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PROVISIONAL SPECIFICATION. z

Process and Apparatus for Produéing Rapidly Moving Electrons
and for Subjecting Matier thereto.

I, Hawvonp LEpwix Porrs, M.Sc.,
Chartered Patent Agent, of 12, Church
Street, Liverpool, in the County of Lan-
caster, subject of the King of Gureat

5 Britain, do hereby declare the nature of
this invention which has been communi-
cated to me by Hermann DPlauson, of

Villa Weingarten, XNaters bei DBrig,

Switzerland, a citizen of Esthonia, to be
10 as follows :—

The present invention relates to a pro-
cess and apparatus for producing rapidly
moving electrons and for subjecting
matter thereto,

The primary object of the invention is
to provide means for accelerating chemi-
cal reactions, but with this object in view,
it has been found possible to devise new
provesses and apparatus for producing
rapidly moving electrons,

According to the invention chemical
and physical processes are accelerated by
subjecting matter (i.e. the reagents) to
the action of electrons produced in a
95 manner hereafter described. The inven-
tion also includes processes in which
chemical reactions are accelerated by
rapidly moving electrons (either natural
or artificial beta rays) in more or less
strong electric or electromagnetic fields.
Tke invention further includes processes
and apparatus for producing rapidly mov-
ing electrons as hereafter described and
notably by heating a cathode in an
evacuated space and passing the rapidly
moving electrons through a conduective
imperforate partition to an external anode
or anodes. Uther features of the improved
apparatus  will be apparent from the
40 following description, e.g. the invention
also includes metal high-vacuum tubes for
generating S ravs as hereafter described
and special forms of conductive parti-
tions or windows therefor.
tion also includes the novel process and
apparatus  for performing chemical
reaction, especially between gases, in
which said gases are passed through the
region traversed by the rays and prefer-
ably between the partition and the anode.

Radio active elements in their disin-
tegration, emit three types of radiation:
alpha rays, beta rays, gamma rays. It is
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The inven-

known that the 8 rays consist of rapidly _
moving elementary charges of negative 55
electricity or electrons. it is also known
that the cathode rays of an electric dis-
charge tube consist of fiying electrons
shot out in straight lines from the nega-
tive electrode with varying velocities
dependent on the type of tube and also
the potential applied to the electrodes.
1f a window of thin metal foil is arranged
in the wall of a discharge tube opposite
the negative electrode, at the spot where
the cathode rays fall, the cathode rays
pass out of the tube and ave then gener-
ally known as Lenard rays. Their
velocities are of a lower order than 3
rays produced from radio active sources
and the guantity is minute.

Cathode rays can be produced in much
greater guantities than the B rays shot
out from radium Dbut only in highly
evacuated vessels such as gas discharge 79
tubes or in Coolidge tubes.

The object of the invention is to obtain
large quantities of rapidly moving elec-
trons in a reaction chamber or space in
which the materials are treated. In a
preferred form of the invention the elec-
trons are produced by a heated cathode,
situated in an evacuated vessel provided
with a window of metal foil, through
which the electrons pass into the reaction 85
chambher under the attraction of one or
more external anodes.

A separate anode is situated inside the
vessel, insulated therefrom and from the
cathode, and maintained at a lower poten- 90
tial than the external anodes. The pro-
vision of such auxiliary and main anodes
greatly increases the penetrability of the
rays. An electron stream of great den-
sity is produced by a heated or incan-
descent cathode. This cathode may con-
sist of a wire coated with emissive
materials and raised to a high tempera-
ture by passing a current through it, or
a suitably heated mixture of certain 100
metallic oxides which are known to emit

95

copious quantities of electrons when

heated. .
In a preferred form of the invention

the evacuated vessel containing the 103

cathode is constructed entirely of metal,
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with the exception of the insulation for
the electrodes, and the insulating base.

A metal vessel is much stronger mech-
anically, than a glass one and the inven-
tion includes a device which renders the
seals of the electrodes unaffected by the
expansion of the vessel when heated. .

Many chemical processes and reactions
which do not normally take place, or can
be made to proceed only with. difficulty
take place under the action of B rays of
sufficient intensity and velocity, prefer-
ably in electromagnetic fields. The
following processes are given as examples.

Rubber or rubber solution after a short
exposure to the rays is rendered insoluble,
without an addition of sulphur.

Varnish and Chinese wood oil polymer-
ised to the solid form.

A and B artificial resin of the phenol-
formaldehyde type converted into the C
form,

Luminous paints acquire greater
luminosity.
Polymerisation of organic  gases.

Water gas or Blau gas is liquified to
hydrocarbons.

Atmospheric nitrogen unites with oxy-
gen to form nitric oxide. If desired,
slightly radio active substances may be
exposed to the rays.
further accelerated by constructing the
electrodes in contact with the reacting
substances of certain catalytic metals,

The apparatus is applicable to the recti-
fication of alternating current or to the
generation of electromagnetic waves.

The invention will be described by way
of example with reference to the accom-
panying drawings, which diagrammatic-
ally show preferred forms of the inven-
tion, .

Figure 1 shows the apparatus in eleva-
tion.

Figure 2 shows a modification using a
cathode which forms part of the wall of
the vacuum vessel and

Figure 3 shows a modification with a
cathode heated by induction currents.

In the following description the elec-
trons, when in rapid motion will be called
B rays.

The metal vessel 1 contains an incan-
descent filament or cathode 2, of some
metal with a high melting point, for
example tungsten, tantalum, osmium or
zirconium which, when -heated emits a
copious supply of electrons. This ilament
may be in the form of an open spiral or
coil of wire mounted on suitable sup-
ports, the two leads 3 and 4 being sealed
in the glass support 5. The leads 3 and
4 are brought out to the pin contacts 6§
and 7. The glass mount 5 ecannot he
sealed directly to the wall of the metal

These reactions are.

vessel on account of the temperature
changes and the different coefficients of

expansion of metal and glass. The seal
consists of a thin corrugated sheet of

metal 8 having approximately the same
coeflicient of expansion as glass, for
example, an alloy of approximately 369,
nickel and 649, steel, or one of the alloys
which are used in electric lamp manu-
facture to seal the leads in their passage
through the pinch of the lamp. The disc
8 has a cylindrical extension 9 on its inner
edge which is sealed into the hase of the
support 5, while the outer edge 10 is
sealed to the wall of the vessel. Any
expansion of the wall of the vessel or the
glass caused by heat from the glowing
cathode is thus absorbed in the corru-
gated disc. The thickness of the glass
seal should be sufficient to prevent any
possibility of electrical breakdown be-
tween the leads and the sealing disc under
the applied potentials and the strength of
the insulation may be increased by sealing
the edge of the corrugated dise into the
outer edge of a glass bell while the sup-
port 5 passes through the centre,

The contacts 6 and 7 make contact with
terminals 11 and 12 fixed in an insulat-
ing block 56 in the base of the apparatus,
The vessel is exhausted through a side
tube 13. This tube may be sealed after
expansion or the apparatus may he per-
manently connected to a suitable high
vacuum pump, by which the vacuum is
kept at the desived state of hardness dur-
ing the process.

