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of thne lonizotion rrocoriics of rlos cluctimns In 7o,

Frelivinory wecsoroionts incleste tio b 10352 ev cloctrons

totelly cosorbod In ol sroouce 2745 2 YL ion-prirs on tre

avirs_ e  I[hils nllous the debeoralnotion of 7, the avern

encr_y re uirea for tiic o tlion of an ion-poir, to be

_€

8.2 ev 2 4,5, for the portlcenlar coec of 1C00 ¢v €lectrons
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conrlets of « corrrriton of the currcent due to rou

rceudnvea from the ionization chomber by sultsble electric

fields with the curront cue bto thic ¢lectrovs enterin: the

lonization chuntere 7The rutio of taese currcents, iiich

g 1.
[}

cource cannot boe measvrea simultancously, Fylelds 1T, the

avers e nunber of ion-pezirs foitica ner inltisz1l low encr’y

eglectron. If tiic low encr.y clectron v lth cnersy L ev

T

prosuces K ion-poirs per initisal cloctron, &, the cverooe

enerzy re~ulrca for the formction of en  ion-peir is civen by

J

the ratio /K.

- ™

ctrons, as well as ] for electrons of cner.y

(‘\

1ren. e of elc

~

tween 200 ev and 2000 cve ith this information and tie

The prescnt instrumcnt is cuapnble of weacuring I, the

experiments11ly knowvn specific ionization ion-palr formntinn

pver unit track lengbiy, the exvorinentally cifficunlt o

P O - ~

neasure s, tho total track lonztih, ey boe ceterminoa o8

Tanetion of initisl elecetroan CNErT e
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Various particles, sucn as alslin-porticles, ncutrons,

protons, electrons, jamia-rays, x-rays, ctc. are often

as posscssing ¢iffcrent over-all pattecrns of

2 o

thiouzht of

lonization ey the porticles fly thiroush mrtte T™Te ulffer-
1 J

€nces in these potterns are worce Treruently emphasizca than

tircir cowron fenturese 5 111 be Indicated in the follow=-

ing; sections, a very signiflceznt frection of the total

lonization coused by the initizl .crticle 1s due to dclta-
'ays velta-rays ore the low wuner.y (a few hunared volts

Or Jess) electrons c¢jccted by the initial perticle from the
101 ecules with wnilen it collidcs.

when the initial particle traverscs a medlium with
Nexrzy ecual to the ionization potentisl of the medium,
there 15 a finite nrobabllity that the particle w11l yield

&1l its tnercy by an inelastic collision and an electron
Wil1 ve ejected from the tarzet atom or molecule with
Ne511-1ble velocity. It is vastly more probable that the
fTom or molecule 1is merely exclted and later returns to 1ts

SToung state by rauication. The atom or molecule may also

ha\’e 1ts kinctlc ener;y increased by the collision.
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As the energy of the narticle is increascua, the prob-

ability of ionization (electron cjection, ion-=rair formation)

iIncreases greatlys. hen the cnergy is increesed to twice

the ionization potential 1t bechies posuible for two ion-pairs
to be formea by the initlal rarticle. The iInitial -=zriicle

1s 1tself not rnecessurily involved in forminz the second

lon-nair, for tie positive 1lon or rore nrobadly the clectron
of' the first ion-pair may; be ejecteu with sufficlent cnergy

to cause ionization by collision. iince it is not only the

behavior in collision of the initial particle but also those
of" +the positive and particularly of the slow electron or

del ta-ray which contributes to the observed colllision phe-
Normena., &s the cner;y of the incldent ray or particle becomes

laxr ;e enough to form many ion-pairs, the rossibilities for

the secuence in lonization become very numerous. lowever

the total ionization can only be due to the lonization caused

by the conponents.
For an alpha-particle traversing air the ionlzatlon

Phenonena must be due to the alpha-particle, ejected electrons,

PO s3I give ions, and nezative ions. The negative ion is formued

by & ttacluncnt of an electron to a ncutral molecule or 2atoi.
Sill(le oxyzen 1is electro-ne;ative,zo the negative lons in
a . - .

ir woula be O,, etce For some target atoms ana molecules

tl . .
1€ re gre further comnlicating effects such as the crcation
ofr | . - ; . -
Ml tiply charged ions of mercury, ligt, Hg*+*, Lg***, Lg*t**t,

e
te, which may be formed by relatively low ener;y collisions,
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Ionization by electro-nc_ utive wunleculces, multiple ionlzation,
uissociation of the tarscet molecule, ctes vre cffocte of

seconuary iajortance cxeccot in l1sol:otea cases.

¥

A

wven in the wbscice of tho secondnry el foects moentioned

thhe colllision phenoncna renvin coiilee  Ionce we i ress

fromn the prescnt account to olictelr the hycical situction

.

&nae o rrecent a o0l o L inctrunont vileh v Leon

constructeas The follouin: =diicsks ¢ conficoa ©o leetrons

as thc incic . nt sortlcles  Whice bentvior of otacy Incioont

oartleles 1s ruvite il

cturt
vy less than

Tiie wevin
€leclon®? storbin- 1o o0 onery o of v clocteon volbe —nd
e «lectron is no lonzor conaole of prowacing

of thie clecbron, &, 1s tolien s e

[

103 .. ;
=091 guirve Thoe 1v:

liflu&r wlstzonee betocen thie enis o uiie trcce ?othie ¢loctrone.

4-

:-“W - [ Rl ) b . . . .
+2¢ total lensth of the brackt of the c¢lectron, ¢, is rlusrs

€ 3q - ) ; - et e
“QAnl to or _Jreoter thon the rense of the clectrone  Thoeie

is of course concideraeble statlstical voariction in bhoth &

=S o T e P e P - - . . i
MG ¢ for clectrons of 2o Siven encerl, e Lonce Lt 5 o4re

s Llic averole rrnje oane aveorase track longtl for o nion)

=Ll oas ©

© , y . .-
1"Oor0ns of bhe sinid LNCl T e



~xperimentally 1t 1s wuch loss wifficolt to weasuie R
tihen to mcasurc s for a perticle of _iven cncr_y. In

fect at tiic prescnt ctute of waovicu c 1t ocs not appenr

rossil

i

ple to rnicasure so lowcvel, in ¢n Ingirect nininoer so.e
<nowled e of the belhwvior of s cen be obtulned:
Let I e the ilon-reirs foiwod ver cil of tue truek of

the e¢lectron, =nu let I e thie touvsl nuntor of lon-nalrs

-

) LA ~

formea slony the tracik, Jhwen dii = I ds, or for o prrticle

of encr y V elecctron volts Ly = I dse The llumite :sre

<

siven in terms of thie encr_; of the clcctrone

The provlem is to inte_iste tidls (xnrecs.ion Tor LV.

4

Inis cemot _encrally e dome btecouse N7 thic nnknown Lrack
of tic c¢lectron. Iovever troe cocciflc ionliatlin T con

Do ceternined wiba oone exceriicnt .l securacy as a funciion

of trie cneriy wn. ren_e of thic clectrnn, o1 ¢ .y wrlle

I= (V). OQbLviously c~uc relotion cxicsts bBetuween s cnd tie
encr_y and rense of tiie c¢lectrone. Lot s = (V) = J(:), tion

Gs con be uenoted: aGs = ' (V) JV = TY() CRe Lonce tue

Iatesral for Ky crn be stited In these forms:
o

1
By = [ £(U) Lru) av = [ r(v) T duo= vy

<

whiere U 1s the sver _¢ cnir y nn o en 1oa-

-

V),

c1nvnled € of £

—
]

pair, Irom tho Tircb Intu_ral ¢love £ a
. o } e (e TR
V, cnd Wy, we ou it to be sLle to wecuce L (V). ZIurtihcr,
L3 ke RPN - N - . ¢ . ) - ~
vith accuit te vasare.enits of tihc ronje, I, as o functin of

tlee initlel cocr_y of tho clectron, Vi J(L) vy b deberiined

0o
= J  emareani) av

Ky
v



Proviaing we write oo = L(V); an = L'(V) av
The joual of thic erulimont hich 1s to be wescribed 1s
to nicasurc both the aver._e cncr_y for tie formatlon of on
lon-pair, W, and the ranze, i, as a functlon of the initile
encr;y of the e¢lcctronss The prescnt vwork deels only with
the aspects of the first problem, the determinatlion of the
ener;y for the formation of wn lon-pair. The following

dlscussion returns to the more scencral cace of the lonization

phenomena of & particle.,
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the averase cnersy, W, for the formation of an ion-pair
has oftcn been ascwiew to be a conctant indepenucnt of the
eneryy of the inciuent particlce It is now knovn that thils
conuitlion hinxlus only as long as tiie velocity of the particle

srester thean tiie velocity of orbital

()

1s compurable to or
o ; , \ ~ 8 18
electrons. In the casc of air, this is about G x 10° cuy/sec
wulch corrcsponds to 100c¢v €lections, O.: i.ev protons, and
0.8 liev alpha-pearticlcs, ﬁilliams41 points out that the
constancy of W is 1imclied in the theoretical result that the
relative numbers of excitution collisions ana of 1i:ht ion-
lzation collisions (in w:ich the encr;y losses are of the
oraer of the lonization potentiel) are practically inde;cndent
of the nature and velocity of tie moving porticle. The
frecuency of nore violent collisions will of course depend
upon the particle velocity, but tiils 1s relatively unimportant
as nexrly all the ener;y 1s ultim-tely olsclpated in 11 It
ionizing collisions. Below the velocity of orbiteal electrons
tnere 1s no theoretical julde. llowever, experimentel wvork
vith electrons, protons ana alpha-particles indicates that W
is not a constant but incrcasecs wlth decreasing encrsye
wxperimentally the deteruinatlon of W requlres the
knowledgie of the total cner;y alscipated by the moving
particle for the nwaber of ions formed. The aetceciminations

divide themselves into two groups. sbsolute deternineations
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residual ener_y of the article rust be made to detcoruine
the ener_y exnenuca 1In lonization. Thc 1lctter procedure

of course introduccs €riore.



Tiw ToxOnTullln OF LolTa-20Y ICLILATION

In 1216 by photo rephing the tracks of alpha-particles
in hydrogen et a low pressure in a 7ilson cloud chamber,
Pumstead® becane the flirst to obtein definlte evidence of
electrons raalating from an slvha-rorticle track. DBumstead
estimated 2000ev to be the maximun ener;y of these slow
electrons or delta-reys. Only a few excertinsnul electrons
had sufficicent velocity to emcrze distinctly, butb there
arpeared to be larze numbers of delta-rays with small veloce-
1ties, which formed projectlons on the track _ivin: it a

, . 42
rassed edzes In 1722 Ce Te e Wllson™™ studled the anjulcr
Gistribution of dclta-rays as a function of thelr energy.
In his experiments Wilson estimated that the delta-ray of
maxiium renge had a veloclty about twice that of the alpha-
particle. It appearea; however, to be ejected nearly at
rlzht anzles to the dircctlon of uotion of the alpha-particle,
and not along the linc of motlon as the slmple collision

theory woulw indicate. In 1926 Chadwick and rrieleus®

pointed
out that the results obtained by 'Wilson were misleadins since
the first 0.2 mn of delta-ray track cannot be observed be-
Cause of the ionization surrouncing the slpha-particle tracke.
In hydrogen at normel temperature and pressure they point

out that the most vprobable number of deflectinns through san

an; le greater than forty five degrees in the first C.2 mm

of a 2 mm delta-ray is 0.7 and in the first C.3 rm of a 0.5 mm
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delta-ray, it 1s 5.4. Ience the lonzer trocks should have
a forwara alrection. Tiitls was obeerved. Cince in air the
ran_e of a delta-ray of a _ilven wner_y 1s only one-fifth

thet in hydrozen; cnd the number of scaticring electrons

and the charze on the nucleus are rou’hly seven tlics as

great, the chances of deflecction throush a larze an;lc are
so greatly increascd that the aclta-rays will emerge from
thhe slgha-track at rendom. Chadwick anda mmeleus conclude

thheir study of alpha-tracks in hyaro_en, helium, air, and
argcon with thils surmary:
"/.s far as our obscrvations o, the results are in
accord with the view that the delta-ray ariscs from
the colllision of the alpha-particlc vwilth an electron
in the atoms througch which it asses. /e assume that,
for the uilstances involved in these ccllisions, the
alpha-particle and the c¢lecctron behave as point charges,
anu that the loew of force between them 1s that of the

inverse s:uare,"
lience it has been established that delta-rays are forwed in
& strai_ht forward manncr as the initlal particle traverses
Matter., However the ionization phenomenon of particles can-
Not vpe properly understond until the magnitude of the loniza-
tlon due airectly to the delta-ray electrons has been
©Staplished. The following sections will deal with this
Point,
There appears to be 1lilttle cquestion that a major portion

OFf the ionizatlon caused by the incidaent particle is due to
the secondary ionization of the delta-raye. In an extensive
S€ries of exverimental observations on the effects of radia-

tion on living cells Leag5 rcrorts the following importance
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Talle IV

DolTA-nAYS LRCoopIllG 100ev —ioi53Y FPaloo Cuu 3Y

LLLCPACLS, Palrols, & U allrA-T.alIC. S

Llectron rner:y w«lwmber of Ions FProduced by
Kev oelta-rayc per Primary Ionization
Ced 0.225
1.5 0004
560 0.c0Q7
6.0 0.572
2440 0.730
3640 0,806
192.0 « 801
84,0 0.920
slpha-particle wnerpy
ev
1.0 0.718
4,0 0.907
5.0 0925
6.0 0.959
8.0 0.909
Proton rmner;y
ev
1.0 0.905
2.0 0956
$e0 0.978
4,0 0.%81
6.0 1.005
8.0 1.013
1C.0 1.018

#Includinz tertlary elcctrons,
delta-rays proauced by dclta=-
rays



of aelta-ray loni.atlon. The colwmn =t the left of Tukle I

indicates tne ener_y of tiie Inciluent rerticle. e column

at the riznt Inaic: tes the ratio of thie nuwiber of ion-pzirs

for.ucu by thc delta-rays of _reoter tiian 100 ev encrly connared

to the number of inn-palrs forumed wlrectly by the initi=l
rarticles lienice for a O Lhev olihit=vorticle 0.925 as muny

lons are rroduced b, delta-1zys of c-.crzy excceding 100 ev

as by the olohis-vorticle. Lt the ganc tlie muny delta-reys

arc formca wiltin less tion 180 ev cner y.

