


: lear Research, was establ ished 
54 to 4... provide for co l l abo ra te 
l o n g European States in nuclear 
arch of a pure scient i f ic and funda 
antal character, and in researc 
sential ly related thereto ' . It acts as 

•

;an centre and co-ord inator 
: h , theoret ical and expér imenta 
f ield of sub-nuclear physics. Th 

anch of sc ience is concerned witl 
fundamenta l quest ions of the basi< 

vs govern ing the structure of matte 
Organizat ion has its seat at Meyri i 

ar Geneva in Switzer land. There ar 
ad jo in ing Laborator ies known 

ERN Laboratory I and CERN Labc 
Dry I I . 

}ERN Laboratory I has existed sine 
54. Its exper imental p rogramme 
sed on the use of two proton ac 

aerators — a 600 MeV synchro-cycle 
(SO) and a 28 GeV synchrotrc 

3). Large intersect ing storage ring 
3), are fed wi th protons f rom the 
exper iments wi th co l l id ing bean 

:ientists f rom many European Un 
rsit ies as wel l as f rom CERN itse 
ke part in the exper iments and it 
t imated that some 1200 physicist! 
aw research material f rom CERN. 

•

CERN Laboratory I si te cover 
80 hectares almost equally 
on ei ther side of the frontie 

veen France and Swi tzer land. Th 
ff tota ls about 3000 people and, 
Jit ion, there are about 850 Fellov 

Visi t ing Scient ists. Twelve Euro 
an countr ies contr ibute, in proport ic 
thei r net national income, to th 
*N Laboratory I budget, wh ich tota l ; 
.4 mi l l ion Swiss f rancs in 1972. 

•
sj Laboratory II came into beir 
1. It is suppor ted by eleve 

jn t r ies . A 'super proton synchrot ron 
3 S ) , capable of a peak energy 
i d reds of GeV, is being constructec 

Laboratory II also spans th 
anco-Swiss front ier wi th 412 hectare 

r r a n c e and 68 hectares in Switzer 
Its budget for 1972 is 95 mil l ic 

'iss f rancs and the staff wi l l tota 
D u t 300 people by the end of th 
ar. 
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Cover photograph : Assembly of the Split Field Magnet nearing completion 

ready for power tests. The magnet is to be installed early next year in 

intersection region 1-4 where, together with its system of multiwire proportional 

chambers, it will be a general purpose particle detection system for the study 

of very high energy proton-proton interactions. When the photograph was 

taken, the last coil winding was being put in place — the windings can be 

moved without disturbing the magnet yoke. On the left is one of the 

compensator magnets which will smooth out the effect of the Split Field 

Magnet on the circulating beams. About 50 m behind the magnet is its final 

destination — the 1-4 intersection region. (CERN 1867.72) 
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CERN News One of the first photographs to be taken in the 
3.7 m bubble chamber, BEBC. At the end of June 
most of the chamber components were in action 
and cameras photographed the expansions. A 
wire stretched across the chamber simulated a 
particle track. Photograph quality looked good 
with uniform background. The chamber is now 
receiving attention ready for further tests in 
the late autumn. 

2000 GeV from ISR 
At the end of June the Intersecting 
Storage Rings operated with beam 
momenta of 31.4GeV/c in each ring. 
This means that proton-proton col
lisions were taking place in the 
interaction regions at energies equiva
lent to a conventional accelerator beam 
of just over 2000 GeV (or 2 TeV - T for 
'tera') striking a stationary target. 

The very high energy run began on 
30 June at about 22.00 h and continued 
until noon the following day when a 
two-week shutdown began. The run 
was in addition to the normally sched
uled physics runs but, nevertheless, 
most of the experimental groups were 
taking data with particular activity in 
interaction regions I-2 (particle pro
duction experiments) and I-6 (scatter
ing experiments). 

Normal r.f. acceleration was applied 
to the two beams which had been 
stacked at a momentum of 26.5 GeV/c. 
This involved rebunching of the beams 
and the peak- current which can be 
subsequently accelerated is then limit
ed to about 0.5 A. In fact 486 mA 
in Ring 1 and 235 mA in Ring 2 were 
taken to 31.4GeV/c (debunching was 
not as efficiently handled in Ring 2). 
The luminosity was therefore very low 
but the accelerated beams were in 
good condition and the background 
was very low also so that several 
experiments were able to take data. 

To achieve the magnetic fields re
quired to hold the beams at these 
high energies the two main magnet 
power supplies were operating flat 
out. They survived the fourteen hour 
run through the night but it is not so 
sure that they would have held out 
on a hot afternoon since the cooling 
was being pushed hard. 

Later this year acceleration by 
means of phase displacement is 
scheduled to be tried and this does 
not require rebunching of the beam 

which causes high loss of particles. 
Higher currents in the 30 GeV energy 
region would then become available. 

BEBC first cool-down 
Components of the 3.7 m bubble 
chamber BEBC have now virtually all 
come together and the cool-down of 
the superconducting magnet began on 
12 June. After some initial trouble had 
been cleared, the large refrigeration 
plant operated satisfactorily during 
five weeks of tests. The temperature 
was taken down very gingerly in this 
first test (of the order of a degree 
Kelvin per hour for the magnet and 
three degrees Kelvin per hour for the 
chamber) to avoid causing mecha
nical stresses abruptly as components 
contracted and to check all safety 
devices en route. 

For economy and because some 
work was not completed, all the 
systems were not brought into action 

to the extent they will be when the 
bubble chamber is in full operation. 
Thus, to avoid committing the full 
quantity of expensive liquid helium at 
this stage, the cooling of the magnet 
was done by gaseous helium so that 
its final temperature was only between 
7 and 8 K. The magnet went super
conducting for the first time on 
25 June. Because of the relatively 'high' 
temperature only 500 A was passed 
through the windings establishing a 
0.3 T field (higher currents would have 
sent the superconductor normal). The 
actual operating figures will be a 
temperature around 4K, a current of 
6 kA and a field of 3.5 T. Nevertheless, 
using 200 fixed probes, it was possible 
to obtain a first field map. It was not 
possible to look into one of the major 
concerns with regard to the magnet 
— the effect of 'frozen currents' inside 
the superconductor composite. As far 
as the magnet tests went, no problems 
are yet apparent. 
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A view of part of the large hall of the new 
computer centre which is now in regular use. 
The hall houses the CDC 7600 (seen in the upper 
left-hand comer), which is taking over as CERN's 
central computer, and a CDC 6400 which serves 
as a front-end machine channelling computing to 
and from the 7600. The empty area in front of the 
7600 will be used for the CDC 6500 when it 
moves over. 

The c h a m b e r was f i l l ed w i t h 10 000 
l i t res of l iqu id hyd rogen (one t h i r d of 
the to ta l vo lume) and he ld at 25 K. 
T h e safety sys tems and the ma jo r 
par ts of the con t ro ls a l l ope ra ted 
as des igned . No p rob lems w e r e e n 
coun te red w i th the ma in c h a m b e r 
v a c u u m sys tem. 

F i l l ing the chamber w i t h h y d r o g e n 
a lso m a d e it poss ib le to ope ra te t he 
se rvo -coup led expans ion sys tem t o 
ge the r w i t h the p las t ic p i s ton at l ow 
t empe ra tu re under dynam ic cond i t i ons 
fo r the f i rs t t ime. The p is ton w a s 
pu lsed fo r 3000 s t rokes w i t h a lmos t 
the des ign amp l i t ude and cyc le t ime . 
S o m e h igher than an t i c i pa ted f r i c t i on 
w a s f o u n d on the p is ton and w i l l be 
inves t iga ted . Wi th the p is ton d i s c o n 
nec ted the expans ion sys tem d id a 
fu r the r 100 000 cyc les and is w o r k i n g 
we l l af ter some a t ten t ion to the hy
d rau l i c pumps . 

A f i rs t look was taken at t he op t i ca l 
sys tem. T w o of the four cameras and 

the i r assoc ia ted op t i cs and e lec t ron i cs 
we re in p lace and a lso, a l ternat ive ly , 
the pe r i scope . A w i re w a s s t rung 
ac ross the chamber s imu la t ing a 
par t i c le t r ack and the pho tog raphs 
look g o o d w i t h the sco tch i i t e back 
g r o u n d qu i te homogeneous . There w a s 
some f ros t ing of the inner f i sh-eye 
lenses but th is can easi ly be c u r e d . 
One o ther cause for sa t is fac t ion w a s 
that the large steel sh ie ld , w h i c h sur
rounds the w h o l e chamber so as to 
ho ld in the h igh stray f ie ld , w a s made 
suf f ic ient ly leak proof desp i te the 
many pene t ra t ion po in ts . The in ter io r 
of the sh ie ld is n i t rogen f i l l ed as 
a fu r ther an t i -exp los ion p recau t ion 
a round the large hyd rogen vo lume . 

On 3 Ju ly the magnet and c h a m b e r 
began to c reep back up to room 
tempera tu re w h i c h they reached on 
14 Ju ly . The d i f f i cu l t ies are now be ing 
t ack led and a fu r ther ser ies of tes ts 
is schedu led fo r the late au tumn . 

CDC 7600 passes 
acceptance tests 
On 8 Ju ly CERN's new large compute r , 
a CDC 7600, passed i ts a c c e p t a n c e 
tests . Th is requ i red th i r ty consecu t i ve 
days of ope ra t i on on CERN's no rma l 
c o m p u t i n g w o r k l o a d w i th an e f f i c iency 
of 9 0 % or bet ter . Over those th i r ty 
days the c o m p u t e r w a s ' d o w n ' due to 
fau l ts for less than 1 0 % of the t ime 
and , w i t h a few minor reservat ions, 
it was then a c c e p t e d by CERN. S ince 
then the p e r f o r m a n c e has con t i nued 
to improve . 

The 7600 was desc r i bed in t he 
March issue (page 64). It has been 
pu rchased to c c p e w i th CERN's i n 
c reas ing c o m p u t e r needs and has 
about f ive t imes the c o m p u t i n g 
capac i t y of its p redecessor — the 
CDC 6600 w h i c h , a ided by a 6500 in 
recent years , has been the cen t ra l 
compu te r s i nce 1965. 



Prior to its de l i very in February , 
the 7600 was success fu l l y submi t t ed 
to a var ie ty of tests at the fac to ry 
in M inneapo l i s and these tests w e r e 
repeated when the c o m p u t e r c a m e 
toge the r aga in , beg inn ing on 24 M a r c h . 
In i t ia l ly , pe r fo rmance w a s very g o o d 
but th is was under smal l w o r k l o a d 
cond i t i ons and as the w o r k l o a d in 
c reased , some weaknesses in the 
so f tware became c lear . (A l though the 
c o m p u t e r type is not new — CERN 
hav ing bough t the n ine teen th 7600 to 
be bu i l t — the so f tware , k n o w n as 
SCOPE 2, is new and hence the fac t 
tha t some d i f f i cu l t ies have appea red 
is not surpr is ing. ) Dur ing the mon th 
of May a coup le of ha rdwa re p rob lems 
appea red but they w e r e c lea red up 
du r i ng the mon th . At about the same 
t ime the wors t so f tware p rob lems c a m e 
under con t ro l . The opera t iona l e f f i c i en 
cy ach ieved became g o o d in June and 
has been sus ta ined s ince . 

A l ready the CDC 7600 is do i ng 
half as much c o m p u t i n g as the 
6600/6500 comp lex w h i c h remains 
in opera t ion . • It is in ac t i on for 
IV2 sh i f ts s ix days a w e e k hand l i ng 
abou t a quar te r of the to ta l numbe r of 
CERN jobs . A number of se lec ted 
users we re he lped to conver t to 
the new compu te r sys tem and 
the convers ion has genera l l y been 
s m o o t h . The 7600 users ga in f r o m 
faster compu t i ng and f r o m grea ter 
ease of access . On the o the r hand 
they have to conver t the i r p rog rams 
and have, at th is s tage , to to le ra te 
s l igh t ly poorer re l iab i l i ty and s o m e 
weaknesses in magne t i c tape hand l i ng . 
T h r o u g h to the end of the year the 
new compu te r is expec ted to shou lde r 
more and more of t he w o r k l o a d so 
that ear ly next year the 6600/6500 
c o m p l e x can cease to ac t as a genera l 
cen t ra l compu t i ng fac i l i t y . 

It is in tended to move the 6500 
a longs ide the 7600 in the new c o m 
puter bu i l d ing . It w i l l t he re be in 
para l le l w i th a 6400 w h i c h ac ts as a 

' f ront e n d ' mach ine , channe l l i ng w o r k 
to and f r o m the 7600. It was o r ig ina l l y 
p lanned to move the 6600 to the new 
bu i l d ing a lso but, in the l ight of the 
rev is ion of the Labora tory 's p r o g r a m m e 
fo r 1973-75, it is now p robab le tha t the 
6600 w i l l remain in ac t ion for a l im i ted 
per iod in its ex is t ing loca t ion , be ing 
used par t i cu la r l y for compu t i ng on- l ine 
to the HPD au tomat ic measur ing ma
ch ines fo r bubb le chamber f i lm and 
fo r c o m p u t i n g on- l ine, v ia the FOCUS 
sys tem, to e lec t ron ics exper imen ts . 

Five remote inpu t /ou tpu t s ta t ions 
(RIOS) are in ac t ion l inked to the 
7600 and f r om these s ta t ions users 
can feed the cent ra l c o m p u t e r t h e m 
selves w i thou t necessar i ly invo lv ing a 
compu te r opera to r or t rave l l ing to the 
new c o m p u t e r cent re . In i t ia l ly oper 
a t ion of these RIOS proved s low and 
unre l iab le but th is has been large ly 
t i d ied up to now. 

Overa l l , the 7600/6400 sys tem has 
c o m e into ac t ion smooth ly and is 
a l ready mak ing i ts capac i t y fe l t on 
CERN's c o m p u t i n g work . 

Molecular Biology 
Laboratory comes 
nearer 
On 28, 29 June the European M o l e c u 
lar B io logy Con fe rence met at CERN 
to con t i nue its d iscuss ions conce rn i ng 
the set t ing up of a European Labo ra 
tory, on the CERN sty le, fo r mo lecu la r 
b io logy research . The a ims of the 
Labora to ry we re desc r i bed in vo l . 10 
page 117. A s i te, ad jo in ing the Max-
P lanck- lns t i tu t fu r Kernphys ik at He i 
de lbe rg , has been agreed and the 
gove rnmen t of the Federa l Repub l i c 
of Ge rmany has o f fered a spec ia l 
g rant of 12 mi l l ion Deutsche Marks 
to he lp set up the cent re . 

E ight coun t r ies (Austr ia , Federa l 
Repub l i c of Germany, France, Israel , 
the Nether lands , Sweden , Sw i t ze r land 
and the Uni ted K ingdom) dec l a red 

the i r read iness to par t i c ipa te in the 
f i nanc ing of the pro jec t . Cond i t i ons 
rega rd ing m a x i m u m con t r ibu t ion w e r e 
however la id d o w n by some coun t r i es 
and these cond i t i ons requ i re tha t 
about 9 0 % of the pe rcen tage con t r i 
bu t ions , po ten t ia l l y c o m i n g f rom al l 
the coun t r i es w h o have been d i s 
cuss ing the Labora tory , be f o r t h 
c o m i n g . 

Denmark (2.11 % ) and Italy (13 .46%), 
w h i l e suppo r t i ng the pro jec t , are not 
yet ready to j o i n and Greece , Norway 
and Spa in ( to ta l l ing 7 . 6 6 % ) have i nd i 
ca ted that they w i l l not be ab le to j o in 
in the beg inn ing . 

In add i t i on to the cent ra l Labora to ry 
at He ide lbe rg the re w i l l be two out -
s ta t ions w h e r e spec ia l aspec ts of m o 
lecu la r b io logy can be s tud ied . One 
is at the DESY e lec t ron synch ro t ron 
Labora to ry at Hamburg w h e r e a 
synch ro t r on rad ia t ion fac i l i t y spec i f i 
ca l ly fo r th is research is a l ready be ing 
bu i l t (as repor ted in the Apr i l issue 
page 131). The o ther is at the Inst i tut 
Laue-Langev in at Grenob le w h e r e a 
h igh f l ux beam reactor w i l l be used 
fo r i r rad ia t ions . 

The t e rms of the Ag reemen t fo r the 
cons t ruc t i on of the Labora tory w e r e 
app roved by the Con fe rence . W h e n 
they s ign the Agreement , coun t r ies 
w i l l c o m m i t themse lves to pa r t i c ipa te 
in the p ro jec t fo r a m in imum of seven 
years . The es t ima ted non- recur ren t 
cos ts in th is seven year pe r iod are 
g iven in A c c o u n t i n g Uni ts (AU) each 
equa l to abou t 4 Swiss f rancs . For the 
Labora to ry the es t imate is 9.6 m i l l i on 
A U , fo r the DESY fac i l i t y 1 mi l l i on A U , 
fo r the Grenob le fac i l i t y 0.27 A U and 
fo r the p re l im ina ry s tud ies 0.13 A U 
(a to ta l of 11 mi l l i on AU) . The par
t i c i pa t i ng coun t r i es w i l l p rov ide th is 
amoun t less the grant of the Ge rman 
gove rnmen t . 

A fu r the r mee t ing is p lanned fo r 
Sep tember w h e n it is hoped tha t 
enough coun t r i es w i l l be ready to 
s ign t he Ag reemen t . W o r k on the 
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1. A vertical section through a DISC Cherenkov 
counter of which two are being built at CERN 
for use in the high energy beams at the 
National Accelerator Laboratory, Batavia. 

2. The main body of one of the DISC counters. 
The particle beam will enter the detector from the 
right. 

3. A view of the DISC counter as seen by the 
incident particle beam. The entrance window in 
the centre is surrounded by housings for eight 
high quality photomultipliers. 

Labora tory cou ld then start in 1973. 
It is an t i c ipa ted that the Labora to ry 
staff w i l l g row to about 230 peop le 
( inc lud ing some 60 sc ient is ts and 
engineers) plus up to 150 v is i t ing 
sc ient is ts passing th rough in the 
course of a year. Opera t ing cos ts are 
expec ted to reach 4.2 mi l l i on AU in 
1976. 

DISC counters 
for Batavia 
CERN is bu i ld ing two DISC (Dif fer
ent ia l Isochronous Self Co l l imat ing) 
Cherenkov counters to be used in 
the h igh energy beams at the Nat iona l 
Acce le ra to r Laboratory at Batav ia . The 
p r inc ip le of the DISC counter can be 
ex tended in a s t ra igh t fo rward way to 
p rov ide the des ign of de tec to rs w h i c h 
can be used at very h igh energ ies 
such as are avai lab le at Batav ia and 
w i l l be avai lab le at CERN. 

Cons t ruc t ion of the coun te rs for 
NAL is now wel l advanced as can 
be seen in the photographs. The 
two ident ica l counters (prev iously 
ment ioned in vo l . 11 , page 323) are 
5.5 m long and f i l led w i th he l ium gas 
at pressures up to about 20 a tmos
pheres. The Cherenkov l ight p roduced 
by the passage of a h igh energy 
charged par t ic le th rough the coun te r 
is re f lec ted by a mi r ror and the r ing 
image is focused onto an annu lar 
d i aph ragm. The l ight wh i ch passes 
th rough the aper ture of the d ia 
ph ragm is de tec ted by e ight h igh 
qual i ty photomul t ip l ie rs w h i c h are 
equ ispaced around the r ing. The 
coun te r conta ins a soph is t i ca ted in 
ternal op t i cs made f rom fused s i l i ca 
and sod ium ch lo r ide wh i ch cor rec ts 
for cer ta in aberra t ions in the sys tem. 
The s i l ica-sal t combina t ion , of ma
ter ia ls has the des i red opt ica l p roper 
t ies but is obv ious ly unusual . Industry 
was not keen to manufac ture lenses 

wh i ch can be damaged as easi ly as 
by b rea th ing on them and these 
spec ia l op t i cs are there fore be ing 
made at CERN. There is a lso a h igh 
prec is ion re f rac tometer assoc ia ted 
w i th the de tec to r wh i ch wi l l p rov ide 
a d ig i ta l readout of the ref ract ive 
index of the gas to an absolute a c c u 
racy of the order of 3 X 1 0 " 8 . 

