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1. 
This invention relates to the art of electrical 

amplification or rectification and more particu 
larly to an improved electrical device useful 
either as an amplifier or as a rectifier. 
The electrical art has long included many ex 

amples of thermionic rectifier and amplifier tubes 
in which a cathode is heated to cause a stream 
of electrons to flow from it to an anode. The 
current between the electrodes so produced has 
been controlled in many ways, as for example by 
the use of one or more grids between the cathode 
and the anode. . . . . . . - y 

Also known to the prior art are glow discharge 
tubes in which a current is caused to flow, not by 
heating the cathode, but by impressing a suffi 
cient potential between the cathode and the 
anode to ionize the gas which lies between them. 
This latter type of device has proven advan 
tageous in many uses but has the inherent draw 
back of requiring a relatively high potential 
across its electrodes. Hence, while it is often 
used as a rectifier tube, it is seldom, if ever, used 
as an amplifier tube. Additionally, where simi 
lar electrodes are used in a tube rectification is 
rarely accomplished. . - - 

In accordance with the principles of the pres 
ent invention, an entirely new type of electrical 
amplifier or rectifier may be constructed, which 
device possesses all of the advantages of each 
of the aforementioned types of amplifier or rec 
tifier and at the same time avoids the disadvan 
tages and possesses additional advantages that 
none of the previously mentioned types of device 
possess. - 

The new device is capable of amplifying direct 
currents, low frequency, medium frequency and 
high frequency currents in essentially the same 
device. Amplifiers for direct and low frequency 
currents are very difficult to construct and adjust 
such as, for example, those used in seismographs 
and other apparatuses. 
The new device comprises, basically, a pair of 

electrodes in contact with a gas and means in 
dependent of the electrodes to subject the gas 
to a high frequency electrical field Sufficient to 
ionize it and cause it to glow uniformly through 
out the area, between the electrodes. Under Such 
circumstances, a current is caused to flow in an 
external circuit between the electrodes. Without 
the necessity of heating one of the electrodes or 
of applying a potential to the electrodes. This 
current tends of its own volition to be unidirec 
tional and by applying the R. F. field at the prop 
er position along the length of the tube, control 
ling the pressure and power within the tube, the 
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2 
direction of flow of current can be predetermined 
and assured. Furthermore, the amount of this 
current flow can be easily and efficiently con 
trolled by the novel use of grid or shielding ar 
rangements. - . . . . . 

Since it is not necessary for the high frequency 
field that actuates the tube to have any direct 
connection with any circuit in which the tube is . 
to operate, a single source of high frequency cur 
rent can actuate a large number of tubes. The 
tubes may be placed in the circuits in which they 
are to be used without the circuit designer be 
coming involved in many of the problems that 
now arise from the practice of using a common 
plate power supply source. The new rectifier or 
amplifier device is also of interest because of its 
adaptability to use with a very wide range of 
frequencies and because the glow discharge 
neceSSary to cause the tube to operate generates 
very little heat. 
A detailed understanding of the principles of 

this invention and the application of these prin 
ciples to practical problems may be had by refer 
ence to the appended drawings which illustrate 
preferred embodiments and uses of the new 
amplifier or rectifier device, and to the following 
description of the apparatus illustrated in these 
drawings. 

In the drawings: ' ', 
Figure 1 is a diagrammatic illustration of a 

simple rectifier for converting high frequency 
alternating current into direct current; 
Figure 2 is a diagrammatic illustration of a 

modified form of the tube of Figure 1, arranged 
in a circuit for testing sheet material; 

Figure 3 is a diagrammatic illustration of a 
modified form of the tube of Figure 1, arranged 
for detecting and amplifying ultra, high fre 
quency currents; 

Figure 4 is a diagrammatic illustration of a 
preferred form of grid for the device of Figure 3; 

Figure 5 is a diagrammatic illustration of a 
device for determining the dielectric constant of 
fluids using a tube constructed according to the 
principles of this invention; and 

Figure 6 is a diagrammatic illustration of a 
series of tubes according to this invention, all 
energized by a single high frequency field. 
As illustrated in Figure 1 the broadest aspect 

of this invention comprises a sealed chamber 9 
into Which extend a pair of electrodes and 2 
and in conjunction. With which is some means 
Such as a ring or coil 13 Surrounding the cham 
ber, which will provide a high frequency alternat 
ing current field capable of ionizing the gas in 
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the chamber. This coil is Supplied With power 
through the leads shown from a Source not ShoWn. 
The chamber itself is preferably made of glass 

or Some other non-conducting material. The 
ionizable medium. Within the chamber is prefer 
ably a gas under a relatively low pressure, for 
example 10 microns of mercury. It may be an 
inert gaS Such as argOn, neon Or helium, or it may 
be some more complex gas that is nevertheless 
stable under the conditions of operation, that is, 
one which Will not react and thus change the 
characteristics of the device. 

