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m!SClU 1!lON OF A DJJW>S'LTJt l'lPR OOUBU: FOOUSlflG 

W:\86 SPEOTOOJJElJ.'im 



1. XD.tro4uot1on 
1 ~ 

· arly usa apeotograpba proY14e4 tar e1ther cUreot1on or veloolty 

a aarrow bua41e ot raya haYt,ue ~ uall spread ot enere1ee. 'l'.b1a Hlectlon 

He\ll.te4 in an un4eta1rable. 4aoJ"MM 1n 1nt.aa1t7. 

Ia 1935,Dapatc- deeor1b4Ml an 1a.truaent ln which the part1olea ' 
w.re t~lt detl.atect 90 deer••• ~ «ta eleotrio field 1n a oyl11ldrioe.l 

4 
obaahal", and then through 180 4epoea by· a magn.o\1c tleld . In 1937 he 

tthowed matU.tioally how thla &l"ftllQOMnt ot tielda produced both 41HOtion 

an4 TelooltJ toot&aine . 

In 1'34, U&ttauob. an4 Herzog pu\>Uee4 tbe seneral theory tor maaa ' 
a,Peotroaeters to-,:- aU ooab1nat1ou ot a radial &1Ntr1C field and a holllO• 

6 
seneou. maanet1o t1eld . Two y~a later Matto.uoh showed that Deapater• a 

clouble toouains ••• a.Peotogx"aph wae a apeolal (Mlae ot thi s s neral theory 

aD4 tbat lt Mt1ath4 tba oond1ttona tor doublo toou•1ng . 

In l94S, Duokwortll an4 Robc1ia bu1l.tt a 4upltaate ot Dempster' a 

double tocualsag aaaa apectogroa:ph 1D which tho tone were rooorded u4 meaaured. 

plllotOJiletrioe.Uy. At MoMaatel", tnteroat lq in the· relative abundaaoa ot the 

isotopes, l'4tlle:r than ln aoourate ••• 4etar4U1at1ona. :Beoauee ot the d1tt1• 
7 

oul.tlea la.be.rent 1n obtaiAin$ tb.eae abwu\cmoea ·troa the relative blaoken1ng 

ot a pbotograpb1e plata, it •• 4eo1de4 to ooaTert the 1natl'U!Rent to a uaa 

apeot:rom.eter 1n 'lfhlah the taotopio tlbundanoea al"EJ u~:SUHd by poa1t1•e S.on 

ourrenta. 1'h1a necessitated tbe cleaignitte an4 are'bull41ns ·ot the aource. 

collector aaaembl;y, and the aooo~inc ·eleotronl.c ualta . 'l'.b.e oonde~ 

ohu\bar aDd Jllll8;&1etto aa,alyaer wre unoba~. 

http:plllotOJiletrioe.Uy


Reeo1n91 . , we.r 

The reaolv1na poW+" ot u. mass •»eotJ"om&ter 1a a1vea bf tlle relation 

-= . r 
A ll 	 S1+S2 

wbei"e r ia tho radlua of tho loa path 111. tche ugnet1o t1eld 

~ 1a the exit alit width and 

a2 1a tlle entruoe alit w14th. 

For 	tbia apeotrQJleter 
a 

r = 9. S oms. 


~l ::::. . ,3 ••• 


a1T1D& a reaolvtng po\!Jer ot e.pp.ro~te)¥ 271, 2)8 or 190 reapeoti.vely. 

Relation be'(lween aooel.e:rati!l ~4 cleF1e.,ot1nJ Tolte.a••• 

Tb.e 1Dit1al .aergy ot e ton of ••• m. and oharse e 1a given by the 

relation 

! :m.Y2.:::: Va.e. Where v ta the veloott;v of the ion and Va the 
2 

aooelerattng potential. 

ot rudiua a, the tollow1~~g oond1t1on must hold: . 

. 2 
mT 	 - VO. . e where Vd 1• the detleo~tng volta$& and x the diatanoe .............. - ........ 

a x ' 


between the 4etleot1ng pl atoa. 


Ranoa , 2 Va e = a Vcl . e or Vd := JiE,Va-X 	 a 

For 	this a}Mlotrometex· a -= 8.484 oma , t1 = .508 us . giVit~G Va ::: 8 .3S V'd • 

.. 
R. Shields placed the oxi t alit at a point oorroapolHUng to the position on 

the photoe;rapb1o pl te Where the linea we:ro liOa't clear17 d.et1ned . 



Tbua the ccelerat1.ng YOltage should DEl 8. J, t1Jnee ao large tl.l the 'Yolt•se 

appllad to tbe detleotin~ plates whereas 1n opo.rRtion the ratio ta about ? · 

2. 	 1:he ftlsa §E!ot.rolllOter 

b 


The as sp$otromet ~ will te 4eaortbe4 ua4er the to1low1nG aener.l 

uadl a; the aouroe end , tho condenser cbarnbe:r, the gnet1o a.nalyeer, the 

collector asaombly , and the ve.ouwra system. Tl.u~ oonatl"uotlon of the 1nat:ru­

ment 1a all aetal. exoopt tor the naoea.., ~yJaoy~ 1r:tsuli\tors, u4 the 

elaa.s envelope wr.round.lnts: the souro- ona. ~tb 111ve;r aolder an4 .ott 
. . 

