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THE ARGONNE 60-lNCH CYCLOTRON 

W. J. Ramle r and G. W. P a r k e r 

INTRODUCTION 

The constant-frequency, s ixty- inch cyclotron is an exper imenta l 
facility to aid bas ic r e s e a r c h sponsored by the Argonne National Labora to ry 
and by the Associa ted Midwestern Univers i t i es . This machine has been in 
productive operat ion since July 10, 1952. Throughout this period the oper ­
ational r equ i rement s have been ex t remely diversif ied. Deflected beams 
of deuterons , hel ium ions, s ingly-charged hydrogen molecules and neutrons 
of a broad energy spec t rum a r e constantly in demand. The i r rad ia t ions 
have encompassed the fields of heavy element chemis t ry , nuclear ac t iva­
tion s tudies , nuclear sca t te r ing , solid state phys ics , radiat ion chemis t ry , 
isotope production, and biological s tudies . 

The cyclotron was purchased from the Collins Radio Company, 
Cedar Rapids, Iowa, under a fixed sum, t ime l imit , per formance specif i­
cation contract Design and construct ion was init iated June 17, 1949, and 
the cyclotron was accepted by the Labora to ry July 10, 1952. The supplier 
conformed to the contract t ime l imit and adequately me t all of the s t r i n ­
gent contract specif icat ions. 

The per formance of the machine was governed by the following 
deflected deuteron beam specif icat ions: (l) beam energy to be at leas t 
21 Mev; (2) total cu r ren t not l e ss than 200/ iamp, with continuous ope ra ­
tion for 22 out of 24 hours ; (3) 20% of the total beam to lie within an a r e a 
of 2 cm ; (4) 50% of the beam to be within ± 5% of the mean value of the 
beam energy, and (5) the beam intensity and energy to be constant to 
within ± 5% averaged over one-minute in terva ls for at leas t a four-hour 
period. In addition, capaci t ies of the power supplies , the magnet and 
the radiof requency (rf) sys tem were so sized to faci l i tate future conver ­
sion of the acce l e r a to r to 35-Mev deuteron beam operat ion. 

P a r t i c l e acce le ra t ion was init iated October 30, 1951 and within 
one hour a 21-Mev deuteron c i rculat ing beam of 15jLtamp was m e a s u r e d . 
This accompl ishment was closely followed by the extract ion of the c i r ­
culating beam; the following is a brief h i s to r ica l log. 

Nov. 20, 1951 - lOptamp deflected 

Nov. 30, 1951 - 100 ^iSLmp deflected 

Dec. 15, 1951 - 150uamp deflected 



Dec. 21, 1951 - 200+ ^aamp deflected 

Jan. 31, 1952 - 120 ^ a m p deflected - continuous operat ion for 24hours 

May 29, 1952 - 235 / iamp deflected - continuous opera t ionfor 24 hours 

July 10, 1952 - ANL acceptance 

The ANL cyclotron has never been cha rac t e r i zed in the l i t e r a tu r e 
and it is the purpose of this writ ing to desc r ibe the a c c e l e r a t o r , i ts operating 
c h a r a c t e r i s t i c s , and the housing with i ts assoc ia ted faci l i t ies . 

DESCRIPTION 

To consider the cyclotron and its pe r fo rmance , it is n e c e s s a r y to 
consider the sys t ems which make it possible to acce l e r a t e and deflect the 
charged pa r t i c l e s . The d iscuss ion that follows will be sect ional ized as to 
operat ing s y s t e m s . 

Cooling 

Liquid cooling of the operating sys t ems is obtained by circulat ion 
of deminera l ized water through the cyclotron and, in turn , through a tube-
and-she l l heat exchanger of which the shell side is connected to an outside 
cooling tower. The c i rculat ing pumps and heat exchanger a r e s ized to 
handle a 1000-kw heat load, with the normal operating load being about 
300 kw. The cooling tower design is a lso based upon a heat load of 1000 kw 
and is such that a 1 0°F water t e m p e r a t u r e differential can be obtained for 
a 78° wet bulb with a 1200-gpm flow r a t e through the tower. The coolant 
flow ra te is normal ly 300 gpm at 80 psi . The conductivity is maintained 
at 10 mic romhos or l e s s , with a pH of about seven. Dee sys tem water 
t e m p e r a t u r e stabili ty of 1°F or be t te r is r equ i red for steady operat ion. 

Va-cuum 

The physical dimensions and types of m a t e r i a l s used a r e governed 
both by the rf sys tem and vacuum techniques . The main vacuum sys tem 
cons is t s of 6 bas ic p a r t s : the mechanical pumps, diffusion pumps , vacuum 
take-off box (VTO), "obround," t rans i t ion section, and acce le ra t ion chamber . 
The t rans i t ion section and acce le ra t ion chamber a r e mounted in a fixed 
posit ion; the VTO box and obround a r e mounted on a m o t o r - d r i v e n c a r r i a g e 
which opera tes on a ra i l sys tem. This p e r m i t s the removal of the dee 
heads f rom the acce le ra t ion chamber and t rans i t ion section to faci l i tate 
maintenance or modification of the dees , deflector sys tem, or ion - source 
ext ract ion f ee l e r s . Mechanical al ignment of the sys tem is mainta ined by 
the use of one grooved ra i l and a matching tongue on the c a r r i a g e wheels . 



T h e m e c h a n i c a l v a c u u m p u m p s , wi th c a p a c i t i e s of 100 c fm a n d 
300 cfm, a r e l o c a t e d in the m e c h a n i c a l e q u i p m e n t r o o m to m i n i m i z e the 
n o i s e in the c y c l o t r o n a r e a . The 3 0 0 - c f m p u m p is u s e d for the r o u g h i n g 
of the t ank , and the 1 0 0 - c f m p u m p is u s e d for the b a c k i n g of the diffusion 
p u m p s . D u r i n g n o r m a l o p e r a t i o n , bo th u n i t s a r e u s e d for b a c k i n g . Two 
6 - i n c h d i a m e t e r l i n e s c o n n e c t t h e s e p u m p s to t h e f o r v a c m a n i f o l d of the 
two diffusion p u m p s l o c a t e d in the vau l t . 

The two 1 6 - i n c h oil diffusion p u m p s w e r e bu i l t a s a p a c k a g e d 
un i t , wi th e a c h p u m p hav ing r e m o t e l y a i r - o p e r a t e d f o r v a c and h i v a c 
v a l v e s . T h e s e p u m p s a r e c l o s e - c o u p l e d to the v a c u u m tank and h a v e 
c o m m o n c o n n e c t i o n s a t bo th the h i v a c and f o r v a c m a n i f o l d s . The e n t i r e 
a s s e m b l y i s m o u n t e d on w h e e l s , a l l owing the p u m p s to be r o l l e d a w a y 
f r o m the m a i n t ank for m a i n t e n a n c e o r r e p a i r p u r p o s e s . 

T h e diffusion p u m p b a f f l e s , l o c a t e d b e t w e e n the pu raps and the 
l 6 - i n c h v a l v e s , a r e coo led by F r e o n 22 and o p e r a t e at a p p r o x i m a t e l y 
- 3 0 ° F . In add i t i on , the m a n i f o l d s e c t i o n h a s a r e m o v a b l e co ld t r a p for 
l i qu id N2. T h i s t r a p i s n e v e r u s e d d u r i n g r o u t i n e o p e r a t i o n s ; h o w e v e r , 
it i s qu i t e use fu l for v a c u u m t e s t p u r p o s e s . 

At the n o r m a l o p e r a t i n g v a c u u m of 3 x 10" m m Hg, the c o m b i n e d 
p u m p i n g s p e e d of the diffusion p u m p s i s 3000 i / s e c . T h i s s p e e d i n c r e a s e s 
to 5000 i / s e c a t 1 X 10"^ m m Hg and r e a c h e s a m a x i m u m of 6000 i / s e c a t 
2 x 1 0 m m Hg. Such a p u m p i n g c h a r a c t e r i s t i c e n a b l e s the s y s t e m to 
qu i ck ly r e c o v e r f r o m an o p e r a t i n g gas b u r s t . T h e s e p u m p i n g r a t e s a r e 
m a i n t a i n e d for f o r v a c p r e s s u r e s up to 100 m i c r o n s . 

The p u m p m a n i f o l d c o n n e c t s to the VTO box , wh ich is of w e l d e d 
s t e e l c o n s t r u c t i o n (47 x 88-2 x 51 j i n c h e s ) wi th i n t e r n a l b r a c i n g to w i t h ­
s t a n d a t m o s p h e r i c p r e s s u r e . S e a m w e l d s a r e c o n t i n u o u s , wi th w e l d i n g 
only on the a t m o s p h e r e s i d e . T h e i n t e r n a l b r a c e s a r e s t a g g e r w e l d e d to 
k e e p v i r t u a l l e a k s a t a m i n i m u m . The VTO b o x c o n t a i n s the g i m b a l 
m o u n t i n g s for the c a n t i l e v e r s u s p e n s i o n of the dee s t e m s . 