It is expec ted that these DISC 
counters w i l l be capab le of d i s 
t ingu ish ing between p ions and kaons 
at momen ta up to about 250 GeV/c, 
or be tween p ions and pro tons up to 
about 500 GeV/c . 

Cons t ruc t i on of the counters , w h i c h 
is be ing car r ied out by a comb ined 
team f r om Nuc lear Physics and Data 
Hand l ing Div is ions at CERN, is ex
pec ted to be comp le ted by the end 
of th is year. It is p lanned to test the 
de tec to rs at the CERN 28 GeV pro ton 
synchro t ron ear ly in 1973 fo l low ing the 
annual mach ine shu tdown and they 
wi l l then be sent to Batavia. 

CERN 66.4.72 
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O n e of t h e D I S C c o u n t e r s w i l l 
b e c o m e pa r t of a 200 G e V / c F o c u s i n g 
S p e c t r o m e t e r F a c i l i t y w h i c h is t o b e 
c o n s t r u c t e d in t h e 2.5 m r a d b e a m - l i n e 
o f t h e M e s o n L a b o r a t o r y a t N A L . 
A g r o u p of p h y s i c i s t s f r o m C E R N is 
c o l l a b o r a t i n g w i t h p h y s i c i s t s f r o m 
e i g h t o t h e r L a b o r a t o r i e s a n d U n i v e r s i 
t i e s in s e t t i n g u p t h i s s p e c t r o m e t e r 
a n d w i l l b e i n v o l v e d in t h e f i r s t y e a r 
o f t h e p h y s i c s p r o g r a m m e u s i n g t h e 
f a c i l i t y . T h e p r o j e c t is b e i n g c o o r d i 
n a t e d by D. R i t s o n f r o m S t a n f o r d 
U n i v e r s i t y a n d is o n t h e N A L s c h e d u l e 
o f a p p r o v e d e x p e r i m e n t s as E x p e r i 
m e n t 96. 

T h e e x p e r i e n c e g a i n e d d u r i n g t h e 
d e v e l o p m e n t of t h e s e t w o p r o t o t y p e 
D I S C c o u n t e r s w i l l h e l p t o o p t i m i z e 
t h e d e t a i l s of t h e i r d e s i g n , c o n 
s t r u c t i o n a n d o p e r a t i o n . It is e n 
v i s a g e d t h a t d e t e c t o r s o f t h i s t y p e 
w i l l b e u s e d in t h e h i g h e n e r g y b e a m s 
of t h e C E R N S P S . A l s o , t h e r e a r e 
i d e a s n o w b e i n g w o r k e d o u t w h i c h 
c o u l d t a k e t h e C h e r e n k o v d e t e c t o r 
t e c h n i q u e a s t e p f u r t h e r s o t h a t it 
c o u l d c o p e w i t h m u l t i p a r t i c l e i d e n t i 
f i c a t i o n . 

One million pictures 
from Gargamelle 
T h e n u m b e r of p i c t u r e s t a k e n in t h e 
h e a v y l i q u i d b u b b l e c h a m b e r , G a r g a 
m e l l e , p a s s e d t h e m i l l i o n m a r k in Ju l y . 
T h i s a c h i e v e m e n t i n d i c a t e s h o w i n t e n 
s i ve l y t h e c h a m b e r has b e e n u s e d 
s o e a r l y in i ts l i fe . It f i r s t c a m e i n to 
a c t i o n f o r e x p e r i m e n t s in M a y 1 9 7 1 . 

F ive h u n d r e d t h o u s a n d p i c t u r e s 
w e r e t a k e n f r o m M a y t o N o v e m b e r 
1971 f o r t h e f i r s t se t of e x p e r i m e n t s 
s t u d y i n g n e u t r i n o i n t e r a c t i o n s . T h e 
p e r i o d f r o m N o v e m b e r 1971 to A p r i l 

1972 w a s s p e n t p r e p a r i n g t h e c h a m b e r 
f o r o p e r a t i o n w i t h p r o p a n e w h i c h w a s 
u s e d in a n e x p e r i m e n t w i t h a n a n t i -
p r o t o n b e a m d u r i n g w h i c h 4 0 0 0 0 0 p i c 
t u r e s (at 1 . 6 G e V / c a n d 2.6 G e V / c ) 

w e r e t a k e n . In Ju l y , 100 000 p i c t u r e s 
w e r e t a k e n f o r a n e x p e r i m e n t w i t h 
a p r o t o n b e a m (19 G e V / c ) . 

W h i l s t t h e p h y s i c s p r o g r a m m e w a s 
b e i n g c a r r i e d ou t , c e r t a i n t e c h n i c a l 
d i f f i c u l t i e s w e r e o v e r c o m e — n o t a b l y , 
t h e m e c h a n i c a l r e s i s t a n c e o f t h e m e m 
b r a n e s in t h e e x p a n s i o n s y s t e m w a s 
i m p r o v e d , as w a s t h e r e s i s t a n c e o f t h e 
f as t p n e u m a t i c va l ves t o f a t i g u e . O t h e r 
i m p r o v e m e n t s have b e e n t h e d e v e l o p 
m e n t of a c o n t i n u o u s f i l t e r i n g s y s t e m 
t o k e e p t h e l i qu i d c l e a r a n d m a s t e r i n g 
t h e c a m e r a s y s t e m t o e n s u r e t h e 
c o r r e c t s i m u l t a n e o u s o p e r a t i o n o f t h e 
e i g h t c a m e r a s . 

O t h e r i m p r o v e m e n t s m a y b e m a d e 
b o t h t o t h e q u a l i t y of t h e p i c t u r e s a n d 
t o t h e re l i ab i l i t y o f t h e i n s t a l l a t i o n . 
H o w e v e r , G a r g a m e l l e h a s a l r e a d y 
p r o v e d i t se l f a g o o d i n s t r u m e n t f o r 
n e u t r i n o p h y s i c s ( resu l t s h a v e b e e n 
p r e s e n t e d to c o n f e r e n c e s at B r o o k -
h a v e n a n d L a k e Ba la ton ) , a n d has 
n o w a l so s h o w n i ts p a c e s o p e r a t i n g 
w i t h p r o p a n e . 

And 20 million 
from the 2 m 
In t h e c o u r s e of an e x p e r i m e n t 
r u n n i n g f r o m 12-14 J u l y , t h e 2 m 
b u b b l e c h a m b e r c l o c k e d u p i ts 20 
m i l l i o n t h p h o t o g r a p h . T h e e x p e r i m e n t 
w a s b e i n g c a r r i e d ou t by a S t r a s 
b o u r g / T e l A v i v c o l l a b o r a t i o n s t u d y i n g 
n e u t r o n - p r o t o n i n t e r a c t i o n s f o r d i r e c t 
c o m p a r i s o n w i t h a n t i p r o t o n - p r o t o n , 
a n t i p r o t o n - n e u t r o n a n d p r o t o n - p r o t o n 
i n t e r a c t i o n s a t t h e s a m e m o m e n t u m . 
T h e b u b b l e c h a m b e r w a s f i l l e d w i t h 
h y d r o g e n a n d a b e a m of 11.8 G e V / c 
d e u t e r o n s w a s f e d in . T h e c h a m b e r 
w a s d o u b l e p u l s i n g a n d 70 000 g o o d 
q u a l i t y p h o t o g r a p h s w e r e t a k e n . 

O p e r a t i o n of t h e 2 m b u b b l e c h a m b e r 
c o n t i n u e s t o b e a r f ru i t . It c a m e i n t o 
s e r v i c e in 1965 b u t h a s h a d a n u m b e r 
of m o d i f i c a t i o n s s i n c e t h e n t o k e e p it 
in t h e f r o n t l i ne . F r o m J a n u a r y t o M a y 

of t h i s y e a r t h e r e w a s a m a j o r o v e r 
h a u l o f t h e c h a m b e r w h e n t h e v a c u u m 
t a n k w a s m o d i f i e d , a b e a m a b s o r b e r 
w a s f i t t e d , a n d a n e w f l a s h un i t c o o l i n g 
s y s t e m w a s i n s t a l l e d t o g e t h e r w i t h a 
s y s t e m f o r m e a s u r i n g t h e l u m i n o s i t y 
o f t h e f l a s h e s . In a d d i t i o n p r e p a r a t i o n s 
w e r e m a d e t o r e c e i v e t h e s u p e r 
c o n d u c t i n g f i e l d s h i e l d n e a r t h e b e a m 
e n t r y p o s i t i o n t o m a k e e x p e r i m e n t s 
p o s s i b l e w i t h l o w e n e r g y b e a m s . 

F o l l o w i n g t h i s w a s h a n d b r u s h - u p 
t h e 2 m b u b b l e c h a m b e r is in g o o d 
s h a p e f o r t h e n e w s e r i e s of e x p e r i 
m e n t s w h i c h h a v e s t a r t e d a n d t h e 
c h a m b e r t o o k t h e 20 m i l l i o n t h p h o t o 
g r a p h in i ts s t r i d e . 

Split Field Magnet 
ready for tests 
T h e e n d o f S e p t e m b e r w i l l s e e t h e f i r s t 
p o w e r t es t s o n t h e Sp l i t F ie ld M a g n e t 
(SFM) w h i c h is t o b e i n s t a l l e d as a 
g e n e r a l p u r p o s e e x p e r i m e n t a l f a c i l i t y 
a t t h e I n t e r s e c t i n g S t o r a g e R i n g s . 
T o g e t h e r w i t h a d e t e c t i o n s y s t e m , b u i l t 
u p m a i n l y o f m u l t i w i r e p r o p o r t i o n a l 
c h a m b e r s , t h e S F M w i l l f o r m a v e r y 
p o w e r f u l c o m p l e x w i t h w h i c h p h y s 
i c i s t s w i l l b e a b l e t o s t u d y p r o t o n -
p r o t o n c o l l i s i o n s in o n e of t h e ISR 
i n t e r s e c t i o n r e g i o n s (I-4). 

S u c h a f a c i l i t y has to t a k e a c c o u n t 
o f t h e s p e c i a l c o n d i t i o n s p r e v a i l i n g 
in t h e ISR. T h e t w o s t o r e d b e a m s 
t r a v e l in o p p o s i t e d i r e c t i o n s , a n d c r o s s 
a t a s m a l l a n g l e . T h e n u m b e r of c o l 
l i s i o n s w h i c h o c c u r a f f e c t s o n l y a 
m i n u t e p r o p o r t i o n of t h e p r o t o n s p e r 
r e v o l u t i o n ; t h e b e a m s c o n t i n u e t o 
c i r c u l a t e in t h e m a c h i n e d e c r e a s i n g 
o n l y v e r y s l o w l y in i n tens i t y . B e c a u s e 
o f t h i s , t h e p r o b l e m s i n v o l v e d in t h e 
s t u d y o f t h e c o l l i s i o n s a n d t h e i r 
p r o d u c e d i f f e r c o n s i d e r a b l y f r o m t h o s e 
e n c o u n t e r e d in c o n v e n t i o n a l a c c e l e r 
a t o r e x p e r i m e n t s . T h e p h y s i c i s t w a n t s 
t o g e t a t t h e p a r t i c l e s c o m i n g f r o m 
t h e c o l l i s i o n s a n d t h i s m e a n s s p o t t i n g 
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them in detectors and bend ing them 
in magnet ic f ie lds to analyze thei r 
momenta. Ideally, the magnet ic f ie lds 
shou ld cover the ent i re in tersect ion 
region but, at the same t ime, he does 
not want to affect the protons st i l l 
c i rcu la t ing in the mach ine and f ie lds 
over the intersect ion region do just 
that. A solut ion had to be found wh ich 
wou ld provide the exper imenter w i th 
the in format ion on momenta that he 
requi red but, overal l , wou ld a l low the 
c i rcu la t ing beams through the inter
sect ion region as if no magnet ic f ie lds 
were present. 

Apar t f rom the techn ica l restr ic t ions, 
cer ta in pract ica l cons iderat ions also 
came into play such as the space 
avai lable for sett ing up the exper i 
ments, the cost of const ruc t ion and 
operat ion and the const ruc t ion t ime-
scale — the physic ists w ished to have 
a versat i le detector in ac t ion at the 
ISR as qu ick ly as possib le. It was de
c ided at the beginning of 1969 to go for 
a magnet system having a 'spl i t f ie ld ' . 
The Magnet Group of the ISR De
par tment then set to wo rk w i th c o m 
puter programs and a f i f th-scale model 
on the solut ion of the prob lems wh i ch 
th is novel pro ject involved. By January 
1970, the character is t ics of the system 
had been suff ic ient ly we l l def ined to 
a l low a cal l for tenders for c o n 
st ruct ion of the main magnet. 

The f i f th-scale model of the SFM 
was used to plot a comple te f ie ld map, 
to measure the stresses on the most 
heavi ly loaded components of the 
s t ructure, to dec ide on modi f ica t ions 
to the shape of the yoke and above 
all to determine the parameters of 
magnet ic screens wh ich protect the 
c i rcu la t ing beams f rom focus ing f ie lds. 

The st ructure of the magnet is 
comp lex because of the var ied re
qu i rements it has to meet — as high 
a f ie ld level as possib le (so as to 
have as good par t ic le momentum 
measurements as possible) compa t i 
b le wi th acceptab le running costs, as 

large a vo lume in the high f ie ld as 
possib le (so as to accommodate the 
max imum number of detectors) and, 
as emphasized before, no overal l 
effect on the protons wh ich cont inue 
to c i rcu la te in the rings. 

This last requirement involves two 
factors — orbi t def lect ions and focus
ing effects. To obtain a zero orbi t 
def lect ion the magnet is des igned so 
that its aperture is d iv ided by a radial 
vert ical p lane into two symmetr ica l 
parts in wh i ch the f ie ld 's ver t ica l c o m 
ponent is in opposi te d i rect ions (hence 
the term 'spl i t f ie ld ' ) . Thus, a pro ton 
c i rcu la t ing in the machine is de f lec ted 
f i rst to the left unti l it reaches the 
magnet 's radial p lane of symmetry, 
then to the r ight (or v ice versa for 
protons in the other beam) wh i ch 
br ings it back towards the t ra jectory 
on wh ich it was t ravel l ing in the 
absence of the f ie ld . To ensure that 
the proton returns its t ra jectory when 
it leaves the intersect ion region, its 
angle of f l ight is fur ther cor rec ted in 
a th i rd magnet ic f ie ld region prov ided 
by a 'compensator ' magnet. 

Two compensator magnets are 
added downst ream and upstream f rom 
the Spl i t Field Magnet. Large c o m 
pensators, p laced one on each beam 
downst ream f rom the intersect ion 
region wi l l be used also to analyze 
part ic les of large momentum produced 
at smal l angles wh ich are not bent off 
by the f ie ld in the SFM itself. They 
have been des igned wi th a w ide aper
ture for th is purpose. Smal l compen 
sators located upstream are not used 
for momentum analysis and are there
fore compac t in design. Parameters 
are given in the Table. A magnet ic 
screen in the form of a sleeve wi l l 
be located around each beam in order 
to protect the protons f rom the highly 
asymmetr ic focus ing f ie lds occur r ing 
around the edges of the SFM. The 
screen is complex in des ign and 
inc ludes remotely cont ro l led f laps so 

that the f ie ld grad ient can be modi f ied 
w i th in cer ta in l imits. It also compen 
sates part ia l ly for the focus ing effect 
to wh i ch the beam is subjected as it 
crosses the f ie ld inversion plane. 

These unusual features made con 
s t ruct ion di f f icu l t . Nevertheless, as
sembly of the SFM, in an annex 
next to the intersect ion region I-4, 
is a lmost f in ished only a few weeks 
behind schedule . Some problems were 
encountered by the manufacturer in 
the mach in ing of cer ta in components . 
Also an acc ident occur red dur ing the 
sh ipment of one of the poles to CERN. 
The pole, we igh ing 40 tons, fel l f rom 
an ar t icu la ted lorry and had to go 
back to the manufacturer to be re-
mach ined . (The twin pole wh ich had 
already been del ivered was also re
turned to the factory so that it cou ld 
be matched wi th the other.) The net 
result was the delay of a few weeks 
in the assembly. 

The four compensator magnets have 
been de l ivered. The magnet ic screens 
are also comple te except for sextupole 
cor rec t ion w ind ings . The power sup
pl ies have been tested and some are 
already in operat ion. Field measur ing 

Split Field Magnet characteristics 

Large Small 
SFM compen- compen-
i tsel f sator sator 

Length (m) . . . 10 2.5 0.75 

Max imum wid th (m) 3.5 3 1.03 

Gap height (m) . . 1.1 0.4 0.075 

Weight (t) . . . . 850 68 2 

Useful f ie ld vo lume 
(m 3 ) 28 1 — 

Field in median 
plane (T) . . . 1.14 1.5 1.8 

Power d iss ipat ion 

(MW) . . . . 4.1 0.38 0.06 

Number . . . . 1 2 2 
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Drawing of the Split Field Magnet in position over 

intersection region 1-4 at the Intersecting Storage 

Rings. The location of the large and small 

compensator magnets and of the multiwire 

proportional chambers is shown. The bottom half 

of the drawing is a bird's eye view indicating 

how the two rings cross within the SFM. 

The large compensator magnet downstream on 

each beam also serves as an analysing magnet for 

small angle high momentum particles and 

detectors are located in its large aperture. 

The photograph shows a coil of the Split Field 

Magnet swinging into place. Like the photograph 

on the cover it gives an idea of the large size 

of the magnet. It is possible to install and 

remove the coils without dismantling the 

magnet yoke. 

e q u i p m e n t f o r a l l t h e m a g n e t s is 
u n d e r t e s t so t h a t p r a c t i c a l l y e v e r y 

t h i n g w i l l s o o n b e r e a d y t o p o w e r t h e 

f u l l s y s t e m of m a g n e t s a n d t o m e a s u r e 

t h e i r p r o p e r t i e s . 

It is h o p e d t o p e r f o r m t h e f i r s t 
p o w e r t e s t s a t t h e e n d o f S e p t e m b e r . 
T h e f i e l d m a p g i v i n g t h e b e n d i n g a n d 
f o c u s i n g p r o p e r t i e s of t h e S F M w i l l 
b e d e t e r m i n e d a n d t h e p a r a m e t e r s of 
t h e c o r r e c t i o n e l e m e n t s w i l l t h e n b e 
c a l c u l a t e d in l i ne w i t h o p e r a t i n g c o n 
d i t i o n s w h i c h c a n p r e v a i l in t h e r i n g s . 
T h e m a g n e t i c f i e l d w i l l b e a c c u r a t e l y 
p l o t t e d at d i f f e r e n t l e v e l s t h r o u g h o u t 
t h e u s e f u l v o l u m e o f t h e S F M a n d of 
t h e l a r g e c o m p e n s a t o r s a n d t h e r e s u l t s 
o f t h e s e m e a s u r e m e n t s , a f t e r p r o c e s s 
i ng by t h e a p p r o p r i a t e c o m p u t e r 
p r o g r a m s , w i l l b e r e c o r d e d o n t a p e 
a n d m a d e a v a i l a b l e t o t h e e x p e r i 
m e n t e r s . T h e e x p e r i m e n t e r s w i l l n e e d 
t o h a v e t h i s i n f o r m a t i o n , in a d d i t i o n 
t o t h e r e a d i n g s of t h e d e t e c t o r s , in 
o r d e r t o a n a l y z e t h e p a r t i c l e i n t e r 
a c t i o n s w h i c h t h e y o b s e r v e . 

