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LIST OF SYMBOLS 

(1) THE HBIL SOURCE 

*A> VA : anode, or discharge, current and potential 

*p> vp • probe current and potential 

i 0 : output current after acceleration (25" fi-om source) 

ic : current to Faraday cup, 2 cm from source 

V a c c : intermediate accelerating potential 

VK • ma*n accelerating potential 

Vs : reflecting-shield potential 

if : filament heating current 

ig : ionization gauge current 

(2) THE COLD CATHODE SOURCE 

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

V : anode potential 

V;L : potential of lower, or extracting, cathode 

Vg : suppressor grid potential 

Va : accelerator potential 

V c : collector disc potential (or potential of chamber when 
the ion current is simply received by the floor of the 
chamber) 

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

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

1 : collector current; also referred to as output current 
(positive for positive ions reaching collector) 

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



-1-

(A) GENERAL 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 aa 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 filaments, a tendency 

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

observed. It is concluded, however, that these might be largely 

overcome. 

At this time Lorrain (lh) 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. 

These were found to increase the output of the cold cathode 

source considerably. The first of these is an "ejector" anode 

which provides a high electrostatic extracting field for positive 

ions inside the source; the second is a form of "asymmetric 

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

LOW MAGNETIC FIELD 
= 10C0 oersted 

Ejector Anode 
Ejector Anode 
Cylinder Anode 
Cylinder Anode 

symmetric 
asymmetric 
symmetric 
asymmetric 

steady (mA) 

0.08 
5 
2 

10 

pulsed (mA) 

0.0^ 
60 

HIGH MAGNETIC FIELD 
JL6,000 oersted 

steady (mA) 

1-5 
< 1 
<0.2(*) 
10 

pulsed (mA) 

1.3 

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 
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(B) REQUIRSvESNTS FOR A SATISFACTORY ICN-SOUECE FC 
HIGH VOLTAGE ACCSLERATGK'3. 

i . The power consumption Simula be smal l . Since i t io usual!,) 

p r e f e r ab l e to have the t a r g e t a t ground p o t e n t i a l , the ion-source 

and i t s a s soc ia t ed equipment ure a t the Ll&L voltage snu and 

can therefore not be supplied from a p , \ . , ^ d j-ower aoorce. 

a. The diiiieneions ox the scarce and i t s associa ted equipment 

should be smal l . The reason for t h i s i s s i m i l a r . I t appl ies 

in p a r t i c u l a r t o j . ressur jzed Van da Graaff genera too. a. 

.J . Vi-P g>OS Co'liSuiiiptloil >-h'̂  wi.d b e l o w . l i ' i l o Oxdo l i l o b t a x n l i i ^ 

a, low pressure in the main tub . des i r ab le in order to reduce 

the changea of e l e c t r i c a l breakdown occurr ing, (of . below). 

k. The source onOi-ld be capable of b e l ^ pulsed to furnish 

sho r t spu r t s of ions :d' high i n t e n s ' t v . A pulsed souice paj 

be used for 6 number of experiments such as velocity ana lys i s 

of the iPPl or near- thermal neut rons , inves t iga t ions of sho r t 

l i v e d a r t i f i c i a l l y r ad ioac t i ve ifc&terials, and cloud-chcii-uter 

w^rlc. 

J . The source should have a lon^, l i f e and s i ^p i i c ib^ of c , no t r u e -

t io i i and opera t ion . In nigh pressure Van de Graaff ^ c h i n ^ a the 

source i s r a t h e r i n a c c e s s i b l e , hence few con t ro l s are d e s i r a b l e , 

ano. 1 eplaceiaents a re d i f f i c u l t , n^nce l..>i+& l i f e i s important . 

C. The beanj y ie lded b,, the source should have low energy spread 
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7. !he output should consist predominantly of a.o.hc icrp,. 

6. The beam should be well focuseed. 

9- The source should supply a high output of lent.. 

One source of trouble with a beam vhich does not iiieet requirements 

b-c io that ions of different initial energy, mass, or direction 

will be affected differently b^ the various lenses. Ions will 

therefore hit the walls and electrodes, causing secondary elec

trons to be emitted there. These travel toward the soiree, pro

ducing Ions on their vo^. This process maj lead to electrical 

breakdown. 

An added reason for requiring C. is thot most accelerators 

•êjj-lo-j successive electrodes with equal potential differences 

of which, tixci vijre, only the first can have an appreciable 

focussing effect. Thus, if the loeaiu io net well focussed before 

it reaches the first main accelerating electrode, part of the 

useful output from the source will not reach t^S to-r&et and 

represents a loss inefficiency besides contributing to electrical 

breakdown. 

[Requirement 7, ensures that the power handily cop̂ cit.) of 

the generator and the cooling facilities cf the target shall not 

be taxed unnecessarily -y the presence in the beam of ^lecular 

ions. A 90 degree , 4 ^ t at the target would also overcome this 

difficulty. 

A low ener&; spread in the ions emerging from the source and 

a high output current are vcrj important requirements. The canal 
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ray Ion-source used at present on the Ottawa h.T. set has an 

energy spread corresponding to a potential of kO 17/, This source 

cannot be relied upon to give an output current jA more than 

80 microamp. at the target. With a total acceleration of SCO K7 

the stated voltage spread represents about 7$ of the total 

voltage. This percentage becomes correspondingly higher when the 

bet is operated at less than maximum acceleration. While for 

manj experiments such a spread is allowable, no work requiring 

high resolution can be carried out with the present source. 

For Inotance, it would be gratifyirig if neutron resonances could 

be investigated with the Set. Neutrons with velocities 10-oOC 117 

have been obtained by using the (y,Be) or (y,D) reactions; but 

the chrtpooldc are I.63 and 2.18 An'T respectively 8nd opPiP^siy 

high voltage X-r-.y equipment is required. A (l,n) or (p,n) reaction 

with negative energy release may also be used, e.g. 

LiT(p,n)Be7 (Q * -1.62 MeY) 

or: C12(d,n)r713 (Q =-0.29 HeV) 

Burchau (EH) has discussed this problem and suggested tne l^st 

reaction for use on the Ottawa equipment. He states that in order 

to obtain 1 gm En-be equivalent, at 60O KV 3> microamp., and at 

300 KV 900 microamp., of deuterdns are required. F r L e r ; to 

get a neutron source of less than 20 KV inhomogeneity at oOC KV, (*) 

the deuteron beam uiust be homogeneous to about 1 £V. 

Tnus an ion beam of 1 111A of atomic ions and less than 10C0 Volt 

spread is required. 

(*) using a cone of semi-angle 30u, and a target of 10 keV equivalent 
thickness 



-6-

(B) HISTORICAL - - - LCW VOLTAGE IISHM ION - SCuhCES 

Accounts of s eve ra l !on-sources of 1 v volta^-. spread have 

appeared in the l i t e r a t u r e . These are of s ix t^xeo and frill-

be discussed in t u r n : 

1. 7-ov vol tage a rc P i t h f i lament cathode 

Such a source has been constructed by Crane and h is co

workers (C2^. The pressure i s one to ten plcrons. With a vol tage 

of 10C0 Volts and a discharge cur ren t of C.J siffps. an output 

_f 0.2 j.iA i s obtained. 

1P4PP and Luhr (LI; have obtained output currents cons i s t ing 

t o J'°'i£ of atomic ions . The pressure *e ; hovever, h-gh. The ^XIIIIUKJ o- tput 

obtained i s 0,c mA a t a current density of 0 mA/'s^.cm. 

Sco t t (Si) has descr ibed a source which operates a t a very-

low pressure (o.3 m 'c rons) . With 0.6 amp. passing through the 

d ischarge a t COO Vol t s , he obtains an output of k mA. Good "oc is -

s lng vas , hovever, poss ib le only up t o outputs of ICC microamp.. 

The proton percentage i s Cop. 

2 . Low v o l t p p capJ ">.!., arc with heated filament 

A source in which a discharge was maintained through a con

s t r u c t e d space ( c a p i l l a r y ) was f i r s t put i n to operat ion by Tuve 

and co l l abo ra to r s ( T l ) . Iona e re c ted from the region of 

i n t ense ^on!z^t:on (plasma) which ? s s e t i;p in the cap i l l a r s 

hy a negative- probe, or a re simply allowed to diffuse ou t . Fur ther 

zuod'f icat ions of t h i s p r ' n o - p l e have been d e s c r i e d by Lamar, 

Sampson, and C v . t o n (L2) and ly Z l in ( Z l ) . Thf ca thode, used 
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in these sources are usually >ppy robust and capable of emitting 

several airip. The Ion output is very homogeneous In energy since 

the arcs run at volt gcs of the order of 100 V. The proton per

centage Is low (CO^O. Pressures are of p-hp several microns. 

Total output currents of up to k mA were obtained. 

3« Ionization \y crosf/ng an electron and a molecular beam 

A source baoed on this principle has been built by Planiol 

(P2). Using an electron beam of 0.3 amp. and a few hundred Volts 

he obtained outputs of order C.6 mA. The usefulness of this 

source 'a mainly in the field of mass spectroscopy. 

h. Oscillating electron tesra sources with heated filament 

These sources depend on ionization by a stream of electrons 

oscillating between two cathodes situated at opposite ends? of an 

anode. The anode may be t; form of a rectangular box with open 

ends (ipil, H3; v.Ardenne, A2), or a ring (Tirikelstein, Fl). One, 

or loth, of the cathodes are of the heated filament type. The 

electrons ere kept from going ironed!ately to the anode by a 

uognetlc field of moderate strength along their direction of 

oscillation. 

These sources operate at very low pressures (o.S micron) and 

are capable of emitting well-focussed beams of order 1 mA. The 

power used is rrtremely low (l Watt). The proton percentage is 

50$. 

This type of discharge was first described by Maxwell (ill). 

Further work was done by Penning who designed a vacuum gauge, now 

known as the Penning gauge or Phillpo gauge (Pl;y and an ion 

source (ironing, I.e.) based on an electron beam oscillrVng in 

a magnetic field. The ion-source ue-sd a cold cathode. Operating 
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voltage was high (10 117}. 

The sources described ly by Hell and Finkelstein (i.e.) were 

the first of this type to be osed In ion accelerators (v.Ardenne, 

A2,3). 

*. Cold cathode oscillating electron beam sources 

The main difficulty w~*th the sources mentioned in the previous 

section is the short life of the filament cathodes when discharge 

currents corresponding to outputs of about o.5 mA are used. For 

this reason, much work has been done towards halloing a satisfactory 

ion-source along the lines of the hot-cathode oscillating electron 

beam source, but operated with a cold cathode (̂  r^h'. , I.e.; Ward, 

Wl; Lorrain, LU). Burcham and Wcri (i.e.) obtained some pop rising 

results with brass and steel electrodes but encountered difficulties 

such as variation of the source characteristics with pressure, 

existence of widely different modes of operation under the same 

conditions, and a low atomic ion percentage. Lorrain (i.e.) has 

shown recently that ot output currents < 1 mA the voltage st -which 

the discharge runs may be lowered, and the atomic ion percentage 

considerably improved, If Y*a<p or.ium electrodes are used and the 

source is fed with hydrogen plus 1 part in 10 of oxygen. 

6. Tonlzation loy an electrodeless dio~h~rge 

Bayly and Ward (El) have recently described a source in pvoch 

ions are forced in a low pressure electrodeless discharge exc^tol 

by a 15 licy. oscillator. With 50 EV available for focussing, Mrc-e 

authors obtained a l>ea'm of O.f rsA, 6 ram. In diameter, and containing 

60<f> of atomic ions. 

mhe characteristics of the sources enumerated above have been listed 

In Trble I. Their merits will now bf discussed for application to 
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Van de Graaff accelerator?, Eirh Tension sets of the type exietin. 

in Ottawa, and cyclotrons. 

"» T — . 

de Graaff accelerators 

For the accelerator of this type in construction at the Chalk River 

Laboratories of the National Te^eroch Council, tergct currents of 

only a few ipcrorpp. are deoired at present (pipvate communication, 

Al). Almost eny one of the types licted would therefore be su't-ble 

for this application. The T.7. discharge o^ht offer some difficul

ties since the vacuum tubes used in the R.F. c--* remits would not stand 

up to the high pressures, and e s*?^rste lev pressure case brings 

power ?-nd ^ooulotion problems. The Zinn type covrce is in use on 

the Van de Graaff accelerators ?.t Lrs A^emos and Wseons'n; It io 

understood that the cethode ~ife is rearonrbly cotirfectory.. 

M.v.Ardenne has used the Ftobelstein source *n h/G 1 i^"!1icn 

Yolt generator. After one year's experience he •>-scribes *t (i.e.) 

as being very satisfactory. 

In th^e source the electrons, knitted by a heeted c::ide-cc-ct-;rd 

IT'chrope strip mounted sl:;e-on, arc subjected to sn accelerating 

potential cf 15n TT and svb sequent !*• traverc* the chember into 

which the ^ s is fed, there producing i?p~. On the far side 

of the ch£Pver they are -t-ppe". end turned bach by a decelerating 

field. A large nuober of coe: "Motions occur if a ̂ e^e+4c ^idinc 

fi.eld phioh say be supplied by a peruene^t magnet i* employed. 