C110l4ezo were u.-4 1n ~he ooutruot10Jl ot the l natrw.ru•nt . rue l e veJ7 ~till-
. ' 

taotoq in that ~he lnat~»t eu~.uot be "baked• 1a ol'(lor \o eltmine.te resi dual 

aee .- A dS.tteront 11M11Uio4 ot a.saellbllng tho tube, wtlioh -~ all ow "baki l18" • 

1110\lld inarease. t.he a.t~a17ail\i ett1oionoy ot the 1nst%"U.Blflnt . All meta.l 'aur­

raooa are oadmiwa plated to :pl'eYent ruat1 ow • '.t'h& o.oJJieuer a,asembly, magn.et1o 

&Mlyeor, and •1lpaon bellow• era painted on the outside with s l nrtol Yarn11h 

.2. (a) i1le Source · • 

1'h envelope swl'Otmding the •uroe aeaqbly (tigu.ree l and 2) la a 

0l.a .$ tu.be ot 4' mm. l.D., tlaD6!e4 et one en« and olcuJe4 at the other b7 a 

·msa .nd. ~tlt'll>hon bellows assably attached to the glase with )iezo-n wu ( ~ ) . 

3/16 lnch eteel rod pa.eeee througll a Wilaotl vaouum s.al iltt4obe4 to tbe 

bellowe asaembl.y ;;md ends 1ns14e the glass envelope . A l t tn.oh length ot lS 

tnilla 41uCJte:r tun ·aten wire , to wh1oh is eecure4 the oruo1ble containing 

b 
A &eaeral deaor1pt1ou ot piarta ot the 1ruttru.ment unchanged i n the oo.nverei on 
f .rom a e;pootograph to a spaotl'omot'Eir is t ken directly tro.m a repor-t by D. 
1:'.. Robene. For more 4etaU.ed i.ntormat1on conoerJling tho oolldeneer platea, 
»ol• pieces, etc. reterenoe ahtNld b& ade to th1a report . 

http:4etaU.ed
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to be move4 in anl'l out, and the w~l.owa .c1 th three ep~1n& loaded tilting 

screws. allowa tho rod to be tilted 1n any <Uroctlon. 

Ineic\6 t.he class. onvo.lo;pe , the ate$3. ro . pus a through a aircular 

"ltfkroy" epac r lil10h ia boumled t oaoh encl by a r1ua,. erooved to tit the 

.spacar • and olam.ped to~the:r by t.:hl'ee threa.4&4 etude. lJ.'hreo other atutta, 

stan wire tastone« ln th& end o.t the eteelro4, paaaoa ·throuab a ~~~~all 

hole in 'th• eentr ot tho dille and tb• supports a crucible 1nsi4~ the 

shield. The ·oruo1ble 1s i inch length ot 63 miU3 411U10ter tantalu 

Wire . oae end Qf which i1 reoes.-4 to hold the ampl.e. Tbe tunsat n wire 

ttta into a hol-e d:d1lct4 111 the othlir end at the crucible which is squeezed 

t1~tly a~inat tll wi:r • 

Two· t~aten rods• which support u tuD.~st41n tllaraent (thiokne~te 

.ool tnoh. width .o.;o .tnon) surl'OUl141· the ohoible, are broueht t.brouah 

holes 41'1Ue4 in the d1ao nd ~ot" spacer , and ne ae ooiituotol''O tor 

the t1lwuent ourrent. .Two oop:par-tl.Ulg.ston wiro pr s.a aala oonnect the 

filament current supply to tho filament through tho glaaa env•lope . 

One t:d.4e of tho t'ilalaont ls grouD.decll to the asao::t,bly we that t 

t1~nt a.n4 sbS.eld ue t the .... potontial. 'rh hlgh volt ;'* ia c0Dtlecte4 

directl,f to tho tU.am ·. t which i'a1ses the entSra BOUrG$ aboTe f$X'O'Utld po.tential 

and. ~ ao• the nee sstty ot an 1solat1on transto:nter. A lea4 trQ.IIi the oruo1ble 

o\U"l"en1) .eta.bl1l1zel."1 oltJped on the en4 ot the ateol ro4 , raieea the potenti al 
. . . 

ot the oruolble 500 't'Olts aboYe tllat ot the t1lulent. Th& oruoible 1a heato4 



potent1al that coelo~ 

4tos the lectrons :trom t.b.e til.tull t to tho eruo1 bl. • Aft r 

from the hole 1n th ebiol~, the i®s N turtber ae."elent.\ed by the 

appli ed pot nt1a.l between tho mtel.d atl.d the EUlt:mnoe tllit , wn1ah al~o t 

una. p)ttmt1 ·1. 

w11ib t.b.& tbr~ed tl.w:le , presso& t-hi tla~ en4 ot tlm glq;S$ onvelcp 

aga1~t the 11 Gket, tbue making 1'4C'-tWI1 tt ht Joint. etween the source 

ad ad the, conde r al'uullbe.r. 

!he entr6nco el1t ttt 1n o countarhore in the holdor that BUpporta 

th 4et1ect1on plate as embll" w.eh that th$ distc.oe froa the aUt to the 

ettect1Te bourultu'y ot tho eleotro...atatio ticld is i 1noh. 'rhs sUt 1G 

three elit& vaU.able ot widths . 05, . 1, t:md . 2 • 

2 . ( b} The Oondeneer Oh!Ulber 
0 

The oondeneor chamber (figun )) d ot bras , :hich is Gtlver 

eolder d to thOr, contUne the curved plates usnd to produce 90 deer e 

d~>vtation ot the 1<Ullh fhe plates (tl@ttt\' 4) made ot ArmCo illtl8Jlot iron ~ar 

magnetic sbi l41ng, are inoulated from on oth~r, nd from t.h arcu.nde4 

brass chamhur, ttnd iw.v-e le ds llhlch nr brought out th:roousn ttl• ol¥amber 

0 ' 
Notes 'Upp&r tl&llge joint ebown in f'1.gl:A'e l 1a not used .. se• tigur• 1 . 

http:distc.oe
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all by aeua ot lmftU ko"YU."-gle.es aeala. fte 4etleotla« plate &aatNlblJ' 

1e en t.te,-radeat u.ult aJld ou ·rea4111' be r0110"fell ma the obaaber tor 

oleaBina pUX'poa a. The end or tbe ohaabor remo'h h'aa the aouroe o•uTiea 

ou-balt ot a range joint mioh ta bolted.. with a rubber fl*almt 111 t..twe»., 

to a aindlar ,tlange aoldored. to the agnetlo aaalyaer. 