T h e o b r o u n d is a 6 6 - i n c h long uni t wi th a c r o s s s e c t i o n t h a t i s 
e s s e n t i a l l y two h a l f - c y l i n d e r s of 2 0 - i n c h r a d i u s s e p a r a t e d and c o n n e c t e d 
by f lat p a r a l l e l s i d e s , 37-2- i n c h e s in l eng th ( s e e F i g s . 1 and 2). T h i s un i t 
i s c o n s t r u c t e d of l / 4 - i n c h t h i c k OFHC c o p p e r , r o l l e d in to the p r o p e r s h a p e 
wi th the s e a m s w e l d e d wi th a s h i e l d e d a r c u s i n g " E v e r d u r " a s a f i l l e r r o d . 
A s t e e l f r a m e w o r k i s w e l d e d to the e x t e r n a l s i de of t h e c o p p e r for s u p p o r t 
of the t ank when e v a c u a t e d . Coo l ing of t h i s s h i e l d i s o b t a i n e d wi th s e v e r a l 
l o o p s of 3 / 8 - i n c h tub ing , soft s o l d e r e d to the c o p p e r . On the top of the 
o b r o u n d , f ive p a i r s of h o l e s a r e p r o v i d e d for rf p o w e r f e e d - t h r u to t h e dee 
s y s t e m . 
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Fig 1 Cyclotron dees pulled out of the acce lera t ion chamber 
Diffusion pumps and hivac manifold a r e m the background 

PtlfcLli 
Fig 2 Radiofrequency short ing bar m position with respec t to 

the dees and the obround ground shield 



The t r a n s i t i o n s e c t i o n i s 47 i n c h e s long and, by m e a n s of a t a p e r , 
m a k e s the t r a n s i t i o n f r o m t h e c r o s s s e c t i o n of the o b r o u n d to t h e r e c t a n ­
g u l a r c r o s s s e c t i o n of the a c c e l e r a t i o n c h a m b e r . The m e t h o d of c o n s t r u c ­
t ion i s s i m i l a r to the o b r o u n d and , s i n c e the p o s i t i o n of t h i s s e c t i o n i s in 
the m a g n e t i c f ie ld , t he f r a m e w o r k and f l a n g e s a r e of n o n m a g n e t i c type 
347 s t a i n l e s s s t e e l . 

The a c c e l e r a t i o n c h a m b e r i s a c o m p o s i t e uni t wi th t h e b a s i c s t r u c ­
t u r e of s p e c i a l 1 6 - 1 4 c h r o m e n i c k e l n o n m a g n e t i c s t a i n l e s s s t e e l . T h e top 
and b o t t o m p o r t i o n is a c i r c u l a r open ing , 60 i n c h e s in d i a m e t e r , and s e a l e d 
wi th d i s c s ( l ids) of m a g n e t s t e e l to s h o r t e n the m a g n e t po le gap . The v e r ­
t i c a l s i d e s a r e c l o s e d by the t r a n s i t i o n s e c t i o n , the dee t r i m m e r c o n d e n s e r , 
the t a r g e t ga t e and c l o s u r e p l a t e , the a r c s o u r c e and the l i n e r w a t e r tube 
c l o s u r e p l a t e . The i n s i d e is l i ned wi th w a t e r - c o o l e d c o p p e r l i n e r s to c o m ­
p l e t e the rf s h i e l d i n g c i r c u i t . 

T h e v a c u u m rf s e a l b e t w e e n the o b r o u n d and t r a n s i t i o n s e c t i o n s i s 
a c c o m p l i s h e d by i n s e r t i n g a g a s k e t r i n g of m a t c h i n g g e o m e t r y b e t w e e n 
e a c h s e c t i o n . T h i s r i n g i s of c o l d - r o l l e d s t e e l , c o p p e r p l a t e d , wi th a g r o o v e 
on e a c h f ace in which a s q u a r e - t y p e n e o p r e n e g a s k e t i s i n s e r t e d . To ob ta in 
the rf s e a l , n u m e r o u s a n n e a l e d c o p p e r s t r i p s , 1 x 0.012 inch^. a r e f i r s t 
p l a c e d in to the g r o o v e , wi th an e x c e s s of m a t e r i a l ex t end ing in t o w a r d s the 
v a c u u m . The g a s k e t i s i n s e r t e d o v e r the c o p p e r and the s t r i p s ben t b a c k 
o v e r the g a s k e t so tha t a p p r o x i m a t e l y o n e - h a l f the width i s c o v e r e d . When 
the r i n g i s in p l a c e , t h e s e f i n g e r s m a t e wi th the c o p p e r c o v e r i n g the end 
f l anges of e a c h s e c t i o n . T h i s s e a l i n g t e c h n i q u e w a s a l s o u s e d for the o t h e r 
s e c t i o n s of the v a c u u m e n v e l o p e . 

In Ju ly 195 7, a f t e r 6 y e a r s of o p e r a t i o n , it w a s r e q u i r e d to r e m o v e 
the d e e s f r o m the a c c e l e r a t i o n c h a m b e r , t h e r e b y r e q u i r i n g the b r e a k i n g of 
t h e o b r o u n d - t r a n s i t i o n s e a l . T h e s e a l did not show any e v i d e n c e of h e a t i n g 
and w a s r e - u s e d in t h e c l o s i n g of the c h a m b e r . The o p e r a t i o n tha t fo l lowed 
w a s qu i te n o r m a l . 

The to t a l v o l u m e of the v a c u u m s y s t e m i s --'300 cub ic fee t . N o r m a l 
o p e r a t i n g p r e s s u r e s a r e 2 to 9 x 1 0 " m m Hg, wi th the u p p e r v a l u e l i m i t e d 
by the o p e r a t i o n of the rf s y s t e m . The p r e s s u r e of the s y s t e m is m o n i t o r e d 
wi th an RCA 1949 i o n i z a t i o n gauge ; the i n d i c a t i n g d e v i c e for t h i s gauge 
p r o v i d e s an i n t e r l o c k for s y s t e m c i r c u i t s s u c h a s the a r c , d e f l e c t o r and 
o s c i l l a t o r . An a d d i t i o n a l i n t e r l o c k c h a i n , c o n s i s t i n g of t h e r m o c o u p l e g a u g e s 
and a G e i s l e r c i r c u i t , i s p r o v i d e d to p r o t e c t the p u m p s and ion g a u g e s f r o m 
a s y s t e m l eak . Va lve s a r e a c t u a t e d by c o m p r e s s e d a i r , and , upon p o w e r 
f a i l u r e , t he s y s t e m wi l l fa i l s a f e . T h e v a c u u i n m a p for the s y s t e m i s shown 
in F i g . 3. 



Fig . 3. Cyclotron vacuum map. 

Magnet 

The e lect romagnet , 265 tons in weight, is of a s tandard "double 
yoke" design, 206 inches long, 164 inches high, and 74^ inches wide. The 
d iameter of the pole base is 74 g inches and the diameter of the pole face 
IS 62 inches. The pole gap is twenty-two inches, and, for any given r a d i ­
us , the gap variat ion is l e ss than 0.005 inch. The 22-inch air gap, ex­
cluding shimming, is reduced to 1 2 inches by the 5-inch thick, 60-inch 
d iameter , top and bottom lids of the acce lera t ion chamber . This 12-inch 
dimension is made up of the two l - m c h gaps between the lids and pole 
faces , and the 10-inch spacing for the acce lera t ion chamber . Upon in­
stallation of Rose rings and rf l iners the acce lera t ion chamber gap is 
reduced to 9 inches. 

Magnetic shimming consis ts of internal Rose r ings and external 
stepped sh ims. The internal r ings a r e fastened to both the top and bottom 
lids and a r e radial ly located at 26 inches and extend outward to 30 inches. 
The rings a r e l / 4 inch thick and 2 inches wide. External top and bottom 
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s h i m m i n g c o n s i s t s of a p y r a m i d of t w e l v e d i s c s , e a c h 1 / I 6 i n c h t h i c k a n d 
of t h e f o l l o w i n g r a d i i : 2 of 20 i n c h e s ; 2 of 16 i n c h e s ; 2 of 10 i n c h e s ; 2 of 
6 i n c h e s ; 2 of 4 i n c h e s ; a n d 2 of 3 i n c h e s . T h e l a r g e s t d i s c i s l o c a t e d i n 
c o n t a c t w i t h t h e l i d . 

T h e m a g n e t y o k e , p o l e s a n d t i p s , a c c e l e r a t i o n c h a m b e r l i d s , a n d 
s h i m s a r e of so f t i r o n f o r g i n g s w i t h t h e i m p u r i t y a n a l y s i s a s f o l l o w s : 

C a r b o n 
S i l i c o n 

P h o s p h o r u s 

0 . 1 2 % 
0 . 1 7 
0 . 0 1 4 

S u l p h u r 
M a n g a n e s e 

0 . 0 2 4 
0 . 3 9 

T h e t w o m a g n e t c o i l s , t o t a l i n g 26 t o n s in w e i g h t , a r e of e x t r u d e d 
I S a l u m i n u m s t r a p , 2^ x 1 /2 i n c h e s , w i t h a h o l l o w c o r e of l / 4 x 1 i n c h 
t h r o u g h w h i c h p a s s e s t h e w a t e r c o o l a n t . E a c h c o i l c o n s i s t s of 1 0 p a n c a k e s , 
a p p r o x i m a t e l y 55 t u r n s p e r p a n c a k e , o r a t o t a l of 1 0 9 9 t u r n s f o r b o t h c o i l s . 
E a c h p a n c a k e c o n s i s t s of o n e c o n t i n u o u s l e n g t h of c o n d u c t o r , 1550 f e e t 
l o n g . I n s u l a t i o n b e t w e e n t u r n s c o n s i s t s of 2 l a y e r s of 0 . 0 0 5 - i n c h F i s h 
p a p e r i m p r e g n a t e d w i t h r e d G l y p t a l . T h e i n s u l a t i o n b e t w e e n p a n c a k e s 
c o n s i s t s of 2 l a y e r s of B a k e l i t e a n d G l y p t a l , e a c h l a y e r l / 3 2 i n c h t h i c k . 
A l l w i n d i n g s a r e c o n n e c t e d i n s e r i e s b y u n c o o l e d a l u m i n u m s t r a p , h e l i - a r c 
w e l d e d t o t h e c o n d u c t o r s . T h e c o i l s a r e e l e c t r i c a l l y c o n n e c t e d in s e r i e s , 

w i t h a l l h y d r a u l i c c o n n e c t i o n s in p a r a l l e l . 
T h e t o t a l r e s i s t a n c e f o r b o t h c o i l s i s a b o u t 
0 . 3 o h m . F o r m e c h a n i c a l s t a b i l i t y p r o t e c -

18 h ^ i t i o n , t h e c o i l w i n d i n g s a r e s o l i d l y c l a m p e d 
b e t w e e n t w o a n n u l a r 1 j - i n c h t h i c k a l u m i n u m 
e n d p l a t e s . T h e o v e r - a l l d i m e n s i o n s of a c o m ­
p l e t e d c o i l a r e : O D = 142 i n c h e s , ID = 7 4 | i n c h e s , 
a n d a h e i g h t of 3 2 . 5 i n c h e s . 

