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PREFACE 

Recently ~ Franklin constructed a mass ape-ctro ... 

meter of t~ 1'.Tier type for this dep~.rt.ment. Subsequently 

this inst.rument was assembled ond made ~ ... eady for opera.ti.on 

by W.m.,. Lull and Edward 0 1·Mealey. 'It had been the original 

plan to- p·ro.dt1ee ions by electron bombardm:ent o.f' a.aniple 

gase.s admitted to tlw inst1~tl!l'.lent through a controlled 

leak Tu!r. F1~enklin had included in the design,. This is 

at·andard p-rae-tice, but the ion cur:t:ont pr•odueed by oleet:1."on 

bo-.mhar&nent is am-.'lll and difficult to detect.. Also, th.e 

eon.trolled leru-i= is cel:'tain i;o lncreaae tho vacutm1 P-l""o-blems. 

Consequet1tly., for testing and .adjusting the inst'.M..U1:Jent it 

was deeided to p·rodu.ce 1ona by therm1on1-e emi~sion .fro1n 

coated filaments. As a I'\-,sult the w1~i ter•* a work was 

divid~d into tvJO parts; 

l. Determining suitable methods of preparing the 

filrunents. 

2. Utiliz.ation of these .:eilronont1;:1 in the mass 

apectrom-$teX.> for preli:.rn.iary t\3sts-. 
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- ?1· rTit.~.,. .. · "'l'".,.,.., ..,, 
__ ....,. y ·=·· J __ . .J, V' .,,. # 

·fhe mass unit bei11{~ 1. 66 
1;1 - ,,,..-,r2.,,.,2;··3 ... ,, ~,. 
.Is.:,,\ - _..,_.: V ,........ ..J.. - -•- _,) f- ...t.t., 

}[ 10-24_ 

10-16 V 

(1) 

(2) 

( .3) 

the most 

:1t :t::5 p.:i2'obable that these ·will bo 1:,1::iru.1 si11ce f'ield e1nis::don 

bo kept at a .f'ixed valu& by 
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The Nier mass spectrometer utilizes a V-shaped mag-

netic field. 'l'he apex of the V lies upon a line connecting 

the de.fining slits. The angle subtended by the field is 

such that the ion beam enters the field normal to it and at 

a distance of rems from the apex. In the field the beam 

describes an arc with radius of rems about the apex and 

leaves the field normal to it on the other side of the v. 
~vhen these conditions are satisfied it is shown by Nier1 

that the resolution is, 

S: A~.2/2 ems, 

where ·A 1 s the di stance from the source to the apex of the 

V, and 0( one half the total angle filled by the ion beam. 

Since·. A is essentially a constant ~ largely determines the 

resolution. Since o( will be determined by the width of the 

defining slits, and the geometry of the filament, it is 

desirable that the filrunent be as narrow as consistent with 

emission requirements in order that line source co:ndi tions 

may be closely approxi~ated. 

In the literature213141516 all writers agree that ions 

1 
(1940) 

A. o. Nier, Review of' Scientific Instruments, 11, 212 

2 J.. P. Blewet·t and B. .J. ,Tones, The Physical Review, 
50, 464 (1936) 

3 R~ Hayden, Physical Review, 74, 650 (1948) 

4 

5 

J. L. Hundley, Physical_ Review, 30, 864 ( 1927) 

c. H. Kunsman, Science, 62, 269 (1925) 

6 1(. rr. Bainbridge, Journal of the Franklin_ Institute, 
212, 317 (1931) 
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equation li~ 'i1WJ.Y · be rr,r:1 t·t0n,, 

tn ;: k/V g:ms, 

whe.re 

'lhi.s equutlo:n indicates that k is a function ·of t,l'i..e nm.g:n.etiz ... 

ting potential v1111 equal k. So long as the nm,gnetlzing 

a plot of' k agains·t the n10.gi1.etiz:tng 01..u.,ren·t to .eet a oon­

vonie:nt e.alib!'e:c:ton eurve for tho 1u:a.gn.et,.. Thu:a r1hen m.1y un­

h"11ovm ion is 1-ocatad a value c,f k ao:rrespondin.tJ; to the 

m.ngnetizir.ig eur1·e:nt be:b.1.g ua,ad oa:n be found t1,a.t2 the curve .• 

Then by observing V and applyi;ng the equation, 

""'' 1 .. /1;.r ··11. . ~ .. ~- · • J. ""' = ~. \I .,u.(il;S5 ..JU vS _,. 