The B rays produced by the heated
cathode escape through the window 14, of
thin metal foil. As the window is quite
close to the hot cathode it is preferably of
heat resisting metal, for example nickel
or cobalt foil. In the construction of the
window a compromise must he effected.
The window must be sufficiently strong
to withstand a pressure possibly greater
than atmospherie, and it must be suffi-
ciently thin to offer the least resistance to
the B rays.

In the present invention the very thin
foil forming the window is supported
against the external pressure by a grat-
ing 15, fixed to the walls of the vacuum
chamber 1. One feature of the inven-
tion is to enable a large window to he
used thereby increasing the uuantity of
B rays. The grating 15 may be intesral
with the foil of the window, as in the case
when the complete window element is
produced by stamping or some <imilar pro-
cess, the ribs being thicker than the foil
of the window and the mesh of the orat-
ing chosen according to the size of the
window. If desired when a separate
grating is used, the foil may be soldered
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to the 1ibs. A possible modification for
large windows is to use a sheet of foil hav-
ing a small mesh grating integral with
the foil supported on a grating of larger
mesh. This separate grating may be
attached to the wall of the vacuum cham-
ber 1.

The metal window may have a number
of sharp needle points on the surface to-
wards the anode to dissipate any acquired
negative charge.

'The foil is attached at its outer
periphery to a metal ring 16 and this ring
is soldered or welded, if desired by elec-
trical welding, to the wall of the vacuum

«

10

15 chamber 1 making an absolutely air-
tight joint.
To remove heat generated by the

impact of the cathode rays on the metal
20 foil and to avoid possibility of leakage
through expansion of the joint 16 a water
jacket 18 is arranged either in the upper
flange of the vacuum vessel or in the base
of {he reaction chamber 33 directly in con-
25 tact with the ring 16. Pipes 19 and 20
serve to convey and remove the cooling
medium. :
. A subsidiary internal anode R1 is
mounted on a wide glass tube 22 sur-
rounding the cathode 2 and protected by
a second frusto conical tube 23 sealed at
its smaller end to the tube 22. The con-
nection to the anode 21 is made by a lead
24 protected by the glass sheath 25
extending to the terminul 26, which is
mounted on an extension 27 of the
vacuum chamber. The lead 24 is insu-
Jated in the same way as the leads 3 and
4, by a thin corrugated disc 28, of metal
with approximately the same coefficient of
expansion as glass. The disc has a
evlindrical extension 29 on the inner edge
sealed into the thickened end of the pro-
tective tube 25; the outer edge 380 1is
75 flattened and sealed to the flanged end of
the extension. A porcelain or hard
rubber shield 31 may protect the seal and
prevent short circuit from the terminal
96 to the wall of the vacuum chamber.
A similar shield 32 protects the cathode
seal aand prevents possible short circuit
from the base of the apparatus to the metal
vacuum chamber. :
The vacuum chamber 1- may be
enamelled hoth internally and externally.
The enamel greatly reduces the possi-
bility of leakage through porosity of the
metal walls, and the internal coating of
enamel improves the insulation, particu-
larly preventing discharge taking place
between the internal anode 21 and the
walls of the vessel. :
The whole apparatus is mounted on a
porcelain base 53. :
65. The reaction
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chamber 33 and the

external anode 34 are arranged above the
window. 14.

The chamber may be of glass, porce-
lain, or in some cases of hard rubber or
phenol-formaldehyde synthetic resin.
The casing 33 is fixed directly above the
window and may be bolted down to suit-
able projections 60 and 61 on the upper
edge of the vacuum chamber. The per-
forated metal anode 84 has a tubular
metal support 35 which serves as a lead

70

Kb

to the anode and as a conduit for the intro- -*

duction of the reacting substances. The
tube 35 is preferably movable in the cas-
ing so that the distance of the anode
from the metal window is adjustable but
the anode may De fixed in the upper part
of the reaction chamber if a sufficiently
high voltage is applied to cause ionisa-
tion throughout the whole chamber.
This tube has means for connecting it to
the high tension source and, at the outer
end, an insulating .connecting piece for
connection to the reservoir of the react-
ing substances. The products of the
reaction are removed from the chamber
through the outlets- 36 and observation
ports 37 may be provided. ' -
Heat is generated by the impact of the
electron stream on the anode 34 and it is
desirable to include suitable cooling
arrangements. The stream of reacting
gases down the tube 35 will effect a cer-
tain amount of cooling while fins or radi-
ators may be provided on the tube 35.
With large apparatus the arrangements
may include water cooling for the anode.
The electrical connections are as
follows. The incandescent cathode is fed
from a battery or the secondary of a low
tension transformer, connections Dbeing
made to the terminals 11 and 12. The
negative pole of the source of high ten-
sion alternating ' current is connected to
one of the cathode terminals and to earth
40 through an oscillatory circuit. com-
prising a variable inductance 39, a con-
denser 41 in series with the inductance
and a condenser 42 in parallel with it.
- The positive pole 43 of the high ten-
sion source is conmected dirvectly to the
contact on the tube 35 supporting the
anode 34 and through one or more con-
densers 44 of suitable size arranged in
series to the terminal 26. The effect of
the condensers 44 is to reduce the original
potential to the magnitude required for
the electrode 21. Such variable voltages
may also be obtained from a tapped
secondary coil on the high tension trans-
former. Tt is necessary that the elec-
trode 21 is maintained at a lower poten-
tial than the electrodes external to the
tube ensuring that the electric fields
external to the vacuum vessel are always
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of- greater magnitude than the internal

fields. Further, the effect of the B rays

is more easily controllable under such cir-

cumstances and the safety of operation of
%5 the tube is thereby increased. The metal
vacuum chamber, is connected to earth,
either through the circuit of the induc-
tance 39 or directly, by the lead 63 and
the condensers 64. A high resistance or
reactance (not shown in the drawings)
may be arranged in parallel with the con-
densers 64. :

The source of alternating current feeds
two transformers. The secondary wind-
ing of the first transformer supplies the
low tension current for heating the in-
candescent cathode 2. The secondary
winding of the second transformer is
designed to give very high voltages,
which ave preferably variable by a suit-
able reactance in the primary ecircuit.
The high tension alternating current may
be rectified, for esxample, with rectifying
valves, alternate half cycles being sup-
.98 pressed, or, by the use of whole wave recti-

fication, the sign of alternate half cycles

reversed giving a pulsating direct cur-

rent, which is transmitted by a conden-

ser with scarcely less efficiency than a
“gp true alternating current. Such rectified
high temsion alternating current is
applied to the electrodes 34 and 21, the
negative pole being connected to the
cathode as previously described.

