming devices whose output is ca- 
ble of being associated with elec- 

bn tubes. (2) The electrical power 
(tput of an electron tube is ca- 
ble of minute and complete control 

trough the employment of a control 
Ement usually called a grid. (3) 
1 coupling the appropriate energy 
cnverter to a tube, one form of 
Eergy may be transformed into an 
ectrical voltage or current which 
ri then be very easily and con- 
aaiently modified in almost any con- 
cfvable manner. (4) Through use 
cl the electron tube the expenditure 
o'a minute amount of control power 
n y effect the control of a very con- 
e, erable amount of power in the 
osput circuit because of the ampli- 

,fing properties of the tube. (5) 
Trough the appropriate energy con- 
vting device in the output circuit 
o an electron tube, the controlled 
ectrical energy may be reconverted 
iio other forms of energy for the 
nasurement, detection, indication, 
ocontrol of certain physiéal, chemi- 
c, or other properties. (6) The 
c'trol afforded through the use of 
a acuum tube is of a flexibility and 
civenience not approached by any 
offer control mechanism. (7) For 
nny applications and in many fields 
o3ndeavor, the availability of tubes 
,"h extremely high input impedance 
is a decided advantage. (8) The 
a1 ilability of tubes to handle pow- 
er from the smallest up to hundreds 
Otkilowatts, enables the advantages 
e» electron tube control equipment 
tote applied to the power, industrial, 
olcommunications fields with equal 
fllity. (9) With proper design, 
intallation, and maintenance, elec- 
tro tubes make a stable, rugged, 
fllible and convenient device of long 
ulful life. (10) Certain types of 
ups are available in which one form 

of energy may be directly converted 
into another form. Thus, phototubes 
convert light into an electrical cur- 
rent and conversely cathode-ray tubes 
convert electrical current into varia- 
tions of light. Through the use of 
such tubes, vast opportunities are 
opened up for the industrial uses of 
electron tubes. (11) Finally, the 
unique properties of the electron 
tube enable it to perform a wide 
variety of functions, all of which 
are extremely useful. For example, 
the tube may operate in the follow- 
ing manner 

(a) As an amplifier, over a wide 
range of frequency and power. 

(b) As an oscillator or generator 
of voltage over a wide range of fre- 
quency, power and waveform. 

(c) As a trigger or relay circuit 
or switch. 

(d) As a modulator or demodula- 
tor to combine or to separate two or 
more frequencies. 

(e) As a measuring instrument, 
indicator, or comparator. 

(f) As a rectifier or inverter over 
a very wide range of frequencies, 
currents, or power. 

(g) As a frequency converter to 
change from one frequency to an- 
other. 

(h) As a visual indicator or, image - 
forming device as in the electron 
microscope or the television camera 
or projecting tube. 

All of these advantages and opera- 
tions cannot be obtained in a single 
tube. Instead, a very great number 
of tube types in various classifica- 
tions according to mode of opera- 
tion are commercially available. Fur- 
therfore, to make an appropriate 
selection from the tubes already 
available, and to utilize the tubes 
advantageously, some knowledge of 
the method of operation and the 
characteristics of the most suitable 
tubes is necessary. 

Types of Electron Tubes 

The many types of tubes available 
for industrial service may be classi- 
fied according to: (1) the type of 

control stimulus which causes them 
to perform the industrial job to 
which they are assigned, (2) the 
phenomena occurring within the tube 
itself, (3) the method of operation, 
or (4) the number of internal ele- 
ments or electrodes. 

Under the first method of classifi- 
cation, most tubes may be regarded 
simply as electrical impedances in 
which a voltage and current are ap- 
plied to the input terminals and a 
voltage and current are obtained 
from the output. Another common 
type of tube is that which also acts 
as an energy converter. The photo - 
tube, for example, converts radiant 
energy into electrical energy, while 
the cathode-ray tube converts electri- 
cal energy into light. 

In the second classification, we 
may have vacuum tubes providing 
smooth instantaneous control of out- 
put, or gaseous tubes providing con- 
trol of the average (but not instan- 
taneous) value of the output power. 
We may have two electrode tubes or 
rectifiers in which the useful power 
output is always less than the input. 
We may also have control tubes or 
multi -element tubes, ín which the 
useful output is greater than the 
input control power, the power 
sources connected to the tube ac- 
counting for the difference. 

The classification according to 
method of operation is largely as- 
sociated with the use of the tube 
and will be treated in Section II. 
Tubes are commonly classified ac- 
cording to the number of electrodes. 
Depending upon whether they have 
two, three, four, or five electrodes 
they are known as diodes, triodes, 
tetrodes or pentodes. Two element 
tubes may be regarded as two ter- 
minal networks. All commonly used 
multi -element tubes in which a vary 
ing signal is impressed on only one 
grid, may be thought of as equivalent 
to a rather special kind of four ter- 
minal T or Y network, which can 
be analyzed by studying the input 
and output current and voltage rela- 
tionships. 

To obtain a picture of the funda - 

y 
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mentals of operation, it is desirable 
to classify tubes according to the 
phenomena which makes them work. 

Fundamental Operations of Control 
Tubes 

All control tubes consist of at 
least three elements: (1) A source 
of the electrons (or ions), usually 
produced by the cathode, which per- 
mits conduction of an electric cur- 
rent through the tube; (2) an elec- 
trode (plate or anode) to collect 
the electrons (or ions) within the 
evacuated space of the tube; ind 
(3) control elements or modifying 
arrangements (grid) almost always 
located in the space between the 
source of electrons and the collector 
and whose purpose is to modify the 
flow of current in some manner in 

accordance with the voltage on this 
control element. The cathode (which 
supplies the electrons) and the con- 
trol element form the input ter- 
minals whereas the cathode and the 
collector form the output terminals 
of the tube, as usually used. Two - 
element tubes do not have the con- 
trol element. 

Let us assume that we have the 
most common type of control vac- 
uum tube securely locked up in a 
black box with a number of ter- 
minals marked on it. Beyond the 
markings on these three pairs of 
terminals, we do not care at all, for 
the moment, as to the nature of the 
contents of the box. Our primary 

At IP=Ip; Eb=Eb' 

rp - 
AEb] 

GYP AEc=O 
Ect 

Ecz 

Plate Voltage- - Eb - 

A 

Ec 

Heater 

Fig. 
and 

1-Schematic wiring diagram for determining the input. output, 
transfer characteristics of electron tube contained in the black box 

purpose is to investigate the proper- 
ties of the device in this box in terms 
of external conditions which we can 
easily measure with electrical in- 
struments. 

The three sets of terminals are 
labelled input, output and heater. The 
heater terminals must be connected 
to a battery of proper voltage. The in- 
struction book with the black box 
states that a battery must be placed 
in series with the output circuit and 
another in series with the input 
circuit. 

If the box is connected as shown 
in Fig. 1 and we attach to it certain 
meters as indicated we are in a posi- 
tion to learn all we want to know 
about its d -c or static characteristics. 
All we have to do is to vary the 
polarity and magnitude of the volt- 
ages E, and Eh and measure the 
resulting input and output currents. 

We shall find that: (1) For all 
voltages E, for which terminal .4, is 

At Ip = Ip r j E, 

ZIP 1gm- 
AEb=O 

Grid Voltage - Ec 

B 

0+ 

b, 

negative with respect to A the input 

current (and therefore the input, 

power) is negligible. Therefore we' I 

can state that the input impedance 
of the box is very high. (2) Somé 

current flows in the output circuit 
if terminal B, is positive with re 
spect to B,. No current flows if this 

polarity is reversed. (3) For a given 

resistor Rs, and battery voltage E,, 

the plate current, L, is a function ofi 

input voltage, E . Over a certain 
range, this relationship is more or 

less linear but in general, the re- 

lationship is not linear. (4) For a 

given input voltage, E,, and load 

resistor /de, the output current de- 

pends upon the voltage E,. The volt- 

age between B, and B, is not Es but 

Es -15R5 since a voltage drop oc- 

curs across R,,. The plot of current, 
1,,, against voltage, E., is an S-shaped 
curve in the majority of cases. (5) 

For constant values of E, and E 
the current in the output, I,, is a 

At Eb= Eb'; Ec=Ec. 

AEb 
du 

AEc 
AIp =0 

Grid Voltage --- Ec 

C 

-0+ 

Fig. 2-Output and transfer characteristics of electron tube having characterictics of a triode. Graphical methods of deter- 

mining plate resistance, r,. fronsconductance, g..,, and amplification, µ, are given at A, B, and C respectively 
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 nction of the load resistance, Rb. 

) Even a casual examination shows 

at the output current 1b, is tre- 
endously greater than the input 
,rrent, and from this we infer that 
le box may be used as a current 
:tplifier. (7) - Voltage variations 
;,plied to the input result in a very 
Lich larger variation in voltage in 

le output and measured by EL. From 
lis, we conclude that the tube in 
le box may be used as a voltage 
,iplifier. (8) From the last two 
sitements, we conclude that the tube 
ny be used as a power amplifier, 
ace the input voltage and current 
c minute quantities are capable of 
citrolling a very much larger 
atount of voltage and current in 
tt output circuit. (9) We note, 
Iwever, that the polarity of the 
otput voltage across the resistor is 
c?osite from that of the polarity 
othe input voltages and accordingly, 
y conclude that the tube operates 
as 180 deg. phase shifting network 
f resistive loads. (10) Electrically 

can regard the black box as an 
i ?edance, but we note that we must 
s)ply sources of power to this im- 

lance for otherwise it will not 
fiction properly. In this respect 
t, black box differs from a trans- 
libel- in which sources of power 
eternal to that being transferred 
a not required to effect the neces- 
say control or transformation. (11) 
'B careful examination of our data, 
wconclude that the box is, in gen - 

At Ip = IP j E b= Eb 
e 

r 
P -eIP 

LSE =LSE =0 
CI C2 

Plate Voltage - Eb 

A 

ECII 

ECI2 

Ec 13 

eral, a non-linear device, but that 
under certain conditions of opera- 
tion, the relationship between input 
and output may be made linear. 
(12) If we were to add an alternat- 
ing voltage in series with the steady 
or d -c input voltage, we would meas- 
ure alternating currents and voltages 
in the output circuit which are mag- 
nified replicas of their input. 

If we make a graphical plot of the 
d -c voltages and currents in the in- 
put and output circuits, with the 
plate resistor short circuited, we ob- 
tain the d -c or static characteris- 
tics of the tube. The shape of these 
curves will depend upon the type of 
tube contained in the box, but the 
essential concepts of tube operation 
apply no matter what the curve 

Fig. 4-Bridge circuit for measuring plate 
resistance for selected grid and plate op- 

erating voltages, E. and E,, 

At IP = IP'i Ec = Ec' 

= 
eI 
QEP 

c 
AEb 

EC2 
= 0 

shape. Typical characteristics for a 

triode and for a pentode are shown 
in Figs. 2 and 3. These static char- 
acteristics suffice to give us all the 
important information we need to 
know concerning tube operation, for 
from them we can obtain knowl- 
edge of: (1) the important tube 
parameters, amplification factor, µ, 
plate resistance, r,, and transconduc- 
tance, g (2) the required d -c op- 
erating voltages for desired opera- 
tion of the tube, (3) the mode of op- 
eration of the tube with any kind of 
load in its output circuit, and (4) 
the mode of operation of the tube 
with any kind of time -varying input 
signal applied to the grid or input. 

Operating Coefficients for Vacuum 
Tubes 

Since the plate current is a func- 
tion of the plate voltage, even if the 
load resistance, R, of Fig. 1, is short 
circuited, the plate -circuit must have 
some internal resistance. Its d -c re- 
sistance may be determined from 
Ohm's law, but this value is seldom 
of any use to the designer and will 
not be found in manufacturers' 
literature. The resistance for small 
changes of plate voltage, and with 
the grid voltage maintained, con- 
stant, is very important. It may be 
measured by the circuit of Fig. 4, 
for the operating voltages E, and 
E,,, since, the cathode -plate circuit 
takes the place of the unknown re - 

At Eb Eb'; =Ec' 

Alb 

1i=o 

Eb 

05114711\ 
E¿1\ 

Grid Voltage -- Ec 

C 

lg. 3-Output and transfer characteristics of electron tube having characteristics of a pentode. Graphical methods of determining plate resistance. r,. transconductance, g and amplification factor. µ. are given at A, B. and C respectively 

-04 -0+ 
Grid Voltage -Ec 

B 

:I1CTRONICS - June 1942 55 



R3 (Rz 9m 
ºiº2` rp 

r1.á 

Fig. 5 -Circuit for measuring transcon- 
ductance for grid and plate operating 

voltages, E. and Ee, respectively 

sistor in one arm of the a -c Wheat- 
stone bridge. In general, a different 
value of plate resistance is obtained 
for each new value of E, and E,, so 
these operating voltages should be 
specified when the plate resistance, r is measured. 

The plate resistance is defined as 
the ratio of the change in plate volt- 
age to the corresponding change in 
plate current produced, all other volt- 
ages being maintained constant. The 
mathematical definition is given in 
Fig. 2A and 3A which also shows 
that the plate. resistance at any oper- 
ating point specified by the dashed 
lines, may be determined from the 
inverse slope of the E. -I character- 
istic at this point. (This is, of course, 
measured in terms of voltage and 
current changes as measured on the 
graph, and not by measuring angles 
with a protractor.) 

For a fixed value of plate voltage, 
the plate current is a function of the 
grid voltage, and it is convenient to 
have a tube factor, which designates 
the ability of the grid to control the 
plate current. This term, called the 
transconductance (formerly called 
mutual conductance) may be meas- 
ured by the circuit of Fig. 5. It is 
defined as the ratio of the change in 
plate current to the change in grid 
voltage causing it, under the condi- 
tion that all other electrode voltages 
remain constant. As shown in Figs. 
2B and 3B, the transconductance is 
measured by the inverse slope of the 
E. -I, curve, at the point of the char- 
acteristic determined by the operat- 
ing voltages (shown by the dashed 
lines). The unit of transconductance 
is the mho or reciprocal ohm, al- 
though the terms milliamperes -per - 
volt and micromho are also employed, 
since they are more convenient sub - 
multiples of the mho. 

Finally, we may determine the 
relative effect of the grid and plate 
voltages upon the plate current. This 
is the slope of the constant -current 
curves of Figs. 2C and 3C, is called 
the amplification factor, and is des- 
ignated by the Greek letter µ. The 
amplification factor may be meas- 
ured with the circuit of Fig. 6, or it 
may be determined graphically, as 
indicated in Figs. 2C and 3C. The 
amplification factor is a numeric, 
having no dimensions; it is merely a 
voltage ratio. 

Rh 

R 

f:g. 6 -Simple bridge circuit for mease,. 
mg amplification factor for grid and plate 

operating voltages, E. and Ear 

An interesting relation conned 
these three tube coefficients, for 

µ = 9,r, 
g,,, = ic/rr, 

r, = 

Consequently, if we know the valet t 

of any two at the same operatin 
voltages, we can easily calculate tt 
value of the third at the same opel 

ating conditions. Tubes may hat 

values of from 3 to several thou 
and (values of 10 for triodes an 

800 for pentodes are typical) ; valid 

of transconductance from 500 1 

10,000 micromhos, with 1,500 mi 

cromhos a typical value; and valet 

of plate resistance from 500 ohms 1 

100,000 ohms for triodes and up ii 

several megohms for pentodes. Tab 

I shows operating characteristics ft 

a few typical vacuum tubes. 

TABLE I - OPERATING CHAR:ICTEI1ISTICS OF TYI'1C 11, V1CUUA1 TUBES 

Heater Screen 
Grid Anode Grid 

Voltage Voltage Voltage 
-E.1 Er E. 

(Volts) (Volts) (Volts) 

A le 
Current 

I. 
(111a.) 

Anrlrli- 
ficat' 
Factor 

µ 

Plate 
Resist- 

anee 
r, 

(Ohms) 

Trans- 
Conduct- 

ante 
g, 

(g mhos) 

Plate 
Dissi- 
patior 

P i 
(Watt 

Type No. Description Voltage Current 
E., I. 

Diodes (Volts) (Amps) 
6116 Full Wave Rect. 6.3 0.3 117* 4 

12Z3 Half Wave Rect. 12.6 0.3 250 60 
219 " 

It " 22 0 24.5 50,000 2,500 

F103A a" 28.0 51.0 50,000 9,000 
WL-660 it 41 10.0 10.5 230,000 311 

Triodes 
PJ10 Det. Amp. Ose. 5.0 0 25 -9.0 135 3 8 10,000 1,250 

6C5 " " " 6.3 0 30 -8.0 250 8 20 111,1111 2,000 

bp5 " " " 6.3 0 30 -2.0 250 11.9 100 66,000 1,500 . . . . 

89 Amp. Ose. 6.3 0.10 -31.0 250 32 1.7 26,000 1,81111 8 

841 " 7.5 1.25 -9.0 425 2.2 30. 441,000 750 12 

842 " 
a 7.5 1.25 -96.0 425 28. 3. 2,500 1,200 121 

849 a a 11.0 5.0 2,500 350 19. 110 

848 " 22.0 52.0 15,000 1,018 8. 10,000i 

862 a a 30.0 325.0 * 20,000 1,500 10. 125,0001_ 

Tetrodes and 
Pentodes 

FP -54 Low Grid Cur. 2.5 0.09 ' 6 1.0 411 .... 
6D6 Voltage Amp. 6.3 

a a 25.0 25A6 
6L6 a a 6.3 

0.30 
0.30 
0.90 

-3.0 
-18.0 
-18.0 

250 
160 
350 

100 
120 
250 

8.2 
48. 
54. 

1,280. 
101). 
170. 

800,000 
42,000 
33,000 

1,6110 
2,375 
5,200 

1 
S' 

19 

813 Beam Tetrode Amp. 10.0 5.0 ' 2,000 400 100 

Depends upon method of operation 
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Characteristics of 
Gaseous, Tubes 

If we proceed in the manner al- 

ready outlined to study the charac- 
teristics of gas tubes, we shall obtain 
results which at first appear to be 

somewhat erratic but which are, 

none the less, subject to an orderly 
and systematic classification. 

If we have a two -element tube (i.e. 
not a control tube) in a blue box the 
input terminals can be short cir- 
;uited and we can obtain all of the 
information we desire from a study 
)f the output voltage and current. 

For low values of plate voltage Eh 

any current which, flows at all is 

measured in microamperes or at 
nost a very few milliamperes. As 
E, is increased, a critical value is ob- 
ained at perhaps 10 to 25 volts be- 
iond which the current suddenly 
:ises to a rather high and constant 
ralue determined by the external re- 
sistance R. and the voltage Eb, ac- 
:ording to Ohm's law. Increasing 
.he voltage beyond the critical value 
vill increase the current as calcu- 
ated on the basis of Ohm's law, tak- 
ng account only of the resistor R. 
tnd neglecting the tube resistance. 
)n the basis of this operation we 
,onclude that, after the critical volt- 
ge has been reached or exceeded, the 
nternal resistance of the gas tube 
tad suddenly decreased to an ex- 

cremely small value from its previous 
alue of several hundred or several 
housands of ohms. The relatively 
arge current will continue to flow in 
2, until E. is reduced to a fairly low 
alue, when the current will sud- 
,enly decrease to a negligible value. 

This operation of a two -element 
ube indicates that it can be used as 
voltage control switch. The smooth 

ype of voltage -current control pos- 
ible with vacuum tubes has now been 
'st and for most practical purposes 
sae tube can be used to conduct cur- 
ent on an all -or -nothing basis. 
If we place a control type of gas 

Labe in a blue box with the grid and 
athode connected to the input 
arminals and the plate or anode and 
athode connected to the output 
Irminals, the operation becomes 
ore complicated. Let us apply 
teady voltages to the input and out- 
ut circuits and measure the input 
nd output currents as these voltages 
re varied: Again, at a given grid 
ltage the tube suddenly conducts 

some critical. value of positive 

plate voltage. Likewise, for a given 
positive plate voltage, the tube sud- 
denly conducts at some critical grid 
voltage. The breakdown now de- 
pends not only upon the magnitude 
of the plate voltage but also upon 
the magnitude of the grid or input 
voltage. Over a considerable range 
of values the critical grid voltage 
which initiates conduction is some 
fairly definite fraction of the applied 
plate voltage. This critical grid volt- 
age may be either positive or nega- 
tive, depending upon the type of tube 
within the box. It will also be ob- 
served when the plate circuit of the 
tube becomes conducting that there 
is also a relatively large input or 
grid current flowing, even though 
the grid of the device is negative. 

Conducting 
.Region 

Non Conductin 
Region 

-0+ 
Grid Voltage Ec 

Fig. 7-Voltage control characteristics for 
gaseous control tube. for two different 

operating temperatures. T, and T2 

Thus, before the critical grid voltage 
is reached the input resistance of 
the tube may be fairly high but be- 
yond the critical grid voltage it be- 
comes relatively low. Thus, the 
"switch action" observed in the out- 
put circuit is also apparent in the 
input circuit and it will be observed 
that both input and output current 
increase simultaneously. If the tube 
contains mercury vapor, it will be 
found that the critical grid and plate 
voltages also depend somewhat upon 
the temperature at which the tube is 
cperated. 

It is convenient to plot the grid 
and plate voltages for the condition 
at which the tube suddenly becomes 
conducting. Such a set of curves 
(Fig. 7), divides the tube character- 
istics into two essential regions. For 
those conditions of voltage occurring 
to the left of curve, the tube is non- 
conducting and. no appreciable cur- 

rent will flow through it. On the 
other hand, if the voltages occur to 
the right of the curve, the tube be- 
comes conducting and passes a cur- 
rent which ís limited only by the 
external load and by the ability of 
the cathode to supply electrons. Thus, 
Fig. 7 may be regarded as a type of 
"trigger diagram" to indicate the 
conditions under which the tube con- 
ducts. Once the gas within the tube 
becomes conducting the grid loses 
control and the tube can in general, 
be made non -conducting only by re- 
moval of plate voltage. The region 
between the various curves depends 
upon the ambient temperature of the 
tube surroundings. 

For an appreciable portion of the 
curve of Fig. 7, a linear relation ex- 
ists between the grid and plate volt- 
ages which produce breakdown. For 
a given temperature, the ratio of the 
plate voltage to the grid voltage re- 
quired to initiate ionization is called 
the control factor. It is analogous to 
the amplification factor in the high 
vacuum grid tube, and is determined 
in much the same way. For gas- 
eous conduction tubes there are no 
significant coefficients analogous to 
the tranrconductance and plate re- 
sistance of the vacuum tube. 

When the gas within the tubes be- 
comes ionized gaseous tubes have 
much lower internal resistance than 
vacuum tubes. Consequently greater 
currents may be passed through 
them than through vacuum tubes of 
equivalent structure. However, for 
gas or vapor tubes having pressures 
of a fract4on of a millimeter, the 
maximum obtainable current is equal 
to the current which the cathode can 
supply. On the other hand, tubes 
containing gas or vapor at a pres- 
sure of about 5 centimeters of 
mercury can rectify currents of 
larger magnitude than the cathode 
emission current since the pressure 
of the gas tends to prevent exces- 
sively rapid evaporation of particles 
from the cathode. Such tubes are 
suitable for use only in low voltage 
circuits such as battery chargers. 

In large industrial rectifiers, a 
mercury pool is frequently used in- 
stead of a hot cathode, and conduc- 
tion takes place by virtue of a mer- 
cury arc between the pool and the 
anodes, of which two are required to 
maintain the device in continuous op- 
eration. Such mercury vapor recti- 
fiers are often encased in metal 
tanks. .:..i. 
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RLE II - (11'If It.1lING C11.411 1C1'E11ISTI(:S OF TI I'I(:.(l. (:A1 'I'IIRF,3 

Reuter 

T.p;No Description 
Diodes 

Plate 
Peak 
VoIi. 

tllax. 
Av. 

Plate 
kmps 

\lax. Peal. 
Plate Amps 

Volt- 
age 

Volts 

Cur- 
rent. 

Amps 

866 Half Nave Reel. 2.5 5.0 7,51111 0.25 1.0-2.0 
869 ' , K " 5.0 18.0 211,111111 2.50 111 

870 " " 5.0 65.11 16,111111 75.0 150 

W'L-670 Full Wave Rect. 2.5 24.0 1,000 9.5 .3 per: 1e 

Triode. 
885 Negative (:rid 2.5 I . 1 359 11.1175 0.300 

FG-17 2.5 5.0 2.500 0.511 2.0 
G1. -I I-1 

{a " 3.0 211.11 2,000 12.5 11I. 
K1 -631 " " 5.11 11.5 7,31111 1.25 5.11 

KU -6111 I'o.it1%e Grid 2.3 6.5 .5110 0.10 0.40 
1 e t rode'. 

FG-98A Negat ive Grid 2.5 5.0 .51111 0.5 2.00 
FG-151 3.0 7.11 51111 2.511 I11.1 

FG-95 a a 7.0 1.3 1,000 2.50 13.0 

FG-172 3.0 IQ.11 1,090 6.411 40.0 

Instead of providing the source of 
electrons by means of a hot cathode, 
they may be provided by a cold 

cathode with electrons supplied by 

field emission. Two and three ele- 
ment tubes of this variety are avail- 
able. Of course, such tubes would 
not require any cathode heating bat- 
tery if connected to the circuit of 
Fig. 1. 

The igniter principle, long used in 

mercury vapor rectifiers, has been 
applied to the ignition. The ignition 
is a gas discharge tube having a pool 

type cathode in which an ignition 
electrode is employed to control the 
starting of the unidirectional cur- 
rent flow in each operative cycle, the 
igniter electrode initiating the con- 
ducting arc. The ignitron has im- 
portant applications as a rectifier for 
industrial uses. 

All gas or vapor filled tubes are 
incapable of giving instantaneous 
control of current, but are capable of 
controlling the desired average cur- 
rent. Consequently, they are given 
average current ratings. Operating 
characteristics for several typical 
gas tubes are given in Table II. 

Characteristics of 
Phototubes 

Another electron tube of eery 
great industrial use is the photo- 
electric tube or phototube. Let it be 
placed in a white box. It has no 

terminals marked heater nor has it 
any input terminals. It does have 

output terminals but where the input 
terminal should be, there is nothing 
but a piece of plane glass, or perhaps 
a magnifying glass. The interior of 

the box is completely dark. 

We connect up the device as shown 
in Fig. 8, duplicating the connection 
of Fig. 1 so far as the output ter- 
minals are concerned. If B_ is positive 
with respect to B, we find that a 

small current may flow, but if the 
polarity is reversed, no current flows. 

A casual examination of the char- 
acteristics of the device with the 
terminal B, positive with respect to 
B, results in values of output cur- 
rent which, while they depend upon 
the value of the output voltage, E, 
at first do not appear to be constant. 
Instead they appear to vary more or 
less at random, e\ en being subject to 
cur proximity to the white box. A 

closer examination will show that 
these current variations are associ- 
ated with the amount of light falling 
upon the glass or lens of the input 
circuit. By following out this line of 
reasoning, we find that the output 
current is a function of the light in- 
cident upon the lens. We have now a 

totally new type of device in which 

Lamp 

the output current depends upon (1) 
the plate voltage,'if the light inten- 
sity is constant, or (2) the light in- 
tensity if the plate voltage is con- 
stant. 

Suppose we maintain a steady 
beam of light on the lens of our 
white box and observe the current 
as the voltage is changed. Since the 
maximum current which we can ob- 

tain is in the neighborhood of 25 

microamperes or so, we conclude that 
the output of the device is of ex- 

tremely high impedance, especially 
since the voltage E. may be as high 
as several hundred volts. In gen- 

eral, the characteristic we obtain is 

one which rises quite sharply for 
low values of voltage and then, for 

increased voltages, results in no ap- 

preciable increase in current. This 
is a typical saturation curve. If the 

tube is a vacuum device, then the 
current will be essentially constant 
for voltages above about 50 volts, 

but it' the tube contains gas, we shall 

find that the current cont'nues to 

rise concave upward as the voltage is 

increased. These characteristics are 

shown in Fig. 9 for both tubes. 
If the voltage is maintained con- 

stant above the knee or saturation 
value and the light intensity is 

varied, it will be found that the cur- 

rent is directly proportional to the 

intensity of the light beam'so long 

as the external plate resistance, R. 

does not have too high a value. Even 

for a load resistance of 1 to 2 or 

perhaps 5 to 10 megohms there is,a 

reasonably good linear relationship 
between output current and incident 
light, but not for higher resistances. 
This linear relationship holds true] 
only for vacuum phototubes as shown 

in Fig. 10. If a gaseous phototube 

B2 

Output - 

Light input to 
ph ot-otube 

Fig. 8 -Schematic diagram for determining the luminous sensitivity and 
electrical output characteristics of an emissive phototube. By omitting the 
voltage source. Et, the same circuit could be used to determine the character. 

istics of barrier layer types of photoelectric cells 
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used, the relationship between out - 

it current and input light is not 

tear, but may increase concave up- 

ard as the light intensity is in - 
eased. This immediately suggests 

us that a vacuum phototube pro - 
des a very simple and convenient 
Bans for determining light in- 
nsity by electrical means. The 

iseous tube is not so convenient be - 

tuse the relationship between input 
;sht and output current is not lin- 
r (Fig. 10). 
The output current is also a func- 

in of the wavelength of light fall - 
;g upon the device. Certain types 
. phototubes are sensitive to in- 
iared radiation, some are sensitive 
lroughout the visible range, whereas 
(hers (in fact practically all of 
tem) have an appreciable sensitiv- 
i' in the ultraviolet region. The 
dative sensitivity of the phototube 
1,various wavelengths will be found 
t be a characteristic of the tube un- 
tr consideration. Nevertheless, the 
1:t that the phototube is differen- 
t4lly sensitive to radiation of differ - 
It wavelengths indicates that the 
nposition of the light reaching the 

be must be maintained constant 
lwe are to use the phototube as a 
:vise light measuring instrument. 
When we consider the magnitude 

Ilthe current derived from the pho- 
iube and when we consider its re- 
tance, it is apparent that the ex- 

't¡nal load circuit must have a very 
tsh resistance (megohms) if max- 
iutit power is to be derived from 
t) phototube. Even then the power 
aiilable in the external circuit is 
;remely small. However, we may 
+nly the output voltage developed 
qoss the resistor R5 to the input 

At Ip=ID'; Eb=Eb' 
AEb 

= h Gas tube 

a-Aip AL=o'' 

AIb 

Eb 

Eb 

Plate Voltage - 

Vacuum 
tube 

At Ip =Ip' i L=L'1 

AID 

áL 
S = -Gos tube 

0% 
/ 

Ip 

/ AL 

L' 

Radiant Flux - 

'Vacuum 
tube 

Fig. 9 Resistance or output characteristics of vacuum or gaseous phototubes 
may be determined from the slope of the En -1 characteristics, left. 

Fig. 10-The luminous sensitivity of vacuum 'or gaseous tubes may be 
determined from the slope of the current -flux characteristic, right. 

of a vacuum tube to control power in 
the output circuit of the vacuum 
tube. In this way, we can use the 
phototube indirectly to control size- 
able amounts of power by variation 
of the light beam falling upon the 
phototube. 

As shown in Fig. 9 and Fig. 10, 

there are two characteristics of 
phototubes which are important. 
The first of these is called the vari- 
ational resistance of the phototube 
and is defined as the ratio of the 
change in plate voltage to the cor- 
responding change in current, for 
a specified incident light flux falling 
on the tube. The graph of Fig. 9 

shows this resistance determined for 
the, knee of the curve, but it could 
also be determined for any other 
part of any of the curve. The other 
tube characteristic is its luminous 
sensitivity which, for a specified 
plate voltage, may be defined as the 
ratio of the change in plate current 
to the corresponding change in lum- 

'111LE III -OPERATING CHARACTERISTICS OF TYPICAL PIIOTOTUIIES 

Max. 
Anode 

Cathode Voltage 
lie No. Surface Volts 

Vacuum Tubes 
1 -22 Cs-O-Ag 
ft -511 Cs-O-Ag 
17 Cs-O-Ag 

Cs -0 
Cs -0 

1L-441 Coe 
Gas Tubes 

1-23 Cs -0 
1R Cs-O-Ag 

Cs -0 

Cs -0 

Max. Typical 
Anode Sensi- 

C rrrent tivity 
t ,, A/L 

Window 
Area 

Sq. In. 

2110 20 5 0.9 
5011 20 15 1.1 
5011 30 20 0.9 

90 20 30 ... 
180 100 20 
201 ... 45 0.9 

90 20 50 0.9 

911 5 110 0.9 
90 20 150 

90 10 611 

Region of 
Max. 

Sensitivity 

Deep red & 
ultraviolet 
3,000-11,000 
A deep red & 
ultraviolet 

Deep red & 
ultraviolet 
3,000-11,000 
Deep red & 
ultraviolet 

inous flux producing it. For the 
vacuum phototube this luminous 
sensitivity is constant, whereas it 
increases with increasing illumina- 
tion for the case of a gaseous photo - 
tube. In all of these specifications for 
phototube factors, it is assumed that 
the quality of the light used in mak- 
ing the measurements is unchanged. 
The measurements are usually made 
with light produced by an incandes- 
cent filament operated at some 
specified temperature near 2,700 or 
2,800 deg. F. Operating character- 
istics for a few typical phototubes 
ere given in Table III. 

Another type of photoelectric de- 
vice, which incidentally can hardly 
be classed as an electron tube, is of 
importance in industrial applications 
of electronic devices. This is the bar- 
rier layer type of photoelectric cell 
which has considerable application 
in portable photographic exposure 
meters and light meters. This cell 
requires no external source of volt- 
age for its operation but converts 
radiant energy directly into electric 
energy. The device is essentially a 
low impedance circuit element, and 
for this reason the output voltage, 
which is in the neighborhood of 
millivolts, cannot be conveniently 
amplified through the use of electron 
tube amplifiers. Currents of several 
hundred microamperes (enough to 
operate sensitive relays) are avail- 
able from these devices, whose great 
virtue is that they operate without 
external sources of power applied to 
them. In many types of such devices, 
the spectral response is more nearly 
like that of the eye than is true for 
the emissive type of phototube al- 
ready described. This type of light- 
sensitive device has many uses. 
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Characteristics of 
Cathode-ray Tubes 

In line with our previous investi- 
gations let us determine the charac- 
teristics of a cathode-ray tube. We 
shall find that the cathode-ray tube 
box contains a number of input volt- 
age terminals and that in place of 
the output terminals we are faced 
with a circular glass disk (screen) 
having a white appearance as if the 
inner surface were frosted. From 
our study of phototubes we have al- 
ready been accustomed to electron 
devices which convert energy from 
one type to another. We surmise 
therefore that electrical energy fed 
into the device may be converted into 
radiant energy manifested by light 
of various intensities on the glass 
screen. We note that the cathode- 
ray box is marked to be connected 
to a 110 -volt a -c line and from this, 
as well as from the fact that the box 
is quite heavy, we infer that the box 
contains more than the tube itself. 
In fact, there is an internal power 
supply provided for the tube and 
the three pairs of output terminals 
are simply provided to enable us to 
control the páttern on the screen. 

We begin our investigation by ap- 
plying voltages to the two terminals 
marked control grid. If we apply a 
direct voltage, a spot of light ap- 
pears in the center of the screen. 
By varying the control voltage we 
have a means of varying the in- 
tensity of the light on the screen. 
The current taken by the control grid 
is practically zero with one condition 
of polarity and fairly small with an- 
other so the impedance of this elec- 
trode is high." 

Now, if we apply direct voltages to 
the two terminals marked H, we shall 
find that the spot of light is dis- 
placed in a horizontal direction 
across the screen in a manner which 
is proportional to the voltage applied 
to the H or horizontal terminals, 
the direction of the displacement de- 
pending upon the voltage polarity. 

Fig. 11 Circuit arrangement for determin- 
ing the intensity and deflection character. 
istics of a spot on the screen of a 
cathode-ray tube, in terms of intensity con- 
trol voltage. E,. and horizontal and deflec- 
tion voltages. Eh and E. respectively 

Likewise the vertical displacement 
of the spot depends upon the magni- 
tude and polarity of the direct volt- 
age applied to the two terminals 
marked V or vertical. The impedance 
of the H and V electrodes are both 
high as is indicated by very small 
currents I and /,, even for voltages 
large enough to deflect the spot off 
the screen. 

Now, we have three input voltages 
which we may control at random 
and independently of one another 
and therefore there are three pos- 
sible modes of varying the spot. We 
can either vary the horizontal dis- 
placement of the spot or its vertical 
displacement and we can control its 
intensity. If we apply an alternating 
voltage to the vertical terminal and 
direct voltage to the horizontal 
terminal we shall find that the spot 
is lengthened out to a fine line whose 
length is proportional to the peak 
value of the voltage. If the direct 
voltage is applied to the vertical 
terminal and an alternating voltage 
applied to the horizontal terminal, 
the spot will become a thin horizontal 
line. If alternating voltages are ap- 
plied to both the horizontal and ver- 
tical terminals, we obtain a wide 
variety of patterns which, if the fre- 
quencies are integrally related are 

TABLE IV - OI'Eli %TING CHARACTERISTICS OF TYPICAL CATHODE- 
RAY TUBES 

Heater First Second 
Anode %node 

Voltage Current Voltage Volt age 
E I Et Er 

Type (Volts) Amps (Volts) (lolls) 

pprox. 
Sensi- 
ti vie y 

trim/ volt 
or Screen 

mm/NI Color 
Screen 

Size 
9116 2.5 2.1 1,1000 1,500 0.011 Green 3 
1803-1'4 2.5 2.1 1,900 7,000 White 12 
54-11-T 6.3 0.6 3,(000 5 

known as Lissajous' figures. If 
apply an alternating voltage to tl 
control grid, then it will be possibi 
under certain values of adjustmer 
to make a portion of the Lissajou 
figures disappear and to make oth, 
portions of the figures brighter tht 
normal. 

Using the three control voltages, 
is possible to obtain a wide range 

1 

patterns of varying intensities c 

the screen. The patterns thus pn 
duced are extremely useful to or 
who is accustomed to their correr 
analysis. 

The spot of light may be green i 

color or white or blue or perhap 
some other, although less commol 
color. With different screen matt 
rials the image may not immediatelll 
remove itself from the screen whe 

the control voltage is sufficientl: 
negative. Instead, the spot tends li' 
linger and to gradually decrease it 

Intensity after the voltage is in 

creased beyond its cut-off value. Sue! 

a tube would be well suited for (hi 

photography of a phenomenon uhicl 
produces a stationary pattern on tht 

screen, but would produce object 

tional blurring if our patterns wert 

subject to rapid spatial changes on 

the screen of the tube. 
For a given voltage applied to tht 

H and V terminals, we always obi 

tain the same spot displacement od 

deflection (assuming the line voltage 

and internal adjustments remain unj 

changed). It does not necessarily 
follow that a given voltage applied tot 
the horizontal terminals will produce I 

the same absolute value of displace -1 

ment as when applied to the vertical, 
terminals although usually the dif- II 

ference will not be more than aboutlii 

20 percent. By determining the dis- 

placement of the spot for a giver' 
voltage we can specify the deflection 
sensitivity of the device. 

In some tubes, using magnetic de- 

flection, the deflection of the spot is 

controlled by current flowing through 
coils near the tube. In such cases the 

deflection depends upon the currents 
in the H and V coils whose impedance 
may be quite low. Otherwise the 

mode of operation is like that al- 

ready described for tubes with elec- 

trostatic deflection. 
The operating characteristics of a 

few typical cathode-ray tubes are 

given in Table IV. 
For a list of bibliographical refer- 

ences relating to the material in this 

section, see page 69. 
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Tubes and Their Functions 

HAVING discussed the charac- 
teristics of various members 

f the electron tube family, let us 

onsider the tube as part of a cir- 
uit. All high vacuum tubes have in- 
ut impedances which are high 
megohms) so long as the grid is 
laintained negative and this is the 
sual way of using the tube. The 
utput impedances are high, of the 
rder of thousands of ohms to several 
iegohms. Both input and output 
npedances act like high resistances 
hunted by small capacitances. These 
apacitances may be neglected in all 
ut unusual industrial applications. 
Gas tubes have high input impe- 

ance up to the moment of conduc- 
?on, and then the tube may draw ap- 
ureciable current from the input cir- 

it (milliamperes). The internal 
sistance of gaseous tubes is of the 

rder of 15 to 25 ohms while the tube 
Inducts and is very high during the 
ron -conducting condition. 

A high vacuum control tube may 
e regarded as a one-way device for 
II frequencies and applications use - 
al to industrial processes. Very lit - 
e of the output energy gets back to 
ie input through the tube itself. 
he amplifier tube acts as a 180 deg.- 
hase shifting network for resis- 
tnce loads. An amplifier tube op - 
rated over the linear part of its 
iput-output characteristic may be 
,oked at as a generator of voltage 
s, in series with the plate resistance 

the tube; is the amplification 
ictor and e, is the applied alternat- 
ig voltage. 
A gaseous control tube acts as a 

angle pole single throw switch. A 
' ototube is an energy converter of 
igh impedance, producing electri- 
il energy from radiant energy. 
licroamperes of current can be se- 
ared from it; its output must be 
mplified for industrial purposes. 
he output of the vacuum type photo- 
tbe is independent of applied volt - 
7e above about 50 volts. A linear 
lationship exists between input en- 

'gy and output current for a high 
minim tube; but the relation is 
ut linear for a gas phototube. The 

Fig. 1-Curve showing relation between 
input (grid) voltage, E and output (plate) 
current, 1, for a typical triode amplifier 

photovoltaic type of light sensitive 
device is essentially a low impedance 
device with higher current output 
than the phototube but delivering 
lower output voltages. Its output 
may be used with a sensitive relay 
which acts as an amplifier, in turn 
operating a heavier relay. 

How to Make the Tube Work 

In industrial applications, tubes 
perform essentially two different 
types of functions. In some cases, as 
in rectifiers, the output of the tube 
is used directly, power flowing from 
the tube to the work to be done. In 
others, the tube acts merely as an 
accessory piece of equipment, re- 
sponding to some sort of stimulus 
(obtained from the work to be done) 
and in responding releasing energy 
from a local source; this energy per- 
forming the desired job. , 

Whatever the job to be done, there - 

Fig. 2-Simple relay circuit using tube be- 
tween a stimulus voltage and an eléctro- 

magnetic relay 

fore, some means must be found for 
deriving from it a stimulus that can 
be applied to the tube, such as a volt- 
age or illumination change. Inter- 
rupting a beam of light by an object 
to be counted is one method; another 
is to make the object to be counted 
change the voltage (phase, frequency 
or other electrical quantity) applied 
to the tube. Any physical quantity, 
such as weight, color, velocity, size; 
or any electrical quantity, such as 
voltage, phase, frequency; or any 
chemical quantity, such as the pH or 
conductivity of an electrolyte, etc., 
may be converted to an appropriate 
electrical change which will cause a 
tube to act. 

High Vacuum Tubes 
Use of the Tube as a Relay 

Consider the curve in Fig. .1, the 
characteristic of a typical amplifier 
tube. This curve expresses the rela- 
tion between the voltage input and 
current output for a given plate volt- 
age. Note that there is a continuous 
relation between current output 
(known as plate current or I, and 
voltage input or grid voltage E,). 
Thus when the grid voltage is -10 
volts, the plate current is 13 milli- 
amperes and when the grid, voltage 
is zero the plate current has ,in- 
creased to 25 ma. In tubes of this 
type the plate current increases con- 
tinuously as the grid voltage is made 
less negative or is made positive with 
respect to the cathode. 

The plate circuit of the tube is the 
work circuit. The grid circuit is the 
control circuit. All that is necessary 
to put the tube to work as a relay 
tube is to change the voltage on the 
grid from say -10 to 0 and to use in 
the plate circuit an electro -mechani- 
cal relay which will remain open 
when 13 ma flow through it but 
which will close when 25 ma flow 
through it or vice versa. Current 
or power to perform the final work 
to be done is controlled by con- 
tacts on the relay. It is immate- 
rial to the tube how the engineer 
decides to get the required input 
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voltage change of 10 volts. For ex- 
ample, an extremely simple method 
is to have a 13 volt battery between 
cathode and grid with a switch which 
can connect the grid directly to cath- 
ode when desired. This switch could 
be closed by a cam arrangement, say 
on a cylinder of a printing press. 
Once in each revolution the switch 
connects the grid directly to the 
cathode, and a counter in the plate 
circuit rings up another newspaper 
off the press. 

A logical question at this point is 
to ask why, if 10 volts are available 
to control the tube, this voltage 
change is not applied directly to the 
relay and thus eliminate the tube. 
Certainly there is no need to use a 
tube if we can avoid it; and indus- 
trial engineers use tubes only if they 
perform jobs which cannot be done 

'in any other way, or if the, are done 
better by tubes-i.e., either faster, 
cheaper, or safer. 

In this case it is power that oper- 
ates the relay and not current or 
voltage. The 10 volt change placed 
upon the tube input terminals may 
come from a source of extremely lim- 
ited power; for example the output 
of a phototube: The phototube cur- 
rent change may be of the order of 
10 microamperes which is not suffi- 
cient current to operate the relay. 
This current, however, may be caused 
to flow through a 1-megohm resis- 
tance. Across this resistance will ap- 
pear a 10 -volt change and this in 
turn may be applied to the control 
grid of the tube. 

The power through the relay may 
be figured as follows. If it has a re- 
sistance of 500 ohms, and if a cur- 
rent change of 12 ma is sufficient to 
make it operate, the power required 
to make the relay operate is 72.0x10-3 
watts (I' R). Now the input power 
required to make the tube operate 
works out to be 100x10' watts 
(102X10-") so that the tube produced 
a power amplification of some 720 
times-and this is why the tube is 
used. 

Use of the Tube as an Amplifier 

The tube has an extremely impor- 
tant ability-to amplify voltage 
changes placed upon its grid circuit. 
Across a load in the plate circuit ap- 
pear voltages which are magnified 
images of the voltage changes placed 
upon the grid circuit. These images 
can be almost exact replicas of the 
input voltages, or they can be dis- 

Fig. 3-Fundamental amplifier diagram. 
Here R. is the load resistance across 
which the output alternating voltage. e,. 

appears 

torted in almost any manner desired. 
It is this amplification ability that 
has made radio broadcasting pos- 
sible, and it is also of very great 
value to industrial applications. 

In Fig. 3 is a simple tube amplifier 
circuit with a resistance load R. In 
series with the fixed grid voltage 
(known as a bias) is a source of al- 
ternating xoltage. If the a -c termin- 
als are shorted a steady value of plate 
current will flow, its value depending 
upon the plate voltage, upon the grid 
voltage, upon tube characteristics, 
and R. But if alternating voltage is 
applied to these terminals, the plate 
current will rise and fall about its 
former fixed value as a base. Looked 
at in another way, the plate circuit 
will have two currents in it, one a 
direct current and the second an al- 
te.rnating current. 

This alternating current flowing 
through the plate load resistance 
produces a voltage drop along this 
resistance; and this alternating volt- 
age Ns' i11 be greater than the alter- 
nating voltage placed upon the grid 
terminals if Re is not too small. 

Effect of Tube Resistance. The 
tube has an internal resistance 
(r,) through which the plate cur- 
rent must flow. The relative value 
of this internal resistance and that 
of the load resistance govern both 
the magnitude of the alternating 
voltage developed across R and the 
power developed in 

If the tube is properly biased and 
operated so that the plate current 
does not drop to zero on the negative 
half cycles of input alternating volt- 
age, and the grid is always negative 
with respect to the cathode, the 
output alternating voltage, current 
and power are respectively 

ue, Rd µ Co 
eo 

, + RB ' rp + Rgi 

Pu - u 
ea' 

KB 

('v+Rrr)' 

The maximum output voltage 
across R. will be secured when R, 
is large compared to r,. The max- 
imum power in R will be secured 
when R is equal to r,. Then the 
power output is 

Po max = 
4 Re 

where ep = ruts input grid v3Itags or 
u- 

Po max - 8 Re 

where e, = peak input grid voltage. 
Under no conditions can thel 

amplification of voltage (e,/e,) be 
greater than the amplification fac- 
tor of the tube and approaches this 
value only when R. is much greater' 
than re. If R, = 3r, the amplifica-' 
tion will be 75 percent of the ampli-' 
fication factor of the tube. 1 

If the load resistance is much less' 
than the tube resistance (as is fre-' 
quently the case in using certain, 
tubes with very high internal re- 

sistance) the voltage amplification 
is approximately equal to 

eteg = g,, Re 

where g,,, = transconductance of the 
tube, and here again the maximum 
amplification depends upon how 

large the load resistance is. 

Plate Battery Requirements. It 
is a disadvantage to place too high 
a load resistance in the plate circuit 
of a tube, especially when using the 
low resistance tubes. This arises 
from the fact that the plate current 
not only flows through the tube but 
through the load too, and for every 
milliampere of current drawn 

Fig. 4-Tubes usually operate with a fixed 

direct voltage on both plate and grid. In 

addition, alternating voltages may be 

placed upon the grid circuit. Then alter- 
nating currents will flow in the Plate 
circuit. Here E, and Ip are steady values 
of grid voltage and plate current; e, and 
i, are peak values of alternating gnd 

voltage and plate current 

,1'4 
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ig. 5-Ways of avoiding use of high 

late battery voltage with resistance loads. 

he resistance of the choke (center) is low, 
its inductance high 

rough a thousand ohms of resist - 
,ice, 1 volt is lost-it does not ap- 

,ar across the cathode -plate path. 
bus if 10 ma flow through 10,000 

1ms, 100 volts appear across Re. 

the tube requires 250 volts across 
e resistance of the tube and if 100 

Its are lost across RD, the plate 
ittery must supply 350 volts. 
It is worth noting here that there 
but a single source of voltage in 

e plate circuit-the plate battery. 
hrrent from this battery flows 
rough the tube and through the 
ad resistance. The way in which 

le total plate circuit voltage divides, 
Irt appearing across the tube 
lid part across the load, depends 
ion the relative resistances of the 

tibe and the load but the sum of the 
t10 voltages is never greater than 
to plate battery voltage. When the 
Iltage drop across the load is high 
ie to high plate current, the volt- 

. 1;e across the tube is low and vice 
Irsa. 
Use of high resistance loads 
iich cause large voltage drops 
rich must be supplied by high 

0.25 

0.20 

0.15 

0.10 

0.5 

Transformer 
coupling 

Choke -condenser 
coupling 

plate battery voltages can be avoided 
by: (1) use of a transformer be- 
tween the tube and the load so that 
the desired a -c power is developed 
in the load without the steady plate 
current having to flow through it; 
(2) use of a low -resistance induc- 
tance through which the direct cur- 
rent flows as in Fig. 5; (3) use of 
tubes of high intrinsic plate re- 
sistance with loads which have re- 
sistances lower than that of the 
tube. Then the tube acts more or 
less like a constant -current source 
and variations in load voltage with 
consequent variations in plate volt- 
age ai-e much less important. 

Tube Efficiency. If R = r,,, the 
efficiency of the plate circuit is 50 
percent since half the power de- 
veloped will be- lost in the tube and 
half will be usefully developed in the 
load resistance. Greater efficiency 
can be had by raising the value of 
R,,, but less power will be secured 
thereby unless the plate voltages 
and currents are increased. 

The amount of power that a tube 
can deliver depends upon how much 

r 7R 
e9 D 

P0 (rp + RB) rZe9=n 

0.25 0 5 0.75 I O Rs 
T-í 

q. 6-Power output from an amplifier 
be depends upon the relative values of 
e internal tube resistance. r,,, and the 

I'M resistance. Rs. Maximum power out - 
Put occurs when RR is equal to rp 

iq. 7-Use of tubes in parallel to in- 
'sase output over that obtainable from a 

single tube 

20 30 

+ . 

RB is small 
compared to rp 

it can safely dissipate on its own 
plate and its efficiency of operation. 
A tube that can safely dissipate 10 

watts can also deliver 10 watts to 
a load at 50 percent efficiency; but 
at higher efficiencies, higher power 
can be developed in the load without 
raising the 10 watt limit in plate 
dissipation. 

In most industrial cases, it is 
more important to get the maximum 
power into a load (such as an elec- 
tro -mechanical relay) rather than 
to achieve efficiency and in this case 
the load must be adapted to the tube 
or vice versa. This means that the 
resistance of the load should approxi- 
mate the resistance of the tube. The 
reduction in power is not very great 
if the load resistance is greater than 
that of the tube by 2 or 3 times, but 
considerable loss occurs if R, is 
very much less than r,. 

Where maximum voltage output 
(contrasted with maximum power 
output) is desired, RD must be high 
compared with ro if possible. This 
is not possible with pentode tubes 
and here R should be as high as 
possible or convenient. 

Tubes in Parallel or Push-pull. 
If more output is desired than a 
single tube will deliver, two or more 
of them may be operated in parallel. 
Under these conditions the effective 
internal resistance of the tube part 
of the circuit goes down; and if one 

Fig. 8-Push-pull arrangement of tubes 
decreases harmonic content of output and 
increases power output over that obtain- 

able from a single tube 
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tube will deliver 10 watts, two of 
them will deliver 20 watts-if the 
output circuit is appropriately 
changed to take account of the de- 
creased tube resistance. 

It is often more economical to use 
two or more tubes in parallel than 
using a single tube of greater out- 
put power. 

Tubes may also be operated in 

push-pull. More power output may 
be secured; but the big advantage 
is the fact that the waveform of 
the output can be made to resemble 
more closely the waveform of the 
original. This is not a matter of 
great importance to industrial ap- 
plications, except ín unusual cases. 

Tubes can also be connected with 
their grids in parallel and plates in 

series or with grids in series and 
plates in parallel. 

Use of Tube as Generator. Be- 
cause a tube will amplify, it will 
also generate alternating currents 
from direct currents. A voltage ap- 
plied to the grid of the tube results 
in a larger voltage appearing in the 
output. If a part of this output is 
fed back into the input in the proper 
phase, this portion of the input will 
reappear in the output in amplified 
form. If the amount of energy fed 
back is sufficient to overcome all the 
losses in the input circuit, it will be 
found that the initial driving volt- 
age applied to the tube from an ex- 
ternal voltage supply may be elimi- 
nated and the tube will continue to 
develop power in the load. In prac- 
tice no external exciting grid volt- 
age need be applied to start oscilla- 
tions since any small instability 
(such as mechanical, thermal or elec- 
trical change) will set the circuit 
into oscillation. 
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Fig. 9-Simple halt -wave single-phase 
rectifier comprising anode and cathode 
only. Output load is in series with anode 

The tube is now acting as a gen- 
erator, the frequency of the gen- 
erated power depending upon the in- 
ductance, capacitance and resistance 
of the circuit elements attached to 
the tube. The amount of power de- 
veloped in the load depends upon 
the tube, the voltages used and the 
load characteristics. 

Alternating currents of practically 
any frequency, of practically any 
waveform, or of any power may be 
produced in this manner. Direct po- 
tentials need to be applied to the 
tube, some sort of energy feedback 
from output to input must be pro- 
vided, and as a result alternating 
currents will be produced. 

Tubes can be made to generate 
oscillations in other ways (dynatron, 
Barkhausen oscillators, etc.) but 
these methods are not used indus- 
trially at the present time. 

Tube as a Frequency Converter. 
Suppose a tube has two grids and 
that voltages of different frequencies 
are placed upon these grids. Now if 
the plate circuit can be explored with 
some sort of frequency discriminat- 
ing detector, two (or more) fre- 
quencies will be discovered. If there 
exists a linear relation between each 

grid and the output, only the two 
input frequencies will be detected; 
but if any, non -linearity exists be- 

tween the input and output, or in 
the output Ep I0 curve, then the de- 

tector will indicate not only the or- 
iginal input frequencies but others 
as well. Among the new .frequencies 
found may be the sum and the dif- 
ference of the two input frequencies. 

This is known as frequency con- 

version, since we convert two or-, 

iginating frequencies into other 
frequencies with totally different 
values. This is the principle of the' 
superheterodyne radio receiver; but 
the principle has some application 
to laboratory and industrial prob- 

lems as well. The two voltages can 

differ widely in frequency or can 

be alike or very nearly alike in fre-i ! 

quency. One can be variable and 

the other fixed so that a variable 
frequency, differing from either or- 

iginating frequencies, can be se 

cured from the converter. 
Modulation. If a high frequency 

and a low frequency are "mixed" 
properly, the high frequency will 

act as a carrier for the lower fret 
I quency (as in radio or carrier tele 

phone communication). This proces, 1 

is called modulation and can be per t 

formed by varying the amplitude, 
the phase or the frequency of the 

carrier by the modulating frequency 
Conversely, if two frequencies have 

been mixed, they can again be sepa- 

rated by going through an inverse 
process. Thus from a modulated' 
carrier, the modulating frequency 
can be secured and put to whateve . 

use is desired. 
Other Tube Functions. High , 

vacuum control tubes can also bell 

used as frequency multipliers or di 

viders to deliver to a load higher , 

or lower frequencies which may or , 

may not be integral multiples ot 
the originating frequency. Tht,,, 

number of the output frequencies i 

practically unlimited. 
When properly associated wit 

other circuit elements, the tube ca 

be made to perform an extremel 1 

wide variety of useful functions. 
For example tube circuits can b 

made to count impulses occurring 

Fig. 10-Currentvoltage characteristics of 

typical rectifier tubes. Current output is 

proportional to the 3/2's power of plate 
voltage 
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rich too rapidly for any mechani- 
c counter, to differentiate or inte- 

gtte mathematical expressions de- 

g iptive of electrical, mechanical or 

oier phenomena, can be used as a 

viable reactance and is widely used 

t,ough laboratory practices as a 

nasuring tool. 
sigh Vacuum Tube Limitations. 

'le high vacuum tube is a low 

ci rent -high voltage device. If high 
ctrents at low voltages are desired, 
sale other means must be used. 

S ce the tube amplifies, and since a 

c, siderable amount of amplification 
c:, be secured with a single tube 
a,l its accompanying apparatus, 
cte must be taken that the grid 
of input circuit has impressed on 

airily the desired voltages and that 
ite protected from stray fields, such 
upower line fields, etc. Since the 
input is a function of the plate 
wage, the plate voltage must be 
stydy if a steady output is neces- 
sty. If the tube is to amplify (and 
ni to generate oscillations) care 
mIt be taken to see that none of 
li output voltage is allowed to get 
nk into the input circuit in phase 

wh the input voltage. 

li°Ictification 
lince the tube conducts current 

i'ir when its plate is positive with 
roect to the cathode, an alternat- 

liijc voltage placed between a tube 
ai a load will cause current to 
fit' through the load on the half 
eyes when the plate is positive. On 
th half cycles of the alternating 
vcage when the plate is negative 
w 1 respect to the cathode, no cur - 
re; will flow in the load. The tube 
ae as a one-way switch or like a 
rb;k valve in a pump. This tube 
pinomenon is called rectification. 
l)iy two electrodes are necessary- 
a ithode to supply electrons and a 
ole to collect them. 

here are two kinds of rectifier 
tugs, high vacuum tubes and gas 
(1 s. Some rectifiers have control 

kris in them so that control over 
thoutput current is possible. These 

be discussed below. 
alf-wave Rectifier. In this case 

F1 11-Several rectifier circuits Including. 
Aullwave single-phase circuit: B, bridge 
atagement: and C. D and E, polyphase 

circuits 

a single tube is used and only one 
half of the a -c cycle is rectified. Cur- 
rent flows in spurts through the 
load. If continuous current is de- 
sired through the load, the output 
of the rectifier may be put through 
a filter and then into the load. The 
filter smoothes out the spurts of 
current so that the load current re- 
sembles that from a d -c source. 

The half -wave single-phase recti- 
fier is simple and inexpensive. Its 
output is relatively difficult to filter 
and is seldom used. 

Full -wave Rectifier. In this case 
two tubes are used (or a single tube 
with two sets of elements) and 
both halves of the a -c cycle are recti- 
fied, each tube conducting current 
when its anode is positive and re- 
maining non -conducting while the 
other tube conducts. Output from 
this rectifier is relatively easy to 
filter and is widely used where cur- 
rents of 1 ampere at 1000 volts or 
less are desired. 

When a half -wave rectifier works 
directly into a resistance load with- 
out any intervening filter circuit, the 
average current passed through the 
load is 

/.. - 0.45 (17...) ,,,) - varo, 
Rc 

where V,,,,, is the rms voltage across 
the power transformer secondary 

terminals, Vd,,, is the voltage drop 
across the rectifier tube, for the 
average current passing through the 
tube, and RL is the resistance of the 
load. Va,,, is obtained from Fig. 10. 

When mercury vapor rectifiers are 
used, Vd,,, is about 15 volts and is 
independent of the current drawn 
from the tube. 

In full -wave circuits, the average 
current is twice that given by the 
half -wave equation. In this case 
V,, is the rms voltage between the 
center tap and one end of the trans- 
former secondary. 

V _ / Re volts 

Polyphase Rectifiers. In poly- 
phase circuits, half- or full -wave 
rectifiers may be provided for each 
phase. Such polyphase rectifiers are 
of considerable industrial application 
where high power direct current is 
to be obtained. The output from 
polyphase rectifiers is often used 
without filtering, although if filter- 
ing is required, this can be carried 
out relatively easily because the out- 
put voltage is relatively high 
throughout the cycle and because 
the frequency components to be fil- 
tered are higher multiples of the 
supply frequency. 

Voltage Doubler. In this circuit 
two rectifier units are used. The 
output voltage is approximately 

TABLE I - RECTIFIER CIRCUITS 

Circuit A Circuit II Circuit C Circuit D Circuit E 

Average d -c volts, 0.45 E.,., 0.90 E..,. 1.07 E,,. 1.07 E,.,, 2.32 E,- 
E. 0.32 E,,,. 0.64 E,,,, 0.83 E, 0.83 E,,,, 1.65 E,,,, 

Peak volts across 
tube 3.14 E. 1.57 E. 2.09 E. 2.09 E, 1.05 E. 

Secondary kva'.... 1.57 1.11 1.48 1.48 1.05 
Primary kva' 1.11 1.11 1.21 1 .05 1.05 
R -m -s ripple, % of 

E. 48 18 18 4 4 

Note: Drop Ihron gli rectifier tubes neglected. 
Per kw power ( clivered to load, transformer losses neglected. 

A 

' D 

B C 

a 
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A -C 
Input 

T2 

TI 
'11-1- T2= Separate 

A winding$ 

D -C 
Output A -C 

Input 

B - 

R = Heaters of other tubes in series with voltage -dropping resistor 
Rt= Protective resistor 

Fig. 12-Voltage doubler circuits. In A. separate filament transformer windings are necessary. This circuit is called a full. 
wave doubler because each tube conducts current to the load on each half of the a -c input cycle. In B and C both tubes 
are placed in a single bulb. In B. the d -c load cannot be grounded or connected to one side of the a -c supply line. C 
gets around this difficulty but is a half -wave rectifier since recta itd current flows to the load only on alternate halt cycles 

of the a -c input cycle 

twice the alterating voltage supplied 
to the rectifier. This is because each 
condenser (Fig. 12) is charged to 
the full voltage delivered by the 
transformer but since the two con- 
densers are in series the total volt- 
age across them is twice that across 
either. 

The voltage doubler is often used 
where voltages of about 250 are to 
be obtained from the 110 volt a -c 
line in the most economical manner. 
Voltage is fed to the tubes directly 
from the power line, no transformer 
being needed. Economy is the rea- 
son. This rectifier is also employed 
in x-ray work where a single tube 
cannot deliver the required direct 
voltage output. 

Filters for Rectifiers. The 
smoothing circuits, known as low 
pass filters, consist of series in- 
ductances (or resistance when the 
current output is small)- and shunt 
capacities. These series and shunt 
elements tend to maintain the volt. 
age across the output and the cur- 
rent through the output constant, 
independent of the spurts of current 
as supplied by the tube. With suffi- 
ciently good filtering the output 
from the filter can be as free from 
ripple as desired. 

Rectifier Applications. The obvi- 
ous use for a rectifier is to supply 
direct current from an a -c source. 
A rectifier, however, can perform 
other functions than as a source of 
direct -current power. For example, 
a d -c meter in the plate circuit of a 
rectifier will read a current which 
is some function of the alternating 
voltage applied to the tube. Thus 
the tube may be calibrated as an a -c 

voltmeter by merely placing various 
known alternating voltages on the 

66 

tube and noting the rectified current 
that passes through the meter. 

Gaseous Tubes 
If a gas, or a vapor such as mer- 

cury vapor, is admitted to the tube 
after all other gases have been 
pumped out, the characteristic of 
the tube changes radically. This 
change in characteristic requires 
certain changes in the way the tube 
is used, and enables the tube to per- 
form functions not possible with 
vacuum tubes. 

Gas tubes either conduct or they 
do not conduct-there is no smooth 
control of current from zero to the 
maximum value as is true with high 
vacuum tubes. When conducting, 
the voltage drop across the tube is 
fairly low (15 to 25 volts), fairly 
constant and independent of current 
taken from the tube. The current 
output is limited only by the output 
load and by the ability of the cathode 
to supply electrons. Very much 
higher currents may be supplied by 
gas tubes than by high vacuum 
tubes. 

Proper Operating Conditions. 
Since the current during the con - 

Fig. 13-Control of thyratron tube by sud- 
denly lowering voltage of plate below 

point at which the tube will conduct 

ducting period is often very high 
the cathode may be injured unless 
means are taken to prevent too great I 

a current flow in case the load should 
be short circuited. Such means can 1II 

be a resistance in series with the 

tube and the load; or an overload' 
circuit breaker or fuse, etc. Further- 
more the tube should not be al" 
lowed to pass current to the load 

until the cathode is at the propetf 

temperature. A time delay relay 

placed between the tube and th 

load serves this purpose. 
Gas tubes are prone to cause, 

radió interference; small inductances 1, I,: 

in series with the anodes and physil - 

cally close to them will eliminate) 
this trouble. l 

Control -type Gaseous Rectifiers 

D -c Operation. Two or more' 
grids in a gaseous rectifier make it , 

possible to control the starting of i 

conduction but not to control the I' 

stopping of conduction. In general 
the only way to stop the tube from 

conducting is to remove the plate 

voltage or make it negative. Fur- 

thermore a definite time is required 
for the grid to re-establish control 
after the plate voltage has been re- 

moved. This time is required for 

the ions to diffuse and leave the 

vicinity of the grid. This time is 

of the order of a few micro- or milli- 

seconds and is known as the de - 

ionization time. This brief interval 
between removal of the plate voltage 

and the establishment of control by 

the grid limits the frequency of op- 

erations the gas tube can control. 
In Fig. 13 is shown a simple 

method of controlling a gas tube. If 

d -c power is connected to the plate 

and cathode terminals, and if the 
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In, voltage is correct, anode cur - 

re; will flow. Removing or chang- 

in in any way the grid voltage will 

ne have any effect upon the plate 

cu'ent. If, however, the switch is 

eked the tube will stop conducting. 

'hen the tube conducts, the drop 

ac'Iss it will be of the order of 15 

vo;. The rest of the line voltage, 

sa 250 volts, is impressed across 

re'stance R2. Terminal A of the 

cotlenser is at the same voltage as 

thanode (15 volts) and terminal B 

is at line voltage (250) being 

ch,ged through R,. Now if the 

such is closed, B becomes zero and 

teuinal A will suffer an instantane- 
ou drop in voltage equivalent to 
- 50 + 15 volts or to the value of 
mius 235 volts. The plate has now, 

fo an instant, become negative with 
repect to the cathode and conduc- 
tic ceases. If the time taken to 
re,.arge the condenser through R, 
is treater than the de -ionization 
tin of the tube, the grid will regain 
coirol and conduction will not start 
unl the grid voltage is again the 
prier value. 

