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T h e E u r o p e a n O r g a n i z a t i o n f o r N u c l e a r R e s e a r a h ( C E R N ) c a m e i n t o b e i n g i n 1954 as a c o - o p e r a t i v e e n t e r p r i s e a m o n g E u r o p e a n g o v e r n m e n t s i n o r d e r t o 
r e g a i n a f i r s t - r a n k p o s i t i o n in n u c l e a r s c i e n c e . A t p r e s e n t i t i s s u p p o r t e d by 13 M e m b e r S t a t e s , w i t h c o n t r i b u t i o n s a c c o r d i n g t o t h e i r n a t i o n a l r e v e n u e s : 
A u s t r i a ( 1 . 9 6 % ) , B e l g i u m (3 .85) , D e n m a r k (2 .09) , F e d e r a l R e p u b l i c o f G e r m a n y (22.86) , F r a n c e (18.66) , G r e e c e (0 .60) , I t a l y (10.83) , N e t h e r l a n d s (3 .94) , 
N o r w a y (1 .48) , S p a i n (1 .68) , S w e d e n (4 .25) , S w i t z e r l a n d (3 .20) , U n i t e d K i n g d o m (24.60) . 
C o n t r i b u t i o n s f o r 1964 t o t a l 107.2 m i l l i o n S w i s s f r a n c s . 

T h e c h a r a c t e r a n d a i m s o f t h e O r g a n i z a t i o n a r e d e f i n e d in i t s C o n v e n t i o n as f o l l o w s : 

' T h e O r g a n i z a t i o n shal l p r o v i d e for c o l l a b o r a t i o n a m o n g European S ta tes in nuclear research of a pure sc ien t i f i c a n d fundamenta l character , and in 
research essent ia l ly r e l a t e d t h e r e t o . T h e O r g a n i z a t i o n shal l have no c o n c e r n with work for mi l i ta ry requ i rements and the resul ts of its exper imenta l and 
theore t i ca l work shal l b e p u b l i s h e d or o therw ise m a d e genera l l y a v a i l a b l e . ' 
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P r i n t e d in S w i t z e r l a n d 

For most of the year at CERN, work Unfortunately, the paral lel between 
goes on normally and, because few physical ly observed particles and mathe-
peop le are direct ly concerned, the fact mafical theory is not exact ; in particular, 
that one or other of the experimental a l though in SU3 all positions in the 
groups is at that moment discover ing groups arise from a set of three funda-
something new goes relat ively unnot i - mental entit ies, in physics even such o l d -
ced. In February, however, a number of established particles as the proton and 
events combined to prov ide the kind of the neutron can only be long to a set of 
excitement for the physicists that more al together eight particles, forming one 
than makes up for the long per iods of of the Lie groups. There seem to be 
monotony and to make the rest of the eight basic particles instead of three, 
staff somewhat more aware than usual The suggestion of both Gel l -Mann and 
that interesting things were happening. Zwe ig was that fewer outside restrictions 

should be imposed on the algebra. They 
assumed that all known strongly inter-

The clues fo part of the excitement had, a d i n g p a r t i c l e s c o u , d i n f a c t b e m a d e 

in fact, been available in the library u p f r Q m j u s , , h r e e b a s i c u n i , S f c o m b i n e d 

tor a week or two, in the form of ' pre- m d i f f e r e n f w a y s . T h e y f h e n w o r k e d 

prints ' of two theoretical papers, one by o u ( f h e p r o p e r t i e s t h a ) s u c h u n i b w o u | d 

M. Gell-Mann, of the California Institute h a v 6 j a n d , o u n d f h a ( t h e y w o u ) d b e 

of Technology, U.S.A., and the other by s i m i | a r , Q f h e p r o ( o | l i n e u f r o n a n d 

G. Zweig, of fhe same Institute but at | a m b d a p a r t i d e i e x c e p t t h a t f h e i r b a r y o n 

present a Visiting Scientist at CERN. n u m b e r W Q U , d b e 1 / 3 i n s ) e a d o f , a n d 

Gell-Mann's paper was published in f h e i r e | e c f r i c c h a r g e w o u ] d b e 2 / 3 < _ 1 / 3 