When the hot cathode reaches a suffi-
ciently high temperature it emits electrons,
which move towards the window 14
under the attraction of the anode 34.
The potential of the window, which is in

40 metallic contact with the vessel, is not
7 widely different from zero and the
majority of the electrons have sufficient
energy to pass through the foil, ionising
the gas between the window and the elec-
45 trode 34. The conductivity of the gas is
thereby increased and the anode 34 can
then be withdrawn from the window till
the whole inner space becomes ionised.
The voltage applied may be of the order
;5o of 500,000 to 700,000 V : normally how-
ever a voltage of 300.000 to 400,000 V
js sufficient. The advantage of wusing
high voltages is that the velocity of the
B ravs and thereby their penetrahility is
correspondinegly increased. A velocify
of 150—200 kilometres per <econd can he
obtained by suitable choice of the work-
ine conditions, which in most cases is
sufficient.

The movement of the anode maintained
at such a high poteniial is effected by a
Tever or handle compnsed of a large num-
ber of small condensers arranged in
series.  Tor example. 500 ta 1000 <mall
"85 condensers in series, buili into a vod may
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be used to insulate the anode from the
mechanism used to move it. Such an
insulator will withstand even greater volt-
ages than those mentioned.

The distinguishing features of the
modifications shown in TFigs. 2 and 3 are
that in both forms only one electrode
passes through the wall of the vacuum
vessel, the heated cathode forming part of
the wall of the vessel, and that two exter-
nal anodes are provided. The reaction
chamber is omitted in the drawings and the
anodes are shown diagrammatically at 34

“and 51.

The metal vacuum chamber is made in
the form of an annular chamber between
two cylindrical walls, the section being U
shaped, in order to bring the cathode as
near as possible to the metal window 14.
The heated cathode 45 comprises a sheet
of metal, thick enough to support the
external pressures and cellular on the

side_s jtowards the metal window. The
emissive material is contained in the
small cells stamped in the sheet. The

cathode is welded or soldered round its
edges te a thin corrugated sheet 46 as in
the previous apparatus, and the corru-
gated sheet sealed to the metal wall of
the vacuum chamber at 47. Leads 48
and 49 carry the current to a heating
element 50, insulated and supported just
below the lower surface of the cathode.
The whole apparatus is mounted on a
porcelain base 53 an internal extension 57
serving to enclose the leads 48 and 49
and to support the heating element 50,
In the interior of the metal vessel 1 is
inserted a thin walled glass or porcelain
lining 58 supported on small projections
(62, its use being to prevent a discharge
taking place between the internal anode
21 and the walls of the vessel 1. The
anode 21 is mounted on the inner end of
this insulating lining and is connected.
as in Fig. 1 to a terminal 26 through a
side extension of the vacuum chamber.
In this case the outer shield for the elec-
trode is dispensed with, the other wall of
the lining 58 serving the same purpose.

The metal window 1is either cellular
with integral supports, or supported on
a grating as in Fig. 1. A cooling
jacket 18 is cast in the heavy metal ring
17 which holds the window ring 16 in
position and pipes 19 and 20 supply the
cooling medium. Lugs 60 and 61 are
provided round the edee of the rim 17.
to which the reaction chamhber is secured.

The perforated anode 34 now acts as an
auxiliary anode speeding up the 8 ravs to
assist their passage through the window
14. This anode may be cut out by a suit-
able swiich in the high tension lead or
by switching inte circuit a large number
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of condensers arranged in series, as pre-
viously described. The main anode 5l is
supported in the upper part of the
reaction chamber and provided with a
separate and well insulated contact for
the high voltage supply. The scheme of
connections is slightly different from that
in Iig. 1 to allow the use of the auxiliary
anode, The positive pole 43 of the high
tension supply, which may be alternating
or pulsating direct current is connected
directly to the main anode 51, while the
negative pole 38 is connected directly to
the metal vessel 1 by way of the terminal
52, and to earth through an oscillatory
circuit comprising a variable inductance
39, a condenser 4l in series with the
inductance and a second condenser 42 in

parallel with the inductance in the direct-
The metal vacuum chamber

earth lead.
is earthed through the same path.

It is desirable that the auxiliary anode
34 should be maintained at a potential
intermediate the potentials of the main
anode 51 and the internal anode 21. It
is therefore connected to some inter-
mediate point on the chain of condensers
44, the number of condensers in series
between the anode 34 and the pole 43
depending on the voltage it is desired to
apply to the auxiliary anode. A further
series of condensers is added to reduce
the potential of the internal anode to
the correct value. The 8 rays, under the
combined effects of the two external
anodes have a greatly increased range of
action and, using an’ausiliary anode it
is also possible to apply greater voltages
to the main anode without risk to the
apparatus. Cooling arrangements may
be provided for the anodes as before.

The apparatus shown in Fig. 8 is simi-
lar to that shown in Fig. 2 except that in

this case the hot cathode is heated by~

inducing eddy currents in the metal on
which the emissive material is spread.
Alternating currents in the coil 54 induce
similar currents in the body of the metal
disc forming the cathode 45 and sufficient
heat may be generated in this manner to

cause emission of electrons from the sur- -

face of the cathode.

The metals of the electrodes 34 and 51
may have a catalytic effert on certain
reactions and processes taking place in
the veaction chamber. In certain cir-
cumstances the anodes 34 and 51 may be
made of metals known to catalyse the
various reactions. TFor example, nickel,
palladium or platinum may be used for
the electrodes for hydrogenation pre-
cesses, or silver, chromium, and the like
metals where condensation products are
to be produced. TInstead of making the
eleetrodes of the catalytic metals, oxides

of the metals or their salts may be spread
or deposited on the surface of the elec-
trodes. It has been found that certain
meiailic oxides and salts become power-
ful eatalysts under the action of B rays.

An important feature of the invention
is that the coil 54 may be replaced by a
system of coils carrying single or prefer-
ably three phase alternating current.
Such a system of coils can be arranged to
produce a rotating magnetic field. The
rapidly moving electrons possess the same
properties as an electric current flowing
in the opposite direction to the B rays,
and it is known that a free conductor
carrying a current in a magnetic field,
will move in a direction perpendicular to
the current and to the field. In the mag-
netic field therefore the electrons have a
motion perpendicular to their original
direction causing them to trace a spiral
path in their passage through the reaction
chamber. This turbulence of the S rays
renders them enormously more active
than the ordinary B rays in promoting
chemical and physical changes.