, should be high enough in re- 
siance so that closing the switch 
doi not blow the line fuses or cir- 
cu breakers. . 

a glow tube (a tube with two 
eltients in a gaseous atmosphere 
wl,h conducts -current only when 
a trtain voltage is impressed across 
th elements) is placed across the 
such terminals, the gas tube can 
he started and stopped intermit- 
tefly. As soon as the condenser 
voige becomes equal to the voltage 
at which the glow tube conducts, 
cu ent flows through the glow tube, 
fencing the voltage across it suffi- 
cittly to cause the plate voltage to 

1114-Control of thyratron by alternat- 
htvoltages. E, is the voltage that must 
ohm the grid to start current flow at the 
'ftle of plate voltage immediately above 
it- V, is the control voltage applied to 
tui. Where E, and VD cross, the tube 

will conduct or "fire" 

become negative. The gas tube goes 
out, de -ionization takes place, the 
condenser recharges and when the 
plate is again at a potential higher 
than that necessary to cause con- 
duction (as controlled by the volt- 
age on the grid) the tube conducts 
again, and the cycle is repeated. 
A 1-microfarad condenser and a 874 
glow tube will cut off a 1 -ampere 
current in an FG-67 tube. 

A -c Operation. If direct voltage 
is placed upon the grid and alter- 
nating voltages upon the plate, con- 
duction will take place whenever the 
proper relative values of grid and 
plate voltage occur. If the grid 
voltage is such that conduction oc- 
curs for any positive value of plate 
voltage, then current will pass 
through the tube on the entire half 
cycles which make the plate positive. 

If, however, the grid is at such a 

potential that conduction will not 
occur at the highest positive voltage 
placed upon the plate (the peak value 
of the alternating voltage applied) 
then conduction will not occur in 
any part of the positive half cycle 
of alternating voltage. 

Conduction can take place for all 
of the half cycle or any part of it 
or none of it, as desired; conduction 
can be prevented from taking place 
for all of the half cycle (180 deg.) or 
for 90 deg. or less than 90 deg., 
that is, if the tube conducts at all 
it will do so for 90 or more degrees 
of the half cycle. 

Phase Control. A more elegant 
way to control the time in the cycle 
at which conduction begins, and 
therefore the portion of the half 
cycle during which conduction takes 
place is to use alternating voltages 
on both plate and grid. By adjust- 
ing the phase between these two 
voltages and their relative magni- 
tudes, the average current flowing 
during a half cycle may be adjusted 
to any value from zero to the maxi- 
mum corresponding to conduction 
for a full 180 deg. 

Consider Fig. 14. Here E is the 
anode potential which can have any 
waveform, and E. is the grid bias 
which will just prevent the tube 
from conducting at the value of Eo 
shown on the curve. V is a sine 
wave of grid voltage (other wave- 
forms can be used). V may be 
moved along the time axis so that 
it can be moved into or out of phase 
with E. The tube will fire (conduct) 
at the earliest point in the cycle at 

which V, crosses E,; in the figure 
point P. By advancing the phase of 
the grid voltage with respect to the 
plate voltage, current can be made 

to pass through the tube for a longer 
and longer period until the entire 180 

deg. is a conducting period. If the 
grid and plate voltages are out of 
phase, current does not pass at all. 

The average current flowing may be 

found from 

1..=Iak(1+cos) 
7f 

where ¢ = angle at which tube starts 
to conduct. 

A simple way in which this phase 

control can be effected is shown in 
Fig. 15. 

The phase -shift method of con- 
trol is the preferred method, and 
should be used where a continuous 
control of power is required. This 
method permits fixing the time of 
starting of anode current anywhere 
in the positive half cycle of anode 
voltage. The average value of the 
anode current may be controlled 
completely from zero to maximum. 
Some of the more usual methods of 
obtaining phase shift are (1) an 
induction phase shifter, such as a 

Selsyn motor on a polyphase source; 
(2) capacity -inductance -resistance 
bridge; (3) by combining two al- 
ternating voltages which are out of 
phase and by varying the magni- 
tude of one of them; (4) by a 

saturable peaking transformer hav- 
ing a d -c winding and varying the 
amount of direct current (5) com- 
bining an alternating voltage, 
which is out of phase with the 
anode voltage, with a d -c bias 
voltage. 

It is good practice to supply the 
grid with voltages considerably 

Fig. 15-Method of regulating phase be- 
tween grid and plate voltages for con- 

' trolling time in cycle when conduction 
starts 
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Fig. 16-Elementary circuit showing use - 

of gas triode as an inverter-i. e.. a tube 
which produces alternating currents from 
a direct voltage input. An actual inverter 
circuit would be more complex than this 

Fig. 17-Simple phototube-amplifier-relay 
circuit using direct voltages 

greater than that just required to 
start conduction; this practice in- 
sures corduction when desired. 

Inverter Service. Gas -filled tubes 
may be used also in tube inverter 
circuits for conversion of direct cur- 
rent to alternating current. As there 
are many types of inverter circuits, 
it is impossible here to do more than 
cover the fundamental principles. 

In all such circuits direct current 
is applied to the anodes of the tubes 
and the grid is supplied with the de- 
sired frequency, either from an ex- 
ternal exciter or by means of coup- 
ling with the output circuit. In this 
respect an inverter may be consid- 
ered also as an amplifier or oscillator. 
The function of the tubes is to com- 
mutate or, in other words, to per- 
form a switching operation. In all 
inverters some form of power stor- 
age is necessary to supply power 
during the commutation period, e.g., 
from static condensers, from a power 
system, or from rotating apparatus. 

The fundamental action of inver- 
ters may be illustrated by the sim- 
plified, single-phase case of Fig. 16 

although, in practice, the larger sizes 

are polyphase. The anodes of both 
tubes are positive. Let it be assumed 
that the grid of the upper tube is 
positive. Current will tlos from the 
positive d -c source through the trans- 
former to the negative d -c line by 
way of this tube. The grid of the 
lower tube is negative and allows no 
current to pass. The condenser is 
charged with the potential drop 
across the output transformer owing 
to the current Clow in the upper half 
of the winding, the upper terminal 
of the condenser becoming negative, 
and the- lower positive. Toward the 
end of the cycle the grids exchange 
polarity because of reversal of the 
exciting voltage. This action has no 
direct effect on the current flow 
through the first tube, but allows cur- 
rent flow through the second, which 
in effect connects the lower side of 
the condenser to the negative lead. 
This places a negative voltage of 
short duration on the upper anode, 
allowing the upper grid to regain 
control and terminate a half cycle of 
the a -c output. Corresponding 
actions in inverse order result in 
producing the following half cycle of 
a -c output. 

Fig. 18-Phototube circuit useful when al- 
ternating voltages secured from a modu- 

lated light beam are to be used 

180V. 

Fig. 19-Circuit useful in amplifying di- 
rect voltages. Voltage across resistor in 
cathode circuit of first amplifier is applied 

to the second amplifier 

Phototube Applications 
Phototubes can be used to initiat 

any electrical control desired b 
means of light impulses. If the linea 
relation between light intensity an 
current output is to be utilized (a 
in measurements), the tube shoult 
be operated with direct voltages 
but if a relay is to be operated as 
result of a change in illumination inl 

tensity (as for door opening, count 
ing, etc.) alternating voltages ma 
be used. In Fig. 17 will be found r1 

circuit useful for d -c operation 
Care must be taken to see that th 
maximum voltage rating of gas tube 
is not exceeded. 

In Fig. 20 is a typical a -c operate 
I 

circuit. Since the output of the am 

plifier is pulsating direct current 
(rectified current), the relay wil 

chatter unless a condenser is placei, 
across its coil. The variable re 
sistance between amplifier cathode 
and grid (through the phototube 
provides bias; the sensitivity of th 
circuit may be controlled by varyint' 
the capacity of the grid condenser 

If modulated light impulses are ti 

be employed, the circuit of Fig. 11 

may be used. This is a straigh 
transformer -coupled amplifier, th 

only difference being the phototub 
connection to the first tube. Wher 
direct currents are to be amplified; 
Fig. 19 is satisfactory. Circuits am 

plifying direct currents are not al 

stable as when alternating currents 
are employed and are to be avoided 
if possible. 

2/tif For 60", 
2,44.f for'25^ 

1 

Fig. 20-Alternating current operated I 

phototube relay. The tube rectifies the 

alternating voltage placed upon it; the 

voltage appearing across the condenser 
1 

is then applied to the grid of the amplifier lt, 
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,ight-relay design. The amount 
o;illumination change necessary to 
else a tube to close an electro-me- 
olnical relay may be found from 

Er 
L 

SR, 
lumens 

Were L is the increment in light 
faing upon the phototube cathode, 
retired to actuate the relay, S is 
th luminous sensitivity of the pho- 
to be in microamperes per lumen, 
R, is the coupling resistance in 
nu'ohms, and E, is the increment ín 
;(rl volts required to actuate the 
ey. The amplifier current in- 

vr.ses if cathode of phototube is 
tweeted to the amplifier grid; de - 
crises when phototube anode is con - 
need to amplifier grid. 

Cathode -Ray Tubes 
cause of their ability to produce 

\de variety of traces over a very 
air range of frequencies, cathode- 
s tj;ubes are extensively used where 
t st+11 comparisons of electrical op - 
r: ons are to be made, or where 

otie/oltages or currents in a circuit 
yr o be examined. The phenomenon 

t studied is applied as a voltage 
e set of deflecting plates, usually 

harertical plates, while some con- 
ol'nt standard of comparison, or 
thing wave, is applied as a volt- 

)rdo the horizontal pair of deflect- 
ne dates. 

i fundamental circuit for the 
li'eition of the cathode-ray tube is 
him in Fig. 21 for a tube having 
11'('ostatic deflection. This simple 
i it is useful for the comparison 

ro voltages applied to the two 
tui of deflecting plates, the image 

e screen depending upon the 
lye magnitudes, frequencies, and 

h displacements of the two volt- 
" 'finder comparison. This simple t is not suited for the exam - 

n of a single voltage or current 
.unction of time, since no tim- 
lave is provided to form the 
'nee axis. 
ly types of sweep circuit gen - 

i s can be used to provide suit - 
1 ^iming axes, the charg'ng and 

1)rging of a condenser through 
moos tube forming a very simple 

' immon method. The sweep cir- 
it iagram of Fig. 22 is an im- 
(wnent over the simple gas tube 
bettors and provides a timing 

hich is very convenient for the 
+Itiltation of recurrent phenomena. 

First anode --- 
r.Second anode 

Control grid-- 
1 

t 1. Cathode-, t 

VM 

t5 
Heater 

Intensity 
control 

o- 
L - 

106ohrns 

. DC suppl'om high 
voltage rectifier 

t eEHodeflrizoectiontanl 

voltage 

o 

" er//cal 
E deflection 

ó voltage 

Fig. 21-Circuit arrangement of cathode-ray tube having electrostatic deflection 

NI 

300,000 
2 ,06 

400,4 50 ' 

Fig. 22-Sweep circuit generator with amplifier for supplying a cathode ray 
tube setup with a time basis 

BIBLIOGRAPHY 
(1) Richardson, O. W.: "Emission of Electricity from ]lot Bodies", Lougmaus, Green and Co., New York 
(2) Heimann A. L. : "Thermionic Emis- sion", John Wiley and Sons, New York (3) Allen, H. S.: "Photoelectricity", Long - mans, Green and Co., New York 
(4) Hughes, A. L. and DuBridge, L. \.: 

"Photoelectric Phenomena", McGraw -hill 
Book Co. New York 

(5) Mlllikan, R. A.: "The Electron", Uni- versity of Chicago Press, Chicago (6) Dow, W. G.: "Fundamentals of Engi- neerinF Electronics", John Wiley and Sons, New l ork 
(7) Fink. i). G.: "k ngineering Electronics", McGraw-Hill Book Co., New York 
(8) Millman, .iacob and Seely, Samuel: "Electronics', McGraw-Hill Book Co., New York 
(9) Koller, L. R.: "The Physics of Elec- tron Tubes', McGraw-Hill Book Co., New York 
(10) Me.\dinar. E. I).: "Electronics and Electron Tubes", John Wiley and Sons, New York 
(11) Cha(fee, K. I..: "Theory of Thermionic Vacuum Tubes'. McGraw -11111 Book Co., New York 
(12) Retell. H. .1. : "Theory and i'ractice of Electron Tubes", McGraw-Hill Book Co., Sea York 
1131 l'asrtuau. .1. V.: "Fundamentals of Vacuum Tubes", McGraw -hill Book Co. 

(14) Albert, \. L.: **Fundamentals of Electronics and Electron 'Pubes', MacMillan ew York Co.,(15) 
Anderson, J. S.: "Photoelectric Cells anti Their Applications", Physical and Optical Societies, London 

(10) Campbell, N. R. and Ritchie, D.: "Photoelectric Cells", Isaac Pitman and Sons. (17) Zworykin, V. K. and Wilson, E.: "Photocells and Their Application", John Wiley and Sons, New York (18) Walker R. C. and Lance, T. M. C.: "Photoelectric Cell Application", Isaac Pitman and Sons, New York 
(19) Jolley, L. B. W.: "Alternating Current Rectification", John Wiley and Sons, New York 
(20) Guntherschulze, A.: "Electric Recti- fiers and Valves", John Wiley and Sons, New York 
(21) Marti, 0. K. and Winograd, H.: "Mer- cury \rc Power Rectifiers", McGraw-Hill Book Co., New York 
(22) Prince, D. C. and Vodges, F. B. : "Prin- ciples of Mercury Arc Rectifiers and Their Circuits". McGraw-Hill Book Co., New York (23) Henney, Keith : "Electron Tubes in Industry", McGraw -hill Book Co., New York. (2-1) Knowlton, A. E.: "Standard Hand- book for Electrical Engineers", McGraw-Hill' Kook Co.. New York 
(25) Technical literature, General Electric and \\estinghouse Companies. (26) Pender, Harold and Meliwein. Knox : "8lectrical Engineers' Handbook Vol. V", 

lohn NV Hey and Sons. New York 

VTR(1NICS - June 1942 69 



Tubes At Work 

Stimulus 

Carbon Arc Electrode 
Feed Control 
THE LENGTH OF THE gap between the 
electrodes of a carbon arc operated 
un d.c. has a direct bearing upon il- 

lumination intensity, steadiness, for- 
mation of craters at the positive elec- 

trode and the rate at which carbons 
are consumed. Such arcs are more 
critical with respect to current dens- 

Arc 

Arc 
° soPp/Y 

2A4G, 
27 Thyratron , 

f060000 
//0V. 

Carbon 
wrivizr eco' - 

motor. 

Carbon arc electrode feed control. Change 
in arc current acts to speed up or slow 
down the drive motor as carbons burn 
away and so automatically maintains the 

most efficient spacing 

ity than to voltage across their elec- 
trodes, hence current variations may 
be employed as a source of energy to 
automatically adjust the arc gap for 
optimum performance. 

Where the source of d.c. operating 
the arc is pulsating in character, as 
from an unfiltered half -wave recti- 
fier, the circuit shown provides suit- 
able control. A heavy shunt having a 
value sufficient to produce 10 milli- 
volts drop across the primary of 
transformer T is connected in series 
with the power supply feeding the 
arc. The secondary winding of T 

delivers 25 volts to the type 27 tube 
used as a diode rectifier and d -c volt- 
age developed by this rectifier is ap- 
plied as negative bias to the grid of 
the 2A4G thyratron. 

The arm of R, is rotated to the 
most negative point and, with the arc 
burning. R is adjusted until the car- 
bon -feed motor driving the elec- 

ELECTRICAL 

trodes closer together as the carbons 
are consumed, is just bare y turning 
over. R, is then varied until the arc 
assumes its most efficient length, 
held at this position until the carbon 
crater forms and is then re -adjusted 
for optimum arc length. Thereafter, 
any increase in arc current caused 
by too rapid carbon feed develops a 

higher negative bias on the grid of 
the thyratron, cuts this tube off and 
slows down the feed motor. Con- 
versely, any decrease in arc current 
speeds the motor up.-Flaherty, 
ELECTRONICS, March, 1942, p. 65. 

Auto Distributor 
Point Checker 
ADJUSTMENT OF AUTOMOBILE dis- 
tributor point spacing by means of a 

feeler gauge does not insure opti- 
mum ignition system performance in 

high-speed engines. Sparking volt- 
age is dependent upon current flow- 

ing in the primary of the ignition 
coil at the moment the points break 
and the value to which current may 
build up is limited by the length of 
time the points are closed between 
breaks. The device diagrammed pro- 
vides a visual indication of the per- 
centage of time points are closed. 
Its meter may also be calibrated to 
indicate distributor point driving 
cam angle, the method of decking 

To ungrounded 
breaker point Negative ground 

D v ]Test 
SI 

Positive 
ground 

G 

To ground on car 

B 

6H6 

Y 
t 

I 

preferred by the automotive ind I i,. 

try. Voltage developed across a c 

denser and then discharged supp 

motivating energy. 
Input terminals D and G are c 

netted across the condenser pla 

in parallel with the points by i 
automobile manufacturer to ni 

mize point burning. When the poi i c 

are closed, or switch S, is ín the "I 

position so that the meter may be 

justed to full scale by varying 

7,500 ohm resistor, the input to! 

6116 rectifier tube is short-circui 

and no current flows in the 25 

ohm resistor constituting the 

for this tube. The grid of the ' 

thyratron, connected to nth?t 
through this same resistor, recei i r 

no bias voltage and the 221 volt l'i 

tery potential initiates a discha' 

and causes anode current to 8 f,i 

through the meter. 
When the distributor points op 

an oscillation voltage appears acr , 

the condenser in parallel with 

points. Voltage appears across 

input to the 6H6, rectified turn' 

flows through the 25,000 ohm 

sistor and a voltage drop ape lk 

across it. The grid of the 884 

ceives a large negative bias volh 

sufficient to stop discharge and I P8d 

off anode current flowing throe - 
the meter. Ionization of a thyrati , 

operating on d.c. may be stopped 

this unconventional manner provif á'i 

current flowing in the anode city 

is limited as, in this case, by' 

7,500 and 1,500 ohm resistors. 

884 

ó 
0 

3 
0 

[2%2 V 

Illllfll 
To car battery 

Distributor point checker. It draws only two to three ma from the ignit°. 

system to which it is connected and spark intensity Is not affected by this 

negligible primary circuit loading 

a, , 

¡It 
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IN Sections I and II of this discussion of tubes 
as applied to industrial problems will be found 

first, a treatment of the several types of tubes 
used and their characteristics, and second, how 
these tubes are integrated into electrical circuits: 
i.e. how tubes act as amplifiers, as rectifiers, as 
energy converters, etc., and how tubes are asso- 
ciated with relays, resistances, capacitances and 
other electric or mechanical equipment. 

In Section III will be found many typical exam- 
ples of how tubes are used in industry. No pre- 
tense is made that the following pages cover the 
entire field of electronics in industry. Only a 
dictionary -sized book could do that. This third 
section is intended as an idea stimulator; as a 
place to look when the engineer seeks ways in 

which tubes might solve problems. Although 
the applications are specific, the basic phenome- 
non back of each one of them may be applied 
in many other ways. 

The applications are divided into three major 
divisions so that the reader may more easily 
find what he is looking for. These divisions are 
arranged according to the control stimulus that 
is available to make the tube perform its job. 
Thus there are applications depending upon an 
electrical stimulus; upon a physical or chemical 
stimulus; and upon a light stimulus. In each 
case the basic phenomenon is outlined, sufficient 
detail is given to explain the use to which the 
tube is put, and a reference tells where the read- 
er may find more complete data. 

Extinction of the thyratron dis- 
targe does not occur simultaneously 
ith the opening of the distributor 
;ints but is slightly delayed. This 

a,day is capable of introducing con- 
,,derable measurement error. The 
,ror is made negligible by the in- 
Pasion of the 2,000 µµf capacitor, 
'Filch delays initiation of the dis- 
large when the points close by ap- 
`oximately the same amount.-Elt- 
.oth, ELECTRONICS, April, 1942, 
34. 

pinhole Detector 
UBBERIZED CANVAS sheeting is 
issed between two rollers which 
re saturated with a conducting 
,luid. Each roller is connected to 
e grid circuit of an over -biased 
'iplifier. If there is even an ex- 
emely small pinhole in the canvas, 
e conducting liquid will penetrate 

and form a conducting path 
rough the canvas. Thus, a positive 
tltage, whose value ís determined 

inhole detector circuit diagram. This in- 
trument will sound an alarm or mark 

the location of the pinhole 

by the voltage divider made up of 
the 32,000 -ohm, the 1,000 -ohm, the 
5,000 -ohm resistors and the con- 
ducting liquid between the rollers, is 
applied to the grid of the pentode. 
This reduces the bias on the grid and 
permits an anode current to flow for 
an instant. This impulse is passed 
on to the grid of a gas triode which 
then actuates a relay. The relay 
operates an alarm or a marking de- 
vice to locate the defect. This circuit 
must be operated on a.c. with one 
side grounded so that the grid of 
the gaseous triode can gain control 
after each operation.-Electronic 
Engineering (London), July 1941'. 

Power Factor Meter 
THIS METHOD OF MEASURING power 
factor- involves the use of a thyratron 
whose anode current is a function 
of the phase angle between a voltage 
and a current. Line voltage, or a 
voltage having the same phase as the 
line voltage, is applied to the anode 
and another voltage whose phase is 
the same as the load current is ap- 
plied to the grid. The grid voltage 
is obtained by passing the load cur- 
rent through a resistor and passing 
the voltage across the resistor 
through a step-up transformer to 
attain the proper value. Since con- 
duction in a gaseous tube cannot or- 
dinarily be stopped by increasing the 
negative potential of the control 
grid, lagging power factors cannot 
be measured because all such factors 
would give the same indication on 

the anode current meter. To over- 
come this an adjustable phase -shift- 
ing network is employed in the grid 
circuit so that any point, preferably 
the midpoint, of the meter scale may 
be used to indicate unity power fac- 
tor with lower anode currents to in- 
dicate lagging power factors and 
higher anode currents to indicate 
leading power factors. In some cases 

Power factor meter circuit diagram. The 
anode voltage is in phase with the line 
voltage and the grid voltage is in phase 
with the load current. The average anode 
current is a measure of the phase angle 

between the load voltage and current 

it may be desirable to have the unity 
power factor points at different 
points of the scale. This may be done 
by proper selection of the condensers 
of the grid phase shifting networks. 
The anode current is rectified by a 
copper oxide rectifier and a d -c meter 
is calibrated in power factor. The 
same meter may be used for measur- 
ing both the rectified anode current 
and the a -c grid voltage.-Bereskin, 
ElECTRONICS, October, 1941, p. 38. 
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Fig. 16-Elementary circuit showing use 
of gas triode as an inverter-i. e.. a tube 
which produces alternating currents from 
a direct voltage input. An actual inverter 
circuit would be more complex than this 

Ji= 
Re/ay 

v. 
E 

II 

1 

II f, ` I 
L 

+ 
45V - 90V. 

Fig. 17-Simple phototube-amplifier-relay 
circuit using direct voltages 

greater than that just required to 
start conduction; this practice in- 
sures conduction when desired. 

Inverter Service. Gas -filled tubes 
may be used also in tube inverter 
circuits for conversion of direct cur- 
rent to alternating current. As there 
are many types of inverter circuits, 
it is impossible here to do more than 
cover the fundamental principles. 

In all such circuits direct current 
is applied to the anodes of the tubes 
and the grid is supplied with the de- 
sired frequency, either from an ex- 
ternal excitér or by means of coup- 
ling with the output circuit. In this 
respect an inverter may be consid- 
ered also as an amplifier or oscillator. 
The function of the tubes is to com- 
mutate or, in other words, to per- 
form a switching operation. In all 
inverters some form of power stor- 
age is necessary to supply power 
during the commutation period, e.g., 
from static condensers, from a power 
system, or from rotating apparatus. 

The fundamental action of inver- 
ters may be illustrated by the sim- 
plified, single-phase case of Fig. 16 

although, in practice, the larger sizes 

68 

are polyphase. The anodes of both 
tubes are positive. Let it be assumed 
that the grid of the upper tube is 
positive. Current will flow from the 
positive d -c source through the trans- 
former to the negative d -c line by 
way of this tube. The grid of the 
lower tube is negative and allows no 
current to pass. The condenser is 
charged with the potential drop 
across the output transformer owing 
to the current slow in the upper half 
of the winding, the upper terminal 
of the condenser becoming negative, 
and the lower positive. Toward the 
end of the cycle the grids exchange 
polarity because of reversal of the 
exciting voltage. This action has no 
direct effect on the current flow 
through the first tube, but allows cur- 
rent flow through the second, which 
in effect connects the lower side of 
the condenser to the negative lead. 
This places a negative voltage of 
short duration on the upper anode, 
allowing the upper grid to regain 
control and terminate a half cycle of 
the a -c output. Corresponding 
actions in inverse order result in 
producing the following half cycle of 
a -c output. 

Fig. 18-Phototube circuit useful when al- 
ternating voltages secured from a modu- 

lated light beam are to be used 

180V. 

Fig. 19-Circuit useful in amplifying di- 
rect voltages. Voltage across resistor in 
cathode circuit of first amplifier is applied 

to the second amplifier 

Phototube Applications 
Phototubes can be used to initiate 

any electrical control desired by 
means of light impulses. If the linear 
relation between light intensity and 
current output is to be utilized (as 
in measurements), the tube should 
be operated with direct voltages; 
but if a relay is to be operated as a 
result of a change in illumination in- 
tensity (as for door opening, count- 
ing, etc.) alternating voltages may 
be used. In Fig. 17 will be found a 
circuit useful for d -c operation. 
Care must be taken to see that the 
maximum voltage rating of gas tubes 
is not exceeded. 

In Fig. 20 is a typical a -c operated 
circuit. Since the output of the am- 
plifier is pulsating direct current II 

(rectified current), the relay will 
chatter unless a condenser is placed 
across its coil. The variable re- 
sistance between amplifier cathode 
and grid (through the phototube) 
provides bias; the sensitivity of the 
circuit may be controlled by varying 
the capacity of the grid condenser. 

If modulated light impulses are to 
be employed, the circuit of Fig. 18 

may be used. This is a straight 
transformer -coupled amplifier, the 
only difference being the phototube 
connection to the first tube. Where 
direct currents are to be amplified, 
Fig. 19 is satisfactory. Circuits am- 
plifying direct currents are not as 

stable as s; hen alternating currents 1 

are employed and are to be avoided I 

if possible. 

,tt s for 60 
2,44..f for 25^" 

Fig. 20-Alternating current operated 

phototube relay. The tube rectifies the 

alternating voltage placed upon it; the 

voltage appearing across the condenser 

is then applied to the grid of the amplifier 
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;fight -relay design. The amount 
o illumination change necessary to 
else a tube to close an electro-me- 
cl,nical relay may be found from 

E, 
L = lumens 

Were L is the increment in light 
fling upon the phototube cathode, 
rtuired to actuate the relay, S is 
ti luminous sensitivity of the pho- 
toibe in microamperes per 'lumen, 
R is the coupling resistance in 
mrohms, and E, is the increment in 
tint volts required to actuate the 
rey. The amplifier current in - 
crises if cathode of phototube is 
colected to the amplifier grid; de- 
cr.ses when phototube anode is con- 
ne,ed to amplifier grid. 

C,thode-Ray Tubes 
.ecause of their ability to produce 

a de variety of traces over a very 
wi! range of frequencies, cathode- 
ra tubes are extensively used where 
vital comparisons of electrical op- 
ert.ons are to be made, or where 
thtiroltages or currents in a circuit 
ar o be examined. The phenomenon 
to r. studied is applied as a voltage 
tl ,e set of deflecting plates, usually 
:hevertical plates, while some con - 
le Int standard of comparison, or 
tling wave, is applied as a volt- 

IgP o the horizontal pair of deflect - 
opiates. 

I fundamental circuit for the 
Ipettion of the cathode-ray tube is 
hqn in Fig. 21 for a tube having 
11'Oostatic deflection. This simple 
t, (it is useful for the comparison 

vo voltages applied to the two 
i i)1 of deflecting plates, the image 

'e screen depending upon the 
eve magnitudes, frequencies, and 

h'il displacements of the two volt- 
i;eiunder comparison. This simple 
nit is not suited for the exam- 
latin of a single voltage or current 
3 d'unction of time, since no Um - 

Le rave is provided to form the 
etnce axis. 
lay types of sweep circuit gen- 
t's can be used to provide suit- 

)le,iming axes, the charging and 
s,hrging of a condenser through 
gaious tube forming a very simple 

tmmon method. The sweep cir- 
it ?iagram of Fig. 22 is an im- 
ovnent over the simple gas tube 
neitor's and provides a timing 
i 'hich is very convenient for the 
airiation of recurrent phenomena. 

First anode -n 
"Second anode 

Control grid-, 
\ t t 
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o 
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Fig. 21-Circuit arrangement of cathode-ray tube having electrostatic deflection 

0.25{tf 

.885 

. 2z106. 
300000 

o- 
400-4 50 V ° 

Fig. 22-Sweep circuit generator with amplifier for supplying a cathode ray 
tube setup with a time basis 
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Tubes At Work 

Stimulus -ELECTRICAL 

Carbon Arc Electrode 
Feed Control 
THE LENGTH OF THE gap between the 
electrodes of a carbon arc operated 
on d.c. has a direct bearing upon il- 

lumination intensity, steadiness, for- 
mation of craters at the positive elec- 

trode and the rate at which carbons 
are consumed. Such arcs are more 
critical with respect to current dens - 

Arc 

.- 
Arc 

supply 

2A4G 
27 Thyrotrori 

Carbon 
feed - 
motor. 

Carbon arc electrode feed control. Change 

in arc current acts to speed up or slow 

down the drive motor as carbons burn 
away and so automatically maintains the 

most efficient spacing 

ity than to voltage across their elec- 

trodes, hence current variations may 
be employed as a source of energy to 
automatically adjust the arc gap for 
optimum performance. 

Where the source of d.c. operating 
the arc is pulsating in character, as 
from an unfiltered half -wave recti- 
fier, the circuit shown provides suit- 
able control. A heavy shunt having a 

value sufficient to produce 10 milli- 
volts drop across the primary of 
transformer T is connected in series 
with the power supply feeding the 
arc. The secondary winding of T 

delivers 25 volts to the type 27 tube 
used as a diode rectifier and d -c volt- 
age developed by this rectifier is ap- 
plied as negative bias to the grid of 
the 2A4G thyratron. 

The arm of R, is rotated to the 
most negative point and, with the arc 
burning, R, is adjusted until the car- 

bon -feed motor driving the elec- 

trodes closer together as the carbons 
are consumed, is just barely turning 
over. R, is then varied until the arc 
assumes its most efficient length, 
held at this position until the carbon 
crater forms and is then re -adjusted 
for optimum arc length. Thereafter, 
any increase in arc current caused 
by too rapid carbon feed develops a 

higher negative bias on the grid of 
the thyratron, cuts this tube off and 
slows down the feed motor. Con- 

versely, any decrease in arc current 
speeds the motor up.-Flaherty, 
ELECTRONICS, March, 1942, p. 65. 

Auto Distributor 
Point Checker 
ADJUSTMENT OF AUTOMOBILE dis- 
tributor point spacing by means of a 

feeler gauge does not insure opti- 
mum ignition system performance in 

high-speed engines. Sparking volt- 
age is dependent upon current flow- 

ing in the primary of the ignition 
coil at the moment the points break 
and the value to which current may 
build up is limited by the length of 
time the points are closed between 
breaks. The device diagrammed pro- 
vides a visual indication of the per- 
centage of time points are closed. 
Its meter may also be calibrated to 
indicate distributor point driving 
cam angle, the method of checking 

To unarounded 
breaker point ,Negative ground 
D K 

SI 

Positive , ' 
ground 

.G 
To ground on car 

---. 

B C 

preferred by the automotive inc. 

trv. Voltage developed across a (. 

denser and then discharged suppl 

motivating energy. 
Input terminals D and G are (1 I 

nected across the condenser plaj 

in parallel with the points by l 

automobile manufacturer to m. r 

mize point burning. When the pot 

are closed, or switch S, is in the": 
position so that the meter may bel 

justed to full scale by varying II 

7,500 ohm resistor, the input to 

6116 rectifier tube is short-circu!f 

and no current flows in the 2511 

ohm resistor constituting the 1,1 I 

for this tube. The grid of the i 

thyratron, connected to cath 

through this same resistor, rece 

no bias voltage and the 22i volt I 

tery potential initiates a dischai 

and causes anode current to 1 

through the meter. 
When the distributor points of 

an oscillation voltage appears act 

the condenser in parallel with 

points. Voltage appears across 

input to the 6H6, rectified curl' 

flows through the 25,000 ohm i c 

sistor and a voltage drop app( 

across it. The grid of the 884 

ceives a large negative bias volt 

sufficient to stop discharge and 

off anode current flowing thro 

the meter. Ionization of a thyrat 

operating on d.c. may be stoppe( 

this unconventional manner prov It 

current flowing in the anode cir 

is limited as, in this case, by 

7,500 and 1,500 ohm resistors. 

6H6 

rest 

tj Set 
S2 

884 

22k2 v 

11111111 

t 410. 

ro car battery 

J1, 

Distributor point checker. It draws only two to three ma from the ignftlon 
1 

system to which it is connected and spark intensity Is not affected by this 

negligible primary circuit loading 
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IN Sections I and II of this discussion of tubes 
as applied to industrial problems will be found 

first, a treatment of the several types of tubes 
used and their characteristics, and second, how 
these tubes are integrated into electrical circuits; 
i.e. how tubes act as amplifiers, as rectifiers, as 
energy converters, etc., and how tubes are asso- 
ciated with relays, resistances, capacitances and 
other electric or mechanical equipment. 

In Section III will be found many typical exam- 
ples of how tubes are used in industry. No pre- 
tense is made that the following pages cover the 
entire field of electronics in industry. Only a 
dictionary -sized book could do that. This third 
section is intended as an idea stimulator; as a 
place to look when the engineer seeks ways in 

which tubes might solve problems. Although 
the applications are specific, the basic phenome- 
non back of each one of them may be applied 
in many other ways. 

The applications are divided into three major 
divisions so that the reader may more easily 
find what he is looking for. These divisions are 
arranged according to the control stimulus that 
is available to make the tube perform its job. 
Thus there are applications depending upon an 
electrical stimulus: upon a physical or chemical 
stimulus: and upon a light stimulus. In each 
case the basic phenomenon is outlined, sufficient 
detail is given to explain the use to which the 
tube is put, and a reference tells where the read- 
er may find more complete data. 

Extinction of the thyratron dis- 
charge does not occur simultaneously 
with the opening of the distributor 
points but is slightly delayed. This 
delay is capable of introducing con- 
siderable measurement error. The 
error is made negligible by the in- 
clusion of the 2,000 µµf capacitor, 
which delays initiation of the dis- 
charge when the points close by ap- 
proximately the same amount.-Elt- 
groth, ELECTRONICS, April, 1942, 
p. 34. 

Pinhole Detector 
RUBBERIZED CANVAS sheeting is 
passed between two rollers which 
are saturated with a conducting 
liquid. Each roller is connected to 
the grid circuit of an over -biased 
amplifier. If there is even an ex- 
tremely small pinhole in the canvas, 
the conducting liquid will penetrate 
it and form a conducting path 
through the canvas. Thus, a positive 
voltage, whose value is determined 

Pinhole detector circuit diagram. This in- 
strument will sound an alarm or mark 

the location of the pinhole 

by the voltage divider made up of 
the 32,000 -ohm, the 1,000 -ohm, the 
5,000 -ohm resistors and the con- 
ducting liquid between the rollers, is 
applied to the grid of the pentode. 
This reduces the bias on the grid and 
permits an anode current to flow for 
an instant. This impulse is passed 
on to the grid of a gas triode which 
then actuates a relay. The relay 
operates an alarm or a marking de- 
vice to locate the defect. This circuit 
must be operated on a.c. with one 
side grounded so that the grid of 
the gaseous triode can gain control 
after each operation.-Electronic 
Engineering (London), .July 1941. 

Power Factor Méter 
THIS METHOD OF MEASURING power 
factor involves the use of a thyratron 
whose anode current is a function 
of the phase angle between a voltage 
and a current. Line voltage, or a 
voltage having the same phase as the 
line voltage, is applied to the anode 
and another voltage whose phase is 
the same as the load current is ap- 
plied to the grid. The grid voltage 
is obtained by passing the load cur- 
rent through a resistor and passing 
the voltage across the resistor 
through a step-up transformer to 
attain the proper value. Since con- 
duction in a gaseous tube cannot or- 
dinarily be stopped by increasing the 
negative potential of the control 
grid, lagging power factors cannot 
be measured because all such factors 
would give the same indication on 

the anode current meter. To over- 
come this an adjustable phase -shift- 
ing network is employed in the grid 
circuit so that any point, preferably 
the midpoint, of the meter scale may 
be used to indicate unity power fac- 
tor with lower anode currents to in- 
dicate lagging power factors and 
higher anode currents to indicate 
leading power factors. In some cases 

Power factor meter circuit diagram. The 
anode voltage is in phase with the line 
voltage and the grid voltage is in phase 
with the load current. The average. anode 
current is a measure of the phase angle 

between the load voltage and current 

it may be desirable to have the unity 
power factor points at different 
points of the scale. This may be done 
by proper selection of the condensers 
of the grid phase shifting networks. 
The anode current is rectified by a 
copper oxide rectifier and a d -c meter 
is calibrated in power factor. The 
same meter may be used for measur- 
ing both the rectified anode current 
and the a -c grid voltage.-Bereskin, 
Et ECTRONICS, October, 1941, p. 38. 
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Anti -Electrolysis Relay 
WHEN A GAS MAIN IS located close to 
an electric railway, stray currents 
from the railway frequently damage 
the main by producing electrolytic 
action and corrosion. Damage is 
done when the main is at positive 
potential with respect to the rails, 
causing a current flow from rails to 
main. It may be avoided by using a 
directional relay circuit such as the 
one illustrated which employs a thy- 
ratron tube. 

When the rails are positive with 

Rectox 

P- G.E. oven type relay 
C- Westinghouse 

200 amp. contactor - 

//5,000cir. mil tie -wire 

Gas 
main 

Anti -electrolysis relay. This circuit pro- 
tects a gas main by preventing current 
flow from electrified railway tracks to 

main 

respect to the gas main, voltage from 
the tie -wire tap bucks the fixed bias 
supplied to the grid of the FG-17 by 
the Rectox unit, making the grid of 
the tube less negative with respect 
to the cathode. The tube conducts 
and anode current closes relay R, 
which closes contactor C and permits 
current to flow from main to rails. 
Reversal of external voltage polarity 
produces an increase in negative bias 
on the tube, causing it to cease con- 
ducting and opening up the tie -wire 
circuit between main and rails.- 
Davis and Wainwright, ELECTRON ICS, 
March, 1942, p. 72. 

Electrostatic Powder 
Separator 
CERTAIN DRY, POWDERED materials 
may be separated from each other 
by electrostatic action. In the 
chemical field, for example, among 
the materials which may be separated 
in this manner are sphalerite and 

iron pyrites, graphite and mica, 
biotite micas and muscovites, garnet 
and metal particles. These have es- 
sentially different electrical char- 
acteristics and this difference pro- 
vides a means of attack. 

The materials electrically unlike 
to be separated are passed over or 
between electrodes charged to about 
15,000 volts d.c. One material picks 
up and retains a charge in its 
passage over or between electrodes 
sufficient to cause it to adhere to an 
electrode. The other material flows 
unimpeded through the separator to 
a collecting hopper. High voltage 
d.c. to operate such separators is 
readily obtained by stepping up a -c 
power line voltages through suitable 
transformers and then rectifying 
electronically.-ELECTRONics, Janu- 
ary, 1942, p. 58. 

Remote Control of 
Camera Focus 
IF ONE OPTICAL element of a complex 
photographic lens system is substi- 
tuted for the conventional cone of an 
electro -dynamic loudspeaker, focus 
of the lens system may be adjusted 
by electrical remote control. 

A constant d -c potential is fed to 
the field -coil of the unit. A variable 
source of d.c. is connected to the coil 
carrying the movable optical element. 
By altering the lens -coil potential 
and/or polarity this coil may be 
caused to assume various positions 
with respect to the field coil, hence 
the movable optical element may be 
made to assume various positions 
with respect to the fixed lens ele- 
ments. 

If a.c. is also fed to the lens coil 

To variable 
source of D.C. 
and variable 
sourc ofA.C. 

Movable 

tens -coil 

-Field-coil 

Fixed 
-lenses 

To steady 
source of 

D.C.: 

Electronically controlled lens of a motion 
picture camera. The principle appears to 
have possibilities for use in connection 

with other optical devices 

this coil may also be caused to oscil- 
late back and forth about an axis, the 
speed of oscillation being dependent 
upon the frequency of the supply 
voltage and the distance of travel 
being dependent upon its amplitude. 
If the lens system is designed so that 
changes in focal length do not result 
in changes in image size, lens ele- 
ment oscillation can materially in- 
crease the depth of focus. The source 
of a.c., variable with respect to fre- 
quency and amplitude, may be a 
vacuum tube oscillator.-MacDon- 
ald, ELECTRONICS, March, 1942, p. 44. 

Precipitator for Matter 
Suspended in Gases 
IT IS KNOWN THAT suspended matter 
in smoke, fumes or fog can be floc- 

culated, or caused to form clouds or 
masses which precipitate, by high 
frequency sound vibrations of the 
order of 17,000 cps. This knowledge 
has distinct industrial possibilities 
but one stumbling -block is the design 
of sound generators which will de- 
velop sufficient power for the pur- 
pose. 

One experimental generator com- 
prises a solid cylinder of duralumin 
supported in an open-ended housing 
by an annular web or ring which is 
an integral part of the cylinder and 
extends out from its mid -section. A 

driving ring electrically equivalent 
to a single -turn coil, also made as an 
integral part of the cylinder and at 
its bottom end, projects into the 
radial gap of a pot magnet energized 
by a field coil. The ring is induc- 
tively excited by an adjacent driving 
coil. The unit thus resembles a dy- 
namic loudspeaker in construction, 
the duralumin cylinder taking the 
place of the conventional diaphragm 
or cone and the "voice -coil" being 
driven inductively to eliminate fric- 
tional damping. 

The cylindrical duralumin cylinder 
is designed to vibrate at one critical 
frequency and is an extremely effi- 

cient device for translating electrical 
energy into high frequency sound 
at this frequency. Efficiency is so 
critical with respect to frequency, in 
fact, that it is desirable to use the 
sound generating device itself as a 

frequency control element for the 
electronic equipment which supplies 
driving power. This is done by 
placing a small disc of metal on the 
top of the pot magnet and insulated 
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rom it by a thin disc of Bakelite. 
'his disc, in conjunction with the 
losely adjacent bottom end of the 
uralumin cylinder or vibrator, 
erves as a condenser microphone 
onnected to the input circuit of an 
ssociated amplifier. It will thus be 
Zen that the overall equipment op - 

rates as a mechano-electronic oscil- 
ttor, a.c. generated by changes in 
)acing between the plates of the 
mdenser microphone energizing 
to amplifier at the resonant fre- 
iency of the duralumin cylinder 
Id supplying power for the opera - 
on of the sound generator at that 
equency. 
Amplifier power output used in 
:cent experiments has been about 
10 watts. Overall translator effici- 
icy of the order of 30 percent or 
ore has been obtained.-St. Clair, 
sview of Scientific Instruments, 
.ay, 1941, p. 250. 
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Vibrator 

Supporting 
. web-; 

Qubber 
shims 

Vibrator support- 
ond housing . 

rivin ' 
Radial goe 

r - 
o.. 

'Field coil Shielded 
.1 to preamplifier 

Jih-frequency, high -power sound gener- 
w. Critically resonant, it serves as its 
own frequency controlling source 

h'agnetic Field Plotter 
TE MAGNETIC FIELD PATTERN of 
4s may be automatically plotted 
it paper records by means of the 

dtice illustrated here in elemental 

1,'he coil to be tested is fastened to 
di center of the turntable shown at 
tF left and energized by a.c. Both 
tLÍiltables are held still and the 
serch coil -recording stylus drive 
m,hanism is started, causing the 
sych coil to approach the center of 
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Search 
coil. 

Test cbi/% 

Amplifier and 
electronic 

reversal switch 

indexing motor 

\--- -Manual turntable ------ indexin g. mechanism 

,Search coil and 
sty/us drive 
mechanism 

Mechanical link Ii 

Automatic coil field plotting machine in elemental form 

the test coil turntable while the re- 
cording stylus approaches the center 
of the recording turntable. During 
this period the recording stylus 
draws a line from the periphery of 
the paper disc toward its center. At 
a point determined by the strength 
of the test coil field and by the sensi- 
tivity adjustment of the amplifier 
sufficient voltage is induced into the 
search coil to trip the electronic re- 
versal switch and the mechanical 
link returns both search coil and 
recording stylus toward the periph- 
eries of their respective turntables. 
When the peripheries are reached a 
mechanically actuated limit switch 
starts a motor which turns both 
turntables simultaneously to the next 
index position, stops them and then 
starts search coil and stylus once 
more toward the centers of the turn- 
tables. 

It will be seen that when this 
cycling process has been completed 
for every index position around the 
entire 360 degrees of turntable rota- 
tion the configuration of the test 
coil field may be determined by not- 
ing the shape of the pattern formed 
by the inner ends of the lines drawn 
on the paper record; In practice, the 
stylus of the field plotting device 
may be a fine metal wire and the 
paper record may be of high re- 
sistance metallic material. If a spark 
is caused to arc through the paper 
record at the instant the search coil 
reaches its innermost point of travel 
and no record trace is made except 
at this instant field configuration 
may be determined as before and the 
record may be re -used for other posi- 
tions of the test coil or other test 
coil plots. It is also practical to 
energize the test coil with d.c. if 
the search coil is arranged so that it 
rotates at a constant and high rate 

.Stylus 

--Paper 
record 

of speed, rotation of the search coil 
providing the a -c impulses necessary 
for operation of the amplifier.- 
Weiller, ELECTRONICS, May, 1942, p. 
52. 

Fader for Neon Signs 
THE BRILLIANCY OF neon signs can- 
not be effectively reduced by cutting 
down the a -c voltage applied to them 
by conventional means, such as tap- 
ping down on the transformer sec- 
ondary or introduction of a primary 
circuit "tosser", since ionization pro- 
ducing the characteristic gloss will 
cease before the voltage has been 
dropped enough to produce percep- 
tible dimming. Brilliancy may, how- 
ever, be reduced by varying the time 
in each cycle during which voltage is 
applied. This amounts to reduction 
in effective a -c voltage but if a gas- 
eous control tube.is used in the pri- 
mary of the sign transformer to ac- 
complish it the surge voltage intro- 
duced by the sharp starting charac- 

Fader circuit for neon 
matron magnetically 

signs, using Per - 
controlled tubes 
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teristic of the tube will be sufficient 
to ignite the sign even at low bril- 
liancy levels. 

The figure shows a method of fad- 
ing a neon sign of one color into a 

neon sign of another color. Perma- 
tron tubes are magnetically con- 

trolled by a phase -shift circuit con- 
sisting of reactors L5 and resistor R. 
The inductance of the reactors is 

periodically varied in opposite se- 

quence by a synchronous motor - 
driven cam which moves iron in and 
out of the gaps in the reactor cores. 
The amount of inductance in the re- 

actors at a given instant determines 
the amount 'of voltage magnetically 
applied to the Permatrons and there- 
fore controls conduction. 

Condenser C5 resonates the control 
coils to reduce the load on the phase- 
shift circuits.-Overbeck, ELECTRON- 

ICS, April, 1939, p. 25. 

Overvoltage Relay 
EQUIPMENT MAY BE protected against 
overvoltage by a relay making use 
of a gaseous triode. The line voltage 
is applied to the anode in series with 
an electromagnetic relay and a por- 
tion of the line voltage is reversed 
in phase and reduced (in a trans- 
former) to a point near the critical 

/5 

PS611259511 .-/?Ovac 

'40 wall 
lamp 

This overvoltage relay reverses the phase 
of the line voltage, reduces it to a voltage 
close to the critical grid voltage of a type 
885 gaseous triode, and applies It to the 

grid to control a power line relay 

grid voltage for application to the 
grid. The circuit is shown in the ac- 
companying diagram. A voltage di- 
vider consisting of a 400 -ohm rheo- 
stat and a 40 -watt incandescent lamp 
is connected directly across the line 
and a step-down transformer is con- 
nected across the lamp. The second- 
ary of the transformer applies volt- 

age, its phase reversed, between the 
cathode and the grid. When the line 
voltage increases, the grid voltage 
increases in a negative direction and, 
at a point determined by the setting 
of the rheostat, will cause the type 
885 tube to cease passing current 
thereby de -energizing the relay and 
opening the line switch. The purpose 
of using the lamp is to magnify the 
voltage increase somewhat because 
of the temperature -resistance char- 
acteristic of the filament.-Kretsch- 
mar, ELECTRONICS, February, 1941, 
p. 48. 

Checking Internal 
Soldered Joints 
THE QUALITY OF THE internal sol- 
dered joints between the handle and 
the tang of a table knife is checked 
by the degree of absorbtion of x-rays 
in joint (depends upon the amount 
of lead present) at the factory of 
Oneida, Ltd. If such a joint is satis- 
factory, the x-rays will be almost 
entirely absorbed, "but if the joint is 
imperfect, x-rays will pass through 
the knife and into a chamber where 
the air will be ionized to some de- 
gree. If a pair of oppositely charged 
electrodes are placed within the 
chamber, a very small current will 
flow because of the migration of 
ions to the electrodes. In this par- 
ticular case the amplitude of the 
current is of the order of 10 (one 
billionth) ampere. To make this 
current .useful in rejecting a de- 
fective knife, a vacuum tube ampli- 
fier of unusual design is used. A 
type 954 acorn tube with low voltages 
applied to the electrodes is used. The 
plate voltage is 7.7 v and the voltage 
on the first grid is positive. The 

Circuit diagram 
of the amplifier 
used to increase 
the current 
through the ioni- 
zation chamber 
from a value of 
10"° ampere to 
a level which is 
capable of oper- 
ating relays and 

a solenoid 

filament, however, operates at norm 
voltage. The ionization current 
passed through a 2500-megohm n 
sistor and the resultant voltage 
applied to the suppressor grid. Th 
causes a larger current to pa; 
through the tube and to operate 
relay in the plate circuit. A secos 
relay actuates the reject solenoit 
This device is capable of testis 
table knives at the rate of 1400 pe 

hour.-Woods and Kenna, ELECTRO) 

ICs, April 1941, p. 29. 

Resistance Welding 
Control 
RESISTANCE WELDING may theoret ' 

cally be accomplished by connectinl 
welding electrodes to the low-voltagt I 

high -current secondary of a weldin 

transformer and supplying the pr 

mary of the transformer with a..Í 
This would be equivalent to using th 

upper part of the circuit shown i 

the accompanying figure, includin 
the connection indicated as a dotter 

line and excluding everything be 

neath this line. In practice, satisfac 
tory welds could scarcely be made it 

this manner due to variations in th.i 

resistance of metals to be weldedl1 

Extremely low resistance, for e, 

ample, would permit all the curren 
available from the line and passe( 

by the transformer to flow throw) 
the work, with the result that eithe 

the work or the electrodes or boa 

would burn up. Some method of con 

trolling the amount of current fibs 

ing through the work, or the tim 

during which current flows, or both 

is required. 
In the basic circuit shown, one left 

of the a -c supply line is broken and 

(Continued on page 98) 
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Stimulus PHYSICAL or CHEMICAL 

Mood Pressure Recorder 
W.EN BLOOD PRESSURE is determined 
bra physician an inflatable cuff is 

pied around the arm of the patient 
a a stethoscope is applied below 

di cuff. The pressure in the cuff is 
raied above systolic pressure (heart 
cotracted) and allowed to fall grad- 
U1y. When pressure in the cuff is 

slihtly below systolic pressure the 
ar;rial walls slap together rhythm- 
icly and produce sounds which 
in* be heard in the stethoscope un- 
til:uff pressure falls below diastolic 
prisure (heart relaxed), at which 
tiia the sounds cease. 

ystolic and diastolic blood pres- 
sws may be recorded automatically. 
At air pressure recording instru- 
mi.t is substituted for the gage. A 
coact microphone or stethophone 
is substituted for the stethoscope 
an drives an amplifier, the output 
of which operates a pen which 
rnres intermittent marks on the 
ell of the pressure chart so long as 
soids are present as outlined above. 
Tits the physician need not listen 
fo 
n4 

blood sounds but may merely 
recorded cuff pressures at 

poits Is here blood sound stylus 
m ks start and stop. 

ecent refinements eliminate the 
n :ssity for manipulating the air 
vases and repeat measurements are 
me automatically at intervals of a 
fe seconds or minutes. A motor 
dren switch opens and closes in - 
tai valve V, at required intervals. 
A hyratron tube' circuit opens and 
elfes outlet valve V_, starts and 
stns movement of paper through 

Time 
switch 

Solenoid y, 

Compressed 
, air 
9 

Cuff 

the recording instrument, controls 
circuit timing.-Gilson, ELECTRONICS 

-May, 1942, p. 54. 

Capacity Burglar Alarm 
IF A WIRE OR ANTENNA is stretched 
out a few feet above the ground on 
insulated supports there will be a 

definite electrical capacity between 
that wire and the ground. Movement 
of a foreign body into the field of 
the wire will increase antenna -to - 
ground capacity. Weeds growing 
up beneath the wire, change in 

ground conductivity due to moisture 
or formation of ice on the wire will 
also increase capacity, producing a 

false alarm unless the circuit is de- 
signed to be insensitive to relatively 
slow capacity changes. 

Block diagram of 

capacity operated 
alarm designed for 
outdoor' boundary 
protection service. 
It employs a circuit 
minimizing effects 
of relatively slow 
changes in capac- 
ity caused to grow- 
ing weeds and by 

. rain, ice and snow 

radio -frequency oscillator is to led 
to a given frequency and coupled 
through an intermediate coil to a 

rectifier tuned to the same frequency. 
The intermediate coil forms part of 
the antenna circuit and is tuned to a 

frequency slightly higher than that 
of the oscillator and rectifier. The 
d -c output of the rectifier is ampli- 
fied, delivering current to the signal- 
ling relay only when it receives sharp 
pulses of input voltage. Slow input 
voltage changes leak off the coupling 
capacitors to ground through the 
amplifier grid resistors before volt- 
age can build up sufficiently to trip 
the relay. 

When an intruder enters the field 
of the antenna, increased antenna -to - 
ground capacity is reflected back into 
the antenna coil. This intermediate 
coupling circuit more closely ap- 
proaches the resonant frequency of 
the oscillator and rectifier, coupling 

Additional 200 -Feet 
'optional 

-----f 1--4- 

R-F weir 
lafor 

Cot/tiling coil 
;tuned slightly 

higher in ',redolency 
ii 

200 -Foot antenna 
'-3-reel aboveground r 

',Tuned to 200 kc.f, 

One effective method of accom- 
plishing the above objective is il- 

lustrated in the block diagram. A 

Thyratron 
control 

To chart 
. motor 

% 

,//íiiiZaiiii%iiiiiiiiii/ 
Pressure 
regulator 

2 

Stethophoné 

I 

Amp/ifiér 

Sound ' 

recorder 
sty/use 

L 

GYI#)<'-So/epoid 

) Needle 
valve 

Pressure 
recorder' 

chart 

Blood pressures are recorded using an air pressure and sound pressure 
actuated styli. Cycling of the device is accomplished by electronic 

control 

0-C 
relay 

. T 
From 

A -C distribution box 

To signal 
device or 

distribution 
box 

between oscillator and rectifier is in- 
creased and the il-c amplifier receives 
a sharp pulse of input voltage. Or, if 
the designer so desires, the circuit 
niay be arranged so that when the 
antenna approaches the resonant fre- 
quency of the oscillator sufficient 
power is absorbed from the oscillator 
circuit to "rob" the detector of input 
power and produce a sharp decrease 
ill input voltage to the d -c amplifier. 
Either method of coupling will actu- 
te such an alarm.-Mac Donald, 

ELECTRONICS, February, 1942, p. 38. 

Hydraulic Flow 
Indicator 
MANY INDUSTRIAL PROCESSES require 
continuous indication of the rate of 
flow of a liquid. Others require only 
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Hydraulic flow indicator. It counts when 

that sub -normal rates of flow be indi- 
cated. This electronic device oper- 
ates a counter when liquid flow is 
sub -normal. The portion of time in 
a given period in which flow is sub- 

. normal may be calculated. 
Commutator C is rotated by the 

flowing liquid in any desired manner. 
When it is in the position shown, 
thyratron tube grids are biased suffi- 
ciently negative with respect to cath- 
odes by battery V, to prevent flow of 
anode current through the counter. 
As the commutator rotates, brush A 
breaks contact with C while brush B 
makes contact with C. In this posi- 
tion battery V, charges capacitor C, 
through variable resistor R,. If the 
voltage across C, reaches a value suf- 
ficient to "neutralize" the negative 
bias supplied by V, the thyratrons 
fire and their anode current operates 
the counter. 

The time required to charge C, is 
dependent upon the resistance of 
R,. To adjust the instrument the 
commutator is rotated at normal 
speed and the value of R, is set so 
that the thyratrons are on the verge 
of firing. If the commutator rotates 
faster than normal, brush B is in 
contact with C so short a time in 
each rotation cycle that the thyra- 
trons cannot fire under any anode 
voltage condition. Should the com- 
mutator revolve slower than normal, 
however, C, charging time is in- 
creased so that the tubes fire and 
the counter operates once each cycle 
so long as sub -normal liquid flow 
continues.-Ware, ELECC"RONICS, Oct- 
ober, 1940, p. 36. 

Liquid Level Indicator 
WHERE THE LEVEL of a liquid having 
appreciable electrical conductivity 

commutator rotation speed is sub -normal 

must be continuously measured or 
recorded and it is desirable that the 
measurement equipment introduce a 
minimum of physical disturbance at 
the surface of the liquid the operat- 
ing principle of the device shown 
will be found useful. 

The resistance between a sharply 
pointed metal electrode and the sur- 
face of the liquid is used as the vari- 
able arm of a bridge circuit ener- 
gized by a.c. The resistance of the 
variable arm is dependent upon the 
area of the metal electrode contacted 
by the liquid; therefore bridge out- 
put voltage is proportional to un- 
balance caused by rise or fall in 
liquid level. 

Bridge output voltage is amplified 
and applied to the grids of two thy- 
ratron rectifier tubes whose anodes 
are operated from the same a -c 
source that drives the bridge. Thy- 
ratron grid -anode voltage phase re- 
lationship as controlled by the bridge 
output voltage permits only one thy- 

115 r 
. -R, 

ratron to fire under a given set of 
operating conditions, the tube fired 
depending upon the phase of bridge 
output voltage. If R, is greater than 
R, one thyratron rectifier fires and 
the other remains idle while if R, is 
greater than R, the first thyratron 
cuts off and the second thyratron 
fires. The metal electrode of the de- 
vice is geared to a split -field electric 
motor. One thyratron rectifier sup- 
plies d.c. to one of the motor field 
windings while the other thyratron 
supplies d.c. to the second field wind- 
ing. Circuit connections are such 
that a falling liquid level causes the 
metal electrode of the device to be 
driven down toward the liquid sur- 
face while a rising liquid level causes 
the metal electrode to be raised until 
the bridge balances. Just the tip of 

Split 
0__, phase 

reversible 
motor 
ssl 

Fundamental circuit often used for con- 
trolling direction of rotation of a motor by 

means of a phase -shitting bridge 

the metal electrode touches the liquid 
surface due to follow-up action. 

Mechanical movement of the metal 
electrode may be used to move a level - 

indicating stylus or to actuate a con- 
tinuous recorder.-Ware, ELECTRON- 
ics, March, 1940, p. 23. 

(Continued on page 102) 

56 45 FG81 

8,uf 
Il-- 

T, - 10,000:30,000n 60.., - 2,000:20,000,lJ CT 60,.. 1J0 AC 

Liquid level indicator. A metal electrode touching the surface 
of the liquid follows the surface closely as level rises or falls 
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Stimulus 

:ontrol of 
lessemer Converter 
NVESTIGATION OF THE LUMINOUS 

nergy content of the flame of a 

lessemer converter has shown that 
he quality of the steel produced 
ears a direct relation to the history 
f the flame. A record .is made by 
hotoelectric means at the steel plant 
f the Jones and Laughlin Steel 
orp. in Pittsburgh, and this record 

used in controlling the operation 
f the converter. 
The phototube unit is located in 

Lis particular case about 60 feet 
om the converter and is so ar- 
tnged that light from other sources 

,) not affect its operation. Suitable 
ters are used to emphasise the 
taracteristics of the flame which 
-e most important to the character - 
tics of the steel being produced. 

Gna°Par 

Filters -,' 
Í1S C=` Bessemer / 

--l'-> flame _ 
head 

Represents' ' 
Section M 

Bessemer 
converter' 

rrangement of the photoelectric equip- 
'3nt in relation to the flame of the Besse- 

mer converter 

the graph point A is the start 
ti the blow and the direction of 
i::reasing time is from right to 
l$t. A -B is called the silicon blow 
b:ause a large part of the silicon 
Jr tent is burned out during this 

iod. The portion B -E is called 
ti carbon blow for similar reasons. 

LIGHT 

The maximum height represents the 
metal temperature and gives an in- 
dication of the nitrogen content of 
the steel. Near the end of the blow 
the intensity of the flame dies down 
and the point where this occurs is 
referred to as the end point because 
it has served to indicate when the 
blow should be turned down. Point 
F is generally called the flash back 
and is caused artificially or by the 
flame inpinging against the shield on 
the wall of the building. This is a 
valuable reference point for checking 
the after -blow and a special effort is 
made to select a filter combination 
on the phototube housing that shows 
this clearly.-Work, ELECTRONICS, 
Jane 1941, p. 124. 

Register Control 
COLOR PRINTING BY the rotogravure 
process requires precise control of 
register, i.e., successive color impres- 
sions must line up. Perfect register 
is difficult to achieve due to varia - 

pilot motor \ 
drive 

.shaft-\\ 

Typical record of luminous energy content of Besse- 
mer flame produced by photo tube equipment 

12 It 11 

ae 

e 

i'1 

11 JiIl1Ílb.. 

1114 
o 

Time-Minutes 
10 9 8 7 9 5 

C 

thy otron> -`, 
D -c ' 

/mpression 
roll \., Etched copoer \V cul;ndev 

Lions in the speed of motors and sag 
or tension in the paper. It is facili- 
tated by electronic control, one ex- 
ample of which appears here. 

In brief, register marks are 
printed at regular intervals along a 
margin or fold of the paper web by 
the cylinder making the first color 
impression. As the web passes over 
the cylinder making the second color 
impression these marks are scanned 
by. a light source and phototube. To 
one end of the cylinder making the 
second color impression a disc having 
slots comparable in number and 
spacing to the register marks is 
simultaneously scanned by another 
light source and phototube. The out- 
put of both scanning units is then 
passed to an impulse timing com- 
parator. 

When successive color rolls are 
operating in exact synchronism and 
the paper web has not sagged or 
tightened between cylinders im- 
pulses from the two scanning heads 
arrive at the comparator at the same 
time and, it might be said, neutralize 
each other. If impulses from the 
paper web scanner arrive too early 
or too late in relation to impulses 
from the slotted disc at the end of 
the cylinder a thyratron-controlled 
pilot motor slows down or speeds up 

16 marks per cylinder revo/u/.on 
printed with First impression 

( 

_Impulse corrfog,-J a- 

-Ohorotube 

Orsc 
- - scone%ng 

head 
/6 slits to i 
scanning dse 

Printing register control using phototubes and thyratrons. 
applied to four-color presses 

the cylinder or moves rolls manipu- 
lating the web until synchronism is 
restored. 

Third and fourth impression rolls 
may be provided with similar slotted 
discs and scanning heads, the regis- 
ter marks printed with the first color 
serving as the basis of comparison 
throughout an entire multicolor 
printing process.-Wright, G. E. Re- 
view, November, 1941. (ELECTRON- 
ICS, February, 1942, p. 72.) 

The scheme may be 
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Vibrating unit 

Light source= 2groups 
of 32 cp /amps 

Movement 

o 

l 
Bad or dark t 

salt on conveyor 

Photo tube unit - 
2 -stage amplifier 
with optical system 

Cable to gas 
tubes 

'So/enoicl valves 
in photo tube 
circuit 

o n o o 

Good salt on 
Conveyor 

Method of operation of rock salt sorting machine. The pieces of salt drop 

one at a time past the photoelectric unit. The dark pieces reflect less light 

causing a blast of air to blow them off the path of the good pieces 

Rock Salt Sorting 
Machine 
ROCK SALT MUST BE sorted to re- 
move the dark colored pieces before 
it can be sold. A photoelectric method 
can be used by differentiating be- 
tween the reflection characteristics 
of the desired white particles and 
the undesired dark particles. The 
particles are about I inch in diameter 
and can be individually examined. 
Here, the mechanical portion of the 
system was more difficult to develop 
than the photoelectric portion. After 
considerable experimentation the 
mechanism shown 'in the diagram 
was built. The vibrating conveyor 
feeds the salt in ten individual rows. 
The salt falls off, one crystal at a 
time, through the small directional 
chutes. Each of the ten chutes is 
arranged with a phototube housing 
in the form of a 2 -inch square stick 
about 18 inches long. Each photo - 
tube unit contains a two -stage am- 
plifier. The power supply and the 
thyratrons are located at a remote 
point. If a dark salt crystal appears 
before any one of the ten photoelec- 
tric units, a small fast -acting solen- 
oid valve opens long enough to allow 
a squirt of air to move that dark 
crystal out of the no .mal path of 
fall. It then falls on one side of a 
"camel back" while the good pieces 
fall on the other side. The solenoid 
air valves must open very rapidly 
and they operate directly in the 
anode circuits of the thyratrons. 
The valves close automatically to 
eliminate the possibility of rejecting 
good salt. The valves were designed 

to open and close 20 times per second 
against an air pressure of 90 pounds 
per square inch. By adjustment of 
the grid bias on the amplifiers and 
the intensity of the light beam vari- 
ous grades of salt can be sorted for 
different degrees of purity.-Pow- 
ers, ELECTRONICS, August 1941, p. 33. 

Modulated Beam 
Photoelectric Alarm 
CONVENTIONAL PHOTOELECTRIC bur- 
glar alarm systems employ a light 
source of constant output. Interrup- 
tion by an intruder of an infrared 
beam projected to a distant photo - 
tube reduces the d -c output of the 
phototube and its associated d -c amp- 
lifier and actuates a relay controlling 
a signalling device. Such systems are 
sometimes rendered insensitive by 
increases in ambient light, such as 
those caused outdoors by the transi- 
tion from darkness to daylight or in- 

d'slriblion 
box 

DETECTOR UNITS 

- Concentric inter. 
connecting .cob/i . 