Physics Letters on 1 February; Zweig's, a n d _ 1 / 3 r e p e c t i v e | y r i n s t e a d o f 1 f „ a n d 

the more detailed of the two, is expected „ ( | n u n i t s Q , ) h e e , e c t r o n c h a r g e ) . 
to appear later in Physical Review. 
Produced independently, both papers ,, ,, . , , , . • r ' ' r i - It w a s f n l s | a s t p r 0 p e r t y that caused 
put forward a possible new way of f h e ^ F r Q m , h e ) | m e o f M i „ i k a n . s 

looking at the theory of 'unitary sym- e x p e r | m e n t s i n 1 9 1 1 ( r e p e a { e d by 
mefry known as SU3. ,. , , , , . N u ' generations of students since) it has 

been accepted that fhe charge of the 
The appl icat ion of this theory, notably electron is the smallest one possible and 

in fhe particular form known as the that all others are integral mult iples of 
' e ight fo ld way has enabled a conside- this unit (posit ive or negative). The new 
rable amount of order to be brought ideas had a basic simplicity that was 
info fhe chaos created by the discovery very appea l ing , and diff icult ies that had 
of so many new, supposedly ' funda- had to be expla ined away in the former 
mental particles dur ing the past few versions of the theory d id not seem to 
years. SU3 itself is a particular branch of arise this t ime, yet the idea of fract ion-
a whole set of related systems of algebra al ly charged particles seemed qui te 
deve loped by fhe Norwegian mathema- preposterous. Even those who had sug-
tician Sophus Lie nearly a hundred years gesfed it seemed to share the doubts ; 
ago. The symmetry propert ies of fun- Ge l l -Mann cal led his new particles 
damental particles and the rules deve- ' quarks b r ing ing together l iterature 
loped for quantum-mechanical calcula- and science wi th a reference to 
tions have been found to be closely Finnegan's Wake ! Zweig turned to the 
related to some of the Lie algebras and f ie ld of card games for inspirat ion, 
to SU 3 in particular. Specific propert ies and cal led his particles ' aces r 

of particles can be represented by cer- wi th their combinat ions ' deuces ' and 
tain quantum numbers which can take ' treys '. At least one person found the 
only certain values, and appl icat ion of who le situation too much, and the 
the algebraic rules to these numbers fo l low ing contr ibut ion to the discussion 
then groups all the strongly interacting appeared on the notice board of the 
particles in a def ini te way. Theory Division : 



One of the early photographs taken with the British 150-cm hydrogen 

bubble-chamber at CERN. Protons with a momentum of 15 GeV/c enter 

from the left of the picture and some of them interact with protons in 

the chamber. The fineness of the tracks and the advantage of a 

chamber of this size for seeing all the stages of a complex series of 

events can be gauged from this example, though it shows nothing spec

tacular. One of the problems remaining is to reduce the general 

background of light and the unwanted reflexions that might make 

measurements difficult in some circumstances. 
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A n o n 

From the experimentalist's point of 
v iew, the excitement lay in the predic
t ion that at least one of the new particles 
wou ld be stable. This quark, or ace, if 
p roduced in a reaction between h igh-
energy particles, wou ld behave l ike the 
known charged particles, but if its 
charge was o n l y one-th i rd that of a 
proton its ioniz ing power (and therefore 
the number of bubbles per centimetre 
a long its track in a bubb le chamber, 
for instance) wou ld be only one-n in th , 
for the same apparent momentum. Of 
course aces might still be very rare, or 
their mass (which could not be pred ic ted 
theoret ical ly) might be too high for 
them to be. produced with present-day 
accelerators. Nonetheless, the Electro
nics Experiments Commit tee, meet ing on 
11 February, dec ided that aces should 
be taken seriously, and that same after
noon the particles p rov ided an unex
pected subject for the weekly 1 Experi
mental Physics Discussion '. Here 
G. Zwe ig explained his theory, and two 
proposals for experiments, f rom groups 
led by G. Cocconi and À. Zichichi , were 
descr ibed. 

Some peop le felt that if aces existed 
then they ought to have been seen in at 
least one of the mil l ions of bubb le -
chamber pictures already scanned for 
other experiments, though it was also 

reasoned that they cou ld have been 
missed if the scanners were not look ing 
specif ically for them. In any case it 
quick ly became clear that the combin 
ation of a bubb le chamber and the 
02 beam in the PS East hall p rov ided 
the quickest way of look ing for the 
particles. Some time in March the PS 
wi l l be run at almost its ful l energy and 
the 02 beam (without the electrostatic 
separators) wi l l be set to accept h igh-
energy negat ive particles (mostly 
pions) from the internal target and 
direct them into the 81-cm Saclay/École 
Polytechnique bubble chamber. The 
pions wi l l p rov ide the cal ibrat ion tracks 
against which that of a quark, ace, or 
any other fract ional ly charged part icle 
could be compared. 