The lone are extracted by the esre f-'eld vhich turns b-cV; the 

In terns of a71 the requirements lifted a^o^e (p.3p except 

high output and, possibly, cethod? 11 f*, (cf. b<*w), the ?cvr?e 
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l s seen t o perform very we l l : T^e ô̂ «»r» co - i cu r t ion *s low ( l Watt 

for a 7 no ^1 croairrp. ou tpu t ) . The dimension? of the source orop^r 

a re of orc^r a c^be of side fh5 cm. The gee o^rpum^ti^n •? only 

1 rng/^r of heavy hvd.ro^en for a bea-^ -^ mo -^^^onw^ of ^c4*rnrip> 

No d i f f e r e n t i a l ? > ^ ^ n ^ WAS required v i t h ?n ^"^It h^le 5.7" mr: in 

diameter ^nd. a source pressure nf 0.6 m"crone. No data a*1* p ^ ^ p h l e 

on p u l s ^ operat ion. The l i f e of the cathode mounted 1*- +'h<s ^p^uner 

d e s c r i b e d ^Ot ^ t th*3, n-J-o-1-̂ ^ ^--,^^-j^p -nov^v* i « a w^nv ^npd'vpofl A-° 

ho^irr . ^iff *»*>-» AT* err e»T-T»rafl T S of ordf0"*" 1 / m O +.>^4, ^"^ » PAHPI r»?>̂ -

source, The proton content in p.rK,# Tve bee^n i s vei l for*?p»s r̂! uv 

mean? of ^ ^ i s c - g t ^ ^ ^ atp^^Yif oi pctT^d f* whic^ Yv^ovi^e^ ^ f t ron^ 

"*~n-n̂ Vi * r-, o* p|r»+4nr -?*r»Ynfs$ ^ ̂ -f-.oT v * r* "Front ^ f t h e ^ P 1 ^ ? ^ ^ ' 1 "r-c**o'n *vbe:">*'a 

th<* tf^nrienCV "POT* d1T* <vy»~#»-n̂ © -T c <crr»<=.,̂ -ĥ pt ('"ft t o t ^ e "M crV> q-ppiC^ O^or*rfo . 

hTi th va^^T1 cas t e lect rodes of* ̂ .^nt •̂ •nĵ -ft̂  the ô-n "b̂ p-̂  -fnt^'Hs'ty 

rnn"'^ 1"!«* v*f>im1 &u& <f\ ^^ r !9<3 l-nq-M r\c + hp- f7T»S f1r*(.f 

Thus prtnvfe W^th an o u t p u t of 1 no r-•* c v ' ^ ^ . of vhloV" ^Op * ej 

*-n t^1^ Cor-4 o f n t o r ^ C 1on« fl^TiPPVp t n "h*= T ^ U piv^fe-r* + 0 t h ^ p~«^*»r>t 

r*$edS of fhf> PhfllV pirrey* pT»o^eCt. T** 1 t *S *.*s1r*d t o r»en->TP TVO <=••-

p n i o^ ions a t the aonrcp, ° ^ g ? r>^r^v>ror;pfor ^py be r^p J° -e- . 

4 r Tir^abt. I t ifl r a i n e d , however, t h a t v..Ard<*^ne s^r^or^o" nsl/rvcr 

h l p ?„nnorhmwt.or *1ne«, *S he puts i t , T W f l t i w v ^ *m^h s l - p ^ -

, H f V l . n 4- -h>ps fea ture ^ r ^ ^ f e TMRQ
 4 r pa r t i oMl?»r omerience-d diip t o 

t h e presence of organic vapors. Vh*n tbe «r»o^nt of S M ^ vapovs 

wflP y.^no^rl by rep lac ing a"?! r rbh^r gaskets by Apiezo 1 wax Be-Is 

and by the add i t ion of l i q u i d a i r travu , the output was found t o 

be Increased !y a la r^^ f a c t o r . 

http://hvd.ro
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g j ^ ^ o Tension Sets of the Ottawa type 

The source* ^ l i l o : ^ from the ,oint of view of output are 

Koa. 5, 6, 7(l)f 3(?}, c, ic (cf. Table I). 

The hio,o output of the Zirm source is due to the verj efficient 

method of extraction used. This involves MI extract!*^ potential ci 

to 10 :;,2 ram from the cathode. Probably an en,.- cpreeu of on 

order corresponding to this volt?-e is thereby imparted to th, 

ion output s;nce extraction Is hardly likely to be space charge 

limited so that the extraction field penetrates Into the region 

>u ionization, bhile thi« is only e email percentage of the total 

acceleration of a 5 MeV Van de G-ranff it becomes sî c iflcant for 

the Ottawa 600 KV set, and inadiul&tsible for the use of the Set as 

a neutron generator envisaged by BUOO-RUI (i.e.). In addition, tho 

atomic ion percent^- is low so tnat the useful output is ODIJ 

0.> mA. 

The Finkelnteiii source Is quoted in the original paper ('!> 

as yielding loO m* of ion output current, however. these outputs 

were lueasured with ope, electron oscillations extending almost, 

to the collector. It is difficult to predict how much of thid 

output current aji£,ht he secured in the £urm ^f a be-in. F^ U L P ; 

no runs were made ext-i-u.in̂  over luort^ than Yj minute* in duration. 

For thia "cjgth of time output currents of 70 lflA could he obtained 

without damage to the cathode. At hi^-er currents the cathode 

wee damaged after Yj hlnutes. 

Ward (i.e.) states that, using oxide coated cathodes in s 

source VP*V like that of Finkelstein's, several emission failures 

and one heater failure was experienced in a short tiiue. 

In view of these facts It is difficult to predict -whether a 
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F i n k e l s U I n source would be e a b i s e c t o r , 8 a a source cf 1 mA of 

atotoic ions in form of a beam. 

The Ee i l source has a l so been discussed b , v.Ardemie ( i . e . ) , 

bu t no data on i t s perfor^-noe in ae tue l ,,«e «•* ava i l ab l e . 

An account of some t e s t s performed oil t h i s source by the 

author cf :,i.is t h e s i s i s ^ v e n below. 

T n e Lau-h~ ca>^llax-^ a r c . ^lnb a ?^rcx c a p i l l a r - i s su i t ab le 

^ c i . i^uc-cntiuj, I . e . ; ; hut again no data on pro t rac ted perforate nee 

a r e given. 

3 . The Cyclotron 

For the cyclot ron, ohe requirements l i s t e d above (j, .3) Jjubt be 

modified, ( l ) and (8) are of in J nor importance here . For con

ven t i ona l cyclotrons (2) and (k) are olso not 6 t ressed. For t . ; , .4 i ru . 

o?clouxons, however, these two requirements >yre c r i t i c a l . Due to 

the small rad ius of the f i r s t ion path.? in the synchro-cyclotron 

(O.p cm), no vpr t of the ion source can be allowed to p ro t r . de 

i n t o Pit median plane of the dees, or Ions w i l l h i t t h i s pa r t c£ 

the source and he l o s t . Also, the source should operate s a t i s f a c 

t o r i l y under pu l s ing . Bohuj and Fold? (hi) have chown tha t ions 

can be picked up useful!? only during a small f r ac t ion of the 

^ c T l t i o n c ? c l e . Col? ions picked up during t h i s time can s t a r t 

i n o r b i t s which a re phase s t ab l e and a t the same time do not i> o-un 

t o the o r i g i n . This acceptance time has been ca lcu la ted as C.ocp for 

t h e McGill cyc lo t ron . Th v unnecessary loading of the dee i s avoided 

and, ooos ih l? , spur t s of lone f gre^o i n t e n s i t y can he obtaiueu 

http://protr.de
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from the source i f i t can he pulsed a t a duty cycle corresponding 

t o the acceptance time tna in synchronism vUh appropriate frequen

c i e s of the modulation cyc le . 

F i n a l l y , a high ion ou ,p .:, U v.,0, e s s e n t i a l , s ince one ex t rac 

t i o n efficiency i s low. 

The conventional cyclotron ion source io a form of cap i l l a r ? 

a rc source . This type of source .see a high duxrent discharge 

maintained along the l i n e s of £ui^e of the magnetic f i e l d by a 

s t ^ J y hot- f i lament cathode. The discharge i s confined alcii* j o i t of 

i t s length to a narrow region where i t p ; 4 u ^ e s an intt»no>6 ion iza t ion . 

A space charge plasma i s formed in tn i s region £ro^i which ions 

d i f fuse out 02' ti/t! ex t rac ted bj on e l e c t r o s t a t i c f i e l d , Into ,.he 

dee . xa2gat cur ren t s of 300->0C laicrcbiap. nave been cudtonj^ry 

in U.S. conventional cyclotrons (Livingston, L3). Efficiency of 

e x t r a c t i o n Is low due t o the space charge l i m i t a t i o n . Other d i s 

advantages of t h i s source a r e ; high rudLuIhg prcosure (10"^ mm.), 

soiiiev,h6t e labora te neet ing requirements of the fil^iLenc. (u.ndreds 

of cjhp., s eve ra l EW), short l i f e of the filament (60 h r s . ) , and 

a low atomic ion percentage (10-20/J; . 

Tnis c?4 o of source i s in use n* the Berks JV, Col. Creq^tncy 

modulated cyc lo t rons . Late ly , the Berke \ group hove p o l i s h e d 

some data on i t s performance in the 37" F.M. cyclotron ^.ionarason 

onl c o l l a b o r a t o r s , E l ) . A IOC mil tungsten f i l a i i ^ t was used and 

under pu l s ing (duty cycle l / i o ) n:^ & l i f e . i oCO poors, i . e . t en 

t imes tnot found in stoody opera t ion . I t i s noteworthy t i ^ t the 

f i lament was simply D.C. heated. 

Wo p r e c i s e f igures are ava i l ab l e on the output obtained iron, 

t i l l s source . P r o b ^ l y , i t i s of the order of tens of mil l iamperes. 
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A cold cathode source of equal iu, output would offer sooe 

advantages over the conventional source described aheve. Irx 

Particular, extraction would not tak^ place from a pla.o:. Father, 

a beam consisting only of positive ions would be diverted into 

the dee. Extraction in this manner might be expected to be i.wre 

efficient. Further, no heavy filament is required and the power 

requirements are small. 

Sohie work toward modifying the "conventional" cold cathode 

source for use in the synchro-cyclotron has been done in cooperation 

with i-ir. F.G.B. Warren of this I^hoipUap. 
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(D) Preliminary Considerations. 

Previous to the announcement of P. Lorrain's results (later 

published in I.e.), it was thought (cf. Burcham, I.e., Ward, 

I.e.) that cold cathode sources were unsatisfactory on several 

counts, but especially on that of a too low atomic ion percentage. 

During this time (summer 19^6) the author 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 (i.e.). 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 (i.e.) has described it. 

On his return to McGill University in the fall of 19^6 

the author heard of Lcrrain's results which shoved 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) 3CM3 TnETS CI? THE HSIL SOTIRĈ , 

(This wort was dons d ic ing the summer cf 11?-' a t the Hafon&l 
Eesearch Council Labora tor ies , Ottawa.) 
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I PRINCIPLE OF THE SOURCE 

Apart from details of construction, the von Ardenne modificetion 

was adopted. The anode consisto of a flat box 2 CIJ. long, 1.5 ca 

wide and 0.5 em deep (Fig.'-5) with two opposite ends left open. In 

front of each of these openings was mounted a filament cathode 

(annealed non-sag tu^oten wire) and a Cylindrical!? bent reflecting 

shield kept at a potential negative with respect to the filament. 

These reflectors help to focus the electrons emitted from the fil^cht, 

thus reducing considerably the magnetic field strength required. 

The small size of the source permits the use of a pole gap of 32 mm. 

so that a permanent magnet giving 1^00 oersted could be used. 

Electrons leave the cathode and acquire the full energy- corres

ponding to the anode 2 tp tial soon after entering the anode-box. 

On reaching the far end of the box they are slowed down and finally 

turned back either bj the o^oce charge surroundiiie, the filament (if 

it Is heated) or by the reflector. The magnetic and electrostatic 

focussing cause the ::i:.ct ens to oscillate a large number of tir.ee 

before going to the anode. To furnish tue current flowing to the 

anode, the emission of a simple tungsten wire cathode is adequate. 

Normally the emission of only one filament is sufficient, so that 

the second filament can sei\e as a reserve cathode. The gas enters 

through a tube into the top of the anod tox. The ions formed are 

extracted through a hole in the bottom of the box. As the ions are 

formed ^j electron collision in a field-free space they have both 

extremely small velocity and velocity-spread, so Ust a fine mesh 

probe at a few hundred volts negative with respect to the anode, 

and mounted a few mm. below it, is Sufficient to extract a pxact:-

http://tir.ee
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cally parallel beam. 

II CONSTRUCTION CF THE SOURCE 

The overall construction of the source is shown in FigJ'3. The 

dimensions of the source elements proper are the same as those used 

hj v. Ardenne (A2). Kovar terminals and porcelain insulators were 

used for conducting and insulating supports respectively. Lroes 

rods, copper, nickel, or tungsten wires were silver soldered to 
•i. 

these supports to carry the source elements (FigV5,U7). A brass 

anode was used throughout. Tantalum was tried and also found to 

be satisfactory, but it did not appear better. The filaments were 

spot-welded on to tungsten wire supports with nickel sleeves, and 

were easily replaceable. Various types of probe were used. These 

are described below. The sylphon bellows permitted the directing 

of the beam to the centre of the target or to the entrance-hole of 

the analyzer. 

