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ABSTRACT

A mass-spectromefer in which was used a new tme of magnetic
lers “o focus ions from am» axtended source was alresady in existence
wher the ressarch was bsgun, bt wo sdequate sovrce of positive ioms
hed bear devised, The research comcerms itself with the investiration
of three types of imtense, directed-beam ion sources snd with the
eoplication of the completed mass-spechromster to the separation of

isotopes of potassiuvm and lithium im quentity,

The ior-source finally used wns adapted from a form designed
by reglecting space charge amnd solving by a mechanical amalogy the
electrostatic »roblem of focussing the ions from a large surface imto
a plrae parallel beam, Revised to allow for space cherge, this source
gives 0,3 mon, of potassium iors im & flat beam, which is 12% of the

emission from 30 cme.

Sources using a curved grid were set up amd tested, A three-
slit electrostatic lems was imvestigated mathematically amd with the
maclenicel emalogy, The effect of thermal velocities of ioms at the
hot surfaece of the source was calculated emd foumd to accoumt for almost

the whole focel defect of the mass-spectrometer,

One~-microgram samples of lithium isotopes were collected,
Preliminary tests of radioactivity were himdered by conmtaminatiom of the
discs or which the samples were collected, a»i an apparstus has heen
constructed by which these tests are beiang mede without possibility of

contamination,
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I, INTRODUCTION

Since the discovery in 14919 of isotones of nonredinsctive
clements, many atbtempts have been msde to obtain pure specimens of
individual isotobes in amounts larre enouvgh for experimental vurposes,
with no success excent in the application ot dirrerential electrolvsis
to hydrogen and of the Hertz 4iffusion method to certain other rases,
The method of Hertz is suitable only for the separabion of the lichtest
and heaviest isotoves of a group which can be obteined inm géseous form,
and to isolate any member of a group it is necessary to use some form of
mass-spectrometer, Since collimating o beam of ions by slits makes the
quantities inordinately small, there was necessarv s mass-spectrometer

which wovld use 211 ions emitted from a large ares,

Such an instrument was develoved by Dr, W. R. Smythe and
further by Dr, L., 7., Rumbavgh, who constructed in 1931 a well-correeted
macnetic lens to focus tha ions from an extended source onto a slit.e
I shall devote the following paces to e d2soription of certain tynes of
intense ion-sources which I in;estigatsd after Dr, Rumbaugh's depertu}e
in 1932, of methods of collecting, and of the investigation of the

radioactivity of potassium with the completed mass-spectrometer,

IT, THE ¥AGHETIC LENS

The design, focal errors, and correchion of the marnetie lens
havs beer discussed to some lencth in Dr, Rumbauch's thesisg, but it is

well to review the general features hHriefly here,

The boundaries of the uniform meenetic field ere shown in Fig, 1,
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Perspective drawine »f the mass-spectrometer,
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collecting arrencement are also Jotted in,
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These are ocircles passing through the origin, one having its center at

the focal voint C and thg other at C' a distance r to the right of C,
whaere r is the radius of curvabure ot the trajectories in the magnetic
field, Since actually the fiela does not heve sharp boundaries, the

field near the edges ol the pole-pieces was comnuted and a correction
mede, which resulted in reducing the radius of the convex =age from

28,735 em to 28,100 om and iwcreasing the radius of the concave edre

from 20,320 om to 20,955 em, The pgap between the pole-pieces was 0,635 em
end the radius of the path in the field 20,320 em, The actual outlisa

of the pole~pieces is showmn by a dotted line in Fig, 1 and in porspe;tive

in Pig, 2,

The ions enter in a nearly plane sheet parallel! to the plane

of Pig, 1 and are brourht to a foeus at C,

III, TON SOURCES

1) METHOD FOR TWE SOLUTION OF PROBLEMS IN ELECTROSTATIC FOCUTSSING

The simplest source of positive ions of uniform veloecity
consists or a rectamgular slit nluced at a surficiently great distance
above an equipotential vlane emitting suriace so that, when the emitter
is maintained at a positive potential ﬁith respect to the slit, tha field
between them will be uniform over nearly the whole distance, (Source A)
‘ﬁ§d§f such circumstances, however, a space charge of ions will build up
until th;znotential_gradient at the emitting surface becomes zero, snd
hence the ion current is limited and can he shown to have the maximum
value 1-(5% ;)’1, where v is the distance between two parallel

planos,wﬁose potential difference ig V¥V, T1f a grid is used to reduce
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the effect of this space charge; the beam is seattered badly and a
considterable portion of it goes to the grid wires themselves,