Wh i le work ing on this proposal , D.R.O. 
Morr ison real ized that the same kind of 
bubble-chamber exposure had in fact 
been carried out wi th the CERN 32-cm 
chamber in 1960. The photographs were 
got out and a team of physicists and 
scanners looked through 10 000 of them 
in one night. No aces were found. 
Inspired by this search, the group work
ing wi th the École Polytechnique heavy-
l iqu id bubb le chamber then scanned a 
set of 100 000 photographs. Aga in 
the result was negat ive, leading to the 
conclusion that particles wi th charge 1/3 
are produced at least a mi l l ion times less 
frequent ly than antiprotons at the higher 
PS energies. The possibi l i ty was also 
raised that the aces might be formed in 
weak interactions rather than in the 
strong ones investigated in these two 
searches, in which case the arrangement 
of the CERN neutr ino experiment wou ld 
be ideal for their detect ion. Accord ing ly , 
the photographs of about 300 neutr ino 
events in the CERN heavy- l iquid bubb le 
chamber were looked at again, but still 
no tracks wi th too few bubbles cou ld 
be found. 

The fheorisfSr meanwhi le, had not 
been id le , and by the end of the month 
H. Bacry, J. Nuyts and L. Van Hove had 
produced a paper showing that if two 
sets of three particles were taken as 
fundamental bu i ld ing blocks, instead of 
only one set, then fractional charges 
were no longer a requirement. Zweig's 
aces and Gel l -Mann's quarks may or 
may not be found, but obviously their 
ideas have t r iggered off a new series of 
moves in this search for an explanation 
of the occurrence of the so-called fun
damental particles. 

A d d i n g point to the discussion was 
the news from Brookhaven in the midd le 
of the month that two examples of the 
omega-minus part ic le had been disco
vered in photographs taken with their 
new 80-inch (200-cm) bubble-chamber. 
This part ic le, which has rather unusual 
propert ies, had been predic ted by the 
' e ight fo ld-way ' theory and was the last 
one needed to complete a group of fen 
particles. Its discovery showed that the 
use of unitary symmetry to gain insight 
into the relationships between particles 
was indeed just i f ied, and that further 
investigations wou ld be wel l worth 
whi le . Of course, at CERN, the satis
faction of knowing that the omega really 
existed was tempered with a certain 
amount of d isappointment, not to say 
envy, as two bubble-chamber runs last 
year and another one in January had 
been carried out here to look for the 
part ic le, but several hundred thousand 
pictures had so far p rov ided no trace 
of it. 

During all the excitement over aces 
and SU3, other groups of physicists and 
engineers work ing at the proton syn
chrotron also had more immediate things 
to concern them. For the first t ime since 
last September the fast ejection system 
was to be used again for the proton 

C o n t i n u e d o n p. 34 
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WHO'S WHO IN CERN 

Bernard GREGORY 
Directorate Member for Research 

One of the decisions taken at the 
26th Session of the Council, held last 
December, was to appoint Professor 
Bernard Gregory Directorate Member 
for Research. He takes over this post 
for the next two years and succeeds 
Professor Gianpietro Puppi, who had 
held it since September 1962. 

Bernard Gregory was born in 1919 
at Bergerac, in the west of the French 
4 Massif Central \ He soon left this sub-
prefecture of the Dordogne, however, 
to 4 go up ' to Paris, where, after taking 
his 4 baccalauréat ', he prepared for the 
entrance examinations of the higher 
scientific Institutes of France. 

In 1938 he sat the entrance exami
nations for the science sections of both 
the 4Ecole Polytechnique' and the 4Ecole 
Normale Supérieure '. Passing first in 
both examinations, he chose the 

4 École Polytechnique which he entered 
at the end of 1938 — for barely a year. 

The war which broke out in Western 
Europe in 1939 opened up a gap in his 
student career which was not closed 
until July 1945. These unproductive 
years saw Bernard Gregory first in the 
fighting forces and then within the 
confines of military prison camps. How
ever, his efforts to profit from these 
long years were so successful that, on 
his return to France in July 1945, he 
was able to pass his final examination 
at the 4 École Polytechnique '. 

He then entered the 4 Corps des 
Mines which allows some of its staff 
to devote themselves to research. 