Lens 

doors by the turning on of artificial 
illumination. Ambient light level 

may become so high that the relay is 

held open by phototube current even 

when the beam is interrupted. 
This difficulty may be minimized 

by using modulated light. A motor - 

Projector unit of typical modulated -beam 

photoelectric system. Edge of disc which 
interrupts light appears as a vertical 

white line just to the left of center 

rotated disc with holes punched in 

its periphery is introduced between 

the light source and the projection 
lens. The projected light beam is 

chopped up at a rate dependent upon 

the speed of the motor and number 
of holes in the disc, usually between 

500 and 1,500 times per second. The 

phototube in the distant receiving 
unit operates into an a -c amplifier 
equipped with 'a band-pass 6l ter 

which permits amplification only 

when current delivered by the photo - 

tube is modulated at the prescribed 
(Continued on page 83) 

-Photo tube 

PROJECTOR UNIT 

inlrv-rcd rierrupler 
Lens., ;optical fi//er dise 

distribul'on boo 

Block -diagram of typical modulated -beam photoelectric alarm system. Beam -throw 

distances of 1.000 feet or more are proving practical with such systems 

II 

l.t 

1 
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_.._SEttCtION 
CHART OF 

101.59' INDUSTRY 

EVERY ELECTRON/C.DEV/cf 

THYRATRON-A hot -cathode, 
gas -discharge tube in which one 
or more electrodes are employed 
to control electrostatically the 
starting of the unidirectional 
current flow. 

L(/ TUBE-A cold - 
attic, gas -discharge 
ubtn which no means is 
2roled for controlling 
heIiidireclional current 
bOM 

BALLAST TUBE-A resistor - 
type tube used to maintain a 
constant average current- 
resistance varies with tem- 
perature so rapidly that, as 
the voltage across the tube 
varies, the current remains 
practically constant. 

KENOTRON-A high -vacuum 
thermionic tube in which no 
means is provided for controlling 
the unidirectional current flow, 

.. 4l 

PHOTOTUBE-A light-sensitive vacuum tube in 
which electron emission is produced directly by 
radiation falling upon an electrode. 

IGNITRON-A gas -discharge 
tube with o pooltype cathode 
(liquid or solid) in which an 
ignition electrode. is used to 

r control the starting of the uni 
directional current flow in each 
operative cycle. 

PHANOTRON-A hot 
cathode, gas -discharge 
tube in which no means is' 
provided for controlling 
the. unidirectional current 
flow. 

PLIOTRON-A high -vacuum 
tube in which one or more 
electrodes are used to. con 

,lrol the unidirectional current 
flow. 

KEEP THIS TIME -SAVING CHART FOR READY REFERENCE 
ON the following two pages, we give you the first comprehensive list of elec- 

tronic tubes for industrial use. This makes it almost as easy to choose a tube for your electronic device or application as it is to select an ordinary light bulb. The streamlined technical data on each tube, in easy -to -get tabular form, makes it a simple procedure to select the tube to fit your particular requirement. 
You'll notice bulletin numbers for each tube listed in the column farthest right on each page. These and other bulletins, described briefly on the fourth page, contain valuable installation, operating, and technical data. Get them on every G -E tube type you are now using or plan to use. You'll find them invaluable when designing electronic devices or discovering new ways of solving production problems electronically. 
If you have a special design problem, call on G -E engineers. 

GENERAL ,g* Ei.P(`TP Try 



Prices effective May 18, 1942 

PHANOTRONS - gaseous -discharge -rectifier tubes 

Type No. Price 
No. of 

Electrodes 

_CATHODE 

Volts Amp 

GL -866A /866 $1.50 2 2.5 5 

FG-190 18.75 3 2.5 12 

GL -872 9.00 2 5.0 10 

GL -872A 11.00 2 5.0 6.75 

GL -512 .33.00 2 5.0 10 

FG-32 11.00 2 5.0 4.5 

GL -869B 125.00 2 5.0 18 

FG-280 35.00 2 5.0 10 

FG-104 27.50 2 5.0 10 

GL -5I0 240.00 2 5.0 30 

FG-166 I 98.00 2 2.5 100 

PLATE 
Peak 
Volts 

10000 
175 

7500 
10000 
15000 

1000 

1 150000$ } 
1000 
3000 

22000 

1500 

¡Quadrature operation. § Ambient temperature range. 

THYRATRONS - grid -controlled gaseous -discharge -rectifier tubes 
No of CATHODE 

Type No Price Elec- 
trodes 

Volts Amp 

GL -2051 $2.50 4 6.3 0.6 
GL -2050 3.00 4 6.3 0.6 
FG-I 78-A 14.00 3 2.5 2.25 
FG-81-A 11.00 3 2.5 5.0 

FG-98-A 15.50 4 2.5 5.0 

FG-97 15.50 4 2.5 5.0 

FG-17 9.50 3 2.5 5.0 

FG-I 54 23.00 4 5.0 7.0 

FG-27-A 17.00 3 5.0 4.5 

FG-33 16.25 3 5.0 4.5 

FG-57 15.00 3 5.0 4.5 

FG-67 15.75 3 5.0 4.5 

FG-95 19.00 4 
5.0 

t5.5 
4.5 
5.0 

GL -429 47.50 4 5.0 10.0 

FG- 105 38.00 4 5.0 100 
FG-172 35.00 4 5.0 10.0 

FG-41 92.00 3 5.0 20.0 

GL -414 92.00 4 5.0 20.0 

PLATE 
Peak 
Volts 

700 
1300 
500 
500 
500 

1000 
2500 
500 
000 
000 
000 
000 
000 
000 
000 
000 
000 

10000 
2000 

Peak 
Ami 
0.375 
0.500 
0.500 
2.0 
2.0 
2.0 
2.0 
0.0 
0.0 
5.0 
5.0 
5.0 
5.0 

40.0 
40.0 
40.0 
40.0 
75.0 

100.0 

Avg 
Amp 

0.075 
0.100 
0.125 
0.5 
0.5 
0.5 
0.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
0.5 
3.0 
6.4 
6.4 

12.5 

12.5 

Starting 
Grid 

Voltage 
Neg 
Neg 
Neg 
Neg 
Neg 
Var 
Neg 
Neg 
Neg 
Pos 
Neg 
Var 
Var 
Var 
Var 
Var 
Var 
Neg 
Neg 

Avg 
Amp 

Temp Range 
Condensed 
Mercury, C 

Shipping I 

Weight 
in Lb 

Ask for 
This Bulletin Peak 

Apm 
I 

5 

0.25 
1.25 

40- 5 

-20- +60' 
3 

6 
GET -966969 

GET - 
5 1.25 40 5 3 GET -917 

5 1.25 40 5 3 

6 1.5 15-50§ 3 i GET -993 
15 2.5 30-80 6 i GET -969 

15 
z5 
114 35-=5 6 GET -964 

40 6.4 40-80 3 

40 6.4 40 80 9 GET -733 
40 5.0 30-40 9u GET -993 

10.0$ 
75 20 20-60 9 GET -731 

Temp Range Shipping Ask for This - 

Condensed Weight Bulletin 
Mercury, C in Lb 

3 l GET -984 V 

3 GET -984 

-20-+50' 3 ' GET -618 - 20 +50' 3 GET -465 

-20- +50' 3 GET -743 

40 80 3 GET -743 

40-80 3 GET -428 - 20- +50' 6 GET -743 

40-80 6 GET -428 

35-80 6 GET -435 

40-80 6 GET -428 

40 80 6 GET -438 

40-80 
6 GET -743 40-80 f 

50 70 9 GET -962 

40 80 9 GET -743 

40-80 9 GET -619 III 

40-65 9 GET -436 

40-80 9 

' These tubes are inert gas -filled, and the temperature ratings are expressed in terms of the ambient temperature range over which the tubes will operate 

t These ratings apply only when the tube is used for ignitor firing. 

PLIOTRONS -grid-controlled high -vacuum tubes 
CATHODE PLATE I 

Control 
Types 

PJ-2I 
PJ-7 
PJ-8 
Special 
Purpose 
FP -54 

FP -62 

Price 
No. of 

Electrodes 

$6.25 
6.25 
6.25 

$56.00 

27.00 

3 

3 

3 

3 

Volts 

4.5 
4.5 
4.5 

2.5 

4.5 

Amp 

1.1 

1.1 

1.1 

Max Max 
Volts f Amp 

350 
350 
350 

0.09 6 

1.48 112,5 

0.040 
0.040 

Max Shipping Ask for 

Dis Watts Mu Wt Lb This Bulletin 

7.5 3 3 GET -496 

10 30 3 GET -492 

10 8.5 3 GET -493 

0.0060 Low grid -current 
measurement tube 

0.010 For gas -pressure 
measurements 

9 GET484 

9 I GET -485 

Therapy 
Types 

FP -285 
FP -252A 
FP -265 

$15.00 
25.00 
23.75 

3 

3 
3 

Power 
Triodes for high -frequency heating. 

GL -483 
GL -8002 
GL -8002R 
GL -891 R 
GL -509 
GL -509R 
GL -891 

GL -207 
GL -452 
GL -893 
GL -893R 
GL -862 
GL -898 

$160.00 3 

200.00 3 

325.00 * 3 

410.00 * 3 

275.00 3 

425.00 * 3 

285.00 3 

275.00 3 

285.00 3 

750.00 3 

1150.00 * 3 

1650.00 3 

1650.00 3 

10 

10 

10 

11 

16 

16 

22 
II 

II 

22 
22 
22 
20 
20 
33 
33 

3.25 
3.85 
5.20 

15.5 
39.0 
39.0 
60.0 

125.0 
125.0 
60.0 
52.0 
60.0 

183.0 
183.0 
207.0 
207.0 

1350 
2000 
1500 

2500 
3500 
3500 

10000 
8500 
8500 

12000 
15000 
15000 
20000 
20000 
20000 
20000 

0.200 
0.200 
0.200 

1.00 
I.00 
1.00 
2.00 
2.00 
2.00 
2.00 
2 00 
2.00 
4.00 
4.00 

10.00 
10.00 

Max Max Mu 
Input Dis Watts 

270 
400 
300 

Max 
Dissip. 
Watts 

750 
1200 
1200 
4000 
5000 
5000 
6000 

10000 
10000 
20000 
20000 

100000 
100000 

*Lower prices apply when new tube is purchased, and radiator in good condition is returned prepaid. 

KENOTRONS - high -vacuum rectifier tubes 

Type No. 

FP -400 
FP -92 
GL -411 
KC -4 

Price 

$14.00 
155.00 
130.00 
140.00 

100 12 

150 18 

160 75 

Type of 
Cooling Mu 

20.5 
20.5 
20.5 

8 
21 

21 

8 

20 
50 
36 
36 
45 
45 

Water 
Air 
Air 
Water 
Air 
Water 
Water 
Water 
Water 
Air 
Water 
Water 

Ask for 
Shipping This 
Wt Lb Bulktin 

GETT--750136 

GE 
6 
6 
6 

Shipping 
Weight 
in Lb 

9 

15 

90 
9 

52 
9 
9 
9 

27 

290 
175 

175 

Ask for 

This 

Bulletin '11 

GET -969 IN( 

GET -94 

GET -9 

GET -914 

GET -99 - 

CET -99 - 

GET -91 

GET -163 

GET -91i 

GET -166 

GET -91° 

GET -91t 

GEC 

No. of 
CATHODE 

Electrodes I¡ Volts 

2 

2 

2 

2 

4.0 
10 

10 

20 

PLATE Shipping 

Amp 
Peak 
Volts 

Peak 
Amp 

Weight 
in Lb 

This 

2.25 100 0.025 6 GE 

14.5 150000 0.3 9 G E 

14.5 100000 0.3 . 9 G E 

24.5 150000 1.0 9 GE 

k for 
Bulletin 

T.746 

T-734 
T-134 
T73- ..I, 



LJ V 

';NITRONS - high -peak -current, 

Welding 
Control Price Kva 

Types* 1 Demand 

IL V 41í7 

pool -cathode tubes 
MAXIMUM 

Corresponding 
Average Anode 

Current 

RATINGS 
Maximum 

Average Anode 
Current Wires 

Type of 
Cooling 

Shipping 
Weight 
in Lb 

Ask for 
This Bulletin 

Corresponding 
Kva 

Demand __peres__ 
GL -415 $33.00 300 12.1 

FG-271 55.00 600 30.2 
22.4 100 
56.0 200 

Water 
Water 

6 
12 

GET -968 
GET -967 

FG-235-A 110.00 1200 75.6 140 400 Water 16 GET -967 
FG-258-A 250.00 2400 192.0 355 800 Water 45_ GET -967 

Ratings are for voltages of 600 volts rms and below. Ignitor requirements for all welding -control types are 200 volts and 40 amperes. 

Power MAXIMUM CURRENT 
TYPe 

Shipping Ask for 
Peak 
Amp 

Rectifier Price 
Typest 

D -c Volts 

- 
Average 

Amp 
Average Amp 

1 Minute 

of 
Cooling 

- - 
Weight 

- 
in Lb 

This Bulletin 

GL -427 $55.00 125 30 I 5 ... 3 

FG-138-B 355.00 f 300 

1 600 
1800 
1200 I 225 300 } Water 35 GEA-3565 

FG-159-B 200.00 
300 

1600 
900 
600 

150 
100 

200 
} 133 

Water 22 GEA-3565 

t Typical ignitor requirements for power -rectifier ignitrons are 75-125 volts, 15-20 amperes. Maximum requirements are 150 volts. 40 amperes. 

HOTOTUBES - light-sensitive tubes 

Type No. 

PJ-22 
PJ-23 
FJ-401 
FJ-405 

j 
GL -441 
GL -917 
GL -919 
GL -921 
GL -922 
GL -923 
GL -927 

1 

GL -919 
GL -930 
GL -931 

FLLLAST 

Price 

$2.60 
2.60 
6.75 

44.00 
7.50 
4.75 
4.75 
2.00 
2.00 
2.60 
3.70 
3.00 
2.00 

12.00 

Gas or 
Vacuum 

Vacuum 
Gas 
Gas 
Vacuum 
Vacuum 
Vacuum 
Vacuum 
Gas 
Vacuum 
Gas 
Gas 
Vacuum 
Gas 
Vacuum 

Cathode 
Surface 
Material 

Anode 
Volts 

Sensitivity in 
Microamperes 

per Lumen 

Window 
Area 

Sq In. 
Max Amb 
Temp. C 

Shipping 
Weight 
in Lb 

Ask for 
This Bulletin 

Caesium 200 14 0.9 50 3 GET -742 
Caesium 90 50 0.9 50 3 GET -742 
Rubidium 90 0.9 50 3 GET -742 
Sodium 200 0.75 50 6 GET -742 
Caesium 200 45 0.9 100 3 GET -742 
Caesium 500 20 0.9 50 3 
Caesium 500 20 0.9 50 3 
Caesium 90 100 0.38 50 3 
Caesium 500 20 0.38 50 3 
Caesium 90 100 0.43 50 3 GET -983 
Caesium 90 75 0.4 50 3 
Caesium 250 45 0.6 100 3 GET -983 
Caesium 90 100 0.6 100 3 GET -983 
Caesium 1250 2.3x106 0.25 50 3 

TUBES - resistor -type tubes used to maintain a constant average current 
Type No. Price 

VOLTS 
Min Max 

AMPERES 
Min Max 

Shipping 
Wt Lb 

Ask for 
This Bulletin_ 

TB -50 $4.50 5 8 0.225 0.275 3 GEH-1000 
B-25 
B-47 

3.00 
3.75 

7 

8 

16 

18 
1.07 
2.05 

1.16 
2.35 

3 

3 
GEH-1000 
GEH-1000 

B-46 4.25 8 18 2.70 3.25 3 GEH- 1000 
B-6 4.50 15 21 0.95 1.01 3 GEH-1000 
B-4 25.50 105 115 1.24 1.36 3 GEH-1000 

CLO W TUBES - cold -cathode tubes for use as voltage regulators 

Type No. Price 
Starting Supply IY 

Voltage, D -c, 

Operating 
Voltage 

Maintained, D -c. 

OPERATING 
MILLIAMPERES 

CURRENT, 

GL -75-30 
GL -874 

$1.25 
1.50 

1O 

105 
115 

Approx 
__ 

Min 
-5- 

10 

Max 
30 

50 

75 
90 

CL -105.30 1.25 137 105 5 30 
GL -150-30 1.25 180 150 5 30 

%LCUUM SWITCHES 
ype No. Description Price A -c 

FA -6 Single -pole double -throw $8.75 440 
FA -15 Single -pole double -throw 6.25 3000 

Shipping 
Wt Lb 

Ask for 
This Bulletin 

3 GET -985 
3 GET -985 
3 GET -985 
3 GET -985 

D -e 

500 

I 3000 

VICUUM GAGES -to measure gas pressure 
Type No. 

FA -13 
FA -14 

Price Volts 

$14.00 
11.00 

6 
6 

$ Used with FA -I3 to compensate for temperature and voltage changes. 

Amp 

10 

8 

Shipping 
Wt Lb 

3 - 
3 

Ask for 
This Bulletin 

GET -609 
GET -729 

Range in 
Microns 
0-600 

Shipping 
Wt Lb 

3 

3 

Ask for 
This Bulletin 

GE1-8695 
GE I -8695 

USE THESE OTHER G -E PRODUCTS IN YOUR ELECTRONIC DEVICES 
.'g 

i 

1 

GI MYCALEX 
Buitln GET -1012 

SMALL INSTRUMENTS 
Bulletin GEA-2645A 

SENSITIVE RELAYS 
Bulletin GEA-3819 

4 Ti 

"t4i 

TIME -DELAY RELAYS PYRANOL CAPACITORS 
Bulletin GEA-1540B Bulletin GEA-2621 

Prices and other data are subject to change without notice. 
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GENERAL 
ELECTRIC 

PREESTES 
RAp1G TUBES 

INSTALLATION AND OPERATNNI 
INSTRUCTIONS. These "How to" bulls 
tins will help you get the most productio 
hours out of your tubes. They are availabl 
on every class of G -E electronic tube. The ill 
include instructions on handling, mounting 

, 

testing, and cooling; tell what protecliri 
devices to use with the tube, what types 
meters are best suited for indicating opera 

ing conditions; give circuit information, an 

operating data for every class of servic 

TECHNICAL DATA SHEETS. You'll In I 

these bulletins invaluable when designin l0 

electronic devices. They contain the d' 

scriptions and ratings of individual tubes 
group of tubes, general design informatioi 
and maximum ratings; indicate typical of 

erating conditions for all classes of senile 

characteristics curves, and base and tub 

dimension diagrams. 

HANDY TRANSMITTING -TUBE REF 

ERENCE GUIDE-containing condense( 

technical data and prices on General Elec 

tric's complete line. As many of this 

tubes have industrial applications, a copy o 

this bulletin should be in your file. Ask to 

GEA-331 5. 

It 

DATA BOOK ON G -E RECEIVING,' 
TUBES. It lies flat; the type is easy to read,V' 

technical data is in easy -to -get tabula) 

form. Includes tube ratings, dimensions, bairlil 
connection diagrams, and interchange;h 

ability chart. Ask for MAO -114. i' 

HOW TO OBTAIN DATA SHEETS 
THESE data sheets, plus extra copies of this time -saving chart 

can be obtained-without charge-by writing direct to General 

Electric at Schenectady. The installation and technical data - 
sheets (1 and 2) are available on any G -E tube you are current- I.' 

using or plan to use. Just let us know the type number, or the,, 

application you wish to make, and we'll send you the bulletins r. 

to cover your requirements. 
The electronic circuit is entering more and more into in 

dustrial work as an automatic hand, a new means of generating )' 

heat. On the preceding pages are data on the various types of, 

tubes which we have made available to industry-tubes that 

are making possible today's industrial miracles. The wide range 

of design and operating characteristics of these tubes give you a t ; 

broad selection of tubes for your electronic device or application 

General Electric has been in the tube business for 29 years, 

making such contributions as thoriated tungsten filaments, the 

screen -grid tube, and metal tubes for both radio and indust17.1 

Today, in the tradition of Steinmetz, Alexanderson, Coolidge, 

Langmuir, Whitney, our tube engineers are accomplishing things 

in design that weren't dreamed of even a year ago. New concepts 

of function, new strata of the radio spectrum are being explotad 

and exploited. 
General Electric is ready to help you meet the challenge 

of a new era-the age of electronics. General Electric 

Company, Radio, Television, and Electronics Department, 
Schenectady, N. Y. 

GENERAL ELECTR 
GI.nss TIPS 1114101111110 

*Weis 



(Continued from page 78) 

rate. The output of the amplifier is 
rectified and the resultant d.c. keeps 
the warning device relay open in the 
isual manner until the light beam is 
aroken. 

The warning device relay is held 
)pen only when the receiving unit 
phototube receives light modulated 
it the prescribed frequency. Light 
which is unmodulated or light that is 
nodulated at other than the pre- 
scribed frequency, such as that from 
amps powered by 60 cycle lines, does 
tot paralyze such systems as they 
ire not affected by reasonable varia - 
ions in light intensity.-MacDonald, 
1LECTRONICS, February, 1942, p. 38. 

automatic Ship -Steering 
)evice 
!TO MATTER HOW perfectly designed, 

ship set upon a given compass 
course will not exactly hold that 
;curse with the tiller lashed down or 
he steering wheel locked. The helms- 
3an must continuously correct off- 
'ourse variations caused by the 
Iction of sea or wind upon hull and 
judder if the desired course is to be 
wade good. Continuous correction 
nay be accomplished automatically, 
ne device designed for this purpose 
'canning the ship's compass card 
Ihotoelectrically and using off -course 

movement of the card to initiate 
lovement of the rudder in a compen- 
ating direction. 
The compass card carries a mir- 

or which reflects a beam of light 
tom a source directly above it to a 
ystem of prisms and phototubes. 
Then the ship is on her set course 
le middle phototube is illuminated 

Phototubes 
^ Cable 

1v r 
I l, 

and this phototube's output current 
renders automatic steering mechan- 

- isms inoperative. A deviation in 
course throws the light into one of 
the phototubes to the side of center 
and the output current of the photo - 
tube so illuminated actuates an elec- 
tronic amplifier which trips a thyra- 
tron that operates a split -field motor 
in the direction necessary to move 
the rudder so that the ship is brought 
back on course. When the light 
shines on the middle phototube, de- 
noting return to the desired course, 
the automatic mechanism is rendered 
inoperative until the ship yaws again. 
-Chance, ELECTRONICS, June, 1939, 
p. 41. 

Mercury Vapor Detector 
THE PRESENCE OF SMALL quantities 
of mercury vapor in air or other 
gasses may be detected photoelectri- 
cally. If, for example, a phototube 
sensitive to ultraviolet light is ex- 
posed to light from an ultraviolet 
lamp the presence of mercury vapor 
in the space intervening between 
phototube and lamp will decrease 

Amplifier 
and 

thyratrons 

--Prisms 

Light 
source 

Compass 
card 

Mirior 

Light -fight chamber 
Gas 

/ 
Ultra violet phototube 

phototube output because of scatter- 
ing of the light. This measurement 
principal is industrially useful since 
it permits mercury vapor boilers and 
mercury vapor turbines to be ad- 
justed so that a minimum of expen- 
sive mercury goes up the flue. 

The device uses a Wheatstone 
bridge circuit, the 2A6 amplifier tube 
constituting one arm of the bridge. 
It is adjusted for operation by bal- 
ancing the meter to zero through 
variation of the 100 ohm .resistor 
with the lamp operating and the air 
intervening between lamp and photo - 
tube clear of Hg and then, with the 
lamp turned off, varying the 20,000 
ohm resistor until the meter reads 
full scale. 

In operation after such adjust- 
ment, Hg vapor between lamp and 
phototube causes a reduction of 
transmitted ultraviolet light, a re- 
duction of phototube' current, less 
negative bias on the grid of the 2A6, 
more plate current and a meter read- 
ing comparable with the quantity of 
mercury vapor in the air or gas.- 
Woodson, Review of Scientific In- 
struments, October, 1939, p. 308. 

2A6 

/00 . 

0 
N 

250v. 

The uy lamp and uy phototube in this mercury vapor detector are placed at 
opposite ends of a chamber excluding external light. Gas to be checked is 

introduced into, the chamber 

Clutch 
. 

i 
Split field 
motor 

I . I 

I I 1-------J 
Limit switch To helm -drive 

.sproc%et 

---loo/loge regulator 

Automatic ship -steering device. When the ship yaws off a set course 
the light beam illuminates one of the side phototubes. causing the 
split -field motor to move the rudder in a compensating direction 

Dew -Point of Gas Meas- 
ured by Photoelectric 
Method 
THE INTENSITY OF A light beam 
after it passes through a film of 
moisture condensate on the surface 
of a glass window or mirror is con- 
siderably less than if the moisture 
is not present. This principal is 
used in the design of a dew -point_ 
recorder used by the Colorado Inter- 
state Gas Co., at the Denver meter- 
ing plant where natural gas arrives 
from Texas. The purpose of this 
instrument is to determine the 
amount of moisture present in the 
gas and to remove some of it by 
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ALABAMA 
Birmingham 

'Matthews Electric Supply Co. 
Graybar Electric Co., Inc. 

Cullman 
Deer Electric Co. 

Mobile 
Matthews Electric Supply Co. 

Montomery 
Matthews Electric Supply Co. 

ARIZONA 
Phoenix 

Generol Electric Supply Corp. 
Graybor Electric Co., Inc. 
W-6 Radio Shop 
Rodio Specialties Co. 

ARKANSAS 
Little Rock 

'General Electric Supply Corp. 
Graybar Electric Co., Inc. 

Fort Smith 
Interstate Electric Co' 

Texarkana 
Mims Radio 

CALIFORNIA 
Fresno 

General Electric Supply Corp. 
Graybar Electric Co., Inc. 
Spitler, Short á Griffith 
De Jornott Whlse. Rodio Co. 

Hollywood 
Radio Specialties Co. 

Los Angeles 
General Electric Supply Corp. 
Graybar Electric Co., Inc. 

E. W. Reynolds Company 
Radio Television Sy. Co., Inc. 
Radio Specialties Co. 
Rodio Product Sales Co. 

Pasadena 
Dow Radio Supply Co. 

Oakland 
'General Electric Supply Corp. 
Graybar Electric Co., Inc. 
W. D. Brill Co. 
Electric Supply Co. 
E. C. Wenger Company 

Sacramento 
'General Electric Supply Corp. 
Graybar Electric Co., Inc. 

Santa Barbara 
Channel Radio Supply Co. 

San Bernardino 
Inland Radio Supply Co. 

San Diego 
'General Electric Supply Corp. 
Graybor Electric Co., Inc. 
Coast Electric Company 

Son Francisco 
'General Electric Supply Corp. 
Groybor Electric Co., Inc. 
Son Francisco Rodio Sy. Co. 

San Jose 
Frank Quement Company 

COLORADO 
Denver 

"'General Electric Supply Corp. 
Graybar Electric Co., Inc. 

GET IN TOUCH WITH YOUR 
The wide -spread distribution of G -E Electronic Tubes is 

evidence that GENERAL 'ELECTRIC is recognized 
throughout the nation as the reliable source of supply 
for renewal tube requirements. 

CONNECTICUT 
Bridgeport 

General Electric Supply Corp. 
Hairy & Young 

Greenwich 
Greenwich Electrical Co. 

Hartford 
`General Electric Supply Corp. 
Graybar Electric Co., Inc. 
Hairy & Young 

New Haven 
'General Electric Supply Corp. 
Groybar Electric Co., Inc., 
Hairy & Young 
Congress Rodio Company 

DELAWARE 
Wilmington 

'General Electric Supply Corp. 
Delaware Radio Sales Co, 

DIST, OF COL. 
Washington 

General Electric Supply Corp. 
Graybar Electric Co., Inc. 

FLORIDA 
Jacksonville 

'General Electric Supply Corp. 
Graybar Electric Co., Inc. 

Miami 
'General Electric Supply Corp. 
Graybor Electric Co., Inc. 
Electric Radio Eng. & Sy. Co. 

Orlando 
Graybar Electric Co., Inc. 

St. Petersburg 
Rodio Hospital & Ports Store 

Tampa 
'General Electric Supply Corp. 
Graybar Electric Co., Inc. 

GEORGIA 
Atlanta 

Generol Electric Supply Corp. 
Graybar Electric Co., Inc. 
Radio Wire Television, Inc. 

S h 

General Electric Supply Corp. 
Graybor Electric Co., Inc. 

IDAHO 
Boise 

General Electric Supply Corp. 
ILLINOIS 
Chicago 

General Electric Supply Corp. 
R. Cooper Jr., Inc. 
Graybor Electric Co., Inc. 
Allied Radio Corp. 
Chicago Radio Apparatus Co. 
Newark Electric Co. 
Radio Wire Television Inc. 

Peoria 
'General Electric Supply Corp. 
Graybor Electric Co., Inc. 
Klaus Radio & Elec. Co. 

Quincy 
'Crescent Elec. Supply Co. 

Rockford 
'General Electric Supply Corp. 

Rock Island 
Tri-City Rodio Sy. Co. 

Springfield 
General Electric Supply Corp. 
Klaus Radio & Elec. Co. 

INDIANA 
Evansville 

'General Electric Supply Corp. 
Fort Wayne 

'Protective Elec. Sy. Co. 
Pembleton Laboratories 
Radio Parts Co. 

Hammond 
Graybor Electric Co., Inc. 

Indianapolis 
'General Electric Supply Corp. 
Graybar Electric Co., Inc. 
Van Sickle Radio Co. 

Muncie 
General Electric Supply Corp. 

South Bend 
South Bend Electric Co, 

Terre Haute 
'Advance Electric Co. 

IOWA 
Burlington 

'Crescent Elec. Supply Co. 
Davenport 

'Crescent Elec. Supply Co. 
Graybar Electric Co., Inc. 

Des Moines 
'General Electric Supply Corp. 
Graybar Electric Co., Inc. 

Dubuque 
'Crescent Elec. Supply Corp. 

`Mason City 
'Crescent Elec. Supply Corp. 

Sioux City 
'Crescent Elec. Supply Corp. 

Waterloo 
* Crescent Elec. Supply Corp. 

KANSAS 
Wichita 

' General Electric Supply Coop. 
Graybar Electric Co., Inc. 
Radio Laboratories 

Topeka 
Radio Laboratories 

KENTUCKY 
Louisville 

'General Electric Supply Corp. 
Graybar Electric Co., Inc. 
Universal Rodio Supply Co. 

LOUISIANA 
New Orleans 

General Electric Supply Corp. 
Graybar Electric Co., Inc. 

Shreveport 
General Electric Supply Corp. 

MAINE 
Bangor 

'General Electric Supply Corp. 
Rice & Tyler 

Portland 
'General Electric Supply Corp. 
Graybor Electric Co., Inc. 
Bartlett Radio Company 

MARYLAND 
Baltimore 

General Electric Supply Corp. 
Graybar Electric Co., Inc. 
Radio Electric Service Co. 

Cumberland 
Morrissey's Radio Sy. Co. 

Hagerstown 
Zimmerman Wholesalers 

MASSACHUSETTS 
Boston 

'General Electric Supply Corp. 
Graybor Electric Co., Inc. 
Braille Radio Co. 
Rodio Wire Television, Inc. 
The Radio Shock Corp. 

Springfield 
'General Electric Supply Corp. 
Graybar Electric Co., 'Inc. 
T. F. Cushing Co. 
Springfield Radio Co. 

Lawrence 
Radio Maintenonce Sy. Co. 

Worcester 
'Coghlin Electric Company 
'General Electric Supply Corp. 
Graybar Electric Co., Inc. 
Radio Maintenance Sy. Co. 

MICHIGAN 
Ann Arbor 

Purchase Radio 
Detroit 

General Electric Supply Corp. 
Graybar Electric Co., Inc. 
M. N. Duffy & Co. 
Radio Specialties Corp. 

Flint 
Graybar Electric Co., Inc. 

Grand Rapids 
General Electric Supply Corp. 
Graybor Electric Co., Inc. 

Jackson 
Fulton Radio Sy. Co, 

NEAR'gc 
Kalamazoo 

'General Electric Supply Corp. 
Lansing 

Graybor Electric Co., Inc. 
Knight Electric Company 

Muskegon 
Fitzpatrick Elec. Supply Co. 

Monroe 
H & W Auto Accessory Co. 

St. Joseph 
St. Joe Radio Co. 

MINNESOTA 
Duluth 

'General Electric Supply Corp. 
Graybor Electric Co., Inc. 

Northwest Radio 

Poughkeepsli 
Electra Supply Co., Inv 

Rochester 
'General Electric Supp& 

Graybar Electric Co., I 
Beaucaire, Inc. 
Radio Ports & Equip. C 
Brown Radio Service al 

Marline Radio Ports 

Rome 
Rodio Service 

Syracuse 
'Gould-Former Cu.. Inc 

Graybor Electric Co., I 

W. E. Berndt 
Utica 

' 

Li, 

I ¡ 

Minneapolis 'Langdon & Hughes El 

'General Electric Supply Corp. Voeth Electric Campo 
Graybar Electric Co., Inc. 

St. Paul 
'General Electric Supply Corp. 
Graybar Electric Co., Inc. 
Hall Electric Company 

MISSISSIPPI 

NORTH CARO 
Asher ill 

Graybar Electric Co., 
Freck Radio & Supply 
Gibbs Radio Co. 

Jackson Charlotte 

'General Electric Supply Corp. 'General Electric Supp r 
MISSOURI 

Butler 
Graybar Electric Co., 
Shaw Distributing Co. 

Henry Radio Shop 
Joplin 

'General Electric Supply Corp. 
Kansas City 

'General Electric Supply Corp. 

Durham 
Graybar Electric Co., 

Greensbart 
Brower Electric Compc 

Raleigh 

Graybar Electric Co., Inc. 
Radio Laboratories 

'General Electric Supp' 
Winston -Sal 

St. Louis Graybor Electric Co., I ` 

i 

'General Electric Supply Corp. NORTH DAKC 

Graybar Electric Co., Inc. Fargo +1 

Van Sickle Radio Co. 'Dakota Electric Supply I 

Gordon Radio Company OHIO 

Walter Ashe Radio Company Akron 
MONTANA 'General Electric Supp 

Billings 
General Electric Supply Corp. r Groybar Electric Co., 

Canton 
í 

Butte 'Furboy-Sommer Campa 
1 

'General Electric Supply Corp. Burroughs Rodio Comp 

NEBRASKA CinchI 
Omaha 'General Electric Suinnapl 'Ill 

'General Electric Supply Corp. Graybar Electric Co., I 

Graybor Electric Co., Inc. Jos. N. Davies 

Rodio Equipment Corp. United Rodio, Inc. 

NEW HAMPSHIRE Cleveland 

Concord 'General Electric Suppl' 

Carl B. Evans Graybar Electric Co., I 

Manchester Northern Ohio Lobs. 

General Electric Supply Corp. Progress Rodio Sueely l 

NEW JERSEY 
Newark 

Radio Serviceman's $1 

Columbus 

'General Electric Supply Corp. 
Graybar Electric Co., Inc. 
Aaron Lippman & Co. 

'General Electric SVPpl 

Groybor Electric Co., I 
Dayton 

Radio Wire Television, Inc` 
Paterson 

Aaron Lippman & Co. 

'General Electric Supp4 

Graybor Electric Co., 

Crosley Distributing C 

NEW YORK Findlay 

Albany 
Havens Electric Co., Inc. 

H & W Auto Accessory 
Kent r 

Graybar Electric Co., Inc. 
Fort Orange Radio Dist. Co. 

Binghamton 
'So. Tier Electric Sy. Co. 

Buffalo 

Kladag Rodio Labs. 
Lima 

Limo Radio Parts Co.. 
Steubenvilkl 

Tydings Company 

*General Electric Supply Corp. 
Groybar Electric Co., Inc. 
Dymac Radio Co. 

Elmira 
So. Tier Electric Sy. Co. 

Ithaca 

Toledo 
'General Electric Sopol 

Graybar Electric Co..; 1 

H & W Auto Accessory 
Youngstow 

'General Electric SupPRl 

Stallmon of Ithaca Groybar Electric Co., I 

New York OKLAHOMI'J 

'General Electric Company Oklahoma Ct 

Metropolitan Dist. Branch 'General Electric Supp'' 

General Electric Supply Corp. 
Graybar Electric Co., Inc. 

Graybar Electric Ca., I'll 
McEldowney & Son 

Harrison Rodio Co. Southern Sales Co. I 

Harvey's Radio Shop Tulsa 

Radio Wire Television, Inc. 'General Electric SuyP ' 

Sanford Samuel Corp. Graybar Electric Co., I 

Sun Radio Company Radio, Inc. 

Terminal Radio Corp. OREGON 

Service Radio Engineers Astoria 
Niagara Falls U. Laico s Jewelry Co. 

'General Electric Supply Corp. Portland 
Piattsburg General Electric SuPP 

1 Bragg Bros. Groybar Electric Ca., I 

1 GENERAL ELECTRIC RADIO, TELEVISION 
ELECTRONICS DEPART 
BRIDGEPORT, CONNECj 



 -rlti. i'- . p. 

1RIBUTOR ' FOR EFFICIENT 
,pill :o. 

Ilogtadlo Co. 
PEN1YLVAN IA 

irntown 
Elm c Supply Corp. 
Ele c Co., Inc. 

Erie 
E,erc Supply Corp. 
od :0. 

Hrisburg 
pply Avo ny 
Ele.cCo., Inc. 

hcaster 
silly sm pony 
a. B>ey Co. 

Ph delphia 
Elect Supply Corp. 
Elerc Co., Inc. 
tedsdio Corp. 
c. Lc. Co., Inc. 

sorts Goods Co. 
,. Nr Company 

Plsburgh 
Eli lc Company 

of c: Supply Corp. 
Eletc Co., Inc. 
oC 

:am sy 

'ding 
I ct Supply Corp. 

Elocc Co., Inc. 
s .k Co. 

:anion 
::Supply Corp. 

to:ompany 
Umntown 

on L'olesalers 

Williamsport 
Lowry Electric Co., Inc. 

RHODE ISLAND 
Providence 

' General Electric Supply Corp. 
Graybar Electric Co., Inc. 

'Kraus 8 Co. 
SOUTH CAROLINA 

Charleston 
Perry -Moon Elec. Co., Inc. 

Columbia 
Perry -Mann Elec. Co., Inc. 
Graybar Electric Co., Inc. 

SOUTH DAKOTA 
Sioux Falls 

Crescent Elec. Supply Company 
TENNESSEE 

Chattanooga 
General Electric Supply Corp. 
Graybar Electric Co., Inc. 

Knoxville 
'General Electric Supply Corp, 
Groybar Electric Co., Inc. 

Memphis 
' General Electric Supply Corp. 
Graybar Electric Co., Inc. 

Nashville 
General Electric Supply Corp. 
Graybar Electric Co., Inc. 

TEXAS 
Abilene 

General Electric Supply Corp. 
Austin 

The Hargis Co. 
Beaumont 

Graybor Electric Co., Inc. 

'GLAND DISTRICT 

F IN RAY, G. E. Co. 
'iáAve., Bridgeport, Conn. 

. FSGRUDER, G. E. Co. 
I St., Boston, Mass. 

H I GHAM, G. E. Co. 
moss St., Portland, Me. 

EEDER, G. E. Co. 
stm ster St., Providence, R.I. 

BERTI, G. E. Co. 
. Springfield, Moss. 

N .DA, G. E. Co. 
u qit., New Haven, Conn. 

IENTORK DISTRICT 
ATMetropolitan Distributing 
B' ch, G. E. Co. 

I,111'I^i' Ave., New York, N.Y. 
I. P. BEGY 

anise Ave., Buffalo, N.Y. 
CIiWELL, G. E. Co. 

'Wee St., Buffalo, N.Y. 
1'AINES, G. E. Co. 

e., Rochester, N. Y. 
ERATH, G. E. Co. 

irtfl Ave., .New York, N.Y. 

ATIINTIC DISTRICT 
IIEIGS, G. E. Co. 
s SI., Philadelphia, Pa. 

J4 ALTON, G. E, Co, 
St., Philadelphia, Pá. 

IRISE, G. E. Co. 
I Icon St., Baltimore, Md. 

Corpus Christi 
Strauss -Fronk Co. 
Graybor Electric Co., Inc. 

Dallas 
'General Electric Supply Corp. 
Graybar Electric Co., Inc. 
Southwest Radio Supply Co. 
Wilkinson Bros. 

Denison 
Denison Radio Lab. 

El Paso 
General Electric Supply Corp. 
Hinson Radio Co. 
C. C. McNicol 

Fort Worth 
General Electric Supply Corp. 
Graybar Electric Co., Inc. 
Fort Worth Rodio Supply Co. 

Houston 
General Electric Supply Corp. 
Graybar Electric Co., Inc. 

'Strauss -Frank Co. 
San Antonio 

General Electric Supply Corp. 
Graybar Electric Co., Inc. 
Strauss -Frank Co. 

Temple 
Edison's 

UTAH 
Salt Lake City 

'General Electric Supply Corp. 
Graybar Electric Co., Inc. 
Rodio Supply, Inc. 

VIRGINIA 
Norfolk 

-General Electric Supply Corp. 
Graybar Electric Co., Inc. 

SERVICE 
TUBES 

Richmond 
'General Electric Supply Corp. 
Graybar Electric Co., Inc. 

Roanoke 
Graybar Electric Co., Inc. 

WASHINGTON 
Seattle 

'General Electric Supply Corp. 
Graybar Electric Co., Inc: 

Spokane 
"General Electric Supply Corp. 
Groybar Electric Co., Inc. 
Spokane Radio Co. 

Tacoma 
Groybar Electric Co., Inc. 

WEST VIRGINIA 
Charleston 

'Virginian Electric Co., Inc. 
Hicks Radio Supply Co. 
Sigmon Radio Supply Co. 

Wheeling 
Cameradio Co. 

WISCONSIN 
Appleton 

`General Electric Supply Corp. 
Valley Radio Distributors 

LaCrosse 
'General Electric Supply Corp. 

Madison 
Crescent Elec. Supply Co. 

Milwaukee 
'General Electric Supply Corp. 

Graybor Electric Co., Inc. 
TERRITOY OF HAWAII 

Honolulu 
W. A. Ramsay Ltd. 

Indicates Distributors who also handle Radio Receiver Tubes 

FOR ALL PURPOSES 

INDUSTRIAL 

APPLICATIONS 

w r 

TRANSMITTING 

STATIONS 

-- _1. 

POLICE.í 

SPECIAL 

PURPOSE 

`RADIO RECEIVERS 

IF YOU NEED ENGINEERING HELP CALL ON THE 
G -E FACTORY REPRESENTATIVE NEAREST YOU 

T. B. JACOCKS, G. E. Co. 
806 15th St., Washington, D. C. 

D. S. McDONALD, G. E. Co. 
700 E. Franklin St., Richmond, Va. 

' A. M. DAWSON, G. E. Co. 
535 Smithfield St., Pittsburgh, Pa. 

SOUTHEASTERN DISTRICT 
R. P. VAN ZILE, G. E. Co. 

609 Red Rock Bldg., Atlanta, Ga. 
E. T. AUSTIN, G. E. Co. 

187 Spring St., N.W., Atlanta, Ga. 
J. B. LONDON, G. E. Co. 

200 S. Tryon St., Charlotte, N. C. 
G. O. MacFARLANE, G. E. Co. 
8 N. Third St., Memphis, Tenn. 

H. D. HAMRICH, G. E Co. 
P.O. Box 1293, Raleigh, N.C. 

C. J. ELLIS, G. E. Co. ' 

832 Georgia Ave., Chattánooga, Tenn. 
F. A. HOEKE, G. E. Co. ' 

602 S. Gay St., Knoxville, Tenn. 
W. CROCKETT, G. E. Co. 

234 Third Ave., Nashville, Tenn. 
H. H. HENDEE, G. E. Co. 

237 W. Forsyth St., Jacksonville, Flo. 
S. Y. GUESS, G. E. Co. 

1206 North A St., Tampa, Fla. 
A. A. HERO, G. E. Co. 

837 Granter St., New Orleans, La. 

SOUTHWEST DISTRICT 
C. T. WANDRES, G. E. Co. 

1801 N. Lamar St., Dallas, Texas 
F. C. NEAL, G. E. Co. 

1801 N. Lamar St., Dallas, Texas 
A. H. KLEIN, G. E. Co. 

408 W. Seventh St., Fort Worth, Texas 
I. A. UHR, G. E. Co. 

201 Vlllita St., San Antonio, Texas 
J. B. BURR, G. E. Co. 

1312 Live Oak St., Houston, Texas 
D. H. HICKEY, G. E. Co. 

109 N. Oregon St., El Paso, Texas 

F. B. HATHAWAY, G. E. Co. 
119 N. Robinson St., 
Oklahoma City, Okla. 

R. G. SMITH, 'G, E. Co. 
409 S. Boston St., Tulsa, Okla. 

EAST CENTRAL DISTRICT 
R. A. BUESCHER, G. E. Co. 

4966 Woodland Ave., Cleveland, Ohio 
L. M. KLENTZ, G. E. Co. 

4966 Woodland Ave., Cleveland, Ohio 
J. C. WILBURN, G. E. Co. 

335 S. Main St., Akron, Ohio 
W. H. REID, G. E. Co. 

215 W. Third St., Cincinnati, Ohlo 
H. L. WILLSON, G. E. Co. 

40 S. Third St., Columbus, Ohio 
J. BOSWAY, G. E. Co. 

25 N. Malt St., Dayton, Ohio 
G. C. CLARK, G. E. Co. 

420 Madison Ave., Toledo, Ohio 
R. C. WHITTEN, G. E. Co. 

455 S. fourth St., Louisville, Ky. 
J. C. HARTLE, G. E. Co. 

110 N. Illinois St., Indianapolis, Ind. 
Jr E. BAIN, G. E. Co. 

123 N. W. Fourth St., Evansville, Ind. 
J. C. MILLING, G. E. Co. 

10 E. Twelfth St.,, Erie, Pa. 
J. J. HORAN, G. E. Co. 

1635 Broadway, Fort Wayne, Ind. 

CENTRAL DISTRICT 
G. S. PETERSON, G. E. Co. 

Box 5970-A Van Buren St. P.O. 
Chicago, III. 

E. G. ABBOTT, G. E. Co. 
840 S. Canal St., Chicago, Ill. 

E. P. TOAL, G. E. Co. 
12 S. 6th St., Minneapolis, Minn. 

P. B. REED, G. E. Co. 
12 S. 6th St., Minneapolis, Minn. 

.R. A. WEBSTER, G. E. Co. 
14 W. Superior St., Duluth, Minn. 

H. E. LONGMIRE, G. E. Co. 
700 Antoinette St., Detroit, Mich. 

M. T. LAWRENCE, G. E. Co. 
148 Monroe Ave., N,W., 

Grand Rapids, Mich. 
M. B. RANN, G. E. Co. 

1509 Osborn Rd., Lansing, Mich. 
I. F. CONRAD, G. E. Co. 

112 N. Fourth St., St. Louis, Mo. 
R. M. RYAN, G. E. Co. 

106 W. 14th St., Kansas City, Mo. 
C. E. SCHOONOVER, G. E. Co. 
200 E. First St., Wichita, Kansas 

R. C. HOGEN, G. E. Co. 
409 S. 17th St., Omaha, Neb. 

ROCKY MOUNTAIN DISTRICT 
H. N. RAYMOND, G. E. Co. " 

200 S. Main St., Salt Lake City, Utah 
F. C. O'KELLY, G. E. Co. 

650 17th St., Denver, Colo. 
C. A. CHAMPS, G. E. Co. 

20 W. Granite St., Butte, Mont. 

PACIFIC DISTRICT 
H. A. CROSSLAND, G. E. Co. 235 Montgomery St., San Francisco, Calif. 

E. A. WHITEHEAD, G. E. Co. 
235 Montgomery St., San Francisco, Calif. 

T. F. HALL, G. E. Co. 
212 N. Vignes St., Los Angeles, Calif. 

V. G. CALDWELL, G. E. Co. 
212 N. Yignes St., Los Angeles, Calif. 

B. B. GRAVITY G. E. Co. 
861 6th St., Son Diego, Calif. 

JOHN KLENKE 
3871 50th Ave., N.E., Seattle, Wash. 

C. R. WALLIS, G. E. Co. 
821 2nd Ave., Seattle, Wash. 
J. R. MURPHY, G. E. Co. 

421 Riverside Ave., Spokane, Wash. 
L. R. ELDER, G. E. Co. 

920 S.W. 6th Ave., Portland, Ore. 
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Ths gas in the U-shaped tube is alternately cooled just below and heated 
just above the dew -point by cooling coils and an electric heater controlled 
by a phototube relay which is operated by a light beam whose intensity is 

decreased by the presence of condensed moisture 

dehydration if there is any danger 
of the moisture condensing and 
freezing. 

A continuous flow from a bypass 
valve in the main line passes through 
a U-shaped tube which has a plate 
glass window at the top of each side 
of the U, glass mirrors at the square 
corners of the U as shown. The 
interior of the tube is gold plated 
and highly polished. A light source 
is located above one window and a 
phototube (type PJ-23) is located 
above the other window. If a film of 
moisture can be made to condense 
upon the glass and gold-plated sur- 
faces, the intensity of the light beam 
reaching the phototube will be re- 
duced. This can be done by im- 
mersing the U-tube in a brine bath 
cooled by cooling coils connected to 
a refrigerating compressor. When 
the moisture film appears, the cool- 
ing coils are cut off and a heating 
unit is turned on to heat the gas 
and evaporate the moisture at which 
time the heater is turned off and the 
cycle repeated. Measurements on a 
recording thermometer whose ele- 
ment is located in the brine bath 
will indicate that the temperature 
changes approximately according to 
a sine wave. In this installation the 
temperature difference between the 
tops and bottoms of the curves is 
about 2 to 3 degrees. The cycle of op- 
eration is about 10 to 15 minutes. The 
pressure of the gas is also recorded 
and the dew -point can be calculated 
from the records of temperature and 
pressure.-Setter, ELECTRONICS, No- 

vember 1941, p. 72. 
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Photoelectric Cooling 
Control 
AT THE TVA FERTILIZER WORKS 

phosphate ore is heated to a high 
temperature and crushed to sizes 
varying from fine dust to two inches 
in diameter. The phosphate must be 
cooled by a water spray on a moving 
conveyor before further processing, 
but if a continuous spray of water of 
sufficient capacity to cool the larger 
pieces is used, the finer and cooler 
material is flooded, making a mud 
that clogs the equipment. 

The problem is to provide cooling 
water when it is necessary to. cool 

large, hot pieces and to shut it of 
when the relatively cool smalle' t 

pieces are passing by on the con, 
veyor. The solution is to use a photo) 
tube relay using tubes which ar 
sensitive to infrared heat rays to op 

erate a solenoid water valve. Threr 
type CE -1 phototubes are mountet 
a few inches above the ore in the con 
veyer and a few inches ahead of tht7 

water nozzles to allow for the timii 
delay in the relay and valve circuit 
Because of the heat involved, thi 
phototubes are mounted in a Pyre) 
glass cylinder and a current of 

' - -. r 
- 

A 

- 

\B 

The, actual setup showing the conveyor 

which moves from right to left. The water 

spray (A) is mounted away from the photo - 

tubes (B) to permit the ore to reach it be- 

fore water flows 

Circuit diagram of the infrared sensitive phototube relay. The three photo-. 

tubes connected in parallel are mounted within a Pyrex cylinder for 

protection from heat 

II 

II 
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'Itl A , 
SPECIAL-PURPOSE TUBES 
Having WAR EQUIPMENT APPLICATIONS 

COMBINING SMALL SIZE WITH EXCEPTIONAL RUGGED- 

NESS AND OUTSTANDING HIGH -FREQUENCY PERFORMANCE 

FOR BOTH TRANSMITTING AND RECEIVING USES 

ln)rporating requisite mechanical ruggedness with 
11 size, these RCA miniature and acorn -type tubes 

h been specifically designed for Transmitter and 
ot.r applications where good high -frequency per- 
fo ante must be combined with extreme portability. 
Allough catalogued here for the first time, the tubes 

\. 

have been thoroughly tested and proved, and are now 
being supplied for war equipment use on suitable 
priorities. 

Complete descriptions and operating characteristics 
for each of the seven tubes are given in the following 
tabulations of technical data. 

RCA -9004 RCA -9005 
U -H -F DIODE 
Acorn Type (Tentative Data) 

1149004 is a heater -cathode type of Acorn diode suitable 0 ,e as a detector, mixer, or measuring device in u -h -f circuits. (resonant frequency of the 9004 is approximately 850 
a lcycles. 

ER VOLTAGE (A.C. or D.C.) 6.3 
TER CURRENT 0.15 

I ;T INTERELECTRODE CAPACITANCES: ate to Cathode 1.3 µµf ate to Heater 0.3 approx. gut - eater to Cathode 2.2 approx. µµ( IALL LENGTH 171" ± 1,1" 1ALL DIAMETER 
I 4 y" T -rOCKET Stock No. 9925 

I SITING POSITION Any 'i no external shield. 

Volts 
Ampere 

RECTIFIER 
um Ratings Are Based on a Line -Voltage Design Center of 117 Volts ( LATE VOLTAGE (RMS) 117 max. Volts -C UTPUT CURRENT 5 max. Milliamperes 

U -H -F DIODE 
Acorn Type (Tentative Data) 

BOTTOM VIEW 

The 9005 is a heater -cathode type of Acorn diode suitable for use as a detector, mixer, or measuring device in u -h -f circuits. The resonant frequency of the 9009 is approximately 1500 megacycles. 
HEATER VOLTAGE (A.C. or 
HEATER CURRENT 
DIRECT INTERELECTRODE 

Plate to Cathode 
Plate to Heater 
Heater to Cathode 

OVERALL LENGTH 
OVERALL DIAMETER 
BULB 
RCA SOCKET 
MOUNTING POSITION 

With no external shield. 

D.C.) 3.6 
0.165 

CAPACITANCES: 
0.8 µµf 
0.2 approx. µµt 
1.1 approx. µµf 
17,11' ± sá" 
1%2T í,í;j, 

4 
1 e" 

Stock No. 9925 
Any 

Volts 
Ampere 

RECTIFIER 
Maximum Ratings Are Based on a Line -Voltage Design Center of 117 Volts A -C PLATE VOLTAGE (RMS) 117 max. Volts D -C OUTPUT CURRENT 1.0 max. Milliamperes 

., 

SPECIAL-PURPOSE TURF nu 



RCA 6C4 
H -F POWER TRIODE 

Miniature Type (Tentative Data) 

The 6C4 is a heater -cathode type of Minia- 
ture tube intended for use as class C ampli- 
fier and oscillator in compact, light -weight, 
portable equipment, but it is useful in other 
applications where a medium -mu miniature 
triode with high transconductance ís de- 
sired. In class C service, the 6C4 will deliver 
a power output of about 5.5 watts at moder- 
ate frequencies, and 2.5 watts at 150 
megacycles. The heater is designed to 
operate at 6.3 volts, 0.15 ampere. 

Grid to Plate (Cgp) 
Grid to Cathode [Cg (h + k)] 
Plate to Cathode [Cp (h + k)] 
MAXIMUM OVERALL LENGTH 
MAXIMUM 'SEATED HEIGHT 
MAXIMUM DIAMETER 
BULB T-511 
BASE Miniature Button 7 -Pin$ 
MOUNTING POSITION Any 

With no external shield. 

HEATER VOLTAGE (AC. or D.C.)$ 6.3 Volts 
HEATER CURRENT 0.15 Amp. 
DIRECT INTERELECTRODE CAPACITANCES: 

1.6 pp( 
1.8 ppf 
1.3 mid 

2W 
17ÁI s. 

A -F AMPLIFIER 

PLATE VOLTAGE 300 max. Volts 
PLATE DISSIPATION 3.5 max. Watts 

Characteristics -Class At Amplifier: 
Plate Voltage 100 250 Volts 
Grid Voltage 0 -8.5 Volts 
Amplification Factor 19.5 17 

Plate Resistance (Approx.) 6250 7700 Ohms 
Transconductance 3100 2200 pmhos 
Plate Current 11.8 10.5 Ma. 

The type of input coupling used should not intro- 
duce too much resistance in the grid circuit. Trans. 
former- or impedance.coupling devices are recom- 
mended. Under maximum rated conditions, the 
resistance in the grid circuit should not exceed 0.25 
megohm with fixed bias, or 1.0 megohm with cathode 
bias. 

R -F POWER AMPLIFIER & OSCILLATOR - 
CLASS C TELEGRAPHY 

D -C PLATE VOLTAGE 
D -C GRID VOLTAGE 
D -C PLATE CURRENT 
DC GRID CURRENT 
PLATE DISSIPATION 

300 max. Volts 
-50 max. Volts 

25 max. Ma. 
8 max. Ma. 
5 max. Watts 

Typical Operation l 
D -C Plate Voltage 
D -C Grid Voltage 
D -C Plate Current 
D -C Grid Current (Approx.) 
Driving Power (Approx.) 
Power Output (Approx.) 

300 
-27 

25 
7 

0.35 
5.5 

Volts 
Volts 
Ma. 
Ma. 
Watt 
Watts 

*Approximately 2.5 watts can be obtained when 
the 6C4 is used at 150 Mc as an oscillator with grid 
resistor of 10,000 ohms and maximum rated input. 

t In circuits where the cathode is not directly con- 
nected to the heater, the potential difference between 

heater and cathode should be kept as low as possible. 
Ratings are to be interpreted according to RMA 

Standard M8-210 (Jan. 8, 1940 Rev. 11.40). 

$ The center hole in sockets designed for this base 
provides for the possibility that this tube type may be 
manufactured with the exhaust -tube tip at the base 
end. For this reason, it is recommended that in equip- 
ment employing this tube type, no material be per- 
mitted to obstruct the socket hole. 

BOTTOM VIEW OF SOCKET CONNECTIONS 

Pin 1 -Plate M 

Pin 2 -Internal Connec- 
tion 

Pin 3 -Heater 
Pin 4 -Heater 
Pin 5 -Plate 
Pin 6 -Grid 
Pin 7 -Cathode 

IC 

P 

RCA 1L4 
R -F AMPLIFIER PENTODE 

Miniature Type (Tentative Data) 

The 1L4 is an r -f pentode of the Miniature 
type with a sharp cut -Off characteristic. It is 
recommended for use wherever a sharp cut- 
off pentode is required in compact, light- 
weight, portable receivers. The tube is, 
therefore, of interest in FM receivers and 
other circuits not requiring avc. The 1L4 
features internal shielding which eliminates 
the need for an external bulb shield, but a 
socket with shielding is essential if mini- 
mum grid -plate capacitance is to be 
obtained. 

FILAMENT VOLTAGE (D.C.) 1.4 Volts 
FILAMENT CURRENT 0.05 Amp. 
DIRECT INTERELECTRODE CAPACITANCES: 
Grid to Plate [Cgipl 0.008 max. ppf 
Input (Cg, (f& g,& internal shield + gill 3.6 ',of 
Output [Cp (f Sc g, & internal shield + gs) l 7.5 ppf 
MAXIMUM OVERALL LENGTH 2 W 
MAXIMUM SEATED HEIGHT t %" 
MAXIMUM DIAMETER 3. 
BULB T-53í 
BASE Miniature Button 7 -Pin$ 
MOUNTING POSITION Any 

With no external shield. 

AMPLIFIER 

PLATE VOLTAGE 
SCREEN VOLTAGE (Grid No. 2) 
SCREEN SUPPLY VOLTAGE 
GRID VOLTAGE (Grid No. 1) 
TOTAL CATHODE CURRENT 

110 max. Volts 
90 max. Volts 

110 max. Volts 
0 min. Volts 

6.5 max. Ma. 

Typical Operating Conditions and Characteristics 
-Class A, Amplifier: 

Plate Voltage 
Screen Voltage 
Grid Voltage 
Plate Resistance 
Transconductance 

90 90 
67.5 90 

0 0 
0.6 0.35 

925 1025 

Volts 
Volts 
Volts 
Meg. 
pmhos 

Grid Bias for Plate Current 
=10pamp. 

Plate Current 
Screen Current 

4.5 
2.0 

Ratings are to be interpreted according , I 

Standard M8-210 (Jan. 8. 1940 Rev. 11.40) 

1 See RCA 6C4 

-6 
2.9 
1.2 

BOTTOM VIEW OF SOCKET CONNED 
Pin 1 -Filament (-), Grid 

No. 3, Internal Shield 
Pin 2 -Plate 
Pin 3 -Screen 
Pin 4 -No Connection 
Pin 5 -Filament (-),Grid 

No. 3, Internal Shield 
Pin 6 -Grid 
Pin 7 -Filament (+) 

G 

P z 

NC 

lQ_ 

INTERN/M.0 
SHIELD 

RCA 1A3 
H -F DIODE 

Midget Type (Tentative Data) ,l 

The 1A3 is a heater -cathode type of!. 
diode particularly useful as a discri: 
tube in portable FM receivers, midi - 
able able high -frequency measuring egg, 
Its interelectrode capacitances are y, 

being in the order of 0.5 micro -mitt 
The resonant frequency of the 
approximately 1000 megacycles. TI I. 

button base provides short leads 
III 

lead inductance. 5', 
HEATER VOLTAGE (AC. or D.C.) 
HEATER CURRENT 0. s 

DIRECT INTERELECTRODE CAPACIT'- 
(APprox.): 

Plate to Cathode (Cpk) 
Plate to Heater (Cph) 
Heater to Cathode (Chk) 
MAXIMUM OVERALL LENGTH 
MAXIMUM SEATED HEIGHT 
MAXIMUM DIAMETER 
BULB 
BASE Miniature Butt 
MOUNTING POSITION 

With no external shield. 

RECTIFIER I G 

A -C PLATE VOLTAGE (RMS) 117 mt`I 
D -C OUTPUT CURRENT 0.5 

. Ratings are to be interpreted accordint 
Standard 518-210 (Jan. 8, 1940 Rev. ti -4 

$See RCA 6C4 1. 

BOTTOM VIEW OF SOCKET CONNIC 

Pin 1 -Heater NC O 
Pin 2 -Plate 
Pin 3 -Cathode 
Pin 4 -No Connection 

Pin 5 -No Connection 

Pin 6 -Plate 
Pin 7 -Heater 

( 

SPECIAL-PURPOSE TUBE DATA 



TYPic of Operation j 
Parallel Filament 

Arrangement** 

either with series connection on 2.8 volts or 
parallel connection on 1.4 volts. 

D -C Plate Voltage 150 Volts 
Series Parallel D -C Screen Voltage 135 Volts Filament Filament Grid Resistor 0.2 Meg. Arrange- Arrange- D -C Plate Current 18.3 Ma. ment* meet D -C Screen Current (.5 Ma. FILAMENT VOLTAGE (D.C.) 2.8 1.4 Volts D.0 Grid Current 0.13 Ma. FILAMENT CURRENT 0.11 0.22 Amp. Power Output (Approx.) 1.2 Watts DIRECT INTERELECTRODE CAPACITANCES:t 

tCA 3A4 
IIiWER AMPLIFIER 

PENTODE 
`tlature Type (Tentative Data) 

5.1 is a Miniature type of power 
pentode designed for use in com- 

lif t -weight, portable equipment. The 
large filament employed in the 

etbles it to supply the high peak 
ntt;equired in r -f power applications. 

a lifter service, the 3A4 will deliver 
'Output of about 1.2 watts at 10 

cy_s. The filament of the 3A4 can 
cued either with series connection 

IK ills or parallel connection on 1.4 

Series Parallel 
Filament Filament 
Arrange- Arrange- 

menl' went 
Br VOLTAGE (D.C.) 2.8 1.4 Volts 

H)' CURRENT 0.1 0.2 Amp. 
I' iTERELECTRODE CAPACITANCES:t 

3 Fte (Cg,p) 0.2 max. µµf 
11.I,f & g, -1- g2)] 4.8 µµf tK;f&10+g,)] 4.2 µµf 

3(11 OVERALL LENGTH 2S" 
IMII SEATED HEIGHT I j" 

1(I DIAMETER y." 
T-5 y4 

Miniature Button 7 -Pin. 
JTDG POSITION Any 
th i external shield. 

A -F POWER AMPLIFIER 
31LTAGE 
tSl OLTAGE 
E E)SIPATION 

iSSIPATION 
RO -SIGNAL 

11 1E CURRENTtt 18 max. Ma. 
.i )perating Conditions and Characteristics 

`, -Class At Amplifiei( 
Parallel Filament 

Arrangement** 
/ ite 135 150 Volts 
Vtage (Grid No. 2) 90 90 Volts oll,e (Grid No. 1) -7.5 

t -F rid Voltage 7.5 lir' Plate Current 14.8 
i r Plate Current 14.9 kit Screen Current 2.6 

t Screen Current 3.5 tontine 90,000 b etance 1900 
lenience 8000 

Ionic Distortion 5 
í9t1 Power Output 0.6 

150 max. Volts 
90 max. Volts 

2 max. Watts 
0.4 max. Watt 

-8.4 Volts 
8.4 Volts 

13.3 Ma. 
14.1 Ma. 
2.2 Ma. 
3.5 Ma. 

100,000 Ohms 
1900 ambos 
8000 Ohms 

6 
0.7 Watt 

R -F POWER AMPLIFIER 
Al VOLTAGE 150 max. Volts 

-Kl N VOLT. (Grid No. 2) 135 max. Volts RIIVOLT. (Grid. No. 1) -30 max. Volts LAI CURRENT 20 max. Ma. 

Ll 

CURRENT 0.2.5 max. Ma. 'i CATH. CURRENTS} 25 max. Ma. 
8 1111T 

3 max. Watts IPUT 0.9 max. Watt 
E iSIPATION 2 max. Watts 

Filament voltage applied across the two sections in series between pins No. 1 and No. 7. Grid voltage 
is referred to pin No. 1. 

Filament voltage applied across the two sections 
in parallel between pin No. 5 and pins No. t and No. 
7 connected together. Grid voltage is referred to 
pin No. 5. 

ttFor series -filament operation, a shunting resistor 
must be connected across the section between pins 
No. 1 and No. 5 to by-pass excess cathode current in 
this section. The value of the shunting resistor should 
be adjusted to make the voltage across the shunted 
section equal to the voltage across the section be- 
tween pins No. 5 and No. 7. When other tubes in 
series -filament arrangement contribute to the filament 
current of the 3A4, an additional shunting resistor 
may be required between pins No. 1 and No. 7. 

Typical operating values for the 3A4 with fila- 
ment sections in series will be approximately the 
same as those shown for parallel -filament operation. 

Ratings are to be interpreted according to RMA 
Standard M8-210 (Jan. 8, 1940 Rev. 11.40). 

1 See RCA 6C4 

BOTTOM VIEW OF SOCKET CONNECTIONS 
rM Pin I -Filament (- for GI 
G3 

series operation) 
Pin 2 -Plate 
Pin 3 -Screen 
Pin 4 -Grid 
Pin 5 -Filament Mid -Tap (- for parallel opera- Cflít%F+ tion), Grid No. 3 
Pin 6 -Plate 
Pin 7 -Filament (-1-) 

G 

RCA 3A5 

Triode Unit Triode Unit 
TI T, 

Grid to Plate (Cgp) 3.2 3.2 µµf 
Grid to Filament (CO). "0.9 0.9 µµf 
Plate to Filament (Cpf) 1.0 1.0 µµf 
Plate to Plate (Cpupts) 0.32 apt - 
MAXIMUM OVERALL LENGTH 2W 
MAXIMUM SEATED HEIGHT 1%" 
MAXIMUM DIAMETER W 
BULB T-53.2. 
BASE Miniature Button 7 -Pin$ 
MOUNTING POSITION Any t With no external shield. 

A -F AMPLIFIER -Each Unit 
PLATE VOLTAGE 135 max. Volts 
PLATE CURRENT 5 max. Ma. 
PLATE DISSIPATION 0.5 max. Watt 

Characteristics -Clan A, Amplifier 
Plate Voltage 90 
Grid Voltage -2.5 
Amplification Factor 15 
Plate Resistance 8300 
Transconductance 1800 
Plate Current 3.7 

Volts 
Volts 

Ohms 
ambos 
Ma. 

