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My invention relates to arrangements for sep 
arating particles of different mass from mixtures 
thereof and, in particular, relates to an arrange 
ment for separating isotopes of the chemical ele 
ments. Its operation depends upon a particularly 
effective method of imparting widely different 
velocities to particles of even very slightly differ 
ent mass, and then utilizing the ‘difference in ' 
velocity for effecting physical separation of the 
particles. ' 

One object of my invention is, accordingly, to 
provide a novel arrangement and method for 
separating, from mixtures thereof, particles 
which differ from each other in mass. 
Another object of my invention is ‘to provide 

a novel and improved arrangement and method 
for causing electri?ed particles having different 
masses to be physically separated from each 
other. 

Still another object of my invention is to 
provides, novel and improved method of pro 
ducing widely different accelerations between 
particles having masses which differ from each 
other. - 

Another object of my invention is to provide a 
novel arrangement and method for producing 
widely different velocities as between ions having 
only slightly different masses. 
A further object of my invention is to provide 

a novel arrangement and method for segregating 
from mixtures thereof different isotopes of the 
same chemical element. ' 

Other objects of my invention will becomev 
apparent upon reading the following descrip 
tion, taken in connection with the drawings, in 
which the single ?gure is a diagrammatic show 
ing of one form of apparatus in which the prin-' 
ciples of my invention may be embodied; 

Referring in detail to the drawings, a vacu 
um-tight chamber I may be considered to be 
subdivided into ?ve different chambers 2, 3, 4, 
35 and 6, which act, respectively, as a source of 
accelerated ions 2, and electrical differentiating 
chamber 3, a decelerating chamber 4, a mag 
netic de?ection chamber 5, and an ion-collecting 
chamber 6. The chamber 2 may be provided 
with walls of glass or other insulating material 
and be sealed at ‘l to the differentiating chamber 
3 which may have conducting walls. 
of the decelerating chamber 4 may be of insulat 
ing material, while the Walls of the deflection 
chamber 5 and the ion-collecting chamber 6 may’ 
conveniently be of conducting material. 
The chamber 2 is provided at one end with an‘ 

electronicallyeemissive gaihéldl? § of any type 

The walls} 

10 

20 

25 

30 

40 

2 
known in the art to be suitable as a source of a 
concentrated electron beam. The chamber 2 is 
likewise provided with an offtake 9 to a vacuum‘ 
pump of suf?cient capacity to maintain the de 
sired vacuum in the above-mentioned system of 
chambers, even when a desired quantity of gase 
ous ions is allowed to flow into the chamber in 
the immediate vicinity of the cathode 8 through 
a duct ll leading from a reservoir of molecules 
of the substances which it is desired to separate 
from each other. In front of the cathode 8 there 
is provided a series of diaphragms l2, l3 and M 
of a type known in the art to be suitable for pro 
ducing a concentrated beam of ions or other 
charged electrical particles; The diaphragms 
l2, I3 and I4 are connected to a suitable source 
[5 of direct-current potential which has one ter-" 
minal connected to the cathode 8 and also, pref 
erably, to ground. The wall of the chamber 2 
opposite to the end containing the cathode 8 is 
pierced with an aperture which is aligned with 
similar apertures in the plates l2, l3 and 14. It 
will readily be evident that if the diaphragm I2 
is positive relative to the cathode 8, electrons will 
be accelerated in the space in front of the latter, 
and that these will ionize any molecules which 
have been allowed to ?ow into the chamber 2 
through the duct ii. If the diaphragms l3 and 
M are negative in potential relative to the oath 
ode 8, they will accelerate positiveions thus pro 
duced by the electron stream along a path pass 
ing through their apertures and through the 
aperture in the end wall of the chamber 2 which 
is adjacent the chamber 3.1 
A high negative potential is imparted to the 

chamber 3 relative to the cathode 8, and the 
end wall of the chamber 3, which is adjacent the’ 
chamber 2, is provided with an aperture which 
is aligned with the apertures in the diaphragms 
l3 and I4. Such a system of electrical poten 
tials will produce a narrow beam of positive ions 
accelerated to a high velocity which will pass into, 
the interior of the chamber 3. Where it is de 

