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This thesis describes a non~~tia mass peetrameter tneorporat

static anergy analyser, and a time~ot-flight velocity nalyseE. The 

small condensers by 1n.ea:ns of a radio frequency voltase applied t.o the 

condensers . If an ion l>&SSes successively through both condenser 

when the field in them is zero.. it is oolleeted and detected~ It is 

then posa1ble to relate the~ to tne frequency of the applied voltage 

wnen the energy ot the ion and the distance between the centres of 

Theory is presented which pennits the calculation ot resolution 

o.xperimentally .. 
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D1TRODUO'l'ION 

tn the course o:t iUl in"Vestigation in~o posit:tv& ion emission from 

heated fil.wnents it bocam ap rent that a etnall l!'.aas spectrometer wou,ld 

be desirable to determine the mass numbers of the amitted constituents. 

The apparatus, as it · .a b61ng used tor :positive ion emtssion, condsted 

or tilalnent soU;re ass ly. all •leotrosta.tic ener11 analya and a 

detecting d.crvice; thus the addition ot a velocity or momentum analyse 

would convert it ~o a complete s;pectromet r,. Since no variable field 

electromapets war& available t or a motn$.ntum analyser 1 it was t1rst 

decided to construct a v•loeltJ analyser ot tbe ien type, using 

ermanent magnetron masnets, 1n which the oleetr1e field would be the 

variable pal'Qmetet'l. Calculations reveaJ.etl .t uowever, that a compact 

instrwnent could not be built using the available componan.ts and so it 

was dec1d&d to build e. non-~tttc VflOc1ty an&lys.el1' $1mila:r to that 

ue~ by Pe:rry and Ohtll.ftee (13} in th~ir preets1on measUl•ement ot •lm 

ot the ele~tron. This tb sis is a d&sQr1;ption ot a small spectrometer 

Ginploy~ this t:rpe of ~nalyscu.t. 

Th tunction of mass spect tar or spectrogl"!lph ts to separate 

t.h• coasti.tuents at a heteroaen&ous b~ ot ions and d1splay then1 1n a 

lllanner th~t c n b$ related to their .masse • Inatrumtnts employing 

electric ta1ld ~et1e tields do thl by separatlll(l the b along a line 

1n apace irt. a manner imilar to the optical speetrograph.. en gr ater 

dispersion is required 1· rger ttelds are eon&tructed with tho ~ttendant 

sreatel' dit"t1culty 1n obtl!lini,ns bor:u:>geneity and stabllS.ty,. Recently 

apparatus bas been constructed 1 whieh time ispevsion has b em 

ployed and in hteh i"Nquency measurements repla~e 1 .. gn t.t.o t'1eld. or 

distance rYGasurements to ~~uwing degre se 'l'hus. wnat ts moaaur d 1n 
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.a 
this t;a.oa is tho tim& re uired for an ton to travel a certain prelletar

~inod distance. either in a tra1ght lin or in a certain nuu~e~ of 

oyoles. '-'his type of 1nstrU..l'!l nt, in what tollo. , ·111 be called a 

tin e...ot-tlight in.atrur-rtent. 

':fime...of...tli~ht instruments can b divid .· rouahly into two larse 

grou:ps a { 1} tho e Whioh use electric fields only, and ( 2) those which 

e.1n.ploy both magnetic and: electri,o field.e . The t'il'st group d.spe:nds upon 

or th~ beam to $!teet the necessary separation ot the beam oonstituents . 

In 1926 Smythe (17) dovelo:ped theory which sbo ed that 1f two 

transverse electric fields we.re applied to beam of tons only those 

with cel"tain velocities pass through urut•r the following three conditional 

(l) each tieli had to haTe two similar halves whose distance bstween 

canters as call ~; (2} th di. tt.ance between eentr e or the .t':l.elds 

D - !1, where s and n were odd tnt e:rs; and {3) the v•lo.eity ot the ions 
n. 

was v 0 =- P4 v where -t as the trequ ncy of th R... t1el<i" Smyth an4 

· t.tau~h (;1.9) , in 19521 eonstrueted S'leh -. 'f'eloeity tllter and combined 

it with an electrostatic .ene:rQ , naly>s~ (15) to Q'bte,iill a compl$te 

speotro etilr • Th instrument, however, had troublesOm$ ehare.ct r ist1e .. 

