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The cover photograph shows Lucien Vuffray, of 
CERN's West workshop, with the vacuum tank 
containing the septum magnet designed in the 
MPS Division for the new ejection system in 
the East area of the proton synchrotron. The 
vertical pipe projecting from the bottom of the 
tank is for the connexion to the vacuum pumps 
when it is installed in the synchrotron, and 
above this can be recognized the characteristic 
outline (roughly oval in shape) of the acceler­
ator vacuum tube. The magnet is visible 
through this opening. It consists really of two 
similar magnets, each of the 'septum' type, 
placed end to end to form one long one. The 
aperture can be seen as a dark rectangle, 
closed on the right-hand side by the septum, 
which is 3 mm thick and pierced along its 
length by seven channels for cooling water, 
each 1 mm x 1.2 mm. Inside the aperture, the 
f ield is 10 kilogauss in the first section and 
20 kilogauss in the second but outside, in the 
unobstructed part of the vacuum tube to the 
right of the septum, the f ield is less than 0.2% 
of that inside and the beam normally circulating 
there is hardly affected. In the slow-ejection 
system, for which this magnet wi l l be used, the 
beam is caused to oscil late more than usual in 
its passage round and round the ring; during 
each revolution some of the protons wi l l be 
displaced so far from their normal orbit when 
they come to this part of the ring that they 
wi l l pass on the left-hand side of the septum, 
thus entering the magnet and being ejected. 
To facil i tate setting-up, the magnet can be 
displaced and adjusted inside the tank and 
the beam can be observed by television through 
the window on the left. The basis of the 
slow-ejection system was described in CERN 
COURIER, vol. 3, pp. 110-111, September 1963, 
and the tests on this magnet were mentioned 
in vol. 5, pp. 19-20, February 1965. The photo­
graph also forms a suitable il lustration to the 
article by Prof. Weisskopf that begins on p. 54, 
showing again the complex and highly refined 
apparatus that is essential for the adequate 
conduct of present-day research into the fund­
amental laws of tiature. 
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The European Organization for Nuclear Research, more commonly 
known as CERN (from the initials of the French title of the original body, 
'Le Conseil européen pour la Recherche nucléaire', formed by an Agree­
ment dated 15 February 1952), was created when the Convention establish­
ing the permanent Organization came into force on 29 September 1954. 

In this Convention, the aims of the Organization are defined as follows: 
The Organization shall provide for collaboration among European 
States in nuclear research of a pure scientific and fundamental 
character, and in research essentially related thereto. The Organiza­
tion shall have no concern with work for military requirements and 
the results of its experimental and theoretical work shall be published 
or otherwise made generally available/ 

Conceived as a co-operative enterprise in order to regain for Europe a 
first-rank position in fundamental nuclear science, CERN is now one of the 
world's leading laboratories in this field. It acts as a European centre and 
co-ordinator of research, theoretical and experimental, in the field of 
high-energy physics, often known as sub-nuclear physics or the physics of 
fundamental particles. 

High-energy physics is that front of science which aims directly at the 
most fundamental questions of the basic laws governing the structure of 
matter and the universe. It is not directed towards specific applications — 
in particular, it plays no part in the development of the practical uses of 
nuclear energy — though it plays an important role in the education of the 
new generation of scientists. Only the future can show what use may be 
made of the knowledge now being gained. 

The laboratory occupies an area of 41 hA (100 acres) at Meyrin, Canton of 
Geneva, Switzerland, next to the frontier with France. A similar area on 
adjacent French territory is expected to be taken over shortly. 

Its main experimental equipment consists of two large particle accelerators: 
— a 600-MeV synchro-cyclotron, 
- a 28 000-MeV (or 28-GeV) proton synchrotron, 

the latter being one of the two most powerful in the world. 

The CERN staff totals some 2000 people. 

In addition to the scientists on the staff, there are nearly 300 Fellows and 
Visiting Scientists, who stay at CERN, either individually or as members of 
visiting teams, for periods ranging from two months to two years. Although 
these Fellows and Visitors come mainly from universities and research 
institutes in the CERN Member States, they also include scientists from 
other countries. 

Thirteen Member States contribute to 
proportion to their net national income: 

Austria (1.95%) 
Belgium (3.83%) 
Denmark (2.07%) 
Federal Republic 

of Germany (22.74%) 
France (18.57%) 
Greece (0.60%) 

the cost of the Organization, 

Italy (10.78%) 
Netherlands (3.92%) 
Norway (1.47%) 
Spain (2.18%) 
Sweden (4.23%) 
Switzerland (3.19%) 
United Kingdom (24.47%) 

Poland, Turkey and Yugoslavia have the status of Observers. 

The budget for 1965 amounts to 128 760 000 Swiss francs ( = $29 800 000), 
calling for contributions from Member States totalling 126 400 000 Swiss 
francs ( = $29 300 000). 

A supplementary programme, financed by eleven states, covers design work 
on two possible future European projects in high-energy physics — inter­
secting storage rings for the 28-GeV accelerator at Meyrin and a 300-GeV 
accelerator to be built elsewhere • 
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Experiments at the proton synchrotron 
in February 

As mentioned in the previous issue 
of CERN COURIER the first fortnight 
of PS operation during February was 
devoted mainly to counter experi­
ments, four groups operating in beams 
derived from internal target no. 1 and 
two others working in beams coming 
from targets no. 6 and no. 61 respect­
ively. Among the first four, the 
CERN/E.T.H. group continued with its 
experiment on charge-exchange 
reactions using a liquid-hydrogen 
target in the d 1 8 beam, with spark 
chambers in a magnetic field as 
detectors. Pictures were taken with 
negative pions and negative kaons 
incident at momenta of 5 GeV/c and 
12 GeV/c, and also with antiprotons 
of momentum 7 GeV/c, the latter to 
study the process in which the anti-
proton interacts with a proton to give 
a neutron and an antineutron. At the 
same time the 'Paplep' group collected 
data on the antiproton/proton anni­
hilation giving an electron/positron or 
a muon/antimuon pair, using a total 
of about 5X10 9 antiprotons incident 
on their apparatus which now enables 
both reactions to be investigated at 
the same time. In the q3 beam, 
additional data was collected in the 
experiment to study the decay of the 
rho meson, and in the neutral b7 beam 
further spark-chamber photographs 
were obtained in the experiment on 
the decay of the K°2 meson. Back­
ground tests and checks of the 
regeneration of K°i mesons from the 
K°2 in the presence of matter were 
also carried out in the latter experi­
ment. On the inside of the synchro­
tron ring, in the North experimental 
hall, the CERN/lvry group took 
another 100 000 photographs in their 
experiment to measure the backward 
scattering of negative pions from a 
proton (liquid-hydrogen) target, using 
pions of momentum 3.5 GeV/c. In the 
East hall, the group using sonic spark 
chambers in conjunction with a com­
puter to investigate various aspects 
of proton scattering employed a 
liquid-deuterium target and protons of 
19.2 GeV/c momentum (c 8 beam) to 
measure proton/deuteron scattering 
at small angles. The aim is to inves­
tigate the excited states of the proton 
and the neutron. About 750 000 
events were recorded during this run; 
data on proton scattering from nuclei 
of lithium-6 and lithium-7 were also 
obtained (75 000 events in each case). 

About ten per cent, of the primary 
proton beam during this time was 
directed on to target no. 60 in the 
synchrotron, enabling two further 
experiments to be carried out. In the 
o 2 beam itself, originating from this 
target, the 152-cm British liquid-
hydrogen bubble chamber obtained 
200 000 pictures showing positive-
pion (5 GeV/c) interactions. Some 
photographs were also taken of 
proton interactions in the chamber, 
and it was during this time that the 
millionth photograph was reached, as 
mentioned in last month's report. 
The monitor beam arising from the 
same target, normally used to measure 
the fraction of the primary proton 
beam intercepted by the target, was 
employed again for tests on Cheren-
kov counters. During the second 
fortnight of February, in addition to 
the first run with the r.f.-separated 
beam reported in last month's issue, 
the 81-cm Saclay/Ecole Polytechnique 
bubble chamber continued its suc­
cessful operation in the beam in 
the North hall. A hundred thousand 
good photographs were obtained of 
antiprotons stopping in the chamber, 
filled this time with ordinary liquid 
hydrogen, with an average of about 
four antiprotons per picture, t and 
105 000 photographs were collected 
showing the interactions of positive 
kaons of momentum 750 MeV/c and 
800 MeV/c. 

