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To all whom it may concern ,

Be it known that I, Roerr H. GobpARD,
a citizen of the United States, residing at
Worcester, in the county of Worcester and

State of Massachusetts, have invented cer-.

tain new and useful Improvementsin Meth-
ods of and Means for Producing Electri-
cally-Charged Particles, of which the fol-
lowing is a specification. -

The object of this invention is to produce
electrically charged particles in a partial
vacuum, by means of impact with particles
which are themselves charged with elec-
tricity, and to employ this for useful pur-
poses hereinafter more particularly pointed
out. .

I accomplish the object of my invention
by causing a stream of particles which are
charged with electricity to travel in a lim-
ited space by means of a suitable electrostatic
or electromagretic field, or a combination
of these, and causing these charged particles

to strike molecules of gas or vapor and ren-

der them charged with electricity.

In order to more fully describe my inven-
tion, reference will be had to the accompany-
ing drawings in which, N

Figure 1, is a diagram illustrating the
method of confining the path of the charged
particles by a magnetic field ; Fig. 2, a semi-
diagrammatic sectional view illustrating the
method of confining the charged particles
by an _electrostatic field; Figs. 3 and 4,
vertical central sections taken on planes 90°
apart, of a form of apparatus embodying
my invention in which both magnetic and
electrostatic means are employed for con-
fining the path of the rays of charged par-
ticles; Figs. 5 and 6, are vertical sectional
views taken on planes 90° apart, of a modi-
fied form of the apparatus shown in Figs.
3 and 4; Fig. 7, a perspective view, and Fig.
8, an enlarged detail cross-section illustrat-

+ ing another modification of my said inven-
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tion.

Referring to Fig. 1, N S represents a bar
magnet symmetrical about axis O—O, and
the curved lines represent the lines of force
of this magnet. Now if a beam of particles
charged with electricity be directed suffi-
ciently perpendicular to a radius from the
axis O—O; that is, sufficiently perpendicu-
lar to the plane of the paper, these charged
particles, indicated by the letter P, will move
around the axis 0—O in circles indicated by
the dotted lines, and the force on each of

these particles is perpendicular to the lines
of magnetic force, as indicated by the arrows,
This merely indicates one way of confining
the path of the charged particles, which in
turn affects the charging of the other par-
ticles. The same result may be.effected by
an electrostatic field, and one way of accom-
plishing this is shown in Fig. 2, where M
represents a charged sphere, and M’ an op-
positely charged hollow cylinder. If the
beam of charged. particles
nearly perpendicular to a radius from the
axis O, these charged particles will move in
circles indicated by the dotted lines. The
electrostatic field, however, must be symmet-
rical about the axis O—Q. In Figs. 1 and 2
the particles are taken as
tively.

The beam of charged particles is most
readily kept within a limited space by a com-
bination of electrostatic and magnetic fields,
and one form of apparatus embodying such
an arrangement is shown in Figs. 8 and 4, to
which reference will now be had. This ap-
paratus comprises a tube T, in which is a
cathode K and an anode A, the cathode be.-
ing protected by glass, except at its face, as
shown most clearly in Fig. 4, and magnet
poles N S. The stream of electrified par-
ticles is, in this case, cathode rays. Ordi-
narily a stream of such rays proceeds nearly
perpendicularly to the cathode, but in the
present apparatus, under the influence of a
strong enough magnetic field produced by
poles N 8, these rays are deflected and pro-
ceed in spirals, the path of one of which is
indicated by the spiral dotted line C”.

