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The •rlle$t at.tempts to tn•estlgate the na.t'tU'e of the •tom 

us#,ng ea electron etream iii,ected 1:n.to a ga.$ at1 tho lnvest.lgati~ t~ol 

we~e the eJC:peri.ments ~f Lenard (1), whc) datermined the tot l cross eeti~n 

off'~:red te an elect1"on by the gas tbro~ which 1t wa directed~ Using 

fast cathode. r ~s, end photo ... electrons. he cQver.ed th~ high veloctt1 

electron range . !he results obtained, indtc.atei that the mol.ecnlar 

er ss seotton decree.sea monoton.ice.11.J with 1.~Clle¥-i~ ♦lettron veloettu. 

Later wo:rk of Lenai'cl sad oth.e.J's (a) showed t~t thEt rno1ec.'4ar cross s$0tion 

fo'#! iast electl"ons was proportional to the S'OOl ~.f the a.t mio mimbere of 

the atoms in the molecule. »taring the sane pe:ri~• the elEp81"imenta.. tf 

;Bragg ~d Moseley wer$ laying the towdaU•n fo~ tlle 1110de~ v!E>fl ot tb.e 

constitution of the atom. The eonception cJ.ev~l,.opetl .slowlu, ~nlmh•)i.1):g 

ln the model advanced by :Bohr (3),. a ve.ey useful ao,.d reasonably acau.rate 

pltt'!ll'e, .which has been merely slightly m$d.iftei e~ncept1la1J.y by the ntwer 

quant'Wl meeMnte•• 

tJslng th.$ l3oht' piCtUJ'e of th.e atom, :B~•s ~ Le•rd's e~ .. 

perlments show that t,ast partt~les pet1et:,ate the a,\Oin, and euff er defleeU,&n 

only when their path happen$ to appr()l\Qh the: nuole'lt!t Clo ~11. 'i1h.lii! view 

bad been <11.eYele>ped lllf).thematleal.ly by Ruth$rfo:ud i)). 1911 (4) and QZl e•

prest.d.on obtained ti ~ the t:raction of the incldent 'beam scat tel°ed at arr, 

definite angle fl'om it.s original. path. For molecules, tvld. ntly, th 

Qea:t;.tering of fest particles could rouply be ooasider$l. as the sun of 

• that 4',..e to the separate atoms c&n tituUng th mtle¢,;al,~-

la bet ee.n the time ef Lenard a."ld the adven-t. Qf the :Bohr thi ory., 

a nunber of investigators orked on the variation 0£ m.QlecuJ.ar ere 



a. otlo,i rith le0tron veloctt1, and with the natwe ef th gas. The next 

notable eclvanoe was made when iams.aue'° (5) discovered that, fo,: the noble 

ga&e , (end ).ater ftr other ) the moleeul r cross section with decreasing 

incident electr® v$loctty went tbrou.gh a maxlfll'W.ll and deer ased again. 

:Later inva tigatien ext ndi.ng the results sho ed. ris,e again at ltw r 

wloeltf.es, which H s ed monoton.tc . !Fhe prtnci~ .-p.tl'imen:ter on this 

pha$e of the ubj ct ware 33euth.e, :Brede., BrSst;,, ~Jte, Mayer, J ormand., 

Palmer, and Rem au.e~. ._ p per by :Bros and saa~ (6) gives a good bib

U.ograpl,;r of the work done •• the eimjeet ~ to that tim$. Later erk 

has be n 1n he d.treotion of xtension to lower el,ectren velocltie, end 

a greater ni:aber of gases. 'l'heo~etteallu the subject was investigated 

by Zrictw (7) t.n a series cf papers discussing the etfeC.t$ hioh migllt 

be expeeted when an electron beam is sent into a ga ,. £rem the classtcal 

standpoint and on the older quantun theory, obtaining a gtQd qua.lit tive 

explanation of the R$n8auer effect~ Later theoretical investtgations have 

used the ne e:r quanttlll theo17 e.!i\d . ill 'be maat1oned later. 

fbe exper.tment s of Lenard and la.te:r orke~s, a!)d ·<>f ll$ll :uar and 

his contemporaries determine the ta>tal molecul :r • ·•• . "tton. Wnis is an 

1da\.Jt th pl"opotti~n ef the tot l b of l,eetro~t V/4loh leaves it 

du t~ an:y, ea.use while it traverses the length of the ppar tu. When 

beam o:r ele0.ttt0•• of a. d finite mean velocity ls direct • int ~ gas, 

mea urement may be made of the eff qts prod:uced on. the g&$ moleculf!>s, 

or on the elect:rons of the beam. !he latter may suftEir change of nerg;y 

or change of momentwi, or both. ~ ttamsau.er•s t1Pe of apparatus either 

of these eff ets ea:use the el Qtron to leave the 'b , wherea. in Ma.ye1r1 , 

the latter lQn does so. 



~ of the I\Jlectr.on' s energy ce.n be determined by ma@llettc 

10.w _v~,. no complete aN!Llysis. cf tb.e phen.Qmena occurring Upon impact i 

po .d'ble without considering 'b . t.h energy and m.()mentl'ln ohang s of tke 

p.ai-tiea to the impact. Sine the ni. s o.f tae ~lect:rctn is o mu~h l ss 

tun that Qf th atom., 1t is $\1.ffic.ient to C~li.$!1.de,11 the de'Viation of· th 

electron fr.om its origip,a.l. pa.th. 

!'1:1 fu~t effort tt d te.nni,ae the ~e. Gt 1.1omenti)m of the 

incident electron in g s s that of J)ymorld (8) in '192$. !he ppar t'U 

determined th intensity of eatte:red euri:'ent at angles up to 1J6" trom 

tl). ori~ path. His CU.l""\?es sh1owed ina.nma. whteh were lat r found to 

be spurious ( 9) . A nunber O.f oth r 1nveeti€&t :rs nteved the f'leld., and 

atwlied art• ga.aes for va:d&us eleeti'on velc,eitl s (10) . In g~neral 

the follo ing results •er ~bt~ned: monotQntc deer a$ of ac ttered 

eo.rrent •tth increase of scat tering angle, which did aot f~U.o• Ruther.-. 

totd1 s l w foi- inv-eree sq~e uttering but f 11 off usually mere slewln 
. h 

scatte:rl.rlg would tend to ccnc Atra.te at snall ang1 a 14th in.¢t< ·SS in th 

inltial electron veloclty; an electron scattered With loss•£ ene~gy 

would b lE'SS apt to be scatt r d thrcmgh a large a:igl. th$\ on scattered 

WS.thou.t J.os _.f ener.,-. H weve:r.$ sufficient technique w. $ not devell.opecl 

to a.able 'them to carry their mea~~nts ou.t te t~ 1ax-g$r angles, a 

devt.e.tion of 90° being the g:reateo:t measured; and th results usual ly 

being of the ¢rd r of eJ:periment.al error wh n that ~l. • was reached. 

Both McMillan's and Arnot is work gave irul'ioa.tions of non-..mono

tonic ~elationships bet een intens1ty $f sc ttering and angle of cattering. 



c. rd¥y 'both wm rs s t up investlgatiou to d termin.s th$.s more 

sc~telr and at large:r angles. Also PeartOD t this institutl«m $ttaoked 

the problem. !.'he flrst publicati011$ 0f the13e more accurate results w 

by Amfi>t (11) and B\11.lard and. ssey (12) 11 b1>th t Cambrl~ • They have 
by V<l-riov .>, <1. 1< p<>-., ; n1.._k f:-« rJ. 

been fol lo. ed by ,a. nunbe;r of other p pers ( 13) . All of the e tnvettigator 
/1. 

ftnd d finite m~ima and minima ill their re ult , SGtne bat slm1l r to those 

shown b the dU'fract:if)n of U.gnt by a medi1Jn c·on$1stlq of :random 

<U trlbation of sphw . fhe anal.oe;, ls q'Ualit tively eJ:pl.atnable in terms 

of the ne quaat'mll th ory, for to a slow electron of$ d~ftnite velooitu 

vet~ e.tment applied, 

wh nee one might a.pect diffraction effects. The ph nomenon is not quite 

so simple th~- A lal'gG emomt of o .. k ha . be n dGD~ ♦.li th th • l" tical, 

pproach to the problan. 

The elasstcsl treatment ie due to Butherf•rd (4). ~ea.tillf$ 

the scatterirtg a.s due to an inverse qua.re ft ld of fo-~ce., he &bt in the 

olassle ft~ 

1'..,, u.., (-. .5 <.A.1:-l-c.-,,. c.d. ~ ..t_ - ( ,;t/V e 2.) 2.... ,,,.., t- ,,. 5 c~ ( e ) 
I .... Q - t--n -v-z_,, ,, 1"",._ ...__ ~ 

w/'1,c.h ,·.s eq_s,-/r -re.cfvc-L~ 1-o {'. -~ .Scc,,.{-t.-~ ... ,-hj ,'n ..;J~se..s, 

Ruth rford• • expression is deduced for repulsive foroe, bat th 

re ult is obtained if th case is similarly tr tel ft~ .n attractive 

torte. 

Since it is evident that an inv rse $q~e foi-ee i m rely en 

pproximation t• the field of the atom, furtb r work bas been don. . Ca 

the basi of quan1rwn meeha.nics., Rutherford' ,;;presslon baa been. obtained 

by Wentzel (14) and others (15) both with approximations, and rigo:rouel;v., 



t9,: cwlomb field. A tr ~ nt due to Mott (16) taking account ot the 

bi.el~ of the nucleu by the electron tmoephe:re pplie.s <;orreetion, 

gt.?tng the e2;pr sston 

Another cone¢titu1 for shielding te given b1 Somme:rfeld. U.7), who eon

$1.d.e,:,s all the shielding elec,trons to be in the K flhel.1, a obt~ 

fCeJ 

plane wa.v, 

and the scat t~red ~rent ae small ti,phe:r1ea.llv s,rmne\:rteal vel t ·B 

superimpcuaed on thls by the presence and ftect Of the oat tc,r1xig oentel' 

( wht.cb., $s hOwn. by M t .t ~ is EJqu.1 valEJnt to usf.n$ lto,ygi!l\$• princ1p1e t 

dete1'lll1ae the c tt red tntens1\J of Del)rogl.J,e ~'"s cill.e to a ptatic 

toree flelt) . JU.• r tu1 t • ~ be obtained bf tram,f~ng th SenrocUnger 

dtffe11enti$1 eq,..tiorl) V~~ +- kL~ = k.2..~ ~ " 'bt the ~e of G:reen•a 

tunc\ion iate the iategra.l equation 
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1n whlch the cond term '1! r sents th eatt red wa'VI • 

5.mation 0£ 'UD.distorl d incid nt ave gives u 

rn I appl'OJC-

d there£ re 

f :r the •10 of the cat tered CUlT t t the incident in 

Tb.$ limits of~ lidlty f :Born's fo~ have been eon idered by M tt (19) 

d by ol.1&2!' ( 20). !he principal faulty seumpti • tn Born' t~eat

ment ~s neglect f the eff. ct of electron exehang , and f the effect 

of the di tortion of the atomic field by the M'V'aneing · lectron, a 

well e.s the distortion of the electron w: ve by the tom. t'hClt cl se 

che4k Of th • expression with expei,iment over a Wid range f '1'8.J.ue .' 
a,.)o ,.beJ 

ba s-eeently been m.8.s by Mass y and ~ohr (21) • ·~-..to the fact 

that tb two effects ork tn 0pposlte dir tlo~s ~capt t very l w 

elocitiea . (S · o ~ f :venc 57). 