Because of troubles with the 
British chamber during the first part 
of this fortnight the target programm­
ing was changed to give a 'long burst' 
on target no. 1 during two days. This 
enabled the missing-mass-spectro­
meter group to carry out successful 
tests of their new d 2 i beam line at 
momenta of 4, 4.5 and 5 GeV/c. This 
beam line is similar to their previous 
one, but shifted a metre or so to one 
side so as to avoid interference with 
the b 7 beam. For the rest of the 
period the target for this beam was 
operated on a 'parasitic' basis, taking 
around 10% of the accelerated 
protons, and the group tested and 
installed a number of new counters 
and spark chambers aimed at improv­
ing the operation of the spectro­
meter. 

By modifying the currents in the 
magnets of the c 8 beam line it can be 
made to collect protons from the o 2 

target (M60) rather than from its own 
(61) and thus operate at the same 

time as the 152-cm bubble chamber. 
During part of the second period 
this beam (changed slightly at the 
end also and known as c 8 a ) was used 
to test the stability of the latent image 
in nuclear emulsions exposed at a 
temperature of —253°C. The emulsion 
stacks were exposed to the protons 
first at room temperature then, 24 
hours later, at the temperature of 
liquid hydrogen, subsequent investig­
ation of the developed tracks enabling 
the two exposures to be compared. 
The same beam was later used to test 
a small freon bubble chamber detect­
ing doubly charged particles. 

SC maintenance and improvements, 
26 December — 3 March 

During the shut-down scheduled for 
CERN's 600-MeV synchro-cyclotron 
in the first two months of this year 
(see CERN COURIER, vol. 5, p. 20, 
February 1965) a large amount of 
maintenance and repair work was 
carried out and a number of items of 
new equipment were installed. The 
most important operations, providing 
the prime reason for the shut-down, 
were 
— the installation of the new slow-

extraction system for the acceler­
ated proton beam, 

— the inspection of the accelerator 
magnet coils, 

— the overhaul of all the bending and 
focusing magnets used for beam 
transport, 

— the installation of a new inflector 
magnet at the beginning of the 
muon channel. 

The new slow-extraction system is 
a fully engineered version of the one 
previously installed, which was pri­
marily a laboratory development. It 
can be operated at higher power, and 
the frequency and amplitude of the 
high-voltage pulse applied to the 
deflecting electrode can be adjusted 
over a wider range of values than 
before. The system, which has been 
developed from the so-called 'stoch­
astic' method of acceleration, gives 
a beam pulse on the target lasting 
for a much longer period of time than 
would be possible with simple oper­
ation of the synchro-cyclotron. In 
ordinary operation, protons start at 
the centre of the cyclotron and spiral 
outwards as they are accelerated, 
until they strike an internal target or 
are extracted from the machine. With 
the slow-extraction system, the 
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acceleration programme is stopped 
just before the protons reach the 
orbit that would bring them into the 
extraction channel, and the particles 
continue to circulate at constant 
speed. However, in this position 
they pass through an auxiliary hollow 
electrode which is connected to a 
programmed radio-frequency supply. 
Each peak of the radio-frequency 
voltage deflects some of the protons 
into an orbit of greater diameter, from 
where they are extracted as an 
external beam. Thus, instead of a 
short intense burst of external protons 
there is a train of less-intense pulses 
lasting for a much longer time, 
repeated 54 times a second according 
to the normal programme of the 
accelerator. The 'duty cycle', the 
fraction of time during which particles 
are actually present in the external 
beam, is greatly improved and a high 
accelerated-beam intensity (in terms 
of protons per pulse) can be used 
without saturating the counting equip­
ment in the various experiments. 

Installation and operation of the 
new system produced some unexpec­
ted difficulties, and for this and other 
reasons the beginning of the new 
experimental programme using the 
cyclotron had to be put back for two 
weeks (to the first week of March 
instead of the middle of February as 
originally planned). After the initial 
running, however, the performance of 
the extraction system was equal to 
that of the previous version and work 
is now continuing to explore the 
operation of the system more fully 
and to find the optimum conditions 
for various requirements. 

The inspection, in conjunction with 
engineers from the manufacturers, of 
the magnet coils of the cyclotron 
proved to have more importance than 
previously imagined. Each of these 
coils is made up of a number of 

'pancakes' and it was found that 
about half the connexions to the 
pancakes had become distorted as 
a result of the strong forces set up by 
temperature effects in the coils when 
the magnet current is varied. Relative 
movement of the pancakes had also 
led to considerable wear of the 
insulation. 

A series of mechanical, magnetic 
and electrical measurements thus had 
to be carried out to determine the 
precise state of the coils. All the 
former rigid connexions were then 
replaced by flexible ones and repairs 
were made to the insulation so far 
as possible. As a result of these and 
other measures, it seems that the 
accelerator can continue to be oper­
ated with little danger of serious 
damage from a short-circuit in one 
of the coils. 

The magnitude of the work on the 
beam-transport systems and other 
apparatus for physics experiments 
can be gauged from such items as the 
inspection of the electrical and 
thermal cut-out systems on 8 bending 
magnets and 40 focusing magnets, 
improvement of the various supply 
couplings to the magnets, checking of 
about 1000 cables between the two 
experimental rooms, the machine hall, 
the control room and the counting 
rooms, and installation of some 15 km 
of new cable. The whole of the 
vacuum system for the accelerator, 
including the two diffusion pumps, 
three mechanical pumps and the 
'booster' pump, was overhauled. A 
number of improvements of various 
kinds were made to the safety 
systems, concerning both operation 
of equipment and personnel safety. 
All the numerous electronic valves, 
screw connexions, switches, and so 
on were checked. Temporary mea­
suring instruments that had been 
installed as the need arose were 

This photograph, taken inside the machine room 
of the 600-MeV synchro-cyclotron, shows the 
new inflector magnet installed at the beginning 
of the muon channel. On the right of the 
picture can be seen the thin metal 'meson 
window' of the accelerator, through which pions 
can leave the vacuum tank after their produc­
tion in internal targets. To the left of the 
inflector magnet are the first six quadrupole 
magnetic lenses of the muon channel, which 
collects pions produced by one of the targets 
and focuses them in such a way that an 
enhanced proportion of the mupns arising 
from their decay is retained in the form of a 
muon beam. Pierre Knôbel is working on one 
of the quadrupoles. 

replaced by permanent apparatus. 
These form only a sample of the many 
jobs carried out, either as routine 
maintenance or to ameliorate the per­
formance of the accelerator. 

In addition, two of the accelerator's 
external beam lines were dismantled 
during the shut-down, for cleaning 
and overhaul of their components, 
and then reassembled. One of these 
was for the 70-MeV pion beam, the 
other the muon channel, both in the 
experimental hall known as the 
neutron room. When the muon 
channel was replaced a new inflector 
magnet was incorporated, designed 
to allow a variation of the energy of 
the pions entering the channel, and 
hence of the muons produced by their 
decay. 

Physics with the 2-m chamber 

After operating for the first time 
last December, the CERN 2-metre 
bubble chamber was successfully 
launched on its career as an experi­
mental physics instrument on Thurs­
day 18 March. From 12.30 p.m. on 
that day until 8.00 p.m. on Monday 
22 March it operated in a beam of 
separated antiprotons, with momentum 
5.7 GeV/c, taking 113 000 photographs 
for a CERN/Saclay collaboration. 
The photos showed an average of 
20 antiproton tracks each. This run 
was followed by one from 4.30 p.m. 
on Tuesday 23 March to 6.00 a.m. on 
Sunday 28 March, during which 
87 000 photographs were obtained, 
each showing about 13 positive kaons 
of momentum 5 GeV/c, for a Brussels/ 
CERN collaboration. In each case 
the incident particles were provided 
by means of the new o 6 beam line, 
which is basically the same as the 02 
but with a branch near the end to 
take the beam to the 2-m chamber 
instead of to the 152-cm chamber • 

52 



General view of the new 6600 computer room 
at CERN. The computer itself is in the centre 
background, behind the control console. To 
the left of the computer are some of the tape 
units, and two of the high-speed printers can 
also be seen on the left of the picture. On 
the right, at the back, are the two disc files. 

CERN s 
New 
Computer 

T h e Control Da ta 6600 C o m p u t e r o rde red by CERN 
in J a n u a r y 1964 has n o w a r r ived a n d been instal led. 
This m a c h i n e is t he most power fu l compute r n o w 
avai lable and thus will p rov ide t h e Organiza t ion w i t h 
a v e r y va luab le back ing to i ts physics r e sea r ch p r o ­
g ramme* . The 6600 de l ivered to CERN is t he t h i rd 
m a c h i n e m a d e by the company in th is series, of wh ich 
t en a r e on order . T h e two ea r l i e r mach ines w e r e 
del ivered to t he L i v e r m o r e L a b o r a t o r y of t h e U n i ­
vers i ty of California and to t h e CDC Sys tems Science 
Division in Los Angeles . 