Source A was the type in use when I began work,

Another method of reducing space charge consists of moving
the. s1it closer to the emitting surface, to obtein a higher field with
the same notentials, Since the width of the slit must remain the same,
so that the beam will 1rill a large vart of the nole-piece slot, the
emitting surface can no longer be plane, but must have some other
shape such that ions emitted from ell varts ot it will vitimately
have parallel crajectories, The electrcstantic problem nere is really
two-dimensional, most or the source Yeing effectively at a larre aistance
from the ends. Poisson's equation is vractically impcssible to solve
in tnis case, but a solution tor lLeplace's equation, space churge being

neglected, was obtained in the following manner,

The deflections V of a stretched elastic membrane from a
given plane obey e differential equatién ?g“-g‘o when the detlections
are small, which is the same as Laplace's equation in two dimensionmns,
Now two particles oan move in identical paths inxé plane if their
accelerations are the»sametat any two corresponding poinné ot the
pgths, and we can even have 5; = oE; » where 3; and E; are the
acoelerations and o is a constant, for this is equivaelent merely to
changing the time scale for one particle from the case where &, = & ,
the same path being traversed in airferent times, For = ball rolling
in a grevitational Pield and deviating Yittle from a horizontal plane,

(}-m,.r‘2 + mr®) & = rF
B e F/m - §Ou/m - §F
where m is the muss of the ball, r the radius of the hnll, ¥ the foree,

‘a3 the acceleration of the center of sravity, and T the gravitvetional field,



Por en ion in a two-dimensional electrostatic field,

m.8, = eB

e -(@Amgif
Hence, if the electrostatic fisld has at each point the direction of
the zravitational field at the corresponding voint and a marnitude
differing only by & constant factor c-Q/E, the accelerations for cor=-
resnronding noints in the two vplanes will have the seme directions and
their absolute masznitudes will be in the ratio

8 - S/7 G - Sme - ’
5 aé-—-g To [} const

Th? paths will therefore be identical and independent of the mass or

charge of the ion,

2) DESIGN OF AN ELECTROSTATICALLY FOCUSSED SOTRCE

Such a mechanical enalogy was constructed by stretching
sheet rubber uniformly over a horizontal plane freme of size 3x5 feet,
Portions of the membrane were elevated with configurations and
elevations corresponding to the shape and electrostatic potentials of
the source electrodes and neighboring conductors, the height above
the frame being never more than about one inch, At the boundary corresponding
to the emitting surface were released steel ball-bearings 1/8 inch in
diameter, so that their p#ths were those whioh ions wculd follow in the
corresvonding electric field, Devietions of the balls due to rolling
friction, etec., were smail, for changing the mass of the ball by a
faotor of eight produced little change in the path, The design obtained
from this analogy (Fig. 4) comnsisted of é porfion of a circular cylinder
completely covered with emittgr. close above which was nlsaced a beveled
slit RE, The curvature of the emitting surface, the width ani hevel

of the slit, and the distance between slit aund source were so adjusted
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that the emission is (in the absence of space-charee) concentrated into
the narrow parallel beam shown in the figure, Suiteble dimensions ere
those given below, They are adjus%ed so that the beam +111 i)l the

8 mm slot between the vole-pleces,

Width of beam = 0,25 inch
Width of slit = 0,667
Width of emitting surfrce on chord = 1,133