T h e e x p e r i m e n t s w i l l b e g i n n e x t 
y e a r . T h e S F M w i l l b e r o l l e d o n r a i l s 
b y m e a n s of a s p e c i a l c a r r i a g e f r o m 
t h e a n n e x i n t o 1-4 d u r i n g a s h u t d o w n 
e a r l y in 1973. T h e s p e c i a l v a c u u m 
c h a m b e r is s c h e d u l e d t o b e r e a d y 
f o r i n s t a l l a t i o n in J a n u a r y . T h e m u l t i -
w i r e p r o p o r t i o n a l c h a m b e r s w i l l b e 
p u t in p l a c e a b o u t a m o n t h a f t e r t h e 
S F M g o e s t o I-4 ( t h e r e h a s b e e n 
s o m e d i f f i c u l t y in t h e m a n u f a c t u r e of 
t h e h y b r i d c i r c u i t s w h i c h w i l l p i c k u p 
a n d a m p l i f y t h e s i g n a l s f r o m t h e w i r e s 
b u t t h i s s h o u l d n o t d e l a y t h e i n i t i a l 
i n s t a l l a t i o n ) . T h e m a c h i n e s p e c i a l i s t s 
w i l l t h e n n e e d t i m e t o i n t e g r a t e t h e 
S F M i n to t h e s t o r a g e r i n g s — e n s u r i n g 
t h a t t h e c i r c u l a t i n g b e a m s b e h a v e a s 
if t h e S F M w e r e n o t t h e r e u n d e r t h e 
w i d e r a n g e o f p o s s i b l e ISR o p e r a t i n g 
c o n d i t i o n s . T h e e x p e r i m e n t e r s c a n 
t h e n g e t t o w o r k w i t h t h i s n e w p o w e r 
f u l a d d i t i o n t o t h e i r a r m o u r y o f 
d e t e c t i o n s y s t e m s . 

CERN 52.6.72 
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Vacation students 
T h e a n n u a l e x o d u s f r o m C E R N to t h e 
b e a c h e s Is p a r t i a l l y c o m p e n s a t e d by 
t h e a r r i v a l e a c h s u m m e r o f o v e r a 
h u n d r e d v a c a t i o n s t u d e n t s . T h e y 
s p e n d a f e w m o n t h s in G e n e v a p a r 
t i c i p a t i n g in t h e s c i e n t i f i c a n d t e c h n i 
c a l w o r k o f C E R N . 

I n f o r m a t i o n o n t h e V a c a t i o n S t u d e n t 
P r o g r a m m e , w h i c h h a s n o w b e e n 
o p e r a t i n g f o r t en y e a r s , is c i r c u l a t e d 
t o U n i v e r s i t i e s in t h e M e m b e r S t a t e s 
t o w a r d s t h e e n d o f t h e y e a r a n d 
i n t e r e s t e d U n i v e r s i t y s t u d e n t s o f t h r e e 
y e a r s s t a n d i n g o r m o r e a r e i n v i t e d t o 
a p p l y b e f o r e 1 M a r c h o f t h e f o l l o w i n g 
y e a r . T h e a p p l i c a t i o n n e e d s t o b e 
a c c o m p a n i e d by t w o r e f e r e n c e s f r o m 
t h e s t u d e n t ' s P r o f e s s o r s o r t u t o r s . Fo r 
t h e p a s t t w o y e a r s s t u d e n t s o f t w o 
y e a r s s t a n d i n g o r m o r e f r o m t e c h n i c a l 
c o l l e g e s h a v e a l so b e e n w e l c o m e d . 

T h e F e l l o w s a n d V i s i t o r s S e r v i c e in 
c o l l a b o r a t i o n w i t h t h e D i v i s i o n s t h e n 
h a s t h e d i f f i c u l t t a s k o f s e l e c t i n g f r o m 
a m o n g t h e c a n d i d a t e s , a c c o r d i n g t o 
t h e i r i n t e r e s t s , t o a r r i v e at a n u m b e r 
o f s t u d e n t s w h i c h c a n b e a c c o m m o 
d a t e d o r g a n i z a t i o n a l l y a n d f i n a n c i a l l y 
( C E R N m e e t s t r ave l a n d s u b s i s t e n c e 
e x p e n s e s ) . T h i s yea r , f r o m 457 a p p l i 
c a t i o n s , 123 U n i v e r s i t y s t u d e n t s a n d 
21 T e c h n i c a l C o l l e g e s t u d e n t s w e r e 
i n v i t e d to c o m e to C E R N . T h r e e o f t h e 
s t u d e n t s , e x c e p t i o n a l l y , c o m e f r o m t h e 
U S A r a t h e r t h a n f r o m t h e M e m b e r 

S t a t e s . T h e y h a v e b e e n i n v i t e d f o l l o w 
i ng a n i n i t i a t i v e of t h e E q u a l E m 
p l o y m e n t O p p o r t u n i t y O f f i c e a t t h e 
N a t i o n a l A c c e l e r a t o r L a b o r a t o r y , B a t a 
v i a , a n d a r e b e i n g f i n a n c e d b y t h e 
F o r d F o u n d a t i o n . 

D u r i n g t h e i r s t a y a c o u r s e o f 
l e c t u r e s is o r g a n i z e d f o r t h e s t u d e n t s 
w h i c h e x t e n d s o v e r t w o m o n t h s a n d 
c o v e r s s c i e n t i f i c a n d t e c h n i c a l t o p i c s 
r e l a t e d t o p a r t i c l e p h y s i c s a n d t h e 
a d v a n c e d e q u i p m e n t it r e q u i r e s . In 
p a r t i c u l a r t h e r e a r e c o u r s e s o n e l e 
m e n t a r y p a r t i c l e p h y s i c s a n d o n c o m 
p u t i n g . 

T h e s t u d e n t s a r e a l l o c a t e d a m o n g s t 
t h e C E R N D i v i s i o n s ; a b o u t ha l f o f 
t h e m j o i n e x p e r i m e n t a l p h y s i c s t e a m s 
a n d t h e o t h e r ha l f w o r k in a p p l i e d 
p h y s i c s , d a t a h a n d l i n g o r e n g i n e e r i n g . 
T h e y j o i n in t h e d a i l y w o r k o f t h e 
g r o u p t o w h i c h t h e y a r e a s s i g n e d a n d 
m a n y of t h e m m a k e e x c e l l e n t c o n t r i 
b u t i o n s t o t h e w o r k . In r e t u r n t h e 
s t u d e n t s s e e m to g a i n a g r e a t d e a l 
f r o m m e e t i n g a n d w o r k i n g w i t h e x p e r i 
e n c e d s c i e n t i s t s a n d m o s t o f t h e m 
r e c o r d t h e i r s a t i s f a c t i o n as t h e y l e a v e 
C E R N at t h e e n d o f t h e s u m m e r . 

Black holes at CERN 
T h e w o r l d o f a s t r o p h y s i c s , w h i c h h a s 
b e e n in a v e r y h e a l t h y f e r m e n t f o r 
s e v e r a l y e a r s has r e c e n t l y r o c k e d t o 
t h e n e w s o f t h e p o s s i b l e i d e n t i f i c a t i o n 
o f a ' b l a c k h o l e ' . ( B l a c k h o l e in a s t r o 
p h y s i c s c o n t e x t r e fe r s t o a c o l l a p s e d 

45 m deep in the ground, work begins on cutting 

a tunnel between two shafts (PGC and PPI) on the 

SPS site. It is in this tunnel that 'the Mole' and 

its train will be assembled to begin burrowing 

their way around the 7 km circumference of the 

machine. 

Seeing the light. Construction workers watch the 
camera which is pointed to the top of the shaft, 
45 m up. 
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s ta r w h e r e t h e g r a v i t a t i o n a l p u l l is 
s o s t r o n g t h a t n o s i g n a l s c a n e s c a p e . ) 
N o t t o b e o u t d o n e , w e h a v e i d e n t i f i e d 
s e v e r a l b l a c k h o l e s at C E R N . T h e r e 
a r e s e v e n o f t h e m a n d t h e y h a v e b e e n 
g i v e n t h e d e s i g n a t i o n P P G a n d P P 1 , 
4 a n d 5, P A 2 , 3 a n d 6. 

T h o u g h of l ess i m m e d i a t e p h y s i c s 
i n t e r e s t , t h e C E R N b l a c k h o l e s a r e 
s t i l l v e r y i m p r e s s i v e . T h e y a r e t h e 
s h a f t s b e i n g d u g d e e p in t h e g r o u n d 
o n t h e s i t e of t h e n e w a c c e l e r a t o r , t h e 
S P S , w h i c h w i l l p r o d u c e e n e r g i e s o f 
s e v e r a l h u n d r e d G e V . S e v e r a l o f t h e 
s h a f t s a r e n o w s o d e e p t h a t t h e 
w o r k u n d e r w a y at t h e b o t t o m is l os t 
in t h e g l o o m . 

A n i m p o r t a n t s t a g e in t h e d i g g i n g 
w a s r e a c h e d e a r l y in A u g u s t , w h e n t h e 
s h a f t s P G C ( o n t h e b e a m i n j e c t i o n 
l ine) w h i c h is 9 m in d i a m e t e r a n d PPI 
( n e a r t h e i n j e c t i o n s t r a i g h t s e c t i o n ) 
w h i c h is 5 m in d i a m e t e r , b o t h r e a c h e d 
t h e i r a s s i g n e d d e p t h of 45 m. A s t a r t 
w a s t h e n m a d e t o l i nk t h e t w o s h a f t s 
u n d e r g r o u n d . It is h e r e a t t h e e n d of 
N o v e m b e r t h a t ' t h e M o l e ' w i l l b e f e d 
i n . T h e M o l e is t h e p e t n a m e f o r t h e 
m a c h i n e w h i c h w i l l b o r e r o u n d t h e 
7 k m c i r c u m f e r e n c e o f t h e m a c h i n e . It 
h a s a s s o c i a t e d w i t h it a t r a i n w h i c h 
h a s e q u i p m e n t f o r l i n i n g t h e t u n n e l 
as b o r i n g p r o c e e d s , f o r d i s p o s i n g of 
t h e s p o i l f r o m t h e w o r k i n g a r e a a n d 
f o r b r i n g i n g u p t h e s h o r i n g a n d l i n i n g 
e q u i p m e n t . T h e t r a i n is a b o u t 40 m 
l o n g — h e n c e t h e n e e d f o r t h e ' r u n -
i n ' t u n n e l w h i c h is b e i n g d u g o u t 
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The framework of the large assembly hall taking 

shape on the SPS site. The hall will provide 

11 000 m2 of floor space where the accelerator 

components will be assembled prior to being 

moved to the machine tunnel. 

Girder sections for the assembly hall swing into 

place. The hall is scheduled to be ready for use 

early next year. 
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b e t w e e n PGC and P P 1 . A p p r o p r i a t e l y , 
t h e M o l e w i l l en te r a t t h e i n j e c t i o n 
s t r a i gh t s e c t i o n . 

M o r e t u n n e l l i n g is u n d e r w a y t o t h e 
No r th w h e r e t h e e j e c t e d p r o t o n b e a m 
w i l l e m e r g e en rou te t o t h e No r th 
e x p e r i m e n t a l a rea . In t h i s c a s e the 
t u n n e l is be ing cu t in to t h e g r o u n d 
f r o m the s u r f a c e d o w n to m a c h i n e 
leve l a n d the w o r k is w e l l a d v a n c e d . 

No r is a l l of t h e ac t i v i t y g o i n g on in 
t he g r o u n d . T h e l a b o r a t o r y a n d o f f i ce 
b u i l d i n g s and p a r t i c u l a r l y t h e l a rge 
ha l l , w h i c h w i l l be u s e d f o r t h e a s s e m 
b ly of t h e m a c h i n e c o m p o n e n t s , a re 
g o i n g a h e a d fast , a i d e d by s o m e f i ne 
s u m m e r wea the r . Mos t of t h e f r a m e 
w o r k of t he hal l is in p l a c e . It is i n 
t e n d e d to have t h e ha l l a n d a l a b o r a 
t o r y and o f f i ce b u i l d i n g ready fo r use 
ea r l y in 1973. 

Some like it hot 
Fur the r e x p e r i e n c e in r e m o t e h a n d l i n g 
t e c h n i q u e s is b e i n g g a t h e r e d in t he 
P r o t o n S y n c h r o t r o n D i v i s i on w i t h a 
n e w a d v a n c e d t y p e of ' t e l e o p e r a t o r ' 
k n o w n as Masco t . T h e in te res t in re 
m o t e h a n d l i n g t e c h n i q u e s at C E R N 
a n d o the r h igh e n e r g y p h y s i c s L a b o r a 
t o r i es is in o r d e r t o d e v e l o p e x p e r t i s e 
s h o u l d it p rove necessa ry to use 
t e l e o p e r a t o r s (or t e l e m a n i p u l a t o r s o r 
r emo te l y c o n t r o l l e d robo ts ) to w o r k 
in 'ho t ' r eg ions a r o u n d t h e a c c e l e r 
a to r s w h e r e r a d i a t i o n leve ls c a n p r e 
ven t h u m a n i n te r ven t i on , o r m a k e it 
e x t r e m e l y d i f f i cu l t . 

!>, - • ^ 
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Prog ress in a c c e l e r a t o r d e s i g n in 
recen t yea rs has mean t h i g h e r 
e n e r g i e s a n d h ighe r in tens i t i es bo th 
po ten t i a l s o u r c e s of h i ghe r i n d u c e d 
rad ioac t i v i t y in t he a c c e l e r a t o r c o m 
p o n e n t s . Fo r tuna te ly , sk i l l in m o n i 
t o r i n g a n d c o n t r o l l i n g t he a c c e l e r a t e d 
b e a m has a lso i m p r o v e d so t ha t t he 
b e a m losses w h i c h c a u s e t t h e r a d i o 
ac t i v i t y have been he ld d o w n . Never 
t he less w i t h b e a m in tens i t i es c l i m b i n g 
to 1 0 1 3 p r o t o n s per pu lse , even a h i gh 
e j e c t i o n e f f i c i ency l ike 95 % c o r r e 
s p o n d s to t he loss of 5 X 1 0 1 1 p r o t o n s 
per p u l s e in t he a c c e l e r a t o r . T h e r e 
a re r e g i o n s w h e r e c o m p o n e n t s i nev i 
t ab l y ge t hot , s u c h as at t a rge t s ta t i ons 
a n d e j e c t i o n c o m p o n e n t s . 

A l r e a d y at the CERN p r o t o n s y n 
c h r o t r o n t h e r e have been o c c a s i o n s 
w h e n w o r k on c o m p o n e n t s in a n d 
a r o u n d t h e v a c u u m c h a m b e r h a d to 
be d o n e in re lay so tha t no s i ng le 
p e r s o n a b s o r b e d m o r e t h a n t h e m a x i 
m u m p e r m i t t e d dose . Th i s p r o b l e m 
w i l l b e c o m e m u c h w o r s e as t h e i n 
tens i t y g o e s up a f ac to r of f i ve us ing 
the B o o s t e r and new m e a s u r e s of o n e 
k i n d or ano the r w i l l be n e e d e d to 
mas te r it. O n e poss ib i l i t y is t h e use 
of a t e l e o p e r a t o r and in 1968 a 
M o d e l 300 e l ec t r i c m a n i p u l a t o r w a s 
i ns ta l l ed in t he PS r ing to s t u d y t he 
c a p a b i l i t i e s of s u c h dev i ces . 

R e m o t e h a n d l i n g is a f a s c i n a t i n g 
sub jec t . Robo ts have been fe r t i l e 
ma te r i a l fo r s c i e n c e f i c t i o n w r i t e r s 

f o r a ve ry l ong t i m e bu t it is o n l y 
in t h e pas t 25 y e a r s tha t t he i r d e v e l o p 
men t has rea l ly go t off t he g r o u n d 
( leav ing a s i d e t h e ' p r e - p r o g r a m m e d ' 
t y p e s u c h as t h e f a m o u s J a q u e t - D r o z 
a u t o m a t a ) . M u c h of t he s t i m u l u s c a m e 
f r o m t h e n u c l e a r indus t ry , p r e c i s e l y 
b e c a u s e of t he p r o b l e m s a s s o c i a t e d 
w i t h ho t ma te r i a l s , s u c h as n u c l e a r 
r eac to r fue l e l e m e n t s , and the A r g o n n e 
L a b o r a t o r y w a s the s c e n e of a g rea t 
dea l of t h e p i o n e e r i n g w o r k . S p a c e 
p r o g r a m m e s a re a n o t h e r o b v i o u s user 
w i t h t h e poss ib i l i t i e s of d o i n g t h i n g s 
l i ke s e n d i n g t e l e o p e r a t o r s to d i g up 
b i t s of Mars . A n o t h e r user , p u s h i n g 
d e v e l o p m e n t h a r d e s t at t he m o m e n t , 
i s t h e o i l i ndus t r y w h e r e t he in te res t 
c e n t r e s o n s e n d i n g t e l e o p e r a t o r s d o w n 
to t h e b o t t o m of t he sea to exp lo i t o i l 
f i e l d s at g r e a t d e p t h s off t he c o n t i 
nen ta l shel f . 

T h e s e e x a m p l e s i nd i ca te w h e r e t h e 
t e l e o p e r a t o r is ma in l y be ing used up 
to now , n a m e l y to ex tend man ' s n o r m a l 
h a n d l i n g ab i l i t i es in to hos t i l e e n v i r o n 
men ts . H o w e v e r in a d d i t i o n to t h i s 
a d v a n t a g e t h e r e is t he o b v i o u s 
po ten t i a l of g rea te r p o w e r or of 
g r e a t e r f i nesse a n d of t r a n s m i t t i n g 
e x c e p t i o n a l m a n i p u l a t i v e sk i l l s ove r 
g r e a t d i s t a n c e s . A d v o c a t e s of t e l e 
o p e r a t o r s s p e a k of the poss ib i l i t y of 
a hea r t s u r g e o n in S o u t h A f r i c a ( w h e r e 
t h e m o r e v o l u b l e s e e m to res ide) , b y 
t h e e n d of t he cen tu ry , be ing ab le t o 
c a r r y ou t r e f i ned su rge ry on a pa t i en t 
in C a n a d a by o p e r a t i n g a m i n i a t u r e 
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slave man ipu la to r v ia a sate l l i te te le 
met ry l ink, of te leopera to rs c l u m p i n g 
a round sea beds a t tend ing to o i l f ie ld 
instal lat ions. . . and so on . Jus t as the 
c o m p u t e r has ex tended man 's b ra in 
power , the te leopera to r cou ld ex tend 
man 's phys ica l power . 