the n1aa:s of the i-011 can be otleulatecl,. 

cur1te,.. A prelindruu7 s.t:udy of.' the problem suggEH:rts tr,n;t 

tb.2 ... ee ions of' appro.:id:r.1ately 5, 25,. and 250 mass tt..l'lits '!rrlll 

prov'ide t.\Uff iciont points f 01., such a plot,.. Jllor ext1""e111~ly 

acc.Ul'ate deterntlna:tions of: mass this method vtlll not su.f':i'j.oe., 

3 



The slight variations in tho magnetic field due to the 

hysteresis of the iron core renders methods bas ed on 

current regulation7 inadequate for an absolute deternina-

tion of IT. This limitation would not exist if k were deter-

mined in terms of the flux as measured by a f l ux meter . 

4 

7 Hi ple, Grove , and Hickam, Review of Scientlf"ic Instru­
ments , 16, 69 (1945) 



Filament end Coating .1a.terials 

The firs.t filaracnts tried wor0 tungoten spirals 15 

nnn long made of 5 mil vdro . It \"TaD difficult to produce 

these with sufficient uniforrrii ty . Further ,. bot\leen tb..e 

dirunetor of the spiral and the •,arping that occurred in ost 

of them, line source conditions c0uld not be ap) roximated. 

It i'la.S decided to use a. latinum ribbon 0 .. 050 inches nide, 

0 . 001 inches thick, and 1 inch long. SUbsequent to tho 

arrival of tho platinum ribbon a nicl--el ribbon of the srone 

dimensions that rms available in the department was tried 

a.'l'ld found to be sa.tisfacto1 .. y except for the fact that it 

melted o.t currents of approximately 4. 0 ax1peres . Lo.tor 

tbe plutinun1 ribbon proved capo.ble of sustaining currents 

as high as 6 .• o amperes 7ithout melting . 

The initial problem \7ao to determine if the spectro­

meter vould operate . Since no ostimate could be made of the 

m.1mber of ions tho.t might reach tbc Faraday ch&Jrrbel'·, it 

see~ned desirable t o have a. source capable of vc"J:T".J l arge 

emission. Assuming tho original adjustment of the spectro­

meter to be poor , it should be possible to find some indica­

tion of the ion beam by using on extremely nensitive current 

detector. Then as adjus nonts improved the resolution of 

the ion beam it should be possible to use ion sources whose 

emission wan less co9ious . 

For the first tests i·t; was decided to use either 

5 



adjusting m1d testing the l''e.solution, it will be desirable 

to have several sources o:t iona in adclit:1011 to tb.e three 

mentioned. in section one. Af"t.er so:rn.e consido:t""ation of' the 

rtui1:.uts roported by Uayden2 ru1d Bleviett e..r1<l Jones3 several 

table l vrlth tho ions em:ttt-oci. 

2 

3 J.. p· • Bl=10··e·~ 4.•• P"'nd 11!.. . 7 .• T""no fflh= P1• V i -'l C-) • 
·• ""'' t.u """ -~ ""- vv · S:,; ~ .1..1:LS C<'"..u. ti0Vl.eW,. 5o, 461~ (1936} 
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KCl 

Iona ©ni.'.G ted 

Ha2Cl 

It 

mass iru.:mbers 

27 

81,; 83 

39, 11-0 1 , 1µ 

113, 115" 117 .,. 119 

.ti.l203 

BaO 

K2Cl 

Al 

.Ba. 

27 

1301 ,. 132", 1341!, 1J5° 

13(,t:, l,37, 1.38 

u 
1J 0 

Li 

Pollueite 

2.34'' 235'· ~ 23,8 

2501, 25lt:t 2$2•,, 253• 

266•. 267t# 268•. 269• 

270, 271 f, 272',. 274~1 

6 ft 7 ' * 

133 

23 

27 

:lndicates ions wealrly emitted,. 
incliea.te,s isotopoa with an ti)J:mndanoe of less th.an 
l. per cen·t. 
Indioatez 1.sot;opes rd.th rm abundance of lasm thfm 
10 per eent. 