2. 	(o) The pet1o .ba!fHr 

The magnetic &~~alyaor (t1gure 5) tite between the poles ot t 'he 

a aeJ&1-o1roW.a:r braae apaoer. A to\ally noloee4 ae1- oyl1dr1oal Qhulb_. 

1a to1'118ct by a kckiDG plate aoroae the d.l&Wete~ tCiob oa.niea at one eDd. 

a halt tlaap joiflt .t1tt1ag to tho ou on the oondeneer ohuber. At thtt 

other enct la a lvao hole, 2 1nohee 111 41uleter , boun4od by tour thr.Mde4 

red• Wh10.1l aapport the collaoto.r aaaeably. 1'he gap over Wh1oh the me.pet1o 

tiel.G 1• etteot1ve ta 1/8 tnoh aDd by autsat1oally varying the Mgn&t 

taoea ot the pole ~· a:t·a p.reo1aion growact to a low tolvmnoe to:r ~· pole 

&&J wh1oh reoe11'ea the asnetto anal7aer chamber . To oz:w.bla the current 

to be stabilized elaotronioally, the coils were randomly wound with a lar8e 

nWiber- ot tunla ot aull dia.aaeter wt.re . 

2. (d) 	 !h• Colleot~ . AaiHitllblz 

The collector usem'bly (figure 7) ia mohlned trOll a braas oyllnder 

'f 1nohea o.D., ud t\ll"ned down to 2 inehee o.D. at both eD4a to 1'on two 

ahou14era. 'two 'tlu.\gU.n lead.• au-. broufitbt out ot the oloae4 end ot the 

orl1D4er by two koTU aealll . Inside the oyl1Dder one end ot a 8IIWll1 braea 

http:ko"YU."-gle.es
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%'04 S.e aoldve4 to oaa lead,.. 1'be other em ot the re>d 1s r$Ceeaed to 

tom • 4oep lroraday o~ to collect 1ihe positive t.one. The other kovar 

aul lt.lppo~s a au.ppJresaor pla-te kept a. t egat1'Ye potentl-.l ot 4.5 YOlta 

with .reape.ot 'W the Faradrq: oup. Th1a negat ive pot.ent1ul. repel• any 

aecondaq aleotroao mitted troa thu oolhtoto~> oup when lt io boab4u."4e4 

by the poait1ve tons. Jour counter-s~ eonwa iu t.h wall or the oh iber 

hbl4 t he exi t &llt plato o'lt\lr the open end ot the collector as embl.y With 

the . ; mm. alit directly tn t a .nt or t he oolleetor oup. 

Tllo ahouldor · u- the open •nA of t be ool~etor a sseabq a1ts upon 

a t blck r ubber _ oket &IU'round~ • the 2 inch I .D. hole in the b oleln& plate. 

A. ;oillQ1 2 1nohea l.P., with tour atte.obed aleeves wld.Oh tit over tb tour 

~~ed 1'04& i n th b4\ildag plate , pressea agaiut the uppar shoulder ot 

the IUUlObq, thus me.kina vacuwa...t18}lt joitlt between the ool leotor 

aes.m:q an4 the baold.ng plate. t'he tow .lhvos allow the ool.leotor 

ae...bly to be tlshtene4 flg&iut the baold.ng plate uatil th& ex1t aUt jUt 

clear• ~e pole pleoea . 

2 . (e) flle Vaouua §l:et• 

Tbe apeo,troaete:r I.e evacuated. throuah a borlzontal pwa,pl lead 

aott-,aol4•.r• to tho cUH'td aurtaoe ot tho aon4eneor chulber' oa t ha aide 

r-uaot.e t-ru tho ao\ll"oe enil . A l i- 1Aeh. koYar•S).aas 8hl jolne th1a lead 

~ a lU'p etop-oock (&ppl'Oa:iu.te~ 15 .-. bore) which ohangee the d ireot­

ton t.o Y&rtloal one. Glasa tubing, 25 JmU . i n diameter, continues down 

n-om the atap-GOck into a Uqu14 a 11' t.-ap . The aide arm or the trap 1a 

aea.led to the to» ot a ~- O«,paotty Sleraurr condeua.tton pw:s,p . This 

)WQp i a et a doalgn fa'Yove<t by the Clal"em\on Laboratory an« 11 of the 

http:ppl'Oa:iu.te
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-

ai~e jet 1r.t.vert.ed wabrau,. ~f})e, . !he ba.old.as side ot th1 s p'Wilp ts 

OOiaMC'ted tty ru.bbett t"blne to a D\lo-s.&l tore p ~ · A 1949 n .o .A . 1on1­

zat1on wb• 1a eeale4 in between th mp.ooek ea tftp while a Uoteod 

us• 1a OOrJ.J.'Jecteci between the tzoap 
. -6

aad the to.p ot the oondensat1on PUlll-Ih 

The l.onat preeauw ol>tained lit 10 mm.. Hg . Wi1ob rt s a quiOkly when the 
- •4 

tl.l.ulent is tu:rn Q-Jl to bOUt 10 !'Ill• flg. .Attcer a taw momate 41U1 opera-. 
..., 

t1~ pwteure ot nppx·oxl tely l.O ,. Hg. ~· obtained-. 