Opp aheimer (22) fir t pointed out the eef!lssttu f con idering 

leetron exchange, and gave a gene;ral treatment of its effect . Later 

the theory dev • 1oped by him was applied te rticula.r c ses by ssey 

atu1 Mohr (23) ith some qualitative success. Th effect ha al o been 

treat d by Feenl>ei-1 ( ) . 

fhe i tortion of the atomic field by the electron ha been 

treated by Faxen and Holtsmark (25), and by Holt • k: (26). Dbto:rtlon 



corresponds to an excitation Qf all the eigenfunetions of the atom d1U"ing 

the scattering. If n pa:rticul.ar eigenfunction is exGited permanently the 

collision is inelastic., With lQss of ene:rgy by the scattered elect~on. 

Therefore only those eigenstates may be excited ~,:manently which eorre► 

pond to excitation energy less than that Qf the incident electron. The 

preeess becomes more eemplex and will not be considered. li'axen and 

Holtsmark considerad the di$tortiou of a spherically ,~etrical field. 

I:Iol tsma:rk Obtained :vesults fer argon (Zl) aud krypton (28) from which 11,th 

quite a bit of labor in computation may be obtained the angular scattering. 

Roltsmark's treatment built out of eigenfunctions~ a solution 

that reduced to a plane av at infinity. Recently Allis ud Morse (29) 

amd Sommerfeld( 30) have used the same method Qf treatment and extended 

it, obtaining good agreement with experiment. Lately Massey and Mohr (31) 

and McDougall (31) have published the first of some articles treating the 

subject taking into account both distortion and electron exchange. The 

check with eXpe:riment 18 more satisfactory than previous treatments. The 

application of the Thomas-Fermi statistics has been done by Mitchell. (32) 

and Bulla.rd and Massey (33). The results differ little fi-om the Rutherford 

:f'ormo.la. Other treatment s of various factors concerned and minor problems 

connected with the theory are given in references under (34). The subject 

calls for further theoretical treatment. 

The treatments of the problem, of necessity start from an assumed 

a.tomie model1 and ealcrola.te the scattered inten$ity and its dependence on 

angle. The inverse problelll, (of' tarting from the observed seatter1ng., 

and determining the force field of the a.tom, which would cause such 

scattering) is amenable to treatment in the oa~e where the scattering 
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shows itself to be a function of v sin!., where v stands for the velocity 

of the incident electron. ~fo is functional d.ependence of the scattering 

on velocity and angle is ap:p1·oxi mately fulfilled in many cases.:- and. is 

indicatoo theoretically in the :Born treatment . The obtai ning of the force 

field of the scatterer is carried out in Ap r·endis: II . 

Langmuir (10) h s given the empirical formula. which agrees well 

m. th the sca.t t ering measurements at low angles (e = '°0 ) of scatteri ng 

At angles of mo.re than sixty degrees this drops off t oo fast . 

n_efinition Qi Term~ 

TOTAL CROSS SECTION is t he value of the cross section of a sphere which 

would classically de.fleet ( or cause to l e D.ve tl1e beam) the same 

nunbe • of electrons as in the mean are obse!"ve-d to leave it through 

atomic scattering. It is defined by 

:hence 

dI = - o- Nidx 

- o·MX I= I0 e 

Here N is the number of molecules per unit volume, x the distance 

travel ed, and I the el ectron cur1·ent at any point .. Sometimes i n 

place of Ncr- there is used the coefficient d. or OJI, the definitions 

of the two O!_ls bei ng bvious . 

ME FREE Ji'J\TH is the mean distance that an electron goes l7ithout inter

ception. A simple calculation shows this is equal to N~- . 



~~j:11,uer _xpresse results 1n term ot .,/=~ . Jr11r (eince !T:,. ts de ... 
l: 

fined as the n'W¥1ber of mo1 ~ulee ln l o.c. of th ga.a •t Q°C. and 

l. nm p.r ssure) thus me s\U' the ar• whieh one e~ ot 1ih.e ga· at 

1 nm »~·8S$V,e ~ o0o. pre ·ents to the elee)tron. 

SOAWffiXBO lMlC!rXON ta the $ti♦ Qf the -uritent sdattel'ed. at a deftnt te 

angle e Wlth the main beam to the t♦ta1 $~ttered current. lt ma7 

be Eexpressed b two a,a: tht .e . t~ing p r ~t Mgle, <>:t th,e, 

scattering per ,m1t , ,Q1J4 ,wsle. me former- ma,- be defb.ed as tlle 

fraetion of the total l!leat\e1"ed c\1.Ji,-$tl.t ~$siig thl"•ugh the .ur"" 

:taoe of a $Jb.tr• ( 1vrouncttng th$· tce;;t.♦:rtttg Qenter) of a. a:ettt11te 

~ar Width, at an •~t • &· t.o the .-u be-.n. flle latt$r may be 

.defined as the fi,Q4U.ou of the t(>tal seatttrea curl'ent which passea 

tlu-ough a. d..eftni ta. f~aetf.tn .of the swfa.ce "1.f t'i\e above spbe:i,e, 

the area considered b~ing tbat part of the $W.f•e of the sphere 

whleb is i».tereected by a ra4l us at $i1 ~1 $ to the mat~ beam. 

Evidently the second ts ·obtained i'ttm the tt:rst by multtplio~tion 

by-. eonstarit times t.n e. 

&tiASflO IMPACT la - I.J.n.pa,et b Which th~ impaetl~ E?il.ect~n loses a 

n♦gligibl&· amount e.f ~~rgy (J.(;! . small colltp8.r&d to the lowest 

11paonuee potential fJf the ... tom impa.c.ted). .b lne1a· tic lmpact 

wtll mean an impact in which the loss of enerQ ls tf the Ord.et 

Of or gi,eatel' than the lowe, t resone,uce p&tentit¢. he to the ltw 

resQlutien of elee-tton veleet.ty which results from use of · re• 

tafM,ag ,.t~tial, shtrt Faraclau eagea, and a$ to 6 volt drop 

cto ·s the filainemt, enly elaa,U.e ea.ttering was meas'W,:'ed ill the 

present work. 



i'he general apparatu.s u.sed in. th.13 ;ft.eJ.d conststs of a sour~e, 

~ol:U,matt~ slt.ts, a oolleoto, with eQlllmattng slit$ tor the cattered 

Cl)»J'ent; and. a mean · of detetmintng the mat~ beam val~ . Aceff4tng to 

the exp&rirnellter, the eoui-Q of eleetron ~r the <;olleetor is rotated; 

also the ~an~ of measu.ri- tbe matn beam may bE! a colleqtor OI' the std.ea 

of' the s.Qattertng chamber . BamsaiJel.' and Koll~th eolle~t th eeat"ti♦red 

current on cire'Dlat s&€ill81.itt aynllletrica.1 abnt tb,e mata beam. toaes 

and Wb.iddingt® (35) in investtgatug enePgy lo ·ses o.f electron$ in 

He -ve used photographic £Um to ~eord beam intensttr, instead fa 

Fa.radar cage. ~e results wel"e not slle·oeJ hl, ae a n'Uniber of losses 

kntwn to oceu:r did not $how cm the film . Whtffl,~o• e.nd fa.ylo:r (36) 

and Weidnt1' (37) dis0tws th. o.ctil)n ot slow el,.ecttctn$ on phottgl"•phtc 

fU.m.a. However, it may be ec,,nolu.det\ that this method of deteQti!lg the 

matn beam 1s not satisfaetQry. eie v.ele>ctty ~rtils ha• bee~ accom-
G 

pH.shed by r~ta~ing potentials uwal.11. ~ond (10) -4 Jone-• an4 
/I 

Wbld4tngt.cm used eleCtl'Q~atte anai1eis, MeMU1en Wied el,eQt!'o$tatle 

neJ;ysts.,, .a. th a eyUndrica1 ftr,st power field, c>bta.tnixag ref CU.Bing ot 

the electrons of one velocity at the second slit. Wlth the rrangement 

moat used, the acatteriq volffll& ~ie wtth ,..,1 
8 

• 'l'herefore. results 
s n .. 

ue mul.ttplied by s1n. 8 to get the $oa,tertng per unit solid angle1 and 

a.gain by sin e to get the scattering· per unit arigle . 

In order to interptet the: expe•tmental re ults with any deg~e 

Of certainty, it is n c ssary to have the distance traveled by the electron 

$:0.d. the ~s pressur ebosen uch that only sin«le scattering ocew . Ia 
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all the pre$e.nt work., t his bas been done. A e.rUcar1on for single ce.tw~lng 

ts given by Wenttel ($8) which can be $de.pt~ tt the case of sQattenng 

1n gases, bat here single S.t'Jattei-tng was obtained by ehooalng the gae 

pressure such that the electron mean fr e path was one and a half or 

more times the dbneaelona of the apparatus . 

The appan.tu ued in. the p,re•ent inve&U.gatioa has been , ... 

aftibed bf PeaJtson ( thests, C. I. i'. 1930) and bnq'U.ist and Pe-.rson (15). 

Therefore lt will suffice to give a. brief res'Ufflt; and an account of th-t 

changes wbleh have been tneorporated int• it. 