"~ost peaks" of undesirable velocit1 s were obtained due to certa:tn 

symmstries in the mlJohanical construetion. Smythe later overo . e this 

dU'f'tculty by using asymm1!ttr1cal conclens(IJra, and used th · apparatus to 

det •rmine ol6, ol8 abundance ratio (18).. Ot.her 'l¢>rk has been done usi;na 

t.his method by Mattauoh (la) QD.d Rintenbe.:rger (a).. 
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nrohtutr (U} ana PerJ:~Y and Chaffee (15) as a veloctty al'i&lYser. 1a 

Which two narrt.inJ eondenserB., separatl(l by a suitable d.:tst;;tnce, act as 

electrical shtt.tters. 'I';vndaU et al. (22) used an aleotr1$al shutter 

system, fer meas:ur:i.~ ion mobtlities tn gases, in which fa.Oh Sh\ltter 

condste4 Of twQ ~lese EJt'i~s a~ross whteh an R. F.. tleld was .applied to 

a ti~.eleRti.q D.c. t'taa-. Thus o:nly ions wh:toh pass$! throulh 'the 

sbu:tters when the total t'1elfi was eero .-rer roa.chGd the collector. 

*u:tell et ah (2) ha.Ye us~ tllis seh•e as all isotope separator te 

s.eperate Ne22., 

Be~mett (3) and, tao.re reHntlr. Retlhead (14~ have eonatrueted 

inst~ants i~ wh1eh the .1on 1s acc•lerat.a 1n s tages,. until sutfic1snt 

R8%'17 ls &ain«i to overcome a ntadiq field 1.n h'ent of a oolle¢tor. 

the .resolut14n of tJles'J. two ln$tli'\:Llll8nts ia low,. b:ut the b~ lt.ntensity 1s 

hlgh eom.Pl".a to the eleotrie ttshu.ttev" typos. 

l'r<'J'bably till~ e~mplest type dt tllm.,.ot...tl.1ght kitst~e.nt is that 

dosignt!d by Cameron and othe;rs t4) ($l} {lQ) " •In. this awaneement the 

aocelorat• tons aft pul$.et:l ane allo~ to pass down • l~BS drttt tube 

••~ they at:rike a collector • Ill ue.b pulse the tQ.ster, lighter iens 

mO'fQ toward the t')*ont ot tJle pulse and the heavier.. slower oue:S tal"G 

l.et'b at the r~;r,. thus ltpt ioM strike the collector betore the 

h.ea'i'ier O:nes,. The OIU'rent from e&ch ;puls.e mQ' ae -pliflet and. 

,<U.s.p:l4;ve4 on an osdllosc.ope 1-vher~ the traeEt will indl1Ctlt& peaks as 

Ta:riour~ groups <>t ions arrive £1\t the \10l111Jctor.. i'l».'· the i!i.l·sp&rsiQlll.. to 

ba l~e, a ltal'gt path must be t:r~velle41. and this necessitates · 

·ev«ouaMns a large volume as well a~S preseut1ne <le-tocusaing <Jif:f'loultias. 

;tt t:s ;possible tO obtain - la,r(I;EI afteet1V& path 1t the iOns ~l'tl 

oirclll.at~ 1l1 a xnagnetie t:le.ld thus gin~ a larg:e d.isl>ersion ~d h1~ 
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•• 
resolution. Goudsmlt et al. { 6) have t.imtJ4 the pulsed ions ss they made 

from 2 to 11 Jap1rals, :La a magnetic field 5 inoh~s deep.. The ion •ss 

M od. tima-o:f' .. :f"light T are related by th& ~uation '1' = 652~!. wh9':r$ H is 
:a: 

~gn.eti~ field st;a~th1 giVin(& a. l1caar l'f.lsolution ~ for all maatsel.h 

ln all. attEJmpt to linprove UJ!Oll the· Ooud.amit instrument, Smith {l.G) has 

toeuss$4 and pu:lsed at•tar 'tll:laVfllllllg l30° in a .magrv,~.t t1eld . 'l'b.e pulse• 

ln. this caae., 4"elerates the ions and they l'otate ~a €1. plane, in a 

on tbe p"lser uetn ami U' an ton bas the proper mass to be aniving a:t 

that t1mt, .1 t is deeel.&rated ~.gain to an o:tibit which leads to a det•ctor., 

it "Dl.'\1$ o:riei~ll)' d.es:lgne4 to be a toeusst~. s])a«e Cli.ape.rsion instrunuan.t 

u&i~ cvoss~ ~.et1o an& electria ftel.clsa it now tnaol."po~tes condenser 

"sb:.q:tters.'' wlltoh conl':erl it ~o tilne• of...tl.ight o;pe;ra:Ucth 

The eyclotrou pri:no1!le ha.s beoa $ppllt.e<l to produce a s»•Otl"o.meter 

tor Ught masses by Alvue~ U4 Block (3.) ~ R1;pple {') 4lM th.ese 

eeeu:raey ( 20) • 

It is evt4ent now tlaat ttm:e-or-tH.gat 1utrW!'!.&nts .. re b~oomln.e 

useful t<>ol.a tor lll&$s sp~tll:'ottutt~y. '1'hey fll'$ :potenttally cap~,ble of' 

etl"~t aoeur~cy stnoe they rel;y on trequonoy me~su:t'emon:t.s wh1,oh oa:n be 

JD4G$ with hiih pl"Qoision~ ' 'ftley- ar~ es;ptoially appe•llng wb.ltn ono 
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oonsid&rs how the cost ct ~uildii18 large:r :f'ielda :Piaes in proportion to 

mtilORY 

shorten the calculations . While only two qondons6rs ar$ treated here the 

method could be extended to inolud• more. 