As so often w i t h n e w machines , a n d compute r s a r e 
no except ion, cer ta in delays h a v e been encoun te red on 
t h e schedule original ly p lanned , b u t the 6600 ' h a r d ­
w a r e ' ha s n o w been insta l led and all t h a t r e m a i n s is 
for t he final ' sof tware ' (operat ing system) to b e de l i ­
vered . T h e c o m p u t e r w a s f lown in to Geneva on 
T h u r s d a y 14 J a n u a r y and, t he CERN t r a n s p o r t section 
un loaded the p lane and b r o u g h t the who le m a c h i n e to 
a t e m p o r a r y s torage in t he Eas t e x p e r i m e n t a l ha l l of 
t he P S . T h e r e it s tayed, on t he t rucks , un t i l t h e 
F r i d a y morn ing , w h e n t h e t ask of un load ing a n d 
u n p a c k i n g it began . At t he end of the d a y t h e 
c o m p u t e r w a s finally p laced in t h e n e w compu te r 
room, and the assembly w o r k w a s wel l u n d e r way . 

T h e ins ta l la t ion of the m a c h i n e cont inued for the 
whole of t he w e e k - e n d following its de l ivery : all t h e 
cables w e r e connected b y t h e Monday m o r n i n g and 
p o w e r was swi tched on. F r o m t h a t m o m e n t t h e t e a m 
of engineers worked 24 hou r s p e r d a y commiss ioning 
the i tems of e q u i p m e n t and then, on t he Thur sday , t h e 
first F o r t r a n p r o g r a m m e w a s successfully compiled 
(converted into the l anguage used b y the m a c h i n e 
itself). After t ha t m o r e and m o r e p r o g r a m m e s w e r e 
r u n to find possible e r ro rs in the mach ine . 

The p r o g r a m m i n g for t he c o m p u t e r at CERN wil l 
be done in CERN FORTRAN, which is a vers ion of 
F o r t r a n chosen to be compat ib le w i t h m a n y exis t ing 
vers ions of the F o r t r a n language . P r o g r a m m e s w r i t t e n 
a t CERN m a y then be processed e l sewhere w i th a 
m i n i m u m of complicat ion, p rov id ing a necessa ry f lexi­
bi l i ty for the in t e rchange of p r o g r a m m e s a n d da t a 
be tween CERN and associated labora tor ies in t he 
M e m b e r S ta tes (see CERN COURIER, vol. 4, p . 167, 
December 1964). T h e opera t ing sys tem of the c o m p u t e r 

is completely different f rom t h a t of the IBM 7090 and 
has not ye t been del ivered to CERN. Unt i l it is, all 
work t h a t is processed on the 6600 has to be r u n u n d e r 
the m o r e p r imi t ive Ch ippewa system*. When the 
CERN system, S IPROS, is de l ivered it wil l be modif ied 
by the P r o g r a m m i n g Sect ion to inc lude severa l o the r 
features , such as t ape label l ing a n d e r ro r procedures , 
before its genera l use can begin. 

The n e w comput ing a r ea has been designed to a l low 
grea te r and eas ier access to t he i npu t /ou tpu t p a r t s of 
the computer . The compu te r room has been bui l t 
a longside t he old 7090 room and be tween it and the 
p r o g r a m m e r s ' a r ea is an ' in/out wal l ' w h i c h al lows the 
incoming w o r k to be passed to t h e c a r d - r e a d e r opera to r 
and the resul ts to be del ivered back to t he p r o g r a m m e r 
th rough pigeon holes. As the n e w compu te r r o o m is 
open to t he old one t h e same he igh t has h a d to be 
preserved, and a t p r e sen t the vent i la t ion sys tem 
supplies bo th mach ines . The electr ical supplies, h o w ­
ever, a re en t i re ly separa te , w i th a n e w room for t h e 
mo to r -gene ra to r set a longside t he old one. La te r , 
w h e n the 7090 is shu t d o w n and removed, the t a p e 
uni t s for the 6600 will be moved into the a rea left 
vacan t and the v iewing passage p rov ided for vis i tors 
will be cont inued so as to lead out t h r o u g h the exis t ing 
7090 en t rance . 

For those in i t ia ted in compu te r nomenc la tu re , it is 
w o r t h no t ing t h a t the 6600 compr ises 128 K of 60-bit 
c en t r a l -memory words , w i th ten, effectively i n d e ­
pendent , pe r iphe ra l processors of 4 K w o r d s each , 
these l a t t e r control l ing all t he da t a t rans fe rs in t h e 
whole system. T h e r e a r e 12 un i t s for 1-inch magne t i c 
tape and 4 for 1 /2 - inch tape , two discs of 7 1h mil l ion 
60-bit words each, t h r ee 1000 l ine /minu te p r in te r s , a 
card reader , a ca rd p u n c h and a console. Compa t ib i ­
li ty w i t h the exis t ing 7090 is ob ta inab le t h rough t h e 
1 /2 - inch magne t i c tapes, as they can be r ead b y b o t h 
machines . The whole computer , it is expected, wi l l 
be capable of abou t 15 t imes t he t h r o u g h p u t p rov ided 
by the CERN 7090, toge the r w i t h the possibi l i ty of 
m u c h qu icker i npu t and t u r n a r o u n d for t he user a n d 
the connexion on- l ine of m a n y devices such as the H P D , 
IEPs, s p a r k - c h a m b e r expe r imen t s , t y p e w r i t e r s a n d 
displays. N.S. 

See, for example, CERN COURIER, vol. 4, pp. 73-77, June 1964. 

* An interim system arrived with the Fortran compiler on 5 Apr i l . 
It wi l l be possible for CERN programmes to be processed on this 
system and thus to make the 6600 available for general use without 
waiting for the final system, SIPROS. 
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In defence of high-energy 
physics 

by Victor F. WEISSKOPF, Director General of CERN 

Today the deve lopment of science has a r r ived a t a 
cri t ical s tage. T h e cost of science in t e r m s of money 
and m a n p o w e r has r eached a po in t w h e r e society is 
beg inn ing to ques t ion its fu r the r un inh ib i t ed g rowth . 

So far the cost of science has been negligibly small . 
All basic scientific ac t iv i ty ever u n d e r t a k e n from the 
t imes of Arch imedes un t i l today amount s , in t e r m s of 
m o n e y expend i tu re , to less t h a n t en days ' ou tpu t of the 
indus t r i a l world, an a m o u n t wh ich is be low the year ly 
increase of wor ld product ion . This r ep resen t s an 
impress ive r a t e of r e t u r n on a capi ta l i nves tmen t if 
one considers t h a t a lmost all indus t r i a l p roduc t ion 
today is a consequence of basic scientific research . 
Still, it is t r ue t h a t t he r e q u i r e m e n t s of m o d e r n basic 
r e sea rch a re beg inn ing to b e subs tan t i a l and a d iscus­
sion becomes unavo idab le of t he impor t ance of basic 
science and of the re la t ive impor t ance of its different 
b ranches . 

Clearly, the m a i n t a rge t s of a t t ack a r e the mos t 
expens ive b ranches which , in addi t ion, h a v e a ce r ta in 
f lavour of 'uselessness ' , t h a t is, h igh -ene rgy physics 
and as t ronomy. Modern as t ronomy, however , ha s the 
advan t age of being connected w i t h ' space ' ; it there fore 
profi ts f rom the p resen t emphas i s on eve ry th ing t h a t 
is re la ted to space science. Clearly, this emphas i s is 
no t exclusively based on a r g u m e n t s of scientific mer i t . 
H igh-ene rgy physics or — as it should be t t e r be n a m e d 
— sub-nuc lea r physics no longer enjoys such ex t r aneous 
suppor t , after hav ing r i dden on the coat- ta i ls of nuc lea r 
energy for a n u m b e r of years . 

Intensive and extensive 

Looking at t he deve lopment of science in the 
twen t i e th cen tu ry one can d is t inguish two t rends , 
wh ich I wil l cal l ' in tens ive ' and 'extens ive ' research , 
lacking a b e t t e r te rminology. In shor t : in tens ive 
resea rch goes for t he f u n d a m e n t a l laws, ex tens ive 
resea rch goes for the exp lana t ion of p h e n o m e n a in 
t e rms of k n o w n fundamen ta l l aws . As a lways , d i s t inc­
t ions of this k ind a re no t unambiguous , b u t t h e y a re 
clear in most cases. So l id -s ta te physics, p l a sma physics, 
and p e r h a p s also biology, a re ex tens ive . H igh -ene rgy 
physics and a good p a r t of nuc lea r physics a re 
in tens ive . 

The re is a lways m u c h less in tens ive resea rch going 
on t h a n extensive . Once n e w fundamen ta l l aws a re 
discovered, a l a rge and eve r - inc reas ing act ivi ty begins 
in o rder to apply the discoveries to h i the r to unexp la ined 
phenomena . 

