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Introduction 

!•- idi-di ior: s o u r c e fo r a modern h e a v y i o n 
di'>i s h " u U p i o v i d t - beams of a l 1 a t o m i c 
«<-l tuqN i n t e n s i t y , cjood e m i t r a n c e and Jong 

[.•-. Tl," ;.-.atc<- s h o u l d be e a s i l y a c c e s s i b l e fo r 
i.ir !•-i-. Foi eye lot i on s and 11 n e a r acc&l e r a t o r s , 
i - q u i r e p o s i t i v e i o n s i r cm t h e s o u r c e , h i g h 
•=<dt.-; a n - d i - s i r a M e b e c a u s e t h e c y c l o t r o n 
a p i ' t p o r t l o n a l t o c h a r g e s q u a r e d , and l i n a c 
car, t» r e d j n - d by u s i n g i o n s w i t h h i g h e r 
s t a t e : , . For tarid'-m e l e c t r o s t a t i c a c c e l e r a -

i»- c h a r g e s t a t e i s - J . (Only a few low i n -
i ion sp '-ci t ! ' - have b e e r p r o d u c e d w i t h - 2 

P o s i t i v e Heavy I o n S o u r c e s 

High c h a r g e s t a t e ion beams f o r p o s i t i v e i o n 
l e r a u u s can be p r o d u c e d by e l e c t r o n bombardment 
torn:, and i o n s in a p l a s m a or by s t r i p p i n g of f a s t 

in a t o i l or g a s . E l e c t r o n bombardment s o u r c e s 
p r e v i o u s l y r e v i e w e d by Vorobev and P a s y u k 

c l t , * E n i n g e r , S e p t i e r , Win te r and Wolf and 
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Pig. 1. plasma Parameter* of high charge state ion 
sources. E ( > is electron temperature, n is 
electron density, T is ion confinement 
time. 

Ai lan 

for e l e c t r o n bombardment s o u r c e s t h e p r o d u c t of 
i in- f l u x d ' -m i j t y 3 and ion c o n f i n e m e n t t i m e T, m u s t 
tn- s u t f i r i e r t t o p r o d u c e t h e d e s i r e d c h a r g e s t a t e q . 
A l so ttn- e l e c t r o n energy d i s t r i b u t i o n s h o u l d i n c l u d e 
t h e reyj ' / f i of peak i o n i z a t i o n c r o s s - s e c t i o n , which 
o c c u r s at s e v e r a l t u n e s t h e i o n i z a t i o n p o t e n t i a l . 
!i\ e J ^ ' t r . w e n e r g i e s S h o u l d b e 1 0 ' s of eV up t o 
hundred;-, or s e v e r a l t h o u s a n d eV. F i g u r e 1 , u p d a t e d 
tmm a J i g u i e of Win te r a i d W o l f 5 and C l a r k , shows 
t h#- o p f r a t i n g r a n g ? s of s e v e r a l t y p e s of heavy i o n 
.•source;.. The s o u r z e s w i t h h i g h e r nTj p r o d u c e h i g h e r 
c h a r g e s t a t e s . Th-? p r i n c i p a l t y p e s of heavy i o n 
. source ; wi * 1 be d e s c r i b e d b e l o w . Many e x a m p l e s 
a r e d e s n ibed in t h e two G a t l i n b u r g C o n f e r e n c e s on 
h c i v y urn s c . ' J i c e s , R e f e r e n c e s 8 and 7 . 

CIO S o u r c e r 

Ttti- t r a d i t i o n a l heavy ion s o u r c e f o r c y c l o t r o n s 
and I m a r s i s t h e PIG ( P e n n i n g or P h i l i p s i o n G a u g e ) . 
The p r i n c i p l e s and d e s i g n s u s e d by v a i i o u s l a b o r a 
t o r i e s were r e v i e w e d i n t h e l a s t s e v e r a l y e a r s by 
B e n n e t t , 8 G r e e r , , 9 M a k o v 1 0 a n d S c h u l t e e t a l . 1 1 

u i l 

*'M th* B e r k e l e y and Ya ie HILACS and by H o r o s o v , 
Makov and l o f f e for c y c l o t r o n s . Many o ' .her g r o u p s 
have b u i l t PIG s o u t c e s , B o s t l y for c y c l o t i o n s , b u t 
•cfjt ol t n e d e n i g n s a r e B i i u l a r t o t h o s e M e n t i o n e d 
a b o v e . 