). Eleotronie Unlta 

:;•<•) ~~aet c~rz;ent sta.b!1J:zer 

SS.t»• tbe eaa wbtcsb let tbcu.-4 on t.-be .axlt slit TIU'ie:J ee the 

square ot the :m.apetlc ttel4 1t la ueent1 l. that thtiJ masnet c~nt be 
l > I ' 

•intatne4 oonstant with~ narl.'OW limits, The magmat 111 -wound wtth approxi ­

ately 40,000 t\U'IUI ot No. 26 as. l'om1'JU' aa aet wire· tUld requires a OtUTent 

ot about 150 ma! for at\U'a't10f:t ot the yoke. !.bia current to obta1ne4 trOll 

a atan4ard .2000 volt supply wbJ.eh baa • Ya.rtao (tt • t1gun 11) 1n the prla171 
ououU; tor aliju.uct ot tb• output 'f'ol.tag6 . A GOaplete 4eaoript1on ot the 

' 8 
~'bilizer ,. g1 ftll by n~ Sh1•14e. S.cauae the oontrol tube 1a • v1ocle 

tJler.e 1e an optJ..tawa plate Yoltage 4epua41ng on tha plate ourr-.nt and the 

reooaen4ed plat• wlta.~a tor ••rtoua values ot masnet Cl.lt'rellt are lS.eted 

_,.,.;net Our:ren't> (u) Plate Voltae (vol$a) 
10 190 

20 220 


0 24S 

40 2.70 
so 295 
60 31, 

70 330 

80 

90 370 
'" 100 390 

http:ourr-.nt
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A o l A.O. tor 4:riving e 10 £ tti&:U t" provt4es ~uto.'l$.tl o 

cn,etlo ocann1 ... . Th :r ta ot •etumi 1 vu.r1 d ·by a 100 " _potent1 d\41r 

1n par llel With tho olipot"•· 

3~ (b) 

!the \httleotins voltae lliHlrce, 
8 

· lao 4eacribed by • 1elds, auppllu 

one or t e eleotroatattc d&tlucttng plates With posit1w 'foltag. nd tbe 

othOf' wi1ih u oqual. n tiv vol'tas with reepeot to ~und . Beoause o£ the 

critical relationah.ip bettwaon 'tb~ acoolorab1!13 "VVlt - trnd 4etlecti.ng Yoltage 

a ·woK tfJielipotiY s subatitutad tor the potentl.OlM!ter 20• ( e f'S.s,ure 7, 

• Shields ?.heals). 

) . (c) 

fh oo~lGratin potential 1a s.uppl1ed from a speci l high volt~ 

t:JrQnsforll»r g1V1ng m&.XUlta output "'t' 40 lv. et 10 mo. . n..o. ThG p:t!'Sa%!'1· 

ot the traustomor ie r~ 1:'1!'0 two variac t*rola ens· n6, 1"1GUX"e ll) lD. 

puallel to prov14\l a «*.:OR and tin at'ljua~nt e.nd r t~lat~ as abo• in 

ti~e a. A<n'Oea the out~ 1a a o-1 u . JDetOl" 1n aviea with a chaln ot 

eoro:na ah1olde4 proo1s1on ree1et.ara glY1ng a. total r<ts1nance ot 20 meeoaa 

all<l & t\lll-ecale datloctl on or the a tor tar an output volt.ase ot: 2Q v. 

). (iS} '!'he Qwoibl 9!l!:•t : b~U-,r. 

fte cmotbl• O\#rEtnt •tab111Zl.'fr 1s t•d thl'OU$h a varie.o oontrol 

( 2 , t1gur• ll) :tolla.ec:t by a 1JO·lat1oa t~natormu. The o.trou1t (ttgure 9) 

ae originally 4esien,a4 to supply a oruo1ble ourr•nt ot about lO ma. fl1th · 

a potential cU:tterenoe ot 500 Y(Jlto b$twet•n the crucible ud t .il.e.mont. To. 

o1ata1n a larger ounoent. th aoCO"ndary ot a 2·5 volt t1l.iuacrl't trana.torael!' 

we Ootmt(ited 1at s,arie& witb tho t1l.a:n.eftt . Tho cruoibla O\U:'J'ent OO$rola 

http:4etlecti.ng
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( )• n4, figure ll.) 

\mlt. 

1'hs tape:r ture ot th .crucible ct pexuia l.usoly on the •lect.roa 

pot~tU .uppl:1ed l1' can be e.,pp~ately oalculat rr - the •t•a-Boltzmaml 

3. (e) 'l'he D.a~ All'ml1t1er aud B cord_. . . ib I 

The n.c. plitl-tr is clupllvat;e ot th· tr»o uao<l on th othal' 

mass Opc!ICtl"Om ters in this lnbo~ t 7:¥• rfhe 954 OMDtb %' la llOUflted on the 

namework holding tho gnet and is aonnGcted to t ·. oollsotor l d by u 

? ·.tneh le~h or p11)lyatyreno slliel 4ed l re . •!.'he Sllll~l shuAt ael'acto:r 

has fift rnn: •es (t"tsuJre 10) • tho relatiou between ny two oot~S outive 

range• !ng ppo~t l.v 1hl. ThO 7000 ohm re :1 ·tor • tn ort · with th• 

preois.ion S.htmt :roaiatora. 1 conm~d db-'ectl.y to th _ t bo4 · of the 

U 3 ' vacuum tube . Th0 si6Aul S,g ted: to ·Brown tt'l!fl$Cti'Onlk" n oordor 

which hu a mtai.wm in t l~pe4ance ot bout )00 ollH tor tist otQty 

l~etspou , hu.a · sensitivity ot ' millivolts tull-aoale ktleutloa and te 

operat1on. 