A leak of the type described by Fowler (F2) proved fairly 

satisfactory. Tank hydrogen was used throughout. 

III THE TESTING EQUIPMENT 

The equipment described by Burcham (B^) was used. The po>.or 

supply (iig.!-o') consisted of a small insulated power t-upply ope

rated at a frequency of 2000 cps for running the ion source itself, 

and a 50 KV DC transformer-rectifier set for the final acceleration 

of the ions. 

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

from a small aircraft generator at ground potential via toe condenser 
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of the 50 KV set and supplied a few hundred watts at Gc V at whatever 

potential above ground the 50 KV set was operated. This 80 V in turn 

fed a transformer and rectifier set giving several thousand volts. 

Pumping speed of the MC 2?5 diffusion pump, backed diiectly by a 

Welsh Duoseal rotary pump, was about 200 litres/sec. 

In principle batteries can be used with advantage to supply all 

the power required for operation of the eo-rce. As the insulated 

power supply referred to in the previous polygraph was available 

it was used for the probe and intermediate accelerating voltages 

vp> Vacc, whereas VA, VB were supplied by dry cells (Fig.U9). The 

filaments were heated by a 6 V storage cell. 

1. General Remarks: Preliminary measurements of output were 

made with a Faraday cup 2 cm. from the mesh probe. These give 

information about the output of the source proper. The cup currents 

thus obtained are denoted by ic- For the £inal measurements the 

accelerating potential of 10-30 KV was employed, and the ion output 

(i0) was read at a distance of about 25" from the source. The ions 

were collected on a brass plate, 3.5" in diameter, replacing the 

analyzer shown in Figs, hk and k6. The beam at this point was 

circular in cross-section and about 3" in diameter. 

It will be seen (Fig. 56) that Ic is determined by iA for g'ven 

voltages and pressure. The current -;A In turn depends on if, a 

change of 0.1 amp. in the latter producing an appreciable change 

in the former. As if is of the order of sever 1 epperes It is 

not possible to regulate it with an accuracy adequate for taking 
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on 

repeatable readings. Therefore other variables are referred to 

i^ throughout. 

2. Pressure; Pressures were measured with a Distillation 

Products Inc. ionization gauge. Pressure readings in the port! 

of the thesis in which work on the Heil source is reported, are 

given In microamperes. The reason for this is that no definite 

statement can be made about the actual pressure without re-cali

bration of the gauge for an air-hydrogen mixture. A good ides 

of the approximate pressure may, however, be gained from FigpO 

where the factory calibration is given as well as a line based 

on a paper by Bushman and Young (Dl) in which it is shown that 

for mixtures of air and hyurogen the sensitivity of an ionization 

gauge Is decreased at most 3.5-fold. The actual pressure lies 

between the two lines of the figure for any given reading of ig. 

For all readings the system was pumped dovo to C^A (air) 

and then hydrogen was let in to bring the pressure up to the 

desired value. The source started to run at about 8(^A (i.e. 

2 |xA partial pressure of hydrogen) and ran increasingly well as 

the pressure was increased. A good running value was iC^-A. 

It should be noted that the ionization-gauge was mounted 

a considerable distance from the source (F!g.W;). Althô igh the 

rated speed of the diffus'on pump wes 200 litres/sec, the 

pumpjng speed of the aperture directly below the source, calcu

lated *n the conventional manner, 'poinding end effects, was 

> i ly about 7 litres/sec. While this can serve only as a rough 

guide, It seems likely that the pressure in the source was 

higher than that measured at ih- ionization gauge by more than 
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a factor of ten. The linear increase of ion P.put with pressure 

reported by v. Ardenne (i.e.) was confirmed with a flattening off 

at higher pressures (Fig. 51). 

0, Magnetic Field; The effectiveness of the field in keeping 

the oscillating electron beam off the anode, \ e . keeping the 

ratio iA/if low, Increases with field strength up to about 1100 

oersted. Higher field values do not decrease this ratio much 

further. This is plausible in view of the extreme effectiveness 

(97>) of the 1500 oersted field, shown io Fig. 52. Heil (~3) 

obtained an increase in effectiveness up to SCOO oersted. This 

is due, presumably, to his use of eevez-si filaments in parallel 

and the different geometry of hU source. However, v. Ardennefs 

estimate (i.e.), that higher field values should Increase i0 b„ 

a factor of 2-4 times does not seem to be substantiated for the 

source in its present form. 

k. Reflecting Shields; " typical plot of iA vs. Y8 Is given 

in r-ig.52. 

:. Anode Voltage; The va r io t i on .of -: piput with VA i s shown 

In F i g . 54. The optimum value -f VA depends on the va r i a t i on 

of the a t p i le ion output percentage with VA. As the output was 

not analyzed t h i s aspect of the source was not inves t iga ted . 

C. F ' lament Emission; I t i s seen from i Ig.55 that most of 

iA i s iii^de i"p l y e lec t rons produced io ih - d 'echerge. The 

do t t ed curve was obtained with only one f Ha ^ i t heated, the 

f u l l cur^e v ' t h h e ' h f ? l s i ^ n t s heated. Thus, f - r the same 
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emission, the output *a on!-. e ^ t l y e - t e r e" I , uer.n^ t i e second 

moment. However, with V-tl. f i laments , the earne .'-ode emlaeicn 

as with one T-,̂ r i,6 r - t a lned f a r the r from Me flere-.^, ^Mnt (or . 

_ . o, <,^„ sec ixun; . r i p s Is sometime* advantageous. TAn^ten 

f ' l a m e n t s , approximately 2 cm l o i ^ -nd G.005.0.01 "M in d^P.eter 

were used. They a r e reasonably lor.g 1'ved ( l >lv ' . The O.o-1" 

wire taheo about 7A a t CT for a good d ' achs r^ - . 

7 . A t y p i c a l output c u r v e A t o p i c a l output c o v e i s shown 

In F^£- 1-', t o r r t h c r v ' t h the corresponding c.rve g i v e 7v. von 

Ardenne ( i . e . ) 

r . Frole P o t e n t i a l ; Higher probe p o t a t o - l g t t on 000 V 

5Id rp.t su f f i c i en t l y increase the output to rnzlzz t h e ' r - re 

p r e c t ' c a l . T!g.5° shows some curves obtained for ccaparison. 

i'j-iio, sj)S^> ^«o . i, ua-iiVvi A i out r >t>. ; are r.^s^ ,n\s , . ,o 

in t h i o com.eetion. 

F ig .^7 shows t l s t tno output depends considerably on the 

nature of the probe, *£!*£• f ^ l l c ^ v t s were obtained with M pr./je 

c o n s i s t i n g of a washer (o .d . 10 ^ . , i . d . j &?,.) with coarse 

c ^ ^ e r mesh spot-voided to the under oide. The dotted corvee 

v,ere obtained using e ' 0 h t eou id i s tan t s t r i p e of 0.000" d i e t e r 

tungs ten wire spot-welded across the washer. 

The r a t i o of x robe to outpot c UP o^t was u s u a l ^ t e U s e n 1:1 

&uU r. ; x . 

9. S t a b i l i t y of the d ischarge : As soon as bydrcgrn was 

admit ted to the evacuated syete^ a ul-foh discharge ( re fe r red 

t o as J P £ d'schavgr:) appeared tlu ^ .out the anode box. This 

i n , , ased in b r igh tnes s -* th inoreesb .g I : or with i n c r e a s e 

Jr:J.-eesure> #
A and ' 0 Increased c o r r e ^ ndt igl^p As I f was fur ther 

http://com.ee
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inc reased a po in t was usually reached where the discharge suddenV 

jumped t<_. an PO'/, eoe bpIP . tneas . i t t h i s point ^ increased a l so 

t , s eve ra l i ' hee 51 3 former val P , with no ep . rec le ibe ^n . ease in 

i 0 . I f only one fi lament wos heated, Me :.'schsrg<: on "flav*-up" 

was Inteooe enough to heat the other r"lamor t to a do l l red . Yue 

f ]o re -up po in t was sh i f t ed toword higher iA for higher pressure 

or heavier OMpiaente. 

10. C -hla^i i i^ t lon; After running too source for a few hours 

the discharge sometimes went out and the source ceased io function. 

Too higher the dlsoharge i n t e n s i t y , the sooner did i t ' s occar. 

bh; onode was then found to be covered with a boln bluish l*yer, 

presumably of l-.uigeten evaporated from the f* l -oen t s . Upon 

clean*hg off t h i s l*yer with saob-v^er the ooorce ran normally 

*"!. F .epeaWbil ' ty : I t has been noted thioogh<pvt t h i s work 

thwt the behaviour oO the oource was in c e r t a in respects ra ther 

unp red i c t ab l e . For Instance a t tiroes a p:?pP e, voltago of only 

500 V In te r f e red w'tb toe ^ n c t i c ^ n g of the discharge considers? b \ , 

•whereas a t other t t . P no effect on the discharge was obiervtoi for 

probe vo l tages three t ' o e s t h i s ^ - ; P 3 1 - i a r i , , " a r e - p 

occurred once 0Or a dischorg? current of only ; pi while a t oMer 

t i h e s no f l a re -*p occurred up to 1^=15-- iaA. 

7 SICCUSSIQi'I dhr CCiTCHiSrOpO 

I t l a s been ohovu tha t an output of 0 uk of *ons iray be 

obta ined from t h i a source . 2% of t h i s was focuesed t o a d i s tance 
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25" from the source. This output can probably be increased 

by the use of heavier filaments and a stronger magnetic field. 

It seems probable that oxide-coated filaments, mounted edge-on 

as described by Finkelstein (Fl) and successfully used by 

v.Ardenne (A3) would have a longer life than those used by 

Hell (I.e.) and in this work. The use of sturdier filaments 

of a different material might veil reduce the tendency toward 

instability and contamination. 

It appears likely that, with some further development 

along these lines, the Heil source could be made Into an 

efficient ion-source. 

Heil (i.e.) estimates the proton percentage given by his source 

to be 50$ on the basis of the performance of the Scott (i.e.) 

source. This estimate has since been substantiated further 

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

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

The figure obtained was 50#. 



(F) THE COLD CATIiobh SCPRC2 

(This work was done at the Radiation Laboratory, McGill Universit 
during the years 19^6-3) 

^ y 
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( i ) descr ipt ion of toe constructi on and operation of the souioe 

The cold cathode osc i l la t ing electron beam source consists 

of on anode in the form of a box with open ends. Usually, a 

cylinder or r ing anode ia used, 'the cathodes are siuply petal 

discs placed opposite the open ends of the >^ode. The course 

of the e l ec t ros t a t i c l ines of force i s shown quali tat ively in 

the following sketch; 

* # • 

H 

The arrows indicate the direction in which electrons are 

accelerated. One of the cathodes is provided with a hole through 

which positive ions aay pass, and the source is placed in in 

axial magnetic field. 

The following coupon!;, accepted explanation .1 the manner 

in which this source operates is given to fix Ideas; 

Electrons at the point C are accelerated along a line of 

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

this motion into a spiral along tne magnetic lines A force. 

The radius of such a spiral for an electron of a ,.e* tens of 

Volts in a field of a -e« — ^ O oersted is of the order 

0.5 mm. Electrons frcu C travel tins essential, toward the 

cathode CJJ. They traverse the central regin of the source 

whicii is a space free from electrostatic fields, except z^t 
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due to space-charge, and are slowed down and turned back -ip-

approaching the cathode t^. An electron may perform a Lsrge 

number of oscillations before the combination of space charge 

and sidevvov . velocity components gained in collisions finally drivss 

it into the anode (Heil, I.e.). Th ;o> its effective path is 

longer than in electron beam sources where no cscilirtion3 

04ke place, and the number of i-jris produced per electron 

reaching the anode is increased. Ions produced near the 

hole in the extracting cathode find themselves in a field whi h. 

causes them to leave the source via the extracting hole, -ineo 

ions formed by low voltage electrons such as in this source 

are practically at rest, a peral^ej. beam of lens is obtained. 
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(ii) modifications of the symmetric cylinder type source 
introduced in the course of t^o research 

It was thought that positive ioa output might be favored 

if the lower cathode (extracting cathode) were run at a few 

Volts negative with repect to the 'pper. This type of 

operation is called "asymmetric" in tnln thesis and is die-

cussed at length below. 

Another modification, used with both symmetric and 

asymmetric operation, is the "ejector anode". This „ype 

of snode is shown in Plate Iil,k. It consists of an ordin&r; 

cylinder anode to which is added a coaxial cylinder, l/lu" 

high and of internal diameter 5,06V, flush with the lower 

end of tve main anode cylinder. The wall of the small 

cylinder is 1/6V thick and it is sopp rted b^ a narrow ridge. 

The whole ejector anode is machined out of one p'ece of 

Magnesium. Such an anode construction creates a high voltage 

gradient favoring positive ion emission, near toe extracting 

nole. n 

L— J L—J 

(+) (not to scale) 

A discussion of asymmetric operation follows. Some other, 

minor modifications are also discussed. The performance of 

the ejector anode :̂:y be Judged from Table I, p. Z . 

