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This invention relates to cold cathode gas filled 
amplifier tubes and to circuits associated there 
with, and more particularly to such tubes upon 
the gaseous mediums of which are impreSSed a 
magnetic field at right angles to the electric fields 
required in the operation of Such tubes. 
In the conventional cold cathode gas filled alm 

plifier tubes as heretofore known, the gaseousne 
dium in the tube was divided into two regions (1) 
an outer region between the cathode and the 
cathanode and (2) an inner region between the 
cathanode and the plate. A control grid was 
positioned in the inner region. 
In operation, an auxiliary or initial discharge 

was produced between the cathode and the cath 
anode by the residual ion pairs of free electrons 
in the outer region being accelerated by an im 
pressed electric field to ionizing velocities. The 
electrons of the resulting conduction currents 
were accelerated toward and passed through the 
cathanode and were then accelerated through 
the inner region to the plate by a second electric 
field. In this inner region, the control grid, Con 
nected to the source of grid currents to be ann 
plified, modulated the flow of electrons and thus 
amplified the currents in the control grid cir 
cuit of the tube. 
These conventional cold cathode amplifier 

tubes were not Successful because of the further 
ionization taking place in the inner region, which 
produced excessive noise in the output circuit and 
excessive grid currents. Attempts Were made to 
reduce this noise by decreasing the plate volt 
age. These attempts were not successful as the 
plate voltages had to be reduced to values below 
practical operating voltages and it was practi 
cally impossible to produce uniform tubes (see 
Electronics, April 1935, p. 131). 
These disadvantages have been overcome in 

the present invention controlling the paths of 
auxiliary discharge electrons by a magnetic field 
that is impressed upon the medium at right an 
gles to the required electric fields, the magnetic 
field being of such value that sufficient ionization 
is assured in the outer region and little, if any, 
ionization takes place in the inner region. The 
present invention permits the use of high volt 
ages on the plate of the tube, without ionization 
OS 

This invention includes depositing on one of 
the electrodes defining the outer region a radio 
active isotope so that nuclear charged particles 
traverse the outer region, and making the other 
electrode of the outer region of a secondary elec 
tron emission responsive material to provide an 
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abundant Supply of electrons for the auxiliary or 
initial conduction currents generated in the Outer 
region. 
The radioactive isotope is not required for the 

practicing of the invention, but the operation of 
the device is improved by Such use. 
Among the objects of the invention are to pro 

Wide improved methods of and means for ampli 
fying electric currents. 
Another object is to reduce the noise heretofore 

experienced in cold cathode gas filled amplifier 
tubes. 
Another object is to permit the use of higher 

anode voltages on cold cathode gas filled ampli 
fier tubes than has heretofore been practical. 
Another object is to amplify electric currents 

by a cold cathode gas filled tube, upon the medi 
um of Which tube is impressed on a magnetic field 
and electric fields, the magnetic field being at 
right angles to the electric fields. 
Another object of the invention is to initiate by 

ionization large conduction currents in the outer 
region of a cold cathode gas filled amplifier tube 
by bombarding a secondary electron responsive 
electrode in that region by a radiation of nuclear 
charged particles and extending the paths of the 
Secondary electrons beyond the mean free path 
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for ionization by collision and at the same time 
reduce or prevent ionization in the inner region. 
Other objects will be apparent from the de 

Scription of the invention as hereinafter set forth 
in detail and from the drawings made a part 
hereof in Which Figure 1 is a schematic sketch of 
the tube at a horizontal cross section; Figure 2 
is a graph showing the relation of the values of 
the magnetic field impressed upon the two re 
gions of the medium of the tube to the values of 
the potentials between the electrodes of the tube 
to satisfy the condition that the medium between 
the respective electrodes are just non-conduct 
ing; Figure 3 is a conventional schematic draw 
ing Of cold electrode gas filled amplifier tube and 
asSociated circuits; Figure 4 is a graph showing 
the relation of the values of plate current to con 
trol grid voltages for two values of plate voltages; 
and Figure 5 is a schematic vertical cross section 
sketch of a modification of the tube shown in 
Figure . 
Similar reference characters are applied to sim 

ilar elements throughout the drawings. 
Referring to Figure 1, represents the envelope 

of a tube, shown generally at 2. Tube 2 is Cylin 
drical in shape as well as the elements therein, 

is evacuated to a pressure of 10-8 to 10-5 mm. 
2. 
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Envelope is also the cold cathode of the tube, 
at a distance RC from the axis of the tube. En 
velope is made of Some magnetic field perinea 
ble substance capable of maintaining the high 
vacuum of the tube and also secondary electron 
emission responsive. Aluminum has been found 
to be a suitable material. 

