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(ii)

LIST OF SYMBOLS

(1) THE HEITL SOURCE

1p, V4 : anode, or discharge, current and potentisl

1p, Vb : probe current and potential

1o ¢ output current after acceleration (25" from source)
ic : current to Faradsy cup, 2 cm from source

Vace : Intermediaste accelerating potential

Vx : main accelersting potential

Vé ¢ reflecting-shield potential

if ¢ fillement heating current

18 ¢ 1ionization gauge current

(2) THE COLD CATHODE SOURCE

Note: all potentials are referred to the top-cathode (i.e.
the non-extracting cathode) as zero(*)

\'4 : anode potential

Vi, : potential of lower, or extracting, cathode

Vg : suppressor grid potential

Va ¢ accelerator potential

Ve : collector disc potential (or potential of chamber when
the ion cwrrent 1s simply received by the floor of the
chamber)

i : total current to both cathodes (positive for electrons
leaving cathodes)

i1, : current to lower, or extracting, cathode (do.)

i, : collector current; also referred to as output current

(positive for positive ions reaching collector)

(*) except in the case of Figs. 30,31



(A) GENFRAL, INTRODUCTION

For many years there has been a well-sustained interest
in ion-sources which are of vital importance for the efficient
operation of positive ion accelerators such as Van de Graaffs,
high tension sets, and cyclotrons.

In the present search two types of oscillating electron
beam sources have been tried. One employs a hot filament
cathode, the other a cold cathode.

The hot filament source appeared to be very promising at the
time. An ion output of 2 mA, containing an estimated 50% of
atomic ions, was obtained from it. Difficulties such as

contamination by evaporation from the filsments, a tendency

toward instability, and a cathode 1life of only 1-2 days were

obgerved. It is concluded, however, that these might be largely
overcome.,

At this time Lorrain (I4) showed how high percentages of
atomic ions could be obtained from a cold cathode source. This
discovery gave great weight to the arguments in favor of the
cold cathode source which had been gaining ground for some years.

It was therefore decided to turn attention to the development
of a high output cold cathode source.

As a result of this work, two modifications are described.
Theae were found to increase the output of the cold cathode

gource considerably. The first of these is an "eJjector" anode

which provides a high electrostatic extracting field for positive

jons inside the source; the second is a form of "agymmetric

operation in which the two cathodes are kept at different potentiels.
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The following table shows the maximum ion currents obtained:

TARBLE I
. LOW MAGNETIC FIELD HIGH MAGHNETIC FIELD
, £ 1005 _oersted 16,000 oersted _

‘steady (mA)|pulsed (ma) | steady (ma) | pulsed (ma)

e ]

EJector Anode - symmetric| 0.08 0.0k 1.5 1.3
Ejector Anode - asymmetric| 5 60 <1 L -
Cylinder Anode - symmetric 2 - < 0.2(%) -
Cylinder Anode - asymmetric| 10 - 10 90 -

It appears that in asymmetric operation the oscillating
electrons leave the source proper and reach out into the low

pressure region outside the source.

(*) but: see p.53



(B) RECIREENTS FOR A SATISFACTIORY ICN-SUURCE #CR

HIGH VCL.anL :1bi/oum1 \JLO.

L. ine power cons.aplion en.ild be smell. Since it 1o usually
Trefcrcble to Lave the target ot ground potentiel, the iom-source
and its escocisted e uipuent wie at Lie nlgl. voliege s..0 and

ceu Luesclore not e sugplled from a 3 ..iod LOWEY “o.G'Ga.

<. Tne dimenzions of the source znd iils sssocisted equipmeit
g..uld te smail., Tue reascin for inls is slwilar. It uprliec

-

Lo prrticular bo .rvezzirized Vai Ge Graall galeiabodl,

ST S FUP i e 1 13 Le low Th'e 254G "0 ALcal !t
e +dsft HOS CUIISUWLROLUIL Ll uwid LE LOW, Ufiso &1US 11l SUl8.aiiiily

a low press.re in the mein tut -, desivable in order to reduce

the chantes of electrical breakidcwun occurring,(ci. below).

L. Tae scurce .&...1d be capable o bel, rulsed to furaish
Ehort spurts of ione i Llgh Intenslt,. A rulsed siuice uay
be .sed Tor & numver of experiments such s veloclit, analysis

of trneruscl or near-thcrmal neuircns, Invelilgations of esucit-

lived ertificially redivzctive weterials, and cloud-ChawLer

work.

5. The scurce should Luve & Ty 1ile and slaplicicy, of Cousvruc-
tici: and cpéraoicu., In n:gn pressure Veun de Graail iuchines the
source iz rather inacc.scible, hence few cenlrcls are lesirveble,

eno iecplacemenis are Alfficult, uince i..g llle 1s lupcrians.

The bean ylelicd v, bthe source should have low erncrgy soiecd



k4o

» r
[ o &

n.& cutlput should consist predominantly ¢ a.o.ic lorns.
©. The beam should be well focusced.

9. The sowrce shuill supply & hign oubput of icus.

One scurce of trouulc w.in a beam wiich does not uecet requiremeits
2-C 1: that ioae of differeni lultiul euner.,, msss, or direction
will ve affected diilerenil; by cue varic.us lenses. Icns will
therefore hit the wells end electrodes, ca.slig seccondery elec-
trons to ce emitted there. These travel toward the sciurce, pro-
ducing ions on their wa,. This ;.ocese ma, lead to electrical
breaxdown.

An added reason for requiring C. is LLut wost accelerators
e_:1l:; sBuccessive electrodes with equal pclenilal differences
of which, Lowiszlore, oul, tihe first cen have an apgprecisvle
focussing effect. Twus, if lhe besw is nct well [ocussed Le.ore
it reaches the first main sccelerating electrode, pert of the
.seful output from the source will not reach t1L8 tulgcet and
rerrecents a loss in'efficiency besides ¢ _ntributing to electrical
treakdown.

Reguirement 7. ensures that lle power ha:dline. coi=cit, of
the geacirezber and the coolirg facilities <. the target shali not
be texzed .nnecessaril, iy the presence 1. the beam of n.lccular

5 degree .csuch at the terget would also overcoue this

ions. A
difficulty.

A low enery, spread in the lons emerging from tie source and

bl

™ |
L0e canzL

-

a higu output curreat are vciy ilugpcrtant requirsiculs.



ra, lon-source used at present on the Citawe L.T. set has an
energy spread corresponding to a potentisl of 40 ITV. This source
cannot be relied upon to give en output current .. more than
80 microemp. at the target. With s total scceleration of 50C I
the stated voltage spread represents abou: 7% of the total

L RO )

voltage. T.!s ;ercentige beccmes correspondingly higher when ‘ihe
vet is cperated at less then maximuﬁ accelerstion., ¥Wnlile for
mery exyerimente such a egprezd 1s allowabl:, no work requiring
high resclution can be carried out w)il Lihs present source.
For instencs, it would be gratifyirg i1 neutron rescnances cculd
be investigated with the Set. Neutrons with velocities 10-70C IV
have beeﬁ obtaeined by using the (y,Be) or (Y’D) reactions; but
the croecunlas sre 1,63 and 2.18 eV respectively end uilic.sly
high voltage X-r-y equipment is reguired. s (Z,n) or (7,n) reascti.n
with negative c¢. -y, release ma; also vt used, e.g.
Li7(p,n)BeT (& =-1.62 MeV)

or: €12(d,n)il3 (Q =-0.29 iiev)

Burchen (:i) has discussed this ;ruclem and 8.y csted tue lust
.eaction for use on the Ottawa equipment. He states that in -rder
to cbtein 1 gm En-De equivalent, at 600 KV 3) wmicroemp., end at
300 KV $C0 microamp., of deuterons are required. F ul.uer, to
get & neutron so.rce of less than 20 KV inhomcgeneity at 66C Kv, (*)
the deuteron beam wmust be homogeneous to about 1 KV,

“aus 8n ion beem of 1 mA of atomic ions and less then 10TC Volt

gpread is required.

(*) using a cone of semi-angle 30, and a target of 10 keV equivalent
thickness
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(B)
low vollags e&,oresd nnave
. and 111

gseveral 'on-sources i
Tuese are of elx i;pex

Accounts 7
eared 1n the literasturs.

be d'scussed ‘n turn:
th £*lament cat:iinic
Trane ana his co-

1. 7. voltage arc -
Such a source has bpeen construc'ed b,
to %en «icrons. With a voitage

sups. an output

oSN T
ce s

Thne pressure 18 O«

workers (C2)
£ 1CCC Volts and s discharge current of
.2 0.2 A 1e obtalned.

Zeosn and Lulir (I1) have <italned out:iut currents consistlig
to 29% oF atom!c lons. The pressure '8, nowever hich., Taz werylugun o.tpab
sbtainel ‘s 0.7 mA al a cuxrent ienéit; of O mh/s;.cm.
cott (S1) hes descrited a source waich ojersics at s viu

Jith 0.6 amp. passi~g tiroag. tle
“ocuE -

[
AR

3 m'crons).
1CC m'croamp..

jow pressur: (0.3
diszlierye at 200 Volts, he obtalns an output o’ 4 mA. Good

possible only up “o ozvpats of

8 1ng wos, however,
& proton percentage is Iod%.
2. Zow voliz, . caplilc., 8re witl heated Tllament
source in which a discharge was ma ntaincdl through a con-
Dy Tave

A

spsce (cap:1l-ry) wes Iirst put into operation
cted from the reglon of
IR R E) o

gtr'ci.ca
and collaetorators (T1). Ious sre
intense ‘onfzation (plrema) which ‘e set vy In the «©
probe, or are simply all lowed ‘o diffuse oubt. Furtls:
.o"ple have been desov’t:li by Lemar,
Ti.& catlodes used

by a@ negati
2*fications of this ;ros
end by Z'i0 (Z7)

/‘\
l

Sempson, and C>. ton (L2}



In these sources are usuell, .¢:y robust and capable of emitting

several aup. The lon output is very homogernesus in energy since

the arcs run et volt ;:8 of the order of 100 V. The rroton per-

h:"{

czntege 18 low (707)., Pressirz:s sre of -»7:. several m’crons.

Total output currents of up to 4% mA were obtained.

2

2. Ionlzation *v cros:’ng an electron a:nl a mclecular beam

A szirce bazed on this principle has been built by Plasniol
(P2). Usiug en electron beem of 0.3 amp. end a Tew hundred Volts
he obtalined outputs of order C.6 mA. The usefulness of ihis
ource ‘s malnly In the field of mess spectroscopy.

L, Osc'llat’ .z elsctron Lecm sources with heasted f1l=ment

These sources depend on lonization 1, & streem I electrons
osclllating between two cathodes situsted at opposite enic of an
anode. The snode may be ' form of a rectanguler box with open
ends (7<11, H3: v.Ardenne, A2), or & ring (Tinkelstein, F1l). One,
or Loth, of tlis cathodes are of the heated filament type. The
electrons ere kept frowm going irinelietely to the anode Ly a
rnegnetic £1eld of moderate strength along thelr direction of
oscillation.

These sources operate at ver; low pressures (0.5 micron) &nd
are capab’e of emitiing well-focussed besms of order 1 mA. Tuae
power used 18 zytremely low (l Watt). The rrcton percentage is
50% .

This type of discherge was first descriled by Maxwell (:i1).

Farther work was done Ly Penning who designed a vacuum ga.ige, now

¢

. -wn as the Penning gauge or Philip: gauge (Pl},and an ‘on

source (Te::'ng, l.c.) based on an clectron beam osci’lst’ng in

a magnetic field. The ton-source ue:l a cold cathode. Operating
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v:1ltage was high {10 I77).
The sources described 1; by Hell and Finkelste'n (1l.c.) were

oo, . . ,
the 7Irst of th's type to be used in ion accelerators (v..irdenne,

A2,3).

=. Cold catlicde oscilla“ing electron beam sources

The maln difficulty w'th the sources mentiocned in the previous
section 1s the short 1life of the filament cathodes when discharge
currents c:rreszonding to outputs of sbout 0.5 mA are used. For
this reason, much work has been done towards b1!1l7i-7 a satisfactory
lon-source elong the 1f:.c8 ©f the hot-cotlhicle oscillating electron
veam source, but operated with 2 cold cathcde (T ., l.c.; Ward,
Wl; Lorrain, L4). 3Burcham end Werd (l.c.) obtained some prouw’sing
results witl: brass and steel electrodes but encountered difficultiss
such &8 varilatlon of the source characteristics with pressure,
exlstence of widely different modes of operation under the same
conditions, and 2 low atomic ion percentsge. Lorrain (1.c.) has
shown recently that =1 output currents < 1 mA the ~ltage =zt whrich
+*e dilscharge runs may te lowered, and the atcmic lon percenlage

coneiderebly *mproved, if wa_ -~ ~'um electrodes are ust<Z and the
source ic fed with hydrogen pilus 1 part iIn 10 »f oxygen.

6. "onizatlon by an eiectrodeless diuv-liarc

Ba:ly and Ward {I1) have recently described a source in ~ich

iong are forized in o low pressure electrodeless discharge excitel

by & .5 licy. oscillator. With S0 IV availatle for focuss'ny, there

authore obta‘ned a beam of 2.5 m', 5 mm. in diameter, snd con':zining

£0% of atowmic ions,

mhe ehnracteristics ~f the sources enumerated sbove have been listecd

ip Trble I, Their merits w!1l now ts discussed for applica*’on to

415
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-an de GreeTf accelerst-rc, Hish Tension sets of the iype existing

in Ottawa, and cyclotrons.