Many of the more exo t i c ideas 
cu r ren t l y be ing deve loped a round the 
w o r l d are not however app l i cab le to 
te leopera to rs at acce le ra to rs . Plast ic 
componen t s and m in ia tu r i zed so l id 
s tate componen ts are not happy in 
h igh rad ia t ion env i ronments . A l so the 
master /s lave mechan ica l l y l i nked te le -
man ipu la to rs wh i ch have reached a 
h igh s tate of pe r fec t ion in the nuc lear 
indus t ry are not approp r ia te . (Probab ly 
most peop le are fami l ia r w i t h th is 
t ype — work i ng in pa i rs in hot ce l l s 
w i t h d i rec t v is ion t h rough lead g lass 
w i n d o w s they are capab le of qu i t e 
in t r i ca te wo rk such as t rans fe r r ing hot 
l iqu ids in test - tubes, e t c . . ) Bu t they 
a re used in f i xed pos i t ions cove r i ng 
l im i ted vo lumes and the sca le of 
acce le ra to rs can d e m a n d mob i l i t y over 
la rge vo lumes. Dev ices of res t r i c ted 
mob i l i t y and capab i l i t y are a l ready in 
use — for examp le , a uni t w h i c h 
w o r k s on the focus ing ho rn in the 
neut r ino beam- l ine at CERN. A var ian t 
to fu l l mob i l i t y has been deve loped 
fo r Los A lamos . K n o w n as Mer r imac , 
it is e f fect ive ly a hot ce l l on whee l s 
w h i c h can move a long and si t over 
a sec t ion of beam- l ine and be re
mote ly man ipu la ted in th is pos i t i on . 

Ano ther dev ice in hot labs is 
a sw i t ch -opera ted uni la tera l e lec t r i c 
man ipu la to r w h i c h can move on over
head rai ls and do fe tch ing and 
car ry ing for f i xed master /s lave m a 
n ipu la tors . It was an adop t ion of th is 
t ype of dev ice w i th w h i c h the f i rs t 
tests at the PS, men t ioned above, 
we re ca r r ied out. The dev i ce was 
unsat is fac tory be ing s low and d i f f i 
cu l t to use but it d id p rov ide very 
va luab le exper ience and served to 
p in -po in t the p rob lems in th is new 
f ie ld very we l l . 

In the absence of radio con t ro l , 
cab le l inks had to be used p lugged 
in to a po in t on the PS tunne l wa l l . 
Th is l imi ted the range to about 40 m 
f rom the p lug and was mechan ica l l y 
messy. However it p roved a p r o b l e m 
w h i c h cou ld be hand led and the 40 m 
l imi t , w i t h the new dev ice Masco t , 
has been ove rcome by hav ing a 
se l f -p lug- in capabi l i ty . Masco t can rol l 
round a tunne l on rai ls f i xed to the 
wa l l and p lug i tself in at a new 
pos i t ion so that its c omponen t par ts 
b e c o m e al ive aga in in a new w o r k 
zone. 

Other fac to rs w h i c h b e c a m e c lear 
w i th the prev ious dev ice i nc luded the 
necess i ty of e f f ic ient manoeuv rab le 
te lev is ion so that the opera to r s i t t ing 
in the con t ro l room cou ld see very 
c lean ly wha t he w a s wo rk i ng on . The 
use of jus t one a rm was very inef
f i c ien t — w h i c h t ies up w i t h evo
lu t ion 's dec i s i on in the des ign of man 

The teleoperator, Mascot, in action checking one 
of its own pulses; the movements of the operator 
are followed by the slave unit. CERN is keeping 
an eye on remote handling devices, such as 
teleoperators, in case growing induced radio
activity problems call for their use in working on 
the accelerators. 

The close-up shows the unemotional hand of 
Mascot adjusting the scale illumination on the 
oscilloscope. 
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himsel f . It b e c a m e even more obv ious 
that q u i c k re lease and se l f -a l ign ing 
t echn iques on the acce le ra to r c o m 
ponents ease the task of the te le 
opera to r enormous ly . 

The Masco t e lec t ron ic servo master / 
s lave comb ines the best charac te r 
is t ics of p rev ious types. It has t w o 
a rms and has even greater t ouch and 
dex te r i t y than the f i xed mechan ica l l y 
l inked types used in the hot ce l ls . In 
£ no - l oad ' cond i t i ons the bandw id th is 
20 Hz and rap id hand movements by 
the opera to r are fo l l owed by the s lave 
immed ia te ly . The opera to r hund reds 
of met res away can l i tera l ly fee l wha t 
the te leopera to r is do ing . Sensat ions 
of we igh t , mechan i ca l res is tance, etc... 
a re al l t ransmi t ted to the master 
a rms w h i c h the opera to r is ho ld ing . 
Te lev is ion a rms, resembl ing c o m p a c t 
man ipu la to r a rms themselves, ca r ry 
the v isual s igna ls ef f ic ient ly . 

Masco t has been assemb led on test 
ra i ls s imu la t i ng the PS tunne l ra i ls in 
Hal l 169 and w i l l be tes ted on a var ie ty 
of tasks — d i sman t l i ng acce le ra to r 
c o m p o n e n t s and so on — so as to 
inc rease expe r i ence in the use of te le 
opera to rs . The reg ion of s t ra igh t 
sec t ion 16 in the PS has been 
des igned w i t h the poss ib le use of 
Masco t in m i n d . Th is is a c ruc ia l 
reg ion of t he mach ine w h i c h cou ld 
a l so b e c o m e one of the hot test reg ions 
s i nce it is the e jec t i on po in t fo r beams 
to the In te rsec t ing Storage Rings and to 
the n e w very h igh energy acce le ra to r . 
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Around the Laboratories 

DESY 
Studies on 
tritium contamination 

T h e c o m m o n f i l l i n g s f o r c r y o g e n i c 
b u b b l e c h a m b e r s a r e ' l i g h t l i q u i d s ' 
s u c h as h y d r o g e n o r d e u t e r i u m . H y d r o 
g e n p r o v i d e s an e x c e l l e n t a n d v e r y 
s i m p l e p r o t o n t a r g e t w h e r e a s d e u 
t e r i u m , w h i c h has a p r o t o n a n d n e u 
t r o n c l i n g i n g t o g e t h e r in t h e n u c l e u s , 
is t h e n e a r e s t w e c a n h a v e t o a f r e e 
n e u t r o n t a r g e t . 

B u b b l e c h a m b e r o p e r a t i n g c o n 
d i t i o n s f o r d e u t e r i u m a r e a l m o s t 
i d e n t i c a l w i t h t h o s e f o r h y d r o g e n s o 
o n e c h a m b e r d o e s f o r b o t h . H o w e v e r 
a h y d r o g e n c h a m b e r u s u a l l y n e e d s t o 
b e t i d i e d up e v e n m o r e t h a n u s u a l 
w h e n it is t o b e u s e d w i t h d e u t e r i u m 
so as t o r e d u c e t h e l eak ra te t o an 
a b s o l u t e m i n i m u m . T h i s is b e c a u s e 
d e u t e r i u m is an e x p e n s i v e l i q u i d t o 
p r o d u c e — to f i l l t h e 3.7 m c h a m b e r , 
B E B C , w i t h d e u t e r i u m w o u l d c o s t n o t 
f a r s h o r t of 10 m i l l i o n S w i s s f r a n c s . 
A l l t h e m o r e r e a s o n to b e v e r y c o n f i 
d e n t t h a t e x p e r i m e n t s w i t h d e u t e r i u m 
c a n b e c a r r i e d t h r o u g h s u c c e s s f u l l y . 
O n e w o r r y o n t h i s t o p i c has r e c e n t l y 
b e e n i n v e s t i g a t e d at DESY. 

In t h e p r o d u c t i o n p r o c e s s f o r d e u 
t e r i u m a c e r t a i n a m o u n t of t r i t i u m 
w i l l i n e v i t a b l y f i n d i ts w a y i n to t h e 
d e u t e r i u m . T h i s is a w o r r y b e c a u s e 
t r i t i u m is r a d i o a c t i v e w i t h a h a l f - l i f e 
of 12.26 y e a r s ; t h e o n e p r o t o n t w o 
n e u t r o n n u c l e u s of t r i t i u m t r a n s f o r m s 
t o h e l i u m 3 ( two p r o t o n s o n e n e u t r o n ) 
w i t h t h e e m i s s i o n of an e l e c t r o n . T h e 
m a x i m u m e l e c t r o n e n e r g y is 18.5 keV . 
In a b u b b l e c h a m b e r , t h e s e e l e c t r o n s 
w i l l b e a s o u r c e of u n w a n t e d b u b b l e s 
(o r b a c k g r o u n d ) a n d t h e n u m b e r of 
t r i t i u m d e c a y s o c c u r r i n g d u r i n g t h e 
s e n s i t i v e t i m e of t h e c h a m b e r c o u l d 
b e so h i g h t ha t t h e w a n t e d p a r t i c l e 
t r a c k s a r e f o g g e d ove r . 

F o g g i n g f r o m t h i s s o u r c e h a s b e e n 
e x p e r i e n c e d in s m a l l B r o o k h a v e n a n d 
S a c l a y c h a m b e r s . H o w e v e r , un t i l c o m 
p a r a t i v e l y r ecen t l y , t h e t r i t i u m c o n 
t a m i n a t i o n in t h e a v a i l a b l e d e u t e r i u m 
has g e n e r a l l y b e e n s u f f i c i e n t l y s m a l l 
no t to h a m p e r e x p e r i m e n t s . T h e s i t u 
a t i o n h a s c h a n g e d b e c a u s e t h e 
n u c l e a r b o m b p r o g r a m m e s of t h e p a s t 
f e w d e c a d e s have sen t u p t h e t r i t i u m 
c o n c e n t r a t i o n s by a b o u t t w o o r d e r s 
of m a g n i t u d e . T h e c o n t a m i n a t i o n s a r e 
n o w s u f f i c i e n t l y h i g h to d e m a n d a 
c a r e f u l l o o k at p r e c i s e l y w h a t t h e 
e x p e r i m e n t a l c o n d i t i o n s w i l l b e b e f o r e 
a c q u i r i n g a l a r g e q u a n t i t y of d e u 
t e r i u m . It s e e m s tha t t h e o n l y l a r g e 
s t o c k in t h e w o r l d w h i c h is c e r t a i n l y 
of s u f f i c i e n t pu r i t y f o r p a r t i c l e p h y s i c s 
n e e d s is in t h e U S A — a n d t h e y h a v e 
l a r g e c h a m b e r s of t h e i r o w n (see 
r e p o r t f r o m A r g o n n e i n . t h e J u n e 
i ssue) . 

T h e 85 c m c h a m b e r at D E S Y w a s 
f i l l e d w i t h h y d r o g e n ( r a t h e r t h a n 

Photograph taken in the 85 cm chamber at DESY 

when studies of the effect of tritium in the 

chamber liquid were carried out. The bubbles 

coming from radioactive decay of the tritium 

fog the picture, and the study of particle 

interactions in the chamber would be very 

difficult under these conditions. These were 

however the worst conditions to be tried — an 

atomic concentration of 7 0 _ n tritium. The 

chamber operating temperature was 25 K and the 

minimum pressure 1.33 kp/cm2. The photograph 

was taken 6 ms after passing the pressure limit 

of sensitivity, and this is 3 ms after the beam 

particle injection. 

e x p e n s i v e d e u t e r i u m s i n c e t h e f i l l i n g 
h a d t o b e r e j e c t e d a f te r d e l i b e r a t e 
c o n t a m i n a t i o n ) a n d c o n t r o l l e d q u a n t i 
t i e s of t r i t i u m w e r e i n t r o d u c e d . T h e 
c h a m b e r w a s o p e r a t e d a t t w o d i f f e r e n t 
t e m p e r a t u r e s , 25 K a n d 26 K, a n d w i t h 
d i f f e r e n t p r e s s u r e c o n d i t i o n s . B o t h 
b r i g h t f i e l d a n d d a r k f i e l d i l l u m i n a t i o n 
w e r e u s e d . T h e n u m b e r of b u b b l e s 
r e s u l t i n g f r o m t h e p r e s e n c e of t h e 
t r i t i u m d e p e n d s o n t h e d e g r e e of 
c o n t a m i n a t i o n , t h e l e n g t h of t i m e f o r 
w h i c h t h e l i q u i d is s e n s i t i v e f o r t h e 
p r o d u c t i o n of t r a c k s a n d o n t h e p r o b a 
b i l i t y t h a t an e l e c t r o n i n i t i a t es b u b b l e s . 

T h e ra t i o of t r i t i u m a t o m s to h y d r o 
g e n a t o m s r a n g e d f r o m a b o u t 10~ 1 6 t o 
1Q~ 1 1. Fo r e a c h c h a m b e r c o n d i t i o n t h e 
n u m b e r of b u b b l e s pe r c u b i c c e n t i 
m e t r e e m a n a t i n g f r o m t r i t i u m d e c a y s 
w a s c o u n t e d . T h e resu l t s c a n n o t b e 
e x p r e s s e d as a s i m p l e ' yes ' o r ' n o ' 
f o r d i f f e r e n t t r i t i u m c o n t a m i n a t i o n s 
s i n c e t h e p a r t i c u l a r c h a m b e r c o n 
d i t i o n s a r e a l s o re levan t . T h e D E S Y 
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1. The beam stretching system at the Gatchina 

synchro-cyclotron uses Cee and Dee electrodes. 

The variation of their frequencies with time is 

shown in the figure — the Cee frequency being 

represented by the thick line at the bottom 

and the Dee frequency by the thin line. From 

f7 to t2 (100 ixs) they are in phase. The Dee then 

returns to accelerate more protons while the Cee 

continues to eject beam from t2 to t 3 . The Cee 

frequency then moves back to line up with the 

Dee frequency. 

2. The upper trace on this scope picture is of 

the extracted beam intensity while using the 

beam stretcher (one division is 2 ms). Below is 

a signal corresponding to the voltage applied to 

the Cee electrode. 

3. and 4. These are similar pictures to figure 2 

but show how tricks can be played with the 

extracted intensity at any time by varying the 

voltage on the Cee electrode. 

w o r k h a s g i v e n g r a p h s w h i c h w i l l 
h e l p in t a k i n g i m p o r t a n t d e c i s i o n s . 
A s a r o u g h i n d i c a t i o n , t h e s t u d i e s 
h a v e s h o w n t h a t w i t h a c o n c e n t r a t i o n 
of 10~ 1 3 o r a b o v e n o - o n e s h o u l d g o f o r 
a d e u t e r i u m b u b b l e c h a m b e r e x p e r i 
m e n t w i t h o u t b o t h e y e s o p e n . 

GATCHINA 
1 GeV synchro-cyclotron 
T h e 1 G e V s y n c h r o - c y c l o t r o n a t t h e 
J o f f e P h y s i c o - t e c h n i c a l I n s t i t u t e a t 
G a t c h i n a n e a r L e n i n g r a d a c c e l e r a t e d 
i ts f i r s t b e a m s in N o v e m b e r 1967. R e 
g u l a r o p e r a t i o n f o r a f u l l e x p e r i m e n t a l 
p r o g r a m m e w i t h b e a m s u p to t h e p e a k 
e n e r g y of 1 G e V ( the h i g h e s t e n e r g y 
a c h i e v e d s o fa r by a n y s y n c h r o - c y c l o 
t r o n ) b e g a n in 1970. T h e t m a c h i n e 
s c h e d u l e n o w has t w o w e e k s o f o p e r 
a t i o n f o l l o w e d by a o n e w e e k s h u t 
d o w n a n d , d u r i n g o p e r a t i o n a l p e r i o d s , 
o n l y 5 % of t h e t i m e is l os t t h r o u g h 
f a u l t s . 

I n t e r n a l a c c e l e r a t e d b e a m i n t e n s i t y 
is 0.4 to 0.5 fJiA a n d t h e m a c h i n e r e p e 
t i t i o n r a te is 48 Hz . E x t r a c t e d i n t e n 
s i t i e s a r e 0.1 t o 0.15 p-A a n d s e 
c o n d a r y p a r t i c l e b e a m s a re d r a w n 
f r o m e x t e r n a l t a r g e t s s o as t o m i n i m i z e 
i n d u c e d r a d i o a c t i v i t y p r o b l e m s i n s i d e 
t h e a c c e l e r a t o r i tse l f . 

A ' b e a m s t r e t c h i n g ' s y s t e m s i m i l a r 
t o t h o s e in u s e w i t h o t h e r s y n c h r o 
c y c l o t r o n s m a k e s it p o s s i b l e t o e x t r a c t 
p r o t o n s o v e r t h e g r e a t e r p a r t o f t h e 
m a c h i n e c y c l e . T h i s is d o n e by p o w e r 
i n g a C e e e l e c t r o d e in a d d i t i o n t o t h e 
n o r m a l D e e a c c e l e r a t i n g e l e c t r o d e . 
D u r i n g 100 ^s t h e C e e is in p h a s e w i t h 
t h e D e e d u r i n g w h i c h t i m e it g e t s h o l d 
of t h e p a r t i c l e s a c c e l e r a t e d b y t h e 
D e e . T h e n , w h i l e t h e D e e s y s t e m r e 
t u r n s t o s t a r t a n e w a c c e l e r a t i o n c y c l e , 
t h e C e e is p o w e r e d w i t h a s e p a r a t e 
f r e q u e n c y p r o g r a m m e w h i c h s e r v e s t o 
e j e c t t h e b e a m s l o w l y . B y a d j u s t i n g t h e 
v o l t a g e o n t h e C e e t h e e j e c t e d i n 

t e n s i t y c a n b e t e m p o r a r i l y r a i s e d o r 
l o w e r e d d u r i n g t h e e j e c t i o n as i n d i 
c a t e d in t h e p h o t o g r a p h s . A s a n e w 
a c c e l e r a t i o n c y c l e is a c c o m p l i s h e d b y 
t h e D e e t h e C e e f r e q u e n c y is a g a i n 
b r o u g h t in l i ne w i t h t h e D e e a n d t h e 
p r o c e s s r e c o m m e n c e s . 

A n u n u s u a l f e a t u r e o f t h e G a t c h i n a 
s y n c h r o - c y c l o t r o n is t h a t t h e C e e 
e l e c t r o d e s c a n a l s o b e u s e d to g i v e 
a v e r t i c a l d e f l e c t i o n of t h e b e a m b y 
a p p l y i n g a f as t p u l s e to o n e o f t h e 
t w o p l a t e s . T h i s e n a b l e s t h e b e a m t o 
b e k i c k e d o n t o a n i n t e r n a l t a r g e t s i 
t u a t e d o f f t h e m e d i a n p l a n e w h e r e it 
p r o d u c e s a 70 f^s b u r s t of n e u t r o n s . 
T h e n e u t r o n s a r e u s e d in t i m e of f l i g h t 
m e a s u r e m e n t s . A s i m i l a r k i c k e r s y s t e m 
o p e r a t e s in t h e s y n c h r o - c y c l o t r o n at 
H a r w e l l b u t n o t u s i n g t h e s a m e p a i r 
o f e l e c t r o d e s f o r t h e t w o m o d e s o f 
o p e r a t i o n . 

T y p i c a l b e a m i n t e n s i t i e s f o r t h e 
e x p e r i m e n t s a r e 8 X 1 0 1 1 p r o t o n s p e r 
s e c o n d , y i e l d i n g s e c o n d a r y f l u x e s o f 
1 0 6 p o s i t i v e p i o n s a n d 1 0 5 n e g a t i v e 
p i o n s p e r s e c o n d . T h e r e is a p o l a r i z e d 
p r o t o n b e a m a n d o t h e r e x p e r i m e n t a l 
f a c i l i t i e s i n c l u d e a h e a v y l i q u i d b u b b l e 
c h a m b e r ( fed by a p r o t o n b e a m ) a n d a 
h y d r o g e n b u b b l e c h a m b e r ( fed by t h e 
p o l a r i z e d p r o t o n b e a m ) . 