Shortest distance from plate to emitting surface = 0,290

Radius of curvature of emitting surface 0,761

To eliminate the effect of slight errors in allignment, there is
installed a peir of focuscing bars SS, whose potentials may be adjusted

to converge or diverge the beam or swing it to rirsht or left,

Because the intensity of the electric field at the emitting
surface is no longer uniform in this.design, spacé charge will build up
unequeally and thereby destroy the focussing, It was fouﬁd that the beam
emerging from the slit is divided into three ne jor Qompoﬁents. ohévvary
weak beam in the central plare and two of more than 100 times as great
intensity at angles of about 16° to this plane on thqitwb»sidea.f
The equipotentials can be reduced to epproximetely the shape that they
would have in the case without space charge, and from 127 to 20% of the
indicated total emission thrown into the central plane beam, by
removing the emitting material from a space at the center of the =
cylindrical surface and placing in the central plane, between emitting
surface and slit and therefore lower than the center of curvaturé of the
cylindar, a wire T whose votential can be veried at will, Fig, 5 snd 6
show the focussine action of the wire and of the bars., Tn addition,
the usable amount of the totael emission can be increesed five times

by removing the emitter from a strip at each edge of the curved surface,
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For a source ~f the dimensions ziven above, the.cantral dead strip

is 13/32 inch wide and the desd strips at the edres are 1/8 inch wide.
The totrl remeining area of emitting surface is then nhrut 30 sq, cm.
A one-nil tungsten wire wms ussed, This design will hr c¢elled Souvrce 3,
It is the desiszn finally adopted, so the details of construction will

now be described,

The source block U (Fig. 4) wms machined from en iron bar
and bored with two holes for the heating elements, Thus the potential
drop along the emitting surface is very small even when the bar is used
to conduct the heating current. To dissipate the 2000 to 3000 watis
radisted by tShis bhlock, it is surrounded by a heavy water=-jacketed
box V of 1/4 inch covper, Helf-inch holes were bored in the sides of
this box to permit evacuation, which, as will be shown below, is of
great imoortence, The slit plate is water-cooled and is. svpported at
the ends by four lavite pillars screwed to the corners of the main box,
the nlate being hung from metal breckets by screws which pmermit vertical
adjustment, Two lavite c¢ross-bars on the tops of these pillars support
the focussing bars, which are of 3/8x7/8 inch brass, The hot source
bloek rests on the ends ot three screws, which pass vertically through
brackets hung below the cover of the copper box, two ser~e being in the
uninsulated front bracket and one in an insulating lavite block screwed
to the rear bracket, One of the front screws rests in a hole in the
bottom of the source block and one slides against the flat face, while
the rear screw slides in a longitudinnl flaet-bottomed mroove in this
lower surface, Thus lonzitudinal expansion of the source-=block is
vermitted, while it is held rigidlv aceinst lateral movement, The
rectencular cooper box, on which the whole of the assembly is supported,
is elamped by four thumb-screws Q (Fiz. 2) into a trinod fraeme, whose

legs can be screwed in or out and fit into depressions in three lavite



blocks P fixed in position on the floor of the main chamber H of the
anparatus, By screwiné the lezs in or out the source assembly can be
tilted as desired and by the thumb screws it can be moved laterally,
The lavite of which 11 insulating suprorts ere made consists of tele

which has been baked threae hours at 1150% C, after being mechined,

The accelerating voltnage is supnlied by a 6000 volt, 20 k,w,
generator, which is very steady, the heating current is drawn from the
110 volt meins throvch an insulating transformer, and the current for

the masrnet is obtained from storage batteries,

The accelerating voltare is controlled by placing a 65000 ohm
votentiometer across the generator leads, and a further potentiometer
of 550,000 ohms is connected between the end and sliding tap of the
first, Included in this 550,000 ohms is the voltmeter by which the
accelerating voltrge is read, along it may be tapped off the ‘votentials

for the focussing wire and bars, and from its ends are teken the leads
to the slit and emitter,

3) ALTERNATIVE WETHODS OF FOCUSSING

Two other methods of producing a nearly nlane beam of ions

were investigated, and these will now be discussed,
a) Grid and sincle slit.