, sired to produce a stream of negatively charged 
45 

50 

ions or negatively charged electri?ed particles,“ 
it will be obvious to those skilled in the art that 
the potentials of the diaphragms l3 and I4 and 
chamber 3 relative to the cathode 8 should be the 
reverse of those above-described. 
In the interior of the chamber 3, thereis pro 

vided a ?eld-free enclosure l6 which may take 
the form of a conducting cylinder supported on 
insulators (not shown) from the walls of the 

. chamber 3 and provided with a pair of apertures 
I1 and 18 in its end walls which are aligned with 
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the apertures in the diaphragms l3 and i4 and in 
the end walls of the chambers 2 and 3, as above 
described. A narrow space intervenes between 
the respective end of the cylinder 16 and the 
adjacent end walls of the chamber 3, and a source 
of alternating potential-"2| which.may; ion (EX-r 
ample, have. an amplitude of 1000-volts: and a 
frequency of 70 me. per second, is connected 
between the cylinder l6 and the chamber sub- 
stantially at one end thereof 3. It will be evi 
dent from the foregoing description’ that an’ al 
ternating voltage will be set up in the" spaces‘ 
between the end walls of the cylinder-16:. and: 
those of the cylinder 3, but that‘the'spaceinthe. 
interior of the cylinder l6»willabevirtuallyYan: -— 
electric-?eld-free space in which any electri?ed 
particles entering through the- apertures in one 
end of the cylinder [6 will move without‘ accel 
eration or deceleration until they pass. through 
the aperture in the opposite end of the cylin 
der I6. 
The endwall-of the chamber. 3,. which .is .re 

mote from the chamberv 2,.isprovidedl withan 
aperture aligned witht-he-apertures l1 and; i8, 
and the above-described-arrangement will be seen. 
to be such thataebeam. of..elect'ri?edparticles 
emanating in. front: of; the cathode 8' will" be. 
passed throughthe aperturesimthe. diaphragms 
i3 and. M, the apertures I‘La-ndJa andintothe 
interior of the. decelerating: chamberAl. The. end’ 
wall of the chamber». 4,,» which is. adjacent. the. 
chamber. 5, is oLmetal. andis. provided witl'ran. 
aperture 22.- which. is. alignedwith. the. apertures 
l1 and “3.. This end. wall. is-..impressed'.by. a 
suitable voltage.- source:.(not.shown) with; a.neg 
ative voltage: which is muchrlower. thanthat :irn 
pressed. on. the: chamber. 3.». It will. be. seen. to 
result from this arrangement that the- electri?ed 
particles in the above-mentioned,beam-willlpass. 
through the aperture: zzfwith amuch :lower-veloc -. 
ity'than ‘that which .they' possessedwhile. passing. 
through. the cylinder "5-. 
The electri?ed‘particles,~. when about to ‘pass 

through the: apertures-in. the: end». wall. or. the 
chamber. 3 whichis adjacentrthe; chamber?, will. 
have a kinetic energy. corresponding-.to-theprod 
uct of. their electrical. charge by; the voltage-0f: 
the cylinder 31relative: to‘the cathode 8.: Since. 
the‘ electrical‘ charge produced » on‘ ions.‘ in .front 
of the cathode 8'-will,~ inegeneral?betthe same 
even though. the ions. differ.‘ fromreach . other. in. 
mass, thevelocities oithe. ions whenthey. enter 
the chamber 3s wilLbe. inversely. proportionaLto 
the square roots of their respective masses. . How. 
ever, one of» the principal problemsto. be. solved 
by: my above-described .arrangement'lissthe sepa 
ration of - ions; such. as isotopes. of . the: same.~ ele 
ment, which. differ from. each: other. only slightly 
in mass. In such cases;.the. velocity .oiionsof'. 
each particular. isotope. .will.be.~.the same,. and. 
the velocity. of.di?erent.isotopes wilL. dif?er. from. 
each other only slightly,.the-velocitieso?different. 
isotopes. being: inversely proportional- to .- the; 
square root. of their respective masses. 
In the space betweenthe'end wallotthe cham 