It is not necessary to use an externally
heated cathode to produce this turbulence
in the B rays. Rotating B ray fields may
be produced with the types of apparatus
shown in any of the figures by winding
an insulated coil of suitable diameter on
the wall of the reaction chamber, or round
the metal vessel at approximately the
same height as the cathode or the metal
window. The coil, which is not shown in
the drawings, may be arranged inside the
vacuum chamber immediately below the
window. It should be of greater diameter
than the window in order not to obstruct
the passage of the rays.
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A constant magnetic field may be pro- .

duced by a steady direct current in the
coil, but enhanced results are obtained

when an oscillatory current of suitable ;

frequency is passed through the coil.
The oscillatory circuit 89, 40, 41 may be
used in the production of these oscillators
and the coil 39 may form the oscillatory
coil, ’

The density of the electron stream may
be ‘increased by coating the upper sur-
face of the window with a thin layer of
radio active material or the radio active
material may be replaced by or used in
conjunction with a small quantity of
cerium  or thorium, preferably thinly
spread. A window coated in this manner
gives secondary B rays under the bombard-
ment of the primary rays produced by
the cathode. greatly increasing the
quantity of rays. Similar results may he
obtained from window foil of nickel,
cobalt, tungsten or similar metal alloved
with from 0.1 to 1.59 or more of cerium
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or--thorium. Certain chemical reactions
are facilitated if, during the process the
reaction chamber is illuminated with
ultra. violet light. The action of the
b ultra violet r‘uhd’clon is to ionise the gas
in the chamber increasing the range and
effectiveness .of the § rays.
~The gases may be supplied to the
reaction chamber under reduced pressure
10 or when treating other materials the
reaction chamber may be evacuated to
reduce the absorption of the frays. Gases
are preferably supplied to the reaction
chamber -in counter-ﬂow to the eledmu
15 stream.- o
- The appqratus descrlbed abme may be
constructed wholly of glass if desived.
The advantage of a metal vacuum cham-
ber is that it is considerably stronger
20 mechanically, and, especially when
enamelled, equally proof against leakage.
The action of the B rays is preferably
applied in a varying magnetic field pro-
duced by a coil or system of coils through

the main anode if the anode is well insu-
lated from the coil.

- The electrons may be ploduced from a
(,old cathode covered with a layer of radio
active substances and connected to the
negative pole of the high tension supply,
an anode connected to the positive pole
being .arranged - opposite the cathode.
The electrostatic field in the direction of
the natural B rays increases their velocity 40
and activity in producing chemical and
physical changes in buba‘tdnceb passed
through the ﬁeld while a rotatory mag-
netic Held may be applied as in the pre-
vious cases. 45

The cathode coa’ted with 1'adlo active
matter may be made the cold cathode of
a Lenard tube, the internal anode, win-
dow of metal foil, auxiliary and main
anodes being almnned as in the figures. 50

The invention dOEa not include the
mere application of radium or strongly
radio active substances for the purpose of
accelerating chemical reactions; the effect

©2
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2% which is passed an alternating current. so plo(hued is of negligible commercial 92
A rotating magnetic field can be pro~ importance.
duced by a suitable system of coils and Dated this 28th day of May, 1927.
three phase alternating current. An W. P. THHOMPSON & Co
electromagnet, or a solenoid producing a 12, Church Street, leelpoul
30 magnetic field may be incorporated with Chartered and Registered Patent Xnents.
soor ‘ COMDPL J"‘L SPECIFICATION.
~ Process and Apparatus for Producing Rapidly Moving Electrons
and for Subjecting Matter thereto.
I, - Harowp - Epwrx  Porrs, M.Sc., rays can_be produced through a thin __
Chartered P’atent Agent, of 12, Church metal window, supported on a metal SO

Street, Liverpool, in the County of Lan-
60 caster, subject .of the King of Great
Britain, do hereby declare the nature of
this invention which has been communi-
cated to me by Hermann Plauson, of
~ Hagedornstrasse 51, Hamburg 37, Ger-
65 many “(formerly of Villa Weingarten,
Naters bei Brig, Switzerland) an
isthonian- eitizen, and in what manner
the same is to be performed, to be par-
ticularly described and ascertained in

70 and bv the following statement:—

“This invention relates to a process and
apparatus for producing and utilising
rapidly moving electrons in the h)lm of
chemically active rays.

7 The primary object of the invention is
to provide means for accelerating chemi-
cal reactions, but with this object in view
it has been found possible to devise new
provesses and apparatus for producing

80 rapidly moving electrons and means for
enhancing the effect of such electrons.

Cathode ray tubes are known in which
lurge quantities of high speed cathode

grating, in one end of the tube, the rays
passing down a funnel shaped metal tube
which forms an equi-potential envelope
to shield the walls of the tube from the
rays, but the rays from these tubes are 90
propagated rectilinearly through the
window. Further, the acceleration of
the rays is performed entirely within the
tube itself, _
It has also been proposed to utilise the 95
heating effect produced by the impact of
c.tthmle rays on a solid body as a means
of raising its temperature, or to subject
radio-active materials to the action of
cathode rays, and it has been suggested to 100
subject gaseous mixtures to the action of
X-rays “and eathode rays in order to
ionise them and render them conducting,
before passing an electric discharge there-
through to cause them to react. 105
[t has also been suggested to ionise a
gas by means of pencils of cathode rays
emitted from a discharge tulm having a
plurality of cold electrodes, fed with poly-
phase cwrrent, a different phase being 110
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applied to each electrode, so that a dis- siderably greater powers of chemiecal
charge through the gas between two elec- action, ‘the action becoming greater the
trodes independent of those supplying the higher the veloeity of revolution of the
rays will follow the paths of the various rotary electro-magnetic field applied,

5 pencils of rays, ‘The rotary electro-magnetic fields for 70

According to the present invention, in the production of rotating B-rays may be
a process and apparatus for the plodu(.- applied in the reaction chamber, but it
tion of chemically active rays, rotating 1is more advantageous to produce the effect
electro-magnetic fields or intense elec tric in the interior of the cathode ray tube

10 and l‘Otdtlllﬂ‘ electro-magnetic fields are during and after the formation -of the 75
applied to a stream of cathode rays. cathode rays. TFurther, the effect

A further feature of the invention is increases in proportion to the frequency
the acceleration of chemical reactions by of the field.
spirally moving electrons, In practice, this rotation of the cathode

15 stlu further feature of the inven- 1ays can also be produced in a high- 8o
tmn is a process for accelerating chemical vacuum cathode ray tube with an incan-
reactions. by means of a sh‘eﬂm of non- descent cathode by utilising a two or
rectilinearly or turbulently moving elec- three phase current for hefxtmw the incan-
trons, while an internal electric field is descent cathode.

90 applied to a reaction chamber wherein It is known that it is very difficult to 85
the reacting substances are subjected to produce alternating currents having a
the rays. frequency of .more than 1000 cycles per

Another feature of the invention con- second with alternating current dynamos,
sists in imparting to the cathode rays and that there are great inherent diffi-

o5 from a suitable cathode a circular com- culties in setting up magnetic fields with 90
ponent of motion by means of a rotating such alternating currents. The ordinary
electro-magnetic field before they leave alternating current varies between 50 and
the vacuum tube and at the same time 100 cye Tles, and produces only a small
accelerating their velocity to pass through angle of rotation in the direcfion of the

g0 & window in the vacuum tube. axis of flight as the beta rays move with g3

Further features of novelty as regards a velocity of 100,000 to 230,000 kilo-
the construction is that the vacuum tube metres per second. Thus for example,
may be manufactured wholly of metal, with a frequency of 100 c¢ycles per second
and that in a metal tube a heated oxide- and a velocity of flight of 100,000 kilo-