While the method of controlling space charge used in Source B
wes fairly setisfactory, it was felt that more efficiency mirht be obteinea

if the mechanical analogy were applied to a situvation in which no space



charc> would be present even in the actual apparstus, If, for instance,
a ecylindricsl =zrid were »leced concentric with the emitting surfrce with
an electric field between them, the field would be slmost uniform over
this surface, so that *he equiootentials would also be concentriec and the
ions would emerze between the rrid wires converzent toward a line fécus,
Some scattering would occur, but this is smwall when the spacing of the
grid wires is small compared to the distance between grid and emitting
surface, The ions emerging from the crid would then be conéentrated into
a plane parallel beem by means of another field existing between the prid

and a rectanrular slit placed above it,

The configuration of this slit-and-grid design was determined
from the rubbar membrane analogy.by starting the steel balls normal to
the boundary re..asenting the grid with a constant velocity, This was
aocoﬁplished by rolline the balls down a small grooved llock, 3o that their
horizontal velocity was always the sezme at the start and their'direction
could be controlled, The resulting desirn is similar to that ahoﬁn
in Fig, 7, except thet grid and emitting surface are concentric,
If V, revresent the votential difference between emitter and grid and
V, that between grid and slit, the design calls for V= ZV‘.
Now this design assumes that there is no interpenetration of
the t'ields through the grid, However, such penetration does take place
with the result that the equipotentiels below “he grid are no longer
congentric with the grid, The maximum efficiency was actually found
ot Ve/Vi = 30, Numerous modifications were tried, and in the final
design the radius of curvature of the emitting surface was smaller than
the radivs of the zrid, the dimensions being as follows, ({Source )

A diagram of the source is shown in Fig. 7.
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Radius of curvature of emitting surfece 2 0,4 inch
Radius of curvature of grid = 1,0
Distence, slit to edre of grid = 0,250
Chord of grid = 0.5
Chord of emittine surfece = 0,56

Distance, edre of zrid to edge of em, surf, = 0,125

Width of slit = 0,375

This Source G gave an ion current into the pole-piece slot of

35 microamneres at 25600 volts when the source block was bright red,
which amounts to 7% of the indicated total emission., The actual
efficiency was probably somewhat higher than this, for the indicated
positive current to the grid (657 of the total emiséion) is composed to
a large extent of electrons going in the opposite direction, This is
known from a series of measurements carried out by grounding the grid
and meking “he slit (which also becomes coated with notassium) slighfly
prositive, The slit current was reduced by 70% when the slit-potential

was changed from O to +150 volts,
b) Electrostatic lenses of three slits,

In the last few years the technique and theory of fooussing
electron beems by electric and magnetic lenses have been rather thoroughly
investigated.“ % Electric lenses of three slits, tha central plate at
high potential and the outer peir grounded, offer another solution to the
problem of focussing en ion beam, and I considered a scheme by whioh the
jons would be converged toward a line foeus with a grid conecentrie to
the emitting surfece and then focussed to a nlene parallel beam by e

three-glit lens,

Picht's theoretical treatment* gives the following formula



“or the focal length of such a lens,
f= 6“ l?

hrough which the incoming particle would have

e

cr é

where E is the notential
to have fallen to rain its velocity and ﬂ(y) is the potentiel
distriﬁution along the axis of the lens, The notential distribution
for a syrmetrical three-slit lens (Fig. 9) wes obtained by means of

o Sohwarz trensformation from a distribution W -?#‘ .‘Jﬁi"z(Flg' ay,
and the above integral was evaluated for the case a;=R2c¢;e The

fnrmu1a for the focal length f is the f0110w1ng.

_ (a}+2ty) gA:alikct (%) {17 + 34 JT

_%&_@zx_@

=

..FZZ
Unfortunately the approximetion on which the formula is based

holds only for ions whose paths make angles of not more than one or

two degrees with the central plane of the lens, The limiting angle

of the converging ion beaam must be at leest 20° in the case of the

present apparatus because of mechanical difficulties, and the focal

length can be exnected to agree with this formula only near the central

blane. The three slit lens wes set up on the rubber membrane analogy

and did actually have something akin to sphericsl sberration, so that

the observed focsl lencth was very indefinite, although it narreed

fairly well with the formula nenr the axis, This type of lens, therafare,

is not svitable for the present arrangement of the arparastus, for, in

order to have the emission from a larce sur”ace in the baem, it is

necessary to have the besm convergze over e large ancle, TIf the convergencas

of the beam were somewhat less, the scheme might be snonlied,



4) FCCAL DEFECTS

As remarked chove, focal defects of the marnetic lens itself
viere discussed %o some length by Dr, Rumbau~h, but T think it desirsble
to re-examine errors originating in the ion beam in the liecht of more
rescent information., Such errors arise from three causes, (1) action
upon the ion beam by the magnetic tield ot the henting coils, (2) interaction
or the ions with the other ions in the beam or with ges in the apparatus,