R -F POWER AMPLIFIER & OSCILLATOR- 
- CLASS C TELEGRAPHY 

D -C PLATE VOLTAGE 1.35 max. 
D -C GRID VOLTAGE -30 max. 
D -C PLATE CURRENT (per unit) l5 max. 
D -C GRID CURRENT (per unit) 2.5 max. 
PLATE INPUT (per unit) 2.0 max. 
PLATE DISSIPATION (per unit) 1.0 max. 

Volts 
Volts 
Ma. 
Ma. 
Watts 
Watt 

Typical Operation at 40 Mc with Both Units: 
Push -Pull Power Amplifier & Oscillator' 

(Key -down conditions per tube without modulation) D -C Plate Voltage 135 Volts 
D -C Grid Voltage 

From a fixed supply of -20 Volts 
From a grid resistor of 4000 Ohms From a cathode resistor of 570 Ohms Peak R -F Grid -to -Grid Voltage 90 Volts 

1 D -C Plate Current 30 Ma. D -C Grid Current (Approx.) 5 Ma. 
Driving Power (Approx.) 0.2 Watt 
Power Output (Approx.) 2 Watts 

H -F TWIN TRIODE 
Miniature Type (Tentative Data) 

The 3A5 is a twin triode of the Miniature 
type intended for use in high -frequency ap- 
plications. The relatively large filament em- 
ployed in the 3A5 enables it to supply the 
high peak currents required in r -f power 
applications. In class C service, a 3A5 with 
its units in push-pull will deliver a power 
output of approximately 2 watts at 40 meg- 
acycles. It may be used at still higher fre- 
quencies with reduced elficiency.Each triode 
may he used independently of the other. 
The filament of the 3A5 can he operated 

Filament voltage applied across the two sections 
in series between pins No. 1 and No. 7. Grid voltage 
is referred to pin No. 1. For series -filament operation, 
a shunting resistor must be connected across the 
section between pins No. t and No. 4 to by-pass 
excess cathode current in this section. The value of 
the shunting resistor should be adjusted to make the 
voltage across the shunted section equal to the voltage 
across the section between pins No. 4 and No. 7. 
When other tubes in series -filament arrangement 
contribute to the filament current of the 3A5, an 
additional shunting resistor may be required between 
pins No. L and No. 7. 

Filament voltage applied across the two sections 
in parallel between pin No. 4 and pins No. I and No. 
7 connected together. Grid voltage is referred to 
pins No. L and No. 7 tied together. 

Ratings are to be interpreted according to RMA 
Standard M8.210 (Jan. 8, 1940 Rev. 11-40). 

/ See RCA 6C4 

BOTTOM VIEW OF SOCKET CONNECTIONS 
Pin t -Filament (-) 
Pin 2 -Plate (Triode T2) 
Pin 3 -Grid (Triode T2) 
Pin 4 -Filament Mid -Tap GT 

(-1- for parallel opera- 
tion) 

Pin 5 -Grid (Triode T,) 
Pin 6 -Plate (Triode Ti) 
Pin 7 -Filament (- for 

series operation) 

Pr 

RCA MANUFACTURING CO., INC. 
CAMDEN, NEW JERSEY 

(NOTE: For additional copies of literature on these tubes, address RCA, 
Commercial Engineering Section, Harrison, N. J.) 

. 
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is blown past them. Because of the 
dust conditions prevalent at ore 
treating plants, the relay is placed 
in a dust -proof glass container. 

The sensitive relay has a drop -out 
current which is about 80 percent of 
its take-up current. The circuit may 
be adjusted to operate at any desired 
radiant heat by adjustment of the 
amplifier grid bias control (50,000 - 
ohm potentiometer).-Ewald, ELEC- 
TRONICS, November, 1941, p. 55. 

Photoflash Synchronizer 
Tester 
TYPICAL FLASHLAMPS used in photog- 
raphy reach peak brilliancy 20 milli- 
seconds after filament voltage is ap- 
plied. Synchronizing devices must 
open the camera shutter in that short 
space of time if maximum illumin- 
ation and film exposure are to coin- 
cide. A convenient instrument for 
determining the time required for a 
shutter to open measures it in terms 
of voltage attained by a condenser 
charging from a steady source of po- 
tential "during that period. 

A beam of light from a steady ex- 
ternal source is directed into the type 
917 phototube. The camera shutter 
to be actuated by the synchronizer is 
interposed in this beam of light. 

,.The input terminals of the testing 
device are substituted for the flash - 
lamp, which is not used, in such a 
manner that when the synchronizer 
switch is closed the battery within 
the synchronizer is connected to the 
input terminals. 

When the synchronizer switch is 
closed the negative bias applied to 
the control grid of the first type 2051 
thyratron is reduced, causing this 
tube to conduct. Anode circuit ca- 
pacitor C. starts to charge and con- 
tinues to charge until the camera 
shutter blocking off the light beam 
opens. When the shutter opens the 
output of the phototube trips the 
second 2051, which reduces the volt- 
age applied to the anode of the first 
thyratron by an amount equal to the 
drop in resistor R, sufficient to stop 
conduction in the first 2051. The 
capacitor is left with a definite 
charge, which may then be measured 
by means of the 6C5G tube connected 
as a vacuum tube voltmeter cali- 
brated in milliseconds. - Marsal, 
ELECTRONICS, January, 1942, p. 34. 

"Width Gage for 
Moving Webs 
'THE WIDTH OF A continuously mov- 
ing sheet or web of material may be 
measured during manufacture or 
processing even where the web shifts 
slightly from side to side while 
passing through the fabricating or 
finishing machine. One measurement 
system involves photoelectric scan- 
ning of each edge of the material, 
with mechanical movement of the 
web itself controlling the quantity of 
light transmitted and causing the 
beams to follow the material edges 
as they shift. 

Considering one of the two scan- 
ning units involved, a light source 
is focussed upon a mirror fastened 
to the moving coil of a meter. The 
light is reflected by the mirror past 
the edge of the material into a pho- 
totube, the initial adjustment per- 
mitting the edge of the material to 
partially cut off the beam. The out- 
put of the phototube is fed into an 
amplifier and the output of the ampli- 
fier drives the meter carrying the 
mirror. Reduction in transmitted 
light by movement of the web 
deeper into the light beam changes 
the mirror angle and causes the beam 
to move away from the edge of the 
web until the initial condition of bal- 
ance is restored. Movement of the 
web away from the light beam, con- 
versely, increases the light received 
by the phototube and the meter 
moves the mirror in such a manner 
that the beam follows the edge. 

The output of the scanning devices 
at either edge of the sheet or web is 

MET EE MOVEMENT 
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Width gage for moving webs. Two scan. 

ning devices are needed, one at each q 

edge. Their outputs are combined In an 

electronic totalizer and indicator 

combined in an electronic totalizing 
and indicating device. The indicat 
ing device may be calibrated in terms 

of width despite lateral shifts in t4 
web as, with constant web width, the 

output of one amplifier declines while' 

that of the other amplifier rises and 

vice versa, depending upon which 

way the web shifts. If the width oil i 

the measured web remains constant, i, 

in other words, shifts from side toil' 

side simply add current to the de- i' 

tector on one side and subtract a like 

amount from the other side, with the 

net result that there is no change in 

the position of the indicator. In- 

creasing current indicates increased 
web width while decreasing current 
.indicates decreasing web width as, 

under these conditions, amplifier out- 

put is additive or subtractive.-Alex- 
ander, ELECTRONICS, January, 1942, 

p. 66. 

Photoflash synchronizer tester designed to measure the elapsed time 
between closing of the switch and opening of the camera shutter 

90 June 1942 - ELECTRONICS 
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TCH EVERY S/C//AL 

ACTUAL SIZE 

PPROXIMATELY V2 SIZE 

* Cinch tube holders maintain tubes 

rigidly, an effective guard against 

shocks that distort reception. The 

added protection of the tube holder 

is a precaution when "every signal 

K`-18517 
C. 

8527 
123T M. c. 

must he caught". Made of high 
quality spring steel, Cinch tube hold- 
ers as illustrated are inexpensive and 

simple units for locking tubes in 
their sockets. "They're the Clincher". 

INCH MANUFACTURING CORPORATION 2335 WEST VAN BUREN.STREET CHICAGO, ILLINOIS 
LUBSIDIARY: UNITED-CARR FASTENER CORP. CAMBRIDGE, MASS. 
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90;1,413794z 
VACUUM TUBE 

VOLTMETER 

Wide Voltage Range 

large Overvoltage 
Capacity 

Wide Frequency Range 

O 

tt. 

4 0, 

f,T 
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yy 

YOOrL 1;00 
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ON 100 If,, 

High Impedance 

Time Saving Stability 

IDEAL FOR USE IN AUDIO FREQUENCY, CARRIER CURRENT, 

SUPER -SONIC TELEVISION AND BROADCAST FIELDS. 

This meter responds to the average value of the full wave ... thus 
waveform errors are reduced. Measurements up to 1 megacycle with 

this Voltmeter are as simple as measurements with the usual multi - 
range meter at d -c! Generally, no precautions are necessary...no adjust- 
ments to make during operation ... no damage from large overloads... 
and, input inpedance is high enough so that it won't affect the circuit 
being measured. 

Think of the time you can save in production testing with the 
elimination of the need for adjusting to zero position during opera- 
tion. It is ideally suited for audio frequencies from 10 cps to 20 kc 

and also for applications in carrier current work, in the super sonic, in 

television and throughout the broadcatt field. 
Get information about this new Voltmeter today. Write directly 

to the factory. There's no obligation, óf course. 

LABORATORY 

Chicago Office 
ALFRED CROSSLEY 

Electro Products Laboratories 
549 West Randolph St., Chicago, Ill. 

INSTRUMENTS 

Hollywood Office New York Office 
N. B. XIEELY BRUCE O. BURLINGAME 

5334 Hollywood Boulevard ASSOCIATES 
Hollywood, California 69 Murray St., New York City, N.Y. 

HEWLETT-PACKARD COMPANY 
BOX 135-A STATION A PALO ALTO, CALIFORNIA 
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Static Beam 
Photoelectric Alarm 
THE FIGURE SHOWS the schematic o1 

a simple static beam photoelectric 
alarm device. Light from a distanll 
source is directed across the area tcl 

be protected into the phototube. D -t 
output of the phototube is amplifieil 
by the 25L6 and holds a signalling 
device relay closed so long as the 

light is uninterrupted by an intruder' 

25L6 
7o 

o%rm 
devce 

po 
O y 

(0551 aP,. t 1 

I ÓON 

Simple static beamelectric alarm circuit, 
The 25L6 amplifier phototube selfrectiflefl 

its own operating potentials 

Capacitor C provides a timing ad-, 

justment, the length of time required' 

to discharge this capacitor when the, 

beam is interrupted determining the 

speed with which the device operates' 
Resistor R is a sensitivity adjust. 
ment, permitting the bias on the 25L61 

to be varied to suit the amount of 
ii 

light impinging upon the phototube 
In this elemental example d -c poi' 

tentials required for the operation 
of the amplifier are obtained through 
self -rectification of applied a.c. by 

the 25L6 itself. A majority of stati9 

beam alarm devices now being mad u 

have d -c powerp'acks supplying re -I 

quired operating potentials to the, 

amplifier tube or tubes.-MacDon- 
ald, ELECTRONICS, February, 1942,,; 

p. 38. 

Optical Filter Tester 
LIGHT LOST IN TRANSMISSION through 

an optical filter may be measured by 

the following method: 
A light source of constant in 

tensity is focused upon a phototube. 

The phototube operates into an at 

amplifier driving a cathode-ray oscil-¡ 

loscope provided with a 60 -cps 

sinusoidal sweep. An opaque discI 

or wheel in which there are two , 
apertures directly opposite each 

other, one aperture containing the 

filter and the other left open, is 

placed in the path of the light beam 
Í 
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NOW- OW" 
Just as important to many customers as the quality of IRC fixed 

and variable resistors itself is the "Know -How" of resistor usage 
that IRC specialized experience makes available. 

This "Know -How" is designed into IRC products. It is a big 
part of IRC customer service. It avoids mistakes in resistor speci- 
fications and orders. It simplifies matters of inspection and 
priorities. It clarifies many special technical problems. Above all, 
it means invaluable help in selecting the right resistor for the job 
-chosen without bias as to type from a line sufficiently broad to 
cover practically every requirement. 

For the solution of a large number of the problems confronting 
the designing engineer, IRC has prepared the Resistor Chart 
which is yours for the asking. However, many special problems 
frequently arise requiring the "Know -How" of a trained staff of 
resistor engineers, which IRC has available. 

INTERNATIONAL RESISTANCE COMPANY 
403 N. BROAD STREET, PHILADELPHIA, PA. 
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WE WANT MOR 
"IMPOSSIBLE" 

WAR ORDERS 
Recently expanded War Pro- 

duction facilities permit our 
handling additional orders, re- 

gardless of the quantities re- 
quired, for all types of coils and 
windings. used at radio frequen- 
cies, intermediate frequencies, 
and audio frequencies. Please 

submit prints or samples (for 
duplication) with your inquiries. 

,Norww" 

Illustrated 'above, the - 
standard Bakelite bobbin, 
developed 15 years ago, 
has been found extremely 
useful for all types of r.f. 
choke coils and many tuned 
circuits with either air or 
powdered iron core tuning. 

AUTOMATIC 
WINDING CO., Inc. 
900 PASSAIC AVENUE 
EAST NEWARK NEW JERSEY 

in such a manner that the light 
shines alternately through the two 
apertures when the disc is rotated by 
a motor running at 1800 r.p.m. 

Since such a disc revolves at 30 

rps and there are two openings in 
the disc light will reach the photo - 
tube once each 60th second. A pat- 
tern similar to the one shown will 
be observed on the oscilloscope 
screen, the distance B indicating 
the amount of light reaching the 
phototube directly and the distance 
A indicating the amount of light 
reaching the phototube through the 
filter. Thus the ratio A/B represents 
the percentage light passing through 
the filter. 

If the wavelength of maximum 
transmission is desired, this may be 
determined by passing the light 
from the source through a prism 
before passing it through the disc 
apertures. Angular movement of the 
prism will permit the wavelength of 

1 

.I . 

A 

Cathode-ray oscilloscope pattern showing 
the relationship between light passed 
directly to a phototube and light passed 
to the phototube through an optical filter. 
B represent light transmitted directly and 

A light transmitted through the filter 

the light transmitted to the photo - 
tube to be varied.-Seeley and And- 
erson, Review of Scientific Instru- 
ments, August, 1941, p. 392. 

Oil Hole Inspector 
AUTOMATICALLY INSPECTING o n e 

shackle bolt per second, a photoelec- 
tric machine determines that oil holes 
drilled longitudinally through the 
bolts exactly meet other oil holes 
drilled into the bolt centers from the 
sides. 

A beam of light is reflected from 
a mirror into the longitudinal hole 

Mirror 

Adjusting collets 
on ba//bearing 
revolved by 
wheel.. 

Seition of 
indexing wheel 

0i/ or 
lubrication 
hole being 
inspected 

Beam of light from light so, - 

Boll being inspected 

Revolving ,vhK/ 
'with rubbrrb4 

:Photo luxe 
housing 

Photo tube 
cathode 

'-Light baffle 

Oil or lubrication 
hole being inspected 

Photoelectric oil -hole inspector 

while a bolt is revolved one complett 
turn by a rubber -tired driving wheel1 

If the quantity of light at which tht 

device is calibrated fails to reach I 

phototube mounted adjacent to tht 

side hole during some portion of this 

cycle, indicating imperfect align' ' 

ment or a block, the bolt is auto l 
matically rejected by an electro , 

mechanical mechanism. - Powers 4; 

ELECTRONICS, September, 1939, p. 54: - 

Articulated Weighing 
Scale 
WEIGHING SCALES FREQUENTLY user 

to indicate one specific weight may 

be made to actuate an audible or vis 

ible signal when that weight it 

reached. 
A small hole is drilled thróugh tht 

face of the scale at a position coal 

responding to the weight to be in. 

dicated. A light source is mounte6 
in front of the hole and a phototubt 
is placed back of the hole in such I 

manner that the beam of light it 

interrupted by the pointer 'or by 

flag attached to the pointer when 

this weight is reached. The output 

of the phototube is amplified and7 

when interrupted, operates a relay' 

which energizes the selected signalli 

device. ±E; 

The advantage of the electronictl, 

method of control in this instance le`' 

the fact that no error -producing bade 

is introduced in the mechanism of /1 

the scale by the articulating device. 
l 

Editor's note - This hole -in -the' 

scale device is widely used with!! 

phototubes for controlling mechan :' 

ical. or electrical quantities.-Kronk. 
Scale Co., ELECTRONICS, January, 

1942, p. 60. 
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Hytron's newly acquired 
"Sunshine Plant" at New- 
buryport, Massachusetts 
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YTRON now has QUADRUPLED 
space for war production 

Hytron REMEMBERS PEARL HARBOR-Wake Island-Bataan-Corregidor. 
As its contribution +o the swelling tide of production which will equip +he 

nation with an overwhelming flood of war materials to avenge these tempo- 
rary defeats, Hytron is developing at top speed the productive capacity of 
its new plant at nearby Newburyport. The new factory is so large that it 
could easily accommodate on one floor the entire Salem plant. In this 
appropriately -named radio war, Hytron's quadrupled facilities will play an 

important part in the production of vital electronic tubes to be used in 

making the enemy remember with regret his mistake in attacking the 
United States. 

HYTRON CORPORATION 
Manufacturers of electronic tubes since 1921 

Newburyport ... MASSACHUSETTS ... Salem 

' MORE TUBES FOR VICTORY 

IECEIVING 'GT", "G", or "acorns", R.M.A. or 
i'overnment types, - twenty-two years of experi- 
nce give ybu time -tested quality. 

Hytron's Plant at Salem 

'RANSMITTIN' - Nationally famous u -h -f designs, ' i 

opular instant -h-. hing tubes for m bile use, stand- #9 
rd Hytron triodes and rectifies, all perform 9 í1 
fficiently-dependably. / 
'PECIAL PURPOSE --"From medium power tubes 

tiny miniature types, Hytron welcomes the oppor- 
inity to manufacture in production quantifies the 
>ecialized tubes you may need for your war pro- 
ction. 

.--.-- o 
77- 
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* * * 

The famous Johnson insulator line is the most complete of 

any manufacturer. Designed by engineers for practical 
application, their quality, materials and excellence of work- 
manship are often imitated but never equalled. Nuts are 
carefully milled and heavily nickel plated, not cheap 
stamped unplated types. Studs have accurately cut threads 
held to a close tolerance and heavily plated. Inferior 
varieties use cheaper rolled threads that bind or strip 
easily. All Johnson insulators are made of the finest elec- 
trical porcelain or Steatite (depending on type) and are 
remarkably free from pin holes, impurities and imperfec- 
tions. Substitutes are usually inferior porcelain or clay 
such as that used in dishes and pottery. Superior Johnson 
parts cost no more-why take chances? 

Write us concerning your need. Johnson Engineers 
will recommend an insulator that will do the job 
better-often at a lower price. After all Johnson parts 
are GOOD parts. (Ask for Catalog 967D). 

E. F. JOHNSON CO . 
WAf;E('.a, MINNESOTA 
F\I'1111To 25 11\I111EN ST., NEW YIII16, N. Y. 

".11aN11Fa1'TIIIIEIIS OF IITI111I TRANSMITTING EIJIlÍI'S1ENT", 
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Measurement of 
Turbidity in Liquids 
THE TURBIDITY OF ALMOST clear soli 

tions can be measured by the extet 
to which a light beam is disperse 
by the suspended particles. By tt 
use of proper filters, colored solr, 

tions can also be measured. Ti 

method is to pass a collimated lig 
beam through two grids consistin 
of alternate bars and open space' 

with the sample and a lens syste 
between them. The grids must ti 
machined very accurately so that ti' 
two units are of the same dimension 
and so that the bars and the ope 

spaces are of the same size. Afte 

the light beam passes through t6 

first grid it consists of several bean; 
which are rectangular in cross se 
tion. A pair of 4 -inch objective lens 
is mounted in a slide for focussin;i 

Diagram of the circuit and optical systeeq 
of the photoelectric turbidimeter 111 

The lens system is adjusted so 101 
the light beam has unity magnifici 

tion on the second grid. The secon ú 

grid is positioned so that the reel, 

tangular portions of the light bean 

fall on the bars. Thus, no light gel' 

past the second grid, except the 

which results from imperfect nul 

chining of the grids. Beyond the se 

and grid is a barrier type photocb 

to detect any light. Another phott1 

cell is located near the light source 

as shown in the diagram and cot, 

nected to a potentiometer acros 

which are connected the first photi, 

cell and a microammeter. This is fo 

the purpose of balancing out an 

light getting past the second grid. 
When a liquid sample is placed be 

tween the two grids as shown, a 

suspended particles cause a dispers 
of the light and permits it to pa 

through the openings of the secon' 

grid to the photocell where it is con 

verted into electrical energy fo 

measurement.-Silverman, Reviet 

of Scientific Instruments, February 
1941. (ELECTRONICS, April, 1941, P 

100). 
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ENAMELED COPPER 

ENAMELED IRON 

ENAMELED ALLOY 

NAMELED ALUMINUM 

TWISTED MULTIPLES 

ARALLEL MULTIPLES 

There's more to present day engineer- 
ing and design problems than shortages 
of materials, priorities, etc. There is also 
the question of whether specifications have 
been rigidly adhered to. Wire, for ex- 
ample, must meet such requirements 
as specific electrical properties, flexibility, 
tensile strength, laying speed, uniform- 
ity, etc. 

Whether it's a buyer's or a seller's market, 
WINCO magnet wire products are drawn 

WINSTED 
WINSTED HUDSON WIRE 

SILK COVERED 

COTTON COVERED 

CELANESE. COVERED 

GLASS FIBRE COVERED 

LITIENDRANT AND 

' =' SPECIALS. TO ORDER 

to exact specifications. Uniformity of prod- 
uct is guaranteed by mercury process tests 
and careful supervision guards against 
variations in consistency, structure or elec- 
trical values. 

If you have a wire problem, our complete 
facilities are at your disposal. Send blue- 
prints or specifications for recommenda- 
tions, without obligation. Samples sent on 
request; write today. 

DIVISION 
COMPANY CONNECTICUT 
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We/ding trons, 

Daylight Measurement 
of Cloud Heights 
THE HEIGHT OF CLOUDS above ground 
level is of utmost importance to air- 
craft operators and can be measured 
in daylight by means of a modulated 
light beam pointed vertically at the 
cloud, and a photoelectric detector 
unit and amplifier. The light source 
is an a -c operated high intensity 
mercury vapor lamp operated on 
60 -cps power. The modulation of the 
beam is about 95 percent and has a 
frequency of 120 cps. The detector 
system includes a lens system de- 
signed to pick up a cloud area no 
larger than that illuminated by the 
light beam to reduce the background 
light to a minimum. A type -929 
phototube is used and its current is 
amplified by a five stage resistance - 
capacitance amplifier tuned to 120 
cps. In practice, the base of the cloud 
is scanned by the detector until the 
output meter indicates that the light 
signal is being received. The compu- 
tation of cloud height is a simple 
trigonometric problem making use of 
a known base line and one angle of a 
right triangle to determine the verti- 
cal leg, or height of the cloud.- 
Electrical Engineering, May 1941. 

Stimulus - 
Electrical 

(Continued from page 74) 

electronic control equipment is in- 
serted in series with this lead. The 
control comprises two ignitron tubes 
connected in such a manner that pri- 
mary current flows through one tube 
on one half cycle and through the 
other tube on the other half cycle. 
When the ignitrons are conducting, 

Á.0 
sup/ 

} 

lNórk 

\ ; \ \\ *-lgnitronsi i ' \ \`ThyratronsJ / 
\\ Electronic timing or ;/ 

phase control - 

Resistance welding control circuit using 
ignitrons to control primary current and 

thyratrons to control the ignitions 

circuit operation is precisely the 
same as outlined above. It will be 
obvious, however, that welding cur- 
rent may be started and stopped by 
starting and stopping ignition con- 
duction, using the ignitrons as an 
"electronic switch." It will also be 
apparent that the ignitrons may be 
used as an "electronic rheostat" if 
some means of causing them to fire 
at controllable points along each half 
cycle of a.c. is employed. 

One method of controlling the ig- 
nitrons Ind thus controlling welding 
time or welding current or both is to 
connect thyratron tubes between ig- 
nitron anodes and igniters as shown. 
The thyratrons may be controlled by 
means of any conventional electronic 
timing circuit or by phase -shift 
methods described elsewhere in this 
issue and will, in turn, control the 
points along each half cycle at which 
associated ignitrons fire. No special 
provision for stopping ignitron cur- 
rent flow is required in this circuit 
as the tubes automatically cease con- 
duction on half cycles of a.c. during 
which their anodes are negative with 
respect to their cathodes.-GENERAL 
ELECTRIC COMPANY, Instruction Man- 
ual. 

Motor Reversal and 
Speed Control 
THE DIRECTION OF rotation and the 
speed of d -c motors may be controlled 
by means of the circuit shown. The 
motor field is operated from any 
suitable d -c source. Alternating cur- 
rent is applied to the motor field in 
series with two thyratron rectifiers 
connected "back to back." The thy- 
ratrons employed here are cut off 
unless their grids are made positive 
with respect to their cathodes. 
Throwing the control switch to the 
left makes the grid of thyratron A 
positive and that tube conducts. Half 
waves of current pass through the 
motor armature in one direction and 
the motor operates. Throwing the 
control switch to the right causes 
tube B to fire and the motor direction 
reverses. 

If a variable inductance is in- 
cluded in the center arm of the con- 
trol switch, as drawn, it will be pos- 
sible to control motor speed as well 
as the direction of motor rotation. 
Varying the inductance shifts the 
phase of voltage applied to the thy - 

TWO NEW 
FRANKLIN 
SOCKETS 

NOW BEING MANUFAC- 
TURED FOR ARMY, NAVY 
AND SIGNAL CORPS RE- 
QUIREMENTS. 

lM j 
O ti 

STEATITE CERAMIC SOCKET 
FOR U.H.F. ACORN TUBES- 
minimum electrical fosse s: 

+1I special tempered, silver-plated, 
phosphor bronze contacts-min- 
imum insertion pressure; snap - 
in contacts withstand severe 
vibration. 

1 

e - 

LOW LOSS MOLDED LOCK -IN 

TUBE SOCKET. Shell is special 
mica filled phenolic-efficient 
operation at higher frequencies. 
Revolutionary contact design 
-allows thousands of inser- 
tions and rotation of tube with- 

out contact failure. Locking 
spring of stainless steel-ten- 
sion to maintain tube in posi- 
tion under severe vibration. 

CHECK YOUR REQUIRE- 
MENTS WITH US. WE MAY 

BE ALREADY TOOLED UP TO 

MAKE THE PARTS YOU NEED. 

(it 

i 
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FRANKLIN Can Help You 
STEP UP -DEFENSE -DELIVERIES 

SOCKETS 

%' 
v 

11 .4146- 

11 3 

TERMINAL STRIPS 

. 

mi,- 
, -a 

- 

a 
- 

e 

_i 

P 
` 

METAL_ STAMPINGS 

c 
\,51'. 1 

o c/ 
BAKELITE ,STAMfrÍM81 

AND MACHININGS 

PLUGS AND SWITCHES 

COMPLETE . 

TOOL ROOM 
FACILITIES 

Punch and Drill Presses 
*' 

BAKELITE AND METAL 
ASSEMBLIES 

'gad y for Large or Small Orders 
WE have produced many millions of the above 

illustrated items for leading radio and electrical 
apparatus Manufacturers. Today we have the facili- 
ties to render similar service to any manufacturing 
organization engaged in defense production, in large 
or small quantities, standard or special designs. Quo- 
tations made promptly from your blueprints. 

A. W.. FRANKLIN MFG. CORP. 
Varick Street New York, N. Y. 

Telephone: WAlker 5-6037 
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WHYFOR 

A FEWPAYi 

when EMPIRE 

gives you 

ALL SEVEN! 

I. DIELECTRIC 

STRENGTH 

2. TENSILE 

STRENGTH 

3. ELONGATION 

4. PLIABILITY 

5. FINISH 

6. UNIFORMITY 

7. RESISTANCE 

Si TO AGING 

ti. 

GET THIS QUA I(INS JON 

FOR YOUR, cLÉCTRICAL E MENT, 

. SPLICING, MOTOR'REPAIR WORK 

+;'s ! 

/#13R' 
++""-W . 

You're paying for all 7 of these advantages in any 

Varnished Cambric Tape or Cloth you buy. Why not 

specify EMPIRE-it costs no more to be sure of all 7. 

Through years of experience and research, we have 

developed Empire Tapes and Cloth to the point where 

they ear''h top rating from every standpoint. Both equip- 

ment manufacturers and power companies have proved 

this in searching tests. And they back it up with orders 

and reorders. whenever this type of material is needed., 

If you need Varnished Tape or Cloth send the coupon 

for a stock sample of Empire. Subject it to your own 

tests for first-hand evidence of its all-round excellence. 

USE THE COUPON TODAY!' 

MICA INSULATOR CO., Dept. 31, 198 Vorick St., New York, N. Y. 

Send me samples and prices of": 'Empire Straight Cut Cloth Yellow's Black 
.007 

.010 __ ,- , .010 

E. G-42 

Empire Seamless Bias Tape Yellow .010 Black 010 

Name Title 

Company 

. Address 

ratron grids so that the conductin 
tube rectifies during part rather tha 
all of a half cycle. Latitude of spee 

control is increased if the thyratro 
grid resistors are made variable. 

Rapid motor braking may b 

achieved by using á control swift 
whose center arm normally contad 
both grid return circuits. In thi 

case both thyratrons fire alternate) 
with the,result that full wave a.c. j 

applied to the motor field. Inertia 
the armature rotor will be sul icier 

to stop "hunting" by the motor a 

the polarity of voltage applied to th 

field changes. The closed core chol 

in series with the a -c supply is h 

eluded to reduce current flotvin 

through the armatu, a when the rm° 

tor is held at a standstill, saturatis' 
of the core of the choke reducing it 

inductance and avoiding serious vol, 

age drop when the motor is operate]' 

The fact that current flows in t. 

1: 

e 

ñ 
C. 

Closed core choke 

//O 
armature 

switch -- 

DC 
field 

Direct -current motor control circuit. 1 

permits the direction of rotation to be c 

versed, provides variable speed .adlu1J 

ment and lends Itself to rapid molo 

braking 

motor armature only on half cycle 

requires that the a -c supply have al 

proximately twice the voltage l+ 

quired by the armature to come) 
sate the voltage drop in the rectify 

ing system.-Ryder, ELECTRONIC' 

December 1938, p. 20. 

1 

High Speed Stroboscopi 
Light Source 
A COOPER-HEWITT mercury vav' 

lamp may be used as a source of big 

speed stroboscopic light for the d 

servance or photographing of recta 

rent or transient phenomena. T 

circuit shown in simplified form Pr 

vides control of timing and brilliant. 
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TWO PARTS PER 

MILLION 

. ¿ 
. . c i '° r" 

ob ` -a Q 

. Hfgf k FCgK 
Dy gA0/p do +s Cp . .- . 

1 

The Type 815 Precision Fork is cali. 
butted in terms of the G -R Primary 
Standard of Frequency. A harmonic 
of the frequency standard drives a 
1,000 -cycle motor to which is affixed 
a paper stroboscopic disc. The out- 
put of the Fork is amplified and 
flashes a G -R STROBOTAC, used to 
illuminate the stroboscopic disc. By 
counting the number of spots on the 
paper disc passing a given index per 
unit of time, the frequency of the 
fork can be measured to within a 
few parts per million. 

r". 

ít.Q.-, 

^ \/ t " 

r. 
t' 

Y.a 
711Y 

ATYPICAL ILLUSTN - _ ,11RATION of the care used in 
manufacturing and tes ting G -R equipment is the Type 

815 Precision Fork, widely used as a low -frequency standard, in geo- 
physical exploration, general laboratory testing, and in rating clocks 
and watches. These forks are supplied for frequencies of 50, 60 or 100 
cycles. They are calibrated to an accuracy of two parts per million. 

The material from which the forks are made is low.temperature- 
coefficient stainless steel, received from the supplier in the form of 
bars. As the temperature coefficient of different lots of steel varies,. 
a sample fork is made from each new lot and the coefficient is 
obtained after a protracted temperature run. 

From previously determined mechanical tolerances, the forks are 
then machined in our shop. The average fork as received from the 
shop is about two cycles below its nominal frequency. The initial 
frequency is measured to within one millicycle. From data previously 
obtained, the amount of material to be milled from the ends of the 
tines is determined and the fork is returned to the shop for the first 
rough adjustment. A second check to within one millicycle is then 
made and if necessary the fork is returned to the shop _again for 
further adjustment. Occasionally a third rough check.and adjustment are required. 

The fork is then ready for final adjustment and calibration. A 
hole is drilled and tapped in the end of each tine to receive two 
adjustable loading screws. The frequency is -measured to within 
one millicycle with both tine holes empty, with an inner tine screw 
in each hole and then with an outer tine screw set up tightly against 
the first screw. From these measurements the approximate amount of 
material to be cut from the tine screws to bring the frequency very 
close to its nominal value is ascertained. 

The fork is then allowed to run for a half-hour at a controlled 
temperature of 77 degrees F. after which the final. frequency meas- 
urement is made. Appropriate adjustments of the tine screws set the 
frequency to within 0.001% of the nominal value. The voltage coeffi- 
cient of frequency is now obtained. This ís approximately 0.005% per 
volt. The output voltage and harmonic content art3 then measured. 

The forks are then placed in stock. When orders are received the forks are returned to the laboratory and the frequency is measured at a driving voltage of exactly four volts. Á calibration certificate showing the exact frequency to within 0.002% at a stated tempera- ture between 70 and 80 degrees F., and showing the temperature and voltage coefficients of frequency is supplied with each fork. 

GENERAL RADIO COMPANY 
CAMBRIDGE, MASSACHUSETTS 

Branches in New York and Los Angeles 
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Ds GraybaR 
rl[CTNIC COMVANY 

The American broadcasting industry contributes to 

America's strength by keeping the people informed, 

by increasing public morale, by promoting national 

unity. It is a heartwarming fact to every member of 

the Blaw-Knox organization that more than 70% of 

the lowers in the nation are Blaw-Knox built. 

BLAW-KNOX DIVISION of Blaw-Knox Co. 
2077 Farmers Bank Bldg. Pittsburgh; Pa. 

BLAW-KNOX 

RADIATORS 
FM AND TELEVISION TOWERS 

The thyratrou tube is triggered al 
the rate required to "stop" motioi 
of the observed subject by an eleci fi 

tronic voltage pulse generator such 

as a relaxation oscillator. When thi 
grid of the thyratron goes positiv' 
with respect to its cathode the till I, 

fires and capacitor C, discharge! 
through the transformer primary 
producing an extremely high voltage 
in the transformer secondary. Thiv 

voltage appears as an electrostatic, 
potential between the mercury in: 
shield of the lamp and ionizes mer 
cury vapor in one corner of the lamp 

Ford Mode/'T coil 
Cooper- 

ThyraJron 

r--- 
>-- o 

Electronic 
timing 
circuit 

r/ewift 
11 lamp 

:l~r 

II -- 
--High voltage--; 

A Cooper -Hewitt mercury vapor lamp con, 

nected in the circuit shown makes a good 

high speed stroboscopic light source. h 

lamp that has been retired from regulol 

illuminating service because of starting 

difficulty will fire satisfactorily in thi 

circuit 

The high voltage power supply con 

nected across the ends of the lam 

causes further ionization and capaci 

tor C, discharges through the Cooper 

Hewitt. Additional brilliancy may bit 

obtained by closing one or botl 

switches, connecting C, and C. 

i ' parallel with C,. The associated el 

tronic timing circuit regains contrt 

of the thyratron by swinging thi 

thyratron grid sharply negative sooi 

after C, discharges, at which timt 

the anode voltage is at a minimumlr< 

-Street, ELECTRONICS, April, 1940 

p. 36. 
il 

Stimulus-Physica;l+' 
or Chemical 4h 

(Continued from page 76) 

Motor Speed Checker 
THE SPEED OF SMALL motors may b 

determined under conditions apt 

proximating no-load by the method 

shown in the diagram. 
A small metal fitting, A, is fastened 
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CONNECTICUT Telephone and Electric Corporation is a 

I pioneer in the engineering and manufacturing of signal - 

i 1, communications and other advanced electrical devices 
al equipment * Experience since the early days of the tele - 
pone has enabled Connecticut to meet the exacting require - 
mints of all branches of the service in two wars. Its energies 
kip now wholly devoted to production for the armed forces of 

United Nations * The return of peace will find Connecti- 
c:ready with many significant new developments for civilian 

Find. Its facilities for complete product fabrication within its 
n plant will he even more extensive than at present. And 

ntbods for applying Connecticut's laboratory standards of 
pwision in mass production will be still further advanced. 

Illustrated: a few typical examples of the many precision electri- 
cal products Connecticut is equipped to manufacturo in volume. 

COSSET?' TICU EZ Ep T 
HONE 

CO EZEC °Rp.o TRIC 
Meriden 

A T l° N , 
Connecrieut . 

Rese'arch --Eílgineering Preóc"ision Manufacturing Since 1894 e 
o , 
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KURMAN RELAYS 
for Keying .. Aircraft Control 

and Communications 

SERIES 

Designed to your 
specifications to 
operate under ex- 
treme conditions of 

humidity, vibration, 
shock and tempera- 
ture. 

Series S 

GUIDE TO KURMAN RELAY SPECIFICATIONS 
RATED INPUT AMPERE 

DC AC CONTACT 
WATTS V.A. RATING 

WEIGHT 
OUNCES 

J t 

DIMENSIONS 
INCHES 

5 2.5 8.0 15 

10 .35 - .5 
11 .80 4.4 I 

12 .018 - .25 
IS 2.0 6.0 I 

25 2.0 4.0 10 

200 .014 .36 3 

300 .014 .36 3 

NOTES 

I. All current contact ratings are in am- 
peres at 110 volts 60 cycle AC. 

II. Dielectric strength of 1500 volts exists 
between contacts and ground in Series 10, II, 
15. 

III. Insulated armature, shown on Series 300, 
is recommended for high frequency transfer. 
This feature may be specified for Series 200. 

1V. Ferronickel alloy is used in the mag 
netic circuits for Series 10, 12, 200, 300. 

V. Ceramic insulation in Series 25 permits 

7 
1 

2 

1 

3 

4 
634 
6 G,8 

high frequency transfer with low capacitive 
leakage. 
VI. Dampened armature action in Series 25 

is designed to reduce contact bounce after 
initial pull down. 

VII. Rated watts represents practical mini- 
mum input at standard adjustments. 

VIII. AC relays have approximately .5 power 
factor. 

IX. List prices vary with specific voltage 
and insulation requirements. 

Series II Series 12 

Series 25 Series 200 

Series 15 

Series 300 

KURMAN ELECTRIC CO., INC. 
241 Lafayette Street New York, N. Y. 

RELAYS TEST EQUIPMENT CONTROLS 
Manufacturers of Relays since 1920. 

Bar mognrF 

A ~T Li IIIIIII ' 
Oscilloscope 

asci//oor . IO 000' 
0000 

Set-up for measuring the speed of small 

motors without introducing a load in the 

measurement process 

to the motor shaft and acts as the 

rotor element of an a -c generator, 
The frequency of the a.c. generated 
in the coil surrounding the magnet 

of the generator is directly proporal 

tional to the speed of the motor and 

can be used as the basis of a corn -I 

parison measurement. The output of 

the coil is connected to the vertical 

deflection plates of a cathode-ray os- 

cilloscope, while the horizontal plates, 

lead to a beat -frequency oscillator 
whose frequency calibration may In 

marked directly in rpm. The beat 

frequency is adjusted until the pat. 

tern formed on the oscilloscope is a 

simple ellipse, which is the Lissajous 

figure indicating that the two oscil 

loscope input frequencies are the 

same. 
The a -c generator does not produce 

a true sine -wave but the harmonics 

introduced may be attenuated by th 

capacitance C, connected across th 

generator output.-Clough Brengle, 

ELECTRONICS, October, 1939, p. 47. 6 

Temperature Control r 

A CONTROL FOR maintaining the to 

perature of any enclosed chamber 

within a few thousandths of a degree,Ilh 

has been developed in the labora- 

tories of the Shell Development Co.' 

It uses a resistance thermometer; 
controlling a thyratron tube through! 

a phase -shifting network. The re -1, 

sistance changes with temperature a 

and therefore is useful for convert- t01 

ing a temperature change into a , 

voltage change the thermometer is. 
¡L 

located in the chamber and is con- 

nected in a Wheatstone bridge cir- 

cuit to which is applied a 60 -cps 

voltage. When the bridge is balanced 

the temperature is at the desired 

point and nothing happens. If, how- 

ever, the temperature falls below the 
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INTRICATE. C E .R AM'] C °PARTS 

RODUCED WITHOUT SPECIAL TOOLS 

THEN special ceramic parts are required in small 

I quantities for vital wartime applications, the 
attptability of Isolantite* to the production of intri- 

ct' shapes is a feature of major importance. 

Through years of experience in the manufacture 
of steatite ceramics, Isolantite Inc. has developed 
faricating techniques that permit the production of 
inficate shapes without the necessity of providing 
a.ensive special tools. In addition, Isolantite's man- 

ulcturing processes permit extremely close dimen- 
nal tolerances as compared with general ceramic 

gc'uirements. Critical dimensions can be held within 
coke limits to facilitate equipment assembly. 

suitability for the production of intricate shapes to 
acwrate dimensions is only one of Isolantite's many 
vantages. Uniformity of product, high mechani- 

1IECTRONICS - June 1942 

cal, strength, electrical efficiency, nonabsorption of 
moisture-these factors all contribute to dependable 
insulation pérformance." Because of its unique com- 
bination of properties in a single ceramic body, 
Isolantite is the choice of leading manufacturers, not 
only in the high -frequency fields, but for all appli- 
cations where high-grade insulation is required in 
intricate shapes. 

CERAMIC INSULATORS 
ISOLANTITE INC., BELLEVILLE, NEW JERSEY 

"Registered trade -name for the products of Isolantite Inc. 
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FROM PLANES TO 

PENCIL poiNTERS 

AN 

11.s 
3 
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XTE-30 Tubing used 
in wiring systems on 

prominent planes. 

On planes, pencil pointing machines and other 
equipment requiring protection of electric cir- 
cuits, IRV-O-LITE XTE-30 Extruded Plastic 
Tubing provides lasting insulation. Many manu- 
facturers of terminals, lugs, motors, electric ap- 
pliances, electronic devices and instruments use 
IRV-O-LITE XTE-30 to guard against short cir- 
cuits and grounds caused by insulation failure. 

The choice of IRV-O-LITE XTE-30 Extruded 
Plastic Tubing by so many companies in widely 
varied fields is accounted for by the advantages 
this Fibronized Tubing provides. 
HIGH DIELECTRIC STRENGTH- Dry - 750 VPM: Wet 
-350 VPM. 

FLEXIBILITY-So elastic it can be flexed on itself with 
wire inside without cracking. 

HEAT RESISTANCE-Withstands soldering temperature. 
Will not support combustion. 

CHEMICAL RESISTANCE-Is not affected by denatured 
alcohol, petroleum, gasoline, concentrated acids and 
alkalies, and most coal tar .solvents. 

TENSILE STRENGTH -2150 lbs. per sq. in. IRV-O-LITE 
resists wear, tear and abrasion. 

SMOOTH WALLS-Inside and out for easy assembly. 

CONTINUOUS LENGTHS- Cut down waste. 

SIX STANDARD COLORS-Colors: black, green, white, 
yellow, red, blue, simplify identification of wires after 
installation. 

WIDE RANGE OF SIZES- From No. 24 to 11/2" I.D. 
This thin -walled tubing with its high dielectric strength 
saves space in intricate and crowded installations. 

Test the qualities of IRV-O-LITE XTE-30 yourself. 
Write Dept. 106 for samples, complete product infor- 
mation and prices. 

IJv 

t'+ 

XTE - 30 T 

y -. 

IRV-O-LITE XTE-30 provides insulation 
on the Triple "E" Products Company, St. 
Louis Electro -Pointer Pencil Sharpener. 

!SIB 

Added insulating protection is given to 
solderless wiring devices with 

IRV-O-LITE XTE-30. 

IRV-O-LITE XTE-30 is used as insulation 
on parts for famous planes. 

OTHER IRVINGTON TUBING 
IRV-O-LITE XTE-100 x""017"w, 

For use where higher dielectric strength 
and temperatures are encountered. 

TRANSFLEX 
The new transparent plastic tubing that 
resists brittleness down to -58° F. 

IRVINGTON 
VARNISH AND INSULATOR CO. 

IRVINGTON, NEW JERSEY, U. S. A, 
"Plants at Irvington, N. 1. and Hamilton, Ont., Can. Representatives In 20 Principal Cities 

106 

4 

5- 

Simplified circuit diagram to show the prim 
ciple of operation of the temperature coo 

troller. A voltage appears across the out 

put of the Wheatstone bridge when un 

balance occurs, its phase is shifted. I' 
is amplified to fire two thyratrons (2A4G) 

and control the heating element through a 

saturable reactor 

desired point, the resistance ther 

mometer changes in resistance byli 

very small amount and the balancd 

of the Wheatstone bridge is upset 
There is then a voltage across the,l' 

output of the bridge and this is fed 

into the phase shifting network and,,' l 

the primary of a transformer. The1 

voltage developed across the second- 

ary of the transformer is now out 

of phase with the line voltage by anal' 

amount depending on the phase; 

shifting nets' ork and it is fedli 

through a two -stage amplifier. Th7 

output of the amplifier, even with 1 

temperature changes of a few thou-' 

sandths of a degree in the chamber,'I r 

is sufficient to operate the two 2A4G 

thyratrons. The amplified out-ofI 
phase voltage is applied to the gridtl,r 
of the thyratrons and a voltage 180' 

degrees out of phase with line vol- 

tage (a step-up transformer is used); 

is applied to the anodes. The thyra- u 

trop pass anode current whenever 

a very slight decrease in temperature 
in the chamber occurs. The anode 

current must be made to control the 

application of heat to the chamber. 
In this case the anode current Is 
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CABLE CONNECTORS 

SOCKETS and RECEPTACLES 

Ultra Low- Loss Insulation 
For Electrical and Communications Equipment 

on Aircraft, Military, and Naval Service 

U. S. Army -Navy specification connec- 
tors. Also, British military type connec- 
tors. Conduits and their fittings and 
machines for attaching. Plugs and Equip- 
ment for Radio and Microphone applica- 
tions-Sockets in bakelite, ceramic, and 
polystyrene for all types of Vacuum Tubes 
-Coax and Twinax Cables-Beaded and 
Copolene flexible solid dielectric types 
-Polystyrene Rods, Sheets, Tapes, and 
Molded Parts. 

These products and many others are 
engineered by Amphenol to render high- 
est satisfaction and service. Use approved 
Amphenol products on the war equipment 
you build. Write for latest catalog on 
your letterhead. 
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EXPEl.S .YATOuciASBASEINST 
EINSTANTANEOUS The 

REcoRoINC 

, » A thin, flexible ' A medium 
zi glass basedisc 

with glass 
base 

Based on unbiased reports from tests 

conducted by station engineers in 

major studios, and under normal 

operating conditions, "no better in- 

stantaneous recording blank was ever 

mode." 

YOU'VE GOT NOTHING 

Both weight l 

* All glasstwo or four 
holes 

disc 

no fibre throu9houj. 
ho 

No metal r foreign nate al 
rumble 9rOmets to"wove" inserts 

wp Hoes 
Precision 

w or 
Priced machine 

Immediate 
at less than 

other 
m the glass 

in 
U. S. anywhere 

brands 

blanks with "Black 
aluminum 

lain?4hours 
TO LOSE! 

HERE'S OUR GUARANTEE! Send for a trial 

order of "Black Seal" Blanks. We guarantee 

that they are as good as, or superior to, any disc 

you have ever used. If, after giving them every 

test you can think of, you find that they do not 

lis a up to our claims, return the unused discs, 

and keep the used ones with our compliments. 

You've got nothing to lose. We pay the freight 

both ways! You don't pay unless you are 

satisfied! Remember-you won't know unless 

you try! 

For Transcriptions, Professional Recordings and Libraries, 

Gould -Moody "Black Seal" Glass Base Instantaneous 

Recording Blanks "Speak for Themselves" 

Write for trial order or complete information today. 

All accounts serviced with styli and shipping cartons 

at actual cost. 10", 12" and 16" sizes, with 2 or 4 holes. 

THE GOULD-MOODY COMPANY 

RECORDING BLANK DIVISION 395 BROADWAY NEW YORK, N. Y. 

passed through a saturable reactor, 
one winding of which is in series 
with the power line and an electric 
heater. When zero current passes 

through the saturable reactor, the Ii 

heater winding acts as a current - 
limiting reactor and no voltage is 

applied to the heater. However, 

when current does flow through it, r 

it becomes saturated and the in- 

ductance drops to a very low value. 

Voltage is applied to the heating ele- 

ment whenever thyratron current 
flows. When the temperature reaches 

the desired level, the bridge is again 

balanced, thyratron anode current 
flows and application of heat ceases. 

To avoid overloading the circuit 

when a relatively great drop in tern- 

perature occurs, automatic gain con- 

trol is used on the amplifier. This is 

obtained by the application of auto- 

matic bias control derived from part 

of the output transformer.-Penther 
and Pompeo, ELECTRONICS, April 

1941, p. 20. 

Sensitive Contact I 

Indicator 
A SO-CALLED "MAGIC -EYE" cathode- 

ray tube (used as tuning indicators, 

in radio receivers) may be used as 

a simple and inexpensive indicator; 
of the precise moment at which twtij 

metallic bodies touch. Used in con -I 

nection with an interferometer typé 

strain -gage calibrator, for example, 

it has been found that the relative 

position of two polished steel sur- 

faces at the instant of contact will 

be indicated with a maximum varia, 

tion of four millionths of an inch on, 

successive tests. 
Referring to the figure, the grid off' 

the 6E5 is biased sufficiently nega- 

/me 

200,000 

200,000 

lj 

6E5 

\Contacfs 
.360 

/I0 v.a.c. 

- 

Sensitive contact indicator. The target of 

the tube is illuminated when the contacts 

touch. a useful indication method for use 

in connection with micrometers, inter 

ferometers and other measuring instru 

ments 
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llext to the Stars 'and Stripes . . . 

AS PROUD A FLAG AS INDUSTRY CAN FLY 
Signifying 90 Percent or More Employee Participation in the Pay -Roll Savings Plan 

IT doesn't go into the smoke of battle, but 
wherever you see this flag you know that it spells 
Victory for our boys on the fighting fronts. To 
everyone, it means that the firm which flies it has 
attained 90 percent or more employee participa- 
tion in the Pay -Roll Savings Plan . . . that their 
employees are turning a part of their earnings 
into tanks and planes and guns regularly, every 
pay day, through the systematic purchase of 
U. S. War Bonds. 
You don't need to be engaged in war production 
activity to fly this flag. Any patriotic firm can 
qualify and make a vital contribution to Victory 
by making the Pay -Roll Savings Plan available 
to its employees, and by securing 90 percent or 
more employee participation. Then notify your 
State Defense Savings Staff Administrator that 

you have reached the goal. He will tell you 
how you may obtain your flag. 
If your firm has already installed the Pay -Roll 
Savings Plan, now is the time to increase your 
efforts: (1) To secure wider participation and 
reach the 90 -percent goal; (2) to encourage 
employees to increase their allotments until 10 
percent or more of your gross pay roll is sub- 
scribed for Bonds. "Token" allotments will 
not win this war any more than "token" resist- 
ance will keep our enemies from our shores, 
our homes. If your firm has yet to install the 
Plan, remember, TIME IS SHORT. 

Write or wire for fill facts and literature on instal- 
ling your Pay -Roll Savings Plan now. Address 
Treasury Department, Section D, 709 12th St., 
NW., Washington, D. C 

Make Every Pay Day "Bond Day" 

urns- WAR Bonds.* Stamps 
11 Space is a Contribution to Victory by ELECTRONICS 

O. S. GOVERNMENT PRINTING OFFICE 18-27879-1 

E1ECTRONICS - June 1942 
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CANNON 
V' FOLLOW THE FLAG 

L 

Coaxial antenna con- 
nector, providing con- 
tinuous shielding with 
constant impedence. In- 
spection door, now 
open, snaps into place 
after wire is soldered. 

-on.land-in the air-at sea 

Wherever electrical circuits are used and it is necessary 

to make or break circuits frequently for installation, 

inspection or servicing-there you will find a Cannon 

'Connector especially designed for the job. 

Every Cannon Plug is built with precision for quick 

installation or assembly and to give absolutely contin- 

uous contact under extreme conditions. 

You'll find Cannon Plugs in all 

American fighting and transport 
planes, on the sound stages of motion 

picture studios, in radio stations, in the 

Army's new tanks, in geophysical re- 

search, on ships at sea and any other 

places where electrical connections 
have to be made 

Ira 

Type AN 

Here are three of sev- 
eral types of Cannon 
Plugs used in the elec- 

Type AP rronics field. 

quickly and with 

absolute security. 

CANNON ELECTRIC 
DEVELOPMENT COMPANY 
LOS ANGELES CALIFORNIA 
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tive with respect to the cathode tai 

cut off anode current and the targe 
fluoresces all around. When the con 

tacts touch, the grid of the tube 
made positive with respect to th 
anode and target, anode curreni 
flows and a shadow appears on tin 
target.-Mills, Review of Scientific 
Instruments, February, 1941, p 

105. 

Casting Tester 
CERTAIN METAL CASTINGS may hi 

tested for cracks or other imperfec 
tions by striking them with a ham 

mer and comparing the "ring" witl 

that of a similar casting known to bl 

perfect. The value of such a test de; 

pends to a large extent upon identical 
suspension or mounting of samph I 

and standard castings, striking o1,1 

both with the same force at the samvI 

relative point and the accuracy will 
which differences in sound pitcl, 

can be distinguished. 
Suspension of samples and test 

castings may be made uniform b? ' 

any one of a number of mechanic.!! 
means which need not be mentioned 
here. Uniformity of striking point I 

and power may be solved by using { 

rigidly positioned and mechanically, 
or electrically driven hammers 
Sound output at a given standard' 
pitch may be measured by feeding 

the "ring' into a microphone mounted) 

a fixed distance from the hammer; 

amplifying the microphone output 

by an a -c amplifier equipped with a 

band-pass filter designed to accept 

the standard frequency only and 

finally, operating an output meter 

giving a visual peak reading. Elec 

tronic Control Corp., ELECTRONICS-% 

February, 1939, p. 25. 

Vibration Burglar Alarm 

THE VIBRATION ACCOMPANYING ana,e 

attempt to cut or break through a I 

property boundary fence, or víbra 

tion induced in a fence from the!' 

ground by attempts to tunnel be-; 

neath or jump over a fence, or t 

vibration of a fence by sound waves.` 

produced in the vicinity of the fence, 

can be transmitted along the rails 

or other inter -connecting membert 
I 

of the fence for a considerable dill 
t 

tance. Such vibration may be used! 

to actuate an electronic alarm circuit,' 

a vibration unit converting me 
i 
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O 

Type C-6363 Switch CircultrBreáker 

a 

Type B3120 Crystal Dew Point 
Control 

o 

Type C4351 Series, Used fór Tube Warmiñg 
Tube Cooling, and High Limit Controls 

Laxo 
Disc Operated 

THERMOSTATS 

Type ER Series Ambient Compensated Tim 
Delay Relays 

-' Type PM (NAF-1131) Circuit Breaker 

_f, 

Type C2851 Serles, Used as 
Roughing Controls on Outer 

Crystal Ovens 

K1.1 Y.o4. ..^ 

Type RT Adjustable Crystal Temp. 
Oven Control 

for Positive, Snap -Acting Control 
Clixo Controls have a wide range of applications. 

T.,y are used for motor and transformer overheat pro - 
t Lion, electrical circuit overload protection, teulpera- 
tr.e control, as well as many uses in radio equipment. 
.1I the big performance advantages that you get with 
the controls are due to the snap -acting Spencer 1)isc. 
Well is the heart of hlixon Controls. This disc not 
ow insures more accurate, positive action but also 
el ¡Mates many of the troubles common to more coln- 
plated and more fussy controls. 

$ecause of the scientifically calibrated Spencer 1)isc, 
pion Controls are unaffected by motion, altitude, or 
pcition of mounting and they are highly immune to 
shek and vibration. Moreover, Klixon Controls are 

small and compact, simple, yet rugged in construction, 
light in weight, low cost, an<1 capable of handling heavy 
duty electrical loads wit ii ease. 

It is very probable that many of the standard types 
of hlixon Controls are suitable for your requirements. 
If not, Spencer Thermostat Company's engineering de- 
partment will gladly co-operate with you on your prob- 
lems and in the development of special disc -operated 
controls for your needs. 

. "G..,, y , ..... 

Spencer Thermostat Co. 
1406 FOREST STREET AT'I'LEIIOIIO, MASSACHUSETTS 
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NTHERMOSTATIC Ill -METALS 

ELECTRICAL CONT.ICTS 

Fans or 
F1yiii Frn't'ssts 

* The H. A. Wilson Company is playing a 

vital role in today's war production-just as 

it has for over 27 years in peace -time industry. 

Meeting the most exacting war requirements, 

Wilco offers a wide variety of specialized ther- 

mostatic hi -metals of the high and low tem- 

perature types. Also a series of resistance bi- 

metals, (from 24 to 440 ohms, per sq. Inil,-ft.). 

Wilco electrical contact alloys are available 

in Silver, Platinum, Gold, Tungsten, Special 

Alloys, Metal Powder Groups. Wilco Aeralloy 

is the outstanding aircraft magneto contact 

alloy. Wilco engineers welcome your problem. 

The H. A.WILSON Coe 
105 CHESTNUT ST., NEWARK, N. J. 

Branches: Chicago and Detroit 
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chanical energy into electrical en 
ergy. 

To operate such a unit there mus 
be a variation in the relative positió 
of the actuating needle or drivin 
lever and its crystal or coil. One els 
ment must move while the othe 
element remains motionless, or on 
element must move more than th 
other. The latter principle permit 
the entire unit to be connected t 
the fence alone, rather than to th 
fence and a more rigid support, a 

one element may be driven b 

direct connection to the case of t 
device contacting the fence while th 
other is damped in some manne 
One method of accomplishing this i 

to weight one element and suspeni 
it from a spring, using the inettt', 
of the weighted spring to provid 
damping. 

Vibration pickup 
and pro -amp/afar 

0 t 

iy; dly 
stropped 
to rail 

'Fence 
post 

--Fence rail 

Rectifier 

tRelay 

-speaker 

Vibration unit connected to transmit m 

alarm when a property boundary fence II 

disturbed 

i 

The output of the unit is uses 

to drive an audio -frequency ampli 

fier. The a -f output of the amplifiel 

is rectified and the resultant d. 

operates a sensitive relay which co 

trols any desired variety of sign 

such as a light, bell, or horn. Con 

nection of a loudspeaker to the out 

put of the a -f amplifier will permi 

sounds transmitted to be heard. De- 

pending upon the character of th 

fence and the character of the unit) 

it may be possible to identify sounds lit 

and to understand speech originating* 
in the vicinity of the unit. i t 

Acoustically Actuated 
Alarms 
ACOUSTICALLY OPERATED alarm de 

vices today commonly installed ini 

vaults are generally designed to turf` 
in an alarm when physical attatN 
upon walls, floor or ceiling occur' 

rather than to give an alarm on rdal, 

June 1942 - ELECTRONICS1 



COMPENSATE FOR HEAT EFFECTS 
ON METAL CONDUCTORS 

SPEER NEGATIVE TEMPERATURE - 
COEFFICIENT RESISTO.RS 

lgative change in resistance obtainable from 10 ohms 
t 10 megohms - with degree of change varied to meet 
Cctomer's requirements. 

A typical application is a SPEER Negative Tempera - 
me -Coefficient Resistor connected 
i+series with a coil in such a man- 
na that the resultant ampere turns 
r'nain constant. Resistors for such 
sivice generally range from 20 to 
5) ohms, change approximately 
0,% per degree C. change of tem- 
prature, and range from 1 to 12 
atts. For heavy wattages, these 
raistors can he furnished in flat 
des or other shapes to fit housings. 
01372 

SPEER NT -C Resistors, available in any size illus- 
trated, instrlated or non -insulated, are particularly 
useful in voltage regulator and time delay equipment 
applications. 

EE 
ESISTOR 

CORPORATION 
ST. MARYS, PA. 

Also New 
SPEER 2 -WATT 

INSULATED RESISTOR 
Characterized by unique advantages 
due to molding shell and core in 
one operation. Result: 

Uniform shell around core 

Uniform diameter of core 

More efficient heat transfer - 

Catalog E mailed promptly o,, request 
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OLYBDENUM 
TUNGSTEN 

AND ALLOYS 

FOR THE 

- ELECTRONIC 

INDUSTRY 

POWDERS 
RODS 
WIRES 

RIBBONS 
SHEETS 

AMERICAN ELECTRO METAL CORP. 
Office: 165 BROADWAY NEW YORK, N. Y. 
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t 

Factory: LEWISTON MAINE 

tively low-level sounds produced by 
intruders moving around within 
vaults. Pickup devices range from 
sound -pressure actuated nonelec- 
tronic "switches" to crystal and 
other type microphones having in- 
herently low noise levels. Where 
microphones are used their output is 
amplified and then rectified and the 
resultant d.c. actuates a signal relay. 

Sensitivity required of vault 
alarms depends upon whether or not 
vaults are reverberant or non -re- 
verberant, a non -reverberant vault 
being normally defined as one in 

which the average coefficient of 
sound absorption of exposed interior 
surfaces exceeds 0.5, or is variable' 
because of merchandise in storage. 
In reverberant vaults it is customary 
to adjust alarms to transmit a signal 
at sound levels of the order of 80 to 

90 db for a sound of impact origin. 
In non -reverberant vaults the alarm 
systems should transmit a signal at 

a sound level 15 db above the normal 
ambient. Required amplifier fre- 

quency response varies with the type, . ; 

of vault and its contents, most fre- 
quently encountered conditions re- 

quiring a range readily obtainable 
through conventional a -f amplifier' 
design.-Mac Donald, ELECTRONICs,F 

February, 1942, p. 38. 

II I 

:1 

I 

If 

Engine Cylinder 
Pressure Indicators 
MECHANICAL INDICATORS were used 

for many years to study the pressure 
variations inside the cylinders of in- 

ternal combustion engines. Elec- 

tronic indicators having less moving -',i1 

part inertia are now generally used, 

the usual method of measurement in- 

volving conversion of pressure vari- 

ations into electrical variations and 

the reading of the electrical varia- 

tions on the screen of a cathode-rayr 
oscilloscope. 

One method of conversion involves 

the insertion of a small, flexible and 

highly polished metal diaphragm in 

the wall of the cylinder under test. 
light beam is directed at the dia- 

phragm and is reflected to a photo- P 

tube. As cylinder pressure varia- 

tions flex the diaphragm, light I'e- 

tlected from it diverges and a lesser 

amount, proportional to cylinder 
pressure, reaches the phototube. I 

Phototube output is thus propor- N 
tional to cylinder pressure. 

Other energy conversion devices 

June 1942 - ELECTRONICS 4 



)EATH before. . DISHONOR! 

.l 

r son of the stress points on glass bead 
a r, nd vacuum tube leads is made with 
'f r'. Close-up photo above shows the ac- 
tid of a faulty lead. Note the change in 
ei.l light creating distorted shadows 
v sew tip stress and strain in beads. Such 
9,suetimes occurs where metal and glass 
at together. 

A . 

R' . 

n 

' asual observation of a vacuum tube does not reveal its flaws. 
That's why Eimac engineers have developed many devices for the 
purpose of exposing even slight weaknesses in construction. The 
above is not a dungeon window, but a close-up photo of a faulty 
bead on a filament stem as viewed through a special bead testing 
device. Needless to say, this stem will 
never reach final assembly ... better 
"death before dishonor" to the Eimac 
tradition of dependability. 

Such care in production plus constant 
research into the phenomenon of the 
electron tube assures you -of the utmost 
in performance from every Eimac tube 
... provides the answer to why Eimac 
tubes are first choice by most of the lead- 
ing engineers throughout the world. 

export <Agents: 
FRAZAR & CO., LTD., 301 Clay St. 

San Francisco. California, U. S. A. 

Follow the leaders to 

t the entire glass bulb with the help of tri,t light. This device shows up stress to on the glass which might be created 
shaping operations. 

' 'tel-McCullough, Inc., San Bruno, California, U. S. A. 

i 
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Block diagram of 
the apparatus nec- 
essary for the 
measurement of cyl- 
inder pressures by 
the use of a con- 
denser microphone 
and a cathode-ray 

oscilloscope 

/7.F. ' dwhncrng R F 
Oscillator Amplifier circuit amplifier 

, 
'/nside ..f 
cylinder_ 

used to transform pressure into elec- 

trical impulses include carbon stacks 
(variable resistance), quartz crys- 
tals (piezoelectric effect), moving 
coils or variable reluctance (electro- 
magnetic conversion) and condenser 
microphones (variable capacity). 
Numerous refinements have been 

made in connection with such sys- 
tems of measurement. For example, 
measurement of engine pressure 
variations by means of a condenser 
microphone polarized with high d -c 

potential and driving a high -gain d -c 

amplifier has several disadvantages. 
Inasmuch as a condenser microphone 
used in this manner operates as a 

high impedance dévice the micro- 
phone circuit has' a tendency to pick 
up and indicate undesired voltages 
induced from nearby ignition sys- 
tems. Variation in microphone -cable - 

to -ground capacity due to vibration 
affects measurements since the high 
impedance cable capacity is essen- 
tially in parallel with the capacity of 
the microphone. Instability is fre- 
quently serious due to changes in 

microphone insulation and changes 
in the input resistance of the initial 
d -c amplifier tube. In the circuit 
shown in block form the difficulties 
outlined above are resolved by enér- 
gizing the microphone with high 
frequency voltage of the order of 
several Mc, employing it to modu- 
late an r -f amplifier rather than to 
operate a d -c amplifier. A linear 
detector removes the r -f com- 

ponent of -the modulated signal and 
delivers voltages comparable to the 
output of the microphone to the video 

amplifier of the associated cathode- 
ray osciljoscope.-Robertson, Review 

of Scientific Instruments, June, 1940, 

p. 142; Penther and Pompeo, ELEC- 

TRONICS, May, 1941, p. 43. 