B -

. 7 de Graaff accelerators

For the accelerstor of this type in constructicn st the Crali River
Laboretcrtes of the National Teses:ch Counc!l, irget curranis =7
only a fcw mlerornp. ere Jeofred at prescnt (7 “vate communication,

A1), Almost ooy one -F the types listed wo:ll therefore be £u'i:ilc

for th!s applicetion. The T.7'. dlscherge ! >t - fer song A1l cul-
t'es s*nce the vacuum tubes uged in *re R.F. ~'ralte wo.ll not stand

up to thic bigh pressures, a1 < gzparcete low pressure cage brings

power =nl ‘nsulsiion problems. The Zinn type covree 'e In ige on
the Van de Grasff accelerntors 2t Les A""mos end VW'seone'n; It 1S
J

understood thnht tie critlinde T1T7e 1s reaconebly cetliclfectory..

K - su'!w.v -~
et

M.v. rdennec has wged the F'nl2lgtein enuyes 'n hi's 11
Volt generatsr. After one year's evperience he lrecrfreeg ¢ (i.c.)
as -:ing very <2tisf-ctory.
In “¥*e gource the electrons, erlttel T ¢ hesteld cxide.coct:

Ttehrome strip mounted sirr-on, are svijechtsd to en ecceleresting

p-tentia” of 157 7 and gvtgequentl] travercs the ckembor intn

which the 7ra 18 Ffed, there producing iome=, On the ler 5ids
of the chev>»y they are ~t~pre? and turned back by 2 denelerating
cr1eld. & lerge rnuler of cecsitlotlong ccovr 1F o megretic miding

f1e14 which mey be supplied by 2 pervonent megnet ie emnloyed.
The ione are extracted by the gere 2213 whicl: tarne hoel the
elrctrone,
» berus 1 th mirementg 17cted shove (p.3Y, ereert
I;' tﬁrmb Of a ! € req v < = f p, 3 L )

vigh ~utpit end, possibly, cettnode 1tfe, (cf. below), the cource
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'8 seen tn revfoym yery well; The navew eonzvvmtion fe low (1 Wett

for a2 200 micraamn, Attt} Mhe Admensiome of the g~vre:s rrapey
are of order g riohe of aide 2.5 cm, The ge= crmermmtion e orly

omgfer of heavy hydrogen fov o heem ~F 10N feopnemm | of Aenternns,

No differentisl pmping wme reguived with sn evit hale 5.5 mm n
Clameter and = source presaure ~F 0.6 microng. Mo dste are availahle
on pulsed mneratian. The 14fe of the cathnde, momted ir +he manner

3
& A

)
deacrihed ord ot the ~*eted y»mnine pawer  wae many hmdredg o7
howre,  The enevcr erread ig nf order 1/100 tra+ ~Ff a ranel var
source. The proton content 1~ 507, The beam 18 well Frrvaaed b
meana of ~ Alan_ghened gteerine elentrode which nrovidea a cdiane
Timehfne actiarn frmedietely in frant ~Ff the evigaion vecion whera
the tendency for dlversence 1a oreatest, dne tn the hich apace ch=roe,
ith yacnm caat electroden nf orent murtty the 1an heam intenatty
renl? he ?‘egﬁ-ﬁ[g__«»&nﬁ T ga_jnq*?‘.jljng the ors i,

Thie amimree  yith an antent of Yoo ~feroarn, AP vhiteh BOE fo
v the Trry of atoric inng’ ANMEesYa tA he well ontted +~ the rrecoert
needs af *he Challr River mraiect, TF It fg Aepired +o vemcve maole.
cenlar ftone st the sonree, n mMags mamArhyrAamator mev he trg-o1leAd
rrAvided cmace fa svdilahle, Von Ardenmela momaskrarator fa AN e
in hedight. It = n~ticed, however, t+that v._Ardenne ahrandoned nsinc
hia mannchremet~r aince, as he pafe 11, ~revatian was ek g i ev
writhot thig festurs Troable waa Ir rarticular axnertenced dne to
the vremence of orgsnic vapors. Whan the amount of gueh vapnrs
wag rednred by rerlacing all rubhrer gackets Ly Aplezsi wax Ber L8

L4 * * 3 LA P TI 4.° - i I o) )
end by the addiiion of liquid air tra.:, tie culput was ~ound to

be incressed .y a lary+ Lector.


http://hvd.ro
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2. ~..m Tension Sets of ihs Citawa type

The sources Curndtis

v

¢

i, from the colint of view of output are
v c Jy —~f =~ ) \ ~ .~ -
los , e (), ; (5 ), (J(?,’, Zy }J,r (Cf. ;f{)ble .L).

r"“‘»I“ e 1 e 1 -~ - () ~ s
<n6 higz output of the Zinn sovrce 1s due to Lie vei: ef"icient

\!
v

meiaod of exbraction used. This ‘nvolves -1 extractiug ;1 tentvisl of .
to 10 10, 2 mu from tne catnode. Probai?,, sn en=ro, cpreed of eu
order corresponding to Liis voltrse 18 thereby lmparted to fin

ion outuut since extraction isg bardly likely to be space chwrge

lim ted so that the extraction field veustrrtes nto the rv:ion

=,

‘cnization. Viile this 1s only & swall percenvsg s ol the tolel
acceleration ¢ a 5§ MeV Ven de Zranfl It becoues 3igcif cant for
,i_'“e‘ Ftt'w IaYe H el t Lo T e ~ 1 Y. ~L

e UBtzwe OLU LV sel, and Inadwissible for the use of iLue Jet &8s
a neutron generator envisaged vy E..oumw (l.c.). In addition, tie
atomic lon percentry > 18 low so Lrat the uzeful outiul i il

0., mA.

The Finkelstein source 1s guoiled in the originel paper (77

as yielding 120 ma of ion wuliwi current. Cuwever, tiess out:uts
were weasured wiith i« electron osclllaticns extending sluwost

bl o~ ‘

to toe collector., It is iifT'cullt Co prelict how much of trnias
output current wignt tve gecuwred In ke Lorm oD 8 Dérw. I viie,
no runs wers made ext-.iiay over wucre than 1D minates n duraticn.

Tor Loia "eiwrth of time ouhpat currents of 7O mA could be ortained

[

witLoul demage Lo Lhe cathode. At hligier currents btie catnuie

ward (1l.c.) states ihet, using oxide costed catiudes In &
gource vir, like thet of Finkelstein's, several eml:slon Tsilures
and one necter fa’lure wes experienced in a snort tlue.

Tn view of iLese facts it is difficuit to predict wielner o
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Finkelstein source would be satisiuctor; as s source of 1 ma o
atonic ions in form of s besan,

loab)
L

£€ uell sBource has also Leen o scussed by v.Ardeane (1l.c.),

but no date on its performsnue in actuzl .ue srs sveilsble.
An sccount of gome tests performed ou Lhls source Ly tke
author ¢l '.is tLesis is soven belcw.

laadd

P! T oo, -, Kl ] . . .. . . g -~
e Laus. cayiiler, arc, usliy & Tyrex cepillsr; is suitable

o —. Y ', \_‘ S . . - -
(ct. Durcnitm, 1.c.;; Lut ageln no dsta on protracted pericrmsnce

are given.

2. The Cyclotion

For the s,clotron, cue requirements listed abouve (1 .3) aust be
modified. (1) and (8) are of minur importaace here. For con-
ventional cyclotrons (2) aud (U) are aleo not siressed. Icr oy..curo-
Uglivvions, uowever, thnese twu requirements -re critical. Dus to
the small rediuws of tie Tirst ion paihz in lie synciri-cyclotron

(0.5 cm}, no p&rt of wiie ion source cen be allowed to protr.de

intc .u+ medien pisuc of the dees, or ions will hit inis part of

trLe source and e lost. Also, the source :h:vuld overate satisfac-
torily under puleis.. Bouw and Foldy () neve -uown thet ions

can be picked up usefuliy cily during a small [rsction of Uhe

. d.1 Lion ¢ycle. Cniy lone picked up d.ring inis time can stert
in orbits wiici are phuse stable end at the seswme time do not r«.cwm
to the origin. This acceptance time Liwe been calculated es C.5 for

Ti .., win.scessary loading of tne dee 18 avoided

the McGill cyclotron. <,

" P oLTen o Lhueinsd 1€ of LEU
and, tos=sliuliy, spurts ol fons I greoo lnovenslby cen ue ootalueu
)y -
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trem vae source 1f it can Le pulsed et a duty < scle corresponding

to the acceptance Lime sng, in eynciuonlsm wi.o eppropriste requen-

-

cies O i.e modulation cycls.

Finell,, a high ion ou'y .. is V.., essential, since tue exirac-
tiin efficiency is low.

iLe conventional «yciusiron ion sowrce is & TLorm of cepillexry
arc souwrce. This iype of Scwce .ses a high durrent discharge
meintained along the lines of [urce of the megnetic field v, &
8t .ady hot-Tllament cethode. Tue discucige 18 coafined alcuy ;o.t of
its length ¢ a nurrow iegivu where it i wuces an inLeuce ionizat .
A 8pace charge plasme is forwed in inis reglon Coow which Ions
wiffuse out or ciw extracted by an electrustatic Tield, Inio .ne
dee. TLaige. currents of 300-000 wicrcawp. neve been cusbowely
in. U.S. couventicvnal cyclotiwas (wivingston, 1L3). Eflicisncy of
extraction is low due to the gpuce charge limitatlion. Otusr iis-
acvanlcoges of iiils so.rce are; nigh ruwuiiig Treisure (].O‘2 wm. ),
gomewnst elaborate neeting requiremenis of (us filswent (u.ndreds
ol sup., seversl KW), short life of the {ilsment (CO hrs.),and
8 low a.omic ion peicenbt. e (13-26ﬁ3~

Fuals oy, e of source is in use .. thc Berleld, Cel. _reguendy

b}

moiolated oycloiicng. Letel,, *t..e Berkee gioup Luve j.wllshed
some data on 1te yevsormance in tue J77 Fud. ¢,clotroen (Jicheideon
s1d collaborabinrg, R1). A 1.l mil tangoten Tilewe.t wes used and
under pulsing (Juty cycle 1,10) uud & life w2 300 ac.rs, i.e. ten
t:mes Lnuv found in gteady operaticu. It is notewcriiy tnzt the
{1lament was simply D.C. heated.

Ko ..ecise figures are availsble on .uf outnut obtained frcw

.1y gource. Provasly, it iu of tue order i tens of mill.amperes.
vald . ~4
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A cold cathcde source of equal lo. cutput weuld oller sciie

advantages over the conveniional source decc:ibed sicve. I

L1

rusticular, extraction would not tskes place frem a pls. s, fobl

jay
e
F
Q
r
i
L]
H
(
C
o)
[¢)
S
-

a Leam consisting only of positive ione woull te diverted iuto

the dee. Extraction in this menner might be expecied to be wure

efficlent. Furtner, no heszv, [ilesment is required and the pcwer

requirements are small.

Suize werk toward modifying the "conventional"” cold cathode
source for use in the synchro-cyclotron has been done in covpsratioi

with ix. F.G.R. Warren of this Lavoisl o,

¢!
Y B
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(D) Preliminary Considerations.

Previous to the announcement of P. Lorrain's results (later
published in l.c.), it was thought (cf. Burcham, l.c., Ward,
1l.c.) that cold cathode sources were unsatisfactory on several
counts, but especially on that of a too low atomic ion percentage.
During this time (summer 1946) the suthor undertook the search
for an ion-source for the Ottawa High Tension set. It was
decided to turn attention in particular to the source described
by Heil (l.c.). This is a hot-filament source which, at the
time, appeared to be very promising.

Only three months were available for this work and it
was possible only to try the source in the form in which
v. Ardenne (1.c.) has described it.

On his return to McGill University in the fall of 1946
the author heard of Lorrain's results which showed that a
satisfactory proton percentage could be obtained from a cold
cathode source. Attention was therefore turned to the
development of a cold cathode source which now seemed likely

to be superior to a source using filaments.



(E) =0 TECTS ON THE HEIL SOURTT.

A aAVLTS

(Thie wovk waa dous during the summer ¢” 1757 atb bhe Nat'cnel
Researc: Councll Lebcratories, Ottawa.)
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I PRINCIPLE OF THE SOURCE

Apart from details of construction, the von Ardenneruogiflcation
wes &dopted. The ancde copsist: of a flat box 2 cw. long, 1.5 cu
wide and 0.5 cw deep (Fig."D) with two opposite ends left open. In
froﬁt of eacn of these cpenings wes mounted & filament cethode
(annealed non-sag t..:ten wire) and a c;lindricelly bent reflecting
ghield kept at a potential negative with respect to the filament.
These reflectors help to focus the electrons emitiec. frow the filo.cut,
thus reducing congliderably the magnetic fleld strength required.
The emall size of the source permits the use of a pole gap of 32 mm.
so that a permanent megnet giving 1500 ocersted could be used.
Electrcons leave the cathode and acqguire the full enersy corres-
ponding to the anolde , t- tial soon efter enterl.y the asncie-box.
Cn reaching the far end of the box they are slowed down &nd finall,
turned back elther by the i :ce charge surrouidiie the Tilsment (1£
it is heasted) or by the reflector. Tue magnetic «ud electrostatlc
focussing ceuse the :i:.ct.cns to oscillate a large number of tiwes
pefure going to the anode. To furnisn Lie current flowlug to the
ancde, the emission of & sliple tungsten wire cathode is adeguate.
Normelly the emission of only one filement is suificient, so that
the second filement can Sciic as & reserve cathode. The gu8 euters
through a tube into the top of the anod. tox. The iong forred are
extracted through a hole in tie bobttom of the tox. Ae the lons are
formed ty electrcn collision in a [ield-free space they heave botlu
extremely smsll veloclty end velocity-spread, so tuzt a8 fine mesk
t a few hundred volts negetive with respect to the anode,

prcte a

and mounted a few mm. below 1t, is sufficleunl to extract a przcti-
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cally parasllel beam.