The sot1.Tee of el.e¢ttone wae ea eigbt mil. tungsten filament; 

heated wt.th AC stepped aoa fiom the llQ vQlt line. At li:rst the fila

ment was twi&ted tUb,tlf about Us SQptrta. However, a tendency to b~d 

out of Uae -1th the slits w.aa found and so in the maJor part: of the 1'0~k 

the filament fl&s spot welded te lts suppoJ'ts. whhh were leads (nickel 

to t-ung$ten) through a pyre% stopper wtth a ground jtint set in a glass 

tube sllgb.tl7 off o nter. Jy rotating the stopper and the tube• the 

filament could be eentered opposite the sl1ts. fhe alignment was done 

v:isu.ally, look:1ng thr0'1gh th-e t wo sets ~f sollimat1~ slit$ f rom the aide 

of the ma.in 'beam collector. The electrons were aeeelerated to ~ ae

cele~ati.ng grid of nickel gauze bent so as to focus the beam on the slits, 

after its passage through th~ grid. 

The scattering obamber itself as five tub.ts ta diameter, and 

of brass to eliminate eleetrost~tio fields in it, :tntertoi-. Magnetic 

fields were taken ea.re of by hori~ntal and vertical Helmholz coil s, 

su.ppl1ed cu.nent from storage batieries. The thape of the main beam 

eculd be determined by varyi~ the vertical fi.eld &.nci t hus swinging the 

beam across the ~llt. 
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The eu.rrent in the m in beam was m~sured by- a 1araa.a, c~e 

beh.1.n4 eolltma.ting slits,. Md directly opposite the outc ·., This wa$ 

insul.atad from the chem'be.- with i-e.dmanol . Iti c>rder to collect only el

a.$tlea.Ut sea.ttered electroats, a retarding potential ,ras applied etthe:r to 

th1s cage,, or to a mesh grid placed. 1n front of the cage, the cage being 

at the a.me potential 

C\U.'VeS f e.:r the two cases ue shown in Fig. 3 b ~ '\mi dl fft~nce is d\la 

to the reflection of .leet~ons from the F~Ada.y ~e, 4ue to $Ul"£e,ee 
y ._fl e c h Ot\ 

fllms of iI?tpU.ritie 1 and to the ama.11 size Q:f the cage, which did not 
• A 

take pl.ace when the ca~ was iat ~ high positive piltentf.el wtih #es,ect 

to the retarding grid+ 

flt . scatte:,ed c~rent 11as measured 'by a rota.ting collector 

sh•wn a, Oz 1n Fig. 1. !be tollettor wat in ul&tt!a b1 quartz· fJte~ its 

sup_ rt, and the lead tQ it was bro\lght G'\lt thro!l,lgh the AXi ~f rotation. 

A conti1lJU).l haphAeard eurrellt to the ®llectoi- was l .$"aoed to the portion 

of quartz tub · in it, whi.eh wa.$ bygrl'()s-eoptc ~d ab:s.orbs-a. enough moisture 

to allow varlabJ.e cunents laitga enough to 'be measured l>1 tbe eleetromete~. 

hen coated ltith o&resin, this di . fP a.red. 

In th& work with me~c'UJ'y ~~r~ the ~•tati~g colleet~r wa:a 

m(U'$ly held. at the approp:riate .retarding potential« Wtth nltro~n, the 

number of :positive io-as was suffict~t to make it neaeasary to tnclud.e 

as ext~a slit (~ ln Jig. l) which could lle maintab,leil at an Jnd.ependent 

potential. te swe~ them a,war. i'his al~o i:ould be \\$ed. to pl'event ¥"eflect1&n 

of elei:,trons from the collector. With this a.ddUiQn~ d.upU.oa:ble 3/'esults 

we:z-e obt ins.bl . 

fhe. matn beam -wa.s mea.aured. by ~ galvanometer Of sensitivity 

S x 10-9 IJ..rJlp/em dtfleetion, and was of the order o.f a m1c~oamp ox- leae . 



Mb.e -.ttered ~•t was mea u.t$d. bf a loletalek electrQmeter, mQdl;flea. 

t• ',ncl'~S. its serud,tlvity (19) . 'lhe simplest and most . ~e~te methOd 

mil.1 #Ji ~t. Ina~h as it was several feet fl"oro the apparatus with 

a shielded lead between the twot its capa<rlt7 waa tarse . Also., it was 

. desi:r~d to be ble t-o .i-ead ourr~nts of d.1ffer-eat ~rdws <,f magnit'Ude., 

tvhen~e the vo1tage d flectton m thod was inco.nve tent. •~c~~diQ€:ly o•e 

pa..ir of qu.e.di-a.nts were shunted by a large resittaace- ( ho n in Ft~. l) 

the ath&l" pat~ being rc"Ught to the desired. petenUal l>;y An AyertQ~ shunt 

ex-es$ a sQ~Ce of potep.tial . Several dif.;f'-erent types o,f resistance 

we.re .used. Ind.la in.le lines on pa.per 'boiled in. paraffi- w~,re f~u».d tQ 

develep oontact pe>t<mtials., an,d too~ sev r.al tn$titb.s t• eome to a 1;1teaq 

W.-l\te ~f redstane • Fu.rthel!' ;l. t wwJ.d be just ni,atte,: Qf chan.~e, in, 

~king up a. group ~f s~h resistor$, that ne . ould 'be Qf the ri,gb:t ord•~ 

of rnagn!t'lltle. A.lfQhoJ. and. ~1Ql mut~e resi$tOl'$ were trie, but were 

n~t ste~., vary1!1$ i n ret?istanee tontin:ual1r '11th time. Gt@.phite on, 

reenol, between two ec:,ntaets was el~ variable. iJ.'Ae nit)$t .suecetaiul 

JMl'terlal was c~mpr$S1Se(l rod .. f CIU''bon obtained f70'tn I¾ .C. ~• • 

l,abo:,atories. ( used thel'e as the base for the K O perfum.e b~ing stlck, 

bu,t h~re u.sed as rod onlr). Ox,.e we.s .o'bta.i.ued, constant t less than 

Qne per c nt Vl!th respect to vo;ttage ae:ross its terminals 1:n the raxige 

from t~t;v volts to one one h~edth volt,, and to 911e tenth .fa per. 

ee.nt with respect to timej with a resista.n.ee of J. ~ loll obJn,. This was 

u.sed i .n the tfO.rk ()n nitr~gen.. In additiou, noth r reais.tance (an india 

ink line on pap~r be>Ued in pa.~aiffin -under a vacmnn, lJaS U.Sed tt mea~ure 

the 1.-ge.r eurr$.ats when. :i,.ecesf-1~1. 



(Sine ·, there has been put on the ma.rcket by the s. s . • 1te 

Dental Su.ppl.y Co. resistor$ Of a vul~a.niied1 non~h7groso•p1c, homogeneo~ 

mat~lal, which seem from ,reports, to be even more sa.tisfaeto.ry, e.t1d are 

supplied up to 5 a 1012 hm. ) 

As the sensitivity of the e1eetrometer c~d b$ raised to 

1000 nm;volt, i.t was pqssible to measu;re catte~ c;u;r r@ts d.Qwn to the. 

o:rde.r ot 10•14 amps.- The insulation l'esi ata.-aee of the lead to tb-e colle.etor 

was suff:l.e1Qt to make O'ot;-ecti0.Jls unnecess~y. The el.eetri.eal eonneetions 

are shewn tn Fig. 2. 'l'he a~celetating and ret~ii:ng pe)tenti,als .~l"e 

9btained from a J:JO mot.or ~ene~e.tor set, Cli,l.,pabl~ ,f teli. vering two in. 

dependent pote~tlaltt. 

Evaeuatl-on if the a.ppa.rat'll.$ was e.coomp11a-het l;r tlfo stages ot 

merclll"t pumps, be.eked ·i:,y an 0-11 pun.,. Met$l te me~l ,joints., and gJ.a.ss 

to metal Joiuta, were sealed w1th pieein wp. Xt •~ a metal appa.ratu.s, 

and under g.ood OQndltiona, it eould be 0,pe;vated at a pressure of 10""6 om. 

wlth the pui!l)s gr>illg, Md illtuld hold a vacuum <,f the o)l'der of' 10... cm . 

fOr a ~ or two. lt could not be baked ont :> as the. , ibeli' was of' 

'brass, but after prolonged pwrping, and e:iectron 'bom.ba:rdment, :the V&c\l:um 

¢ondi,.tions we.re good. In the Ork \Vi th mer~, the pu.mps were eontln

'Q8.1ly going, and the pressw,e was determined by ~eping liquid a-ill' trap 

(1rhiah centa.ined. some mer~ury) at Q 'G. by a mixture of tee and water.,. 

tho;r~y agita.t$d. !'his determined the p~e$swa '>f them reury -<rm;pes, 

in the epp~atu.s as 1.8 x J,.0 mm . (lnt. Cwit . fabl&s) . fh other $ide 

ot the Cb.amber wa.s eenneoted to the Melie<>d ga-uge thl'C'l.lgll a :Uquid air 'tl"$p, 

'by a long narrow gla,ss t'l;l)e, a;nd SQ bad little effect en the presswe 

cf th . rnereut,~ For nitrogen the narr-ow tube w~s r~Qved• th.e liquid. au 



trap placed clo e to the cbambe,.-, and a luge tub.e connected the cham.b$r 

to the ~Leed ga-oge. fhus th ~e would r.ead more aoeU11a.t, ly the prest:,ve 

1.n the ch&mbar 1'h$n the eonstant flow mtthc>d. was ueed. $1noe the pre•sures 

used we-re s'QQh that the- seattell'iag is a lin,ea.r fun♦tion ef the pi,e~sure, 

a.ni -only :reU.t1ve re;sul,ts can be obtained, the- aeourate knowl&age of the 

•'ba.olute pressUl"e •as n<it necessary, a s long a$ tt doul.d be retained con-

!be filament was aligned opposite the •lits visually, and was 

f.O'Wld to :r•qui:,e :r-.~ent several tintef;l \eto:e the niain beam would be 

symmetrical in its shape, as determined by mo~ it ae1oss the ma.in 

beam 40Uectoi, magnetically. ?!he alignment, of course* was done at 

atmoS'pherto pre-ssure and. then the app ratu p'Wllped 017.t till vaeu'llm con• 
b,fov. Je {-,.,,,_, t'/1 • tAj' f t.• ,t«:;,I' " 0 f ft.• 6ea_ "-', 

dithns were good a.gain~ The lU'e tf a filament would l)e eu:ffi<:;$.ent to 

obtain saTeral. runs if conditions were ~ood. No difference was noted 

in curves obtained with different :filaments when lined up properly. 