Thus , t he re a re two d imens ions to basic research . 
The f ront ier of science ex t ends all a long a long l ine 

Early this year, a book with the title Nature of matter - purposes 
of high-energy physics (BNL 888 (T-360), edited by L. C. L. Yuan, 
$1.75) was published by the Brookhaven National Laboratory, 
U.S.A. In it, thirty of the leading theoretical physicists in 
America and Europe give their views on the subject and discuss 
some of the problems and implications involved, its aim is to 
provide a degree of communication between high-energy physi­
cists, the scientific community as a whole, and the general public, 
by presenting a comprehensive basis for a better understanding 
of the fundamental importance and great depth of high-energy 
physics. 

One of the contributors to the book is Prof. V. F. Weisskopf, 
Professor at Massachusetts Institute of Technology and currently 
Director General of CERN, and what he writes is reproduced 
here by kind permission of the editor. Distinguishing two 
trends in the development of science in this century, the 
'intensive' and the 'extensive', Prof. Weisskopf shows how these 
are nevertheless closely interconnected and argues strongly 
against neglecting 'intensive' research such as sub-nuclear 
physics just because it has little 'extensive' content. He then 
explains that recent work in sub-nuclear physics points the way 
to an understanding of questions such as: why are there only a 
few stable particles making up matter?, why do there appear to 
be four different kinds of interaction in the universe?, and how 
did the universe get into its present state? If the tempo of 
sub-nuclear research slowed down, these questions would remain 
unanswered, he says; any subsequent 'extensive' research depend­
ing on the answers for its exploitation would then be precluded. 

from the newes t and most m o d e r n in tens ive research, 
over the ex tens ive r e sea rch wh ich was recent ly 
spawned by the in tens ive r e sea rch of yes te rday , to the 
b r o a d and wel l developed w e b of ex tens ive r e sea rch 
act ivi tés based on in tens ive r e sea rch of pas t decades. 

One can easily d is t inguish four i m p o r t a n t steps of 
in tens ive resea rch du r ing th is c e n t u r y : e lec t ro­
dynamics and re la t iv i ty , q u a n t u m theory of the atom, 
nuc lea r physics and recen t ly sub -nuc l ea r physics. The 
ex tens ive d imensions of e lec t rodynamics , re la t iv i ty and 
q u a n t u m theory r each ve ry far today and a re constant ly 
expand ing . Nuc lea r physics has a l ready a l a rge 
ex tens ive p a r t in the deta i led s tudies of nuc lea r 
s t ruc tu re and in its as t rophys ica l appl icat ions. S u b -
nuc lea r physics is still mos t ly in tens ive in its c h a r ­
acter . 

Sub-nuclear research at the frontier 

Each p a r t of this scientific f ront ier is of impor tance . 
I t would be most dangerous to neglect some p a r t s 
re la t ive to o thers . I t is often a rgued t ha t sub -nuc l ea r 
physics should be g iven less suppor t because this field 
leads to v e r y l i t t le ex tens ive research , because it 
a t t r ac t s too la rge a p ropor t ion of clever scientists , 
and because the cost pe r scient is t is m u c h h igher t h a n 
in m a n y o the r p a r t s of the scientific frontier . These 
reasons , however , a re i nhe ren t in the fact t h a t s u b -
nuc lea r r e sea rch is a t t he f ront ie r of in tens ive research . 
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Today's nuclear physics laboratory is very 
different from that of a generation ago, and 
this view of part of the South experimental 
hall of the CERN proton synchrotron is 
typical. In a certain sense, the plasticine, 
string and sealing wax of Rutherford and 
his students can still be found, but to 
them has been added, as the physicists' 
basic equipment, such things as concrete 
shielding blocks, electronic boxes, and 
cloth, cardboard and wood to keep the light 
out of spark-chamber viewing systems. In 
the nearest enclosure, under the cable 
bridge, is the equipment for the 'Paplep' 
experiment; further back and to the left 
is the 'missing-mass spectrometer', with its 
counting and control systems in another 
enclosure on the extreme left; behind this 
is the shielding complex for the neutrino 
experiment, including the bubble-chamber 
and spark-chamber block-houses; to the 
right again, under the black curtains, is 
the apparatus for the experiment on the 
K-nought-two decay. In the background on 
the right is the bridge over the acceler­
ator, connecting with the North experi­
mental hall. 

Obviously, the mos t advanced p a r t of in tens ive 
r e sea rch has yet ve ry l i t t le b e a r i n g upon the u n d e r ­
s t and ing of o ther phenomena , a n d therefore i ts 
ex tens ive component is smal l . After all, one is a t t he 
v e r y beginning of u n d e r s t a n d i n g w h a t is going on a t 
t he sub -nuc l ea r f ront ier itself. Clearly, t he same 
s i tua t ion exis ted a t ear l ie r per iods w h e n o ther funda ­
m e n t a l -discoveries w e r e a t the f ront ier of science. 
F a r a d a y d id no t k n o w t h a t e lec t r ic i ty is t he basis of 
t he s t ruc tu r e of m a t t e r ; w h e n t h e first s teps w e r e 
m a d e towards an u n d e r s t a n d i n g of a tomic spectra , 
nobody k n e w t h a t th is wou ld lead to a comple te u n d e r ­
s t and ing of chemical react ions . T h u s t he ex tens ive 
effect of sub -nuc lea r physics is no t ye t visible, b u t 
even today it seems a l r eady p robab le t h a t sub -nuc l ea r 
p h e n o m e n a a re i m p o r t a n t for t he u n d e r s t a n d i n g of t he 
recen t ly discovered galactic explosions. 

T h e f ront ier of in tens ive r e sea rch has a lways 
a t t r ac t ed a cer ta in g roup of ve ry clever scientists . To 
w o r k in an u n c h a r t e d field, to discover n e w laws of 
n a t u r e and completely n e w types of phenomena , is a 
g rea t l u re for a scientist . One is p laced a t t he spea r ­
h e a d of a g rea t and successful t r ad i t ion r ang ing from 
Galileo, Newton, Maxwel l to Einste in , Bohr, Dirac and 
Heisenberg . I t is improbable , however , t ha t this field 
should in fact ever depr ive o the r fields of science of 
ski l led m a n p o w e r . I t is by its ve ry n a t u r e a l imi ted 
field. Compet i t ion is heavy, success is r a r e and 
depends m o r e often t h a n no t on luck and oppor tun i ty . 
M a n y of the best scientific b r a in s avoid this field 
because of the n a r r o w choice of act ivi t ies . 

The h igh cost of s u b - n u c l e a r physics comes f rom 
the fact t h a t it deals w i t h n e w p h e n o m e n a wh ich w e r e 
no t previous ly observed. S u b - n u c l e a r physics r equ i res 
t he s tudy of m a t t e r u n d e r n e w condit ions. As science 
progresses , these condi t ions become increas ingly dif­
fe ren t from n o r m a l condit ions on ea r th . Nuc lear 
physics deals w i th in t r a s t e l l a r condi t ions and s u b -
nuc l ea r physics submi t s m a t t e r to even m o r e a b n o r m a l 

condit ions. Obviously, i t becomes increas ingly e x p e n ­
sive to c rea te increas ingly a b n o r m a l env i ronmen t s in 
a labora tory . 

A new world of phenomena 

There is today a clear d a n g e r t h a t the alleged n a r ­
rowness and the h igh cost of sub -nuc l ea r physics will , 
in fact, r e t a r d its deve lopment compared to o ther fields 
a t the scientific front ier . A l r eady t h e Physical Review 
shows a s t ronger increase in the n u m b e r of so l id -s ta te -
physics pape r s compared to nuc lea r -phys ics papers . 
This occurs jus t a t a t ime w h e n sub -nuc l ea r physics 
begins to revea l the exis tence of a n e w wor ld of 
p h e n o m e n a wi th in the nucléons . We see today the 
b i r th of a th i rd spectroscopy compil ing t he exci ted 
q u a n t u m s ta tes no t of a tomic sys tems or of a tomic 
nuclei , b u t of t he nuc léon itself. We find today t he 
first indicat ions of regular i t ies in these level schemes, 
which wil l soon lead to an ins ight in to t he s t ruc tu r e 
wi th in the nucléon. This ins ight is b o u n d to b r ing us 
n e a r e r to the u n d e r s t a n d i n g of some of t he most funda ­
men ta l unsolved ques t ions . Le t us list t h r ee groups 
of such ques t ions : 

