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This invention relates to an ion source. It relates more 
particularly to a novel type of an ion source for ionizing 
gaseous particles. . 

It is already known in the art to ionize gaseous particles 
by means of electrons, for instance, those generated by 
the high frequency ?eld of a high frequency coil or 
emitted from a cathode. 

In order to achieve a pressure difference between the 
ionization chamber of the ion source and a space pro 
vided for accelerating the ions, the hitherto known 
sources require a narrow channel between the ionization 
chamber and the above mentioned space, which channel 
reduces the yield of the ionic source by restricting the 
beam of the ionic particles. 

it is an object of my invention to provide a new ion 
source with a high yield. 

This object is achieved in the ion source according to 
my invention which source is characterized by the ioniza 
tion of a stream of gaseous particles travelling in an 
evacuated chamber with a high and preferably super 
sonic velocity. 

According to a further feature of my invention 1 pro 
vide, in an ion source, a Laval nozzle capable of produc 
ing a jet of gaseous particles of supersonic speed. 

According to yet another feature of the invention I 
provide for an adjustment of a gaseous stream in an 
ion source in such a manner as to cause the development 
of standing shock waves in said gaseous beam. Thereby 
I attain the formation of wave nodes in the gaseous beam 
which fact permits an effective ionization of the gaseous 
particles in the nodes vof the standing shock waves. 
The high density of gaseous particles in the supersonic 

jet and, in particular, due to the formation of a standing 
shock wave, in the nodes of the latter, facilitates ioniza 
tion of the particles, and consequently leads to a higher 
yield of ionized particles than can be attained with the 
known devices. 

in a preferred embodiment of the invention as herein 
after more fully described, the ion source comprises an 
evacuated chamber to which pumping means are con 
nected. A stream of gaseous particles is introduced into 
this evacuated chamber as a supersonic jet. In the cham 
ber, the gaseous particles are ionized preferably in a 
node of a standing shock wave formed by the supersonic 
jet and separated from the remaining unionized gaseous 
stream. 
The ionized particles are guided to outlet means, which 

may, for instance, be connected to known means for the 
separation of isotopes. 

It is preferred to provide magnetic fields to separate 
the ionized particles from the gaseous beam. 

in a further preferred embodiment, electric fields are 
provided for separating the ionized particles from the 
gaseous beam. 

In a particularly advantageous embodiment of the in 
vention, the stream of gaseous particles is introduced 
with supersonic velocity into the chamber of the ion 
source and directed on to an opening for pumping means, 
so that a high vacuum is maintained in the chamber and 
the gaseous beam is concentrated to occupy only a small 
part of the chamber. 
The injection of gaseous particles at supersonic speed 
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limits the width of the gaseous particle jet, since the 
velocity component of the particles in the direction of 
the jet is greater than the component transverse to said 
jet, which latter component depends on the diffusion 
velocity of the gaseous particles over the entire volume 
of the chamber. 

In the known devices, in which gas is caused to ?ow 
into an ionization chamber by means of a smaller pres 
sure difference corresponding to a particle velocity below 
the speed of sound, the pressure prevailing in the chamber 
is practically uniform. 
The supersonic injection of gaseous particles according 

to the invention offers the important advantage that the 
conventionally required special means for the restriction 
of particle flow in the ionization chamber and/ or a sub 
sequent acceleration of the ionized particles in the isotope 
separator can be dispensed with. 
The ion source according to my invention permits to 

attain a much higher yield of ionized particles than the 
known ion sources, and, nevertheless, practically elimi 
nates the undesirable penetration of unionized particles 
into that part of the device through which the ionized 
particles are emitted from the source. 
The aforesaid objects and advantages will be better 

understood at the hand of the detailed description follow 
ing hereinafter in connection with Figures 1 and 2 of the 
accompanying drawings wherein Figure l is a schematic 
sectional view of an ion source according to the inven 
tion provided with a supersonic jet nozzle and a high 
frequency coil and other accessories according to the 
invention. 

Figure 2 is another schematic sectional view provided 
with an electron gun for ionizing the gaseous particles 
which are introduced into the evacuated chamber with 
supersonic velocity. 