O 

The electrical field may be applied by a coil 
of Wire or an external band coupled to a Source 
of high frequency electrical energy. In some 
cases this coil may take the form of a step-up 
transformer in which the primary Only is fed by . 
the source of high frequency current and sec 
Ondary is shunted by a condenser of Such size 
as to form a resonant circuit which will raise the 
field intensity within the chamber. While the 
drawing shows the actuating coil 3 as a single 
coil surrounding the chamber between the elec 
trodes, other constructions may be used in lieu 
thereof. In some constructions, for example, it 
may be desired to place the coil inside the cham 
ber f0, and even if the coil is replaced by a step 
up transformer with a secondary shunted by a 
condenser, this whole circuit may be pre-tuned 
and mounted. Within the chamber 0. Further.- : 
more, although the electrodes are shown at op 
posite ends of the chamber 0 and the actuat 
ing coil near the center thereof, the construc 
tion may be. Such that the electrodes will be 
placed at the same end of the chamber or the 
chamber may have an entirely different shape 
from that shown in Figure 1. 

Despite the fact that the electrodes as illus 
trated in Figure 1 are of the same shape, a uni 
directional current will be generated when the 
high frequency field is applied to the coil 3 
and this current may be measured by connect 
ing the electrodes if and 2 to a direct current 
ammeter, or, as shown in the drawing, to the 
opposite ends of a resistor 4 across which is con 
nected a direct current voltmeter 5. 
The output of the new device may be controlled 

by placing a conductive ring 6 around the cham 
ber 9 between the actuating coil and one of the 
electrodes 2 and connecting this metal ring 3 
to the electrode 2 through a variable condenser 
7. As the capacity of the condenser is varied 

it will be found that the direct current flowing 
between the electrodes and 2 will also vary 
and the variation in current is quite sensitive to 
even a very small variation in the capacity of 
the condenser 7. - 
In lieu of the metal ring is a grid may be in 

Serted into the tube or chamber 9 between the 
electrodes and f2, or the metal ring may take 
the form of a Faraday shield to prevent the flow 
of eddy currents therein. Also, in place of the 
single metal ring 6 a pair of metal rings may 
be placed around the chamber 10, or a pair of 
grids placed within the chamber 9, and these 
rings or grids, or a combination of one ring and 
One grid, may be connected through a condenser 
or through a variable impedance consisting of 
a condenser and an inductance or a condenser 
and a resistance. Any of these arrangements may 
be used to control the flow of direct current be 
tween the electrodes and by tuning any of these 
arrangements the flow of this current may be 
varied. 

: One particularly advantageous use for the new 
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4. 
device is illustrated in Figure 2. In accordance 
With this figure the device is incorporated in an 
apparatus for inspecting Sheet material. This 
novel apparatus inspects the sheet material both 
for thickness and flaws at a single operation. 

Using the same principles as does the device 
of Figure 1, sheet material 2 may be passed be 
tween condenser plate 22 and condenser plate 
23, one of which is connected to a Faraday shield 
type of controlling ring 24, the other of which 
is connected to one electrode 25 of a tube of the 
type shown in Figure 1. This tube comprises a 
container 26 for a gas under low pressure and a 
second electrode 27. It is actuated by a coil 28 