Today w e u n d e r s t a n d t he b e h a v i o u r of m a t t e r on the 
basis of the in te rac t ion of a tomic nucle i and electrons . 
Bu t t he basic ques t ion r e m a i n s : w h y is it t h a t the 
proton, the n e u t r o n and the e lect ron a r e the e l emen ta ry 
par t ic les t h a t m a k e u p m a t t e r u n d e r t e r res t r i a l 
condit ions? W h y are these par t ic les , toge ther w i t h 
the l ight q u a n t u m and the neu t r ino , t he most s tab le 
forms in a long series of par t ic les inc luding t he 
hyperons , the n u m e r o u s bosons a n d the h e a v y e lec­
t rons? These ques t ions concern t he basis of eve ry th ing 
scientific. As long as t hey a r e not answered , t he 
s t ruc tu re of any form of m a t t e r r ema ins essent ia l ly 
not unders tood . The g rea t t r i u m p h of q u a n t u m theory 
was the exp lana t ion of the charac te r i s t ic p roper t i es 
of the e lements on the basis of the recogni t ion t h a t 
the field of a g iven electr ic cha rge admi t s only cer ta in 

55 



well -def ined q u a n t u m s ta tes of the electron. This 
idea is fundamen ta l to all a tomic physics, chemis t ry 
and molecular biology. However , it is va l id only 
because of t he exis tence of ident ical e lectrons and 
pro tons wi th fixed and wel l defined charges and 
masses . In fact, q u a n t u m theory does no t rea l ly 
expla in the exis tence of charac te r i s t ic in t r ins ic p r o p e r ­
ties of each e lement ; it deduces it f rom ano the r u n e x ­
pla ined set of facts : t h e exis tence of a smal l n u m b e r of 
e l emen ta ry par t ic les w i t h t he i r own charac te r i s t i c 
in t r ins ic proper t ies . Hence, t he basic p rob lem which 
under l ies all physica l sciences, t h a t of t he s t ruc tu r e of 
ma t t e r , is still unsolved. I t is precisely t ha t p rob lem 
which is a t t acked b y s u b - n u c l e a r physics . 

Ano the r f undamen ta l set of ques t ions is connected 
w i th the p rob l em of t he different types of in te rac t ion 
be tween ma te r i a l par t ic les . Phys ics has solved the 
p rob lem of unifying a la rge n u m b e r of in terac t ions , 
such as electric and magne t i c forces, chemical forces, 
cohesional forces, capi l la ry forces, etc., all of wh ich a re 
reducib le to t he q u a n t u m effects of electric a t t r ac t ion 
be tween nuclei and electrons . B u t t he r e is still no 
connexion seen be tween nuclear , e lec t romagnet ic , 
g rav i ta t iona l and w e a k in te rac t ions . Hence, t h e task 
of a consis tent u n d e r s t a n d i n g of n a t u r e has only begun 
and is in need of fu r the r deve lopment . I t is again 
ma in ly sub -nuc l ea r physics wh ich a t t acks these 
p rob lems ; theore t ica l r e sea rch in re la t iv i ty t heo ry and 
as t ronomical r e sea rch in to t he s t r u c t u r e of the un ive r se 
will con t r ibu te to t he solution. 

Final ly, the same t h r e e fields of r e sea rch a r e about 
to tackle the p rob lems of t he h is tory of the un iverse . 
The quest ion of t he origin of m a t t e r can a l r eady be 
discussed on scientific g rounds . So far, r a t iona l ideas 
a re developed only concern ing the e lement format ion 
from a gas of p ro tons and e lect rons . B u t the p rob lem 
of t he origin of this gas begins to acqu i re some scien­
tific aspects w i t h t he d iscovery of m a t t e r u n d e r 
e x t r e m e condi t ions of h igh e n e r g y a t t h e cen t res of 
galaxies . These p h e n o m e n a a r e obviously connected 
w i t h t he in te rac t ions of par t ic les a t v e r y h igh energy, 
as s tudied in sub -nuc l ea r physics . 

This construction in transparent plastic, displayed by Leslie Thornhill, 
could well form part of an exhibition of modern sculpture, but it is in 
reality part of a new scintillation detector for the 'missing-mass spectro­
meter'. The rectangular part at the top is a sheet of plastic scintillator 
and the remainder is a complex system of light pipes to transmit 
light from the scintillator, where it occurs as a flash produced by an 
incident nuclear particle, to the photomultiplier that detects and 
records it. Each of the ten plastic strips is 1.2 m long, so that the 
time taken for light to travel along any one of them is the same. 
The curves were designed so that the light remains trapped inside 
each strip, and in use a layer of black tape also prevents external 
light from entering. The manufacture of this device, in the West 
workshop at CERN, was a complex operation of bending and glueing, 
after initial polishing of all the surfaces to a very high degree of 
perfection, the slightest scratch on the surface of the plastic 
contributing to a decrease in accuracy of the finished detector. 

One broad front 

We are facing today a s i tua t ion w h e r e it is t h r ea t ened 
t h a t all th is p romis ing r e sea rch wil l be slowed down by 
cons t ra ined f inancial suppor t of h igh -ene rgy physics. 
A n d this cons t ra in t is based, pa r t i a l ly a t least, on a 
c laim t h a t the a im of th i s field is n a r r o w and 
res t r ic ted . The t h r ee above -men t ioned groups of 

^ unsolved ques t ions should be sufficient to inva l ida te 
°? this claim. I t is g r a n t e d t h a t fu r the r progress , say, in 
Ç biology or in sol id-s ta te physics is possible w i thou t 
§ any fu r the r r e sea rch into t he sub -nuc l ea r field. B u t 
LU 

o let t h e r e be no doub t t h a t t he style of t he scientific 
communi ty would change its cha rac t e r if t he f ront ier 
of in tens ive r e sea r ch w e r e h a m p e r e d . I t would subt ly 
change t owards ove r - emphas i s on ex tens ive research , 
and this would h a r m all fields of science. A spir i t 
would be fostered, different from the one wh ich 
c rea ted m o d e r n science, if basic ques t ions t h a t can be 

Since its completion at the end of 1959 the CERN PS has been the 
object of numerous improvements to increase its efficiency, flexibility 
of use and ease of operation. One of the latest of these is a new 
quadrupole focusing magnet, shown here being adjusted by Joseph 
Guillet between the coils of one of the ring magnets of the accelerator. 
Designed and constructed in the PS Division, this lens is one of 50 
which control the spread of the beam immediately after its injection 
into the synchrotron. At this energy, they replace the 20 much larger 
quadrupoles of more conventional design, one of which is seen on the 
left of the photograph. 
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U. S. A. 
Polîcy for high-energy physics approved by the Président 

A book le t pub l ished in February fo r the U.S. Jo in t 

C o m m i t t e e on A tom ic Energy* inc luded the tex t of the 

A t o m i c Energy Commiss ion 's p roposa is fo r the deve lop -

ment of h igh-energy phys ics in Amer i ca , cover ing the 

pe r iod 1965-1981, wh ich have been submi t ted to Congress 

by Prés ident Johnson. 

A m o n g the spéc i f ie plans p resen ted are those for the 

cons t ruc t ion of a 200-GeV pro ton synchro t ron , to be 

c o m p l e t e d be fore 1974, convers ion of the Brookhaven 

A G S to a h igh- in tens i ty mach ine , improvements at the 

A rgonne Z G S , the cons t ruc t ion of a h igh-energy é lec t ron -

pos i t ron s to rage r ing at the 20-GeV S tan fo rd l inear 

acce le ra to r , the early cons t ruc t ion of two or th ree large 

hydrogen bubb le chambers , inc reased suppor t fo r un i ­

vers ity h igh-energy physics g roups , and intensive des ign 

s tud ies fo r a pro ton acce le ra to r of 600 to 1000 G e V 

energy to corne into opéra t ion in 1980, w i th prov is ion fo r 

the poss ib le fu ture add i t ion of s to rage r ings. 

It is hoped to give fur ther déta i ls of th is repor t in the 

next issue of CERN COURIER. 

of intensive work, the last th ree of wh ich were years 

of f rus t ra t ing p rob lems tha t somet imes th rea tened to 

defeat the who le p rogramme. Dur ing the last year in 

part icular , af ter beams h ad been success fu l l y s to red in 

the r ings, a t tempts to make them co l l i de resu l ted in 

fa i lure, excep t w i th re lat ive ly weak beams. Repercuss ions 

of th is f rus t ra t ion were fe l t at C E R N , where doubts were 

th rown on the feas ib i l i t y of opera t ing the pro ton s to rage 

rings p roposed for the PS, in sp i te of the con f iden t 

assurance by the des igners tha t the unexp la ined 

é lec t ron e f fec ts were unl ike ly to occur to the same 

extent w i th the more energe t i c and less dense pro ton 

beams. The new results re f lec t an improvement 

of co l l i d ing beam opéra t ion to an ex ten t tha t the co l lec ­

t ion of expér imenta l da ta on the co l l i s ion in terac t ions 

cou ld be s ta r ted . 