By this time he had decided that his 
future lay in the direction of physics. 
Five years of captivity had given him 
ample time for meditation and study 
and helped him to crystallize his plans 
for the future. Physics seemed to suit 
the career he wished to follow in the 
related fields of education and research. 
Today it is amusing to hear the sardo
nic statement of a professor named 
Gregory, to the effect that 4 physics 
leads straight to administration ! ' . 

Such a thought may seem to smack 
of disillusionment. But in fact it pro
bably reflects not only the state of 
mind of the 4 chief ', on whom falls the 
burden of making vital decisions con
cerning the future as much as the 
present, but also that of the contempo
rary research scientist. In experimental 

nuclear physics, the era of great dis
coveries made by a single person using 
primitive equipment is well and truly 
over. Since the War the emphasis has 
been on 4 large-scale physics ' , using 
enormous machines costing millions to 
run. There are few of these machines, 
and it is all the more necessary to 
ensure their intensive exploitation with 
a minimum of lost time. For the 
physicist who is somewhat of an idealist 
by nature this means a sudden transfer 
to the planned atmosphere of the big 
laboratories where the relatively rigid 
organization may seem synonymous 
with administration carried to extre
mes... But we are forgetting Bernard 
Gregory. In September 1947 he obtained 
his engineering diploma and set off, 
under the auspices of the 4 Corps des 
Mines for the U.S.A. and high-energy 
physics. 

He spent three years at the Massa
chusetts Institute of Technology. At 
that time, M.I.T. was passing through 
a period of transition : from a technical 
institution producing engineers it was 
to become a vast research establishment 
where scientists were to delve perpe
tually into the secrets of nature. Among 
the high priests of that scientific inqui
sition was Bruno Rossi, who was to be 
Bernard Gregory's mentor. In the 
absence of large particle accelerators, 
great hopes were at that time placed on 
cosmic rays and, in 1947, the most 
advanced detector of nuclear events 
was still the Wilson cloud chamber. 
Gregory co-operated in the running of 
this type of apparatus and then in the 
analysis of the thousands of photo
graphs of nuclear events that were 
obtained. 

He submitted a thesis to M.I.T. on 
the interactions of cosmic-ray protons 
in lead and aluminium screens in a 
cloud chamber, based on this work, and 
obtained his Ph.D. degree in 1950. 

Back in France, Bernard Gregory 
entered the physics laboratory under 
Professor Louis Leprince-Ringuet at the 
4 École Polytechnique ', and joined a 
team of high-energy physicists that 
included Charles Peyrou, André Lagar-
rigue and, later, Francis Muller. The 
detector constructed by the team was 
one of the most up to date at that time 
— a large cloud chamber with a capacity 
of twice 200 litres, composed of two 

parts one on top of the other. It was 
installed near the Observatory at the 
summit of the Pic du Midi de Bigorre. 
There at the same time was an experi
mental team from the University of 
Manchester, including Raphaël Arm en
ter os, who soon joined the French 
group, all of whose members, we may 
mention in passing, now work at CERN. 

Bernard Gregory continued working 
with cloud chambers until 1957, when 
he took his sabbatical leave at the 
American laboratory of Brookhaven. 

Back again, he took part, with a team 
from the French Centre for Nuclear Stu
dies at Saclay, in the construction of the 
8 I - cm liquid-hydrogen bubble chamber. 
This instrument was moved in January 
1961 to CERN, where it has since 
proved of great value to European 
physics. 

Ever faithful to his ideals, Bernard 
Gregory succeeded in combining with 
Ms research career the duties of a 
teacher. From 1953 to 1958 he was 
Professor of Physics at the School of 
Mines in Paris, and he has since been 
teaching at the 4 École Polytechnique ', 
from where he has been given leave of 
absence for the academic year 1964-
1965. 

Since 1961 Professor Gregory has 
participated in experiments at CERN, 
particularly as chairman of the com
mittee of European physicists respon
sible for the track-chamber experiments 
carried out at CERN. In this capacity 
he has been a member, since 1960, of 
the Scientific Policy Committee, which 
advises CERN on its overall scientific 
policy. Thus Professor Gregory has 
had a marked influence on the experi
mental programmes for the bubble 
chambers at CERN. He will be a part-
time member of the CERN Directorate 
until summer 1964 and then full time 
until the end of 1965. 