Ao PI etrie -potion: A first attempt In the high field, using 

^ /• 
storage cells to provide voltage deferences 4 to t 3'- Volts, 

the results shown in Fig.3^- ^ order to obtain a larger 
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p o s ' t i v e vo l tage on the lower c a t h ^ o , a r e s i s t o r was i_„ er ted 

between i t and the upper cathode (ground, cf. F ig . ^2 ) . This 

was found t o inc rease the ,.,..lput current ty a fac tor of nearly 

f o r t y . Later work showed tha t the asymmetric mode of running 

improved the low f i e l d output a l s o , though ohl. by a factor of 

two. Thus, the output maximum of 5 mA shown in one of the 

curves of r i g .£ ,was somewhat exceptional for sj^metric running; 

bu t with asymmetric operat ion ouch outputs were quite consis tent ly 

ob ta ined . 

A noteworthy f u t u r e of a s j p ^ e t r l c operation i s tha t a 

shallow p i t i s formed, as I h i r e s u l t of l<n bombardment, in 

t h e top cathode (and in the c o l l e c t o r ) . The erea of these 

p i t s i s always equal t o the are8 of the ext rac t ing hole . Thuo, 

whereas in o y ^ o t r i c running the discharge covers Ine whole 

cathode area uiiifpipt.y, in asyooet r ic r ih^Iho the dischai'ge 

takes p lace l a r g e l y across an area p p o l to tha t f the exorac 

t i n g h o l e , rirj explanat ion jppears t j l e tha t the i ischa. o -

e l e c t r o n s pass through the ex t rac t ing hole, i . e . the discharge 

extends i n to the low pressure region outside the source. The 

"beam" observed through the window I s , In f ac t , par t of -he 

d i s cha rge . I f the e lec t rode voltage P. are considered, t h i s 

i n t e r p r e t a t i o n becomes p l a u s i b l e : 

710 

4-4-0 

- 1000 
O 

O 
O 



-30-

The electrical circuit for , m e t r i c running wss always such 

znat V>VL. Thus an electron farmed in the -.pper hslf of the 

source might well have eno.^h energy ( l -Y^T- ; to pass 

through the lower ceth>de. Such an e lec t ro would be ?to: red sr 

turned bach before reaching the grid i.. esse A. In case I it 

nlgoo proceed to uoe collector. Higher or pat currents were 

cctalnel, the sore negative V̂  was male. It was not possible 

to observe visual!;, in case A whether a change in intensity of 

-.~e "beoob' occ-irred slightly above, or at, toe grid. 

The higher output cor -rents obtained 'n esyozLetric operation 

pigbt be expected to result, if :his Interpretation :*£ correct, 

since collection tabes pl^ce closer to the discharge. I t is 

pointed out above :h.t Jlnhelstei. ( i .e.) measured his ion 

c I T ent _ jid er s I i~l1 r c ond' 11 o n? . 

^ .2'ther e:>:peri men tat lor. will be required tc deteri Ine to 

what extent extraction of ioru" in form of a bee- can tale ^ 1 :ce 

fr:o. a liecha'ge wiich has th .3 ep? sad Into the low press ,o%e 

region outside 'he source-

Prom the ^olnt of view of := cyclotron s: roe i t Is \ . ter-

es o^ov* oo ce-.+ • - - J -- -"-.-erve that ^pere.'o:: In h s isamo? is equ^vs L6P 

to the manner cf operation c£ the conveiP * onrl 1 w voltage arc 

where also a lischaige ' s maintained outside? the source ^ ~oper 

In the wepenl cpse, however, eoies* n fro.r r. hs-*r?. "l,n-ent 

required to malntapi the * ' S C P P ^ P . 

lo r̂-̂ Vcmen t .£ electrostatic f ielr An * .e,p. wes _: oe 

,. ^ . outD :.t current - ,- p* , • ̂  ^>.e s--j:e 
Opp-cve the rat ^ K h ^ r ^ e current ^ ^ - - "^ *^-i — 

£̂Oii:ctr in e oeh e y os to r.2k£ the dectrostatic ":ies -f 



-31-

force i n the source run more nearly p oa l l e ] t o the ur.gnotlc 

f i e ld *n the r e g ' o n of -maximum p o t e n t ' a l p r rd tcn t !,<-. r-*r~y froi4 

the c e n t r e . I t von hoped t h - t toe d*~charge electrons wovl' in 

consequence Bta„- longer In tho ^ o - b - r g e p-* cr;.::- mors Ionio~ti?n 

per u n ' t ;.i3c!.~rge cu r ren t , 1 r ' n g anode and a cy l indr i ca l 

anode with ends tapering inwards were t r i e d . No s ign i f ican t 

p^-ro'vewjo.rt r e s u l t e d . 

Ch-p^pp In cathode ^ cacvry I t wâ i thPighl a t one t l ^ - that 

the "dro'j.-.ff'? • .. output ( i i 0 . 2 ; observed a t the h''S-G* HschK.ge. 

c u r r e n t s m'.pht be due to a aidi-.way-e; spread" ..^ d\ e to ~u t ; a l r e -

pul^lw,o>of the p o s i t i v e ' ono ins ide the source. To l i s t t h i s , 

e x t r a c t i o n thro.tgh a periphery 1 aperture ( f lp te I i - , t p,o> was 

t r i e d , i-i'o v.h,4>ge in the I 0 v s . dp cjrve r o o , l t t i . 

Cathodes r eosub l l , 0 ^ore cljse" ,y those Ui>ed l„ L-pppin ( i . e . } 

an* ebPm in P la te I I I , top, ?, a l so g4ve n , i rpi r^men1 in output. 
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' • • * ' ' * w J . •» 

r---*- -• - / --w -•" ^igntaj. worj£ - nera 

source cons t r a c t i o n s ped; 

A cons t ruc t ion in which the anode was Cyl indrical and the c a t h o d e 

were U s e s h e l l a t small d is tances rroUi ;-fce open ends of the anole 

h^s been used by Ward, i . i r c h ^ , end Lorreiu O . c . } , ^id in so^e of 

o.ie p resen t work, luagheai^ laetal ' s used through- .P, except for 

a few bo-no p i t h tin a l l - C a l c " ^ &o.>rc6. 

In tii* earl;. p* r t of th i s worb the e l ec t r c l e e vei e separated 

and s pported " p g lass spacers so t i p ' the appearance f the d*s-

cbatpe could be observed. The magne.?"um-^l-'-&s Join ts were sealed 

with Apiezon-W. 

I b i s cons t ruc t ion was 1-ter replaced b„ a s t u r t ' e r one b . which 

the cathodes were inser ted 8t t i e two open endo of a brase cylinder 

or e lse threaded *nto a closed „1 'ndr lca l brass K x ("enclosed 

model"), the anode being sipp pted *x ta l ly '~- ide ,on s-.pe f ' r ^ of 

insulatii-^o suppor t . A source of t h i s Vpe ^hic'- was used extensive" 

i s shown ' n Tig.-O *nd f l a t e I I I , t o p . '"bis source incorporates 

th^ f "low*rig f e a t u r e s ; 

1. water-cooled a i rde 
2 . water-cooled etitu.d^p 
3 . Lavite I IPJIPP ' rre 
t . ^laoo Insu la tor in the enpto lean 

The j l a s s i n s u l a t o r !n the ane-de lead was i n s t a l l - I because a 

discharge I P I occurred across the b r l e V e sp-cer marked C in 

J. £s • • O 

This so 

magnet 

> -ce w*s retained ~ P the ear], worb In the *ycl( to 

• here, however, "t was mounted on the ' e4 lare cnao er 

shown, associated w'tb the "spacer source", in big. -1. A #.-id 

which could be biased to suppress secondary electrons was counted 
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on a L - eee l approximately 1 cm *bove the chamber floor which 

served as the c o l l e c t i n g e b ^ c t r o l - . 

At 'die s t a r t of poleed operat ion a brass disc " . 7 ' Pi dlo p t e r 

was mounted on a Sovar s e a l jue t above the floor cf He chaml-sr 

t o ac t as a separa te ?hie^ded c o l l e c t o r , *he cb.-^o*.- r--id brass 

t o t e be 'ng grounded. Tbe grM was ooved to a p-~s*t"on an out 1 cm 

above tbe c o l l e c t o r d i s c . The p.irpooe of the chan^ was to pre

vent e l e c t r i c a l pickup due to the c^peclt uiee assoc ia te ! with the 

bulky chamber and tube . 

l o r asyi.imetv'c operat ion a source (llg.-'-'l anl f l a t e I I I , hot torn) 

In which the two cathodes were e l e c t r i c a l l y Insula4- -1 was ,eel. 

I h ' s oouroe 4*te ~> has tbe follow!eg f e a t - r e s ; 

1. sepH-vP,e and more • e r f i c ' e p t co«^' : ig of the cs tho 'os 
2 . e f f i c i e n t on^ee co- l ing 
1. the anode 'a held \^ a s e t ?crew and le ea6?l„ removable 
h. the source i s easy t o dismantle and reassemble 

The cool "ng l eads , ehovp onl„ in por t In the diagram, are i;" bra to; 

tubes which s l i d e through the Inner hollow conductor of H" 

St-'.p-jkoff Type GA Kovar-glass s e a l s , soft soldered in to the Vp 

cathode holder (a, P l a t e I I I ) . Yne brass tubes were soft soldered 

t o the Kovar t p t r i a l s . I t i s r e a l i z e d tha t Kover metal has a 

r e l a t i v e l y high magnetic permeabl l i l . in lev f i e l d s . I t i s hoped 

t h a t t h i s i n t e r f e r e d l i t t l e Wth the operation tf the source 

s ince the sealo were located well out of the source,and m e t r i c a l l y 

I t should be noted the', provis ion 'e ,'*de in t h i s source 

for measuring accura te ly the pressure ac tus? ! , ex : s t :ng ins 'de 

t h e source . 

vacuum s^ateu 

In tbe ea r ly p a r t of the work the small vacuum chaafoer { b ^ . v 0 } 
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waa used: in this case a Distillation ^ 4 acts lac T ,.« ~ -

all-Pyrex diffusion ̂ P ; hecbed by a v,lsh Duoseal ^ o 5 pun* 

provided the vacuum. The rated speed ! r air of this p-^p is 2 5 

litres/sec. Octoil wa* used in the diffusion r.^o. 

The d? 25A was later (large vacuum chamber, Fig.'-i) replaced 

by a DlstillatioirProducts MF-250 pump for grreter piping speed. 

Th's pump is rated at floO l/sec for air. The brass tube shown in 

Plate I (length 3"£f; i.d. 9-5 cm.; purpPng speed 2c litres/sec} 

was inserted between this p .̂ and the source so that tie mecha

nical p.^p woo Id be situated ell out of the mag,,-tic field. This 

tube reduces, the total pumping speed to uO l/sec {calculate!). 

Insert16n of a three section optical baffle (cf. below) 

lowered the popping speed further. With a £" -xtract'i g bole 

in the lower cathode of the source (puinp-p.g epeol 3 l/ssc) a 

5:1 ratio of (source pressure;/(chajjber pressure) was measured. 

In most of the runs a l/C" hole was used. It maj be -'nferred 

thot the pressure ratio *o th's case was 20:1. 

ieak-testlo.^ 

The following method of leak-testing was found to be effective 

a -lass tube was inserted between two sections ef rubier t d ing 

in the lead into the mechanical puiap. A strip of tin f\-il was 

wrapped tightly round port o£ this tube. A few turns of £?Z 

wire were wound over the f'.Il. An electrodeless discharge could 

be set up by opplying a eppVoc!"! (commercial; "Tnergex") to the 

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

glow fills th« glass tie. I! acetone is now applied bj means of 

a dropper to a poiot where a bee! exists, the discbarge will 

change towards blue in color, or be extinguished. 
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4'i ceaure measurement 

An a ' r - p r e s s u r e operated McLeod , uge was constructed. The 

volume of the l a rge bulb ' s 5 j \ i r , cc . From : t , a r e the r w'de 

c a p i l l a r y leads i o t o a h - lb of 0.&? cc volume which provides 

a cushioning for the f n e c a p i l l a r y (O.OCCJf cc/crn: 5.20 cm 

long) following I t . On the f ine sca l e , the length of capl l l^ :p 

between the p e i n t s corresponding to 1 and IC dcrons was 1 l / ° " . 

This s c a l e ree.de to lUo microns. Two fur ther scales read to 

O.lp ram and 2.3 mm r e s p e c t i v e l y . 

The leads t o the McLeod gauge are shown In " l a t e I I , top. 

I t w i l l be observed ( r i ^ . t o ) t h a t the gao from th6 source has 

t o pass through the narrow space between the anode and the Lavite 

Io u l a t o r s on i t s way t o the McLeod, whereas the gas \vhich enters 

froi2 the Fowler leak can reach the McLeod without going through 

the source a t a l l . I t was ^eared tha t our pressure ree l ings 

taken with t h i s model night be on the high s ide , i*or th is 

r eason . However, the range of pressures ~:>r which the source 

runs well , was s u b s t a n t i a l l y the same as before, when oeas-up-i 

in t he l a t e r design ( F i g . - l ) which allowed an accurate determi

n a t i o n of the p ressure iodide the source. I t is thus net con

s i d e r e d l i k e l y t h a t the eeoVer pressure readings were greatly 

In e r r o r . 

insulatp-4, !a„er due t o tbe diffusion p o p oY. 

