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My invention relates to space discharge appa-

ratus of the type wherein current is transmitted

_ between a cathode and anode mounted within an

evacuated chamber, and has for its principal ob-

 lect the provision of an improved apparatus that

may be sensitively operated at a comparatively

low voltage to produce a very intense cathode ray,

or discharge of electrons, such as is required for

indicating or recording on a photographic film

1) variations in the voltage, or other electrical con-
ditions, of an electrical circuit.

Various devices have been provided in the past
for producing a small, thin cathode ray adapted
to have its position in space controlled in ac-

15 cordance with variation in the voltage of an
electrical circuit. When such a cathode ray is
utilized to record transient phenomena on a pho-
tographic film or the like, the energy commu-
nicated by the ray to each unit area of the film

20 along the path of the bright spot which the ray
produces should be maintained above a certain
definite value. Since the sensitivity of the cath-

ode ray to deflection is inversely proportional to-

the square of the velocity of the electrons or to
25 the driving voltage, a low driving voltage is par-

ticularly desirable in cases where weak impulses

are to be indicated or recorded. Heretofore it

has been customary to maintain this required

concentration of energy at the bright spot by sub-
30 jecting the ray to an intense electrostatic field.
This method of control, however, involves the dif-
ficulty that a comparatively high voltage must be
applied between the cathode and anode of the
device, thus impairing the sensitivity of the appa-
ratus and increasing the danger of injury to the
operator. In accordance with my invention, this
difficulty is avoided by the provision of means
arranged to produce a cathode ray of such high
electronic density that sufficient energy is pro-
40 duced when the ray is subjected tc a compara-
tively weak electrostatic field.

My invention will be better understood from
the following description when considered in con-
nection with the accompanying drawing and its
' scope will be pointed out in the appended claims.

Referring to the drawing, Fig. 1 shows a part
of a sectional view of an apparatus wherein my

invention has been embodied; and Figs. 2 and 3
50 show different sectional views of this apparatus

on lines 2——2 and 3—3 of Fig. 1 respectively.
The figures illustrate a vessel 1 within which
are mounted a main cathode 2, a main anode 3,
auxiliary cathedes 4 and 5, and an auxiliary anode
8% 6, Any suitable source of electrons, other than
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the heated filament 2, may of course be utilized.
It will be observed that the anodes 3 and 6 are
connected to the positive terminal of a source of
current, shown as a battery 7; that the cathodes
2, 4 and 5 are connected by an equipotential con-
ductor to the negative terminals of the source 7;
and that heating current is supplied from a source
8 to the main cathode 2. An insulation or glass
guide member 9 surrounded at one end by a
metallic cover 10 and provided at the other end g5
with a funnel-shaped extension is provided for
directing the electrons from the cathode 2 into
the minute funnel-shaped opening 11 of the main
anode 3. The auxiliary cathode 4 surrounds the
opening of the main anode 3, is spaced therefrom 7g
by an insulation member 12, and functions to
prevent spreading and deceleration of the elec-
tronic stream, or cathode ray, as it emerges from
the funnel-shaped opening of the main anode.
The auxiliary anode 6 is spaced from the auxil- 75
iary cathode 4 at a distance which is preferably
not greater than the mean free path of the elec-
trons in the vessel and serves to accelerate the
electrons. The auxiliary cathode 5 is insulated
from the auxiliary anode 6 by means of an in- gg
sulation member 13 and, like the auxiliary cath-
ode 4, functions to prevent spreading of the ray
and deceleration of the electrons as they emerge
from the comparatively large opening of the
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‘suxiliary anode 6. 85

A connection 14 may be connected to a suitable
pump for producing the required vacuum with
the vessel 1. A plurality of members 15, 16, 17
and 18 are mounted within the vessel 1 for pro-
ducing an electrostatic field whereby the posi- 90
tion of the cathode ray is controlled in accord-
ance with variation in the voltage of one or more
circuits to which these members are connected.
The indicating or recording part of the appa-
ratus is located at the left hand end of the vessel 95
1 but has not been illustrated because it forms
no part of my invention and will be readily un-
derstood by those skilled in the art.

The operation of the apparatus will be readily
understood if it be assumed that the vessel 1 is 100
evacuated and the connections are as illustrated.
Under these conditions, the electrons emitted by
the main cathode 2 are accelerated by the elec-
trostatic field produced between the main cathode
and anode by the source 7 and are directed into 103
the funnel-shaped outlet of the main anode by
the insulation member 9. As the electrons
emerge from the opening of the main anode,
they tend to spread into a large and less dense
ray but are held in comparatively close proximity
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to one another by the electrostatic field of the
auxiliary cathode 4 and are further accelerated
by the electrostatic field of the auxiliary anode
6 which tends to spread the ray but is prevented
from doing so. The cathode ray is thus main-
tained at a density per unit of its sectional area
which obviates the necessity of applying a high
voltage between the main cathode and anode
of the device and makes the ray extremely sensi-
tive to weak impulses.