and (3) thermal velocities at the emitting surface,

Consider first the magnetic field of the hesters. It is
vossible to calculate, as did Rumbaugh, an upper limit for the r1ield,
tor which the peths ot the iong are disnlaced through a given sngle §6. -
Howeva>, the real circuit differs so much in ocurrent peth and in
surrounding masses of iron from any simple calculable system that
definite informetion must be obtained from the actual epparatus,

Now resolution curves (collector current apgainst mass number) taken

with heating current on and off are the same in shape and peak width to
the 1imit of observational sccuracy, Furthermore, while the return
circuit for the molybdenum wire heating coils now used was at first made
through the hot hlock itself (with coils in parallel), it wes found
adequate to connect the coils in series with no ocurrent passing through
the block, Although the current shells are not concentric in this iast ,
case, the longitudinal components of the currents are close enough

together to have little resultant macnetic field,

Interaction of the ions with each other can be shown by
simple caleulation to be negligible with sueh a low current density as
is used. Interaction with gas molecuvles, however, may becrme very important

indeed, To be effective, encounters with pas molecules must take place
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within the accelerating field except in rare instances, If the jons

and gas moleoules>ara taken to be simple spheres attrecting one another
in nessing, one may calculate that for the high ras pressura of 10~% 1m
of mercury end with ions which have fallan throuch 2000 volts, less than
3% of the ions are shifted by more “han 0,01 mass number at the collector,
Gas within the sccelersting field can widen the peak in the resolution
curve by three times or more, making it impossible to resolve K,

It is for this reason that great care must be taken to secure‘goo&

contacts on the hesting elenments,

Thermal velocities of ions at the hot surface of the source
produce the largest aberration in this type of mass-spectrometer,

From the kinetic theory of geses it can be shown that the component
of velocity parallel to the accelerating field corresponds to an
accelerating potential of no more thah a few hundredths of a volt,
and is therefore wholly negligible, Nevertheless, the component
velocity normal to the Tield will cause the ions to emerpge from the
electric field at an angle 8§ = tan™t vh/ib to their Assumed direetion;
Y being the normal component of velocity and v, the velocity imparted
by the electric field, Hence the ion with velocity v, =v must have
a different radius of curvature in the magnetic field than the ion
for which v,=0, if it is to reach the collecting slit, and it will
therefore be observed at an accelerating voltage corresponding to a

different atomic weight, Thus the curve of ion current to the collector

ageinst atomic weight has such a spread as is seen in Fig. 10,

Let us consider the magnetic lens without fringing field and
compute the vath of an ion which starts at an angle @ with the vertical
from & point X,sY, in Fig, 1 and passes through the »nrineipal foous C of

the lens, Designate the convex edge of the lens by the subseript o,
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the concave edge by @, the region from source to lens by 1, the
region in the lens by 2, and the region from lens to collecting slit
by 3. The equations of the edges of the lens are then

2
%

§; + if - &ﬁa- 0

and the thrae segments of the trajechory of the ion,

. 2 R
-.ﬂr:&-r&-Zc& 0

8(y, + vo) = (x, = x5)
(xg =p)® ¢ (v, = )% = r®
Vg = X3 + ©

The boundary conditions require the continuity of the path segments and
their tangents at the boundaries 4 and &. These conditions give four
equations from which can be obtained an equation for 6 in terms of r,
and x;o In deriving this, 8% was neglected with respect to 1, which
made the final equation of the second degree in @,

The limiting values of x, are determined by the leungth and
pﬁsition of the source, end r, is obtained from the electric potential V
through which the ion has fallen and the sirength of the magnetic field,
Further, if M, represent tne atomic weight corresronding to V=V, and 8=0