I1 CONSTRUCTION {F THE SGUKCE

The overell construction of the scurce is shown in Fig.:3. The
dimensions of the scurce elements proper are the same as tuLose used
by v. Ardenne (AZ). Kovar terminals and porcelein insulstors were
used for conducting and insulating supports respectively. ITiues
rods, copper, nickel, or t.ugsten wires were silver ?oldered to
these supp.:t8 to carry the source elements (Fighs5,47). A brass
anode was used throughout. Tantalum was tried end alsc found to
be satisfactory, but it did not appear better. The filaments were
spot-welded on to tungsten wire supports with nickel 8leeves, and
vwere eaeily replaceable. Various types of prove were used. Tlese
are described below. The sylphon belliovws permitted the directing
of the beam to the centre of lLe target or to the entrance-isle of
the analyzer.

A leak of the %;.e described by Fowler (FZ) proved fairly

satisfactory. Tank hydrogen wae used throughout.

I1I THE TESTING EQUIPMENT

The equipment described by Burchem (B4) was used. The pcwer
supply (1g.%”) consisted of a small insulated power :.pply ope-
reted at a frequency of 2000 cps for running the ion source itself,

and & 50 KV IC transformer-rectifier set for the final acceleration

of the 1ioms.

The insulated power supply was fed by means of a step-up transformer

from & smell aircraft generator at ground potentiel via tuie condenser
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of Lrne 50 KV set and Bupplied & few hundred wetts at OC V at wictever
potential ebove ground the 50 KV set was cperated. Thls 80 V in turn
fed 8 transformer end rectifier set &!ving seversl thousand volts.
Pumping speed of the MC 75 diffusion pump, backed dir-ctly by a
Welsh Duoseal rotery pu..p, was about 207 litres/sec.

In principlie batteries can be used with advanlage to s.pply all
the power required for cperation of the s..rce. As the Ilnsulated
pcvwer supply referred to in the previous porigrsrl. wes aveilable
1t was used for the probe and intermediate accelerating voltages
Vp, Vacc, whereas Vy, Vg were suppiled Ly dry cells (Fig.L9). The

filaments were heated by a & V storage cell.

Iwr fRaniSadhsokolle udula
FSU TR PSR ATV AT G

1. General Remarks: Preliminsry measurements < output were

made with a Feraday cup 2 cm. from the mesh probe. These give
information sbtout the output of the source proper. The cup cirrents
thus oblalned are denoted ty 1.. For the final meas rexents the
accelerating potentiel <l 10-3C KV was employed, and the ion output
(:o, wes read at & distence of about 25" from the source. The ions
were collected on a bress plate, 3.5" in diameter, replecing the
analyzer shown in Figs. Ll and 46. The beam at this point wes
circuar in cross-section and sbout 3" in diemeter.

It will be seen (Fig. 56) that i, is determined by I, for g'ven
volteges and pressure. The current 7 °n turn depends on iy, a
change of 0.1 amp. in the latter producing an appreciable cne:ige

in the former. As ‘g i8 of the order of seve.-1l euperes it is

not possitle to regulate it with an accuracy adequate for tsohing
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repeatable readings. Therefore other variables sre referred to

15 throughout,

c. Pressure: Pressures were measured with a Distillst’'on

Products Inc. ionization gsuge. Pressure readings Iin the portion
of the thesis in which work on the Hell source is reported, ere
given in microamperes. The resson for this is thet no definite
statement cen be made about the actual pressure without re-cali-
bration of the gasuge for an alr-hydrcgen mixture. A good 2ie=
of the spproximate pressure may, however, be gained from 7!1g50
where the factory calibration is given as well as & l%ne based
on a paper by Dushman and Young (D1) In which it 1s shown that
for mixtures of sir and i irrge. the sensitiviiy of an ifonization
gauge 8 decreased at mcst 3.7-fold. The ac’ual pressure lles
between the two lines of the figure for any given reasling o7 ig.

For all readings the system wes pumped d:wn to GpA (air)
and then hydrogen was le® in to bring the pressure up to the
des’iel value. The source sterted to run at sbout 8na (!.e.
2 wA partial pressure of hydrogen) and ren increasin:’; well ss
the pressure was increased. A good running value wes 1CwA.

It shou’l be noted thet the ionlzestion-gsuge was mounted
a «-nslderable distance from the source (F’g.hh). Althoul the
reted speed of the diffus on pump wes 200 litres/sec., the
pumpng speed of the eperture directly below '.iL.¢ source, calicu-
lated 'n the conventional manner, ‘i.cluding end effects, was
.1y about T liﬁres/sec. While this can serve only as a roug:

gulie, !t seems 1ikely that the pressure in the source was

higher than that messured at L.s lonization ga:.; e b, more Lazu
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a factor of ten. Tic 1inesr increase of ion .zt Wil pressure

reorted by v. Ardemne (l.c.) was confirmed with a flettening ol l

at higler pressures (Fig. 51).

_. Meguelic F'eld: The effectiveness of the field in keeping
the oscillsting electron “esm off the anode, “.e. heeping the
ratio 1, 'ty low, Increases with field strength up to about 113
oersted. Higher field values do not decrease this rat:io much
further. Thls 1s plausible in view of tie extreme ef’sctiveness
(57%) of the 1500 oersted field, snown i Fig. 52. Hell (22}
obtalned an increase In effectiveness up to 4CO0 oerstel. This
is duz, presumab’y;, to his use of seversl Tilaments in paerel’:’
and the different secmetry of h': source. However, v. Ardenue's
estimate (l.c.), thet nigrer field values shouls increase 1, b,
a factor of 2-4 t mes does not seem to be substantisted for the

gource ‘n its pressu i form.

4. Reflecting Shieids: ~ typicel plot of i, ve. Vg Is given

£

~. Anode Volizgo: The variztion »7 ~.lput with V, ZIe shown

in Fig. Sh. The optimum velue T VA depends on vhe variation
of the &--ic lon ouuput .ercentage with Vp. As the oulput was

L) Lt el
not enslyzed tlLls aspect of the source was not Inves”igc.ci.

7. T'lsment Emission: It is seen from 1ip.05 that woist ol

vy electrons produced ' Lo Jtechierga., Tue

ia 18 wrde un

LI AN ]

dclted curve wes obtaln~l Wil Loy Ci®

. IR ~3 - CT”& S ) 3 ..3 y Eame
full curve v th tcil CI1sierte heated. Thus, ior the
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1gsion, U t ! 2. Y .
em!ssion, lhe output 's only; B8 "¢ty a’tere’ b, oue’a,s Lie second

<

ne N
R

emeat,  Hovwever, with brll 11 i .
’ oh brix Tilements, tle ssme '-le emissica

6s wl.L one v&y L& talned Trrtler frow le "lare. co'nt (ef
PO e

”’\ A B O Land [3
poe OF Bhis section;. Thle ls someiimer alvartnyzous. Tangiten
() . - AdLgs: =21

-

I’ laments, approx’vate’- “ a . ..
» 8pproxiratel; 2 em Yoo LD 0LT dn dioieter,

(&)

were usel. The, are ressonally lrvg 1°ved (1 Jas). The 007"

L4

LI DU a. 5 - Ve -
wire Laliez abiout 74 % IV for a good dsclor.:.
T. A Liynlcsl outout ¢ o At et e .
fe & g iid < 9 C.IVE: A ";‘;rical Outﬁu‘u C Ve 1s Sshown

- - . " 4. — -t L 211
e 1 ~mmdl oman R o -~ -va o
vid 2 - 1 ) L ‘.1_4&,1 LIt LS COITGS“(IILA n.g C. Yog f_’iv'- Fs }\’ » “:C'Z}.

-
v

ircamme (1.c

MAN 1’7’

. cuoe Tosentlal: Higher probe potent’~ls thon 100

Aea o4 N R PN » -
Siiovot sullleicntl; Increasc the outpur to mals the'r —re

prectical. T!:.57 shows some curvis o-htalnzd fo com parisaon.

LR G A k] e 1.0\N o
Lot ctuatnsd Sroa T . , &Y€ £l8C T Trmetive

e
4o

N\
~~

e =
Sy /

\ 1N

3.

(r)

in thiz coanection,

Fig.47 shows izt Lo output depends considerabl:; on the
natire of the pr.ie, The £u1) ciwves were ovvaloeld Wilh u g UE
consisilne of a wesher (o.d. 17 wa., T.3. 0 mia.) with coarse
~ zi1de. The dcohbbel curives

G, ;. er mesn gpob-wrlled Lo the unie:

w676 oLbtalued uslie & onb eguilistant slilps of 2.0C2" Llaveler

turng:ten wire spot-welded acroes uie washer.

Tue ratlo ol [oobe to outp.ay C 1idwt was usual’, tebwsen 1:

i T vne Jdlegclny._@: AS S00D 88 (YAYTofn wal

. - , "0 " - o a
ganmithod to vhe cracualed s,ete. 8 DI s, Clecuarge (xe;erreu.

to ag Lhe i'scnav o= ) appesved tlio . .out the sncde Dox. T.lse

‘. caged in brighluness with luorers’ig f-o or wils increesi..g

L EE3ULE; {A and o incresg=i correa Ll iuyiy. A8 lp was .ure

hayr
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increased a polinl wes usuall, reached where She d*sclarce sudden”,

{ iy ‘: '.:— , et Y SRR S T L) ~ o -
GULPEL L Bn wioce Lol Jlness. C§ Lnls point . lacreased slso

o 8 Tobtaaen Tha Ceaineye s - .
evera. tiusk ita Toiwmer vel o, with uo egirecls e ‘L-.ease In

.

i 1f only one ilaments wos uexted, e Clacioree on "Tlave-up”

was ‘nihenee enouri Lo reat the otler ~lam:sr L o a o "1 red. Tue

Eos i PR . -2 L. -
11EVE-UD poirt wes shiftsl Lowred Llghep i: Tor higher pressure

~

or neavier I lements .

-

0. C lactieblon: LTter ruuu'ng the source Jor 8 Jew hours

the 17 acharge somel’mes went oul anl e source cassed Lo funchtl .

€ !

i dlecharge in'.ensily, tlie soorsr 111 'l.'s occ.i.

<2+ snode wag bthen Tound Lo be covered with a 'Lin blui~l lajer,

sresumavly of L.ugoten evaiorated from the [*l-uenbs, Trom

clean'ug of I LLig leyes willo a7~ er the foi'cé ran normal’y

1

"1, Repealsni1y: It has teen nvled tioougioal thie work

tnut the Tshaviouwr <7 the cource was in ceéruain regpents racvuer

unpredictaule., For ‘netence at times a piche voliagy of cmiy

- - L SUUUNIUNT Wt SN 2 BN A Y a L N
~0C ¥ taterfered U Vhe Tunobionlig of (e llegcirrge comsidersl’,,

s

Dereag 2b otlr Lo.: no ellfect on “he disclharge wad Obzerved Tor

a I} - N - o~ L] . ~m= PR
cy-cbe volbopas Siree bires Uiis watue, U7 arl,, TTare- i
.‘:-‘- - e . - N
- B - NP B D - Y ». :.'
occurred rnce Tor a d'eclsigs currsnt of onli; T o4 Wilie 8u O..er
el v, - L R
tieg no rflare- o occurred iy GO TpF Lo .
— -y~ —\ —'uv-?f'(-—-;\»vr-'
','/" I.JL:C’«L-«J. lr An‘l’.{/‘ C av.;d'\thl*\.-.».-
- - . K I T, ~ . N
~t gy heen oucwi thal an outpub of T oA o7 ‘ong sy we

g gource. 25% of this wse focussed to a JGistance

. L

obtailned ©iom L

[ 3
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25" from the source. This output can probably be incressed

by the use of heavier filasments and a stronger magnetic field.
It seeme probeble that oxide-coated filements, mounted edge-on
as described by Finkelstein (F1) end successfully used by
v.Ardenne (A3) would have a longer 1ife than those used by
Heil (1.c.) and in this work, The use of sturdier filements
of a different material might well reduce the tendency toward
instabllity and contamination.

It appears likely that, with some further development
along these lines, the Heil source could be mede into an
efficient ion-source.

Heil (1.c.) estimates the proton percentage given by his source
to be 50% on the basis of the performance of the Scott (1l.c.)
source. This estimate has since been substantiated further

by v.Ardenne's analysis of the output from the Finkelstein

gource which is very similar in operation to the Heil source.

The figure obtained was 50%.



