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The present invention relates to devices for 

irradiating substances and more particularly for 
bombarding such substances as blood, with elec 
trons as described in the co-pending United 
States Patent application, Ser. No. 446,676, filed 
June 11, 1942. ". . . . . . . . . . . . . . . . . . ...: 

It is an object of the present invention to 
provide a device by which substances maybeir 
radiated in a way not done heretofore. . . . . 

It is a further object of this invention to con 
strict an irradiating device in such a way that 
there is no. gaseous matter, as for instance air, 
in the path of the irradiating rays from their. 
Source to the substance to be irradiated. . . . 

It is still a further object of the present in-: 
vention to provide a new device for bombarding 
Substances, particularly fluids as blood or the 
like, with electrons, in such a manner that 'no 
air or other ionizable foreign matter is in the 
path of the bombarding electrons from their 
Source to the "substance to be bombarded. . . . 
Another object of the present invention: Con 

sists of a new type of electron emitting tube with 
out any accelerating electrode: arranged outside 
of this tube, thereby, avoiding the danger, of 
electrical shocks created up to now by such elec 
trodes. . . . . . . 3, , . . . . . . . . . . . . . . . 

... It is still another object of the present inven 
tion to create a new electron tube emitting elec 
trons through an electroni transmitting window 
into the space outside of this tube which needs, 
much lower voltages and has a much larger elec 
tron Ottput than known electron tubes of this: 
With the above objects in yiew, my present.in 

vention mainly consists in a device for irradiat 
ing a sibstance which conprises, two chambers, 
a partition wall completely separating these 
chambers, and ray emitting means arranged in 
one of these chambers; a portion of the above 
mentigned partition walls has to be constructed 

10 ated chamber; as already mentioned above, this 
other chamber has to be constructed so as to 

blood or the like, with electrons; in this case, . 
One of the chambers has to be evacuated and 
electron emitting means of well-known type have. 
to be arranged in this evacuated chamber and 

* 5: Constructed so that the electrons emitted by these 
means are directed against the electron transmit 
ting Wall portion provided in the partition wall 
between the two chambers: and are passing 
through this window into the other non-evacu 

enable arrangementor, if desired, continuous. 
passage of the substance to be bombarded with 
electrons, in direct contact with this electron 
transmitting wall portion. . . . . . . . . . . 

- A preferred embodiment of such a device.com 
prises, in accordance with the present invention, 
a vacuuam tube, means for emitting an electron 
beam arranged inside this vacuum tube, a tubu 
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So as to be adapted to transmit the rays by 
which the substance is to 9eirradiated and has to 
be arranged in the path of the rays emitted by 
the above-mentioned ray emitting means so that: 
these rays are enabled to pass through this wall 
portion into the other of the above-merationed 
chambers; this other chamber has to be cont. 
structed: so as to make possible-arrangement-of; 
the substance to be irradiated in direct contact 
with this ray transmitting wall portion. ... 
In case continuous irradiation of the substance 

is, desired, the above mentioned other chamber. 
has to be provided withinlet and outlet openings: 
constructed so as to enable continuous passage. 
of the substance to be irradiated in direct con 
tact with the abovenerationed ray transmitting 
Wall portion. . . . . . . . . . . . . . . . . 

: A device; of this type is particularly adapted 
for bombarding substances, especially fluids, as 

45. 
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20: lar conduit for the substance to be irradiated 
passing through this vacuum tube so as to form: 
within this tube a tubular space being entirely. 
separated from the space inside said tube, and 
an electron, transmitting, window, in the wall of 
this tubular conduit; this ray transmitting win 
dow has to be arranged in a portion of the con 
duit wall, which is inside said vacuum tube and 
has to be positioned in the path of the electrons: 
in order to transmit the same and enable bom; 
bardment of the substance passing through this . 
tubular conduit with these electrons. ; : 
The novel features which are considered char 

acteristic in the present invention are set forth 
in particular in the appended claims. The in 

35: vention itself, however, both as to its construc tion and its method of operation, together with 
additional objects and advantages thereof, will 
be best understood from the following descrip 
tion of specific embodiments, when read in con 
which: - . . . . ., " " . i: ; ; , , 

Figure 1 is a side view of a new electron emit 
ting vacuum tube according to the present in 
vention, seen in direction of arrow of Figure 2: 

Figure 2 is another side view of the tube shown 
in Figure 1, seen in direction of arrow 2 of Fig 
ure . . . . ... . . . 

Figure 3 is a cross section through the tube. 
shown in Figures 1 and 2 along line 3-3 of Fig 
lure. 1;... . . . 