7 



Coating Techniques 

Blewett and Jones1 reported coating their filaments 

with oxides using 1;,;ater as a binder. The writer's first 

coating was made with several drops of a 5 per cent suspen-

sion of Al2o3 • Most of the coating came off as the filament 

was heated, and the emission from the remaining material was 

weak and erratic. Following a suggestion oi' Bainbrid.ge 2 

it was found that strong stable emission was most consistent-

ly secured from a very thin uniform coating. 

Al203, Ba.O, U30s, spodumene, and pollicite were all 

coated in the same manner. ThE?y were first ground until 

they were extremely .fine, and then one part of' each was 

mixed with one hundred parts of water, by mass. A drop of 

this suspension was pipetted onto the filament and evaporated 

by gentle heating with a 2.0 to 2.5 ampere current. This was 

repeated until the desired coating had been formed. This 

thickness was characterlzed hy a lightly powdered appearance 

that only slightly dulled the sheen or the platinum. 

Since N·acl and KCl a.re soluble in. water they are more 

difficult to coat. The writer was never able to secure sur-

8 

faces that appeared as uniform as those made with suspensions. 

V'ihen the :material was in solvtion the Drocedure was the same 

1 J. P. Blewett, and E. J. Jones, The Physical Review, 
50, 464 (1936) ~-

2 
IC. T. Bainbridge, Journal of F'ranklin Institute, 212, 

317 (1931) 
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Test Equipment 

:r:1-e1 .. cu~J dif'fusion puriip backed hy e. mech.anic.aJ. £01-•o voJJ!P_.. 

Prer:a.m:t">OD were rea,1 by a MeLeod gauge,. A d.ry iee .trcozing 

t1.~ap was plaeod between the syst,01;1 snd the diode to rn:-event; 

Hg vapo1~ai !':ro1n reaching the diode.. A cb:,yins fl ask f :tlled 

'Kiitlth P205 waa located botween tl~ diode and the .freezing 

t1'.i1ap~ iilb.en in use and ope.ned bnt brie:fly to. atrr1oapherie 

10 

p:t"essure the systora was capable or pi .. essurea o:f tho order of 

10-5 tn.m Hg rdthiu for·ty 11linutes 8.l,..t01 .. purxpinr; sti.;u.,.,ted.. During 

tests ·the pressuro genor·ally rose t;o the order of' 10-4· .rmn Hg. 

By l.onger outgnasin3 lov1er presi.n.:u;;•e:s could ha;vo been na:ln-

t.ain.e:d du.ring tho tests, but this ·v-:us no:t e13sential since 

1.~1:e t1iocle: ·vro,g constructed from. a pyrex flask ·to vhlch a 

ground gl as.s jo i.nt had been ses.led to pe1~ni t a convenient 

means of :t"Ofiloving tho l'ilmnent fo:t" eon.ting. The plate of' 

the diodo 1:ius ro.ade of sheet nicl:el bent ·;;o foJ.."'11l a section 

of' a eyl.im:ler~ Tb.is was welded to a tungsten rod tb.nt "t7as 

then sealed tru?ough tho end. o:f tha py1"'eX flask.. '..t'IJ:10 filament 

1':i'ru!l l :i:nch long and was v10l.de.d to n1c1-re1 support3 thn.t tu.so 

ae:rvE>.cl as condueto2"'s. These su:pportn we.l?'e weTded to tungsten 

wiv.~s int:roduced throui:)l aee1 s in tho rei.aovaole s.e-0-t:ton of' the 

ground gla3s j"oint. fl'he niclrol supports had been so fashioned 

that wl'mn t:he g1"0und glass joi.nt was closed and rotated the 



filmuent could be brought to the c0nto:r of the cylindel."' 

i'o.rraed by the pla.'te. 

The :filament cu.!'1:'ent •,ms supplied by an ei_ght volt 

sisto1,,s oonneoted in pa:1-.ullel.. Th.o cont•se control b.ad a 

switch and :ri1Gte1" so they ni.1.ght be moved .fJ:?Ofil tho -test; <l.lode 

The rmga-civo plat0 pot;ontial Wf:i:fJ su1,~:,l:i.ocl by a 1080 

11 

volt battery consisting of 16 J;Jo .. q.67 Ever.c.H.;i.dy dry battorios. 

:m.axim.v.111 ctu:-1.,e11:t that th:ls. battery could i:lrav1 v.r:ttho1.1t 110ltage 

loaseo due to int01"nul resistance wtts not 1mm~n,, but since 

$0.,l.ui was the largest cu:rrent d.:r•e.VJn, with the ave:enge usually 

of the order of 10-7 amps1"es,. it i.s u11likoly the poton·t:ta.l 

was eve~ below 't:;he emf of the cells. 