bar 3 and the adjacent aperture |'|-,‘the iOIlSIWill‘ 
be subjected to an alternating electric?eldhave 
ing the frequency ofrthe source Ziwhich williur 
ther accelerate or; decelerate-themin. an. amount. 
dependingupon the- instantaneeusvalue: and sign 
of this electric- ?eld. The ions‘willl then pass. 
through the. ?eld-freespace. alongthe-axisoi. the. 
cylinder l6‘ and‘will arriveat the aperture. (8} 
withv the same velocity that :they- had- on. leaving. 
the aperture] 1-. . However, thetime. atwhmhthey 
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4 
arrive at the aperture l8 will obviously depend 
upon the respective velocities with which they 
pass through aperture I1, and as has just been 
stated above, this velocity will di?er for isotopes 
of different mass, and will also differ even as be 
tween .isotopes~.>o£ the .same.~mass which pass 
through theraperture [hat different'times in the 
cycle of the voltage impressed by the source 2|. 
The source 2| impresses an electric ?eld on the 

space between the aperture l8 and the aperture 
iF-w-hibh iseXa‘ctIyveQual and in the same direc 
tion as'the electric ?eld impressed on the ions 
just. before: they pass; through the aperture l1. 
Asa resnltreachaion will leave the aperture 19 
with arvelocity-which depends upon the relative 
phasertofTthe electric ?eld between the apertures 
l8 and .IQ and .the electric ?eld in front of the 
aperture‘ IT‘ at‘ theinstant of passing; and this 
relative‘ phase will depend in turn on the time 
consumed by the ion traversing the distance from 
the. aperture ilto .the aperture. Hi. In accord 
ancewith the.foregoingconsiderations.the length 
of. thechamber 3.-is;.selected-..to_ be. substantially 
equal‘ to. the. lengthof axhalfi-integral. number of 
cycles...of-.the'-frequency‘of'the source‘ 2| so that 
itispossible.t’o.causeionshavingrthe mass of one 
isotope to. traverseithe. distance between. the ap 
ertures. l1»;- and. .l.8..in...some' half-integral num 
ber; oilcycl'esoithe' source 2.1 ';.~b'ut,. on the other 
hand,v electri?ed‘particles, such as other isotopes. 
havingmasses which .di?erirom that of the ?rst 
mentionedisotopea. willlhave. different velocities 
in. passing throughtithe: chamber. 16 and will 
correspondingly enterthe. electric held. between 
apertures. 18.. andimlwhenrthe latter hasa dif 
ierent, phase. .f'romthat {of-l the electric ?eld‘; in 
front. of. theiaperture ll'whenthey pass through 
it... Thus,..,thei.ions; of. the. selected. isotope ?rst 
mentioned will enter the decelerating chamber‘ 4 
withthesamevelocity.thatthey hadinentering 
the. chamber. 3.; .but..alll other isotopes will .have 
different- velocities». from . those; that. they. had. in 
entering the. chamber 3. The. effect. of. the. pas 
sage through the chamber 3 is thus to differen 
tiate ~: from. each. other. the. velocities. oi. different 
isotopes, or other.electricaLparticles. having iden 
tical. chargesbut.v di?erenti masses. 

Within the decelerating, chamber 4, the. elec 
tri?ed. particles ‘.aresubjected to .an-electric ?eld 
whichrtendsrto greatly slowthemdcwn, nearly 
but. not quitert'o zero. velocity.-. It can beshown. 
that the residual velocities...with.. whichthe par.. 
ticles. pass; through..-the aperture. 22' will‘. differ 
very. greatly. as. between. isotopes or. other. parti 
cles of. evenslightly; diiierent mass. 

. After, passing. throughthe. aperture. 22, the 
particles. pass. through; amagneti'c. ?eld. of . con: 
stant' magnitude which.isperpendicular~ to. the 
direction. in- which. they. are. moved; Such a 
magnetic- ?eld. will..cause..moving. particles. to be 
de?ected. intdcurvedlpathsthe curvature of. the. 
pathdepending upon. the velocity. with’ which. 
they are. moving. aswell; asmtheir. masses. Thus, 
twoisotopes. passing through- the . aperture. 22, 
even. if..of nearly the same...mass,, wi1l.have,..in 
accordance with. the .. foregoing description, 
widely, different. velocities and. will. correspond 
ingly. follow. paths. of: widely different. curvature 
inthechamber. 5. . The- collecting; chamber 6 is 
provided .with.anaperturecorresponrling inposi 
tion. torthe. path. followed. by. the. isotope which 
it is. desired. to collect. All. such. isotopes will, 
therefore, pass. into- the collecting chamber. 6, 
whileall other isotopesor charged electrical par 
ticles will be seatteredabout. on the walls of 
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the chamber 5 or on the exterior walls 
chamber 6. . 

