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eana. h&t; \ d.J"O,P $, . iu:l.t a 11 e tl.•• • 
til 1 an\\ r t r 111 11 ve al Wl · t.~.n'tt11 

t<e p ra lU" q 1lt'br1u. 18 .l"ct Cl '- • Ull r • I) 1 1 ns' 
he 1rop s. 01' l1llt 1 ' r ao te :Pei"&~U 111 ' 
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ln 'lUJ 20 om. bCJtovc t imina 1. atuu•\l d ~han ti' t t w•zo• 

ird \tallV :c:lOre- 4 JUJe than tbe m•diWA• 

Xi hao ~ ea found ex,Pertm.enta.ll¥ UuJ.ii tb.e 

rola,&on•hS» betwaoa the detiei ¥ And tbe Y~loolt¥ of tall 

ot the f.lro.p le no' l:lue :t> ; bu.t :le etlven b,-, 

• 

fell,• p:r&cl.ato.n or t;h.e r~sQ.ltu la 11mitol.t »1 the preoi•lon 

of the atop•watc:Uh IJ!hle 1a OBf$c .la;111 'hru.e 1tben 'tihe 

cUtter nee~ .l.u 4tttu~1t¥ o£ lr&.P ~n¢ mo4ttU1 a~e ltu~·g«h 

VllUul 'he denelty 4.1ttertncee •~'•· JJmtll.l , the tluetuato1ol\e 

ln the o;he1:' p&J-ame~ol't beoome JilOI"e iliLPOt";an:v . It ~as 

ba4PA l'ow:ul that neo.i e motunu~emente can bt ..4e with a 

ato,p-•atcb reading 0 . 01 11ec ·• tor 4ro,P Yeloo1tl•• o.t 

0.1 om/eeo • 

TJ. Ccn(len•I'C1oi;,S.on ot SaJaplQ · 

Samplt:ts contalnin6 0 • z~ »aO can be meaall:red 

oo~vout.entl..r • li'lor-e 01UHHmt-ra'htct. aampl~• ab.ot114 be 4U.uttet1 

11o approxlm iell 1llll.s coru:u~ni rat 1<Jlh 

Vll JC}lertmental 

fhe tuuaple au.«~t be vel"1 oar~1tull7 9l"epl'!urtut 

and. pu.rlfied. · Cs•e Oha.P er 412 li'l"EH:tl'll¥ 41.et .U.lo4 water 

!a v.ae4 aa e s\lu:.d.&Jl'd , tilli4 tandarcl. an4 tnun.ple $~e 1wa11 

d.ropped to8 th I' • leoto~:e 'Q. o., 'ho pipet. i.a rlnaed wtth. 

,eoaa ot :the aa&plq • ~he d:rop ! I fo;.rae4 und~r tk . tJtll'f e 

http:Ccn(len�I'C1oi;,S.on
http:ex,Pertm.enta.ll


rka olh tt . · of r ll bot een two 

1 u.r d , tro a 

1cno tar is ~ e to e er in \he 

he c li'tirt4tion 

1.1ut Olh 

Ill Errors 

Depen lag on the densitT • e~ror 9f th 

ord r of 1 • 4 ppa o n be xp . cU1e • uauall1 tllts rror 

in th or ration 

·nd. ,pu.r1C1o tion ot the ampl s :I.e o · 'iho or er of 20 ppm. 

(~5) 

b Cradi nt !abe 

of: · b . o er Sn tiona aan 

ll dro a ota u.1l.i. r" 

1 ,1so1tJle liqutdu n linear do 1 • gr 1 D\• 

.t .1! e Gr 1 Jl ~t.t.'be 

or tl e d ~ t•mina. t ion of the DaO cone n'Cirat l on 

or ..., r sa ples , '\11t0 bro ob nt~ ,,·kero n m1 t~.trea ro 

ttsed• 'l'he 4eneer 1 0 :re· u.l.ly pou.rs:d on o:p ot ·th . letUJ 

d eo . nd ·.ne 11q 14 1 the tab ne,.r he Juno · a..r b- ~ 
~-0 1 thorouehly • 1rr b.Y U..P · 4 OWD ro & of • irrer .. 
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ft ~ lt in ~4- 4G Jo r th nsi'lt.Y ~r oh u 

l.l 4Ul o.u~bs "o 

nd re 

t r r w&t r sol le e balances • 

mtutretore Ghey mt.lat. be carefu.llJ .PU.l:'t 1iH1 nd r1e4. 

before u.e • ll!r cts of wat.er will xch ng witb the D20 

gr di tn ill 1th qu.il1 ' riUJI'.l oonc n'trat1on 

DaO at eaoh level and eo no f rt.her error will b lnt.ro<ir.tced. 