(F) THE COLD CATH(ZZ SCURCT

h i
L

(iLis work was done et luc Rediatioun L-beratory, McGill Universit,,
during the yesars 1946-0)
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E s s o 4. '
(1) descripcion o +iac congtrustion cnd operaifo. oi ithe Bo.sce

Tue cold cathode oscillating electrnn besr souwrce consiets
of zn anode in the form of s box with open ende. Usualliy, 4
cy~inder or ring anode is used. Tuc catiodes are giurl, wetal
discs placed .rposite the cpen ends of the =uude. The course
of the electrostatic lirzs ¢f force is siL.wn yaelitatively in

the following sketch:

The arrows indicate the direction in which electrons are
eccelerated. One of tie cathodes 's provided witn a hole througn
whici positive luiz may pass, and tag source is placed in =i
axial magnetic field.

Tpe following comisonly accepted explaustion oL Lue manner
in wnic. tais scurce operates is given to fix 'deas:

Tlectrons at the point C sre accelersted aiong a line of

B

force such as AB. zae effect of the magnetic field is to change

this motion intu a spirel along sne magnetic lines ol force.

The redius of such & gpirel for ean electron of a e« tens of

volts in a field of a -ev puicrcs ocersted is of the order

0.5 mm. Electrons o C trevel thas essenti=zll; toward the

cathode Cg. They traverse the central regi 1w ¢ the source

whiciu is a space free from electrostatic rields, except tuul
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due to space-charge, end are slowed dcwn and wrned veck .pon

approacuing the cathode yx. An electron may perform a lirge

number of oscillations before the ccubirati.n of cpace charge

and sidew.,. veloclt; components gz'ned in collisions finslly drives

it into the anode (Heil, l.c.). Tnuu,1ts effectlve path ie

longer then in electron beam sources where no cscilli-tions
r:ke place, and the number of i.n: produced per electron
reaching the anode 1le increased. Icas produced near the

hole in the extracting catnode find tnemselves lu Jield whi-.

it

causes ituew Lo leave tue source via the extracting nole.

~tnce
:ions formed by low voltage electrons suci es in tuls source

sre prectically at rest, a prral.c. beam of 1ciws is obtained.
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(11) modtiications of the symnetric cylinder *+

L Lyoe source
introducel in the course of L.... research

It was thought that positive 1.4 cutpue miget Le favored

il the lower cathode (extracting céthode) were run at a few
Volts negative with repect to the ‘.per. Tois type of
opsration is called "asymmetric” in cilc thesis and is dis-
cussed at length belcw.

Anotiicr modification, used wits both symmetric and
agymmetric operestion, ls tne "ejector anode’. Thie .;.e
of wncde 18 shown in Plete 11I,k. It c¢onsists of an ordin: .,
cylinder enode t. which is added a coaxial cyiinder, 1,1J"
aigh end of internsl dismeter 5/64", fiush with the lower
end ~f t e main anode cylindsr. The wall of the small
cyiinder is 1/64" thick and it is s'y; ried by & narrcw ridge.
The whole ejector anovde is machined out of one p'ece of

Magneczlum, Such an gnode conetruction creates a nigh vollage

gradient favoring positlve :itn emlcel-n, near tne extracting

novle. _ 0
+) {not to scale)
S [
— — o0

A discuesion of asymmetric operastion follows. Some ciler,
minor modifications are also discussed. Thz performance of

the ejector anode .., be judged -.uum Tabdle I, p.2

igh C'eld, welng
Ac,.cetric - wtvliom: A first attempt I.. the high _‘eid, using

- g - "/\ 7 ina X
storage cells to provide volisge clrferences 3 te®3C Volts, o

the results shown in Fig.3%.  in order to obtain a lerges

e
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os’tiv v) S A . .
b € voltage on the lower ca..ole, a resstor was .. ertsd

petween it and the uprer cabhode (goound, ef. Fig.l2)

s ~-
= } ! b
. 'L-)' —A¢4.£..

0:2]

was found to increese the - ...ut current ", & factor I nezrl;

ij‘l:}t:}f. L&’ter WOI‘k Bhowed_ Lﬁ'_,.t the as:‘fmm‘ftr:c mOde Of run:

iing
Improved the low field output also, thovg: «ul, by 8 factor of
two. Thus, the output mex'mum of 5 mA shown in one of the
curves ¢l I!y.Z,was souewhet exceptional for s;unsiric running;
but with asymmetric operation such outputs were quite consistently
obtained.

A witeworliy Ti-ture of asji.stric operation is that a
siizllow plt is formed, ss 'us result of irw: bombardment, in
the top caliode (and in the collector). The srea of t.ese

p-tes 1s alwa;3s equal to the ares ol the extracting hole. Tius,

whereas in s, useliic runnin, the d’schage covers Luz whole

tekes ;lsce largely =cross sn srea g > Lw that . the ex.rac-
ting hole. I.. expl:znction =y jesrs 4. le that the “lscha_y=
electrons pase througi the extrscting iole, 1.s. 'le discherge
extends into the low pressur¢ reglon outsidie the source. The
"Leam” obegeived tizough the winlow is, in Jact, pari of iug
discharge. If the electrode voltege: are considecred, this

interpretatica becomes plaa:ible:

o o

600 T10
—— —— 480 — —— 440
------ - 1000 -——-=== 0
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~ye ~[ s . - 2oy -~ . . L *
~fe eiecir.cal circult for -g, uetrig runuing wes alws,s suclL

= <r "7 o KB = . L'} o} 1 A~ ~ N
tunat Y ‘T . Zhus an elactron Tirmed in the mer haif o tre

source igut well nhave enc .o ecei (Z<T>7-)

W

-t

+3 3 Ym Y vgra- . - : -~ -
chrough tie lowsl catn~de. Such an elccip. - wourd _e siored

turned teck Lelors vresching the o1 . csse A, o = ot

niglt rroceec to e ecllector. Higher ol tvab currsnis were
:tive V. was male, It was nut poseidle

to otserve visusll; ‘n cace A wiather s change in intens:ty of

-w€ besz” occurred silghily elove, or su, tis oid.

da

-8

~he nigner output corrents crte’ned "n esyrmeiric operetion

=t te exyected to reswit, I this irnterpreteii.n

ct
1

-

: ciirect,

!
b
o

airce c¢nllectic: teies pl:sce closer to the disci-rge. It is

L - -
no’nted ouwt avreve n ot

~c =
2 rrernt n3er o1 r» cona‘tlione.

- .« - . . e I ]

- N .. -~ L o . =
o xuler eiperimentecion Wil Te vesulsed to deteri ins

o+
<

wrat exten®t extractlcr ol ions ‘n form o7 & Dse_ can tezZe .:ce

‘ich 188 "h s erreed Into the low press e

< L] LI S S~ - B T S PO 1 ‘e tera
Tyom the (OlrnL Of ViEw O I cye_gduitm &l Ive Tt s "llle

~_ . ... - L

: Swzerve waet ol oin *his meannay I eqlve Lernlt
ety Lo cuserve vhelt ~ere.ion In Tn's menneY 1B egu L

. ~ L. - N - L I B Y v v
+o the menm<: ¢ crerstlion of lle convewnt omEl LW Voitage Arc

) * st 3 L R - NI v .
wrere a1go & .Tschil e 8§ mainvé:inea outs ds "Le source _“OpEv.
. Fs 2 DNe s —
) . - Ny = Amd Al me: t
-— e o~ v =54 T = LoD 1 (! .men
Tr, tLe preseén. cese, LOWEVAr, €L_€%

"

v
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oo ) (IR} - -
Torce in Lhe scurce I'un more near_‘.;: :'f»_'_.*a]_]_e:‘; to Llte ur.nnulce

(&)

~e 0 ERL T ~t - ST e . .
~1€.L M wne TEZ tn ST weXimum poteat'sY wodtont, e, rvey fren

'?", ~ 2 T 2vmey Vomem R RN PGS SIS te L. . o
“e contre.  Io woo Teped WMot the Otrcharg: clechrons wool® in

o~ A “ e . L . PO - ~Amrem - - .. .~
conscuence 8ua, .icCr.er ‘n thz oot erza en? savsz more tonl obi-orn

S8 un’t JisclArge ewrvttt. M ng ano’c end a o linlrical

anode with ends tapering inwerds were tried. No s'zu'liczent

- L)

~ . £ e
RUAN SRR I it rezulted.

~Y . R .. o B - . [ e K] 2. () X
FRORSAL AN l.. cachoue o L.;...Ie wl 5 L t wase i ,"_:bi;"_ 8%, Me L_Lgo oongl
SPR. PO meTT . T N ~n Ta Vet Tt st e s
CLE WX o~ Ll e DU dD e lo.8, oegerved av e nller Tiscirlgs

D

. - At Y Al 7, . R R Lo e e y
curre..bs ' U e dus Lo g slliewere spréalli. G f LO Lulini re-

-.m

Sslen, sl the rositive lone insl’de Lhe source. To t:st uuis,

.
- +

‘. TR . . - »! - he -’"“1""“ i A y
extracion Liro.i.n a per! her I agertive (Jliote Iio, b ., was

o ’ P Pt R b -3
tried. Lo ciengs 'no lue g va. Im crve vop.ited,

- - \

L - = S * LN T s 'y - A= ﬁ".“"”‘: il .
Ca'rodes vese . ull ML HOT6 CclLouge Vo oiTde wecd Ly, - caln (.! .C.,

—— o . -~ - . - v B ~
nl elown in Flale III,50., T, also Juve m, L7 novemen' in outru



-32-

TN
i-.
oo

..o menbal work - _ ueral

gource ccnsLructiong ced:

L

A conBlrucvion in whlech the anode was ¢y/i'ndrical and iLhe czlacds
are 3. S ¢ -~ e . ~ .
weoe Ciscs hell &' smel’ ilstances “rog o vhe oren ends of e ano’e

- - - .
[6 5] Is : PR T e T e s, \ o . -
nng peen used ’3'.,' Waz Ly L .LI'Cig..»;_;, BIIG A0 8 L] (.‘ .C.,, 200 tn soze of

cu€ present work. logueaiiy metal ‘s used Shro..l. b except for

S
a Téw ring with en a’l-Jalctmm sa.rce.
~2 tue early wrb of Ulls worl the electrclr veie Beoarsaved
and s7; arhel T, slass spacers 80 1o’ Llie agpesrance I the di'e-
ciuav,s could pe obseived. The magres aw-. 128 Jolnhs were seaic

with: Aplezon-W.

218 constructici was 1l-ter 1e

or e'ge tlrea’lsl ‘nLo & closed ,1'inarica
model"), tne anode teing sior ot iLed axtally ?;;i&g,on g.me Zrro of
insula*l.. support., & source oI this ' re wiic’ was used extensivel
18 ghown "o Tig.50 and Tlate III,%np. Thie source ‘neor.oralils

-

e T 7 1owin, fealiieg:

1. waLer-cooled ariie

2. waler-coolel ¢=lllf:

3, Leviie lnsuln’ ors

. olees insulabor iu ke eanols lead

The 1888 ‘ns:ilator 'n Lié apree lead was instells’ hecause a
o ns ot

discmree Lo occurred across the Lelelt'e gpocer merned T In

. (PN
LDagpe i)

- 1 -

re wug revained T o ‘he earl, work ‘nm lne - cleloon

- .9 - K} - -7 - ’... " . D) ‘ 4‘ ey
megneb; Lece, nowever, 'L was Loun.éw (u the 8¢ @T€ cla. «

" . - .o . e
gi:own, aggociated w'l bthe "spacer sourcé’, in -ifg. “t. & entid

wilch could e blased to suppress secondcr, electrons was .ounbted
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-

onma . . - 21 Brprox’: 1
Bezi 8rproXicmbely 1 cw sTove bthe clomler “loor which
e e T PR i

gserved as the collecti:. -l ctyeds-

O R

At e sbhart of 1qed val "
Buare oL +:'red operalion e bras: 1lsc .3" .

wag mount~d on e Kovar seal just atove the [loor cf "L chsular

to acl as & asepearale =#lLilelled o1 lec! or, 'Me ol Yas mal o

“,"V._,: “, ’ = oY 3 laahd TR -
tot peing srovaned., Tle gr u was anved to a

acove ‘e collsctor disc. The o.arp.se of tl.s chan_ - was %o nre-
vent electrical plckuy due tc the c~psclt-nce asgoctatel wi%l the
bulky clismber and tube.

Zor as,melo’c opersbion a ssurce (D1g."1 and Tlate ITI Lt lom)
‘n wh'cn itie two calinl:zg were =lectrically ‘asuls*:] was .se.

[nah BN 1

A..AL.‘S

(9]
D
“a

5O

. 8z s he s wore e€TfIcTen’ ~antiag of Lle catho’os

-
A
2. ertfd : 71
4

“‘J

clent suocs oooling
. ths anode 's 1¢ld ., a sel screw anl 18 ess’l, removalle
. ihe source is eazy to dlsmuntle and reassexidle

s 1 o

The coc g leasls,shown onl, ‘n gseb in the dlagrem, are i Jdras:s

a T

tbes whicn s81'de throug:: the inL:ics Lollicw condaclor of

=

3t ., -kolf Type G- Kovar-glass ssals,s..v soldered into the "
cabiods nolder (a, Plate IIT). The brass tibes were solft ssilered
to “1e Kovar '::.'nals. It 1s realized that Kovar metsl p=s a
relotbivel, high magne.’c permeabilil, in lcw frelds. I is Loped
that this interfered 1'ttlie w’'th the orsration 5T the Bourcs

slnce "hn 8681& were locatﬁi AL Out UJ, t;e SOLII'CG and- (‘trica——-‘)'-

(¢}

Tt ghould be noted the: provigion '8 .+le In this zourc
for messur’ . accurate’y i'.e pressure actual’, ex:si'ng ins'de

the 8source.

vacuum 8, o LeL

l-~. AV N}

in ..e early part ST Lhz worx the sma™’ vacuum CLai wber (7t.."0)
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was uszl: uis , R, -
in tuls case a Dist’'listion "o tucts Tae. T, e 3T oT4

»
.