12 |- / / 

Magne t exc i t a t i on is p r o v i d e d by a 
300-kw, 3 5 5 - v (DC) g e n e r a t o r , d r i v e n by a 
4 5 0 - h p , 2400 - volt s y n c h r o n o u s m o t o r . The 
o p e r a t i n g f ie ld is e s t a b l i s h e d with a d i r e c t 
c u r r e n t of 390 a m p e r e s a n d a p o w e r of 56.7 kw. 
The r e m a i n d e r of the supply c a p a c i t y is such 
tha t a 2 0 - k g a u s s c e n t e r f ie ld can be e s t a b l i s h e d 
for the t h e o r e t i c a l a c c e l e r a t i o n of d e u t e r o n s to 
35 Mev at a r a d i u s of 27 i n c h e s . F i g u r e 4 
shows the m a g n e t i z a t i o n c u r v e . 
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COIL CURRENT, Amperes 

F i g . 4 

M a g n e t i z a t i o n c u r v e for 
the 60 inch c y c l o t r o n 
m a g n e t . 

The n o r m a l o p e r a t i n g c e n t e r f ie ld is 
14.9 k g a u s s wi th a 2.6% d r o p off at the exi t 
r a d i u s of 2 5 | i n c h e s ( s ee F i g . 5). The f ie ld 
i ndex n at th i s exi t r a d i u s i s a p p r o x i m a t e l y 
0 .3 . F i e l d s t a b i l i z a t i o n of 1 p a r t in 20,000 
is ob ta ined by n u c l e a r m a g n e t i c r e s o n a n c e 
t e c h n i q u e s . 
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F i g . 5 F i e l d con tou r of the 
60-inch c y c l o t r o n m a g n e t . 

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 

RADIUS, Inches 

A z i m u t h a l f ie ld m e a s u r e m e n t s showed tha t for a l l r a d i i out to 
26 i n c h e s , the m a x i m u m flux v a r i a t i o n i s l e s s t han 1 p a r t in 3000. The 
m e d i u m p l ane of the m a g n e t i c f ie ld is wi th in 0.030 of an inch of the geo-
n a e t r i c a l m e d i a n p l a n e . 

A r c 

The ion s o u r c e i s a conven t iona l D C - t y p e hooded a r c , c o n s i s t i n g 
of a l / 8 - i n c h t a n t a l u m h a i r p i n f i l am en t and a g r a p h i t e c h i m n e y , 5 / l 6 of 
an inch in d i a m e t e r wi th an a p e r t u r e s i z e of 3 /32 x 7 /32 of an inch in 
l eng th . The f i l amen t is h e a t e d by a 220 k c / s e c , 5-kw t r a n s m i t t e r , and a 
t y p i c a l d e u t e r o n a r c i s m a i n t a i n e d a t 50 to 120 vo l t s DC, 6 to 8 a m p e r e s 
d r a i n , wi th a gas flow r a t e of about 0.1 c c / m i n . F i l a m e n t and c h i m n e y 
life have a v e r a g e d 25 to 30 h o u r s , a l though h e l i u m ion o p e r a t i o n r e d u c e s 
the life to about 10 to 15 h o u r s . The m e c h a n i c s of the s y s t e m a r e such 
tha t a f i l a m e n t or c h i m n e y c h a n g e , o r bo th , can be a c c o m p l i s h e d and the 
m a c h i n e b a c k into o p e r a t i o n wi th in a f i f t e e n - m i n u t e p e r i o d . 

Ion e x t r a c t i o n f r o m the c h i m n e y is a c c o m p l i s h e d by b l o c k - t y p e 
w a t e r - c o o l e d c o p p e r f e e l e r s . The f e e l e r s a r e 5 i n c h e s in l eng th with a 
1- inch v e r t i c a l gap. 



T h e a r c s y s t e m m o t i o n is conf ined to (a) m a n u a l o r r e m o t e p o s i ­
t ion ing of the f i l a m e n t wi th r e s p e c t to the b a s e a p e r t u r e of the c h i m n e y 
(b) r e m o t e p o s i t i o n i n g of the c h i m n e y in a p l ane p a r a l l e l o r p e r p e n d i c u l a r 
to t h e dee l i p s , a n d (c) m a n u a l c h i m n e y r o t a t i o n for a l i g n m e n t wi th t h e 
m a g n e t f ie ld . 

R a d i o f r e q u e n c y S y s t e m 

T h e e n e r g y i m p a r t e d to the e x t r a c t e d ions is o b t a i n e d f r o m the rf 
s y s t e m , c o n s i s t i n g of the d e e s and s t e m s , dee s h i e l d i n g , s h o r t i n g b a r , 
o s c i l l a t o r - p o w e r a m p l i f i e r and the DC p o w e r supply . The rf e l e c t r o d e s 
c o n s t i t u t e a c o n v e n t i o n a l twin dee u n b i a s e d s y s t e m with both dee s t e m s 
m o u n t e d in a c o m m o n e v a c u a t e d t ank ( s e e F i g s . 1 and 2). 

The d e e s a r e 4 i n c h e s in he igh t wi th a 25--inch i n t e r n a l dep th and 
a 2 j - i n c h v e r t i c a l e n t r a n c e gap . Dee h e a d s h a v e a 1 2 - i n c h p a r a l l e l s e c ­
t ion at t he c e n t e r wi th an edge f l a r e b a c k of a p p r o x i m a t e l y 10°. The 
v e r t i c a l s p a c i n g b e t w e e n the O F H C c o p p e r l i n e r s of the a c c e l e r a t i o n 
c h a m b e r is 9 i n c h e s , l e a v i n g Z^ i n c h e s f r o m e a c h dee s u r f a c e to g round . 
The ef fec t ive c a p a c i t a n c e of e a c h dee to g r o u n d is about 280 /i^if and i s 
dependen t upon dee and t r i m m e r p l a t e p o s i t i o n s . F o r e a c h d e e , t he t r i m ­
m e r c o n d e n s e r p l a t e s p r o v i d e a p p r o x i m a t e l y a 25-jLijUf v a r i a t i o n in c a p a c i ­
t a n c e . T h e d e e s and s t e m s a r e of l / 4 - i n c h th i ck O F H C c o p p e r f a b r i c a t e d 
f r o m a 1 2 - i n c h OD, l / 4 - i n c h t h i c k t u b e . Such f a b r i c a t i o n r e s u l t e d in a 
dee and s t e m of con t inuous c o p p e r e x c e p t for the top and b o t t o m l ip a r e a 
of the d e e . F o r t h i s r e g i o n , OFHC c o p p e r w a s c o p p e r w e l d e d to the m a i n 
a s s e m b l y to give t h e r e q u i r e d s h a p e Both d e e s a r e e x t e n s i v e l y w a t e r 
c o o l e d wi th a l l c o p p e r tubing c o n t i n u o u s l y S i l - fo s s o l d e r e d to the i n t e r i o r 
s u r f a c e s . E a c h dee and s t e m i s m o u n t e d on a n i c k e l - p l a t e d c a r b o n s t e e l 
tube tha t e x t e n d s f r o m we l l i n s i d e the dee s t e m to the o u t s i d e of t h e VTO 
b o x and p a s s e s t h r o u g h a s t a i n l e s s s t e e l b e l l o w s wh ich a c t s a s a f l ex ib le 
v a c u u m s e a l . T h i s t ube i s s u p p o r t e d in a g i m b a l i n s i d e the VTO box , 
p e r m i t t i n g r e m o t e c o n t r o l of the dee p o s i t i o n in bo th the h o r i z o n t a l and 
v e r t i c a l p l a n e s , by m e a n s of m o t o r d r i v e s l o c a t e d o u t s i d e of t h e v a c u u m . 

The s h i e l d i n g of the dee sys tenn is a c c o m p l i s h e d by the O F H C 
c o p p e r of the v a c u u m c h a m b e r , a d e s c r i p t i o n of wh ich h a s b e e n g iven . 

T h e e l e c t r i c a l l eng th of t h e d e e s i s e s t a b l i s h e d by the p o s i t i o n of 
the s h o r t i n g b a r . F i g u r e 2 is a v iew of the s h o r t i n g b a r in p o s i t i o n wi th 
r e s p e c t to the d e e s and the o b r o u n d . T h i s un i t , e x t e n s i v e l y w a t e r c o o l e d , 
c o n s i s t s of s e v e r a l s e c t i o n s of OFHC c o p p e r p l a t e s u p p o r t e d by a c o p p e r 
f r a m e . C o n t a c t to the dee s t e m s i s o b t a i n e d by the u s e of M a l l o r y - 3 m e t a l 
f i n g e r s s i l v e r s o l d e r e d to t h e i r r e s p e c t i v e p l a t e s and h e l d a g a i n s t t he s t e m 
by a m a i n and s e v e r a l a u x i l i a r y t e n s i o n b a n d s ( s e e F i g . 6). C o n n e c t i o n wi th 
the g r o u n d s h i e l d i s o b t a i n e d by a s e c t o r t e c h n i q u e , t ha t i s , by n u m e r o u s 



f inge r g r o u p s ind iv idua l ly a d j u s t e d to p r e s s the f i n g e r s a g a i n s t the enve lope 
A p p r o x i m a t e l y 125 i n c h e s of the enve lope a r e in con t ac t with the f i n g e r s . 
T h i s s h o r t h a s o p e r a t e d qui te s a t i s f a c t o r i l y , c a r r y i n g a c a l c u l a t e d c u r r e n t 
of 2000 RMS dee s t e m a m p e r e s wi thout any s e r i o u s i nd i ca t ion of h e a t i n g . 