Figure 4 is a cross section through a detail of 

nection with the accompanying drawing, in 

the tube shown in Figures 1 to 3 along line 4-4. 
of Figure 3; and 

Figure 5 shows an evaporating device used in. 
55 the tube shown in Figures 1 to 3, partly inside 

view and partly in longitudinal section. 
As explained above, the new device consists of. 

two chambers, one of which is represented in 
the embodiment described herewith by a vacuum 

60 tubeie and the other by a tubular conduit 5 

  

  



2 
sealed at 6 and 7 into the wall of tube 10 so 
that the tubular space formed by conduit 5 is 
entirely separated from the evacuated space with 
in tube 0. . • 

Electron emitting means f are arranged in the 
vacuum tube 0; both this tube 0 and the elec 
tron emitting means f l are of usual type, well 
known to everybody skilled in this art, and need 

2,333,842 

surrounding the window. 

transmitting window 20 a layer of an electrical 
ly well conductive metal, e.g. platinum or silver, 
to connect the contact means with this layer 
and to arrange the aluminum coating in such 
a way that it covers not only the glass layer 2 . 
but also at least the edges of the metallic layer 

. In the embodiment 
shown in the drawing, this metallic layer has 

not be described in detail. These electron emit 
ting means include a first accelerating elect. 

is provided as a metallic coating on the inner 
surface of tube 0 and connected in well-known. 
way by means of a contact 4 and an electric 
conductor not shown in the drawing, with an 
electric, circuit. - . 
The tubular conduit 5 is open at both ends. 
8 and 9, enabling continuous passage of the 

substance, e.g. fluid, to be bombarded with the 
electrons emitted by the electron emitting means. 

. . . '', 

That portion of the tubular conduit 15 which 
is... inside tube O is provided with an electron 
transmitting wall portion, i. e. electron transmit 
ting window 20, arranged in the path of the elec 
tron beam created within tube to by means of 
the electron emitting means f. and 
ating electrodes 2 and 3. x - . 

In view of the fact that the construction of 
this electron transmitting window 20 is an im 
portant part of the present invention, it will be 
described below in detail: - 
The window consists of an extremely thin glass 

layer 2 having a thickness of less than one. 
thousandth of an inch. This thin glass layer is 
sealed into a corresponding opening in the wall 
of the tubular conduit t5. It has been found 
that a window of such extreme thinness is pro 
duced preferably by separately making the glass 
layer. e. g. by blowing a glass bulb having a wall 
of the required thinness and then sealing a por 
tion of this bulb wall into an opening in conduit 
5. This sealing process is preferably executed 
by heating conduit t5 along the edges of the 
opening into which the window has to be sealed 
and contacting then with this heated edge por 
tion the glass bulb blown in the above described 
way. This causes the extremely thin wall of the 
glass bulb to melt along these edges and adhere 
permanently to the same, thereby covering the 
opening in conduit 5 with the needed 
thin layer. As well known, it is necessary to arrange an 

55 additional accelerating electrode in the path of 
the electrons near this electron transmitting glass 
layer 21. In order to avoid any possibility of 
electrical shocks and undesired electrical influ 
ences on the treated substance by such an elec 
trode if the same is arranged outside of tube 
f0, i. e. inside the tubular conduit 5 and con 
tacts directly the treated substance, e. g. fluid, 
it is herewith proposed to arrange this third 
additional accelerating electrode, as shown in 

the acceler 

extremely 

5 
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the shape of a sleeve 23 entirely surrounding the 
... O 

trode 2 while a second accelerating electrode 3 
tubular conduit 5 and being provided with an 
opening 24 corresponding in shape and position 
to the electron transmitting window 20. 
aluminum coating 22 covers, as shown in Fig 

The 

ure 4, not only the glass layer 2 but also the . . . 
adjacent portions of the metallic layer 23. Con 
tact members 25 made preferably of nickel or 
other well-conductive metal, are connected to: 
layer 23; these contacts 25 are in turn connected,: 
by the electrical conductor 26, to an electrical 
circuit, not shown in the drawing. By means: 
of this circuit and these conductor and contacts;. 
the necessary voltage is applied to the aluminum 
coating 22, serving as final accelerating elec 
trode. . . . . . . . . . . . . . . . . . . . 