In order to prevent the rays from striking
the walls of the tube T, two negatively
charged metal disks P, and P,, are placed
near the sides of the tube as shown. A con-
venient way to charge disks P, and P, is to
connect them by wires W, to the cathode K.
When the cathode rays approach the sides of

the tube they are repelled by these charged

plates. The rays proceeding from the cath-
ode K are thus kept within the space indi-
cated by the dotted line B, being kept from
moving out radially by the magnetic field,
and from moving lengthwise by the charged
plates P, and P,. Thus each charged cath-
ode particle, or electron, must rémain in mo-
tion within this space B, until it strikes an
atom or molecule of gas which is present;
and this holds true whatever the degree of
exhaustion of the tube T.
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- 65 this way a much higher degree of vacuum

-~ A modification of the apparatus shown in
Figs. 8 and 4, is shown in Figs. 5 and 6, to
.. 'which reference will now be had. ‘ This ap-

~-paratus also employs combined electrostatic

~and. magnetic fields for confining the rays,
-and:- operates in the same way as the appa-

" ratus'of Figs, 8 and 4, the only difference

. being ‘in the ‘modified form of the several

. & ring; the charged plates P -and P’ are
. also of ring form to conform to the tube T,

parts... o oo
“In Figs. 5 and 6, tube T is in the form of

" and the magnets N S are also in the form of

.. two rings lying on opposite sides of the tube
1

T. 'The magnets-in the case shown in Figs.
5 and 6, however, have their inside pole faces
so shaped as to give a stronger field at the

_ part of the gap nearest the axis O—O, this
-~ being advisable to insure the.particles from
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the cathode K always. passing - below - the
cathode after once being sent off.

- It is not necessary to produce the beam
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‘by any particular cathode. For example, a

“Wehnelt cathode, mercury cathode; or any

~other kind of ‘cathode, or a plate caused to
-give off rays by being illuminated, may be

. used. “Also, the charged particles need not

“necessarily be restricted to cathode rays; the

" so-called positive: rays, for example, or any

80

other type of charged particles may be em-

ployed. .
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Referring now to 'th;s- form of the inven:

_tion“shown in Figs. 7 and 8, the tube T here

- is also'in the form-of a hollow ring, but the

magnetic field is produced by a winding

"W W, on this ring. . The rays proceed. from

a cathode K in this' case, as'in those above

. . described; but a magnet N S'is necessary to
- = push the path of the rays upward in the im-

40 :
<. the path of the rays indicated by the dotted

mediate vicinity of the cathode, otherwise

-line in Fig. 8 would proceed in a circle di-
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rectly fromthe ‘cathode, and would strike

the back of the cathode.somewhere around

‘thepoint Q. - . - '
Among the uses to which' this invention

' may be put, may be mentioned the pumping
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~ticles.
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“out of a tube or other inclosed space. Itis
“well krown  that when an electrical dis-
charge takes place in a vacuum tube, gases

‘may beé-absorbed by the electrodes or even by
the walls of the tube itself, but in all cases
‘the exhaustion ceases when a certain vacuum .
$ 5»is*obtéined’.; ‘This can be

5 .

. n be due only to the fact
‘that the gas in the:tube e 1
.ionized:.  In fac s
in very high
entirely by the
cathode; ionization takes place within the

nduction: takes place
5 or eathode ray par-

- space B at any degree of exhaustion, and the

gas within this space is thus ionized and
driven into an' electrode, preferably char-
coal, however high the vacuum may be. In

-appearing in

“netic lines of force;-and provided t !
: were 1i0- electrostatic effects present to. dis-

ceases to become

- 1,187,964

may
employed. : S

nother application of the invention is
the production of light at low temperatures,
by the impact of charged particles traveling
within a limited space with atoms and mole-
cules in said space, thus causing light to be
emitted.. In this case the tube T, for ex-

“ample, would contain a suitable gas or va-
- por, the molecules of which would produce

the illumination by impact with the charged
particles traveling as described. -
Another application of the said invention

gage for high vacua. . Owing to the impossi-
bility of the charged particles leaving the
space B, Figs. 8 to 6, for example, until they
have collided with atoms or molecules of the
gas, they will travel a great distance before
leaving this -space, if the. vacuum is ex-
tremely high. -Hence, if a-beam of rays is

allowed to enter the space B for an instant,
carrying a charge of known quantity, the

be obtained than by means at p_fesent
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-is the production of a very sensitive vacuum .
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quantity ‘of -electricity within space B will .

