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This invention relates to an isotope separators 
and more particularly to an apparatus for sepa 
rating ions according to their respective masses. 
The art of mass spectrometry has been greatly 

developed during recent years; however, the ap 
paratus which has been designed heretofore, has 
required the use of a magnetic field, complex con 
trol circuits, and intricate detecting equipment 
resulting in bulky and difficult-to-handle instal 
lations. These types of mass spectographs have 
been based on the theory that ions projected 
through a magnetic field are forced into curved 
paths according to their mass. Thus, with de 
tecting equipment appropriately disposed along 
the ion paths, it is possible to determine the 
presence of ions of different masses in a test ma 
terial. The present invention allows the deter 
mination of the mass of the ions present in a 
test material without the use of magnetic field 
and with a minimum of effort on the operator's 
part. The present invention lends itself to mass 
production methods of manufacture and because 
of its simplicity can be made at a very reasonable cost. 

It is therefore an object of this invention to 
provide a new and improved isotope separator. 
Another object of the present invention is to 

provide a linear isotope separator wherein a mag 
netic Structure is not necessary. 

Still another object of this invention is to 
provide an apparatus of extreme sensitivity for 
determining the maSS numbers of ions. 
A still further object of this invention is to 

provide a method of separating and recovering 
a plurality of isotopes in Small quantities. 
Another object of the present invention is to 

provide a compact and easily manufactured iso 
tope separator characterized by its simplicity of operation. 
Other objects and advantages will be apparent 

in the following description and claims consid 
ered together with the accompanying drawing 
which shows a sectional view of the isotope Sep 
arator and its associated electronic equipment. 

Referring to the drawing in detail, there is 
shown an envelope defining a vacuum cham 
ber 2 therein. One end of the envelope. f is 
open and formed with an outwardly extending 
fange i 3. A centrally apertured cover plate il 4, 
made of an insulating material Such as hard 
rubber, has a plurality of holes 6 drilled to 
match a similar number of holes 7 drilled and 
tapped in the flange 3. Thus the cover plate 
A can be secured to the fange 3 by bolts 8. 
To provide an airtight connection between the 
cover plate and flange, a rubber gasket. 9 is 
fitted in a groove provided in the face of the 
fange 3. As a means of evacuating the cham 
ber 2, the envelope is provided with an ex 
haust outlet 23 communicating With a conven 
tional vacuum pump 23. -------- 
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Mounted centrally on the inner surface of the 

cover plate is a first copper tube section 24 hav 
ing Substantially the same diameter as the cen 
tral aperture in the cover plate 4 and having a 
flange 26 bolted to the cover plate With bolts 27. 
A Series of tube sections 28, similar to the first 
Section 24 without the fiange 26, are mounted in 
axial alignment and in spaced-apart relation by 
means of two or more resistors 28 soldered be 
tWeen each successive pair of tube sections. The 
resistorS 29 mounted in such a manner serve to 
Support the Series of tube sections 28 as a unit 
and also to distribute a voltage across the gaps 
formed, as will be explained more fully herein 
after. The series of tube sections 28 is termi 
nated in a tube section 3, which is similar to 
the first tube section 24, and having a flange 32. 
Attached to the flange 32 by bolts 33 is a termi 
nal board 34 made of an insulating material such 
as that used for the cover plate fi. A ribbon 
like filament 36 of a material such as tungsten or 
nickel-chromium alloy is mounted on pillars 37 
which in turn are fastened to the terminal board 
34 by bolts 33 in such a manner that the filament 
36 is centrally located within the tube section 3. 
Extending acroSS the open end of the tube Sec 
tion 3 4 is a, screen-type grid structure 39. A sim 
ilar grid structure 4 is mounted across the op 
posing end of the adjacent tube Section 28. 