F i g . 6 R a d i o f r e q u e n c y s h o r t i n g b a r s and dee s t e m ; r e a r v iew. 

The e n e r g y to the d e e s i s t r a n s f e r r e d f r o m the o s c i l l a t o r -
a m p l i f i e r s y s t e m ( F i g . 7) by induc t ive coup l ing . The s e l f - e x c i t e d o s c i l ­
l a t o r c o n s i s t s of a rf g r o u n d e d c a t h o d e , tuned p l a t e , un tuned g r i d c i r c u i t 
wi th two M a c h l e t t type M L - 3 5 6 t u b e s o p e r a t i n g in p u s h - p u l l . The c a p a c ­
i t a n c e of the p l a t e c i r c u i t is a d j u s t a b l e f r o m the c o n t r o l c o n s o l e . The 
o s c i l l a t o r output i nduc t i ve ly c o u p l e s to the ca thode c i r c u i t of a g rounded 
g r i d a m p l i f i e r which func t ions wi th two M L - 5 6 8 1 t u b e s in p u s h - p u l l . The 
a m p l i f i e r p l a t e l e a d s conduc t i ve ly couple to the a m p l i f i e r - d e e s y s t e m 
coup l ing loop . The coup l ing loop i s of one t u r n , 6 x lO-j - inches , wi th the 
6 - inch s ide p a r a l l e l to the dee s t e m s and the c e n t e r of the loop g rounded . 

O p e r a t i n g dee to dee v o l t a g e s of about 310 kv peak a r e a t t a i n a b l e 
wi th n o r m a l o p e r a t i n g v a l u e s b e i n g about 260 kv. T y p i c a l o p e r a t i n g da ta 
a r e : a r e s o n a n t f r e q u e n c y of 11.2 M c / s e c , 240 to 260 kv d e e - d e e , about 
5 kv p l a t e v o l t a g e , 100 to 120-kw p l a t e p o w e r input to the o s c i l l a t o r -
a m p l i f i e r , and 200 l iamp of de f l ec t ed d e u t e r o n s . 
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F i g . 7 R a d i o f r e q u e n c y o s c i l l a t o r - a m p l i f i e r s c h e m a t i c 

F o r t h i s type of o p e r a t i o n , the r a t i o of l oaded to un loaded Q is 
0 .57, wi th the Q of the un loaded c i r c u i t be ing about 10,000. The c o m b i n e d 
ef f ic iency of the o s c i l l a t o r - a m p l i f i e r s y s t e m is about 47%. 

The e n e r g y to the rf s y s t e m is supp l i ed by a 10-kv , 4 0 0 - k w DC 
p o w e r supply c o n s i s t i n g of a 6 - p h a s e r e c t i f i e r and t r a n s f o r m e r u s i n g 
857B- type t u b e s , a c o n s t a n t c u r r e n t n e t w o r k , a r e m o t e l y c o n t r o l l e d i n d u c ­
t ion r e g u l a t o r with an 83.5% b u c k - b o o s t f e a t u r e , and a 3 - p h a s e , r e m o t e l y 
o p e r a t e d 2400-vol t l ine c o n t a c t o r . 

M e a s u r e m e n t of dee vo l t age is ob ta ined by p r o b e s l o c a t e d at the 
top and b o t t o m of e a c h dee and c a p a c i t i v e l y coupled to the dee . In t u r n , 
each se t of dee p r o b e s a r e d i r e c t l y coupled to a r e c t i f i e r c i r c u i t emp loy ing 
a 1N34 c r y s t a l . Oppos i t e c r y s t a l p o l a r i t i e s a r e u s e d for the top and b o t t o m 
p r o b e s with the r e c t i f i e d output app l i ed to a DC v o l t m e t e r giving the peak 
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dee k i l ovo l t age to g round . To the f i r s t a p p r o x i m a t i o n , the m e a s u r e d vo l t age 
i s i ndependen t of dee pos i t i on . T h i s c i r c u i t r y h a s func t ioned qu i te s a t i s ­
f a c t o r i l y wi thout any n o t i c e a b l e d e l e t e r i o u s ef fects f r o m the r a d i a t i o n 
f ie ld . 

R e s o n a n c e tun ing of the c y c l o t r o n is a c c o m p l i s h e d by v a r y i n g the 
r a d i o f r e q u e n c y with the DC m a g n e t f ie ld c o n s t a n t . The f r e q u e n c y is r e ­
m o t e l y v a r i e d by pos i t i on ing the dee t r i m m e r c o n d e n s e r p l a t e s , t h e r e b y 
changing the c a p a c i t a n c e of the dee s y s t e m and the r e s o n a n t f r e q u e n c y 
of the rf s y s t e m . C o m p e n s a t i n g tuning of the o s c i l l a t o r is a c c o m p l i s h e d 
by a r e m o t e l y c o n t r o l l e d , v a r i a b l e v a c u u m c a p a c i t o r in the p l a t e t ank c i r ­
cu i t . The r e m o t e a d j u s t a b l e tuning span of the o s c i l l a t o r is 1 Mc, m the 
1 1 - M c / s e c r eg ion . The f r e q u e n c y of o s c i l l a t i o n is c o n t r o l l e d to one p a r t 
in 10,000 by c o m p a r i n g the o s c i l l a t o r f r e q u e n c y a g a i n s t a s t a n d a r d f r e ­
quency g e n e r a t o r , with the r e s u l t i n g e r r o r s igna l i n t r o d u c e d into a d e t e c t o r 
to e s t a b l i s h p h a s e . The e r r o r s igna l output is u s e d to pos i t ion the dee 
t r i m m e r p l a t e s , a l t e r i n g the dee b y s t e m c a p a c i t a n c e and c o r r e c t i n g the 
6 f c h a n g e . 

De f l ec to r 

The de f l e c to r s y s t e m is a m e a n s of d i v e r t i n g the a c c e l e r a t e d ions 
f r o m t h e i r n o r m a l o r b i t s of 

-%r r o t a t i o n . The A r g o n n e s y s ­
t e m is a c u s t o m a r y i n t e r n a l 
un i t , l o c a t e d in the dee o p p o ­
s i t e to the ion e x t r a c t i o n d e e , 
and c o n s i s t s of two c u r v e d 
OFHC c o p p e r p l a n e s b e t w e e n 
which a DC e l e c t r o s t a t i c f ie ld 
i s e s t a b l i s h e d to d i r e c t the 
a c c e l e r a t e d p a r t i c l e s to the 
e x t e r i o r of the m a c h i n e . The 
two c u r v e d p l a n e s (F ig . 8) a r e 
c u s t o m a r i l y r e f e r r e d to a s the 
s e p t u m and de f l e c to r . 

F i g . 8 Def l ec to r s y s t e m showing the 
s e p t u m , de f l ec to r and the top 
half of the b e a m s p l i t t e r . 

The s e p t u m is m o u n t e d 
b e t w e e n the de f l ec to r and the 
c y c l o t r o n c e n t e r . The s e p t u m 
uni t c o n s i s t s of the s e p t u m 
p r o p e r and the e n t r a n c e p o r ­

t ion , c a l l e d the b e a m s p l i t t e r . The s e p t u m p r o p e r i s c o n s t r u c t e d of c o p p e r , 
35-inches wide , 3 /8 i n c h e s th i ck , and i s w a t e r coo led . The b e a m s p l i t t e r , 
10 i n c h e s long, c o n s i s t s of two 0 .062 - inch th i ck c o p p e r p l a t e s wi th a cool ing 
w a t e r l ine h a r d s o l d e r e d to e a c h p l a t e . The p l a t e s a r e so shaped to f o r m 
a h o r i z o n t a l V notch c e n t e r e d on the m e d i a n p l a n e . The no tch ex tends the 



l eng th of the s p l i t t e r and i s about one inch wide at t he s p l i t t e r e n t r a n c e , 
t a p e r i n g to about l / l 6 inch a t t he o t h e r end. Both s p l i t t e r s e c t i o n s a r e 
r e a d i l y r e m o v a b l e and a r e so c o n s t r u c t e d tha t t h e y plug into t h e coo l ing 
w a t e r l i n e s . T h i s t ype of un i t h a s b e e n in s e r v i c e fo r m a n y t h o u s a n d s of 
h o u r s of o p e r a t i o n wi th n e g l i g i b l e m a i n t e n a n c e . 

The s u c c e s s of t h i s b e a m s p l i t t e r w a s only a t t a i n e d a f t e r n u m e r o u s 
u n s u c c e s s f u l t e s t s of o t h e r u n i t s . R a p i d d e s t r u c t i o n by h e a t i n g o c c u r r e d 
wi th the e a r l i e r d e s i g n s of t u n g s t e n , c a r b o n o r c o p p e r , e i t h e r u n c o o l e d o r 
w^ater coo led . The s a t i s f a c t o r y o p e r a t i o n of the p r e s e n t d e s i g n is p r i m a ­
r i l y dependen t upon the e x t e n s i v e V no tch . 