therefore slowly diminish. If the ions es-
caping from space B are carried off as fast
as they escape '
the ‘magnetic

the degree of exhaust
T am awdre.th
could move in a ¢

a uniform magnetic field, pr
projected exactly at right angles

~ion or'electron-
g as desired in .
ovided it were " -

; thermag' 7; T
that there

90 -

“then, after'a certain time, if
{ removed, the charge
ill give a'measure of -
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turb its motion. I am ‘also aware that a'sin-=

gle ion or electron could move in a circle as
long as desired about an infinitely long elec-
trode by applying a suitable magnetic field,
provided it were projected exactly at right
angles to the axis of the said electrode, and

provided that there were no electrostatic ef-
fects present to disturb its motion. I am.

further aware that these hypothetical cases
have been treated mathematically, owing to
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their simplicity. Nevertheless, they are not .

within the scope of my ‘invention, for the
reason that they are not realizable experi-
mentally, and hence cannot be used to pro-
duce the useful results enumerated in my

_specification. The two said cases cannot be

realized experimentally for the following
reasons; first, a vacuum tube of infinite
dimensions cannot be made; second, in a
vacuum .tube of finite dimensions there are

.always present electrostatic forces between

the charged particles and the various elec-
trodes, the walls of the tube, and even bodies

“outside the tube, each of which forces tends

to. change the paths of the said particles;

-and third, it is practically impossible to pro-

ject a charged particle in a certain direction,
with perfect precision. Furthermore, with
-a number of ions or electrons, instead of &
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single ion or electron, and with electrode sur-
faces of finite extent, the space in which the
ions or electrons would move would not re-
main limited. The mutual electrostatic re-
pulsions would spread the paths farther and
farther apart, thus increasing the space con-
taining the said particles. Therefore it is
evident that charged particles can continue
in motion indefinitely within a strictly lim-
ited space, or until they strike some other
particle within this space, only when ade-

. quate means are employed to prevent-the
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spreading of the group of particles, under
the disturbing influences unavoidably pres-
ent. In order to prevent the said spreading
of the particles, the means described in this
specification must be employed; namely, a
magnetic field or an electrostatic field, of
such a shape that the field will overcome lat-
eral spreading, illustrated by Tigs. 1 and 2,
respectively; or, second, means whereby the
lateral spreading is overcome by charged
plates, illustrated in Figs. 3, 4, 5 and 6; or,
third, means whereby the lateral spreading
causes the particles to describe closed paths
ofdﬁnite magnitude, illustrated in Figs. 7
and 8.

Having thus described my invention, it
should be understood that other modifica-
tions of the same may be made without de-
parting from the spirit thereof.

What I claim is:—

‘1. The method of producing electrically
charged particles by impact with other
charged particles which consists in causing
electrified particles to move continuously
within a confined space and retaining all of
them therein until they strike molecules or
particles of gas or vapor.

8

2. Apparatus of the class described, com-
prising means to generate rays of charged
particles and means to produce a field of
energy acting on said charged particles to
confine their entire movement to a limited
space and a receptacle containing a gas or
vapor the molecules of which are subject to
impact by said charged particles.

8. Apparatus of the class described, com-
prising means to generate rays of electrically
charged particles, combined electromagnetic
and electrostatic means to produce a field
of energy acting on said charged particles
to confine them to a limited space, and a re-
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ceptacle containing a gas or vapor the mole-

cules of which are subject to impact by said
charged particles.

4. Apparatus of the class described, com-
prising a receptacle containing a gas or va-
por, means to generate therein electrically
charged particles, and means to confine said
particles to a limited space within said re-
ceptacle and prevent any of them from pass-
ing outside of said space without first strik-
ing one or more molecules of said gas or
vapor. : -
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5. Apparatus of the class described, com- -

prising a tube containing a gas or vapor, a
cathode, plates charged from the cathode,
and magnet poles codperating with said
plates to confine the rays from said eathode
to a limited space.
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In testimony whereof I affix my signature

in presence of two witnesses.
ROBERT H. GODDARD.

Witnesses:
Francors W. Hixon,
“Wiriam C. Woop.