Temperature Control 
ONE JUNCTION OF A thermocouple is 

placed within the chamber whose 

Condenser 
mKraphone 

Pnssure 
cohbration 

Sweap 
"circuit 

linear Nalco 
detector ampler 

c -R 

71mf 
oscilloscope 

axis 
calibration 

Flashing 
circuie 

temperature is to be controlled and 
the other junction at some referencér 
point. A milliammeter is connected 
in series with the thermocouple and 
a calibrating resistance. As the tem- 
perature within the chamber in- 
creases, the thermocouple current 
passes through the meter and deflects 
its pointer. A small and light metal- 
lic vane mounted on the pointer 
passes between two coils mounted 
close to the plane of pointer 
travel. The pointer may be free to 
move along the pointer path for op- 
eration at various temperature lev- 

els. The two coils, L, and L:, are part 
of the grid and plate circuits, re- 
spectively, of a vacuum tube oscil- 
lator. In normal operation, when 
the vane is not between the two 
coils and the temperature is below 
the desired value, the circuit is not 
oscillating because of the degenera- 
tive action of L.: on L, and the plate 
current has an average value of 
about 10 ma. This is sufficient to 
energize the relay M, which controls 
the operation of the fuel injection 
apparatus or the damper system of 
the furn ice thereby permitting the 

continued application of heat to 1 

chamber. 
When the temperature rises to 

I 

desired value, the vane passes 
tween the two coils and acts as 

shield to isolate them from ea 

other electromagnetically and p 

vent the degenerative action of c 

L_, thereby allowing the circuit 
oscillate. When the circuit oscilla 

the control grid draws current an( 

voltage drop appears across the g 
leak resistor R, and condenser 
.This drives the grid to a more net 

'Jive potential and reduces the pit 

current to an average value of abs 

5 ma. The drop -out current of 

'relay M, is somewhat greater tb 

5 ma and it therefore opens 1 

circuit to the fuel injection appail 

tus and cuts off the supply of h¢ 

-McLaren, ELECTRONICS, Nove 

bet, 1941, p. 50. 

Mechanical 
Conveyor 
WHERE A CONVEYOR belt travels 
independently driven wheels 

sprockets the straightening or 

in the belt which occurs betwf 

units when motors get out of 

may be used as a source of powe 

force them back into synchrori 

tion. 
A roller rides the conveyor 

between driving units and is 

chanically linked to the movable 

of a reactor. Up or down movemi 

of the roller varies the inductance 

the reactor and this variation in 

ductance controls the firing of ti 

Circuit diagram of the thermocouple and meter movement temperature con- 

troller. Although a type 25L6 tube is used here other similar tubes may be 

used. Note that a -c power is used 

Thermocouple Junction 
in furnpce 
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Jefferson -Travis Dependable Two Way` 
Radio Communication Equipment is 

SERVING ON ALL FRONTS 
In ever increasing quantities our radio communication equipment is being fur- 

nished to the Army and Navy as well as the military forces of the United Nations:: 
Our products are "in action" on all fronts throughout the world-in the AIR, 
on the seven SEAS, and with the mechanized and mobile LAND forces every- where, including the valiant HOME defense units both here and abroad. 
Jefferson -Travis has gone "all out" for speedy Victory!. 

JEFFERSON -TRAVIS RADIO MFG. CORP. 
NEW YORK, N. Y.. 

A(anulactutQts o 14itctadt, /i'atinQ and Mobile radio Communication f ui)mQnt 
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Adecade ago Allen B. DuMont had an 

idea - and a fond hope: to make the 

cathode-ray tube an everyday, commercial. 

mass-produced device at a within -reach price. 

Today that idea and hope are fully realized. 

Rugged DuMont cathode-ray tubes are used 

under the most gruelling conditions in plants. 

out in the field, ín laboratories, by technicians 

and workmen alike. 

And DuMont pioneering continues. Constant 

refinements in design and construction: im- 

proved production methods; a steadily growing 

fund of application experience - these are all 

yours when you specify DuMont cathode-ray 

tubes and Dumont oscillographs. Write for data. 

ALLEN. B. DU MONT 
LABORATORIES, Inc. 

'Passaic New Jersey 
Cable Address: Wespexlin, New York 

Rol%% 

Power 

Convsy.v be/r 

Conveyor synchronizer using thyratro, 

control, shown in elemental form 

ratron tubes by the phase-shil 

method. The belt -driving motor 

connected to the power line throug 
the thyratrons in such a manner tha 

when the belt sags the motor speed 

up while straightening of the bel 

causes the motor to slow down. 

Many variations and refinement 

of this synchronizing scheme at 

possible.-Henney, ELECTRON TUBE 

IN INDUSTRY. I 

Nail Detector I 

THE PRESENCE OF NAILS in lumber 

moving through a machine at th 

rate of 100 feet per minute product., 

an alarm or, if desired, causes th I 

lumber to be marked at the locatio, 

of the nails. 

Nail detector. If lumber passing througl 

the jaws contain nails an alarm Is Op 

crated or the board is marked at the to 

cation of the nails ' 

Lumber to be examined passe, 

through an air gap in a magnets 

circuit. Passage of iron through th 

gap changes the reluctance and 

consequently, the flux of the mar 

netic circuit. Changing flux induce 

a voltage in a pickup coil and thi 

voltage is amplified sufficiently 

operate an alarm or actuate a sole 

noid type hammer which punches 
tl 

mark on the lumber.-Andrews 
Perillo, ELECTRONICS, January, 1941 

p. 72. 
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POWERSTAT 
VARIABLE TRANSFORMERS 

And Seco Automatic Voltage Regulators 

- 
new -me ... 

. -. 1.3- .. 

o 

Type 1126 Powerstat 

, (1, 
- 

+_. * ` t1 ' ::: ;-_ -: ir:o 

'Év; 

411 

Type 1256 Powerstat 

. 
:. 

Ilk.. 
,°., 

. ei 
_.o¿p 

.2. ::. 

- 
Three -Phase Powerstat 

Powerstat - the Variable 
transformer that accurately 
controls power for all elec- 
tronic and radio purposes 
solves such power problems 
as Tube Filament Voltage 
Control, Transmitter Bias 
Power Supply Voltage Con- 
trol, and Transmitter Plate 
Supply Control. 

Type 1126 Powerstat 
Input: 115 volts 50/60 cycles 
Output: 2.0 KVA 
Max. Rated Output Current: 15 

amp. available over entire 
range of output voltages 

Output Voltage Range: 0 to 135 
volts 

No-load Power Loss: 16 watts 
Over-all Dimensions: 8 x 8 x 7% 

inches 
Net weight: 20 lbs. . 

Type 1256 Powerstat 
Input: 230/115 volts 50/60 cycles 
Output: 7.5 KVA on 230 volt line 
Max. Rated Output Current: 28 

amp. available over entire 
range of output voltages 

Output Voltage Range: 0 to 270 
volts 

No-load Power Loss: 40 watts 
Over-all Dimensions: 143/ x 14% 

x 8 inches 
Net Weight: 66 lbs. . 
Typical Three -Phase Powerstat 

Type 1256-2 
Input: 230/115 volts 3 phase 

50/60 cycles 
Output: 13.1 KVA on 230 volt 

line 
Max. Rated Output Current: 28 

amp. available over entire 
range of output voltages 

Output Voltage Range: 0 to 270 
volts 

Connection: See figure 7 of Bul- 
letin 149 

Oil Mounted Power- 
stat in Stainless Steel 
Tank 

71 

Seco Automatic Volt- 
age Regulator 

is used for radio transmitters 
and many types of electronic 
devices requiring reasonably 
close tolerances of line volt- 
ages. Important for radio 
transmitters located at the 
ends of long feeder lines 
where regulation is poor and 
voltage fluctuation wide (Send 
for Bulletin 163 LE). 

Send for Powerstat 
Bulletin 149LE 

Superior Electric Co. 
36 HARRISON ST. BRISTOL, CONN. 
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ARE YOU UP -TO - DATE 

ON GLASS ? 
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COUNT the outstanding insulating 
properties of borosil icate glass! H igh 

electrical resistance. Low power loss. 
Low surface conductivity. Great resist- 
ance to corrosion. High strength -to - 
weight ratio. All are good reasons why 
you'll find Pyrex brand insulators at work 
wherever superior 'performance is de- 
manded: i.e. at famous Station KDK \ 
(Fig. I ); at Station WI.W (Fig. 2); in the 
new Westinghouse 50-H.G. broadcast 
transmitter (Fig. 3). 
But that's not all! In addition to standard 
antenna, strain, entering and stand-off 
insulators, advanced manufacturing tech- 
niques now make it possible to produce 
insulators of more intricate shape, in 
wider ranges of size and type, and to 
more precise dimensions than ever be- 
fore. For example, coil mounting blocks, 
insulation bushings, line spacers, coil 
forms and anode bushing rings (all Fig. 
4) are just a few. 

r- 

2.4, 

°4 

If you're worried about a continued ma- 
terial supply, check into glass now! Send 
your problem to Insulation Division, 
Corning Glass Works, Corning, N. Y., 
and write for free booklet "The Dielec- 
tric Strength of Glass." 

DO YOU KNOW HOW HIGH GLASS RATES 

AS AN INSULATING MATERIAL? 

rx 

High scratch 
hardness 

cove thermal 
expansion 

High dielectric 
strength 

tow dielectric 
constant 

High volume 
resistivity 

I0Ir14"It 
Llx)f 

6 

6 

5 

6 

5 

WN-lafl 
111,1111 
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3 
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eaett,ix 

3 

5 

1 

5 
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LtItNDH p1rl 

1 

1 

3 

4 

2 

entxaa< 
xl)ixD,D 

2 

2 

4 

1 

1 

total 
paint score 28 18 17 11 10 

l//'8X /xsu/átörs 
BA D 

"PYREX" is a registered trade -mark and indicates manufacture 6, Corning Glass lr'orks. 

Vehicle -Operated 
Traffic Light 
TRAFFIC LIGHTS MAY be caused to 

erate at the approach of a car by 

method shown. An induction or 
tector coil is installed beneath 

road surface over which cars 
proaching the light must pass. C 

rent is induced in the coil by 

earth's magnetic field and the sei 

tive relay connected to the coil is, I 
justed to remain inoperative wl I' 

this normal current is present. WI 

Traffic 
light 

'Road 
v / surface 

' 

I 
-Detector co/ 

I Sensitive- 1 
1 relay A -C 

s -EarMs field 

Distortion of the earth's magnetic fit 

by an approaching car may be made 

alter current flowing in a coil sufficient L 
to actuate a relay 

a car passes over the road surf.' 

beneath which the coil has been 

stalled the earth's magnetic field, - 
distorted sufficiently to alter 
amount of current flowing in 

coil, tripping the relay and sup 

ing power to the light.-La 
ELECTRONICS, December, 1940, p. 

Lumber Moisture I . 

Content Checker 
THE CONVENTIONAL electric met 1\ 

of checking the moisture content 

lumber is to use a sensitive of 
B 

meter, inserting test needles deel1 

into the wood some standard dista I 

apart and comparing the d -c t'el- 

tance reading with that of lumli 

known to be dry. An instrum;+ 

made by the Moisture Register Cql 

pany of Los Angeles dispenses 11' 

the test needles by utilizing the hi 

frequency field of a 12 1\Ic oscilla 

as shown in the drawing on page 1 

An electrode forming part of 

oscillator circuit is brought into il' 

mate contact with the lumber t 

tested. Power absorbed from the; 

cillator by the lumber causes' 
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Single Pole Two Pole 

9 e Ir 

ey I 

, ,, 

ilt 

Three Pole 

6 

Were iá what theca Jo! 
wait 

4LIBRATING 
TAP 

LINE 
L. 

LINE ^L 

LOAD. LOAD LOAD 

These 'ire-Cirk-It" circuit breakers are assembled with an extra terminal attached to le load side of the interrupting mechanism which is the line side of the trip coil. 
'its additional terminal can be used for an extra circuit not to have any effect on the 
Tp coil; or ít may be to provide means of connecting a rheostat or resistor in 
Wallet with the trip coil to gain different fixed ratings; or an adjustable variation 
the rating giving a much wider range in calibration of the tripping point. 

SHUNT 
TRIP 

LINE 
L. 

LINE 
,, 

LINE E ? 1. 

LOAD tá--1 LOAD r LOAD 

These "Re-Cirk-lt" circuit breakers are assembled with the trip coil connected be- ben an extra terminal and the load side of the interrupting means. The circuit 
ttnection from the line terminal through the contacts to the load terminal is solid thous an overload coil, one end of the coil being connected to the load side of the titacts (interrupting means), the other end of the coil to the extra terminal. The use 
t this breaker is for remote control tripping so that a circuit of very low capacity at 
f same voltage may control the opening of the breaker. 

LINE t 
'tELAY 
TRIP 

LOAD o - 

LINE p t 

LOAD 

LINE p q p 

3 
LOAD 

hese "Re-Cirk-lt" circuit breakers are assembled with the leads of the trip coil arched to separate terminals so that the interrupting mechanism (circuit opening ams or contacts) may be in one circuit which is connected to the toad and line _hninals while the trip coil is connected to separate terminals and may be energized 
o a separate control circuit or may be used with the Interrupting mechanism in the Pnary of a transformer and the coil In the secondary circuit. The trip coil can be clanged for as low as a few volts and up to several thousand. 

Send for Catalog 40 with complete data. 

RepEirkidtt" 
B111EAKERS 

I 

TIME OVERLOAD CURVES 

1 

Min 

MAGNETIC 

TYPE 

TIME DELAY 

It 

The time curves shown illustrate the 
wide range of adaptability of these break- 
ers to various conditions. In other words, 
they can be assembled to meet specific 
requirements as to the time delay feature, 
since they are not dependent upon move- 
ment of thermostatic metal nor the heat- 
ing of soft metal. 

Curve "A" illustrates the standard time 
delay curve to which a standard time de- 
lay breaker will adhere. However, if so 
ordered, they may be had with other time 
curves. Curve "D," for instance, is' the 
time curve of a breaker that would pro- 
tect a load derived from gas filled lamps, 
and other circuits with similar character- 
istics, where the current returns to normal 
after about one cycle. 

Curves "D" and "C". are also the ideal 
protection for small transformers since the 
breaker takes care of the relatively fast 
and high inrush of current during the first 
cycle when connected to the line. 

If no time delay is desired, breakers 
can be had in instantaneous trip types. 
They will trip as soon as current rises to 
breaker rating. 

HEINEMANN. CIRCUIT. BREAKER .CO. 
SUBSIDIARY OF HEINMANN ELECTRIC CO. 

97 PLUM ,ST. Est. 1888 . TRENTON, N.J.. 

xo 
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° 501000 Volts 
FOR ' INTER ITTENT. SERVICE 

- surge g nerators, etc. -- 

Tó.,30 000 Volts 
".FOR 'CONTINUOUS SERVICE 

-- 'rectifie'r filters, 

Type 6020 6020 - 6000 v. 
D.C.W. 2.0 mid. to 
I0.0 mid. 

Type 7520 - 7500 v. 
D.C.W. 0.5 mid. to 6.0 
mfd. 

Type 10020-10,000 v. 
D.C.W. 1.0 mid. to 5.0 
mid. 

Type 12520 - 12,500 v. 
D.C.W. 0.5 mfd. to 5.0 
mfd. 

Type 15020 - 15,000 v. 
D.C.W. 0.25 mfd. to 3.0 
mfd. 

Type 20020 - 20,000 v. 
D.C.W. 0.25 mfd. to 
4.0 mfd. 

Type 25020 - 25,000 v. 
D C.W. 0.2 mid. to 1.0 
mfd. 

Type 37520 - 37,500 v. 
D.C.W. 0.1 mid. to 1.0 
mid. 

Type 50020 - 50.000 v. 
D.C.W. 0.1 mfd. to 0.5 
mfd. 

Also 25,000 v. Output 
(12,500-12,500 v.) for 

Voltage -Doubling. 

t - 

Neel BEU.OMASS I 

5.0. 
Sales Offices in All 

Principal Cities 

122 

To meet recent radio and electronic developments. 
Aerovox engineers have evolved these Hyvol Type '20 

oil -filled capacitors in ratings from 6000 to 50,000 volts 

D.C.W. 

Likewise produc:ion means to make them. Giant Aerovox- 
designed and built winding machines handle up to several 
dozen "papers". Batteries of giant tanks permit long 
pumping cycles for thorough vacuum treatment followed 
by oil impregnation and filling. Multi -laminated kralt 
tissue and hi -purity foil sections are uniformly and ac- 

curately wound, compressed, impregnated, encased. 

Hermetically -sealed sturdy welded -steel containers. Rust- 

proof lacquer finish. Cork-gasketed pressure -sealed glazed 
porcelain high-tension pillar terminals. Truly capacitor 
dreadnoughts. 

Submit that Problem .. . 
Whether it be for giant high -voltage capacitors or low -voltage 
by-pass electrolytics, regardless, send it along for our engineer- 
ing collaboration, recommendations, quotations. Engineering 
data on request. 

In Canada 

AENOeJOII 
CANADA LTD. 

Hamilton, Ont. s. 
t °5'1 

ta00mev.las4 

/2Hc 
oscillator 

Tube - 

Handle - - - - 
Alicroamnxrb', 

. 

Cable-- 

- Electrode 

~W 
Lumber- , `-High frequency 

field 
BoFleril 

Lumber moisture checker. A highIn 
quency field is substituted for the convei 

tional test needles and dc ohmmeter 

change in the anode current of tl 

oscillator and this change is hid 

rectly measured by means of a mier 

ammeter installed in a second un 

along with operating batteries f 

convenience in handling. A chi. 

furnished with the instrument to 

what the microammeter readit 

should be when woods of vario 

varieties are normally dry. 0th 

microammeter readings indicate r 

ative moisture content. Directly ea 

bated microammeter dials are ava 

able for certain frequently handle 

woods. 

Gas Sampling Circuit 
CERTAIN NOXIOUS gases such as ca' 

bon monoxide have appreciable el 

trical conductivity even when press~ 

in minute quantities. The presell 

of such gases in air is commonly d 

tected by means of the Wheatsto 
bridge circuit. 

Air known to be free of the no 

ions gas is mixed with liquid 
known resistance in a samplii 

chamber. The sampling chamber 
connected to serve as one leg of t, 

bridge and the bridge is balance 

No current flows to the sensitive I 

lay. Air suspected of containi 
noxious and conductive gas is the 

Liquid 

AdJristment 
F ' To I 

sensitive 
re/ay 

. Wheatstone 
bridge 

sampling. stream 

Wheatstone bridge method of sampia 
noxious gasses dissolved In liquid ar 

used as one arm of the bridge 
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PRESENTING 
I line of Audío and Power 
:omponents of broadcast 
uality designed to meet the 
adividual manufacturer' 
pecifications. 

. 

to, 

. 

o 

e n r F;i 

.,11 1. f. . 

Po 

t . 

CASE APPLICATIONS 
NUMBER AMPLIFIER UNITS POWER UNITS Fdl.r Reactor. MISCELLANEOUS 

Input. In4ntage. and 2 V.A. 60cp High O Inductor. For 
20 Output Tta,,wrmers 4 Y.A. 40U p. LI'=.0015 Filter And Tuned CU. 

ILow Level) cud.. 0=10 to 16 

Dual Units Same Contain. two transformen each rated Same a. Chown 
A. Above above. 

40 

50 

Audio Transformer. 4 V.A. 60op. 
of ~rum Rating 8 V A. 400ep. LF=.02 

Output Tranlormre 5 V A. 60op. 
Up to 10 Watt. 15 V.A 400cp LP=.03 

70 Output hanaIormen 10 V.A. 6Ocp Nigh O lnduaor. For 

01 Slightly Lower Rat 10 V A. 4000p. 0=20 to 35 

90b9 Than V.A. Ranoq 70 Y,A 60c9 L2.=20 Audio FIB.% (One. 

of Power V.A'''''.<1 
50 V.A. 400cp. 

...Audio 
er Three Sec/ 1105 V.A. 60cp. 

IAmumioq NaNo Un 65 V.A. 400cp 

140 
balanc.el D.0 In 85 Y.A. hoop, 

primary or Secondary/I15 V.A. 400cp. 

LP=.05 

LI'=.40 

LP=.BO 

160 Other Audio Trau- 110 V.A. loop 
LP=1.0 

termer. For 
ISO V.A. .00cps 

}bgher 
250 V A. hoop. 180 Level Opervtron 1¡r=3.0 
500 V.A. 400cp 

High Voltage Plato 
And Filomeel 
Transformen 

APPROXIMATE RATINGS FOR STANDARD CASES 
1. Data assumes low voltage units (500 volts or less) 

with average number of terminals. 
2. The use of a case in any given application should 

be verified with the N. Y. Transformer Co. before 
making a final design. 

CASE AND MOUNTING DIMENSIONS 

Fs - 

I --D-1 
CAS[ 

CASE DIMENSIONS MOUNTING 
DIMENSIONS 

E 

SIZE 

OF HOLES" NUMBER 
A B C D 

20 1.313 1.313 1.625 .9375' .9371' 440 

30 1.313 1.313 1.1175 .9375' .9375' 140 

40 2.063 1.938 2.713 1.375 1.250 872 

50 2.438 2.000 3.500 I.B75 1.531 6.32 

70 2.563 2.198 3.250 2-000 1.625 6.32 

90 3.188 2.688 2.875 2.563 2.125 B.32 

110 4.000 3.375 3.750 3.250 2.750 0.32 

140 4.500 4.000 5.125 3.750 3.250 10.32 

160 5.125 4.109 1.063 4.375 3.2S0 10.32 

180 7.500 6.500 6.500 6.500 5.750 t5.30 

STANDARD CASES 
Two Diagonally Opposite Mounting Holes Are Omitted. 
All Mounting Holes Are Tapped. 

The above data refers only to cases carried in stock and available for quick delivery. Special cases will 
be supplied whenever the standard line does not 
meet the necessary requirements. 

Suppliers to manufacturers demanding highest quality 

NEW. YORK TRANSFORMER CO. 
51 WEST 3rd ST., NEW YORK, N. Y. 

Send for 
latest 
folder. 
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NOY . . when they're needed most 

TUNGSTEN 
LEM-IN'WlIES 

P 

r. 

MUROIOY CONTACTS 

Melroloy Tungsten 
Contacts, purposely 
designed to reduce 

pitting and cracking, 
are available for all 

applications. ' 

,r '. 
R'r,f-ot 

. 

-s - . - - . 
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'7". 

. iH .jr-r- 
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-e1P° 

j 
! ter24 1-^ , 

METROLOY 
for efficiency 

You can get METROLOY, 
tungsten lead-in wires 

for your vital Army, Navy 
and Air Corps electronic ap- 
plications. Available to meet 
the individual specifications 
of tube manufacturers. In- 
quiries are 'held in confidence. 
METROLOY can assure an 
adequate supply of those vital 
lead-in assemblies. Why not 
write today? Collaborate with 
a METROLOY engineer-no 
obligation. Metroloy Com- 
pany, 60 East Alpine Street, 
Newark, N. J. 

á`ASTIC)0110' 
TUNGSTEN PRODUCTS 

TUNGSTEN LEAD-IN WIRES TUNGSTEN WELDS TUNGSTEN & MOLYBDENUM SUPPORTS 

' FOR ELECTRONIC 'APPLICATIONS .TUNGSTEN CONTACTS FOR ELECTRICAL APPLICATIONS . 

mixed with the liquid in the sam. 

pling chamber. Any increase if 

sampling chamber conductivity dut 

to the presence of such gas upsetI 
the balance of the bridge and curren 
proportional to the unbalance flown 

in the sensitive relay circuit, actu 
ating an alarm.-Lamb, ELECTRON! 

ics, December, 1940, p. 35. 

Watt -Hour Meter Tester ,,/ 

THE DIRECT CURRENT in the anode cir 
cuit of a vacuum tube oscillator mat 

be caused to change by introducing f 

metallic vane or shield between tub 
output and load circuits thereby al 

tering the coupling between the two 

or by introducing a metallic vane be' 

tween an oscillator input and feed 

back coils, or into an oscillator fieli 

in such a manner that the frequent, 
of oscillation is altered. The van 

may be made of non-magnetic mate 

rial and may be small and light, to 
factors which provide the basis fo 

electronic control where magnetic o 

mechanical loading of the controlle I 

device must be held to a minimun 

~V, IV 

o 

11i4 

Electronic watt-hour meter tester, It count! 

the number of revolutions made by the 

meter disc or compares the speed of o 

test meter with that of a standard mete] 

The watt-hour meter tester pitlll 

tured here and designed by Wheeled° 

Instrument Co., uses the oscillato 
frequency -change principle. A smal 

aluminum vane is mounted on VI' 
revolving disc of the meter to b' 
tested. The vane passes betwee 

turns of .wire in a pickup coil couple 
to the tuned circuit of a remote oscil 

lator through a flexible co -axial ca 
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REG. U.S. PAT. OFF 

plastics are available in 
many forms and formulae 
iDr ypabdakbifrt For a fast-growing range of applications LUMARIT1I 

helps speed production and generally improves product per- 
formance. The properties listed below illustrate a feu of 
the reasons. LUM ARITH is available in sheets, rods, tubes, 
molding powders, transparent film from .0005", and dopes. 

CELANESE CELLULOID CORPORATION 

, , , , , , , , , , , 
, 

, 
z , , , t 
z 

Division of Celanese Corporation of America 

A 
FOR 

LARGE COUPON MERE 
A LARGE SUBJECT 

Celanese Celluloid Corporation, 
180 Madison Ave., New York City 

Turn insulation on wire. 

Layer insulation. 

Slot insulation. 

Molded parts. 

Laminated parts. 

LUMARITH Plcslicd hicue Ihese piape4ii.es: 

1)ielectric strength 2,000 to 2,500 volts 
per mil. 

Low moisture absorption-resistant to 
humidity-. Does not dry out with age. 

I mpervious to water-provide effective 
water barrier. 

Resistant to salt water. 

Unaffected by mineral oils and ordi- 
nary varnish solvents such as naph- 
tha, toluol, alcohol. Resist weak acids. 

Slow burning - comparatively non- 
inflammable. 

I I igh resistance to mechanical abrasion. 

Stable at temperatures up to 257° F. 
(125° C.) when protected from air. 

_lbso utelv non -corrosive to copper. 

G ermproof. 

C ement easily ,firmly (actually a weld). 

Corn pany 

Address 

liumuzzummummummumal 

, , , , , , , , , , , , , , 
z 

, , 
, , , , , 
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P4ecsicz#t m EN SU RING 

insrRumEnTs 
For the 

RESEARCH WORKER 
RECEIVER DESIGNER 

PRODUCTION ENGINEER 

Boonton Radio Engineers have de- 
voted the past seven years to the de- 
velopment of precision measuring instru 
m e n t s for the research worker, the 
equipment designer, and the production 
engineer, with the result that these de- 
vices are universally recognized as stand- 
ard equipment throughout the radio and 
allied industries. 

The well-known 9 -Meter was the first 
of a series of pioneering instruments and 
has proved of great value for the rapid 
determination of the ratio of reactance 
to resistance of coils or condensers used 

in circuit design. It was followed by 
instruments such as the Noise Meter, the 
Wide Range Beat Frequency Generator, 
and the Frequency Modulated Signal 
Generator. Boonton Radio Corporation 
is constantly furthering its research ac- 
tivities so that essential measuring instru- 
ments of the latest design are available 
to the industry. The principal products 
are briefly described below. More de- 
tailed information is contained in Cata- 
log 8, a copy of which will be sent upon 
request. 

E-- 9 -METER, TYPE 160-A 

Frequency Range: 50 kc. to 75 mc. with internal 
oscillator and I kc. to 50 kc. with external oscil- 
lator. 

Range of 9 Measurements, Coils: 50 to 625. 
Accuracy: In general ±5%. 
Range of Q Tuning Condenser: 30-450 mmf, also 

Vernier Condenser: ±3 mmf. !0 
9 -METER, TYPE 170-A - - 

Frequency Range: 30 mc. to 200 mc. ` 
Range of 9 Measurements, Coils: 100.1200. 

v 

Accuracy: In general ±10%. 
Range of Q Tuning Condenser: 10-60 mmf. 

A° . 

\ 

QX CHECKER, TYPE 110-A 

The factory counterpart of the 9 -Meter. Compares 
fundamental characteristics of inductance or capacitance 
and Q under production line conditions with a high de- 
gree of accuracy, yet quickly and simply. Insures uni- 
form parts held within close tolerances. Frequency range 
100 kc. to 25 mc. 

BEAT FREQUENCY GENERATOR, TYPE 140 -A --)- 

A single compact instrument which provides wide fre 
quency and voltage coverage of generated signals. 
Frequency Range: 20 cycles to 5 mc. in two frequency 
ranges. 
Output Voltage Range: I millivolt fo 32 volts. 
Accuracy: ±3%. 
Output Power: One watt into external load. 

i-s+ . 
t>.! r 

. 

E-FREQUENCY MODULATED SIGNAL GENERATOR, 
TYPE 150-A 

I 
Developed specifically for use in design of F. M. 

equipment. Frequency and Amplitude Modulation 
available separately or simultaneously. Direct reading 
controls. Frequency range: 41 mc. to 50 mc. and 
I mc. to 10 mc. Output voltage I microvolt to I 

volt. 
Other instruments in this series are the Type 151-A, 

range 30 mc. to 40 mc., Type I52 -A, range 20 mc. 
to 28 mc. 

BOONTON RADIO CORPORATION 
BOONTO.N, NEW JERSEY . - U.S.A.. 

ble. Passage of the vane through the 
pickup coil field indirectly alters the 
frequency of the oscillator, changing 
its anode current. Anode current 
changes operate a sensitive d -c re- 
lay which operates a magnetic coun- 
ter. The number of revolutions of 

the meter disc in a given time with a 

given load is counted electronically. 
-ELECTRONICS, April, 1942 p. 82. 

Ballistic Speedmeter 
THE TIME REQUIRED for an object, 
such as an automobile, to pass be- 

tween two fixed points may be used 

to operate a circuit containing a 

recording ballistic galvanometer to 

determine the speed of that object 
in any arbitrary units, miles per 

hour, feet per second, etc. Either 
phototube relays or mechanical 
switches may be located at the fixed 

points to operate the circuit. A 

Ballistic 
recorder_, 

500r 5000n 

Ballistic speed meter circuit. Current flows, 

through the ballistic galvanometer be, 

tween the momentary closings of S, and Sr 

thyratron is caused to conduct cur 

rent when the object passes the firs 

fixed point (S, closes momentarily 
and to cease flowing when the objec 

reaches the second point (S, close 

momentarily). The mass of the 

moving element in the galvanometer 
is such that one -quarter of its natu 

ral period exceeded the longest tim 

to be measured. With a moving mas 

of about 4 ounces and a spring ten 

sion such that the period was tw 

seconds, the graph of time interval 
versus deflection for a constant cur 

rent corresponding to an automobile 
speed over a distance of 15 feet of 20 

miles per hour is approximately 0.61 

second. S, with S, is actuated by the 

moving element of the galvanometer 
to prevent acceptance of another in- 

dication until the stylus of the re- 

corder is at rest. The record is mad 

by a heated recording stylus moving 

over waxed paper.-Reich and Too- 

mim, Review of Scientific Intro 
ments, February 1941, p. 96. 
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111 u,dock 
RADIO 

PHONES 

For training-for action- 
the U. S. Army Signal 
Corps demands sensitive, 
reliable Radio Phones. 

Precision - built Murdock 
Radio Phones are impor- 
tant aids to communication 
wherever the Army goes. 
In peace-in war-since 
1904, Murdock has fur- 
nished `scientific ears' for 
the Signal Corps. 

e 

IURDOCK MANUFACTURING COMPANY-Chelsea, Mass. 
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VITAL EQUIPMENT FOR THE ARMED FORCES 
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- 

I1F,JTJR 
Dependable equipment is 
now serving with the 
United Nations in the air, 
on the land and the sea. 
Our Facilities are at your 
disposal in meeting your 
requirements on War 
contracts. Write today for 
information on the follow- 
ing De)ur products. 
Aviation Instruments. 
Single and dual Cylinder 

Temperature Indicators. 
Aviation Voltmeters and 

Ammeters. 
Electrical Instruments. 
Rheostats and Potentio- 

meters. 
Photo Exposure Meters. 
Photographic Enlargers. 
Photo Cells. 

If you have a special 
problem, may we have 
an opportunity to 

cooperate? 
l 

IT i.n+.`o 

t TENir 
... _ IE TE , E 

Díj,!gMSCO `06POf1TION Ul, ._._,-^,.1 
SHELTON, CONNECTICUT 

TOIIESURE BUY' 

i 

TUBES 

Index of tubes published in 
this department since Janu- 
ary 1942 

Industrial Tubes 

INDEX 
Cathode -Ray Tubes 

Type Diameter of Screen Issue Pa 

2501.A3 
250103 
2503A3 
250$C3 
2505 \5 
250,505 
250t7Aá 
2507445 
2.507C5 
2509A5 
2509C5 
2511 \5 
2511B5 
251105 
2511D5 
2512 \9 
2512B9 
2512C9 
25I4A9 
2514B9 
251409 
2514D9 
2519A14 
2519B14 
2519C14 
2519D14 
2520.\20 
25201320 
2520C20 
25201320 
2529A5 
2529155 
2529C5 
2529D5 
2530 \9 
2530B9 
253009 
2530D9 
2532 120 
25321320 
2532C20 
2532D20 
2533 X5 

2533B5 
2533C5 
2533D5 

Type 

3 inches 
3 inches 
3 inches 
3 inches 
5 inches 
5 inches 
5 inches 
5 inches 
5 inches 
5 inches 
5 inches 
5 inches 
5 inches 
5 inches 
5 inches 
9 inches 
9 inches 
9 inches 
9 inches 
9 inches 
9 inches 
9 inches 
14 inches 
14 inches 
14 inches 
14 inches 
20 inches 
20 inches 
20 inches 
20 inches 
5 inches 
5 inches 
5 inches 
5 inches 
9 inches 
9 inches 
9 inches 
9 inches 
20 inches 
20 inches 
20 inches 
20 inches 
5 inches 
5 inches 
5 inches 
5 inches 

Receiving 
Function 

Jan 42 t 

Jan 42 9 

Feb 42 
Feb 42 8 

Feb 42 8 

Feb 42 8 

Feb 42 8 

Jan 42 
Jan 42 9 

Jan 42 9 

Jan 42 9 

Jan 42 9 

Feb 42 8' 
Feb 42 8 

Feb 42 9II 

Feb 42 9 

Feb 42 
Feb 42 
Mar 42 9 

Mar 42 9 

Mar 42 9 
Apr 42 111 

Apr 42 IL 
Apr 42 11: 

Mar 42 10 

Apr 42 111 

Mar -t? 10 

Mar 42 10 
Apr 42 11 

Mar 42 I0 
\pr 42 111' 

Apr 42 II 
4pr 42 11 

Apr 42 II( 
Apr 42 111 

Apr 42 Ili, 
\pr 42 Ill 
May 42 y 
Mar42 1011 

Mar 42 101' 

Mar 42 101 

Mar 42 101 

May 42 91 

May 42 9' 

May 42 9 

May 42 9 

Tubes 
Issue Ng 

6A115G Beam power amplifier, Mar 42 99 

P. =10.8 
6C5GT/G Triode, µ =20 Jan 42 91 

6F6GT/G Pentode power ampli- Jan 42 98 

fier, P. =3.2 
6J5GT/G Triode. a=20 Jan 42 
6SC7GT Double triode, p =70 Mar 42 
6ST7 (1\I) Double diode, triode, Feb 42 

u=16 
6Y3G Half -wave rectifier, Mar 42 9$ 

Er =5000 
7S7 (GL) Triode-heptode con- Jan 42 

verter. g. =600 
7T7 (GL) Pentode voltage am- Slay 42 

plifier, g... =4900 
715W7 (GL) Pentode voltage am- Jan 42 9 

plifier, e =5800 
94:1457 (GL) Triode-hei Lode con- Jan 42 

verter, 0.=525 
í4\V7 (GL) Pentode voltage am- Jan 42 

94, 

plifier. u.. =5800 

94 

98 

88 

95 

9 
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Injection Molded Mycalex 

I 

' f ' , 

I172 L2 tvt,c 
"11,444"r 

7n 1 

DESIGN CONSIDERATIONS 

The General Electric Plastics Department's development of a technique for the 
injection molding of G -E mycalex has greatly expanded applications for this material. 
A mixture of ground mica and specially prepared glass, G -E mycalex is particularly 
valuable in parts for radio and electronics equipment. The following design features 
indicate the increased scope possible with the injection molding method. 

RELATIVELY INTRICATE SHAPES 

Injection molding permits greater latitude in shape 
and dimension without sacrificing physical prop- 
erties. Machining- is not required on most parts. 

HOLES AND INSERTS 

Metallic inserts are readily molded and are firm- 
ly anchored in part. Use of inserts often simplifies 
assembly of finished parts and provides excellent 
terminals or contacts. Molded holes eliminate 
drilling, and tolerances on holes or part dimen- 
sions may be held close. 

FABRICATION 

G -E mycalex parts may be machined, filed or 
polished. Thin sheets may be punched. 

PL AS TICS 
GENERAL. 

THERMAL CONDUCTIVITY 

Parts may be designed for use at high tempera- 
tures, as mycalex conducts heat away from points 
of incipient failure. - 

Injection molded mycalex has many other physical 
and chemicál features which influence design of 
parts. G -E Plastics Department engineers are 
familiar, through experience and actual produc- 
tion, with problems of design and manufacture. 
Their services and suggestions may aid in the 
improvement of your product: 

For information and descriptive booklet write 
Section H-5, Plastics Depaftrnent, General Electric 
Co., ONE PLASTICS AVENUE, Pittsfield, Mass. 

D E P A .R T M. E N .T 

ELECTRIC.. 
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LAN Nc, action, and follow- 
throug - the military strategists' 
all i ortant steps to Victory. 

The Thordarson organization em- f ploys these same principles in help- 
ing you work out your transformer 
problems. Experienced engineers, 
skilled technicians, and seasoned 
production experts combine to give 
you the transformers you want 
when you want them. 

'a ORDARSO 
aaa.i... w,i_ -i t ELECTRIC MFG. COMPANY Official rhotossos 

U. S. M sine Corps. -7.144,4e.)~te)LeS~tsg g lgf5 
500 WEST HURON STREET, CHICAGO, ILL. 

} 

INDEX CONTINUED 

Industrial Tubes 

Type Name Issue Page 

FG-17 Thyratron June 42 130 
FG-27- Thyratron June 42 130 
FG-32 Phanotron June 42 132 
FG-33 Thyratron June 42 132 
FG-57 Thyratron June 42 132 
FG-67 Thyratron June 42 132 
FG-81-A Thyratron June 42 132 
FG-9E Thyratron June 42 132 
FG-t04 Phanot ron June 42 132 
FG-154 Thyratron June 42 132 
FG-166 Phanotron June 42 134 

FG-190 Phanotron June 42 134 
FG-235-A Ignitron June 42 134 
FG-258-A Ignitron June 42 134 
FG-27I Ignitron June 42 136 
FP -85 Kenotron June 42 136 
FP -92 Kenotron June 42 136 
GL -4 11 Kenotron June 42 136 
GL -4 15 Ignitron June 42 136 
KC -4 Kenotron June 42 138 
KU 610 Thyratron June 42 138 
KU 618 Grid Glow .tune 42 138 I 

KU 627 Tnyratron June 42 138 

KU 628 I hyrutron June 42 139 

KU 634 Thyratron June 42 139 

KU 636 Thyratron June 42 139 

KU 676 Thyratron June 42 139 

Industrial Tubes 

Type FG-17 
General Electric 

THYRATRON; grid -controlled gaseous - 
discharge rectifier; glass envelope; 
overall height 6$ inches (max); diam- 
eter 217e inches (max) ; 4 -pin base. 

Er = 2.5 y 
1 = 5.0 amp 
Peak Plate Voltage = 2500 v 
Peak Anode Current = 2.0 amp 
Avg Anode Current = 0.5 amp 
Grid Voltage for Starting- 

Negative 
Temp Range, Condensed Mer- 

cury = 40-80° C 

FG-17 FG-27A 
FG-57 FG-81A 

Type FG-27-A 
General Electric 

THYRATRON; grid -controlled gaseous - 
discharge rectifier; glass envelope; 
overall height 7.25 inches (max); di- 

ameter 3 inches (max) ; 4 -pin base. 

E7 = 5.0 e 
If = 4.5 amp 
Peak Voltage - 1000 v 
Peak Anode Current = 10.0 amp 
Avg Anode Current = 2.5 amp' 

Grid \'oltage for $tarting- 
Negat i ve 

Temp Range, Condensed ltler- 
cury = 40-80° C 

FG-17 FG-27A 
FG-57 FG-81A 
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PAPER CAPACITORS-at their best! 
Solar experience plays a vital part in the production 

of completely dependable paper capacitors for the 

Armed Service Branches of our Government. 

Consult Solar for prompt solution 
of your paper capacitor problems. 

SOLAR MFG. CORP BAYONNE. N. J. 

OLA 1 

"QUALITY. ABOVE ALL''' 'CAPACIT"ORS 

EECTRONICS - June 1942 
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How does the 
insulating material 
you are now using 

compare with 

\ 
A 

MME INSULATOR 
Trade Mark nee. U. S. Patent Off. 

Has your present insulating 
material these properties?: 

Ifesistivity..108 megohnss per cubic centimeter 
Surface Breakdown-Between 11/2" space elec- 

trodes 25,000 .volts 
Dielectric Constant-rot 15°C..1000 Cycles 6.1 

Dielectric Strength - iu. - 950 v/mil. 
of 20° C 

.150 in.= 308 v/mil. 
.5 in. = 240 v/mil. 

Temp. 17 C. at audio 
frequencies .005 

1Temp. 17 C. at radio 
frequencies ...002 to .003 

MYCALEX insulating material (Leadless 
Grade*) has the above electrical prop- 
erties and in addition has this GREAT 
MECHANICAL STRENGTH: 

Compression Strength 
15,000 to 25,000 lbs. per sq. in. 

Tensile Strength. .6,400 to 7,300 lbs. per sq. in. 
Transverse Strength 9,370 lbs. per sq. in. 
Bending Strength 10,000 lbs. per sq. ús. 

There is a difference: MYCALEX insulating 
material is LEADLESS. It offers improved in 
sulating properties, and can be machined more 
easily and more quickly to accurate measurements. 
Mark your specifications: "'LEADLESS' MY- 
CALEX insulating material." 

Power Factor. 

MYCALEX insulating material is now being 
supplied from the new large plant (Clifton, N. J.) 
of the EXCLUSIVE AMERIC \N LICENSEES 
under all British patents: MYCALEX COR- 
PORATION OF AMERICA. Sales Head- 
quarters at 7 E. 42 St., New York City. 

MYCALEX insulating material is supplied in 
14" x 18" sheets, nine thicknesses 34" to 1". Also 
in round rods (%" a", )á" 1") and hexagonal 
rods 74" and 1 a" -all rods 18" long, except l' 
round, which is 14". 

MYCALEX insulating material-although it is a 
ceramic-can be machined. Many users machine 
it themselves; our own new, large machine shop is 
well-equipped to cut, drill, tap, machine, grind 
and polish MYCALEX insulating material to your 
exact specifications. 

FREE-New booklet 
S/nd coupon or write postal for new 12-pg. book- 
let, generously illustrated with factual photographs 
of sockets, coils, spacers, 
many other parts made 
oft or in conjunction 
with, MYCALEX insu- 
lating material. Con- 
tains helpful engineer- 
ing data, complete de- 
scription of properties, 
advice on machining, 
suggestions for new 
uses in your business. 
Send for your copy 'to- 
day. 

w ̀ L-.. 

TEAR OFF COUPON NOW-before you forget. 

Mycalex Corporation of America Dept 1F 

7 E. 42 St., New York, N. Y. 

Please send illustrated booklet. 

A'mne 

Street 

City State 
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Type FG-32 
General Electric 
PHANOTRON; mercury-vapor, half -wave 
rectifier; glass envelope; overall height 
61 inches; diameter 3 inches (max) ; 

4 -pin bayonet base. 

Et = 5.0 v 
1/ 4.5 amp 
Tube Voltage Drop 

= 24 v (max) 
= 5 v (min) 

Peak Plate Voltage = ]Otto v 
Peak Plate Current = 15 amp 
1vg Plate Current = 2.5 amp 

Temp Range, Condensed Mer- 
cury = 30 80° C 

FG -32 

Type FG-33 
General Electric 
THYRATRON ; grid -controlled gaseous - 
discharge rectifier; glass envelope; 
overall. height 71 inches (max) ; diam- 
eter. 3 inches (max) ; 4 -pin base. 

Et=5.0v 
11 = 4.5 amp 
Peak Anode Voltage = 1000 v 
AvgAnodeCurrent = 2.5 amp 
Grid Voltage for Starting- 

Positive 
Peak Anode Current = 15 amp 
Temp Range, Condensed Mer- 

cury = 35-80° C 

FG-33 
FG-67 

Type FG-57 
General Electric 
THYRATRON; grid -controlled gaseous - 
discharge rectifier; glass envelope; 
overall height 71 inches (max) ; diam- 
eter 3 inches (max); 4 -pin base. 

Et = 5.0 y 
If = 4.5 amp 
Peak Anode Voltage = 1000 v 
Peak Anode Current = 15 amp 
Avg Anode Current = 2.5 amp 
Grid Voltage for Starting- 

Negative 
Temp Range. Condensed Mer- 

cury = 40 80° C 

FG-17 FG-27A 
FG-57 FG-81A 

Type FG-67 
General Electric 
THYRATRON; grid -controlled gaseous - 
discharge rectifier; glass envelope; 
overall height 7 inches (max) ; diam- 
eter 3 inches (max) ; 4 -pin base. 

Et=5.0y 
It - 4.5 amp 
Peak Anode Voltage = 1000 v 
Peak Anode Current = 15 amp 
Avg Anode Current - 2.5 amp 
Grid Voltage for Starting- 

Variable 
Temp Range, Condensed Mer- 

cury = 40-80° C 

FG-33 
FG=67 

Type FG-81-A 
General Electric 
THYRATRON; grid -controlled as x eon 
discharge rectifier; inert -gas fillt1 
glass envelope; overall height 61 inch 
(max); diameter 2121 inches (max): 
pin base. 

Er =9.5v 
Is = 5.0 amp 
Peak \node Voltage = 500 v 
Peak \node Current = 2.0 amp 
\vg \node Current = 0.5 amp 

Grid Voltage for Starting- 
Negative 

Temp Range, Ambient - 20--1-50° C 

FG-17 FG-2; 
FG-57 FG-81 

Type FG-95 
General Electric 
THYRATRON; grid -controlled gaseot 
discharge rectifier; glass enveloi 
overall height 51a inches (max) ; dia 
eter 3 inches (max) plus one-half in 

for grid cap on side of envelope; 4.11 

base. 

Et=5.0v 
It = 4.5 amp 
Peak Anode Voltage = 1000 v 
Peak AnodeCurrent = 15 amp 
Avg Anode Current = 2.5 amp 
Grid Voltage for Starting- 

Variable -^ 
Temp Range, Condensed Mer- 

cury = 40-80° C 

FG-95 

Type FG-104 
General Electric 
PHANOTRON; mercury-vapor, half -w 

rectifier; glass envelope overall heir 

11 inches; diameter 311 inches (mat, 

4 -pin bayonet base. 

Et=5.0v 
= 10.0 amp 

Peak Plate Voltage = 3000 v 
Peak Plate Current = 40 amp 
Avg Plate Current = 6.4 amp 
Tube Voltage Drop 

=24y(max) 
= 5v(min) 

Temp Range, Condensed Mer- 
cury 40-80° C 

Type FG-154 

General Electric 
THYRATRON; grid -controlled gaseo 

discharge rectifier; inert -gas fill 

glass envelope; overall height 
inches; diameter 3 inches (max) p 

one-half inch for grid cap on side,' 

envelope; 4 -pin base. 

FG-104 

E1=5.0v 
/s = 7.0 amp 
Peak \node Voltage = 500 v 

Peak Anode Current = 10.0 amp 
Avg \node Current = 2.5 amp 
Grid Voltage for Starting- 

Negative 
Temp Range, \mbient 

_ -20- +50°C 
FG154O 
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When Designing Electronic Control Equipment 

PLATE FORM 

TUBE FORM 

T) 

I .a." 

VERTICAL SNUBBING (V.S.) 
PLATE FORM 

VERTICAL SNUBBING (V.S.) 
TUBE FORM 

FLEXIBLE COUPLING 

BONDED RUBBER 

MOUNTINGS 

These efficient shear -type bonded 
rubber mountings will isolate vibration and 
reduce operating fatigue to a minimum. Their 
effectiveness is based on the use of .shear- 
stressed rubber (synthetic rubber, 'if desired) 
which deflects more readily than rubber 
under compression or tension and yet pro- 
vides sufficient stability. 

Lord Plate Form Mountings are made 
with square, round or diamond outer plates 
or in stamped ,holders. They can be used 
singly or in series for supporting loads from 
1/2 to 300 pounds. ' 

Lord Tube Form Mountings consist of 
two metal tubes bonded in position to rubber. 
Loads are carried and vibration is absorbed. 
axially. Tube Form Mountings are used for 
equipment when exceptional radial stability 
ís required, They are designed to carry loads 
from a few pounds up to 1500 pounds. 

Lord Vertical Snubbii g Mountings are 
made in both plate and tube forms for instal- 
lations where heavy shock loads as well as 
vibratory forces are encountered. The "V -S" 
design effectively snubs shock loads without 
impairing vibration isolation characteristics. 

Lord Flexible Couplings are one piece 
bonded rubber units that accommodate paral- 
lel and angular misalignment withoút induc- 
ing high bearing loads. Shear -stressed rubber 
provides effective absorption of torsional vi- 
bration and prevents transmission of sound 
through the shaft. Made in seven sizes up to 
and including 1 H.P. to fit all shaft sizes. 

Other Lord Bonded Rubber Products 
include aircraft engine suspensions, joints for 
radial loading, torsion joints; diaphragms'and.' 
instrument mountings.. Special bonded rub- 
ber products can be designed and manufác-'-... 
tired to'meet individual requirements. 

Lord's research facilities and wide. 
knowledge of vibration engineering are avail - 
able to every industry for the. solution 'óf 
problems in their field. 

,. 

PLATE FORM 

TUBE FORM 

VERTICAL SNUBBING (V.5.) 
PLATE FORM 

VERTICAL SNUBBING (V.S.) 
TUBE FORM 

inn 

k} 

1.1. 59111 

FLEXIBLE COUPLING 

91 fréhP] IZ1L(i11PJl "K ,1iLCG/L 1.47 cdrunb vil'7af;,(,p1L 

RD MANUFACTURING COMPANY ERIE;. PA. 
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Research workers on war problems may 

find the answer in the following 

Ceramics: 
Binder for ceramic insulation 
Protective coating against me- 

chanical abuse 
Binder for vitreous enamels 
Binder for abrasive wheels 

Binder for porcelain enamel frit 

Pharmaceuticals and Foods: 

Edible emulsifying agent 
Non -staining ointments 
Edible fixative oil for candies 
Binder for yeast tablets 
Enteric coating 
Polish for tablets and pills 

Adhesives: 
"Cellophane" and cellulose 

acetate adhesive 
Tissue paper to aluminum ad- 

hesive 
Adhesive for rubber to cloth 
Thermosetting cement 

Paints, Varnishes, Colors 

and Pigments: 
Pulp color and pigment dispers- 
ing agent 
Flattening agent for paints and 

varnishes 
Emulsion paints 
Lacquer and varnish plasticizer 
Soft grinding of lake colors 
Increased length of pigment 
lakes 
Non -mar enamels 
Water and ink resistant lacquers 

Rubber and' Synthetic 
Rubber! 

Gasoline resistant finish 
Rubber gasket lubricant 
Rubber to cloth adhesion 
Polishing of hard rubber 
Plasticizing synthetic rubber 

Metals: 
Aluminum castings corrosion 
protection 
Foundry cores 
Joint seals for pipes 
Aluminum drawing lubricant 
Tin stamping lubricant 
Nickel alloy stamping rust pre- 

vention 
Metal surface protection 
Drawing and stamping of nickel 

alloys 
Sintered bearing lubricant 

Paper: 
Transparent coating 
Waterproofing liquid 
Flameproofing agent 
Translucent paper 
Wax coating 

Textiles: 

list 

Transparent coating 
Olive oil substitute 
Waterproofing liquid 
Textile lubricant 
Flameproofing agent 
Flexibilizer for cotton braid 
Dye solvent 
Textile emulsions 
"Nylon" and "Vinyon" lubricant 
Worsted and spun rayon lubri- 

cant 

Cork: 
Cork preservative 

Cements: 
Waterproofing agent 

Wood: 
Warpage prevention 
Flameproofing 

Leather: 
Sulphonated oil substitute 

Plastics: 
Plasticizer and lubricant 
Polishing 
Lubricant for molding 

Our laboratories have developed 

solutions to these unique prob- 

lems. The answers to these and 

many other problems are given in 

a 112 page manual of chemical 

formulation for numerous indus- 

tries. A copy of the manual 

"Chemicals by Glyco" is yours for 

the asking. Send for it today. 

You may find the answer to your 

war -time problems. GLYCO 

PRODUCTS CO., INC., 230 King 

Street, Dept. 54, Brooklyn, N. Y. 

Type FG-166 
General Electric 
PHANOTRON; mercury-vapor, half -w, 

rectifier; quick heating cathode; mt1 

envelope; overall length 1971 inct 
(max) ; diameter 5 inches (ma 
flexible leads. 

E¡ = 2.5 v 
I/ = 100 amp 
Tube Voltage Drop 

= 20 v (max) 
5 y (min) 

Peak Plate Voltage = 1500 y 
Peak Plate Current = 150 amp 
Avg Plate Current = 30 amp 
Temp Range. Condensed Mer- 

cury = 2t1-70° C 

Type FG-190 

General Electric 
PHANOTRON; inert -gas -filled, full -w. 

rectifier; metal envelope; overall heir 

4a inches (max) ; diameter lti i 

(max) ; supplied with lead wires. 

E f = 2.5 v I = 12 amp 
Tube Voltage Drop 

= 13 v (max) 
5 v (min) 

Peak Plate Voltage = 175 v 
Peak Plate Current = 5.0 amp 
tvg Plate Current = 1.25 amp 

Temp Range = - 20-+60° C 

Type FG-235-A 

General Electric 

IGNITRON; high -peak -current, pool -e1'1 

ode tube; water cooled; for welt 

service; metal envelope; height 
inches (max); diameter 41 ini 

(max). 
Supply Voltage (rms) 

= 250-600 y 
Demand = 1200 lop 
Corresponding Avg Anode Cur- 

rent = 75.6 amp 
Max Avg Anode Current 

= 140 amp 
Corresponding Demand 

= 400 kva 
Ignitor Voltage = 200 v 
Ignitor Current = 90 amp 

Type FG-258-A 

General Electric 

IGNITRON; high -peak -current, pool -c 

ode tube; water cooled; for weld 

service; metal envelope; height' 
inches; diameter 5$ inches (maxi 

Supply Voltage = 250-600 v 
Demand = 2400 kva 
Corresponding \vg Anode Cur- 

rent = 192.0 amp 
Max Avg Atu.de Current 

=355amp 
Corresponding Demand 

= 800 kva 
Ignitor Voltage = 200 y 
Ignitor Current = 40 amp 

134 
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WHERE{i R, TIDE 

TH$itrÉ ARE fPRA(U 

Sprague Condensers are made 
tó the highest quality stand- 
ards in a complete 'line meet- 

s Q` 

ing practically every electronic, 1 ! j " 
electrical and industrial need. 
It is natural then, that today's 
production is .largely. devoted 
to a complete, fully approved 
assortment for Army.and Navy 
uses. Our engineers will gladly I 

cooperate in solving your ca= 
pacitor problems. 

C 
IS 

htD 

Ls1 ` 
1 5AL...:- 

t`reti- 

II 

A 
I 

CONDENSERS-KOOLOHM RESISTORS 
Duality Components 'Expertly Engineered Competently Produced 

' 

SPRAGUE SPECIALTIES COMPANY, NORTH ADAMS, MASS.` 
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Let CLAROST1T 

YOUR RESISTANCE. 
PROBLEM 

.. 

J 

t. 

* Yes indeed, it pays to follow the ex- 

ample of leading equipment builders, in- 

strument makers, communication corn 
panies, broadcasters and other critical 
users of components: Let Clarostat solve 
your resistance problem! 

Because Clarostat has a wider choice of 

resistors, controls and resistance devices, 
due to a wide range of fabrication facili- 
ties, you can usually take care of your 
requirements more critically when you 
depend on Clarostat. For instance: 

Controls 
Clarostat composition -element controls are 
the last word in highresistance potentio- 
meters. Accurate resistance values, first 
and last. 1000 ohms to 5 megohms. AdA- 
Switch feature. Choice of tapers and taps. * Clarostat wire -wound controls or poten- 
tiometers. 1 to 100,000 ohms, choice of 
tapers and taps. Single or multiple units. * Clarostat power rheostats, 25 and 50 

watt ratings, built for hardest kind of serv- 
ice. * Also faders, padders, mixers, at- 
tenuators, etc. 

Resistors 
Greenohms-those green -colored cement 
coated power resistors found in quality 
transmitters, oscillographs, fine instru- 
ments and dependable electronic assem- 
blies are positively the toughest power 
resistors made. 4 to 200 watts. Fixed and 
adjustable. Round and flat. Any mounting 
or terminals. * Also choice of voltage di- 
vider strips, voltage -dropping power 
cords, etc. 

Ballasts 
Tube -type plug-in resistors, line -voltage re- 
ducers. automatic line -voltage regulators. 
etc. 

Submit that Problem .. . 

No matter what your control or resistance 
problem may be, send it to us for engi- 
neering collaboration, recommendations. 
specifications, quotations. Engineering 
loose-leaf data on request. 

C LA RO STA Tjlf,,,,,f«hthbi1 AT. 

285-287 NART11 SIXTH STREET 
19/300"Z EN, AEIf' )'O/If., U. 5.4. 

.OFFICES IN PIxINCIPnt C...r5 

Type FG-271 

General Electric 
IGNITRON; high -peak -current, pool -cat 
ode tube; water cooled; for weldir 
service; metal envelope; height 
inches (max); diameter 29 inch( 
(max). 

Supply Voltage (ruts) 
= 250-600 v 

Demand - 600 kva (max) 
Corresponding Avg Anode Cur- 

rent = 30.2 amp .. 
Maximum Avg Anode Current 

='56.0 amp 
Corresponding Demand 

= 200 kva 
Ignitor Voltage = 200 v 
Ignitor Current = 40 amp 

Type FP -85 

General Electric 
KENOTRON; high -vacuum, 
rectifier; glass envelope; 
overall height 6$ inches 
ameter 211s inches (max) ; 

E, = 10.0 v 
I, = 5.0 amp 
Peak Inverse Anode',Voltage 

= 20,000 v (max) 
Peak Anode Current 

= 0.1 amp (max) 

half-wa 
air cool') 
(max) ; 

4 -pin bai 

r 

FP -85 

Type FP -92 

General Electric 
KENOTRON; high -vacuum, half-wa 
rectifier; glass envelope; air cook 
overall height 251 inches (max) ; 

ameter 61 inches (max). 

C, =10-v 
I = 14.5 amp 
I1eak Inverse Anode Voltage 

= 150,000 y (max) 
Peak Anode Current 

= 0.3 amp (max) 

Type GL -411 

General Electric 

KENOTRON; high -vacuum, half -w' 
rectifier; glass envelope; air cool/ 

overall height 181 inches (max) ; 

ameter 51 inches. 

E, _; 10 e 
I1 ='14.5 amp 
Peak Inverse Anode Voltage 

- 100,000 v (max) 
Peak Anode Current = 0.3 amp 

Type GL -415 

General Electric 

IGNITRON; high -peak -current, pool -ca 

ode tube; water cooled; for weld 

service; metal envelope; overall heil' 
51 inches; diameter 21 inches (max) 

SupplyTVoltage (ruts) 
= 250-600 v 

Demand = 300 kva 
Corresponding Avg Anode Cur- 

rent = 12.1 amp 
Maximum Peak Anode ('orient 

= 22.4 amp 
Ignitor Voltage = 200 y 
Ignitor Current = 40 amp 

tl' 

) 

136 
.l une 1942 - ELECTHONIt 1 



IIANY LARGE COMPANIES ARE NOW TAKING A CENSUS 

IF EMPLOYEES' CARS AS PART OF NATION'S PROGRAM 

110 

GET 40,000,000 WORKERS TO THEIR JOBS ON TIME 
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Trolleys can't do it ALONE. Even with stag- 
gered work hours to level off transportation 
peaks there aren't enough trolleys to take 
America's millions to work. 

It TO CONSERVE MECHANICAL RUBBER GOODS 
Ch 48 -page book is for managers, engineers 
*plant operating men. It shows how you 
conserve rubber through proper handling, 
(tsIlation and care of rubber conveyor, ele - 
'a' and transmission belts; all types of in- 
lu ial hose; packings; linings; rolls; mount - 
as and other mechanical rubber goods; and 
I{tlical wires, cables, and tapes. For free 
Ills, write directly to Mechanical Goods 
till on, United States Rubber Company. 

................................... 
VOLUNTARY TRANSPORTATION COMMITTEES i 

TO ROUTE FULL CARS TO WORK ARE SET UP 

BY PLANT EMPLOYEES IN EACH COMMUNITY 

The problem of getting 40,000,000 workers to their 
jobs is being taken over by America's car 
owners. Neighbors are already doubling up 
to go shopping, to take children to school, 
to go to work ... but not enough of them! 
Your company and your employees can co- 
operate by taking a census of workers' cars. 
Here's how you can do it in your com- 
munity: (1) Fill out cards, like the one 
shown here, (2) Sort cards by residential 
districts, (3) Select sectional committees 
to act as traffic control groups for each 
district to assure equitable use of cars, 
(4) Route full cars to work on every 
shift. Details can be worked out 
quickly by you ... your workers 

. your community. The impor- 
tant thing is to start today to get 
every last mile of use from our 
cars, our gas, our tires! 

Make a map like the one above, on which to chart the routes for 
each residential district. Dots indicate workers' homes; circles indi- 
cate workers with cars. 

This card is a sample guide. Make changes to suit your needs. Reprint 
or copy form on filing cards for each worker to fill out and turn in to 
your Transportation Committee. 

Buses can't do it ALONE. They're already 
taxed to their full seating capacity. And 
enough vital steel and rubber can't be spared 
to build enough new buses. 

,CA r ° 
+ , r00'rr"9 NP ' t c= = 

Trains can't do it ALONE. Although every 
railroad is cooperating 100%, many of 
America's mighty war production plants 
can't be serviced by trains or subways. 

GET FREE MILEAGE BUDGET CHARTS 
and copies of this free 32 -page book 
on tire care from your local U. S. Tire 
Dealer or write direct to the United 
States Rubber Company. Hundreds 
of thousands of these charts and 
books are already in the hands of 
American car owners - helping to 
save tires, gas and oil. 

IN AMERICA'S FIGHT FOR LIFE, EVERY TIRE -MILE MUST BE SAVED FOR ESSENTIAL DRIVING 

UNITED STATES RUBBER COMPANY 
1230 Sixth Avenue Rockefeller Center New York 

Íi 
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AIR INDUCTORS 
VARIABLE AIR CONDENSERS 

There is that about a B&W Air Inductor or Varia- 
ble Air Condenser which tells you more than words. 
This something is an outward evidence of inward 
goodness that comes as a result of conscientious manu- 
facture by engineers by whom every product bearing 
their names is a matter of intense personal pride. 

The above uuretouehed illustration shows a variety o/ 

standard and special 'B&W products now being supplied 
on priorities Joe today's exacting applications. Bulletins 

and engineering information upon request. 

BARKER & WILLIAMSON, Radio Manufacturing Engineers 
235 Fairfield Avenue, Upper Darby, Pa. 

Type KC -4 

General Electric 
KENOTRON; high -vacuum, half-wI 
rectifier; glass envelope; air cool 
overall height 251 inches (max); 
ameter 6a inches (max). 

Et=20v 
!s =24.5amp 
Peak Inverse Anode Voltage 

= 150,000 v (max) 
Peak Anode Current = 1.0 amp 

Type KU -610 

Nest inghouse 
THYRATRON; grid -controlled gasec 
discharge rectifier; inert -gas fill; 

glass envelope; overall height 6l inc, 
(max); diameter 2ie inches (ma+, 

4 -pin base. 

Es =»2.5 v 
Jr = 6.5 amp 
Peak Anode Voltage = 500 
Peak AnodeCurrent = 0.4 amp 
Avg Anode Current = 0.1 amp 
Grid Voltage for Starting- 

Positive 
Temp Range, Ambient 

= -20-+70°C 

KU -610 

Type KU -618 

Westinghouse 
GRID GLOW tube; cold cathode; in, 

gas filled; glass envelope; overall hei 

51 inches (max) ; diameter 2 t'a inc 

(max) ; 4 -pin base. 

Peak Anode Voltage = 800 v 
Peak Anode Current = 0.10 amp 
Avg Anode Current 

= 0.015 amp 
Grid Voltage for Starting- 

Positive 
Temp Range, Ambient - 20- + 70° C 
Tube Voltage Drop 

= 225 v (max) 
= 180 v (avg) 
= 125 v (min) 

Type KU -627 

West inghouse 

THYRATRON; grid -controlled gase'lt 
discharge rectifier; glass envel'f, 
overall height 7 inches (max) ; di 

eter 21a inches (max) ; 4 -pin base. 

t- 
KU -618 

Et = 2.5 y 
If = 6.0 amp 
Peak Anode Voltage = 2500 v 
PeakAnodeCurrent = 2.5 amp 
Avg .anode Current = 0.64 amp 
Grid Voltage for Starting- 

Negative 
Temp Range, Condensed Mer- 

cury = 25- 70° C 

KU -627 KU 

KU -634 KU. 
KU -671 
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'ye KU -628 

¡e,inghouse 

irATRON; grid -controlled gaseous- 
cirge rectifier; glass envelope; 

elll height 93 inches (max); diam- 
4141 inches (max) ; 4 -pin base. 

0v 
..1.5 amp 
k lode Voltage = 2500 y 

iodeCurrent = 8.0 amp 
g4xde Current = 2.0 amp 
ad Itage for St arting- 
Ye live 
reltange, Condensed Mer- 
'or = 25-70° C 

KU -627 KU -628 
KU -634 KU -636 

KU -676 

.v. KU -634 

eringhouse 

1 %IRON ; grid -controlled gaseous- 
.% rge rectifier; glass envelope; 

11 height 9 inches (max) ; diam- 
-r da inches (max) ; 4 -pin base. 

=0v 
1.5 amp 

k ,ode Voltage = 7500 v 
I, odeCurrent = 5.0 amp 
IdeCurrent = 1.25 amp rl llage for Starting- 

el.ive 
ianlange, Condensed Mer- 
ur,= 25-50° C 

KU -627 KU -628 
KU -634 KU -636 

KU -676 

!» KU -636 

Janghouse 

11aITRON; grid -controlled gaseous- 
cl1rge rectifier; inert -gas filled; 
envelope; overall height 7 inches 

3,, ; diameter 2i's inches (max) ; 
it base. 

' 

5v 
3 amp 
.ode Voltage = 350 v 
ode Current = 0.4 amp 

Ode Current = 0.1 amp 
' ltnge for Starting- 
live 

I1 Waage, Ambient 
- 20- +70° C 

KU -627 KU -628 
KU -634 KU -636 

KU -676 

7: KU -676 
snghouse 

!tTRON; grid -controlled gaseous- 
lrge rectifier; glass envelope; rl height 111 inches (max) ; diam- 
r 4 inches (max) ; 4 -pin base. 
.)v 
I amp 
Ode Voltage = 1000 v 

1tdeCurrent = 40.0 amp I\ de Current = 6.4 amp 
,41tage for Starting- 

elvo 
U ange, Condensed Sler- 
n 25-70° C 

J 

,{ 

KU -627 KU -628 
KU -634 KU -636 

KU -676 

o 

-- 
~,f1k41, 1XS\0 '1 a 

r1 . law 
`'a r, 

o 
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MANUFACTURED FROM 
STANDARD PARTS . . 