In view of the fact that this coating 22 has 
to be extremely thin, it has been found advan- ; 
tageous to produce it by evaporating the metal of 
which this coating consists, e. g. aluminum, in 
side tube. f O after evacuation of the same. This. 
is done by means of the evaporating device: 27 
shown in Figure 5 in detail. This device con 
sists of a longitudinal tubular body 28, prefere: 
ably made of non-conductive, e.g. ceramic, ma-. 
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Figures 3 and 4, as a thin electron transmitting . 
coating 22 of aluminum or another electrically 
well conductive material on that surface of the 
glass layer 2f which is inside tube O. . 
As this extremely thin aluminum coating 22 

has to serve as accelerating electrode, it has to 
be connected by contact means and an electri 
cal conductor to an electrical circuit, so that an 
adequate voltage can be applied to it. In order 
to facilitate electrical connection between this 
coating 22 and contact means, it has been found, 
advantageous to provide around the electron 

65 
window 20. 
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terial, and provided with a longitudinal slit 29." 
Aheating coil 30, made of tungsten or like mas: .. 
terial is arranged within this tubular body. 2: . 
and surrounds a thin rod 3 consisting of the 
metal to be evaporated, e.g. aluminum. Heating 
coil 30 is connected, by the electrical conductor 
32, with a source of electrical current not shown: 
in the drawing. By passing current through; 
coil 30, the same is heated and the metal rod 
3. evaporated; the evaporated metal particles are 
passing through slit 29, and are deposited on 
the glass layer 2 and the surrounding portions: . 
of sleeve 23. After preparation of the metallic 
coating, this evaporating device has no further, 
function and does not take any active part in 
the electron emission and in the process of pass' . . 
ing these emitted electrons through the electron: 
transmitting window. 20; it is therefore advisable. 
to ground it after evaporation in well-known way, 
in order to avoid its having any unwanted in 
fluence. - - . . . . . . . . . . . . . . . 
Although the second accelerating electrode 3. 

has already a certain concentrating effect, i. e. g.: 
has the tendency of concentrating all emitted 
electrons into an electron beam, it is sometimes advisable to provide separate electro-magnetic 
concentrating means which are of well-known 
type and therefore not shown in the drawing: 
sometimes it is also of advantage to provide 
means for deflecting the emitted electron beam 
in order to correct the position of this beam and 
to concentrate it on the electroni transmitting 
in view of the fact that it is of certain ad 

vantage if only electrons and no ions are reach 
ing the electron transmitting window 20, it is . . 
proposed, in certain cases, to direct only the elecai 
trons against this window; this can be done by: 
using electro-magnetic deflecting, means, e.g. 
deflecting solenoids with such low voltage that 
they have influence on the electrons only and 
do not deflections. Thus it is possible to sep 

  

  



arate the electron beam from the emitted. ions 
and to concentrate only this electronbeam on 
the electron transmitting window. 20. it will be inderstood that each of the ele 
ments described above or two or more together, 
may also find a useful application in other types 
of electron discharge vessels or electron tubes 
differing from the types described above; thus, 
it should be stressed that the construction of 
the electron transmitting window and the final 
electrode combined with this window, and the 
method of producing this window as well as this 
final electrode are new independently from the 
other features of the present invention and may 
also be used in combination with all electron dis 
charge vessels or electron tubes in which the 
electrons have to be emitted into the space out 
side of these vessels and tubes. 
While the present invention has been illus 

trated and described only as embodied in de 
vices for irradiating substances, particularly in 
devices for bombarding substances with elec 
trons, we do not intend to be limited to the 
details shown, since various modifications and 
structural changes may be made without depart 
ing in any way from the spirit of our invention. 
Without further analysis, the foregoing will 

so fully reveal the gist of our invention that 
others...can by applying current knowledge read 
ily adapt it for various applications without 
omitting features that, from the standpoint of 
prior art, fairly constitute essential characteris 
tics of the generic or specific aspects of this 
invention, and therefore such adaptations should 
and are intended to be comprehended within the 
meaning and range of equivalence of the follow 
ing claims. ::, ... . . . . . 
What is claimed as new and desired to secure 

by Letters Patent is: 
1. A device for bombarding a substance with 

electrons comprising an electron discharge wes 
sel, electron emitting means within said Wessel, 
an electron transmitting wall portion in the wall 
of said vessel arranged in such a manner that the 
electrons emitted by said electron emitting 
means are directed against said election trans 
mitting wallportion and are passing through said 
wall portion into the space outside of said elec 
tron discharge vessel, an irradiating chamber 
sealed to the outer surface of the wall of said 
electron discharge vessel in Such a manner as to 
surround said electron transmitting wall portion, 
and inlet and outlet openings in said second ir 
radiating chamber being constructed so as to 
enable continuous passage of the Substance to 
be bombarded by said electrons in direct contact. 
with said electron transmitting wall portion. 