The d e f l e c t o r i s a ho l low c o p p e r t u b e , o b r o u n d in s e c t i o n , I4 i n c h e s 
h igh 5 / 8 inch w ide , wi th a wa l l t h i c k n e s s of 0.049 inch , a n d i s c l o s e d a t 
t he end a d j a c e n t to the ex i t of the d e f l e c t o r c h a n n e l . Coo l ing i s o b t a i n e d 
by p a s s i n g w a t e r down a tube p o s i t i o n e d in the c e n t e r of the d e f l e c t o r w^ith 
t h e r e t u r n w a t e r f o r m i n g a coo l ing s h e e t on the i n t e r n a l p e r i p h e r y of the 
un i t . The d e f l e c t o r i s c o n n e c t e d to the d e f l e c t o r s t e m by m e a n s of an "O" 
r i n g p l u g - i n t e c h n i q u e . A c c e s s to t h e d e f l e c t o r i s o b t a i n e d by r e m o v i n g 
the dee t r i m m e r b o x and unbo l t i ng a s e c t i o n of the dee s i d e , t h e r e b y e n ­
ab l ing one to r e m o v e o r s e r v i c e the un i t wi thout pu l l i ng the d e e s f r o m 
the a c c e l e r a t i o n c h a m b e r . The d e f l e c t o r s t e m is of t ype 304 s t a i n l e s s 
s t e e l , c o a x i a l l y ex t end ing b a c k in to the dee s t e m w h e r e it i s s u p p o r t e d 
a t i t s m i d p o i n t by a p o r c e l a i n i n s u l a t o r . The d e f l e c t o r s t e m l e a v e s the 
v a c u u m c h a m b e r t h r o u g h a s t and-o f f i n s u l a t o r and m e t a l b e l l o w s . 

The d e f l e c t o r and s e p t u m a r e e a c h a p p r o x i m a t e l y f o r t y - s e v e n 
i n c h e s in l eng th , and t h e i r s h a p e i s t ha t of a c i r c u l a r a r c wi th a r a d i u s 
of c u r v a t u r e of 30 i n c h e s . The e n t r a n c e to t h e d e f l e c t o r s y s t e m , n o m i n a l 
l / 4 - i n c h wid th , i s l o c a t e d a p p r o x i m a t e l y 50° C C W * f r o m t h e c e n t e r l i ne 
of the dee s y s t e m and i s at a r a d i u s of about 25f i n c h e s ; the ex i t , 5 / 8 i nch 
w ide , i s a t a r a d i u s of 30.5 i n c h e s , 145° CCW. With the a p p l i c a t i o n of a 
n e g a t i v e 75 -kv DC p o t e n t i a l to the d e f l e c t o r , t he o r b i t a l r a d i u s of the 
p a r t i c l e s i n c r e a s e s 17 .5%, t h e r e b y e n a b l i n g the p a r t i c l e to e s c a p e to the 
e x t e r n a l t a r g e t a r e a . 

M o t i o n s of the d e f l e c t o r s y s t e m a r e s i m p l e but e f f ec t ive . Bo th 
ends of the s e p t u m uni t a r e so m o u n t e d t h a t t h e y can be m a n u a l l y m o v e d 
t o w a r d s o r away f r o m the p h y s i c a l c e n t e r of the a c c e l e r a t i o n c h a m b e r . 
The ex i t p o s i t i o n c a n be e x t e r n a l l y a d j u s t e d , but the e n t r a n c e p o s i t i o n 
can only be c h a n g e d by opening the a c c e l e r a t i o n c h a m b e r . T h e s e p o s i t i o n 
c h a n g e s a r e i n f r e q u e n t l y r e q u i r e d and the s e p t u m o r i e n t a t i o n h a s not 
b e e n c h a n g e d in the l a s t four y e a r s of o p e r a t i o n . 

*As v i e w e d by look ing down on the a c c e l e r a t i o n c h a m b e r . 



The deflector has four provided adjus tments : positioning with 
respec t to the entrance rad ius ; ver t i ca l rotation; ver t ica l plane motion; 
and in and out motion with respec t to the septum. The l a t t e r va r i e s the 
gap of the deflector sys tem and is the only motion control led from the 
console. S imi lar to the septum unit, once the deflector position is op­
t imized fur ther adjustments a r e very infrequent. 

The deflector efficiency is bes t exp res sed by considering the 
acceptance efficiency, that i s , the deflected beam divided by the c i r ­
culating beam at the exit r ad ius . Efficiencies of 25 to 40 per cent a r e 
nominal and will vary depending upon operat ion p a r a m e t e r s . 

The deflector power supply is a full wave voltage doubler capable 
of an output of 150 kv DC at 50-mi l l i amp with l e s s than 1% r ipple . Nor ­
mal operat ion is 75 kv with a 3 .5-mi l l iamp drain. 

Control 

The control sys t em voltage is 120 vol ts , with wiring and compo­
nent coding following a combination of the zoning and sys tem technique. 
F o r example , the re lay r acks in a given a r e a a r e coded with a zone 
number , the components in the r acks segrega ted by sys tem, and then 
individual components and wiring t e rmina l s number-coded . 

All control wir ing, a total of 112-40 conductor cables , is c a r r i e d 
to one cent ra l location r e f e r r e d to as the in te rmedia te dis t r ibut ion f r ame , 
consist ing of 11 0 te lephone-type connection blocks of 120 t e rmina l s each. 
At this location, c r o s s connections a r e made which mini inize the complex­
ity of the wiring in r e g a r d to t rouble shooting, wir ing changes, and r e c o r d s 

OPERATION AND BEAM CHARACTERISTICS 

Typical deuteron operat ing data a r e : a resonant freqeuncy of 
11.2 M c / s e c , 240 to 260 kv peak dee to dee; 75-kv DC deflector potential; 
and 200 juamp of deflected beam. The tuning or optimizing of the machine 
is accompl ished by the var ia t ion of the osc i l la tor frequency with the DC 
magnet field held constant. The remote adjustable tuning span of the rf 
sys tem is 1 Mc in the 1 1 - M c / s e c region, thereby permi t t t ing the r e s o ­
nance tuning of s ing le -charged molecu la r hydrogen, deuterons , or hel ium 
ions. 



T h e e f f i c iency of a c c e l e r a t i o n c a n b e c o n s i d e r e d a s t h e r a t i o of 
b e a m p o w e r at the ex i t r a d i u s to t h e DC p o w e r input to the rf s y s t e m . 
T h i s v a l u e i s about 10% for 120 jLiamp of de f l ec t ed d e u t e r o n s , i n c r e a s ­
ing to 15% for a 200 juamp b e a m . About 30% of the i n t e r n a l b e a m at t he 
ex i t r a d i u s i s e x t r a c t e d f r o m the a c c e l e r a t i o n c h a m b e r . A c c e l e r a t i o n 
t h r e s h o l d v o l t a g e s h a v e b e e n d e t e r m i n e d a s 176 kv dee to d e e , a s c o m ­
p a r e d to t h e c a l c u l a t e d v a l u e of 183 k v . ( U 

B e a m c h a r a c t e r i s t i c s a r e a d i r e c t m e a s u r e of m a c h i n e p e r f o r m a n c e 
and i t s u s e f u l n e s s a s a r e s e a r c h too l . In g e n e r a l , t h e b e a m c a n b e c h a r ­
a c t e r i z e d by c o n s i d e r i n g b e a m i n t e n s i t y and d i s t r i b u t i o n , e n e r g y and h o m o ­
g e n e i t y , and the c o n s t a n c y of bo th b e a m i n t e n s i t y and e n e r g y . F i g u r e 9 i s 
a t y p i c a l i n t e n s i t y r e c o r d of the d e f l e c t e d d e u t e r o n b e a m . T h i s i r r a d i a t i o n 
w a s 8.7 h o u r s in l e n g t h wi th an a v e r a g e c u r r e n t of 200 jLiamp; the c u r r e n t 
v a r i a t i o n exc lud ing gas b u r s t s and de f l ec t ion d ips w a s no g r e a t e r t h a n 
± 1 0 / i a m p . E x p e r i e n c e h a s i n d i c a t e d t h a t n o m i n a l d e f l e c t e d b e a m s a r e : 
200 /Liamp of D+; 100 /.iamp of He"*"*"; and 100 / i a m p of H2+. D e f l e c t e d b e a m 
c u r r e n t s h a v e e x c e e d e d t h e s e v a l u e s and for s u s t a i n e d o p e r a t i n g p e r i o d s 
m e a s u r e d b e a m s of 330 / i a m p of d e u t e r o n s and 170 / / a m p of h e l i u m ions 
h a v e b e e n o b t a i n e d . 

F i g u r e 10, a r a d i o a u t o g r a p h of a n i r r a d i a t e d c o p p e r t a r g e t , i s 
r e p r e s e n t a t i v e of the c o n t o u r of the d e f l e c t e d b e a m at t h e f i r s t e x t e r n a l 
t a r g e t p o r t . The v e r t i c a l and h o r i z o n t a l p r o f i l e s of t h i s b e a m a s o b t a i n e d 
by a d e n s i t o m e t e r t r a c e of the r a d i o a u t o g r a p h a r e g iven by F i g s . 11 a n d 12, 
r e s p e c t i v e l y . A s e r i e s of t h e s e p r o f i l e s h a v e b e e n m a d e for n u m e r o u s 
h o r i z o n t a l and v e r t i c a l p o s i t i o n s . T h e s e da ta a s p l o t t e d in F i g . 13 g ive 
an i n t e n s i t y c o n t o u r m a p of t h e d e f l e c t e d d e u t e r o n b e a m . 