sena1t1Y • 

4. 'ale OOnet"al AJ•!.!!!WI 
Tho 4olly aupporttng the m sa •pootl' ter oonsi sta ot a framework 

or l · inohea steal tub$s. Rubber tire4 caner ere attaohtd t o the tour 

corner upr1sht to tac111tate m<JV1h€h 'the l!bole ot t.h·t base a,t tl1e d()ll¥ 

Us. covered 111th i inch st"l sheet and similar P"i•ce cove1...u the top 



dolly 1s oo'fered by throe panels on 1ch are m.ount,Gd r l ous controls . 

,.J,~- rote%' nee t o tiga'r'O ll., s l s sm t ch nd indlo t or 11 ht tor t he 
1 

ton- P\ll!\P, e2 tor t he cUttueion ,PUillh s3 t or th\1 hl t.h 'ft>ltaea supply• S4 

tor t..be orue1ole out'Hnt Rppl.y. S; tor t .he Pgnet outrr nt supply. and 

S6tor tlut iontatit»l gauge. 

Two U.Jll'i&htl on the lett atde. extendiaa about 4 teet aboft the 

level ot the top ot the doll.7 , euppol't a tDodea pllt.tfo• fitted wltb 

bakeUte 1. aulators which OUJ'1 te hi 11 ten.a1on leads to th . opeotroaetel'. 

'fbe top of the re :r upr1 t l bored. to tit a 1 ! lnoh tl~bl al.Wililllwa 

oonctttit whloh curies the leads tm• the el4t0tr1o ualte. The eada pass 

4oa the inside or tho tubular· uprienta, ..,r • w:der the top ot t e 4olly, 

ead are then cU..V1b\lte4 to the ft.rtou• oontrols. 

l:Jakellte llQOl aecurot_w the wooden platto-:ra. The t.oai~ttoa gauge 

otrout~ 1a mounted on the rilb.t lsn4 .sue at the dolly uude:tnftth the top. . 
plate., (not ahom 1n t1gul" _ 11) 

' 

lth the exoeptlon ot tbe D.c. u.plltier •!Ml Dr-01m eOQrder whtoh 

u• on th• r16ht of. tho 4olly1 thereat of the elAotrloal Wllta are ho'Wle4· 
' 

t». two oe.b1neta on thtt lett. An e.m«r'$&1l07 ewitch (S,. t1~ ll.) l• 

aounted between tbii t• oabtneta aa4 ao aJ!1"11nged tbet the Jl'l&ttllSt. CJtlW'ent1 
' . 

aooeHratiag •~ltage,- u4 oruo1ble 0\U:Tem\ oan be opeh oireuited 11mle4latell'. 
~ ~ 



INVESTIG TION OF A f!SAW TYPE SOLID tON OOORfl! 


DWtoniG A OO't.1BI£ l.'fOCUSIW lWlS SP OTSOW'nl 




a 
In mass spectrometry there aro several methods ot obtaining ion 

OUl':rents from solld samples . In one method the sample 1s reduced to a 

molecUlar beam, by vap9urizatio!l in a furnace o.r eruei ble after which · 

1oni~tion occt;U's by electron impact. Another pt~ocedwe .involves ~e 

tl:iermionJ,e eW.ssiou froiA a t:t:lamant , 1mpNgnat d with the sample . The 
11 

source disous~ad here is one originated by A. E . Shaw 1n wb.i~h a tantal·WI). 

cruoi.ble , containing the soli.d sample and heat$d by el~ctron 1mpact , ;pro­

duces bea"'l,s ot :positi.ve ions, 

It is evident that ionization in this type of source depends to a 

l&.r~e extent e>n tha sa111ple baing studied. , that ia , wl1ethar or not the 
12 

sample is a good ion Emdtta1· . Aeaord.ing to J"onss , th~ neo~ssa:ey eon41tlon 

tor positive thermionic emission j.a that the electron work function ot the 

cruo1b.le must exceed the ionization potential o:f' the sample . Blewett a.aci 
l,S 

J'ones suggest that the Sall4ple should llava n ionic lattice structure and 

be thermally stable so tbat sufficient ,energy Qafl be supplied to the 

l att ice to effect a pBrt1al breakdown ot tbe structure and permit td.nal7­

cQ.arged ions to escape w1th the aid ot a. drawing out potential . The 

alkali metal salts , the :!:-are earths , and the alkal.1•~oilum1no..sil1.oates are 

sl:lti.iifactor:r thermionic ion emitters . 

2, o,peratioa 

To i .ntroduce a sample 'the knurled ring holding the .flanged e:nd 

ot the glass en.velopEI) against. the condenser cball'!ber is unscrewed and the 

glass envelop~:~ containing the SO'IU'oe asseiJ1bly 1s removed . The filamett.t 

A Survey ot the various typea. ot sources has been compi led by Mr . R • . H. 
lla, M. Sc . Thesis , McMaster U'n!l.versity , 1949• 

http:cruo1b.le
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th end ot tho steol r od mi lined u · suob t t th 

1 •· 

Th ure:e o bly i then put back in the g · s o Y lop • 

eu4 ot Yill1ch ie a ted 1th o llo-acal • sa bo.f'ore oom1~ ot1ng to tho 

"ihe bQle· 1n the .sh1Gld .t.a liued up with tho eat nee lita. 

oruoible i s .ha t&<l al.ow)¥ at , tho be 1nnl to ev&J.lt t e 

oausa t.OO ions 

initiitl nc-gy, the rat1o of th• atJoel~4·~tins poteut1 1 to t.b detlectln.s 

..,l.atca voltage is vo?y orit1oal. ( ~ ~s J) In a justing to Q'bt4ilin 

t.ure at tlle oruei'bla 1s 1ncr bd unt:tl the 1.'1$$11"& :peak . pplutr·· !flo 

acc$l.or.aun · potont:tnl a.u4 aout"ae snembly u:ro then ~&~tdJwsted tor muiaua 

ton ourront ootore boginning ' run.. 