7

8all-Tyrex AITTus o o ugs  Tmetoad - e . .
v it P, veced L, a W.leh Diosesl #1205 puanp

Fy 1, - m. - o ~ -~
provided the vacuum. Tue rated Bpeea ol air of this .swmp 1s 25

litres,/ssc. 0cto’l was used in the diffusion Dun.

The G 204 wss later (lerges vec..u chaumber, Fig.-l) repiaced
ty a Distillaticn:Products 1:2-250 Luwp for ii:7:ber aping sneed.
Th's pump !s rated at 42 1/sec for eilr. The itiuss tibe sn-wn in
Plate I (length 2L'; :.4. 9.5 cm.: puws'ng speed 20 litres sec
was inserted beiween thls p . _ and the source so that le wecha -
rcal maup woill be situated ell out of the mac.::tic fteld. Tils
tute reduces the total pumping spesd to 7" 1/zec [calculatel).

wrsert’on of a thres szcl'on optical Laflle (cf. below)

11 et K] , Y. -
.»,.ulact.zu a04

$l-

lowered the pummirg speed Tirthesz. Wiith a
In the lowsr cethode -~ ‘l¢ source (puip’.g sresd 2 1/sz¢) a

c, " » ra e s/ A .

5:1 ratlo of (source picssure./(chuster pressure) wes measured.
In mosu ~7 the runs a 1/°" hole was ussl. It way L2 'u
chot Ule pressure ratlio *v th's case was

iegi=-test’l .

N

The following method of leask-testing was Tound to be effectliva:
a .lass te was inserted between two sections -7 ruller i lng

in the lead into the mechanical puiup. A strip of tin 11 was

~ . n
wrapped tig.81ly round poot ol this tire., A few turns of ;7°°

- LY - L P { - K -~ R ]
Ww!re were wounadl cver the fr'l. An eleciriuieless lischarge could

2 A I | ., M o L .
be set up by ~prlsing a srevkese it (commercial: "Tnergsx ; to The

end of the wire. At pressures down vo a few tens of microns a

o
A

glow fille ‘i~ glass t .z, I acetone 18 now appiied ., means o

. hl - KL
1223 exisbe, *he di-scharge wilil

a dropper to a nolut where 8

change towsrds blue in color, or Dde ezt culeled.



Jleesure measurement

An a'r-pressurz operated Mclasd

@ Uzse was constructed. Txu

()]

volume of © 1%, g S oA
"+ the large bull 's J7.°7 cc. From 't & rether wide

capillsry leads 1:%0 a Lb of C.52 ac volums which provides

a cush’oning for the ©'n 8 capillary (0.7202°7 cc/em; 5.20 cm
long, following it. On the {'ns gcale, the lsugth of capiller
between the .-inte corresponding to 1 end 1C .lcrons was 1 5/°"
This scale re=dc Lo 1% microns. Two further scales resl Lo
2.1 mm end 2.3 mm respectively.

Trne leads to the :izLeod gauge are shown n "late IT, op.

'-—w‘

It w'1l be cbserved {7!_.40) that the gas from the source has

to pass bthrough the narrow space tetween blie anode and tie Lsvite

L4

Jnrulators on its way to the :lcl.eod, wheress 'lie gas whilch enters
Troqo the Fowler leak can reach the Mcle .l withoil going throign
the source at a8ll. It was “eared ths! our pressure resliings
taken with this model wmfst’ be on the hiyl side, Tor 'li's
reason. However, the range of ;ressures "or which the source
runs well)was‘substantially the same as befcre, when nzas.i~’

‘n the later des’.: (Fig."1) which allowed an accurate deteri’-

nation of the pressure 'uilde the source. It Is vhus nct con-

sidered likely the! the s7./7"er pressure readluyy were greatl;

in serror.

a0t

insulat’:. e, er due to tLe 1ifTus’on pris

Shortl, after the }F-"70 pump wes f7r:i% used (wIth Tarco’},

gur. T led by et onal Reseaich C... . tion, Buszton, M-BB., J.o.A,
- 1n
1. rresence of a C: ‘reular loyer lack ‘n color, about [ in
“ach thick wes dlscovered

'y -5 thousanl: of an
diemeter, end severa. tn

on the floor of the chember. Th?s lcyer hed been T.rmed around


http://ree.de
file:///vhich

‘,‘"; . Y .

Liie 8pot where the ‘on beam hits the colector but excecled the
“) F ~ . .

beam . erea. At the point where the beam actua', Lits tue

~:¢88 the layer was raised to a nlatform sbort VN e e

LR

I~ 7 -
/16" in dlemeter. No s cotrics] cont nuity could be estab-

1ighed through the layer Ly mesns of a 713 copper w're pr-te
pressed on 't. This Insuleting property persisted to a high
iegree out to a radius of order 3/M" where the layer was so
thin that it was no longer black in color.

It wee thought that tre .,z s ght consist of Nerc:il,
which has not en extremely .. vapor pressure, reduced L, the
ion beam. A two section baffle did not prevent formation «<f
& new layer «.th': & few hours of running.

it Professor Toster's suggestion a section of the L:inss
Lute about 1 foot long was then cool:zl w’th dry ice (Plete I).
Also, znotl.er section was adlecd to the baffle which rematnc’
inside tl.c tuite mali'ng gool thermal contact with *lte dry-ice
cooled wali. This ccavingtion of 1:f7le ernd dr, !ce wes Tound
completely =7"cctive. Values of cutput currert cuotel In tils
vnes’s all date from after the dry-ice codl’nz wes useld, eXcepu
for some eer’; values obtalned with the all-gless diffus’on

LI * LS
pump “eling octoll where there was never =uy sign of an insulating

10 ey,

me formation of films due Lo rediction 7 orgenic "7 ty
- ~u + CA
fon beams s discussed in e peper 1, R.L.Jtewart (57).

,.‘y._,\-\\ .-
6( S 8"}_";“:/

LI B . VT zret oty re t JL i.;lf
An electrolyzer, mounted Telhind the HeLard gouge end not vis
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in Pi:te I was vied to generate the ges for supplying the source,

It had a storage bulb of volume 107 cc. Hydrogen =nd oxygen in ths
ratio 9:) were collected over the d!lute phosphoric aé¢il ussl 28
the elctrolyte and fed Into the storage b1ld untll the pressure *n
the buldb wes nearly atmospheric. L few feet of vpressure tubl.ig
123 from tlic storage bulb to ile Fowler leak (l.c.) shown Iu Plate
II. Thts lea’: haz proved very saticTactory. 2ne revolutlon
corresponded to about 1 micron change in pressure a® low pressures.

18 thought that the leak geve reprciuclLle veluga of *Le source

pressure, but no att~urt was mads to check tils covefully.

anoce coollr:

For cool’r:, ihc snode was gurrounded 1y a tightly Titting
thin-wa’lsd copper jachzi fitteld with = rrmended ¢ollar for 'ngertion

of the cooling 1274 (length 2", cross-section 5/14" with two cana:

and Plate III,top,h,?. The +hreads are such that the drill-hcles

in the 1leud oo’nclde with *he holes in the ccl=r when the lead '8

acrewed 1n tight. For vecuum-tightness the threnis were heated =r°

covered with a thin layer of Apiezon W Lefore tnsert‘on. In leter

work gzft s~Yd~r was need instead of tae lutezon as 1gars L8w

. : < W e nt 1rections?
developed cccestonally which werc Veryg troudlescre. Tnlllreciion

Plaw ~° tre oo g watsy ~round the gucket engyed Ly a p.€c”

gt toclet Totween Lhe
of copper Wire anlAsmed, e e inLo the copper =Citex €

. o e “q
twe Loles 1In the h=os ~° tae ccllar.,

~edm 2ee bt the o  and the c2thods
Weter wee used comme 1 Jor hotn Tae ~node =N !

» . P ~ :
notng., Tor LO¥ ovtprt csc’ 1l ogreR ph'  Tephc, 2T LW

Y + ..’-f" - :‘ldvc*-"or ey
gtitutc? n the znod: to prevenv 21spla 2 c 1 Gt
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throngh the weter. The ol ‘s circnlsts? Lv g ane?

._..} "L“,
[288 14 p“ s <

on the louw pletforzr of thewazmn" H1rte T

TN v he B

cir2vits end electrice meccurervents

Iox hlgh-power D.C. opersilon the power suprly cons’s*zd of

a 230 Vo1t moter gernerator capsble of suppl;ing seversl superes

i
A el J,/"

in ceries 1*+r the 220 7olt T.7. mains.

For p:loing and low pover T.0. the ¢lravit uneed 1g ahoym
in Flg W2, DPouer Yends cre indiceted by heavwy lines, A emell
sirere® genera®:r capile of suppl;ing 77 mi ot 1770 T wac
umed. The wide, heevy recteople (Trz.l2) Indicelec the eserles 2
for T.0. operation (=vtheh Acwn), The avvrent thwongh the
(constent voltage) dtecharge wog regulnted b adjusting the
84NN ohrmg cerfes reglotow, IFrow +via resighor the current "lous
tyranush the Tm meter intn the snode, The cathcilea exre chown
D, as in aprrmetric operetion. Tr aymo

Y N
s g .,,y‘ . . T ) .

= 4-1« +"r A A,-F' e ant1hos
metric cperation P. s madz zero, Irowm LThe cavtlinee the

e o -viev'pc veeiatar
the retnrn path leods through the £0 ohme cirrent-v o

ceneratar,

Tack to the

WZ

=< .
Ar puleed operation A nn wher of +~icde-comnect=? ‘TA +hes

. t+ah )
127 ape nepnected in series with +the gonree {owtteh npl,

DY)
W
-

inp

. + e r Ap~irmeld for
Ahsntgetran civentt  Irindly fme
o

'!'h nd ta a
1 3 70 Q 2
e n yloe 8631‘3_ ooy

- T+ Purrtches
£ thia rerstare o T Torriches
thig wrrk b My.J.S. Frager o7 =07 La v

c 4
'3
)
23
2
L)

)]

- Mhe “vcnn(—'
Teome 18N AT n magn” -tn’h: (‘p'} te 7 \ T

P

nn
P

R

. Tenmtho are rantinAn=ly
hrn 195N ﬂvo'!nFi/:??f.'. ard tre p’,’.lﬁ"* lergth

A MYy +are rt 19 r"e fnde ‘.\F’,“dﬁ""{;.
)l,.,QO ot cYyoge! LIRS Tone e COTL rQie are P T
wariah e from > -

+) 3 N he -n\ hgv'e heen nae? ,oﬁ Irav * nna
n {' (@] ‘= ‘89 «q;,‘,t" 2, - B -

-

With Fiyed miae +he tyhec mav be hiaged

+i1mea ~n the ATA trhes
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}"F“"(*T‘fq At PP MMyyvans -3
. - S RRA ﬁ?"\'t 1:«‘11 +1"PT} 'f")hvf "',?/'y‘}’lﬁ'n‘{?}l +he n{r(‘”{t

OT\]-'Y whilae » p‘.)]GF’ mal-e« the +1rhea rondnet Mternatelv  +ha
Mternately  +h
tubea may he hlamed a0 that 5 amall PANEINAne Avent £ Ape
A vhierh +he hi~h eovrent wglpes durine "lges are amernnped
Ytk eathode hisg thiag 4g alwave the cace.
TF the govree bog rot heen in ~peratio for qame tiwe 1t mav

heve to he started on D.C., preeibly with “he fndnntion rntl

(rf. 1.45). The nrnredime in thig nrse hag heen 4o fiurn on the

generator, onen S tn pnut the hich hincking inductance iric o
circult, and awpply the induction c¢..!3 at the point merke. A.
The source will iguite Instantl,, as 'nilceled vy the voltmeier

Yo ozriag from 123G Volts {_rerator voltess) o sbour 7035 Volita

-~

(1nitial d'scharws volirye). © is now cliosed. The dlucoer

P
(& :

Cn

voiltege drcpe varidly, to Loe musl rwulng value of zbout 305 V.

Tulsed operation can then be slziced by pubtili, Lhe douvle pole
switch in the "up” positico.