3 - - - . . . . . ; . -
del te-rays =nd thelr ionizatisn prowects lacrease the over-

: e s 42
all nuwaber of lons crouted by coltio-riayse Ceo Te e wilson

Clves tie following experimcntul donta for a reasonsbly fast

al islja-carticle.

{
L

Talle IT
FiiogUalllY O ICH-CLULIons CCHILLINTILG

et

LBliDoind OF I0W

VoanIdol

4O e of Ion-Fairs in the Cluster 1 2 3 4 >4
Fre-ucncy of Cluster of this Slze 443 .22 .12 .10 .13
Let us assume thiet ten is the sverage number of ioniza-

thisn Tour ionizatlons.

ct
’—/0

Ons ia tie Jroup having nore
51" E Y . v v - I 1 -
S0 uly be ndecustel, lurge for even the fastost Initial
Ty s . s N - a B Ky PR
“articles becesuve of thie rarid decreasc in thae prob:bility

or One cun thien g roxincte the

Lizh encr_y ionizations.

e voerious ion-clusterse.

Total

1.00
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TACLn TtI

AoLATIVEL ION YIoiw OrF CLUST..iS
No. of Ion-Pzirs in the Cluster 1 2 3 4 >4

Relative Ion Yield of tiiis Cluster .45 44 56 e 40 1,30

Since a 100ev electron can on the average yield about
three ion-puirs, svoroximetely forty-two per cent of the
lonization due to dclta-rays is accomlished by delta-rays
of" 100ev enerzy or less. Tials 1s rrobably a lower limit of
their ifmportance. One can tnen show that 1.5v5 ion-uneirs
are formed by delta-rays for every lon-pair formed directly
by +tne aslpha-particle. Eence a little more than sixty per
tcnt of the total ionization is cue to delta-reyse. For
Pro tons of the same encrjy thls percentage is apparently
Somiewhat higher. Thus the ionizatlon due to moving elcctrons
1s an important fact in the total ionization of heavy

Particles.
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R, e . Cwr e e . iy v, .
LA Do iilann COCIVoLOTD 2 Ol Lol T LIl

GO Dy Ly obsLITVLers

o

oorest saount of work nas tcen
g woie ol tlhie

wIth conelderable dilsa_ree cnt dDeticen b,
Lehrin il On =T
Lehrinan wad Osgood™ ',

Investizetors sre: Johqson“l, 1°17;

=

o) D) & Y T 1 s ~ o fsad!
1227, scnmitZUI, 19283 Zucliinnn™, 1928; uisll4, 1620%; Thome
s tnu Gerbesl®, 19us,

\ < . - .15 , -
60r1~0, 1581; Freundt , 1GUC; Loiuiann

&nA Os_ood proposed the followin_ cumyiricsl relotion for

L, the number of fon-pzirs formed iIn =ir by an clectron of
tncr;y V electron volts.
X = 0.,0225 (V - 17) 200¢v £V S 1000ev

‘e gceurzcy of the ceterwinabion was probadly of tiic order

of +ten per cent. In 1651 this rclotion was confirmed by

I oy~ . L.
fhisingon for 50 to 270 ev clecctrons, as well as for Li_h

fneryy electrons. Tnowson chan cd the constant tos

K= 0.,0270 (V - 17)

&Nnd upon the astumnption thot the linearity hiolus for clectrons
OFf ©11 encrzies, W becomes:

o7 = 57 _ev
(V-17)/V  I-17/V

Wom

1 2 S 1.1 1. - e v e -~
These reletions aisasrece withh thie obszcrvations ol Freund.
<€ found the ener_y for thic formation of un lon-pair to be
= 2 . 1. .
©7 ev for 10 ev electrons, however thcere is reason to ~ucction

the vyalicity of thils result.
In 1955, Cocrbes, a student of wisl, provoscd the

following ¢cirirical rclution for s
2.

W= 51.02 4 5.27 (V-Vy) ® =% 0.C8ev
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Vi 1s the ionlzotion jotunti-l in ev.e Jerbocs bascd

relation upon the worik ~f _1s1 (9 to OO Hev elcctrons)

ti.lch he theoretic:zlly corrected for the unusurlly l-r_e
collection poterntiszls Lisl useu, 21d v,on tiwe work of
ri;;;elo ~1lthh 200 ev to 1000 ev eclectrone in nitro_s=n.

+i2€ plus or minus 0.0& ev cun Loraly be the cccuracy of

tize ubsolute wr_nituuse of &, for lie inaiviausl determina-

e _ ver ~ . “ . 1. - B
t1Oms of W by Lisl vory by sboot five per cent. Furtier,

Y- - . ~ e ) . 1
the conversion of ¥i__e's work in nitro-en to the er:ivalent

In oxy_sen is subject to lecact couc error, 1T not serious

€rrror, The Gerbes! rclation forr . does not hold for

the observations of IFreund. Aoosrently W hiess not yet

been detorained with safficlent scceuracy to deterine a

o . g oA
Vaiiad rel-ation Letween w a.d Ve
Thie work descriied in thiles thests hing

V&lwe of i for 1C00 ev clectrons ¢buorbed 1In sir. with

techinical luprovencabs sliace 1900 and the re-

the nany

prescat

.
+

POrts of esrlicr investi wtors as a gulde, the

s prument L=s been €9 consltructed thist ultimtely

QiVidual aeteriiinctions of W as a functloa of V uicy be

“lsue with an accurccy of plus or minus one rer cent. Toils

8Ccurscy will be ade~unte tn ascertsin the velldlty of

the expresclons vwhleh have buen savanced by Gerbes ad

Lehuenn e Oc_nod, for elcctrons hoving encr;ics betwoeen

2C0 anu 2070 ev.
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ciruber 1s sent throu I ti orifice 1-to wn loniz:oilon chruber
where trhe ener_y of Uhe Tera 1o otloel.obed In e fora Lion
of lon-peirs «pd othcr roccrrcss  Jhe nunbor of ioa-psirs

foruacu 1s mecsured £oa bile e corivred w1t the nuuber of

Incuin, electrons to veverive Uin wvel o nusber of fon-pulrs
foried per 1a1tlsl cleclron, e .10 the knovio._c¢ o7 o <nd

tie encr_y of the 1niti:1 clectron V, the avers_e encr j for

thie formotion o

foon 1oo=ralr Lorvy be cnleul ted By Ue

rels tion o= -'\/v/d‘.o

eee D _tlvinosnic ber

collector

Ionizatlion ciinauer Irraony cnse

orifice

X l/ leclcctron un) to
I ~ pumps

Gun chiutber

very hijh vecuwnn
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e cosrce of Lro: o Looluisl ot Llnon ooV b Yanal

PR E S e b e - A . - i N N N

co. Ll ouc Ly vate froon wod el \,1* NEROE ‘.",l);b L LR

) - R - - [ . -y - IR ~ O . .o - - t. -
I iDVEUWU. B O S O O T R e R T & O ) LR
ciim. by wes o or-ohod ot C.00 wlcenae o lose, Lo Aatbinl
electrons vore wloceto o b e Jloctros Dot ones i
orifice so tht Uiy vorced 1o Lo dle Ihantootinn ol cr,
L P v e N U SO O | -
La¢ nunoer of 1Ialtial oloctrons vog cebors Lo U X ¥ L Taun
L. . . LR P, . N betd , ‘ el e G
valeun Inoa Firadsy co_Ce Thoean, v U Poomnuntoa €0

tiu £ 1t covle e roe onvew Lfroan oo ot o the 1 ct.oont

¢clectrons to ullo, thwoo ~locbroas by Llsciprte thoosclves

Wilioin the Iontoating clhinore  Tho munior o7 lon=neirs Toracd
Ye8 ppeas.red vy oo 1lyins w1l osiilve o one_nuive cobentiols

tO force electinns nr rosiblve fons to Llie collcebore. T00
Steps vere noeedod Lo cor late ne obourvablon of I, Lkt aver-

PS

“C€ nulter of 'ou-puivs foraocd per 1niticl clectron. lrst,

"

4o .
“HrC initicl cloctron cuwrent wos ncuoarea by thie Foradcy
L€ seennd, the Inrodsy cooe wos roonvaen und Bhe curront
O 3 . - k) 1 . . - . - . a - . oo, -
£ fons fowica 0y these «lectrons wios meccured by the collector.

0 Lhiese nesssronnts could not be mede simaltancousls, curce
v 3

)
[
t
-
o

H

YL T token to wiabliwdze the vari-tlon In the nuiter of
Clectrons cotering the 1o izavion chazebor wuring an otuorva-
Lion of ¥. 4he wcterwlatinn of K convisbed of a conaricon

OFf two currcnts ro_istorvew by a o'irsonvel vwall _alvaroucter.

To a:ly the relotlon W V/X to detcrmine the svero e

Cacroy reculred 1a the for.attion of an lon-peir, two conul-

dod

L)

tiong st e satislfica. Tirst, the 1aitial electrons must

suffer so neny collicions witihila thie _os of tlie lonlzatlon
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chancer that tie toralnus of thicir truack lles within the
liuits of tiae pus In the chmmbor. nis conultion, culled

total &bsorption, must a-ply as well to Lhe uelbta-rays

o

1

formeu by the initial clectrons. osecong tiie 1aitlal electrons
viilch enter the lonilzetion chaumbor throush thic orifice shinuld
be luacntical, mono-ener;ctic. The first conultion was satls-
fied mainly by adjusting the sressure in the lonlzstion
cncinber, ‘Yhe details of tiils w111 be _iven 1In a l=ter
sections. The c¢cond conultion camot be satisfied exactly.
I'owever, as will be seen later, it wss possible to satisfy
this condition to a _ood eapi.roximatisne. Thce encrzy ulstri-
bution of the initisl elcecctrons was detcrmined by apzlying
returaing potentials to the Faraugy caze to prevent the
collection of electrons having an enecr_y less thun the
retarulng potcntlale Uinfortunately these retaruing potentials
could not be aprlied with the jus in the ionization cho.iber

et the normal pressure for total absorption, for a _aseous
uischirrie vas formed in tl.ils case. This 1s a source of error
wiiich ca 'not be reuwoved from tinls methoa for the detcrminction
of e The present work hes aone wmuch to reduce thils error;

it 1s now bellieved not to be significant.
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LRoIGH COcIvelalIcls

ror the Ionlzstio-n Chouber

“ne bocy of the ionizsztlon chuuber 1llustrated in
F1 ure 2 was fabricuted from three-el_hts-incli boller plate
end the tuirty-by forty-inch door from one-inch hot rolled
stcels It was deslgned to witiistana en extcernal pressure
of five atuospheres with safety. & twelve-inch sphericzal
collector useu in preliminary work 1s shown in position in
F1-ure 2. The me jor daimensions o.f tiic ionization chauber
were cnosen to allow the tank to enter the luboratory with-
out the remnoval of any wallse. whille 1t 1s desirable to have
thie tank as lerge as possible to rewuce the pressurc
dilfrerentisl between the ionizsiion ch=aber and the _un
Chiamber, it did not anrear feasible, for reasons of exncnse,
to o veyond a volure of one hundre. cubic feet. T1he use-
1l voluwme of thils tank is about Lifty times as grest as
has veen used in cvrevious experilmcnts. The shepe of the
lornizetion chauber was chosen to approximate the envcelope
Of <{he furtiest penetrations of the initizl electrons.
Thi s envelope hias en axis of s;mictry alon; the line of
fli;ht of these celecctronsy its dimension should be greatest
1n the forvieru dircction. For the 1l:r_e scattering angles
b""‘:L‘e:cted, the forv;eré cortion of the envclope would be

oo ' roxlastely a nemlsphere.
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o —

Figure 2. A General View of the Equipment
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PR ., - - . N - . N .
1o twenby- by tidrty-iach coor 11lcobested 1a Pioure

S allows access to tlie taberior »0 the Lol foi cle T

(=3

s lerge woor Is porbical:rl, eceusontbicl £or the inccertion

reqe
Lii

"

of the lor_e sheet wetal lites :sed to colleet ion

Vacuun Lemuircmceats of thice Ionization Chwiber

Yo obtzin o cleecn san le of eir on w.ich bo ceteruine
Wy, 1t 1s necessory thot Lhe innizatina cherber first be evac-
uatea to wt least one=-hundredth of tle o,er tin_ -ressure of
fifty wilerons beforc tie introuwuction of tie sir, Froooures
&s low as 0.00 ulcerons can be obtalincd -« Ltiiin tvwenty-Ffour
Lours rpunping tilice.