T h e e x p e r i m e n t a l p r o g r a m m e c o v e r s 
t h e u s u a l t o p i c s o f s t u d y a t s y n c h r o 
c y c l o t r o n e n e r g i e s — p a r t i c l e p h y s i c s 
( p a r t i c u l a r l y p r o t o n - p r o t o n s c a t t e r i n g 
a n d p i o n - p r o t o n i n t e r a c t i o n ) , n u c l e a r 
p h y s i c s ( s c a t t e r i n g of f n u c l e i , p r o d u c 
t i o n o f l i gh t n u c l e i ) , f i s s i o n , r a d i o - c h e 
m i s t r y (o f f - l i ne a t p r e s e n t ) a n d m e d i c a l 
r e s e a r c h ( p r o t o n t h e r a p y ) . 

F o r e s e e n i m p r o v e m e n t s at t h e m a 
c h i n e i n c l u d e t h e i n s t a l l a t i o n o f a n e w 
r o t a r y c o n d e n s e r w h i c h is n o w u n d e r 
c o n s t r u c t i o n . T h i s is d e s i g n e d t o i n 
c r e a s e t h e a c c e l e r a t i n g v o l t a g e a n d 
t h e r e p e t i t i o n ra te of t h e a c c e l e r a t o r 
a n d s h o u l d i n c r e a s e t h e i n t e n s i t y b y 
a f a c t o r of t w o o r t h r e e . M u c h h i g h e r 
i n t e n s i t i e s t h a n t h a t c o u l d n o t in f a c t 
b e t o l e r a t e d b e c a u s e o f t h e r a d i o -
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The foam insulated liquid hydrogen target used 

in the streamer chamber at Argonne. The target 

is seen here before the foam end-cap was put 

in place. The nylon support structure and feed 

line for the Mylar flask are visible on top of the 

polyvinylchloride foam block. This target design 

seems to have eliminated the flare and voltage 

problems encountered previously. 

(Photo Argonne) 

activity problem. By 1974 it is hoped 
to have a rauon channel installed. 
There is also discussion about an 
ISOLDE-type facility — an on-line 
isotope separator to extend the radio-
chemistry research. 

ARGONNE 
First streamer 
chamber experiments 

The first experiments have begun in 
the streamer chamber facility built by 
an Argonne — University of Illinois 
collaboration at the Zero Gradient 
Synchrotron. The chamber has a 
volume of 1.5 X 1.0 X 0.6 m3 and is 
located in a 1.45 T magnetic field. 
The experiments are using an 8 GeV/c 
negative pion beam to study baryon 
exchange mechanisms by observing 
the backward production of bosons 
with masses up to 2.5 GeV. The trigger 

An interesting event recorded in the Argonne 

streamer chamber. The interpretation is that a 

E- has been produced in the hydrogen target 

and subsequently decayed to give a lambda which 

itself decayed to give a high momentum 

proton which leaves the chamber and 

is the trigger for photographing the event. About 

five candidates for this type of event have been 

observed in the 1 % of film from the experiment 

which has been scanned so far. The possibility 

of studying S production in this way is now 

under discussion. 

requires a high momentum proton to 
emerge downstream of the chamber. 
The initial exposures consisted of 
113 000 pictures with a liquid hydro
gen target and 52 000 pictures with 
a liquid deuterium target. 

A new feature of the chamber 
was the successful operation of a 
foam-insulated liquid hydrogen target 
within the sensitive volume of the 
chamber next to the high voltage 
electrode. Previous designs which 
used evacuated plastic boxes around 
a Mylar flask have led to flaring 
problems in the chambers and 
occasional destructive high voltage 
breakdowns. None of these high 
voltage problems was encountered 
with the foam-insulated design. 

Analysis of the film taken in the 
experiments is now proceeding. The 
automatic measuring system at the 
University of Illinois, DOLLY, will 
process most of the data. 

Another streamer chamber recently 
to have begun physics is a UCLA-
Berkeley chamber in operation at the 
Bevatron. This chamber is 1.28 m long. 
The first experiment began in the 
Spring looking at the pion decay of 
the X° meson. The distributions of the 
positive pions and negative pions 
emerging from the decays should be 
identical if charge conjugation in the 
electromagnetic interaction is valid 
(see vol. 6, page 171). The data taking 
is now complete with about 150 000 
pictures. Performance of the chamber 
has been very good. 

STANFORD 
Experiments 
with ultra-high fields 

The synchrotron radiation phenome
non, the emission of radiation as an 
electron follows a curved trajectory, 
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Schematic diagram of the track sensitive target 
facility at the Rutherford Laboratory. The 1.5 m 
bubble chamber has been converted to operate 
with a hydrogen volume contained within a 
hydrogen/neon mixture both liquids being 
sensitive to the passage of charged particles 
simultaneously. 

is being put to use in many electron 
Laboratories (see the review in the 
Apri l issue, page 130). For electron 
synchrotron energies and magnetic 
f ield levels, the radiation energy distr i 
bution can be theoretically calculated 
on a semi-classical basis and lines up 
well with observation. At much higher 
energies and fields, however, more 
sophisticated quantum electrodynamic 
concepts become important. A Stan
ford/I l l inois Institute of Technology 
team have used high energies and 
fields to push the study of the radi
ation reaction into a new range. 

Megagauss fields (100T) were cre
ated in small volumes using several 
techniques. Such high f ields involve 
tremendous forces on the f ield-pro
ducing components so that they 
are one-shot, self-destructive systems. 
One system used in the experiment 
was the discharge of a low inductance 
capacitor bank through a single turn 
coi l . A special one-shot switch passed 
current from the bank to the coil and 
field rose to over a megagauss in just 
over 2 M-S and lasted for about 0.5 p-s 
before the coil blew apart under 
the forces. Coil internal diameters 
were typically about 0.5 cm. Another 
system involved the rapid compres
sion of thin aluminium cyl inders by 
powering a surrounding copper coil 
thus trapping and compressing mag
netic flux. Again megagauss f ields 
were achieved, the f ield rising over 
10|is and sustaining peak values for 
about 0.1 us. 

Electron beams from the Stanford 
linear accelerator (usually operating 
at 19 GeV for the experiment) were 
lined up and timed so that electrons 
entered the few mil l imetres of f ield 
volume during the brief intervals when 
peak fields were reached — quite a 
tr icky exercise in synchronization. 
The magnetic bremsstrahlung, or 
synchrotron radiation, produced as 
the electron trajectories were curved 
in the high fields, was detected by 

nuclear emulsions. Emulsions were 
used in order to catch the brief 
high intensity bursts — about 5 X 1 0 6 

photons were produced in 0.1 P-S and 
a fraction (about 4 X 10 3), converted 
to electron-positron pairs in the 
emulsions. Measuring the pair energy 
distr ibution leads back to the original 
radiation spectrum. 

Results from these experiments at 
Stanford are to be published soon. 
They have taken the study of synchro
tron radiation from 6 GeV, 6 kG levels 
to 19 GeV, 2 M G levels. The people 
involved were T. Erber, R. Gearhart, 
H. Heckman, F. Herlack, M. Mashkour, 
R. McBroom and J.J. Murray. At 
present a similar experiment is being 
planned for the electron facil i ty at 
Batavia (see volume 11, page 328). 
The facil i ty is designed to provide 
electrons of 100 GeV and over. 

RUTHERFORD 
Target experiment 
The first physics experiment is now 
under way at the Rutherford Labora
tory using the 'track sensitive target' 
facil i ty in the 1.5 m bubble chamber. 
This facil i ty was described in vol . 11, 
p. 356. It consists of a region of pure 
hydrogen contained in a perspex bag 
inside the bubble chamber which is 
fi l led with a neon-hydrogen mixture. 
(The set-up is il lustrated schematical ly 
in the drawing.) The advantages of 

having interactions occurr ing on free 
protons in hydrogen are thus combined 
with efficient gamma detection in the 
short radiation length heavy liquid 
mixture. 

A signif icant advance has been 
achieved this year with the successful 
operation of the system using a mix
ture with a high concentration of neon 
(70 mole % neon in hydrogen ; radia
t ion length 44 cm). Operation of the 
facil ity depends on being able to make 
the two liquids, hydrogen and neon-
hydrogen, simultaneously track sensi
tive with essentially the same con
dit ions of pressure and temperature. 

A picture taken using the 70 mole % 
mixture with a 4 GeV/c positive pion 
beam from the 7 GeV proton synchro
tron, Nimrod, is shown. Track quality 
both inside and outside the target is 
excellent. The tracks in the hydrogen 
show the typical effects of 'running 
hot' (small bubbles at high density), 
whilst the neon-hydrogen mixture is 
'running cold ' (the tracks having large 
bubbles with lower density). It is 
obvious which media the tracks are 
in and the position at which they pene
trate the perspex can be seen. 

The track quality is quite satisfactory 
for physics and useful bubble density 
information can be obtained in the 
hydrogen — see for example the pro
ton track from the elastic scatter at 
the downstream end of the photo
graph. Preliminary results on track 
reconstruct ion through two addit ional 
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A photograph taken in the track sensitive target 
facility demonstrating its ability to spot gammas. 
Can you spot where the tracks pass through the 
perspex wall of the target ? 

p e r s p e x layers s h o w no pa r t i cu l a r 
d i f f i cu l t i es . 

By t h e end of t he N i m r o d c y c l e 
w h i c h f i n i s h e d on 8 A u g u s t , 220 000 
p i c t u r e s to s tudy t h e pos i t i ve p i o n - p r o -
t o n i n t e rac t i on had been t a k e n us ing 
the 70 m o l e % m i x t u r e . T h e p r i m a r y 
in te res t in the e x p e r i m e n t is t he s t u d y 
of t h e J t ° j t ° sys tem t h r o u g h t h e A + + j t ° j t ° 
f i na l s ta te — h e n c e t h e a d v a n t a g e in 
b e i n g ab le to spo t t he g a m m a rays, 
a r i s i ng f r o m the p i o n d e c a y s , as t h e 
g a m m a rays c o n v e r t to e l e c t r o n - p o s i 
t r o n pa i rs in t h e m i x t u r e . T h e e x p e r i 
m e n t is a c o l l a b o r a t i o n b e t w e e n t h e 
R u t h e r f o r d g r o u p , t he L a w r e n c e Ber 
ke ley Labo ra to ry , T u r i n a n d C E R N . 

T h e t r a c k sens i t i ve t a r g e t t e c h n i q u e 
is n o w w e l l p roven a n d f u r t h e r e x p e r i 
m e n t s a re p l anned f o r t he R u t h e r f o r d 
fac i l i t y (see the J a n u a r y i ssue p a g e 
15). T h e r e is a lso c o n s i d e r a b l e in te res t 
in t h e t e c h n i q u e at o t h e r L a b o r a t o r i e s . 

Hearings on USA 
high energy 
physics budget 
T h e p r i n t ed r e c o r d of t h e ' H e a r i n g s ' 
he ld ea r l i e r th is y e a r b e f o r e t h e J o i n t 
C o m m i t t e e on A t o m i c E n e r g y w a s 
m a d e ava i l ab le on 14 Ju l y . T h e m a i n 
s u b j e c t d i s c u s s e d w a s t h e b u d g e t f o r 
t he USA h igh e n e r g y p h y s i c s p r o 
g r a m m e fo r f i sca l y e a r 1973 ( b e g i n n i n g 

1 Ju ly ) — its j u s t i f i c a t i o n a n d i m p l i c a 
t i ons . In t h e c o u r s e of H e a r i n g s of t h i s 
t ype m a n y a s p e c t s of t he h i g h e n e r g y 
p h y s i c s p r o g r a m m e are p r o b e d by t h e 
C o m m i t t e e w h o keep a w a t c h i n g br ie f 
over t h i s f i e l d on beha l f of t h e 
US C o n g r e s s . W e se lec t j u s t a f e w 
t o p i c s he re , s l i gh t l y d o c t o r e d fo r c o n 
s u m p t i o n by a w i d e r a u d i e n c e . 

Laboratory budgets for 1973 

T h e A t o m i c Energy C o m m i s s i o n pu t 
f o r w a r d fo r au tho r i za t i on a to ta l h i gh 
ene rgy p h y s i c s b u d g e t of $126.4 m i l l i o n 
fo r o p e r a t i n g expenses , c o m p a r e d w i t h 
t he $116.4 m i l l i on es t ima te f o r 1972. 
Th i s is b r o k e n d o w n b e t w e e n t h e 
L a b o r a t o r i e s as f o l l ows , w i t h last y e a r ' s 
f i gu res in b r a c k e t s ( f i gu res in m i l l i o n s 
of do l la rs ) : 

CEA, C a m b r i d g e E lec
t ron A c c e l e r a t o r . . 2.20 ( 2.25) 

A G S , B r o o k h a v e n p r o 
ton s y n c h r o t r o n . . 24.70 (22.65) 

Z G S , A r g o n n e p r o ton 
s y n c h r o t r o n . . . . 15.35 (15.65) 

B e v a t r o n , B e r k e l e y p r o 
t on s y n c h r o t r o n . . . 1 5 . 2 0 (15.50) 

S L A C , S t a n f o r d e l e c t r o n 
l inac 25.20 (23.95) 

200 GeV, N A L (Batav ia) 
p r o t o n s y n c h r o t r o n . 19.20 (12.65) 

p lus 24.55 (23.85) f o r gene ra l r e s e a r c h 
a n d d e v e l o p m e n t . No te tha t t h e 12 G e V 
e l e c t r o n s y n c h r o t r o n at C o r n e l l is 
f u n d e d by the Na t iona l S c i e n c e F o u n 

d a t i o n a n d t h e r e f o r e d o e s not a p p e a r 
in t h i s l ist . 

In a d d i t i o n to t h e o p e r a t i n g f u n d s 
t he re a re $45.8 m i l l i on fo r c o n s t r u c t i o n 
p r o j e c t s , of w h i c h $42.8 m i l l i on is t o 
c o m p l e t e c o n s t r u c t i o n of t he B a t a v i a 
m a c h i n e ( w h e r e $250 m i l l i on w a s 
a u t h o r i z e d f o r c o n s t r u c t i o n at t h e 
b e g i n n i n g of t h e p r o j e c t bu t has not 
ye t a l l been a l l oca ted ) , a n d $27.5 
m i l l i o n fo r cap i t a l e q u i p m e n t . 

O v e r a l l , t h e s e f i g u r e s r ep resen t a 
sma l l i n c r e a s e on t h o s e fo r 1972 bu t 
no m o r e t h a n w i l l be ea ten up by 
cos t of l i v ing i nc reases . If t hey a re 
a l l o c a t e d in fu l l howeve r , t hey w o u l d 
ha l t t h e d o w n w a r d t r end w h i c h has 
p r e v a i l e d in t h e USA s i n c e 1968 
a n d w h i c h has d r i ven t h e P r i n c e t o n 
a c c e l e r a t o r t o t he w a l l , cu t C a m b r i d g e 
to t h e b o n e a n d resu l ted in A r g o n n e , 
B e r k e l e y , B r o o k h a v e n a n d S t a n f o r d 
w o r k i n g w e l l b e l o w fu l l po ten t i a l . 

AEC report 

In t h e c o n t e x t of d i m i n i s h i n g b u d g e t s 
t h e J o i n t C o m m i t t e e had a s k e d t h e 
A E C to e x a m i n e t h e m i n i m u m level of 
s u p p o r t n e c e s s a r y to keep the h i g h 
e n e r g y p h y s i c s L a b o r a t o r i e s v i a b l e 
a n d to d e v e l o p a p r i o r i t y l i s t ing of 
w h i c h a c c e l e r a t o r s s h o u l d be kep t 
o p e r a t i n g s h o u l d f u t u re f u n d i n g be 
less t h a n t h e m i n i m u m necessa ry t o 
e f f ec t i ve l y s u p p o r t e a c h of t h e s i x 
L a b o r a t o r i e s . T h e A E C p r e s e n t e d to 
t h e J o i n t C o m m i t t e e fo r t h e H e a r i n g s 
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a report ent i t led 'Cons idera t ions for 
a V iab le and Product ive High Energy 
Physics Programme' , 

The AEC gave as thei r best est imate 
at th is t ime of the relat ive pr ior i t ies 
of the accelerator fac i l i t ies — 1) NAL, 
2) AGS and SLAC, 3) 2 G S and Beva-
t ron , 4) CEA. (Again note that Corne l l 
is not under considerat ion.) They 
st ressed however that if a dec is ion 
to cut was fo rced on the AEC it cou ld 
prove better in terms of p rog ramme 
ba lance not to axe the lowest pr ior i ty 
fac i l i ty . (The prob lem was expressed 
as 'somewhat l ike the task of de 
te rmin ing wh ich has greater pr ior i ty , 
the r ight leg or the left a rm ' !) 

The high energies of 200 GeV and 
above at NAL are recogn ized as pro
v id ing the greatest potent ia l fo r new 
d iscover ies. The 21 GeV e lec t ron l inac 
at SLAC prov ides e lec t ron beams of 
un ique energy and intensi ty and is 
be ing supp lemented by an e lec t ron -
pos i t ron co l l id ing beam fac i l i ty SPEAR 
(see May issue page 167). The 33 GeV 
Brookhaven AGS is near ing the end of 
a major improvement p rog ramme and 
is sur rounded by a versat i le range of 
beams and detectors . The A rgonne 
12 GeV ZGS has un ique advantages 
for acce lera t ing polar ized pro tons and 
feeds the 12 foot hydrogen chamber . 
The 6 GeV Bevatron has new capa
bi l i t ies for the acce lera t ion of heavy 
ions (see vo l . 11 , page 252). The CEA 
acce lera tor is cur rent ly spec ia l iz ing 
in e lec t ron-pos i t ron co l l i d ing beam 
phys ics in the Bypass scheme. 

A sketch of m in imum budgets for 
the next f ive years ( through to f isca l 
year 1977) wh ich wou ld keep all the 
acce lera tors in opera t ion shows the 
operat ing budget of NAL g row ing 
cons iderab ly as the exper imenta l 
p rog ramme gets wel l under way ( f rom 
$19.2 mi l l ion pro jec ted for 1973 to 
$43.0 mi l l ion in 1977 — w h i c h w o u l d 
st i l l only suppor t opera t ion at about 
7 0 % of potent ia l ) . B rookhaven and 
SLAC wou ld increase a l i t t le to make 

use of the new capabi l i t ies p rov ided 
by the improvement p rog ramme and 
SPEAR respect ively. The other Labo
rator ies wou ld remain on constant 
budgets. 

Long- te rm, new cons t ruc t ion p ro
jec ts wi l l need suppor t to keep the 
fac i l i t ies in the f ront l ine of research 
and several cand idates are ment ioned 
in the repor t — SLAC rec i rcu la tor 
scheme, 25 foot bubb le chamber for 
NAL, E lect ron Ring Acce lera tor , NAL 
energy doubler , h igh energy co l l i d ing 
beam r ings. 

Justification of research 

To conc lude these few paragraphs, 
wh i ch are d rawn f rom Hear ings re
por ted in a vo lume of 2300 pages, 
on a more l ively and opt imis t ic note, 
it seems wor th present ing the repl ies 
of three of the spokesmen for h igh 
energy phys ics in wh ich they p romote 
the value of research. 