3. Oenor l Discussion 


sult-s ob · ined lndl t that ions ere t 
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n~ton, 

the prasene<i ot these ions I&U gosts thnt there i s some 1on1zet1on b lea­

t-ron iap ot . vVith a sampla of Pb! 2 , w:bioh 1u vary volatile and theretore 
. . ~ t + 

not likely to be th iUlly lonlz d, Pb and :Pb ions ax'$ tound. . th 

n tho cruo1 0 1s as t er ·a y ·rom t he en­
-t t+ 

t.ra.noo s lits ;possible . 'I'® ~· 111 . ru ror th~ H • and 4 •.,. .. pear~ 

~ 

~aka aro a maXimum 

t.hertil' 1s a,n opt-imum position t about tho 

are e.mltted ireotly trOill the hot orua1'ble. 

an o,PtlmUal position or the ol"ilcibl• t0'1! the •xtmum number ot ions to ontU' 

the sllt i t all the ions ori~nat~ bte1de the bole ln the ol'Uoibl&, tht\t la, 

they a re the re'~Jult ot t ll.emtonto -.miasina (oaae b). When t he oructble ia 

Within t.h pem1asiblc cone Wll1 oan therefor et ~ugh tho slits . As the 

owoi'ble 1s oved baok further, .mortt tons oraate4 b't.r leotrct:n iapaot w1U be 

det•oted until a Umttin~ position 1a reached, detal'.m1ned by tho 81118 ot the 

hole. in the sb.teW. 

trt.button batwen the crucible ADd tho ehlelit , and between th e.hlel<t ahd. 

entrance slit • &:;th of thell :t.1 l - would intlueno t he aotUbl path ot 
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'li• loaa. 'J!lie poaa1.b1l1ty ot ecattaHd elaotrons pus1ng ln tront ot 

the crruoible ahould also be oonaida:red. 

lt the tiluen\ 1s plaoed bttweon t.bG ope end ot the oru.cililt 

Dd the shield q.a ab.own by the dot'tfed l1Dea in tifllU"e 12 B. 1n••d ot 

aro'I.Uld the oentre of thlt oructble, .larger 1on olU'l"9nts are obtalnod. In 

this o:a.N1 the electron& .'Wbioh are attr•o-tod to the OJ4ttl and ot the o'I'U01bl.• 

1on1za any mleoulea Wh1oh are vapou.:ri.zed t110 · the eampl•• 'l'ha 1e>ns pro­

4u.oe4 in this wy, added to tboae te>rm$4 by th - l ezlaelon, lttorease tM 

d.etaoted. ton curr&nt. AB an example the potaaa1um ton currants wro 1n­

oreaeed about tbreetol4. 

8D evw, wben the tllement la J.n th1s pc:;a1t1on 8111tlll peaks Clue to 

the ne1dual s -s e ln the apeotro•eter appear a.t ~ot$.061)¥ e,-e;tty J~Sad 

unJ.t u.p to aes l.40., fhls iJJ al•o the oaee, but to. a ta.UCh leaaer extent, . 

.when thlf Ol'Uolbla ia baok beyond the <tpttm.um. poa1t1on aa 1n Qase o. »7 

l.teapj.ng the diat..,e b tween the end o'f the sW.el4 and tbe oruo1bla as , 

small. as poasJ.ble, abou.t l a., most ot tbe baokgotmd paua e.t-e ellm1nat'84. 

'llle actual position ot the oruo1:Ple and t'il:allent tlwn will dopen4 

largeq on the 8W$ple. It the 1sotop1e IAU& ot the dllple 1a Ullll1er 140, 

thea the tilu.m.en:t should be about the centre of the oruolble an4 the C1"U01ble 

as oloae to the shield as pot~s1bl• • !he shield a.boul.d be set $bout 1.1 _.. 

h'Olll the ftlltramo slits flll4 then Yaried while op•aths the 1nert.l"W:J8nt to 

ol:ltain the opti.II\Wil pos1'tlon. On the otb.t'll' hi!Uid, tor volAtile subntu1Ces 

suob •• Pbt2 ttnd UJ'4. wbioh have 1eotop1o maSBea above 200, the f'1l.N!Ieat 

should be p~~ between the ahteld arA th• oruciblG u.d the ON01blft ,.,, aa 

tar ok f'l"om the sl1ta as poaaible. Ae t ller ~ no reatdual pe ka 1n this 

http:l.teapj.ng
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lllant . 

obeerrtl4 · bunda.nces , poasibl preferential amlsoiu ot the l1if)ltor masa 
14 

ions du to t.ll lr .M. :<the.r th<t:r · l veloc1t1os sbwld ~o oons1d~ved. It any 

S\lQ.h • a. disoriainatton exists the laat daterm.tn.ation in· • run wol.ll4 b&Ye 