The output current is receivel on the brass coliocior dlsc
end flowe to ground LLrcug: & {0 <hm current-viewing re-istor

and a meter,

Frrorg Gue to seconde:, emtislicon from the collector coull be
minic’zed vy Lias!. the supprsssor -1l suitebly. A ssgntive

b - - is S 12 - . SR
voltaze with respect to the collector ol ebout >V is .suai’,

consderad sulricient for buis puwrpose (cf. Zendbucs der EXpe-

rimentnly .81k, H1) and wes found iu be suficlient in iuis

~ b e o oo - Lo ; S0 Ol t}.f» O .L“
case. The effest of sccondary eleciuui €w.88:C0 Ol e

~
c.rrent wes never moré than 105k,

A1l cablas wwre shiclded, exceil “..c sncue lead,s a2



1t weuld intr ‘ 116t
: introduce .ndeslireble uspacliance effects, Loe enie
s ¥ POLVE

veing far from geowold,

~¢ 18 notbi thai U
iced thai tue pulslig cicvcult is far from prouad.

mllns . ,,.3 o~ ~v n L h]
Ti.18 Introducsi no ficulty as sliown L, Lue sleep riss of b

Ld

i’ ]- LT N 210 g - -
Ai8cieTee current pulss when obseivel on Lhe T.R.O

Circeculits diflerent from v.-t deccr'iied weie 8lso cuusidered

Le&

)-o

n pervicular tigratron airesngewente. The clrcully descill
wes chosen {ci Lhis exporimentsl work ss it wes tu.gut lo=t
a -0 tube pulsing srrsngeme.i would be eassler Lo conirol and

Wl o = 3w RSOy ST s ¢ p \
would @llow of & :eater degree of mismatch,tisi a thyretron

circuit (ef. Gluvoe «nd Leta,z, GL).

in D.C. operation u.s currente were resd on thne welers

-~

'Le dischar,. Vvoltage on V &nd the povenvial oo

|,.,

it iL: +Co
tie extrechin, cashode on tie meter V.

A1l these meters were shunted by 1 wicrofarsd Conriuiimsrs

-

to re-d average Values quriiy, PalBi:S.

41 DuMont C.R.0. was used to view Lhe ciuwrent and

P
A god

voliige traces. me current (raCes wele viewed ecrcse DO end

S50 ohm non-inductive resistore end led to Lune C.R.0. uwrouvgl
S coble. The lischarge current cclle

-

30 feet of J0 oum shieid

)]
(4]
o
1 02]
[
[G]
[l
[
¢
-
[ 2N
V-

s perfectl, matched b e Linub enc. Iv i

tnal the 00 ohm resistcer acrogss wilen tae outpat current wes

read lutroduces a mismatch l.eadling to a retardstion of tue

0ne

)
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C.R.0. rise which s quite negligible compared to tie pl3e

lengths used (> 20 wicroseconds).

‘Le voltage trace was viewed tircign a cathode Dollower

across the 17 K resistor lorming part of the compeussted

attenustor shown in Fig.L2. A 6:07 tube wao used. e
awplification of the cathods follower was 0.5,

For celibration of the C.R.0. a 60 c¢y/sec sinucoidel
Voltage of known cuwplitude wus measured G LLCULugE phed

for the svme vertical gains setting a8 used for the toace

examined.

Toayvite inevligtorsg

Af+er the readincs of Fig.?2 yere taken, a tyni ~51 bInish
" rherdrent depnatt" was noticed on those perts ol the
catnode encloaure (enclosed asourcs, FI .40 - without Lavile
‘neulabors) cn which endel elecirusiutic lines oi force

-~ [ . IR S 1
i nant Ao . T oag of force i Tig &g ugLLC
hevirs 8 couponent al.iy, the Tiras of

) &

- - g 4 P 'h;,‘n - 3
rfield. but not on hiose parts where ricegumably the, are
RSN N
perpendicular to the coonrbic fleild. Tlhis seened to woling

. » LSy R e ]" * urce.
to Lns OCCUUiENCeE Uf 88 L61C 2'gcuar. o cuuBlde the so

Ut a8 troubles iperienced dué
It was thougut that some i Lhe tro
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vl

s insulators sionl up Lo the niglest dlschsrdge i.Lensities

useé and have veeu rela'ned "o ovne Tuvw or snubber thro .ot

the remairver or Ll work, TLo lsulabors Ceproved Lie

sterilit, of the dischar. - -7, bubt did nob cle .n tue

[

vs.ig cueractarisatic.,
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(iv) Symmetric Operation

cutrut current vs. dlgelaros current

Ly
[

- Symme'lr l¢

~ ] ~ -~ 3 W
+(€ curves ¢ the - tpul, current vi. the dtesharos current

. e

2 T71ig.2 ~re represe s s . noe
8. epresentstive of a lar.s nuder of sim'lap ones

for i Mgt
for which dats were obta’~-". These crves =3 'bit s R,

82

-1

ilarity, At first en FPrinF¥iualely J'nesr rise occurs o

& max’mum vzlue wh'ch me; Y6 as uick as 7 mA or as low as ANl
mA depenling on the extraction potential, the wagistic 'ell
slrengtll, and the riessurs. To collecior prteat’:i1s more ne-
gzvive then -I177 7 were ured in the curves ciown ’n Tig..

The maximum ;~int refoirs) to -cours at s diocherss current value

~A T AN

Letween 77 anl 200 wi, Trom Yhe maximum tlere ‘s a sveep ol

to & wich lcwer value =7 1,, acccuzalel by a vise In pressurs
anv a Cr > ' voltsge across the source. If ‘m 18 licr:zsed

suriher Ly lscreasing TLe ser'es resistence, 1 ma; Increase
aga:n wh'le the pressure ' tie scarce resumes 'ts normal
val e and the voli:ge increases. 7. sone cases there occurred

osc’llat’ons bHetwecn a Liszh snd a low voltsse mode 7 operat on

(Fig.11}

Tle output current may asctuslly become negztive &8 sicwn

#3 Aalv when tte
T R L

in some of Li.c curves o7 Fig.T Thls occ s

-~ ~\
c~1lrctor wes at the same poteit’s’ ss Lhe cetil..’-8 (Te=70,

el O1., once was & regst’ve

oo not wnen 7 = -120 (C

+-e presc.ce of a negat’ve electraie

~ t A

- -
b ~btzined in =pive oI

- | A Ly, +70- o~ B - * . . m:}
“elow the source. Thts 18 showWn 1 tic CAVE of F:g.5. Tue

.

X 1+ m, h ich mekes inter-
e ject v anode was usel Ta T o8 run, however, wilic 11

oretation rather Sifrrcult.

In generazl there was ¢ 327 *te trend T the value of tue



discherge current e : ,
g nt at whlch the max*uru: oceurrel to ‘ncrease . Tt

My “-I - T e f\’r" L&
£ng I7esBure and locrens’t £1eld sirength (F2:.12).

‘1"‘, ? ¢ B N o hd o
In the high f'el (wc..C) thi symmetric cperation always

L _ o )
gave very .iw outputs "1 the cylinder anode RS

b I PP B P 2N . L)
Even with grd viltages on tie suppressor -f -1°0% V. the output

L ~ % ~ QD » vvoq* -
current never exceeded ~."° m., - both the grtd anl

*he
ccilector l7ec at =330 T an output <7 1 mA (no sec % v electron
correcticn made) wes clialnel,

At high fielic the ejector anciz gsve a relialle out;:% of
order 1 mA. The curve (top, of F’-.1 shows an outpu: .7 *.C mA

»--s 1" p- b aXa¥ol *- ~ b} (4 ~
at "rplimum" grii “las (-37°2 V) end 7c=0C which fs betts: "y

a'rcst a factor of ten then ar; 1.0_ % Tleld cutputs alis

-

r.

\

\
s

w’th the ¢, 1 tnder =ucie (Vg
At Jow ©7ellz on the other hand, the ejector ancle ‘s
infzr or to the cyLt.ulrr %ype. o output higher tisn 0.70
mA was ~Yta’ned from *t at magnet’c fleld strengths up to
2707 oersted and w’'th the s puiress gr!i voltasge as ow as
The

- 1207 7, the cellector being always at zero voliage.

¥ pnn Yy ~ O g
Jr>p from the maxlinus ‘¢ 1-ueg steep Icl TS

(T*g.27).

A-pendence of output on pressure

™. curves of T1g.” ~how *hat tl.e output for the cylinder

40 ) 1l.e scurce piressure nler
source doces not vary grectly with tie scuree ]

normel running conditions.
e [aTa) W-XLICR f:s1a {tiv
ve curve of F1v.0, taken in tie 17,007 cersted fiet

4 o 1,
s~tes a pronounced T ‘ation of output wil: pressure for the

P}
e ector U;ie anous.
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The bulk of this work was done ot pressures between 2 ard 17
microns since below 2 microns the proton percentage decreases

repidly (Lorrsin, 1l.c.) and Pressures > 1”7 microns =i¢ undesirsble

for most applications.

dependence of output on wsgnetic flcld strength

mom——

It wes found In general that the output decressed as *%e
magnetic field strength was incressed. The falling curve oFf Fig.

LT

29 shows this elffect.

dependence of cutput on hole size

This wes determined for s 2'scharge In air, The comparison
was. made between a 5/22" and a 7/32" hole, both bevelled at 30
degrees in the ususl manner. The ratio of areas 1s closely

1:2. Two sets -f readings were *t=len for esch hole slze: one

>

with Vo=, the other with V,=-01 V. All realingc were taken

s

at the same pressure and megnetic field strength. An increase

LI N —y~ P
in output by 2 factor scmewhat less thzn two resulted (715.9)

the dischsrge voltege

, NN
The &lscharge vcltege In symmetric operatlon Is hetween 207

i el as l-w pressure
and 310 V except under extreme conditions cuch as 17« P

A~ Lt N 1+ 13
(<1 micron) or Ligh dlrchovge current (> 7570 -1), when 1% 1s

i ~net? 13 chrensth ool
higher. No reguler variation with magnctic flell o

be estebl?shel, (cylinder anode )

g ~V+rmrrn Y lad -5 4 ~aad = -‘?f
] -~ % -~ B £ = ! {‘; PR i e
11 e Mgehnyoe volhoros Yrg menevelly

For the ejector anode ° =

e een 250 and 290 Volto.
been somewhat l7wal': between o0 T

~ Y~ nt
The discharge voltage depends on the ctate °F thc rethode

urfaces. Thus, efter the source had been exposed tc the eir
8 . ’



-hé-

1t usually sterted running at a voltoge sometimes as nh!:x

S f\ﬂ.n

u._c,u as .
This high sterting voltege woul3 decresse within 2 fev m? t
2 Inutes, to

the usual running valu T
e. Defore the source s *+4
4 € a
8 a8 aged, a strong
dependence of voltsg-
P 2g7 on pressure, not otherwise observed, sri-tg,
X 2 “ o
A curve typlcal of eseverzl which Lave T2en recorded is shown “*n
AL

™
T1g.9 for a cslcivam and 2 magnes!um covree,

extrzcting v2lt~ge and Trevnging

T ~Atnut deperin wery .
he ~mtput depernis vary merkedly -~n She mesnitedsc of the negetive

otentle F X o
potentiel employed for extraction, scceleraticn, or even supprecston

~

- geeocndsry electrons (suppressor [ 1Y Lelry the couvee, Tomves

oo E Y e

]
~f Fig.t sre chogen v~ 11lugtrate *¥ic. T curve oo

= 2. L ISR
.
the veriotion v1+%h the suppresaosr o714 hing 7 an ovipat cuvent
vhich was nezestive £rr 7evn hina, Agerminge thet +he negetive
) \gorminge Yot +the negetive

outpnt g Aune to 2 rpancndepance ~f electran crtonisn Y70
Y ST , electran ctond Agiate

scurce (cf.p.57) *htc cuvve may Te nenanbel for es F~170we:

P

as the grid *e made o fov Tolhe nege +iye 't sterto Ar-RiTININC

FURRa S
—

0y - - .8 2
.tﬁn-t,.\‘f’ +tnne e Zv:ek'gv«rv ’,(_‘ M/‘MQ nega‘,—_,c (‘33:‘,581'3"

secondary clectron em

~f gecondary slectrors Prire the anllector CcOXTeIpTT rding to 0

positive cuorrert) hot deec n~t have anffirtert cffect on e

[

tAme ta the gome artert

(RN

P e E f“"o ﬂf‘f""*‘,‘""“
P i ~ e

gource to increece the p

. bl
A+ mape pegetive voltages, g11 gec-mAary electrons Fran the anMlector

......