(radius of curvature of trajectory = r), then

=y . —
E;F_l‘ ;{go (1 + 6°) -J%p to 0,1%

g

-t

Now by the Maxwell=-Boltzman distribution law we have for the number

d¥ of ions having a normal component of velocity between v, and V¥ dvn
dll = a exp(-IV) dv, = a'(M,x,) exp(- MVp” 0%) aM dx: = a' exp(~ Y20%) aM dx
ey Tn sFol SFNT o A -y .

a is a constant and one can commute a‘(M,xo) for ench pair of values of

M and x; to the necessary mccurecy. The function a' exp(-mvx %) was

26T

integrated grapnically over the range of x, and the resulting funetion

of ¥ (which represents the intensity of the ion beam at the collecting
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Fipgure 10, == Experimental curve showing 7%® and k%! nesks of ion
current a: the collector. Teken with emitter st 1100%K,,
accelerating voltare of 2560 v,, slit width of 0,1 mass
numhar, and vecuum of 5x10%° mm of mercury,

37 38 39 40 41 42

Figure 11, == Theoratical curve shawing width of ¥9® .. nenl-g
to he expected if the laterel thermal wvelocity of the
ions is the only cause of focal dafact, Accelera’ing
voltage end tewperature are the same as for ¥ig, 10,
whese experimental points ere shown in circles,

ral
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slit) wes plotted against M, (Fig. 11) The circled dots represesnt
the experimental points teken at the same voltage and temversture

and forming the curve shown in Fig. 10, One ssaes from Fig, 21 that
the sbarration dve to the thermal velocitics constitutss almost the
sntire foceal aef=ct of the mass~spectromatar, The curve is not a true

Taussinsn srror curve, but is gomewhst wider at the bhase,

The close approximation ot experimental results to the
computed curve turnishes vnroot’ that the edge correction of the
masnetic lens is neeriy perfect, The run shown in Fig, 10 was teken
at a collector current of 0,02 m,a,, a source temperature of 1100°K,,
a voltage of 2350 volts, and a pressure of 5x10”° mm of mercury,

measured on a Pirani gauge attatched at YV in Fig, 2,

5) EMITTING MATERTALS

The ion source described sbove recvires a solid emitting
materinal to whose surface ions are suobplied continuously, This
requirement is satisfisd by the preparations known as Kunsman catal_vsts8

and to a lesser degree by certain natural alkali-aluminum silicates,

Our Kunsman catalys£ for potessium was fufnished by Dr. A,
Keith Brewer of the Fixed Nitrogen Research Lehoratory, where it was
prepared in an electric furnace, It was found, »owaver, that s Kunsman
cetalyst for lithium could be mede by melting down ferric oxide with |
15% of its mass of LiCO5 in an elmost closed vesssl by means of an
oxygen-gas flsme, This process laft in the melt the desired 3% of
lithium, In either case the mel+ wrs pround fine and reduced for thrse
hours at dull red heat in an atmospheres of hydrogen before baing packed

inkto the source block, Longsr reduction had little effect on the



«15=
sopiousness of emission,

The potassium=alumimun silicate ocalled leucite snd the lithium=~
sluminum silicate called spodumene have the property of emitting the
corresponding positive alkali ion when they are heated, WNevertheless,
this emission was observed to be at the most somevhet lower than that
obtainable with a Kunsmean catalyst at the seme temwersture, and the
emission diminished o a tenth of its original value when the field hed
b=sn apolied for an hour, One presumes that the ions do not Aiffuse as

rn dly to the surface in the natural silicates 2s in the Funsman catalvsts,

The highestemission observed was 100, microamperes/em” for

potassium at 1000°C, and 7, microamperes/em” for 1ithium at the same

temperature, Kunsmen catalyst being used in both cases,

6) HEATING ELEMENTS

That the henters for the source block should be long-lived
and rugged is necessary, but a still more important condition is that
they must in no way render the apparatus difficult to outges, The
necessity of this condition is found in the fact, which wes mentioned
above, that gas produces its chief effect on the ion beam within_the