A poteatlally leorie source of leuwxuj . wey be oxccted
alon;: tie one liendared twenty 1nches of vacuuwa scal reculred
for Lue iontzotlion chwnber woor. he sexl employed vas
Dased uvoon recori.wnusbinae very willio_ 1y furslsied by o=
Girtions raboruiory, university of C.liforala. &L scetlon
1s illistrated 1n Fi_ure 4. 4 couparlson of Fijures & end 4
Indicates thut the seal comsists of tuo rubbor Caskets wounted
In jrooves ©o waciined Into tho woor thet the .wxinun souecne
a&ppliea to the rubber _ssket is licdteas The major rortion
Of tie ei_htecen tlnusani -ound force excrted on tic woor

by ct.ospueric jressure 1s supportea by nwhbal to motal con-

tact, =00t hioles 4 sne B3 allow the cevacuatlon of the

o) e

Volume between thie buo rubter Jsaiets 10 declieds

1n the evenat of

i h] Al . .
1901 the punp-out noles 1s two folu; first,

leuks the psressare alfferential scroes tiie Lomer soal co.ld
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Figure 3. Interior Surface of the 20" by 30" Door
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be rewuced snd withh 1t the o _
ia the locatlion of lewiie 1t 1s procenncs thivt lovicg 1a clther
of tiic _askets rney be locatew 1F Ulie re_dnn Letucon Lhc
sasxkets can be cvecu-teu o thie exbie
analjzeu., Thie ool sozl 15 co erticofanctory thizt oaly one
casketl 1s used zau the cu p-oub inoles Tave Leen swnled.

Ine rubber cackoets ure [orwcu lromn slaty-waro.aicler round

o

quarter-inchi Il'eoprene ro.e vy cutlia_ tiic rope at a fort)-

five ae_rce enzle snu vulearinln g at the corners.  fhie

maxinmum soueeze on Lhe “acicct wes intenceu to ve tueaty
per cent of tie dlanmeler ol Lue _esket, & faclor of two
creater than the ten per cent s-uecze wilch 1s usuully
satisfactory for vacuum seclse It 1s fortunste tnat a tventy
per cent scuecze vias vsed, for in the process of vulcan-
1zing the gasket atbt thie corners, the ciameter was reuuvcced
by ebout ten per cent, leaving ten per cont for an aae uate
seele

welas of tué one hundred per cont poenetration t,oe
wiich are inaiceted 1a LI_ure 4 were used tarou_hout the
lonization chumber witihh excellent resultse Ior a onc
hundred per cent penetration weld, one or both of the mab-
ing pleces are sround to a "V!" edge and the weld applied
to boti surfaces, thus greatly reaucing tue possibility
thot blow-holes extend thiroush Loth welus to form leukse
Since cnaciuwrable heat is generatel in the wielulo, opera-
tion, it is freocuently difflicult to prevent tie veaerning

OFf piecces that are belns joilned, particularly 1f thedir
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tliicknesses and nence thelir heot curr; i3 copocities are
culte aifferent. The fobricobor cren ovorcone warping to

a consiuerible cxteint Ly veluln £t nuwcerous s:ots to join
the tvo pleces with 1ittle hcsnting sna thon proceeains; with
the runi ing vwelae Some welul il stesins wre inevitable but
toe wer ins 1s usually ot botheroone If the strains are
symuetricel to the welc. The deslizner can wo nuch to in-
creese tae syrmetry of wil.dn, ctreingse.

The twenty-four btolts ab five onu é half-inch intcrvals
forced the coor anu tie nating (late to yleld to cach other,.
Tne uoor ana its moting vlote are ~ultc nlane. TFowever, in
the unbolted conuitinn, iliere was a wed:e betwoeen tihiem of

S

about one-fourth inch at the jrcatest rolnt. This wes auve

to lack of alignment of the hinjes of the door.

Vacuun :eculrements of Gun Chwuiber

Upon the assumntlon thst the dimensions of the small
orifice conneccting the gun ch=nber =and the lonization
chitaber were smell cowporeu to the mean free pzth on either
siue of the orifice, one nay calculate tiie net flow of _as
from the tank into the Jun chembere. This assuw tion wes
nNot strictly valid but could be reliea unon to yielua the
Orier of nma_: ituue of the erfusive flow of jas. &t fifty
“ilcrons the mcan free vnath of an electron 1s of the order
O 1 mm. for a tenk pressure of fifty; wicrons oy oced by
the oun chiznber prescure of .05 microns on oprnosite sides

O an orifice 0.0l inches in rauius, eccoruing to e i tlons






aevelopea by Duchuenn, tie "conwuctznce of the orifice
was 20.1 cmg/sec and hence the effusive flow inato the w
chizuoer was calculutecd tno be 1.0 icron=liter pur second.
(Tue cuolce of an orifice C.01 iachies 11 radius w111 Le
vlscussea leter.)

To rorove tnls _a2s ot a larpe rete conporea to one

%
65}
e
Q
n
@
3
=
<
-

ilcron-1itir per sccond a aiffusion pump o

ceconu &t

2

o

a pwinlng spcea of fiftecn mlcron-liters
10-15 e of mercury. . nlcron=1litoer 1s a unit prorortionsal
to the nw.ber of _as rtolecules; one mnicron-liter e uals a
liter of _as at a ;rescure of one nilcron, or tcn liters of
Z&s at one-tenthh micron, ctec. The wistillzotlon Prouwucts
Inc, Vif--00 thrce-staze oill aiffusion puwin was chosen
becauce 1t had en aue runte pumplng specds The chiolce of
Duips 1s restricted to oill aifrfusion pumos because »f the
€low pwuping specd of nercury «iffusion pumps of compcrable
Cost,

The Viir-2380 re ulres a foreopressure or exhinust pressure
Of oune-tenth ma. of mcrcury or lower for satisfactory opcra-
tion., ite pui ing aetion stalls i1f the ;resrure wiffceronticl

1

Owver the v becnnuos tono liv_es 1 Cencon=Hyporvac=10 was

o

Criosen for tiils tosk. TUhe Cunco=il,oirvac-5 has a suaping

LSoecu of toout tuenly-five lcron=liters per secone =b one-

Le

th reae of moreiry asd nence it 1s cupoble of creetlia a

N

Suffictently low forcprriviure for bhe ViP=-2:30 aiffuclon

Duamp.  Sullivan™ (1¢:70) sives a finse occonnt of modern

[2al

“ameing techinlaves,
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Figure 5. Electron Gun Mounted on Endplate
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conuictor scen facs
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Lle

connection &nd
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correr

solder in contzct

sted 1a i_ure 2 e heoavy

tenew th thie enanlsote in the come 1 ure

tor cable delivering the elzctricsl sor-

r tha . ooctbsl socket mioanboa Lron

e
¥"J.‘1 °

¢nd 1ate =2nd =n octcl Hlug JHolnea to

uctor canle 21lo.c¢d convelont

connechbion of Shie eleetilesl services to

corvices wore rmossca btnroulh the vacuum

Cuse wlies wiodco wore insulasted from
rber=lacii cise of wekellte. Iloles snu ly
irecs were wrillea tharou’ iy thie baiellte and
as placed on cach of tne buss wires =0 that

it the brkellte su_portea the thrust

vacuuim seal wrs made by melt-

of at.ios herlc oressurce.e Th
ing flicenc to covur the woints of contact of bakcelite and

metal. Zaxelite

v
sucn as rolystyra

satlsfactorily at

Further, in tils «

to ary in vacuum a

e, for polystyrene will not

2s used ratner thoan better incul: tors,

stand un

the to.vcerature neeaed for nelting Flicene

periaent, (olystyrene showocd a tenacancy

nd develor a cracking or crazing of the

the vacuune Toils was very troublesone

surface expncea to

as the cuality of & vacuum scal depeauss uzon the conwdiltion

of the surface for seslla;., The bokelite incul: tor has been

In scrvice for two ‘s witiiput eligns of deteriorstion.

yedo
S

~s 1s shown in Figpure &, the lass envelope of the
catiioae ray tulbbe 1g brolien 2t about the level of the



deflection plu=tes. The rencining pgortion ol the _luss cavelo. e
serves as a suzport for ‘hie tube elements. The clectron jun
after recoval of tiie [lucc wnvelore coalw e roburacd Lo a
reasonable vacuow vwiti.in five wlactess lowever, tubes tliich
vere open to the oir of the litorulory for two wecks did not
appear to e ap reelisbly effeecteds  livnce there was little
reason to hurry the installstion of & new tubes The vutiior's
results are In gZrcement vith thonsc of Sachuan®,

Thie electronic circuits er:loyeu to onerate the eclectron
gun are sibiown in lisurces & ana 7. & nejative potenticl of
1000 v or less was stebillzed 1In a strelgntforvarua way by a
series of volta_c re uluting tubes. & well resuloted voltage
sun:ly, carable of proviuing more than the necess:iry currcent
can be obteineu in tiils menner 1f the VI tubes are chosen
carefully. &about thirty rer cent of new VR tubes are nolsy;
thet 1s, tlieir conuuction pattern anca hence thelr opcrating
volta_es change in & ranaom manner. It seens that the cis-
charge uoves about vithin the tube causing the varlation in
voltases If the VR tubes Lave been used before, their be-
hevior is further cowmrlicabed by their past opcration. Thils
alfficulty can usually be avolded by orcrating thc tubes at
the uceirea level for a period of a week Oor co. wven new
tuves should be oporatew ot the ueclred lovel for several
Gays to see 1l tuey wlll develop a statle mode of discharge.
Dest results were obtained if the VIR tuves are kcit in

continuous operstion.
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an esccllent account of clectronic volta e re_ulators
is Jlven by fuant ¢hu ilckarn®Y, Ior low current, hih
nesative voltsa_ce, coastast locd tiie "' tyne re_ulction is
exceedinsly soous a Mimu' tyne re_uls tor vas uscd in e:rly
work withh poou success. Iowever, the sctiod of voltale
licasurenent widich wus nscd recuireua currents of the nider
of &5 ma. The ™mu" ty-e 1re_ul-tion cowmot wellver corronts
of tuils orucr tecaure of cxcesuive re o ulrcaits on tubcce,
The Vit tute nctwork sihown nukes a snmewhet inferior volto e
resul=ztor but hes tlhie nccessrry curcent canacliy. Subse-
quent voltage ncasvrcacnts cho .1 be 1de »ithh e uipmert

of ni_her interncl ligpcunnce, in ooich case tne Mmu" tyre

a

re¢_ul:tion mey ve used, for the carrecnt re ulrciwents of

Eal

the electron jun 1s of tiie orucr ol ten milcroosiiss

Fioure 7 1llustrotes tiie resulcoted low volta_e pover
supply used for the cdeflectlon voltasess Tuils enlojed the
ctte-tyoce resulotinon In wich virying loacs avd varying liae
voltese are re_ul: teds The output impecusice of the rower
sursly was thrce olvns at sixty cyjclese  Thie outrat lipearnce
I1s freucnecy aepencent beceuuce of Lhie proscace of the con-
aensor Cye & serles of cry cells wecre somctines used @5 a
voltaze suprly for the deflcction vlates to avoid cixty cjycle
hum.,