'11.h.e emission curr•ent WG.3 recd hy a standard vm.11 gal vano­

metor with a a0nsitivity of 10 ..... 9 a:mperea/rn1u. Tho instr1..1men'c 

was zero:ed e.t ·the ext1~eme- end of tho scale t:o permit reacU.ng.s 

of O to o.5 .x 10-6 ru11peres uithout tho u~.e .of a sh1.u.1.t. For 

parts of the, circuit and keepi:n,g -the glnss of the diode d..t.ry 

.ru1.d. clean the leal{a.ge was reduced to 10""8 arnperes. {1 cm 



deflection) or less . This could easily be corrected by 

oho.nging tho zero of the eaJ.. vanornetor. 

12 
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To st I.Te thods 

It 1J1.as esti1uated thm.t uhen the 

13podtu.ne110 

and poll 10-5 

to 1.a 

Af't01" th.is on1y Es r•equi:rod 

to 

rae.intainod 

ing ions :tn e. eJ10:t>t intense lmr•st. 

the probable life of· the em:tssion~ 
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using a otential of .540 volts on the pl te . 1To two fila .. 

mcnts of tho so:mo type .;ere Peciscly nlil o , but there m.s 

close agreement so long as the coatL us VlOl"G thin., and 

reasonably unif'orm. 

It had beon noticed in so:me of tr.c px>elLnina..ry tests that 

turning off , or sharply reducincs the fiLm1ent cur1°ont seemed 

to shorten it's life . Theref'ore in these tests if' tho chosen 

ion c1.u:•r0n-i.; ··ms excoodod tho ho at ing current tm.s not reduced, 

but the ion, current was all owe cl to go aa far below the set 

value as it had exceeded it . Thus , over> the eriod of the 

test tho averac;e eL iscio:::i current could be kopt a:t the de-

sired value rdthout ever docPco..siLg the filmncnt setting. 

Bolou O.::>e listed o·l;hcr details concernln2' the V"'rious 

coating materials tlmt could not ho ~hmm on tho graph. 

Pollucito r1as th.o strongest 0 • ttor of all tho materials 

tes·ted. Currents as high as 50 .Lt... a "IC o c1.ra T.n fron it for 

fif't;eon inuto::: after it hn.d already boon run three hours at 

currents between O .1 u ~ o • .5 ~" 1/2 hour at 5 ..lL.a , and 1/2 

hour' at 25 A- a. Evon then it uas capable of e:. steudy emission 

at lower values . Emission started at approximately 2 . 1 

runpercn . 

0podumenc as a very good source, but never as strong 

as pollucite. Emis s ion sturte<l at n >proximn.toly .-J .. ~ um1- eros . 

KCl proved to be an excellent source , ai."1.d t l e :most 

sta.blo emitter tostod. Emission started at a_ 1 roxlmately 

2 . 1 aJ:I ercs . 
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lfo.Cl was quite short lived . Generally , it had become 

so errat i c in its behaviour that t he tests wore ooncluded 

after L}-5 minutes . Srnission started t about 2. . 2 amperes . 

BaO vmr1 the poorest emitter testocl . The higneat currents 
(') 

emitted vrere of' the order of 10- ) ar1pereo . .Emisr:don started 

at 2 . 2 amperes a:nd in the cource of' a tvmnty minute teut it 

was nocossnr-.r to raise tho f'ila...10nt current from 2 . 9 to l1 .• 5 

a.npe res to mainta:tn tho nen.Jt 0misa.:lon mcntioned. 

fll 2o3 was a good emitter fo::r... currents o:f the order of 

10~7 amperes . At these currents it has been oper~ted as 

long o.s three houru . It \'/as very unstable if tho coc.tin.g 

was too thic ~. El ission started at a.bout 2 . 2 ru:1peres . 

u3o8 rms an excellent er.r.itter and )roved to ho almost 

as stable as KCl . The material did not coat as evenly as the 

others, but it ap ~,earod to aa.hcre bettor. It requires con-

siclerablc outgn.ssing beforo tests can bo made . The emission 

started at approx·r:w.toly 2 . 8 ro~peres . 