Despi te the recogni t ion that the 
USA Laborator ies are capab le of 
much more and in some cases are 
being pushed to the br ink of v iabi l i ty , 
it shou ld be apprec ia ted that a very 
large sum, c lose on $ 2 0 0 mi l l ion , 
is being requested for h igh energy 
physics. The ul t imate va lue of such 
expend i ture for a branch of pure 
research is d i f f icu l t to def ine c lear ly . 
This was recognized at the Hear ings 
by V.F. Weisskopf , Chai rman of the 
High Energy Physics Adv isory Panel , 
and one of the foremost advocates of 
suppor t for pure research. Repre
sentat ive C. Hosmer was in an ap
propr ia te mood to be Devi l 's Advoca te 
at the Hear ings having, as he put it, 
f l own in to Wash ington f rom the 
West Coast the previous night on the 
'Red Eye' f l ight . He pressed Professor 
Weisskopf say ing 'You are never sat is
f ied ' . The reply was 'Fundamenta l ly , 
I am deep ly sat isf ied and apprec ia te 
that th is k ind of sc ience is get t ing 
the suppor t it gets. It is great. It shows 

how much idea l ism and fores ight is 
st i l l a round . Of course we feel that 
th is p rog ramme cou ld be and shou ld 
be suppor ted more than it is but I th ink 
that it is great that w e get these 
hundreds of mi l l ions for the increase 
of fundamenta l knowledge. ' 

E lsewhere in the Hear ings Professor 
Weisskopf jus t i f ied expendi ture on 
high energy phys ics saying 'I th ink the 
s ign i f i cance of fundamenta l sc ience is 
usual ly underes t imated because one 
is only look ing at the d i rect , immedia te 
results. A v igorous sc ient i f ic p ro 
g ramme at the f ront ier of sc ience 
establ ishes an in te l lectual c l imate in 
the sc ient i f i c and techn ica l c o m m u n i 
ty. Th is f ront ier of fers new k inds of 
cha l lenges. It p roduces techn ica l and 
sc ient i f i c exper ts — people w h o 
are s teeped in an a tmosphere of 
cha l lenge, fac ing great unknown 
prob lems. A v igorous fundamenta l 
sc ience creates a cer ta in in te l lec tua l 
level to w h i c h all sc ient i f ic and 
techno log ica l act iv i t ies must, and do, 
adjust . Th is is of ten forgot ten. It is no 
acc iden t that a count ry is a leader 
not only in prac t ica l and techno log ica l 
deve lopments , but also in fundamenta l 
sc ience. If it is neglected there are 
bad long- term effects. ' 

Representat ive Hosmer asked Pro
fessor W.K.H. Panofsky, Di rector of the 
Stanford Linear Acce le ra to r Centre, 
whe ther he thought the h igh energy 
phys ics pleas seemed 'anachron is t ic 
in re la t ion to the publ ic mood. ' Pro
fessor Panofsky repl ied 'Many of the 
soc ia l p rob lems wh ich we are fac ing , 
the env i ronmenta l and other p rob lems, 
u l t imate ly amount to the quest ion as 
to how man can l ive in harmony w i th 
nature. I fundamenta l l y bel ieve, as a 
matter of fa i th , that the dec is ion 
mak ing on how to l ive wi th nature w i l l 
be taken more inte l l igent ly on the 
average if w e understand nature in 
its deepest aspects than if we don't . . . 
In the past, mater ia l advances have 
resul ted f rom such work and wi l l again 
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Spokesmen for high energy physics at the 

Hearings of the USA Joint Committee on Atomic 

Energy — left to right, V.F. Weisskopf, 

W.K.H. Panofsky, R.R. Wilson, 

in t h e f u t u r e . I c a n n o t p o i n t a c l e a r 
p a t h f r o m t h e d i s c o v e r i e s w h i c h a r e 
m a d e t o d a y in t h i s f i e l d t o s p e c i f i c 
m a t e r i a l g a i n s , b u t s c i e n c e h a s n e v e r 
f a i l e d t o w o r k t h a t w a y in t h e pas t . 
T o t a k e a h u m b l e e x a m p l e — if a t 
t h e t i m e o f F a r a d a y p e o p l e h a d a s k e d 
t o d e v e l o p b e t t e r s o u r c e s o f l i gh t , 
t h e n , a t t h e t i m e , a p o s s i b l e s o l u t i o n 
m i g h t h a v e b e e n to p r o p o s e i m 
p r o v e m e n t p r o j e c t s f o r t h e e f f i c i e n c y 
of c a n d l e s . T h e o t h e r w a y w a s t o 
i nven t t h e g e n e r a t i o n of e l e c t r i c i t y . It 
w a s t h e i n v e n t i o n o f t h e g e n e r a t i o n of 
e l e c t r i c i t y w h i c h l e d to t h e p o s s i b i l i t y 
of b e t t e r l i gh t , no t t h e i m p r o v e m e n t 
o f c a n d l e s , bu t n o b o d y k n e w t h a t a t 
t h e t i m e . ' 

P r o f e s s o r R.R. W i l s o n , D i r e c t o r of 
N A L , a l s o t o u c h e d o n a s i m i l a r t h e m e 
t o P r o f e s s o r W e i s s k o p f in r e s p o n s e t o 
S e n a t o r S. S y m i n g t o n w h o a s k e d 
w h e t h e r t h e r e s e a r c h p r o v i d e d ' j us t 
a d d i t i o n a l k n o w l e d g e w i t h o u t a n y 
p r a c t i c a l i n t e r p r e t a t i o n in a p p l i e d 
r e s e a r c h , le t a l o n e d e v e l o p m e n t ?' 
P r o f e s s o r W i l s o n r e p l i e d T h e r e is a n 
a g g r e s s i v e a t t i t u d e t h a t I t h i n k p e o p l e 
m u s t h a v e . If y o u s i t a n d d o n o t 
d o a d v a n c e d r e s e a r c h , t h e n y o u w i l l , 
b e f o r e l o n g , use u p t h e c a p i t a l of 
p r e s e n t k n o w l e d g e . If a p p l i c a t i o n s 
c a n n o t b e g u a r a n t e e d t o f l o w f r o m 
t h i s k i n d of r e s e a r c h , w h a t c a n b e 
g u a r a n t e e d is t h a t t h e r e w i l l b e n o 
a p p l i c a t i o n s at a l l if t h e r e is n o s u c h 
r e s e a r c h . ' 

P r o f e s s o r W i l s o n a l s o l e a n e d o n h i s 

f a v o u r i t e t h e m e in p r o m o t i n g p u r e 
r e s e a r c h , T h e f i r s t t h i n g t h a t o n e g e t s 
o u t of it is a c u l t u r a l v a l u e , t h e p r i d e 
a n d s a t i s f a c t i o n o f u n d e r s t a n d i n g a n d 
of d i s c o v e r y , m a k i n g a f u n d a m e n t a l 
c o n t r i b u t i o n to t h e d i g n i t y a n d s t a t u r e 
of men . . . T h e i m m e d i a t e v a l u e o f t h i s 
r e s e a r c h is t h e s a m e as t h e o t h e r 
v a l u e s o f a g r e a t N a t i o n w h i c h h a s a 
l i t e r a t u r e , h a s t h e a t r e , h a s p o e t s a n d 
p a i n t e r s a n d s c u l p t o r s , c o m p o s e r s a n d 
m u s i c i a n s ; t h o s e c u l t u r a l t h i n g s t h a t 
m a k e l i fe r i che r . S c i e n t i f i c u n d e r 
s t a n d i n g t o o has i n h e r e n t c u l t u r a l 
v a l u e , it h a s g r e a t b e a u t y ; it a d d s t o 
t h e s a t i s f a c t i o n of o u r l ives. . . I a m 
p r o u d t o h a v e p l a y e d e v e n a s m a l l 
p a r t in a n a c t i v i t y t h a t w i l l b e c o m e an 
i m p o r t a n t p a r t in t h e c u l t u r e o f f u t u r e 
g e n e r a t i o n s . ' 

ARGONNE 
The muon 
is the message 
U s i n g a m u o n b e a m p r o d u c e d a t t h e 
12.5 G e V Z e r o G r a d i e n t S y n c h r o t r o n 
a t A r g o n n e , R.C. A r n o l d h a s p a s s e d 
c o d e d m e s s a g e s o v e r d i s t a n c e s of 
n e a r l y 150 m. W i t h t h e h i g h p e n e 
t r a t i n g p o w e r of m u o n s t h e s i g n a l s 
c o u l d b e s e n t a l o n g a l i n e w h i c h 
p a s s e d t h r o u g h 2 m of c o n c r e t e , a 
t r a i l e r c o n t a i n i n g c o m p u t e r s a n d a 
m e t a l b u i l d i n g . 

T h e e x p e r i m e n t u s e d a h i g h e n e r g y 
m u o n b e a m o b t a i n e d f r o m t h e d e c a y 

of p i o n s p r o d u c e d a t t h e a c c e l e r a t o r . 
T h e m u o n f l u x w a s m o d u l a t e d i n t o 
p u l s e s by m e a n s of a c h o p p e r a n d 
t h e p u l s e m o d u l a t i o n w a s d o n e w i t h 
M o r s e c o d e r h y t h m . C o u n t e r s p i c k e d 
u p t h e s i g n a ! 150 m a w a y . 

T h e m u o n c a n t r ave l a c o n s i d e r a b l e 
d i s t a n c e b e f o r e i n t e r a c t i n g w i t h o t h e r 
p a r t i c l e s s i n c e i t d o e s no t f ee l t h e 
s t r o n g i n t e r a c t i o n . W i t h m u o n b e a m 
e n e r g i e s in t h e f e w G e V r e g i o n , s u c h 
as a r e a v a i l a b l e f r o m t h e A r g o n n e 
m a c h i n e m u o n l i f e t i m e s of a f e w t e n s 
of m i c r o s e c o n d s a r e a c h i e v e d a n d t h e 
r a n g e in a i r w o u l d b e a f e w t e n s o f 
k i l o m e t r e s . G o o d b e a m c o n t r o l a t t h e 
e m i s s i o n s t a t i o n c o u l d g i v e a b e a m 
w h i c h d o e s no t d i v e r g e g r e a t l y s o 
t h a t a n a r r a y o f s c i n t i l l a t i o n c o u n t e r s 
a b o u t 10 m s q u a r e c o u l d c a t c h t h e 
s i g n a l at t h e r e c e i v i n g s t a t i o n . 

T h e a m o u n t of i n f o r m a t i o n w h i c h 
c o u l d b e t r a n s m i t t e d w o u l d d e p e n d o n 
t h e i n t e n s i t y of t h e m u o n b e a m . U p t o 
1000 m e g a b i t s p e r s e c o n d c o u l d b e 
f e a s i b l e w i t h 1 0 9 m u o n s p e r s e c o n d . 
T h e p u l s e m o d u l a t i o n w o u l d n e e d t o 
b e a p p l i e d w i t h an a c c u r a c y of a b o u t 
a n a n o s e c o n d . 

O b v i o u s l y o t h e r c o m m u n i c a t i o n s y s 
t e m s a r e s o h i g h l y d e v e l o p e d t h a t 
n o - o n e is g o i n g t o b e p u t t i n g s c i n t i l 
l a t i o n c o u n t e r s o n h i s roo f t o r e c e i v e 
t e l e v i s i o n p i c t u r e s in t h e f o r e s e e a b l e 
f u t u r e . A c c e l e r a t o r c o s t s , r a d i a t i o n 
p r o b l e m s , t h e f a c t t h a t s i g n a l s t r a v e l 
o n l y b e t w e e n t w o p o i n t s , e tc . , e tc . . . a l l 
w o u l d n e e d m a n y y e a r s of w o r k t o 
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m a k e p a r t i c l e b e a m c o m m u n i c a t i o n 
s y s t e m s f e a s i b l e . N e v e r t h e l e s s t h e 
p r i n c i p l e h a s b e e n s h o w n t o w o r k 
a n d t h e r e m a y b e a p p l i c a t i o n s in t h e 
f u t u r e . A r n o l d s p e c u l a t e s a b o u t 50 G e V 
m u o n b e a m s s e n t j u s t a b o v e t h e 
a t m o s p h e r e c u r v i n g in t h e e a r t h ' s 
m a g n e t i c f i e l d t o p a s s s i g n a l s 1000 k m . 
A n d , t o a d d a f i n a l d a s h o f i m a g i 
n a t i o n , h e a l s o s p e c u l a t e s a b o u t 
c o m m u n i c a t i n g w i t h n e u t r i n o b e a m s 
f i r e d s t r a i g h t t h r o u g h t h e e a r t h . 

BATAVIA 
Beams to 300 GeV 
O n 16 J u l y b e a m s w e r e a c c e l e r a t e d 
t o a n e n e r g y o f 300 G e V in t h e p r o t o n 
s y n c h r o t r o n at t h e N a t i o n a l A c c e l e r a t o r 
L a b o r a t o r y , B a t a v i a . P e a k e n e r g y f r o m 
t h e N A L m a c h i n e w a s i n i t i a l l y s e t a t 
2 0 0 G e V b u t t h e a c c e l e r a t o r w a s d e 
s i g n e d s o t h a t h i g h e r e n e r g i e s b e c a m e 
p o s s i b l e . 200 G e V c o r r e s p o n d s t o a 
f i e l d o f 0.9 T i n . t h e m a i n r i n g m a g n e t s 
a n d u p t o 500 G e V m i g h t b e p o s s i b l e 
if a f i e l d o f 2.25 T in t h e m a g n e t s c a n 
b e r e l i a b l y a c h i e v e d ( t h o u g h a t m u c h 
r e d u c e d r e p e t i t i o n r a t e p a r t i c u l a r l y b e 
c a u s e o f t h e r e s t r i c t e d c o o l i n g c a p a 
c i t y i n s t a l l e d ) . 

T h e p o w e r s u p p l i e s a r e c a p a b l e o f 
t h e h i g h e r e n e r g y o p e r a t i o n b u t 
d u r i n g t h e J u l y 300 G e V r u n e n g i n e e r s 
f r o m C o m m o n w e a l t h E d i s o n w e r e 
s t a n d i n g b y t o m o n i t o r t h e e f f e c t o n 
t h e g r i d s y s t e m in t h e r e g i o n . T h e m a i n 
m a g n e t p o w e r s u p p l y is o f t h e s t a t i c 
c o m p e n s a t o r t y p e w h e r e p o w e r f l o w s 
f r o m a n d t o t h e g r i d a n d r o t a t i n g p l a n t 
is n o t u s e d as a bu f f e r . O p e r a t i o n a t 
300 G e V c a u s e d n o p r o b l e m s o n t h e 
g r i d . 

W h e n t h e r u n s t a r t e d t h e p o w e r 
s u p p l i e s h a d t o b e t i d i e d u p f o l l o w i n g 
s e v e r e s t o r m s in t h e C h i c a g o r e g i o n 
t w o d a y s p r e v i o u s l y w h i c h k n o c k e d 
o u t t h e L a b o r a t o r y p o w e r s e v e r a l 
t i m e s . H o w e v e r , w i t h i n a c o u p l e o f 

h o u r s o f t h e s t a r t of o p e r a t i o n 3 0 0 G e V 
b e a m s w e r e a c h i e v e d a n d a t t e n t i o n 
s w i t c h e d t o f e e d i n g t h e b e a m o u t t o 
t h e e x p e r i m e n t s . 

T e n e x p e r i m e n t s h a v e b e e n s e t t i n g 
u p o r g a t h e r i n g d a t a d u r i n g t h e p a s t 
f e w m o n t h s . T h e y i n c l u d e o b s e r v a t i o n 
o f t h e f i r s t 200 G e V e v e n t s in t h e 
30 i n c h h y d r o g e n b u b b l e c h a m b e r 
( s e e p h o t o g r a p h in las t i s s u e p a g e 
209) . T h e f i r s t p h y s i c s r u n f r o m 21-26 
J u n e c o l l e c t e d 37 000 p i c t u r e s . T h e 
a v e r a g e c h a r g e d m u l t i p l i c i t y ( t he 
a v e r a g e n u m b e r of c h a r g e d p a r t i c l e s 
e m e r g i n g f r o m a c o l l i s i o n a t 2 0 0 G e V / c 
l a b o r a t o r y m o m e n t u m ) is a b o u t 7.6 
w h i c h l i n e s u p w e l l w i t h c o s m i c r a y 
a n d ISR f i n d i n g s . 

A n o t h e r e x p e r i m e n t i n v o l v e s a c o l l a 
b o r a t i o n w i t h s c i e n t i s t s f r o m t h e U S S R 
t o s t u d y e l a s t i c p r o t o n - p r o t o n s c a t t e r 
i n g . It u s e s a n i n t e r n a l t a r g e t w h i c h 
w a s i n i t i a l l y a t h i n f i l m — 12 X 1 0 6 

e v e n t s at 80 G e V w e r e c o l l e c t e d o n 
m y l a r a n d p o l y e t h y l e n e a n d 2 3 X 1 0 6 

e v e n t s a t 200 G e V o n p o l y e t h y l e n e . 
N o w a h y d r o g e n j e t t a r g e t , d e v e l o p e d 
at D u b n a a n d u s e d a t S e r p u k h o v ( see 
v o l . 10, p a g e 190), h a s b e e n i n s t a l l e d . 

T h e a c c e l e r a t o r i t se l f is p e r f o r m i n g 
m o r e r e l i a b l y a n d b e a m i n t e n s i t y a n d 
e j e c t i o n e f f i c i e n c y a r e b e i n g s t e a d i l y 
i m p r o v e d . T h e l a tes t n e w s is o f a c c e l e r 
a t e d b e a m s of u p t o 6 X 1 0 1 0 p r o t o n s 
p e r p u l s e u s i n g o n l y o n e i n j e c t e d 
p u l s e f r o m t h e 8 G e V B o o s t e r . ( W h e n 
t h e B o o s t e r is m u l t i - p u l s e d it s h o u l d 
m u l t i p l y t h e a c c e l e r a t e d i n t e n s i t y f i 
g u r e by t h i r t e e n w i t h o u t d i f f i cu l t y . ) 
T h e r e is s t i l l h i g h l o s s — u p t o 5 0 % — 
b e t w e e n i n j e c t i o n a n d p e a k e n e r g y 
a n d m o r e p r e c i s e m a g n e t a l i g n m e n t 
is u n d e r w a y h e l p i n g t o b r i n g t h i s 
d o w n . Fas t e j e c t i o n e f f i c i e n c y h a s 
b e e n i m p r o v e d u p t o 90 % a n d e q u i p 
m e n t f o r s l o w e j e c t i o n s h o u l d b e r e a d y 
in a b o u t a m o n t h ' s t i m e . 

F r o m 6-13 S e p t e m b e r t h e L a b o r a 
t o r y is h o s t , t o g e t h e r w i t h t h e U n i 
v e r s i t y o f C h i c a g o , t o t h e 1 6 t h I n te r 
n a t i o n a l C o n f e r e n c e o n H i g h E n e r g y 

P h y s i c s . W e h o p e t o c a r r y a r e p o r t in 
t h e O c t o b e r i s s u e o n t h i s C o n f e r 
e n c e ( o n e o f t h e ' R o c h e s t e r C o n f e r 
e n c e s ' h e l d e v e r y t w o y e a r s — t h e 
m a j o r c o n f e r e n c e s in t h e f i e l d of h i g h 
e n e r g y p h y s i c s ) . 

