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United States Patent Office 

2,714,666 
REGULATOR FOR CAUTRONIONSOURCE 

Burton F. Miller, Berkeley, Calif., assignor to the United 
States of America as represented by the United States Atomic Energy Commission 

Application July 5, 1945, Serial No. 603,399 
14 Claims. (C. 250-41.9) 

This invention relates to improvements in electric dis 
charge devices, and more particularly to calutrons of 
the type disclosed in the copending applications of Ernest 
O. Lawrence, Serial No. 557,784, filed October 9, 1944, 
and Serial No. 536,401, filed May 19, 1944. 
A calutron is a device for increasing the proportion 

of a selected isotope in an element containing a plu 
rality of isotopes in order to produce the element en 
riched with the selected isotope. Such a calutron essen 
tially comprises means for vaporizing a quantity of na 
terial containing the element that is to be enriched with 
the selected isotope; means for subjecting the vapor to 
ionization, whereby at least a portion of the vapor is 
ionized, so that ions of the different isotopes are pro 
duced; electrical means for segregating the ions from the 
un-ionized vapor and for accelerating the segregated ions 
to relatively high velocities; magnetic means for deflect 
ing the ions along curved paths, the radii of curvature of 
the paths of the ions being proportional to the square 
roots of the masses of the ions, whereby the ions are 
concentrated in accordance with their masses; and means 
for deionizing and collecting the ions of the selected iso 
tope thus concentrated, thereby to produce a deposit of 
the element enriched with the selected isotope. 
The apparatus is especially useful in producing uranium enriched with U23. 
In the previously-mentioned copending application, 

Serial No. 536,401, there is disclosed a calutron of the 
multiple beam type, including, as shown in Figures 24, 
25, and 26 thereof, an ion source unit provided with an 
arc block having a number of arc chambers formed 
therein. In this source unit, each arc chamber is pro 
vided with electron emitting structure individual there 
to which is utilized to ionize the vapor contained in the associated arc chamber. 

Likewise, the instant application pertains to a calu i 
tron of the multiple beam type including an ion Source 
unit provided with a plurality of arc blocks, each having 
one or more arc chambers formed therein. In this 
source unit, however, the electron emitting devices are 
provided with power supplies common to all of them, 
together with circuits adapted to regulating each in 
dividual arc. in another aspect, the conductors to two 
or more electron ennitting devices may be combined 
electrically in such manner as to reduce the total number 
of heavy electrical conductors. 
One object of this invention is to provide, in a calu 

tron ion source unit, an improved cathode circuit and arc regulator arrangement. 
Another object of the invention is to provide a regul 

lated calutron multiple ion source unit requiring a re 
duced number of electrical conductors connected thereio. 
Another object of the invention is to provide a 

calutron ion source apparatus employing a plurality of 
independently regulated iom generators. 
Another object of the invention is to provide a call 

tron ion source unit including a plurality of cathodes 
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with an improved arrangement for controlling the emis sions thereof. 
Another object of the invention is to provide a calutron 

ion source unit with an improved circuit for regulating 
the arc current by utilizing a saturable reactor. 
A further object of the invention is to provide a 

calutron ion Source unit with an improved cathode cir 
cuit utilizing a polyphase source of power. 

Further objects of the invention will appear from a 
reading of the following detailed description of appara 
tus embodying the invention. 

In the accompanying drawings, forming part of the specification, 
Figure 1 is a diagrammatic plan view of a calutron 

comprising an improved ion source employing a plu 
rality of independently regulated ion generators; 

Fig. 2 is a vertical sectional view of the calutron taken along the line 2-2 of Fig. 1; 
Fig. 3 is a schematic wiring diagram of the ion Source 

filament supply, arc supply and regulator incorporated 
in the calutron shown in Fig. 1; 

Fig. 4 is a schematic wiring diagram of an alternate 
ion source filament Supply, arc Supply and regulator 
adapted to a caiutron having a limited number of arcs, and 

Fig. 5 is a wiring diagram of the embodiment of the 
invention shown in Figs. 1 and 3 and including circuits 
of a single ion generator for the purpose of simplifying 
the explanation of the operation of that embodiment. 

Referring now more particularly to Figs. 1 and 2, there 
is illustrated a calutron 50 comprising magnetic field 
structure, including upper and lower pole pieces 13 and 
12 provided with substantially parallel spaced-apart pole 
faces, and a tank i3 disposed between the pole faces of 
the pole pieces 5; and 2. The pole pieces 1 and 12 
carry windings, not shown, which are adapted to be ener 
gized in order to produce a substantially uniform and 
relatively strong magnetic field therebetween, which mag 
netic field passes through the tank 3 and the various 
parts housed therein. The tank 3 is of tubular con 
figuration, being Substantially arcuate in plan, and com 
prising substantially fiat parallel spaced-apart top and 
bottom walls 4 and 15, upstanding curved inner and 
outer side walls 6 and 17, and end walls 8 and 9. 
The end walls 18 and 9 close the opposite ends of the 
tubular tank 3 and are adapted to be removably secured 
in place, whereby the tank i3 is hermetically sealed. 
Also, vacuum pumping apparatus 25 is associated with 
the tank 3, whereby the interior of the tank 13 may be 
evacuated to a pressure of the order of 105 to 104 mm. 
Hg. Preferably, the component parts of the tank A3 are 
formed of steel, the top and bottom walls 4 and 5 
thereof being spaced a short distance from the pole faces 
of the upper and lower pole pieces A and 52 respectively, 
the tank 3 being retained in such position in any suit 
able manner, whereby the top and bottom walls 4 and 
i5 constitute in effect pole pieces with respect to the 
interior of the tank 3, as explained more fully here inafter. 
The removable end wall i8 suitably supports ion source 