A. Cylindrical tube 42 inade of insulating mate 
rial andi having the saime inner diameter as the 
central aperture of the cover plate 4, is formed 
On the cover plate on the side opposite the copper 
tube section 24. Extending across the cylindrical 
tube 42 is a screen-type grid structure 44 sim 
illar to the gridi structure 33. An electrical con 
nection. 46 extends from the grid structure 44 
to the exterior of the cylindrical tube A2. A Sin 
ilar grid structure i spaced apart along the lon 
gitudinal axis of the cylindrical tube 32 extends 
therea cross. An electrical connection 8 extends 
from the grid Structure 8. to the exterior of the 
Cylindrical tube 2. A. Wide fiange AS having Sub 
Stantially twice the diameter of the cylindrical 
tube 42 extends outwardly froin the second end 
of the cylindrical tube. A metallic cylinder 5 
which, in the preferred embodiment, has an in 
Side diameter Sustantially twice that of the in 
Side diameter of the cylindrical tube 42 and has 
one end thereof fastened by means of an out 
Wardly extending flange 52 and bolts 53 to the 
wide flange 49. The other end of the metallic 
Cylinder 5 has an Out Ward fange 54 Which is 
fastened by means of bolts 56 to a cover plate 5 
made of insulating raaterial. Means for retain 

, ing a photographic filiºn 53. On the interior Sur 
face of the cylinder 5 comprising spring clips 
59 is provided. Axially disposed within the cylin 
der 5 f is a metallic rod 6 which, in the preferred 
embodiment, has a diameter at least 0.1 the di 
ameter of the cylinder 3 and which is supported 
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at one end by a machine screw. 62 extending 
through the cover plate 57. 
The accompanying electronic equipment con 

prises a filament Voltage Supply 63, an acceler 
ating voltage 64, a saw-tooth voltage supply 66, 
a unidirectional voltage Supply 6, and a trigger 
ing circuit 68, all of which are conventional elec 
tronic components. The filament voltage Sup 
ply has two terminals and 2. The terminal 
I0 is connected by a wire i 03 to a terminal På 
on the external face of the cover plate 4. In 
ternally the terminal 04 is connected by a lead 
06 to a terminal Oil on the board 34 which is 

in turn connected by a wire 8 to one of the 
bolts 38 and thus to one side of the filament 36. 
The terminal 2 is connected by a lead to a 
terminal 2 on the cover plate 4 which is in 
ternally connected by a wire 3 to a terminal 

on the board 34. The termina is further 
connected by a lead to the other bolt 38 
which is electrically connected to the other side 
of the filament 36. Thus it is seen that the Wolt 
age of the filament power supply 63 is connected 
across the filament 36. 
The accelerating voltage supply 64 has two ter 

minals í 2 í and í 22. The terminal í 2 | is con 
nected by a lead í 23 to a terminal 124 on the 
cover plate 4 which is internally connected by 
a wire 25 to a terminal 2. On the board 34. 
The terminal. 2 is in turn connected electrically 
by a conductor 28 to one of the bolts 33. The 
terminal 22 is connected by a wire 3 to a ter 
minal 32 on the cover plate 4 and the terminal 
(32 is in turn connected by a lead 33 to the 
flange 26 of the first tube section 24. Therefore 
the accelerating voltage between the terminals 
2, and 22 of the accelerating voltage Supply 
64 is impressed across the series of tube sections 
24, 28, and 3. The saw-tooth voltage Supply 66 has two out 
put terminals 4 and 42. The terminal 4 is 
connected by a lead 43 to the electrical connec 
tion 46 of the grid structure 44 in the cylindrical 
tube 42. The terminal 42 is connected by a lead 
;43 to the electrical connection 48 of the grid 
structure 47. Thus the saw-tooth voltage is ap 
plied across the two grids 44 and li in the cy 
lindrical tube 42. The unidirectional voltage supply 67 has two 
output terminals 5 and 52. The terminal 5 
is connected by a lead 53 to the machine Screw 
62 in the center of the cover plate 5, which is 
electrically connected to the metallic rod 6. The 
terminal 52 is connected through a lead 54 to 
one of the bolts 56 which is electrically con 
nected to the metallic cylinder 5. Thus it is 
seen that the voltage from the unidirectional 
voltage supply S is connected between the cyl 
inder 5 and rod 6. 

- The triggering circuit 68 has two output ter 
minals 6 and 62. The terminal 6 is con 
nected by a lead 63 to the terminal 24 and to 
a terminal S4 on the saw-tooth voltage Supply 
66. The terminal 62 is connected by a lead 66 
to the terminal 2 and to a terminal 67 on the 
saw-tooth voltage supply 66. 
Each of the electronic components 63, 64, 66, 