Consider a b&am ot mono.,nergetic tons passing in the direction of 

so that the· plates above the o~tre lin& ~re o:f the same polarity and 

those below are the same at any instant . Also assume that a~ l or that 

the condensers are almost infinitely thin , so that the t ime spent in th~ 

a . F. i1ild is applied to the cond.en.sel'S suoh that the :t'ield intensity in 

the gap is .~sin (ro0 t + e l. at t ~ o El!ld e • o. there i s no field in the 

gap . Also at halt periOila the field in the condenser is taro. If the 

time requi.red tor an ion of as m to go f'rora the entrance ot A to the1 

eatranee of B 1a a + l and this time is equal to n'fo wher& To is the 
Vo 2 

pGI'iod ot th~ field and n • 1 . 2, 3 • •• , the 1on will so through both 

condensers ttnd be oolleetei wUhout deflection. It 1s now possible t .o 

relate wo to th·& mass ot tt>.e ion m tn the followi,ng manner• 

IDo .. 2rt $nd To • 2 J .. -+ l}
fO nvo 

Wo * nr"'o 
<a +l.' 

But it an ion ia aeeelerated from rest through a volt&ge V 1t has gained 

http:cand.ense.rs


.6 

ldnetie energy eV v0 • andJ2t( 
w0 =; n J2eV or calling D fi;jj • k

(i"'+'Ij; mo (a + l} V~-

w.0 y. fiij' ~ nk (1) 

Thus for a given frequency w0 masses which are related as follows will be 

passed und,:flected . lf me, iS ligllte.st mass passed, 1.0. 1 torn c: 1 

In pr-aotiice,. ho~ver , 1t is impossible to use an infinitely thin 

condenser w1 thout using an 1nfinitely high lh F . field to produce sam$ 

def1eetion ot undeSirable ions . One is forced , then, to us& condensers 

of finite. width where sotne :t1nite time is req.uired tor the ion's 

p s q,ge , and then to cal.eulate what ():ffet:;t this will have on the 

treq~eney relation, the resolution and intensity ot ion beam with th 

R.F • tield on. 

thin beam, ot 1ens passes .dou the centre of the condenser i!;aps into the 

collector e when no ft,F . field is applied . Further, assume no fringing 

of the fiel&s trom the condensers and that the deflection in the 

eo1ld~ser is small compared to the deflection arising i n the .drift 

space. Let tiru.tt start at t • o wllcm the ion entere th . first Qondanser 

A ei'f~o~iV4)1Y' ~\l:rv&a to pulse the beam of ions. for the <l.etlaction 

depen<ling on e is not permitted to be greater that + w or .. w, i f the 

i ·on is to eter B. Suppeae the limite thereby s et on are e 2 and 

... e1 , these a:re now determined in the f'ollowin,g :tnanner. 

TQ.e. ~uatlon or motion or an ion. i.n the y d~rect:lon , in t erms ot 

its momentum. is t = a.
'ft" 

j d{mv) '= } Cit (2) 

=t 0 
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n t • ....!.. 1e l~b ot tt , .- ~ui ~- ~tl in tbJt ~o.nee.r ~ S1nee 
".;;£ 

p.trttol~ !J;· s o 'f'&!Ooity in tb · 711 4ll'.at1on on. ts,,_.~t . wlna . 

• 
(4) 

~ t 1~ 1: -tuu-e4 f.o th .. oomitlon on so t t d ~ , t)h t 1 

~ iO [ c e .. oos ( ~ -r e )] ~ y. 
l. · 111$ a l 1n o. t tion (l.) , thus 

... ·~~~ + lj. [ CO# e ><> . ·JO:l (i, t"" ;; -+ e)] ~zr 

or tn~t ~ e ""' ,os (:n~. t z.2. • e) ~ f"l~~-... - ~ .....,. :...£ oov.tna vut ~ • ~~-
a '*' v# · a .... lJ _ * 

~~1tUt& !9..~· a tb$.i1 l--iii~t tapreesiou ~ l1~ V4*1tt n
Vx 

."'.~~~..,., (} ... ........ ( 'r~ + e) ..... Cf. w , ,. 