units 21 and 22 provided with charge receptacles 23 and 
24, respectively. Two communicating arc blocks 25 and 
26 are provided to the ion source unit 2 and likewise two 
communicating arc blocks 27 and 28 are provided to the 
ion source unit 22. An electric heater 29 is arranged in 
heat exchange relation with the charge receptacle 23 and 
is adapted to be connected to a suitable source of heater 
current supply, whereby the charge receptacle 23 may 
be appropriately heated, the charge receptacle 23 being 
formed of stainless steel or the like. Likewise electric 
heater 30 is arranged in heat exchange relationship with 
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charge receptacle 24. The arc blocks 25, 26, 27 and 28 
are formed, at least partially, of brass or the like and 
have upstanding slots 3, 32, 33 and 34 formed in the 
front walls thereof remote from the charge receptacles 
23 and 24. Thus, the arc blocks 25, 26, 27 and 28 are 
of hollow construction, the cavities in arc blocks 25 and 
26 communicating with the interior of the charge recep 
tacle 23 and the cavities in arc blocks 27 and 28 com 
municating with the interior of the charge receptacle 24. 

Also, the removable end wall 18 carries four fila 
mentary cathodes 35, 36, 37 and 38, each in Series with 
its respective resistance element 39, 46, 41 or 42, and 
adapted to be connected through busses A and B to a 
suitable source of filament current supply. Alternating 
current is utilized to heat the cathodes and in this respect 
it is to be noted that the term "A. C.” is taken to mean 
alternating current and "D. C.’ is taken to mean direct 
current in the remainder of the disclosure and in the 
appended claims. The series resistance elements 39, 40, 
41 and 42 have electrical characteristics similar to those : 
of the filamentary cathodes 35, 36, 37 and 38. Each 
filamentary cathode 35, 36, 37 and 38 overhangs the 
upper end of its respective arc block 25, 26, 27 and 28, 
and is arranged in alignment with respect to the upper 
end of the cavity formed therein. Each arc block 25, 
26, 27 and 28 carries an anode 43, 44, 45 or 46, respec 
tively, disposed adjacent the lower end thereof and 
arranged in alignment with respect to the cavity formed 
therein. 

Also, each arc block 25, 25, 27 and 28 carries a colli 
mating electrode 47, 48, 49 or 50, respectively, adjacent 
the upper end thereof, each having an elongated colli 
mating slot 51, 52, 53 or 54, respectively, formed there 
through and arranged in alignment with the electron emit 
ting portions of the respective one of the filamentary 
cathodes 35, 36, 37 or 38, as well as with the respective 
one of the anodes 43, 44, 45 or 46, and the respective 
one of the cavities formed in the arc blocks 25, 26, 27 
or 28. The anodes 43, 44, 45 and 46 and the collimating 
electrodes 47, 43, 49 and 58 are electrically connceted 
to terminals J, , H and G, respectively, of the arc supply 
and regulator apparatus 55. The positive terminal, K, 
of the arc supply and regulator apparatus 55 is associated 
with the positive terminal of a suitable source of acceler 
ating electrode supply, as explained more fully herein 
after. On the other hand, the tank 13 is grounded. Also, 
the filament busses A and B are adapted to be operatively 
connected to the negative terminal of a suitable source of 
arc voltage supply 56, as shown in Fig. 3 and described 
more fully hereinafter. 

Further, the removable end wall 18 carries an ion 
accelerating structure 57, formed at least partially of 
tungsten or the like, and disposed in spaced-apart rela 
tion with respect to the wall of the arc blocks 25, 26, 27 
and 28 in which the slots 31, 32, 33 and 34 are formed. 
The source of accelerating electrode supply is adapted to 
be connected between the ion sources 21 and 22 and 
the ion accelerating structure 57, the positive and nega 
tive terminals of the supply mentioned being respectively 
connected to the ion sources 2 and 22 and to the ion 
accelerating structure 57. Further, the negative terminal 
of the ion accelerating electrode supply is grounded. 
The removable end waii. 39 suitably supports an ion 