Referring now to the drawings it will be seen that the 
ion source comprises an evacuated chamber 1 having a 
supersonic jet nozzle, preferably a Laval nozzle, 2. A 
stream 3 of gaseous particles enters the evacuated cham 
ber 1 with supersonic velocity through the supersonic jet 
nozzle 2. The stream 3 of gaseous particles is provided 
from a stock bottle (not shown), which is connected 
with supersonic jet nozzle 2 by means of a pipe and a 
throttle (not shown). According to its high velocity the 
beam 3 of gaseous particles remains concentrated over 
a relatively long distance. An opening 4 is provided in 
the evacuated chamber 1 which opening is located oppo 
site the opening 4 which latter is connected via a pipe 7 
to a pump 5. Hollow vessels 18 combined with the wall 
parts 6 of the chamber 1 and the part 7:: of the pipe 7 
between the opening 4 and the pump 5 are preferably 
provided for containing cooling media so that a high 
vacuum in the chamber it is maintained. Between the 
wall parts 6 and the adjacent wall parts ‘so of the cham 
ber 1, on the one hand, between pipe parts 7a and the 
remaining part of pipe 7 leading to the pump 5, inter 
mediate pieces 12 are arranged for therrnic insulation. 
As an example in the Figures 1 and 2 an adjustment 

of the gaseous beam is shown which leads to the forma 
tion of shock waves resembling a standing wave. 

In order to obtain a high rate of ionization the ionizing 
means are arranged in the neighborhood of a node 8 of 
particle stream 3. For instance in Figure 1 a high fre 
quency coil 9, and in Figure 2 an electron beam 15, are 
provided for ionization. The electron beam 15' is gener 
ated by an electron source 16 and directed through a 
node 8 on to a target 17 which latter is at a desired 

potential. 
The beam 13 of ionized particles is separated from 

the beam 3 of gaseous particles by means of a magnetic 
?eld and preferably guided by the same ?eld through 



en 

an'opening 10 into an accelerating tube 11.’ The tube 11 
may be connected to conventional means 22 for the sepa 
ration of isotopes. In Figures 1 and 2, the dotted line 
indicates the poles 20 and .21, respectively, of a magnet 
(not shown).. .7 t. ‘ , 7' g , 

» By using an ion source according to the invention, it 
is possible to provide a relatively large opening 10. Con 
sequently, the yield of the ion source’ is not restricted by 
'too narrow'an opening 10. This advantage can prefer 
ably be achieved by ionizing gaseous particles in arcon 
centrated gaseousbeam in such a manner that already in 
those parts of the chamber 1 adiacent to the opening 10, 
a relatively high vacuum is maintained. 

It will vbe understood that this invention is susceptible 
to modification in order to adapt itto different usages 
and conditions, and, accordingly, it is desired to compre- . 
hend such modifications within this invention as may fall 
Withinthe scope'of the appended claims. 

I claim: 3 1 

l. Inan ion source comprising an evacuated chamber, 
pumping means connected with said evacuated chamber, 
means for introducing. a stream of gaseousparticles in 
said evacuated chamber at'supersonic speed, means for 
ionizing a portion of said’ gaseous particles, means for 
separating the ionized portion of said particles from said 
stream of gaseous particles, and outlet means for said 
ionized particles. . 

2. In an ion source comprising an evacuated chamber, 
pumping means connected with said evacuated chamber, 
jet producing means for introducing a stream of gaseous 
particles in said evacuated chamber, which stream leaves 
said jet producing means with supersonic velocity and 
develops a standing shock wave in said chamber, means 
for ionizing a portion of said ‘particles, means for sepa— 
rating the ionized particles from" said stream of gaseous 

‘ particles, and outlet means for said ionized particles. 
7 3. In an ion, source comprising an evacuated chamber, 
jet producing means for introducing a stream of gaseous 
particles in said evacuated chamber, which stream leaves 
jet'with supersonic velocity, means for ionizing a por 
tion of said particles, means for separating the ionized 
particles from said stream of gaseous particles, pumping 
means for removing said gaseous particles from said evac 
uated chamber, said evacuated chamber havingan open 

' ing opposite said jet producing means, to which opening 
said pumping means are connected, whereby said stream 
of gaseous particles is directed toward said'opening, and 
‘outlet means for said ionized particles. 