Having Obtained a eentrally aliped filament, and good vacuum 

eonditiens, the ~eoeiving slits and Faraday cagts were bombaried with 

electrons, the beam being moved back and forth magnetically, wtth the 

J'Utllps gctng. 1.l'his aided in the ou.tgassing of the apparatus, and with 

several hours more punping, the scatttring in v~uum would be negligible 

at angles of more than ten degrees te the beam. 

J3ef$re taking a run, several heurs were allowed :tor the gas to 

eome into, and stay at
1 

a pr$ssure equ1Ubr1um. During the ).atte-r pal't of 

thts, the filament would be buning1 as CJ>therWise chaOges would. oeeur 



tn the presSUl"e on. lighting the filament, presumabl.u due to utvi~ w\ 

of absorbed ga.se8, and a ngatter" effect . 

With the gas at the piooper pressure, the retarding potential 

to '1Se was de'termined by a velocity airialysis tf the ma.in. beam. A typical 

curve is shown in Jig. z. The retQdii).g pftant1$l. used was alway the 

highest ,roltage just bef~:re the .uop 9ff. (In the fie;ute the J'et ·rding 

potential used. wt>uld be 340 volts) . 

The am9Unt of current collected 1nvea~es quite steadily and 

gradua.llr with dec:rease of i-eta.rding potential, down to 10 volt , at 

which 'foltage slow speed sect:>ndaries b . gin te be cplleQted. One import

ant feature of the diagram is the absen.ee of a. depression in the curve 

at r t l"(ltng potential• intermediate between teli'o and the e1ectrQn veleotty. 

Sueh a depression would be due to ;refleetion e>f eleet~ons from the collector, 

ani has 'been found in the p;resent appa.l"atus whexi the eolleetor alone ts 

used: lt has been o-vereome by the use of the ~uxUiary grid. 

fhf scatt.ei"ing measurement wete dOll~· a.e. t'tll•wa. The center 

of the ma.in beam would be adjusted on the main beam collimating slits 

(m&ldmum current then went to the ~al.van.om tet). The rota.ting ~ollecto.r 

wG'Ul,d be set at the angle desir d and rtaiU.ags ef botb current, tak$lJ. 

Simultaneous reading were taken when poseible. o,herwise the rea.d.ings 

' were taken twice and accepted i:f th$f agreed to a few pe•c nt. '!1hen th$ 

1"eta#d1Dg potential was increased to an amO'Ul\t au.eh that only positives 

wer • being reeei ved, and the readings taken. The dU'£erenc.es of the two 

readings of the outrent from the seattered curr~nt colleet~r would give 

the scattered current. In mercury, the positives W$re small in n'U!Uber 

com.pa.red to the elect)rons . I.n nitreg&n, the :positive clU'rent _. quite 
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~e angular setting ot the collectoi- ¢0Uld be done l'ii.th im 

aoeuracy tf app11o~t•l1 a 48.Qet. i'he pointtr setting, of course, wo~a 

be aeewat•, and the baekl.ask was small. th.a· ,o,stb1a er-Jtor laiu in 

tht centering of the o9 .. 1809 Une of the te•l wlth th d.tre~t:ifon tf 

the main b~. !his •a.s d.oae vi~l.f, .and Checked. if seatterlng me.iii,aure

tne.nts at pO$i ti ve . and nega.ti v angles. 

1'he ttes'Ults •btatned fer th.e s~ttsrtM: in mer.~ are shown 

in ftp. if.a.. - lfe . fh or41Pt ia t t(O) VllU~ f.$, th ra.tf.t tt the 

sca.tt.e-reci ~urre~ scatt•~ed by a tt:xed t o.lune 9f the gas, to the main 

beam Cla':rent • The wo:rk OJ) mercu:ty • s und~te.ken ~ a eheOk on the 

p1~evious work dbn.e here on m&rcll!"y. It will be seen that the intensity 

ef the scattered eey:ren.t deer•ases rnonton.ically 111th the incr:eaee cf the 

angle of scattering, e1tcept for a single maxt:m'tllln,., and its attendant mifli.,. 

·-, in ea.eh ea•e• IJ.lht ~ar posttions o.t the •~ and mitd.ma. va:rJ 

with th& velo~.i tr ef the electron,. Only the posi ttf~ of t~ minima was 

eoruiistent., and. duplicable. Fig. 5 gf.,:te, tb.e ,.-ela.t:t.,n ~tween the 

p♦sttion of the• minima and the elect~on v~l<>eity. The results of Pearson 

and Atnquist are also shown on the fig"U.H for oompartsen. fhe g•eral 

tendeii.ey is a decrease of the angle at •h!Qh the ttii~ ff¢'1l'S, with 

inol"ea.se <>f electron velo-city. trnquift • s retul ts olesely appron~._.e 

a eot e J"etattensbip.. i'hts ia appro:dmated 'by the. present :results., but 

not so elos$ly. There is no th~oreti¢al reason toi:- s.~h a relationship 

$\ present knewn. An inc,ea.s.e in the promli,,e»Qfll tf the maximum with 

increas.e in velooit:, of inapact1ng eledr.li>n, up to. two. hundr.e.d volt:e ls 



9D 

es 

lo 

5fJ 

.Jo 

/0 

s 

0 

X 

/UO 

F/y. 5. 

V Cl l f (l l- i O ,, 0 f en, 1 n, W" ,· t h E 

l-lj vo.po ...... 

" ::: AT" i V , · ~ t-
o :::PTe.~e.11t- Dc...t-~ 

V"/t Ve-loc.,l--y 



appar • t. fate ana .lme:r (l.3) ~otioed. Just lately the samo beha:vior .. -

fhe fact m&f b. esplatned as partlr due to the deerea e in th rel.att.vt 

soat.tering at 1 rge angles as compared to that at amall. r ~lee» whteh 

occurs 1th increase of v~lo•ity. 

Pearson and Arnquist have shown that with thS..s apparatus, the 

fraetlon t:f the total scattered current per unit s<:>11,d angle in. the direction 

.s/n e 
p 

where%= soatte:red current (measured ·91 eleetr9111E,t ) 

l = main ·, ('.~e».t. (meaeuted by. ~ VMORmt .t) 

aild K is A eor:raction f$C\o-r ilnel.uding eons.tants of the a.ppara.tn,1s, 

absorpti.on Q'Qef"f1elen.t 1 sllt scattering, etc. 

Aceordingly tor tht scatt ring per 'Ullit s.elld ~1 , tht:,e i . 

Jlot.ted in •bit:ra:ry lmitt 

If _:Le. _si /7 & -K reJ - r_, p 

@a. to obtain th ;catt :rlng par unit emgle> the resultt a.-e te 'b multi• 

plied bt sin g. If K is knQwn, tht total a.'b$9tpti<.ln co.efficient of the 

gas tor e1ect~ons Qf the definite velocity could be. determined by lnta ... 

gi,atten of the latter cUFVes. lioweYtr, the soa.tt~ri~ at the $Illaller ~le$ 

ts so much more than that at the allgl.e.s thU apparat'\lS. vat built to 

maa~e, and •ld.eih Wtil:re desir a., that the extrapotatton t · zero degree 

~to l.80 degi-ee sqatte:r1ng t net ptseible. !e$1dee, r£t1ative ~es'lll.t 

are all that oan be obtained ·1th t~ $pparatu$, ~d the fa.l.ue of K 
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oo'Ql.d not be determined.. It 

change from c1$y to d.Ay. the form of the curveia wo~d remain q'Ulte ~et.tonablN 

const nt. Tb.ls was al.st .A.mqulst • s ex.Ptrl ae ln hie woii-k. 

B~iow 100 v<:>lta~ eleotton velfcltJ, the eurr•t ~eoetved by the 

oolleetors became too Sltlall for satisfactory Jne .suremente . Thie U du& 

to tev&--tal oauea,. part1tu1arly to ellt. t:JCatteri~ wb1oh inere s.es oon ... 

ide1!'ab1y for sma.11 veloc1tle1s, to the greater effect of slight 1.negw.a,i-... 

tties in ad.Justment, ete . 

In smUeh as t he ~eement of th~retical treatmen:h with ex

periments is better at sma.ll angles, a CQl:lPle (',f J"uns •ere taken for 

$.ffl.fil.ll angle sea.tt ring fQ'l" 125 ve>lt eleetr<>;ns. fhe result are hown 

in Fig. Is, . For p"Urpeses of comparison tllere :re p).otted lso th 

J'elatiouships which Would "be $~ected -on the bads of va:fiOU. theoretteal 

that the Ruthel'f()rd t:vea.tment gives too ffillQ.ll •~ tteJ>ing at the l rger 

angles . .A.lee it has t he theoretical disadvantage of giving lnfinite scatter

ing at zero degrees, n4 of not allowing for aereen1ug · .f the ntlG1(in.'18 'b:Y 

the planetary electron,. 'l'h-e Bulla.rd and . assey t;r~(a.tm$nt, U$i!lg the 

!fhomas-Ferm:l fc>..rce fl•ld ar,d :B rn • s a.ppro.nmate eeat tering f Ol"ilula, gl vet 

too great a scatterf,ng at lal'ge angles . !l.'h . S mmerfeld formula, (not 

pictures) gives even less ll>f a I C,'!rease of scattering as angle of sce.tter ... 

ing i:nc:rea,es. \rbis is tc be expected, fGr in the S$$merfel.d modal all 

the ont~er electrons ~e supposed te be in the K shell, giving au ex

ceptionally well shielded nucle·as . ~he Thoma.a-,,.Fenoi fi e1d lie in between 

the Sommerfeld and Rutherford pictw~e. 



TA LaD€,mld.r empirical ~;et$s$.<>n ~ives a good ~reement fot 

angles of t ent,- tive d.fgre.es o:,, le$$. lt will be see.n that the -,reesiGJl 

developed by the ao.l~l' tn Ap_ptm..dblt glv e _'"·"'• Olos-er $ppi,,.xttnai1oa. 

11h14 •ttl.d indicate the posal,l>111tt Of the att1mu fO:rrte field gt vQ bf 

the expr $sion d&veloped tMre as n ~Pl"~~ttoa to th9 actual. foro 

field seen by the appreaching eleet~o.n. 