....,~ ...~~ ~ •;;t l . 1'/ l,-r; I + i 'f"l .... 

k .~tml':l tons $'l'f0 ~e fol' -~1~Utt.c:at1!ln.. su.$ "*'£1 pv1t1»1~ 

rt-r u ... o,. tho l4dt lwJlQ side u.•tbth) Of un bG<)Qm. .~ ~. thus thf;) 

l•lh • mt.UJt plott. nd the li~a.t .-ua-1 u 

!t# 1':h$t"~ -tb'i 11 out th$ l• dJ. e~a on find& · o vuu ot ... e1 

&~ • eg twh! · /Uldicuto tit l~ll of 'Che !"Ula ... f1~ .2 te a plO'b 

Qt . r~~~'oa (5). 

hr·o~ g..~t r. d s, th<:\ J'l' 'tile ctt -~ t •itb. R.. , on ~ tuned or a 

pt.trtleu . r v"l~11'Jy tt) c~.ct tt!th l!hF . oft ts~lt ~a pl"'vUU.U6 the 

~~000$4ltl£1 ~orMI~~ D cloes Ad-t; f~b . @: na•· ( fJ 1 + 82) .. 
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velocity of the ions after passing through both cond~naers tnay now be 

I!W D mt t ::0 ,ee~l
j d (mv} =j F dt .... (6) 

snv •o t•o 

This integral :r b$ brok$n into _parts in such ~ mann~r 

t • ...!. 

f. (mv) • / F dtVx 

t =0 

Since no field exists ootl'l en cond~nsers 

Solving (G) and puttillg on the limits 

Qtld substituting ·wo ·alii t:'!t> tli'G: squa.tion (l) the velocity in the 

y- di r aotion becomes 

Y·IJI e E (~•l) [ Qots e 
mnr:rvo 

Nott ttie to~l deflection ~t the collector slit will be sur. of' deflection 

at entrance of condenser B @d deflection d!J.~ t~ abov& velocity acting tor 

time .1t. 
vx 

If' Drnax is max de.:fle~tion accepted by th$ collector again what is req_u1red 

is the condition for to giVe D ?- Dmax 
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t herefore 

1'hus the following conclition :for eompl te removal of beam y be written 

cos e ... cos (nf!e. __3!._._ + ()) + cos (n'flJE. +e) .. cos (nf!£. 2a+l-+ e)vx &'ti \ vx vx a+I 

~ 2ll'f!Vg. Dme.x - l I cos o .. cos (.!!!!. Q. +e)J (a)
E{a+l)L ~ a+l ~ 

Figures 2 and 5 are plotted using the :t'ollo ~ing data: 

n • l 
2a+l * 1 · 0:314 

a+l =10. 11 em. a+I 

From Fi gure 2. the ptuse length to be expected for a =1 . 00 1s 

4 16°. :For different a.'s. the lqih will be sli(Shtly different . Th• 

1at·enSity Of th$ beant OB 0. peak will be down by a, f~ttor Of i~O from the 

intensity without the • voltage on . It one accepts the limit of 

resolution s defined in op.tics, by the Rayleigh criterion,. then thl:l 

resolution may be deter 1ned from Figure 3 in the following manner . The 

http:intensi.ty


•laQ,. 'b:u.t :or • 1.0~ t-he e.u~1t in ~ol~ted duru ~b. l st h lf of 

~· ulso... ln ot!l.or ~l"d , only 1/2 & l!'LUOh e ·:r~t t& eoll .·et to!." 

~Q ~lQ..~')l e~1t0:'it:m ro~~l'Q~& tbflt. ~tU.a f;'aot J.an hl\ Ol'.lly ll4t Mlah to 

to~ t .U.•, t _ t i€:la tor <1 l)proJ~;iro t lY -~ to 1.-00. Thtm t o 

rv .loolttQs v0 . · -,1 t1 1ll o :-a::1~ ~ .d 1t .;r s l .06 o# s1no 

(!st)2. • !.1 .. 11. Iii. l . U .J t b .t 1!!J 1 tho r~lutton ..Jl .t!Jhonld be O.la. 
vl ~ ~ 

e desoriptie'!i.. oJ:l th~ ppall' tuo i~ d1vta:ed into fo r mai!l ,,rou.pst 

(1) cweri to:n ot ~• otL hlsh lt . ~ s~, (2) aJ.eotf(l$t t o 

tJn.Gl"GY ~)'.a~)!', (:S) •$locitJ ~ly,a~r Wld (4) the WAcuwn. ey~t "" 

a "~a. £la""s Joint ~ one sectto. · unted on tho ~ of ~ 


~&l"t;ro tie l:ra.w ho 1 ; mtb.. l'\j?111$0n ' '• tho t~ !"il~'lt,
I 

~04C" ~ide by· trOt'.ll.'lf thiek :La held ln pE'li!lition 111!1th tll.-o c~s moun-ted on. 