collector assembly 58 formed of stainless steel or the 
like, and provided with pairs of laterally spaced-apart 6 
cavities or pockets 59, 59, 52, 62, 63, 64, 65 and 66 
which respectively communicate with pairs of aligned 
slots 67, 68, 69, 78, 7, 72, 73 and 74 formed in the 
front wall of the ion collector assembly 58 disposed re 
note from the renovable end waii. 59. It is noted that 
the pockets 59, 61, 63 and 65 are adapted to receive one 
of the constituent isotopes of an element, and the pockets 
60, 62, 64 and 66 another of the constituent isotopes, 
which have been separated in the calutron it, as explained 
more fully hereinafter. Finally, the ion collector assem 
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by 58 is electrically connected to the ion accelerating 
structure 57 and the grounded terminal of the accelerating 
electrode supply. Thus it will be understood that the ion 
Source inits 25 and 22 are connected to the positive 
ungrouinded terminal of the accelerating electrode supply; 
while the tank 3, the ion accelerating structure 57 and 
the ion collector assembly 58 are connected to the nega 
tive grounded terminal of the accelerating electrode Sup 
ply; the ion source units 23 and 22 being electrically 
insulated from the component parts of the tank 3. Thus 
the sortion of the tank 3 disposed betweein the ion 
accelerating structure 57 and the ion collector assembly 
58 constitutes an electrcstatic shield for the high velocity 
ions traversing the curved paths between the slits 75, 76, 
77 and 78 formed in the ion accelerating structure 57 and 
the slots 67, 63, 69, 79, 71, 2, 73 and 74 formed in 
the ion collector assembly 58, as explained more fully 
hereinafter. Considering now the general principie of operation of 
the calu Eroii. 8, a charge comprising a corpound of the 
element to be treated is placed in the charge receptacles 
23 and 24, the compound of the element mentioned being 
one which may be readily vaporized. The end walls i8 
and 9 are securely attached to tihe open ends of the tank 
i3, whereby the tank 3 is hermetically sealed. The 
various electrical connections are completed and operation 
of the vacuum pumping apparatus 28 associated with 
the tank 13 is initiated. When a pressure of the order 
of 10-5 to 4 mm. Hg is established within the tank 13, 
the electric circuits for the windings, not shown, asso 
ciated with the pole pieces and E2 are energized and 
adjusted, whereby a predetermined magnetic field is estab 
lished therebetween traversing the tank 3. The electric 
circuits for the heaters 29 and 30 are energized, whereby 
the charge in the charge receptacles 23 and 24s is heated 
and vaporized. The vapor fils the charge receptacles 
23 and 24 and is conducted into the communicating 
cavities formed in the arc blocks 25, 26, 27 and 28. The 
polyphase A. C. power Supply circuits are energized, 
whereby busses A and B are energized and the filamentary 
cathodes 35, 33, 37 and 33 are heated and rendered elec 
tron emissive. Then the arc voltage supply 56 causes an 
arc discharge to Strike between the electron emitting por 
tions of filamentary cathodes 35, 36, 37 and 38 and their 
icspective arodies 43, 44, 45 and $5, with electron streams 
proceeding from the electron emitting portions of the 
filamentary cathodes 35, 36, 37 and 38, through the 
coilimating slots 55, 52, 53 aid 543, respectively, formed 
in the collimating electrodes 47, 4S, 43 and 50, respec 
tively, to the anodes 43, 44, 45 and 46, respectively. 
These electron streams may be controlled in intensity by 
eans of the arc supply and regulator 55 and its con 

trols as described hereinafter. The collinating slots 51, 
52, 53 and 54 formed in the collimating electrodes 47, 
48, 49 and 56, respectively, define the cross sections of 
the streams of electrons proceeding into the arc blocks 25, 
26, 27 and 28, respectively, whereby each arc discharge 
has a ribbon-like configuration and breaks up the molecu 
lar form of the compound of the vapor to a considerable 
extent, producing positive ions of the element that is to 
be enriched with the selected one of its isotopes. 
The electric circuit between the arc biocks 25, 26, 27 

and 23 and the ion accelerating structure 37 is completed, 
the icn accelerating structure 57 being at a high negative 
potential with respect to the arc blocks 25, 26, 27 and 
28, whereby the positive ions in the arc blocks 25, 26, 27 
and 28 aire attracted by the icn accelerating structure 57 
and accelerated through the voltage impressed there 
between. More particularly, the positive ions proceed 
from the cavities formed in the arc blocks 25, 26, 27 
and 23 through the slots 3i, 32, 33 and 34 formed in the 
waiis thereof, and across the space between the ion ac 
celerating structure 57 and the adjacent walls of the 
arc blocks 25, 26, 27 and 23, and thence through the slits 
78, 76, 77 and 73, respectively, formed in the ion accel 
erating structure 57. The high velocity positive ions 
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form four vertical upstanding ribbons or beams proceed 
ing from the cavities formed in the arc blocks 25, 26, 27 
and 28 through the four slots 31, 32, 33 and 34, re 
spectively, and the four aligned slits 75, 76, 77 and 78, 
respectively. ?? 

As previously noted, the ion collector assembly 58, 
as well as the tank 13, is electrically connected to the 
ion accelerating structure 57, whereby there is an elec 
tric-field-free path for the high yelocity positive ions dis 
posed between the ion accelerating structure 57 and the 
ion collector assembly 58 within the tank 13. The high 
velocity positive ions are deflected from their normal 
straight-line path and from a vertical plane passing 
through the slots 31, 32, 33 and 34 and the aligned slits 
75, 76, 77 and 78, respectively, due to the effect of the 
relatively strong magnetic field maintained through the 
space within the tank 13 through which the positive ions 
travel, whereby the positive ions describe arcs, the radii 
of which are proportional to the square roots of the 
masses of the ions and consequently of the isotopes of 
the element mentioned. Thus, ions of the relatively light 
isotope of the element describe interior arcs of relatively 
short radius and are focused through the slots 67, 69, 
71 and 73 into the pockets 59, 61, 63 and 65, respectively, 
formed in the ion collector assembly 58; whereas ions of 
the relatively heavy isotope of the element describe ex 
terior arcs of relatively long radius and are focused 
through the slots 68, 70, 72 and 74 into pockets 60, 62, 
64 and 66, respectively, formed in the ion collector as 
sembly 58. Accordingly, the ions of the relatively light 3 
isotope of the element are collected in the pockets 59, 
61, 63 and 65 and are de-ionized to produce a deposit of 
the relatively light isotope of the element therein; while 
the ions of the relatively heavy isotope of the element 
are collected in the pockets 60, 62, 64 and 66 and are 
de-ionized to produce a deposit of the relatively heavy isotope of the element therein. 