5, supplied with high frequency current. The elec 
trodes 25 and 27 of the rectifier or amplifier de 
vice are connected through a fixed resistance 28 
and a variable resistance 29. The recorder 30 
is connected across the fixed resistor 28' and the 
tape may be driven at a speed proportional to the 
speed of movement of the sheet material under 
going inspection. Thus the recorder produces a 
running record of the inspection. A variable re 
sistor 29 serves to adjust the amplitude of the 
swing of the recorder needle and may be ad 
justable in a series of predetermined steps so as 
to change the scale on which the recorder oper 
ates. . . . . ... 
A somewhat different form of the device of this 

invention is shown in Figure 3. This modified 
form of device is used for the direct measure 
ment by a direct current meter of ultra high fre 
quency currents. The ultra high frequency cur 
rent to be measured is fed to the device through 
a coaxial cable 3 with a radiating loop 32 ex 
tending into a cavity resonator 33 which sur 
rounds one end of the rectifier or amplifier device 
of this invention. The rectifier or amplifier de 
vice of this invention then consists of a chamber 
34 with electrodes 35 and 36 extending into the 
ends thereof, and an exciting coil 37 supplied 
with high frequency electrical current from a 
source not shown. A grid 38 mounted inside the 
chamber 34 and spaced from the lower electrode 
35 will pick up sufficient of the ultra high fre 
quency by capacitance through the chamber 
walls to control the direct: current flow between 
the electrodes 35. and 36, which current can be 
measured by direct current ammeter 39. A plan 
view of a preferred form of the grid 38 is shown 
in Figure 4. . . . . . - - . . . 

Because the measurement of ultra high fre 
quency current is difficult, and the type of ap 
paratus shown in Figure 3 is capable of measur 
ing this type of current simply and directly, this 
particular application of the invention is of spe 
cial value for this purpose. . . 

If it is desired to use the principles of the in 
vention as illustrated in Figure 2 for the measure 
ment of the dielectric constant of liquids, this may 
be done as illustrated in Figure 5 by use of a di 
electric constant measuring cell in place of the 
tWO condenser plates 22 and 23 of Figure 2. Such 
a dielectric measuring cell may consist of an 
outer or cylindrical electrode 4 and an inner 
electrode 42, the space between which may be 
filled by the liquid 43, the dielectric of which is to 
be measured. The central electrode 42 may be 
Supported by being clamped to a pair of insulat 
ing rings 44 and 45 mounted in a support 46 which 
is in turn mounted on the outer electrode 4. The 
Supporting parts are preferably of an insulating 
material and shielding members 47 and 48 may 
be provided to prevent extraneous capacity from 
affecting the operation of the device. A thermo 
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couple 49 may be mounted in the outer electrode 
so that the temperature at all times can be known. 
The outer electrode 4 may then be connected 
into the circuit shown in Figure 2 through a con" 
ductor 5 and the inner electrode into the Sane 
circuit through a conductor 52. 
When it is desired to use a plurality of the 

rectifier or amplifier devices of this invention and 
to energize them from a single source of high 
frequency electrical current this may be done as 
illustrated in Figure 6 by surrounding a series of 
such tubes 6 and 62 and 63 with a single radio 
frequency coil 64. As illustrated in Figure 6 con 
trol rings 65, 66 and 67 have the form of Faraday 
shields and are all connected in parallel as are 
the three lower electrodes 68, 69 and 10 and also 
the three upper electrodes Ti, 72 and T3. As illus 
trated in Figure 1, the action of the devices in 
Figure 6 is controlled by the variable condenser 
T4 connected between the control rings and the 
lower electrodes. The output of the three de 
vices connected in parallel is passed through a 
variable resistor 75, a fixed resistance 16 and the 
operating coil 77 of a relay 78. Obviously the 
output of the three devices may be connected to 
any other device which it is desired to operate and 
which will operate on the amount of current 
which the devices are capable of producing. 
While the three devices in Figure 6 have been 

shown as connected in parallel it is also possible 
to connect the devices in a circuit where they 
are not in parallel, with equally satisfactory re 
sults. They may, for example, be connected in a 
radio circuit in which the three devices take the 
place of the ordinary radio tubes interconnected 
by transformers or resistance coupling or in any 
other way common in a radio circuit. 
With the above teaching it will be apparent to 

those skilled in the art that the present invention, 
particularly that form shown in Figure 6, finds 
direct application in polyphase Systems wherein 
it is desired not to disturb the phase relation 
ship, for example, amplification of the separation 
phases can be effected. 
The above applications of the present invention 

have been given by way of explaining it and it is to 
be understood that it has broader application and 
is to be limited only by the scope of the appended 
claims. 
We claim: 
1. A device of the type described that con 

prises a gas filled elongated envelope, electrodes 
extending into said envelope from Opposite ends, 
an external circuit connected to Said electrodes 
having only a load connected therein, a coil dis 
posed about said envelope at a position between 
the electrodes, means for supplying alternating 
current to the coil to produce an electrical stress 
field in the gas within the envelope, a third elec 
trode for said device disposed at a position be 
tween the coil and one end electrode, and means 
connected between the third electrode and the 
adjacent end electrode but independent of Said 
current supplying means to control the output 
of said device to Said load. 