T h e e n e r g y of the d e f l e c t e d d e u t e r o n b e a m h a s b e e n e s t a b l i s h e d 
by bo th c a l o r i m e t r i c a n d a b s o r b e r t e c h n i q u e s . T h e c a l o r i m e t r i c m e a s u r e ­
m e n t e s t a b l i s h e d a n a v e r a g e v a l u e for t h e o v e r - a l l b e a m e n e r g y of 
21 .3 Mev . An a b s o r b e r t e c h n i q u e , c o n s i s t i n g of a n a l u m i n u m w e d g e and 
l i t h i u m f l u o r i d e c r y s t a l d e t e c t o r s to d e t e r m i n e p a r t i c l e cut-off , e s t a b l i s h e d 
a m a x i m u m b e a m e n e r g y of 21.6 M e v w^ith an e n e r g y s p r e a d of abou t 
0.2 M e v for the e n t i r e b e a m . F o r p r e s e n t o p e r a t i n g p a r a m e t e r s , a s t a n d ­
a r d a l u m i n u m a b s o r p t i o n a n a l y s i s of a l / S - i n c h d i a m e t e r b e a m s e g m e n t 
e s t a b l i s h e d the m e a n r a n g e e n e r g y a s 21 .6 ± 0.1 Mev . The s t r a g g l i n g 
o b t a i n e d by s u c h a t e c h n i q u e w a s 1.6%, a s c o m p a r e d to the t h e o r e t i c a l 
a l u m i n u m a b s o r b e r s t r a g g l i n g of 1.1%. It is t h i s p o r t i o n of the b e a m w h i c h 
h a s b e e n u s e d for n u c l e a r a c t i v a t i o n and r a d i a t i o n c h e m i s t r y s t u d i e s . 
T h e s e p r o g r a m s h a v e shown t h a t t he v a r i a t i o n in b e a m e n e r g y i s 30 k e v 
o r l e s s for m a n y h o u r s of o p e r a t i o n . R e c e n t m e a s u r e m e n t s wi th i o n i z a ­
t i on c h a m b e r techniquesv*^) i n d i c a t e t ha t t he b e a m e n e r g y c o n s t a n c y i s 
± 1 0 k e v o r l e s s for m a n y d a y s of o p e r a t i o n . T h i s i n c l u d e s c o m p l e t e 
m a c h i n e s h u t - d o w n at d a y s end and s t a r t - u p about 8 h o u r s l a t e r . 
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Fig 9 Intensity r ecord for a deflector deuteron beam irradiat ion. 
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The d e p e n d e n c e of the b e a m i n t e n s i t y and r e s o l u t i o n on o s c i l l a t o r 
f r e q u e n c y is i l l u s t r a t e d by F i g . 14. 
F r o m t h e s e da t a , it i s s e e n tha t for 
5% c u r r e n t s t ab i l i t y the o s c i l l a t o r 
f r e q u e n c y and m a g n e t i c f ie ld m u s t 
h a v e a c o m b i n e d s t ab i l i t y of at l e a s t 
one p a r t in 3000. It i s to be no ted tha t 
the two r e s o n a n t p e a k s have a f r e q u e n c y 
r a t i o of f a / fd = 1.0064, the a p p r o x i ­
m a t e t h e o r e t i c a l m a s s - c h a r g e r a t i o 
of the two i o n s . 

The d i v e r s i t y of m a c h i n e o p e r ­
a t ion h a s b e e n i n c r e a s e d by an e x t e r n a l 
s t r o n g focus ing s y s t e m ( see F i g s . 15 
and 16). A m a x i m u m of 20% of the 
t o t a l d e f l e c t e d b e a m h a s b e e n a c c e p t e d 
and f o c u s e d by th i s s y s t e m . The c r o s s 
s e c t i o n of the a c c e p t e d b e a m i s about 

5 c m h o r i z o n t a l l y and 2 c m v e r t i c a l l y . The h o r i z o n t a l p a r t i c l e d i v e r g e n c e 
i s about 2 d e g r e e s f r o m i n n e r to o u t e r edge , and the v e r t i c a l d i v e r g e n c e 
i s about 0.2 d e g r e e f r o m top to b o t t o m . Us ing one m a g n e t s e t , the b e a m 
can be r e a d i l y f o c u s e d into an a r e a of 0.1 c m , i . e . , a p a r t i c l e d e n s i t y of 
400 / x a m p / c m for a t o t a l de f l ec t ed d e u t e r o n b e a r a of 200 / l a m p . If the 
two q u a d r u p o l e s e t s a r e c l o s e coup led , focal spo t s of 0.02 c m a r e o b t a i n ­
a b l e . F o r a to ta l d e f l e c t e d h e l i u m ion c u r r e n t of 60 / i a m p , 6 to 8 / i a m p 
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can be c o n s i s t e n t l y f o c u s e d t h r o u g h an a p e r t u r e of 1 x 2 - m m c r o s s s e c t i o n . 

T h i s focus ing s y s t e m a l s o e n a b l e s one to ob t a in about 1 2 to 15% of 
the t o t a l de f l ec ted b e a m in the e x p e r i m e n t a l t unne l , about 30 fee t f r o m the 
c y c l o t r o n . The 6 0 - i n c h n u c l e a r s c a t t e r i n g c h a m b e r i s l o c a t e d in t h i s a r e a , 
and d e u t e r o n c u r r e n t s of 1 / i amp (70/(iamp to t a l def lec ted) h a v e b e e n s u c ­
c e s s f u l l y focused in to the c h a m b e r t h r o u g h a c o l l i m a t i n g s y s t e m c o n s i s t ­
ing of two 3 - m m d i a m e t e r a p e r t u r e s , s p a c e d one m e t e r a p a r t . 

The e x t e r n a l b e a m focus ing s y s t e m h a s b e e n r e c e n t l y expanded to 
i n c r e a s e m a c h i n e ef f ic iency , f l ex ib i l i ty , and e x p e r i m e n t a l e n d e a v o r . The 
new swi t ch ing m a g n e t p r o v i d e s a to ta l ± 2 5 - d e g r e e beann o r i e n t a t i o n about 
the z e r o ang le b e a m . Two add i t i ona l b e a m p o r t s have been i n s t a l l e d in the 
e x p e r i m e n t a l tunnel for a t o t a l of t h r e e i r r a d i a t i o n s t a t i o n s in t h i s a r e a . 
The p h y s i c a l l ayout of the s y s t e m is g iven in F i g . 15. 

A " s q u e e z e " co i l m a g n e t h a s b e e n d e s i g n e d and wi l l be p o s i t i o n e d 
a s shown in F i g . 15. It is c a l c u l a t e d tha t the uni t wi l l i n c r e a s e the p a r t i c l e 
a c c e p t a n c e of the s t r o n g focus ing s y s t e m to about 50% of the to ta l de f l ec t ed 
b e a m . 
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An energy degradat ion sys tem, a foil abso rbe r remote ly controlled, 
is being instal led with the s trong focusing quadrupoles to degrade the 
energy of the p r i m a r y beam by a factor of 4. Energy-bunching techniques 
a r e under considerat ion to reduce the energy s t raggl ing to a few tenths of 
one per cent, with par t ic le number renaaining constant . 

A major i tem sti l l to be designed and instal led is an energy analyzer 
with a resolut ion of about 0.05% or be t te r . 

Focused beam channeling or positioning is accomplished by a 
cyl indr ical - type s teer ing magnet chat provides both uniform ver t i ca l and 
hor izontal field components . The ape r tu r e of the unit is ll" inches in d iam­
e te r , with the beam enter ing on the axis of the sys tem. Deflection fields 
a r e es tabl ished by excitation coils located in the radia l type winding slots 
of the core . 

The plane of each coil is perpendicular to the designed field d i r e c ­
tion, and the dis tr ibut ion of turns va r i e s as the sine of the angle as r e f e r ­
enced to a line through the core center and para l l e l to the designed magnet ic 
field(3) (Fig. 17). The horizontal and ver t i ca l magnet ic field components 
a r e provided by two coil se ts spatially displaced by 90 deg ree s . Basical ly , 
the existing design consis ts of a cyl indrical core of i ron, 2 inches ID, 
5 inches OD, 9 inches long with the windings placed in radia l type slots 
located 10 degrees apa r t . F o r a DC power input of 300 volts and 3 a m p e r e s , 
the es tabl ished unidirect ional field is 1 k i logauss . Measuremen t s of the 
fields indicate a homogeneity bet ter than 0.2%, and deflected beams a r e 
free of noticeable dis tor t ion effects. In addition to beam positioning, this 
unit can provide a magnet ic sweep field to cycle the beam and obtain p a r ­
t icle homogeneity of 0.5% or be t ter for ta rge t i r r ad i a t i ons . 

The major proport ion of the i r rad ia t ions perfornned with the cyclo­
t ron a r e with a deflected beam; however, in terna l probe work is possible 
and is pe r formed when feasible . Exte rna l beam work has been predica ted 
by the nominal deflected beam of 200 / iamp and the high cu r ren t densi t ies 
obtainable by use of the focusing sys tem. The use of a deflected beam 
simplifies t a rge t design and pe rmi t s the ins t rumenta t ion to p rec i se ly 
cha rac t e r i ze the i r r ad ia t ing beam, permi t t ing a diversif ied exper imenta l 
endeavor. 

A broad energy spec t rum of neutrons is a lso available for i r r a d i a ­
t ions . Fo r deuterons on beryl l ium, the forward flux at the surface of a 
thick ta rge t is 2 x 10 n/sec/cmi^/jLiamp with a par t ic le max imum at 
7.5 Mev.(4) This flux value was m e a s u r e d by use of the S^^(n,p)P^^ r e a c ­
tion, which has a threshold energyV^) of about 2 Mev. 
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The u s e of the c y c l o t r o n is e x t r e m e l y d i v e r s i f i e d wi th the type of 
a c c e l e r a t e d p a r t i c l e v a r y i n g f r o m day to day. At t i m e s , e x p e r i m e n t a l 
d e m a n d s have d i c t a t e d the a c c e l e r a t i o n of d e u t e r o n s , h e l i u m ions and 
m o l e c u l a r h y d r o g e n ions in the s a m e day. C u r r e n t s and i r r a d i a t i o n t i m e 
r e q u i r e m e n t s v a r y f r o m 10 a m p e r e for a few s e c o n d s to m o r e t han 
200 m i c r o a m p e r e s for m a n y h o u r s . F r o m J a n u a r y 1, 195 7 t h r o u g h D e ­
c e m b e r 3 1 , 1957, a t o t a l of 2857 i r r a d i a t i o n s w e r e p e r f o r m e d ; the a v e r a g e 
" b e a m on" t a r g e t t i m e w a s 46% of t h e a v a i l a b l e o p e r a t i n g h o u r s a n d 
a p p r o a c h e d a s u s t a i n e d 60% in the l a s t q u a r t e r of t h e y e a r . 