str. tgb e out. th · ~t~ic 11 ts of force, T " fttvi ··~ut" dlse is 

~tQt'l o~ tho on(! o:t t . ~n•-1 annl:t'~flf:tl' f.ttHll~l¥ w1,.'h ~t-amtc at nu.-ett 
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insulators and th.it volta~$ is applied through tungsten lead-ins through 

the. S·ide ot th.e glass wall ~ Th~ sU t h~lder pl~a 11\t.o the analyser 

ass:embly and i.s removable to permit the installation o.r double objtct 

slits.. 'rh(l Qlnitting Sll.bstano~ ts made tnto tJ light paste with wator. 

th$. til~t . This was sttppliQ<Il from a 6..3v, seconda<u-7 centre·tapped, 

:iammond tUa.ment t~twf(u•mer, J.nsulat~d :ror 2000 volts .ana, O$,pable ot 

delitJ·rno•ine lO am:pG • No mort t.ttau 4 amps were uver used and: the voltage 

drop was n~ver gl'll}at~tr th~n ~ . 5V 2113 Q.oroe~S tht;i fila.ment. The secondary 

volt~e; th4t 6fUJJ:'SY a;oalyo~r b,ouslng o•tng Sl"''Wldtd , 

Ftg'IU'e 51 shows the potential d~vtder GY'stem tor supplying 

aect~1•ht1ng $Ud drawlng•o.ut 'ltQltage trocm a bank ot' 45V B. batteriath 

The object $llts ¢-f the enarEW ~lyser aN grounded and tbe filament 

:la :maintaine£ li\t high pea1tlve· vo1ta-ge. The drawing•O'Qt volt.at$e between 

A a,ru1 :a may be 'V~ri$! tl"'m () ... 100 volts and the ac¢elerating voltago 

may be va-ried :t'rom 0 .,. 4~0'1 ill 45,, e.s.rs, 1.5 and 9 volt st.e:ps by 

puttiq part e£ the ·4til batteey e:f'tectively below gro'UD:cl. Bach ot tbese 

steps is then variable on the €>Ok potentiometer. 

lne¢tl;O~tu:a,te lmemf ~li;S&r 

lt an 1:on ia ~Shot ~nt.o a cylin<bd,eal Qondenser, as in Figura 6, lt 

my2 *' • li :to .!!. 
ae r 

l/2 mv2 =l/2 ~ 
r 
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Thu.s fo~ Qll.1 giv.en voltage on the platos the arrangement ahould produee 

a monoenergetic beam. lJ.eo the oylindrioal condenser aota as a lens 

The exaot dimensions of this aesembl? are not available. but the 

ca~oulat1on .of image posltton. The radius of the central beam through 

the analyser equals GaO" , the angle of arc swept out by th9 plates, ¢e, 

equals $0° .nd the distance between object slit and entranoe to plates, 

ls 1.0" or 1 . 25u depending on whether fine slit are 1n tho slit holder 

or not . Using ~o{61 a focussing aquation (7), 

{let .. SQ) (left ... ge) • te2 

where t 
.= fJ, 

ae
e!'iiJ2 ~e , 

lhse • t e cot v2 ~.. 

the t.stanoe of the tmag/6 len may be oalculated 

te2 
llil" • Be + la' .. S<t 

and giV(ts for le • = 1..0 ~ l.e" =29.9"; le1 =1 . 25", le" • 21·3"'• 

'.t'hu voltage applied to tho plat · s is token trom 45'11 B. batte17 

t~oueh potential 4irtd.er Shown in Figure '1. The potentiometer 1 

provides ooarse adju~tment • Rg provides tine adjustm(m.t an<l R3 oontro1s 

the range of voltage co• red by Ra • Car must be taken that a3 does 

not becolllflt too small thus allowing e:xce.ss1ve ou:rront to be dratm :trtlll 

Velocity Analuser 

I the first model of the ane.lyser, condensers were built 1nto a 

l~ngtb ot wave...guide &icb., was waxed .1n pos1t:ton agal:nat a 5" x 3ff • 1/2" 
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b:rass plate as in Figure e. The poltstrane spacers shown pro'tid.ed the 

ten 1on ~e-oeasar1ly to keep the assembly tight against the .R.F. . contacts. 