Custom designed transformers can often be assembled from 
standard parts found in the large variety of types and sizes 
available to Chicago Transformer's customers. 

Where entirely different designs are necessary, it's modern 
and complete plant and laboratory facilities are equipped 
to handle the, most unusual assignments. 

Given the application, description and the electrical results 
desired, the Chicago Transformer organization should best be 
able to solve your new and difficult transformer problems. 

efÍan#dfa~4 geed' iea o 
o iG4nóielwinetci ff 4 70 041//t 

CHICAGO .TRANSFORMER 
CORPORATION 

3'505 WEST ADD(SON,. STREET. CHICAGO ' 

Il 
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WCHARGER 

VERTICAL RADIATORS 

and ANTENNA TOWERS 

It is easy to see why an ever increas- 

ing number of Wincharger Towers are 

being used in every type of broad- 

casting. That is . . its easy when 

you add up all these advantages: 

*LOW INITIAL COST 

*STRONG EFFICIENT COVERAGE 

*ATTRACTIVE APPEARANCE 

*LOWER MAINTENANCE COST 

*DESIGNED FOR 100 -MILE WINDS 

Experienced contractors are avail- 

able for complete erection service, 

including lighting, anchors, base 

and ground systems. 

Write or wire for complete information 

Mke,« or 
nvc/ CER 

IARM ELECTRIC 

uSYSTEMS 

Mdi0R5 

GEq 
TERncAt 

RADIATORS 

WINCHARGERVERTICAL RADIATOR 

WINCHARGER CORPORATION SIOUX CITY. IOWA 

THE ELECTRON ART 

Optimum Response Scanning Slit -Image 140 

Heating by High -Frequency Induction 142 

Electronic Differentiation 143 

The Relaxation Amplifier 145 

Optimum Response 
Scanning Slit -Image 

BY GEORGE LOGAN 

Sound Department 
.11-(]--1/ fit lid ios 

Culver City, Cal. 

IN SOUND REPRODUCTION from film, a 
mechanism moves the sound track at 
uniform speed past a scanning beam. 
The track acts as a light modulator, 
and the modulated light transmitted 
through the film falls upon a phototube. 
A pulsating direct current is set up in 
the phototube circuit, and the amplified 
alternating component of that current 
operates the horns. 

The scanning light is the image of a 
physical slit; the slit -image is created 
by an optical system such as is depicted 
in Fig. 1. Appearance of the slit -image 
is further illustrated in Fig. 2. 

Fig. 1-Schematic arrangement of optical 
system of typical reproducer 

t T 

Fig. 2-Slit image and sound track 

As is usual in most signal amplifying 
systems, it is desirable to secure an 
overall fiat response up to some chosen 
cut-off frequency. To achieve this aim, 
the point of lowest level response must 
be determined, and equalization attenu- 
ation inserted to lower other regions of 
a response curve to that level. Yet, it is 
desirable to keep the amount of equal- 
ization attenuation inserted to a mini- 
mum. Such attenuation represents loss, 
and must be compensated for by in- 
creased amplifier capacity. 

it has been well known that with a 
necessarily finite slit -image height, H, 
the relative response falls off with in- 
creasing frequency as shown by the 
curves of Fig. 5. It is logical, then, to 
determine the slit -image height which 
will present maximum relative response 

at the cut-off frequency. Once tl 
optimum slit -image height is found, 
will follow that the equalization 
tenuation chargeable to H will be 
minimum. Hence the purpose of t 
investigation is to derive the form, 
for optimum H in terms of the cut 
frequency. 

The symbols used in the derivat, 
are: 

7' = track transmission, the ratio: (trt 
milted light)/(incident light), 
maximum change in transmission Is 

mean transmission, 
wavelength of cycle on track: 1800', 
angular distance from cycle's origin 
angular distance of slit -image cet 
line from cycle's origin, 

x = linear distance from cycle's origin, 
Q, = incident light quantity, 
(1. = transmitted light quantity, 
II = slit -image height, 
13 = radians of cycle covered by % iI 
w = track width, 
L = slit -image illumination intensity, 

= instantaneous value a -c and, 
f = frequency, cycles per second. 

Units employed are the radian 
angles, the second for time, and the 
(0.001 inch) for linear distances. 

r--' 

Y 

Fig. 3-Transmission of sinusoidal re I 

corded cycle 1L1. 

Referring to Fig. 3, if a sine IX 
signal has been recorded, the li 

transmission along a cycle on the tr 
is represented by a sine curve. For 
ample, the transmission at x is T 

á Q2 T<= Qt 
:. áQ1 = (Te) (-1 Q,) 

= (y- y.., sin 0) (Lw z) 

Total quantity of light passed throe: 

the film is: 
2! 

Qº _ A Qe 
x, 

fx, _ (9.,, 1- y, sin 8) L ,o 

a -s 

r7 
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'o integrate, it is necessary to ex - 

p ss dx in terms of de. 

x 
X 

9 =2,r 
dx = 

12800f0 de 

ubstituting above and integrating: 

18000 L w$ t/., 1809 L w ym 

Q2 = a f + if f 
sin 45 sin $ (1) 

'he incident light quantity presented 
to,he film is: 

Qt=LHw 
18000 $ 

)ut H = 
sr 

18000 L w 
= ,rf 

1 

s is a constant for any given optical 
em, which of course includes a fixed 

be for H. Substituting Eq. (2) into 
E (1), we obtain: 

( sin sin$ 
Qs=Qty. 1i- I ) 

sin 4sin 00 
I. Q, = Qs y,1 + fy180 (3) 

, 18000 

. br any particular frequency we 
1, ht choose to investigate, and for 
it particular value of H, the quotient 
¡will 

..IH is a constant. From Eq. 

000 
P therefore, it is apparent that scan- 
tlt a recorded sine wave cycle will 

side Q, to vary sinusoidally about an 
pat which is placed a distance Q, y, 
it /e the Q., = 0 line, as illustrated in 
Pk 4. The maximum value of Q, must 
N(lr when sin 4' = 1, or at 4' = a/2; 
Irtthe minimum value of Q, must oc- 
u when sin m = -1, or at 4' = 3,r/2. 

sin arfH\ 

r. Qs ,.,. = Qs y.. 1 + 18000 
sr fit 

Qs ms =QsyT 1 - 

18000 
sin sr f !! 

18000 
srflf 
18000 

i I we are working the linear range of 
h cell, which is assumed, the instan- 
arous current output of the cell is 
i etly proportional to the amount of 
in falling on the cell. 

i = k 

f urther, the signal output level of 
4h cell depends upon the current 
olg; that is, upon the difference be- 
vun i,,,, and i,,. We can express 
h difference in terms of y,, Q, f, and 
{it is seen. Our intention is to in- 

1tedgate the effect on response of H 
ales, at different frequencies, so we 
Mime y, constant. Now if we arbi- 
r, ily select a reference set of condi- Is with, say, H = 0.75 mil and f = 
Ol cps, we can write: 
t Live Response, = 20 log (A /8) (4) 

decibels 

LJlflll^Q1 E... 
í J 

G^'YES YOU 

----,. ;-' -' 

YW1.11zizz as 

. -A- 

The dynamotor specially designed to 
1 

insure maximum efficiency at all operating 
altitudes/rd temperatures. 

NS ®TYPF®S.s 
¿at 4G 

1 

INPUT VOUS ® AMPS 

OUTPUT VOLTS AMPS. ((a 
WINCHARGER CORP, 

a.Au. i. a,e.. cn. a. u a 

Quality Built WINCO DYNAMOTORS Insure 

*COMPLETE DEPENDABILITY 

*PERFECT BALANCE 

*MINIMUM A. C. RIPPLE 

*LOW VOLTAGE REGULATION 

*COMPACTNESS and LIGHT WEIGHT 

....And, whatever your power problem, 
Winco Engineers will be glad to help you 
solve it. This service is free and without obliga- 
tion. Why not consult u,? 

rlelc.s o{' 

lNC^MIR 
ARM ELECTRIC 

sYSrEMs 

DYNAMOTORS 

/,y_ R 
"MC« 

RADIATORS 

DYNAMOTORS-o- 
CcER ColoN - WA 

II 
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Deliver DEFENSE PLASTIC PARTS Faster 
BRANDLETTERING - DESIGNS and MARKINGS on' 
Fuse Panels, Socket Bases and Other Parts! 

AS PERFECT AS MOLDED LETTERING ITSELF 

* If you use plastic panels or other bakelite parts needed for 

communications systems of airplanes, tanks and other imple- 

ments of war-it will PAY you to try Rogan "deep relief" 

BRANDING of lettering, designs and markings for economy, 

qualify and speed! 

SAVE DIE CHARGES and MOLDING COSTS 

41 SO - 43. 4o 
51 

48 41 ' 

49* 42 
50 52 

The fuse panel and socket 
base illustrated, typify the 
clear and sharp results others 
are getting with "deep relief" 
BRANDING on items ap- 
proved by the U. S. Signal 
Corps and Ordnance Depart- 
ment. 

"Deep Relief" BRANDING by 
Rogan is now being specified 
by large-scale producers of 
plastic panels and parts for 
DEFENSE. 

0 0' 

QIO IMP `1 

O 20 AMP Q 

O25 AMP O 

30 AMP 

o o 

Above Illustration 
shows laminated bake- 
lite panel with Rogan 
deep relief branding. 

WRITE TODAY for Full Details on Rogan Deep Relief Branding. No Obligation. 

ROGAN BROTHERS 
2003 S. Michigan Ave., 
Chicago, Illinois 

EASTERN PLANT: 154 Lawrence St., Brooklyn, N. T. 

** 

, ,r / .t i 

EQUIPMENT HAS 
BEEN INDUCTED 
INTO THE SERVICE 
OF OUR COUNTRY 

* FOR THE DURATION 

THE ARMY THE NAVY THE AIR CORPS 

While we are proud that Doolittle equipment is helping 
to win the war, we do regret that we must ask our faithful 
customers to be patient, because the present need comes 
first. When peace comes we will be able to share with 
you the benefits of this broad experience which will be 
reflected in even better products. 

RADIO INC. 
1421 LOOMIS BLVD. CHICAGO, ILL. 

where A is current swing, for any combinatki I 

of H and f and B is current swing, for II = 0. 
and f = 1000 

Expressing current swing as 
cated and simplifying: 

It = 20 log [7660 
sin 

18000 

f 
To determine the H value wh eh w 

give maximum response at some ft 

quency, d HH) 
is equated to zero. 

d (R) a f logy sr f 
d 11 900 

cot 
18W0 

= 0 

II = 9000 

ttr.e 

>u 
Fig. 4-Sinusoidal variation of transmitt: I 

f 
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200 mils 

1,000 3000 5000 
Frequency in Cycles per Second 

Fig. 5-Relative response of slit -image 

plotted against frequency 
i 

This Eq. (5) is the formula desinl. 
Let us presume that the upper f 

quency to which we intend to equal 
for flat response is 7000 cps. Then 
optimum slit -image height is: fl 

i+ H=7 
= 1.29 mils 

Each curve in Fig. 5 was obtained 
selecting an H value, and solving r 

(4) with various frequencies sub 

tuted therein. These curves show t 
only the 1.29 mil slit -image dimens' , 

will give maximum response at 7 

cps. Other values of H, whether lad 
or smaller, produce less response t 

that cut-off frequency, verifying 
efficacy of Eq. (5). 

/' 

Heating by High -Frequency 
Induction 
THE PROBLEMS OF WARTIME product 
have accelerated the development 
heating by high frequency induct 
This method has the advantage in t 
heat can be induced into metals lit 

points .where it is wanted with n 

exacting control. Four pertinent 
titles on induction heating have 
peared in the February 1942 issue' 
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tydinghouse Engineer. The first is 

"hr'Heating by High Frequency Induc- 
ei," by Frank T. Chestnut; the second 
,r"External Surface Hardening by 

friction Heating" by W. E. Benning- 

hc and H. B. Osborn Jr.; the third 
n"Internal Surface Hardening by 

friction Heating" by Howard E. 

3cies; and the fourth on "Electrical 
.fiipment for Induction Heating" by 

Levy and L. J. Lunas. 
he problems encountered in high 

r uency heating are much more in - 

tied than those of melting. If a 
hge is to be heated throughout to a 

irornm temperature, a low frequency 
held be selected for high depth of 
e.tration and the power should be 

I), enough to allow the interior of the 
tree to be heated by conduction from 
hi surface nearly as fast as the sur - 
a itself is heated. On the other hand, 
f charge is to be surface heated only, 

-ii frequency and high power are 
e,ired. 

mtrolled temperatures up to 3600 
e C have been attained in induction 
Juices. Time cycles of only a few 
ends may be obtained by automatic 
e elation of power and quenching in- 

als, thus assuring exact duplica - 
c of parts. Microscopically, the 
t cture of an induction hardened 

-r has a distinct appearance. The 
sil needle -like crystals resulting from 

suiace hardening are absent and in- 
Gd we find a more homogeneous 

ticture with finer nodular crystals. 
MIgh frequency hardening equipment 

ists of a high frequency generator, 
Zrictor, quenching auxiliaries, suit- 
- bl transformers and capacitors, and 
.aiumatic timing controls. Frequencies 

f rom 60 cps to more than 100 kc 
a been used. A variety of generat- 

dllt, equipment and of instruments is 
/re ssary to meet all requirements. 

:citing equipment has been designed 
i;rly for 500, 960, 1920, 3000, 9600 
n 11,520 cps. Frequencies above 100 
care best obtained from electronic 
IIlators. They have the advantage 
f eing non -rotating and are readily 
:sable to changes in frequency. 

i. n II units up to 20 kilowatts are 
,o with water-cooled tubes and when 
.,lle capacity is required, several os- 

,., litors are connected in multiple. 
y cause an oscillator has no moving 

.11vs, and because its output frequency 
rl triable, there have been attempts to 

ace motor -generator sets in the 500 
it,:2,000 cps field by electronic oscil- 

tits. However, the cost of the va - 
i n tube oscillator rises as the fre- 
bicy is reduced and at present no 
Ieomical low -frequency oscillators 
fteavailable. 

`Íilctronie Differentiation 
II APPLICATIONS OF vacuum tube cir- 

It t to electronic differentiation are 
U uerous: displacements can be con - 

sed into velocity, velocity into ac- 
` tl^ation, quantity of electricity can 

e.hanged to current and sine wave 

A 
GREAT 

RESPONSIBILITY 
i 

,t&4y 
fa`-='= 

- _ ' 
METAL 

CRAFTSMANSHIP 
as exemplified 

ir this 

"CELLINI BOWL" 

Beryllium -copper in many applications of vital impor- 

tance is entrusted with tasks which cannot be per- 

formed by any other metal or alloy. Especially is this 

true in aircraft instrumentation. Probably no other 

alloy must meet the close specifications essential to 

the fulfillment of the unique tasks assigried to this 

"tireless metal". 

In offering "BERALOY 25" and other ternary and 

binary beryllium -copper alloys, Wilbur B. Driver 

Company realizes full well the responsibilities of 
manufacture and performance. Years of experi- 

ence in working to close tolerances . . personnel 

and equipment accustomed to exacting specifications 

. . . successful experience with beryllium -coppers 
themselves .. . . give us justifiable .confidence in 

offering our facilities to meet your beryllium -copper 
requirements. 

WILBUR B. DRIVER CO. 
NEWARK, NEW JERSEY 

Manufacturers of "TOPHET" the Nickel -Chrome Resistance Wire 

11 
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GLASS MASTER DISCS 

NOW READY FOR DELIVERY 

Presto 171/4" Glass Base 

Master discs are now in 

stock awaiting your order. 

Transcription manufactur- 

ers have been processing 

samples of the Presto Glass 

Master for several months 

and report it perfect in every 

respect, easily adapted to 

their plating equipment, 
thick enough (.135") for 

safe handling and having 

the exceptionally quiet sur- 

face characteristic of all 

Presto discs. 

The Presto 171/4" Master 

is made in two styles. Type - - 

PRESTO 
RECORDING CORP. 
242 WEST 55th ST. N.Y. 

917-D has a removable 
metal center insert to allow 

-its use with overhead cut- 

ting mechanisms driven 

from the center of the turn- 

table. The 917-E has a solid 

insert for tables having in- 

dependent cutting head 

drive (Presto 8-C). 

Priced only slightly high- 

er than previous aluminum 

master discs. Sold by Gray - 

bar Electric Company and 

leading radio parts distrib- 

utors throughout the United 

States and Canada. 

In Other Cities, Phone ... ATLANTA, Jock. 4372 BOSTON, Bel. 4510 
CHICAGO, Nor. 4240 CLEVELAND, Me. 1565 DALLAS, 37093 DENVER, 

Ch. 4277 ' DETROIT, Unto. 1-0180 HOLLYWOOD, NII. 9133 KANSAS 
CITY, Vie. 4631 MINNEAPOLIS, AllontIc 4216 MONTREAL, Wol. 4218 

PHILADELPHIA, Penny.0542 ROCHESTER, Col. 5548 SAN FRANCIS- 

CO, Yu.0231 SEATTLE, Sen.2560 WASHINGTON, D.C., Shen. 4003 

World's Largest Manufacturers el Instantaneous Sound Recording Equipment and Discs 

voltages shifted 90 electrical degree 
Simplified electronic differentiate 
circuits are described by Otto 
Schmitt and Walter E. Tolles in 
article entitled "Electronic Different 
tion" in the March 1942 issue of T 
Review of Scientific Instruments. 

Fig. 1-Mutual inductance differential 

Two general methods have been e 
ployed. The first uses a coupled circt 
as shown in Fig. 1. The voltage 
duced in the secondary of a pure n 
tual inductance varies in direct pl 

portion to the time rate of change 
current in the primary. 

Vs=Mddt 
where Vs is the secondary indul 
e.m.f., M is the mutual inductance a 

1 is the primary current. 
The second uses a series circuit of 

condenser and resistor, as shown 
Fig. 2. The current through the ci 

denser varies directly with the file ri 

rate of change of potential across 1 

condenser. 
do dv 

I = dt = c df 
where I is the current through 

I 
condenser, q is the charge on the c,,: 

denser, V is the potential differei 
across the condenser plates and C 
the capacitance of the condenser. 

Fig. 2-11C diflerentiator 

For applications of the first meth' 
it is necessary that the current throu 
the primary be directly proportional - 

the instantaneous value of the i 

pressed voltage. This requires a Ian - 

resistance in series with the prima 
which may be accomplished by the n 

of a pentode with high dynamic ph 

resistance. The linearity of the pe 

ode circuit is improved by using an 
bypassed biasing resistor R,. 

The second, or condenser method, 
the simpler of the two, and is applil 
ble where a large but not extreme rat 
of frequencies has to be handled by 1,4 

circuit. The form of differentia' 
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els upon a condenser C to provide a 

lu ent proportional to the time rate 
.f hange of signal voltage V. The 
lontial drop across R, connected in 
ers with the condenser, is propor- 
iotl to the current and hence pro- 

,, o:ional to the time derivative of the 
It voltage. The above statements 

rtinade with the assumption that the 
nessed potential is unaffected by 
tttlifferentiator circuit. This requires 

t the input circuit have a low in- 
rrl impedance as compared to that 

and C. They further assume that 
mresistance is much less than the 
alcitive reactance at all working 
Erencies. The first condition can 
let by supplying the differentiator 

e a circuit of reasonably low im- 
nee, such as a low resistance radio 

_d plate circuit; the second, by choos- 
ig uitable values of R and C. The au- 

'Eut recommend a value of R equal to 
:dynamic plate resistance of the 
laum tube and a value of C such that 

drop across R shall never 
ud 1/30 of the impressed voltage. 

Iig. 3. Feedback type differentiator 

'ale largest error, which is due to 
tfcting the voltage drop across the 
fl:entiating resistor, can be elimin- 
e if a voltage equal to it, but in 

'iip;e opposition is fed back into the 
ttlentiator circuit. This feed -back 

r be accomplished with a circuit 
en in Fig. 3. 

Relaxation Amplifier 
'WELL KNOWN CIRCUIT of the relax- 
( oscillator is incorporated in the 

of a pulse relay called a relaxa- 
ramplifier. It is described in an 
e by Dr. Martin Wald in The 

'less Engineer of December, 1941. 
the addition of a diode rectifier to 

= .wvo tube relaxation oscillator of 
iham and Block, an interesting cir- 
Iresults, called a relaxation ampli- 
y the author. The diode is inserted 

m ';en the output and input, (see Fig. 
rus the feedback current can pass 

Ilin one direction and no oscillation 
itll)ccur. Should any small voltage 
I Ilse be impressed on the input with 
t rid positive, relaxation oscillation 
' ilbe produced. These oscillations, 
wer, will be interrupted as soon as 

th anent through the diode rectifier 
Ow to change its direction, that is 

a a half cycle. 
1'' maximum sensitivity and stable 

iprttion, the feed -back through the 
t k capacity is neutralized by means 

fie condenser C5. The operating 

1 
o. 

rafessima! Series 
COMPONENTS 

J 

1:11, . ,;1.; 

T HE STANCOR PROFESSIONAL SERIES 
TRANSFORMERS are unique and conserva- 

tively designed to meet the most exacting needs. 
May he mounted with terminals either above or 
he ow mounting surface. When sub -panel mounting 
is used, cabled » firing is Easy, providing quick assem- 
bly, wiring and testing. All are tropic impregnated, 
then potted in moisture -resistant compound for 
trouble -free service. 

The extreme flexibility of these STANCOR Trans- 
formers slakes them highly desirable for use in 
production runs of coninulnication equipment, 
amplifiers and many other electronic devices. 

SEND IN FULL DATA ON YOUR TRANSFORMER PROBLEMS FOR PROMPT QUOTATIONS 

STA.rrc 
STANDARD TRANSFORMER' 

,.CORPORATION .' . 

1500 NORTH HALSTED STREET. . . CHICAGO 
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Shown here, Cabi- 

net Rack #R6618. 

Typical of a com- 

plete line listed in 

our Catalog No. 41. 

A "De Luxe" job, 

typical of Par - 

Metal quality, this 

rack is in use on 

many commercial 
transmitters. 

STANDARD AND CUSTOM-BUILT RACKS & CABINETS 

0,1 METAL 

lt' 

Engineers who expect style, skill, and precision in metal 
work as a matter of course, will find that PAR -METAL 
thinks along this line. 

And we are equipped for volume business. So why not 

consult us when bidding on defense orders. Estimates 
submitted promptly. 

Fcr your guidance, write for our Catalog No. 41 

PAR -METAL PRODUCTS CORP. 
-32-62 49th ST.,. LONG ISLAND CITY, N. Y. 

Export Depf.: 100 Varick St., New York, N. Y. 

5 i&CItt 
;20015 

COME LOVELY FLOWERS 
And so it is that from the darkness of the present 
hour will emerge a brighter day when the brain 
and brawn of modern industry will be utilized in 

furthering peacetime products and pursuits. While 
serving the government today we are broadening 
both creative and manufacturing possibilities for 
a happier world of tomorrow. Astatic Engineer- 

ing services are available to work in cooperation with electronic 

engineers in the development of new war -time equipment especially 

as it may have to do with the pickup and transmission of sound. 

Astatic Microphones, Pickups, Cartridges and Recording Heads, 

while limited in production, are still available for replacement use. 

SEE YOUR RADIO 
PARTS JOBBER 

AST TIC 1 

THE 'ASIATIC CORPORATION 
YOUNGSTOWH, OHIO In Canada: 

Licensed Under Blush Canadian Asiatic Ltd. 

Development Co. Patents Toronto, Ontario 

point of the amplifier is determinent 
the setting of the negative bias 1k. 

age E,,. 

( 

Fig. 1. Circuit of relaxation amplil} 

If a sine wave with a frequt, 
greater than that of the relaxation 

, cillations is impressed on the inpu' 
this amplifier, the output frequt: 
will then be independent of the . 

pressed frequency. Thus an unm; 
lated radio frequency signal on the 
put would be directly converted to 
audio frequency. The author cla'l 
that the circuit operates well as a s 

piffled telegraphic receiver, witl I 

strong a.v.c. effect. As long as the I' 
put signal is smaller than the opt 
tion threshold of the relaxation amt 
fier, no sound frequency will be het, 

Fig. 2. Relaxation amplifier with transfot 

For any signal amplitude exceeding 
threshold value, the relaxation osci 

tion will produce an audio signal. 
Another possible type of relaxall 

amplifier is shown in Fig. 2. Here 
phase inversion is accomplished , 

means of the transformer T. The 
ends of the secondary are connected 
the duo -diode, and the mid -tap to 

grid. Any negative impulse impres 
on the grid will start a relaxation of 

lation of large amplitude, increas i 

the negative grid potential until 
tube blocks. After the condense' 
discharges through the resistancc 
the system remains in balance unt 
new impulse occurs. 
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How to save time 
by doing more reading 
That is a profitable paradox for you. More true today than perhaps 
ever before. For here in the pages of this publication are packed many 
helpful ideas . . . considerable useful information. Much of it, in 
fact, available from no other source. 

And we most emphatically mean to include the advertising pages, 
as well as the editorial pages. 

Just one new idea gleaned from these pages ... a method for doing 
something better or faster or easier or at lower cost, may alone save 
you far more than a year's reading -hours invested in this and other 
worthwhile business papers. 

Many people have found this a fact ... not only once, but time 
and time again. That's significant . . . with time so precious today. 

Good advertising speeds information from 
those who have it . . . to those who need it. 

McGraw-Hill Publishing Company, Inc. 
330 West 42nd Street 

This Free Booklet 
May Help You Now 

' 
i 

I ` It 

' 

' 
d 5011410 

I.,[WS 

lNO1HllIIMG 
.w 

,wOlrll,lr+G 
.wd lR 

GS 

lUll+llc 
,,oe001t1 

.ollet .w 

New York 

There are 23 McGraw-Hill Publications covering many branches 
of Business and Industry;-mining, metal -working, transporta- 
tion, manufacturing, engineering design and heavy construction. 
Over a million readers are finding them constantly helpful in 
carrying out today's vital work in the army of production. Per- haps one of them would prove interesting and helpful to you. 
A 24 -page illustrated booklet, describing each one in some detail, 
will be sent FREE, on request . . . this booklet has been pre- 
pared to help you select the paper which will serve you best. 
Just fill in and mail the coupon below. 

McGRAW-HILL PUBLISHING CO., INC. 
330 West 42nd St., New York, N. Y. 

Gentlemen : 

I would like to have your free booklet describing McGraw-Hill Publica- tions. 

Name 

Company 

Address 

Our business is 
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New Books 

Handbook of Chemistry 
and Physics 
CHARLES D. HODGMAN, Associate Pro- 
fessor of Physics, Case School of Ap- 
plied Science, Editor in Chief and 
HARRY N. HOLMES, Professor of Chem- 
istry, Oberlin College, Associate Edi- 
tor. Chemical Rubber Publishing Co., 
Cleveland, 1941-2, 25th edition, 2503 
pages. Price $3.50. 

ALMOST EVERY YEAR for many years this 
useful compendium of information had 
been revised, added to, and in general 
brought up to date with new research. 
This edition is no exception. Consider- 
ably more than half of the pages in 
the book have been added or completely 
revised and reset. These changes in- 
clude such data as Physical Constants 
of Inorganic, Organic and Industrial 
Organic Compounds, Melting and Boil- 
ing Points of Organic Compounds, De- 
scription of the Elements, Properties of 
Commercial Plastics, X -Ray Crystal- 
lographic Data, Gravimetric Factors 
and their Logarithms, Definitions of 
Chemical Terms, Composition and 
Value of Foods, and many other im- 
portant tables. 

The format of the book also has been 
changed, making it longer and wider 
and, as a result, more convenient to use. 
-K.H. 

The "Radio" Handbook 
Published by Editors and Engineers, 
Ltd., 1300 Kenwood Road, Santa Bar- 
bara, Calif. 640 pages. Price, $1.75 in 
clothbound edition. 

THE RADIO HANDBOOK gives a general 
compilation of information on the prac- 
tical aspects of radio. The contents is 
divided into three classifications: (1) 
principles of electricity, radio, vacuum 
tubes and antennas, (2) constructional 
information on the building of high 
frequency transmitters and receivers 
and (3) tube characteristic tables, 
reference charts and graphs, and a col- 
lection of formulas useful to the prac- 
tical radio man. 

The fundamentals of radio are given 
in a descriptive manner with little use 
of mathematics. The treatment is such 
as to be suitable for high school stu- 
dents, although the constructional ma- 
terial contains important information 
to any who may desire an introduction 
into high frequency technique and 
methods. Throughout emphasis has 
been placed on the practical aspects of 
the communication problem.-B.D. 

Introduction to Modern 
Physics 
By F. K. RICHTMYER and E. H. KEN- 
NARD (Third Edition. 723 pages. Mc- 
Graw-Hill Book Co. Price $5. 1942.) 

THIS WELL-KNOWN VOLUME was origin- 
ally based on a course of summer lec- 
tures given at Cornell University by the 
late Professor Richtmyer. The first two 
editions of this book have enjoyed con- 
siderable popularity among upper class 
or graduate students in physics and 
engineering. After the sudden death of 
Professor Richtmyer, preparation of 
the third edition was undertaken by 
Professor Kennard, whose text on 
"Kinetic Theory of Gases", which has 
been reviewed in these columns, is a 
fitting companion for the present work. 

The delightful introduction of the 
first two editions has been retained in 
the present edition in the historical 
sketch which outlines the advancement 
of physics from the earliest times to 
the development of the theory of elec- 
tro -magnetism by Maxwell, Lorentz, 
Hertz and others. In the reviewer's 
opinion, the historical sketch given in 
the first chapter would be well worth 
reading by anyone having even a cur- 
sory interest in the physical sciences. 

Once the 50 pages of Chapter I are 
behind the reader, it is evident that the 
volume is no mere high school textbook. 

The second chapter deals with elect 
magnetic waves and moving char 
and rapidly brings the reader to the o 
ferential expression for Maxwf, 
equations. Subsequent chapters d 

with the following subjects: The p 

toelectric and thermionic effe + 

theory of relativity, origin of a qu 
turn theory, the nuclear atom and on 
of spectral line, wave mechan 
atomic structures and optical spec!') 

the quantum theory of specific he; 

x-rays, the nucleus, and cosmic re 

All of the topics will be of interest/' 
the physicist or engineer with cath 
interests. 

To readers of ELECTRONICS, Chap 
III dealing with the photoelectric t 
thermionic effects is likely to be of ti 

most immediate and practical inters 
The section dealing with the discovp 
of the photoelectric effects and the , 

covery of the electron, an apprecit 
amount of historical material is in,. 

spersed with the necessary scienl 
implications of the discovery. Ag 
in describing the Zeeman effect on p 

87, the historical experimental I' 

searches of Faraday are mentioned 
+ 

the reasons for his failure are given, 
are also the reasons for Zeeman's tip 

cess. The subject of photoelectricit; 
treated briefly and succinctly under 
following topics: Photoelectrons, r 
tion between photoelectric current t 

intensity of illumination of the cath I 

energy distribution of photoelectr'. 
[elation between velocity of photo 
trons and frequency of the light, pt} 

erties of photoelectric emission, sou 

of the photoelectric energy, and P 

photoelectric section and the corpu 
lar theory of light. The modern pi 

of view is apparent in the treatd 
of thermionic emission under the top 

MAKE YOUR OWN SAFETY GLASS 

Roxaneal, a new glass protector, is a water white transparent liquid that 
prevents broken glass from flying. It will not stop glass from fracturing 
but tests have proved that it will keep broken glass in place thus preventing 
dangerous glass splinters from flying. Photographs of the test were made 
at one millionth of a second. Left, shows the coated glass, right, Is the 

plain glass 
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MAILING 
LISTS TAaT W ARK ' 

McGraw-Hill Industrial Mailing Lists are a direct 

route to today's purchase -controlling executives 

and technicians in practically every major in- 

dustry. 

These names are of particular value now when 

most manufacturers are experiencing constantly 

increasing difficulty in maintaining their own 

lists. 

Probably no other organization is as well 

equipped as McGraw-Hill to solve the compli- 

cated problem of list maintenance during this 

period of unparalleled changes in industrial 

personnel. These lists are compiled from exclu- 

sive sources, based on hundreds of thousands of 

mail questionnaires and the reports of a nation- 

wide field staff, and are maintained 

on a twenty-four hour basis. 

Mc CRAW -HILL 
DIRECT MAIL LIST SERVICE 

Investigate their tremendous possi- 

bilities in relation to your own prod- 

uct or service. Your specifications are 

our guide in recommending the par- 

ticular McGraw-Hill lists that best 

cover your market. When planning 

your industrial advertising and sales 

promotional activities, ask for more 

facts or, better still, write today. No 

obligation, of course. 

McGraw-Hill Publishing Co., Inc. 
DIRECT MAIL DIVISION 

330 West 42nd Street New York, N. Y. 
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h,mionic emission, relation between 
h,mionic and photoelectric constants, 
ecity of emission of thermions, 
h ry of electron metals, origin of 

phoelectrons and thermions. While 

th classical work of O. W. Richardson 
Is lequately recorded, there is no men - 

'it of Richardson's original derivation 
r,f:he emission equation based on a 

uh ry of gases, although the reader is 

rred to Richardson's subsequent 
nclication for the derivation of the 
nssion equation.-B.D. 

're Radio Amateurs' 
,Hndbook 

1>tlished by American Radio Relay 
Ague, West Hartford, Conn. Price 
10. 288 pages. 

gE SPECIAL DEFENSE EDITION" of the 
yi known Radio Amateur's Handbook 

f's 
ntended for use in radio training 

roses. It differs from the usual hand- 
bcc reviewed in the February issue, 
nnly in that those chapters dealing 

. i the discussion of amateur equip- 
tn.t and the operation of amateur sta- 
tus has been omitted, while new chap - 
te have been added on mathematics, 
4 Ibsuring equipment and learning the 
d' 

the text is suitable for high school 
stlents or graduates, is largely de- 
scptive rather than mathematical and 
.sNritten from the practical rather 
din the theoretical point of view. 

ly,mentary Mathematics 
f.; Engineers 
SI AMBROSE FLEMING. Chemical Pub - 
tiling Co., Brooklyn, N. Y., First 
Aierican Edition 1941. 110 pages. 
Pce $2.00 

F:MING'S LITTLE BOOK (originally pub- 
li ed in England) has as its object to 
"Jude in one small and portable book 
jtt the practical information on vari- 
oi branches of mathematics which are 
o importance in engineering." It is 
n a book of mathematics for mathe- 
mtics' sake, but of the use of math as 

s ool. 
;hapter headings are algebra, plane 

tI onometry, plane co-ordinate geom- 
ely, vector algebra, differential cal- 
c'us, integral calculus, differential 
ei.ations, harmonic analysis and hy- 
p bolic trigonometry. Fortunately the 
hguage of mathematics is fairly uni- 
v sal so that this English book does 
n suffer the fault of many others of 
ling terminology unfamiliar to an 
Aerican reader. 
Often these condensed versions of 

nthematics (or of any other subject) 
a, so condensed that reading pre - 
sits some difficulties but in general it 
ha useful book doing just what was 
p.nned.-K.H. 

Electrical Illumination 
By JOHN O. KRAEHENBUEHL, Professor 
of Electrical Engineering, University 
of Illinois, (441 pages. Illustrated. Price 
$3.75. John Wiley & Sons.) 

ACCORDING TO THE AUTHOR, this book is 
intended to expound "the principles 
underlying specifications and design of 
electrical light for commercial and in- 
dustrial buildings." Attention is given 
to the physiological and psychological 
aspects of lighting and illumination as 
well as the objective and subjective 
specifications of illumination. A chap- 
ter of 20 pages on color and shadow 
deals largely with the subjective as- 
pects of lighting. Distribution curves 
and point -by -point methods of deter- 
mining illumination are discussed in 
the fifth chapter. In the chapter deal- 
ing with incandescent and gaseous light 
sources, approximately 13 pages are de- 
voted to incandescent lamps and 16 
pages to gaseous conduction lamps, 
thereby reflecting the recent rapid ad- 
vancement which has been made in 
electrical illumination by methods other 
than incandescent. 

By far the largest part of this vol- 
ume deals with the reflection, transmis- 
sion and absorption of materials used 
for the control of lighting and illumin- 
ation. Likewise, a considerable amount 
of space is given to various types of 
luminaires, and methods of installa- 
tions which will be particularly of in- 
terest to the architect. The book is 
studded with line diagrams which pro- 
vide helpful hints to the architect or de- 
signer by showing methods of utilizing 
illuminating systems. It is largely non - 
mathematical and is written for the 
level of college sophomores ín both en- 
gineering and fine and applied arts di- 
visions.-B.D. 

Vacuum Tube Voltmeters 
By JOHN F. RIDER, Published by John 
F. Rider Publisher, Inc., 404 Fourth 
Ave., New York, 1941, 180 pages. Price 
$1.50. 

The Meter at Work 
By JOHN F. RIDER, New York, 1940, 152 
pages. Price $1.25. 

THESE TWO SMALL VOLUMES are useful 
additions to any practicing engineer's 
reference library. They are well writ- 
ten, and the subjects are covered in a 
practical rather than theoretical man- 
ner. The information is specifically de- 
signed to be useful to engineers, stu- 
dents, and servicemen. 

As the title implies, "Vacuum Tube 
Voltmeters" deals with potential meas- 
uring devices that employ vacuum 
tubes. The fundamental ideas of the 
subject are explained, and then how 
they are used in diode, triode, slide - 
back, rectifier -amplifier, tuned, audio - 
frequency, and logarithmic types of 
vacuum tube voltmeters. There is a 
section on v -t voltmeters for measur- 

If your design problem can be sim- 
plified and the finished product 
improved by the use of 

PRECISION 
METAL SHIELDED 

WIRE 
here is data that will speed your 
work ... A complete but condensed 
bulletin with the facts and figures 
that will assure accuracy of esti- 
mates and calculations . . . The 
mechanical, physical and electrical 
characteristics of this Static -proof, 
Moisture -proof wire armored with 
Seamless Copper or Aluminum 
Tubing are correctly tabulated for 
ready reference. 
Upon request Bulletin E will be 
sent you by return mail together 
with testing samples of Precision 
Metal Shielded Wire in several 
forms. Write us today. 

PRECISION 
TUBE CO. 

. Specialists in accurately drawn tubing 
of every description 

3824-26-28 TERRACE STREET 
PHILADELPHIA, PA. 

Branches in oll Principal Cities 

ii 
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CEMENTS 
ENAMELS 
LACQUERS 
M &W Cements, Enamels, and Lacquers, 
specially developed for radio use, have 
been supplied to the Radio Industry ever 
since its earliest days. 

In addition to the standard radio cements, 
enamels, and lacquers listed below, Maas 
and Waldstein Company supplies special 
materials formulated after a study of 
manufacturing conditions. 

LOUDSPEAKER CEMENTS -A complete line 
having drying and film characteristics to 
meet every requirement of loudspeaker 
fabrication. 

THERMOPLASTIC CEMENTS-For all hot 
pressing operations. 

COIL ENAMELS -High dielectric strength; 
resistant to moisture; good coverage; for 
machine or hand dipping. 

RESISTOR ENAMELS-Heat resisting; adhere 
to porcelain; in many colors for identify- 
ing resistors of various capacities. 

CONDENSER ENAMELS-Adhere to greasy 
surfaces. 

TUBE SHIELD LACQUERS-For tinned and 
aluminum shields; special heat -dissipating 
lacquers. 

CONE LACQUERS-Clear or slightly pig- 
mented; available in. three standards of 
flexibility; moisture resistant. 

METAL LACQUERS-Clear and decorative. 

BRONZING LIQUIDS-For use with bronze 
powders in covering metal parts. 

CABINET FINISHES-Materials and complete 
schedules for finishing metal and wood 
cabinets. 

INSULATING LACQUERS-For use on inside 
of I. F. cans; adequate insulating properties. 

Radio engineers, interested in securing 
the best results at lowest unit cost, are 
invited to avail themselves of M &W's 
advisory service. 

MAAS AND WALDSTEIN CO. 
Chicago NEWARK los Angeles 

PIONEERS IN PROTECTION 

ing d -c voltage, current, and resistance. 
The design, construction, calibration, 
testing, and applications of v -t volt- 
meters is also discussed. A valuable 
bibliography on the subject appears at 
the end of the book. 

"The Meter at Work" covets measur- 
ing instruments in general. Such topics 
as moving -iron meters, mewing -coil 
meters, electrodynamometer and elec- 
trostatic meters, and thermal meters 
are treated in some detail with an eye 
to principles of operation and construc- 
tion. The components, characteristics, 
and applications of these instruments 
are discussed. A chapter on the 
characteristics of rectifiers and thermo- 
couples is also included. 

An interesting feature of this lat- 
ter book is its unusual construction. 
The publisher has separated the text 
from the illustrations and diagrams so 
that the reader is able to thumb 
through the text and have the diagram 
referred to before him all the time. 
This is accomplished by binding the 
diagrams and illustrations in the up- 
per portion of the book, and the text 
in the lower portion with a small space 
separating the two sections. Thus in 
effect you have two small books bound 
in the same cover. In this manner 
repetition of diagrams is avoided and 
the reader is able to cover all phases 
of the subject he is interested in with- 
out having to turn back pages to refer 
to a particular diagram. The idea is 
good except that in turning the pages 
of the lower section you tend to have 

WATER LOCATOR 

PL. 

C 

This apparatus which is installed in a 
truck is driven to the location and small 
portable seismographs are set up on the 
ground. A small blast of dynamite is 
then discharged and the photographic 
recorders make a photo record of the re- 
bound and passage of waves through 
the earth. The speed of these waves 
indicates the glacial deposits, formation 
of bed rock, kind of rock, amount of 
water under the ground and the distance 
down to the water. Rev. Daniel J. Line- 
han, S. J. Is shown working on a group 
of the small seismographs which are used 
under water to pick up the waves of a 

blast 

Í CET1IONI 
ELECTRONIC 

TUBES 

PNOTOTUBES 

tífI I 

Type CE 11 

over 70 types 

RECTIFIERS 
Mercury Vapor 

& Gas types 
up to 30 amperes 

SPECIAL TUBES 

Grid Control, Printing 
Lamps, and many others 

Complete information sent on 

request 

CONTINENTAL ELECTRIC CO. 

710 HAMILTON AVE. 

GENEVA, ILLINOIS 

*Micro- Dimensional 
I 

WIRE & RIBBON 
for 

VACUUM TUBES 
1'I 

o 

9n a complete range of sizes 
and alloys for Transmitting, 
Receiving, Battery and Hear- 
ing -Aid Tubes ... 

relied and worked under 
close supervision to assure 
maximum uniformity and 
tensile strength .. . 

*WIRES drawn to .0005" diam. 15 

* RIBBON rolled to .0001" thick J 

SPECIAL ALLOYS made to meet 
individual specifications . 

Write for list of stock alloys 

SIGMUND COHN 
44 GOLD ST. 

SINCE 

NEW YORK 

wot 
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rh, pages of the upper section turn 
,I.le This difficulty might be solved 

)1,yinding the book with a spiral type 
nding which would permit the dia- 

1 =ts in the upper section to lie flat 

oh he pages of the text section were 

toted.-E.E.G. 

;,physics in War 
. HEILAND, Professor of Geophysics, 

'orado School of Mines. 85 pages, 
,'o 87, No. 1 January 1942, Colorado 
'CO! of Mines Quarterly. Price $1.00. 

l, ographs, diagrams and charts. 

'A IIMELY PUBLICATION discussing the 
tplication of the principles of geo- 

ics to military operations and the 
vp4ication of the same principles to 
thilocation of mineral resources in - 

u ng water supply. Under military 
pplications, the principles of geo- 
ph,ics may be applied to the location 
if to enemy's position, to remote con- 

% demolition, foundation tests of 
foifications, location of wrecks and 
r ,mice weapons, weather forecasting, 
r It location, etc. Each of these appli- 

dms is described, and the differences 
in to for under land or under water, 
n the air are pointed out. Thus such 
maers as submarine or aircraft.de- 
tedbn and location are described. 

'le second portion of the book is de- 
nt' to the more prosaic uses of geo- 
pIi'ics in the location of water sources, 
prrpecting for oil and for strategic 
rticritical materials. Finally there is 

ief summary of what geophysics 
km offer for the post war period.- 

.I 

. . . 

LIFE SAVING DEVICE 

ti 
el> ! '' 

'C- 

ry British seaman will be equipped 
41 a lapel torch. This .red bulb is clipped 
tube shoulder of the men and shows 

Vltrly from the water. It has already 
b.n credited with saving the lives of 

more than four hundred men 

NOW 
* IN OFFENSE 

AS IN DEFENSE * 
IT'S G -M RELAYS* 

* If your uninterrupted production depends 
on quality Relays, request details on the 
following G -M relays, which can be sup- 
plied in volume quantities, and quickly: 

TYPE "/"; small, low -weight, D.C. aircraft * 
relay; 2" long, 1'4" high; heavy contact pres- 
sure; for high acceleration, altitude, vibration 
and humidity specifications, 2 or 3 poles; self 
cleaning wiping contacts. 

* TYPE "C"; small, 214" long, 2'/" high; 1, 2, 

3 or 4 poles; self cleaning wiping contacts, 
A.C. or D.C. 

TYPE "F"; small, 2=/:" long, 1=/4" wide; 
1, 2, 3 or 4 poles; self cleaning wiping con- 
tacts; heavy contact pressure; A.C. or D.C. 

-, : For Full Data on these or other Relays Write or Wire. 

* 

* 

* 

G -M I.AI30RATORIES INC. 
4313 North Knox Avenue Chicago, U. S. A. 

A;::,SELF-LOCKING NUT' 
: fo'rl,every ' ' 

IMPORTANT 'FASTENING:.° 

.r 
STANDARD -HEIGHT HEX NUTS 
For all classes of bolted fastenings 

INSTRUMENT -MOUNTING NUTS 
For control panels 

TEST ELASTIC STOP NUTS on 

your products and equipment. 

Sample nuts will be furnished 

without cost or obligation. 

ANCHOR NUTS THIN HEX NUTS 
For riveting to structures For shear bolts with light tensile load 

ELASTIC STOP NUTS are made in snore than 
2500 combinations of type, size, material, 

finish, and thread system ... to provide safe and 
economical bolted fastenings for any mechanical 
or electrical application. 

Each nut embodies the Elastic Stop resilient 
non-metallic self-locking collar that assures a 
tight' hold under all conditions of vibration, 
shock, and prolonged hard service. 

» Catalog on request 

ELASTIC STOP NUT CORPORATION 2371 VAUXHALL ROAD UNION, NEW JERSEY 

Aro U. 5".. PAY. prr. 

111 14O1®Z1ID 

{! - V;1 
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OUR SERVICE NOW IS. FOR 

DEFENSE 
COMPLETE UNIT PRODUCTION-QUALITY CRAFTSMANSHIP 

ELECTRICAL DIVISION- 
Products Engineering 
on any Electronic Device- 
Quality Amplifiers- 
Communications System Components- 
Conversion of Laboratory Models 
into Commercial Production- 
SHEET METAL DIVISION- 
Metal Chassis and Cabinet Fabrication- 
Stamping-Forming-Welding-Finishing 

Equipment and Wiring for Communications Companies 

LET US COOPERATE WITH YOU 

SHERRON METALLIC CORPORATION 
1201 FLUSHING AVENUE BROOKLYN, NEW YORK 

STABILIZED A. C. VOLTAGE 
UP TO 25KVA 

yryiñQ Input.Voltage 

95:130_VOLT.S 

150 

INSTANTANEOUS ACTION 

Constant 'Output ' yottne 

15 VOLTS:'% 

NO MOVING PARTS 

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

an AC line, a Raytheon Voltage Stabilizer will permanently eliminate 
all of, the detrimental effects caused by AC line voltage fluctuations. 
Made for all commercial voltages and frequencies, single or three phase. 

Raytheon's twelve years of experience in successfully applying the 

Stabilizer to hundreds of perplexing voltage fluctuation problems is at 

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

Write for Bulletin DL48-71 'E describing Raytheon Stabilizers. 

RAYTHEON MANUFACTURING CO. 
100 Willow Street, WALTHAM, Massachusetts 

Program of the 
Summer 
Convention 
Institute of Radic 
Engineers 

June 29, 30, and July 1 

Stotler Hotel 
Cleveland, O. 

MONDAY, JUNE 29 
10:30 A. M.-1:00 P. M. 

Addresses of welcome by A. F. Van DI,/ 
P. L. Hoover, and Carl E. Smith. 

"Recording Standards" by I. P. Radii 
Columbia Recording Corp. 

"A New Approach to the Problem of Phw 
graph Reproduction" by G. L. Beers a .j 

C. M. Sinnett, RCA Mfg. Co. 
"Measuring Transcription Turntable Vat i 

tions" by H. E. Roys, RCA Mfg. Co. I I 

"A New Type of Practical Distortion Mete' 
by I. E. Hayes, Canadian Broadcastti I 
Corp. 

"Frequency Modulation Distortion in Lai; 
Speakers" by G. L. Beers and H. Belt. 
RCA Mfg. Co. 

2:30 P. M.-5:00 P. M. 

"Radio Frequency Oscillator Apparatus alI 

Its Application to Industrial Process -Co 

trol, Equipment" by T. A. Cohen, Wheeli 
E Instrument Co. 

"The Scanning Microscope" by V. K. Zwoz, r-- 
kín, J. Hillier, and R. Snyder, RCA ML 

Co. 
"Spectroscopic Analysis in the Manufactw 

of Radio Tubes" by S. L. Parsons, Kull 
grade Sylvania Corp. 

"Minimizing Aberrations of Electron Leases] 
by H. Poritzky, General Electric Co. 

LETTER ON A RECORD 

ti 

At the USO club for servicemen in Norfolk 

Va., service men record their letters o0 

this recording -reproducing machine nod 10 

mail the records home to the folks. These 

machines are being installed In USO clubs 11' 

operated by the NCCS 

June 1942 - ELECTRONICS 

I, 



Yr. CA.O11, 1IIIM°11 

PRECISION -RUM PRODUCTS 

Write for 
NEW 1942 CATALOG 

Address-Dept. E-6 

IIONES 500 SERIES 

LUGS and SOCKETS 

1 

la 

contact 
lug and 
locket 

00 volts and 25 amperes. Fulfills every 
tctrical and mechanical requirement. 
larized to prevent incorrect connec- 
ns. Easy to wire. Sizes: 2, 4, 6, 8, 10 

d 12 contacts. Thousands of uses. 
rite for Bulletin 500 today. 

ARD B. JONES 
00 WABANSIA' AVENUE, 

CAGO ILLINOIS 

TUESDAY, JUNE 30 
10:00 A. M.-1:00 P. M. 

"Maintenance of Broadcasting Operations 
During Wartime" by J. A. Ouiment, 
Canadian Broadcasting Corp. 

"High Power Television Transmitter" by 
H. B. Fancher, General Electric Co. 

"F.M Transmitter -Receiver for ST Relay" by 
W. F. Goetter, General Electric Co. 

"Effect of Solar Activity on Radio Communi- 
cation" by H. W. Wells. Carnegie Insti- 
tution of Washington. 

2:30 P. M.-4:30 P. M. 

"Television Video Relay Systems" by I. B. 
Keister, General Electric Co. 

"Mercury Lighting for Television Studios" 
by C. A. Breeding, General Electric Co. 

"The Focusing View Finder In Television 
Cameras" by G. L. Beers. RCA Mfg. Co. 

"Automatic Frequency and Phase Control of 
Synchronization in Television Receivers" 
by K. R. Wendt and H. L. Fredenhall, RCA 
Mfg. Co. 

WEDNESDAY, JULY 1 

10:00 A. M.-1:00 P. M. 

"Radio Strain Insulators for High Voltage 
and Low Capacitance" by A. O. Austin, 

A. O. Austin Co. 

"Improved Insulators for Self -Supporting or 
Sectionalized Towers" by A. O. Austin. 
A. O. Austin Co. 

"Brief Discussion of the Design of a 900 
Foot Uniform Cross Section Guyed Radio 
Tower" by A. C. Waller. Truscon Steel Co. 

Circular Antenna" by M. W. Scheldorf, 
General Electric Co. 

"Stub Feeder Calculations" by H. A. Brown 
and W. J. Trilitzinsky, University of 
Illinois. . 

SPEED CONTROL FOR 
AUTOS 

( v 
\% ^ - 

This radio -receiver device is attached to 
the 'motor of the automobile. Regardless 
of the pressure on the accelerator, it is 
so designed as to cut down the speed of 

autos approaching intersections 

SIGMA 
foN 

fit 

Midget Sensitive 
Relay 

SIGMA TYPE 4F 

IDEAL FOR AIRCRAFT 
APPLICATIONS. 

Withstands severe vibra- 
tion 
Not affected by ambient 
temperature from -40°C to 
+90°C 
High resistance to humidity 

o Exceptionally small size, 
weight 2 ounces 

e Contacts handle high loads 
Coil resistance up to 
10,000 si 

Operating on one milliwatt 
or less 

Available on high priority. 
Write stating circuit charac- 
teristics and delivery require- 
ments. 

OTHER SIGMA PRODUCTS 

Plug-in sensitive relays 

Microswitch relays 

"Zero center" differential polar- 
ized relays 

Midget rectifiers 

SIGMA INSTRUMENTS, INC. 
78 Freeport St. 

DORCHESTER ( Boston I MASS. 
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AT THE FRONT 
Being "At The Front" has a differ- 
ent meaning in war than in peace. 
But to achieve both distinctions re- 
quires the "tops" in dependability, 
economy, and versatility. In the 
estimation of Military and Civilian 
experts, PINCOR Products have 
through the years, first in peace. 
and now in war, proven that their 
just position is "At The Front" 

ROTARY 

.CONVERTERS 

POWER 

PLANTS 

SMALL 
MOTORS 

HIGH 

FREQUENCY 

EQUIPMENT 

PIONEER GEN -E -MOTOR 
CHICAGO, ILLINOIS 

E.po Addy.... 25 W..,.n S,,..,. N. Y.. N. Y. 

Cable: SIMONTRICE. N.- Y -.Y 

NEWS OF .THE INDUSTR' 
Supply of shellac for phonograph rec- 
ords sharply reduced. New demands 
for technical people continue to be 
made; even young women of scientific 
interest have opportunity to serve 
Signal Corps 

New S 

ON APRIL 14, War Production Board 
limited the amount of shellac available 
to phonograph and transcription record 
manufacturers to 30 percent of 1941 
consumption. The effect of this re- 
striction upon production of records 
depends upon the ability of the manu- 
facturers to use other less strategic 
materials or to use less shellac per 
record. Already, May 7, in New York 
records were moving out of dealers 
hands much faster than they were 
moving in. 

April ruling by WPB that no new 
projects costing more than $5000 and 
requiring use of critical materials could 
be started without permission means 
that new broadcasting stations are 
practically impossible. 

Emerson Radio and Phonograph 
Corp., New York City, has announced 
a complete line of quality replacement 
parts for servicing all makes of radio 
sets on the market. Tubes, ballast tubes, 
radio pilot lights, flashlight bulbs, con- 
densers of all types, resistors, resistance 
line cords, shielded i -f transformers, 
varied phonograph equipment, speakers, 
transformers, volume controls, drive 

-, Ga a 

A. E. Bailey, Jr., sales manager of new 
GE electronic control section. Mr. Bailey 
has long been associated with the appli 
cations of electron tubes to industrial pur- 
poses. one of his major contributions being 
the light control. system of the Chicago 

Civic Opera House, 1929 

belts, etc. form the Emerson replac 
ment line. 

Armour Research Foundation, 35 We 
33rd Street, Chicago, has undertak 
to operate a national registry of r.' ,jr. 

chemicals. It does not buy or sell, 
store chemicals, but maintains an it 
dexed file of their sources thus aidi 
those who do not know where to go f 
find sources of supply. 1 

American Standards Association', h, 

announced a new American standat 
for dry cells and batteries for hearihl 1 

aids, flashlights, telephones, igniti ' 

and portable radios, which will rep ; 

sent the best practice for many types r1 

cells and batteries and will serve i 1 

starting point for new developmer l 

after the war. 

Audio Productions Sold 
SALE OF AUDIO Productions, Inc., 
Frank K. Speidell, president, actit 
for himself and certain associátes t í 

gether with interests representing ou : 

side capital, by the Western Elect'. 
Company has taken place. For tl 

past nine years, Audio Productions h 

been one of the leading producers 
the fields of industrial, advertising a 

training films. 
Mr. Speidell will continue as pres 

dent of Audio with Herman Roessl 
vice-president, and P. J. Mooney, se 

retary. 
Audio is now actively engaged 

government film contracts and is e 
panding its technical facilities ali 

staff to provide an even larger produ 
tion set-up for training motion picture 
now urgently needed in many gover.t 

ment departments and in defense 
dustries. 

Audio's new production headquartel. 
and general offices are in the Fil 

Center. Building at 630 Ninth Ave., Ne 

York. 

Moves 
CINAUDAGRAPH SPEAKERS, INC., ht 

moved all office, machinery and equij 
ment to a new factory at 3911-39` 
South Michigan Ave., Chicago. Add 

tional floor space was thereby secure; 
Lord Manufacturing Company's salt 

and engineering force has moved I^ 

520 North Michigan Ave., Chicago. T 

entire building at 844 North Rush S 

their former location has been pu 

chased by the Government. i 
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Jbs 
FIERAL TELEGRAPH CO., 200 Mt.1 

pasant Ave., Newark, N. J. wants' 
d1 who by experience in the radio' 
(vice field, have acquired a suitable 

b;kground to become rapidly familiar 
wh the inspection and testing of radio 
etipment for the armed services. A 
n aber of jobs are also available in 
n,:ine installation work for men with 
comercial licenses and with ship ex- 
pilence. Engineering positions are 
al. open for men who, by study have 
atuired the knowledge equivalent to 
qt. required for an engineering de- 

' .I3. No 1-A draft classification men 
, u be considered. 

/omen skilled in amateur radio en- 
, i;ering or any part of the electronics 
tul are having an opportunity to enter 

h civilian ranks of the Army Signal 
I.ps. So great is the need for radio 

at telephone personnel in this branch 
of he armed forces that a recruiting 
maion is touring the country inter- 
ning people who are interested. 
ppointments as commissioned of- 

ic,s of the United States Marine 
tips Reserve, for assignments to spe- 
lt aircraft warning duties, are now 

beig offered to men holding B.S. de - 
,tits in electrical, conlntunication or 
.'T<o engineering. College graduates 

vii special training in physics or 
nlhematics are also eligible. Experi- 
n d radio operators, technicians and 
etirmen are also wanted by the 

(Sine Corps. Appointments with ini- 
'isrank of staff sergeant are open to 
lulified men between the ages of 17 

n 35 with the assurance that they 
,l be assigned aircraft duties. Write 
o lommandant, Headquarters, United 

ltes Marine Corps, Washington, I). C. 
' Iin American Airways -Africa, Ltd. 

ú. 

r 

r 

WD. Cockrell, engineer of the new G -E 
ehtronic control division. Mr. Cockrell 
Ill 27 patents on electronic control and 
ío1941 received a Charles A. Coffin 

etdatlon award for the development of 
totube control of large machines and 

presses 

A New AUTOMATIC FREQUENCY 

RESPONSE RECORDER 

MANY 
NEW 
EXCLUSIVE 
FEATURES 

'* -' r 

} ,', -. 
A RECORD YOU 

CAN RELY ON 

As its names implies, it will draw automatically and continually (on semi -log. 
paper, 4" wide) an accurate frequency characteristic of any audio transmis- 
sion component or complete installation. Indispensable where rapid changes 
with respect to frequency occur and a continuous record is desirable; (Loud- 
speakers, microphones, etc.) Also for vibration and acoustical measurements. 
The frequency response is essentially 
flat from 20 to 40 KC; it responds to 
a .2 of a DB change of the input 
signal. 
If the DB Potentiometer is replaced 
by a linear type potentiometer, the 
Instrument will be a recording am- 
pere meter or volt meter. 

Completely AC operated - light 
weight (40 lbs) --compact and port- 
able. 
The AUTOMATIC FREQUENCY RE- 
SPONSE RECORDER has many other 
new and excluuive features which 
are fully described in our Bulletin 
which we will send upon request. 

SOUND APPARATUS COMPANY 
150 West 46th St. 

ABBOT/ B.STeJMSM - ° 

; t ' MODEL tBc.M n\ . " -T :-= r . 
. i Aiy ,-* u` 
t1 i 

1 } k °7. f _ - 1, P 

\`a, ', ---;,r 
P t;.'' w : 

,:.° , \; tr t . 

O ' °°-,,d .,I y 
.r1 .... © ® cram ® . _-1. / 

I . 
y 

ó:rn 

New York, N. Y. J 

"M -M -M --A SUPPLY SOURCE FOR 
U.H.F. FIXED, MOBILE, or PORTABLE 
COMMUNICATION EQUIPMENT 

Compact, rugged and dependable, ABBOTT ultra -high frequency trans- 
mitters and receivers are finding favor with military and home defense services. 

May we quofe on YOUR requirements? 

21,2320= 
INSTRUMiENT.IN[. 

e WEST te STREETNEW YORK, N. Y 
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Obviously, this is NOT 
a military microphone 

Nor have we any intention to illustrate any of the models 
which have been specifically designed for our fighting 

forces. After the war these advancements will be available 
for normal peacetime applications. 

:</q7 Until such time, we welcome requests for quotations from manu- 

facturers who are producing Army, Navy or Aircraft communica- 
tion equipment. All such correspondence will receive prompt and 

confidential attention. 
L_ 

ELE.CTRO-- OICE MFG. CO., Inc. 
1239 SOUTH BEND AVENUE,. SOUTH BEND, INDIANA 
Export Division: 100 VVkrick St., New York, N. Y. --Cables: "Arlab" 

Accuracy and 
dependability are 
built into every 
Bliley'Crystal Unit. 
Specify BLILEY for 
assured performance. 

e 
BUIIEY ELECTRIC iy Pr Ii. OveN 

1\112:1 AMPS V.fJ. «21. 

- ,I Quytanr 
eRYSjQ. 

BLILEY ELEC RIC COMPANY 
UNION STATION BUIL DING ERIE, PA. 

will train, at its own expense, a lien 
number of amateur radio operators 
duty at its Africa stations. 

In addition to free tuition the stud 
will receive a salary of $100 
month until successful completion 
this course, at which time he will 
part for African duty at a salary 
$250.00 per month plus all living 
transportation expenses. 

The Melville Aeronautical lb 
School, 45 West 45th St., New Y 
City, has been commissioned to ti 
operators for Pan American Aim'', 
Africa, Ltd. 

Men between the ages of 18 and$ 
with previous radio experience or trill 
ing of any kind, in good health 
free to travel are desired. 

Opportunity for young women, h 
school graduates with a bent tow 
mathematics and science, is offeredt 
the Signal Corps which wants hung 
of such women to train as engineer;! 
aids. They will be trained for 6 
months and then will be assigned 
inspectors of communication equip 
destined for the armed forces. 
during training is $120 per month 
starting with actual inspection w 

the salary is boosted to $135. TII 

women are being registered and selei 
by the Third District of the U. S. C+: 

Service Commission, Philadelphia. 

Marine Radio 
ORDERS NOW ON hand by Radioma 
Corporation of America will bring 
total vessels equipped with radie' 
this company to over 1000. Recentl1 
received orders for radiotelegraph 
paratus for 381 new Victory ships,lE 
also has orders for 400 direction fine 

for vessels of this and other types.,Ili ' 

Acoustics 
To MEET DEMANDS for acoustical i 

perts in several government labs, ri 

tories as well as the technical oflE,d 

needs of the Army and Navy, four 
ters of instruction in acoustics will o 

advanced training during the sumr d 

of 1942. The courses start June 1F1 II 

Case School of Applied Science, ail 
land; Brown University, Provide! l 
University of California at Los f 

geles; and the State University 
Iowa, Iowa City. The courses are o rIr 

to advanced undergraduates and 1,:k 

graduates in physics and enginee 
who will be available for employni 
upon completion of the course. Dur 
the time these subjects are offer 

these schools will have other cowl , 

running and opportunity will thus 
offered for men to round out their e 

cational program. 

People 
WILLIAM M. BAILEY and Paul McKn 
Deeley have been elected vice -preside 
of the Cornell-Dubilier Electric C 

poration, South Plainfield, N. J. B 

of these men have been actively ss 

ciated with the company since its 

+l 
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Polarized 
JINEL PILOT LIGHT ASSEMBLY 

Now, the brightness of il- 
lumination, or colored sig- 
nal light intensity, can be 
regulated instantly. For, a 
partial turn of the jewel 
dims or brightens the light 
intensity of our new No. 80 

rpi Assembly! Polarized discs, behind 
e.!Nel, arranged to be free to rotate with 
op t to each other, turn the trick! 

ziv you a copy of our catalog? It pre - 
ata complete line of standard and spe- 
al ial and Jewel Light Assemblies. We 
tplr most of America's leading communi- 
Itfd;, aircraft and electrical manufac- 
rel 

AKE MFA 
W. HUBBARDANU ST. 

C. 

CHICAGOCTURING, U.S. 

co.A. 

1 LOCKED 
i9g'TMIST Ie Fl[ME HT 

LiFir 
j GOOSInICK FIATúlll 

hie are LITTELFUSE FACTORS - 
ot'equivalents." It is the LITTELFUSE 
wi3d Element that protects against 
99 r e vibration-the LITTELFUSE 
c{ctd Cap Assembly that holds caps 
I112í I y under all conditions - the 
-fELFUSE 

'aleneck that 
hkl up con- 
acon and ex - 

,anon. 

4eianical Strength, Fatigue Resist- 
nc and Long Vibration Life are 
ITILFUSE qualities accounted for by 

:ientific structure. It will pay you 
o miliarize yourself on the details of 
lifirence among fuses. Send for the 
amide Llttelfuse 

wf 
,11o jfottfite4e FEATURES iit 

I LITTELFUSES 
CA D 

ala log, listing 
u:;, and mount - 
icy for every in- 
n -went service. 

Underwriters 
Approved Littelfuse 

CZ] 

awl. 
See Catalog for Llttelfuse 
Extractor Posts and mount- 
ings for every requirement. 

,TTELFUlE INC.; 
IRAVENSwOOD AVE.. . CHICAGO. ILL. 

ination. Mr. Bailey as chief engineer 
in charge of the Industrial and Trans- 
mitter Capacitor Divisions, and Mr. 
Deeley in charge of the Chemical Lab- 
oratories, the Electrolytic Capacitor 
Division and the Export Division. 

Wallace K. Brown has been ap- 
pointed vice-president in charge of 
procurement for the Crocker Wheeler 
Electric Manufacturing Company. He 
will coordinate and expedite all the re- 
lated functions of the procurement and 
purchasing departments. 

Jack DeWitt, chief engineer of WSM 
has left for the duration to work on 
equipment for the armed forces at the 
Bell Laboratories in Whippany. His 
successor is to he George Reynolds, 
veteran WSM engineer. Another loss 
at WSM is that of Walter E. Bearden 
of the engineering staff. He is going 
with the Columbia University Branch 
of the National Research Council to be 
stationed at Lakehurst, N. J. 

Walter C. Evans, general manager 
of radio, x-ray and broadcasting divi- 
sions of the Westinghouse Electric and 
Manufacturing Company has been made 
a vice-president of the company. 