Short ly a f t e r the MF^IbO pump was f i r s t used (with l ia rcoi l , 

ev,r;-YY>e& by l l a f o n a l Research C> -y r t i o n , Boston, i t e ss . , U.S.A., 

the presence of a c i r c u l a r layer black in co lor , about ^ in 

d iameter , and seve ra l thousand.? of an pich th ick wes discovered 

on t h e f loor of the chamber. This Icyer had been formed around 

http://ree.de
file:///vhich
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the spot where the Ion beam hits the collector but exceeded the 

beam in area. At the point where the beam actual- bits the 

bress the layer was raised to a platform about l/^t" V - 8, : 

1/16" in diameter. Ho electrical continuity could be estab

lished through the layer by msans of a £13 copper wire prrbe 

pressed on it. This insulating property persisted to a high 

degree out to a radius of order 3/V where the layer was so 

thin that it was no longer black in color. 

It was thought that the layer olght consist of Narcoil, 

which has not an extremely bo vapor pressure, reduced by the 

ion beam. A two section baffle did not prevent formation cf 

a new layer within a few hours of running. 

At Professor 7osterTs suggestion a oection of the bress 

tube about 1 foot long was then coolsd with dry ice (Plate I). 

Also, another section was added to the bsffle which remained 

inside tbe tube making good thermal contact with the dry-ice 

cooled wall. This combination of baffle end dry ice was found 

completely effective. Values of output current quoted in this 

thesis all date from after the dry-ice cooling was used, except 

for some early values obtained with the all-gloss diffusion 

pump -using octo'l where there was never eoy sign of an insulating 

l=.-yer. 

The formation of films due to reduct ion f organic ell.? by 

ion beams i s discussed in a paper by R.L.ftewart (52) . 

:f.s supply 

An electrolyzer, mounted bebiod the KcLscd gsuge and not visible 
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in Plate I was used to generate the gas for supplying the source. 

It had a storage bulb of volume 100 cc. Hydrogen end oxygen in the 

ratio 9:! were collected over the dilute phosphoric acid used as 

the elctrolyte and fed into the storage bulb until the pressure in 

the bulb was nearly atmospheric. A few feet of pressure tubing 

led from tbe storage bulb to the Fowler leak (i.e.) shown in Plate 

II. This leab has proved very satisfactory. Ope revolution 

corresponded to about 1 micron change in pressure a4: low pressures. 

It is thought that the leak gave reproducible valusa of xbe source 

pressure, but no att'-ept was made, to check this ccref 

anode coolirp 

For c o o l i r p , the. anode was surrounded by a t i g h t l y f i t t i n g 

th in -wal led copper jacbe t f i t t e d v! th a t l reeded co l l a r for inser t ion 

of the cool ing deed ( length 2" , c ross -sec t ion 5 / ^ " v i t h two canalo 

of i . d . 1/1?" d r i l l e d through lengthwise) shown in place in FigAO 

and P l a t e I I I , t o p , h , l . The threads are such tha t the d r i l l - h o l e s 

i n the l ead coincide with the holes in the cc l l* r when the lead i s 

screwed i n t i g h t . For vacuum-tightness the three io were heated arp 

covered with a t h i n layer of Apie.cn W be-ore i n se r t i on . In l a t e r 

work sof t s ^ d e r was used Instead of the iplezon as Icalro had 

developed occas ional ly vhich were very troublesome. U n - ' r e c V o n 

flow -T Ve o - l ' n g va t e r -round the Jacket i s ensured *JT a plec^ 

*-,* q ^ - ~ ' i e — t ^ l s e in to the copper iechet between the 
of copper wire sot" . ~ •-- . 

. •*,.« *n t"hp h*3<* ~>f the c e l l a r . two holes in zne ^>— 

«. -r^-i- -*— b - t b the cnode end <h- esthed* Water was used corncob - - ^ ^ -* 

^ . , L p . r M ^ r — v ph;1 • :aphc, o i l was s^ l -
„- ,v*n£ Ycr l^*7 outpp- esc .•... -o- --I-- V" * 

, x^ _,^.PTy*- Msnla. of - conduction current 
B t i t u t ed dn the snooc t o p*e,en* . i s p i a . 

http://Apie.cn
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through t he water . The o i l i s c i r c u i t e d by a sine "i I pump T l s ' b l -

on tbe low p l » t f w * of the"*.;* gen" (p^-te I ) . 

c i r c u i t s end e l e c t r i c s ! m e. ? s ur or:: e nt s 

For high-power D.C. operat ion the power supply consisted of 

a ?30 Volt motor generator capable cf supplying severe! eopperes 

i n s e r i e s with t he 220 Volt B.C. mains. 

For pulo ing and low power B.C. the c t ^ ' l ^ us^i i s ^hewn 

in F ig . - '2 . Power l^ods ere indica ted by h ^ ^ y Mses . A sr?a!l 

a i r c r a f t genera tor capable of supplying l o 0 mA a t 1°00 V wac 

u?ed. The wid~, heavy r e c t u s ? * (F^.g.U2) ind-p-tec the eer ies c--rcv.it 

fnT, TV n nrv?..^0 + ̂ or> foT^tr^ down). mhr c^T^r-t thro^igh the 

(cons tan t vol tage) d i p ^ h ^ g e v«s r e g u ^ t * * by adjusting the 

5^00 ohr-s s e r i e s r e s i s t o r . Fr^p th-?p r e s i s t o r the current -^ows 

4.VwvMrfV fv e -^ ^ f r r i n t o T.h« »node. The c a t h o d e are shown 

connected h 7 a r e s i s t o r P ^ e e <n p c p ^ ^ e c??r°t<on. T^ «»-!»-

E e t r « c op«-«t«.on ? c
 1 * ^ . e zero . Frcr: the cathode of the 

the r e t u r n pflth le»ds through the ^ otee c u r r e n t - v ^ - T 2 r e s ^ - o r 

b ^ c v t o the genere t^ r . 

. . ~-U~™ *•? +-~*nAt*-r*~rsr>en+£* < T 6 tube* 

F°r T>ulP(B,d. opera1 ' 'oil ^ i...iu.~~~ 

5n p e r e l l e ? «r* ^rai»cted In s e r i e s v:+h. -.he BO-.-P«» V 

I « «m*vPtor <* - *h?r+act-?r. e < - ^ 4 Vrrf-ly *»"<<™* ^ 
~ -e^ ~* ,* J -V^a T , f l T > n v f l + . ^ v , T * f " r r d S h e ? 

t h i s w^rh: by Mr.J.--. i r P ^ j I 

l i r n ^ P ^ r»poTAFs/ct^c. a m t^e p r . -- c ^ 

w W ( f r o . U-90 - c r c s , — , . T V t . w c ^ t r d e are i M e r ^ - * . 

5 n t h m „ 4 end - t h o , , M » P O h c v P h^va w ^ »t ^ ~ 

.v *-* t,.VA» wn.h <".re4 > ^ P + v * " i * * c «"? ** M*8eA +.jtmps in t he ^ ' ^ T 

http://--rcv.it
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only v M l e * p ; , w n a W , , t h ? t i i > ^ „ o n , , „ „ t _ j , ^ ^ , ^ ^ 

t : *F«, ~*y v „ M8(.rf *o that, a fl««n w n ^ n , , „ w - , ^ „ n t f 1 n v „ 

' " V f l ^ ^ d u r i n g -nnlp-pc; o r ^ flirnAWop<H# 

™t.Vj cathode hlea th in ^g a1Wvp t.h* c ^ e 

I f t4P* *oirrc<* Vofl r , o t h ( & e n t n ^ ^ + 1 ^ for- R ^ ti-<= i t irwy 

h*ve t o b« e t a r t p * on i x c , p - ^ i b l y with the indu^-Hon M l . 

(cf. p.4-5). Th<* P ^ P H > ^ in t h i s e«Fe has been to turn on t*e 

genera to r , on*n s t o p „ t th* M<?h Mocking inductance into lio-

c i r c u i t , and applr the induction c< id a t the point marke:: A. 

The source w i l l i ^ u i t e ins tan t .V, as indicated i>y the voltmeter 

7 <h p o l o From 1200 Volts (^ ooraoor voltage) to aboiii, 700 Volte 

( i n i t i a l d'schaivpi v o l ' o ^ ) • - i s now closed. The- di^pj^r^p 

vo l tage drops rap id ly to lot- .^ual running value of about 300 V. 

Tulsed opera t ion can then he atfpl ed by pu t t Li*, Lhe double pole 

switch in the ,fup" p o s i t i o n . 

The output cur ren t i s received on the brass col locior diec 

and flows t o ground 'Lrou^n e J-00 -hm current-viewing r e s i s t o r 

and a meter . 

E r ro r s due t o seconder, e r o s i o n from the co l lec tor couli be 

minimized by h i ^ e i a r the suppressor pold su i t ab ly . A ;: emotive 

vol tage with r e spec t t o the co l l ec to r cf ebout >0 V i s , ;sual\-

considered s u f f i c i e n t for !,his p u r p l e (of. Handbuch der Expe-

riment-pli 'i^silo, Hi) and was found to be su f f i c ien t in tn i s 

c a s e . The e f fec t of secondary elecbroj. eiuiseion on the oobput 

cu r r en t was never more than 10,-. 

A l l cabl40 wwre sh ie lded , except t^- anode lead,8.'nu* c.hield"n 
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i t would in t roduce ^ ides i rable capacitance e f f ec t s , uhe 8 node 

uein& f a r from ^ivo^d. 

I t i s no t iced t h a t the puls ing c i r c u i t i s far from &ro*md. 

This int roduced no d i f f i c u l t y as shown !y th* sleep r i s o of the 

disohcr&o cur ren t pulso when observed on the C.B.O. 

C i r c u i t s d i f f e r e n t from W - t described were a lso considered, 

in p a r t i c u l a r t h^ ra t ron arrangements. The c i r c u i t described 

was chosen for t h i s experimental work as i t was th-.o-ght Lrpt 

a h^rC. tube pu l s ing arrangement would be eas ier to control and 

would allow of a ^ i e a t e r degree of mismatch,than a th^ratron 

c i r c u i t (cf. Glaboe end L^la.^z, Gl) . 

- U i i ^ T l " ^ 

In D.C. opera t ion t.ie currents were re«d on the meters 

L- I-. I„ 'Ye discharge- voltage on V and the po ten t i a l o 

the e x t r a c t i n g cathode on the meter VL. 

A l l t hese meters were shunted I j 1 * J c& - farad coa. 

t o r«jtd average values duriiit, p u l s l ^ . 

A O ^ l DuMont C.E.O. was used to view Vne C e r e n t and 

v o l o , ^ , t r a c e s . Th, cur ren t t r a c e s *«•« viewed a c r e s 50 and 

,00 oh , n o n - i n d u c t l , . r e s i s t o r , and led to tue C.K.G. t u r o u ^ 
- *--*<=> r»Vie The discharge current cahle -0 f ee t of y0 ohm snitautu. CoD^e. me 

r * ^ i matched hii the i i *u t end. Io la e t s i l , shown was perfeco.iv raa^t-xic^ 

»-Q+.-^ ncross which the output current was t h a i the ^00 om r e s i s t o r across m.-

j . -u - ~**-» ,r» tn a r e t a r d a t i o n of trie 
r 6 a d Introduces a mismatch , 6 3 - n g t o 

http://perfeco.iv
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C.E.O. rise which Is quite negligible compared to the ^Jse 

lengths used (> 20 Microseconds). 

The voltage trace was viewed thresh a cathode follower 

across the 15 K resistor forming part of the compete ted 

attenuator shown In Fig.42. A 6/.C7 tube vai used. The 

amplification of the cathode follower was 00;. 

For calibration of the C.E.O. a 60 cpsec sinusoidal 

voltage of known iniplitude wa.i measured or ihctogrtî hed 

for the same vertical gains setting as used for the trace 

examined. 

T^v^t^ ̂ T>p,'l̂ tr,T*̂  

Af+-»r the renfM.nss of Fig.? w*re t*>*n, a typl^T M»*«h 

nv.̂ Yv,>,p,T»̂ Tr..ri-b deposit" was noticed on those parte of the 

cathode enclosure (enclosed source, Fi^ . to - without Lavite 

insulators) en which ended elecU-ost.-.'tic l ines of force 

having a component sLiij, the l ^ o s of force of the > . a c e t i c 

f i e ld , but not on those par ts where p:,-e.8 ureal* 1~ th-- are 

perpendicular to the v.^tlo f i e ld . This seeded to point 

to '.he occ,,rrKnce of paras i t i c d'schar^-o o^s ide the source. 

I t was thought that some of the troubles ^ e r i e n c e d due 

to Ins t ao i l i t j ' of the disciiurt,* ">iPt i,e aaeociated wiih 

Lhase p e r , 8 i t ^ ^ - ^ n a . Axi a t t e s t was rode to su r ro_^ 

the anode wlih po ' - s t i r ene Insulators in order to suppress 

the discharges outside the source, bul th i s material could 

not stand u? to the higher current dexwities in ,ae source. 