2. A device for irradiating a substance Com 
prising a vacuum tube, means for emitting a 
beam of rays arranged inside said vacuum tube, 
a tubular conduit for the substance to be irradi 
ated passing through said vacuum tube so as to 
form inside said vacuum tube a tubular space 
being entirely separated from the same, said 
tubular conduit being open at its ends in order. 
to enable passage of the substance to be irradi 
ated through the same, and a ray transmitting 
window in that portion of the wall of said tubular 
conduit which is arranged inside said vacuum 
tube, said ray transmitting window being posi 
tioned in the path of the rays emitted by said 
ray emitting means. . . . . 

3. A device for bombarding a substance with 
electrons comprising an electron discharge WeS 
sel, means for emitting a beam of electrons ar 

2,838,542 3 
ranged inside Said discharge-yessel, a tubtar 
conduit for the substance to be bombarded pass 
ing. through said discharge vessel and being 
Seaked into said discharge vessel so as to form 
inside said discharge vessel a space being en 
tirely separated from the same, said tubular con 
duit being open at its ends in order to enable 
passage of the substance to be bombarded 
through the same, and an electron transmitting 
window provided in that portion of the wall of 
said tubular member, which is arranged inside 
said discharge Vessel in such a manner as to be 
positioned in the path of the electron bean 
emitted by said electron-emitting means. . . . 

4. A device for bombarding a substance with 
electrons, comprising two chambers, one of thern 
being evacuated, a partition wall completely sep 
arating said chambers, an electron transmitting 
wall portion consisting of thin electron transmit 

20 ting. material forming part of said partition 
wall, said -electron transmitting wall portion be 
ing covered only on that surface which is inside 
said evacuated chamber with a thin electron 
transmitting electrically well-conductive metallic 

25 layer, and electron emitting means arranged in 
said evacuated chamber and constructed so that 
the electrons emitted by said means are directed against said electron transmitting Wall portion 
and are passing through said. window into the 

30 other of said chambers, said other chamber be 
ing constructed so as to enable arrangement of 
the substance to be bombarded with said elec 
trons in direct contact with said electron trans 
mitting wall partion. . . . . . . . . . 

.5. A device for bombarding a substance. With 
electrons comprising two chambers, one of Said 
chambers being evacuated, a partition wall corn 
pletely separating said -chambers, an air imper 
meable-electron transmitting window in said par 

40 tition wall, said electron transmitting window 
consisting of a thin glass layer covered on that 
surface, which is inside said evacuated chamber 
with a thin electron transmitting aluminum layer 
serving as accelerating electrode, electron emit 

a ting means arranged in said evacuated chamber 
and constructed so that the electrons emitted by 
said means are directed against said electron 
transmitting window and are passing through 
said window into the other of said chambers, said 
other ghamber being constructed so as to enable 
arrangement of the substance to be bombarded 
with said electrons in direct contact with said 
electrora transmitting window. . . . . ". . . . . . . " 

6. A device for bombarding a substance with 
a electrons comprising two chambers, one of Said 

chambers being evacuated, a partition wall com 
pletely separating. said chambers, an air in 
permeable electron transmitting window in said 
partition-wall, said electron transmitting window 
consisting of a glass layer having a thickness of 
less than one thousandth of an inch and an 
aluminum coatiagonly on that surface of said 
glass layer which is inside said evacuated cham 
ber, and electron emitting means arranged in 
said, evacuated chamber and constructed so that 
the elections emitted by said means are directed 
against said electron transmitting window and 
are passing. through said window into the other 
of said chambers, said other chamber being 'oon 
structed; so as to enable arrangement of... the 
substance to be bornbarded with said: electrons 
in direct contact with said electron transmitting 
window. 

7. A device for bombarding a substance with 
electrons comprising two chambers, one of said 
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4. 
chambers being evacuated, a partition wall coma 
pletely separating said chambers, an air imper 
meable electron transmitting thin glass window 
in said partition wall, an electrically well conduc 
tive metallic layer covering inside said evacuated 
vessel the surface of said partition wall substan 
tially around said electron transmitting glass 
window, a thin electron transmitting electrically 
well conductive metallic coating serving as accel 
erating electrode arranged inside said evacuated 
chamber and covering said glass window and at 
least part of said metallic layer around said win 
dow, and electron emitting means arranged in 
said evacuated chamber and constructed so that 
the electrons emitted by said means are directed 
against said electron transmitting window and 
are passing through said window into the other 
of said chambers, said other chamber being con 
structed so as to enable arrangement of the sub 
stance to be bombarded with said electrons in 
direct contact with said electron transmitting 
window. - . . . . . . . . . . . . . 