The _reet ctobility re uircd In tlecse two power sup lies
wes necessary to obtain a sufficlontly nnno-cacr_ctic beon

o

of corctrnt v _ailteucs The zceclur-uclog volta_c, of ¢ ric,



hau to Do conctunt In tl we 00 o ulbtone of e Ccorion
enteril.; Lo Iomic:tiro ¢ o
s L

uzon the positlon ol Lhe Lonw 1th res cet to the small

carbon orifice. Thc _ovitlon of L Lorm wepends an botbh

)

tue deflcctlinn volbs_o wnie tlic ccccleration volbl: e.  The

luzortunce of the vcceleritls; volts o in walntalning a

consbant initlel clectroan currc .t increanses = ith increasing
agellection volto e

The aeflectlon sensitivity of tinc 331 at 1000 v ac-
celerating potenticl 1is z2bo.t forty volte our iach. The

deflection 1s elcecctiostutice IT thic Tocus of thie benm 1z

tiie position ol the hoewm iy nob vory by Lore thien a fow per
cent of thie dismoler of thie cunll orifice witiioat a concld-
erable chwen e in the mo ituce of tie clectron stroom entor-
ing the ionlzation chwmbere If on the other hirnd the focus
of the beam 1s l:r_¢ com_zrca tn the small carbon orifice
end 1f, as was founa to te tne casce, the current dencity in
the eloctron becam 1s aucroxinmetely const-at over the vhole

cross section of tlic beam, thic position of the beam 1s a much

cal functltion of tlic currcnt of 1Initilal elcctrons

=
a
w
w0
o
H
|
ct

enterin. the lonizatlon cliwwber, Finelly, 1f the focus of the
beam could be m=de small conipared to tiie ulmencions ol the

small orifice, the re ulrenents on the nosition of the bean

W

vould be less than in the case »f a towma Laving focus
compurcble to the uilmenslons of the orifice. Wie electrons

whichh were used were not cupable of fomwing a focus smnll



couparea to the uilnenuinsnn of the orifice. Mis certalaly
was puartly wue to Lhoe -uclity of thie clcetron ojptical
systems Lowever, 1L (1o 1d T2 e oblonca tint charge con-
centrations could he foraec 1 tle vtonm »f Lhie _un such that
iutual repulsion woula [ zevent the forirtinn of 2 focus snsll
compared to the orifice. .ccoruin; to Drchiin™, the ont-
verd raciesl ceflectlinn of tlie outer cvlectinns of a beam of
raaius ry ci accelercted by V volts snd carr;in_ a current
I ameres zlong a dist:nce L cm 15 lven by 0.76 x 104 I
V-L/2 L2 ral. Tor 10COc¢v elcctrnns, let I be 10-7 TANGTES,
let L be 20 cm, ane let ry be 0.0C5 cm (one-Cifth the rawlus
of the suwll curbon orilice), lien tihe outward radlcl de-
flection of the outer clectrons Lecones 0.002 em, winilch is
coiy.urable to rye Therefore 1f a il h nuallty electron
optical system wvere usca, for 100Cev electrons, curreats
less thean 10'7 amnperes should bHe usea to prevent masking of
the uelity of the systein.

If currcits of the order of 1079 anpCres were used,
at wiiich mutusl re:uvlsion woaild no longer be a Tuctor, tiils
current must be rcad (for one ner cent accuracy) to shout
10-11

amperes.  This in turn vould re-ulre the inculation

usea in thie lsolution of the curient carrying notooris to

o

Yo yaeny r =7
I SO

meet wore stringent conaitlions. TFor er:in;le In the I
cage netuork, vwhere as ni_jh as 1000 v 1Is oplicu to wetoraine
thie velocity distribution »f tlie ¢leuctron viresm entoring

J o)
the ionlzation curaber, a leskage carrent as conll as 10-11

amp would re olre a corrcclion of the obeorve: datnae Lo



obtzain so s.all a conuuctlion current thie laiedance of «ll

the insulotion re vired for thie civrent corr 1o noetrork
A A
nust be 101% onms. In the ro_ion of 10l oluis, the concuaction

of wolst alr becn.es o focior, wood beconcs o ennductor, even

Sless conducts turou_h a scurfuce Tila of wmisturc,

<

or these rcosons, lnstean of foraing a i i ouelity
electron optical ryclem #w welln_ the rorve stringent in-

suletion ré¢ vlrcments, a convetlonl cleetinn Jun wes used
- - -~ Fal <Y N [y .'8 v, ml

at curreats of cvout & x 10 superése.  The Jun was usually

operateu 1th a brosd focus to winisize Geflection rooulre-

€1 US e

e¢lectrons

It «ld not & enr to Te l.rortont o

47

tlic; prassew

moved in sli_nhitly convurooert or wiver ot vetlis uas
throus i the orifice. witroct cocelal study of the proulem

i1t vouala scem thob s «1i_ctily coaver_ent boow vonla be pref-

(-] v

e N

ercble, since scuvtoring froa e wells of Lhc orifice Huld
3. - N Yiee Ve - - S aa P
cliere Ly 00 TECAICCU e

Aas the encr s of the 1.ocldont clectioong wrs o iiccd,
the 1. ortarce »of Liie ab tul ve ulsiosn of thic e¢luctinns Heo-

come Jvesters  Dorbtors tely =wanthior officet tenis to carcel

thie ciffic .2ty oac expceetbn wie to tioe corcenading o0 taoe e oiag
Lt Lg, o Jower cacr_y 1Incluacnt electrons & lower Lo

oroevsaie 1s reculieaw for Lotal ebuorption of Lie beom;y tihils
in tirn ¢llows the vec of a lrr_cr orifice conccbiog Uiic
ionfzatlon cheaber tna ite Jun cheabor withowt Inecre clng oo

.

effusive flow beyoud tolerible 11.0ts.



fhe heeter volta_e for the electeon Jun wes sapelicd

LUy btwdy culeson cell boiborice,  The voltu_ e s av:iloble
In le2 v sters with 2 t.o o m cojustible recistinece lor
Gijuctient witiln there sltopes oCivon cells retsrin Lhelr

PN

chrr_e for & conricer:ile len_thy of tilue with the low current
wrein rev.dres by the elcetron Jun (0.8 sups)e & Zood
Quelity lena stors_e cell wonld nuilntesin a nore consts ot
Voltajes Ulic conctoney, of the heuter volbtooo 1s 1.portunt,
for uny veristion in e:iscion of the filowment vill cuuse a
Corresponuin; variction In th. clectron curront nassing
tiirosu i tie s121l orifice,

The controls for thiv c¢lection _un were centrallzed on
& board 1llustreted in Tijure €. The functlons controlled
Trow tihis bosrd include fine and cosrsc verticsl ana horl-
Z0ntel deflection volter es, control srid biles for the _un,
€tc, Jlie 35F1 cathode razy tube shown in Fi_ure 8 was
€lectrics1ly in prrellel with the unlt mwounted within the
un ciober.,  Its purpose was to sia;:lify the croblem o

n.: ithe stream of electrons on the sxall orifice

(]

I

POsition
COnuaecting the Jun chunber oad the isnizstion chuabers. It
Vitis particularly uceful to indicote the focus of the sun
CLerating within the Jun chimber.  whis concition wes ac-

€O 1lsied by placing the orifice in the _un chmibur ot Lhe
O sition foruerly occusled by thie fluorescent scrcen of Lhe
C& thoce ray tube., hille the comaercizl cathouwe ray tubces

Vary s13-ntly 1n operating conultinas, they are amezin_ly

lcientical, and one 1is never fer from a chirrp focus conultlon



Figure 8. The Control Panel



PO ]

on the sun in the _un cro ber 1F Lhe oonitorin, tube is
snzrply focusede s long oo the focus on the _un in the
cun chemuer was 1 r_er tizen thic orifflce, a <l rper focus

couvld Le accorplivhivyd by minimizlag thic veflectlon voltese

L *

re alrcd for the electron Leesn to sweep tie oriflece. The
raracay case or the collection plute was used s & detector.

e monltorin: tube furalsi:ed a visusl account of the
aeflections epplieu to the _un; this olded in loc=ting the
teamm on the orifices Cnce the oriflice is loceted for a
particular jun inscrted in tie an cheancr, the location
of tue lue_¢ formed on tiie :vaitorin_ tube wos isew to return
thi¢ eluectron beam Lo Lhwe orifice cg long ss the _un hnag
not chwn_ocua or becn visturbuvws Lo compcnsate for the ue-
terioration of tihe culssion of the jun In the -un chomber
vithouat burnin_ the fluoresceat screcn of the monitoring
tuve, thnc wmonitorin_. tuve was sa>plled By an indepcndent
filanent sunply conclisting of €48 V transformer whose pri-
mery voltase wes controlled by a varluace. The enlsszlon of
thie onitoring tube was set to correspond to that of Lhe
cun 1In thie _un chamxber.

The use of the modnitoring tube :rovidea a mcans of
visuallzing the oper=tlon of the _un in the gun ch=moer
without the need of umre comrliceted measures wiiich mi_hit
e texen to view tlic oper-tlon of tiie _un cirectly. It
was more satisfactory then a bank of meters indicating the
voltages or currcents dellivered to the june.  The wonltH ring
tube was placed in a locs=tion coavenieat for continmal

obececrvation,
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Olhicr _lectronic ¢ w _lcctstenl Ohaomnints
Teiyes g -- L e LA e e - RN . T
o DTIEany Clo oo, i_ure O, wen Lreuw Lo o devor ol Uha
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ce o Louae oo b ero T oaicteitotlon of e eloctron
stresili cnbosln the Yosiua by cehicoloer Frow Lie um Civ . here
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& Lliicnslons 28 e entrorces COo o Lhe Ivrols s 0 e
such s Lo | rcudct coture 27 2707 per conb af (lLic chior_e
- 1 . [ ‘ - T Lo . v BRI oY ot YTy e
catering tic Ch_€e  Dun Dorun, coow os adjusteble Cron
4

ovteive Live vicuu gysteme orceo Uhe clectron stiesn e tor-

Ing lue doalzstlinon e e coolu Ve cu turced or r1llovew to

Crenuw Iteelf oo the _ce i e Thrlzeoiion coorore Zurtier,
thie roelitlon of Ule I raccy co_o o el burin, Lhe c¢loctenn

streem wus cxzcetl, ro i ccecbles Do X oroon, Co 6 cod Lhe

electrical circult re-nve iiooelhnr e exllocved Treom Lhe
Foroway cale was sidlelacd o rrevent ooy cter o froa bhe _as

v [

1. the currcent of tl.e electrons

of bLi.¢ tank Ln e 1vclucea o1

cuplurca by the Ioraccey co o s thoy enbtercd the innlzotinn
cruber Lordou ir L small »riflces.  The sycton saticlyiog
tizese couwliinns 1s ¢ ovmn In vi_vwre 2. Uhie Inroca; cr_ e

rotzted woout & vertlicnl sxlg; niotlon was beoralitea By oo

flexivle coliu sprl g brass 1ods  Lls wntlon vus trooelited

1 ' PR N . - O ' - . . ~ DN el e .
tiwonu i the vocuum vell B use of =n O-rirg scol=%.  Thie lur e
bearing surfoccs ard closc Lolersnces uscd on the ninje on

wirlch Cheo Tirawsy cose rotated nicintained ¢ accurate vertical

ev.o bhorizontel pooitllon of the ' rao. ce_t Witk reoocet oo

tine gun1ll orifices  lon, the line of f1li_iit of thie clceciron
strezm enverin. thie Inanilzslbion cuuamor, the cepareiiny of

e ouiell orifice oo Uil Zopndty Cmoo vas wehor o inod byoo



Figure 9. The Faraday Coge & Carbon Orifice




ot

sultable stop azainst widlch the Tursaey cu_c reslea ander

tension from the crrin brass rod.