Tin- 111 :;t PIG s o u r c e u s e d i n a c y c l o t r o n was b u i l t 
by Jot><•.•; and Zucker * a t Oak R i d g e in 1954 f o r N*"*. 
loi ter s o u r c e s were b u i l t by Ander son and E h l e t s 

TABLE I . IONS AND INTENSITIES 

PEAK 
OUTPUT 
AIX q ' s DJTY 

NEON XENON PART/SEC FACTOR K." • • 

2 4 1 0 1 5 - 1 0 1 7 . 0 2 - 1 . 0 8 

DUOPLASHATflDN 1 5 _ i « 1 7 1 0 X 3 - 1 0 . 0 3 - 1 2 0 , 
21 

K R - 1 STAGE 2 4 

3 STAGES 5 8 

. 1 - 1 . 0 24 

. 3 - 1 . 0 24 

- 9 24 a , 1 0 J U - I 0 " - i n " i f l " * 

q w e i g h t e d by p a c t / s e c . 
a . Ave rage o u t p u t o v e r l o n g t i a e s , a a a u a m g 

10 p u l s e s / s e c . 
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One oi the most highly developed PIG sources 
is that oi Pasyuk and Tretyaicov at Otibna, shown in 
F ig . 2. Here we set. the arc chamber where the arc 
i s struck between the two cathodes. The filament 
e lec t ion bombardment heating of the upper cathode pro-
vi<Je:; control of the cathode temperature, and thus 
emission cu r ren t , giving good control of a rc impedance. 
Tttf e2f-*r'Vt'; are ref lec ted by the cathodes for about 
100 t i a v e r s a l s . In other PIG source designs, both 
cathodes may be hot, or both may be coid. If both 
aiv e d d , the e lec t rons are emitted by secondary 
emission from ion bof-iardroent of the cathodes. The 
arc pi : jmcters m various sources are 1-20 amps peak 
and 30C-^000 v o l t s , d . c . or pulsed. An ex t rac t ion 
e l ecu >-i-- i s mounted close to tne beam s l i t , with 
j if-; r a* ' ot ID-'OO kV. 

S-lid mater ia ls can be fed in to ^ne source by 
placing their, in a cathode, in a block tangent to the 
bore in the anode (Fig. 2 i , or by use of an oven. 
Pasyuk and Trefyanov use &n e lec t rode tangent to 
the at i- bore near the ex t rac t ion s l i t , biased nega-
t lve f- sputter out the sol id feed material with a te 
ions. Gavin at Lawrence Berkeley Laboratory uses 
a sun: la: systtm for the SuperHILAC 2.5 HV source. 
In addit ion Gavin found that thv Output of a very 
tn>3*' chjrqe s t a t e , Au , can be increased by a factor 
ot i by using two sput ter ing e lec t rodes above and 
below the s l i t , rather than 1 e lec t rode at the s l i t . 

filament 
cathode 

dectrede 
to be spaure* 

Hudson et a l . fo< id tfi.i' s.-.'id nutfv 
e f f i c i en t ly fed int.* the ate ol at, mi 
source by using sputter \w-\ witii low cti 
heavy ions which revtrsr m the ir I i»• 
of the desired material ir placed oppt 

The PIG sour 
s t a t e s up to N * , 

tfi, usable beams i 
an.1 A;8'* . Per I.. 