Inside of and parallel to cathode f is cathanode 
grid 3 of the tube, at a distance of RCd from the 
axis of the tube. Inside grid 3 is control grid 4, 
at a distance of Rcg from the axis of the tube. 
Inside grid A is the plate 5, which is a hollow tube 
With a radius of Rp. 
A magnetic field H is impressed upon the 

medium of the tube by any conventional method 
such as a Solenoid (not shown in this figure), 
the field being indicated in Figure 1 as H(X), that 
is, the direction of the field is as if coming out of 
the plane of the drawing. 

Referring to Figure 3, the tube and its ele 
ments are shown in the conventional Vacuum tube 
Schematic diagram to illustrate in a better form 
the elements of tube and its exterior circuits. 6 
represents the load or output of the tube, Which 
load is connected in series with electric source 
T, load 6 and source 7 being connected as a unit 
between plate 5 and cathode . 

Electric source 8 is connected between cath 
anode 3 and cathode . 
Grid 4. is connected to the electric currents : 

from source 9, that are to be amplified, and 
through source 9 and biasing electric source 9 
to cathode f. Cathode is grounded at . 
Magnetic field H is produced by Solenoid 2 

connected to direct-current source 3. 
The operation of the device Will first be ex 

plained in the preferred positioning of the radio 
active material on the cathanode. When a radio 
active material, such as phosphorus, which is a 
pure beta emitter With a range of energies up to 
1 m. e. V., is deposited on cathanode 3, beta, 
charged particles are radiated in random direc 
tions across the outer region. 
Under the influence of magnetic field H, the 

paths of these electrons are deflected and the 
electrons bombard cathode at various angles of 
incidence causing Secondary emission of elec 
trons. 
The Secondary electrons are emitted at Veloci 

ties lower than the primary electrons from the 
radioactive source, but they are likewise deflected 
in their paths. At some critical values of mag 
netic fields, the potentials of the source (cath 
anode 3) and the relative radii of the Secondary 
emitting electrode (cathode ) and Source, the 
electrons are so deflected as to be cut-off from 
striking, or pass by, the cathanode 3. The elec 
trons are thereby trapped within the outer re 
gion and, continuing on their paths, strike the 
cathode and cause further secondary emission. 
The paths of these trapped electrons are extended 
by their reflection from the Surface of cathode 
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until their mean free paths exceed the mean 
free paths of molecules in the medium and cumu 
lative ionization by coilision occurs and large 
conduction currents flow fron cathode to Ward 
and through cathanode 3, as long as cathanode 3 
is positive with respect to cathode . 
From observations, the magnetic field-voltage 

relation for the minimuin. Conditions for the 
Outer region of the tube to be conductive, has 
been plotted as the lower or solid curve in Figure 
2. This curve defines the non-conductive re 
gion I and the conductive region II. 
The lower part of this curve corresponds closely 

4. 
to the theoretical or mathematical analysis of the 
reactions as set forth in the equation 

Rca. 18m it H.-E.V.VV (1) 
Where Ho is the strength of the magnetic field 
in the outer region, RCa is the radius of the cath 
anode 3, RC is the radius of the cathode , m. 
is the mass of the electron, e is the charge of the 
electron, V is the potential of the cathanode 3, 
all in c. g. S. units (see Hull, Physical Review, 
1921, volume 18, page 35). 
In the inner region, between cathanode 3 and 

plate 5, the Same strength conditions of magnetic 
field exist, but conduction in this region will not 
occur except with much higher values of mag 
netic field. This is apparent when the differences 
in the radii of the involved elements of the tube 
are Considered. 
The lower part of the upper (dotted) curve in 

Figure 3 may be defined by the equation 
Rp 18m or Hi-fi. VVV (2) 

Where Hi is the strength of the magnetic field in 
the inner region Rp is the radius of the plate, Rea 
is the radius of the cathanode, m is the mass of 
the electron, e is the charge of the electron and V 
is the voltage of the plate, all in c. g. s. units. This 
curve defines the non-conductive region. I and 
the conductive region II’. 
Thus, the ratio of the magnetic fields neces 

Sary for conduction at the same voltage across the 
Outer and the inner regions is given by 

(l) Ho- (Rca)3. (3) 
(2) Hi Rp (Re)2 

Since (Rca) << (RC) for practical dimensions, 
then 

Hoki 
2. H. (4) 

It is thus apparent that for operation of the 
device in the low magnetic field region, a large 
amount of ionization occurs at low pressures in 
the outer region while only a negligible, if any, 
ionization occurs in the inner region. 
The above-mentioned factors thereby provide 

control of generated electron conduction currents 
resulting from selective ionization of the gas 
medium disposed within the amplifying device. 
The reactions within the inner region tube is 

the same as in the conventional cold cathode gas 
filled amplifier tube. The electrons passing 
through the cathanode are drawn toward the 
plate under the influence of the high positive po 
tential on the plate. In the paths of these elec 
trons is positioned the control grid 4, which is 
Connected in the control grid 4 circuit of the tube. 
The potentials on the grid 4 are therefore char 
acteristic of the currents to be amplified. By 
positioning of grid 4 in relation to cathanode 3 
and by electric biasing grid 4 by electric source O, 
as is well known in the art, the intensity of stream 
of electrons between cathanode 3 and plate 5 is 
modulated and this modulated stream becomes 
the amplified currents. 
A typical grid transconductance curve is plot 

ted in Figure 4, where Ecg is the total voltage on 
the control grid 4 and ip is the resulting plate cur 
Tent. Curves for two values of plate voltages, E. 
and 2Ep are plotted. The plots are extended in 
abscissa values, cf course, only to the value Ecg 
equals Eca. 