The results obtained 1n th icatt$1"~ 1n n•tr,og n a:ve nown ta 

Figs. /ct. -01 · A1J· 'b"fore ~ f (e) is plQ.tt .<l giv:l.M ttio $~attertng pet 

imit solid angle. To o'b-ta.1.n th s-eattering pa unlt angle a.t a_ny- angle, 

th& results give ve mer ly to be nruJ.UpU.ed bf din q. ?rt all taaes. 

there ie a. m.eno-to:nic ~e~~ease of sc.att~:ired i#ten.sity \ti.th '1,,~eaie of 

scattering angle v.p to approximately ninety degre~:a. ~t the ;J.ower velocities, 

Qf $Oattering larger than the aql.e ot the mi-.~ . . A$ t~ valoct.ty 

of Qe impacting $leatron inerea•es,,, th&$ $1n1m1$11 it! vos to poateP angles, 

and the subsequent 1"taa is not so great. ~ the high velocities (mor-

tb.an 350 volts) the minlmun is ae longer present .ln the range of angles 

o'baervable. 'J!his is 1n aoeordance "1th the ffl):lleli' l ~ -ct that tncre SE3 

of eleotron velocity causes the sc,atte:ring to become mtrt n~1y like 

nuelear se-att&rin,g. flae variation of tbe angle at 'Wh1eh tbe. mi :n1tm:lm 

occurs a$ affected by the velocity Of the eJ.eetrtn is shown in Fig. g . 
It is seen that the t1rend is ln the opposlte direct1o-n he>m that shoo 

1n the results on mercur~. 

The electron velocity range studied has 'been tbat 'betwe~n 

one lnmdred allA tour bundred ft1t• 1.ll l!teps t¢ Qf>Vtt- th~ I~• At 
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these veloei.tles, the e1eQcti-on b moving with suf'f tclent ve1Qc1ty t 'be 

out of the vel ocltu X!an@,. ~ whl.Qh the J&Q~e:r effe.et 'beeQID.es ttnportllnt, 

•a. the~ef~re the intera.~tl.JJJ: teJrolS ln the theowetloal treatment do ti<>t 

become <1,vel'Whelmil'l8lf impQrta.nt a.s WOU.14 be the case at the lf>wer wloctttes, 

Hcwev~r, the ~xpe~imental :re~ml.ts shfw tMt the :Soni approxt.mati♦n is nQt 

a valid oue belQw :tour hundred vt>•J.ts veloc:ttf. St.n<:e in general it ls f'OU?Jd 

tbat the :Boin, app:ro~tna'lli 23,, ts not valid f~r . catt~rbl.g in merewy belo 

eight bundre¢ volts, we ha.ve a eonf'i:matiG~ -o,t tbe fact that the appwx-

inlatton is better fc~ ~toms ot smaller atomic n1111ber, and fo~ higher 

ele~tro.:c v loeiti.-e3-. 

Arnot (.la) h s found the s.ame type of \\ella-vi. .r in t he diatomic 

gases which ha hes Gt -udt d as i$ shQW. by the scatter ing tn nitrogen 

obtained in t!le present work. ll.'he theore,tioa.l. r~tments ~re: not ~uf fiQ-

i.en.t11 e.o.mpl t$ to allQW an .explanation I' goro'\1$1.J. lto1N3ver" Arnot, in, 

bis paper, mentleus that lml.1.-a and asaey have roode an ,unpu.lJl!shed 

calculation o the reErolts to 'be eJq>ected in ntttogen., and that they 

agree well wtth hit tesw.t.~. Arnot•·e result$ the $Qme; type *f 

beb.a:vior as f¢1UJ!ld in the p:uesellt w~rk, and the ~t-eexnen.t p'UJ.d seem t o 

be quite Ofd. Be has only oJJ.e cwv ( one set of t"e~ngs61 a$ a..ppa.rentl.1 

he did n0.t eheck: llls work) in the r~e stw.ted he~e, that being fot 

two htU>.dred Md five vol,.t eleetro,rui. 

:Dy use of the e~ltulaU.en.s which All ts aa>;d MO-t~e (39) 'h.a.ve 

mad..e., using a simplified $tomtc; mtdel.; (origin.ally u$ed l>,~ Mensing., 111 

en w,.~d$faetot"y t:neol"&.tical treatnttmt of total 2-bs.Q?'ptitn coefflotent) 

it jls pQJiil1bl$ tc obtaibt o .rt tn q--.lttative: C.Mclusi~u oonc.erning th~ 

seat te1~ing in the prat;ent ~a.l.l . • tbe Allis $t'td M~.r,se tl" tment i q'l:Ji.t$ 



-- ttataatoiry to1t this. In ~tiC'l)l• it i .s pQBai'bl.e tt show that th~ 

Gbae~ved change of tht po1it1lti♦~ Q£ the mi~ -ht t<> lai-ger angles, with 

increase of eleet~on velocitr ls what $hhl,i ~e qie~ted. Fort~ ea,~ 

~f tne:rcu:t1, the effect it tU.s,tc,rtion, aud. &Jltellaflge ot ~l.eQtron$ enters 

to a large~ 4.egree and tlit.e~l'di:Qt$l,y S'1.¢h a prri.iet~• ean ntt be made. 

In. nitrogen tlle ecatteru,g ls do hf bQ-th by nf.ti-ogen molecule$ 

a».d by na.ti,C)gen at(;!ns . Als•-• undoul:rtetily, ,_,_. t, ,tesent,., t•nized 

nitrogen tn molec'U,lar and atomte form. ;b1edl.-nd$r1 la1~, ksal"eft • 

a.J:d.. liO$f>ll (~) have fo'Ulld by a seme~t d91ibtM mea11, •£ al$ti~shl.ng 

between »+ • ana a2-++., tha.t the:re extit no ®ubly lonbed molecule, in 

oltrogen s'Ufferiai tJnpaQt from slow .1e:ot~ons. It seenis p:v.oba.bl,e tbat 

doubly ton1ied mtlecules, if they ext.st~ have a veq $hQPt mean life. 

t1me . Roweve~> ma.er- any c1i-~umstanee, tb.e. tt•sults o\lta.l11e.d in nitrogen 

mut be co:o.sideFed. as a mlxt'\Vi'e Qf result$ dU-$ to -11.iffel'ent tQnet.ttuent.$ 

of the seatter1ng medJ.,:un. 

Measurementi we7e attempted on hydrogen, b~ tb~ gas pre.il'lll"e 

weuld eo~tinually 4tcrease d.uring tlt, ~om-se. .of ~ ~un.. •~ ~01,1.sitte.n:t 

results could 'be ootained.. 'l'hl• dl~a.ppeare.JJQe. tf bfd,rogexi under euch 

conditions has been obee1tved before; tb.e most r..eoent 4iscusdo.n of it la 

by Kun$m&n a.a Bel.son (43)» who give other ~eferen«:e$. fhey state. it 

pJ'()\>a.bly eeC'Ul"S at the h•·t g,laas surfaee, ~d n;ay be a p;i,.oeeas of com

binatien with c.qgen to form •ater. 

Oqgep. wae tried e.l.s~, b-at lte effect 9n the filament (ptsltive 

ion btmbax-dment, end o,:S.da.t1.on) was quite deatroo-tive; ~ consid.era'ble 

diffloulty Wf.\9 encQ\U.1tered. 1n t>btatnbg a filament whtc-h would :Latt 

tbro~ the pi,,elim1.,n.ary proc.eslites; neee.•sarr t• be gone tlU-OUgh bef QJ"e 

tald.ng a rua. Aeeordtngly attenttou was tu:raed. tcr nt.tregen. 



l>18 2l¥!••0a U iMl1i1 IU~~ fo.sa&ble kttU 

~ DA §cat;;teiiu -M• 

fhe ~et1c fl.elds 1Jl t.'b . regt~n o.t tne e.ppai-e.tue are c_,.. 

pensatM ftr 'by adjustia,.g the, tutr$n.t thr•~ th.e lel.rJlheltz c.oU.a • o a:s 

to center th 'beeai.. Tht en-o~ tavolvtd ta neg1tg1b1e. Electrostatic 

fields a.re eU.:ntnated becaue th& ~a.tus b i.nail~ of ln..i•.• !he ttl"a, 

field whieh mipt penetrate the eeattt:ri~ fham'ber t~ ·• the ctll~ti.q 

slits la aegllglble. 

Pearson bas shJ1m tlzat th& err<t~ in angle Qt s.eattefing d~ to 

width c>f slits in th1$, appa,atus ls ,au.ch that 9~ •f tht .eattefed c~r&nt 

has been l\'ioatte~ed thrq~ $n . ngle et e ♦ l,.6°, 11b,$re ct ts the ~•r 

set ting o.t tbe eQl.l.eeto.l". 

lfb;e enor dtie to the verttaal length ♦f the elits, he has shown 
dff~ 

for 30° ¢$uses $. d.$ =:::; i.,• .. de♦reafdl1g a.t e - so• to" ci,0 • 

!l.beJ"e ls appto,xi@ately a 3 volt sptead tn other $ide ot the 

mean velocity f the beam. This oausas an inhontog.en$1ty tn the be&m, b,µ.t 

d'\le to the method tf choo itig the retat41ng potent!a.l, inela..stlcally 

s.catttred el,eetr().ns are n.ot ce>ll.aoted. The scattering meas.urad. ii the 

mean of the scatt ring c;m-ves fGf! elee.t:rons of velocity vt 3 velt•. 

fbe chta;n.ge tn the soatteri:Qg fo~ such &Jmall vele>Qlty changes ia weli 
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wt.ibiJ:l ot-ner experime~tal error. The eollectton of inela t1cal1Y ecattei-ed 

elect~ns would be definite e,au.s~ •f erro.r. .,he i()nlzation. potential 

of niti-egen is approximately 16~5 vQ1ts (40) ~t tha average loss of 

energy ff the impacting eJ.eetroas per ieniiatie>n $.n nttrogen is 1:/ ,9 vtlts 

(41) . The 4.llfe~ence is du.a to the random eo1lt.sitns of the electrons 

whleh have end have not made lon.1e1Dg e~l.U.ai~•~ (41),le;rml~•r (1'.)> 

r, u1 tin.g in excl tatlon <>f tu f'UJ'tb.er- 1rnpaetta. lltn•- fll,e scatter-~ of. 

tneJ.a.st1e.a1ly seatt&red eleotrQtis i quite «ltteirent ta character from 

that • f elasttcal,ly scatte-red, and the a'\\ove 1ruile~t$ • tbat with l'e

tarili.»g p.Qtential of 10-15 v&l\s less th.a!l tht v.el~lty Of th beam, 

inela.stieailly ac tte:red el.actl!on$ ~ n&t oo1lectea.. 