Since the ‘velocity with which two di?erent 
isotopes pass through cylinder 16 is, as'above 
stated, inversely proportional to the square root 
of their respective masses, the time they con 
sume in passing from the aperture H to the 
aperture 18 will be proportional to the square 
root of their respective masses. It is obviously 
possible to so select the frequency of the source 
2| that the time thus consumed by the desired 
isotope is an odd number of half periods of the 
source 2|, but the time consumed by anlunde 
sired isotope is an even number of half periods 
of, the source 2|. Under such circumstances, 

of the 

15' 
the velocity with which the ?rst isotope passes ‘ 
through the aperture I9 is the same as that with 
which it entered the chamber 3, but the velocity 
with which the undesired isotope enters the 
aperture [9 is less than that with which it entered 
the chamber 3 by an amount corresponding to 
twice the alternating voltage of the source 21. 
This affords an effective means of Widely differ 
entiating the velocities of egress of two. isotopes, 
or other electrically charged particles, entering 
the chamber 3 with substantially identical 
velocities. ' ‘ 

While I have described an arrangement in 
which the number of ions passing through the 
apertures in the diaphragms I3 and I4 is sub 
stantially ‘constant with time, it is also within 
the scope of my invention to pulse the voltage 
impressed on the diaphragm i2 relative’to the 
cathode 8 at the same periodicity as that of the 
source 2 l, or otherwise to modulate the ion beam. 
The phase of such pulses relative to the source 
2| should be made such that an undesired iso 
tope will never enter chamber 3 at a time when 
the voltage impressed by the source 21 is zero. 
By the expedient of pulsing the ion beam, it is 
possible to insure that the net velocity change 
suffered by an undesired isotope in passing 
through the alternating ?elds at the opposite 
ends of cylinder l6 has a desired value, since 
the phases of both the alternating electric’ ?elds 
through which the particle passes are ?xed and 
predetermined quantities. 

I claim as my invention: 
1. In combination with a means for producing 

a beam of moving electri?ed particles, means for 
passing said particles consecutively through two 
alternating electric ?elds, means for decelerating 
by-a predetermined amount said particles after 
passing through the second of said ?elds, and 
means for separating from each other such of 
said particles as have different velocities after 
said deceleration. 

2. In combination with a source of electrically 
charged particles, means for establishing an elec 
tric ?eld having a direct-current component and 
an alternating-current component for ‘acceler 
ating said particles to a relatively high velocity, 
means providing a ?eld-free space traversed by 
said. particles subsequent to said acceleration, 
means for decelerating said particles by an elec 
tric ?eld having a direct-current component 
slightly smaller in magnitude than said direct 
current component of said ?rst electric ?eld, and 
having an alternating component of substantially 
thesame frequency and magnitude‘ as said alter 
nating component of said ?rst electric ?eld,.the 
directions of all said electric ?elds being sub‘ 
stantially parallel, and means for separating said 
particles in accordance with their respective ve 
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6. 
locities after passing through said second 'elec-' 
tric ?eld. 

3. In combination with a source of electrically 
charged particles, means for establishing an 
electric ?eld having a direct-current component 
and an alternating-current component for ac 
celerating said particles to a relatively high ve 
locity, means de?ning a ?eld-free space trav 
ersed by said particles subsequent to said ac 
celeration, the time spent in traversing said 
?eld-free space being some odd number of half 
periods of said alternating current, means for 
decelerating said particles by an electric ?eld 
having a direct-current component slightly 
smaller in magnitude than, and opposed to, said 
direct-current component of said ?rst electric 
?eld, and having an alternating component of 
substantially the same frequency and magnitude 
as said alternating component of said ?rst elec 
tric ?eld, the directions of‘all said electric ?elds 
being substantially parallel, and means for sepa 
rating said particles in accordance with their 
respective velocities after passing through said 
second'electric ?eld. 

4. In combination with a means for producing 
a beam of moving electri?ed particles, means 
for passing said particles consecutively through 
two substantially cophasal equal alternating 
electric ?elds-which are substantially parallel 
to the direction of motion of said particles, 
means for decelerating by a predetermined 
amount said particles after passing through the 
second of said ?elds, and means for separating 
from each other such of said particles as have 
different velocities after said deceleration. 

