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the work was dona in the 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 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 . 

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 

The lhd•throughs for tlJ.e cur r ent and voltages Qt 

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

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

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

3 .... 5 :x: 10""5 tnm , Mg ., tt is doul'rtful that was 

' ... . . 

• 
! 

wa.s wol'ldng the ion cur rent measured by t he electr omet er woul d 
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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 wi t 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 . ~ol t 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 



draw1ng~out disc wntch forms 
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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 ali t 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 all t 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 

lt 

k "" Boltzmann eonst ~ 

!!. :; exp !...£ No · ""~Mn. 1!11112 '""k;ontr. "l!l2 

'1' = 293 A 

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. 

http:cyeles/seco.nd


T..U3Ll5 I 

l! ... requency A.ceel• Volt. nt 
:Element cLs stat . vo11;s 1f ~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 
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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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at least 1 .. 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 sensiti v~ 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 Li 6 

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 



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 Ionbation Pot. 
{em:ps) (volts) 

~1 ,3 ,.8 th~9 

1'4\ 2·2 6 ,14 

K l ~S 4 .-34 



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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