br ief ly summarized in Tt't>l*- l. It i.s s 
standard source for heavy ion cyc lo ' : >-»n 
heavy ion linacr., ex.v: t that t te- d : •; '., 
used for the l ighter i >n;-. ai the UN!: .A' 
The l i fe t ime between w ^ i c cfiange;. is , 
up tr. a day, at higti djty f.n-tn; nfwtjr 
devlojwient:- of the PIC. -.->::•*- include 
use of rciiio: maJnetir tn-ld; a-". devt-1 > 
and invest igat ing y >:;:-. i; .I fugf;--: rt:&: <*• 
foi mance in tne 40-SO k;s ! \* Id; -if f u 
conducting cyclotron m^gn "IS 

Duoplasmat ron Sources 

The duoplasmatr oi 
production by the gro 
UNI LAC group at Daims 
desci ibed tiy I l lgen" 

..1** 

X*-J 

used f.-: 
Ai Vnnc'~" and t h 
iTNilAi" work ha-, t." 

yoe-J by K-l l e t 
2 1 The cathiKl.-

The duoplasmat lor. devpl^j 
for Xe + i s shown in Fig. 
voltage is 2S0 volt.*, and arc current is 7 ami>.-. 
Duty factor is 2*>%. The maqnet coi l and <-<-*»<" P(<-
soLirre components piovide an axial magnet ir nuid»-
f ie ld . Keller and Muller found that t tie en: tp.it >• 
Xc^ ' " - - -* war. great ty increased by i>:.i,-i.T, tne !••• 
of the maximum maqn-t i* f ie ld a' t (it- .HU»1<- apt-it U 
instead of between m>"je and intoitnfii.it . ' cl.-.-fi., 
Aiso the anode shield is d i r ec t l y water o«u'-.t. 
Reducing the diameter of ttf- intermediate elect n> 
aper ture inci eases the voltage, which giv*; hicrt..-
charge s t a t e r . Ext r act ion is al 20-'>Q kv. ht'o-n 
Richter and Zaiej have developed a du >pla:.mat inr 
with 20 mA of neon • Zi N e ' * j 2 ' and 17 mA oj m-w:. 
The xenon beam look:: l ike a promismq candidate 
for in jec t ion ir,tt' an rt 11 nac 1 in heavy ion fusii 

•Otrr coolmg 

Pig, '£. Internal cyclotron PJG aource of pasyufc 
and T/etyat 'ov, Lir.na. 15 

Pig. 3. Duoplasmation source developed at CSI, 
Darmttadj tor Ar 2* and Xe 6 + by Heller and 
Muller. 2 I 

2 
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iasmatron has as 
*-i average charge 

.•i i . 

.• t f p . 

T a h l e 1 , t h e d-i 
i he p i ' ; , bu t J 

1 am «• and l i f e * ; n , e if. l e t t e r tbor. 
rt't-i t '.I' e q u a l bean s h a p e In t tit- two 

fioie ! he d u o p . a s m a t r o n i s an a d v a n -
i rn- v u f t d i r ^ n j y or. an a c c e l e r a -

HNJIA" heavy n.n l i n a c h a s f:>urid 
.if i or, i; p i c f f r r c r t over t he PIG for 

xt-nor , w i t t . t h e i r t eq« : r «*tt><*n» nf 

h-v.nanr-*- <BCH) Sources 

' •! s«"iJire whir r , i r under deve lopmen t 
ate*, tr. t h e e l e c t r o n c y c i o t r n r . r e s c -
•• t r.»- r-.jq!. e n e r g y e l e c t r o n s a r e 
•4 ir, m r t o w a v e e n e r g y a t t h e c y r ' . o -
>i j i ' i j * : of t -v 1 e 1 p r t r or, s m th*-
-r. r-.r.J in*-s rh»- p l a s m a . The ECh 

vel-.p.-d a t Oak R i d g e , M a r b u r g , and 
up at G i c n o M p nndei R. G e l l e r h a s 
i t ' -nt: .* in t in- B'F s o u i c e in t h e 

TV- wrir *: of t:**' ot her q t oups i s 
i-jihfj p a r t s Oi Hef. 7 . The. l a t e s t 
. ! - ,> . : TR1P1.EMAFIOS, i : shown in 
n.aqn--' i c g u i d e f i e l d ir, p r o v i d e d 
err 5 m e t e r s l o n q . Plasma i s c r e a t e d 