Since the value Gt' the matA b am C\ll'rent ts reai, ~ the 

scatteted. eurrent collected. eem.es only from this pa~ Qf the beem.1 as 

in$-ured by \he c-ellimatiBg sltts, the f~eust~ etf~t i~t)'oducet nei

liglble e.rror,. ln ~ther appe.;ratus, in which th~ mea~QJement ·t,f tbe DJ$;1n 

be$m <:urJtent 1.Jere tnate 'bf C$ll~et1.ng tt ,n th:$ ~ll~ gf th~ chamber, the 

efteot would have to be (H,tuJitier~d. 

erro1. . 
eona$.dera'ble" However, the ptlai:Uve ion C'Ur1"$At was •1W$JS 11:1uhtraeted 

from the electron cu.rt?ex,,t,. 'lhe error t.nvtlved will be th t d.ue to the 

difference in the nwnber ef ~s1tive ion co11e~ted at $Olleetor pot~ntla1a 

of say 15 volte below th~ beem el<>e!ty, and eo volts abov . Since tM 



be• velocity was in the range of &ne to fO'W:' hundred volts, we~ 

ase'Q:ie a small error. However, this is undsubtedly the main source of 

error in the nt trogen. seatterin,g meaaurem.eata • 

.-n•• (10) (bo\h r•fer•c••> has sh"11 th• preaeu¢e •fa radial 

:f'iel,d about the beam pndQ.eed b1 the plasma of positive ion• and eleotrena 

in the apace thnlugh which th• b88111 le passing. Th1s tesw.ts in an acoeler

•·Uon toward the ceat•r tf the beam, introdue1ng an en-or in the appuent 

augle of scattering. To determine the error, one nee!s to know the 

potential difteren.ee between the b•an sad walls of the saatter1r)g ohautber. 

Howenr, from Arnot•• data., the error in our apparatus 8hould 'be no more 

than a degree or two. 

In the measurement• on ••reury, fo:reign ga$ea are negligible, 

\heir pressure being lees than one peree~t of that of the merctU"Y:• lh 

the measurements on nitrogen, both const&11t flew ana •tat1c pressute 

methods were trted. In either there is the :possibility of a few per cent 

of OX7gen or carbon dionde. The error introduced is l•••..: -tbaa other 

errors, ao it •s ~t considered necessary to attempt stl'1Qt P'U'lflcati.011 

of the gas. All vapors were removed by the liquid aJr trapa. 

In ineraor, the pressure wae determined. 'b7 the \anperat'1#'e ot 

the merew.-y. In nitrogen the abaolute 1reesure •• ntt dlrtc;,a., Obt.ataablt, 



when the constant :now m thod wa$ used ( tldt tn$thod gave the p'UJ'ett 

gas 1n the ohamber). ltowtver, tl\e reed.lug of the ia;uge wa.s prope>J>tlonal 

to the pressure in the r~$ 'W;led; and the ta:rge, $ize ot the conneott•g 

t~'be between the obanlber ead the ge:age • cau~ tb.e 1eaa.tng to be u the 

propel' ,trder of magaltUde. A Ches on this t• in.Uoated later und.er 

11 fo<n1stng effect• . In any case; absolute knowled8e of the preesu.Jt~ watJ 

not important, as the tutor ~reseing the propor~ionalit.y O'>'Uld 'be 

abs<t:rbed in th. li of the equat1ot1 f.0.r the soatterf.~; 

An rror. ent ri%Jg th#o-ugb the i-etl.eetion of the e1ect,ds from 

the eolleetor and the eons queut subtraction of tb.ose electron~ tre.m the 

measured c-urrent was eompa.n-,ated for by th& int:l"ea,.uo11 of the retarding 

grid £tr the main beam., and the r&tarding slt t fer the #OtaU.ng collector. 

The actual ~eeeiver would tb&n 'be at a positJ,ve pot~ntial with respe~t 

to the ntarding field~ !be grid was found m9re suooesstul than the 

slit , The ehanele tf )'eaeiving eleoti.tons :retleet• frem tht walls of the 

chambe~ was snall 4ue to tbe e~•d ooll1mation. it w•a fvth&r reduced 
I 

by roiJ8ben.ing the 'fflll.ls tl'U'o~ the introduetien of a ooppe:r eoteen pl~ea 

next to the walls . 

Thia. was more »ro~♦uaeed. in merC\ll'y thall in nitrogen. ?lil bt-th. 

the effectt we:re similar. In va-ouum, the beam wQUJ.d be broad and not 

sharply defined.1 d'18 to the $pr a.di.~ oa.used by the mu,tual repU1at$n of 

the elect~~ne. With i~erea.$e 4f gas pressure, th$ beam •~d rµitro• 



1,S-

If 

(..3 

/,,i?. 

II 

/0 

'1 

Ij r 

7 

~ 

5. 

'/ 

.3 

,L 

I 

0 

F,j. 9. 

Va.-,,·a tio11 in Sho....pe. "f 

l\ 
/'1a.117 Bee,,. rn w It I, c I-ta... rry ~ 

of 612..S p-,e..s..svl"'c..J f:h. e. 

Acee.../. G..,.. ,cl.. C v r r'- n & 
're rn a.in i'l:J cons f4. ;., t-. 

0 V = ::l.oo 

0 



~ 
l 

~ 
1, 

"' -u 
~ 

V 
:loo 

,. ... 
() 

-l tJ "' \J ~ 
~ :::. '-ll 

i,l 

'( 

\SI 
tv 

IS 

~ <:: 
~ ...... c-l . 

' ~ . ~ t "" ' ·, 0-, cS E ~ 

~ 

"' 
"' ~ 'V .. II "'1'-Li.. m " .... 

I:!) " 
C t:: :::t 

0 ~ 
~ t 

·-·- ~ ~, ~ r-.... .... 

'9 
0 ' ~ 

0 
.;j.. ' .... lie 

t'{ (l ..... 

0 ..... 

I 1 I 
I ,< 

"'~- 0) I 
0~ 

~ 

-.s 

~ 

ri 

C) C> 
0- ~ ~ ~ 

"" 
::::,.. ~ ~ .... .... 

)( 0 ~ 

~ 
~ ~ 0 ~ ~ ':X:) ~ ~ If\ ~ '\I "< ' 



dt:nm., _end become more intense . An ~le of sueh behavior i given in 

Flt;• • 9 . Whe ohailge of ~bape wl th 3,nerease of pressure is seen to be 

~ co:neentration within a n8'1"owe~ range, Qf the cur-rent. which before wae 

sp;read eut . In m.e,-.y th~ ~!,mqn intentJ. ty ln p$ could be e.s mu.Qh 

as five or eix Umea that 1n vac.'I®. Fig. / 0 $hows the relationt11hip of 

the half width 6f the. beem tt pre$s-Ul"e ln a typtcal ease in n:i.troien. 

l t is seen that be~e th half width ~ins Qonstaat atte.r a definite 

pressute 1s 31eac.hed, 

i'be :pheu-.en.-&n depet1ds on the in.t n:s-itq .t the 'beam~ tne 

velr,cttr if th, eleO-t:fon.a, the preesut~ ~ n$.tW,e t ;h$ gas.. Some 

evidence WM :f'♦uad that :t, r a de.finlte g~ preua.we a.xid eleetron veloett7, 

the foewdng wo'lll.d in.e:rease very slowly 'lI> to a certaba. value of main 

beam ourr,gzat, and then rls.e :rapi<U,y,. • a.i:.:at ~ tt fO¢l.Uf.i!lf; had set in at 

a de.finite thre-abbtd val:\le of the ew.-tent 1n tbe \$am. Jn gener~l., fer 

one definite gas pressure, -.d val.'118 of ina.$.n beam ~ur:re-nt, there would 

be a small range of eleet:ron velotitf iil wh.1cb. tb.e t~~uet-.g w: s more 

pronounced t han fQJt other velocities. Ftg. IO , QlJS th$ g.e,neral rel . Uon

shlp 'betv,~en the valu.e of the ma:m1m~ evJt~nt ( i11tercapt.e4 QUt ef lhe 

main 'beam by th ellt, as th 'btam is mo'ted. @-Cl~$s them}- Md the pressure 

ot the g s. The eitralgttt line p&rtit>n gJ.v s t~e de•Peat~ o.1 nia:dmum 

i ntensity with incre~se of pressur& which. is d,::e t~ th ificrreas of 

the n'2l11'ber of scatttJ:t~ ¢tnte1-s in th$ path tf tl)..~ btmn.. FrQtn the sl.QJe 

of the s,tr igb.t l1ne pot'ti.t>n, ~d tl'ie inte:r¢ept. tn th-e axis- of ordinates 

of this ptrtian exte,ad a, 1t 1$' pos sib:l.e tc, ¢'.bt~n the '1U$l>Jt to~ ~,-

ffieient . f th.e ga.s to eleet:i'o . of th~ gi.v~n "le;j.oetty, t :r fne ~ws 

·the esswe of the §a&. Jitl '.l.ln~ th• ga# f1'~$t:\lf.• tti be that b.owtl qn 



the McLeod gauge# we obtain. value of the a\sorption coeffiotent Qf 15.51 

whereas Rebineoa (47) ~l)tatns tbe val.~ l.3 .0. fo:r two h'U.lldrei volt ele~t;rons 

in nitrogen. Tbe acraEm1ent is excellent,. eondd.ed,J'l8 ihe spread of bte 

11\4.5:ri.4-.1 tesm.ts, the method ot U1easuri~ :pr S$We here, and the fact thc...b

th absorpti on coefftclent in n1trogt1n cba~e$. f~ 3.9 tQ 15.1 in the 
d. 

range <d' veloctt1es of 660 to 1,65 volts . Reie~tug agl.n to Fig . lt 
/\ 

1 . seen tbat the $tra:t.gbt line ,«)tUon d.oea nt-t con.tf.n'1(9 to iero p:ressve. 

but tuffeJf$ a drop off $\ l,ow preesutes. 1l'hle is a:•e to the 1 (;k of 

t'oeuss1ng e.ffeet at these l<>Wl)te.J$'U.'f8$> Qd the c;i;nsequsnt sprea.Ung 

of the beam, whleh dee1·eaaes the beam denaltf, and therefoi-e .l.so the 

m&lltimun value of the current which can b read. 