5. In combination with a means for producing 
a beam of moving electri?ed particles, means for 
passing said particles consecutively through a ?rst 
alternating ?eld, a ?eld-free space and a second 
alternating ?eld, said alternating ?elds being sub 
stantially synchronized and having substantial 
components parallel to the direction of motion 
of said particles, the time spent in traversing said 
?eld-free space being some integral number of 
half-periods of said alternating ?elds. 

6. In combination with a means for producing 
a beam of moving electri?ed particles, means for 
passing said particles consecutively through a 
?rst alternating ?eld, a ?eld-free space and a 
second alternating ?eld, said alternating current 
?elds being synchronized and having substantial 
components parallel to the direction of motion 
of said particles, the time spent in traversing said 
?eld-free space being such that said alternating 
current ?elds respectively produce changes of 
velocity which are substantially equal but of op‘ 
posite algebraic sign in certain of said particles. 

'7. In combination with a means for producing 
a beam of moving electri?ed particles, means for 
passing said particles consecutively through two 
substantially cophasal equal alternating current 
?elds which are substantially parallel to the-di 
rection of motion of said particles, and means 
‘for separating from each other such of said par 
ticles as have different velocities after passing 
through said two alternating electric ?elds. 

8. In combination, means for producing a 
rapidly moving stream of electri?ed particles, a 
?rst chamber having conductive walls, a second 
'chamber’having conductive walls insulatingly 
supported ‘within said ?rst chamber,.a ?rst pair 
of apertures aligned with said beam. in the re 
spective walls of said ?rst and second chambers, 
a second pair of apertures in the walls of the said 
two chambers and aligned with thepath of said 



7 
been thrones said second chamber’, readies 
electrode for said particles outside said ?ijstghanfi: 
is?!’ means i9}?- interesting hr}, ?lli?lilihtlipg 
potential. diaerenqe Valves the axis. between said 
?rst pair of anertliresend io-rimrres as a sub 
stantially. cor . asal ‘and equal. alteliaa scheme 
tial di?erencealong the agips;v between said second 
pair of apertures. 

9- In Combination‘. means for Prod-Heine 9» 
rapidly moving stream. of- electri?ed particles, 8» 
?rst. chamber having conductive Walls, a Second 
chamberv having- condil tire Walls insulatinslv 
supported within said: ?rst chamber, a ?rst. pail‘ 
01“ apertures. aligned with said beam in the re 
spective walls-0f Said ?rst and second chambers, 
a second pair ofapertures inthe wall-sci: the said 
two chambers and aligned with the Path Of said 
beam through, said second chamber, means for 
separating said, particles. of different velocity 
after their issue through said second pair of aper 
tures, a receiver electrode, for said particles out? 
side said ?rst chamber, and means for impress 
ing an ‘alternating acceleration on each particle 
as it traverses said ?rst pairof apertures, and for 
impressing an alternating».‘acceleration of sub 
stantially equal and opposite magnitude on said 
particle as it traverses said second pair of aper 
tures. 

10. In combination, means for producing a 
rapidly moving stream» of electri?ed particles, 2. 
?rst chamber having conductive walls, a second 
chamber having conductive walls insulatingly 
supported within said first chamber, a ?rst pair 
of apertures aligned with said beam in the re 
spective walls of- said ?rstand second chambers, 
a second pair-of apertures in the walls of the said 
two chambers and aligned with the path of said 
beam through said second chamber, means for 
separating said particles of different velocity after 
they issue through said second pair of apertures, 
a receiver electrode for said particles outside said 
first chamber, means for impressing an alternat 
ing acceleration on each particle as it traverses 
said ?rst pair of apertures and for impressing an 
alternating acceleration of substantially equal 
and opposite magnitude on said particle as it 
traverses said second pair of apertures, and means 
for applying a decelerating force to the particles 
of said beam after they issue from said second 
pair of apertures. 

11. In combination, a ?rst cylindrical chamber 
having conductive walls, and coaxial therewith a 
second cylindrical chamber having conductive 
walls positioned inside said first chamber, the end 
walls of said second chamber being separated 
from the end walls of said ?rst chamber by rela 
tively narrow‘ gaps and said second chamber being 
insulatingly supported within said first chamber, 
a ?rst pair of apertures in one pair or adjacent 
end walls of said chambers, a second pair of aper 
tures in the other pair of end walls of said cham 
bers, all said apertures being positioned on the 
common axis of said chambers, means for im 
pressing an alternating voltage between said two 
chambers, means for projecting a stream of elec 
tri?ed particles along the common axis of said 
two chambers, and a receiver electrode for said 
electri?ed particles which have passed through 
said second set of apertures. 