The whole tube was extended by adding an equal longth of w ve...gu1de by 

means of ave..guide couplings . 1. hollow ntekel tube. : 028" o.d . served 

as a eolleotor at the end o.f this addition. Two R.F. shields bent from 

shim brass ware added in the proeress ot the experiment to 4!Jllsure tll~t 

the R.F • l~d-.ina were not influencing the be&tn fter le .Vii4~ the 

condensers. 

i nstrument oould be used to hold cond~nsers ot the type used abo-ve . 

This wuld provid$ accurate lignment o~ the bea which was a doubtful 

Two varlet1es were cut from. ~o iron , one set 1/8" wide a.nd another 

l/4" rlda . IJ:he method of mou.nting is shown i n diagram, Figure 9 . 

The two halYes ot the c.onden.sers we.ra separated with pieces of KodQpak 

and wal"e sutt:ieiently tight in their tram&. to prev.ent accidental 

movement . \rhe shields , made from wave• su1de out down the middle and 

re joined with solder, were inserted to ensure a field-free drift space. 

Most ot th.e results to be discussed were ·
I 

aosEtrved \V1th the second model 

of the apparatus. The distance between the ~~ndenssrs , centre to centre, 

was nreasur~d with vern:ler calipers to a taw parts in lo,ooo,. 

A Clough- Brengle R.F . signal generator served as the master 

oseil~tor in the $bu.rce ot R.F. volt~e · Its output was amplified by 

a liewle tt•Paokard audio ose1lla:tor for outputo u:p to lOT, whUe for 
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the work was dona in the ra."lg~ 100 kc . t o l me • which providGd f or 

:f'rc;tqui\tncies u;p to the third hamoni c of th.e ions being inveatig ted • 

. o£ t he cel!lden.sers tt;:rcunded . t.,ccurate ohe.eks on the trequency ot 

Ion o.urrent ms measured wi t h a vibrating reed oleotromet ar 

emp;toying th~ continuous voltage drop across e. 1 .02 :& 10 1 ohm 

VUtoreen r esist or . 1-'b.us it was poss i ble to detect currents as nigh as 

l o- ll amps , • nd gen<:tral.ly as l f)w as a x 1o· l :S am a . 

v~~u~ Syst,~m 

The velceity analyser ot the second model as e.onnected t o the 

vel ocity Qnalys·e'r was also rn.o\Ultsd against ·~ r eotangular rubber ~ask.et, 

The lhd•throughs for tlJ.e coll~ctor cur r ent and B.:F ~ voltages w~re Qt 

the Kova r; ~lass... tQ""meta:l s&iil., v~r1ety ·. A WQl$11 baek.t na pump ant\ a 

DPI otl diffusion ci,l dU"fus1on pump w~re used to obtain vacutll!). , No 

experiment a,n. toniza.t ion gaug~ showfd a pressure. range or about 

3 .... 5 :x: 10""5 tnm , Mg ., tt is doul'rtful that pre~eu.re was .1n4.intaine~ e~ 
... '. ~., 

•
! 

wa.s wol'ldng prOJ?~:rly ; the ion cur rent measured by t he electr omet er woul d 

http:a.c:ro.ss
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decr ease upon a pplying t he R.F .. voltage r.d that v;hen the frequeney was 

a~justed to the valu~ given by equation (1} ~n incroas e woul d be observed •. 

The increasfll, however, would not restore the value of the original current 

but woul d be· lass dependins on the length of the pul se. Bueh expectations 

w&r e reali~ed to some degree with the first model o·f the velocity :tilteri 

since the curre11t versus frequency curve as obtained on a Brown recorder 

oonneeted to the eleotroraater in.dica.ted an increase at t he fundamental 

and higher harmonics . It as fel t that ln this model the alignment of 

the be . ~s poor and ther-e rni ght be a100ne undesirable :fringing fields 

around t he condensers which were disturbin,; the operation of t he inst r ument. 

s a result moat of the r .eaults obtained wi t!'t any degree of certainty were 

obtained wit li t he s econd model ·ot the analyser ., 

ositiYe resul ts were obtained with c.ondensers l/4" wide and it 

was presumed th.at the large width '11.-as responsible f or some of the 

d ifi'iculties• .JU10ther if'f' iculty v:as always present ., that of unsteady 

ion current . '.!!he experilnent s were generall y perf ormed With spodumen.e 

on. thli filament , producing Li io:ns ., and t he ion current st~died down 

to a usable le\rel after about 1 l/2 to 2 hours running with a ccelerating 

fields on . G$nerally wh~l\l t .he ettrrent t'.les fluctuating the fluctuations 

ere as great as the peaks in the current expected; furthennor$ it 'las 

i mpossible to set the adjustable eolleetor slit so that the current could 

be "peaked up" \'W'i t:Uout th~ .r . ~olt age on. 