The focuashl.g effect has been nott~ei by ttb.ers . ln eathQde 

ray ~sc111tgraph tubes, it bas been taken adVal'iiage of to sharpen the 

beem. Alse tt explains ,rhy an electron b~ bent mag?letteally wU.1 

remain. a sharp beam. Seffartb, ( 48) has e.&nt:rt'buted one p ragraph 

to a previtus •rU.cle by Vogts (49) 1n whieh it is •tateti that the !lm

portant ta.ctfrs in d.aterm1ntns the shape o:l a beam are the epaee charge 

determirlihg fe.ct♦rs., not the defin~ sltte. llM.he has done a little 

work Gn uimila~ 11aes, e.ll.d a reftrence is give~ in the article by Voges . 

The explanation offered, 1.n.- i eneral, 1s that in the beam there exists a 

plasma of positive iQnt ~esul.tlng from lmpaets, and $l,eettons from the 

beam and from impact,, 'Which t,eates a tad.ial. ftel.a about the beain tending 

to draw the electrons towa.ri. the ¢$ntei- of the beam. 'l'bis lHl$ be~ 

discussed. by Band (44) (in a paper not- obtained;) . The wo_:,k by A.11tot (at) 

has treated thS.s positive 19:n. plasma, and he ha11: found. a posU1ve io.n 

current golng o-u.t in all dlreo.tte~e f~Qm th$ beam, "1th .a maximllll ii\ a 



d.ir . ction at l'1gb.t angles t, th be,im. »'<> $JU.eh marl.mum was found in the • 

present expe1"1m~n.ts, the pGsiti.ve eurrent 'being thoroughly ,;,a.ndQm. Oae 

_possible exglanation ts the l&wet ·ga'.3. pH•awre . ~ed in this v10:rk_. atid 

·the fact that the apparatv.s is <>f llletal., th~ reducbg st;ray f'1elda. . 

ibe van.a.ti.on ~f :(lurren.t den1;1ity ~d tb.ei-&iere of m~a$ured. 

intentity aQ.ross the beam would eause a . ne>tio:ea'bl,e effect on the v~iation 

of th measwad absorptJ$~ o~ffS.oi •. • t Q£ ~ . gas for sl0.w ele~-tron\ii• aa 

~e v~tes the $3.l.t width of the lfarad.ay ~e f •1~ th e.lect:r,one . 

(For trol'k on variati(ln <>£ abs t"ption t6eft'ltient with $1$.t w1d.t~ $ee (4.6) 

in .htoh Palmer o'btain1 een'1ist&nt results, mi ahowa t~t Gt"een•e l"$tidom 

:reslll t a;ue not t~tWGJ"tlq) . 



Fig. 3a 1 a typical cune howing the Taf'iatiQn cf me.in beam 

eurrent colle-oted with the variation &f the ret rding p tential applied 

to th _ colleQto:r. The flatn ss and sl1ght iti e of the C'lll'V as the :re ... 

tard.1ng poten.tlal is decreased, shows tbat the method chosen tQ :pply 

th retarding tential eliminated the effe~t ~f ~eflecttQn of el ctrons, 

a.,id of the eject,,Qn Qf aecondaries trow. th. aol:J.ector. fhe ~ise t ve'l:'ll 

low negatl ve and all pesttive :ratardillg potentials cor~esponds to ~ 

gathering up of the lo velocity elect'°ons in. the beam, and those eJe~ted 

from slits. ff!he dt tributt&». in liJPl,ce of· the ite.ry slow electro-ns eJeeted 

from a.toms by the bem has been ilt'Udled by MCMil.lei'l (1$) with 1nt~estiil8 

resulting pe.tte~a. !fhe positive retm-ding t>(tt~nU.ali in ena:r 1 ehow a 

trend tQwa.rd the horizontal, a, all posi'ttves re repelled., end all avail :ble 

negatives a.re b•lng collected. The width o:t the drop off of the curve 

at the reta..rding potent1 l cor~e.sponcllng to the beam velocity, agree, 

well with -the known spltead of velootti~s ln the 'beam due t~ volt6f$e uop 

along ltb..e f1 • et1-t. 



The a-Jpara.t\Ul should be 'built of some •t.eri.al whleh c:an. he 

e>Utga.ssed. \fax J<>ints should be eliminated.. Either a static pressure 

•t tb;e g8.$ tith MoLeo4 ~e, tr preter:ably an iQniz.a.Uen gaugt,;~ with 

eith4Pl' statto or con1tant fl11>1r method eho~d be used. For the constant 

now method., a c.aptllatf will be found q'Utte sau,t~etocy if one of the 

811all,.e t ti.at can be uan is uaed. 'l'hl$ wi:u al1ow the desired ptessure 

•• be •btained wt\h ven a half atmoaph~i-• pret$Ve behtntl the eapillaey. 

!he use of low pressures and l~ge di.mentions is advantageou.$. 

liarte• dtmenstons make poesible a rote.ting collector, ins.tead of a rotat\ng 

e1eet"n ~ 1 th'\t8. al1ow1n,; an .ane.ly1b ana. me.a~emen.t ~t t~ main beam 

bf a ftxed ~•lleotor. Moretvei-., no trou.'ble 18 GJi.Perieneed from thf 

ma.in b~ strikt.ng ♦n new parts of the ebamber at each new ~ar 

£Jetting. A i-otat1-g matn beam eollector and gun ould be c.Qmplicated. 

However, the apparatus sho'Ul..d be ded~ed so that gas presiurts aome-

lt'bat great r than in the pre.sent apP'i).ratu ma, be WJed,. $.n order tt have 

a greater s.eat tered inte~stl;r. !l.'b,e-se two Qonsid.era.titns involve a. 



A s-auroe of eJ.eetront sho'Uld be U$ed $.lch ould. gl, ve a b .am a 

ver.,. n.e&1ly homogeneOWt •elo;l1i1'. A heater t.ype souree at the center 

ot a eyUncie:r nth small $lit pai.-allel to the axls would be good f.f 

not U>o complie ted. The gun should 'b~ inounte.d wtth a sylpho.n mo\mting 

ao as to a11ew it to be ad,J'US'ted parallel to the slits while the~e is a 

vacuum :in the ap~tua. 

fbese shQuld be ?Qade long &r\d deep so as to minixnize :vefleetion 

of electrons ,a.;e,ived. T--he length of the ~$ should b$ at J.e at ten 

times the slit opening. other fact1!)rs re, ditJC"UGe ·d b,- Skinner and 

Piper (4,6). 

These Sh8'ul.d be arranged tt do ~way with :reflection of ~ece1ved 

electrone, and .• jectio~ of secondaries. This wUl involve the use ot t•• 

or three potential.a ~s di .cussed el..- _re in this the.wls. An al.terna.titte 

would be the ~s Q-f ele~trostatle velocity anat,E;ts "USed bJ. McMillan. 

Ho eve:r., there the f9cusi~ of the elettrons of one velocity is only a 

f#.rst orie:r fo~'W91ng ( S.ee Vogt ( 4-9) tor photQs of the focusing). 

Should be as elose· a,e, p01$1ble to the s.eattered c"Urreut eollect.o.-r. 

It 8hould 'be p~ef'e.ra'ble to us.ea ~re $81.>.tltlve ~ depena.ble tn -,l"fi, .. 

ment than an shunted electrmneter. (G. lil. \ooe-.1). . 



This shoul.d be ~t quai-tz er amber. Redtnanol or other sf.miler 

materials have too low resi$tatlQe. 

• • 



ilmlllX• 

1f.b.$re has been in.vettlga.te.4 the ~a:r dittribu.ttC!>n of scattered 

tatensUt of electrons scattered ia mercwy sad 1,n nitrogan, •A its 

dependence on ve1$elty, 

(1) 

&e a()&ttet-int ip. merolJl7 $hos a (let'inlte mint.mum wh,f>.ae 

p,st tion ts a function ( approx~ting an inv.e:,se ~t~e#t function) 

of t.he velocity, in the range stu.died.. 

(~ 

fhe seatt· ring in nit~og~ 1s mo~te~lo et~ept t•r a mini~ 

for the lo er velo~itr el.ectr-ons" whith Qqu.f's itt; tb,Q rest.on. a?"JUJ;Ld 90° .

This angle of mtnimwn scattering decreases with in¢rease ,of ,1e,trcm 

velooity mon.otonicallf. 

Scattering at small angles in mercunr is 'beat. xpla.tned. by 

the LangtrrU,ir empiri l expres$ion. 

The fcoussug effect is pronoU:aCed iU me:r:e\U'Y, and -exiiJts in 

nitregen. A qua.li.tative investi at ion of its d.ependeneJ on p-,eseure is 

given. 
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APPENDIX I 

A. I2ertvatio3 Qi the Mott Scatteripg Eg__ua.tion t.,rom :Jche Born Fol'mUla. 

According to Born's Formula> the scattered intensity per unit 

solid angle is 

(1) 

where V is the potential function of the scatterer. For radial fields, 

V -=- V (r} . With axes chosen as in Fig . 1, the z axis being oriented 

in the direction of the incident beam, 

(1) becGmes 

with 

.f ?.,... 
uJ 
I 

! 

-·· --);6 
____ ./,{' ·--·----~···~•·-·-- ,-- .. 

-
Fig. 1 

;c, 

f' ce) 

[ 
- ·n <9 s,,, 0.._ c o;sp _ cos 6 1 co:s9) • k co~"" - s, , 

A ::: r V{r} e I r 

/r,e,f 

X r 
... s,'n e dr d@ cl Jtf 

(l)a 

{l)b, 



(2) 
a.-rr J. e_jl(r s,n 

=-

(3) 

I '!>.. ( } -r ~ J.. (" -c.. 0 n GegenlJauer-~ s Inte"'ral See Wat son, Bessel ms. , set v a. , ., 

and apply to (3) 

where 

• . . 

no 

::::; 

...)1 (z) 
~ 

(4) 

(5) 

::. (2::...)½_ Sin (z..) 
'Ir z. 



k'L 
g77~171 

( ~ /,-, v-"L J =-
I.:%.. 

z 

u z '"" 
. & , L/7T h7 v-

..$//7 &, .. -=:. .5 ~n - =-•• .?~ A ~ 

.. (6) 

which is Mott • s expression. . (We shall use (4) and (6) in Appendix II . ) 

B. Radi al.lX §,ymmetric Fields 9.i. lJll). ~ V <.-r J = Cr - , .. 

Usi ng ('5.) and properties of l3essel functions., i f 

(7) 

3 > ,-.. -;;, I 

(8) 



For the usual inverse square field, we have 

z. ... 
7 

n =- I 
.) 