STANFORD 
SPEAR gets sharper 
P e r f o r m a n c e o f t h e e l e c t r o n - p o s i t r o n 
s t o r a g e r i n g S P E A R , f e d b y t h e e l e c 
t r o n l i n e a r a c c e l e r a t o r a t S t a n f o r d , 
w a s p o l i s h e d c o n s i d e r a b l y in t h e 
c o u r s e o f i ts s e c o n d r u n n i n g c y c l e 
w h i c h e n d e d in J u n e . A l u m i n o s i t y a s 
h i g h a s 1 0 3 0 p e r c m 2 p e r s w a s 
r e a c h e d . 

S P E A R g a v e i ts f i r s t c o l l i d i n g b e a m s 
a t t h e e n d of A p r i l ( see M a y i s s u e , 
p a g e 167) v e r y s o o n a f t e r i n j e c t i o n 
t e s t s b e g a n . T h e r a p i d r a t e of c o m 
m i s s i o n i n g c o n t i n u e d in t h e s e c o n d 
r u n . T h e p e a k l u m i n o s i t y , r e c o r d e d 
a b o v e , w a s r e a c h e d w i t h 17 m A s t o r e d 
in b o t h p o s i t r o n a n d e l e c t r o n b e a m s 
a n d a b e a m l i f e t i m e of 1 1 A h o u r s . 

F i l l i n g r a t e s o f 60 m A p e r m i n u t e 
f o r e l e c t r o n s a n d 4 0 m A p e r m i n u t e 
f o r p o s i t r o n s w e r e a c h i e v e d , w h i c h a r e 
c l o s e t o t h e a n t i c i p a t e d f i g u r e s . A t 
l o w c u r r e n t t h e b e a m s s u r v i v e d f o r 
t h r e e h o u r s . O r b i t d i s t o r t i o n s w e r e 
r e d u c e d t o l ess t h a n 10 m m p e a k t o 
p e a k in t h e h o r i z o n t a l p l a n e a n d l ess 
t h a n 6 m m in t h e v e r t i c a l p l a n e . 

E l e c t r o n - p o s i t r o n r i n g s h a v e p r o v e d 
r a t h e r r e c a l c i t r a n t o b j e c t s in t h e p a s t . 
A l l t h e m o r e c r e d i t t o t h e S t a n f o r d 
t e a m w h o , o n a l o w b u d g e t a n d w i t h a 
r a p i d c o n s t r u c t i o n s c h e d u l e , s e e m t o 
b e b r i n g i n g S P E A R s m o o t h l y u n d e r 
c o n t r o l . 
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Hiflex8Cables Video Cables Camera Cables 
Our HI FLEX cables are a further 
step forward in the field of RF-
power cables. They are adapted to 
the increased output power ratings 
of the transmitters as well as the 
extension of transmitter installa
tions in the UHF range. 
HIFLEX cables feature high 
transmission power ratings, low 
losses, high flexibility, low 
dielectric, high transverse stability 
and tensile strength, low 
v.s.w.r., high voltage resistance, 
corrugated aluminium tube as 
outer conductor, precision in pro
duction and control. 
HIFLEX cables are available in 
sizes from 15 to 260 mm outer dia
meter with the standardized 
characteristic impedances of 50 Q 
and 60 Q and some also with 75 Û. 

Video cables are manufactured as 
coaxial cables with a characteristic 
impedance of 75 0 (in exceptional 
cases 60 Û with solid insulation 
and are used, for instance, to 
connect the camera amplifier to the 
monitor, intermediate amplifier, 
radio or television transmitter. 
Video cables must have very low 
attenuation and be homogeneous. 
As they are often used in lengths 
which, in relation to the individual 
frequency of the broad video band, 
are comparable with a unit of a 
quarter wave length or its multi
ples, it may be expected that some 
mismatches are present in the 
cable run when lengths of a 
different characteristic impedance 
are connected. This can lead to a 
disturbing second reflection 
component in the transmitted 
picture, so that with the video 
cables any deviation of the 
characteristic impedance must not 
exceed ± 1 %. 
F&G manufacture these cables in 
many different sizes with an outer 
diameter from 4.8 mm to 22 mm, 
whereby the outer sheaths have the 
standardized colour coding for 
colour television studio operation. 
These cables are also manufactured 
as multicore or multi-purpose 
cables. 

Camera cables are used for the 
transmission of all pulses, video 
and sound signals, operating 
voltages, connecting and pilot 
functions between the camera and 
camera control unit required during 
operation. 
As the biggest manufacturers of 
camera cables F&G, in collabora
tion with the German broadcasting 
stations and the camera manufac
turers have developed colour 
television camera cables incor
porating 3 or 6 coaxials. 
The elements are twisted in units 
according to their function and are 
largely symmetrical. This construc
tion provides the cable with the 
necessary flexibility and stability 
for studio and outdoor operation. 
The camera cables are supplied, on 
request, with fitted connectors 
(with coaxial contacts). 

FELTEN&GUILLEAUME J-
KABELWERKE AG • 
KOLN-M0LHEIM S 
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HYBRID SYSTEMS CORP. 

Low, Low Cost D/A Converter 
Type 371-8 

Fr. 58. 

• 8 bits binary or 2 decades BCD 
• TTL, DTL compatible 
• Linearity : + Va LSB 
• Power supply : only + 15 V 
• No external components 
• For extra reliability : 

— Metal-case transistors 
— Ceramic IC's 
— thin film resistors 100 ppm/°C 

Other models : 34 different types of D/A converters 

Technique Moderne Electronique S.A. 
1844 Villeneuve Tel. 021 / 60 22 41 
8055 Zurich Tel. 01 /54 01 33 

VACUUM PRODUCTS 
Hositrad/Holland N.V. 

Hositrad / Holland N.V. is a company, specialised in the 
custom made High -and Ultra High Vacuum field. 

We have polishing facilities (chemical) and can handle 
any shape or object. 

This is one o1 
the custom 
made 
products, 
made for one 
of our 
customers 
in the U.H.V. 
field. 

The sales representative for Veeco in Holland and Denmark. 

Phone: 03490 -10080 Amersfoort — Holland 
Stevinstraat 3 

250 

EEV know how many nano-



seconds make10,000 hours. 
In nuclear physics you need absolute accuracy and 
long-term reliability from your electronic tubes. Espe
cially thyratrons. EEV thyratrons can be fired with 
nano-second precision, with repetition rates of up to 50 
kHz due to very rapid deionisation characteristics. 
Long life -10,000 hours can be achieved-enables EEV 
ceramic thyratrons to be bolted into the circuit as with 
passive components. 

EEV thyratrons meet the demands of major nuclear 
physics applications : 

In linear accelerators they can withstand peak in
verse voltages up to 20 kV following a pulse, and they 
give trouble-free operation in oil-filled equipment. 

In particle accelerator work missed pulses are.rare. 
Annular current-flow means rapid peak-current 

switching, too, without risk of arc extinction. 
In spark chambers EEV thyratrons will eliminate 

spurious firing, and jitter can be kept as low as 1 ns. 
The CXI 154 for example operates over a wide range 
of H.T. voltages at currents up to 10 kA without signi
ficant change in characteristics, so drive units can be 
used with different chambers - and the low trigger 
voltage means that simple firing circuits are possible. 

So, whether you're concerned about nano-seconds 
or thousands of hours, specify EEV thyratrons. And 
remember that EEV also make ignitrons, photo tubes, 
storage tubes, image intensifies, vacuum capacitors, 
spark gaps, RF tubes (like tetrodes for driving RF 
separators) and magnetrons especially & 
for linear accelerators. Send for details. 

EEV know how. 
E N G L I S H ELECTRIC V A L V E CO L T D . Chelmsford. Essex, England. CM1 2QU. Tel : 0245 61777. Telex: 99103. Grams: E n e l e c t i c o Chelmsford.! 
A member of THE GEC ELECTRONIC TUBE CO LTD, a management company which unites the activities of English Electric Valve Co Ltd and The M-0 Valve Co Ltd 

Semtech "metoxilite 
radiation resistant 
silicon rectifiers 

1AMP2S°C/N0 HEAT SINK 

PIV TO 400 VOLTS 

MONOLITHIC NON-CAVITY CONSTRUCTION 

FUSED METAL OXIDE HERMETIC SEAL 

SUPERIOR THERMAL SHOCK RESISTANCE 

LOW THERMAL IMPEDANCE 

LOW REVERSE LEAKAGE 

BOURNS AG Baarers t r . 8 6301 Zug Te l . (042) 2 3 2 2 4 2 
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Forward Reverse Instantaneous Repetitive 1 Cycle Surge Reverse 
DEVICE Reverse Current Current Forward Surge Current Recovery 
TYPE Voltage (Max) Voltage Current tp=8.3 ms Time 

Free Air In V F @ I f = Trr 
V R M ( W K f ) 55°C UAdc 1.0 Adc A(pk) lx s 

VDC V(pk) A 25°C 100°C Vdc (Max) A(pk) 1 f (Surge) Max 

R1 1 0 0 1 0 0 1 . 0 1 . 0 2 5 1 5 2 5 . 3 0 0 
R2 200 200 1 . 0 1 .0 2 5 1 5 2 5 . 3 0 0 

R3 300 300 1 . 0 1 .0 2 5 1 5 2 5 . 3 0 0 
Rk koo koo 1 . 0 1 .0 2 5 1 5 2 5 1 



New : Connectors crimpt in sizes 00 -0-1 

Our production programme 
Connectors , un ipo le ( 1 - H 5 0 A ) 
Connectors, coaxia l ( 5 0 - 6 0 - 75 - 1 0 0 f t ) 
Connectors , biaxial and tr iaxal 
Connectors, h igh vo l tage ( 2 - 5 - 8 - 1 0 - 1 5 - 3 0 KV.DC) 
Connectors , mu l t i - coax ia l , mul t ip le contacts , 
mul t ip le h igh vo l tage 

Connectors , comb ined , h igh and l o w vo l tage 
Connectors , comb ined , coax ia l and s ignal 
Connectors , comb ined special 
Connectors , for t he rmo-coup les 
Adapto rs to connec to rs type : B N C - U H F - C - N -
C O N H E X - P E T - S u h n e r - G . Radio, etc. 
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New EG&G/Ortec registers 
simplify 

CAMAC 
interfacing 
RI224 Input Register 

Now you can b r ing TTL- Ieve l da ta 
f rom many dev ices , s u c h as o u r 
mode l AD128 A D C , r igh t into the 
C A M A C da taway . Da ta t rans fe r is 
a c c o m p l i s h e d t h r o u g h the h a n d 
shake t echn ique in t h ree m o d e s : 
accep t new da ta on ly af ter ex is t ing 
da ta has been read by C A M A C ; 
a c c e p t new da ta on ex te rna l c o m 
mand even if C A M A C has not ye t 
read ex is t ing da ta ; a c c e p t new da ta 
on ly on c o m m a n d f r o m C A M A C (i .e., 
da ta l ines are s t r obed in to reg is ter 
w h e n c o m m a n d is rece ived) . 

• • .and 
outerfacing 

R0224 Output Register 

Many per iphera l dev i ces can now be 
d r i ven d i rec t l y f r o m t h e C A M A C 
da taway . Th i s reg is te r ' s cu r ren t s ink 
capac i t y of 100mA is suf f ic ient to 
d r i ve reed re lays, x -y recorders , 
magne t or NMR con t ro l s , etc. Each 
hal f of the reg is ter can con ta in an 
en t i re 24-b i t C A M A C w o r d — a 
s ign i f i can t i m p r o v e m e n t over o the r 
reg is ters w h i c h a re l im i ted to 16-bi t 
w o r d s . Data t rans fe r may be a c c o m 
p l i shed t h r o u g h the handshake 
t e c h n i q u e by us ing Sta tus and Busy 
l ines. 

NIM . . . CAMAC... EG&G/Ortec 
Three names to keep together in your mind 

In add i t i on to C A M A C modu les and N I M -
C A M A C ha rdware , E G & G / O r t e c makes N IM 
modu les tha t are des igned to w o r k ac ross the 
in ter faces of c o m p u t e r - b a s e d N I M - C A M A C 
sys tems. 

For da ta sheets on t h e p roduc ts d e s c r i b e d in 
th is a d , or fo r an au tho r i ta t i ve response to you r 
in teres t in any phase of c o m p u t e r - b a s e d N I M -

C A M A C sys tems, wr i te o r ca l l today . 
E G & G / O r t e c H igh Energy Phys ics Produc ts , 
500 M id l and Road, Oak R idge , Tenn . 37830. 
Phone : (615) 482-4429. In Eu rope : Or tec L td . , 
Da l l ow Road, Lu ton , Bed fo rdsh i re . Phone : 
LUton 27557. Or tec G m b H , 8 M u n c h e n 13, 
F rank fu r te r Ring 8 1 , Wes t Germany . 
P h o n e : ( 0 8 1 1 ) 3 5 9 - 1 0 0 1 . 
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REN OLD 

Precision roller chains and 
wheels for power transmission 

Chains, wheels and attachments 
for mechanical handling 

Gears and Gear units 

Couplings, clutches and brakes 

Variable speed systems 

And most other associated products for 
power transmission and mechanical handling 

For technical advice on the complete range of power transmission products: 

REN OLD (SWITZERLAND) GmbH 

Josefstr. 53 8031 ZURICH 
Post fach 3 1 1 • T e l e p h o n ( 0 1 ) 4 2 7 4 11 
Te lex : 5 5 5 7 4 

RENOLD (SWITZERLAND) GmbH 

A n g s t + P f i s t e r 

• Synthetic and Natural Rubber 

Engineering Plastics 

GACO Sealing Products 

Power Transmission Elements 

52-54, route du Bois-des-Frères 

1211 LE LIGNON-GENÈVE 

Tel. (022) 45 14 00 

ZURICH MILAN PARIS 

ATELIERS DE CONSTRUCTIONS 
ÉLECTRIQUES DE METZ 
S o c i é t é A n o n y m e au cap i ta l d e 2 400 000 f rancs 

S i è g e soc ia l : 

7 - 1 1 , rue C lo t i lde -Auber t in 

57 - METZ 

S e r v i c e c o m m e r c i a l : 

V o i e r o m a i n e - P o n t - d e - S e m é c o u r t 
57 - MA IZ IÈRES-LES-METZ 

Transformateurs de puissance 
à re f ro id issement à air, à l 'huile, au pyra lène 
jusqu 'à 110 000 volts 

Usine d e Metz : 

T r a n s f o r m a t e u r s d e 2500 à 100 0 0 0 K V A 

T é l é p h o n e : 6 8 6 0 8 0 et 68 90 80 
T é l é g r a m m e : E L E C T R I C M E T Z 
T é l e x : 86237 F A C E M E T Z 

Usine d e Maizières -Les -Metz (57) : 

T r a n s f o r m a t e u r s d e 25 à 2000 K V A 

T é l é p h o n e : 60 2 6 11 

T é l e x : 86418 F A C E M A I Z I 
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IN THE SPECTRASCOPE NIM 8001 
ONLY THE SIZE IS SMALL 

THE SPECTRASCOPE NIM 8001 IS A MODULAR, NIM-
STANDARD ANALYZER SUITED TO A WIDE RANGE 
OF NUCLEAR SPECTROMETRY APPLICATIONS. 

• PULSE AMPLITUDE ANALYSIS 
• TIME-OF-FLIGHT MEASUREMENTS 
• AUTOMATIC ANALYSIS CYCLES WITH DATA PRINT

OUT 
• DECAY STUDIES 

• THE SYSTEM CAN BE CONNECTED TO ANY CON
VENTIONAL OUTPUT DEVICES, INCLUDING DIGITAL 
CASSETTE RECORDERS 

SPECIFICATIONS 

Memory 
— Number of channels: 512 
— Memory subgrouping: up to 4 subgroups selectable by manual or 

external control 
— Count capacity per channel : 10 6 - 1 or 2 2 4 - 1 
— Memory cycle t ime: 3 JJLS 
— Multiscaler (MCS) measurements. Two simultaneous inputs can 

also be used 
— Spectra integration 
— Timing programming facil i t ies using the plug-in unit Mod. 8190 

Display 
— 8 x 6 (cm) cathode-ray tube (larger size tubes can be externally 

connected) 
— Channel identif ication by overintensif ication of the relevant spot 
— Energy calibration with constants of 1, 2, 4 or 8 KeV/channel 
— Standard digital display for reading the integral value between 

two selected channels, the address and energy of any channel, 
or the content of that channel 

WIDE SELECTION OF NIM-STANDARD INPUT UNITS INCLUDING 
AMPLIFIERS, DISCRIMINATORS, ADC'S, TIME-OF-FLIGHT UNITS, 
ETC. 

FOR COMPLETE DETAILS, WRITE TO: 

MDNTEDEL s.p.a. m LABEH Division 
20133 Milano-ltaly-via Bassini 15phone2365551-telex 33451 
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WMÏÏM i l 
in exieriiBBtal siccess 
PISA/STONYBROOK 
Intersection region 1-8 of the ISR where the Pisa—Stony Brook collaboration 
system measures the total cross-section of the proton-proton interaction. 
Large arrays of NE 110 counters appear as large black discs around the beam-
pipes. (Photo CERN) 

SACLAY/STRASBOURG 
The detection system of the Saclay-Strasbourg collaboration in intersection 
region 1-1 includes NE 110 scintillator. Gammas and electrons produced in 
the decay of particles which emerge from the collisions are recorded. 
(Photo CERN) 

CERN/ROME 
The stars around the ISR beam pipes are NE 110 scintillation trigger counters 
used for a total cross-section measurement by the CERN-Rome collaboration. 
(Photo CERN) 

RUTHERFORD/CERN 
NE 110 was specified for all the plastic scintillators used in counter arrays for 
the Muon Experiment at the Intersecting Rings CERN, by U.K. scientists. 
Picture shows three counter arrays being assembled at Rutherford Laboratory, 
Chilton. (Courtesy Science Research Council) 

<§> NUCLEAR ENTERPRISES LIMITED 
Sighthill, Edinburgh EH11 4EY, Scotland, Telephone; 031-443 4060 Cables: Nuclear, Edinburgh Telex: 72333 

A s s o c i a t e C o m p a n i e s : N u c l e a r E n t e r p r i s e s G m b H , 8 M u n i c h 2 , K a r l s t r a s s e 4 5 , W e s t G e r m a n y . T e l . 5 5 3 0 0 3 T e l e x : 5 2 9 9 3 8 
N u c l e a r E n t e r p r i s e s I n c . , 9 3 5 T e r m i n a l W a y , S a n C a r l o s , C a l i f o r n i a 9 4 0 7 0 . T e l . 4 1 5 - 5 9 3 - 1 4 5 5 T e l e x : 3 4 8 3 7 1 
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TRW 
SEMICONDUCTORS INC. 

