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5o Isotope Separation 

Wo Lo Whitson 

.. 
An energy modulating: cyclorator was built and operated using UC:l4 as charge materiaL 

The intensity of. the sidebands was determined by. intercepting the beam at 180°o A beam of u+ 
ions was energy modulatedo The beam was deoelera;te.dan.d collected on a receiver at the 360° 
position and the mo4ulation observed by varying the magnetic field and also by varying the 
modulation frequencyo 

De scription of Unit ..... ~ ... 
. 0 

The name cyolo:rator has been suggested for the 360 type of isotope separator fo:r 
which the mass separation depends on the difference in the time of flight o This method of 
isotope separation has been described in UCRL=167 (Supplement)o 

The unit is shown in Figure lo The ion11 source a 9 is at ground potential and i.ncludes 
· filement 9 charge bottle" heaters and arc chamber" The liner 9 b~ is at negative high potential" 

The ion bE.:mn enters the line'r at c 9 travels in a circular path as :indicated.9 emerges from the 
-liner _thro_ugh a wire grid at d9 and is decelerated in crossing the space to the collector 6o 
Il.~ore deta~l- of the source and-receiver are seen in Figure 2 where a. are the filament leads~:- and 
b is the arc chambero The ion beam is drawn from the arc chamber through the slitD ~9 and 

• -a?celer.ated into the liner through the slit at d., 

•. 

Ths wire gr:l.d ·through which the beam emerg~s from the liner is at e and the receiver 
box is at fo 

The be~ is energy modulated by applying a high frequency voltage to the liner which 
is small compared to the fixed high potential which is also appliedo The energy given to the 
ions in the o ~ d gap in Figure 2 is varied9 then9 at high frequencyo Also the deceleration 
potential in-the-e = f gap of Figure 2 varies at the same frequency and in phase with that at 
the o = d gap o Depending on the time of flight of the ion9 and also on a fixed bias applied 
to the receiver f of Figure 2 9 the ions will either be collected or repelledo Some details 
of the high frequency oscillator are shown in Figure 3o The resonant inductance is the coil 
a and resonant capacity is the fixed vacuum condenser b 9 the variable condenser c and the 

.c-apacity from the liner 9 b of Figure l;1 to the vacuum tank walL The rest of the high frequency 
oscillator is not shown9 but is a modified Hartley osoillatoro The dooo high voltage and the 
}'ligh frequency voltage are applied in parallel to the liner through bushing d and the cwndensers 
e block the doGo voltage from the high frequency oscillatoro = 

Figu.re 4 is a schematic diagram of the electrical circu:i to 

iebands 

Since ions of any mass arrive at the same place after traversing 360° it is essential 
in separating _the uranium isotopes that only ions of certain mass impingeon the receivero If~ 
as was the case here 8 UC14 is the charge material some of the ions which compose the beam are 
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• C'~""+D cl+ D 012~.9 u++D u•v ucl+v UC12+.9 UC13+.9 UCl +0 Of these only the ions which contain u 
c... of interest

9 
and of these u++ is the only one ~or which the 235 and 238 masses cannot be 

~~t least approximately separated if conditions are adjusted for separati.ng t;he two masse~ of u+ o 

Table 1 indicates the relative numbers of various kinds of :i.onso u+ and c1+ toge't:;her 
are 90% or more of the total beam and the ratio u+jc:II' varies between the extremes 3/l and 4/3 
depending on the arc conditions a For all results .given later in this .report u++ ions and ell 
ions of less mass were removed from the beam by a baffle at the 180° positiono 

Modulation Observations 

Reference to UCRL~l67 (Supplement) where the method of energy modulation is desGribed 
will show that if ions of only one mass are considered and if the first collector is biased 
slightly hi.gher than the energy of the ions 9 then as the phase between besm energy modulation 
and oolle ctor potential is changed the current to this collector· will be minimum when the phase 
angle i.s zero and maximum when the phase angle is 180°. The phase angle may be changed by 
varying either the magnetic field or the frequency of the modulating vol tag~o 

Figure 5 shows the variation of current with magnetic f:l.eld. It i.s considered to be 
preferable t.o vary frequency rather than field since in the latter case the radius of curvature 
of the ion beam varies resulting in different geometry at the receiver and also that field 
changes will alter the arc and perhaps as a result alter the quality of the beamo Figure 6 shows 
~he variation of collected current with frequenqy. The positions of the observed m.:trrent maxima 
a:re in very good agreement with those computed from the frequency increments neoess ary for a 
phase shift of 360°a 

TABLE 1 

Arc Arc Aoceler~ 

Voltage Current at ion B E A M 
Voltage Cl. Cl Cl

2 
... u u 

< 
. --:-

-·~ 

55 volts lo5 amp . 30 kvo o9 mao 13 mag o9 me.~ .· 3o0 ma.o 33 mao 

95 volts 2o5 30 lo4 30 lo4 .9 40 

140 volts 4o0 31 2o4 25 2o0 3o0 43 

140 voles 2ol 31 lol 17 loS loS 40 . -- F---~-· ---·-

160 volts lo4 31 1.2 21 lo3 3o6 41 
~ 

c. 

75 volts 2o7 31 lo2 15 lo3 2o8 35 
~~ 

140 volts 2o5 31 lol : 13 lo4 lu7 39 

1-, --· 
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