8. A device for bombarding a substance with 
electrons, comprising an electron discharge ves 
Sel, means for emitting a beam of electrons ar 
ranged inside said discharge vessel, a tubular 
conduit for the substance to be bombarded pass 
ing through said discharge vessel and being 
sealed into said discharge vessel so as to form 
inside said discharge vessel a space being entirely 
separated from the same, said tubular conduit 
being open at its ends in order to enable passage 
of the substance to be bombarded through the 
same, an air impermeable electron transmitting 
window arranged in the path of the electron 
beam emitted by said electron emitting means in 
that portion of the wall of said tubular conduit 
which is arranged inside said discharge vessel, 
said electron transmitting window consisting of 
a thin glass layer covered on that surface which 
is inside said discharge vessel with a thin elec 
troni transmitting aluminum coating serving as 
accelerating electrode, an electrical circuit, and 
an electrical conductor connecting said circuit 
with said aluminum layer. . . . 

9. A device for bombarding a substance with 
electrons, comprising an electron discharge ves 
sel, means for emitting a beam of electrons ar 
ranged inside said discharge vessel, a tubular 
conduit for the substance to be bombarded pass 
ing through said discharge vessel and being 
sealed into said discharge vessel so as to form 
inside said discharge vessel a space being en 
tirely Separated from the same, said tubular con 
duit being open at its ends in order to enable 5 
passage of the substance to be bombarded 
through the same, an air impermeable electron 
transmitting thin glass window arranged in the 
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path of the electron beam emitted by said elec 
tron emitting means in that portion of the wall 
of said tubular conduit which is arranged inside 
said discharge vessel, an electrically well conduc 

60 

tive metallic layer covering inside said discharge 
vessel substantially that portion of the wall of 
said tubular conduit which surrounds said elec. 65 
tron transmitting glass window, and a thin elec 
tron transmitting electrically well conductive 
metallic coating serving as accelerating electrode 
arranged inside said discharge vessel and cover 
ing said glass window and at least part of said 
metallic layer around said window. . . . . .''. 

70 
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10. A device for bombarding a substance with 

electrons, comprising an electron discharge ves 
sel, means for emitting a beam of electrons ar 
ranged inside said discharge vessel, a tubular 
conduit for the substance to be bombarded pass. ing through said discharge vessel and being 
sealed into said discharge vessel so as to form 
inside said discharge vessel a space being entirely ... 
separated from the same, said tubular conduit 
being open at its ends in order to enable passage 
of the substance to be bombarded through the 
same, an air impermeable electron transmitting 
thin glass window arranged in the path of the 
electron beam emitted by said electron emitting 
means in that portion of the wall of said tubular, 
conduit which is arranged inside said discharge 
vessel, an electrically well conductive metallic 
sleeve surrounding said tubular conduit and be ing provided with an opening corresponding in 
shape substantially to the shape of said glass 
window and being superimposed upon the same, 
so that said window is positioned within said 
opening and surrounded by said metallic sleeve, 
and a thin electron transmitting electrically well 
conductive metallic coating arranged inside said 
discharge vessel and covering at least the open 
ing in said metallic sleeve and the glass window 
inside said opening. . . . . . . . . . . . 

11. In an electron discharge vessel for emit 
ting electrons into the space outside of said vess 
sel, an electron transmitting window in the wall 
of said discharge vessel, said electron transmit 
ting window consisting of a thin glass layer cov 
ered only on that surface which is inside said 
discharge vessel with a thin electron transmitting 
aluminum coating serving as accelerating elect 
trode, an electrical circuit, and an electrical con 
ductor connecting said aluminum coating with 
said electrical circuit. . ‘. . . 

12. In an electron discharge vessel for emitting 
electrons into the space outside of said vessel, 
an electron transmitting window in the wall of 
said discharge vessel consisting of a glass layer 
having a thickness of less than one thousandth 
of an inch, an accelerating electrode consisting of 
a relatively thick electrically well conductive me 
tallic layer arranged inside said electron dis 
charge vessel around said electron transmitting 
window covering the wall portion around the 
same, and an extremely thin aluminum coating 
covering the inner surface of said electron trans 
mitting window and at least the edges of the me 
tallic layer surrounding the same. . . . 

13. A device for bombarding a substance with 
electrons comprising an electron discharge ves 
sel, electron emitting means within said vessel, 
an electron transmitting wall portion in the wall 
of said vessel arranged in such a manner that 
the electrons emitted by said electron emitting. .. 
means are directed against said electron trans 
mitting wall portion and are passing through said 
wall portion, and an irradiating chamber being 
constructed so as to enable arrangement of the 
substance to be bombarded with said electrons in 
direct contact with said electron transmitting 
wall portion. . . . . . . . . . . . . . 

... DOMENICO CASCIO. 
STANLEY J. KOCH. 

  