- m
3 pi the gleover glaptrana fpoam the onres 206 avprressed.  Tre

‘-\ ™~ ¥ 4-
faya fano extwected from the cource DAS start o

number of posit

tnérenge significem newe, AL ghont 207 T en aonal riTher

+nt) | A+
of electrons and protone vemeh +he sallector (7ero atpatl. A%
nore negative grid voltages the negltive fon oubpnt beenmes Pre-

dominant.

curves gimiler to thet of FiZ. 5 were also cbtained For ~rhprt
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currents poeltive Pt V,=0. The e¥planetion here 1o o

O milar,

e a +h NN
F1c.1 shows *the ontpot curment plattza spntnet “ha q1oshonge

current for three sets ~f velnes nf the g aatenting -
l.'Vg:rﬁ

2. V8=V81‘.“° S-Y.v#y';.' ?”'"T?"Tﬁny h'q"'rn-f—}

) for = siven yalue ~F 1
P V - T?Qlﬂe ot , . \ - o o -m
, = VARLYS SrUVINg mavIimam cndrnnat -
-- e

-

Rurcham and Vard (1. c.) heve shseyved a ofmiler Aenendence of
outprt on extractinc valtsr-e, "ard atatea thet thevs ia an
optimim eviracting ratential far any oiyen welne ~f dtacharge
cnrrent. TYe explsainsg thig am 2 ramgeavence o the gherration

in the firaf lenc rrecent when the Prsnapine £ie1d exhende $ats
the gavrres, 1 e, nf +he nlsama heine pnshed hael- 4rts the
sonrce, Tt £allowa that £ mayimm ovk-nt fe +n he aecured,
any energy further +than that Ane ho the ~Antimmm evieactine roter.

tisl magt crme Fram aneceeding lereca,

T+ fe felt that there 17711 he nn rreat AFFIenlty trn focvaping

-

~
a hegm Af ¥ mA and ? @g/pmf vhinh mav he rhtatmed Proem the rnlA

rathnde crurere, Mave svwmerimental work ia rernired *n ahow

vhether +he hirher Antrata ~hiainahle can alan bhe farmsoed

1) my. -~
without tn~ elehrrate meara (rf, e ~, Gmith ot al,, ahY, ™

[
werk Af Drpeaham snd Taprsin ehrus that heems o ~rder 1 mt

can be Forusoed if a Few ¥V coan he need, Thie de tre care In

a1l accelerstors eveent the cvrlatren (evtraction alono +he

T +the evelatyan o well PArnmcged heam fe

magnetiec F1eldl,

nnt eagenti=l,



(v) Asymmetric Operation

output current vs. discharge current

cylinder anode: Trepresentative curves are shown in Fig. 13
for the 16,000 oersted field snd in Fig. 12 for & 2700 and s
5500 ocersted field. In general, the high field curves exhibited
an initial rise, followed by g flattening off at 1,=4-5 m4 for a
discharge current somewhsat over 100 mA. The low field curves
rise almost linearly from 1p= 50 mA on, the output current
exceeding 3 mA at 14% 130 mA, p =6 microns,

ejector anode: satisfactory output currents were obtained
with this anode in low fields (Fig. 17). In the high field no
output greater than 0.5 mA wes obtained, and this at a pressure
of 11 microns (Fig. 19). This type of anode hes on occasion

given 1, ve. ir curves of negative slope (Fig.l7).

No high discharge current runs (>150 mA) were made using
the asymmetric mode of operation. It is thus not known whether

a drop-off comparable to that in symmetric running, occurs hers.

dependence of output current on magnetic field strength

Fig.29 shows a plot of output current ve. magnetic fleld
strength (rising curve). It is seen that the output rises
considerably, up to sbout 5000 oersted. The point at 16,000
oersted is also made part of this curve slthough 1t is

not known whether any points of inflexion occur between

the values 5000 and 16,000 oersted.

As this curve contains points obtained on different

occasions. and as some interpolation was necesssary in order
' s



~kg.

to obtain four points for 1t, this curve cannot be considered
final. In fact, on switching off the megnet after the run

shown in Fig.35 (asymmetric) the following readings were
obtained:

H (oersted) 1, (ma)

2700 6.6 (cylinder anode,
i‘ggg gg +" hole, asymmetric,
. =9 microns, V_=V
1000 12.5 p=? » Tg=Te)
<1000 * 13.5

These readings indicete that as the field was decressed from
16 »000 oersted,the output current decreased to e minimum value

and then rose again to & high value.

dependence of oufgut current on . pressure

Figs. 14,20 show the variation of the output current with
the source pressure for the cylindricel Mg source under various
conditions of asymmetric running. The output incresses with
increasing pressure with some indication of a flattening off.
Fig.19 shows three sets of two points each which were obtained
with the ejector source in the 16,000 field under identical
conditions, except pressure.

No asymmetric runs were made at a pressure lower than 5
microns, with the exception of oneé run at 3.3 microns which

gave a constant output of -0.05 mA for a discharge current

up to 80 mA. Some results obtained at a pressure of 5 microns

are shown in Fig. 12.

discharge voltages in asymmetric running

Table I 111ustrates the great variety of values of

¥yalue not kmown



V, V1, and (V-Vy) obtained under various running conditions

Table L

Source type

cyl. anode,
magnesium,
1/8" hole

ejector,magnes,
1/8" nole

cyl. anode,
calcium, 3/16"

Field

16,000
16,000
l 2700
2700
410
L W10
- 2700
{1600
16,000
16,000
{16,000
16,000

~50-

Pressure discharge V (Volts) Vy; (Vol
(oersted.) (microns) current ) L (Volts) V-

)
=

0O W U GO OO A\ O

(]
§0\O-1«1«1 £

oW O

The following trends were observed:

1. An increase in igp from= 30 to £150 mA is accompanied by

increeses in V, Vy at such relative rates that V-Vi increases

(ma)

by
48
29
82

69
17
5k
98
85
68

37
100

650
980
640
1080
858
1220
980
510
420
840
840
840

400
315
455
860
735
920
920
435
360
660
460
485

by up to 50% of its value at 30 mA. Ocoasionally V-Vp decressed

(Figs.21,22).

2. An increese in pres

by a decrease in V and an increase in V1, ,

to 60% (Figs.23, 2%, 25).

panied by a decrease in V, Vy, such that V-Vy may

its original value (Fig.26).

. Neither V nor Vi, 18 dependent on Vg.

V. are not given 1

g

n the above Table.

For this reason values of

sure by a factor of 2 to 5 is accompeanied

vV-v;, decreasing by up

3. An increase in magnetic field strength by 5 times 1s accom-

increase to twice

(Vo&ts )

250
565
185
220
120
300

60

75

60
180
380
365



dependence of output on extracting voltage

The curves of Fig.18 are representative. It should be noted
that in all cases recorded in this Figure,the collector was at
zero (V,=0), 1.e. at a negative potential with respect to the
lover cathode (Vy,>0). In Fig.33 curves are given for which
the collector was at the same potential as the extracting cathode
(ch'TL). To eliminate the possibility of a discharge occurring
between the collector and the floor of the square chamber the
latter wes also kept at the potential Vi in this run. The fact
that under these circumstances a large negative output was obtained
1llustrates the necessity for a negative extracting potential
if a positive output is to be obtained in asymmetric operation.
An interpretation of these and other observations concerning
asymmetric opération cannot at present be given to any degree of

completeness. Some suggestions and cautions are, however, given

in the following paragraph.

e note on asymmetric operation

As has been pointed out (p.29) 1t appears likely that in this

type of operation the oscillating electron beam reaches out of the

source and towsrds the grid and collector. In fact the grid, 1if

1t 1s negative with respect to the collector, acte not only as a

suppressor of secondary electrons but also as an accelerator or

1 on the grid has
extractor, of ions. In the abovq}the potentia gr

" t1
Por this reason occasionally been referred to as an "extraction

elerator of ions asppears
potential”. The action of the grid es an acc

in meny cases to outwelgh its action in suppressing secondary electrons



as far as output current is concerned.

If the assumption of electrons and ions emerging from the source
simultaneously at the higher discharge currents is valid, a somewhat
similer action must take place in symmetric operation.

Further experimental work will be needed to determine how much
of the output currents quoted for asymmetric operation can be
made available in the form of a beam to the first electrode of
an accelerator. In the meantime only the output currents obtained
as part of the initlal rising portion of the symmetric runs can be
considered as, very probably, focussable to a large extent.

The interesting possibility of using this extension of the
discharge into the low pressure region outside the source, in the

cyclotron has been mentioned above.

Caution is necessary in making comparisons of the relative
merits of the asymmetric snd symmetric modes of operation. It has
been pointed out that in the asymmetric runs the collector disc
is usually at a fairly high negative potential with respect to the

extracting cathode whereas in the symmetric runs these two electrodes

are usually at the same potential. Typical values are shown in

the following sketch:

asymmetric symetric
o (o]
600 ' 300
 —— 480 — —
. =000 A ema—a=- - 1000
i o o

To test the effect of the collector disc on the output the source

= -V )= - V and for compa-
was run asymetrically with Vo =7L and (Vg - Vp)= -330
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rison, symmetrically with Ve :Vg =-330 V:

(o] (o]

300 475 ¥
— — 445 —— — o0
----- 115 —————- =330

445 —— =330

This represents, in the first case, an asymmetric run without
"acceleration" due to the collector and in the second a symmetric
run with acceleration due to the collector (but without any
safeguards against secondary emission). The results (Figs.30,31)
show that the collector potential has a vital bearing on the
output current. For, the symmetric run with collector accele-
ration gave a positive output higher than any ever obtained in
the high field and the asymmetric run without acceleration gave
a negative output of a magnitude never previously obtained in the
high field. The error due to secondary electron emission in the
symmetric case is probably small.

It may be inferred from Fig. 30, however, that if a moderate
negative potential -equal for the two cases- is provided, the

asymmetric mode is superior, at least in the high field.

onally high value for the discherge

¥ 475 Volts 1s an excis:pti Y (of above); 1t is possible that
voltage in symmeiric recording this value.

or
In reading h output current obtained may

| ct the hig narge
If the reading 1s cowre in part, to the high discharg
have to be attributed wholly, or P ’that the output wes

observed in general
Tocress: fgr’ai:.arwzg factor, when the discharge ren at e)nnd::r;romaibetly
;?Z?::ﬁagg (¢.g. before being "aged"); Lorrain (1.c.

a similer observation.



(vi) Pulsed Operation

The source was run under pulsed operation for many weeks and
always performed sstisfactorily. When "run in" it could be
started up on pulsed operation; it could be left to run on

pulsed operation for hours without interference from the
operator. During this time the C.R,0. traces would not change
or drift. This applies to all pulse lengths ( >20 microseconds)
used and frequencies from 400 to 1850 cycles/sec. Plate IV
shows typical traces obtained with the cathode bilas circuit
shown in Fig.42, TFig.39 shows sketches of pulgs shapes
obtained with a fixed bias arrangement and esymmetric operation.
Each horizontal set of traces corresponds to one setting of the
fixed bias; successive sets are the result of decreasing the
bias (i.e. increasing the pulsed discharge current). At the
lower bias values the tubes passed a continuous current on
which the pulsed values were superposed.

The initial exponential rise on the voltage trace and
the accompanying steep rise and exponential drop of the dis-
charge current trace (e.g. first line of Fig.39) are interpreted
as being due to charging up the capacity of the circuit (capacity
of source and leads at 1000 cy/sec was 600 #pf). These portions
e remasined if the pressure was lowered so that the

of the puls

gource would not ignite. The fact that these portioms of the

pulse shapes ghorten with increasing discharge current may

posseibly be attributed to a corresponding increase in the

deionization time of the source. Tt is known that in thyratrons



the deionization time is longer the higher the current carried.
Thus the source would strike at a lower voltage if more ions
and electrons are left from the Previous pulse. No explanation
can be suggested for the change in shape of the voltage pulse
in going from line 1 to line 3. This may be a connected pheno-
menon but seems rather to suggest that the true explanation is
different from that just given. An intermediate stage of the
voltage shape is shown in line 2 where both modes co-exist.

It is noteworthy that the change in shape of the voltage trace
is accompanied by the output current going from positive to
negative.

Curves of output current vs. discharge current in pulsed
operation are shown in Figs.36-8. In each case the average-
meter readings are plotted. The equivalent peak values
assuming square pulses, calculated from the average values
and a knowledge of the duty cycle,are given on a parallel
axis. The aversge meter readings were corrected for the pre-
sence of a continuous current in the following manner:

(1) fixed bias: the phantastron was svitched off after each
"pulsed" reading and the D.C. value remaining (if any) sub-
tracted; (2) cathode blas: the biesing voltage wase recorded
for each reading. After conclusion of gpulsed rum, a run

was made with the phantastron switched off. Agein the biasing

voltages were recorded. In this marmer & curve of D.C. output

and discharge current vs. bias was obtained and D.C. velues

could be subtracted from the (pulsed plus D.C.) values.



Under pulsing, the various combinations of anodes and modes of
operation give instantaneous outputs equal to those they would

be expected to give under D,C. operation for the corresponding
value of the discharge current. The drop-off is also observed

in pulsed operation. As in D.C. operation, the ejector anode

in & low field performs poorly under symmetric operation (Fig.36)
but gives a high output in esymmetric operstion (Fig.38). Agein,
the output increases considerably when V, is mede negative (Fig.37)

The output values celculated on the assumption of a square
pulse are gratifyingly high for the eJector anode and ssymmetric
operation: 90 mA were obtained in the high field for a discherge
current pulse of 500 mA, Similarly, in a 2700 oersted field,

60 mA pulsed output were obtained.

Assuming 1 part in 10,000 of the 90 mA pulse could be
extracted end accelerated in a synchro-cyclotron, a target
current of 9 microemperes would be obtained. With no comperison
intended, as no deata are known to the author concerning the
extraction efficiency of synchro-cyclotrons, it may be stated
that target cwrrents of only a fraction of a microampere are

obtained at present on the lerge Berkeley cyclotron.
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(G) ThE " =
H :- : ‘é" X I o —_—— w 4 et TS -
G) THE “liT ~vd 8 rHENONEROR

1u an interpretation of the form of tuz curves oI Fig. 2 and
the large number of similer curves obtained but ..t shown, tie
Tollowing facte must be accounted Ior:

1. At the zero ocutput point (i.e. wicie the curve crosses
the axis aflier reaching the maxiwuum) iic beam emcg e from oo
source was observed to be somet mes very intense (correspond;ng .
in brigibuesy to @ positive lon beam of several ma)

2. A considerebly smeller drop was obtained when Lhere was
present, below the source, an electrode such as the BUppressor
grid at a negstive otential with respect to t.c extracting
cathode.