electrioc field, and in the nearness of the heaters to this field,

The simple Source A constructed by Rumbaugh used as s heater
e Glooar, wnich is a rod of ocarborundum held together with a binding
substance, and the same kind of heater was used when Sourse B was built,
Contact was made with the end of the Globar by means of an iron cup
conteining a small piece of aluminum, which was supposed to melt and

perfect the contact between Globar and ecup, It happens, however, that
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gas is evolved at these contmcts, due mpparentl to the evaporation of
the aluminum or the formation of its oxide, and the development of mn
are, Other types of contacts were tried, but no decrease in the
evolution of ras could be obtained except by the use of tin with the
aluminum, and tin evaporates *too readily and makes holes in the eups

by alloying with *he iron,

The trouble with gas ceased immediately when the GGlobars
were replaced by coils of 35 mil molybdenum wire wound to a diameter
of 8 mm, These are mounted indide cylinders of Stupakoff tubing, which
in turn slide into the heater holes in the source block, Good contact
is easily made with the ends of these coils, and they csn be reis=qd
to 2000°C. before the vapor pressure of molybdenum becomes sppreciable,
The amount of msterial that ahsorbs ges when the apparatus is opened is
no greater than when Globars are used, and the ruggedness of the

assembly is much increased, f'or Globars are brittle and difficult

to remove without breaking,

- IV3 METHODS OF COLLECTING

The ion beams of the separated isotopes converge at points
in the focal plane of the spectrometer whose distang§&{apart are
approximately proportional to the separation in mass numbers, The
distribution of intensity in the focal plane is then given by such
a curve as Fiz, 10, the distance between K°® and K*! being about 1 em
and thst between 1i® and 117 about 3 cm, Hence by nlacing a s1it of
siitable width in the focal vlane one can select eny nortion of this

i teusity ocurve,



Behind this sl1it is placed =2 cup, usually ciroular, upon
which the atoms are to deposit, For the atoms actually to deposit,
three conditions must he satisfied, (i) specular reflection must not
occur, (2) the incidemt atoms must mot have sufficiemt energy to
dislodre those alresdy collected, and_f5) the cup must remain ecool enocugh
so that the atoms will not sublime off, The f* st two comditions can
be fairly well =-%isfied by pleacing a grid d the slit and
avplying a retarding field between prid and cup so that the ionsg strike
with a velocity sovivalent to a fall through only & few hundred volts,
Whether the third condition is satisfied with this arrangement and with
the cup at room temperature is not clear, The energy carried to the cup
is small and should be easily dissipated, but probably the ecup should
be cooled with liquid air in order to zollect all of the incidemnt atoms,

The receiving assembly is shown at the upper left of Fig. 2.
To find the best ’ocus the cylimdrical box which carries the siits at
its lower end slides in two rimgs and is moved im or out by the screw W,
which is remdered vacuum=tight by rumning beeswax aroumd its head. The
brass rods carrying the collecting cups are supported by the two imsulating
plugs shown, Each plug is a double come of redmanol with a metalli§
gheath between the cones to shunt leakage current around the measuring

instrument,

The samples of 1i® anrd Li” were collected om platinum foil placed
at the bottom of a shallow cup, The foil was subsequently treated with
HF fumes and warmed gently, whereupon the bluish discoloratiom of the

deposit became white, The quantity of each isotope was about ome mierogram,

The quantity of material deposited was estimsted from the iom

curreat to the cup, measured with a high resiétance and electrometer
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or with a microammeter, 1Im esctual collecting one slit wms always kept

nerrow {0.5 rm) to check the resolution from time to time,

Ve THE RADICACTTIVITY OF POTASSIUM

It wes discovered by Campbell and Wood® in 1906 that potessiuvm
nossesses & Q-radioactivity not traceable to impurities of members of
¥novm radiosctive series, and Kohlhorster” in 1928 found a W-radiation
of hardness slichtly less than that of the hard ¥-rays of RIaC,
Confirmation and extensiom of such results® have made it of ereat
interest to workers in the field of nuclear physics to kmow which isctope
of notassiuvm, if either, is the radioactive one, Von Hevesyg ir 10927
by differentisl distillation obtained potassium with an atomic weight
0,005 & 0,001 units zreater tnan that of ordinary potassium, and from
measurement of the radioactivity ascribed it to the isotope K%,