After all of the charge in the charge receptacles 23 
and 24 has been vaporized, all of the electric circuits 
are interrupted and the end wall 18 is removed so that 
another charge may be placed in the charge receptacles 
23 and 24 and subsequently vaporized in the manner 
explained above. After a suitable number of charges 
have been vaporized in order to obtain appropriate de 
posits of the isotopes of the element in the pockets 59, 60, 
61, 62, 63, 64, 65 and 66 of the ion collector assembly 
58, the end wall 19 is removed and the deposits of the 
collected isotopes in the pockets 59, 60, 61, 62, 63, 64, 
65 and 66 in the ion collector assembly 53 are reclaimed. 
Of course, it will be understood that the various dimen- it 

sions of the parts of the calutron 10, the various electri 
cal potentials applied between the various electrical parts 
thereof, as well as the strength of the magnetic field 
between the pole pieces 11 and 12, are suitably corre 
lated with respect to one another, depending upon the 
mass numbers of the several isotopes of the element which 
is to be treated therein. In this connection reference is 
again made to the previously-mentioned copending appli 
cation, Serial No. 557,784, filed October 9, 1944, for a 
complete specification of a calutron especially designed 
for the production of uranium enriched with the isotope 
U235. By way of illustration, it is noted that when the 
calutron 10 is employed in order to produce uranium 
enriched with U235, the compound of uranium which 
is suggested as a suitable charge in the charge receptacles 
23 and 24 is UCl4, as this compound may be readily 
vaporized and the molecular form of the vapor may be 
readly broken up to form positive ions of uranium. In 
this case, uranium enriched with U235 is collected in the 
pockets 59, 61, 63 and 65 of the ion collector assembly 
58, and uranium comprising principally U238 is collected 
in the pockets 60, 62, 64 and 66 of the ion collector 
assembly 58. Also, it is noted that from a practical 
standpoint, the deposit of uranium collected in the pock 
ets 59, 61, 63 and 65 of the ion collector assembly 58 
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contains considerable amounts of U238, in view of the 
fact that this isotope comprises the dominant constituent 
of normal uranium. Furthermore, the deposit of uranium 
collected in the pockets 59, 61, 63 and 65 of the ion 
collector assembly 58 contains a considerably increased 
amount of U234, in view of the fact that it is not ordinarily 
feasible to separate U234 and U235 in the production of 
relatively large quantities of uranium enriched with U235 
for commercial purposes. Accordingly, in this example 
the uranium deposited in the pockets 59, 6, 63 and 65 
of the ion collector assembly 58 is considerably enriched, 
both with respect to U234 and U235, and considerably im 
poverished with respect to U238, as compared with natural 
or normal uranium. 

Referring now to Fig. 3, the filament supply, arc supply 
and regulator 55 is shown together with the filament bus 
ses A and B and the terminals C, D, E, F, G, H, I, J 
and K. Suitable polyphase A. C. power is supplied to 
the transformers 79 and 86. Voltage is supplied from 
the secondary of transformer 79 to the filament busses 
A and B. A suitable out-of-phase voltage is supplied 
from the secondary of transformer 30 to be used in a 
manner as hereinafter described. A suitable D. C. arc 
voltage supply 56 is connected between filament bus A 
and terminal K. The positive terminal of this arc volt 
age Supply 56 also connects through arc current control 
rheostats 81, 82, 83 and 84 to terminals G, H, I and J, 
respectively. The positive terminal of the arc voltage 
supply 56 also connects to the positive terminal of a 
suitable D. C. bias voltage supply 35. The negative ter 
minal of this bias voltage Supply connects to one side 
of a plurality of rectifiers 86, 87, 38 and 89; each of 
which in turn is connected through the D. C. winding of 
a plurality of saturable reactors 90, 9, 92 and 93 
respectively to the terminals G, H, I, and J respectively. 
Thus it is seen that any current which flows from the arc 
voltage supply 56 to the anodes 43, 44, and 45 and 46 
of the calutron 10 must pass through either the arc cur 
rent control rheostats 8i, 32, 83 and 84, respectively, 
or must pass through the bias voltage supply 85 and the 
rectifiers 86, 87, 88 and 89, respectively, and the D. C. 
windings of the saturable reactors 90, 92, 92 and 93 respectively. 

It is to be observed that the polarity of the bias voltage 
Supply 85 is such as to prevent any current from flowing 
through the rectifiers 86, 87, 88 and 89 unless a suff 
cient voltage appears between terminal K and terminals 
G, H, I and J, respectively, to overcome the potential of 
the bias Supply 85. Should no current flow through rec 
tifiers 86, 87, 88 and 89, then no current will flow through 
the D. C. windings of the saturable reactors 90,91, 92 
and 93, and the A. C. windings of saturable reactors 90, 
91, 92 and 93 will have their maximum impedance. 
Under Such conditions the voltage induced in the second 
ary of transformer 89 will cause a minimum of current 
to flow through the A. C. windings of saturable reactors 
90,91, 92 and 93 to the terminals C, D, E and F respec 
tively and to the junction points between the filamentary 
cathodes 35, 36, 37 and 38, respectively, and the resistors 
39, 40, 41 and 42, respectively, in series with the fila 
mentary cathodes 35, 36, 37 and 38, respectively. Fur 
ther, since the impedance of the A. C. windings of the 
Saturable reactors 90, 91, 92 and 93 is essentially that 
of an inductive reactance, any currents which flow in 
these circuits will tend to lag behind the applied voltages 
by approximately ninety electrical degrees. By arranging 
the Secondary voltage of transformer 80 to have a lead 
ing vector relation with respect to the voltage developed 
between filament busses A and B connected to the second 
ary of transformer 79 it is possible to overcome the 
lagging phase relationship developed in the A. C. wind 
ings of saturable reactors 90, 91, 92 and 93 as herein 
after described. Such an electrical phase relationship 
may be obtained from two-phase input power whereby the 
voltage on the secondary of transformer 80 will lead 
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the voltage on the secondary of transformer 79 by ninety 
electrical degrees. Again, if three-phase input power 
is supplied, then the voltage on the secondary of trans 
former 80 will lead the voltage on the secondary of 
transformer 79 by one hundred and twenty electrical 
degrees. - The purpose of the filament supply, arc supply and 
regulator 55 is to produce and to regulate a plurality 
of electrical arc discharges between the thermally emis 
sive portions of the filamentary cathodes 35, 36, 37 and 
38 and their respective anodes 43, 44, 45 and 46. The 
purpose of these electrical arc discharges has already been 
described; this application deals with a method for regu 
lating the current in each such electrical arc discharge. 