The Stan fo rd s torage r ings are f e d f rom the 'Mark I I I ' 

l inear acce lera tor , and é lec t rons have been s to red in 

the r ings for per iods as long as 35 hours. The beam 

current in each r ing is about 0.03 ampères . One of the 

main exper iments now p roposed is a new, more severe 

tes t of the theory of quantum e lec t rodynamics , made 

poss ib le by the h igher ava i lab le energy wh ich enables 

one to invest igate ' ob jec ts ' of smal ler size. 

World's first experiment with colliding beams 

Spec tacu la r news came f rom S tan fo rd Univers i ty 

(U.S.A.) in March , when it was announced that on 

1 February 1965 two é lec t ron beams t rave l l ing in oppos i te 

d i rec t ions in a pair of in te rsec t ing s to rage r ings had at 

last been made to co l l ide . 

The é lec t rons in each beam had an energy of 300 MeV, 

so tha t when two of them met head-on the i r co l l i d ing 

energy was 600 MeV, équ iva lent to tha t of a 360 G e V 

é lec t ron h i t t ing a s ta t ionary ta rget . 

Thïs success, by a team of phys ic is ts f rom Stan fo rd 

and Pr ince ton Univers i t ies , marks the c l imax of six years 

* 'High-energy physics programm: report on national policy and back-
ground information', Washington, U.S. Government Printing Off ice, 
55 cents. 

F. R. of GERMANY - DESY 
Accelerator running regularly 

News f rom the 'Deutsches E lek t ronen-Synchro t ron ' 

(DESY) at Hamburg (Fédéra l Repub l i c of Germany) in 

March was that the acce le ra to r was running on a regular 

week ly schedu le of 96 hours, f rom 11 p.m. each Monday 

to 11 p.m. Fr iday. A b o u t 5 0 % of the t ime was be ing 

used fo r expér imenta l phys ics (wi th counters and a 

bubb le chamber) and abou t 3 0 % fo r exper iments and 

deve lopment work wi th the acce le ra to r i tself , some 2 0 % 

sti l l be ing lost because of techn ica l d i f f i cu l t ies . 

This mach ine, as wel l as the s imi lar one (Cambr idge 

Elect ron Acce le ra to r ) in the U.S.A., p roduces the wor ld 's 

answered are left unanswered or are neglected by 

lack of attention. The questions remain, they cannot 

be overlooked. 

This différent spirit will do most harm in the 

éducation of young scientists. The study of science is 

based upon a burning interest in fundamental 

problems. The attitude of students would be per-

verted if they were not constantly aware of a lively 

quest for the solution of the basic problems of science. 

Even the scientist who will dévote his life to purely 

extensive research must be aware of the existence and 

the spirit of intensive research. The reason is that, 

even in the most extensive research, at every step 

there is always an intensive component: at each 

unsolved problem one must go back to some funda­

mental idea, one must try to see more of the essence of 

the problem. This is an attitude which can be fostered 

and maintained only if intensive and extensive research 

have an equal standing in the scientific community. 

There is one broad front in science and each part of 

it must be pushed forward with full vigour. 

We find strong support today for space technology, 

which may allow us to explore the unknown parts of 

the solar System. Exploration of the unknown was 

always a strong component of human endeavour in our 

modem civilization. But it must go together, as it 

always did, with another equally strong component: 

the explanation of the unknown in whatever form it 

faces us. 

In the beginning of the 16th century, when the 

scientific era began, Magellan performed the first trip 

around the earth. But also in the same period 

Copernicus published his work on the motion of the 

planets 9 
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Aerial view of the DESY Laboratory, at the time of 
the inauguration of the electron synchrotron last 
November. The shape of the accelerator (which 
is 2.5 m underground) can be seen clearly in the 
centre of the picture, with the main control room 
at the centre of the ring and two large experimental 
halls tangential to it. In the left foreground are 
the buildings of the II Institute for Experimental 
Physics of the University of Hamburg. 

highest energy electrons. It is now just over a year 
since the first accelerated beam was obtained*, and the 
intensity at the present maximum energy of 6 GeV is 
about 2X10 1 0 electrons per pulse. At the usual oper­
ating energy of 4-5 GeV, the intensity is 101 1 electrons 
per pulse, or more (corresponding to an instantaneous 
beam current of about 20 mA). With a repetition rate 
of 50 pulses per second, this means that the number of 
electrons normally delivered by the machine is 5X10 1 2 

per second. 

The accelerator was officially inaugurated on 12 Nov­
ember last, by the Federal Republic's Minister for 
Scientific Research, Hans Lenz, at a ceremony attended 
by some 400 guests from all parts of the world, including 
a number from CERN. Like the CERN PS, DESY is a 
circular machine, using the strong-focusing principle of 
magnetic guidance for the accelerated particles. The 
ring has a diameter of 100 metres (half that of the 
CERN PS) and there are 48 magnets with 16 acceler­
ation cavities. Electrons are injected from a 40-MeV 
linear accelerator. The cost, altogether 110 million DM, 
was met largely by the city of Hamburg (17 million) and 
the Federal Republic (83 million), but a timely gift of 
10 million DM from the Volkswagen Foundation also 
enabled a delay in the completion of the accelerator to 
be avoided. The head of the DESY Laboratory is 
Prof. Willibald Jentschke, who was born and educated in 
Vienna and worked for some years after the war in the 
U.S.A., before returning to Europe to become Director 
of the Physics Département of the University of Hamburg 
with which DESY is associated. Prof. Jentschke is also 
a Member of CERN's Scientific Policy Committee and a 
Delegate of Germany to the Council. 

Liquid-hydrogen bubble chamber 

A day or two before the inauguration of the acceler­
ator, the first photographs were obtained with the 

* See, for example, CERN COURIER, vol . 4, p. 78, June 1964. 

Laboratory's 80-cm liquid-hydrogen bubble chamber, and 
the first 'production' run began in February, in an experi­
ment on the interaction of high-energy gamma rays with 
protons. This chamber is a particularly striking example 
of the 'team work' of high-energy physics, as it was 
projected by a joint group of physicists from Institutes 
in Aachen, Bonn, Hamburg, Heidelberg and Munich and 
built by a mixed team of German and French physicists 
and technicians at the French centre of Saclay. Among 
the physicists associated with the use of the chamber 
for experiments are a number who were previously at 
CERN. 

The design of the chamber follows closely that of the 
81-cm Saclay chamber at CERN, with a hydrogen volume 
of 128 litres (an oval cylinder 80 cm X 40 cm X 40 cm 
deep), but the cycling time is much faster. Taking 
pictures at the rate of two per second, the instrument 
consumes film at the rate of 1 km per hour. Shortly 
before its first run began, the chamber was officially 
inaugurated, on 18 February 1965, by Prof. F. Perrin, 
High Commissioner for Atomic Energy in France, who is 
also a Member of CERN's Scientific Policy Committee 
and a Delegate to the Council. 

U.K.-RUTHERFORD LAB. 
Accident to Nimrod 

At about 11 p.m. on the night of Sunday 21 February 
a serious mechanical accident occurred on the power 
supply for the magnet of the 7-GeV proton synchrotron 
'Nimrod'. As a result, operation of the accelerator and 
its already overcrowded physics programme has been 
brought to a halt. 

As with other synchrotrons, the magnetic field rises to 
a maximum and falls again with each pulse of the 
accelerator, and the corresponding surges of current 
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are too large for the magnet coils to be fed directly 
from the public electricity supply. Instead, at Nimrod, 
a twin motor-alternator-flywheel set mounted on one 
long shaft is used as a 'buffer' between the supply and 
the magnet. The two motors are driven from the supply, 
the alternators provide (through rectifiers) the magnet 
current, and the flywheels increase the rotating mass and 
help to store energy between each pulse. Although 
the whole system rotates continuously at about 1000 
revolutions per minute it slows down by about 4% when 
current flows into the magnet and speeds up again when 
current flows back at the end of each pulse. 

The rotor of each alternator is of 'salient-pole' design, 
with six poles running the length of the machine (over 
3 metres) and keyed into the rotor body by a dove-tail 
joint. As a result of the tremendous stresses set up by 
the alternate slowing down and speeding up, every 2 
seconds or less, of the system, one of these dove-tail 
joints fractured, allowing the end plate to move outwards 
under centrifugal force and to tear into the surrounding 
stator. 

It is estimated that the alternator will take about eight 
months to repair. There is a chance that the acceler­
ator will be able to run with the remaining alternator 
during this time, with a repetition rate of one pulse every 
5 or 6 seconds instead of every 2 seconds, but this will 
depend on the results of detailed investigations into the 
cause of the failure, and elimination of the possibility 
that a similar accident could occur again. At the time of 
writing (end of March) the results of these investigations 
were still unknown. 

ovens 
and 

furnaces 

Before the breakdown, the accelerator had been run­
ning well, with beam currents of around 1.5X101 2 protons 
per pulse as routine. 