6, and 68 are supplied operating voltage from a 
commercial source of power 70. 
Now consider the operation of the above-de 

scribed apparatus and circuits with a test mate 
rial coated on the filament 36, the apparatus as 
sembled, and the chamber 2 evacuated. Under 
these conditions the source of power is ener 
gized and the filament voltage Supply 63 fur 
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4. 
nishes a heater voltage across the filament 36. 
With the heating of the filament, ions of the test 
material are formed in the region of the filament 
36. 
The accelerating voltage supply 64 has the pos 

itive terminal 2 connected to the tube Section 
3 and the negative terminal 22 connected to 
the tube section 24. Thus a potential difference 
exists along the length of the tube sections 3, 28, 
and 24 with the resistors 29 distributing the volt 
age across the gaps between the tube Sections. 
Since the potential difference created along the 
tube sections 3, 28, and 24 is positive in the 
region of the filament 36 and negative at the 
tube section 24, the positive ions of the test ma 
terial formed by the heat of the filament 36 will 
be attracted away from the region of the filament 
36. It is well known that a charged particle Will 
be accelerated by an electric field and that the 
acceleration is proportional to the product of the 
value of the electric field and the maSS unit of 
the charged particle. The maSS unit of the 
charged particle is the ratio of the charge to 
mass of the particle. From this it is seen that 
ions having small mass will have short times of 
flight and that ions of heavier maSS Will have 
longer times of flight. 
To counteract the defocusing tendency of the 

electric field at the gap adjacent to the filament 
36 because of the proximity of the filament 36, 
the screen-type grids 39 and 4 are disposed 
across the adjacent openings of the two tube Sec 
tions 3 and 28. Since the Screen grid 39 covers 
the opening of the tube section 3, a negative 
pulse of voltage from the triggering circuit 68 is 
applied between the Screen grid 33 and the filla 
ment 36 at a predetermined interval to Withdraw 
the ions from the region of the filament 36 in a 
beam and to project them into the accelerating 
force of the electric field present at the follow 
ing gap. Thus the ions are accelerated through 
the tube sections 23 toward the grid structure 44 
iin the tube 42. 
The triggering circuit 68 which applies a trigger 

pulse between the filament 36 and grid 39 and 
extracts ions from the filament also applies the 
Same trigger pulse to the saw-tooth voltage Sup 
ply 66. The trigger pulse is delayed for a pre 
determined time within the saw-tooth voltage 
Supply 66 and initiates a saw-tooth pulse at a 
time when the lightest ions from the filament 36 
are arriving at the grid 44. The saw-tooth pulse 
is applied between the grids 44 and 47, thus the 
light ions which arrive at the grid 44 when the 
SaW-tooth Voltage is near Zero are accelerated 
very little. These light ions then enter the Space 
between the cylinder 5 and rod G. The light 
ions, having a relatively low energy are deflected 
sharply by the unidirectional voltage 67 applied 
between the cylinder 5 l and rod 6 . The rela 
tively light ions thus strike the film 58 in a cir 
cumferential band near the entrance end of the 
cylinder 5 and irradiates a band on the film. 
The heavier ions arrive at the grid 44 later than 
the light ions and therefore at a time when the 
saw-tooth voltage between the grids 44 and 47 is 
higher. The heavier ions thus have a higher 
energy imparted to them by the saw-tooth voltage 
than do the light ions. The heavier ions so ener 
gized enter the space between the cylinder 5 and 
rod 6 and are gradually deflected by the uni 
directional voltage therebetween until they strike 
the film 58 in a circumferential band near the 
closed end of the cylinder 5. Thus it is Seen 
that ions are separated according to their respec 
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tive masses, and the relative amount of each ion 
present is determined by the degree of exposure 
of the corresponding bands on the film. 
In the presently described embodiment of the 

invention the cylinder 5 has a diameter Substan 
tially twice that of the cylindrical tube A2; the , 
rod 6 has a diameter substantially 0.1 the diam 
eter of the cylinder 5 and the length of the cylin 
der is substantially twice its diameter. With 
these dimensions it has been a simple matter to 
separate as many as ten ions of Successive maSS 
numbers for a given set of operating voltages and 
conditions. It is readily apparent that many of 
the parameters involved may be adjusted to shift 
the range of masses of ions detectable or to ex 
tend the range thereof. 

If it is desirable to collections as well as to 
separate ions of different masses it is possible to 
utilize a cylinder 5 having circumferential slits 
therein instead of a film. Jon collecting chambers 
would then be disposed outside of the cylinder 5 
communicating with the slits. 
As well as being useful for micro-chemistry 

work, the present invention is useful in the petro 
leum industry and in the control of some chemi 
cal and manufacturing processes. 