D1;-awi26- 9Ut Volt~e ft'eots ~nd _};.ner~l $£:read 

In ordGr to obta,in a sharp image and to eollac-t maximm.a ton current 

it was nece.s sary to. aaref ully e.djuot the dz·~wing out voltage to a definite 

value. This is prooably e~platned by the :tocussing of the beam by the 
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draw1ng~out disc wntch forms electrost t1c lens ith the tilaJnent 

guard disc and analyeer housing • All experiments were performed nfter 

this voltage W'· s adjuated to given maximum current at a given energy 

analyser ~oltage, 

'l'h4 energy spread of the ions could be detennin~ in two Ways; 

either by ~hangins the aocelerat1ng voltage or by changing the volt~ge 

on the pl$tea of the energy tWfollYser. The latter volta@:tt was ohang.-1 , 

by driving the potentiometer ot this supply with synenronous moto • 

By ehane;1ns ·the potentiemeter slowly, by hand , until 'half maxilnlW current 

was obtained , 1t was t0und that the lltnergy spread tvas approximately 

2 volts in 430. The 1nsartion ot a vacuum tube voltmet r into the 

analyser oiroui t, ~'hen it ;.vas s6t for ma.::d.mum current . s enoueh to 

notice bly decrease the ion current. Figure 11 shows the shape ot th$ 

image from the al'lalyser, l!lotted by moving th:.e coll~ctor slit across in 

fit?Ont at the collector pl~te. Two si!aes ot alit s were used and th~ 

narro r one gives th truer picture· or the 1 e . Most noticeable in 

both casea is the sharp edge on the outside o:t tile peak 14.ndi the slopizt$ 

inside of the peak. The sharp edge is caused by the central ray and 

defi.nee th$ outside !iKlge except :fc>l' some en'I'U'gy spPead not.1ceabl_. at 

the toot, while the 1ns1de ~lope is made up of the aivert;ing rays which 

are tocussed inside the eGlltr al ray • Figure 6 shows this ef'tect 

diagrammat1e~lly. 

The age ts broad when one considers that the exit sl it of the 

a~lyser !s l min•· wiiie . Wh!le the eolleetor allt 1s in f'l'ont of th~ 

focus, it is not enough ahead to account fer thi ·s width hich 1s 

probably e pressure eftEJct . 'fhe pFessure is capable of _ftecting the 

total cu:r:rent collected and y also bxooaden the ~~~ Siace it was 
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not oss1ble to obtatn pressur~ belo about 5 x 10• 5 mm. ag . som~ 

effect should be pr~sent inc~ the path length is about eo em. in the 

system. The effect of this on the tote.l ion current is esttn1ated as 

follot\la.. .Assuming the motion o:f ion-s obey tb.e kinetic theory of gases , 

the mean f~ee path is 1 /Ytf''tl ~2 where n =no. of moleoules/cm.Z .,. 

~ , <r i s molecular diameter ., p is the pressure. The number of ions 
p 

present in beam after t::L~twel).ing distance x is N = l'foexp ( ·~), here N0 

!!. :; exp !...£No · Mn1!1111 .""~ . 2 '""k;ontr"l!l2 

lt '1' = 293 A 

k "" Boltzmann eonst ~ 

i .:_ •P {- 0•45) J!lo .65 
f1) 

So only about 65~ Qf the tons exutted are collected due to pressure effect. 

If the pressure were deo:feased to lo-5 rnm . Hg. there would be 91~ 

transmission, It was observed that th~ best peaks l:}nd the most dependable 

results were obta:ineQ f.lfter the _:pumps and ion CJU'"cent had been on tor 

The !. of the ion p~ssed in the velod ty analyser is given by
a 

: == S(a!I)Si':Z where V is accelerating voltagfJ in etatvolts (a+l ) is 

distance betreen condensers in em. and f is frequena:r in cycles/second . 

Th:ts permits the &.bsoluta d.eterm!:naM.on .Qf t i f voltae:a. distanee ·and 

t'requi:UlC1 can be aooura.tely m~aured . Multiplication of'!. by No ,, the 
e 

faraday , gives the isotopic or atomic ss . 'l'able I gives the "fralues ot 

~ ana tomic massefl obtained with this instrument. 
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T..U3Ll5 I 

l!...requency A.ceel• Volt. 	 nt 

1f
:Element cLs stat . vo11;s 	 ~tomic B$ 

Li1 5.-189 X 105 l o3549 2 . 432 x 1o..l4 ?.04 

Li6 

lra23 5 .868 X 105 7,959 X 1.0""14 23 .03 

K 2.199 X 105 13.538 :x 10· 14 39 .19 

Determinat_1ort ot the Fara y 

The f•raday may be determ1ned from the following expression 

e = M2 ... Ml where M1 and 1!2 are isotopic mass. Using Na23 and Li'l 
me - m1 

e 

l'fe ~ 15.9'18_} x 1014 ·"' 2.891 x :tol4 es\1/mole as Clompar$d with the accepted 
5 . 5268 . 