As a physicist specializing in sub-
nuclear particles and in the construction 
of machines for detecting their inter
actions, as an eloquent teacher blessed 
with a strong voice to balance his 
otherwise calm and relaxed appearance, 
Professor Gregory has only one hobby 
to occupy the brief moments of leisure 
allowed him by his professional activi
ties : looking after his few acres of land 
not far from Paris • 

28 

0 0 
CD 
CD 
CD 
CD 
CM 

CL 

Z 
Of 
LU 

o 



Layout of the CERN neutrino experiments. 

by G. VON DARDEL, 
Nuclear Physics Division 

As noted in the article by G. Vanderhaeghe in last December's issue of C E R N C O U R I E R , the Training and Education Section is 

organizing a series of general information lectures on physics at CERN. The first of these, which was given (in French) on 

4 December, 1963, by G. von Dardel, dealt with the physics of neutrinos, and gave the background to the current interest in these 

elusive components of matter. 

This article is basically the text of the lecture. It tells how the neutrino was first postulated to explain certain experimental 

results, shows how the neutrino is related to other fundamental particles and why it interacts so rarely, and relates how the 

existence of not only one kind but of two kinds of neutrino was proved. Finally, some of the implications for the future are 

discussed, including the problem of the so-called intermediate boson. 

The author is responsible for co-ordinating the work of the bubble-chamber and spark-chamber groups studying neutrinos at the 
CERN proton synchrotron. 

INTRODUCTION 

There has been a great deal of talk about neutrinos 
at CERN during the last three years and I imagine 
there are few of you who have not at some time or 
another been affected by the programme of the neu
trino experiment. I know that many of you have made 
a great contribution to this programme : by working 
overtime in the workshop to get the ejection 
components ready in time, by helping to position the 
thousands of tons of shielding, perhaps by scanning the 
photographs or by typing reports. For many others I 
know that the neutrino has been a nuisance, because 
you were not able to obtain your instruments or equip
ment from the workshop as it was too busy with work 
for the neutrino experiment. I think you all have the 
right to be told, therefore, what this experiment is 
about, assuming you do not know already. 

If you do not know what a neutrino is, let me say 
first of all that we physicists are just as ignorant, 
because the neutrino is still one of the most mysterious 
of the fundamental particles discovered so far. It is, in 
fact, precisely this mystery which justifies the great 
efforts made at CERN and in the United States to find 
out more about the neutrino. 

How could the existence of this particle, with such 
elusive properties, ever have been suggested ? It was 
the outstanding theoretical physicist, W. Pauli, who first 
put forward the hypothesis of the neutrino's existence, 
in 1931, in order to explain certain observations con
cerning radioactivity. You no doubt know that some 
atomic nuclei have the property of being able to trans
form themselves spontaneously, with the emission of 
a negative or a positive electron ; in the course of this 
process a neutron in the nucleus becomes a proton, or 
vice-versa. 

It was found that the total energy of the nucleus after 
the decay was less than before ; moreover the energy 
of the electron was not always the same and was 
always less than the energy lost by the nucleus. These 
facts could only be explained by the ordinary laws of 
physics by supposing that another particle was emitted 
at the same time as the electron and took away the 
rest of the energy. Such a particle, represented by the 
Greek letter nu (v), would have to be neutral and have 
a very small mass, which might explain why it had not 
at that time been observed experimentally. On this 
hypotheses, then, the equation for the elementary 
radioactive decay described above is * : 

n -> p + e + v. 

THE NEUTRINO HYPOTHESIS 

The Italian word ' neutrino ' means, if I am not mis
taken, ' the little neutral '. We do not know much about 
its size, and maybe we should not even call it ' little ' 
in relation to other fundamental particles. Its mass, 
however, is certainly much less than that of any other 
known particle, and it very probably has no mass at 
all. It is called ' neutral ' because it is not affected by 
magnetic or electric fields. I should add that the mascu
line gender of the word in its original language is not 
to be taken too literally ; on the contrary, the neutrino 
is decidedly feminine in its behaviour. 

FUNDAMENTAL FORCES 

It was noticed at an early stage that the neutrino 
always occurred in reactions associated with an electron; 
it was also noticed that these two particles resembled 
each other in the sense that other fundamental particles 
acted on them only through the medium of very weak 
forces. 

Let me remind you that the forces between particles 
may be of three types (apart from gravity) : ' strong ', 

* For simplicity, no distinction is made at this stage between 
particles and antiparticles (but see later). 
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Some of the thousands of tons of steel shield
ing placed between the PS target and the 
neutrino detectors for the CERN experiments. 
Although forming a solid wall 22-metres thick, 
this forms no obstacle to the passage of the 
neutrinos. 