At the s ^ e s b i o n of Prof. Tester, Invi te i n a . ^ tors of the 

. , e e h o w n ( in place) in F'gOO were next machined and baked 
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Ihc.sc insula tors stood up to the n i c e s t discharge in tensi t ies 

used and have been retained "u one foio< or hnutdM' thro j i r n t 

toe remainder of '..i.i. -work. Th- i_i. ulatura oLpruvd the 

s toc i l i i v of the dischar0- d ^ : , : « t u t did not c h e . ^ the 

i vs.in- cha rac t e r i s t i c . 

http://Ihc.sc
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( I T ) Symmetric Operation 

output c u r r e n t v s . d ' s c h a r , * cur ren t - a « , : , v 

The curves of t he „ t p r t current ,- , . the d » e - a r £ c e r r a n t 

"f - i g . 2 ? r e r e p r e s e n t a t i v e of a l a r c 3 n u ^ e r of elmTlsr ones 

for which data were o b t a * - \ These curves -rVfci* s ? t r * " - 7 

s i m i l a r i t y . At f i r s t an s p p r o x l ^ t e l , v n 6 a r r i s e occurs ^o 

a maximum volue vh 'ch my be ae high as C- mA or as low 38 ?.r> 

mA depsoi ing on the ex t r ac t ion p o t e n t i a l , the -nagnstic f ield 

s t r e n g t h , and the p re s su re . No co l l ec to r potent : ; l s more ne

g a t i v e than -IJIf 7 were ured in the curves ?:hown *n T'gY. 

The maximum x ^ l n t r e f e r r ed to ocoors a t a dicctprge current value 

le twsen ?~ and ?20 p.A. From the maximum there i s a oteep t?vo 

t o a much l eve r value of i Q , acccu^onied ty a r i s e in pressure 

an-1 a dr ^ io vo l tage across the source. If •% is incrsased 

fu r the r by Increas ing the s e r i e s r e s i s t a n c e , i 0 mâ  Increase 

again while the pressure *u the source resumes H s normal 

va.V-e anl the vo l ' -£'6 inc reases . Io soae cases there occurred 

o s c i l l a t i o n s "between a high a no a low voltage mode * operat" on 

(Fig.11} 

Tie output current may actually hecome negative ss shown 

in tome of tic curves of Fig.° This occ 00 ci only when th* 

collector was at the same potential as ';.he cath. >s (7c=f), 

*nd not when 7 C = -100 (cf.~*gf) Or-, once was a nc^t've 

cutout ooteined in sp^te of tie prasece of a negative electrode 

i-elow the source. Tlrts is shown in the curve of Fig.5- The 

ejector anode was used <n + is run, however, vhich ma Ices Inter-. 

fetation rather difficult. 

In general there was B dofo'te trend for the value of the 
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discherge current at which the max^u; occurred to increase -fh 

' - - B'ng rrsesure and dc-re.ns'^ field strength (F^.IC). 

In the high few. 0 C = 0 ) th.- symmetric operation always 

gave very lew outputs r.:;Y the blinder anode (r" *u- ^ 

Even with gr'd voltages on the suppressor of -l~-00 VJ the output 

current never exceeded ~.~° m/i. 7!th hoth the gr'd *:>d *he 

collector disc at -330 7 an output of 1 mA (no sec Pi - y electron 

correction made) was cttaioed. 

At high field- the ejector anc.-de ^ave a relialle output of 

order 1 mA. The curve (top) of Fig.l shows an output f l.C mA 

at "optimum" grid * ias (-330 V) and 7 C-G which is bettp ry 

aVrost a factor .of ten than any hi j-_ field outputs oltsine! 

•with the cylinder anode (Vc-
r'). 

At low fields on the other hand, the ejector ancle *s 

inferior to the cylinder type. 7: output higher than 0.0? 

mA was obtained from it at magnetic field strengths op to 

2700 oersted and with the suppress grid voltage as Tow as 

- 1000 7, the collector being always at zero voltage. The 

drop from the maximoo it l:ye steep for ^ois type ?f anode 

( r i g .27 ) . 

dependence of output on pressure 

Th? curves of F ig ." *hcw that the output for the cylinder 

source does not vary greatly with the source pressure under 

normal running conditions. 

The curve of F i - O , taken in the lOOC* oersted f'.eV. '.r.r. 

cstes a pronounced 7 r ' a t i o n of output with pressure for the 

e lec tor type anode. 
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The hulk of this work was done at pressures between 2 and 10 

microns since below 2 microns the proton percentage decreases 

rapidly (Lorrain, I.e.) and pressures > 10 microns ?re undesirahle 

for most applications. 

dependence of output on magnetic field strength 

It was found in general that the output decreased as the 

magnetic field strength was Increased. The falling curve of Fig. 

29 shows this effect. 

dependence of output on hole size 

This was determined for a discharge in air. The comparison 

was. made between a 5/32" and a 7/32" hole, both bevelled at 30 

degrees in the usual manner. The ratio of areas is closely 

1:2. Two sets of readings were tolrep for each hole sJze: one 

with Y c= 0, the other with 7 C =-8l 7. All readings were taken 

at the same pressure and magnetic field strength. An Increase 

in output by a factor somewhat less than two resulted (FIg.P) 

the discharge voltage 

The discharge voltage In symmetric operation is between 280 

and 310 Y except under extreme conditions ,uch as lov pressure 

(<1 micron) or high dicchorge current (>** : L A ) , *hen It is 

higher. No regular variation with ma^nc-.c fie. ^ 

he established, (cylinder anode) 

For the ejector anode t.-.e ^ s c ^ . e . 

teen somewhat I***: ^tween 2,0 and 2?0 Yelt*. 

The discharge voltage depend, on the state - the -thode 

surfaces. Thus, after the source had heen exposed to the cir 
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it usually started running at a voltage sometimes as high as 1C0C V. 

This high starting voltage would decrease within a few minutes, to 

the usual running value, before the source is thas aged, a strong 

dependence of vol.tago on pressure, not otherwise observed, erirte. 

A curve typical of severe! vhich hove teen recorded is shown in 

Fig.9 for a colclum and a magnesiu1 t?r> <•* f>*T\i.tr» j5> 

e x t r a c t i n g vol toge and focv.ssing 

The output depends -very markedly on to t magoitude of the negative 

p o t e n t i a l employed for ex t rac t ion , acce le ra t ion , or even suppression 

of secondary e l ec t rons (suppressor go^d) belcv t>? source, rr™** 

nf Fig.1* e r e chosen t o i l l u s t r a t e t h i o . "ho curve of Fig.4 ;ihows 

the v a r i a t i o n v i t h t he suppressor gr^d l i u s of on outf i t currr-nt 

which was nega t ive for ? . w V*<?. Ase"s!ng t h r t the nessV-? 

output i r due t o e T^pcpd^r«p<-<* *" elec+ron o p t i o n fron the 

source (c f .p .57) th«s c o — may 1-e s c e n t e d for ee - H o w s : 

as t he g r id i s nad* e fev Tol ts M g a - l T e U s t . r t s I rh ib i t i r . r 

, . ir.~->^, *v^n - » v ^ ' -sore negat i -e (exn'r-sio-
secondary e l ec t ron emissi^r?, — — - o r- ° 

cf secondary . l e c t r o n e fro:, tfc* co.V.-ctnr c o r r e e p ^ d ^ to r 

TO„< + <„ c -^ r - t ) , T-t d^3 n-t * ^ «"f*<"'^t effert on — 
+w ^ w , - ^ ^n^t.^, <~ns to th* srae f:7*pt. 

source to Increase th* r.--.., »- - -

A t n o r . nesetive v~It* — , eT?. s-<-rvW el-c- ...? -

a nd the s l r w e!*ctr~v? fro- . - - ,<?->-. -

number of positive «?c? e.--̂  e-~ • 

in<Srense significantly here. ..•••• a---- - ' ' ' 

of electrons and protons r?-ch 

<A ̂ i tjws the -oen.l- <«n - 1 P ^ Groses pre-
more negative grid voltages xn . 

dominant. 
o 1 m n a T . t« that of FisO ver. else chained f«r - U - t 

Curves simusx 
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currents pos i t ive «t v s o mh<s, -_-. ^ , . 
* S ^xpl*nation her** i« Mrril*r 

F l c . l shows th* output rnrr^nt p W 4 - d ?CMr-t t** di*oWr,. 

current for three set? of vplwee or + v ~v^d ^o4 '»nt^l • 

1. v„»o 
V — ' 

2. Y^» valv»** g*•""*r.f ?Mo^nw ,̂ .,+ .̂f-̂  

) f o r * piv^T: yaiiiA of* •_ 
^ , V ^ « , r » l ^ ? ^ I v f - p j ? ^ Y ' m n w i ^ 4 - r ^ - f P 

B"rch*rn,and V*v* ( i . e . ) >j»v* observe! « p ^ i i . v d*T^*<™* o f 

output on extr«ct*rg. volt*^?. T-J»r<? pf̂ -f-ep t v t ^prr . p* *^ 

optirrum extract ing potent ia l for* pny Hvp^ MC,I„? ,^ r i j 0 ^ p r , q ? 

current . He explains th i s ©p ^ ronaenvence of* the ah^rr^t-fon 

i.P t h e f i m t l t f , n ? p r ^ ^ ^ t T'diAr} tO«n*» •Pp^viflp-T-nrr f i * * M e.yt.PTT^c* T ^ O 

t h e ? ? r r c * v
; ^ . e . o f th«* nlasrcw >.**•?rt̂ y nnflh»fl "hpMr ^ r t o t v » 

S O ^ r c e . I t f ^ l l o W f t.Vipt -tf m ^ y ^ r i r w O P t " ^ n t I ? * n "hr p e r H ^ ^ 

^>r;Tr f»r)&y*cry ^.iyth<»"v* t^of* -*-Vto-f- rhi*= t o "^^,<> ^"nf T T I " ^ ^ v t r ^ c t i n j c r T o t <?•"»"•— 

t i a l ™USt C 0 1 ^^ fVnr^ . q i T P p p d i ^ P I c n c c q ^ 

3+. •? p f<»lt tb»t there v*n be no r r ^ t ^^f^^^l ty I** fn^^p'ner 

C « t h ^ d P £onjrv*i». M w i * »vni»rfr^rnt.H"? VOT»V i p T P n ' ^ r H t o qViov 

vhethpr t ^p M'̂ <*T* o-n-f-r.M-h* -fhtMnflb'J'* oon a1?»o ^e fof"FP>ed 

without t^o eip-hn^+.f T«»fln«? (r-rp e . r . ^ i ^ *+ « ! . , £-••'}. m V r 

can be focispefl i f « few TV c«n >>e UP**. TMP ^ +>" ORP* i" 

a l l accelera tors «rc.«?t the c r ^ . ™ ( ^ t ^ c ^ n n , 1 - + v 

magnetic ^ * 1 * } . T- tb* c y c l o ^ r - v*U foc-p«* * * w <* 

not, e s s e n t i a l . 
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(T) Asymmetric Operation 

output current vs. discharge cun>ftnt. 

cylinder anode: representative curves are shown in Fig. 13 

for the 16,000 oersted field and in Fig. 12 for 8 ^ and Q 

5500 oersted field. m eeneral, the M g h ^ ^ ^ ^ 

an initial rise, followed by a flattening off at i Q . 1^5 mA for 

discharge current somewhat over 100 mA. The low field curves 

rise almost linearly f*om i,* 50 ̂  on, the output current 

exceeding 3 mA at it= 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 was obtained, and this at a pressure 

of 11 microns (Fig. 19). This type of anode has on occasion 

given i 0 vs. i? curves of negative slope (Fig.17). 

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 here. 

dependence of output current on magnetic field strength 

Fig.29 shows a plot of output current vs. magnetic field 

strength (rising curve). It is seen that the output rises 

considerably up to about 5000 oersted. The point at 16,000 

oersted is also made part of this curve although It 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 necessary in order 
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to obtain four points for it, this curve cannot be considered 

final, m fact, on switching off the mesnet after the run 

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

obtained: 

H (oersted) i0 (mA) 

US t'6 (cylinder anode, 
g g S'S *" hole> "metric, 

SS J;' p-9-!««., Vy0) 
<1000* 13.5 

These readings indicate that as the field was decreased from 

16,000 oersted, the output currant decreased to a minimum value 

and then rose again to a high value. 

dependence of output current on pressure 

Figs. 1^,20 show the variation of the output current with 

the source pressure for the cylindrical Mg source under various 

conditions of asymmetric running. The output increases with 

increasing pressure with some indication of a flattening off. 

Fig. 19 showB 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 one 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. 

^ a « w « voltages in asymmetric running 

Table E illustrates the great variety of values of 
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V, Vj,, and (V-VL) obtained under various running conditions. 

Table 1L 

Source type 

cyl. anode, 
magnesium, 
1/8" hole 

ejector,magnes. 
1/8" hole 

cyl. anode, 
calcium, 3/l6w 

Field Pressure discharge V (Volts) VL (Volts) V-V 
(oersted) (microns) current 

(mA) 

V-VL 
(Volts) 

16,000 
16,000 
2700 
2700 
too 
UlO 
2700 
2700 
16,000 
16,000 

f16,000 
\ 16,000 

11.0 
2.5 
U.5 
7.6 
7.9 
7.9 
9.8 
9.8 
10.5 
3.3 
8.9 
8.9 

V7 
W 
55 
82 
69 
77 
5* 
98 
85 
68 
37 
100 

650 
980 
6ko 
1080 
858 
1220 
980 
510 
teo 
8*0 
8*0 
8to 

uoo 
315 
^55 
860 
735 
920 
920 
1*35 
360 
660 
k6o 
U85 

250 
565 
185 
220 
120 
300 
60 
75 
60 
180 
380 
365 

The following trends were observed: 

1. An increase in % from = 30 to 2150 mA is accompanied by 

increases in V, VL at such relative rates that V-VL increases 

by up to 5056 of its value at 30 mA. Occasionally V-VL decreased 

(Figs.21,22). 