PART II 

Preparation of the Spectrometer 

The decision to use thermionic emission as a source of 

ions f'or the spectrometer tests had been ade prior to the 

writer • s joining in the wor k . Toward this end a nev1 head 

plate had been constructed to replace the one t hat was par t 

of the electron bombardment assembly .. The insulators and 

.filament supports were already in place so t hat it \tas only 

ne cessary to mount the filnment and align it Y1ith the slit 

and tho a.xis of the spectrometer• tube . 

When the filament was coated and al igned the instrillflGnt 

was closed, sealed , and exhaust started. The preliminary 

exhaust proved to be difficult since the instr 1ent had been 

moved and a number of small leaks had developed. Further , 

it had been exposed to atmospheric Jressure for several 

months , and tho metal walls required considerabl e outgassing . 

Standard techniques were practiced i n the outgassing1 and 

1 ak l ti 2,3 , 4- . 
e 1un ng. .Appr oximately three v1eeks ;rere required 

to re duco pressures to the desired level . 

For the ion beam to be ap, r eciabl e it is necessary 

1 s. Dushman, Scientific Foundations of Vacuum Te chni-
ques, PP . 621-1-- 6 37 . -

2 S. DushJnan , Ibid , pp . 370. 386 · 
3 

h 
C. II . Bn.cbman , Exneri mental Electronics , pp . 128-134. 

S. Jnanananda, Hi gh Vacua , pp . 255-256. 
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that the mean- free -path of the ions be approximately 60 
1 5,6 ems . Calculations based on data dravm from severa_ sources 

give values ranging from 600 to 900 ems for the mean- free­

path at pressures of the 01•der of 10- 5 mm Hg . Pressures of' 

this order assure the elimination of appre ciable ion losses 

due to collisions . Pressures of this order were maintained 

through- out th0 tests , 

5 
6 

S. Dush..man 1 2£_. ill.. , P . .35 

S. Jnanananda , .21?.• ~ ., pp . 34- 35 



Test Equ-t ')i, ·mt 

The vacum system of the spectrometer e1i.1ployed an oil 

diffusion pw: p ba.dced by a mech- nical fore pump . No freez ­

ing trap rms used though the usue.l ili"ying i'lusk filled -rrl t_1 

P 05 was em loyed. Pressures were read by a Pirani ga.u e 

and an ionization gauge . ':1he Piruni gauge only served to 

indicate if the pressure was lon enough to use tho ioniza­

tion gauge . The gau ,.es ·,ore locatecl at the most remote 

18 

point of tho system with respect to the pumps . Thus, the 

pressure differential of the inotrument insured the exis­

tence of pressures considerably lmaer thon those indicated by 

the gauges . 

Tho filament current was read and controlled by the 

same :i..nstrw.nent13 and equipment used in the emission tests . 

The 0111is sion current nas also road by the sano g .... l vano111eter• , 

but provision had been nmde for the measurement and con-

tinuous re{")'ulation of the accelerating potential . 'he po-

tential was read by an olectro-.. static vol tmeter with a range 

of Oto 600 volts . If the potential exceeded 600 volts it 

was det0r1 incd by reading the battery in ... arts nnd adding 

these parts . The potential ,ms roughly adjusted by the 

nu..mber of cells used, and fine adjustments v1ere ade by 1 eans 

of a 250 , 000 obn1 potentio etor connected across the first 

battery . The sliding tap of the potentiometer vms used o.o 

the nogati vo terminal of ta1c su ply . 

The agnetizing current was sup lied by a. 1 2 volt storage 



cell , and vms l''egulatod by three wiro- vro1.md resi nto1"s 

conne cted in sei-•ies . Thoir rosistancos were 185, ?2, and 

8 ohms, while thei r current capacities were 1 . 5, 4.4., and 

5.8 amperes respectively . The ma.gnetlzl ng currents employ­

ed in these tests ranged from 0.4 to 0.95 arperos . 

The measurement of the very small currents that ,,ere 

fotmd at the col lec tor requires special. methods and equip­

ment . 'I'hese are to be tho m,1b jec t of a report by J . J . 

Freymouth. 