Among the experiments recently completed, two are 
perhaps of particular interest. One of these used a 
polarized-proton target, of a somewhat different design 
to the one at CERN, to measure the parity of some of the 
'resonances' obtained in the scattering of pions by 
protons. The other was an investigation of the decay 
of the K°2 meson into two pions, using sonic spark 
chambers as detectors and kaons with an energy less 
than that used at CERN but still higher than that used 
at Brookhaven. Like the CERN physicists, the group 
that carried out this experiment obtained almost exactly 
the same number of decays (relative to other charged 
modes), as in the original Brookhaven experiment, serving 
to underline the fact that the effect, whatever it is, that 
violates the CP-invariance rule is independent of the 
energy of the kaons. 

U S.S R.-DUBNA 
New Director of the Laboratory 

An interchange of positions has taken place at the 
Joint Institute for Nuclear Research (J.I.N.R.) at Dubna 
(U.S.S.R.), where Prof. Dimitry I. Blokhintsev has given 
up his post as Director of the Institute to become head 
of its Laboratory of Theoretical Physics and Prof. Nikolai 
N. Bogolyubov, formerly head of the Laboratory of 
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static air, 
circulated and recirculated air 

"Heraeus" 
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plants: 

Pumps, valves, f langes, gaskets, 
gauges 

Delivery ex stock Zurich or ex works 

Hanau 

WismerAG 
8057 Zurich 
Oerlikonerstrasse 88 
Tel. 051 46 40 40 
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WESTON 
Theoretical Physics, has been appointed Director of the 
Institute. 

Prof. Blokhintsev had been Director since the found­
ing of the Institute in 1956. Before then he worked at 
the Physics Institute of the U.S.S.R. Academy of Sciences 
and directed the construction of the first nuclear power 
plant, put into operation in the Soviet Union in 1954, 
although his interests are primarily in the field of theor­
etical physics. He was made professor in the University 
of Moscow in 1936, at the age of 28, and has contributed 
especially to the theories of phosphorescence, fluore­
scence and semi-conductors. 

Prof. Bogolyubov had led the Laboratory of Theoretical 
Physics since 1956, as well as being in charge of the 
Department of Theoretical Physics of the V. A. Stehlov 
Mathematics Institute of the U.S.S.R. Academy of 
Sciences. Previously he was chairman of other Depart­
ments in the Academy of Sciences as well as at the 
Universities of Moscow and Kiev. He is a theoretical 
physicist who has made many contributions to the sub­
ject, often of a basic nature, particularly in the fields 
of analysis, function theory, differential equations, theory 
of vibration, theory of stability and quantum field theory. 

Both physicists are well known also outside Russia 
and Prof. Bogolyubov, like CERN's Director General 
Prof. V. F. Weisskopf, has participated in the 'Pugwash' 
movement, of science and world affairs, for many years. 

10-GeV accelerator operation 

In a seminar given at CERN on 23 March, Dr. J. V. 
Chuvilo, Deputy Director of the Laboratory for High 
Energy Physics at J.I.N.R., gave an outline of the experi­
mental facilities and experiments in progress round the 
10-GeV synchrophasotron (synchrotron). The acceler­
ator gives an internal proton beam of intensity 1.2X101 1 

protons/pulse, with a repetition rate of 1 pulse every 
9 seconds at the highest energy. Instead of the 14-day 
cycle used at the CERN PS, the synchrophasotron has 
a more complex schedule of 57 days: 12 on, 2 off; 12 on, 
2 off; 21 on, 8 off. With one long shut-down of about 
a month, there are about 5000 hours of running time 
available for physics experiments each year. 

The accelerator has two experimental halls, and among 
the experiments recently completed or currently in pro­
gress are bubble-chamber runs on particle 'resonances', 
using incident pions; pion-proton and proton-proton 
scattering, with emulsions, spark-chambers or a cloud 
chamber as detectors; and investigations on the various 
'normal' decay modes of the K° 2 meson. As at CERN, 
some of these experiments are carried out by visiting 
teams from the universities of the Institute's member 
states. 

In addition to a 40-cm liquid-hydrogen bubble chamber, 
the Institute now has a 1-metre hydrogen chamber, on 
which the first tests were carried out last December. 
This chamber, which is housed in a separate building 
some way from the accelerator, is now being prepared 
for its first experiment, in a beam of negative pions. The 
Institute also has a xenon bubble chamber, 55 cm X 
27 cm X 18 cm, a 1-metre propane chamber, and a 
2-metre propane chamber (volume 220 cm X 70 cm X 
40 cm), though the latter is not yet fully operational • 

Weston connu dans le monde entier comme le plus ancien producteur 
d'appareils de mesures électriques de haute qualité s'est spécialisé également 
dans la production d'éléments de précision pour uti l isation en électronique. 
Instruments pour tabieux électriques, appareils portatifs de laboratoire et de 
service, pinces volt-ampèremétriques photo-cellules de mesure, relais, 
potentiomètres-Trimmer, éléments de servo-mécanisme. 

SOLARTRON 

SOLARTRON compte parmi les plus importants producteurs européens 
d'appareils électroniques. La nouvelle série d'instruments se signale par une 
haute précision, une construction robuste et moderne ainsi que par des prix 
avantageux. 
Oscilloscopes, voltmètres numériques, alimentations stabilisées, générateurs 
d'impulsions,* oscillateurs, amplificateurs de mesure, calculateurs analogiques, 
installations de surveillance pour utilisation industrielle. 

HEATH 

HEATH est le plus grand fabricant du monde d'appareils électroniques 
«Construisez vous-même». Les appareils Heathkit sont appréciés depuis des 
années par une cl ientèle de plus en plus nombreuse et son comparables à 
tout produit f ini au point de vue qualité. 
Le programme de fabrication est très vaste, plus de 250 appareils de mesures 
électroniques, émetteurs, récepteurs, radiotéléphones ensemble de haute-
fidélité, matériel didactique, appareils destinés aux navigateurs de plaisance, 
aux automobilistes, etc. 
Tous les appareils sont livrables en boîtes de construction ou prêts à l 'emploi. 

Par ail leurs, en tant que Société Suisse du Grou­
pement Schlumberger, nous représentons également 
les intérêts des Sociétés suivantes: EMR -
ROCHAR - ACB - SEMAC - TOLANA - LEGPA -
LE BOEUF. 

Vente et service 

1 DAYSTROM S A fopfcH 

8, avenue de Frontenex, 1211 Genève 6, tel (022) 35 99 50. 
333, Badenerstrasse, 8040 Zurich tél. (051) 52 88 80. 
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has vaccmcies for 

EXPERIMENTAL PHYSICISTS 
SCIENTIFIC PROGRAMMERS 
SYSTEMS PROGRAMMERS 

to work in the data handling and Computing aspects of high-energy nuclear 

physics experiments. The laboratory has recently installed a CDC 6600 

computer. This fast time-sharing computer with 131-thousand-word memory, 

the first of its kind in Europe, will be the basis of a considérable develop-

ment in expérimental data-handling techniques and gênerai Computing 

work of the laboratory. The Organization invites applications for the 

fol lowing vacancies: 

1. Expérimental Physicîsts wishing to assist in the development of 

automatic data-analysis Systems and their application to high-energy physics 

experiments. Thèse Systems include the use of advanced techniques such 

as computer-control led flying spot digitizers for film measurement and 

on-line connection of expérimental equipment to digital computers. Previous 

expérience in this f ield is désirable but not essential. 

2. Scientific Programmera. Appl ied physicists ahd mathematicians wish­

ing to work on the préparation of computer programmes for the analysis 

of data from high-energy experiments. Assignments may vary from team 

work for the development of large-volume data-analysis Systems for bubble-

c.hamber and spark-chamber experiments, using on-line flying-spot digi­

tizers and similar techniques, to individual work assisting in the analysis of 

the results of a spécifie experiment. 

3. Systems Programmers with several years expérience on large-scale 

scientif ic Computing equipment. The work will involve development of 

Systems programmes (operating Systems, compilers and assemblers) re-

quired for the CDC 6600. 

Candidates (who must be nationals of CERN Member States) are invited 

to write for an application form, quoting référence CC/65/4 a to: 

Personnel Division, CERN, 1211 Geneva 23, Switzerland 
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G E N Ë V E 

35 Mc MULTISCALER SYSTEM 

WITH AUTOMATIC RECORDING 
OF INFORMATION 
Completely transistorised 
Guaranteed to work up to 55° C (131° F) 
version of the system developed at CERN - the European 
Organisation for Nuclear Research. 
Compatible with CERN standard systems. 
Results recorded by print, punch or magnetic tape. 
Rapid adaptation by general control unit to all usual recording 
systems. 
Scaler input level : 500 mV min., 12 V max. Resolution better than 
30ns with tr iple pulsing. 