The portisn of tie o rad-y croe visinle 1n 21 _vre 9

Is a siilelu wiiich fitlcaw over the Iredoy co_e bto nrotect
1

it from stray chwerzce e | obentis=l o the tnlcle wes thut
of the loniz:slinn chicilbir, Zroand. Thce coauactor coryryiag
the chur_e from the Inreasy ca_e wrs nluo shleluea from

stray chrrje by a flexitle tubulor cohncuctor =t srond po-
tenticl. The inculaitiyrn luosice the tubulsr conuuctor wos

sall pluss tunlag broken 1In one-Linlf inch lengths to _lve

tiie necescary flexibllit,,

1C Inrewsy ce_oowas laopowlutlon to cupture tie

— F

whien bl
elcctrons entering into thie taslt, thace cpucing of Lhce siell
carbon orifice «ua thie Trrnozy ¢ o wus no shown In i ure

e P
L1lCce oL e

=

e scpuratlon of tie ¢ rbon orifice cnu h.e ov

Peruuay cage wiee Co100 1nchivsse It 1s over tinls re_i-n Uit

} e . . . -
the poterdalns potunti 1s were 2 licu to o e¢lectioae
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An lon Gollector

Figure Il



conelstou of too citeinloces ob 0l oo ie i ericel eolu o s
froa wideh Lol oo It el o romvod, Doy Loi
supported by, w oo Tells Lol T [ERTU N Fuh: IR VRN S o
&3l exbenadln, tlrou_u e Ioalzotion clhivvwtoirr well o corve

s fn electrlicil covmoctinon o ilue s Diewrc.  Thils sphoricul

ny

collector waos urefl if manboa cone “bric itk the rou hly

nericel s o »f the Lonlzotisn civuibere One cHould thon

cclculte to a _oow = 1oxic-bi-n the electric flelus ex-

t in any portina of the ionly iion chwlere he
Collector illucticted 19 T1_urc 11 hizs a concid rably
lerser surfece arca. It wws 1ooul tea from the ionilzation
Cliamper well in a rlsne approxiactely normsl to the
Gircetion of fli it of the incident c¢lectrons

The collectini of tl.z lons fornw: 1In thic ionizatlion

Chiauper must be at such 2 rete ti:et noae cre lost by reconi-

ination (en clectran recoubining with a gosltive iom); and
at tne scane Llae the ions nmuslt ot We reroved vithh such
hi:h electric fielas thnt they wcrc cepadle of foruning uore
lons by collivion with tihe _us wolecules witiin the ioniza-

e

tion chaubere Jo Jeo Thiomson®

(€]

discovereu tiint thie sironzest
fna weekest flelus that satlefly both these conultlons clffercd
In magnituwe by sliost a frctor of one hunured. essurc.onts
“ 1tk the sphericel collector inuicated that reconbinstlion
losses becuue ne_li ivle for electrons &t electric ficlus
Crester then 0,01 v per meon free pothie This 1s celcul:ted
On the asswiption that at 0.8 microns the mecan froo neth

Of g 100Ccv electron 1s twinty five centimeters. The prouuct

Of the mean free path ana the preccuare s erproxtuctel) a
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1

constant, Incre=sia_ eli_tly .ith ‘Lo onersy of tho c¢lectron.
Ifhe mean free peth A0 20 clectron 1s ayorroxtlmotely 4VE tices
thit of an 1on,

at a I1¢ld of one volt por ween free wath, a aetectable
nuuber of lon-pairs wore for.ed L, the chtrze wizr-ting to

b

Thie collectores Lince the filelus ceveloped in tiac inonizatinn

chiziter were never o.iform, tiie volts_ cs svuolicd to the
Collector could not be verl-o by o factor of one hunured
and still coliect nall ani only cll thie 1ons beliny forimcd.

lhie electric ficlus cveryvwicre in tie lonlzatlon chouber

fast fall betuween 0001 v ana 1.0 v er mcon free pathe.
A usuble collector it one .hich woes not form fields in the
lonizntion chamber winlch Giffer in wagnitude by a factor
Ercater than fifty end hence allows a factor of two voria-
tion in the collccbor voterntizxl. The sohere In Fljure 2
formed fields ciffcering by 2 factor of aoout tiilrty, the
Stainless ste=l suhiect collector illustrated in Fi_uvre 11
fornecau fields Giffcring by the sane factor, mainly due to
€4 e effects., To reducc thesc ease elfects, the euges of
tlie shect vere rollecd over three-eljhthis-inch steel rods.,
Thie perforicnce of thiese collecctors will be described 1In
thie ccctlon on operation.

The mecasureavnts of the currents from the Irraway ca_e
And the ion collector were nede with JS'irsonval ws=1l salvanon-
Cter., The _alvanomcter had a sensitivity of lo‘gamp, a full
Scezle (25 cm) deflection for 10'6amp rcad to o nm. The

©lectrical system usea 1s indicated schematlcolly in Fi ure 12,
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TO COLLECTOR} I'TO FARADAY CAGE

\r

A

=

CURRENT MEASURING NETWORK

Figure 12.



The collector or Ierulny ¢t 2iid bt Jzlvandieber opersted

—

=3

atv the sae potentinl. Thoe iasulition probleus vere sl ler
with tois arcsogenent thsn o 1th thice pote tisl applled only
to the collectoir or Tarcauy cs_ce lowcver, the lutter nore
conventional oricatatlion was triec 1In oruer to verify thnt
no unusuzl effects exict wue to the Li_h votential of the
salvanoumecter. ot rositive 2no nozstive cotentials could
be a: lleu for tiic collectinn of c¢llher elcctrons =nu neja-
tive ions or positive 1onse leturainy wotentlels coulu also

~

pe applicd to thic Furawy cnjce

To extenu the Sbnﬁithit; o this _alvunometoer to 10-11
asips, & DC emplificr was usels The circult for the anplificr
is shown in Zisure 13. 4 serles of five amplication scales,
each aifferia; by « fuctor of ten, pereltted wmcasureient of
currcints of & wlue ruine. The scales vere conslstent with
ecach otner to one-half per cente Thne calibration of the
P

a:iplifier was cccoinliched by acternining the deflectinn of

the galvanomcter os a function of the voltase applicd to

the grid of the first trlode of the CLl7. Irom thils and

tue knovin

“

“rid resislonces ﬂl-6 thie current gencrating a
farticular jriu voltu_e and the accounpanying galvanorcter
deflection, the _ain of the axnplificr woas coleul-teds. Ze=
Czuse of thie lincerity of thie res: onsc of tiwe tube over

tiie 11 .1ted resion of opersiiom, sunll _rla lesxa_e curvents

~

Cxtused no ailflculty. Since 1a thls cxpor
Interest onl,; in the ralio of the Ioroos, coge enrront to

tite¢ {on collection current thic accurccy of a.aplificetinn
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reruired of the a.nlifiler 1o sotilcfiecd by orecisinn roristances

v

iy throu_h Hg, ¢na tro 1lacarity of the = lificr. Varl:ilons
from tube to tubic cne varl tinns In e opcratiom of a “iven
tube wvrin: 1ts 1ife .1 rot offect tie prosortisnlity of

1 . e

tlhe sceles of tioe = lifler, o soblor bow thc [2in of tle
oo n1ifice chian_ca excr pt In crec wmueuelly 1-rge _1la cur-

rents ueveloycas Lo e _old curicoots Lcore fccon cniso by

I

lar e chern_ce 1n the "zero” ol e _alviowcter from scel

~

to sceole.s It wne cnoy to wobtoet rnd reneuy Lils clstiibrncs.
ceecnuse of fre Pl current sonciutlviiy of i 2] -

Vanouweter, the o 11f1ce w o concltive bo sdceroronic nolsce

™ T B B . N e e L i . . . IR . S
<O x-cduce tizle, oo o 17ficr wue potlior cruecly chiock-aounted.
® O re fgorbs b o o rouuein ) tioo picroglonic sensli-

J owss to o o be Tl tubes ob convuction currents,
SOt one hutarea Ll oes oo oot oan the _clvenomctor current
T€ra1d red for full scole dellectiag. ..icro-lonlc nolee scted

S 3 F it ves wn bo_connce s ta to or cubtracting Lron the

m FATE N “ 1 il N L e . R .

Plete pesistooce of ihe taliey; o Bt LT b conouctiom

Ciir.- ) . . A
e nt of bLite bube s very loroe chooiroa to Uhob o oulrdd

el

i (3 . o ] . R, K . ). .. - 1 - PR - .. N

T the _ndvaooa b, the sleroagionic rolse been e cxecsiive.

N - I | e FER N . . - . - [ T . ; 1

= Clig oblier toone, Ui coauuctlon cuwerent of the bHalbe nwst e

e operstin, eondltbtione of the Lube were nov to clhimac
~

'7.1".( I I N . . e
=TS gl it the Jclvemeootor Jofleebtion (loss of lincorily

Ciie aunlificor) Cslebnaces A, ol L, Serven as flace o ond

Co -, . 5 o e
I ge adjuctnents Lo zero Uie _cilvunoueters et lifier
"V N 3 3

culte ten cretore soneiblve; 10 re wilrca ¢n oar Lo wnlit UDe
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rrecoass sooscuriag o b ool

5

Tresvuzcees In ©ob' Lo _on cleso ooz oo bl

clrz.iier vwere wobor 1ol (1t o tcleow Jnu_te & Flrool —ouce
wios Sppllen to citnicr viocann g ebten Bo o chicel or vooors sl

to serve us 2 lenii-liinctl o« u.v_'ch.:.] ccelbomne wus stroyed on
surfaces i Jonweg ore sosreclaon.
ok onolecul-r vol_ b, 1t co2len Ui firo i ssuvse filament
at 2 foster 1 te thra o lr sa. bo. Jruge ro_lctered es AT

thiex € hed Deon s ©icuc) Lacroevte In precuare. s acebonae

1s o _oou solv.nt of _lyctszl; _1,0t.1 .2zs not usca In the

systen,

'\,’r_.c«w il e (;110
Vo oAl e LU [}

netal=to=-mclal vecuua jolats wore velded, ¢ilv.r soldored,

Or soft woldereds Zoireotnble metrl-to-netal joints were
. o
Qe yeings 0-11n00 Jeexets os decertboed by e e pe turie”” in e

€Cccent article. Jicee saskots croved to e exceedln_ ly
s!: t 3 P 1 - b LAl [} '7
“Llsfectory; tiwa li o vopor _voor e of 2hHott one .deron 1s
as g e N
SSocisten vith tiw Littiats.

The mctul=-to=-_1' sn cenls ased coavisbea of prona glues

Purgg matlios mscti-ca twetbsl ¢ nlorpnrbs.  The soal was co.a-
pl(“‘tﬁ:‘:u by webllng Lotlhr curfeces witihh Flicevne sna allowing 1t
to Cool. This metioa was rarla enu waravles  Lork by Cloud
“Nnd E‘hilipv tnuicutes thet vingl scetate whichh 1s &) clled in
tihie

I‘i

seine neoner as Flicune, hus a lower Vi 0P ITCUSUrE.

Obtuna_tel;j no scels -ere reoulrea to opcerszte =t clevated

te

“Oeratures, at vwilch Jlyotal is a sztlsfactory scolant.
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The o1l wiffusina puwns vere e vinced vith "line ol

£13i_Lt" veapor bolflfles, Thece tere nob ade uute to roinve
) P . _\_‘ -
VHCLAULl 378060 .0

all truces ol oll vo or enterio_ Liw 3
suxiliary baffle systen wae Lcoew to 1 nrove the performnunce
of the puirpg.

For rewovsl of ve ors, Lhe lonlzavion chizunber was ecuip-

ped with a three liter sctainless steel thilmble suspended

from the top of the ionizetinn chambere. Thie neck of the

tiiirmble extencea tirou i the v.caun woll 204 cerved &s a

f111ing port. The thinmvle was usually chwr_ed with &
eace tone-dry ice umixture end, becausc of the lrrie surface

tize ionizstion chauber,

L

thhe <thtuvle exposeu to the _=s o

|

8Cted as an excellent vapor conucnsere The gas which from

tline to tiume was crmused to entcecr the lonization chowmier

eith-(;r for the Jcterminatlion of W or to recturn the ioniza-

tion crnaxber to stiwephicric rressure for repalirs, passed

tnr-ouéJh a Zlese vegor trop liticrsed in a cry ice-acetone

MIX ture, The tonizeilon chruwber was exposed to wolst «ir

as P . . et s P
S 1 3itile as possible with ~ulte merked ifuprovement of the

P}

>

PRintpodown tie (rougnly five hours).

Clcaning of Vacuwa Surfaces

The techninues whilch were uscd are essentislly those

7S
-9 surfaces were scoared

S Conenued by J. L. Stronz““. Letal
Ty -
Lt a wire bDrush or steel vonl =nd thien washicd aown with

C .. . N : .
S Xbon tetraschloride ana ecetone, 1n thst orvere The fingl

r . PN .
inse was wilth acctone, &s carbon tetrachloride lewves a
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slisht resluues o na. @ 61 weg not ueed vLecuuase tlhe biosder

used to necld uvie _railns of -brasive fre-uwertly has a hish

Lo

vapor rressure. N blneer clings Lo the nictsl surfacces

virich have been gnnucus  Gloss woes cleanel ©1Uh potassium

ul chrouwte cloeuning coluliyn, risceu, 21w thoroujshly vasicd

witli water. Ire ucntly the _lues was wet vithh olcotinl to

gpeed the ur;in_ . Lulbor wos wasicea willh @ solvent such as

ace tone unless wors cleborote jrceczutlons Lisd to be taken

A
i

[
-
g

1Y)

)

n contact w

as 1In the case of 1ribbor tuvlal to Lo asc

LMeIrCuUry.
It was found ti.ct coHcideratly cleoner vacuwils are

obtained if tie nclul curfsces cx,oused to a vacuun were

Cleancd rother fre a.ntly (six wontihis or s0)e. The vavors

that gihered or were loocely cbeorbea on fifty souare feet

of rou_h mctal surfocc re ircd conciderable tlue to puuip

e rother tedious cleaning nrocess

°ut  (much lon_cr thin

e wuired).