4. In an ion' source comprising an‘evacuated chamber, 
.jet producing means for introducing a stream of gaseous 
particles in said evacuated chamber, said stream leaving 
said jet producing means with supersonic velocity, means 
for ionizing a portion of said particles, means for sepa 
rating the ionized particles from said stream of gaseous 
particlesppumping means for removing the remaining 
gaseous particles fromsaid evacuated chamber, the open- 7 
ing for said'pumping means being arranged opposite to , 
said jet producing means, cooling means arranged radia 
cent to said opening for. said pumping means, and outlet 
means for said ionized particles, disposed at an angle to 
said stream ofgaseous particles. , g V 

5. In an ion source comprising an evacuated chamber, 
pumping means connected withisaid evacuated chamber, 

' means for introducing a stream of gaseous, particles 
with supersonic velocity into said evacuated chamber 
so as to form a standing shock wave therein, means for 
ionizing a portion of said particles, said ionizing means 

‘being arranged so that the ionization. of said ‘gaseous ‘ 
particles takes place inat least one nodeof said standing 

' shock Wave of. gaseous particles, means for separating the 
ionized particles from said stream of gaseous particles, 
and outlet means for said ionized. particles. ' 

, ' 6.7 In an ion sourcccomprising an evacuated chamber. 
pumping means connected with said evacuated chamber, 
means for introducing a stream of gaseous particles with 
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supersonic velocity in said evacuated chamber, ‘high fre 
quency means ‘for ionizing a' portion of said particles, 
means for separating the? ionized particles, from said 
stream’ of gaseous particles, and outlet means for said 
ionized particles, : j ~ , ' 

7. In an ion 'sourcecompris'ing an evacuated chamber, 
pumping means connected with said evacuated chamber,’ 
means for introducing a stream of gaseous particlesvvith 
supersonic velocity in said‘ evacuated chamber, high fro- 
quen'cy coil 'means, said gaseous particles traversing said‘ 
high frequency coil means and a portion of said particles 
being ionized by ‘the high frequency ?eld of said high 
frequency coil means, means for separating the ionized 
particles from said stream of gaseous particles, and out 
let means forasaid'ionized particles. ' , I I 

V ‘8. In an ion source comprising an evacuated'chamber, 
pumping means'connected with said evacuated chamber, 
means for introducing a stream of gaseous particles with 
supersonic velocity in said evacuated chamber, means for 
generating and accelerating electrons, said electrons be 
ing directed onto said stream of gaseous particles for 
ionizing a portion of said gaseous particles, means for 
separating the ionized particles from said stream of gase 
rous particles, and ‘outlet means for said ionized particles. 

,9. Invan ion source comprising an evacuated chamber, 
pumping means connected With said evacuated chamber, 
means for introducing a stream of gaseous particles with 
supersonic velocity in said evacuated‘ chamber, means 
for ionizing a portion. of said particles, electric means" 
for separating the ionized particles from said stream of ‘ 
gaseous particles, and outlet, means for said ionized 
particles. p I a " 

10, In an ion source comprising an evacuated chamber, 
pumping ‘means connected with said evacuated chamber, . ' 
means for introducing a stream of gaseous particles with 
supersonic velocity in said evacuated chamber, means for , 

, ionizing a’portion of said particles,‘ magnetic means for 

40 

separating the ionized particles from said stream of gase- 1 
ous particles, and outlet means for said ionized particles; 

11. In an ion source comprising an evacuated chamber, 
pumping means connected With'said evacuated chamber, 
means for introducinga stream of gaseous particles with , 
supersonic velocity in said evacuated chamber, meansfor ' 
ionizing a portion of said particles, means for separating 
the ionized particles from said stream of gaseous particles, 
and outlet meansfor said ionized particles, said outlet 
means being connected with means for separation of_ 
isotopes. _ . g V 

12. In an ion sourcecomprising-an evacuated chamber 
.a Laval nozzle for introducing a stream of gaseous par 
ticles with supersonic velocity into said evacuated'cham 
.ber'in order, to develop a standing shock wave having 
at least one node therein, said chamber having an open 
ing opposite said Laval jet, pumping means connected 
with said opening, said stream of, gaseous particles being 
concentrated to. occupy only a small part of said chamber 
and being directed toward said opening, means for ioniz 

7 ing a portion of said particles and comprising a high 
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, thereof. 

frequency coil disposed in the region of a nodeof said 
shock Wave, said’ coil being adapted to generate a high 
frequency ?eld which ionizes said gaseous particles in 
said node, magnetic means for separating the ionized ’ 
particles from said stream of gaseous particles, and outlet 
means for said ionized particles, saidoutlet means being 
disposed substantially at a right angle to the direction of 
said stream of gaseous particles from said Laval nozzle 
to said opening, and permitting an unobstructed ?ow of 
said ionized particles from said chamber to the outside 
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