ACCESSORY PLUG-IN UNITS : 

• Code converter 
• Time base 
• Delay unit 
• Control unit 
• Scaler convertible from 2 X 3 to 1 x 6 decades 
• 10 channel pattern unit 
• Parameter indicator 
• Remote control box 

OTHER PRODUCTS : 

• Fast discriminators 
• Fast linear gates 
• Triple coincidence units 
• Delay boxes 
• Attenuators 
• Photomultiplier bases 
• Transistorised power supplies 

STUDY AND DEVELOPMENT OF SPECIAL APPARATUS 

PLANNING AND PRODUCTION OF EQUIPMENT 
FOR INDUSTRIAL AUTOMATISATION 
AND DATA HANDLING 

SOCIÉTÉ D'ÉLECTRONIQUE NUCLEAIRE 
73, RUE DE LYON - GENÈVE/SUISSE - TÉLÉPHONE: (022) 44 29 40 

AGENTS: ZURICH OFFICE : M. Georges HERREN, Dipl. Ing. ETH. • FRANCE: 
S.A.I.P. MALAKOFF (Seine) • ITALY : SOC. EL. LOMBARDA-SELO MILAN • 
GERMANY: HERFURTH GmbH. HAMBURG-ALTONA • HOLLAND : DESSING-ELEC-
TRONICA AMSTERDAM-Z • SWEDEN :OLTRONIX A.B.VÂLLINGBY/STOCKHOLM • 
U.S.A. : NUMINCO APOLLO, Pa. • ISRAEL : PALEC LTD. TEL-AVIV • AUSTRALIA : 
A. A. GUTHRIE PTY, Ltd. MARRICKVILLE, N.S.W. • 
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• CERN s h a s vacanc ies for 

A MECHANICAL ENGINEER 

with several years' experience in the engineering of mechanical installations 

and, if possible, in vacuum techniques. 

A TECHNICAL ASSISTANT 

with qualif ications as technician and several years' practical experience in 

the maintenance, repair and installation of electro-mechanical and elec­

tronic apparatus. 

AN ELECTRICAL DESIGNER 

to design electrical and electronic apparatus and various installations in 

the same f ield. 

MECHANICAL DESIGNERS 

with several years' experience in the design of apparatus for research, 

preferably in the nuclear f ield. 

A MECHANICAL DRAUGHTSMAN 

to draw mechanical apparatus and installations. 

The work is varied and the person can make an individual contribution to 

fundamental research. 

Candidates (who must be nationals of CERN Member States) are invited 

to write for an application form, quoting reference CC/65/4b to: 

Personnel Division, CERN, 1211 Geneva 23, Switzerland 
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Instruments 
for Fast Pulse 

Techniques 
from Hewlett-Packard 

FAST PULSE 
GENERATORS 

$ ) 2 1 5 A 

Model Rise Time Output into 50 ohms Rep. Rate Price Fr. 

213 B 0.1 ns 175 mV 100 Kc 1002.-
215 A 1 ns 10 V 1 Mc 8699.-
214 A 15 ns 5 0 V (100 V into 1 Mc 4004.-

1500 ohms) 

WIDE BAND 
AMPLIFIERS 

$>462A 

Model Rise 
Time Gain Price Fr. 

4 6 0 A R / B R 3 ns Output : + 6 0 V 
into 2 0 0 ohms 

20 db 1046.-

127ÎL-
461A/462Â" 4 ns Overshoot : 

< 5 % 

2 0 or I 

4 0 db 
1508. 
(each) 

FAST COUNTERS 

<$> 5245 L 

Up to 50 MC direct coun t ing . 
8 digit nixie display. 
Stabil i ty < ± 3 x 10~ 9 per day. 
Wide choice of plug-ins. 
Remote programmabi l i ty . 
Price (wi thout p lug- in) : Fr. 13 388.-

SAMPLING 
OSCILLOSCOPES 

( # 1 8 5 B 

i-in 

WIDEBAND 
OSCILLOSCOPE 

<#175A 

5 0 MC bandwidth. 
Vertical and horizontal plug-ins. 
7 ns r iset ime. 
Easily maintained circuitry. 
Price (wi thout p lug- ins) : Fr. 6082.-

Prices are subject to change w i thou t notice 

HEWLETT-PACKARD 
Headquarters in USA: Palo Alto (Cal i f . ) ; European Headquarters: Geneva (Switzer land); European Plants 

Bedford (England), Bobl ingen (Germany). 

For in format ion, contact your $ ) distr ibutor 

INGENIEURBÙRO M.P. FREY 

Wankdorf feldstrasse 6 6 , Berne, Telephone (031) 4 2 0 0 7 8 
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a. CERN 

communique de presse 
M. G,ÏÏ. HAMPTON E 

press release 
veuillez s.v.p. noter l 'embargo - please note embargo 

FOR ENGLISH TEXT SEE REVERSE PR 11/65 
3-5-1965 

Plaidoyer pour la physique subnucléaire 

"Depuis Archimède jusqu'à présent, les sciences 

fondamentales ont coûté moins que 10 jours de production 

industrielle mondiale d'aujourd'hui" déclare le Professeur 

V.E. WEISSKOPF dans le numéro d'avril de "COURRIER CERN" . 

l'article que signe le Directeur général du CERN 

présente un plaidoyer pour la physique des hautes énergies. 

Il constitue un chapitre d fun ouvrage J par lequel 

30 théoriciens américains et européens communiquent, tant 

à l'ensemble de la communauté scientifique qu'au grand 

public, l'importance primordiale d'une science située à 

la pointe du savoir humain. 

A une époque où le coût de la science en termes d'argenl 

et de main d'oeuvre atteint un niveau tel que l'on envisage 

une réglementation de son développement, il est en effet 

opportun de considérer l'importance relative des diverses 

disciplines scientifiques. 

;"COURRIER CERN", Vol.5, no.4, Avril 1965 
*X' "X" ^ 

}"Nature of matter - Purposes of high energy physics" 
% 1 . 7 5 / l o C d . YUAN Editeur; publié'par BROOKHAVEN 
NATIONAL LABORATORY? N.Y., U.S.A. 
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PR 11/65 
3-5-1965 

In defence of high-energy pbysicî 

"All basic scientific activity ever undertaken front 
the time of Archimedes until today amounts, in terms of 
money expenditure? to less than ten daysf output of the 
industrial world", according to an article by Professor 
V.Fo WEISSKOPF in the April issue of CERN COURIER. 

The article is a defence of high-energy (or sub-
nuclear) physics by the Director General of CERN. It has 
been taken from a book, published early this year?

 ; in 
which thirty American and European theoretical physicists 
have given their views, for both the scientific community 
as a- whole and the general public , on the fundamental 
importance of a science that pushes at the frontiers of 
human knowledge 0 

At a time when the cost of science in terms of money 
and manpower has reached a level such/ that its further 
uninhibited growth is beginning to be questioned9 it is 
opportune to consider the relative importance•of the 
various branches of research» 

*^ "CERN COURIER", Vol. 5, no. 4, April 1965 
' "Nature of matter - purposes of high-energy physics", 
edited by L.C.L. YUAN, published by BROOKHAVEN 
NATIONAL LABORATORY, N.Y., U.S.A., $ 1.75 
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Sciences inductives et déductiveso 

Le Professeur WSISSKOPP distingue deux catégories de 

sciences contemporaines: "inductives51 et "déductives" „ 

Les premières sont dirigées vers la découverte de lois 

fondamentales , les secondes vers 1 1 explication de 

phénomènes en fonction des lois fondamentales connues„ 

La physique subnucléaire , 1' astronomie et une bonne partie 

de la physique nucléaire sont des sciences inductives] 

la physique des plasmas , celle de 1' état solide, la biologie 

peut-êtrej sont des sciences déductives, 

Sciences inductives et déductives sont étroitement liées 9 

constate l'auteur, qui combat vigoureusement la tendance à 

négliger, par exemple 1 la physique subnucléaire , pour la 

seule raison qu'elle est peu déductive <> 11 explique ensuite 

que de récents travaux effectués dans ce domaine ouvrent la 

voie à une explication des questions telles que : pourquoi 

la matière n' est-elle constituée que de quelques particules 

stables ? pourquoi semble-t-il y avoir quatre types différents 

d'interactions dans l funivers ? comment l'univers en est-il 

"arrivé à son état actuel ? 

Si le rythme de la recherche subnucléaire venait à se 

ralentir, ces questions resteraient sans réponse, dit-il, 

et toute recherche déductive ultérieure dépendant de 

ces réponses pour son exploitation, deviendrait alors 

impossible. 
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