C-::.-Ze. (9a) 

Although t he equ.ation (7 ) proper l y does not hold for n = 1, the substitution 

in it of the values in (9a) give t he Ruther f ord relationship 

(9b) 

This t ype of' behavior of t he pot ential i s noticed also in 

\i(entzelts wave mechanical t r ea tment of scat t ering by thi s f ield, in which 

he obtains convergence of t he integral by t he .factor 
- G.,.-r 

e. , l at -er 

letting a.. -::. 0 . 

C. ~ Atomic j;ield Cgrresuonding to anx Observed Distribution o:[ Intensity 

By a Fourier Bessel expansion~ i t may be shown tbat with functions satis

fying t he usual conditions, if 

-f c~., =/DOA ¢cA) c/7 c x ..:t > ~ ;<.. 
0 

t hen (10) 

(see Gray, Mathews and Mac.Rebert, 0 Bessel Ens. 8 p . 243) . 



Ey (5) and since , and 

Yz_ 
Cu.J 

(11) 

and by (10) 

• . . (12) 

Thi s is an expression f or t he potential field of an a.torn which experimentally 

gives a scattering fee). The expression is valid if .f-ce; turns out to be 

"" function of u. ( = -f tu- s . ,. f i) , a.s happens approxima.t ely :i.n many cases. 

The above may also be treated by the :.&,ourier integral. 
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II '2.. T ,L. 

Using (4) of App . I (A) with v<-r) = Ke -p 

(1) 

Using known :properties of :Bes sel Functions., (1) beeornes 

(2) 

Now Lan~uir• s En:pirical lt)>muJ.a ., which holds goad for a.ri...gles up to t,o0
, is 

in which L corresponds to f ( e) , 

:But (2) can be rewritten 

_ 5'77 -z... 177 z. i,r"?...) 

/7-z....~"L 

(3) 

(4) 



-47-

And u:p to 6 = 60° > (However., (4) gives slightly better 

agreement with ex-perirnent than Langmuir's expres sion ( 3). For example see 

Fi g . 6 of t his thesis.) 

Comparing (4), (2), and (3), we find thct f or an identity 

L 
0 

Whence a good approximate expression for the -potential of the a tom as 

seen by t he approaching electron is 

~7T L /"'n :Z. V-2-.. 6.. ~ ,... 2.. 

fa'Z.. 0 

(5) 

in which ~ 1s determined by scattering measurements, for velocit i es 11 J* 

i ' ( ) (4) 1 // rn c..y he de t-~-,, /7-r, ' ne. cJ c.. s in the r ang,3 fo.r wh en 3 or . ho d . n 1 
J/iow-17 I:,< follJ . 

B. Invest i gation 2f {.§1. 

1. Since , may ne•.,rer be negative we s ee tha t (5) s t ands for a potential 

which inct-ea.se~ontinual.ly with decrease of ,- . Ther efore the ap plic

ability of t his expre ssion is lLmited to the range of veloeities~of 

i mpacting el ectrons which d.o not approach t he nuci:eus t oo closely.,. L e . 

slow electrons. Moreover the velocity range must be in the region 

of more than a few vol ts , to escape the Ba,msa.uer effect . 



2 . Total Cl'large of Atom . 

For a radial potenti al__..., 

1'hus the expression foi· the total charge o:t' the a t om becorr.es 

r:::: 

:. ( 6) becomes 

--r't..clvl~ 
d-r 

0 

'Z, 7,T '2- /?7 Z.. V t__ 

/2 t--

+ /( p 2.. ( .z. r 3 e - F 2-,.,.) / = 
() 

Giving the correct value for total charge of the a tom. 

&, z. 
0 

(6) 

(7) 

(8) 

3. Since the total cl1arge is zero» we shall investigate the distribution 

of charge , both positive and ne~tive. 



v~ V -+ t./vr == 

_1 4_ (-r -i. JV) 
,'L <i'y dr 

l<p'I
,,-
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0 

Thus we find a positive ebarge density for all values of r les ~ t han 

~ i . e . 7 <:. fi _A..c..----= 
V ~i.... ' .:z_ 7TtnV- 0 0 I 

and a negative charge de sity for values of 

"2, e.. . 
[3 h 

T > ., 0. 
,...__ 7T/'?rV o 

4 . To deter mine total positive charge., 

To evaluate the integrals, lei 

(9) 

(10) 

(11) 

(12a) 



then 

JJ 

- Jfl_, 
0 p 

A 
p 
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- e.... 

dJ 
.::: - --

Z-

e - J c!.y 

~ 
z.. ti_ (J.. . ..L ) V z:.. :z.. p3 

e__ 

( A = constant) 

: . by (11) the charge of the posi tive center portion (which, by (8) is 

equal to the negative charge outside) is 

(13a) 

(l3b) 
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.:: n 
2... 

( l4a) 

(14b) 

where e is charge of electron, and V volt velocity. 

z - (l4e) 

where U is the nurnb0r of volts accelerating potential . 

K, is a €Onet.ant of the a. tom and may be determined if we know the 
2. 

screening., for one velocity . The fact that ( ~ U) is found experimentally 

to be constant (ar,r:"Jroxima tely} for ranges of velocities considered here, 

shows that the screening remains approxi mately the same, for the velocities 

cor.side:rad. 

5. Force acting on electron ( assuming that we may neglec t rete.rd.ed potentia ls., 

on account of our approximations, and the fact th.at v- varies :i.n range 

o.0lc to 0.O3c). 



F:_ c... ~ I 
15 ~ -:: --

/?1c..~ . ,r;:_ p 

Oi; /'<;l):I 

~ µ,, 

and 
F ~ 

e_ 7- ( ~~) -= Ff.... ,,-. "-;t-' 
I. o, {.Ze. 

6. Closestapproach of elect110n to center of atom. 

:By conserva tion of energy., for the minimwn tt ,,.it, _ 

• . . 

_ e Ue..s . 

u~.S- = volt velocity 

__ I ~3ooK 
- ,X.oJ --
p u 

(15) 

(l6a) 

(l6b) 

(17) 

(18) 

Thi s will be compared below with t he e2:..--pression for the closest a:pp:roaeh 

to a__~ i nverse square center of force, namely 

-::. 
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(19) 

C. ,kp;olication !f tp,e abon 1Q Experiment . 

l. Examination of t he ~ressions developed shows t hat ~p11 and hence a ll 

t he remai ni ng ~essions de-r,end$ func t i onally w on ~ JU. Thus the 

r ate of decay of the at omic potent ial and fiel d of our representative 

a tom, with i ncrea s ing distance from t he center., the positive chuge 

included in the center kernel., the distribution of charge, the radius 

of the center 1{8rnel, all are determined by the value of tl ..fu (and 

0 f /< ) . Now 8XJ'.l@dmen t al ly it is found :!;hat for any one ga s . the pro

duct ({, /u is constant . 

The fol l owing is abstracted. in p:l.rt from K. T. Compton and I . Langmuir, 

Rev . of Hod. . Physics, &1 233, 1930. 

Gas Volts 60 e~ (volt s r 2.dians2 ) 

He 50 25° 9 . 5 
100 19° 11.0 

Ne 75 21° 9 . 8 
100 l9Q 11 .0 (In determining 

24" 
e j t!J, they evi-

30 5 .3 dent ly took into 
50 18° 5 .2 account the fractions 

100 12° 4 . 7 of the degrees 
150 10° 4 .5 wh:i.ch were omitted 

in the t able. ) 
100 15° 7 .3 
250 90 6 . 7 

75 16° 5 . 9 
100 14° . 8 

30 17° 2.5 
50 11° 3. l 

100 lOU 3 .3 
2.50 6Q 3 .2 
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For Aalot •s result s m.th 82 volt electrons i n Hg, they found the curve 

fitted With 60 = 11.3';> == 0 .197 r adi a.vis . ·I'h i s gives e~:::: 3 . 17 

2 . The Mercury Atam. 
a 2 

We may take e0il = 3 volts radian 

Th.en 

2 = 0 . 01 e . s . volt rad 

Nt1L1ber of element ary charges in t he posi t i ve kernel 

(20) 

(21) 

(22 ) 

Now for t his ra.l.'1ge of velocities, the shi el ding 0f the nuciiru.s is such 

t hat we may take ~ = 60 

•• K = 1.75 

giving 

for t he approximate pot ential f ield seen by the approaching electron. 

Radius of positive kernel 

Distance of closest approach of oncoming electron ( sey 100 volt) 

(23) 

(24) 

(25) 

(268.) 
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Di stance of closest approach. of same velocity electron to an inverse 

s ,uare center of force of same pesitive charge. 

--r ::: 
dn. inv. sq. 

Deceleration experienced by an electron just reaching r0 , at r
0

~ in a 

head on impact . 

D. Discussion 

(26b.) 

(27) 

The mod.el obt a ined by the calculation from the Langwuir approximate 

sc•ttering expression resembles the actual atom i n consisting of a positively 

charged nucleus, su.t"rounded by a negatively ehargad atmosphere . It may be 

looked upon as a smearing together of the actual charges, i n such a way as 

to make calculations possibl e . 

The dimensions of the rn0del are incorrect by an order of mag-

ni tu.de., even when we consi der the positive charge to have been smear ed out 

over the space from the center through t he firs t f ew electron shells . 'I'his 

i s probabl y the most serious fault of t he model . 

The field i s a good .spproxiroa.tion f or use in t his t ~rpe of wor k, 

in which the ca lculat ion of the actual f ield of so complicated an atom 

a.s the F.g atom would be i mpossible. 'l'he distance of closest a -pproach of 

t he elect ron to the a t om i s much less t hc-m for the el ect r on undei· the in

fluence of an inverse square field . Thi s may be considered due to the 

spreadi ne· out o:f the charge; rather than its concentration in a point, 
a.J (o-.- '-~"'-mp/,:. .,c., o u / ,R b"' {.-(~e. c:ec..s ~ ; n- {-I,.,,_ ,·,.... ve.-,,~ e J/ v «.-r.., f,·-e.. tcp. 
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Final ly, I wish to stat e that t he above is not off ered a.s an 

act ual atomic model , but has merely been investigated to deterrd ne what 

field the Langmuir approximate express ion for the scat t ering at small 

angles ( which agrees fairly wel l with experiment) indicates . 'l'he fact that 

--exper i mentally 80 'iU is found to be constant rriakes the model useful . 