In s u m m a r y , the s t a b i l i t y of o p e r a t i n g c h a r a c t e r i s t i c s can be 
d i r e c t l y a t t r i b u t e d to the fo l lowing: 

(a) E x t e n s i v e w a t e r coo l ing wi th w a t e r t e m p e r a t u r e s t a b i l i t y of 
1°F o r b e t t e r . 

(b) V a c u u m S y s t e m : 

(1) E x c e l l e n t m e c h a n i c a l c o n s t r u c t i o n ; 

(2) 3 0 0 0 - £ / s e c p u m p i n g s p e e d ; 

(3) E x t e n s i v e u s e of O F H C c o p p e r . 

(c) M a g n e t S y s t e m : 

(1) M e c h a n i c a l s t a b i l i t y of m a g n e t e x c i t a t i o n c o i l s ; 

(2) F i e l d s t a b i l i t y of 1 p a r t in 20 ,000 . 

(d) A r c S y s t e m : 

E x c e l l e n t s t a b i l i t y of H2 , D , o r He p r o d u c t i o n . 

(e) R a d i o f r e q u e n c y S y s t e m : 

(1) E x t e n s i v e w a t e r coo l ing ; 

(2) O n e - p i e c e f a b r i c a t i o n of dee and s t e m f r o m a 1 2 - i n c h OD, 
l / 4 - i n c h t h i c k t u b e ; 

(3) R e s e r v e p o w e r d e s i g n of the o s c i l l a t o r - a m p l i f i e r ; 

(4) F r e q u e n c y s t a b i l i t y of one p a r t in 10 ,000; 

(5) R e s o n a n c e tun ing a c c o m p l i s h e d by v a r y i n g f r e q u e n c y , 
m a g n e t i c f ie ld h e l d c o n s t a n t . 



(f) Deflector sys tem: 

(1) Sturdy construct ion and extensive water cooling; 

(2) Acceptance efficiency of 25 to 40 per cent; 

(3) Adjustable motions provided for the deflector and septunn 
uni ts . 

CYCLOTRON BUILDING 

Design 

To house the cyclotron and to provide for its p roper and intensive 
ut i l izat ion, it was n e c e s s a r y to design and construct a building having many 
special fac i l i t ies . Building floor plans were dependent upon machine design, 
direct ion of par t i c le rotat ion, and the contemplated exper imenta l u ses of 
the machine . 

The Cyclotron Vault was designed around the major axis of the 
machine with the walls placed para l le l to the axis to simplify building con­
s t ruct ion. The vault Dee Door was so located to pe rmi t the complete with­
drawal of the mobile dee a s sembly to the Dee Repair and Dee Storage a r e a s . 
The Machine Shop was located adjacent to these a r e a s to faci l i tate possible 
machine r epa i r . 

The Exper imenta l Tunnel location was governed by the position of the 
external beam, and the Hot Labora to ry was posit ioned in close proximity to 
the ta rge t a r e a to faci l i tate the handling of i r r ad ia t ions . The position of 
this l abora to ry de termined the location of the chemis t ry l abora to r i e s and 
exper imenta l a r e a s . To have rapid vault a cce s s from the l a b o r a t o r i e s , 
the Pe r sonne l Vault Access Door was located adjacent to the Hot Labora to ry . 
This door location posit ioned the Control Room so that the acce l e r a to r 
ope ra to r s could readi ly enter and visual ly control the a c c e s s to the vault. 

Instal lat ion routes of e lec t r i ca l l eads , vacuum l ines , e tc . , to the 
cyclotron had to be d i rec t , and, insofar as poss ible , all e lec t r i ca l and 
mechanica l equipment had to be instal led external to the vault for ease of 
routine maintenance and r e p a i r . In addition, it was cons idered essen t ia l 
to have d i rec t a cces s to the e lec t r i ca l and mechanica l equipment from the 
control room. These r e q u i r e m e n t s , coupled with the method of introducing 
leads to the vault without the use of floor t r enches and the considerat ion of 
noise and vibrat ion, led to the design of two equipment a r e a s : an E lec t r i ca l 
Equipment Room located on the f i r s t floor for non-rota t ing equipment, and 
a Mechanical Equipment Room located d i rec t ly below on the Service F loor . 



The remaining a r e a s of the building were located to effect the mos t 
economical ut i l izat ion of space. The resu l t ing floor plan is as shown in 
F i g s . 17 and 18. 

Vault 

The cyclotron vault is 40 feet by 50 feet, with the axis of the dee 
a s sembly para l le l to the long dimension and coinciding with the center 
line of the room. The ceiling height is 28 feet, providing sufficient c l e a r ­
ance for a 10-ton p rec i s ion hoist br idge c rane . The vault walls a r e 7 feet 
thick, of 150- lb /cu ft concre te , with the foundations designed to c a r r y an 
additional 3 feet of heavy (300 Ib /cu ft) concre te shielding. The roof con­
s i s t s of 4 feet of 150- lb /cu ft concre te , with the s t ruc tu re designed to 
support an ove r - a l l th ickness of 7 feet. The personnel door, weighing 
about 38 tons , can be closed in one minute and opened in 30 seconds . The 
120-ton Dee Door (Fig. 19) can be closed in about 5 minutes and opened in 
1 minute . 

Two viewing windows a r e provided: one in the Hot Labora to ry to 
provide for observa t ion of the t a rge t a r e a and the in ternal volume of the 
acce le ra t ion chamber , and the other in the e l ec t r i ca l equipment room for 
viewing of the diffusion pumps and the rf o sc i l l a to r - ampl i f i e r . A window 
cons is t s of two ce l l s , each solution filled and S-^-feet thick. The cell on 
the vault side contains water and copper sulfate to e l iminate bac te r i a l 
growth. Zinc b romide in solution with a density of 2.50 g m / c m , is the 
medium of the second cell . The indices of re f rac t ion for the water and 
the zinc b romide units a r e 1.33 and 1.56, respec t ive ly . The o v e r - a l l 
luminous t r a n s m i s s i o n for each window is about 25% for tungsten light. 
These windows have been complete ly free of t rouble and have pe r fo rmed 
excel lent ly in r e g a r d to shielding and optical p r o p e r t i e s . 

All se rv ice leads to the vault a r e brought from the Mechanical 
Equipment Room through s leeves in the 7-foot thick wall . All s leeves 
a r e s t ra igh t - th rough openings with d i a m e t e r s ranging from 2 to 12 inches . 
Since the radiat ion leakage through these s leeves is negligible, shielding 
m a t e r i a l is not used to seal the openings. Fifty per cent s p a r e s were 
provided for future expansion. To d is t r ibute the s e r v i c e s in the vault 
feasibly, a pa t te rn of floor s lots was provided. Such an a r r a n g e m e n t 
p e r m i t s the connection of equipment without the "vine" effect. 

The vault is a i r conditioned and is provided with 50% re la t ive 
humidity control . The a r e a is mainta ined at a negative p r e s s u r e of 
0.1 inch of water to min imize the leakage of contaminants . The vault 
a i r flow is 7050 cfm, providing a complete a i r change every 8 minu tes . 
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STAIR NO. 3 -

CYCLOTRON BLDG. 

Main Floor 

F i g . 17 Main f loor p l an of the c y c l o t r o n bu i ld ing . 

• 



FUTURE PURGE VAULT AIR SUPPLY 

F i g . 18 S e r v i c e f loor p lan of the c y c l o t r o n bu i ld ing . 



F i g . 19 Vaul t dee door in p a r t i a l l y c l o s e d pos i t i on . 

C o n t r o l R o o m 

T h i s rooiTi con t a in s the c o n t r o l c o n s o l e , r e l a y r a c k s for c y c l o ­
t r o n c o n t r o l c i r c u i t r y , and e x p e r i m e n t a l equ ipmen t for c y c l o t r o n i r r a d i a ­
t i o n s . All e q u i p m e n t w i r i n g is t h r o u g h f loor s l o t s to r a c e w a y s l o c a t e d 
on the ce i l ing of the r o o m be low. The r o o m is a i r cond i t ioned for both 
t e m p e r a t u r e and h u m i d i t y and i s g l a s s e n c l o s e d to pernni t o p e r a t o r c o n t r o l 
of vau l t a c c e s s . 

E l e c t r i c a l E q u i p m e n t R o o m 

T h i s a r e a h o u s e s the p o w e r s u p p l i e s for the o s c i l l a t o r - a m p l i f i e r 
and the ion s o u r c e . It a l s o c o n t a i n s a l l of the r e l a y s r e q u i r e d for c o n t r o l 
and i n t e r l o c k i n g . Wi r ing to the equ ipmen t is t h r o u g h f loor s l o t s with 
r a c e w a y s l o c a t e d on the ce i l ing of the r o o m be low. T h i s r o o m is not a i r 
cond i t ioned , but i s v e n t i l a t e d by f i l t e r e d a i r . 



Mechanical Equipment Room 

Here a r e located the mechanical vacuum pumps, cooling w a t e r -
c i rcula t ing sys tem, magnet motor genera tor set , and an auxi l iary a i r 
c o m p r e s s o r . 