E. H. Fritz has been appointed plant 
manager of .Stupakoff Ceramic and Man- 
ufacturing Company, Latrobe, Penna. 
Mr. Fritz is president of the Institute 
of Ceramic Engineers. Stupakoff is com- 
pleting a large extension to its facilities 
for the production of Steatite insulators 
for radio and other communications 
services. 

Dr. Joseph B. Engl, pioneer in sound 
film technique. died in New Jersey in 
April. Dr. Engl devoted practically his 
entire professional career to motion 
picture photography, and his patents 
issued in the very early days were the 
subject of continuous reference in liti- 
gation after sound pictures became the 
mode. 

Another loss to the scientific world is 
that of Siegmund Strauss, an Austrian 
inventor who made notable contribu- 
tions to the fields of radio and to the 
applications of electricity to medicine. 
Mr. Strauss first used a selenium cell 
in connection with a triode amplifier 
(1911); with von Lichen and Reisz 
made very early contributions to the 
electronic tube. Of recent years his 
contributions lay in the medical field. 
During 1910 to 1917 his papers appeared 
frequently in ETZ and in the London 
Electrician. He came to this country, 
a refugee, in 1940. 

Aircraft Locaters 
ON APRIL 23 newspapers carried stories 
regarding a press conference with Sec- 
retary of War Stimson that clay giving 
some details of the aircraft warning 
systems now being located along the 
coast lines. According to this report, 
aircraft or ships at sea can be picked 
up more than 100 miles away. Mr. 
Stimson looked through one of the new 
warning instruments on a recent visit 
of inspection and "saw the electrical 
indication of a plane which I believe 
was sixty miles away." 

Announcement 

to the Readers 
of 

ELECTRONICS 
G`A.9 

YOUR attention is called to 
a Revolutionary Public 

Address System which em- 
bodies a speaker copied from 
the human larynx, resulting in 
the most powerful and efficient 
speaker system ever built. 

The Dilks Fluid Flow 
Public Address System 

It places the vibrations of sound where 
desired, as a searchlight places the 
vibrations of light where desired. The 
wasteful dissipation of sound upward 
is reduced more than 50%. 

Other exclusive features of the Dilks 
Fluid Flow Public Address System 
include: 

Highest fidelity sound reproduction at 
all amplifications. 

Lowest cost per decibel of any sound 
system. 

Simple as a radio to operate. 
Costs but a fraction of far less power- 

ful systems. 
Light weight, compact, portable. 

Approvals 
Installed for Air Raid warnings in 
Boston, New Haven, Cambridge and 
other Atlantic coast cities. Furnished 
with a powerful oscillating unit, the 
Dilks System gives a distinctive sweep 
warble, and a clear steady note for 
all clear. Recommended also for music 
in War plants to step up production, 
and to faithfully amplify recorded mes- 
sages from men at the front, and for 
open air and arena concerts and sports 
events. 

For Engineering Data about this radic- 
ally new Fluid Flow Public Address 
System kindly write. 

DUELS SALES CO. 
South Norwalk, Conn. 
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NEW PRODUCTS 
Month after month, manufacturers de- 
velop new materials, new components, 
new measuring equipment; issue new 
technical bulletins, new catalogs. Each 
month descriptions of these new items 
will be found here 

Photoelectric Relay 
A 'NEW PHOTOELECTRIC CONTROL, desig- 
nated as "Light Watchman" turns off 
show -window lights, illuminated signs, 
or protective lighting during blackouts. 
The control is a photoelectric relay 
which is actuated by the nearest street 
light. When the street light goes out 
at the start of a blackout, the photo- 
electric relay turns off the lights in the 
show window, sign, or protective light- 
ing system. When the street light goes 
on again the controlled lights are again 
energized. The unit is highly direc- 
tional, and is subject only to the control 
of the street light at which it is aimed. 
A short time delay prevents false op- 
eration of the relay by momentary 
flickering of street lights. If either of 
the two tubes in the relay fails, or if the 
sensitive relay coil is open -circuited, 
the relay is de -energized and the lights 

6ENERAt ú ELECTRIC 

are turned off. The operation of this 
device will not affect the normal func- 
tioning of a time switch, if one is used 
to turn on the lights at dusk and turn 
them off at a preselected time. 

The "Light Watchman" is available in 
indoor or outdoor types, from General 
Electric Co., Schenectady, N. Y. 

Radio and Telegraph Key 
THE "GARCEAU ELECTROPLEX" KEY is an 
electronically operated semi -automatic 
or bug -key which is hand operated with 
the side -to -side motion of a paddle. 
Pressing the paddle to the right pro- 
duces dots and to the left dashes. The 
speed of sending is continuously ad- 
justable (even during the course of 

transmission) by a single control knob 
on the panel. At all speeds the mathe- 
matically correct proportion between 

y546¡. 

dots, spaces and dashes is preserved, 
resulting in good sending regardless of 
the idiosyncrasies of the operator. The 
transmission may be adjusted from less 
than 8 to over 80 words per minute. 
Power consumption is 17 watts at 115 
volts either alternating or direct cur- 
rent. Key contacts will break loads up 
to 1/10th amp. A supplementary tog- 
gle switch is provided to hold a tele- 
graph line closed when the key is not 
operating. Overall dimensions of the 
instrument are 4 x 10± x 31 inches. 
The cabinet is mounted on three rubber 
feet to prevent creeping. Net weight 
is 4 lbs. 

Electro -Medical Laboratory Inc., 
Holliston, Mass. 

Automatic Alarm Systems 
THESE SYSTEMS ARE FOR use in conjunc- 
tion with fences which have been built 
around property to protect it from 
saboteurs and intruders, and are espe- 
cially useful during blackouts, fogs, or 
other adverse conditions. Each system 
includes two parts, the detector and the 
indicator. The system works on the 
principle of detection and amplification 
of vibration or sound. The detector 
(which is sealed in a small inconspicu- 
ous box) is of rugged and moisture - 
proof construction, and is an inertia 
type vibration instrument which is 
mounted on the guard fence at pre- 
determined intervals. The indicator, 
which is located in an office or guard 

headquarters, is connected with the 
tector unit and supplies both aud'l1j 
and visible warning of any attempt' 
prowlers to scale, cut through or turn, 
under a fence protected by the sup 
matic alarm systems. The indicator t 

erates on 110-120 volts, 60 cps (sped 
voltages and frequencies are availal 
if required) and conforms with govei' 
ment requirements of uninterrupted i. 
eration at temperatures varying fn; 
-40° F. to 130° F. The systems cant 
be turned off or disconnected by ott 
than an authorized individual. 

If the protecting fence is construct 
with a top rail or pipe, there is availal 
Model 10 Automatic Alarm which id 
izes this rail as a conduit for lir 
connected to detector units operati 
through the alarm indicator. Audit 
and visual signals of any desired i 

tensity may be obtained from the 
tectors, and tampering with the fen 
in any way (even touching the fenc 
signals the presence of an intruder, a 
operates controls which will contin 
alarm signals until reset by the opt 
ator. This system consists of one cull 
matic alarm indicator enclosed in 
sealed steel cabinet, and three detect ll 
units sufficient for approximately 221, 

feet of fence. Six such detector nil/ 
can be used if necessary. 

Where the segregation of two st 
tions of fence for separate alarms ÍI 

advisable, Model No. 11, illustrat IÉ 

below, is used. This system consists I 

one dual channel indicator and six 
tector units, three for each channel 
section of fence. With this particu 
system it is possible to identify t. 
particular section of fence from whiff, 

the alarm originates, or on a Bout 
alarm to know that the danger lies b 

tween the two sections patrolled. TliL 

unit can be made to utilize twelve di 
tectors. 

lJ 

10 

df 

111 

111., 

I11: 

Model No. 30, besides patrolling tl' 
fence line, will also signal the failuIr"' 
of the alarm system that may be duet 
an open or short circuit in the dete 
tons, detector lines or the indicator i( 

self, whether caused by accident 4, 

tampering. The unit consists of o 

indicator and three detectors. 
Model No. 31 combines all of tit 

characteristics of individual mode 
described above and is identical 1 

Model No. 30 except that it utilizes tl ' 

dual channel arrangement in one uni 
Automatic Alarms Inc., Youngstow(' 

Ohio. 
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ETE CONTROL HTROL_--- 

V trust no one else with any of the proc- 
is that go into the manufacture of B -H 

giving and Tubing. Every step - from 
odnal braiding to final finishing is 

er our complete control. We are solely 
nsonsible for the quality of every foot 
of -H. 

FLEXIBLE 
VARNISHED TUBING 
MAGNETO TUBING 

SATURATED SLEEVING 
FIBRE GLASS TUBING 

& SLEEVING 

S f your specifications are exacting as to 
al, dielectric strength and flexibility we 
wdd like to show you how B -H products 
e meet them. 

WRITE FOR SAMPLES 

etley, Harris Mfg. Co. 
CONSHOHOCKEN, PENNA. 

11,GO OFFICE 440 W. Huron Sf. 

MATHEMATICS 

::JR RADIO 
COMMUNICATION 

iEORGE F. MAEDEL, A.B., E.E. 

be Insructor, N. Y. School, RCA Institutes 

aster the technicalities of radio-to 
oa engineering literature intelligently- 
tu must have the mathematical ground- 
er covered by these absorbing books 

red for home study. Book I (314 pp.) 
Et the algebra, arithmetic, and geom- 
,Book II (329 pp.) covers the ad- 
dd algebra, trigonometry, and com- 

ex:umbers necessary to read technical 
lot. and articles on radio. 

i011EL PUBLISHING HOUSE Room 108 
31Át 38 Street, Brooklyn, New York 
r Ana MATHEMATICS FOR RADIO AND 
-15IUNICATION as checked below. I enclose yrnt therefor with the understanding that nareturn the book(s) within 5 days In good action and my money will be refunded. 

look I at $3.75 plus 3c postage 
'Ibok II at $4.00 plus 3c postage 
bolts I and II at $7.76 postage prepaid olni and Canadian prices 250 per volume higher. 

Recording Discs 
NEW RECORDING DISCS known as "Black 
Seal Glass Base Recording Discs" may 
be described as all glass discs in either 
a thin, flexible weight, or medium 
weight in 10, 12 or 16 inch sizes; both 
weights are available with either two 

le 

or four holes; there are no fibre or 
other foreign material inserts; there 
are no metal grommets around the 
holes; and, finally, the holes of the 
discs are precision machined directly in 
the glass. 

These discs are available from The 
Gould -Moody Co., 395 Broadway, New 
York, N. Y. 

Sectional Resistors 
FOR USE IN RADIO CIRCUITS, power recti- 
fiers and laboratories for measuring 
any high voltage a -c or d -c circuit of 
250 to 30,000 volts, a new sectional re- 
sistor is 'available. The unit is designed 
to replace, in certain cases, the old box 
type resistor which had a high power 
consumption and was inconvenient to 
install or replace. Made up of indi- 
vidual, hermetically sealed units wire 
wound around a ceramic resistor spool, 
the resistor units have values of from 
0.25 to one megohm and a rated current 
of 1 ma. Dimensions are 12x11 inches 
in diameter per section. The ceramic 
resistor spool is sectionalized, and adja- 
cent sections are wound in opposite di- 

: 

:74,1 

Me, . 

(ections to obtain a non -inductive re- 
sistance. 

Resistance is held within close tol- 
erances permitting interchargeability 
of units having the same voltage rat- 
ing. When a number of sections are 
mounted on one shaft, permanent taps 
may be taken off between any two sec - 

MICRO -PROCESSED 
BERYLLIUM COPPER SPRINGS 
COIL OR FLAT 

Eliminate -Drift Set -Fatigue 
I -S beryllium copper coil springs are defi- 

nitely superior-the result of micro -process- 
ing, a radically different technique, for mak- 

ing beryllium copper springs, perfected by 

Instrument Specialties Company after eight 
years of metallurgical research. Micro -Process- 
ing makes the difference. 

First-I-S springs are made with special 
machines and tools of our own design. Eco- 
nomical for short or long runs. 

Second - Special heat -treatment - labora- 
tory controlled for each production lot-as- 
sures the desired physical properties for each 
shipment of I -S springs. 

Third-With the Carson Electronic Spring 
Tester, our laboratory predicts controls and 
tests to closer tolerances. 

Fourth-Micro-Processed 
has higher strength and 
conductivity, better en- 
durance, stability, and 
heat resistance than 
stainless steel or bronze. 
Better corrosion resist- 
ance and less drift than 
steel. 

*COIL SPRING STAND- 
ARD PRODUCTION 

TOLERANCES 
Inside diameter, up to 1/2 

in. (any wire diameter) .003 
Load test at working length. 

FLAT SPRING 
STANDARD TOLER- 

ANCES 
Angles-within t/z° in bends. 
Flatness-within .001 to .003 
in. per inch of length. 

S p.r i n g measurement 
has been revolutionized 
by the Carson Electronic 
Spring Tester-an exclusive I -S development. 
Measuring to ten -millionths of an inch witit- 
out pressure, this superior precision instru- 
ment enables I -S to control and test within 
closer limits. Extensive spring research is 

constantly in progress in the I -S laboratory. 

Write today for Bulletin #4 for further de- 
tails on micro -processed beryllium copper 

PROCESSED' springs. There 

1, is a differ- 
ence. lnSist on 

@bIt UM COrrIII SPRINGS I -S. 

beryllium copper 

INSTRUMENT SPECIALTIES CO., INC. 
DEPT. S, LITTLE FALLS, NEW JERSEY 
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TO BUILD SPECIAL 
UNITS MORE EASILY 

A DIAL DESIGNED FOR 
INDIVIDUAL CALIBRATION 

TYPE ACN DIAL 

Dial bezel acts as drilling 
template. 
Blank scales for direct tali-' 
bration. 
Index holes in pointer for 
pricking calibration points. 
Scale removable without dis- 
mounting mechanism: 

Employs Velvet Vernier Drive 
Unit. 

A. UNIT COMBINATION 
OF COIL AND CONDENSER 

TYPE AR -16 COIL & TMK CONDENSER. 

Plug-in coils fit swivel mount. 

Air -spaced coils or plain coil 
forms available. 
Low loss construction through- 
out. - Rigid condenser frame for 
permanent calibration. 
Condenser 'mounts on panel, 
chassis or standoff. insulators. 
Condenser capacities to 250 
mmf. 

AN INSULATED COUPLING 
THAT WORKS . AROUND 

CORNERS 

TYPE TX -12 c-+ 

Isolantite insulation. 
High quality flexible shafting. 

Fits %" shafts. 

NATIONAL COMPANY, INC. 

MALDEN MASS. 

tions, permitting a multiplicity of re- 
sistance combinations on one complete 
unit. For switchboard mounting, insul- 
ators are available in 7.5, 15 and 30 -kv 
sizes. 

Westinghouse Meter Div., Newark, 
N. J. 

Relays 
TWO TYPES OF LOCKING relays with elec- 
trical release are available for opera- 
tion on any nominal voltage under 125 
volts alternating or direct current. 

These are Type A.R.L. (top photo) 
which is a single pole double throw 
relay, and measures 1146x21x1 inches; 
and Type A.J.L. (bottom photo) which 
is a double pole double throw relay and 
measures 3¿xflx1 inches. Features of 
these relays are: minimum mounting 

base area, small size and weight, abil- 
ity to withstand vibrations. They have 
coils for momentary and continuous 
duty. The contact rating for Type 
A.J.L. is 5 amps non -inductive on 110 
volts a.c., or 24 volts d.c. Standard 
operating voltages for both types are 
6, 12 to 24 on d.c., and 6, 24 to 110 on 
a.c. 

Allied Control Co., Inc., 227 Fulton 
St., New York, N. Y. 

9t~ 
4/RCRr4FT TYPE: 1, GENRMOTORS 

, 

SENSATIONAL!! That's the word for I 

the new Carter Multi -Output Dynamotor, 
Since its introduction a year ago, Polio,' e 

Departments, Government Agencies, and' it 
manufacturers of Tank Radio Equipment 
have found It has no equal for small 
size, high efficiency, and extra light II 

weight. It's the coming thing for all 
Transmitter and Receiver installations 

1 

E: 

Write today for descriptive literature 
on Carter Dynamotors-D.C. to A.C. Con- 
verters-Magmotors-Heavy Duty Persia. 1 

neat Magnet Hand Generators-Special', S. 
Motors-High Frequency Converters-Extral4,r 
Small A.C. Generators-Permanent Magnet t 

Dynamotors and Generators. 

E1I13t$ QIP CAW' o0a 

03 MICADO 01.L16301i 

1606 Milwaukee Ave. Cable: Genemo 

Carter, a well known name In radio since Ill 

PLASTICS 
VINYLITE - CELLULOID - ACETATE 

FABRICATED PARTS 
Printed - Laminated 1 

INJECTION MOLDING 

DIALS, SCALES, 

WINDOWS, KNOBS 

AND SPECIAL PARTS for 
RADIOS, INSTRUMENTS, 

-and -- 
COMMUNICATIONS and 

ELECTRICAL EQUIPMENT 

PRINTING, DIE STAMPING, 
FORMING, MOLDING, ETC. 

* 
Bids cheerfully submitted 

THE EMELOID CO., INC. 
Plastic Fabricators Since 1919 

ARLINGTON, N. J. 
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,rn Tube Socket 
fi.F CERAMIC OF THIS new socket is of 
.tire G Steatite, glazed on top and 

hid and impregnated in Cerese AA 
e to prevent moisture absorption. It 

alvery low losses at ultrahigh fre- 
qu,cies. Contacts are of grade C 
tenered phosphor bronze heavily sil- 
vel)lated to withstand 100 hours salt 
gp , test, and are designed to hold the 
Cu t with a minimum of insertion 
p cture under severe vibration tests. 
Comet jaws effect a scissor -hold on 
ub pin, and assure electrical contact. 
4n'her tube socket is of the lock -in 
vp and utilizes a molded shell of 
iik filled low -loss phenolic material 

?or se at high frequencies. 
? W. Franklin Mfg. Corp., 175 Var- 

ck t., New York, N. Y. 

Valium Relay 

ru PRINCIPAL OF ENCLOSING CONTACTS 
ubct to arcing in a vacuum is used 
n anall, light weight antenna switch- 

init. The unit can handle an r -f 
Ioottial of 20,000 volts at 30,000 feet 
lti de and provides instantaneous 
et -in for keying operations. The 

ig', vacuum prevents transfer of en- 
between the open contacts. The 

els1 consists of a single pole double 
110 switch enclosed in a highly evacu- 
'zislass envelope. The armature when 
ct;ted by an external electromag- 
et ransfers the circuit from receiver 

al 

t,nsmitter. As the space between 
le ,pen contacts is approximately 
01, inches and because of the small 
a 'of the armature, the transfer is 

enough for instantaneous break-in. 
1iipeed enables keying at 40 words 
1 mute. 
Ai maintenance is eliminated due to 
Tnnently fixed contacts which are 

aed in the glass envelope. This 
s4 hakes the unit entirely indepen- 

1' if climatic conditions, altitude dirt 
'dation. Coils, which are capable 

Q sinuous operation, can be supplied 
r 'ty of the common voltages. The 
i6 veighs 24 ounces, including case, 
it easures 211x5lx67Ta inches overall. 
dlix Aviation, Ltd., Burbank, Cal. 

.taza4G,1044, si.aotdri,uk 
-sia.daiai. ge~,Écia. va. cue vaid.;em 

c7 9lf.Ghe K/G.(fe qeíL~.Lü?4. 

N. c.v. 67. Ñaüeoteleia 

pale ge,i~d~. 

R 
. 

O v n 1942 ;- 
15 

as in 1917 

ELECTRICAL COIL WINDINGS 
Made To Specifications For 

PLANES - TANKS - SHIPS 
Radio Communication 

Signal and Fire Control Equipment 
Part of our production capacity, and all of our 25 years 
experience are available for war production. We're aiding 
scores of prime contractors to the Army -Navy -Air Corps and Maritime Commission 

May We Help You? 
Write - Wire - Phone 

COTO -COIL CO.,. INC. 
70 Willard Ave. Providence, R. I. 

Excellent Facilities for 
Electrical and Me- 
chanical Sub -contracts. 
Send for Facilities Rec- 
ord or Phone GAspee 
4371 

ÍI 
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ALLIED 
GLASS 
BASE 

RECORDING 
DISCS 

o 

FOD six years, Allied has manufactured fop quality, professional recording 
discs for an increasing number of critical users. Our change -over from 

aluminum to glass base discs was successfully accomplished more than a year ago. 
Control in manufacture, close inspection, and constant care in every manufacturing, 
packing and shipping detail-results a one quality, first quality line-guaranteed to 
be uniform whether you order one or a thousand discs. Our regular customers 
continue to send us repeat orders-indicating satisfaction. If you are not using 
Allied Glass Base Discs, a trial will convince you of their merits and superior quality. 
Your inquiry will receive our prompt and courteous attention. 

RECOATING SERVICE for your 
old aluminum discs. Delivery in 

one week. Details on request. 

It is economical and saves you money to buy direct 
from the manufacturer. PROMPT DELIVERY to any part 
of the United States, Canada, South America and some 
foreign countries. 

ALLIED RECORDING PRODUCTS CO. 
21-09 43rd, Ave., Long Island City, N.eY. 

Phone: STillwell 4-2318 Cable: Allrecord New York 

A MESSAGE TO 
ELECTRICAL DESIGN 

ENGINEERS....... 
of radio, communication, electrical, air- 

craft,automotive and 
electronic equipment 

Free sample display board 
#442 of tubing sent upon 
letterhead request. 

B 6 C Insulation materials include: 
Varnished Tubing, Saturated Sleev- 
ing, Varnished Cambric, Varnished 
Paper, and Extruded Plastic Tubing -all of the highest quality-manufactured 

to A.S.T.M. standards. 

B 6 C insulation products are now being 
used in constantly increasing quantities 
and uses in the defense industries-in- 
cluding radio and electrical equipment 
and components, aircraft plants, leading 
industrials, and by many government 
departments. 

We will welcome the opportunity to work 
with you on your insulation problems. 
Send us your specifications. Samples and 
pr'ces will be submitted promptly. Our 
accelerated manufacturing schedule is 

B 
now in operation. 

& INSULATION PRODUCTS, INC. ' 

22 WEST 21st STREET, NEW YORK, N. Y. 

CHICAGO OFFICE : 831 NO. WABASH AVE. 

Sales representatives in principal cities 

Low -Frequency Linear -Tip 

Base Generator 
THIS PORTABLE GENER%TOR (Type 

2 

is for use where oscillographic stu 
require sweep frequencies as low as, 
cycle every few seconds. It may he ti 

in conjunction with an oscillograph , 

vided with a long -persistence catb, 

ray tube, or with photographic recorp 
methods. Vibrations studies, stress 
strain measurements, low-freque, 
electrical observation, electrocard 
raphy and electroencephalography, I 

also be studied. The frequency r 

of the instrument corresponds to 
tating speeds of 12 to 7500 rpm. T 
sient observation is provided for b 

single -stroke sweep circuit. The 1 

erator provides a sweep freque 
range of 0.2 to 125 cps. The maxin 
undistorted output signal is apprt 
mately 450 volts peak -to -peak, bala, 
to ground. The single sweep is init.l 'I 

either manually or by an observed 
i nal. Linearity is assured by a coinllll 

sating circuit. It measures 141x81ix i 

inches, and is rated at 115 or 230 
alternating current, 40-60 cps. Po 

consumption is 50 watts and fuse i 

tection is 1 amp. The primary volt 

is selected by a switch in the inst 

ment. 
Allen B. DuMont Labs., Inc., Passl 

N. J. 

Thin Slot Insulations 

ir 

11 

It 

TO PROVIDE NON -BULKING SLOT inst) 

tion for use in confined or limited spidlj 

a new thin type of insulation, cal 

"Iry-o-slot" is available in seven I 
I 

ferent thicknesses, dielectric streng1 

and advantages. "Iry-o-slot" insulat 
consists of fish or Spauldo papers coa 

with resin, or bonded by means oil 

plastic insulator, to cambric, silk 

Fiberglass. These insulations pose 

strength and toughness as protect 

against mechanical stresses, and 
high dielectric strength. The duel 
"Iry-o-slot" and Spauldo paper 
good heat resistance. The bonded in 

ations have high moisture resin 
The insulation is flexible and eas) 

form. It is available in sheets and 

tape form ready to be cut into 

strips. 
Irvington Varnish & Insulator I 

Irvington, N. J. 

Í 
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SUPER -FINE 

JPores no residue of 

Icomnt ended . . 

for all delicate and precise 
Electrical attd Laboratory Equipment 

CRT or STICKY GUM .. . 

Artilahle .. . 

"in small bottles With applicator, 
is illustrated, or in 8 ounce, 
16 ounce and gallon containers. 

1 l 
AVENOIL COMPANY 

SUMMIT STREET NEWARK, N. J. 

$$M JACKSON 
Rsistance-Capacity Tuned 

AUDIO OSCILLATOR 

Here is a tried, proven and accepted 
Audio Oscillator whose brilliant perform- 
ance sets it apart from other makes. 
Audio Frequency voltage is developed at 
its Fundamental Frequency-by the Re 
sistance-Capacity Tuned Principle. This is 
not a "beat frequency" oscillator and 
contains no R.F. circuits. Operation is 
vastly simplified. 'Characteristic faults of 
old style methods are eliminated. Glass 
enclosed direct reading dial is accurate to 
within 3% or one cycle. Many other out- 
standing features. Price 588.50. 

Write for descriptive literature 

THE JACKSON ELECTRICAL 
'' INSTRUMENT COMPANY 

123 Wayne Avenue Dayton, Ohio 

Low -loss H -f Coaxial Cable 

FOR RADIO, TELEVISION, CONTROL and test 
equipment is a new type of co -axial 
cable which meets the requirements of 
military specifications for h -f low -loss 
cables. The central conductor is in- 
sulated to a suitable diameter with a 
recently developed low -loss dielectric, 
then covered with a copper braid which 
serves as a concentric outer conductor. 
The entire assembly is protected by a 
jacket, or sheath, made of a s nthetic 
plastic called Simplex-Plastex. The 
cable itself is flexible, easy to install, 
and can be used on the highest radio 
frequencies. Moisture is eliminated and 
there is no internal condensation. 

Simplex Wire & Cable Co., Cam- 
bridge, Mass. 

Garceau 
Electroencephalograph 
THIS IS AN ELECTRONIC DIAGNOSTIC in- 
strument which was recently redesigned 
from a cumbersome and unwieldy cabi- 
net to a compact Lindsay Structure all= 
steel housing. In changing the hoúsing, 
the manufacturer also transformed 
the instrument from a complicated ap- 
paratus which could be used only by a 
specialized laboratory, into practical 
piece of medical equipment which can 
be operated by a non -technical person. 
The instrument is mainly for use in 
neurology, but it can also be used in 

azimmum," 

t 

detecting epileptic tendencies in men 
selected for aviation training, as well 
as in the diagnosis of brain injuries as- 
sociated with head wounds. 

It consists of a vacuum tube ampli- 
fier and an oscillographic recording 
system. Small electrodes are placed in 
selective positions upon the scalp of the 
patient. The minute electrical poten- 
tials generated by the brain are picked 
up by the apparatus and amplified and 
recorded as an oscillogram which re- 
veals to the diagnostician such infor- 
mation as the presence and location of 
brain tumors, focus of scars causing 
epilespsy, and epileptic tendencies. 

Electro -Medical Laboratory, Inc., 
Holliston, Mass. 

*- 

Mounted and Unmounted 

PHOTO 
ELECTRIC CELLS 

A Unit for Every 
Type Application 

Luxtron Photo -Electric Cells meet 
a wide variety of scientific and 
industrial requirements . . . meas- 
urement, analysis, indication, me- 
tering, control, signal, inspection, 
sound reproduction, etc. Available 
in a deversity of sizes, type, shapes 
and capacities, Luxtron units can 
also be produced to meet special 
needs. The Bradley Laboratories ' 

will gladly cooperate with engi- 
neers and design- 
ers; inquiries 
wanted. Write for 
illustrated litera- 
ture. 

. PHOTO ELECTRIC CELLS 

BRADLEY LABORATORIES, INC. 
. 82 MEADOW ST. NEW HAVEN, CONN. 
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Air Raid Siren 

«RUND..RIBER 
embossed groove 

DISC RECORDERS 
for 

MICROPHONIC 

COMMUNICATION - CONFERENCE 

MOBILE-DICTATION RECORDING 

Low Distortion 
Frequency Range 150-4000 

cycles 

* REFERENCE RECORDERS 

4 turntables operate continuously 2 
hours without record change. 1 hour 
on each 7" disc (both sides) 300 
grooves to the inch -22 rpm. Steel 
Cabinet. Approx. 35" x 20" x 15" 
Weight; 225 lbs. 

a' 
s^ * DUAL CONTINUOUS 

RECORDERS 

Two 7" turntables with automatic tim- 
ing unit operate continuously for 30 
minutes without manual attention. 200 
grooves to the inch. 33 rpm. Completely 
portable in leatherette or -leather case. 
183/4"x13t/%"x8t/s" Weight 50 lbs. 

* PORTABLE RECORDERS 

Completely self-contained single turn- 
table unit with inbuilt microphone. 200 
grooves to the inch 33 rpm. Leatherette 
or genuine leather covered container. 
13""x912"x8%". Weight 24 lbs. 

* STANDARD DICTATION and 

TRANSCRIBING MACHINES 

For all -electric recording and transcrib- 
ing. Adaptable .to every form of of- 
fice dictation and sound recording. 
Records 200 grooves to the inch. 33 
rpm. Sturdy, handsome walnut cabi- 
nets. 113/4"x10"x73/4" Weight 17 lbs. 

7" indestructible plastic discs. .010 
inches thick are filable and mailable. 
All equipment available for 6 volt stor- 
age battery and other current sources 
by use of suitable converters. 

For detailed specifications- 
wire-phone-write 

THE 

JOUNDfRIBER 
CORPORATION 

82 Audubon Street New Maven. Conn. 

A NEW ELECTRONIC TYPE air raid siren 
called "Electro -Siren" is designed to give 
great volume for alarms. It makes use 
of a vacuum -tube tone generator which 
can either duplicate the rising and fall- 
ing tone of a mechanical siren, or can 
be set at any pitch for best audibility 
over traffic or manufacturing noises. 
It can also be used to send code mes- 
sages to air raid officials by dots and 
dashes. It has an arrangement so that 
a microphone can be used for voice an- 
nouncements over the same system, 
which takes the place of a PA system. 
The unit operates from 110 volts source, 
but in case of current failure can be 
switched to 6 volt storage battery op- 
eration. It can also be used in police 
cars or other vehicles, operating from 
the car battery. The largest system can 
be operated continuously for four hours 
from a fully charged battery. 

Audiograph Div., John Meek Indus- 
tries, 1313 W. Randolph St., Chicago. 

Aircraft Relays 

THREE NEW RELAYS for aircraft or 
tank service have been announced. The 
first of these is a single -pole relay 
which is available in two forms-a 
single circuit form with one normally 
open contact (CR2791-B100A), and a 
two -circuit form with one normally 
open and one normally closed contact 
(CR2791-B100C). It has a maximum 
continuous current rating of 20 amps 
at 12 or 24 volts, and a maximum 
make or break rating of 100 amps at 12 
or 24 volts. The coil operates at 1.2 
watts. The relay weighs 3 ounces in 
the normally open form, and 3.4 ounces 
in the normally open, normally closed 
form. Tip travel is h inch and tip 
pressure is 40 grams. The relay meas- 
ures 11xl;$xl% inches. 

The high -voltage relay (CR2791- 
DIOOF) is designed especially for use 
with aircraft radio transmitting equip- 
ment. The use of ceramic insulation 
and double -break contacts permits con- 
trol of circuits as high as 1,000 volts 
direct current. The contacts have maxi- 
mum current ratings of 0.020 amp. at 
1000 volts direct current, and 0.100 amp. 
at 500 volts direct current. This relay 
has a coil wattage of 1.2, a tip travel 
of inch double -break, and a tip pres- 
sure of 25 grams. The contacts are ar- 
ranged for double -pole, double -throw, 
double -break operation. The relay 
measures 215axl2axl hr inches: 

The two- and three -pole relays are pro- 
vided in two forms. One form (CR2791- 
B100D,G) has one normally open cir- 
cuit per pole, and the other (CR2791- 
BIOOF,J) has one normally open and 
one normally closed circuit per pole. 
These relays have maximum continuous 
current ratings of 8 amps. at 12 or 24 
volts, and the maximum make or break 
ratings at 25 amps. at 12 or 24 volts. 
The coils operate at 1.2 volts. Both two - 
pole forms are 1rilx12x1sA inches, and 

MICO- 
ENGRAVER 

I -i 

'LD 
.41.111rifr._ 

I 

For lettering panels of steel, aluminum, 
brass, or bakelite, or for marking 

finished apparatus. 

A sturdy machine for routine productiot 
as well as occasional engraving. 

Attachments increase its versatility la 

include large work on flat or curved surfaces 
Excellent engraving can be produced bt 

an inexperienced operator. 

Catalogue on request 
Prompt Delivery 

Priced from $115 with type 

Mico Instrument Co. 
20 ARROW STREET 

CAMBRIDGE, MASS. 

T "Wets 
ACCURACY IS' 
IMPERATIVE! 

INSIST ON 

elp INSTRUMENTS 4110 
WITH OÁ 

PERMIUM 
:-,Pivots - Alloy Jewel Bearings 

For Permanence 
Lifetime Accuracy 
Maintained Precision 
Less Maintenance 
Réplaces Sapphire 

Steel pivots corrode, rust-use the NEW 

HOMO-HEXTEROAXIAL WEAR -RESISTING 

ALLOYS (1000 times life of tool steel) 
"Used in preference to jewels." 

PERMIUM-AEROPOINT-PERMETTE 
Non -corrosive Non magnetic 
Super Smooth leis Friction 

THE PARALOY CO. 
7112~4actu/t41q 

600 S. MICHIGAN AVE. CHICAGO, ILL. 
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vigh 3.5 ounces. The three -pole forms 
le 131xldxli) inches and weigh 3.75 
noes. All four forms have a tip 
ltvel of 25 in. and a tip pressure of 

grams. 
These relays are designed for use 

I'm minus 40° C to plus 95° C. They 
ti suitable for use from sea level to 
9000 feet, and are corrosion -proof, 
reting Navy 200 -hour salt -spray 
tts. They are good for mechanical 
f quencies of 5 to 55 cps at s'n inch 
r ximum amplitude (rig inch total 
tvel) applied in any direction. The 
enacts remain in the correct position 
ven the relays are subjected to a lin- 
er acceleration of ten times gravity 
ilany direction. 

;eneral Electric Co., Schenectady, 
1' Y. 

Iiterature 

Vire Data Chart. A useful chart for 
pitons who employ wire in their de- 
s is or specifications. In columnar 

are given the B & S, \Vash- 
n & Moen and Stubs or Birmingham 

meters for gauge sizes 1 to 50. The 
Bk S column shows feet per pound 
ft each size of standard 5 percent 
plsphor bronze. Also a table of con- 
vVon factors for obtaining ft/lb 

STANDARD WIRE GAUGES 
e....) . 
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m0013131 
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P11: 
371530. 
3 501 

15 

37 
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ii 

46 

b 
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0011 
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aces for 15 other common wire ma- 
pls. On the reverse side of the 

details of the composition, strength 
o hard and soft grades, percentage 
f elongation, and density are given. 

card is heavy white celluloid, vest 
oiet size. Callite Tungsten Corp., 

tVe Division, Union City, N. J. 

CONSULT INSULINE 

ANow... . PRODUCTS 
and PARTS 

new Cata/09 
gives you a picture story of 
Insuline's enlarged manufac- 
turing facilities, and general 
descriptions of products and 
parrs ... write for your copy 
now. 

ESSENTIAL IN THE MANUFACTURE OF 

ELECTRONIC 
APPARATUS 

FOR war -order contractors we are in 
excellent position to manufacture:- 

Metal Cabinet 's , Chassis, 
Panels, Racks, Boxes 

Metal Stampings: also 
Plates, Dials, etc. 

Completely assembled 
Machine Products 

Hardware and accessories 
We invite inquiries on SPEC AL WORK FOR MANUFAC- 
TURERS, such as: Screw Machine Parts, Engraving. Machining. 
Stamping, etc. 

It will pay you to consult Insuline . . . now! 

IIISULI Il E CORP. OF RE RICA 
30.-34 NORTHERN BLVD. LONG ISLAND CPTY, N. Y. 

an 

Name 

Screw 

Zegotgke- SHEET -METAL 

HOUSINGS 

GENERAL 'CABINET RACKS 

Featuring Beauty, Durability and Economy, 
these Streamline Cabinet Rocks afford the 
BEST in enclosures for an endless variety 
of Industrial electronic installations. The 
five cabinets made In this series accom- 
modate 19" rack panels in heights horn 
83/4' to 35". 

Callon our Sheet Metal Department 
for Istiasates on your specie! 
requirements. We make custom- 
built cabinets, panels and punched 
chassis for many types of 
dunmerciai applications. 

° .MIDGET CONDENSERS 

BUD precision -built midget condensers are. made In many 
types and capacities Fora variety of commercial requirements. - 
They feature Alsimag 196 insulation, positive wiping rotor 
contact, elecho-soldered rotor and stator assemblies, bright 
cadmium plated finish, and rugged mechanical Construction. 
We will be pleased to furnish estimates on your requirements. 

BUD RADIO, INC. 
CLEVELAND, OHIO 
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KENYON 
BRINGS IT THRU 

KENYON is serving the Allied 

forces on the land . . . in 

the air . .. and under the sea. 

Whether it's an airplane flying 

for war or peace . . . whether 

it's a ship at sea or a submarine 

signalling beneath ... whether 

it's a broadcasting station bring- 

ing the news ... or a long-dis- 

tance telephone call announcing 

a birth or a death . . . Kenyon 

Transformers are on the job. 

In the exigencies of war and along the by- :.. 
ways ofpeace the efficiency and high fidelity -e,. 

sa.. 

of Kenyon Transformers are playing a part. `': 

KENYON TRANSFORMER CO., INC. 
840 BARRY STREET NEW YORK, N. Y. 

tw: 

ALLIED PRECISION BUILT 

LATCHING RELAYS 
ALLIED presents a new line of me- 

chanical lock, electrical release relays. 
They are designed for operation on any 
nominal voltage under 125 A. C. or 
50 D. C. Current types are available 
in single pole double throw and double 
pole double throw. 

This new line of relays has important 
features such as compactness, light 
weight, and minimum base mounting 
area. They are designed to meet Air- 
craft vibration tests and Army and 
Navy temperature and humidify . re- 
quirements. 

Allied Control Company, Inc. has 
specialized in the development of relays 
to meet critical test specifications. Spe- 
cial adaptations of standard relays to 
meet your. specific requirements are 
solicited. 

Type BJL 
D.P.D.T. 

Inquiries from aircraft and other designing engineers will receive prompt attention. 

ALLIED CONTROL COMPANY, INC. 
227 FULTON STREET NEW YORK CITY 

Definitions of Electrical Terms. A nt 
American Standard known as Deft 
tions of Electrical Terms, C42, spot 
sored by the American Institute 
Electrical Engineers, is now ready f 
general distribution. It is the first tit 
the definitions of the important terr 
common to all branches of the art 
well as those specifically related to ear 
of the various branches have beq 

assembled and printed under one coy(' 
This glossary is the result of more thi" 

twelve years of work of a section 
committee. The thirty-four organiz' 
tions represented on this sectional cot 
mittee include the national engineeria 
scientific and professional societitl 
trade associations, government depar 
ments and miscellaneous groups. 

The primary aim in the formulatii 
of the definitions has been to expre 
for each term the meaning which 
generally associated with it in electric 
engineering in America. The definitio 
have been generalized wherever pra 
ticable to avoid precluding the vari 
specific interpretations which may 
attached to a term in particular appli 
tions. 

The book contains three hund 
pages, size 8 x 11 inches, and is index 
It sells for $1.00 net each in U.S. 
and $1.25 outside of U.S.A. The price 
the same for single copies or quantiti& 
Checks should be made payable 
American Institute of Electrical En 
neers, and addressed to their headqu 
ters at 33 West 39th Street, New Yorl 
N. Y. 

Elect runic Equipment. A 16 pall 
catalog listing various stock items i 

rheostats, resistors, tap switchei 
chokes and attenuators. It contain 
illustrations, descriptions, r a tin gl 
prices and other helpful information 
A copy of catalog 18 may be obtains 
from Ohmite Mfg. Co., Dept. 4-A, 483 

Flournoy St., Chicago, Ill. 

Switches. The application, overtrava 
operating mechanism and maintenan4 
and inspection of small precision liad 
switches is described and illustrate 
in a new listing of dimension sheq 
by the Square D Co, Milwaukee, Wis 

consin. 

Induction Heating Data Sheet. 
data sheet covering the fundamental 
of induction heating. It gives a descri 
tion of induction heating, curren 
frequency, magnetic fields, and he 
producing losses. This is the first 
a series of data sheets and from no 

on they will be released monthly by th 

Induction Heating Corp., 389 Lafaye 
St., New York City. 

Rubber Conservation. This bookl 
gives explicit instructions for the prope 
care of many types of rubber good 
such as electrical tapes, wires and c 

bles, mountings, etc. Harmful effec 
of grease, oil and solvents is also di 

cussed. U. S. Rubber Co., Rockefelle 
Center, New York, N. Y. 
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r1 r,- 
1161 

A Precision Crystal 
Secondary 

1REQUENCY STANDARD 
THAT HAS BEEN 

"Designed for Application" 
A precision frequency standard capable of being 
busted to WWV or some other primary standard 
id putting out uniformly accurate calibrating signals 
tin 10, 25, 100 1000 KC intervals. Uses the new 
ENF.RAL ELECTRIC No. 1SA 1000 KC crystal hav- 
e a frequency temperature coefficient of less than 
to cycle /plc/C°. The crystal is sealed in Helium 

a standard metal tube envelope. 

The self-contained AC power supply has VRI50-30 
.ttage regulator tube. 
.In addition to oscillator. multivibrators, and bar - 
Ionic amplifier, a built-in mixer with phone jack and 
Yin control on panel is incorporated. 

ES`MILLEN 
EXCHANGE,ST. 

MFG: C0: IIYc: 
MALDEN,MASS. 

bAGABÍ ̀  "LUBRI=TACT" 

UBORATORY RHEOSTATS 

P 

sur fiass, lMv.ntyfts ' 

7a11ags, Luit.r.i.a1.d ' 

Minn, Centaat 

ULLETIN 16304 

is 

; 
,1V 
f.ot a . 

t 

' t u 

aa 

.."14 
-- 

INMES G. BIDDLE CO. 

ll 2 
Electrical Instruments 

11-13 Arch Street Philadelphia, Pa. 

Tube Data Sheets. Application, char- 
acteristics, operating conditions and 
performance of several kinds of tubes 
are given in these sheets released by 
Eitel-McCullough, Inc., San Bruno, 
California. 

Air Raid and Blackout Devices. A 
four page booklet describes automatic 
air raid siren controls, automatic 
blackout relays and automatic auxiliary 
systems. k brief description of other 
items manufactured is also included. 
This may be obtained from the Auto- 
matic Electric Mfg. Co., Mankato, 
Minnesota. 

Quick Selector Catalog. A 64 page 
book covers safety switches, nofuse 
breakers, multi -breakers, panelboards, 
motor control and motors. New appli- 
cation data on latest equipment has 
been included. Electrical ratings, physi- 
cal dimensions and circuit diagrams 
help in the selection of equipment. This 
revise may be obtained from Dept. 
70-N-20, Westinghouse Elect. and Mfg. 
Co., E. Pittsburgh, Pa. 

Electronics Parts and Equipment. The 
purpose of this booklet is to introduce 
the type of jobs which can be done for 
manufacturers of signal apparatus, 
transmitting and receiving apparatus, 
devices and parts. Insuline Corp. has 
expanded its facilities for large scale 
production of complete jobs or special 
jobs such as screw machine work, 
stamping, engraving, machining, finish- 
ing, or assembly. 

The booklet describes and illustrates 
such equipment as various types of 
cabinets, amplifier units, trim mould- 
ings and plates, handles, heavy duty 
bases, chassis bottom plates, front chas- 
sis, panels, and over twenty-five dif- 
ferent component parts. 

Insuline Corp. of America, 30-30 
Northern Boulevard, Long Island City, 
N. Y. 

Snubbing Mountings. The application 
of bonded rubber vertical snubbing 
mountings for vibration control and 
shock absorption in equipment is de- 
scribed in a 20 -page Bulletin No. 103. 
In addition to describing the complete 
line of mountings available, the booklet 
also contains basic engineering infor- 
mation. Lord Manufacturing so., Erie, 
Pennsylvania. 

Photoelectric Cells. A booklet describ- 
ing the principle of operation, charac- 
teristics, temperature factor, fatigue 
effect, internal resistance, operating 
temperature, time lag, permanence, and 
spectral sensitivity. There is also a 
table of standard sizes. Emby Prod- 
ucts Co., 1800 West Pico Blvd., Los 
Angeles, Calif. 

Woven Resistors 
for Heater Units 
High Frequency Circuits and 
many other uses 

j Non -inductive 
Flat - Thin 
Easily mounted 
in groups or 
separately. 

Resistors are Widely Used Where 
above Features are Essential. 

New "RTS" Test Switches 
-A "Pull-outr' Switch 

with spring return 
-A "Push -in" type 

with spring return 
Potential or Current Units 
"Make before' break" or 
"Break before make" 
Momentary Contacts 
1, 2 or 3 units operated by one knob. 
Other types are described in Cat. #5, 
Sec. 1. 

RTS Switches fit any test switch re- 
quirements where compact, positive 
switching in single or multiple units is 
desired. 

One hole mounting -Sealable 

Phase Shifters 

.5 - ., 

and 
Induction Regulators 

For complete data see Cat. #1, Sec. 
B2 and Cat. #1, Sec. B4. 

Tear Off and Mail Today 

To THE STATES COMPANY 
HARTFORD, CONN. 
Send data. 
Name Title 
Firm 

City State 
ELEC. 
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WIRING 

1 ©. 

DEVICES 

IS SPEED UP 

e 
ASSEMBLY TIME 

IMPROVE ELECTRICAL 

CONNECTIONS 

APPROVED FOR MARINE -AIRCRAFT 

COMMUNICATIONS & COMMERCIAL USE 

AMP solderless wiring devices eliminate 
the faults of soldered connections and give 
assured service under conditions of the low- 
est operating currents and over the range 
from DC to the highest radio frequencies, 
as well as under normal current rating. 
The design of these thoroughly engineered 
electrical devices assure economy, effi- 
ciency and convenience in production. A 
few outstanding .characteristics are listed 
below: 

1. 
2. 

3- 
4. 

5. 
6. 

7. 

8. 

9. 

10. 

greater flexibility of installation 
greater resistance to bending failure 
under repeated reversals of mechani- 
cal loading. 
greater resistance to corrosion. 

many types available 
with unique AMP 
"Diamond Grip" insu- 
lation support which ' ,/'Z 
protects wire, elimi- 41' 

nates tape and insu-' 
lation tubing illustrated 
at right. (Write for Bulletin #13) 
facilitates insertion of wire. 
more intimate electrical contact. 
greater mechanical strength of the 
connection. 
high safety factor for overload 
conditions. 
greater tensile strength than required 
by government specifications. 
quality of electrical joint can be 
determined by visual inspection. 

Aircraft -Marine Products, lne., maintains 
a research and experimental laboratory 
for new devices and uses and for your 
special problems having to do with °leer tricot connections. 

4111CW1 .1unNI 01000(11 K. 

11 

10IDn1111 111N4 0151C11 

Write today for Bulletin Nll_ Complete de- 
scription of AMP Solder - 
less Wiring Devices. 
and Bulletin #13 describ- 
ing "Diamond Grip" 

AIRCRAFT -MARINE PRODUCTS, INC. 
Dsp'tB 286 N. BROAD ST. ELIZABETH, N. I. 
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Backtalk 
This department is oper- 
ated as an open forum 
where our readers may 
discuss problems of the 
electronic industry or 
comment on articles 
which ELECTRONICS 
has published 

I -F Stability 
If the inductance of the i -f coils in an 
i -f stage having two double tuned trans- 
formers are too high, the i -f tube will 
oscillate as a tuned grid -tuned plate 
oscillator. The following formula gives 
the maximum values of inductance that 
can be used: 

A' 
I 

(1 +, 16 r jCg m R95 

/ L - A2 

16w 2j2Cg - RvQ 
where 

Q = average Q of the coils in cans 
Re = plate resistance of i -f tube in ohms 
g.. = mutual conductance of i -f tube in mhos 
C = grid -to -plate capacity of i -f tube in 

farads 
f = intermediate frequency in 

cycles/second 
L = average inductance of coils in henries 
A = phase shift factor depending on the 

coupling factor K (the average 
coupling of the transformers) 

For K = 1 (critical coupling) A = 2.52 
K = 0.9 (90% critical) A = 2.44 
K = 0.8 (80% critical) A = 2.4 
K = 0 A = 2. 

A is obtained from: 

A = (4X2 + 1 - K2) + 4K2 
4X2 + 1 +K2 

where X is the solution of: 

8X3-4X2+2X(1-K2)-(1+K2)=0 
Thus to determine values of A not given 
in the table above, substitute values of 
K in the cubic and solve for X. Then 

Inductance of I -F Coils 
At Which the I -F Tube Will Oscillate 

Values of Maximum L in Millihenries for 

B+ Tube 

Q = 100 

K = 1 

(critical 
coup- 
ling) 

K=.9 
(90% 
critical 
coup- 
ling) 

K=.8 
(80% 
critical 
coup - 
ling) 

250 6K7G 1.42 1.37 1.34 
100 6K7G 2.15 2.05 2. 
250 7A7 1.43 1.38 1.35 
100 1 

125K7G } 2.24 2.15 2.1 

1Nó5} 1.87 1.81 1.77 

67.5 115 2.05 1.97 1.92 
67 5 6SD7GT 1.38 1.33 1.31 
67.5 7117 0.805 0.776 0.762 

W_AIRCRAFT l 

B 
_'_ 

CABLES... 
LIGHTING AND POWER CABLE 
HIGH TENSION IGNITION CABLE 

RADIO POWER AND CIRCUIT CABLE 
MULTI -CONDUCTOR INSTRUMENT CABLE 

SHIELDING BRAID AND BONDING CABLE 

To all engineers working in 

the aircraft industry, we 

have to offer a complete selection 
of electric wires and cables made 
to the latest specifications. 

In many cases our products are 

designed to meet the requirements 
of new instruments, devices or 

controls, using construction most 

suitable for lightness and service- 
ability. 

Write for our catalog AM -I and 

Coaxial Cable Bulletin 

BOSTON INSULATED 

WIRE and CABLE COMPANY 

Upham' Corners Dorchester, Man. 

e 

UHF and MICROWAVE 

PRECISION WAVEMETERS 

PI/üT.4fI/1./s 
HATTER) -IIPF'R ITED 
ACCURACY 0.1 

Models Available 
100.4000 Megacycles 

with 2 to 1. frequency 
coverage on each Model. 

XcviVieXakrakried 
MICROWAVE EQUIPMENT 

656.661 Lonq 
New 

BranchJerS , 

Broadway ! 

L 
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ILECTRICAL 
:CONTACTS 

by BRAININ 

Fir your regular-and 
nusual requirements 

C ntact rivets in silver, plati- 
nn, palladium and their alloys, 
al other materials supplied to 
ylr specifications. Also, to 
net today's requirements, we 

ail expanding our field to take 
ce of sub -assemblies using 
t ita cts. 

VI specialize in laminated 
slet and wire, bimetals, com- 
p;ite rivets and screws. Write 
t Brainin for your contact re- 
tirements. Inquiries invited in 
rterence to materials and de - 
sits. Prompt, confidential at- 
tition given to all communi- 
c ions. 

11 

TMtR,-rOS1A11C elutlAl 
US ,nt1Al PRODUCTS FOR tllClrI(Al ,+ANUtAC1URtR 

C. S. BRAININ CO. 
(IVANDAM STREET, NEW YORK, N. Y. 

tit 

FOR EVERYTHING 
IN ELECTRONIC 

I, AND RADIO 
EQUIPMENT 

{ 4.41íp 4 

_Z- -- -- -' . 
u Can Depend on ALLIED 

I FOR: 
tctronic Tubes 
st Equipment 

tbiic Address 
nitting Gear 
ale Cells 
ceivers 
,000 Parts, etc. 

(VAST COMPLETE STOCKS 

1 IMMEDIATE DELIVERY 

'the leading lines: r ONE DEPENDABLE SOURCE 
Rt, National, Ham- 
mlund, Mallory, 
R 'been, HallitrN- / 

GET YOUR 208 PAGE BOOK Triplett, Thordar- 111 

r Bliley, etc. 
* 

H¡s everything in Radio and 
Eltronic equipment for engi- 
nuing communications,labora 
to and industrial application. 
Ytll wont the 208 Page ALLIED 
Ding Guide handy. For your 
FF! copy, write Dept. 24-F-2, 

I/ 

H.IED RADIO 
JACKSON CHICAGO 

IT v L RJ : 

. ¿ . ` t - 

1* 6° 

using this value of X and the value of 
K solve the equation above the cubic 
for A. About 20 percent should be al- 
lowed for being within regeneration 
limits. 

In the table are values for. 455 kc i -f 
calculated from the first formula for a 
Q = 100. For any other value of 
Q multiply by 100/Q. Values are cal- 
culated on the handbook values of grid 
to plate capacity, mutual conductance 
and plate resistance. 

J. J. ADAMS, 
Zenith Radio Corp. 

More on Conversion 

Editor's Note-Late in March, 
ELECTRONICS wrote to many suppliers 
of components, materials and assem- 
blers of communication and industrial 
electronic equipment to determine the 
impact of the stoppage of production 
of home radio receivers on April 22. 
The following letters are typical of the 
answers received: 

"We are not doing any defense work. 
We have tried to get some of this work, 
visited Washington, but so far, no 
prints have been shown us. 

"Our plant is ready for defense work, 
our people are ready, in fact they 
would like to work 48 hours per week 
without overtime if the Government 
would let them. 

"We advised the Government that we 
were ready and if defense work could 
not be given us directly, they, the Gov- 
ernment could have and use our plant 
for the duration without recourse or 
compensation, including the writer's 
service." 

"For over a year we have tried to 

RECORDING VOICES 

war 

Sx 

,r 
} 

. 

:4;4;1. 
t-.o 
f - 

refir 

The Australian Broadcasting Service re 
corded the voices of the defenders of 
Tobruk. The messages of the Scottish 
gunners who manned this anti-aircraft 
position will be relayed to Scotland. The 
men are shown listening to their own 

voices after they had been recorded 

-1 

AC TO DC 
BLWITH 

RECTIFIERS 

J 

TVCTRICAL 
CTIFIERS 

TTT 

TO MEET 
YOUR SPECIFIC 
REQUIREMENTS 

OVER twenty years of specialized engi- 
neering experience has served to make The 
Benwood Linze Company a Central Clearing 
House of information on Rectifiers and their 
applications. 
A completely modern three story plant 
equipped with the latest production facilities 
is devoted to research, design and manufacture 
of selenium and copper sulphide rectifiers and 
rectifier transformer assemblies which Incor- 
porate these elements in addition to copper, 
oxide and tube rectifiers. B -L rectifiers and 
assemblies are today serving America's Armed 
Forces and industry with service proved 
efficiency. 
Now, with every thought concentrated on pro- 
ducing for America, the value of these years 
of experience is evident. If you have any prob- 
lems involving conversion of electrical current 
from AC to DC, you will do well to join the 
hundreds of others who depend on the crafts- 
manship, engineering experience, and modern 
production facilities that B -L offers. 

APPLICATIONS 
Electronic Equipment 

Communication Systems 
Alarm Systems 
Signal Devices 

Photoelectric Cells 
Electro -Magnetic Equipment 

Radio Remote Control 
Broadcasting 

ASSEMBLIES 
Fast Battery Chargers 

Battery Boosters 
Electroplaters 

Cathodic Protection 
Aircraft Engine Starters 

Power Packs 
Motion Picture Rectifiers 

Voltage Adjusters 

the BENWOOD LINZE CO. 
ENGINEERS MANUFACTURERS 

1805 Locust St. St. Louis, Mo. 
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secure government work without suc- 
cess. Since our civilian business defi- 
nitely ends this week, it was necessary 
either to close down or secure 'defense 
work, and in a last supreme effort we 
were fortunate in stumbling across a 
defense item. At the present time we 
are converting and by the first of next 
week we will be 100 percent on gov- 
ernment work. 

"Just for the sake of clarification: 
I should like to go on record as saying 
that the fact that we have not converted 
and have not been doing war work in 
the past is because we were utterly un- 
able to obtain any kind of contract 
despite several trips to Washington, 
Fort Monmouth and Dayton in an ef- 
fort to get something! 

"We have been making strenuous and 
diligent efforts to obtain war produc- 
tion business for many months. As a 
matter of fact, long before the curtail- 
ment of the radio industry was even 
contemplated. 

"We have a beautiful plant, occupy- 
ing some 75,000 square feet of space, a 
trained personnel all of them adept and 
skillful in the handling of small as- 
semblies, and we know that we could be 
of real service if given the opportunity 
to perform. 

"We have been successful in lining 
up a few jobs for the Fall which will 
take about 35 percent of our plant ca- 
pacity, but it is far from being enough 
work to keep our organization together, 
particularly from April 1st to Septem- 
ber 1st. If there is anything that you 
people can do to call this to the atten- 
tion of the proper people, we certainly 
would appreciate it." 

. . . 

RADIO DEVICE DIRECTS 
ARMY DOGS 

=r.,.. - " 

.5 

L 
_ . 

o 

< rruY .. y - ,r. amt 
A short-wave device for transmitting in- 
struction by remote control to army dogs 
on the battlefield enabling them to locate 
wounded soldiers, carry messages and 
supplies. The dog carries a small receiver 
on his back, to which is attached a small 
circular aerial. The dog wears a small 
head set from which he hears the com- 
mands of his master. It takes three months 
to train a dog and ten days to train the 
man. .Carl Spite. noted animal trainer, 

will submit this to U. S. Army shortly 

/ 

SPECIALIZATION 

in the design and manu- 
facture of rotary electrical 
apparatus has developed 
a high degree of accuracy 
in Eicor Products that 
makes them the accepted 
standard wherever such 
equipment is used. 

In achieving this dis- 
tinction, our personnel 
has gained the experience 

and confidence so neces- 

sary in meeting today's 
tremendously increased 
needs for Eicor equip- 

ment. 

EICOR, Int.,j105011 W. Adams St.,Chisago,U.S.A. 
Export: Ad Aorlm, o* Ired Sr., Nw York. i 

i 

OK 
III 

TO 

LINGO tr 

FOR AM -.FM 

'Lingo AM end FM 

radiators ere creating 
new performance 
records throughout the 
broadcasting field. lm. 
prdved designs and 

exclusive features are 

responsible for their 
high efficiency, unex- 
celled stability and 
low maintenance cost. 

LOOK TO LINGO- 
for proven, factual 
information on mod- 
ern antenna *totems. 

Lt 

1 k 

L1NGO I 
V E R T I C A. 

S'11111.- 

RADIATORS 
JOHN E. LINGO & SON, INC., CAMDEN, N. I. 111 
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RECENT U. S. PATENTS 
Each week the United States Patent Office 

issues grants to many hundreds of inven- 

tions that pass the acid test of that office. 

A few of those relating to electronics are 
reviewed here 

Non -communication 
Applications 

lequency Generator. A varying 
ealcitor with a means to derive a sig- 
na ̀ rom it. One capacitor is polarized 
wi, direct current and a high fre- 
qutcy is impressed upon the d -c 

poirizing potential. L. Hammond, 
Ms h 2, 1940, No. 2,281,495. 

Imperature Compensation. Means 
foltemperature compensating a vari- 
abl condenser throughout its capacity 
i'u'e, comprising a second variable 
ooienser similar to and mechanically 
glared with the first condenser, a fixed 
col1enser having a temperature coeffi- 

c¡ei, opposite in sign to that of the two 
'able condensers, connected in 
sles with the second. The two series- 
cáltected condensers are in parallel 
viii, the variable condenser. K. D. 

Bell Telephone Labs, Inc., Sept. 
24,941. No. 2,281,461. 

amidity Measurement. Combina- 
tio of an elongated hygroscopic ele- 
ntEt expanding and contracting with 

ulges in humidity, and a three ele- 
iEt tube as a measuring device. E. A. 

er, Brown Instrument Co., March 
3 938: No. 2,280,241. 

elding Apparatus. Apparatus us - 
'electron tubes to control the spac- 

in:of the electrode .in an arc welding 
apuatus as a function of the voltage 
beheen an electrode and the work. V. 
J. hapman, G.E. Co., Aug. 9, 1940. 
No 2,280,629. 

ispection System. A light sensitive 
sSnem with a set-up responsive solely 

to le rate of change of illumination on 
ilhototube. F. H. Gullíksen, WE&M 

Co Sept. 7, 1939. No. 2,280,948. 

Number Displaying Device. Use of 
a cathode ray tube in a character out- 
line displaying apparatus. J. W. Bryce, 
I.B.M. Corp., April 10, 1940. No. 2,281,- 
350. 

Flaw Detection. A method for test- 
ing non-conductive material for flaws 
by subjecting the material to a high 
voltage discharge. Two means are 
provided for automatically checking or 
discontinuing the discharge at a flaw 
for a short interval, and establishing 
another current effective to prolong 
the interval for a predetermined short 
time after the checking or discontinu- 
ance of the discharge. L. J. Gorman 
and R. L. Morris, Consolidated Edison 
Co. Sept. 21, 1940. No. 2,280,119. 

Precipitation Circuit. Electrical pre- 
cipitation apparatus for cleaning gases, 
comprising the use of half wave recti- 
fiers. H. J. White, Research Corp., 
Aug. 22, 1940. No. 2,280,330. 

Tube Testing. Apparatus for simul- 
taneously electrically treating and in- 
dividually electrically testing a number 
of tubes. J. G. Pfeiffer, Western Elec- 
tric Co., Dec. 1, 1939. No. 2,280,448. 

Ultra High Frequency 
. Apparatus 

Generator. Frequency determining 
apparatus made of rod -like inductance 
elements parallel to each other, electri- 
cally connected to each other and hav- 

Y 

,: ::: ó. . ---- 
yO.tAVYJnqA r r 

`-- 

ing a balanced tuning condenser ar- 
rangement coupling one end together 
with shield surrounding the induc- 
tances. R. W. George, RCA. June 20, 
1939. No. 2,277,638. 

Feedback Balancer. In a high fre- 
quency relay system with receiving an- 
tenna connected to the input of an am- 
plifier and a transmitting antenna con- 

cooe 
LATEST 

In 

RELAYS 

DESIGNED 

SPECIFICALLY 

for 

ELECTRONIC 

CIRCUITS 

They possess every- 
thing you seek in 
this type of instru- 
ment, 

RELIABILITY 

APPEARANCE 

SMALL SPACE 

Running Time 
Meters 

Square or round 
meter type housing. 
Automatically a n d 

cumulatively regis- 
ter total operating 
time pf plate and 
filament c irc u it s. 

Obtainable in min- 
utes or hours. 

Ask for Bulletin Fl 

Time Delay 
Relays 

Used in power sup- 
plies to provide an 
adjustable or fixed 
time delay between 
the closing of the 
filament and the ap- 
plication of the 
plate voltage. 

Write for Bulletin F2 

The 
R. W. 

CRAMER 
COMPANY, 

Inc. 
Specialists on Timers 

P. O. BOX 3 

CENTERBROOK, 
CONN. 

E 

T 
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5 

1 

T 
H 
E 
5 

SATLJTIR 
1)IECTRONICS - Jutp 1942 169 



,*" / I S. S. WHITE 
%/` (J" FLEXIBLE SHAFTS 

For all POWER DRIVE and 
REMOTE CONTROL Uses 

I 

r 

f 

AT YOUR SERVICE 
cooperation of our flexible 
shaft experts for working 
out actual applications. 
Send details. 

If you need flexible shafts for any application which 
rates a priority, let us know your requirements. Our 
production is now entirely for war work and is going 
full blast to supply our flexible shafts for their many 
applications in planes, tanks, ordnance, naval, signal 
corps and other war equipment and for portable tools 
and other production machinery. Even so, you can 
count on us for the fullest cooperation in meeting your 
needs. Write us. 

If you want sample shafts for experimental purposes 
we'll be glad to supply them. 

DATA FOR ENGINEERS 
The following bulletins will be mailed to you on request: 

BULLETIN 1238 Flexible Shafts for Power Drives. 
BULLETIN 38 Flexible Shafts for Remote Control. 
BULLETIN 839 Flexible Shafts for Aircraft. 

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

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

Gr 

Í} 

©I 
idly fo Brake No. I ran- 

^ LIJ\ 
idly forms angles, chan- 
nels, ".Nees". F o l d i n g 

°"' y width 6". Brake No. 2, 
9¿ ` folding , 

Cr A: 114 curate to 
width 

.001". 
12". Ac- 

O'NEIL-IRWIN MFG. CO. 
321 8th Ave. S. Minneapolis, Minn. 

W/71/01/7 DIES! 
Are you in a rush for some duplicated metal 
parts? Do you have experimental work? 
In many cases you can make the parts faster 
with the "Di-Acro" System, and avoid en- 
tirely the expense and delay of making dies. 
An almost unlimited va- 
riety of work can be rap- 
idly done by the com- 
bined use of 3 Di-Acro 
Precision Units, - Shear, 
Brake, Bender. 

Write for Catalog 
New 32 -page catalog "Metal 
Duplicating W it h o u t Dies" 
gives full details, shows many 
parts which can be made. 

We Specialize in Transformers, 
Reactors, Filters (Electrical Wave) 

Jacks, Plugs and Kindred Items 

Your Problems are Our Business, too! 

AUDIO DEVELOPMENT COMPANY 
2833 Thirteenth Avenue South, Minneapolis, Minnesota 

nected to the output of the amp 
through coaxial transmission 

1 with auxiliary electrodes within y 

of the transmission lines in adjus 
relationship to the inner conduc.1 
and an auxiliary transmission line 
necting the auxiliary electrodes 
means for adjusting the length of 
auxiliary transmission line wherel 
small amount of energy of predi 
mined phase and amplitude is it 
duced into the first transmission 
from the second. F. H. Kroger, RI 
Jan. 31, 1939. No. 2,276,497. 

Centimeter Wave Generator. Mt. 
for forming electrons from a gun in 
beam, a hollow resonant electrode 

, 

shielding electrons from external fife, 
this electrode having an effective len 
equal to an integral number of I: 
wave lengths of the oscillatory curry 
established therein, directing the b 

of electrons through the hollow el 
trode along its longitudinal axis 
adjusting the velocity of the electr.° 
so that the distribution of oscillab 
potentials along the path of the el 
trode alters the energy of the ell 
trons. E. G. Linder, RCA. June 
1939. No. 2,276,320. 

Aircraft Radio Applieatiotll 
Drift Corrector. Apparatus for s 

on a navigable vehicle comprising 
energy collecting means having a ntl 
mal angular relation to the source 
radiated energy and to the longitudinl 
axis of the vehicle, means for auil 
matically keeping the vehicle upon,lf 
predetermined heading, and responsi, 
to deviations of the vehicle from ti r 
predetermined course for angularly di, 

placing the collecting means from ., 

normal relationship to the longitudin I 

axis of the vehicle. C. J. Crane and] 
K. Stout, Dayton, Oct. 18, 1939. 
2,280,117. 