3. The velue of %Lc discharge current =i whic:z the drop
occurs increases with decreesing magnetic Ileld streng'h and
with increasing pressuwre (::g.10),

4, The discharge voltsge decresses s.eepl; while the outputl

current dropg.

Observaticn 1. shows that the source must be emitti.g

sositive ions and electrons simultaneously. Secondsr, e_scirons

travelling into the source from the collector cannot be respon-
P ~9
gible "+ B¢ beam since bota positlive ions reai.ns the coilector,

i { H08 5 currents znd Lous
and secunliry &lcctrons leaving ii, are pos tive

-~ » A - . . s
cannot add up " zero meter rescing. sl explanation in term

f equal numbers of e cotrons from the sovrce s&:d photoelectrons
o e

i Tle ! tew of reat
from the collector s hardiy plausiilc In view of the &
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brightness of the te2: observel,

Observation 4. shows tist the liop is probably not d = to a
diange frow ithe normsl to the abnormal discharge since, wlen

a glow l'scnarge <-.:nges from normsal to abnormsel, “i.: discharge
voltag= ris. .

Cteervetion 2 finall,, indicstes that the electrons in tine beam

must Le at lesst in part, slow enoug’. Lo be Lurned back by a

moderate decele:ating ..iential.

~—-

rne Tollowing consilderations lead to a simpielled piciure
ol the processes In tie extracting ha'T of Lhe source:

1. The electric lines T force ma; be cons: .: od a8 Lsing
axial s'ice thie presence of the axisl wagnetic f'eld irhi'bits
gideways motion of elect: ..z end ions.

2., A virtual a:i:. "¢ ma; be thought ol as existing av tue
centre of the source since electrons and i.tonz are aclted
upon by forces towerd and awsy Irc. the centre re-recvivel, .

3. Tne combined effect o lie magnetic field and Lue

b i S04

,resence < electi . u osc’llatlions .s an ¢f"eclive lengthening
of the path ¢T eliectrons in Lue diacherge. Thug encugl leng
can be produced pexr electron ©o maias-in what s efl=ctivel,

a glow dlscharyge at a pressure of ouiy a few microns.

Thus, from the poiut of view of extraciion, “he llscunl'ge
way ve “ought - as taking place between tie cat cie 2.d
e Y ~

an &n...€ In presence of sn electric [leld perpendicular to

both. .
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‘he magietic TeC vway Te “~Xrn ' o secoun” v, 2Mlowiry Cer
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- . ® .. toe LR} - - -
a vurciin_ sci.on on the ion Le~ | snd Lhe pigsma, towae’ SLc

axic ~f tve dlscherge.

laal NP N - -~ L -~ b
& auove srgumer” muot Lo const?omd tontative unt!?
LN P B P - B L. - R
checlzeld U guaniitative vk, Relerznce shoi®? te made Lo
. - jp M - - Rt TEEN - = g
2 reper T Commion, T rner, and MceC %y (CL) *n witah *--

S mmmd oaa 1. - ,
norteonce T on o Ylhcorr of e  VYow digcher

Clectr')‘n‘s ‘_""3‘: icrﬂs "".f‘e ‘LO ~ T\"?rt.ﬁ-‘ P hakatalad -ve a3 L -t PN
N pe

R P R N i V) a
<

rointed o, This 1'FTuslon oy teke place against sn

opposing electrid field. It is hoped that v 1., Ve . =sille

to substantiate, 1. terms of suclh a d'(lusion jiocess, tle

~

aggusrbion of ions a:l elec'rons ¢ 'miltaneous™y ensrgin, Il
tre scurce, as well as eccount or lhé variauion in lneir

. a) ~

relative 2wberc wivh llscherys current, weguevic Tield

ctrength, snd _ress.le.
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Jrolon percentacss . o -7 co.l1 be oltainel. In a "je

lndate . * v A . _ .
of T¢T oersted “n' "or a Tischa. s current of 20 mA Lne

Y

Llohon percentvi s hal 1is meximum value Al a :ressiie o 7

—-ecrons =nc wag déecreased Lo aboul 31’14. of ‘"¢ wax.aum v Y &
L, Teising tle pressure to C microns. Tie verisbtion with bLhe

a.scliar,s cuwien’ coneiste of an ialLié? rise, witiu a ¢ . 16be
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Jlavteniin, oIF al 30 wA., 4 lincar ‘nerease ol Ll.e oL

ercencege with e loge 't of “le meLielvic "lela s'engtu
~ - . - ~ -\ 8 ~ o 4= e
was also ciserved (p= 2 .'crons, 1A-.3V mé . o Tfelds hijler

Lhen 2377 oercte’ were availavle. Up Lo v.'s ~leld slrenghl,

~
T

Lrere wWas no evidence o7 any Ilattening of T,
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-~
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N “ ﬂ . .

A" an LY . ’ -
=---8feh., wien viewsd In the sbove mewacr, Tom Lie' of Lhe
LiJnesium 80wrce.

No consister’ data were rensoraed o Lhe e pmesranse of tle

spectrum Tor the various source o et Tes en, loved
'y v Ve

-

T—& , “ = - Con A K ~ -
40 Vo - be interes’ i, to Jcilow «p Lorre'u's (.c.) ‘n-

-

"€l strengihes ava'lste ‘n a cJyC .0~

«
o
cr
-
Cu
c-
O
=
o
b
<
&
-
&
=9

-~

g e [ " LT T L] N o .~ . -
tron wegnet. T ese Ligh Mlells Ylemselver would, even w'in

- . ..

- L E N B ] i [N} - ¢ - ~ -~
J%gituainel exirscuion, prov’ e Lle means of ouls’n'ng a

.88 gpactrum, 17 & wmegnelrou yrinci le is =upleed.

LY -
»
I}

4 plane or o, inGrlcal mem.aciron me; ve :3c). Ti the

¢
v

plene magnetron I awel, m, 7030

', T2} an elecir.c {ield

is ma'nbained Letween “wo prrallel lates ver.and'cular bto

e negueylc [lell., Tie ratl o en ‘on in suck: = conllgargtlon
of £'elds is cyclaydel if the Ta°tinl vels. "ty compoOnenvs
serpendiculer to Yhe m osietic field sre zero. Tuie ion
revorns to & ;o'nt ‘n tie plane rarsliel Lo thei ol tue plates

-
1

and sossing throi . its po'us «f ori.’n, et e distance “rom

-~

ity _4nt of ¢ri in denead’ng on "L~ mass. In U8 couras,

a moY-cular ion of l,;lr._2en goes a maxiwiwr 4’8 ance perpendlcuiar

bo Ll nlaus O Lhe [ e, cqual Lo wv'ce Lihnt traverseu

~ ~ e P
‘n tuie Oirection 1, en atowic ion. For a Ileld of C IL'em
cm

‘v ege G Btences are ~.72 and 7. respectively. Tue 'lstances

traverssd in tue direction nerpendicu’ar to luis, '.€. ‘na . ane

AL ]
; r " - Vi c.c4 and .
_nrallel to that of the “ates are larger, viz. c.ct a -

- K . e b B ; - T-wl'/,. il 11-
cm. Y-, rctively. or en electric ['el” of 5 LV 'cm “hese values

are reduced by a factor of two.
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ine distance ' -avellel

Q)

1oty the vmgnetic lines of “orece, 1.e.

verticalls in the « 7 %.-, .. .
OoeEin magnat, while traversing the tull

¢, cloidal path of 4_L° tq 2 hy -
P TLoom s "fkg_i_ cm . r the molecalsr lon,

Y AN

wiere Vv '8 the vo liuc with which 1t £430.08 verticall o Trem
i1l.e€ source,

Thus .f.f’ o ";",':} T = ~ -~ . -~
1 ne ... te of an alrau;;;w,e;gt 8571 ag thal 3316833"3(',

ig moi 3 : ' ing 1 ]
unted near the exuracting hole of the source,erd the oller

at a llstence away; 8ol aa ‘o _'ve a sultable volta.s gre’len’,

(R
.

SR .- K ] ~ . - - 2 L] (] .
S analysis ma; Le o:rTormed ‘tn Lwo w338: €ltaer T uov .2

BN

~

the 7"'r plate towards Lhe near nlate unill successively, Ilirst
the molccular anl llen ' a%-mic !ons are intercer':l; or,

by xeceping Lz plaves a fixed, sui::ble districe apart snd

~ - ~ h) -

intercepting the ions near tls end . one < ycloldal nelth T
means of a _[r,be maint-ined &' an ap .. 12te polentlis’
such tha' the fleld distr buiion at the poin’ of ¢d1% .“'on

is not d’stwrhed by ‘he presence I the prouve.

3 s
[T S -

In the cyl!:. > ical magnstron “.@ paths Lravercs

t Lagor. Whille this would

given eve’liable v.ltage are somewha

tend to 'ncrerse the accirac; of vhe ana’;ses 'Wo TP lcultles

sr’'se. TFirst, a radiel electrostatlc £1¢1d woull have ' be

obta*ned Ly some mesns & Ch as gurromding "€ tsam o, an

axial cy!linder "vom which a smal® sectlon 's cut out in the

- L. ~ o, ., cAt S 2ot ?
form of a “ow cyinirice’ w'ndcw, and - .CC. -3 maintalined

" L] kA 4 ~
at the prelt’ve viltaie. Second, the vertical 7'stances

?

1y v Love g - L
traversed Ly ‘ons of 'l= same v (cf. suove) are eater 'n
Zince

¥ - ~™ 17 59 mel .
th.s case than in the cae? 0. the plane magie . ron

s y th ok DAY ey 18
the >’stence aveileb™~ beiween the ,cles of wue ma e
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" - 1

A LI } - - 4 * )
or’y Tz and the source woa’® linve to Lz at least 1" In he’'ght,
tuis wisnt lead to s loss 7 the Txster lons unless soue dece-

srtrole 18 adleld.



(I) CONCLUSION

The conventional cold cathode ion source is capable of
yielding reliably an output of over 2 mA of ions in low fields.
Modified forms of this source yleld steady output currents of
several mA in both low and high fields, and pulsed currents of
equivalent square pulse height 50 - 100 mA.

Either the conventional or the modified form is
suitable for installation in the Ottawa H.T. set or a Van de
Graaff accelerator in which high ion output is desired. The

modified form is suitable as an ion source for synchro-cyclotrons.
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Some remarks concerning the curves following:

Due to the large number of varisbles involved in the work
on the cold cathode source it has, unfortunately, not been
possible to obtain an equally satisfactory number of
points for each curve. In a few cases, only two points
are available for comparison. Where the discussion
necessitated their inclusion, they are shown connected

by a dotted line.

For some curves the points obtained were so numerous that
the shape of the curves is well established. In such cases,
and in cases of curves obtained by calculation, no points

are shown.
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o DISCHARGE . OUTPUT
VOLTAGE CURRENT CURSENT

Discharge current increasing

FIG.39

SKETCHES COF TYPICAL FULSE SHAPES — SYMMETRIC OPERATICN

Ejector anode; no attewnpt has been made in these
sketches to maintain a vertical scale, The shapes

are qualitatively the same in -high and low fields,
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SCALE: ACTUAL SIZE

SPACER MODEL SCURCE - LARGE VACUUM
CHAMBER (cf. Plate III)
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ANALYZER

REFLECTING SHIELD AS SEMBLY
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ION SOURCE VACUUM CHAMBER WITH SPACER MODEL IN POSITION
QL. |ION SOURCE PRESSURE MEASURING LEAD C. WINDOW FOR OBSERVING BEAM
b. CHAMBER PRESSURE MEASURING LEAD d.. FOWLER VARIABLE GAS LEAK

PLATE ||



C — ATTACHMENT FOR FOWLER LEAK

i E“i .

ENCLOSED MODEL SOURCE-COMPONENTS
Q. — ATTACHMENT FOR MSLEOD GAUGE e,?,g — EXTRACTING CATHODES
b— BoDY OF SOURCE.CATHODE VISIBLE AT BOTTOM h — WATER COOLED ANODE LEAD

iyj— ANODE JACKET,CYLINDER ANODE

d — SHEATH FOR COAXIAL ANODE LEAD K — EJECTOR ANODE

SPACER MODEL SOURCE AND ELECTRODES

TOP CATHODE HOLDER
ANODE JACKET

LOWER CATHODE JACKET
ACCELERATOR

FOWLER LEAK

f—~ LowER cATHODE
g-—- EJECTOR ANODE
h—cYLINDER ANODE
| — TOP CATHODE (INVERTED, SHOWING BEVELLING

FOR GAS INLET AND OUTLET TO MSLEOD GAUGE.)

PLATE Il



AAlA1S0d

PULSE APPLIED TOGRID OF 6L6 SOURCE VOLTAGE TRACE

POSITIVE

.

DISCHARGE CURRENT TRACE ION OUTPUT CURRENT TRACE

PHOTOGRAPHS OF OSCILLOGRAPH TRACES IN PULSED OPERATION

ASYMMETRIC OPERATION , CYLINDER ANODE , CALCIUM ELECTRODES,3/I6 INCH HOLE.

H=16000 OERSTEDS , P= 8.5 MICRONS, VgmO. BIASING RESISTANCE = 276 KL

REPETITION FREQUENCY = 796/SEC. PULSE LENETH= 30 ‘J..SEC.
SWEEP: LEFT TO RIGHNT

PLATE IV
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