' electromagnetic ' and ' weak '. The forces known as 
' strong ', such as those between protons and neutrons, 
are responsible for the (stability of atomic nuclei. The 
' electromagnetic ' forces turn our motors. They are 
also responsible for the structure of atoms and for 
the bonds between them ; together with the strong 
forces, they determine the structure of matter. Finally, 
there are the forces known as ' weak which really are 
very weak compared with the two others. There are 
enormous differences between these forces : while 
strong interactions occur in periods of time of the order 
of 0.000 000 000 000 000 000 000 001 second (10~ 2 4 s), a weak 
interaction like the radioactive decay of a nucleus may 
take millions of years (-v, 10 1 3 s) to happen. 

The electron and the neutrino have, as I have said, 
the same property of not being affected by the strong 
forces. This is not of great importance for the electron, 
because it has an electric charge and is affected by 
electromagnetic forces. As a result, this particle has 
become very popular in our time, and there is a whole 
branch of technology — electronics — devoted to it, 
the results of which we enjoy every day — when we 
watch television, for example. But the poor neutrino, 
with no charge, is only subjected to weak forces, which 
amount to almost nothing. In fact, once emitted during 
a radioactive transformation, the neutrino could traverse 
millions of millions of kilometres of iron without once 
colliding with an iron nucleus. Even the largest 
stars in the universe offer no obstacle to the passage 
of neutrinos. Therefore, once set free, the neutrino has 
played its part and it will presumably continue until 
the end of time to travel through a universe which 
must present a very empty appearance. 

From the point of view of our everyday life, the 
greatest importance of the weak forces is perhaps the 
fact that they temper the (strong) nuclear reactions 
that cause the sun and the stars to shine. In the absence 
of the weak interactions (radioactivity) the earth would 
either be a cold and empty globe or would have disin
tegrated long ago in a furious blast from the sun. All 
the weak processes lead rto the emission of neutrinos, 
which can thus be considered as a sort of smoke 
escaping from these cosmic furnaces. Like smoke, they 
remove a great part of the heat produced but, whereas 
in terrestrial furnaces the gases and smoke are at least 

reabsorbed by the vegetation and used again in the 
biological cycle, the neutrinos seem to be completely 
lost. 

I have already explained that the neutrino has a very 
small mass or none at all. We are also familiar with 
another phenomenon that is due to a particle with 
zero mass : light. One of the foundations of Einstein's 
theory of relativity is that the speed of light is always 
the same, whatever its colour and in whatever 'system' 
(on eanth or in a space ship) it is measured. The same 
is true for the neutrino ; its speed is always constant 
and equal to that of light. Just as particles of light 
(photons) may have different energies, corresponding 
to different colours, so neutrinos may have different 
energies, but rthey always move at the same speed. In 
particular, the neutrino can never be at rest. 

There is, however, a very important difference 
between the neutrino and light, which places the two 
in different categories. Light may be absorbed, for 
instance by a blackboard, without leaving any other 
trace than a slight rise of temperature, and it can be 
emitted by any body that is sufficiently hot. The neu
trino, if it is absorbed, is bound to give rise to an 
electron (or, as will be explained, a muon), and it can 
only be created simultaneously with an electron or 
upon the disappearance of an electron.* 

Another characteristic that »the neutrino and the elec
tron seem to have in common is known as ' leptonic 
charge ' ; the total amount of this should always remain 
constant in any reaction. 

CLASSIFICATION OF FUNDAMENTAL PARTICLES 

Fundamental particles can be classified, just as in 
zoology animals are classified into different families. 
There are first of all two big ' branches ' of particles, 
corresponding to the vertebrates and invertebrates : 
these are the * fermions ' and the * bosons ' (see table 
below), named after the two physicists Fermi and Bose 
respectively. Light, for example, is classified as a 
boson, because it can be created or destroyed without 
leaving anything other than energy. Conversely, the 

* Again neglecting the distinction between particles and anti-
particles. 
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neutrino is classified as a fermion, because it cannot 
be destroyed without producing an electron, which is 
another fermion. 