2. An increase in pressure by a factor of 2 to 5 is accompanied 

by a decrease in V and an increase in YL , V-VL decreasing by up 

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

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

* v v mien that V-VT nay increase to twice paMed by a decrease in V, VL sucn xnax L 

its original value (Fig.26). 

, J-.^„i«n+ on V For this reason values of 
k. Neither V nor VL is dependent on Tg. 

Ya are not given in the above Table. 
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dependence of output on extracting voltage 

The curves of F ig . l8 are representative. It should be noted 

that in a l l cases recorded in this Figure,the collector was at 

zero (Vc=0), i . e . at a negative potential with respect to the 

lower cathode (V L >0) . In Fig.33 curves are given for which 

the col lector was at the same potential as the extracting cathode 

( y c = V L ) « TO eliminate the possibi l i ty of a discharge occurring 

between the collector and the floor of the square chamber the 

lat ter was also kept at the potential Vj, in this run. The fact 

that under these circumstances a large negative output was obtained 

i l lus trates the necessity for a negative extracting potential 

i f a posit ive output i s to be obtained in asymmetric operation. 

An Interpretation of these and other observations concerning 

asymmetric operation cannot at present be given to any degree of 

completeness. Some suggestions and cautions are, however, given 

in the following paragraph. 

a note on asymmetric operation 

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

type of operation the oscil lating electron beam reaches out of the 

source and towards the grid and collector, m fact the grid, i f 

i t i s negative with respect to the collector, acts not only as a 

suppressor of secondary electrons but also as an accelerator or 

extractor, of ions. In the above,the potential on the grid has 

for th is reason occasionally been referred to as an "extraction 

p o t e n t i a l . The action of the grid as an accelerator of ions appears 

l a many cases to outweigh i t s action in suppressing secondary electrons 
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as far as output current i s concerned. 

If the assumption of electrons and ions emerging from the source 

simultaneously at the higher discharge currents i s valid, a somewhat 

similar action must take place in symmetric operation. 

Further experimental work wi l l 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 f irst electrode of 

an accelerator. In the meantime only the output currents obtained 

as part of the i n i t i a l ris ing portion of the symmetric runs can be 

considered as, very probably, focussable to a large extent. 

The interesting poss ibi l i ty of using this extension of the 

discharge into the low pressure region outside the source, in the 

cyclotron has been mentioned above. 

Caution i s necessary in making conqaarisons of the relative 

merits of the asymmetric and symmetric modes of operation. It has 

been pointed out that in the asymmetric runs the collector disc 

i s usually at a fa ir ly 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 symmetric 
o ° 

boo 
4-80 

30O 

O 

. 1 0 0 0 —1000 

o o 

TO f t tt. - « - » <* «• ' " " • • * « «*" " " " "** ° " " " " " 

was run ai 
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rison, symmetrically with Vc = v = .330 v . 

— — 

u 

900 

4-t5-

115 
4+5 

— _ 

T-l ^ , . 

O 

475 

0 

- 330 
- 3 3 0 

This represents, in the f i r s t 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 vi tal bearing on the 

output current. For, the symmetric run with collector accele

ration gave a posit ive output higher than any ever obtained in 

the high f i e ld and the asymmetric run without acceleration gave 

a negative output of a magnitude never previously obtained in the 

high f i e l d . The error due to secondary electron emission in the 

symmetric case i s probably small. 

I t may be Inferred from Fig. 30, however, that i f a moderate 

negative potential -equal for the two cases- Is provided, the 

asynmietrle mode i s superior, at least in the high field. 

^ 7 5 Volts i s an ^ ^ ( T ^ * " b l e ^ h a t 
voltage in symmetrlo r ^ n g ( j f ^ J J i i t h l 8 v J l u e . 
an error was made in reaaing c u r r e n t obtained may 
I f the reading i« • * * • ? * * * • " ^ £ r t to the high discharge 
have t o be attributed wh£ly^ or ^^P^J* ^ 0 S p u t was 
voltage; f ^ , i ^ ^ c S . l h e n S discharge ran at an abnormally 
S T v S U ( . b e f o r e being "aged"); Lorrain ( i . e . ) describes 
a similar observation. 
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(vi) Pulsed Operation 

The source was run under pulsed operation for many weeks and 

always performed satisfactorily. 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.B.O. traces would not change 

or drift. This applies to all pulse lengths (^20 microseconds) 

used and frequencies from U00 to 1850 cycles/sec. Plate IV 

shows typical traces obtained with the cathode bias circuit 

shown in Fig.U2. Fig.39 shows sketches of pulee shapes 

obtained with a fixed bias arrangement and asymmetric 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 ey/see was 600/^f). These portions 

of the pulse remained if the pressure was lowered so that the 

source would not ignite. The fact that these portions of the 

pulse shapes shorten with increasing discharge current may 

possibly be attributed to a corresponding increase in the 

denization time of the source. It is known that in thyratrons 
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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^re given on a parallel 

axis. The average meter readings were corrected for the pre

sence of a continuous current in the following manner: 

(1) fixed bias: the phantastron was switched off after each 

"pulsed" reading and the D.C. value remaining (if any) sub

tracted; (2) cathode bias: the biasing voltage was recorded 

for each reading. After conclusion of ajpulsed run, a run 

was made with the phantastron switched off. Again the biasing 

voltages were recorded. In this manner a curve of D.C. output 

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

could be subtracted from the (pulsed plus D.C.) values. 
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Uhder 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 a low field performs poorly under symmetric operation (Fig.36) 

but gives a high output in asymmetric operation (Fig.38). Again, 

the output increases considerably when V g is made negative (Fig.37) 

The output values calculated on the assumption of a square 

pulse are gratifyingly high for the ejector anode and asymmetric 

operation: 90 mA were obtained in the high field for a discharge 

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 and accelerated in a synchro-cyclotron, a target 

current of 9 microamperes would be obtained. With no comparison 

intended, as no data are known to the author concerning the 

extraction efficiency of synchro-cyclotrons, it may be stated 

that target currents of only a fraction of a microampere are 

obtained at present on the large Berkeley cyclotron. 
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(G) 

In an interpretation of the form of the curves of Fig. 2 and 

the large number of similar curves obtained but n,t shown, the 

following facts must be accounted for: 

1. At the zero output point (i.e. where the curve crosses 

the axis after reaching the maximum) tz* beam emerging from the 

source was observed to be sometimes very intense (corresponding 

in brightness to a positive Ion beam of several mA) 

2. A considerably smaller drop was obtained when there was 

present, below the source, an electrode such as the suppressor 

grid at a negative potential with respect to the extracting 

cathode. 

3. The value of the discharge- current a I which the drop 

occurs Increases with decreasing magnetic field strength and 

with increasing pressure (flg.10), 

h. The discharge voltage decreases steeply while the output 

current drops. 

Observation 1. shows that the source must be emitting 

positive ions and electrons simultaneously. Seconder./ elections 

travelling into the source from the collector cannot be respon

sible Tor the beam since botn positive ions reaching the collector, 

and secondary electrons leaving it, are positive currents snd thus 

cannot add up Y zero meter read pig. An explanation in terms 

of equal numbers of electrons from the source and photoelectrons 

from the collector Is hardly plausible in view of the great 
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hrightnese of the beam observed. 

Observation h. shows that the u op is probably not d-e to a 

diange from the normal to the abnormal discharge since, when 

a glow 1'scharge conges from normal to abnormal, Y^i discharge 

voltage ris* . 

Observation 2 finally, indicates that the electrons in the beam 

must he at least in part, slow enough to be turned back by a 

moderate decelerating potential. 

The following considerations lead to a slmplefied picture 

of the processes in the extracting hair of the source: 

1. The electric lines cf force may be consMt *d as being 

axial stnco the presence of the axisl xuagnetic f'eld inhibits 

sideways motion of electrons and Ions. 

2. A virtual ah..p ma;- be thought od as existing at the 

centre of the source since electrons and protons are acted 

upon by forces toward and away frc^ the centre respectively . 

3. ~he combined effect of the magnetic field end th* 

presence cf electr n oscillations is an effective lengthening 

of the path of electrons in the discharge. Thus enough ions 

can be produced per electron to ma Into in what is effectively 

a glow discharge at a pressure of only a few microns. 

Thus, from the point of view of extraction, the !!ech»rge 

i!i0y be thought of as taking place between the cathode and 

an anode in presence of an electric field perpendicular to 

both. 
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The magnetic f e b d PDV * a «. .k e n • / o 5 C C 0 U l / . ^ ,Uowdr^ - c r 

a Lur-chino ac t : on on the ion be-.i and the plasma, tow^*. the 

axle -f t v e d ischarge . 

The above srgumert munt V. concu r r ed t r n t r ^ i v e un t r . 

chechcc by quan t i t a t i ve v , r i , Reference shcuV lr. nsde to 

s paper by Conpton, I p r p r , and McC" r*.y (CI) in wb-'ch ^ r 

•:—ortrncc f . r r theory of "he ^ o w discharge of d?f -~?on 

e l ec t rons SP^ ions aue uo r- p r r f p 1 p"?r.r.'<re £r.?l*rrAt ic 

i t . This idffusion o-y take place against an 

opposing e l e c t r i d f i e l d . I t i s hoped tha t ' t m •.„ he ^ j s i b l e 

to s u b s t a n t i a t e , in terms of such a diffusion process, the 

assumption of ions and e lect rons i !multaneous"'y emerging fr ^ 

the source, as wel l as account dor the va r ia t ion in their 

r e l a t i v e nurcbero with d!schei^e current , :ipg-ietic f i e ld 

s t r e n g t h , and p re s su re . 

yJX 

•*- ~. •* r^^- / r < 3 *•»•>••-
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(H) ^ v i r i o n :Y ATOMIC I::T T^ZTTTACH 

A c a r e f u l ' n v e e t ' g o t i o n of the p ro ton , e r c e p t ^ e of an e l -

inagoesium source of the type used - n t h i s > o' ( c y l i n d P c a d 

anode; symmetric o p e r a t i o n ) has been made h; I .o r ra 'n ( T . c ) . 

n - "'inus t h a t the p r o t o n percen tage ean *oe r a i s e d h„ feeding 

the source w i t h a 9 : 1 m a t u r e -P hydrogen and o x ^ n . p.ider 

v.i-t;.mum c o n d i t i o n s (̂  ^ 2 p ' c r o n s , Z s ^ O O oe r s t ed , : . = 11* mA,v 

p r o t o n p e r c e n t a g e s op to f" co -d l be ob ta ined . In a r ' * e , ? 

of 78C o e r s t e d 4nd "or a UHCIUO g- eu r r en t of fO mA the 

p:-.*oton p e r c e n t a g e had i t s maximum value a t a ^ e s s i n e of 2 

- i lcrono ond w*s dec rea sed t o about 1,1 of 'he ojaxl-nuia > T e 

b„ r e i s i i i g t h e p r e s s u r e t o C microns . The vyi^iation with the 

d i s c h a r g e c u r r e n t c o n s i s t s of an i n i t i a l r i s e , with a c o x I e t e 

- [ l a t t e n i r ^ of f a t JC mA. A l i n e a r Increase of the pr-otim 

p e r c e n t a g e w i t h the log<pP th:» of the megiet lc " l e ld e '-e^igth 

was a l s o observed ( p s 2 f c rone , i^ = 3d m*'. ITo ~!elds h igher 

than 23dC o e r s t e d were a v a i l a b l e . Up to t h i s " l e l d s t r e n g t ^ 

t h e r e was no evidence of any f l a t t e n i n g off. 

.Jo mass 8n#?yses v - r e made of the <~ ' p u t " om 'u-e sources 

used i n t h e p r e s e n t work. The beam was genera^d, pPd. leh V i e 

'n c o l o r and ehowe.' a strcr-t , Zd and l p and a v*rY ~r dine when 

viewed through a 1 mm s l i t cu t ' n t o a t h e f t of b lack . f^r and 

p a s t e d over th* •vlr;de<w,8Pd a "ar^e p, ism. 

4. * 4-".•• - n£flTD r r r o r char P to a meu. ) rea , d i l s ed o p e r a t i o n to t peam co. .ox c t u w 

+ ' A . — - r-f- «T».-Aflr to be a p^eciahl., changed, 
trie spec t rum .u. n •& appeal ^ ^ <=nA 
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The Calcium source c ve a ^ ec t rum vLlch did :,.t e^^er Lo h 

d e f e r e n t , V - n viewed in the ,,Dove m a r ^ r , -om Iha" of the 

- g n e s i u m source . 

No cons i s t en t data were recorded of the *..?eera»Cc or the 

spectrum for the various source o - ' ^ e t i l e a employed. 

I t -vo Id be i n t f i e s ' " ^ to fellow up- Lor re ' u ' s ( i c . ) in

v e s t i g a t i o n s to the high f e l l s t rengths avai lable in a cyclo

t r o n i ^gne t . ^ e s e high f i e M : themselves w6uld, even v ' t h 

"! opgitudbnal ex t r ac t i on , prov* > the means of obtaining a 

~: es spectrum, :f a magnetron p r i n c i p l e i s pjplcyed. 