/ i . - . - i s t a g e . The p l a s m a d r i f t : 
• I-JT. *:*• . I T - 'I wfiere I'K. .Zai. inn 

•'•• t jner - , p l a r c at a s e c o n d i l 
;.- . : 10 ' t . . : r in sf a.j*- J I F 
- ;. ,«..•).! ami d ±t 1 I-I e n ; i a i pumping 

r.T.i-51- .- t o pi even t i PO.tmbjn.jt ior. 
s l a t e 

t l ' -mi. w . t l . ar. e x t e r n a ; amd'. Oi f a d ; a l j r , j ( - ' < / 
e y s t e r c , to ob»a«r, h ; j h e r e n e r g . ^ s . 

E l e c t ictr. Be air Inn S o u r c e 'EEIS 

The e l e c t r o n £•££« i r > r . s o u t c e r,a* t**er \ . •.. 
by D o n e t s a t Dubna " and a'.&o d e v e l o p * - ! at Orr.a 
F r a n k f u r t , Texar. U K . and G l e s s e n . Wot » : ! a . . 
la t . ' i i a t "i ie«= \>. (, raaa: izer i i n p a p e r * a t I M - J<»" 
G a f l i n r - . r q C-if. f*-ren-.-»- Re*. 2'. TT" pr i :,•- : j . .--
op*-: at : T of t ne EP;.- • ! b •: *-• • a: •- =.*!• -w- ;r P 

an e ^ e e ' r o r . fjean Jtn(T a C ." p l a c e d ,r .- . :3*- i r.e .'. 
a t one e n d , Tr.e oag-i**» f ; e . ? «••••;- i > ti*-s= 
iiat**d t o a r a d , - i s of s e v e r a l i i w i H - ' . » - ! L . a:. ; ' i 
down tfie so l en t id a x i s t o t r.*- cr>*. l e c t o r at tr ,e i 
e n d . Gas i s i or, , zeO and r o s i n e d f i w t i i i s ' d " i<". 
by t n e e ' . e r t r o r . bearc. A p r . j en r ; a ! w e " fo:rr.--; : 
d r i f t t j i ' f f c o n f ; i t s t h* ; T, ' I .->ng :t urii n a i L . I-
t y p i c a l l y 10-130 tr.i: : i s e ^ o r . d r , u n t i l 1h.- d* : : -
char $<• F t a t e i? iearh»*d. Trier t h e p o f n t l a . t a 
lb iowe^ed at t h e s o l e n o i d e x i t , p r o v . i j n g t«*js 
e x t r a c t i o r . . Belies o i / s e r v e d ' ' i n c l u d e jtenu* w : " 
ave.'ag*- cha t Qe s t a t e of Xe *, and neor w i t r I ' 1 

Ne* . The per t oittanr*- i s p j r m a r i z e d in Ta;:<-
R e c e n t l y th*> Eh l£ v^irf '•'. U m . ' T " ' ha r sr^wr , 
averaq*- eha!a<- ot A: , •.!.•• ain"»jt *0* A t 1 *. 

ESIS s o u r c e KPJON-1 o{ D o n e t s , O u b n a . -
In uppei v i e w , e l e c t r o n b e a n pa3!-es f ron. 
gun i l , 2 ) through, d r i l t t u s e s (fe t o o~ ' . ;e 
( 4 ) . Cha rge S t a t e s a r e a n a l y z e d by u » ' - -
o f - f l i g f c t s y s t e a ; 9 , 1 0 , l l , 1 2 i . In i w . - r 
v i e w , p o t e n t i a l d i s t r i b u t i o n a l o n g ax ;? . 
i s t h a t cf IB] d u i i n q l n i e c t i o n , IT' d u r i n 
i o n i z a t i o n and (A 1 for. e x t r a c t i o n . 