Among the fermions, there is another subdivision 
(in the same way as there are classes of fish and 
mammals) into leptons, which have little or no mass, 
and baryons, which are more massive particles. Several 
kinds of baryon are known, the most important being 
the neutron and the proton, the 1 bricks ' that make up 
nuclei. Baryons have a similar characteristic to that of 
leptons, in that they possess a ' baryonic charge '. The 
total value of this does not change in nuclear reactions; 
in other words, the total number of baryons in our 
universe has always been the same since its creation 
a few thousand million years ago. This is, of course, 
also true of the leptons. Neutrons may become protons 
neutrinos may become electrons, but the total number 
of particles in each class always remains the same. In 
order to make an accurate count, however, the exis
tence of ' antipartiales ' has to be itaken into consider
ation. It is a general characteristic of the fermions that 
there exists a separate antiparticle for each particle 
(whereas the antiparticles of the bosons are not dis
tinguishable from the particles themselves). When 
counting numbers of baryons and leptons, particles 
should always be added and antiparticles subtracted. 

The antiparticle of the electron is generally called 
the ' positron ', while the antineutrino has no more 
familiar name ; it is represented by the letter nu with 
a dash above it : V. 

SPIN 

Another property of all fermions, including the neu
trinos, is that they have a degree of internal freedom, 
called spin, which can be imagined as 'the rotation of 
the particle around its axis. As in the case of a gyro
scope, this ensures a certain stability of the axis, which 
can only slowly change direction under the influence of 
external forces. Most fermions can spin in either 
direction, and until recently this was believed to be a 
universal fact. However, in 1957 Lee and Yang sug
gested that the neutrino was an exception to this law, 
and all the experiments done since have shown that 
the neutrino can only spin one way. It always turns in 
the inverse sense of a cork-screw around its direction 
of motion. Conversely, the antineutrino spins in the 
sense of an ordinary cork-screw. This ' sense of direc
tion ', left and right, makes the neutrino an exception 
among all fundamental particles. In fact, only a par
ticle without mass can possess this faculty. Normally, if 
a particle appears to spin in one sense, the observer 
has only to travel away from it at a faster speed (hypo-
thetically, of course) and then look back, in order to 
get the impression that it is spinning in the opposite 
sense. For a particle without mass, moving at the 
speed of light, this reasoning is not valid, because it is 
not possible to travel faster than light. 

THE MUON 

A particle which has been known for a long time is 
the mu meson (u.) or muon, examples of which consti
tute the majority of cosmic rays arriving at the surface 
of the earth. The muon behaves in every way just 
like an electron, except that it has a mass about 200-
times greater. According to all the rules, therefore, it 
is not really a meson, but comes into the lepton family. 
Like the electron, in a weak interaction it can also 
give rise to a neutrino, or at least to something which 
has the same properties as the neutrino already dis
cussed. 

The muon could, in principle, be classed with the 
neutrino and the electron in a sort of * ménage à trois '. 
However, in physics as in real life, this is not always 
very happy ; the theorists were, in fact, able to calcu
late that, as in the human parallel, there should be an 
interaction betweeen two of the partners (in this case 
the muon and the electron), changing each one into the 
other. But since this transmutation had never been 
observed experimentally, the hypothesis was put for
ward 'that perhaps the electron and the muon lived very 
respectable lives, each with its own neutrino, who were 
twins but not identical ones. In order to distinguish 
between them, each of these twins has been given the 
family name of its partner, and they are represented 
thus : v e and vM . 

REACTIONS WITH NEUTRINOS 

The only way to verify this two-neutrino hypothesis 
with certainty is to study reactions both with the neu
trinos produced at the same time as electrons (such 
as the neutrinos of radioactivity) and with those pro-

Neutrinos have no mass, but the same cannot be said for the equipment 
required to investigate their properties ! Here part of it, a complex 
electromagnet for u s e with large-area spark chambers, is being assem
bled for the second series of neutrino experiments at CERN. 
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duced together with muons. If the hypothesis is correct, 
the former will be involved only in reactions which 
give rise to an electron, and the latter only in reactions 
producing a muon. Otherwise, following the hypothesis 
of a ménage à 'trois with a single neutrino, electrons 
and muons will be produced in both cases, indepen
dently of the source of the neutrinos. 

The study of neutrino reactions is extremely difficult, 
however, because of their rarity. Since the neutrino 
can pass through millions of millions of kilometres of 
iron without reacting, and since any detectors that 
can be designed and manufactured are only a few 
metres 'thick, some thousand million million neutrinos 
have to traverse the equipment to produce a single 
reaction. Nevertheless, such reactions were observed 
by Reines in 1957, in detectors installed near one of 
the big nuclear reactors in the United States. Such a 
reactor is an extremely intense source of neutrinos, 
which are produced in the radioactive processes that 
follow fission. 