11 Stan •rd SDlQtSona 

he e are .Pre,pa r d. by dilu.t1n8 99.9 ~or 

pu.ror . »20 with oaref~llf d~o illa4 normal at r• bout 

1 n<l rd •tth densit ranc or 0.998 • 1.01 re 

II x er1 ent 1 

v~ry aco ate pf. et 1 Uta io ellve;r 

ar introduced-~ the oa e 'Ste •• be unknown, and the 

reln iv~ J oslt1on o! all tbe 4ropo re del r inod w1 h 

a 0 the,om r . h ~kno•n ens 1ty ie c lcala.t b.Y 

int rpolat1olh 

h n th. rea lne; h •e b ··· n It n ihe rope 

re retuov d 'by t 11 r l>D< et I'O l lo o.n a gl oe llO 18• 1 
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llou.t G bou.ra l.lof oro the g:&.' d .i nt ean 'be u ed .:~.in. 

c) her e.l 0 nd1o1ot 1v 1 ty-

Tho ~t h ~ a ho\ wir o lol)a o a cold 

sUI"t oe p o on 'hu ep c1!ic heut of h · a aJu.rro Eli g 
t 2 ) 

he 1r4 • ince a2• ID n ex~ibi en* ape 1t1c eaD2 

litter nc e t llq~id ir per tur• • thl_ principle h 
( l, 2. 34 ) 

'b en a,p ed. ~o Hl l1 l,ra1s o t-9 n n · u.teriwa a . 
t 2} 

rka nd r rk s did h ort in l ork n he e' o4 • 

bar 

pl attn s-tr tchod i n a. glasa 14b _. h4l1 ra~neureiA nta 
(l, 2 , 34J 

&r b in Wild e · e 1n1oe 1• 1m e:: d ln l1qu.i4. ir . Wb.e 

p t i nua wire 1a ea te4 \»1 .a. 

aam 1 , the current ia deterll1tn. d whto will k ep the 

wire t e, tteul.d.'-r teraper t. U.l"ll• ~ll& b ~· rccnt 1 tet· 1!· ined 

fro oe.libr ion ew:vo in which %» i ,Plotted ga!nst 

0 lU'l' 4U'l I; tor several ~ ndal'd a »le • Actuall.Y tho 1.) 

.A l "' ' . p Jl • 

), e r 1\U'e r cU n'G o,. io he~ ·.,. ·; con ~ 


t -- p ar ll.Ut oonat nt 
- volume 


,., molec l ·l" i U1 ter JJl ... t)leeu.l r i{fb.
-
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~h cale:u.le<Ltion a.re ta1rly lons and beoau.u 

of axp~~imnnt&l 1nex~o it~ as { ouu as th~ P~&s$nce ot 

unknown amou.nt .Q ot hea ins in ~ !..l.•:tc of tb.Er wi:rtne other tbo.n 

'be plts inum wir ; o.:nd conv C"Gi() ourr ~ · in the tg.t~} no'ti 

too preeitHh For thle re-a.otHl c. calibrt.\t!on 4llU'VQ ln emplo.vea. . 

;,j;ha ~ooEtt me-thod of taotopto a.n~l¥Gi$ ~va ila bl.e 
(Zfi) 

~ot the pr· s:ent ·ct.·m~ 1e tho sr.•s fPol)t;romatr-S.o et.bod. .A 

m sa "JilHlotroJil$:ter ts a.n lns ·tr1uuu1~ 4es1cned to .-e,pars.te 
(lOti) 

Ja~rtlalco of 41t'.trn·ent chen'&fi/mn~J~ r a\ioth Since \he ratio 

Of Chtu~ge/Jdaa. tl 1s d.lt tat ettt for et..Cl isO:t OlH3 of ta ele~eni, 

t4 m ·iiS t,peetro ctcr Crdl be u.ael\\ ter t~elr ~e,parf.l.ttozh 'l!he 

.eeparo.t1J\g ae t iou de:ptnHbt on '$he _('foot G::f' a. •oJiii.binQ, 1rtn 

of an elGCtl"ic 1.\r.ut a maclU:t 'U.c fiel on poet ·.1ve tone 

proQ.q,oQd .trGm the 1ao'\o ,ple au'bfltanoe 'b.r electro#. 'bom'bar4.m.e:nt . 

Atte~ the so9ar~tlon • the V~l'lcas tao,opes are colleo,el. an4 

r18Ur(l 1 ehO'f il ~ tn{;l$8 8 JiH~etromete .r &,P.;...,iAll,f 
(36) 

dt.io1gnsd 1:1 4i . o. N:t0r tor th~ tut.al,1:Jia o.r d,$14teriwlh 

t.the ttpeotromete.r tu.be ha _. been lU.t:!e:re.nt 1sted 1:ftto ~hree 

I ~ the analJser tabe. 


a • the ooll~otor end. 