It has been found that the ionization eficiency 
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of the device is increased considerably by con 
structing the cathode in a form shown in Fig 
ure 5, that is, by adding end plates 4 to the 
cylindrical form described hereinbefore in con 
nection with Figure 1. The reason for this in 
crease in efficiency is believed to be that the inag 
netic field ratio (Ho/Hi) is made smaller for the 
same radii of the involved elements of the tube. 
As stated hereinbefore, the radioactive mate 

rial is preferably mounted on the cathanode. It 
has been found that when the radioactive ma 
terial is mounted on any of the electrodes of the 
tube, so that the emitted particle traverse the 
outer region and impinge on the Surface of the 
cathode, the stability of the ionization is in 
creased. 
The operation of the device when no ladio 

active isotope is associated with the Outer region 
is the same as previously described except that 
the source of the ionization initiating electrons 
is the residual or free electrons present in the 
medium. These electrons respond to the electric 
field between the anode and the cathanode and 
to magnetic field in the same manner as de 
scribed for the secondary emission electrons. 
There is thus disclosed and described an inven 

tion comprising a cold cathode gas filled ampli 
fier tube and associated circuits, in which tube 
may be positioned a radioactive source of radia 
tion adjacent to a secondary electron emission 
responsive element, and upon the medium of 
which tubes is impressed a magnetic field. This 
field and electric fields at right angles to the 
magnetic field, produce extensive ionization in 
the outer region of the tube and little, if any, ion 
ization in the inner region of the tube, and by 
controlling or modulating the stream of electrons 
traversing the inner region by potentials corre 
sponding to the characteristics of the currents 
to be amplified, the amplified currents are pro 
duced. 
I claim as my invention: 
1. Apparatus for amplifying signal currents 

comprising a gas-filled-medium amplifier tube 
having a secondary emission responsive cold 
cathode, a cathanode, a control grid, and a plate, 
an outer region between said cold cathode and 
said cathanode and an inner region between said 
cathanode and said plate, a source of primary 
charged particles adjacent said Secondary emis 
sion responsive cold cathode for bombarding Said 
cathode with said primary charged particles to 
produce secondarily emitted electrons, means for 
trapping said secondarily emitted electrons with 
in said outer region and extending the paths of 
said electrons beyond the mean free electron path 
necessary for ionization, means for causing Said 
electrons to flow through said inner region to 
said plate, means for modulating Said electron 
flow in accordance with the characteristics of said 
currents to be amplified, and means for collect 
ing said modulated currents. 

2. Apparatus as claimed in claim character 
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6 
ized by said plate, control grid, cathanode, and 
cathode being cylindrical in form with plates at 
tached to each end of and extending axially in 
Ward from Said cathode. 

3. Apparatus for amplifying signal currents 
comprising a gas-filled-medium amplifier tube 
having a secondary emission responsive cold 
cathode, a cathanode, a control grid, and a plate, 
an outer region between said cold cathode and 
said cathanode and an inner region between 
said plate, a source of primary radioactive 
charged particles adjacent said secondary emis 
sion responsive cold cathode for bombarding said 
cathode With Said primary particles to produce 

5 relatively lower energy Secondarily emitted elec 
trons, means for trapping said secondarily 
emitted electrons Within Said outer region, means 
for producing a magnetic field for extending the 
paths of said electrons beyond the mean free elec 
tron path necessary for ionization, means for 
causing said electrons to flow through said inner 
region to said plate, means for modulating said 
electron fiOW in accordance With the character 
istics of Said currents to be amplified, and means 
for collecting said modulated currents. 

4. Apparatus for amplifying signal currents 
comprising a gas-filled-medium amplifier tube 
having a secondary emission responsive cold 
cathode, a cathanode, a control grid, and a plate, 
a first region between said cold cathode and said 
cathanode and a second region between said cath 
anode and Said plate, a Source of primary 
charged particles adjacent said secondary emis 
sion responsive cold cathode for bombarding said 
cathode with said primary charged particles to 
produce Secondarily emitted electrons, means for 
trapping Said Secondarily emitted electrons with 
in Said first region and extending the paths of 
said electrons beyond the mean free electron path 
necessary for ionization, means for causing said 
electrons to flow through said second region to 
said plate, means for modulating said electron 
foW in accordance With the characteristics of 
said currents to be amplified, and means for col 
lecting said modulated currents. 

JOHN H. COEMAN. 
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