Crou i l30ual DLTLTILS

rvacustion of Ionlzetlon anu Jun Chiia ors
Thie su=ll curbon orifice, becouce »f 1ts tulnness was

cailte fra_lle. Zecaucve of Llic loak throu_h thwe sicll orifice,

a large prescure alfferentl-l via ot develop between tie

two vacuum chinDers unloss the cresvuare was char_ed very

raoildly. itk the Luwo=hour poti =down tlume for the lonizatlon

chizanber, the pressure oiffcrentlsl acver exceeded 28 cm of

rierrcury. hen cir wes wllowed to reester the Inrnization

Ciiziiabicr re luly, lrrge pressure Ciffcrenti=lg occured. is

lork; s the oir wos ailiowved to ¢nter thie fonl.otlon chainber

for fifteen wlinutes or lda_er, the precsure iffere ticl

=1

did not affect the oriflces If it wos nccessury bo intro-

¢y.e alir was irtroutced to

e
-

“uce gir ot o wors ro 1d rote

th e . b . K 1, - - 2
L&« Ga chinaber to ¢ anlise bhe crescare, asing the scleod

=8 e . - o
flge os oa julde.

A

was to usce only the

The usual teei lue 1a evechanolon

lol“3lfugp on tho ionilzatbinn clenrer until the ionflrsetion

been reducea to 0 cm of wmercury, thon

tia on ciroebhor wies otarted.,  Lith thie simall

€S Lorciuwap for ihic

v - . . . . -
O 1y oo 1 ane the hi b os;eced of thie punp,

el S S yures of bie order o Lea microns LCrc obbLalnacd 1In tic
Y - _ v I )
“ N oy auber after ten minstes of pouopinge  IT thoe opcir tion

<

a5 8o ws rocoible, thic alffusinn
845 S ) b

N

e oo was woesircd
o

oA 1 Cun chioo ey ors burnc i on oot

e 1. Llic f\')l‘b[j'ljll'i,‘ ORI S
4.
Ll

- Sae Lloe.



Care of The Ihreino, os rad LilfTusion Twgs
fhe Vil-200 re ulecad oooHuvlt 200 ce (200 _m) of Cctoll-C
Ctop Flolo wifceh wow ocioooce e boo flola cicenlorel,  The
Gawent of Tleic 1o oo ver, coitlicsl for B0 o 1o tins of
Cizew v portlilceul: 01, 27 Titile ors wioen J00 ce i pliced
1 ie oo e b o1l 1y cvcens e oviviou o1y owsoted ro it
o & 1ot rrolonl toe 1NTC o “lvid oo roerve sy s ol
formection tle 0 0 S e soey oLy, A6 sdven o s Terny Tue-
cox- o1, Uron se, o R S T S A IS ST B RER I 1ietde (o0
e o e rIrterto Lol Gz i crselico o ol e oll)
Gerel Lo 1L Clrenlorn vy e 3ol A0 too Lo 1o or 1o
Soed s oon Ui Tloor of B a0 1ol din oreronioe,
i level of oo 1l oS chieGhied evogy celcs o too
w01 Tiis of coctl oo o e L1, L, oroeoovial wie raap from
Ite Jount =ae Taontd o otre o by ceeta ite Zhe o1l s
Ciiiri b ocon_loetely ooornst Lol 0nce @ el
Cie 2 =100 Zooster Juap Urca o0 e loalunatlon chualer
PUoipin, sien re o lroe 200 ce o7 butyl scbueate, diffucion
N SIS ‘e conan toed sacs croly to thiie urniy as to the
Vile- 2230, Zub,;l cebuzcote 1o rolotively cloos fluid ona thc
O way be, ot w01l cost, chur_ed ith & totil of 00 to
.Q"O cc of fiuld v+t . r theo chicer Liw o1l level Tromwenilye
Lecli of the ouervice=20 Tore iivs 1o uwlred »bhout tuo
Iay.gy or 11 it o 01l (Cinco 7CCL0). Lo 01l 1level in-
uigator on tie.:vup 1s ot relinvles e 1o lcuior conslicots
(S
€ less sisdos tositisned =t the proper oll lovel; 1its
LJI‘QI- se wes Gefomted b, 2 bulfle wiich procu s bly rreve tod

o
<




tiie oll fouu, .iilch wvelop ol woen b pasp wes oocrated,

Frow receiiin, Lot Tacicstor _lrso. Unfortans Loly this brfrle

2lso interfereda .ith tic Loveeelt of nil touara or away fionm

tiie _less loaicetor. 2o lovel o7 Loo o1l in the pulp was
au Jjusteco seolofeactorily L, 1o Hving Uhie cover ol=te of the
Fre zsovae uatt of thie oo o oboerving the level of tic
0il1 directly wille tihce _w.p w5 1o orers-tinne  The scrvicing

ulrections furnicslica b, S atral e ¢ Coupeny Tor the

e

catif

o

LypCrvac-25 suip arc o ocnroatly culte

rell ble,

The <lecbrna o vwas oqcr tea b srcocares belnw Cod

slCc1rons with recsoantle vesults, tiougsh the operntion of the

cUmy Iy rovew corelier bl wb lower prossures.  frlor to tlie

OfF < ration of Lie Lun in the 2o choober, the tomaltoring tuve

—

YRS b 1o oourr Lion ana obscrveu [or oa wiille Lo chicck tiie

OB €1ation of ti.c eluctrical ¢ uioacnte IFf the Vi tubes in

fle =z ccelerating voltuse oover su 17 hod not been in opera-

t . ; : : . -
Lon ror wone ti e, a Linlf bour "uurm up™ wes ro uireu for

€

St . a PR . PR
“ble operatinn. hoiever sultsivle opersting concltione

Ve - R . . . . .
e upitaine., ihe clectrictl services were su :llew to the

== 3n the sun choober by counecting bthic ¢l _hit-corcuctor

Sery s ; . - . - -
T*Vic. cavle to iic rece tacle wmnunted or tic enaplate ol

tia
e .
< Lan chigunoner,

If tiie Jun baa been overstoa rreviously, the clectron

St
© (e sa1s11 ortfice eltucr

T

Sam from the _un wes circcted



wilth the sid of an ink unt wilch unad been pluced on the

foce of trhe wonitorl-_ tubce withy « pun or wie usually by
the exlsting ccflection potentinls whlch werc not clin_ed

ssity the deflec-

Q@

unless necessurys If by acciaert or nce

tion volta e was ¢ltcrew, vie 1ol wot served zs & Jalde to

Llor, Se the rionetic

re turn the tecam Lo (.L¢ prover loc:

field was approxla tely the e-we itiin the _Jun chrwber and

n, tuove, tre 12k wot locuatea the

&t the site of the monitor!
S22 11 orifice ~uite inuepcnuont of liie acceleratiag votential.

f & new tube was in operation, the sun was defocused to

H

forxr sn fmaje 3 to 5 mi in uilamcter end then the beam was

“iiech included the orifice.

@

S¥ stomatically sveopt over the sreu

he of elcctrons thro _h the nrifice was indicnted

o}
wn
m

ca’

~

a

€1 ther by collccting tihwa in the Prracay cnze, or by col-

lectin. the ion prowicts forucd b, the clectrons as tie,

S 4 \ . . \ - ~ I
“Hrent theumselves In the 1oni.stlon crnauber., The lstter

e Liiod was nore sensitive for a weak bHesm as each electron

e - . . ' A
'8y form eny ionse. Once tiie a ) roxiuwte location of the

O 13 . ) 1 . 1 s
Tifice wes found, the focus was sbiarpened until the location

of - . N Coe g N
=  the orifice was accurztcly determined., ith ex cricrce

ti e . : .
fle oriftce con be locited 1n veversl mirutes.

It wass auvantazeous to have the sun in the jun casaboer

Q >, . . . b O 4 b A
iﬁbtsctou culte accurstely towerd thie orifice, for thon the

1fice witli the leucst

Q:lec \ cam s . e e I l ,
tron strcem pussed throush Lie orl

Co s g ‘o . :
MNtact with the walls of the orifice, _ivin; & butter veloncity

A SP e other hand. 1f b obren sbronm o
ribution. On the other hand, 1f Uhe clectron streom wvas
QG

4‘I'*'octeci toward the orifice uvitliovt tHho nse of ceflcetion



Potential, one cHuld not, ¢ urs convenlent, rerove the bteon

from the orificc -ad reirst be the bBesm Lo 1ts former postition

by opening ant closing = guiteh wiich comleted a chort be-

1. 1

tween a polr of deflection rlotce, I the odjucticont of the
Glzx-cetion of oo cun mourtod on Lo ¢adnlate was
n=dae by eye, toe probsbility thet no deflection volta_oe was
reculred vas scelial ;in 1y carlle n cuxilicry volisze coold
have vien osed erunlly sucessT.l1ly for tle sliove purposc.

&5 mentloned cerlicr thiz focus ceniwuitions o

voni toring tube 2o thie _vnorount:a in tho omn o ocleaber wore

<
e axrly thie smne due to the locotion of the ruell ¢ rbon
Ox*I f'ice in the vlane forrerly occuried by Lhe flunrcocent

SCireen, ‘ihe exict con itinsns Ior fine focus of the _un

Dunted in the v cosoler wore detorniacd by omintidzing
tiie variation ol the defliching volti =~ re-uilred tn deflcect
Lic beam ocross the orifice. Thls techninoue arlies ¢s

lon. .-

&Soas

¢ orlfice 15 conller theon tlhie cross section of

-

thhe peun,

vebermlin tion of thic wuer_y viostrivuatlion of
rlectrons Fasclnl Utrrou_ v the lmnll

Orifice into tune Innlzi:tion Cha.lbir

Thie filament of Ll clecbron _un w8 oncrubed + L

e
b
—le

Snad anowe of Ulie o vas ot il or e poteniinl cs the

0’(" e ) 5 « ne . - - . -
YL zoion e o ber, ounocl dwr, o oriltec; nenely, S it
L
,:_‘.(__:\‘ . . ) 7 . i
"1Ce (Lo clectrons leavio_ o ococosnl o oole o7 bhio [ an
4.

*WVeoeracd flcla=-Tree soocc cxee, t THo tho @01l elroetrice




R

—

‘.

ficlds wue to the coeflection volio_cu i tlo weoactice £lc

Bl

i_zre 10 thie oriflice of thic

e
.
-

A€ to U crXtiie Lw Lo, o

Lexy-necy cole wow loroc too. 21l tow vo bt the c¢loctrons
Could nmot escupe ¢ Lerln_ v B 1o, co_e unlecs they nere
Lrovellrg at oo vo 1o _retor tico forl;-Slve e reer with

tihie axls of tie eystoms  tle re oxecescin_ly wnlikely vnless

thiey suffered & collielina L lth ous mwlecules botween the
Sme:1]1 carbon oriTice =« . thic I rewry cxle, or Litve DLen
slaroply scertlereds froa bhe vwslls of thie nrifice. Luch a
vive ¢n_le ceflcetbtinag 1s very -nlilicly over the sacll dls-
Lecricc of C.1C0 irch with 107Cev electinns, even in a :as
€8 e jprescure of L0 nilcroon.  The qeon free poth of a 100Cev
€lcctron &t £0 microns is s oroxinetely 0.1 Inches.