A plane or c y l i n d r i c a l megie tron mev be ;ae i . In the 

plane m a ^ e t r o n (id nwe"!d, p . ??o--:, Z2) an e l e c t r i c f i e ld 

i s maintained between two p a r a l l e l p l a t e s perpendicular to 

the o--gnetlc f i e l d . The path of an 'on in such e confIg.irqtion 

of f ' e l d s la oyclcydpl if the t n ' t i n l vel - •. ' ty components 

J; e i -pe l l i cu la r t o the m>luetic f i e l d are zero. The ion 

r e t u r n s t o a po ! n t In the p^.ane p a r a l l e l to that of the p la tes 

and poeslng throv^h i t s point of o r i 0 ' n , a t a distance from 

i t ? / n t of o r ig in depead'ng on f'o- mass. In J te course, 

a mo ?-cular Ion of h^drrgen goes a maximum dls ' ance perpendicular 

to the pl-i.je cf the ^htef^ equal to t v ' c e that traversed 

in th i s d i r e c t i o n by. an atomic ion. For a f i e ld of IC IdV/cm 
cm 

f,h*ee d* s tances e r e C.72 f-id V r e spec t :ve l* . The "tstances 

t raversed In the d i r e c t i o n p e r e e n u i c u ^ r to t h i s , ' . .6 . '.n a ^,'aue 

^ i r a l l e l t o tha t of the j ^ a t e s are l a rger , v i z . S.24 and O'O 

cm. r o ^ c t l v e l y . For an e l e c t r i c f t e l " of 5 LT.'cm '.hese values 

are reduced by a factor of two. 
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The distance '•-aveired a l e , , the n o e t i c lines, of "orce, i . e . 

v e r t i c a l V in the ^ 4 4 v , m ^ t , vLile traversing the full 

k e l o i d a l path of kX: cm ^s 2 .7^xJ_ en :..r the molecular ion 

where V ' s the v o ^ g e with which i t ' e ^ r . e s vert ically from 

the source. 

Thus if one p i s te of an arraogerert such as that surges tec-

is mounted near the extracting hole of the source,ard the other 

a t a distance away such as -o ^'ve a suitable voltage gradient, 

the analysis may be performed fn two Ways: either ^y movPig 

the f r p la te towards the near plate unti l successively, f i r s t 

the molecular and then the atomic !ona are intercepted; or, 

by keeping the plates a fixed, sui P ble distance apart and 

intercepting the ions near the en<x f one oycloidal peth V 

means of a pr foe maintained at an app"-:p:*iste potentia" 

such that the f ie ld dis t r ibut ion a t the point of cdlV PPon 

Is not disturbed bj the presence of the probe. 

In the cylindrical magnetron uh;: paths travercpd for 4 

given available voltage are somewhat l o i ^ r . While this would 

tend to tnererse the acc-u-acy of the analyses !w° V i c u l t i e s 

a r ' s e . F i r s t , a rad ia l e lec t ros ta t ic f.eld woold have 1: be 

obtained by some means s-eh as surrounding 'he beam by an 

ax ia l cylinder from which a smaV section is cut out in the 

form of a how cylindrical window, and dch is maintained 

a t the posi t ive v<dtage. Second, the vert ical "stances 

traversed by <ons of the same 7 (cf. above) are greater in 

th i s case than in the easp rn the plane magnetron. Cince 

the d'.stance a v a l l a V between the x oles of the ma^ct is 
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only "2" an& the source v o f ' hove to be a t l ea s t 1" in he'ght^ 

t h i s might lead t o a l oss f the f a s t e r ions unless sooe dece

l e r a t i n g e1~ptrode i s added. 
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(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 yield 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 variables 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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H (oersted) too 1870 1870 16,000 
p (microns) 3.5 k.k 3.0 *.2 
V (Volts) 0 -100 -100 0 
hSle size 1/8- 5/32" 5/3«" 1/8" 
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SKETCHES OF TYPICAL PULSE SHAPES -~ SYMMETRIC OPERATION 

Ejector anode; no attempt has been made in these 

sketches to maintain a vertical scale* The shapes 

are qualitatively the same in-high and low fields. 



INLET 

W^® 
^ V w 

' A 

FI6. 4 0 

E N C L O S E D S O U R C E 

, ( smal l vacuum chamber) 

( i 

(2 

(3 

(4 

(5 

(6 

Spacers 

Joint Apiezon-W sealed 

Lead for anode cooling 
cf. Fig. 
Insulator 

L a v i t e i n s u l a t o r s 

Cathode c o o l i n g pipe 

Anode c o o l i n g j a c k e t 

H Lavite 

r .Li B a k e l i t e 

yty'A Copper 

Glass 

[i o
 0

o\ Brass 

xj - s o f t s o l d e r [T/ ' j Magnesium 



GAS INLET mimjWTnrrSSM 
\W^$ MCLETOO — > 

M. 
YYY^Y>^ 

APfEZON-W 

WINOOVV 

FIG.+I 
SCALE : ACTUAL SIZE 

SPACER MODEL SOURCE - LARGE VACUUM 

CHAMBER (cf. Plate III) 

The ' *' • o inode is. rotated "45° dloqkwi se, 
the lower Wthode 45° counter-clockwise. 

^7A Brass £ 3 Magnesium E 3 Bakelite 

• Glass EH Lavite 

(l),(2) - Anode and lower cathode cooling 
and electrical leads # 

(3) - section of upper cathode cooling canal 



o 

9 « 
O 
CD 

O 

o 

M 

O 

w 
w 

o: 

o 

<3 



Kovor glass seal 

orcelqsn insulcrtor 

«--.-three bolts 

S - silver soickr 

A =soft solder 

I I Bn$s 

Gloss 

F I ki. T v 
ION SOURCE (actual size) 



glass 
window 

14 

1 
I pumping 

-J holes 

O ionization-gauge 

analyzer 

~ tap 

to pumps 

1 FOOT 

VACUUM SYSTEM (OVERALL) 

1/32 " Tungsten 

Ni Sleeve ^ f t u l ! '. ! 

• ^ > 

v 
\r 

ANODE BO*. 

FJb.*r5 
EI LA1 .̂ > _• AND ! 'TT [ELDS 



•Kovar t e r m i n a l 

IF 'YTV' r rubber gaske t 

Faraday cup 

5 cm 

FiS.4i> 

ANALYZER 

Fi^.47 
REFLECTING SHIELD ASSEJSBLY 



. . — j , n 
T 

> 
o 
o_» 

i 
! >l i 

i Lu 

< 

' o i 
; > i 

IK- I 

l < i 
. —I : 

t 
«0 ? <x 

QC 

2 

r 6P > 

!L 
o 

4-

f 
.-1 

O 

\ T / lu z I 

> ? > ! 

U5 



hydrogen supply 

ION SOURCE k 
INTERMEDIATE 
ACCELERATING GAP 

lA 
i \—0—3L^ 

|̂r__ 

4 

main accelerating gap 

Targe t 

o)J 

L 

< & 

^ 7 5 J 

•?-. 

T 

f 

ELECTRICAL CONFECTIONS TO THE I Oil SOURCE 

FIG. 4-9 



. 

1 . . I I . • H * 

f 

. 

" - "— 

J 

* 0 
• *• <~> • 

-

_ _ 

•+ -1 

— 

3 $ mi 
-hj2jDLJ_ 

; 

O 

O i 
JZ-

r _ — _ 

• — 4 -

. - 4 , ^ _ 

/-»l r 

ft 
v. 

Y 

Y rt—T~~~!" 
j • 

t L 

U _ 

-ft 

4 
—t-ar^r'"* 

^pvf 
KfcV 

T T 

^ _ T _ — . . * .-_ ( — i 

P 

. 

. 

-| j - 4 

1—; 

1 h 

• 

J 
I 

4 
66 

^RESSim-^/J^lM JH_ i f o c m ) 

F f G. 50 L 
* 

— 

• 

—| , _ 

: 

AIR AND HYDROGEN CALIBRATION OF IONIZATION-
GAUGE. 

• \ 

4—L_H 

CUP AND DISCHARGE- CURRENTS vs. PRESSURE 

• 

I 
L 
L—!—4 1 [ 

(VA=233 V; Vp--456 V) 

,,i 



• 

1 — 

fflM 
J2rG. 

i 

L-l. fftiiii" -f—, —~H 

f -

• f-

+ • ' - _ _ 

— 

_ , — i — — j 

z 

- I — 

t 

— _ — 

< — I — 

LU 
CC 
cc 
-__ 

^ — i - (_ - H h~ 

• 

± Q _ 
i 

-4-

2 
< ; 

* * 

- — * — ^ • - — * — . , — . — ^ . - « . ^ - . I I ^ -4-P LJ-4 I I « • • • •• •••>• i f •• 

I . 

IB 

l4.C » : « 

— 
• : -

4-^4 ilLAMEiLlL 

• 

H = 1500 
1 

_ . J_P 

au?i*-t»^iy^ii i^iwaiaa«wMH4^wa^BBHW-ti __-Buwuw'MtJiiiaeaw»iM______>- •—J—-4—• -I , . _ 

• * 

— 1 — . — P 

FIG.5Z 

4Z : 

(AJMhE 
1 . 

j _ I __ M - i 

1 
-- 1 ! — I — 4 ; 

1 j 
—r-

— T — J 
CURVES SHOWING EFFECT CP FIELD ON ANODE CURRENT 
(p-7^.A; V A - 2 0 0 V; V3--50 V) 

— , — 

EFFECT OF REFIECTCR' VOLTAGE ON ANODE CURRENT. 
von Ardennefs curve in given for comparison. 

I _< \ _ ! 



w 

npoxr CUP AND ANODE CURRENTS vs. ANODE VOLTAGE 
(p = 15uA; V8. = -15V; 

r— '—HH—; 1 1 ! — — t — I — ' — I - j — f — 1 - T — ] — — 1 ' T '' '—'— 
; • j 

. . . 

. •• » i T • • • — i — i — . . '-.• • « < ] • • — — - — J — T • • • — -

both filaments lit 
-l 

'one filament lit" 

; .' 

VA^-250 V 
jp -16 kA 

_U 

) - <»A) -

,———̂  
— 

LY _ 

CURVES SHOWING ANODE CURRENT WITH MAGNETIC FIELD ON FOR 
ONE AND TOO FILAMENTS RESPECTIVELY. THE A3SCISSA RE-' 

:SENTS REFERENCE VALUES OF ANODE CURRENT WITH FIELD 
OFF (STRAIGHT DIODE .EMISSION) 4 



! 

m . ;, ,. , __+ 

• 1 

VA=25.0 V 
ip - 1 1 i"-A 

H 

-i^ variea 

r«ni!r "•'<•. i !*iHB4 i f T t i ' j f i.ifr*)Jl <Mi. H V» I - I , »'n| i i ,ri.n-;_ _t< 

1 

12Q 

k__ci;jR^E._Lr: (w 1A) 

\ 

; 
• ' • • ; • • - * • • ' • - — -

• r 

FI6.S6 
-

-

^— 

i I 

-

. . » , _ . - ^ i i 

A t y p i c a l ou tpu t curve showing cup c u r r e n t v s . d i scharge 
eurrento M. v . Ardenne 's carve shown for comparison. 
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probe current 
Ratio of . vs. discharge current for various V, 

output current 

Variation of output an.u probe current with probe voltage 
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I 
ION SOURCE VACUUM CHAMBER WITH SPACEK MODEL IN POSITION 

a . ION SOURCE PRESSURE MEASURING LEAD C. WINDOW FOR OBSERVING BEAM 

b . CHAMBER PRESSURE MEASURING LEAD d/ FOWLER VARIABLE G*S LEAK 

PLATE 11 



ENCLOSED MODEL S O U R C E - C O M P O N E N T S 

CL — ATTACHMENT F O R M ' L E O O GAUGE e>^>6 ~" EXTRACTING CATHODES 

b - BODY OF SOURCE. CATHODE VISIBLE AT BOTTOM 

C — ATTACHMENT FOR FOWLER LEAK 

dL— SHEATH FOR COAXIAL ANODE LEAD 

h — WATER COOLED ANODE LEAD 

l> j — ANODE J A C K E T , CYLINDER ANODE 

K— EJECTOR ANODE 

SPACER MODEL SOURCE AND ELECTRODES 

a _ T o p CATHODE HOLDER * - LOWER CATHODE 

b - ANODE JACKET g - EJECTOR ANODE 

C — LOWER CATHODE JACKET 

d — ACCELERATOR 

e — FOWLER LEAK 

h —CYLINDER ANODE 

J — TOP CATHODE (INVERTED, SHOWING BEVELLING 

FOR GAS INLET AND OUTLET TO M'LCOO GAUGE.) 

PLATE 111 



PULSE APPLIED TO GRID OF 6L6 SOURCE VOLTAGE TRACE 

O 
c 

r, 

DISCHARGE CURRENT TRACE ION OUTPUT CURRENT TRACE 

PHOTOGRAPHS OF OSCILLOGRAPH TRACES IN PULSED OPERATION 
A S Y M M E T R I C OPERATION , CYLINDER ANOOE , CALCIUM E L E C T R O D E S , 3 / 1 6 INCH H O L E . 

H=»16,000 OERSTEDS , P= 8 . 5 M I C R O N S , V 6 m O . B IASING R E S I S T A N C E * 2 , 7 6 KJL 

REPET IT ION F R E Q U E N C Y * 7 9 ^ / S E C . PULSE L E N 6 T H = 3 0 L L S E C 

S W E E P : L E F T TO RIGHT 

PLATE IV 
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