Consider, for example, the ion generator comprising 
filamentary cathode 35, collimating electrode 47, and 
anode 43, as shown in Fig. 5. Collimating electrode 47 
and anode 43 are electrically connected together and in 
turn are connected to terminal J. Any arc current 
which flows as a result of the electron emission of : 
cathode 35 to the collimating electrode 47 or to the 
anode 43 must also flow through the arc current con 
trol rheostat 84 or its parallel circuit including the D. C. 
winding of saturable reactor 93, the rectifier 89, and the 
bias supply 85 as previously described. Now if the 
value of this arc discharge current is sufficiently low, 
the voltage drop developed across the arc current control 
rheostat 84 will be insufficient to overcome the bias 
voltage produced by the bias voltage Supply 85 So that 
no current can flow through the D. C. winding of the 
saturable reactor 93 and the rectifier 89 in series. Under 
such conditions the impedance of the A. C. winding of 
the saturable reactor 93 will be a maximum and a mini 
mum of current will flow through this A. C. winding. 
Further, under such conditions the currents flowing. ... 
through the filamentary cathode 35 and its series resistor 
39 will be essentially equal, since a minimum of current 
is being drawn through terminal F which leads to the 
junction between filamentary cathode 35 and series re 
sistor 39. It is to be noted that transformer 79 produces : 
a secondary voltage across busses A and B which appears 
across filamentary cathode 35 and its series resistor 39 
in series. Further, because of the phase relationships 
developed by the secondary voltage of transformer 80 
and the inductive reactance of the A. C. windings of :: 
saturable reactor 93, any current which flows through 
terminal F will be approximately in phase with the cur 
rent flowing in bus A, thereby tending to reduce the 
current flowing in the filamentary cathode 35 to a 
value below the current flowing in the series resistor , 
39. However, as previously described, when no current 
is flowing through rectifier 89, no current will be flow 
ing through the D. C. winding of saturable reactor 93, 
the impedance of the A. C. windings of saturable reactor 
93 will be a maximum, the current through terminal F , ; 
will be a minimum, and therefore the current flowing 
through the filamentary cathode 35 will be a maximum. 
Under such conditions the filamentary cathode 35 

will be heated to its maximum temperature by the 
current passing through it and will produce the maximum 
of thermally emitted electrons. These electrons will be attracted by the positive potentials of the collimating elec 
trode 47 and the anode 43, which positive potential is 
produced by the arc voltage supply 56, and an electric 
arc discharge will result. Below a certain value of arc 
current, all of the arc current will pass through the arc 
current control rheostat 84, since the bias voltage Supply 
85 and the rectifier 89 combined to prevent any current 
from flowing through the D. C. winding of the saturable 
reactor 93 in the parallel circuit to the arc current 
control rheostat 84. However, when the arc current 
through terminal J reaches a predetermined value as 
determined by the setting of the arc current control 
rheostat i 84, then the voltage drop developed across 
the arc current control rheostat 84 will exceed the 
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voltage of the bias voltage supply 85 and current will 
begin to flow through the D. C. winding of the saturable 
reactor 93. As the current through the D. C. winding 
of saturable reactor 93 increases, the impedance of the 
A. C. winding of the saturable reactor 93 will decrease, 
thus allowing more A. C. current to flow through terminal 
F, causing less of the A. C. current flowing through 
Series resistor 39 to flow through the filamentary cathode 
35. This in turn will tend to reduce the thermal emission 
of filamentary cathode 35, and tend to reduce the arc 
current flowing through terminal J. Under such condi 
tions a regulatory action is produced; that is, should for 
any reason the arc current rise above its desired predeter 
mined value, the current through the filamentary cathode 
35 would be reduced, thereby reducing its thermal emis 
sion and tending to maintain the arc current at its prede 
termined value. In such a circuit, relatively small cur 
rents flowing through terminal F with respect to the 
current flowing through the series resistor 39 can produce 
realtively large changes in the thermal emission of fila 
mentary cathode 35 Thus, the conductor to terminal 
F will need to carry far less than the current in the 
filamentary cathode 35 which must be supplied from 
busses A and B. 

It is to be noted that this arc discharge occurs in a 
region of concentrated magnetic field. For this reason, 
essentially all of the arc current flows between the 
filamentary cathode 35 and the collimating electrode 47 
or between the filamentary cathode 35 and the anode 43. 
Essentially no arc current can flow between the fila 
mentary cathode 35 and the arc block 25 because of the 
direction of this concentrated magnetic field. The remaining circuits utilizing filamentary cathodes 
36, 37 and 38 operate in exactly the same manner with 
the arc current controls 83, 82 and S1 respectively serving 
to determine the current in the arc discharge of each ion 
generator in the same manner as previously described. 