.larger %'4t1oa ot h.-9ilVi ,_. 84ea th£ia d14 ~he 1rat deter ntltions. no auoh 

ott ot I6S noted with any ot the o pl4tS• 

~o posstblo d pOD.denoe ot 1on &mission on tho ass ot the leotope 

ehou14 be Cmisider • Uowner1 as . nt1o ed bof&ro , sino e tn th1s type o~ 

QO~e tll.e lltf1eieney- ot loniatton 4epends on tl&~ tonizatton potential of 

tho sample and the work tunot1o:n of th crucible and not on the masa, it 1& 

oonclu4e4 tllQt thS.e ett ot 1a .ce l.gibl • 

Tho condit$..0n for no 41aeriminat1on bet een light and b.e . vy lou 

1n their saeee through ao apectl'OilGtel.' l e tla t. the paths tor d1tt•r-.mt 
lS,l6 

lQlla be th • this condition 1e aat1sfl ecl by brins;lq dttteretnt Jtaaaea 

to rocua at a t'1se4 point, the e:dt slit. ; by ve.r;rlng the a otic f ield ·ab4 

keEtpiag tbe e.ocole.rating potent l constant. 
11 

lnaccruracy cou.l4 b onusud ·l)y non-llnoo..r1ty or the 10 ollJR ~14 leak ' 

used on the oth .. aaae apectro•e rs in thl.s l~a earoh lii.bob'bo17 anA ''h•7 

have btJen eh&ck.e4 and t.oWtd to b constat ·itbll.n one peroent . TheretofiJ, 

meaaurement . e assumed to 'b& i n errol". due to the grld leu reaiator by 

no more t n this amoUllt . 

http:eh&ck.e4
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one perc t. 

In 'd of thQ · bova d.i sous·sion cJf e. rors 1t y bo oo.nolu4114 

tlua th lou ourr :a s re p:ro,port1onal tu tho isotopic ebUJ'ldQX!Ces to an 

n OWlter not l n t.ho i.natrumautatiOJl but 1n th~ small impt.0:1ti .e . whic)l 

m ba pr oent 1thel' in the 1natl."'ll.tll*Nl.t. 1ilaalt or l n tho ;~amplo. 'F.boee 

· obt. 1tQ4 .. Impuritiea 

ampl.es ph s111:e tha need 

tor bett er met oda .o£ obtaini chemietdly pure nubatat»es . TlliiS becomes 

i:»ruasi ngly 4itf'1oult in t ho p epara\ icn or ra1orogr:u1 aamplos ot radio• 

~ad Iodi de 
b T ~ 

An tUtalYe1 of !'bi revealed the: propon~ ot b sud rb ions2 

under tho tollowh\g opar t:Ltlg conditions·t 

b 
1'hi e sampl e. was prepi:t'ed by Vr . J' . Ma.oNa.Ml"a t.teclt a $llllpl.{;t ot p1 tohblen4e 
o.ro wbic ori XMlt.od from >.:tr ut Soar e . 
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Acae1er~t1ns VoltQge )040 voltu 

Detlecttng Volta~e 448 volta 

.tasn t current • 

EnVa.nee Sl1t 

A ~'Ul::tg ten eructble a , played ttl ll cap wh1ab !'S.tted 

over tha ope;n o:nd or the oruo1bl • • very t1ne bolo ill tho centro of the! 

cap allowact a moleoul.ar beam to e$0/l:pe troa the o:ru.o!ble . t.l'h t:tlamont 

• ·a placed bet en the shield and; t~ tilwlent to truce full advanago ot 
1" 

1on1 .~t1.on b;y electron 1mp.lct . A tample .pt; ot the Pb paka la abown 111 

ttguro 13. The av~JrU~~ results or t t_ O<f poaks is tabled below and 

com.pared t o result · obtained by Allton. 

·Ta.ble 1 

.bumdanee ot Yaaa 

206 208 


·1 . 8 ! . 1 
17 


Aston, · • \ .• 


tJ'I"aniua Tetratl.uor14e 

S.'l'eral lll!Uilplea ot UJ'4. wen tried. with the tilUJent aroun4 the 

o.entre ot a t.antalWil orua1ble , but the loll 4\U'renta 4ecaye4 'oo quietly 

to obtain any aoasurU&4tnt or the u238;u2:3J ratio . With tb.e tlJJweat 

. . . . -t t t . 1'" . ~~ , .· + . ++ + t' 1" t- t + 
OOI'l'eBpo.ncUng to U' * U , 1JJt t t1f • ttr2 t UF2 ' UF3 , '0'13 , 'OF4 , •W4 
\be renlt8 U.'bl.M below re obtained trom th U ion ournnte. The 

~5 peak is not ~letel.r nsolvo4 as shown 1n ttgure 1$, but by <lnwiug 

http:1on1.~t1.on
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.!;xperuumtal ~~••ults. fiatio_~;s!!!2~' 
'rhia .oft: 

18 
NJ.er, A. o. 

141. 2! 1.1' 

139.0! 1$ 

Ru.b141wn 

Rubidi um wa:J d teoted in t ~o ratU.oaottve so.mples ot &tront1W'4 

e«rbona. e . They app.w!'od at a oomparat:tvsl.y l.ow t ttmp(.)Nture ud cus... 

thtJJ :rttb1d!um i .aotopos :t.s in ol.oes agemnent with that obtained with 

Mturnl rub1d1um1 a nd that 1t radtoaot~vo nbt.d.S.W!l ware }V;"aaent lt could 

be there only in very s U quant!t19s, it 1a concluded that t his 1a 

natural rub1~1Wil, pro bl y 1ntl'Qduood •s an i m'!;)u:dty i n t~ oh mical 

rasgonts used 111 th p para'Uon of the Stlll1plo. The rtrat result tablo4 

below 1 the a Yora~ ot 9 seta ot :pJaka while the sooond is t h . a:V'erage 

'3t 5 s ta. 

