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The most usual method of obtaining ions
consists in causing a beam of electrons to act on
gaseous molecules. In order that the output in
ions shall be sufficient, one has to pass the beam
of electrons into a gas having a substantial pres-
sure in order to increase the probability of the
ionizing shocks.

On the other hand the ions are generally
utilized in an enclosure the vacuum of which is
very high which compels one to maintain in com-
munication with each other two receptacles, the
one containing a gas at a relatively high pressure
(the enclosure within which the ions are pro-
duced) and the other one a gas of very low pres-
sure (the enclosure in which the ions are utilized) .
This is attained either by causing the two en-
closures to communicate with each other through
a hole of very small area which has the disad-
vantage that it limits the current of ions to a
very small value, or by allowing the two enclosures
to communicate widely with each other but by
pumping very quickly into one of the enclosures
while gas is supplied to the other one constantly.
The main defect of the latter method is that the
consumption in the amount of gas is often pro-
hibitive.

The present invention relates to an arrange-
ment for the production of ions by which the
draw backs of the methods above referred to are

avoided, this being attained by acting not on the ;

gas pressure, that is to say on the density of the
molecules to be ionized, but on the probability of
the ionizing electronic shocks.

The principle of the invention consists in caus-
ing each electron to traverse, in an enclosure
where there is a low pressure, a complex
trajectory which is as long as possible in & time
that is as short as possible in such a manner as
to increase in spite of the small density of the
gaseous molecules the probability of producing
jonizing shocks.

There are different ways by which this principle
can be carried into effect. Figures 1,2, 3 and 4 of
the accompanying drawings illustrate by way of
example simple arrangements which give excel-
lent results,

Referring first of all to Fig. 1, reference char-
acter 1 designates a metal cylinder surrounding
a thin rod 2 arranged along its axis, the whole
being placed in an enclosure E in which there is
a low pressure. Between the cylinder and the rod
there is produced a difference of alternating
potential of very high frequency by means of a
winding 3 into which there is induced a current of
high frequency. The electrons which rise for
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example on the cylinder will then sweep the
whole of the interior thereof provided that the
frequency that is chosen is such that the transit
time between the cylinder and the rod is equal
to the period of the oscillations.

Indeed, if one traces the trajectories of these
electrons, so-called resonance electrons, by taking
into consideration the different initial velocities,
one obtains a diagram such ag illustrated in
Fig. 2. It will be seen that the electrons which
issue from a point of the cylinder playing the
part of the cathode with directional speeds of
different values form a sheet which fills up a
large portion of the inner space of the cylinder.
It follows therefrom that if the cylindrical
cathode emits over the whole of its surface
there is obtained in its interior an intersection
of trajectories and an extremely large elec-
tronic stream. The number of the ionizing
shocks will therefore be very high.

To give an example: For a cylindrical cathode
of 30 mm. diameter and a central filament of 1
mm. diameter the favorable frequency is of the
order of 100 megacycles. Experience shows on

2 the other hand that even for a gas pressure of

the order of 107 mm. of mercury a slight
luminescence is visible which is a sure sign of
ionization; and for a pressure of the order of
10-% mm. of mercury the luminescence becomes
very intense.

According to the invention in order that the
whole of the cylinder shall be emitting it is
constituted by a metal or an alloy having a high
power of secondary emission. In these condi-
tions the first electrons formed by the high fre-
quency excitation traces of gas bombard the
cylinder by following trajectories such as shown
in Fig. 2; at the points of the impact new elec-
trons are started which in their turn bombard
the cylinder following trajectories analogous to
the preceding ones; and so on until the whole of
the surface of the cylinder is emitting. One
thus finally obtains an ion generator of the cold
cathode type with secondary emission.

The extraction of the ions is then effected in
a very simple manner. Since there is no ac-
celerating tension for the ions, which cannot
follow the high frequency oscillations, these ions
have no tendency to run towards the cathode;
it suffices therefore to place at the end of the
cylinder a grid maintained at a potential slightly
negative relatively to the average potential of
the electrodes to collect the ions. Such a grid
is shown at 4 in Fig. 3, which grid is polarized
by a generator 5.




2,530,859

3

The extraction of the ions may also be effected
according to the invention by means of a
focussing lens which makes use of the fact that
the maximum ionizing zone is e¢ylindrical
around the central electrode. Referring to Fig.
4, this shows the zone 6 of maximum ionization
and 1, 8 and 8 an electronic lens with three
diaphragms biassed by the source 5.

In all the arrangements the regulation of the
intensity of the electronic beam is effected by
acting either on the frequency or on the value
of the high frequency tension applied to the
electrodes.

I claim:

1. In an arrangement for the generation of
ions in an enclosure of low gas pressure con-
stituting the enclosure of utilization of the ions,
comprising two electrodes disposed in said en-
closure at least one of which is an electron emit-
ter, a source of very high frequency connected
across said electrodes for applying an alternat-
ing electric field between them, and means for
collecting the ions, all of said means being dis-
posed in the same enclosure,

2. An arrangement for the generation of ions

as set forth in claim 1, wherein the period of “

the alternating field is substantially equal to
the transit time of the electrons between the two
electrodes.

3. An arrangement for the generation of ions
as set forth in claim 1, wherein one of the elec-
trodes completely surrounds the other.

4. An arrangement for the generation of ions
as set forth in claim 1, wherein one of the elec-
trodes is in the form of a cylinder and the other
in the form of a stem disposed in the axis of
said cylinder.

5. An arrangement for the generation of ions
as set forth in claim 1, wherein one of the elec-
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trodes is in the form of a metal cylinder having
a high power of secondary emission.

6. An arrangement for the generation of ions
in an enclosure of low gas pressure constituting
the enclosure of utilization of the ions, compris-
ing means of electron emission in this enclosure,
means for their collection in the vicinity of one
end of the said cylinder and transversely there-
to, means for elongating the trajectories of the
electrons between the points of emission and the
points of collection, a grid maintained at a
slightly negative potential in relation to the

 potential of the means of emission and of col-
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lection and disposed in the same enclosure, and
a circuit of utilization of the ions connected with
this grid.

7. An arrangement of ions in an enclosure of
low gas pressure constituting the enclosure of
utilization of the ions, comprising means of
electron emission in this enclosure, means of
their collection, means for elongating their tra-
jectories between the points of emission and the
points of collection, an electronic lens disposed
in the same enclosure so as to channel the ions
produced by the shocks of the electrons against
the gaseous molecules, and a circuit of utiliza-
tion of the ions connected with said lens.
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