12. Incom'bination, a‘?rst cylindrical chamber 
having conductive vwalls, and coaxial therewith 
a second cylindrical chamber having conductive 
walls positioned inside said ?rst chamber, the 
end walls of said second chamber being separated 
from the end walls of said ?rst chamber by I813: 
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8 
iii-rely" narrow- sats and. Said- setoed- charmer 
being msaiseugiy supported within said st 
chamber, a ?rst pair of apertures in one, pair 
of adjacent end walls of said chambers, a; second 
pair of‘ apertures in 'the other_ pair of end walls. 
of said chambers, all said. apertures being, posi 
tioned on the common axis of'said chambers, 
means for impressing an alternating voltage'b'ef 
tween said two chamber'sQmeanS for. projecting 
a stream of electri?ed particles along theconi 
mon axis of said two chambers, and, means‘for 
separating particles of different velocities 'i'ii‘said 
stream after they have issued firoinmsaid second 
pair of apertures. ‘ ‘V " > v ‘ “ 

13.v In combination, a ?rst cylindrical chamber 
‘having conductive walls, and coaxial therewith 
a second cylindrical chamber having'wnductive 
Walls positioned inside said ?rst ‘chamber, the 
end walls of said second chamber. being separated 
from the end walls of said ?rst chamber. by 
relatively narrow gaps and said second chamber 
being insulatinsly Supported Within said ?rst 
chamber, a ?rst pair of apertures in one pair 
of adjacent end Walls of said’ chambers, a second 
pair of apertures in the other, pair of end walls 
of said chambers, all said apertures being, 1305i? 
tioned on the common axis of said chambers, 
means for impressing an alternating voltage be 
tween said two chambers, means for projecting a 
stream of electri?ed particles along the com 
mon axis of said two chambers, means for ap 
plying a decelerating force to said electri?ed 
particles after they have passed through said 
second pair of apertures, and means for separat 
ing from each other such of said particles as 
have different velocities after being subjected 
to said decelerating force. 

14. Apparatus for separating from each other 
electri?ed particles having substantially‘ equal 
electric charges, but di?erent masses which com. 
prisesrmeans for, accelerating said particles by 
means of a ?rst electric ?eld having a direct 
current component and an alternatingecurrent 
component, said direct-current component con, 
sisting of intermittent pulses having; the same 
frequency as said alternating-currentcomponent, 
a region substantially/tree irorn accelerating or 
decelerating forces disposed in the path of said 
particles, means for subjecting said particles'to 
a second electric ?eld having a direct-current 
component slightly smallerthan and opposed-t0 
said direct-current component of said first ?eld 
and having an alternating component of sub. 
stantially the same amplitude and frequency as 
said alternating component of said first electric 
?eld, the directions of all said electric fields [be 
ing substantially parallel, and means for sep 
arating from each other particles having differ 
ent velocities after passing through said second 
electric field. ' ' " " ' ‘ 

1.5. In combination with a stream of charged 
particles having di?erent velocities, ‘means for 
imparting to said particlesa'periodieaccelera 
tion in a direction parallel to their reassess 
path traversed by said particles afte'rus'a‘id' ac 
celeration which ‘is substantially free fronijf'orc'e's 
producing acceleration in said ‘direction and 
which has a length such that some of said par 
ticles traverse it in a time substantially canal 
to a ‘half-period of said periodic "acceleration, 
and means for imparting to said particles'a 
periodic deceleration in said direction which is 
substantially equal and opposite'to'said periodic 
acceleration. ' ‘ ' 

16. Means for separating from each other elec 
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tri?ed particles having equal electric charges 
and di?erent masses which comprises accelerat 
ing the particles of desired mass to a predeter 
mined speed, passing them consecutively through 
two electric ?elds oscillating at the same high 
frequency and spaced apart within a resonant 
cavity which resonates at said frequency; the 
?elds being of such strength, dimensions and 
spacing relative to each other that particles 
traversing the said ?elds at the predetermined 
speed will undergo substantially equal changes 
of their velocities but of opposite algebraic sign, 
and means for separating from each other par 
ticles having different direction or speed of mo 
tion after passing through the second electric 
?eld. 

WILLIAM ALTAR. 
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