19 



Test of tho Spectroreter 

Af'tor a number of attempts had failed to detect nn 

ion boar.1 it was decided to Ji den the slits nt the f il "llent 

and adlni·b larger currents to the s ectromoter. rlhen this 

uas uttompted it was found those nlits 1ere improperly 

nlii..,ned. At the so::.110 time the Fo.i-•atlay collector ,:,as 

connected to the second defining slit so that all ions pass­

ing th.rough the fil•st defining slit were counted. As a 1~0-

oul t of these changes a 1eal.: ion current rms detected o.t 

once . 

In lLcr ' s instr1uuents1 ' 2 the ion sourcas had beon 

enclosed in a la.cs envelope that vms scaled to tho metal 

spectrom0te:,. tube . If the rogion beyond tho sli ta ms to be 

froo of electric fields the n~tal spectrometer tu>e and the 

slits had to bu maintained at the same ootential . ·.1ith this 

arrangement tho only electric fields in the vicinity of the 

filruncn-i., we:Po between it and the slits . In our instrument 

tho entire nvclo)o was metal and at 0round potential with 

respect to the f ilo.rn.ont . Under these conditions ions emitted 

by the filament r10ro a cole;t>ated in all directiono and only 

a~ all portion reached the slits . This w~s remedied by 

constructing n. shield of sheet. nickel for tho filament as 

l A. o. Nier , Review of Scientific Instru:, 1ents, 11, 
(194_0) 

2 A. o •. IUe1" , Review of Sc1entif'ic Instruments , 18 , 
(194-7) 

21 2 
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shown in Figure 2 . This altered the field in the vicinity 

of the filament so that all the ions were accelerated in the 

direction of the slit . Before this change emission currents 

-5 of the order of 5 x 10 amperes had g iven only weak ion 

21 

currents at the collector . After it was installe d emission 

currents of the order of 10- 7 amperes g ave strong ion currents 

at the collector . 

In Fi gure 3 the mass numbers of the ions emitted by a 

filament coated with p ollucite were plotted against the 

collector currents . Th e emission current was kept constant 

at 10-7 amperes . A calculation of the mass of the strong 

line using equati on 4, with a value for H determined by 

standard methods3 and the observed value of V, was ithin 

1 . 5 per cent of the accepted value for c s. Pollucite was 

re ported4 as a copious emitter of c s wi th small traces of Na 

and Al present . No indication of the latter could be found . 

The i mpurities found in p ollucite were known 5 to vary wi th 

the sample and its source . The masses determined as 79 . 8 

and 139· mass units agree roughly with a numb e r of el ements 

that mi ght have been present as i mpurities . he mass at 

289 if approximately correct seems to indicate the emission 

of a complex ion . Since t he lines were several mass numbers 

3 A. w. Smi t h , Elec t rical Measure ments in Theory and 
Application , pp . 225-235 . ~ ~ 

4 K. T . Bainbridge , J ournal of Franklin Institute, 212 , 
317 (1931) 

5 J . P . Ble· ett and F. . J . J ones , The Physical , eview , 
50 , 464 (1936) 
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wide , the identification of these impurities ias not possible . 

ffnen fur t her alignment and tests with other ion sources 

impro e the resolution so that the abundance of the isotopes 

can be evaluated, such '\70rk tlll b-e possible . 

The readings to determi ne the masses discussed above 

v ere taken in the following manner. Ffa•st the acceleratil'l.f.; 

potential was set at some value and the magnetizing current 

adjusted to bring the strong line to it ' s maximum value . As 

was shm7n earlier 

k : m133v1 mass unit- volts , 

where ~ 33 is the mass of tho strong line . Then V was ad­

justed to focus the other line being investigated on the 

collector. Then, 

m = m133v1/v2 mass units . 

After this k v1a.s determined for another value of V and the 

line being checked w .s re- locate Since widely varying 

values of k and V resulted in close agreement for all the 

masses plotted it was felt that no large errors existed in 

the approximate values plotted on the gra h . 

The resolution obtained in these tests was poor , but 

it must be pointed out that all the requirements of good 

resolution had been sacrificed in favor of large currents . 

Further , tho magnet was only roui:,-hly adjusted. In view of 

these facts t he initial tests of the spectrometer appeared 

to be highly satisfactory . The agreement between the experi­

mental determination of the mass of the single isotope of 

Cs and it ' s accepted value seemed to indicate that the orbit 
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Puture tes'l:;s with ot:he1:> ions 

it I r:l diaposa1 .• 

Dr•. P. Du.rb:tn for, the 

1m;1ch to do th tho success 

co·-operution in the tcs'c::i on th.e 
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