2. A device of the type described that comprises 
a gas filled elongated envelope, electrodes ex 
tending into said envelope from opposite ends, 
an external circuit connected to said electrodes 
having only a load connected therein, a coil dis 
posed about said envelope at a position between 
the electrodes, means for supplying alternating 
current to the coil to produce an electrical stress 
field in the gas within the envelope, a third elec 
trode for said device disposed at a position be 
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tween the coil and one end electrode, and im 
pedance means connected between the third elec 
trode and the adjacent end electrode but inde 
pendent of said current supplying means to con 
trol the output of said device to Said load. 
3. A device of the type described that com 

prises a gas filled elongated envelope, electrodes 
extending into said envelope from opposite ends, 
a coil disposed about said envelope at a position 
between the electrodes, means for supplying 
alternating current to the coil to produce an elec 
trical stress field in the gas within the envelope, 
a third electrode for said device disposed at a 
position between the coil and one end electrode, 
and a condenser connected between the third 
electrode and the adjacent end electrode but 
independent of said current. Supplying means to 
control the output of said device. . 

4. A device of the type described that com 
prises a gas filled elongated envelope, electrodes 
extending into said envelope from opposite ends, 
an external circuit connected to said electrodes 
having Only a load connected therein, a coil 
disposed about said envelope at a position be 
tween the electrodes, means for supplying 
alternating current to the coil to produce an elec 
trical stress field in the gas within the envelope, 
a third electrode for said device in the form of a 
band disposed around the envelope at a position 
between the coil and one end electrode, and 
means connected between the third electrode and 
the adiacent end electrode but independent of 
Said current supplying means to control the out 
put of Said device to said load. 

5. A device of the type described that com 
prises a gas filled elongated envelope, electrodes 
xtending into said envelope from opposite ends, 
an eXternal circuit connected to said electrodes 
having Only a load connected therein, a coil dis 
posed about Said envelope at a position between 
the electrodes, means for supplying alternating 
current to the coil to produce an electrical stress 
field in the gas within the envelope, a third elec 
trode for said device in the form of a grid dis 
posed at a position between the coil and one end 
electrode, and means connected between the 
third electrode and the adjacent end electrode but 
independent of Said current supplying means to 
control the output of said device to said load. 

6. A device of the type described that comprises 
a gas filled elongated envelope, electrodes extend 
ing into Said envelope from opposite ends, an 
external circuit connected to said electrodes hav 
ing only a load connected therein, a coil disposed 
about Said envelope at a position between the 
electrodes, means for supplying alternating cur 
rent to the coil to produce an electrical stress 
field in the gas within the envelope, a third elec 
trode for said device in the form of a Faraday 
Cage disposed at a position between the coil and 
One end electrode, and means connected between 
the third electrode and the adjacent end elec 
trode but independent of said current supplying 
Ens to control the output of said device to said 
080. 

7. A device of the type described adapted to 
neaSure the dielectric properties of substances 
that comprises a gas filled elongated envelope, 
electrodes extending into said envelope from op 
posite ends, a coil disposed about said envelope 
at a position between the electrodes, means for 
Supplying radio frequency current to said coil to 
produce an electrical stress field in the gas within 
the envelope, a third electrode for said device 
disposed at a position between the coil and one 
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end electrode but independent of said current 
Supplying means, a pair of additional electrodes 
so arranged relative to each other as to define 
an area to be occupied by the substance whose 
dielectric properties it is desired to measure, 
means for connecting One of the pair of addi 
tional electrodes to the third electrode, and means 
for connecting the other of the pair of additional 
electrodes to the adjacent electrode that extends 
into the envelope, whereby the output of the 
device is a measure of the dielectric properties 
of the Substance. 

CARLETON. H. SCHESMAN. 
CLARENCE. I. GLASSBROOK. 
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