Deflector Vault 

The deflector vault contains the o i l - i m m e r s e d deflector voltage 
supply. F o r safety, this a r e a has a two-hour f ire rat ing and contains 
a CO2 f i re-ext inguishing sys tem. This a r e a is venti lated by f i l tered a i r . 

Hot Labora to ry 

The Hot Labora to ry contains one Senior and two Junior caves . 
The Junior caves have an inside working a r e a of about 20 x 48 inches 
with a f i l tered a i r intake and exhaust . The shielding cons is t s of 3 inches 
of s teel with a 9-inch l ime glass viewing window. Each unit contains 
two Model 7 m a s t e r - s l a v e man ipu la to r s . 

The Senior cave has an inside working a r e a of 6 x 1 0 feet with 
a f i l tered a i r intake and exhaust . The shielding cons is t s of about 24 inches 
of fe r rophosphorous concre te , having a density of 300 Ib /cu ft, with two 
o i l - i m m e r s e d mul t ip le - l aye r glass windows. Each window is 24j x 
3O2 inches in effective c r o s s section and 29 inches thick. The ta rge t 
t r ans fe r slot . Fig . 17, is located in the cave to faci l i tate the t r ans fe r 
of hot t a rge t s from the cyclotron. Four Model 8 m a s t e r - s l a v e manipu­
l a to r s and a 1-ton br idge c rane a r e provided for m a t e r i a l handling. 
Storage of radioact ive m a t e r i a l s is accompl ished by 6-inch d iamete r 
s leeves or iginal ly cas t in the vault wall. 

This room is provided with conditioned a i r and f i l te red exhaust . 

Labo ra to r i e s 

There a r e four l a b o r a t o r i e s : two rad iochemica l l a b o r a t o r i e s , one 
combined dark room - animal room - mechanica l l abora to ry , and one 
counting room. Each rad iochemica l l abora to ry has four hoods suitable 
for handling radioact ive m a t e r i a l s . All l a b o r a t o r i e s a r e provided with 
conditioned a i r and have a f i l te red exhaust . 

Exper imenta l Tunnel 

The Exper imenta l Tunnel is an a i r -condi t ioned l abora to ry a r e a , 
about 28 X 36 feet and 12 feet high, into which the cyclotron beam can be 
d i rec ted . The beam en te r s the room at its ve r t i ca l cen te r . F loor t r enches 
d is t r ibute s e rv i ce s throughout the room and these t r enches connect d i rec t ly 



to the c y c l o t r o n vau l t . An a c c e s s c o r r i d o r i s p r o v i d e d for m o v e m e n t of 
e q u i p m e n t and t a r g e t r y to and f r o m the g e n e r a l l a b o r a t o r y a r e a . Within 
the r o o m a 3000-pound t r a v e l i n g b r i d g e c r a n e is p r o v i d e d to a id in the 
m o v e m e n t of e q u i p m e n t . 

Shie ld ing i s p r o v i d e d by an e a r t h m o u n d which is 4 feet th ick o v e r 
the ce i l i ng and e x t e n d s out p a s t the s ide w a l l s b e f o r e t a p e r i n g to the n o r ­
m a l g round c o n t o u r . 

An o v e r - a l l e x t e r n a l v iew of the c y c l o t r o n bu i ld ing is shown m 
F i g . 20. 

.. - H ^ t e S ^ ^ M f c i * , . . 

F i g . 20 C y c l o t r o n bu i ld ing . 
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APPENDIX I 

ARGONNE CYCLOTRON SUMMARY 

The ANL cyclotron is a f ixed-frequency type of machine . Resonance 
tuning is accomplished by varying the radiofrequency with the magnet ic 
field held constant. 

Flux Data 

Deflected deuteron beam energy 
Deflected beam intensity (nominal) 

(a) deuterons 
(b) alphas 
(c) molecu la r hydrogen (H"2) 

Deflected deuteron beam density (nominal) 
Deflected and focused beam densi t ies 

(a) deuterons 20-30 juamp 
(b) alphas 10-15 ^ a m p 
(c) H"2 (es t imated 10-15 fxamp 

Neutron flux (d-xn. Be), Ej^ > 2 Mev 
Internal deuteron beam intensi ty, 

(deflected beam x 3) 

21.6 Mev 

200 /iamp 
100 jUamp 
100 jUamp 

20 jUamp/cnn^ 

200-300 juamp/cm^ 
100-150 /iamp/cm^ 
100-150 /uamp 
2 X lO' n / s e c / c m y j u a m p 

600 / lamp 

Pe r fo rmance Data for Deuteron Accelera t ion 

Energy 
Magnetic field, center 
Frequency 
Dee to dee voltage 
Pla te power input 
Deflector voltage 
Vacuum 
Deflected beam 

21.6 Mev 
14.9 kgauss 
11.200 M c / s e c 
240 kv 
105 kw 

75 kv 
3 X 10"^ m m Hg 
200 p. amp 

Cooling 

Cyclotron cooling 

Vacuum 

Water , deminera l i zed 

Chamber , volume 
Diffusion pumps 

Fo re pumps 

Operat ing vacuum 

300 cu ft 
2 16-inch DPI type, 

MCF 5000 
2 Kinney type, 100 cfm 

and 300 cfna 
2 to 9 X 10"^ mm Hg 



Magnet - Double York Design 

Weight 
Magnet pole tip d iamete r 
Lids , acce le ra t ion chamber , d iamete r 
Magnet pole gap 
Lids , acce le ra t ion chamber , thickness 
Shimming gap, two external 
Gap inside vacuum 
Effective gap 
Magnet field, center 
Magnet field drop off, R=25-3/4 inches 
Fie ld index at 25 -3 /4 inch radius 
Magnet field stabil i ty 
Magnet coi ls , 2 
Magnet power (390 amp, 145.5 vol ts) 

265 tons 
62 inches 
60 inches 
22 inches 

5 inches 
each 1 inch 

10 inches 
9 inches 

14.9 kgauss 
2.6% 
n = approx 0.3 
1 pa r t in 20,000 
1099 total tu rns 
56.7 kw 

Ion Source 

Chimney, hooded type 

Chimney ape r tu r e 
F i lament , ha i r pin 
F i lament power 

0,302-inch OD, l / 4 - i n c h 
ID, graphite 

3/32 X 7/32 inch long 
1/8-inch diam., Ta 
220 k c / s e c 

Radiofrequency System 

Dee sys tem 
Dee height 
Internal dee height, with water tubing 
Dee en t rance gap 
Dee dis tance to ground plane 
Unloaded systenn Q 
Osci l la tor 

Amplif ier 

Osci l la tor tube (provision for 2 in 
para l le l ) 

Amplif ier tube (provision for 2 in 
para l le l ) 

Power supply 
Frequency tune range 
Dee to dee voltage, operat ing maximum 

Twin 
4 inches 
2 -3 /4 inches 
2 2" inches 
2 J inches 
10,000 
sel f -exci ted, push-pul l , 

tuned pla te , untxined 
grid, cathodes at rf 
ground 

Push-pu l l , grounded grid 
type 

Machlett - ML 356 

Machlet t - ML 5681 
400 kw max imum 
1 M c / s e c 
310 kv peak 
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Deflector 

Type 
Operating deflector voltage (nominal) 
Deflector sys tem length 
Ent rance radius of deflector sys tem 
Orbital radius inc rease 

DC 
75 kv 
95 degrees 
25.75 inches 
17.5% 

Cyclotron Vault 

Size 
Shielding 
Doors , two 

40 X 50 ft, 28 ft high 
7 ft of 1 50-Ib/cu ft concrete 
Hydraul ic , ve r t i ca l lift 



APPENDIX II 

SUPPLIERS AND FABRICATORS 

The following is a l is t of the suppl iers and fabr ica tors of major 
cyclotron components . 

Magnet System 

(a) Magnet: 

(b) Motor -Genera to r : 
(c) Fie ld Stabi l izer 

(Modified Model F - 6 F luxmete r ) 
(d) Coil Conductors: 

(e) Coil Winding: 

Carnegie- I l l inois Steel 
Corporat ion, P i t t sburgh , 
P a . 

Genera l E l ec t r i c Connpany 
Var ian Assoc ia tes 
Palo Alto, Calif, 
Aluminum Import Corpo ra ­

tion, agents for 
Aluminum Company of 
Canada, New York, N. Y. 

Collins Radio Company 
Cedar Rapids , Iowa 

Radiofrequency System 

(a) Amplifier and Osci l la tor Tubes: 
ML 5681 and ML 356 

(b) DC Power Supply: 
(c) Dee System: 

(d) Osc i l la tor -Ampl i f ie r : 

Machlett L a b o r a t o r i e s , Inc. 
Springdale, Conn. 

Westinghouse E lec t r i c Corp. 
Fabr i ca t ed by Brighton 

Copper Works, Inc. 
Cincinnati , Ohio 

Collins Radio Company 
Cedar Rapis , Iowa 

Vacuum Systenn. 

(a) Diffusion Pumps , Mechanical P u m p s , 
and Valving: 

(b) Vacuum Envelope Fabr ica t ion: 

1. VTO and Accelera t ion Chamber: 

2. Obround Section: 

3. Trans i t ion Section: 

Dist i l lat ion P r o d u c t s , Inc. 
(Fo rmer ly Eas tman 
Kodak Co. now 
Consolidated E l e c t r o - i 
dynamics Corp.) 

The Iowa Mfg. Co. Cedar 
Rapids , Iowa 

F . H. Langsenkamp and Co. 
Indianapolis , Ind. 

Brighton Copper Works , Inc. 
Cincinnati , Ohio 
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(c) Mate r ia l for Accelera t ion Chamber: Allegheny Ludlum Steel 

(16-14 chrome nickel s ta in less s teel) Corp. P i t t sburgh , Pa , 

Deflector System 

Power Supply: Beta E lec t r i c Corporat ion 
New York, N. Y. 