Thia work. lat re1ult 

Thla ork , 2Dd rea\llt 

~ia rk, average 
19 

1-om Oblol"1d 

Meaeur blo ion currants ot 1.0 z: lo- llqperu" baTe been obt.lned 
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it ta o sev&ro.l mnut s o o on~ Ot»aplete . et of peaks. The sample 

decay quite :rapidly at tu·at , with t lle result t.'lat only J or 4 complete 

sets ot IHNlk• o a be o t4iiaed . . h -.ple does not entirely 1 Jt»al.' . . . 

tor ion o\61" · s oan till bt~ do cted tt•r eevera.l hours; ho vQr, th41y 

W.H 80 uall ~t 1 .i S impo si.ble ~ detect . l~() eJld aal)2., J1~ 4 

ia a ple o b~ ·1\Dil pPak obt ~:ntil . ':t'll~ suli t ole4 below 

~ tontl.al 6780 volt. s 

Dai'.l oti Volt 

• 


Per~n.t.ya R~lat 1,Ye ., bunct.noe ot »&as 
. . 

~i!rU.ptal Jtesulta l.:ZP 1}2 134 ill. ll6 ll! 138 

Th1a \'\Ork 

20 
.. .106 

.002 

.101 

.099 
:t.OOl 

.0~7 

2.3, 
~ . OJ 

2 .42 

6.47 
! .04 

6... ,9 

7.70 
± .OJ 

7.81 

ll.OJ 
! .o) 

11.3Z 

72.13 
~ .16 

?1.66 

s trollt1um. Chloride 

F1Te aD:t ten miol'Ogu Stullplea ot SrOl~ mixed with Ta:rtoua amount• 
- . . -11ot a.c12• up to 01111 ta1ll1e;rwa, Yielded ton ou.rrenta ot tbe order ot 1.0 x 10 

uaperea. At a oruoible current ot approximately 4 ma . t¥ t1r•t ;»eaka Whioh 

http:tontl.al
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were cl$teoted i ,n thtt atronuwn rti\n e -~ due to · Ol 1oua. ,t'\1 tho 
0 

our;r nt. · a 1no a od to 10 m • these pMks d1&:~.ppearod aM. s ingly. 

oltarsed strontium 1ons w re detect " The strontium ion current• le.sted 

lons enoup w1 th eaeh s mple to ob a i n at lt; at 6 oompl te &eta o~ peaks . 

SrCl and er ~ak$ obt inoo wt\h ton. trloro&,ram mple ot S:rOl 2 rt 

sho 1n t i eur lS.. 'I'•bl ' contai ns the average results or 5 di tforent 

mtoro eampl•a ot aro12• 

Table S 

Ratio ot 

~Ja!r1:runt l Reaul~8 
~ -. - -

sr~Ler87 s.r88/f1»86 

11.751.09 8. 54!. 0.5 
u 

Whlte and OW.oron 11.89 8 ..49 

TDorlwa and Utanlwa OX14e 
. ' 

SeYUal ..,.ples ot thorlwa aD4 uraniwa oXide were lntroduoed into 
. 

the ••• apaotroaeter but ln .aoh o•ae 
' 

only &Mll 
' 

lead peaks wore detected . 

In the tnorlu a~UU>le the Pb208 J*.lc •• the lugoat an4 wlth tbe urania 

oS14e tbe Pb206 peak wee tbe !uactet. 'l'hla 1• aet expected , beoauae tlw 

lead cteteoted te tile •nd product ln the na'tiural deoay o.t tho thorlwa u4 

'rho rosulta obtai ned 'With th.e 111orogram aat\Pl•s ot sra12 au~e.t 

t.he poM1bil1ty or measurtDS t li1e relAtlYe abundanoea ot ra41~cts.ve eaapl•• 

Probal)l y at a low temperature t he t hermal etl.el'Q auppl1ed i s not autt1cient 
to 41&,10c1a.t.e the c12 JI4Qlecu·le· completely ad Cl-t 1ou are emitted wh11$h 
~Moou doubly-o.bal'ged Dy eleotron bom.t.Mmefit . . t tha hlf)lar taaperatgre the 
the1' ·1 n~a.v •~plied tJ».Y be autt1c1.aot to aepar ~a the 012 moleou.le tato 
iJI.,.'t and 201~ · · 

0 

http:moleou.le
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along this line is at present bei ng crnor1ed out . 

t\iro to 1ch t ho sample ca.n bo htt t d i s r1.ot !lot enougtk to o'bt.&ln. tbar­

mionic wsaion trom tho oxi de@ ot the hea'fy ela ants . A circuit capable 

of' delivert ·• up to l.OO mo.. wi til different crucible po'bentials up to 500 

'Jol ts. · ~auld supply sutt.1c1ent enersr to the crucible <&nd at the same time 

pe.nn~t il~Xperim•ta ror tho investi gati on ot tho e:ttoct ot nu-1ous 

acceleruti ng potentials tor the electron hewn. As mentioned pre·vioasly 

tbo inst:nunent is operated at a preseure ot 10'""; • · Bg. An. O;JB o11 

dittus1on pump has been obt · 1ned. a;r:td wil l be 1nstalled aa soon s possible 

. "'"' ,..,...6 . . i n. or<ler to radttce ~o~.~~e Ol7erut1ng pressure to •v r..m . ng. or better . 
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R13, 200, 000 ohms , precision resistor, l watt 
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