All of the conductors previously described as con 
necting terminals of the filament supply, arc supply and 
regulator 55 to electrodes within the calutron tank 13 
must of necessity pass through the walls of the calutron 
tank 13 at some point. Using these circuits as described, 
only two heavy current conductors, busses A and B, need 
to pass through the walls of the calutron tank 13, where 
as all of the other conductors are relatively small current 
conductors. Thus, any number of ion generators could 
be utilized with only two heavy current conductors 
required. Further, although all of the ion generators 
obtain their power from common sources, it is possible 
to control the current of each arc discharge independently. 

it is to be understood that the principles of the circuit 
shown in Fig. 3 can be applied not only to the calutron 
shown in Figs. 1 and 2, but also to other caultrons having 
various electrical and mechanical differences. Specifi 
cally, the circuit shown in Fig. 3 is not to be limited to 
any particular number of ion sources, such as the two ion. 
Source units 21 and 22, or to any particular number of 
filamentary cathodes and anodes, such as the four fila 
mentary cathodes 35, 36, 37 and 38 and their four re 

; : Spective anodes 43, 44, 45 and 45, shown on Figs. 1 and 2. 
Rather, the advantages of the circuit shown on Fig. 3 
are more marked with an increased number of regulated 
TCS, 
Similarly, the circuit shown in Fig. 3 is not adversely 

affected by changes in the ion accelerating structure or 
in the accelerating electrode supply potentials. For ex 
ample, the ion source units 2 and 22 could be operated 
at a grounded positive potential, with respect to the ion 
accelerating structure 57 and the ion collector assembly 
58 operated at a negative ungrounded potential. 

Referring now to Fig. 4, an alternate electrical circuit 
is shown which is particularly advantageous for calutrons 
wherein a limited number of ion generators are to be 
utilized. The calutron ion generator 100 includes fila 
mentary cathode 10 and anode 192, arranged in a con 
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centrated magnetic field. Although calutron ion genera 
tor 100 shows schematically only two electrodes, filia 
mentary cathode 101 and anode 102, it is to be understood 
that Fig. 4 refers to these certain portions of a complete 
calutron generally similar to that one shown on Figs. 1 
and 2. Voltage for the filamentary cathode 101 is ob 
tained from the secondary cf transformer ft3. Primary 
voltage for transformer 103 is obtained from a suitable 
A. C. power source through the A. C. windings of satur 
able reactor 104. 
The anode 192 connects both to the D. C. control 

winding of the saturable reactor 104 and to the arc cur 
rent control rheostat 105 in parallel and thence to the 
positive terminal of a suitable arc voltage supply 106. 
The negative terminal of the arc voltage supply 106 is 
connected to the secondary of transformer 103. 
The saturable reactor 104 also is equipped with a D. C. 

bias winding which is connected to a bias current Supply 
107 through a bias current control rheostat 198. The 
combination of bias current Supply 07 and bias cur 
rent control rheostat 103 serves to produce the desired 
bias current through the D. C. bias winding of the Satur 
able reactor 104 and this current is of Such magnitude as 
to produce a high degree of saturation in the core of the reactor 104. 
The effect of this bias current is such as to reduce the 

impedance of the A. C. winding of the saturable reactor 
104 to a desired low value. Thus, when the A. C. power 
supply is connected and current flows through the A. C. 
winding of saturable reactor 104 and through the primary 
winding of transformer 103 in series, there will be a rela 
tively low voltage drop in the A. C. winding of the Satura 
ble reactor 104 because of the relatively low impedance 
in the A. C. winding of saturable reactor 104, provided 
that no current flows in the D. C. control winding of 
saturable reactor 104. This relatively large current flow 
ing in the primary of transformer 83 will produce a 
relatively large voltage on the secondary of transformer 
103 and will heat the filamentary cathode 10i to its 
thermally emissive temperature. The arc voltage Supply 
106 causes the anode 102 to assume a positive potential 
with respect to the filamentary cathode 101. Under suit 
able conditions an arc discharge in a concentrated mag 
netic field will then occur between filamentary cathode 
101 and anode 102. 
Any arc current which flows in the circuit of the anode 

102 must flow either through the D. C. control winding 
of the saturable reactor 104 or through the arc current 
control rheostat 105. Depending upon the setting of 
the arc current control rheostat 105, a larger or a Smaller 
portion of the arc current will flow through the D. C. con 
trol winding of the saturable reactor 104. 
The arrangement of the windings on the Saturable re 

actor 104 is such that any increase in arc current through 
the D. C. control winding of saturable reactor 104 will 
produce a flux which will buck the flux produced by the 
D. C. bias winding of saturable reactor 164 and Will 
thereby tend to reduce the net D. C. flux through the core 
of the saturable reactor 104. When the current through 
the reactor D. C. control winding sets up a magnetomotive 
force sufficient to reduce the continuous flux through the 
reactor core below the threshold of saturation the imped 
ance of the A. C. winding of the saturable reactor will 
increase thereby reducing the current through the fila 
mentary cathode 101. 

Thus, with an increase of arc current the impedance 
in series with the primary of transformer 03 will be 
increased and the secondary voltage of transformer 103 
will be decreased, reducing the temperature of filamen 
tary cathode 101, reducing its thermal emission, and 
tending to return the arc current to its previous value. 
The amount of arc current can be determined by the 
setting of the arc current control rheostat 105. In other 
words, this circuit produces a regulatory effect which 
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tends to maintain the arc current constant at a prede termined value. 