Glide Path. Method of guiding al 
craft along a linear inclined path o 

approaching a field for landing bl 

radiating from several points on th 
field to define in space the incline 
plane in which the desired linear a 
inclined approach path is located, pr 
ducing on the aircraft from the visual 
image of three spots in the relatitil 
relationship as viewed from the air, 

craft, of three points in the incliner 
plane, one point being the desires . 
point of contact of the desired approach 
path with the landing field and thi 
other points being above and symnieb 
rically located with respect to the first 

point. I. R. Metcalf, Research CorpI 
July 26, 1938. No. 2,280,126. 
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(tacity Altimeter. An oscillator 
9d pair of capacitors connected to it 

or trying the amplitude of oscillation, 
1 e apacity of one condenser being a 

n,ion of its altitude above ground, 
e .pacity of the other being variable. 

I Shepard, Jr., RCA, Nov. 30, 1938. 
,280,725. See also No. 2,280,109 

n beat frequency altimeter, A. A. 
ra, Washington, D. C., Apr 7, 1941. 

(;ding Beacon. Guiding an aircraft 
',clueing two overlapping radiation 
tt'ns extending over a plane in 

hat opposition to one another and 
avir a common plane of polarization 
ibiltntially intersecting the first 

ant receiving energy from the two 
tttas, and comparing the receiving 
ertl from them to determine the 
s lane. A. G. Kandoian, Interna- 
ne Tel. Development Co., .Jan. 31, 
40 No. 2,280,514. 

Emmunication Circuits 
mqe Limiter. Between a source of 
nai and a receiver is connected a 
n.lear impedance acting as a trans- 

1.ween signal and receiver. This 
pe nce is biased whereby the trans - 
tuns is non -conducting for signals 

:e{'ng predetermined cut-off amp - 
.1 h. Frequency selective circuits 
Ot ted with the non-linear imped- 
1 ery the cut-off amplitudes as a 
ict n of the signal frequency. is Travis, Philco. July 27, 1939. 
.:181,395. 

khm System. In a radio telephone 
ate for transmitting from a central 
tit to a movable vehicle voice mes- 
tet concerning how the vehicle 
)al be manipulated, a tone gener- 
ir nd a microphone at the central 
tit, with switching means so that 

he may be used. A person on the 
fire may detect from the failure to 

li either the tone frequency or a 
eenessage the fact that the system 
Y e out of order. V. C. Chappell, 
n .1 Railway Signal Co.; Aug. 21, 
d No. 2,280,420. See also No. 2,280, 

Chappell. 

GENERAL CONTROL CO. 
MASTER CAM LEVER NEW SWITCH 

r / 

l 

r 

Seven years of building cam lever switches de- 
veloped this new original MCL Switch featuring: 

1. New single bolt assembly 

2. New static shielding 

3. New elimination of sliding friction 

4. New all over tinned springs 

5. New greater mechanical strength 

6. New longer life construction 

7. New gov't approved materials 

8. New lower price 

Fully interchangeable with your present GCL Switches. New catalog available 
showing complete mechanical and electrical specifications-Catalog No. MCL20 

GENERAL CONTROL CO. 
CAMBRIDGE, MASS: 

w, n 

r 

Blachaa,ifrV i!`iGW 
, 

,,! .1 4.1 ate GCiLCcl" "f, rCQQoZ / 
You don't know what the word "black" 
means until you've put Eldorado to 
the test! The exclusive Typhoníte 
process makes each of the 17 Eldorado 
degrees perfect, firm, opaque...gives 
the intensity of blackness you want! 
Improve your blueprints. Insist upon 
Typhon:te ELDORADO! 

Pencil Sales Department 59-J6 

d t` Joseph Dixon Crucible Co.,Jersey City, N.J. 

PERMANENT MAGNETS 
FOR WAR USE 

1114.1%1E111" 

2 tu 11 weeks 

depending on design and priorities. 
Send us your inquiries. 

THOMAS & SKINNER STEEL PRODUCTS CO. 
1127 E. 23D ST. INDIANAPOLIS, IND. 
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DECADE 
VeW AMPLIFIER 

MODEL 220 

o[a 

ttlV` 

1 

A highly stable amplifier 
giving gains 'of exactly 10 

and 100 times. Operated 
by self-contained batteries. 
Through the use of special 
circuits the gain is inde- 
pendent of battery voltage, 
circuit constants and tubes 
within 2% from 10 to 
100,000 cycles. Particularly 
useful with our Model 300 
Electrónic Voltmeter to 
increase its sensitivity, 
permitting voltage meas- 
urements down to 30 micro- 
volts. Send for Bulletin 7. 

SENSITIVE ELECTRONIC 

AC VOLTMETER 
MODEL 300 

.10111. 

. a: (? 
. 

I 

10 to 150,000 cycles. 
1 millivolt to 100 volts in five 
ranges (to 1,000 and 10,000 
volts with multipliers). 
Logarithmic voltage scale. 
AC operation, 115 volts, 60 
cycles. 
Accurate and stable cal- 
ibration. 

Ballantine Laboratories. Inc. 

BOONTON NEW JERSEY 

Voltage Bridge. In a radio receiver 
in which there is a conductive connec- 
tion between the power lines and the 
anode circuits of the tubes, a metal 
housing or chassis supports the re- 
ceiver components and a means is pro- 
vided for a lower impedance r -f path 
between the conductive connection and 
the chassis. Stray capacitance between 
the chassis and a high- potential r -f por- 
tion of the receiver causes undesired 
currents to flow in the low impedance 
path. An impedance between the chas- 
sis and the r -f portion of the receiver 
causes equal and opposite currents to 
flow in the path, thereby preventing r -f 
voltages across the low impedance path. 
E. C. Freeland, Philco. Nov. 16, 1940. 
No. 2,281,488. 

Relay Circuit. A rectified reaction 
tube circuit comprising a multigrid 
tube, a feedback circuit and a condenser 
in the feedback circuit for controlling 
the relation between the characteristic 
curve of anode current with respect to 
input to the circuit on increasing input 
and the characteristic curve for de- 
creasing input. R. M. Kalb, BTL, Inc. 
April 26, 1941. No. 2,281,040. 

Voltage Compensator. Circuit for 
compensating variations in voltage on 

q,p,,I,p,, 

an r -f oscillator. R. E. Schock, RCA. 
August 20, 1938. No. 2,281,205. 

Relay Circuit. In a telegraph system, 
two lines with means for impressing 
code telegraph signals on one of the 
lines and a thermionic repeater for 
relaying the signals to the other line. 
L. W. Franklin, Western Union Tel. 
Co., No. 2,280,308, Dec. 3, 1938. 

Variable Band -Pass Receiver. A 
band-pass selector of adjustable band- 
width having a mean resonant fre- 
quency normally bearing a predeter- 
mined relation to the mean frequency 
of the carrier, the relation between the 
mean frequencies being subject to devi- 
ations which may be substantial as 
compared with the bandwidth of the 
signal, the selector initially having a 
pass band sufficiently wide to include 
the signal and the deviations, and means 
responsive to the mean frequency of 
the carrier signal for reducing devia- 
tions substantially to maintain said nor- 
mal predetermined relation, and means 
for contracting the pass band of the se- 
lector in response to the translation of a 
carrier signal. H. A. Wheeler, Hazeltine 
Corp., Jan. 23, 1941. No. 2,280,139. 
See also No. 2,280,187 to N. P. Case, 
Hazeltine, July 10, 1940, on a system 

VARFLEX 
insulating tubing and sleev. 

ing has been specified for 

critical applications for 
twenty years. 

VARFLEX pioneered and deve0 

oped treated FIBERGLAS tub, 

ing and sleeving. 

VARFLEX varnished tubing ha 

always been recognized for 

high quality. 

SYNTHOLVAR extruded electri 

cal tubing is furnished it 

proven and recognized formu 

lations. 

VARFLEX is the only manufac 

turer with a complete line o 

insulating tubing and sleeving 

VARFLEX CORPORATION'; 

Rome, N. Y. 

What Makes 
Mailing Click 

Advertising men agree . the li t 

is more than half the story. 
McGraw-Hill Mailing Lists, used by 
leading manufacturers and Indus. 
trial service organizations, direct 
your advertising and sales promo. 
tional efforts to key purchasing 
power. 

In view of present day difficulties 
in maintaining your own mailing 
lists, this efficient personalized 
service is particularly Important in 
securing the comprehensive market 
coverage you need and want. In- 

vestigate today. 

I 

McGRAW HILLf, 
DIRECTMAIL LIST SERVICE 

McGraw-Hill Publishing Co., I 

' DIRECT MAIL DIVISION 

330 West 42nd St., New York, N. 
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f receiving a signal the amplitude of 
s,ich may be less than that of an ad- 
j:ent undesired carrier by means of 

untunable broadly -responsive aux- 
itry signal -translating channel cou- 
ld to the main channel and including 
vans for limiting to a uniform prede- 
twwined amplitude level all received 
crier signals in the vicinity of and in- 
cding the desired carrier signal plus 
tier means selectively response to the 
cured carrier signal for deriving the 
drier signal from the auxiliary chan- 
n and applying it to the main channel 
tdevelop therein a desired carrier sig- 
n, the amplitude of which is in excess 
othat of the undesired signals. 

;oupling Circuit. A circuit for coup - 
two a -c input circuits of different 

flquencies to a common output cir- 
cit, comprising elements which pre- 
s t a high impedance to currents of 
tl frequency of the input circuit be- 

tren the terminals of which it is con- 
nited and a low impedance to currents 
olthe frequency of the input circuit 
buween the terminals of which it is not 
ccaected. C. D. Colchester and A. T. 
Sirr, RCA, Nov. 5, 1940. No. 2,280,282. 

,00p Circuits. The planes of a pair 
otoops of equal resistance and equal 
tii°al voltage pickup are arranged in 

utually perpendicular manner. Each 
lo is tuned to a desired signal fre- 
ilicy and the loops are reactively 
coiling loosely so that the signal cur - 
Ire, induced in one of the loops is in 
qufrature with the signal current in- 

.dusd in the other loop and means for 
laxiying the signal voltage developed 
. tc ss one of the loops between the 
-coirol electrode and cathode of the 

u1. R. A. Weagant, RCA, July 2, 
191. No. 2,280,562. 

atic Eliminator. Method of elimin- 
,t'Q r -f disturbances while maintain- 
lnidesired signal energy. including an 
UEnna system and a counterpoise and 
.1p, connected to each with a movable 

z r 
rO 

)hie shifting coil connected to the 
oiterpoise. The currents in the 

ptterpoise are transmitted to ground 
hpigh a variable resistor. Samuel 

V :sk, Brooklyn, N. Y. October 6, 1941. 
1,2,280,461. 

To former manufacturers of commercial 

BROADCAST RECEIVERS 

TRANSMITTERS & ALLIED EQUIPMENT 

Ferranti makes 

TRANSFORMERS 
for every Industrial and 
ELECTRONIC application 
Quality transformers for every 
industrial, electronic. sound. 
communication and labora 
tory use. - Air cooled trans- 
formers and reactors for ev- 
ery industrial application. 
Miniature aero transformers 
for aircraft and portable 
work. - High power plate 
and filament transformers. - 
Solenoids. relays. - Filters. 
equalizers, modulation sets 
and rectifiers ... TO YOUR 
SPECIFICATIONS. 

..^,.I 

- ,4,11 

,t 

t 

IF you are operating ALL OUT on war produc- 
tion for the Army, Navy, Air and Signal Corps, 
Coast Guard, Maritime Service, etc. 

FERRANTI ELECTRIC 
with increased . manufacturing facilities, is in a 
position to make Prompt Deliveries. 

Quantity''Production on 

Quality Components at 
competitive prices ... . 

IF YOU MANUFACTURE 
Receivers, Compasses, Trans 
millers, Transceivers, Fire 
Controls, Walkie -Talkies, Test 
Apparatus, Direction Finders, 
Filters, Rectifiers, Power Sup- 

plies, Aero Equipment, Port- 

able Systems, Marine Equip- 
ment, Measuring Apparatus, 
Communications Devices. 

Consult Ferranti 
FERRANTI ELECTRIC INC., RCA BLDG., NEW YORK, N. Y. 

QUANTITY PRODUCTION at COMPETITIVE PRICES/ 

Sixty Years of Development 

NEW BULLETIN READY 
Write for new Engineering Bulletin on the VIBROTEST 

the insulation testing instrument having an amazing 
combination of advantages: (1) self-contained power 
source produces constant potential of 500 volts; (2) com- 
pact, readily portable; (3) easily read scale showing 
Ohms and Meghoms-also, A.C. and D.C. volts; (4) in- 
genious circuit design with standardization of synchro- 
nous vibrator; (5) can be operated With one hand, level 
or at an angle. New Bulletin-generously illustrated- 
gives specifications, uses, prices. Write for it today. 
ASSOCIATED RESEARCH, INCORPORATED 
427 SOUTH DEARBORN STREET CHICAGO, ILL. 

` ..:_- 
` r 

e,, 
:, -r. 

VII3PO'TlEST 
WAXES COMPOUNDS for 

ELECTRICAL INSULATION 
Zopher offers prompt service on Insulating Compounds for 
a wide variety of electrical applications, including: 
. insulation for CONDENSERS, TRANSFORMERS, COILS, power 
packs, pot heads, sockets, wiring devices, wet and dry batteries, etc. 
Also WAX SATURATORS for braided wire and tape. WAXES for radio parts. 
Special compounds made to your ardor. 

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

FOUNDED 1846 
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FERRIS INSTRUMENTS 
for RESEARCH 'DESIGN 

AND PRODUCTION 
Manufacturers of 

ULTRA HIGH FREQUENCY 
SIGNAL GENERATORS 

STANDARD SIGNAL GENERATORS 

CRYSTAL CONTROLLED 
SIGNAL GENERATORS 

RADIO NOISE METERS 

MICROVOLTERS* 

Write for catalog E-4; illustrates and gives complete details 
and specifications for the complete line of Ferris Instruments. 

FERRIS INSTRUMENT CORPORATION 
Boonton 

Reg. U.S. Pat. Office 

New Jersey 

e 

" 

OF- ';''`, r 
TAY L O Rr '® r 

ri 

4 LAMINATED PLASTICS 
I Vulcanized Fibre Phenol Fibre M 

SHEETS, RODS, TUBES, FABRICATED PARTS 

TAYLOR FIBRE COMPANY 
Norristown, Pennsylvania 

Yon (,ail Cef .A Pic) On _Jane 
Bogen industrial sound systems save countless hours of precious time. 
Any man - anywhere in your plant - can be located in a second. An 
important message can be sent to all the workers while production continues 
at top speed. Air raid and fire alarms can be issued automatically - 
instantly. 

Time is priceless today-and Bogen systems can save it for you. Let us 
show you how. 

DAVID BOGEN CO., Inc. 
663 Broadway, New York City 
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I'iezo Circuit. A network for pr. 
ducing exaggeration of the carrier wit 
respect to the modulation side ban( 
comprising a parallel resonant circu' 
tuned to the carrier frequency and a 

ranged between cathode and a ground 
The circuit is of low resistance and 
piezo crystal is connected in shunt wit 

))- (rsb 

it and tuned to the carrier frequencll 
Degeneration is applied so that th 
amplitudes of the side band componl 
ents are decreased uniformly with re' 

spect to the carrier frequency. W. vi 
Roberts, RCA, Jan. 7, 1939. No. 2,280 
605. 

Xutomatic Selectivity Control. In 
superheterodyne, means for automata 
cally adjusting the degree of selectivit 
of the i -f circuit including a 
which is responsive to energy of a fr 
quency equal to the difference between 
the i -f and the signal energy repre 
sentative of an undesired' adjacent chan 
nel frequency. Julius Weinberger, RCA 
Nov. 25, 1935. No. 2,280,563. 

Frequency Modulation. The followini 
patents relate to various aspects 
frequency modulation: No. 2,280,56 
on a detector circuit passing wave 
of carrier freqúency with maximum ink 

tensity, and attenuating waves of lesse 

and greater frequency as a functiot 
of their frequency spacing from th l 

carrier frequency, and combining 4 
total wave energy to produce a result' 
ant wave of varying amplitude and con 1 

stant frequency. W. G. Crosby, RCA 
No. 2,280,570, also to Crosby, refers t( 

a system for receiving f -m signals by all 

double channel system, one channel i 

passing a wide band and the other al l 

narrow band with means for varying' 
the bandwidth of the system. Na; 

2,280,530 to G. Mountjoy, RCA, July 17.E 

1940, is on a detector for f -m waves 

comprising a pair of rectifiers, eacn 

rectifier having a resonant input cir' 

cuit and an audio output circuit, the 

input tuned circuits being oppositel/ 
and equally mistuned with respect to 

the center frequency of the modulated 
waves. The output circuits are ar 

ranged in phase opposition, and th 

inputs are arranged in series with each 

other and with the rectifiers. The tuned 

circuits are connected by capacity to 

the rectifiers and the individual tuned 

circuits are sufficiently coupled to- 

gether magnetically to cancel out the, 

effect of the capacity coupling. No. 

2,280,822 to C. W. Hansell, RCA, July 

' 1, 1938, on a relaying system. A 

repeater comprising an oscillator and 

an amplifier excited by the oscillator 
has means for holding by the ampli- 
fier the oscillator frequency equal 
to the frequency of the repeated cir° 

cuits. No. 2,280,707 to R. D. Kell, RCA 
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DEFENSE REQUIREMENTS 

ELECTRICAL 

COIL WINDINGS 

& TRANSFORMERS 
Designed to meet specific require- 
ments or to your specification. 

COIL WINDINGS 
ELECTROMAGNETS 

SOLENOIDS 
COIL ASSEMBLIES 

PAPER INTER -LATER SECTION 
BOBBIN WOUND 

FORM WOUND 

quipped for vacuum and pres- 
aire impregnation-varnish or 
Compound. 

In experienced organization at 
amour service prepared to assist in 
resign or cooperate on problems. 

UNION COIL COMPANY 
L'.O. BOX D CALEDONIA, N. Y. 

IRGON HELIUM KRYPTON 
t'EON XENON MIXTURES 

1 
IARE SES LA, RE 

MIXTURES 

. Spectroscopically Pure 
, Easily removed from bulb 

¿frhout contaunination 
Sentific uses for Linde rare gases include- 
aThe study of electrical discharges. 
JWork with rectifying and stroboscopic 
4 ices. 

$Metallurgical research. 

9Work with inert atmospheres, where heat 
etduction must be increased or decreased. 

¿any standard mixtures are available. 
Scial mixtures for experimental purposes 
I be supplied upon request. 

The word "Linde" is a trade -mark of 

I1 

LINDE AIR PRODUCTS COMPANY 
nit of Union Carbide and Carbon Corporation 
2d St., New York ® Offices in Principal Cities 
ada: Dominion Oxygen Company, Ltd., Toronto 

May 31, 1940, on a method of producing 
frequency modulation by generating 
frequency stabilize& waves and apply- 
ing a portion of the waves to establish 
saw -tooth waves which are combined 
with the desired modulation to produce 
pulses having an amplitude and a 
width corresponding to the modulation. 
The amplitudes of the pulses are lim- 
ited to derive currents of square wave 
form, and the square waves are differ- 
entiated to form a series of pulses 
having a spacing corresponding to the 
modulation. These pulses produce 
waves of substantially constant mid - 
frequency and an extreme frequency 
corresponding to the applied modula- 
tion. No. 2,280,607 to W. vB. Roberts, 
RCA, Aug. 29, 1940, on an f -m receiver 
tuning indicator. A direct voltage 
component is produced in a discrimin- 
ator network which is zero upon accu- 
rate adjustment of the tuning to the 
desired station. This direct current is 
used to provide a visual indication, the 
amount of which can be varied. No. 
2,280,545 to R. E. Schock, RCA, June 
18, 1940, on a frequency modulating 
detector comprising two rectifiers on 
each side of a push-pull circuit. 

automobile Radio System. A remov- 
able self-contained radio receiver in- 
cluding a storage battery and means for 
electrically connecting the set in the 
circuit with the car generator to cause 
both the set battery and the vehicle 
battery to receive charging current 
when the engine is running. A switch 
forms part of the set and is removable 
with it to permit charging current to 
flow to the set battery but not in a 
reverse direction. D. .J. Barrett and 
L. G. Pacent, Sept. 11, 1940. No. 2,280,- 
465. 

Wide Band Amplifier. An amplifier 
for producing uniform ratio between in- 
put current and output voltage and 
having resistance and capacity in shunt 
with the input to which the current is 
supplied. The current has frequencies 
extending over a wide band and having 
intensities only slightly above the noise 
level. In the intermediate frequency 
portion of the band above the carrier of 
the most intense noise the currents are 
attenuated without changing the char- 
acteristic relation between intensity of 
voltage on the resistance and capacity 
and the frequency in the high fre- 
quency portion of the band. At a later 
stage of the amplifier low frequency 
currents are attenuated to produce 
uniform amplification at all frequen- 
cies below said high frequency por- 
tion and thereafter accentuating volt- 
ages in the high frequency portion 
of the band by an amount sufficient to 
overcome the attenuation produced by 
the shunt resistance and capacity, 
said accentuation occurring at a point 
in the amplifier subsequent to a stage 
following the point where the low fre- 
quency accentuation occurs to avoid 
overloading the last stage with cur- 
rents to be attenuated. D. E. Norgaard, 
G.E. Co., May 1, 1941. No. 2,280,532. 

aGI 0V70 
CARBONYL 

IRON POWDER 
Manufactured by 

GENERAL 
ANILINE WORKS 
435 Hudson Street., 

N. Y. C. 

SETTING 

A NEW HIGH 
IN 

IRON CORE 

PERFORMANCE 

Available ín three 
types, G.A.W. Car- 
bonyl Powder - com- 
bining high effective 
permeability and 
highest Q value-is of 
increasing impor- 
tance to leading core 
manufacturers sup- 
plying the carrier and 
high frequency fields 
where the highest effi- 
ciency is required. 

Write for further 
information 

Distributor of G . A . W. 
Carbonyl Iron Powder: 

/4o;ANWA- 
SOLVENTS L CHEM/CAL CORPORA//ON/ 
245 F.. Tee 4vt Neel Nf \ realest, .r. 
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have consistently pioneered the major advances 

in recording -disc convenience. utility and per- 

formance. Isere is the unparalleled record. 

FIRST ,vith a truly flawless surface - free from 
wave,. swirls and thick -and -11án spots. 

FIRST to provide ultra -high -frequency 

characteristics for perfect lifelike repro- 

duction. 

FIRSTpith engineered thread -action to facilitate 
effective control ter any system. 

FIRSTto achieve complete freedom 
front deterioration-Audiodisc, do not dry 

Ont. 

FIRSTwith glass -bur recording blanks .when alit. 
minuet Audiodiscs "went to war - 

FIRST with a thin, flexible glass -base 

disc.. completely interchangeable with 
metal -base types. 

FIRST with all three drive -pin holes in gists, discs, 

simultaneously eliminating chipping and 

breakage hazards. 

FIRST with Safe'. Carton, for reship- 

ping valuable glass -base Audiodisc record- 

ings. 

FIRSTto provide special re -usable wood case. for 

shipping and storing, with full protection 

against dust and damage. 

FIRST with a complete line of blanks 

-six types of Auáudi-c. meet all recording 

and price requirements. 

FIRSTwill, complete national distrilltttiott-Atnlm 
disc< are conveniently available es cry where 

FIRST IN THE MINDS OF 

RECORDING ENGINEERS 

RED LABEL YELLOW LABEL BLUE 

LABEL MASTERS REFERENCE 

Call your jobber-or write for 
free folder, 'Atuliodiscs r 

AUDIO DEVICES 
, e a L 

1600 BROADW11' NEN' YOItK CITY 

Industrial Applications 
Temperature - Coairol Apparatus. A 

Wheatstone bridge made up of negative 
and positive temperature resistance 
elements with a d -c amplifier across 
the bridge balance point which controls 
a heating element to raise the tempera- 
ture in a chamber. V. B. Bagnall, 
AT&T Co. Aug. 15, 1940. No. 2,278,633. 

Printing Press Control. A photoelec- 
tric registering system. Hermann Kott, 

to Speedry Gravure Corp. June 2, 1938. 
No. 2,278,933. 

Recording Apparatus 
Magnetron Receiver. Method of us- 

ing a magnetron in a superregenerative 
circuit by varying the shunt impedance 

of a transmission line at a voltage loop 
at a quench frequency. R. A. Braden, 
RCA. Feb. 29, 1940. No. 2,277,841. 

Sound Film Recording. Two patents, 
Nos. 2,274,529 and 2,274,530, to M. E. 
Collins, RCA, the first comprising 
means for continuously projecting a 

light beam on a motion picture film 
with a means to overmodulate a gal- 
vanometer to eliminate light beam 
from film, means for advancing the 
film, a second light source and means 
for periodically projecting the second 
light source on the film. The over - 
modulating means eliminates the first 
light beam during the advancement of 
a predetermined length of film, this 
length of film having images thereon 
made by the second light source. The 
second patent involves intercepting a 
certain frequency portion of a light 
beam and utilizing this portion to 
maintain the total light of the beam at 
a constant intensity. 

Sound Film Projector. - Mechanical 
equipment for moving sound film for 
television scanning. C. F. Mattke and 
R. V. Terry, BTL, Inc. Jan. 10, 1941. 
No. 2,275,540. 

METAL 

SHIELDED 

WIRE 

Easily 
Formed 

Lightweight 

PAT. 2066201 

Adds 
Support 

Protects 

READILY TRIMMED 

ELIMINATES ELECTRICAL 
INTERFERENCE, MOISTURE, ETC. 

Les us solve your 
Shielding Problems 

UNIFORM TUBES 
SOMA LANE. ROXROROOGR 
PRILADELPRIA, PENNA. 

44,1110.1* ' 

-s¡l,. ie 

IN THESE TRYING DAYS 

YOU CAN 

0EPEND 
ON 

ggMNAIL 
-b' 1 

2/PiS . . . now more than ever, II 

the radio industry is looking to 

us for Ports and Electronic Equip- 

ment. The reason for this lies in 

our ability to supply much 
needed material with utmost 

speed and maximum efficiency: 

The largest stock in our his- 

tory is available to manufactur- 
ers, Government Agencies, and 
other organizations engaged in 

war work. 

In other words, You Can De- 

pend on Terminal - Your Most 

Reliable Source of Supply! / 

TERMINAL RADIO CORP. 

85 CORTLANDT STREET 
New York City WOrth 2.4416 l 
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elautograph System. An electro- 
st.ic capacity at the receiver is varied 
as:he scribing point of the receiver 
mies in one direction of a coordinate 
syem, and means at the receiver for 

teslblishing the frequency of an alter- 
naig current by the capacity. Under 

the ontrol of this variable frequency a 
fort for changing the capacity which 
s pportional to the instantaneous dif- 
'ertce of a variable -frequency current 
'rot a transmitter and the frequency 
sf ternating current established at 
:he eceiver. V. E. Rosene, BTL, Inc. 
Vo 15, 1939. No. 2,274,638. 

.Smd Record. A negative sound film 
ect3 is made on film and is then 
reatd with a light sensitive dye. The 
I, e n the areas not occupied by the 
out wave envelope is then removed. 

. Kellogg, RCA. Aug. 20, 1940. 
1o! 268,752. 

iMrofacsimile System. Producing a 
?rtti,i of picture signals from subject 
ratir moved through the transmitter t i i uniformly relatively slow rate, 
teat for producing horizontal and 
ertal synchronizing signals and 
Sea, for rapidly and cyclically scan- 
ingtubstantially each element of the 
ubjjt matter to be transmitted at a 
elal'ely rapid rate in bi-dimensional 
iret'ons so that each element of the tl j t matter is scanned a relatively 
r'.number of times during its pas- 
tge.hrough the transmitter to pro- ne, series of picture signals, and for 
Miffing the produced light images 
1 a.cording medium in minified form. 
. 1V Goldsmith, RCA. Aug. 22, 1939. 
e4 275,898. 

dtpstnission System. Method of itnlating spurious additions to radio 

11. D. R. Goodard, RCA, April 16, 
41. No. 2,274,829. 

TIME -TESTED GV.i?hQm IN 

._s"-.e'r -. 

ff. '., Tr- 

. . . 

ELECTRICAL REMOTE CONTROL 
APPLICATIONS 

Designed and made by the originators of the dial telephone system, the Automatic Electric's Class A "telephone type" relay has been used as standard in that service for a generation. And because the Class 
A relay has proved so dependable and durable, it is now providing these ad- 
vantages in hundreds of industrial prod- ucts important to the war program. 

Only one of the scores of electrical con- 
trol devices offered by Automatic Electric, 
the Class A relay can be supplied in a 
limitless variety of contact and coil com- 
binations- for d -c or a -c operation, slow 
acting or quick acting, and with almost 
any desired contact load capacity. 
If you are engaged in war production, 
write for a copy of our new catalog 4071-C. 

AMERICAN AUTOMATIC ELECTRIC SALES COMPANY 
1033 W. Van Buren Street, Chicago, III. 

AUTOMATIC n® EL[['TRI[ 
RELAY MAKERS SINCE 1 8 9 8 

1U 

You can write this ad . . 
Set down, if you will, all the qualities you would like in an instantaneous record- 
ing blank.... Make no compromise with quality.... We have an idaa that 
you will find these exact things in the new 

ADVANCE GLASS BASE 
INSTANTANEOUS RECORDING BLANKS 

STillwell 4-7837 

ADVANCE RECORDING PRODUCTS CO. 36-12 34th STREET LONG ISLAND CITY, N. Y. 
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.. FOR ASSEMBLY WORK 

the KNURLED heads 

make a 
DIFFERENCE 

When production is rushed, you'll ' find the 

knurled heads mean speedier assembly. Fingers 

,. .uN6RRKo 
Req. U.S. 
Pat. 011. 

KNURLED SOCKET HEAD CAP SCREWS 
without slipping so the screws can be turned faster and farther 
before a wrench is needed. Knurled heads give better appear- 
ance to finished product. These features at no extra cost. Sizes 

#4 to I I/Z" dia. 

Where Ordinary Set Screws fail to hold 
. apply "Unbrako" Self -Locking Hollow Set Screws with the knurled 

points. When tightened as usual, they dig in and stay put despite all 
vibration. Easy to remove and can be re -used. Send for Catalog 558. 

STANDARD PRESSED STEEL CO. 
JENXINTOWN, PENNA. BOX 596 

--BRANCHES- 
BOSTON DETROIT INDIANAPOLIS CHICAGO ST. LOUIS SAN FRANCISCO 

Pat'd. 

A 

pGNO 
PnT s - 

TYPE 65X 
Actual Sise 

Other types available In 

the lower values 

RESISTOR 
ULLULLETIN DETAILS 

37 

GIVES differ- 

ent types ]loft S }iS. Wns hite 
the 

Molded 
ant 

and gives details about 
Resistors 
construction, 

dimensions, etc. A 
ll e d 

copy, with List, lbda. on 
request. Write forittoy 

MOLDE.D 

RESISTORS 
"zhilzu 

THESE widely used Resistors are favored 
because of their noiseless operation and 

durability and because they retain their 
values and characteristics under extremes 
of temperature, humidity and climatic 
changes. 

STANDARD RANGE 
1000 ohms to 10 megohms. 

NOISE TESTED 
At slight additional cost, resistors in the 

Standard Range are supplied with each resis- 
tor noise tested to the following standard: 
"For the complete audio frequency 
range, resistors shall have less noise 
than corresponds to a change of re- 
sistance of 1 part in 1,000,000." 

HIGH VALUES 
15 megohms to 1,000,000 
megohms. 

S. S. WHITE 
The S. S. White Dental Mtg. Co. 

INDUSTRIAL DIVISION 
Department R, 10 East 48th St., New York, N. Y. 

Monitoring System. Means for ob- 
taining a penumbra shadow light beam 
from a source and for projecting this I 
shadow through an optical system to a 
motion picture film with means for vi- 
brating this shadow in accordance with 
a signal to be recorded. Simultaneously 
a second light beam is obtained from 
the source coaxially with the optical' 
axis of the optical system for the ob- 
servation of the condition and position 
of the incandescent element which pro- 

i 

vides the light for the penumbra 
I 

shadow. M. T. Schomacker, RCA. Sept. 
1, 1939. No. 2,270,350. See also No. 
2,270,247 to C. N. Batsel dealing with 
the production of beams of a predeter- 
mined shape, the light forming means 
providing a linear relationship between 
the amplitude of the sound waves and 
the amount of said beans passing to the 
film over a range of signal amplitudes 
of the sound waves corresponding to 80 
percent of the film range and a non-lin- 
ear relationship between the amplitude 
of the sound waves and the amount of 
beam passing to the film over a higher 
range of amplitudes of the sound waves, 
this higher range being recorded in 
the remaining 20 percent of film range. 

Sound Recording System. A movable 
armature actuates the mirror which 
vibrates a beam of light with respect to 

a film and surrounding this armature 
is an inductance with the means for 
impressing currents having varying 
amplitudes and frequencies on the in- 

ductance for moving the armature and 

the mirror and another inductance 
mounted on the armature having volt- 
ages generated in it directly propor- 
tional to the movements of the arma- 
ture and the mirror. W. V. Wolfe, RCA. 

May 31, 1939. No. 2,270,367. 

ANTENNA SYSTEMS 

Vehicle Antenna. A self-contained 
resonant antenna utilizing a continuous 
portion of the structure of the vehicle 

as the antenna for operation at fre- 

quencies substantially independent of 

the equivalent electrical length of the 

portion of the structure utilized, con- 

taining a reactance adjacent to one end 

of the vehicle structure and electrically 
exposed to space at least in part, the 

reactance having a value such that the 

equivalent electrical length of the sys- 

tem is substantially equal to an even 

number of quarter -wavelengths of the 

desired operating frequency. Malcolm 

Bruce, Plymouth, Mass. March 21, 1941. 

No. 2,279,130. 

Directive Antenna. A conductor po- 

sitioned at an angle greater than zero 

degrees and less than 90 degrees to 

frame perpendicularly related to the 

path of propagation of a wave and 

having a length substantially equal to 

a half wavelength of the desired wave 

plus the projection of the antenna on 

the path of the propagated wave. Ed* 

round Bruce, B. T. L. Inc. Feb. 28, 1933' 

Re -issue No. 22,051. 

fl 
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(1) SEARCHLIGHT SECTION 411) 

POSITION VACANT 
Wanted 

ENGINEERS (2) 

Connecticut war production manufacturer needs two engi- 
neers for permanent positions with following qualifications: 

MECHANICAL ENGINEER 
With several years' experience in manufacture of small 
precision parts; must be familiar with precise measuring 
equipment for quality control; knowledge of physical mate- 
rials testing and writing of material specifications desirable. 

DESIGNER 
Graduate M. E. or E. E. with experience in small electro- 
mechanical and magnetic devices as applied to communica- 
tion equipment; knowledge of application of plastics desir- 
able. 
State full particulars of education, experience and salary 
expected in first letter. Must be U. S. citizen. Our engineer- 
ing staff knows of this advertisement. Write Chief Engineer, 

P-334 Electronics' 

330 West 42 St., New York City 

ENGINEER -DESIGNER WANTED 
A client of ours - a long-established 

leader in his field - needs an electro- 
mechanical engineer qualified to handle 
development and design work on re- 
lays, timers and solenoids, and who has 
had practical production experience. 

This is not a temporary "job." It Is a 
position which, because it has been cre- 
ated for the purpose of looking to our 
client's future, should prove equally Im- 
portant to the future of the man who 
can till It. 

Proved design ability, based on a 
practical approach to the manufactur- 

THE HARRY P. BRIDGE CO 
1324 Walnut St., Box 

inq problems involved, is of paramount 
Importance. To the right man are of- 
fered free reign to initiative and ample 
opportunity for future development. 

The company is located in Eastern 
Pennsylvania, does well over a million 
dollars annual volume, and will stand 
rigid investigation from any angle. All 
of Its employes who might be interested 
know of this advertisement. 

If you feel that you can fill the posi- 
tion, we suggest that you write us in 
detail. Correspondence will be treated 
with strictest confidence. 

Advertising Counsellors 
12 Philadelphia, Pa. 

'SEARCHLIGHT 

SECTION 
(Classified Advertising) 

EMPLOYMENT BUSINESS 
EQUIPMENT-USED OR RESALE 

OPPORTUNITIES 

RATES 

UNDISPLAYED: 10 Cents a Word: 
DISPLAYED: $6.50 Der Ines. 

Contract rates on request. 

MM. 52. 

4.0 

FOR SALE-TRANSMITTER 
Used as 500 watt experimental Television Trans- 
mission-Can be easily modified as 1000 watt 
broadcast transmitter (output nose uses 4-833 
tubes). Excellent condition. Complete with power 
supply tubes. meters. etc. Also other equipment- 
four Baird (British) Electron Multipliers, Cathode 
Ras Tobin-Transformers. etc. Offers to 
FS -311:. Electronics, 330 W. 42 St.. N. Y. O. 

I)EI'ENI/AIILE 
Used 

ELECTRONIC TUBE EQUIPMENT 
Complete lime of used equipment for the manufac- ture of ItadW Tubas. Neon Tubes. Ineandescent 
Lamps, etc. Write for Bulletin showing 2.5 to 70% 

ELITE TUNGSTEN CORPORATION 
formerly Eisler Electric Coro. 

534 39th Streetl Union City1 N. 1, 

VACUUM PUMPS 
For sale about 50 small mechanical compound vacuum oil pumps - price 666.00 each. 
10 larger size pumps - $95.00 each. All pumps brond new and will pull to one micron. 

Tube Light Engineering Co. 
427 West 42nd St. New York City 

RECENT ELECTRICAL ENGINEERING Grad- 
uates for test and installation of precision 

electro -mechanical ordnance apparatus. Posi- 
tion requires men with training and preferably 
some experience In the communications and 
electronics field. Location is In Metropolitan 
N. J. Area. In reply, state age, education. ex- 
perience and when available. P-337. Elec- 
tronics, 330 W. 42nd St., New York, N. Y. 

POSITIONS WANTED 

RADIO PATENT EXPERT and Electrical de- 
signer. proven merit. My designs have largest 

sales value of any advertised. R. G. Evans, 3945 
Second, Detroit. Mich. 

ELECTRONIC ENGINEER (E. E, and Physi- 
. chat) highly experienced and capable, excel- 

lent background, numerous patents and 
achievements, many years connected with 
large concern, development, design. research.. wants adequate position. PW-330, Electronics. 
330 W. 42nd St., New York, N. Y. 

WANTED 

REWARD FOR INFRINGEMENT PROOF. 
Patent 2,107,135 covering "Distortion Neu- tralization" being infringed. 50% reward on net back royalties, plus 10% on future collec- tions thereon. Reply guaranteed confidential. Attention Walter Stella, Attorney, c/o Wilson Electrical Development Co., 154 W. Erie St., 

Chicago. 

USED RECORDING EQUIPMENT. High Qual- ity: Complete Assembly or Individual Com- ponents (Turntables, Feedscrews, etc.). 47 
Oakvlew Drive. Sta. "C". Dayton, Ohio. 

WANTED 

ENGINEERS 
FEMALE 

Mechanical and Electrical Engineers 
needed by well known large manufac- 
turer of radio and communication appa- 
ratus. Fine opportunity in established 
engineering group for qualified candi- 
dates. Openings in physical and elec- 
trical laboratories on technical and spe- 
cial engineering tests, work on filters, 
equalizers, amplifiers and test set de- 
signs requiring good knowledge of fun- 
damental circuits and electronics: also 
planning for manufacture of product, 
analysis of parts, machine and tool fa- 
cilities, and preparation of manufactur- 
ing layouts. 

Require engineering graduates of high 
standing from accredited engineering col- 
leges: also will consider outstanding 
candidates with A.B. degree in mathe- 
matics and physics. Experience desir- 
able but not necessary if recent grad- 
uate. 

Write stating age, education, experi- 
ence, place of birth, attach snapshot 
(not returnable). Box 655 Suite 1800, 
Times Building, New York. 

t 

BEST QUALITY, USED 
ELECTRON TUBE MACHINERY 

Equipment for the manufayture of all kinds of electron tubes, radio tubes. Incandescent lamps, neon tubes. photo electric cells, X-ray tubes. etc. 

AMERICAN ELECTRICAL SALES CO., INC. 
65-67 East 8th St. New York, N. V. 

NOTICE 

OLD TRANSMITTING TUBES ARE VALUABLE 
Let us help solve your tube problem. We 
can rebuild most any tube from 250 watts 
to 20 K.W. 

Freeland & Olschner 
922 Howard Ave. New Orleans, La. 
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GET THE COMPLETE TECHNICAL 

RADIO BACKGROUND 
most in demand 
today under this 
attractive offer 

Here is a library of books that 
brings you advanced radio en- 
gineering knowledge in the 
form in which you can most 
readily assimilate it and put it 
to use. The books were care- 
fully selected from among stan- 
dard McGraw-Hill works to 
give the most complete, funda- 
mental coverage possible, in a 
small number of concise, compact, reasonably priced volumes. Use 
these books to bridge the gap between your own radio training or expe- 
rience and more advanced, engineering command of the subject-the 
genuinely technical knowledge that best meets today's practical needs. 

UFNfli' r1CIPlES i_^ s 
OF Or CS 

RADIO EaROV M1/0 
roa 

etas GMAd11GUlOt1 
CIRICLINS 

AMC 
RIicR NIISoN 

RADIOMEN 

a 14146 Ceps! 
''..semaffs 

SAVE OVER 105 
in adding these 
standard books 
to your library 

The New . . . 

RADIO TECHNICIANS' LIBRARY 
Full of definitions, descriptions, 
principles, formulas, data, meth- 
ods, applications, etc., relating 
to: 
-fundamental components of a radio 

system 
-circuit elements 
-fundamental properties of vacuum 

tubes 
-thermlonic emission 
-glow- and arc -discharge tubes 
-amplifiers 
-modulation 
-detection 
-electron tube Instruments 
-rectifiers and filters 
-dynamoelectric machinery and meters 
-storage batteries 
-radio transmitters 
-ultrahigh -frequency circuits 
-marine transmitters 
-low -power telephone and telegraph 

transmitters - 

-radio receivers 
-antennas 
-radio aids to navigation 
-television 
-acoustics 
-control -room equipment and operation 
-direct -current electricity and magne- 

tism 
-alternating -current electricity 
-mathematics for electricians and ra- 

diomen 
-etc., etc. 

SPECIAL LOW PRICE 
EASY INSTALLMENTS 

Bought separately, these books 
would total $16.25 In price. Un- 
der this special Library Otter you 
save $1.75 of this amount, get all 
four books at once, and pay for 
them over an extended period. 
Get these advantages by deciding 
now to add these volumes to your 
radio library. Stall coupon today 
for 10 days' free examination. 

Position 

Company 

180 

comprised of these 4 volumes: 

Terman's FUNDAMENTALS OF RADIO 

Reich's PRINCIPLES OF ELECTRON TUBES 

Nilson and Hornung's PRACTICAL RADIO 
COMMUNICATION 

Cooke's MATHEMATICS FOR ELECTRI- 
CIANS AND RADIOMEN 

2213 pages, 1332 illustrations 

In two of these books widely -used advanced engi- 
neering texts have been abridged, to cover the most 
fundamental aspects of tubes and circuits and their 
applications, but in the simplified form suited to intro- 
duce the man of limited radio and electrical training 
to these subjects. Another volume further applies these 
fundamentals to practical communication apparatus. 
completing a view of radio with which you can solve 
the technical problems met in a wide variety of situa- 
tions. The fourth book gives you, at the same time, a 
progressive command of the radio and electrical ma- 
thematics, from arithmetic to advanced principles neces- 
sary in using the formulas and computations of ad- 
vanced technical work. 

10 DAYS' FREE EXAMINATION 
McGraw-Hill 'look Co., 330 11. 421,d SI., N. Y. 
Send me Radio Technicians' Library for 10 days' examination on 
approval. In 10 days 1 will send $2.50 plus few cents postage, 
and $3.00 monthly until $14.50 Is paid, or return books postpaid. 
(We Day postage if you remit with first installment.) 

Nance 

Address 

City and Stale 

L. 0-42 

Antenna Coupling System. Coupling 
an antenna to a coaxial cable character. 
ized by the fact that the antenna i$ 

formed by a conductor immersed in a 

tubular end portion of the inner con- 
ductor of the cable and protruding to 
such an extent beyond the end of the 

cable so that the ohmic series compo- 
nent of the antenna impedance at the 

entrance of the cable is equal to the) 
wave resistance of the cable. The en. 
ergy line formed by the inner conductor' 
and the part of the antenna conductor) 
which is immersed in the inner con- 
ductor is tuned by means of a movable 
connection to such a length that the 
wattless component of the antenna im- 
pedance is compensated. Werner Busch. 
beck, Berlin; to Telefunken. March 28, 

1941. No. 2,278,531. 

Multiple Antenna. Conductors ar- 
ranged with their length parallel to', 
the generatl-ix of the surface of a solid 
cone of revolution, means for energiz 
ing the conductors at their most closely 
adjacent ends and terminating the con- t " 

ductors at the other- ends so that a , 

traveling wave is set up along the con- 

ductors such that the instantaneous 
phase relationship of energy in the 
conductors progressively advances 
around the surface whereby a rotating 
field of radiation is established. Wil- 

helm Peters, Telefunken. No. 
Sept. 30, 1939. 

Repeater. In a repeater an antenna'' 

including a wave directive structure and 
means for eliminating radiation from 
the edges of such structure including 
a resonant structure tuned to offer a 

high impedance to the operating fre- 

quency of the antenna at the edge. N. 

E. Lindenblad, RCA, June 30, 1939. 

No. 2,281,196. 

Wave Guide. Antenna comprising at 

least one conducting surface and sere- 

ing as transmitting and receiving I 

antenna and a conducting tube coup - 

,at 

ti 

ling the transmitter and receiver to , 

the antenna, the receiver and trans 
mitter being placed inside this conduct- 
ing tube. W. Dallenbach, Berlin, July I 

12, 1938. No. 2,281,274. 

Short Wave Antenna. Antenna for 

decimeter wave lengths comprising 
several radiator systems in superposed ' 

relationship spaced a distance apart 

equal to a multiple of the wavelength I 

and mounted above ground a distance 
equal to a large multiple of the spacing 
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We manufacture a complete line of equipment 
SPOT WELDERS, electric, from S4 to 500 KVA AC ARC 
TRANSFORMERS, special and standard types WELDERS 
INCANDESCENT LAMP manufacturing equipment From 100 to 
FLUORESCENT TUBE MAKING EQUIPMENT 900 Amp. 
ELECTRONIC EQUIPMENT. vacuum pumps. etc. 

WET GLASS slicing and cutting machines for laboratory use 
GENERAL GLASS working machines and burners 
COLLEGE GLASS working units for students and laboratory 

EISLER ENGINEERING CO. 
751 So. 13th St. (near Avon Ave.) Newark. New Jersey 

MICROMETER 
FREQUENCY 

METER 

for 
checking 

transmitters, 
from 1.5 to 56 mc., 
within 0.01 per cent. 

LAMPKIN LABORATORIES 
Bradenton, Fla., U. S. A. 

'HARVEY RADIO CO 
103 W. 43 ST. NEW YORK. N. Y. 

TRANSFORMERS h.,°, ? 
rnoraaran . seypn IN STOCK ! ! stanenr u.r.e. - er. 

HARRISON RADIO CO. 
12 West Broadway New York Cify 

Phone WOrfh 2-6276 

EETROHM Vitreous Enameled 

RESISTORS 
A complete range. from 1 to 200 
W. wound with highest grade re 
sistance wire. Tolerances plus or minus a%a (Closer tolerances, it 

ededi. 
Wound On low loss ceramic cores, Mounting legs furnished when rc 
quested. 

SEND FOR SAMPLES 
Give complete data regarding . slstance,maximum current, volt- 
age drop required and mounting 
space available. 

1 . 

LECTROH.M, INC, 
.5131 WEST 25TH PLACE 

, CHICAGO (CICERO P.O.)1t1. 

HARVEY 
RADIO LAB'S, Inc. 

Manufacturers of 
Radio Transmitters 

ELECTRONIC APPARATUS 
447 Concord Ave., Cambridge, Mass. 

FINE RIBBONS 
of Tungsten and Molybdenum 
Molybdenum in widths .006" to 1" 

in thickness to .0005" 
Tungsten Ribbon to specification 

H. CROSS 
15 Beekman St. New York 

Quick ANSWERS 
to your business problems... 

MISCELLANEOUS 
business problems are daily be- 

ing solved quickly and easily by the use of the 
Searchlight Section of this and other McGraw-Hill 
publications. 

The Searchlight Section is classified advertising; 
you can use if at small cost, to announce all kinds of 
business wants of interest to other men in the fields 
served by these publications. It is the regular meet- 
ing place of the man with business needs and the 
men who can fill those needs. 
When you want additional employees, want to bey 
or sell used or surplus new equipment, want addi- 
tional products to manufacture, seek additional capi- 
tal, or have other business wants-advertise them in 
the Searchlight Section for quick, profitable results! 

Departmental Staff 

McGRAW-HILL PUBLISHING CO., INC. 
330 West 42nd Street, New York City 

SEARCHLIGHT 
(Classified Advertising) 

SECTIONS 
are found in these 

McGRAW-HILL 
Publications 
American Machinist 
Aviation 
Business Week 
Bus Transportation 
Chemical and Met. Engineering 
Coal Age 
Construction Methods 
Electrical Contracting 
Electrical Merchandising 
Electrical World 
Electronics 
Engineering & Mining lour. 
Engineering News -Record 
E. & M. J. Markets 
Factory Man. & Maintenance 
Food Industries 
Power 
Product Engineering 
Textile World 
Transit Journal 

SIGNAL & INDICATOR \I 
PILOT LIGHTS 

for all electrical devices. 
e l 

WRITE FOR 
showing a complete line of 
assemblies for all purposes. 

1 

SIGNAL INDICATOR Corp 
140 CEDAR ST. NEW YORK, N. Y. 

CRYSTALS by 

IIpoOlSf 
The Hipower Crystal Company, oneof 
America's oldest and largest manufac- 
turers of precision crystal units, is able 
to otter the broadcaster and manufac 
Curer attractive prices because of their 
large production and the exclusive 
Hipower grinding process. Whatever 
your crystal need may be, Hipower 
can supply it. Write today for full 
information. - 

HIPOWER CRYSTAL. CO. 
Sales Division -205 W. Wacker Drive, Chicago 
Factory -2035 Charleston Street, Chicago, Ill. 

->- - - 
LOUDSPEAKERS to t y ARMY& NAVY Specs. y, 

4. are all part of our 4- 

4. regular daily routine 4 - 
Today war needs have caused 

an increase in the variety of 
speakers we manufacture. 

New mounting means are re- 
quired on every Army & Navy 
specification. 

Our engineering department is 
well equipped to handle your spe- 
cial problems in time to have 
them ready "yesterday". 

UNIVERSITY LABORATORIES 
208-225 Varick St. N. Y. C. 

ELECTRON TUBE MACHINERY 
of overt' type,-afnndard. and 'mocinl drains K.tIl1.E ENGINEERING COMPANY 

Specialists in Equipment for the Manufacture of Radio Tubes, Cathode Ray Tubes. Fluorescent Lamps, Incandescent Lamps, Neon Tubes. Photo Cells. X -Ray Tubes and other glass or electronic 
products. on production or laboratory basis. 
1:(07-13011 Seventh St.. North Bergen. N..1. 

il 
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MR. 
want 

a JOB 
. tR . 

Rad10 . n 

1) 
A BETTER JOB with increased pay 
is within the grasp of every radio- 
man who has the ambition and 
courage to start training now for 
greater efficiency today and 
security tomorrow. 
You realize, of course, the tremendous oppor- 
tunities that exist in radio today. You must 
be aware of the unprecedented demand for 
highly qualified, technically trained radiomen. 
But, only the BETTER jobs are open to such 
men! 

-If you now hold a commonplace job in 
radio . . 

-If you hold o temporary job today and 
long for, a permanent job for the future 

-If you have the ambition and desire to 
hold a position of responsibility with 
higher pay . . . 

then a CREI home study course in Prac- 
tical Radio Engineering will help you to ac- 
quire the necessary technical knowledge and 
ability which is demanded by the better, 
higher -paying positions in technical radio. 

For more than 15 years the high calibre of 
CREI training has been recognized by engi- 
neers as worthwhile training at a cost within 
the reach of every radioman. That's why CREI 
has always been proud to say, "Ask any Radio 
Engineer!" 

These facts are important to 
you-and to every man who is 

seeking advancement in his 
chosen profession. We will be 
pleased to send you our cata- 
log and pertinent facts upon 
request. 

CAPITOL RADIO 
ENGINEERING INSTITUTE 

E. H. RIETZKE. President 
Howe Study Coarsen in Practical Rodio 

Engineering for Professional Self -Improvement 

Dept. E-6, 3224 -16th Street, N.W. 
WASIIINGTON, D. C. 

Contractors to the U. S. Signal Corps-U. S. Coast Guard 
Producers of well -trained Tech- 
nical Radiomen for Industry 

between the systems, the systems being 
energized in an opposing phase relation- 
ship. W. Ilberg, Telefunken, April 12. 
1941. No. 2,280,235. 

Antenna. A short wave antenna 
comprising a pair of L-shaped con- 

- )O R(CE,eeR 

ductors like the illustration. De Witt 
R. Goddard, Nov. 26, 1938. No. 2,281,- 
429. 

TELEVISION 

Receiving System. A picture scanned 
sequentially at a certain frame fre- 
quency, the receiver comprising a cath- 
ode-ray set-up for reproducing the pic- 
ture and a second cathode ¡-ay for re- 
producing the picture in superimposed 
relation to the first picture utilizing a 
picture storage tube comprising a 
double -sided mosaic. G. L. Beers, RCA. 
Feb. 23, 1940. No. 2,273,172. 

Electron Image Amplifier. An aper- 
tured insulated grid and a means to 
project a flood of electrons through the 
grid, means to produce on the grid elec- 
trostatic charges representative of a 
picture and a target element located on 
the side of the apertured grid opposite 
the source of electrons. P. T. Farns- 
worth, July 6, 1937. Re -issue No. 22,009 

Projection System. The target area 
in a cathode-ray tube is scanned elec- 
trically and cyclically with a modulated 
beam of electrons at a predetermined 
rate. Polarized light is intermittently 
projected against the unscanned sur- 
face of the target, the intermittent rate 
of projection being greater than the 
scanning rate and bearing a whole num- 

ber ratio with respect thereto. Means 
including a projection lens for directing 
the light reflected from the target upon 
an observation screen. Manfred von 
Ardenne, Berlin. March 18, 1940. No. 
2,276,750. See also Nos. 2,277,007- 
2,277,008, inclusive on projection appa- 
ratus, also to von Ardenne. 

Professional Services 

STANLEY D. EILENBERGER 
Consulting Engineer 

Complete General Electronics 
Laboratory Communications 
and Shop Electro Biology 
Faclltles Patent Development 

6309 27th Ave. Kenosha, Wis. 
Telephone 2-4213 

INTERNATIONAL ELECTRONICS, INC. 
Special Instruments. Equipment and Methods to control gauging, welding, heating. communication,. 
signaling. safety, inspection, color and testing. 
Quality control and cost reduction for mechanical, electrical, metallurgical and chemical industries. 
Rockefeller Center New York City 

Telephone Circle 6-8494 

HAROLD J. McCREARY 
Mem. A.I.E.E. & W.S.E. 
Consulting Engineer 

Laboratory Facilities 
Research Electronics 
Development Television 
Design Radio 
Factory Practice Railroads Signaling 
Patent Studies Telephony 

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

JOSEPH RAZEK, PH.D. 
Consulting Physicist 

Electrical and Mechanical Engineering Problems 
Instruments and Control Devices Electronics 
Specialist in Co1orimetry. Spectophotometry and 

Industrial Color Control 
Laboratory. and Shop Facilities 

4311 Greenviesv Lane Lhrnereh, Pa. 

J. ALBERT STOBBE 
Consultant 

Electronics and Communications 

63 Wall Street New York City 

Now Available 
U -H -F 

TECHNIQUE 
The demand for extra copies of the 
U -H -F TECHNIQUE Section of April 
ELECTRONICS has been so great that 
we have put it in covers, now available 
in any quantity. 
Already many copies have gone to 
schools and colleges, to Government de- 
partments-wherever the need for con- 
centrated theoretical and practical mate- 
rial on this vitally important subject 
exists. 

Contents:- 
I. Radiating Systems and Wave Propa- 

gation 
2. Generators for U -H -F Waves 
3. U -H -F Reception and Receivers 
4. Wide Band Amplifiers and Frequency 

Multiplication 
5. Measurements in the U -H -F Spectrum 

PRICES: 1-25 copies, 50¢ each; more 
than 25 copies, 35¢ each. Please 
send cash if 25 copies or less. 

Editorial Department 

ELECTRONICS 
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OW... you can secure 

the mathematical 

background you need 
tr the solving of everyday 
ectrical and radio problems 

Radiomen and electricians know that 
it language and the habit of mathe- 
utics are essential to them for real 
lisp of, and progress in their chosen 
lid. They know that mathematics is a 

id for them that they are helpless 
t:hout. 

Vow out of the U.S. Navy Radio 
llteriel School at Anacostia Station 
Ines a complete home -study textbook 
t.t is so thorough, so careful in its 
edanations, so detailed in its exam - 
Is that any reader "who can perform 
ti hmetical computations rapidly and 
enrately is capable of mastering the 

sciples laid down in this text. 

J1ST OUT! 

E 

f" 104_ tL .. / 

VITHEMATICS FOR 

ELECTRICIANS 

1IND RADIOMEN 
By NELSON M. COOKE 

thief Radio Electrician, U, S. Navy 
,lember, Institute of Radio Engineers 

604 pages, 6 x 9, $4.00 

Mt book teaches you mathematics from ens ary algebra through quadratic equa- 
t0 mentary vectorroalgebraywith direct 

e vectors 
ices ns to electrical and radio problems. It an you how to apply this mathematical owlge in the solutions of radio and circuit obits. In other words, it gives you the tept mathematics you need and then shows by to use your knowledge. 

Keep these 3 points in mind 
aid uu 600 Illustrative your work; Prole: worked out in dote based on more than 8 
Owl over 3000 

years' experience teach. 
prob- Ina mathematics to U. Lem or practice, with S. Navy electricians and a all so you can chock radio operators. 

' 11 DAYS' FREE EXAMINATION 
IC dt.Hill Book Co., 330 W. 42nd St., New York s úeme Cooke's Mathematics for Electricians and m for 10 days' examination on approval. In del I will send you $4.00 plus few cents postage, tom book postpaid. (We pay postage If re- nts, accompanies order.) 

e 4, 

Mtn 

ty It State 

attic, 

mpa 
L. 6-42 

Supersonic System. A supersonic 
wave light modulating device and a 
light source for illuminating the device 
plus means for applying picture signals 
to produce in this device a train of mov- 
ing supersonic waves modulated in 
amplitude in accordance with the sig- 
nals with means for forming optical and 
electron images. A. H. Rosenthal, New 
York. No. 2,270,232. Jan. 12, 1939. 

Television and Cathotle-ray 
Circuits 

Signal Producing System. In a tele- 
vision system, a cathode-ray image - 
reproducing tube having an apertured 
grid with one surface of dielectric ma- 
terial and an opposite surface of 
secondary electron -emissive material. 
The surface is scanned with a signal - 
modulated beam to produce a charge 
image on the surface, and upon the 
other surface of the grid is directed an 
electron stream for developing a source 
of low voltage electrons of uniform 
density and of a cross-sectional area 
comparable to the area of the grid. 
Means for physically blocking the 
direct path of electrons of the stream 
through the grid, whereby the density 
of the electron stream through the 
grid is space -modulated by the charge 
image on one surface, and means for 
utilizing the modulated electron stream 
to produce a visible image. R. C. 
Hergenrother, Hazeltine Corp., Sept. 
30, 1939. No. 2,280,191. 

PURCHASING AGENTS 

and ENGINEERS! 
* HERE IS YOUR COMPLETE 

Source of Supply 
for ALL STANDARD 

RADIO PARTS 

* 

and ELECTRONIC EQUIPMENT 

GREATEST STOCK EI'ER 
IN RAI)1O HISTORY! 

CONDENSERS RESISTORS 
TUBES METERS TRANSFORMERS 

SWITCHES RELAYS WIRE 
TEST INSTRUMENTS 

PLUGS JACKS PANELS, etc. 
Write us for complete information on any 
standard nationally -advertised product. 

WE HAVE A LIMITED SUPPLY OF 

TUBES 
R.C.A. G.E. GAMMATRON 

TAYLOR EIMAC HYTRON 
RAYTHEON SYLVANIA 

it is quite possible that the tuber you or. 
gently require p ü a dine or 

right us. rere eushell 
be glad to till all priority orders to the beet 
of our ability. 

For IMMEDIATE SERVICE 
Telephone BArclay-7-1840 

New York's Oldest Radio Supply House 

_RADIO CO. 
NEWFYO KN N TY. 

PANORAMIC RADIO* 
Heterodyne Spectroscopes 

Ideal 
for 
Fast 

accurate 

CRYSTAL 
TESTING 

Quicker visual indication of frequency 
of crystal under test. 
Shows 50 kc to zero beat on either 
side of zero. 
Indicates crystal activity and fre- 
quency simultaneously. 
Indicates spurious response. 
Compares MANY crystals simultane- 
ously. 
Automatically indicates multiple crys- 
tal behavior under temperature run. 

Write for Free Bulletin 
of Information 

s. 

.1 lV- 0 Íl 

Ideal 

for 
F M 

Transmitter 
TESTING AND 
MONITORING 

Gives continuous visual indication of: 
All sidebands of transmitter, on cali- 
brated frequency scale. 
Mid -frequency and drift. 
Percentage modulation. 
Residual amplitude modulation. 
Modulation distortion. 
Spurious responses. 

Sideband Resolution adjustable 1.5 kc to 5 kc. Available in universal or specific frequency ranges. 

Registered In U S. Patent Office 

PANORAMIC RADIO CORP. 
242-250 W.55th ST., NEW YORK CITY 
Phone: Circle 6.9440 Cable: Panoramic. NewYork 

Canadian Reo. 
CANADA MARCONI 

CO. LTD., 
Montreal. Canada 

ti 
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AUDAX 
"RELAYED -FLUX" 

Microdysae 
"The Standard by Which Others 

Are Judged and l'afued" 

JUST as ability to reach high "C" does 
not mean a quality voice,-so wide 
range by itself, in a pickup, does not 
mean quality performance. It is the 
all-important factor of "VIBRATORY - 
MOMENTUM" that determines quality. 
Not only does V -M control quality, but 
is also a serious factor in record wear. 
Needle pressure, needle impedance, 
etc., are comparatively secondary. 

The sharp clean-cut facsimile perform- 
ance of MICRODYNE-regardless of 
climatic conditions-is a marvel to all 
who have put it to the only test that 
really counts ... the EAR test.... All 
this bears out the contention of leading 
scientists that only the INDUCTOR 
PRINCIPLE makes possible high quality 
results-and that means MICRODYNE. 

WITH OUR COMPLIMENTS 
A copy of "PICKUP FACTS" is yours 
for the asking. It answers many ques- 
tions concerning record reproduction. 

Pickup List Prices 

$14.50 to $198.00 
HIGA FIDELITY CUTTERS 

List to 5t50.00 

Ii your dealer is unable to 
supply the Microdyne you 
want. you may order direct 
Iran us. 

AUDAK COMPANY 
500 Fifth Avenue New York City 

[in Chicago. 'phone: Webster 48101 

"'Creators of High Grade Electrical 
and Acoustical Apparatus since 1915." 

Synchronizing -Signal System. In a 
synchronizing -signal separating appa- 
ratus energized by a composite signal 
including line -synchronizing and field - 
synchronizing pulses for each field- 
underlap interval of the same polarity 
as, by having a greater duration than 
the line -synchronizing pulses, an inte- 
grating circuit responsive to a prede- 
termined one of the field -synchronizing 
pulses of each field-underlap interval, 
and unresponsive to the line -synchroniz- 
ing pulses means for deriving a sensi- 
tizing signal initiating at the trailing 
edge of each predetermined field - 
synchronizing pulses, plus means 
responsive jointly to the sensitizing 
signal and to the field -synchronizing 
pulse for deriving a control signal. J. 
C. Wilson, Hazeltine Corp., .July 13, 
1940. No. 2,280,181. 

Generator. System for producing 
deflection voltage variations for a mag- 
netically deflected cathode-ray beam 
having saw -tooth wave characteristics. 
E. L. C. White, E&MI, Ltd., May 15, 
1940. No. 2,280,990. 

Oscillator Drift Compensation. In 
combination with a resonant circuit 
varying in frequency by virtue of 
temperature effect on the circuit react- 
ance and an electron tube having a 
cathode and two cold electrodes, an 
alternating voltage is applied across 
the circuit between the cathode and one 
electrode and a phase shifter connected 
with the other cold electrode develops 
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from this voltage a second voltage in 
phase quadrature with the first. The 
phase shifter includes a reactive element 
has a temperature coefficient of prede- 
termined signal so related to the mutual 
conductance of the tube that a reactive 
effect is produced between one elec- 
trode and cathode which has a tem- 
perature coefficient compensating fre- 
quency variation. C. N. Kimball, RCA. 
No. 2,280,527, Sept. 7, 1940. 

Electron Device. An electrical n, 

denser comprising conducting elen;h 
separated by an insulating gap, anin 
elects -on beam normally separated 
contact with the gap and at t,, 
moving the beam to such a positioi, 
to render the gap conductive. VI 
Zworykin, WE&M Co., Nov. 26, :g 

No. 2,280,877. 

Scanning System. A cathode 1 

beans scans a picture field, means), 
deflecting the beam in two direct 
a high frequency oscillator supplt 
one of the deflecting elements, a P 

frequency oscillator supplying the c¡y 

of the deflecting elements, said o(. 

.IA,yv,..E, 

lators having commensurable freq 
cies, means for interlocking the 
quencies, with an additional oscill: 
operating at a frequency lower 
the said low frequency oscillator 
netted to the output of the low 
quency oscillator. P. T. Farnswo 
1934. No. 2,280,572. 

Negative Transconductance Dei 
Two stages having a common sour« ¡ 

anode voltage, control means connet 1 

to the grid of the first stage, ant', 
direct connection from the grid of 

second stage to a junction between 
load resistor and the source of volta, 
W. B. Roberts, RCA, Dec. 20, 1939. j 

- 

2,280,987. 
I 

Response Adjustment. A multi-./ 
tion filter having a rising freque 
response characteristic, and a load i 

cuit having a response characters 
I complementary to the filter reap! 

connected intermediate to the ends 

the filter. D. E. Foster, RCA, June 
1940. No. 2,280,695. 

Mix with REMLER Silver Tai 
ATTENUATORS 

Enjoy the feel of self-clean- 
ing pure silver on silver, ball 
bearings front and rear, pre- 
cision machined in every de- 
tail. It's smooth. And those 
are the factors that make 
the REMLER silver ettenu- 
ator QUIET-so quiet you 
can operate it in a low-level 
circuit in perfect ease and 
comfort. Standard imped- 
ances. Special values to 
order. 

Silver Contact Points 

- &II -Beating Rao' Shah t 

Clods Spring Pigged Connectia' 

Silver Tipped Contact Are 

Write for lull detail'. 

REMLER COMPANY, Ltd. 19th at Bryant SAN FRANCISCO 
.r 
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