95 coated or incandescent cathode can form metres only one rotation occurs over 1000 100
part of the wall of the tube, instead of kilometres flicht of a heta particle.
providing a separate cold cathode or an Although a greatly increased chemical
incandescent cathode with wires fused action is obtained, even with rays rotat-
into the glass of the tube. The concen- ing under the action of current of 50

40 tration of the electrons produced with the cycles per second it is advantageous to 403
same voltage applied to the electrodes is obtain as high a rate of rotation of the
mnslder'ib‘v greater when using heated electro-magnetic field as possible, in order
oxide coated cathodes or qh'()nr"l} heated to produce a rotation of the angle of the
incandescent cathodes of metal wire than beta rays in the direction of flight of at

45 when using cold cathodes. least 90° (at which they have apparently 110

Further features of novelty will be the greatest effect). To produce a rotarv
apparent from the appended claims, electro -magnetic field by direct current,

A further special characteristic_of this commutator giving 500 to 1000 (\(les is
invention consists in accelerating chemical preferably used, as with higher velocities

50 reactions by the application of cathode of revolution the self-induction and other (45
rays set in rotation in the form of a spiral electro-magnetic phenomena give diffi-
substantially in the direction of flicht by eculty. Rotarv fields cannot be produced
the action of a rotating electro-magnetic with much more than 10,000 cycles per
field applied esxternally or internally, second and it is very difficult to obtain a

55 either in the reaction chamber or in the uniformly acting rotary electro-magnetic 120
tube. The fact that each electron of the field with this number of eveles, '
stream of rays traverses a substantially Tt has now been discovered that in addi-
spiral or helical path imparts a species of tion to using rotary fields from alternat-
turbulence to the stream. ing current weneratora it is also possible

go A still further feature of the inven- to 1)1'1110 cathode rays "into rotation with 125
tion is the application of a mixture of single phq%e alternating current having
X-rays- and cathode rays for accelerating a moderately high frequencv of oscilla-
chemical reactions in intense electric tion. This is more especially possible
and’or rotating electro-magnetic flelds. when the rotary effect of the electro-mag-

65 Such rot'ltmﬂ' cathode rays have con- mnetic or electro-inductive field acts 130
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directly on the cathode rays during the
period before they leave the cathode ray
tube.

It has also been discovered that it is
possible to produce the effect of rotary
electro-magnetic fields on the cathode
rays by a hysteresis phenomena of iron.

‘The simplest method of carrying out
the process is when a magnetic rotary
field is produced by a continuous magnetic
wave. This can be effecied by an iron
cylinder in which a continuous magnetic
wave is excited, and which encloses pre-
ferably internally, one-quarter, two-
thirds, or one-half the circumference of
the cathode ray tubes. The phase of the
magnetic induction at one end of the
reaction of the tubes is displaced rela-
tively to the other end of the section.
This applies also to the magnetic lines
of induction which escape at the end and
centre. Thus two relatively perpendicular
alternating magnetic fields are produced
in the chamber, which are in effect equiva-
lent to a rotary _electro-magnetic field.
The same result is also obtained when the
eylinder terminates in a semicircle about
the tube, so as to form a kind of hook.

Instead of only using one such cylin-
der or hook on the cathode ray tube as
described above, two such hooks or eylin-
ders can be mounted on the tube, so that
the formation of the rotary field is com-
pleted on the opposite side by a second
hool, and the action on the cathode rays
in the tube is increased. )

The construction can also be modified by
mounting a coil on the point of the hook
by which the rotational moment can be
suitably amplified or regulated.

Magnetic rotary fields are produced
from single phase alternating current in
practice by electricity meter motors, but
such synchronous rotary fields have never
been used for producing rotary cathede
or chemical rays.

If it is desired to produce a rotary fleld
without introducing irven into the circuit
a spiral of para-magnetic or dia-magnetic
metal may be used, swriounding one-third,
one-half, or two-thirds exteinally, or pie-
ferably, internally, of the cathede ray tube
similarly as withh the iron eylinder, por-
ticulariy when the number of turns in the
spiral, its inductance and the oscilluling
eireuit, are =o chosen that the natural fre-
queney of the spiral iIs some exact multiple
or sub-multiple of the hasie frequency of
the o~cillator.  Tf sneh o spiral is inserfed
in parallel with an  o-cillating  cirveudi
axternal to the tube cousisting of an
indurtanee and a varialle condenser it is
possible to vary the frequeney, and con-
sequentlv, to control the rate of rotation,
by varying the capacity outside the tulbe.

The invention is more particularly
described with reference to the accom-
panying drawings in which :(—

Figure 1 shows a longitudinal section
through a glass eathode ray tube.

Figures 2, 3, 4 and 9 are details of the
tube of Fig. 1.

Figures 6 and 7 show a modified device
for producing a rotating electro-magnetic
field.

Figures 8 and 9 show a device for pro-
ducing a rotating field by passing an
oscillating current through a spiral
coil,

Figure 10 shows a metal tube, in which
the means for heating the cathode and
producing the rotating field are arranged
external to the tube.

In Figure 1 a glass pear shaped vessel
1 bulging particularly at the point 1 is
extended in one direction by a conical
glass tube 2, and is drawn out in the other
direction in the form of a straight walled
glass eylinder up to the contacts 4, 5, 6,
7, and terminates in a metallic sleeve .
Three leads 4, 5, and G are taken from
these contacts to a three-legged incan-
descent filament 8, and a fourth lead 7,
which is connected to the point of inter-
section of the three wires, 1s used to con-
nect the cathode to the high tension
system,

The incandescent cathode shown in Iig.
7 oor Fig. 9 as three heavy lines meeting
in a point in the centre of the electro-
magnet, is connected up with the three-
phase current supply on the star syvstem.
Hence, as each arm of the filament is
heated 1n turn by each current pulse it
momentarily emits a greater quantity of
electrons, so that the cathode beam, tuken
as a whole, has a spiral formation.