value ot 2. 894 x 1014 wb.1ch is WJed to oalcuate the masse~ in above 

ttlble . 

therefore. they serve to 1ndieat9 h()W the: instrument lis working in its 

early stages . 'I'he t wo greatest sources ot error oncountered are in 

determtni.ng the aaoeleratina voltage and the :t're .uenay ot the peak$ 

accurately. An R.C •• Senior Volt- Ohm-yst vacuma tube voltmeter s 

used to detemine V in volts and this instrument was oaHbr ted at 

5 points 590, 400, 410 volts !ln the work1DS ra.n&e witll a voltage divide:rr 

aad potentiom-eter. lnt~rpolatt .en. s made tc 405 volts as indicated by 

V / :f! .V .M. lt iS unlikely, however, that the scale of the :meter could be 

re&d to an accuracy great er than one volt , thus there is an error ot 
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1at least .. Also, s previously mentioned , the energy spread ~as 
z 

dete:mined to be ~0 • 

The fre uencies used ar~ ave~ges of at least two peaks .nd these 

vary from tt.e mean by 0 . 5 kc. In. the c _se of ti?,. b.o·if.rever, four peaks 

are averaged and th• variation is t 3 kc . The inconsistency o.r1ses 

from vari tions in frequency over successive runs and not :f'r~~ inability 

to measure the frequeney accurately. !his may be caused by drifting 

of the i · .. ~ off the collector sl· t due to a voltage drift on the energy 

analyser or on. the d.ral'rl.ng...out voltage" SUch a situation could be 

improved u· tbe resolution could be increased. 

Figure 12 shOws peaks of Li thiw 6 and 7. The resolution is 

. ppro:Kimataly 1/8 ~d the ti'1 ·peaks ap~ar to be about 20 kc. w1de at 

l/2 .ma:d:mum. The p~ak_ l!urrent or thi.s curvf) is less than 1 x lo-14 alll:pS 

the noise at this low current . The current ratio ·of the two peaks 

should indicate the relative abundance of the two isotope$ . r!hen 

corrected for :rate ot emiseion from the f'1lamG.nt tlle ratio Lt6• 1.1'~ ts 

1/12 w.hieh ·agrees well with the accepted v lue. 'lhe tiS height and 

henae the ratio is very sensitiv~ to the bae.kgr~und current which ta 

recorded '!.'then th~ apparatus :trequency is otf the proper value..- Using 

the trequeney ratio of F1gure 12, 1.165., a value of' tom1c ln$.ss of Li6 

onn be added to T.a.ble I. 

~beory indicates that the resolution should be ~pproxi~tely 0 .12 

although this s tried; no definite increase could be observed .. 

The heights o:t' the peaks are quite se:naitive to the voltage ~pplied 

to the condensers . Gener.allY the best results ware obt ined with 
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should also be possible w obtain peaks at the harmonics or fundamental 

ha,rm.onic . 

frequene' for eao~ w~s oheck$<1 at 1$s ~pt>oxbnate proper value ~ It was 

i!llso found 1 kow~ter.• that each substan.ce, required suea~ssively l.ow@;r 

currenw to pl"(:lduce a OO!tlparable ion current . la 'fabl & II thla deoreas

ill€f; order is compared with the 001'1'$Spond1.ng ord er ot the tonizat1on. 

pot~~mtials of the atoms . 

Element Approx. C"!U"rent 
{em:ps) 

Ionbation Pot. 
(volts) 

~1 ,3 ,.8 th~9 

1'4\ 2·2 6 ,14 

K l ~S 4 .-34 
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lJ't11'URm WORK 

Any :further work with this type or instrument could be profitably 

di~eeted to increasing the res~lution and intensity of th~ beam. The 

resolution lll8Y be 1nc:teased by using more equally- spacl$d condensers: 

intensity could be increased by using b:1S}ler harmonics thereby :pulsin$ 

the be~Un taster and 'better vacuum. 'fhet"e is som-e indication, from theory 

not present~ here, that an .eve:n number o.t condenser t b used if 

th"Y are all to b$ in phase, it an odd number is used J:tome must. always 

be lS0° out of phaae with the rest. Tale etteet should be investigated 

more clos~l.y . 

With inorQased resolution it should be posaiblo to dupliea.te the 

frequency ot the peaks more consistently and thus improve the accv.raoy 

ot absolute measurement ot the a ot the ion~h 
e 
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