No other work =ppears to have been done on this cubject,

I collectad several samnles of K% of about half a milligram
each, and Mr, W, W, Harper attempted to determime the radiosoctivity of
these by means of a Geiger-Muller ium counter, However, the brass
dises, on which the potassium was derosited, easily beceme contaminated
with other redioactive material, and we construcied the following

apparatus to make the measursments without possibility of such contaminmation,

A nrew collectinrz head was built for the mmss—-spectrometer
es shown in Pis, 12, In thic we fixed the slits permanently irn the
pasition discovered with tne adjustable head to be the best, The
lover slit §, is narrow %o observe the resolution snd the upper siit 3

is wide so that the isotope desired cem be deposited on a cup carried om
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Figure 12, == Collector head to test the radiosctivity of potassipm
(much simplified), At the uppsr left is sespr the slit
system which faces the mermetic lems, 2t the upper
rirht a sectioral side view, ard helow the “or view,
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the circumfirence of the wheel A, Om this wheel are mounted a collecting
oup and a cup coanteining KC1, the two beimg separated by aluminum ghields,
The wheel is rotated by a kmob B to bring the desired cup in froat of

the wide slit or the Geiger covwter C, which is sevarated from the highly
evacuated main chamber by a window of onme-mil aluminum, A glass window
is provided to permit observation of the cups, Tre shaft for the

wheel A amd the support for the lowesr cup are imsulated from the case

by blockze D of redmamol, The tests om this apparatus are now im progress,

VI, CONCLUSION

The collectiom of lithium isotopes for mueclesr disintegratiom
work is to be undertakem immediately with e ecollector head conteinming
2 oup cooled with liquid sir, this head mow being vmder comstructionm,
Also to he comstructed is an apparatus by whieh a potassium sample
car be imtroduced directly imto the chamber of a Geiger counter,
Other possible applicatioms of the mass-spectrometer have heen

adequately discussed elsewhere,®

I wish to thank Dr, Smythe for his comstant helpful adviece
and to ackmowledge my debt to Dr, Rumbaugh for several suggestioms
which aided the work and somewhat more numerous prejudiees whish

hindered it,



1,

2,

3e

«20=

REFERENCES

G, Hertz =-- Zeit, fur Phys.,, 79, 108, 1932,
Naturwiss., 21, 88%, 1933,

L. H. Rumbaugh === 'Development of a High-Imtemsity i'acnetie-Lens
Tioe of Mass-spectrometer', Ph,D, Thesis,
Califormia Imstitute of Techmology, 1932,

Davisson erd Celbrick ~-- Phys, Rev,, 38, 585, 1931, =nd 42, 580, 19:2,

Busgch ==~ Amm, d, Phys., 81, 974, 1926,
A, . Elekt,, }E: 583, 1927,

Kro0ll and Ruska -=- Zeit, fur T=ch, Phvs., 12, 389, 1031,
Anr, d, Phvs., 12, 607-860, 1932,
Zeit, f, Phys.,‘!'f_, 318-340, 1932,
¥noll, YMoutermans, ard Schulze --- Zeit, fur Phys, 78, 339-360, 1932,
Bruche =nd Johammson --- Naturwiss,, 20, 49 and 353, 1952,
Ann, 4, Phys., 15, 145-166, 1932,
Phys, Zeit., 33, 898,
Picht =~= Ann, d, Phys,, _1_5_, 926-964, 1932,
Kunsman, Harawell, =ud Partom =--- Phys, Rev,, 27, 737, 1926,
Campbell and Wood ==~ Proc, Camb, Phil, Soe,, 14, 15, 1906,
Kohlhorster --- Naturwiss., 15, 28, 1928,
Rutherford, Chadwick, amd E1lis, 'Radiatioms from Radiomctive Substemces'
Ses refarences attsatched to sectiom om radiosctivity of* potassium

and rubidium,

Hevesy -=-- Neture, 120, 838, 1927,