The electron yoesces frnil the _un cioaber, there 1ts nwenn
free satls 1o o0 tae orocr of 2.0 meters, to the ionizstion
Cliziintyer wicre its wern free poth 1s 0.l inchie Lhis trassi-

tion ig¢ orf ¢r.rec convinunus, but ore czn vith susll erior

C 1 ~ & - - . . + - - Un - D 2
ONnsidcder the tronuition to bLele nlece ol thie sun chiwaboer cloe

N

tlien reacon that the

o : . e -
T Lire ©.011 corbon orifice. One ey
= Y . . o R
V‘*I”Age locetion of first colllsion of the c<lectrons 2s thcy
€n+t - . s s ; s e
*C e gne tark lles tbout 0.0% inchies withlin the isnlzatlon

(:14:':

o er.  Of eoursc €nule ¢lectrons o sulfcer ¢nllision vwithin

ti,
1 N . . T . B L, - . LU R
orifice or just within the lonizstion chawber but most

-
L 5 ; N , , - .
L these conlliicinonsg Ui ¢ le of woflectlon 1s _1ecr-ter

tr,.
1 forty-five ue recs, the IDroradsy case will not resister

-
/

/
e
—

<

“Ly entry into tle iforiwstion clhuubere. I the position of



the first colllsion occurrcd furticr witiiln tho tank,

en_ular weflectlon mwant be even _recoter to escope the

vort or thie wccewnta .ce of the

ISR
Fa

caes The experincntul s

oradey coe as wn offective tra) (o1 the el ctrorgs cnterlng

the ilonizatlon chiw.ber vas as follows:
-
ourinz periods when thic o,oten 1s 1n unusually stalle

operation (after ¢l Lt to tea toars of operntlon, ususily
eftoer 11 pems) tiie electror curre:t collected by the Frradey

ca_ce ulu not very for nerinsds of Lialfl on louar or lon ..

espure odjasteuw to fifty uilcrons

“1tia the ionizatlon cliniier e

—

foxr the total zbsor.tisn »f the electrons, the Parzaazy caje

wWas svung 1nto positinn to intircept the enterin: electroas.

«Fter the current collected wes measured, the lonization

Clisaiber was cvacu-t=u to C.1 nicrons as ~ulckly as rossible

1 tire the current being

bt

3 'y . - . -
(8vout fifteen minutcs) durin. uwnic

COllected by the Farausy ca_e wis observed. The pumring

-

pnle

13
iy

o

Stem for the lonization chsabier wes then closed 2nd a s
o . - e s ] ) . -
= Quxiea air sufficicnt to roice the ionizstion chiamber

S

I

o . - K .
P ITe sgsure to fifty microns wos sdawitbted. TFrequently th
S St was inte runted by one of the many vari-bles wli.ich

C s
W s ¢ the beam current to vary. liowever, rnany runs wcre

Obt . T IR B FUL T I PR S -1 T S AR
A inea in wolch the currcnt collected by the Frraday
Te diu not vary by oac ocr cent of its oriinal vulue.

by .
T theruore, these varistiors 414 not ¢ihow o rrescure depend-

e
RS EN for they appearcd to be random fluctustisnse This
Se
L>3I cs of obscrvotions verified thist the efficlency of Lhc

vas not pressare

Qa:@ ~ . N 5 P - L o~ = - ey .
Ture of electirons by bthie Iarsway ca_e
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1 Cel to «C ilcronca.

wuepencent over btrie o _1on & S5
le_ftiacte to oo 0 U b ot wore tihvn oo fow toaths of onc
rer coat of thh cleciry o angoer Nt enllisiong In Lhe so0 11
¢rr1von orifle. o L the ve_i-n ™otn on the ovifice - Lhe
Prrowsy cn_C o coc g ¢ o pture b e o L Gz
If, «Fft o bro cveca Llon of Coe Inalasbinng ol o0y,

tite frestare of Lo 1or PRI NS e v s not reburacd o

i3 i STPR R R IS T VRS T SRS TR RIS TCaN A > ieic

WELEY L VO e elowe oo e Lo e carien o enlliacton b, Ll
DXttt Co_Ge  3oocrtidy Lo cuoroent eollecton b, vl Dope
CEYTF Cs e GO Vo Lo eer O I A e L AR O

A S AL PR S SR S SRS SR SR DRI PR IR : O L A

Tivre R R A G R SR P T U SRR TR U A IS S B e T ICE R T I
WRE 1 U o o TR0 e s, the curierb o erllocbon b, e
e ogry eo e b vot retoen o i ol Lol veloes Ihie

S xereot ases Tl oo tnod b e Ios et veloo s blalac Cile
g Iooizetion co-ubhor St b I ored salerons.  Occeoolon-
é’“llo Lo currenl Tvei vt o J1bele s the Inaizotion choolwr
FILTG Lnure s coereiocin, bubl L oo eree o olad 1t s rotich 1ts

i\nitia.l velucs oo, i otly Lo verlition in cuawsront collecied
L Vi Foreony cije vz oaue o varis tinn 1o the eolscion of
L RN

tles Luue Crobrbly crusia by sositive fon bLouboronent of lhe
© T Bhowc. The tube s Troouetly returacad Lo its ori_incl
Y xrorce b TPloeliias™ or T, ugs of oliwer scetivating
te’ it 'O S e

Sltiove it Eos heen s b o tho of Tletone,; ol LG

Ty Guny cu_e's cepture of cleetroas s not  roccare déoendont,
t}‘lﬁ circunstonce unce ot prove bl t 11 U clectin e



oIt L e Co ol ol v it e

enterlas oo U 0 froos Loe o el o tre crtu 5

e
—
£

Foraaey cojes G bl wesi o binn of 1 0vion scohtor

re L T A D .
e Lnery ro bl fOnolption o Gl

tiie case, clout C

o
—
—
[
[
or
o
P
cr
h
¢
—
o
X
o)
or

tite ¥ row ;o cn_o wo nol
of Ltre cu_c orifiice.  rurbiocr b oo oting coscornin, Ll

ef"fceuviveices of Lhe Iorire Cr_ o vl

[ d
R
(0]
—
H>
L ]

encrgy wletrivetinsa curve toun in U
Tiie encr_y librlbatiyon curve os obtained ©, ;lotting

tiie current enlloceten

tiwve pote Lisle o 1ica Lo Uio Iorawn] CF o,

Verxdolbles belas tele conctanbt,  Jic current colloctea by the

Fe reusny coge vitic 100 v one_ Live ooter t1ul concluts of all

€l ectrons hevia, ¢ kinebic ¢rer ;7 crrable of overcoaing the

1 re wived to cnber the Faradsy cajc.

LOO v reterdia, rotontlal

s the currcnts collucted Yy e Iroany ce_c ot

L0

LOO v an. coo v recbtive potebtlol vere nob sil_onificantly

w1 L ferent, orc 1oy conclade thet of il electroas cooturcd

(A N O S retaraiag pvoterntiul of 1C0 v, virtuslly none src lost

Tl e 15 the lucresse of thu reborueing cotentlel to 20C v or

be firet L0 to 100 v retord-

i .
> X thut mottor to 800 ve  In e
Ly~ s ) . . e
< potenticl =p:liea to the Frralsny cuje there wes a sl nl-

£ 3 ) . i
lQE—:nt, but not lur_e (two per cent), decreosce in the current

Co — . . mas ]
X Jccted. Tiils ciu Qe ity be wue to slow e€lectrons Mol ol

| S

~ Che ¢nllision

of the rriacey ¢loctrons with the cirbon

Voo
R I 9. o« e o 4 N N Nt -
ds of the s wll orificecr ~lth the Jus inlecalos throngh
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whiclh, the pri vy clochions bioveroe.  Zhese slow clections
Grooenr o hrve loees Lien Toov o) 1o tho cilrceting of
tic clectinm cbr e - 11 _creost oon? Uire Lo enew s

. - o
cloecteons e, Leve eoni Lol Bl ore bheel Toov on v, o Inag
a4 Gilrechion e T S RO A O AV TR
cleciror stre ...

oo slog elcety v ot L L T8 _roU s L et vl
lese Ui v oV o o 27 70 v LD s Lo in e2llicion T the
o8 wolectdon Ia L e dre lenicc Lo Ton-palrs oo Dy
Ciigw constitute consticiBly loes Bhirm Col ner ¢l 0 tie
lon-piire fore ue ZL1c crror oos boo o ll o Te enael o
In the jrerent Lorke Sorroxioollons Do Sio Iaalz Lion de
Lo tiese low cavr_y elecbions com be avae dich are velio o

L cuait or n benlute

crror

Ve orner

ol

OF 0.01 [¢r conbe e eloction curedab 1g entering Lhe
Toalzulion ciowber wust Lo L% » oo the cauvrent it 100 v
etoralng potentlel, 1L oo roboalo_ cobtoaticl.

She Inerecsse In Lo corroent enllocted Ly thie Iorodany
Ca o wb retnral g obe bl ls Tebuoca 370 v 000 v s
NOE clewrdy aocizet oee Jne o fleel ai_ot Le voetlously
Gescerlied we ot Lacosnse Lo Liee cloction eul b collectoed,
= Cecrensc 10 Lo posiiive io7e cllretod, 2 cceronne in
Clie clection cavrest 1ove e St e e (eennd o
Sl ectron for.weibion), or o incriane 1o U _oziiive 1on
Sy Sving owey Lrom Loo Tevuary caoe (positlve lons
Sle formca wiloin Lo Ierpooay en_oooovd resion Totooon the
L LLL57 CO_ 0 i tnr o1l erxmon Hriflcee I lhe vecoustir wos



Vaiors)e o o lior: ool ooells e oon thererne in bhe
€lectron curao bt oo re ennll e rbon ovrifice
as the ».boootn, S0 0wl 1l s loer o, Lo cTleeb vas
i1smored s for ors e vonibe of e ¢x rlos b Lors ¢y -
CoriCde  winfortas tod o bl one s - Tobpitutiog of clechraae

-
i

Set.een &70 v oL 1007 cv owse oob tcour Lolg Uoyate Ll

f'ew rene hove oo onbuloao o L otenr e ol'feet wiro anton, i e
Zhme Lacronce Laoeuriooan colloctoa b o Ure Znraany co G

vess nob owde Y g oree e D 1 ehiroe Acnsitliecs of tive

O ruer of 10Y ¢lectroolce chinrs o per cihle conilon Lo wore
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Qecelerstod C e ol a0 the brnlke Zner_y Glstil™utlon

Curves o ve oo belon of b curionts (IfSoelag By

o« - . S N M - E
L&ctor of noerl, nae Dosa In e clbuae viuimut e s i ni-
Filcint chinnge 1a the corve.  ug chianie In the hosting of

Clic suell ciybon orilice uoe to a Do focus beem or sLorp
focus Lo ¢id not o creatly ¢vmice B share of the curve

in tie 820 v to 1030 v re_1se It il not nppear to 1w bier

Wil tner the buon wro eomver e boor civer et su 10 unlored

Tces  wocond vy electrons fowraeu ab Lhe 1lps of i

e

N N
“ile o1 lf

~

S S aasy cr_c €re N

v resooasiule fos Lo o TTect ot o chienge

> brass to c=rwon 1lps ~roouced no vorloolnn In Lhe cirves,
19 . » - e . d. . P .
~41e peculiar effect 1s nobt wue to tho correat-corey o or
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scattering ¢t wi.c o~ _los, bthe o dicabionr of reborning
cotentlals wholu o ruvetoe the sltuntioa sad the currert

collcecten Ly e Luenlis o0 e ooooull decrennce  QOther Taciors

could cuuce Loe g e elffect, bao 1o fiw sbaence ol o decreaue

in currcent all theve con.iliinng st have Teen slwmultaneoiely

satlisfied,

- A

The nescurcnortsg couprlel o lie curve 1In i ure 14 (the

r .

cricr )y uletrivution curve) were rzde by £1i 0, 1n; thie elcctron

r—

o
[
—

Leam on aad of f tho sunll corbon ¢
potonticl recoruva, cnce el fecets due only Lo Lo presciace
1. P

of the benit were recorueds  rresusnt chiecks wore maue ol the

oreratlon ol tihwe clectron _un vy rceburnln_ U previons re-

Caralng rotesbluls to cieck thic conclisteoncy of vresults.
The beaw was 11

.
7

Srounaln  one of Lie decllcctiisn voltltu_cs ol thie _line

The =daltion of Lhc Stoing Gas

he stoun:ing goe uvsed wes ary =ir taken from Lthe

1Efborator;. Thie luvorsbtory hess cn cuve~uv te clrcultlinn

Eo reduce ithe osciuiliibios of contsal wbion wie to

t

ors nacn as 0oil, acctone, binueng,

CoOiiuion laboratory val

Carbon tctraciilorive, ctecs the elr was orled in a cry

lce gnu acetone trep of cuclr a voluue, that the voluie of

thie trap filled with Jvs ot stiospheric cresvure fillea

thie fonization chiiier to & nressare of scventy-five microns.
Licquia 2ir or 1li~uid nitro_en cre not waticfocrory

&S refrizerants for the trsp for a _mnoul, ortisa of Lic



&3

nitrocen in thw si.ule [reczes out on the w«lls of the

trap cend thie goasle > _as introwucced to thie lonlzatlion

cheauber 1 not wire. Tho nccesslty for curelful control

of thils _olnt wis dcronstrotea by on 1rcicetal obscrva-

tion. Lnen a scople of Zeo was introuuced thiroush 11 -uld

alr (preswbly b thic oxysen tea crabure), a strikingly

i _her valoe of W, the cnersy for thie formmation of an 1o1=-

salr was meusurcu, Imis volue vas aporvoxim tely lot tiics

“

tihet of =lir,

deaovel of thie Ionlzatlon Products
45 has boen mentioned, elecectrlice Flelds were rcecoulred
to remove the lonluztinn products at a rate such thot few

n aau yet none wiere formed

9l

ions vere lost wue Lo recoumblasbi

Ty thc boo cnergetic wovenent ol thie loas towara tlie collector.