Tabl»* i tih<Tw:> two BL*R s o u r c e s . The f i r s t i s 
or,'- s t a ' i ' o n i y , zftpired t o a ? •KAP10S' by G e l i e t . 
TM.- - givi*r. o u t p u t c u r r e n t s and c h a r g e s t a t e s s i m i l a r 
i I ho';i of t tie PIG. The l i f e t i m e i s weeks oi m o n t h s . 
Tt.e i stdQ«* s o u r c e in T a b l e I , TRIPLEKAFTOS, snows an 
.iv«Ta(i» rhaig*- s t a t e a b o u t t w i c e t h a t ot t h e PIG for 
iron ami x e o o n , bu t a t 100 t i m e s lower i n t e n s i t y . 

Recent p r o g r e s s a t G r e n o b l e i n c l u d e s p r o d u c -
t j o i i of beAms o ( Ar a t 2 x 1 0 1 3 p a r t . / s e c . and 
X e 1 8 * ar IQ12 p a r t . / s e c - w i t h TRIPLD4AF10S, and good 
e m i l t a n e e . A tiupet c o n d u c t ing c o i l i s p r o p o s e d t o 
i e d u c e t h e powet 1r<w i t s p r e n e n t megawat t l e v e l , 
and In ini l e a s v t h e i f f r e q u e n c y and t h u s t h e p l a s m a 
d i ' U M t y . Aim' ei tper lmt'hts b a y b e e n done on u r a n i u m 
!*•.»*>:.. one f i tagp h a s been used t o p i o d u c e 1Q0 uA 
l u t a l u r a n i u m beam, i n c l u d i n g W *-A of U 3 * . C h a r g e 
(Ha te - , l-fc W M I - o h s e i v e d . A i u n w i t h u r a n i u m b*?a» 
la- i t i , a t leant one d»y w i t h o u t • a i n t e n a n c e . 

At Or s a y * SILFEC I I H3IS i s d e s i g n e d w i t n a~ 
e x t e r n a l e l e c t r o n gun of iOQ-800 A*'<»*, l n i e c t i o r . a 
e x t r a c t i o n s o i e n o i d s , and a l i q u i d h e l i u j t c r y o p a n e l 
I t s g o a l i s t o p r o d u c e f u l l y s n i p p e d i o n s up t o 
Ca i n t h e CVi «odc for a s y n c f u o c y l o t r o n . E lee? i 
beajo t e s t s a r e abou t t o b e g i n . The CRYEBls w i t h 
s u p e r c o n d u c t i n g s o l e n o i d 15 e x p e c t e d t o b e g i n he jT 
t e s t s l a t e r in 1977 . 

The g r o u p of Becker and K l e i n a t T r a n l t f u r t ^ 6 

• r e d e v e l o p i n g TOFESIS w i t h c o n t i n u o u s e x t r a c t i o r . . 
and a c o n t a i n m e n t EBIS w i t h c o l d b o r e s u p e r c o n 
d u c t i n g s o l e n o i d for t h e UN1LAC i . n a c a t Dar f t s tad t . 
The EBIS s o u r c e a t t h e T e x a s AfcM C y c l o t r o n I n s t i 
t u t e hat= r e c e n t l y cottie i n t o p r e l i m i n a r y opei a t lor*** 
w i t h e x t r a c t e d ion beam ol 10 c h a t a e s p u l s e and 
and a vacuum of 10" t o t i . C h a r g e d i s t r i b u t i o n 
m e a s u r e m e n t s a r e p l a n n e d ' o r t h e nea t f u t u r e . 

http://PO.tmbjn.jt


Th- KHIS s«>ui t-r 1eq.11 res hiqrr techr.M luqy in 
C'lr.Tr * * i i » i , w i t r i a superconduc t ing sL l cno i r i pr«*-
1 •-! i f . ! , JT»i VJ";i'JSi5 i i t 10 " tOf t ItHJJl : " d to t h igh 
cha: •}•- s t a t « ; . . TaMe I shows tha t the EBIS has the 
f.: v.*i*-.-.r .*ver J«J»- t-h.»t -7»- s t a r e s of the sour res l i s t e d . 
T*»«- u t f . t c u r r e n t ave;a^»*d ovc: long t i M t i s o rd t - i i ' 
• ! rcj.-jr . ' jd<- leaf, that 1 «>: the Other sources , but the 