It is to be noted that the filament 36 may be 
replaced with numerous types of ion generators 
which readily adapt themselves to ionizing con 
tinuously-changing test materials. Nor is it de 
sired to limit the type of material which may be 
tested to solids which can be coated on the fila 
ment, for it is apparent that the filament 36 can 
be replaced with apparatus for ionizing a vapor 
Orgas. 
While the salient features of this invention. 

have been described in detail with respect to one 
embodiment, it will, of course, be apparent that 
numerous modifications may be made within the 
spirit and Scope of the present invention and it is 
therefore not desired to limit the invention to 
the exact details shown except insofar as they 
may be defined in the following claims. 
What is claimedis: 
1. An isotope separator for determining the 

mass units of a test material comprising an evac 
lated chamber, means for ionizing said test ma 
terial, electric field means for linearly accelerat 
ing said ions through said chamber in accordance' 
with their mass units, a pair of accelerating grids 
disposed in the path of said ions, means connected 
between said grids for impressing linearly vary 
ing voltage, an electrostatic deflecting chamber 
disposed in the path of Said ions beyond Said a,c- 
celerating grids, and means for collecting Said 
ions within said deflection chamber. 

2. An isotope separator for determining the 
mass units of a test material comprising an evac 
uated chamber, a plurality of linearly disposed 
tube sections within said chamber, means for 
ionizing said test material disposed at one end of 
said tube sections, electrical means for establish 
ing accelerating electric fields between said tube 
sections whereby said ions are accelerated and 
linearly separated in accordance with their mass 
units, a pair of accelerating grids disposed trans 
versely in the path of said ions in spaced-apart 
relation, accelerating voltage means applied be 
tween said accelerating grids, an electrostatic ion 
deflector disposed adjacent Said grids and par 
allel to the path of said ions for the lateral de 
flection of said ions, and means for determining 
the disposition of said ions in said electrostatic 
ion deflectOr. 

3. An isotope separator for determining the 
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6 
mass units of a test material comprising an evac 
uated chamber, a plurality of linearly disposed 
tube sections within said chamber, means for 
ionizing said test material at one end of Said tube 
sections, resistance means connected between said 
tube sections, electrical means connected acroSS 
said linearly disposed tube sections for establish 
ing accelerating electric fields between said tube 
sections, ion accelerating grids disposed at the 
other end of said tube sections, an electrostatic 
deflection chamber disposed in the ion path be 
yond said accelerating grids whereby said ions 
are defiected radially outward from their normal 
paths, and ion collecting means disposed in the 
path of the deflected ions. 

4. An isotope separator for separating a test 
material according to its mass units comprising 
an evacuated chamber, means for ionizing said 
test material, electric field means for linearly ac 
celerating said ions through said chamber for 
linearly separating said ions according to their 
mass units, accelerating grids disposed in the 
path of said ions, a saw-tooth accelerating voltage 
applied between said accelerating grids whereby 
ions are accelerated according to the Voltage exist 
ing between said accelerating grids at their time 
of arrival thereat, an axial electrode disposed in 
the path of said ions beyond said accelerating 
grids, a closed cylindrical electrode disposed co 
axially about said axial electrode, a unidirectional 
voltage applied between said axial electrode and 
said cylindrical electrode, and a photographic film 
affixed to the interior surface of said cylindrical 
electrode. 

5. A isotope Separator for separating ions ac 
cording to their rina SS units comprising a time-of 
flight mass spectrograph for linearly bunching, 
ions according to their mass units, accelerating 
means disposed in the path of said ions, whereby 
said ions are forwardly accelerated according 
to their time of arrival at said accelerating means, 
electrostatic means for radially deflecting said 
ions from the ion path, and ion collection means 
disposed in the path of the deflected ions. 

6. An isotope separator for separating ions ac 
cording to their mass units comprising a time-of 
flight mass spectrograph for linearly bunching 
ions according to their mass units, accelerating 
grids disposed in the path of said ions, a saw 
tooth accelerating voltage applied between said 
accelerating grids whereby ions are accelerated 
according to the voltage existing between said 
accelerating grids at their time of arrival thereat, 
an axial electrode disposed in the path of said 
ions beyond Said accelerating grids, a cylindrical 
electrode enclosing said axial electrode and co 
axial there with, a unidirectional voltage applied 
between said axial electrode and said cylindrical 
electrode, and ion detecting means affixed to the 
interior surface of said cylindrical electrode. 
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