The system uscd consisted of two electrodcs; oune, the ilon-

1zation chur.aber ab jround potentlsl ani Lhe second, ao

Insulsted collector wrose sobentizl ehuld be

'egrect to Jronnu.  The curirents collected by the second

€l cctrode were re_lsbtoercu by the woll Jnlveaooncter viose

'Sy e was extended by the o0 a uliflers The curicnt

pe]

'e sictered by the vall Sulvenoncoter 1s ivaicsted in

L ure 15 as a function of e potonii-1 of the cnllector

curve, as indicated,

-
.,

L th respect o _rouna.  Tho u_jer
<lves the clectron ¢ rrect (cloctions and ne_stive lons)
COllected; the lower carve thie poritive inns collecled.

[anh W . N < .. . .
~iie orain.tes of ULhcoe curves «iffer by btre v jnlvace O
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thie 1niti:l c¢lociteon curseas over Lo 1e¢ ion o

where all caa o:ly =11 the ions Toraca by the initisl clectrons

are collcecteds.

At volt (s Wllow e Mkace™ of thie curve (et the low
volts_e cnd of tlhic .lutcau) o safficlont fleld does ant

exlist, at lcact 10 oo sarts of Lhe lonilrablon chianlier,

PR

to reawove hie fonlzotlsyn rroduclts  Ltlout coue losc wae to

. 1
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1 k)
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Wil thie cid of Lo enllector ol v in I
ves posclille Lo colewli be Bt 2 1lstenu shorld be ~bbeined

wiien ficlas everyurcre 30 the fonlzeation crvler were witidn

the 1ludits of CWOL v e 1 v fer e Proe o0 bbe The sarller

of thesc tvo [lclus was Jact c S0 reaoving lons Tacet
enou_li Lo prevent thell recenvaitastion tnd the ler_cr [1cld

was Just wedrk cnoulin Lo prevertl thie formmiinn of a notlce-

on of lon-gadlrs Ly the lons ead elcecctrons 1n

[¢

trnie cource of Lhieliy wii o rotiyn Lo clthier collector. Iotlce

that tihic clectron collection lutean exien.s over & btwelve-

fold reie fwrom wp roxi - tely O v to 20 v collectlon poten-
tial, tlic posgilive 1on collectlon nlutceuo from ancroxiiotely
20 v to 30 v, & four-fol.i rorn_ce

conuitinne cuelly occurred wvnuce whiiclhh spoace char_e
concuntbrations vevelopeu potentltls whilehh were troublesone

to the collection nf the ionizatlon rroaucts. Tl ure 15

illustretes Lois offoel by chiovin: Lue collceetion curve

J (>

.

Obtained if Uliic i nituale of the election sbro-m entering

O
aw]
o
O
e

-1, . . B R, § i aee wiaa 3 v el e | U
crie ionlzetlon clianiver was incroascd te=T0lue fiiis

Fal

lonerensed tue collection current vy & factor of ten. 211

Otiier vuri bles were xeot constante The oloteau hins Clsan-

[ . . LY. 1-
Do

Fcared, snd one _0cs viblhoubt ovwuse Lrom a re 1ol

'Y
-~

lons «sre lost by recosbiv tion to o 1e_inn where lon-puirs

“r'e Torwed in thie collectlion nrocess. 1hic re_tons o not

JOIn; {he, overlaps, & collectlon curient of Lro nilerosps

€nrecents s colloction of rou

1
N

Ay 1019 ¢1lectinaic chor_cs

Pe€r sceond. The surfrce orea of the collector chown in
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colloctew La o2 1o et b Tl e et 1, 1o
¢lecbronlce cav ol o1 tecn e o i1y ol A

ion I a Ticla of Cal v oper oy Dooo 0oL L 0T L s
of & Few Lo goia centlo bo 2o cuehiiee Lo kLo
cizrr_e b2 Lo tuwvo osbtoo e osly 1o ¢lectraidle eler o, lio
acnriby A0 ol lilve ¢lc ro oo nenr Lo enileehors Lol L
orwer of 107 eluctio ic criv_ s ;ur enblc coaliucter,  I0Ls
Pilon o conceo bRl rlie oty oconce cluro o oL aticle of

tive o cr o8 1 v [ cr ¢of

to oo tie [Mieloe Joaereltol o e ook Lol o7 L eonllictor.

dnle Gifficult, is cle rl) oo sl tod oo Ll _wrcn 1O ooan 12,
oo enllecti-n ¢orves i~y T JU e 17 e Lo0on

Wit tig eollectnr vicinle In Tignre 2.0 Jhe L1l l l.ctron

currcet wog reauccu ro Lic b g, rce cirnr e con Teiono cxlobed

Tor cocitive Inns, Tabt »obt IHr lectionse o v rosolb, o0

unsiletokxetle plotoan was foracd for eloctronn, buov len Ghc

eocitlve 1nae sere enllected on the e 11 corlace »

clevou-1inch colicricnl collictor, spcce char_ce conce bretions

L ~

a1

develoea Lecauce of tiwe low .»nBLllit, of the »elliive 1on
vith res_cct to thcb »f the olectrine  Tho »»nHoltive ions
¢ia not aevelnn groce carr_c co.oliclines v thie clecuinns

2 1
1

were colloected o the ionitzatinn cha.ber wall o thic ares

e

of tie ioiizetbiny chiv ey vwall wee oo 21 Lo ty=five LLies

tust of the cleven-inch s icres. Dt ¢lectrnn eolloechbinn ©w
positive ion conllcctlinn vieconw nwe ¢ 0 wtelcerl to wocl othier

s the s.rfacs cieas of e fonluotinng el ey w1l o0 Bl

(V6]



74

40 A COLLEGTION PRESSURE 70
CURRENT :
36t .
9
321 ELECTRON CURRENT —» '
0’0 I0
.28*% ,d ’
©"" T @- - -@--~@----- o-® ’

,24.."” o

F
20} .

4'0
164 el
/'0,
12l _ 0" <—— + ION CURRENT
l@/

.08t ©

¢
04}
00 , VOLTAGE BETWEEN COLLECTOR & TANK

O 20 40 60 80 100 120 140 160

VOLTS

Figure |7



h)

collector becowe wore nenrly the coise It 1e _cncrelly

e

saveante_eous to coll ct thie clcectbrons on thoe sualler sur-

face anu cllow fihw ronitive 1nons to neutrailze th aselves
on tne ioulzstion cis.bur weall,

As 10CCov clectrons were stoHnred vwlthin the ilonization
chamver at p(rcesiures of thie oruer of O inlcrons, & s tislac-
tory collectinn »trrtlsrl for cuturstion =t thls ~riscuare
was 10.5 ve Tuhls cHliccting rob.nticl could be reuvced by
a factor of tirec cua still reooln on the plateaus o senll
stentl 1 e oved = trefcherous source of

~

€TI0 Li.e ¢ifect 57 LG eollection wotertisl oa tie ion-

i
-

A,ﬂ
¢

l1zatbtion [ic¢ld. " IZoi Cie c1se”t ouork, b tite cree ore re-

R

cuirca for total wbror;tisa of thie 1nitisl elcctrons,

collectinn tobe~tinl recuired wor of Lhic oraer of one er
cenb of tioo orizinal encr_, o7 tlo eloectrons,

i .

Thie ¢ollection rntcaiti-1s woichh _1vl noea wore fre uently

ten per cono o Lie cuer.y of tie incidet porticle. s

i1 excay le, tho Inmly: Uioa products of €07%0cv elcctrons

absorboe. 11 alr tore collected Ry ¢ 1000 v ootontial. The
guthor belleves bivt _1el oy hiove Locn voniiil- 1 to use thecse

lar_e collcection roboatinle v erare of wnnce chor e conultione.
The ressonili, 1s o5 Mllous:

Thie nmusber of own Tree U o Cdrce Do W ostor ol

of ¢n electron of o “iven cocr 7 1o o U1, © connltoalL Top

' ., I
& Jlven _as, ool Uho masboer of oo Tl poouing ovor o iel
the Inntzotinn o rolocts ot Lo coll o ctow Lo v rosio Bl
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Gl St DUuitel of oo froc ctos e ulred Lo osLoa e

Tnitial c¢lecirone  Hosce for s _iven ceollecoio~n volbs o

rer meon froc o ble rotio of Lho cner_y of e incident

electrnne to Lo colleeting rote ti=1 Tor bi:lr loalzotion
prouucts chiould be ¢ proxi. tely & constint, rou _tly e ucl
to one hunureue  Litiin brosa 1inits tidls 1Is Llacepcrient

of the wrewrly »F the jrrticle =G Aleneinng o the chiinber

(vilehh affccte blo  1es ure 1o ulreld Tor tobtal gbeorption).

crole wle thet Zisl's lurie collccetion

9
=
(&
-
-
‘._Jc
.
-
@

fnerefor
potenticls wore o e neCcorrory LY g .ce churoée coaaitions,
Zote thit tine Mhnee™ of Lre coriblve 1on collectlinn cuive
suovia in Tijure lo ¢ corae st corvl oertovly hijhor ficlus

taemn were reculired MHr e clectron collection "knee's s
4]

the epace clivr_ e concibing Lecoumes wore scerious the "kneo

epcerently moves to the ri_ubt (i lcer potontisle) untll
tiie pliteou finelly cileop cars, I0 1s vrrobsble thi-t Licl

weo ariven Lo occe Ll
concluerstinn of scuce cherie eoHnulbtions.  Listever Lhe

-

vellidity of Gurbes'l theorcticnl corvectis

)

a2 Ior large
collection pntoentizle, Lle absolute error in the Xnowlec e
of W is reduced 1f lower enlicelinn otentl:zls c=n be uvaud.
Gerbee!' correction is ciw:ll; thet 1s, & correclion of 06
ner cust 1s re vlred in W Tfor C000cv incident elections
wiose lonlzublon prouucts were collecbteu (1ol a potenticl

of 10CC v. as Gerbes wos &, =reably a stuacnt of ~1:¢l, 1t

¢
c

-

is 1likely thet _1el was coneclous of thic objectlon to hi h

collection potcntisls,



velberaination of thce oobturetion Conuition

* 1.

Jo ascertuln the cressarc ob vlhileh totnl abrorpiion

a-

e reesonlag Iz oased:s 4t ressurcs

=

Lekes p f0llin..

-
o
c
-
o
o

! b . .

well below thwt re ire: tn chon the initicl clecbrons with

. .

in the llalts of ¢ fonizztion ehv ber, the initisl <lecirons

V111 ecvidive ot the fonrnisition chio ver vall or othor 11491t

s

SJithout Lwoving spoat 211 of thelr cacrly.  2hie initiel clec-

12 conmuoct 1ol thoe Ionlaontinn chianioor vall

pey be neutrelised, wy roouce seednunry eleetrons, iny

gealbber, cvbce with o nob Joecs in thc cner_y exryended in the

foriwtinn of lon-pulrs 1n the _ase s Lhe pres.ure in bhe
ionizatlon caiber 1o lacresocd one expeets thic net loss ol

encery Lo Le Gecreisen s 93 a4 recnult a net incrcascd nmuater

of lon-pairs f>racd per 1016101 clectron until ihie 1nltial

1.

clectrons cre Lolell, aboorbed wllinln Shie stop ing _ss.
Deyonu thie prescore o clred Tor total susorpilonn, the
aver: je nuover o7 loa-palire forae per Lnltlel clectron

should not ¢l o ¢ wunades: rocrery offects e prodiced by

-

thre elaevatoca recirc,

1-

The aveen oo naater, n, of lonepzlrs IMitied per iriltiol
e¢lectron is ;lotihua rs o Tunction of the rrcsiars of Lhe
lonization chro ler in ulcrons (Zi_ e 170)e The 1lincor

lncresse of I with e ifonizutlon chsihor nrescure 1s 1n asree-

n

meat vwithh tie obrervations of Loliwvonn cau Cs nou™’ wad othieis.

- . - R - . . v AT . - - SN s L e _—
as preuicted, thce velue ol I roochico o 11.dtls volee cobommloed

by the wverc_c encr_y of the liacidoit clectrons =i oncs notb

wevicte o reclebly from tile volue - LU lTocwvceunio_ losizatlon
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