The rotation of the rays is amplitied by
alternating current magnets 12 having
additional poles 17, 18, 19 and 20, shown
in section in Figure 4. In Figures 1 and
4. a magnet is shown suitable for two-
phase alternating current, but the result
1s unaltered if three-plhase or the like cur-
rent 1s used instead.  The rotary magnetic
field is produced by electro-magnets 13,
14, 15, 16 (Figuie 41 while the additional
poles 17, 18, 19, 20 are secured Ly non-
conducting well insulated packing 21, so
that it is impossible for the additional
poles to be displaced under the electro-
magnetic forces, If the poles 4, 3, and
G of the incandescent cathode filumentis
are connected with a three-phase low volt-
age current transtornler, the incandescent
cathode glows at the point 8, aud emits
eloetronie 1ays in a spiral or rotary form
having the same perind as the altertating
current <upply.  The spital wetion of the
cathode rays is amplified by the electro-
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magnets 12, which may be excited by the wmetals or metallic alloys having a similar
alternating current transformer used for expansion to glass are fused, thus making
heating the filament. The filaments may an airtight closure between the metal
be in a plane, but may also have a certain membrane and the glass. The metal ring
conical inclination as shown in the draw- is electrically connected with a disc 30 70
“ings, which results in the rays being consisting of a light metal alloy, such as
emitted in the form of a beam in the an aluminium alloy etc. A tube 33, 34,
centre of the tube 28, so that they travel is mounted on this dise 30 to which a
up {o the transparent window in the form cooling liquid (e.g. alcohol or aniline)
of a cone. A metal sleeve 9, slotted at 10 can be supplied through two thin pipes 73
to fit suugly, is mounted behind the and valves 31, and can be led away at 34 °
cathode to act as a reflector, and for the and 31. A second disc 36 is mounted on
purpose of screening the filament. A thin this first circular disc 30 and is provided
metallic coating may be applied to the with a spiral tube 32, shown in horizon-
glass such that the ele(,tm-maonetl(, lines tal section 33, and strengthened by gg
can penelrate it, e.g. a silver coatlno' to radially mounted thin transverse ribs.
reflect the cathode m\ s impinging thereon The purpose of this membrane mounting
to a suitable extent. . A conical glass tube 36 with the spiral cooling tube is to cool
23 1s mounted over the incandescent the metal window membrane, and at the
cathode 8, and is supported at the cathode same time to provide a strengthened sup- g3
end by the ridge 24, while its other end port below the thin membrane 35. The
is rigidly sealed to the metal rim 80 by inner cooling spiral 32 (Figure 3) is con-
means of a metallic ring 27. Thin metal nected at the points 33 and 84 (Figure 1)
lamine are mounted in series on this to the cooling tube located in the lower
tube (connected internally by 25 and metal mountmg, and has inlet and outlet gp
externally by 20) in such a way that the valves 34, and 31. The actual membrane,
glass tube is provided with a plurality of 85, penetrable by beta rays, is now
condenser faces arranged in series, and mounted on these strengthened ribs 32
the last condenser face is soldered at the with thin transverse ribs 46. The mem-
top to the metallic window holder. The brane consists either of flat or cellular g5
action of this condenser 1is important. metal foil suitably penetrable to the beta
The cathode rays which travel down the rays, such as for example, nickel,
tube 23 provided with mternal and aluminium, magnesium, Dberyllium, or
e_\‘ternul metal coatings 25 and 26 preferably alloys thereof. It is possible
are considerably accelerated Dy the by making the membrane 35 of cellular 4go
charged  condenser  faces  connected construction and the use of the cooling
in  veries. In the first place it spiral ribs 32 to make the flat portions of
is hereby possible to give the beta -rays the membrane very thin at both the top
a greater kinetic energy, and secondly, and the bottom, which greatly increases
to distribute .the -whole voltage over the the penetr: 11)111’(\' of the membrane. The 105
number-of condenser coatings connected membrane itself is flat at the ‘edges and
in series, -whereby the penetrability of iy soldered to the lower moun‘uuw ring at
the tube between the window membrane the point 36. ) ¥
30 and the electric contact devices 4, 5, Alloys of beryllium, magnesium, and
6 and 7 is considerably increased. The aluminium, for esample 100 parts of 110
beta rays are initially driven by a small beryllium, and only 2 to 59, of alummlum
field, and are successively subjected to when rolled into foil, give very good
stronger potential-fields as the rays pass results as membranes for the window,
through the sections of the condenser. In order to protect the surface of the
It is known to use a metal tube in order membrane towards the reaction vessel yyx
to accelerate the beta rays produced in from chemical action the surface is coated
any incandescent cathode tube, Inaknown with a thin deposit of gold 0.001—0.0015
cathode ray tube however, the whole velt- mm. thick, platinum, nickel, cobalt and
age is conceutrated at the point of the other inactive metals can be uae(l if they
tube opposite the incandescent cathode do not cut down the strength of the B-rays 120
producing the beta rays. by too great an amount. The membrane

In the arrangement of the present is (ompletelv cooled by a cooling coil, and
invention the acceleration is increased at the danger - of hmno thlounh lonig
regular intervals and the voltage of the exposure “avoided. ()bviouslv the mem.-
tube is used to considerably Detter effect brane can be made thicker, and by the 125
than in known cathode ray tubes. use of belvlhuln-.llununlum foil 0.05 to

The glass tube 2 has a cylindrical fold 0.1 mm. thick a window of the same pene-

REY (l‘mme 1) at ’rhe top into the outer h'ﬂnhh‘ as a nickel window 0.005 mm.
edge of which a ring 29 of steel nickel thick is obtained.
allnv platinum or its alloys or other  The tube can be connected direct with 130
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the high tension positive pole through a
contact 38 if it is necessary to produce
the rays in_the open air e.g. for the pur-
pose of sterilizing food stuffs, etec. Ifitis
desired to carry out chemical reaction, a
reaction apparatus 37 as in Figure 1 is
attached by bolts 38 to the metal flange
30 of the tube. In such a case the flange
30 must be supported so that the weight
of the reaction vessel does not rest on the
glass tube. : ’

The reaction vessel is provided with a
number of baffles 45, shown in cross sec-
tion in Figure 2. The reacting substances
are introduced through the opening 39,
traverse the tube in a eircuitous manner
round the baffles 45, and leave the appa-
ratus through the opening 40. In this
portion the substances meet the B-rays
streaming through and react accordingly.
The baffles 45 and also the outer walls 37
of the reaction apparatus are preferably
formed of a high insulating material,
such as glass, quartz, porcelain, or hard
rubber or a phenol-formaldehyde conden-
sation product. In order to subject the
reaction chamber simultaneously to an
intense electrical field, the positive lead is
connected to the point 43, where a
metallic surface (indicated by 41, 42) is
arranged on the surface of the reaction
vessel and applies an intense field to the
reaction produets.

A second electrode preferubly consist-
ing of a metal erid (not shown in the
drawings) may be arranged opposite the
metal window. If it is desired that the
potential applied to this auxiliary anode,
or to the metal window, should be less
than that applied to the main anode (so
that an electric field exists between the
auxiliary anode or the window and the
main anode) the auxiliary anode, and’or
the metal window may be connected to the
positive pole of the high-tension source
through a plurality of condensers con-
nected in series which serves to reduce the
magnitude of the potential applied to the
desired lower value.

‘The action of the apparatus is as
follows :—

The heated cathode 8, connected to the
negative pole of the high voltage svstem
at 7, is heated by low voltage 3-phase
(or 2- or multiple phase) current and pro-
duces a rotatine beam of electrons. The
rotation of this ecathode-ray stream is
increased by an electro-magnet 12, sup-
plied with current of the same frequency
as the current applied to the cathode.
The rays are accelerated by the condenser
fube 23, pass throueh the cooled mem-
brane 35 and throuch the reaction cham-
ber 37. The action of the B-ravs ecan
be regulated to a certain extent hy {he

field applied to the reaction chamber.

The vacuum should be the highest
obtainable and the parts of the tule pre-
ferably degasified in known manner. To
prevent or suppress the production of
residual gas lithium metal may be used.
Metallic lithium is provided in a side
tube or as in Iigure 1, covered with a
porous glass disc so that the Iithium does
not fall into the tube when it is inverted.
The air is exhausted and replaced with
pure nitrogen. The nitrogen is then
exhausted with known high vacuum
pump and the tube is baked to remove
secluded gas, and afterward sealed.