A rt' . . * i l » • ap 'Ttur** a o u r r t des igned for hiyr. 
i'i'#.r. . . • . hyir'>q*»n beams, war, run at Lawrence Berke ley 
I-ir«ii )• : ,• w ; *n xenon gas by Mr>Mey * in a short 

Vjrmijr. Spa:*, and Exp lod ing Wire Sources 

Si'vi-!,»: lypt-r. of sources pn iducc h iqh charq<-
: . t ^ n - i * • :,y duirii-;n<; l a rge p u l s T . of energy i n t o a 
• -. i ! ;- -.r. •: t t in.'- per tod 1 : . The> at** the laser , t tn-
•. i i j n • , . -• !• ant! tfi*- e x p l o d i n g w i r e . These Sources 
i ' - - if . i ; jt—i t'j: s tydJe : : such ar. spect roscopy of 
r . i j : ' i i )'• .'.:.»;• i ' j f i . , u s u a l l y w i thou t e x t r a c t i o n 
' .t t :e- i ufr. t<. ( or it a beam. 

L.i •-•: source:, were reviewed by peacock. Power 
d»-it ,ir .'••• up t n ' JX IO w'cro for about a nanor.econd 
p i ^ u . - : cf.atqe s la te r , r.f H g J 1 * . T i 2 0 * , F e 2 ) * . ;.--' 
W ' '* . 11 a s m m j : y paper Nag<-! er,t imates that 
• • l . - ' t i - . ; temperatures ir. p i annas produced by present 
la:,.-r:. di*- a!*out 1 keV, and t h a t inc reases to the 
1<> hi-v range are expected w i t h development of h igher 
I»J*»-I l j se r / v ; n the laser f u s i o n program. I n f a c t , 
KM:- F i j ' . i ' x i , I n c . has r epo r t ed J powpr d e n s i t i e s of 
' . x i t r ' w a n on D T - f i l l e a g l ass • i c r o s h e l l s . S i l i c o n 
and i)K/-]"n ions oocnng o f f have an e x p o n e n t i a l energy 
d i s t r i b u t i o n , w i t h a ca lcu la t<-d average energy o f 
1 k e V / n u d e o n , assumng they ,*»re f u l l y s t r i p p e d . 
Other recent laser work i s r e p o r t e d i n o ther a b s t r a c t s 
i n kef . 3 r ; . 

The e x t r a c t i o n of beans Ejo» l r tB^r -produced 
plartaa wa:; rev iewed by Tonor.. T i . * ion ene rg i es 

S t r i p p i n g of F j s t Ions 

High charge Bta te ions are produced by e l e c t r o n 
bombardment, i n the sources of (on5 d iscussed i n the 
p rev i ous s e c t i o n s the ions were Moving s l o w l y at 
around thermal v e l o c i t i e s , and the e lec t ron r . were 
Moving a t «uch h igher v e l o c i t i e n . Since i t IR t h r 
r e l a t i v e v e l o c i t y of the e l e c t r o n s and ions which 
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• ' - . , w.'i"rt t r.< ! • ; • • • i ^yns have 

Ai i»r.rt ".y, 11. :<y hag'-; shows 

i >t. r„ i ' . • v- • !,<!>#• nvt-iag*- cherg*-

i • $$'*•' a> at I T , ir. a plasxa at 

a;>:.,irr.i nq t fj'- 1'iiuna'. »odf l l o t 

r ; : . <t. >d :,».«- i lasna sour cer. 

: * ! • : • if- q:vr: ir, P..j. fc. We 

'• i»-,' »• • . ; : }•! -t . »- ve: y hiqr. 

1..1 • It- .it . . -

lot f i iqi. s( . j t * ' . [ ,nq y i«-1 -i . ANIS pr<*1j'«-r Jt ; -

3&«A of Cw'and 80 „A of A J " . 