It is to be understood that the circuit shown in Fig. 4 
is to be preferred for one or a limited number of regulated 
arcs, while the circuit shown on Fig. 3 is to be preferred 
for a larger number of regulated arcs. 
While there has been described what is at present con 

sidered to be the two preferred embodiments of the in 
vention, it will be further understood that various modi 
fications may be made therein, and it is intended to cover 
in the appended claims all such modifications as fall 
within the true spirit and scope of the invention. 
What is claimed is: 
1. A regulator for a calutron ion source comprising 

in combination an ion source having an anode and a 
cathode, a resistor connected in series with said cathode, a 
pair of primary feeders for supplying heating current to 
said cathode through said resistor, a variable impedance 
device connected to the common terminal between said 
resistor and said cathode, a current supply connected in 
series with said variable impedance device across said 
cathode, said variable impedance device including control 
means connected between said anode and cathode and 
responsive to the current therebetween for controlling 
the impedance of said variable impedance device to main 
tain the arc current through said ion source substantially constant. 

2. A regulator for a calutron ion source comprising in 
combination an ion source having an anode and a cathode, 
a resistor connected in series with said cathode, a pair of 
primary feeders for supplying heating current to said 
cathode through said resistor, a variable impedance de 
vice connected to the common terminal between said 
resistor and said cathode, a current supply connected 
across said cathode in series with said variable impedance 
device, means for producing a magnetic field aligned 
between said cathode and anode, and means responsive 
to the current between said anode and cathode for con 
trolling the impedance of said variable impedance device 
to maintain the arc current through said ion source sub stantially constant. 

3. A regulator for a calutron ion source comprising 
in combination an ion source having an anode and a 
cathode, wall structure for defining an arc chamber be 

i5 tween said anode and said cathode, said arc chamber hav 
ing an atmosphere to be ionized therein, a resistor con 
nected in series with said cathode, a pair of primary feeders 
for supplying heating current to said cathode through 
said resistor, a variable impedance device connected to 
the common terminal between said resistor and said 
cathode, a current supply connected in Series with said 
variable impedance device across said cathode, and means 
responsive to the current between said anode and cathode 
for controlling the impedance of said variable impedance 
device to maintain the arc current through said ion source substantially constant. 

4. A regulator for a calutron ion source comprising in 
combination an ion source having an anode and a cathode, 
wall structure for defining an arc chamber between said 
anode and said cathode, said arc chamber having an 
atmosphere to be ionized therein, a resistor connected 
in series with said cathode, a pair of primary feeders for 
supplying heating current to said cathode through said 
resistor, a variable impedance device connected to the 
common terminal between said resistor and said cathode, 
a power supply connected in series with said variable 
impedance device across said cathode, means for pro 
ducing a magnetic field aligned between said cathode and 
anode, and means responsive to the current between said 
anode and cathode for controlling the impedance of Said 
variable impedance device to maintain the arc current 
through said ion source Substantially constant. 

5. A regulator for a calutron ion source connprising 
in combination an ion source having an anode and a 
cathode, a resistor connected in Series with said cathode, 
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a pair of primary feeders connected to said cathode 
through Said resistor, a variable impedance device con 
nected to the common terminal between said resistor 
and said cathode and to the opposite side of said cathode, 
a source of current supply for said cathode connected 
to said pair of primary feeders, and means responsive to 
the current between said anode and cathode for control 
ling the impedance of said variable impedance device to 
maintain the arc current through said ion source substan 
tially constant. 6. A regulator for a calutron ion source comprising 
in combination an ion source having an anode and a 
cathode, means for producing a magnetic field through 
said ion source parallel to the path between said anode 
and cathode, said ion source having an atmosphere to be 
ionized therein, a resistor, a pair of prinary feeders for 
supplying heating current to said cathode through said 
resistor, a variable impedance device having an A. C. 
primary winding and a D. C. control winding, a current 
source connected through the primary winding of said 
variable impedance device across said cathode, and a 
source of arc current supply connected in Series with said 
variable impedance control winding between said anode 
and said cathode thereby maintaining the arc current 
through said ion source substantially constant, said mag 
netic field substantially confining said arc current in an 
elongated zone in said ion source between said anode and 
said cathode. 

7. A regulator for a calutron ion source comprising 
in combination an ion source having an anode and a 
cathode, a source of heating current connected to said 
cathode, a resistor connected in series between said heat 
ing current source and said cathode, a source of arc cur 
rent supply connected between said cathode and said 
anode, a saturable reactor having a D. C. winding and 3 
an A. C. winding, said A. C. winding being connected 
from the resistor-cathode juncture to the opposite side 
of said cathode to control the heating current of said 
cathode over a predetermined range of values, said D. C. 
winding being connected in series with said arc current 
supply source, whereby the aforesaid arc current is main 
tained substantially constant through regulation of said 
cathode heating current. 

8. A regulator for a calutron ion source comprising 
in combination an ion source having an anode and a 
cathode, means for producing a magnetic field aligned 
between said cathode and said anode, a resistor, a source 
of heating current connected to said cathode through 
said resistor, a source of arc current supply connected 
between said cathode and said anode, a saturable reactor 
having a D. C. winding and an A.C. winding, said A. C. 
winding being connected across said cathode to control 
the heating current of said cathode over a predetermined 
range of values, said D. C. winding being connected in 
series with said arc current supply source. whereby the 
aforesaid arc current is maintained substantially con 
stant through regulation of said cathode heating current. 