Lithium has the property of removing
the remainder of the nitrogen at ordinary
temperatures, forming lithium nitride,
whereby it is possible to produce a high
vacuum in the tube,

The enlargement 1 of the tube may be
omitted, and replaced by the eylindrical
or slightly conical tube 2. The action of
the electro-magnet on the cathode rays can
then be varied by moving it up or down
the tube.

An additional security against short
circult is provided in Figure 1 by a disc
22 of high quality insulating muterial
mounted on the tube. The dise 22 can
be used as a mounting if the chemical
reaction apparatus is arranged below, o
that the tube is supported on the disc, the
weight of the plate being taken by a
foundation or insulating stand,

A modification of the tube of Figure 1
is shown in Figures 6 and 7. LFigure 6
shows the tube in longitudinal section,
while Figure 7 shows a cross section. In
this  modification a slightly different
method is used for producing rotation in
the B-rays. The electro-magnet consists
of thin soft iron lamelle 47, separated
from one another by thin mica sheets.
In order to produce a better rotating
field, small incisions 48 are made in 47.
This magnet is rigidly mounted in the
interior of the glass tube, while the end
of the hook projects sidewards from the
tube. A coil 49 fed with alternating cur-
rent through the leads 50 and 51 is fixed
on the glass end 60, whereby the hook like
electro-magnet 47 is periodically mag-
netised. Tor the rest the tube is con-
structed as in Figure 1. A glowing fila-
ment 1is supplied with current throuch
the contacts 5, 6 and 7, and is al<o con-
nected with the negative hich tension
leads at 7. Bevond the cathode 10 is
mounted a  series-connected  condenser
svatem on a glass exlinder 23 an
accelerator for the cathode ravs. The
window is arranged as in Figure 1. In
this apparatus ordinary alternating enr-
rent is used to produce the rotating tield.

as
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instead of three phase current. The beta
rays rotate as previously described under
the influence of the rotating field.

Figures 8 and 9 show a similar arrange-
5 ment to that of Figures G and 7, with the
difference that instead of a beni hook a
metal spiral 32 of substantially hook form,
of mm-magnetic (or magnetic) material is
arranged in the -interior of the tube.
The transmission of the current from the
interior to the exterior is effected by a
condenser system. The condenser sur-
face 59 is charged with high frequency
current from the high voltage lead 57.
This charges the condenser surface 53 in
the interior of the tube (Figure 9), from
which the oscillating current passes
through the windings of the spiral 52,
producing a rotating field in the tube, to
the condenser surface 54 at the other end,
and from thence back to the source via
the condenser surface 56. The spiral 52
may be chosen so that its natural fre-
quency of oscillation is equal to some
multiple or sub-multiple of the fre-
quency of the oscillating circuit.

The advantage of using oscillatory cur-
rent consists in that the action on the
rays can be coutrolled as desired by vary-
ing the resonance by a variable condenser
connected in parallel with the coil and
the oscillatory circuit.

In Figure 9 the spiral is shown as a
semi-circle. It is possible however to
arrange a second spiral in the reverse
direction somewhat removed from the
other, to produce a further action on the
bheam of B-rays. Obviously, the same
thing is possible when a hook like electro-
magnet is used.

In Figures 1 to 9 a glass or fused
silica vessel can be used for the -vacuwm
tube.

Metal tubes with relatively low voltages
may be used to apply the rays to the
sterilization of foodstuffs, polymerisation,
chlorination or the like. The invention
permits the construction of metal tubes of
special design, in order to carry out a
series of chemical reactions while a con-
structional advantage is that metal tubes
may be made shorter than ordinary glass
tubes. Such an electron-tube is shown in
Figure 10. Tt consists of two metal
vessels 61 and G2 separated from omne
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another and embedded in a vessel of
highly  insulating vitreous material
(5

A conical glass tube is arranged in the
centre as in Figure 1, 6 or 9 with series
connected condenser surfaces 256 and 26
arranged thereon. The mode of produc-
tion of the B-rays is as follows. ’

The electron emitting surface consists
65 of a thick pressure resisting concave or

60

dished metal plate G5, preferably with an
upper surface cellular in form. The cells
are filled with a metal or compound used
for coating low temperature cathodes or
with caleium or like metal which produces
large quantities of B-rays at low tempera-
tures. Behind the surface 65 is an electro-
magnet 68 arranged to produce a rotating
field with two or three phase alternating
current. The heating is by induction, the
inner surface 65 acting as a secondary
winding and being raised to red-heat by
the induced eddy cuwrrents. In order to
compensate for the expansion of the hot
cathode the heated surface 65 is sur-
rounded by a ring like spiral GG of heat
resisting metal with a corrugated surface,
the expansion of the heated plate G5 be-
ing absorbed without any risk of the
apparatus leaking. The other end of the
spiral is secured to the metal ring 69
which is fixed to the metal vessel 62. A
cooling tube 70 is arranged in the thickest
part of the ring 69, cooling fluid being
supplied and removed through the pipes
71." The upper part of the vessel 61 is
also welded to the upper ring which car-
ries the permeable window, the end of the
metal condenser 27 being attached in the
same way. The window is of the type
previously described and is cooled by a
spiral cooling tube 32 which is supplied
from the tubes 33, 34, the flow being con-
trolled by the valves 51.

The reaction vessel 1s secured at 38 to
the metal ring 36 and contains baffles as
in Figure 1. The electrical connections
are the same as in IFigure 1. The react-
ing substances are introduced through the
port 39 and removed through the port 40
i the end of the reaction chamber.
Any tendency of the system to short cir-
cuit is prevented by the insvlating disc
22, This disc can serve to support the
apparatus on a foundation. Such a tube
produces B-rays in great quantities, but,
1f the applied voltage does not exceed
50—150,000 volts, with smaller velocities
than the other tube.

By increasing the number of series-
connected, condenser like insulated metal
casings the applied voltage may be
increased, and thereby the velocity of the
beta rays. The action of the rays is
greatly increased by applying a rotating
field, making for example 100 revolutions
per second, during the production of the
B-rays. By the use of a further high
vollage anode in the upper part of the
reaction chamber the apparatus can be
worked in the majority of cases with a
lower voltage on the tube. The poten-
tial applied to the window may be reduced
to a suitable value by connecting a plu-
rality of condensers in series between the
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window and the positive pole of the high
tension supply. . _ . :
+A  plate coated with radio-active
material which emits B-rays may take the

-5 place of the hot cathode; such a cold

cathode operates like a hot. cathode and
bas the advantage that a larger surface
can be used. The negative electrons pro-
duced in this manner are either sub-

40 jected to a rotating magnetic field or
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accelerated through a condenser tube and
applied to the reacting substances.