One of the »ost &ucrefisf ul of the r p ; * *<-: . ' . . 
sources is the UNIS Bo-jr^e of Hidd'. <•*.'.. ' H- tt--r 
f ; • i t he Hor t * i sysi*?B. i r . ' i ar. a * , « . •}**'-, i- -, • - -
Pig . 7. In tfi;.E soufCt- a c c . ; j t t-<-aK i : M a ' i:. ; 
BU: <af-*- iur . ;z»: i£ accelerated '•• 2l- '-C neV. M 
str :«<•:. a h'>LI'»< cone of t he 1 f»*^ &«•<-: : a . , : ; . - * < • 
mq ( ! ! n**qa*.v»- i * ; WT.,.T, q r f r - . : * *:,»• :,- .<• , • 
t t i " r-.ne ani or*- a" »•. *• : A* ( - : : . A w <•. • ; > - • -
of .?: '. t '-> *•*"* n j ' « t : i . r a - . ( • • • . * • » - a - . T . - • • 3 •• • 
to t :•• at:' q . : c « l y . Ga'.f i - ^ . ir- '.-'. :• :>••'.. T - . 
con*- !-,i t tifjs- ions rv.: <*.<• . 1 4 : . ' ' : 'ir -» . : : . T' 
o - i p - t i ' .c:jri.-s a f.-<- _A ^ * ; . ; a.->i ft", a-.: . ' • 

O", F", S:~, S" «r.-i C I " . ft.: '..•-.-•. : .'. 

av,i : !<tMe t rent ITT s o j f r * 

- ' V : ; : J J X - I ; , an.! bti ; H -

••I [M-ain: . ** • 
N»'9a'. :vv hi-avy :c>i. SO.: • ' : M.d:.«* 

; v»- H*',»yy Jon Souice*; 

(•y t frt- <; 

I ' I V I i-.-.ivy i i>r> fio.Hr*". a: i- uSfi ncisi ly f-.i 

. • • ' t*i l*t! <•<•- * : i . f ' j f i r a r r i 'U - id t ">.';' . 

. . v , , . - v ; . - ^d l.y a , - . . n . 4 g h . I S H ' j C a.."1. 

N>-).iiiwi- ton? noitn.i i ly havt- a cti^r q»-

* i .'(. <i:.»i . j * - , hu' a t«*ta nmB BUfti as r>»yg«'rt, 

.»!i.! (!.; .t : n<- !iav»- t>*"»«n ohspr vert wi t f i .i 

w. ' f m f n . - ; f w*;. /if ai«>uf a nan 04 a f-. 

i | i v ).••,!•.-, ion: ruvi- t.i*<r'i pnxij .-ed by scve ia ! 

•"I1.11 ')<• <*)!«.•( 1 an«)•• us.inq inndt-nt oi l e c m i 

11«-1 <-M'. i a-.t i on , and by special sourctr 

tfi'- f t i f i j sm . i i 1 on and tin* duodcfiratron. 

iniji-.t t ant t ec^m advance in neqat ive hea\-y 

!•• tui:\ lui ' t i thi- dovejopwont of sputter 

r . imi r*'^iint fur l«o«r.1std»ent 01 as surface 

In tin- ea r l i es t sourre of t h i s type b u i l t 

r<><j|* of H o - t i g , * the negative ions were 

red by k iyptnn f ro i t a wheel coated w i t h cesium 

A later ep'H ter souire I R the rad ia l ex t rac ted 

. i l i f d flPJOS and der.ri lhed b>- S n i t h . ^ Here the 

v#« Km:, rfre spur »eied out ot the cathodes i n t o 

JIKIH.I. h isourre w i th fiimi lar qeo«etry IB the 

ANIS" r>oui re in which the spu t te i i ng v a t e t i a t 

.ii.i dv/c Bpti.-i u a l e lectrode placed opposi te 

t i A c t i t m h f l * - . t 'esiua i n aaain neceseaiy 

hef-

• Tr . : w*r» was d ni>' m'.i r-j;v.-:t * r»« M -

r. S. Knewy Ker.«-.it-"?; and lVvr; ." ,n i-- . ! 
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