D 1• a ara&ll germameatl Alnico magnet 1th 60° pol ·e tacea . 
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At tho tfOtttt~e end. the aa pl.a to b~ ana.lysott. 

Sa t«hie C{iUHl b.Jrdl'~5t:» J~ G • .i:;,: intr d. ua th '!he {Jae ptu1ae 

are ionized b7 \tltciivo:n 114,PtHJ. ~ • ~\n \)1 Qt J>j.oal. f!•l4 , . 

Ptod.l£'11ed b; J:l'O~JJD ,,i.a.l drop bet e~:ll l1 and ~2 • a<.Jo.el~u·aiHHJ 

th i<Ul$ ~<UUU1'4 h. &ll&l.Y'IUUr tua.b~ t th• v•l.•Ot.J1t:1 &'l 'hdiUO . 

by 'he lone d;epencUllef on the potent¥1&1 <1t a• 
!f14e ).'ola~ionah, ~,p \It l>b. . ,Pt · e:l t 1a1 of B io 

th.G vel. O(Jliry ut t he 1on is t hu tol1owin£~ 

" . 2Vo • ~ m.v . (1)
2 

V • the acoelere.ting po"'entSa1 
e • the oha ··e: ~ on. tl\o 9ar.t telo 
m ._ the oat~ of tht) J<1.u~t 1cl$ 
't - th.e velocity ot tho part :lclCf 

All 'he p.oo1~1-r$ pa~t! io.lea haTe eaaent .tall.; tbG ~uuu.G $Re~rsu 

beoEuu~: or th~ aon.tro11Gd. e. ~nd.1t ;ht~tl Of their ,prodt.letioa.. 

·· .J"·Oll ·tho ioatse.tion o)la,ebe,l' • 'lao io,.tus. pas I' 

~h'r'Otl.flb. <Joll1m i11l$ tli'ht .to ha ple1fofl »t• Pa: into tlut 

,ana16Setl' *u.ba • Jlo:re •he 1CU~ beA#Ii S.e eu.'bJ.eote4 to tbe 

asllet , lh ~1\e epect.l,f\laae'ctr t : eo 4et tsne4 'Oh t t lut 

lon bJJ&a ente*'a *n• •snetlo f1e14 perperuUeu.larl;r ~o 

ttho t 1&14• XI ths t te<l4 atr•aatl'l ta .a, the magJulft to. toroe 
{12) 

&JJ·l.lttd ,. each tan 11 tll. l'Je, n••. Under tb.a tatlu.enoe o.t 

jhla field ,. the 1ollt wt11 follow a ourve4 path wlth radlu.o 

ot' cu.rvature, ~ , ·IJU.ch 'batt the centPlftlB&l torc:o , ••!/r Just 

bali.U')'()GO \he llUl-SlHlt $.0 fQ.,t"OEh 
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focu. 1n . of the 

i v r ~eut be ~ of !on ot t h · 6 -~ion p t lu if 

} .nto:r a . J ~· 48, '1 'pl1 . . r icl 11 of 

_ ne$10 tl l t •1g 

f; ;ro b eucb 

ll 11 in on pl .:te .­

cc l r 1 g pot 

instrwn.en. , oaleulat lone 

of f'oaus of the t o 

laotope bee. a u.nde.r 
(3GJ 

•olt g ~oth fixed• 

h& ·Condition ot £1el4 and ace l r tJ.ng 

l1 rol iv valu. s of ~he r 411 of' ou.rv t\UN~ 

J'r I• · • .,/s~ ( 4) 
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.(')nth /2 ' • 	 T/Hr 

2 V/Ir" • 

I• .. 2 ,, s....2 

• • • 2r /2 v (6) 

/2 v. Then {G) beco •• 

{ 7) 

Al.IJ • bf i t renti t1ng oq , tion t?h 

A • ~ E:r 0.. r (a) 

:O.t'fitli 6 ( 8) l ?h 
~lil/m • 2 E..:. r/r ~9) 

Us in eq tiona l 'It n4 (9) w- can e lc ll t.o ..he rfl,d.tu.o 

ot our . $u.ra· to~ both 'Uut h tos<ns. nd deu'be!'iUI'J ioJJ. 

beams • 

on th 

i•o pla~O$ lflm\1. 't neo~&ll' • Whete ,Poslti'fe iQn fall Qn 

the ooll o or p a~0 · A4 . be l"etaalt .tn ·on o·u. r n 

ss ep ctro ter tb 
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