“The performance of the chemical rays
can be varied if a part of the B-rays are
converted into X-rays, either in the tube
itself (by inserting pieces of quartz, mica
or glass in the line of flight of the elec-
.trons) or external to the tube. In the
latter case the target from which the
X-rays are produced may be arranged on
the permeable window. The mixture of
beta and X-rays has a specially great
action, because it penetrates deeper into
the 1eacting substances. If high volt-
ages are applied the secondary B-ravs
themselves produce X-rays while the
X-rays  produce secondary B-rays. It
appears that the action of the X-rays is
also increased by the presence of the
rotating field,

The mode of construction of wmetallic
tubes without - the introduction of elec-
trodes is part of the novelty and is
included in the scope of this invention.

The chemical rays are applicabie to
different chemical reactions in  liquids,
solids, guses, or vapours. Further the
rays  are  applicable  for  sterilization
synthesi> of chemical compounds, -poly-
merisation, oxidation, chlorination, ete.
Also for example, in the polyvmerization
of isoprene, which can he converted in a
short time to rubber with the aid of the
rays. In the hydrogenation of inorganic
oils and similar substances, even without
catalysts the conversion proceeds consider-
ably quicker. In chlorination most sul-
stances give a compound with chlorine.
Nitrogen can be synthesised to nitrogen
oxides with oxygen, and in presence of
water vapour also to nitric acid. The
application of rays produced according to
the invention to different reactions is
included within the scope of this inven-
tion,

ITaving  now particularly  deseribed
and ascertained the nature of the said
invention and in what manner the same
1» to be performed, as communicated to
we by my foreign correspondent, T declare
that what [ claim is:—

L. Process and apparatus for the pro-
duction of chemically active ravs in which

_ rotatine electio-maenetic fields or intense

electric  and rotating  electro-magnetic

fields are applied to a stream of cathode
rays substantially as described. .

2. A process for accelerating ¢hemical
reactions by means of spirally moving
electrons substantially as deseribed.

3. A process for accelerating chemical
reactions by means of a stream of non-
rectilinearly or twbulently moving elec-
trons, while an intense electric field is
applied to a reaction chamber wherein
the reacting substances are subjected to
the rays substantially as described. .

4. Process and apparatus for the pro-
duction of chemically active rays in which
a mixture of cathode rays and X-rays is
applied in intense electric and or rotat-
ing electro-magnetic fieldy substantially
as described.

5. Apparatus suitable for the purposes
of Claim 2 or 3 in which rotating electro-
magnetic fields, or intense electric and
rotating  electro-magnetic  fields are
applied to a stream of cathode rayvs sub-
stantially as described.

6. Apparatus as claimed in Claim 5 in
which the rotation of the cathode rays is
produced by a rotating electro-magnetie
field applied to the rays before they have
left the vacuum tube wherein the rays are
produced substantially as deseribed.

7. Apparatus as claimed in Claim 3 in
which further intense electric and/or
rotating electro-magnetic fields are applied
to the cathode rays externally to the
athode ray tube e.g, in a reaction ¢ham-
ber substantially as deseribed,

8. Apparatus as claimed in Claim 5 in
which the dizcharge tube is constructed
principally  of metal and the heated
cathode is heated externally by induction
through a rotating electro-magnetic field
substantially as described.

9. Apparatus as claimed in Claim 5,
6, 7 or 8 in which a rotating magnetic
field is produced by the combined action
of two or more inclined alternating mag-
netie fields differing in phase substan-
tially as deseribed.

10. Apparatus as elaimed in (laim 9
in which the rotating field ix produced by
an electro-magnet having a hook-shaped
core extending over substantially one half
of the cathode ray tube, and excited hy
alternating  current  substantialle
deseribed.

11. Apparatus as elaimed iu Claim 9
in which the rotating field is eenerated
by a sinele spiral coil extending over
substantiallv one half of the cathode ray
tube and fed with alternatine  current
substauntially as described.

120 Apparvatus as elaimed in (Taim 10
or 11 in which the devices peneratinge the
rotating field constitute o part of an
osceillating cirenit, the frequency of which
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can be controlled by varying the com-
ponents, and preferably the capacity there-
of, substantially as described.

13. Apparatus as claimed in Claim 4
in which rotating fields are applied
to both the primary cathode rays and to

secondary beta-rays generated by X-rays

substantially as described.
14. Apparatus as claimed in Claim

in which the cathode rays are generated .

in a vacuum tube and leave the tube
through a metal window penetrable to
cathode rays, supported on a strengthened
cooling coil substantially as described.

15. Apparatus as_claimed in Claim 14
in which the cathode ray tube is con-
structed chiefly of metal and has two or
more walls, separated from one another
and embedded in a vessel of highly insu-
lating vitreous material and connected in
series in condenser-like manner, substan-
tially as described.

16. Apparatus as claimed in Claim 15
in which the heating means for the
cathode and the means for producing the
rointing field are arranged externally to
the tube subsfantially as described,

17. Apparatus as claimed in Claim 7
in which a main anode is arranged in the

reaction chamber and raised to a high
positive  potential substantially  as

described.

18. Apparatus as claimed in Claim 17
in which a perforate .nuxiliary anode is
arranged in the reaction chamber hetween
the main anode and a window from which
the rays are ejected substantially  as
described. i

19. Apparatus as claimed in Claim 18
in. which the auxiliary anode and/or the
metal window are connected to the posi-
tive pole of the high tension source
through a plurality of condensers con-
nected in series xwhich serves to reduce
the potential applied to a lower value
substantially as described.

20. A process for the acceleration of
cathode rays consisting in subjecting the
rays to an electric field of increasing

“intensity in the direction of the rays sub-

stantially as described.

21. Apparatus as claimed in any of the
preceding claims in which the velocity of
the cathode rays is accelerated in the
interior of the tube by passing the rays
along an insulating tube carrying a plu-
rality of conducting condenser surtaces
connected in series, the last surface be-
ing connected to the positive pole of the
high potential source substantially as
described. o

22, Apparatus as claimed in Claim 4
in whicn substances are provided, prefer-
ably in a reaction chamber, whereon the
catnode rays impinge to form X-rays sub-
stantially as described.

24, A cathode ray tube in which the

cathode comprises a surface coated with
radio-active material emitting beta-rays
substantially as described.

24, Apparatus as claimed in any of the
preceding claims in which the window
through which the rays leave the tube is
of beryllium substantially as described.

25. An apparatus for produc¢ing and
applying chemically active rays compris-
ing in combination a cathode ray tube
having a penetrable window through
which the rays are ejected, a reaction
chamber, means too accelerate the velocity
of the rays, and means to impart a rota-
tional component to the motion of the
Tays.

2G. A process for performing and
accelerating chemical reactions compris-
mg subjecting the reacting substances to
the action of electrons moving at high
speeds in substantially spiral or helical
tracks in intense electric fields.

27. A process and apparatus for the
production of chemically active rays sub-
stantially as described with reference to
the accompanying drawings.

Dated this 28th day of February, 1928.
W. P. THOMPSON & Co.,
12, Church Street, Liverpool,
Chartered and Registered Patent Agents.
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