A small amount of potassium may be placed
within the device so that any electrical charge
produced on the interior surface of the insulg-
tion member 9 will tend to be dissipated by the
licht which emanates from the cathode 2. This
result may also be effected by drawing mercury
vapor or the like into the space surounding the
cathode 2, thus producing & supply of positive
ions whereby the charge is neutralized.

The embodiment of the invention illustrated
and described herein has been selected for the
purpose of clearly setting forth the principles in-
volved. It will be apparent, however, that the
invention is susceptible of being modified to meet
the_different conditions encountered in its use
and I therefore aim to cover by the appended
claims all modifications within the true spirit
and scope of my invention.

‘What I claim as new and desire to secure by
Letters Patent of the United States, is: i

1. A space discharge device comprising an

-envelope enclosing a main cathode, 2 main anode
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provided with an opening, an auxiliary cathode
mounted adjacent said opening, an auxiliary
anode provided with an opening spaced from and
alined with the opening of said main anode and
a second auxiliary cathode mounted adjacent the
opening of said auxiliary anode.

2. A space discharge device comprising an en-
velope enclosing a cathode, a funnel-shaped
anode having an opening therethrough and
mounted with its larger end opposed to said
cathode, and a member forming a funnel-shaped
passageway between said cathode and said open-
ing.

3. A space discharge device comprising an
envelope enclosing a main cathode, an anode
having a funnel-shaped opening mounted with
its larger end opposed to said cathode, an aux-
iliary cathode mounted adjacent the smaller end
of said funnel-shaped anode to prevent spreading
of the electrons transmitted through said open-
ing, said auxiliary cathode and said main cathode
adapted to be connected electrically by an equipo-
tential conductor externally of the device.

4. A space discharge device comprising an en-
velope enclosing a cathode, an anode having a fun-
nel-shaped passageway mounted with its larger
end opposed to said cathode, electrostatic control
means, an electrode mounted adjacent said pas-
sageway to control the density of the stream of
electrons transmitted through said passageway,
said electrode and said cathode adapted to be elec-
trically connected by an equipotential conductor
externally of the device.

5. A space discharge device comprising an en-
velope enclosing a cathode, an anode having a
funnel-shaped passageway therethrough mount-
ed with its larger end opposed to said cathode,
electrostatic control means mounted adjacent
said passageway to control the density of the
stream of electrons transmitted through said pas-
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sageway, and a member forming a funnel-shaped
passageway between said cathode and said anode.

6. A space discharge device comprising an en-
velope enclosing a main cathode, a funnel-shaped
anode having an opening therethrough and
mounted with its larger end opposed to said
cathode, an electrode mounted adjacent said
opening, said electrode and said cathode adapt-
ed to be electrically connected by an equipoten-
tial conductor externally of the device and an
auxiliary anode provided with an opening spaced
from and alined with the opening of said main
anode.

7. An electric discharge device comprising an
envelope enclosing a main cathode, an anode
having an opening presented to the cathode for
accelerating the electrons emitted by the cathode
and means for preventing the spreading and de-
celeration of the electron stream as it emerges
from the anode opening, an auxiliary anode for
accelerating the stream, said auxiliary anode
having an opening through which the electron
stream moves, and means for preventing the
spreading and deceleration of the electron stream
after it emerges from the last-mentioned open-
ing whereby a cathode-ray stream of high elec-
tronic density is obtained.

8. An e'ectric discharge device comprising an
envelope enclosing a main cathode, an anode
having an opening presented to the cathode for
accelerating the electrons emitted by the cathode,
and an auxiliary cathode for preventing the
spreading and deceleration of the electron stream
after it emerges from the anode opening, an aux-
iliary anode for accelerating the stream, said
auxiliary anode having an opening through which
the electron stream moves, and a second aux-
iliary cathode for preventing the spreading and
deceleration of the stream after it emerges from
the last-mentioned opening, each of said aux-
iliary cathodes being adapted to be electrically
connected to the main cathode externally of the
device. '

9. An electric discharge device comprising an
envelope enclosing a main cathode, an anode
having a funnel-shaped opening with its larger
end presented to said cathode, an auxiliary
cathode provided with an opening which sur-
rounds the smaller end opening of the anode,

an auxiliary anode spaced from said auxiliary '

cathode and having an opening which is larger
than the smaller end opening of the main anode
and is aligned therewith, a second auxiliary
cathode surrounding the opening in said aux-
iliary anode.

10. An electric discharge device comprising an
envelope enclosing a main cathode, an anode
having a funnel-shaped opening with its larger

end presented to said cathode, an auxiliary
cathode provided with an opening which sur- -

rounds the smaller end opening of the anode, an
auxiliary anode spaced from said auxiliary
cathode and having an opening which is larger
than the smaller end opening of the main anode
and is aligned therewith, a second auxiliary
cathode surrounding the opening in said aux-
iliary anode, said auxiliary cathodes being adapt-
ed to be electrically connected by an equi-poten-
tial conductor to the main cathode externally of
the device.
CAMILLE A. SABBAH.
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