Amplificateurs hybrides de puissance Darlington 
en configuration complémentaire ou dual 

S V T 6000 

S V T 6001 

S V T 6002 

H T - N P N 

D a r l i n g t o n 

Dua l D a r l i n g t o n 

Caractéristiques : 

• D i o d e s d e c o m m u t a t i o n r a p i d e s 
i n c o r p o r é e s 

• G r a n d e v i t esse d e c o m m u t a t i o n 

• V e r s i o n s 80 V à 650 V 

• c o u r a n t p e r m a n e n t c o l l e c t e u r 
j u s q u ' à 10 A 

• c o u r a n t d e d i o d e s en avan t 
j u s q u ' à 10 A 

• bo î t i e r T O - 3 (avec 8 p ins) 

DPS 5000 — 

DPS 6000 

Transistors de puissance série SVT 
• V ceo j u s q u ' à 450 V 

• le j u s q u ' à 8 A ( p e r m a n e n t ) 

• t stor 1,5 M-S ; t FALL 0,15 P-S 

• T O 3, T O 61 I S O - C O L L E C T O R , T O 63 

yCEO = 350 V le = 8 A ; Pd peak = 3,5 k W 

y CEO = 400 V le = 8 A ; Pd peak = 4,0 k W 

y CEO = 450 V le = 8 A ; Pd peak = 4,5 k W 

y CEO = 350 V le = 4,5 A ; Pd peak = 3,5 k W 

y CEO = 400 V Je = 4,5 A ; Pd peak = 4,0 k W 

y CEO = 450 V le = 4,5 A ; Pd peak = 4,5 k W 

Pour t o u s r e n s e i g n e m e n t s c o m p l é m e n t a i r e s n o u s r e s t o n s à v o t r e e n t i è r e d i s p o s i t i o n . 

baeriocherag 
Postfach 485,8021 Zurich, Tel. 0142 99 00 
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D a r l i n g t o n 

c o m p l é m e n t a i r e 

Haute tension 
Haut courant 
Court délai de réf 
Boîtiers divers 

S V T 350-5 : 

SVT 400-5 : 

S V T 450-5 : 

SVT 350-3 : 

S V T 400-3 : 

SVT 450-3 : 



Here We are! Game tables în a steady flow. 
High precision, projection mirrors are now a reality for our demanding costumers. 
Ask Dr J, von Krog at Der Rheinîsch-Westfalische Technische Hochschule about 
It and then contact us: 
Saab-Scania, industrial Systems Division, Fack, S-550 02 Jônkôping 2, Sweden. 
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SPARK 
CHAMBER 
READOUT 
SYSTEM 

PICK-UP AMPLIFIER 

® 
I THRESHOID OUT 

® 
OUT 

® 

® 
wsmmjù ou? 

Qua A Pick- up Amp/ffm Type 

, - Single width NilVI package 

- Shapes as welt as amplifies 

- Leading edge or Real time-mode 

- fast recovery from Heavy overto 

m CLOCK TIMERS and PULSE GENERATORS for 
j f ^ j i Integrated circuits 

CRYSTAL DIP* SQUAREWAVE 

As low as 0.77 c m 

Frequency t o l e rance 
± . 0 0 1 % , 0 ° C t o + 5 0 ° C 

T T L ou tpu t 

Ac tua l s ize-he ight d e p e n d s on f r equency 

Plugs into single IC socket 

RC DIP* PULSE, SQUARE and SINEWAVE 

Frequency t o l e rance 
± 0 . 1 % , 0 ° C t o + 5 0 ° C 

Ac tua l s ize-he igh t d e p e n d s on f r equency 
and wave fo rm 
* Dua l - ln -L ine Package 

Pulses, square waves or sinewaves 

FLAT PACKAGE TCXO/VCXO** 
fo r Pr in ted C i rcu i t B o a r d 
M o u n t i n g 
F requency t o l e rance 
± .000055 % , + 2 5 ° C to 
+ 35° C 
5.08 c m X 5.08 c m 
X 1.53 c m 

** T e m p e r a t u r e C o m p e n s a t e d Crysta l O s c i l l a t o r / 

Vo l t age Con t ro l l ed Crys ta l Osc i l l a to r 

FLAT PACKAGE VOLTAGE STANDARD 

A m p l i t u d e s tab i l i t y 
± 0 . 2 5 % , 0 ° C t o + 5 0 ° C 

5.08 c m X 5.08 c m 
X 1.53 c m 

Please wire or write for description of our full product line. 

Connor-Winfield Corp. W I N F I E L D , I L L I N O I S 60190 U.S.A. 
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Table de manipulation 
FESTO 

pour l'exécution de commandes pneumatiques, 
fluidiques et électropneumatîques 

L'équipement peut être composé d 'une façon 
indiv iduel le et sur tout en p lus ieurs étapes. 
La table de manipu la t ion et de démonst ra t ion 
FESTO représente un système universel lement 
ut i l isable pour l 'enseignement profess ionnel in terne 
et les écoles pro fess ionnel les . Avec les composan ts 
complémenta i res du Système 1000 et M 5, el le 
répond aux ex igences des Ecoles d ' Ingén ieurs 
et des Universi tés. 

Une l i t térature spéc ia lement dest inée à 
l 'enseignement et une sé lec t ion de matér ie l auxi l ia i re 
sont d isponib les. 

Demandez une documen ta t i on complè te , 

ainsi que des ré férences. 

L' intérêt général just i f ie une étude détai l lée. 

Pneumatic 
FESTO SA, « Le Bey» , Av. de Grandson , 1400 Yverdon 

Tél . (024) 2 50 85 

FESTO AG, Zùrchers t rasse 138, 8953 Diet ikon 

Te l . (01) 88 40 44 

QUALITÀTentscheidet! 
Drehspulanzeige-instrumente fur Wârme-
und Verfahrenstechnik 

• 

... x 

m m m m m 

* • t 
! ! • • . . ! 

. \ 

JUMO Ihr Partner 
in der Mess-un d Regeltechnik 

M.K.JUCHHEIM GMBH & CO • D-64 FULDA 

fïïTTÏÏ) M E S S - U N O ® 

R E G E L T E C H N I K 

Glas-, Zeiger- und Widerstandsthermometer 
Kontaktthermometer, Relais, Thermoelemente 
Elektromech. und elektron. Temperatur-Regler 
Elektr. Anzeige-, Regel- und Registriergerâte .7; 
Melï- u. Regelinstrumente fur Druck u. Feuchte 3 

STEPH 

QUARTZ FIBRE 
POCKET DOSIMETERS 

Ask for literature giving details of full range and charging unit 

R. A. STEPHEN & CO. LTD. 
MILES ROAD — MITCHAM — ENGLAND CR4 3YP 
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N o u v e a u : 
M u l t i m è t r e 
n u m é r i q u e 
M o d è l e 1 2 4 2 

Caractéristiques principales 

• I n t é g r a t i o n d o u b l e r a m p e 

• A f f i c h a g e à 4 d i g i t s V2 ( ± 19999) 

• R é s o l u t i o n 10 j i V 

• 5 f o n c t i o n s , 25 c a l i b r e s 

• I m p é d a n c e j u s q u ' à 1000 M Q 

• B o î t i e r a n t i c h o c 

• S o r t i e t r a n s c r i p t i o n su r d e m a n d e 

• P r i x i n t é r e s s a n t (Fr. 2550 .—) 

N o t r e n o t i c e v o u s d o n n e r a les 

r e n s e i g n e m e n t s c o m p l é m e n t a i r e s 

s o u h a i t é s . 

Schlumberger 
1207 Genève 
15, Jeu-de-I 'Arc 

8040 Zurich 
Badenerstr. 333 

tél. (022) 35 99 50 

tél. (01) 52 88 80 

fciÎifiJill;||4ii« 

f fpm Pilot Chemicals . . ^ u r choice of liquid 

6072 Dreieichenhain bet F rank fu r t /M. , 
Siemensstrasse 1. Postfach 71 . Germany 
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• 50 liter • 100 liter • 250 liter • 500 liter • 1000 gal. 

Keep your liquid helium in our stainless 
steel containers and you'll have lower 
boil-off losses. Cryenco's proven insulat
ing techniques, using vapor cooling, multi-
shielding and laminar insulation assures 
you of maximum performance and reli
ability. 
This line also includes a 4000 gal. and 
an 8500 gal. containerized unit, both for 

t rans-oceanic service. May we supply 
literature and a quotation on the unit that 
matches your needs? 

is a registered trademark of 

CRYOGENIC ENGINEERING CO. 
4955 Bannock, Denver, Colo. 80216 

Tel. (303) 244-8691 
Designers and Manufacturers of standard and special Cryogenic Equipment 
and Systems. 
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Digital Equipment's new family of 
big computers, DECsystem-10. Each of 
the five systems (2nd shown) is a 
price/performance giant. 

New faster, bigger processor. 
Expanded core memories. More COBOL 
features. New high performance dual 
. density disk packs. Super multipro-
^ \ cessor systems. Improved card 

readers. New magtapes. And more. 
DECsystem -10 runs fourfunctions : 

batch processing, multi-access 

conversational t imesharing, 
remote job entry (batch and t ime

sharing), and real-time equally 
well and simultaneously. 

All five systems run all four 
functions using the same operating 
system with the same job control 
commands. All are serviced by the same 
language processors COBOL, ALGOL, 
FORTRAN, BASIC, MACRO, and many 
others. The only thing that changes is 
speed and capacity. 

Digital Equipment Corporation 
International-Europe, 81 , Route de l'Aire, 
CH -1211 Geneva 26. Tel. 022/42 79 50, 
Telex 22683. 

Reading, London, Manchester, 
Birmingham, Edinburgh, Munich, 
Cologne, Hannover, Frankfurt, Vienna, 
Stockholm, Oslo, Copenhagen, Paris, 
Grenoble, The Hague, Brussels, Zurich, 
Milan. 

QDIDDSD 
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ROHDE & SCHWARZ 
MUNICH 

one of the latest developments : 
Programmable Synthesizer Type SSN 

accuracy : 2 X 10~5 (internal crystal) 
frequency : 0.01 Hz to 120 KHz 

(sinusoidal and tr iangular waves) 
0.01 Hz to 1.2 MHz (squarewave) 

our additional sales programme 

for electronic measuring sets, te lecom
municat ions and similar lines 

AVO LTD, Dover G B 

BARR AND STROUD LTD, Glasgow GB 

BRYANS SOUTHERN INSTRUMENTS LTD, 
London GB 

DERRITRON ELECTRONIC LTD, 
Hastings GB 

FELTEN + GUILLEAUME Kabelwerke AG, 
Kôln-Mùlheim Germ. West 

GRUNDIG ELECTRONIC, 
FCirth Germ. West 

KINGSHILL Electronic Products Ltd, 
London GB 

PACIFIC MEASUREMENTS INC., 
Palo Alto, Calif. USA 

VISUAL ENGINEERS LTD, Aylesbury GB 
(Bryans Aeroquipment Division) 

817 

Representation and after-sales services for Switzerland 

ROSCHI TELECOMMUNICATION SA BERNE 
3000 Berne 31, P. O. B. 63 Tel. (031) 44 2711 

Crowbar diodes tor pulsed magnets 

i A 

u 2 

Capacitor charged to 6.25 kV. 
Peak current through diode 60kA. 
Repetition rate 4 pulses at 100 m. 
second intervals repeated every 
7 seconds. 
IN REGULAR SERVICE 
We are exhibiting at 
CERN Exhibition - Geneva 
23~27th October 1972 
Send your problem to : 
Westinghouse Brake and Signal 
Co Ltd Semiconductor Division 
(Dept. CR1) 82 York Way 
London N1 9AJ Telex: 261629 
Telephone: 01 -837 6432 

W E S T I N G H O U S E 
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Entreprise de 
peinture 
bâtiment 
industrie 

J. Prézioso & Fils S.A. 
C.E.R.N. - GENEVE 

Siège social : 

Boîte postale N° 2 

38 -SAINT-OLAIR DU RHÔNE 

Tél . (74) 85 53 07 

85 52 28 

Télex : 30 516-PREZIOSO SCLAR 

André Besson 
Ingénieur E.P.F.L. 

Transformateurs spéciaux et normaux 

Automatismes, électronique : 

études, montage de prototypes 
et de moyennes séries 

1260 NYON (Suisse) 

1 bis, rue d'Oulteret 

Télex : 27 328 bin ch 

Tél. (022) 61 35 06 

Boîte postale 61 

racks 
instrument cases 
chassis systems 

The LANGLEY symbol represents one of Britain's leading 
manufacturers of quality instrumentation racks, cases, chassis and 
modular systems, which are produced both in a comprehensive range 
of standard products and as custom-built units. 
Design, styling and construction features reflect over 20 years 
experience in engineering forthe particular needs of the 
electronics, instrumentation, electrical and allied industries. 
LANGLEY custom-built consoles, racks and chassis systems are 
precision engineered from the highest quality sheet steel and 
finished in any quantity to customer specification, including 
production of prototypes. 

Supp l ie rs t o H. M . Gove rnmen t , Post O f f i ce , Un i t ed 
K i n g d o m A t o m i c Energy A u t h o r i t y , E lec t r i c i t y Boards, 
A d m i r a l t y , A r m e d Forces, Un ivers i t i es , Research 
Ins t i t u tes and mos t o f t h e ma jo r e l ec t r on i c e q u i p m e n t 
and c o m p u t e r m a n u f a c t u r i n g compan ies . 

Instrument Case LCV 75 Series 

Sloper* Instrument Case LSC Series Custom-built Consoles 

Modular Sub Assemblies Instrument Case LCT 78 Series 

F.T.DAVIS (Kings Langley) Ltd 

Head Office and Works 
Primrose Hil l , Kings Langley, 
Herts, England. 
Telephone : Kings Langley 66766/9. 
Northern Office 
Bridgewater House, Edleston Road, Crewe, 
Cheshire, England. 
Telephone : Crewe 3753. 

Please send me literature/details in respect of . 

Name 

Position in Company 

Company 

Address 

F.T. DAVIS (Kings Langley) LTD. Primrose Hi l l , Kings Langley, 
Herts, England. 
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A I M D A C - 1 0 0 
M I N I A T U R E S IZE : 

16 p in DIP o r 24 lead f la t p a c k i n c l u d i n g 

i n t e rna l r e f e r e n c e a n d res i s to r n e t w o r k 

C O M P A T I B L E L O G I C : D T L or T T L 

H I G H S P E E D : 

225 ns f o r 8 b i ts , 375 ns f o r 10 b i t s 

W I D E V O U T C H O I C E : + 5V, + 1 0 V , ± 2 . 5 V , ± 5 V 

L O W C O S T : 
C h o i c e of 14 c o s t / p e r f o r m a n c e t r a d e o f f s 

10 BIT D/A 
CONVERTER 

DESCRIPTION: The aim DAC-100 is a complete Digital to Analog converter packaged in a single 16 pin DIP or 24 lead 
flat pack. A standard digital I.C. logic level input code is accepted, providing an analog current output that is readily 
converted to an analog voltage with a single external op amp shunted by an internal feedback resistor. The package 
contains two monolithic chips. One chip provides the internal precision voltage reference plus ten weighted current 
sources and switches. The second chip provides a precision thin film ladder network, tracking feedback resistor, and bipolar 
source resistor. 

Simpli f ied schemat ic 
V+ M S B 10-BIT LOGIC INPUTS 

8 bit A / D Conversion approach 

5 

CARRY 
4 BIT MSI OUT 4 BIT MSI 
UP/DOWN CARRY UP/DOWN 
COUNTER IN U/D COUNTER 

8 4 2 1 8 4 2 1 

High — Per formance P M I O P A M P S , and Comparators . 

1. MONO CMP - 01CJ 
2. MONO CMP - 02 
3. MONO OP -01CJ 
4. SSS 725CJ 
5. SSS 741CJ 

Call us for full details 

Fast Precision Comparator 
Low Input Current Precision Comparator 
Low Cost, Fast Slewing/Sett l ing Op. Amp. 
Low-Noise, Low Drift Instrumentation Op. Amp. 
Improved Performance 741 Op. Amp. 

A n affi l iated C o m p a n y of 

/^PRECISION 
™JM0N0LITH es 

I N C O R P O R A T E D 

Bourns AG Baarerstrasse 8 6301 Zug 
Tel. 0 4 2 23 2 2 4 2 Telex 78 7 2 2 
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bicone pour zone d 'expér imentat ion I.S.R. soufflets métalliques 
bicone for I.S.R. experimental zone types: 

Calorstat 
metal bellows  

types: 

B.R 15 - 91290 ARPAJON / FRANCE 

H y d r o f o r m é s - A d i a p h r a g m e s s o u d é s - En 
t o u s m é t a u x usue l s e t m é t a u x s p é c i a u x 
( T I T A N E S - I N C O N E L S - H A S T E L L O Y S -
e tc . ) . - E l e c t r o - d é p o s e s m i n i a t u r e s en N i c k e l 
p u r s o u d a b l e . 

Réa l i sa t i on d e s o u s - e n s e m b l e s c o m p l e t s 
é q u i p é s d e s o u f f l e t s ; t u y a u t e r i e s m é t a l l i 
q u e s s o u p l e s a v e c o u sans t r esse . 
Réa l i sa t i on d ' e n s e m b l e s à par t i r d e m é t a u x 
m i n c e s h y d r o f o r m é s e t s o u d é s ( c h a m b r e s 
à v i d e p o u r z o n e d ' i n t e r s e c t i o n d e f a i s c e a u x 
e t p o u r s y n c h r o t r o n à p r o t o n s in jec teu r . 

H y d r o f o r m e d - W e l d e d d i a p h r a g m s - M a d e 
of al l usua l m e t a l s as w e l l as s p e c i a l m e t a l s 
( T I T A N I U M S - I N C O N E L S - H A S T E L L O Y S -
etc . ) - W e l d a b l e p u r e N i c k e l m i n i a t u r e E lec
t r o - d e p o s i t e d . 

C o m p l e t e s u b - a s s e m b l i e s e q u i p p e d w i t h 
b e l l o w s ; f l e x i b l e m e t a l p i p e s w i t h or w i t h o u t 
b r a i d . 
A s s e m b l i e s c o n s i s t i n g o f t h i n h y d r o f o r m e d 
a n d w e l d e d m e t a l s ( V a c u u m c h a m b e r s f o r 
b e a m i n t e r s e c t i o n z o n e a n d p r o t o n s y n 
c h r o t r o n b o o s t e r ) . 
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WHAT'S 

DOING AT 
OAK RIDGE? 

The use of thermonuclear re
actions in boilers of future 
electric power plants is being 
investigated world-wide. 

Scientists at Oak Ridge Na
tional Laboratory* are now en
gaged in a controlled fusion 
experiment, using a CTi Model 
1400 Helium Liquéfier as an 
important tool. An ORNL-de-
signed superconducting mir
ror quadrupole magnet (10-20 
kilogauss center field; 85 kilo-
gauss maximum field at the 
superconductor) provides the 
containing field for plasma 
confinement. 

At present, plasmas pro
duced by electron cyclotron 
resonant heating reach 1012 

particles per square centi
meter at energies from 50 kev 
to 1 Mev. 

CTi's Model 1400 provides 
around-the-clock capability to 
keep the 300-liter magnet 
dewar full. It handles with ease 
the 10 liter-per-hour heat leak 
into the liquid helium. 

The Model 1400 was de
signed with superconducting 
systems in mind, and will run 
continuously for week's be
tween simple, routine mainte
nance periods. It can produce 
from 5 to 40 liters per hour of 
liquid helium, 20 to 100 watts 
of refrigeration at 4.5°K, 100 
to 350 watts of cooling at 
20°K, and can be modified 
for hydrogen or neon lique
faction. 

Write or call CTi today for 
full details on the versatile 
and reliable Model 1400 He
lium Refrigeration Systems. 

Operated by Union Carbide Nuclear Divi
s i o n f o r t h e U.S . A t o m i c E n e r g y 
Commission. 

The growing Company that makes COLD as simple as heat 

T i C R Y O G E N I C S A G 

CH-8052 Zurich • Glat ta ls t raBe 18 • Telefon 484680 - Telex 53899 

Subsid iary of CRYOGEN IC TECHNOLOGY inc. 
Kelvin Park, Wa l tham, Massachuset ts 02154 
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