9. A regulator for a calutron ion source comprising in 
combination an ion source having an anode and a cathode, 
wall structure for defining an arc chamber between said 
anode and said cathode, said arc chamber having an at 
mosphere to be icnized therein, a source of heating current 
connected to said cathode, a source of arc current Sup 
ply connected between said cathode and said anode, a 
Saturable reactor having a D. C. winding and an A. C. 
winding, said A. C. winding being connected across said 
cathode to control the heating current of said cathode over 
a predetermined range of values, said D. C. winding being 
connected in series with said source of arc current supply, 
and an adjustable impedance connected across said D. C. 
winding for maintaining said D. C. winding responsive to 
a predetermined portion of the current between said 
anode and cathode, whercby the aforesaid arc current is 
maintained Substantially constant through regulation of 
said cathode heating current. 
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10. A regulator for a calutron ion source comprising in 

combination an ion source having an anode and a cathode, 
a source of heating current connected to said cathode, a 
source of arc current supply connected between said 
cathode and said anode, a saturable reactor having a 
D.C. winding, a D. C. bias winding and an A. C. winding, 
a regulated source of unidirectional potential connected 
across said bias winding, said A. C. winding being con 
nected in series between said heating current source and 
said cathode to control the heating current of said cathode 
over a predetermined range of values, said D. C. wind 
ing being connected in series with said source of arc 
current supply, whereby the aforesaid arc current is main 
tained substantially constant through regulation of said 
cathode heating current. 

ii. A regulator for a cautron ion source comprising 
in combination an ion source having an anode and a 
cathode, a resistor, a pair of primary feeders for supply 
ing alternating heating current to said cathode through 
Said resistor from one phase of a polyphase supply, a 
Saturable reactor having a D. C. winding and an A. C. 
Winding, one terminal of said A. C. winding being con 
nected to the common terminal of said cathode and said 
resistor and the other terminal of said A. C. winding be 
ing connected in series with another phase of said poly 
phase Supply to the other side of said cathode, and arc 
current supply, a second resistor, said second resistor 
being connected in series with said anode and the posi 
tive terminal of Said arc current supply, the negative 
terminal of said arc current supply being connected to 
said cathode, a rectifier, a D. C. bias voltage supply con 
nected in opposition to the polarity of said rectifier, said 
bias voltage Supply and said rectifier and said D. C. wind 
ing being connected in series across said second resistor 
so that the arc current passing through said second re 
Sistor operates to control the heating current through 
Said Saturable reactor after said arc current reaches a 
value Such that the voltage drop across said second resistor 
approximates the value of said D. C. bias voltage. 

12. A regulator for a calutron ion source comprising 
in combination an ion source having an anode and a 
cathode, means for producing a magnetic field aligned 
between said cathode and said anode, a resistor, a pair 
of primary feeders for supplying alternating heating cur 
rent to Said cathode through said resistor from one phase 
of a polyphase Supply, a Saturable reactor having a 
D. C. winding and an A. C. winding, said A. C. wind 
ing being connected in series with another phase of 
Said polyphase supply between the common terminal of 
Said cathode and resistor and the other side of said 
cathode, an arc current supply, a second resistor, said 
second resistor being connected in series with said anode 
and the positive terminal of said arc current supply, the 
negative terminal of said arc current supply being con 
nected to said cathode, a rectifier, a D. C. bias voltage 
Supply connected in opposition to the polarity of said 
rectifier, said bias voltage supply and said rectifier and 
Said D. C. Winding being connected in series across said 
Second resistor So that the arc current passing through said 
Second resistor operates to control the alternating heat 
ing current through said saturable reactor after said arc 
current reaches a value such that the voltage drop across 
said second resistor approximates the value of said D. C. 
bias voltage. 

13. A regulator for a calutron ion source comprising in 
combination an ion source having an anode and a cathode, 
wall structure for defining an arc chamber between said 
anode and said cathode, said arc chamber having an at 
mosphere to be ionized therein, a resistor, a pair of 
primary feeders for supplying alternating heating current 
to said cathode through said resistor from one phase 
of a polyphase Supply, a Saturable reactor having a D. C. 
winding and an A. C. winding, one terminal of said 
A. C. winding being connected to the common terminal 
of said cathode and said resistor and the other terminal 
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of said A. C. winding being connected through another 
phase of said polyphase supply to the other side of said 
cathode, an arc current supply, a second resistor, said 
second resistor being connected in series with said anode 
and the positive terminal of said arc current supply, the 
negative terminal of said arc current supply being con 
nected to said cathode, a rectifier, a D. C. bias voltage 
Supply connected in opposition to the polarity of said 
rectifier, said bias voltage supply and said rectifier and 
said D. C. winding being connected in series across 
said second resistor so that the arc current passing through 
said second resistor operates to control the current through 
said Saturable reactor after said arc current reaches a 
value Such that the voltage drop across said second re 
sistor approximates the value of said D. C. bias voltage. 

14. A regulator for an ion source comprising in com 
bination an ion source having an anode and a cathode, 
means establishing a magnetic field through said ion source 
parallel to the path between said cathode and anode, said 
ion source containing an atmosphere to be ionized, an arc 
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4. 
current circuit connected between said anode and cathode 
and including a source of unidirectional potential main 
taining an arc discharge between said cathode and anode, 
a primary current source for supplying heating current 
to said cathode, a secondary current source, and 
a variable impedance connected across said cathode in 
Series with said secondary current source, said variable 
impedance having control means integral therewith 
governed by the current of said arc current circuit to 
regulate the heating of said cathode in response to the 
magnitude of said arc discharge. 
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