However, this type of experiment can throw no light 
on the question of the two neutrinos, since the energy 
of the neutrinos produced in reactors is quite inade
quate for producing muons. You will recall that <the 
particle mass has to be ' created ' from the energy of 
the neutrino, and that the muon mass is some 200 times 
more than that of the electron. Quite apart from any 
hypothesis, therefore, only electrons will be seen. 

In order to solve the problem, it is necessary to have 
an intense source of neutrinos of much higher energy. 
This is only possible with accelerators, where neutrinos 
are produced mainly in the decay of the pi meson or 
pion (ji).* The pion is an unstable boson which decays 
into a muon and a neutrino ; JT \i + v. If there are 
two neutrinos it should be a that is produced. If 
the pion has a unit positive charge, the total charge 
after the reaction should also be one positive unit. 
Since the neutrino carries no charge, the muon must be 
positive. But the positive muon is an antilepton and 
the lepton rules tell us that it must be produced with a 
lepton, namely a neutrino. In the same way, the decay 
of a negative pion will produce a negative muon and 
an antineutrino : 

3 t + -> u + + v and K~ -> u" + v „ 
M 1 fi-

It the hypothesis that there are two neutrinos is 
valid, nothing but reactions giving rise to muons should 
be observed in experiments near a high-energy acce
lerator. If not, there should be as many reactions 
giving electrons as there are giving muons. 

NEUTRINO EXPERIMENTS WITH ACCELERATORS 

This difference is the basis of the experiments first 
undertaken two years ago at CERN and Brookhaven, 
in which those at Brookhaven achieved results much 
more rapidly, partly owing to the more favourable 
geometrical construction of the accelerator there. 

There are several factors in favour of accelerators. 
The first is that high-energy neutrinos react much more 
frequently. Most of the neutrinos created with CERN's 
28-GeV synchrotron have an energy of between 1 and 
2 GeV. At these energies they produce reactions not once 
every million million kilometres of iron, but once every 

* These pions are produced by the (strong) interaction of the 
accelerated protons in a target. 

Clues to one of the mysteries of the composition of matter : particle 
tracks from a neutrino interaction in the CERN heavy-liquid bubble 
chamber. Ât A the neutrino interacted with a neutron to produce a 
muon, w«ich subsequently decayed to an electron at B . The struck 
neutron was bound within the nucleus of an atom, which disintegrated 
and produced the three proton tracks also seen radiating from A. 

thousand million kilometres. In other words, with a 
detector a few metres in thickness, a reaction will be 
produced if it is traversed by a million million neutri
nos, while the experiments at the reactor required 
several thousand million million. Another favourable 
factor is that the neutrinos are all concentrated within 
a narrow cone in the direction of the original proton 
beam, whereas the neutrinos leave a reactor in all 
directions. Finally, with high-energy neutrinos the 
detectors can be made much bigger, since the particles 
produced in the high-energy reactions can travel a 
great distance before stopping. 

The combination of all these factors helped the 
Brookhaven team to observe several neutrino reactions 
per day in a detector consisting of 10 tons of alumi
nium. While 26 reactions were observed in which a 
muon was produced, not one electron was found with 
certainty. This was the proof that the two neutrinos 
partnering the muon and the electron are twins, but 
not identical. 

STUDY OF WEAK FORCES 

With this question solved, there remain many other 
problems to be studied in experiments with neutrinos. 
Most of these problems concern the weak-interaction 
forces. Neutrinos are particularly suitable for the study 
of these since, not having any electric charge, they are 
subject to weak interactions alone. 

The reactions that can be studied are those in which 
a neutron forming part of an atomic nucleus is trans
formed into a proton, or vice-versa, by a neutrino (or 
antineutrino) which itself turns into a muon : 

n + v / 4 -> p + u~ or p + vfi -> n + u + 

Similar reactions are well-known in radioactivity, 
where the neutrinos v e and are involved but these 
reactions concern low-energy neutrinos and thus cor
respond to interactions with a relatively great distance 
between the particles. With high-energy neutrinos it is 
possible to study reactions of this type under conditions 
where the neutrino penetrates much further into the 
proton or the neutron, whose internal structure as seen 
by neutrinos is not very well known. Using another 
analogy, to find out whether there is a stone in a cherry 
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it is necessary to use an instrument capable of penetrat
ing the fruit ; high-energy neutrinos are just such an 
instrument for protons. These problems will be treated 
more fully by Michel Paty in a subsequent article 
dealing with the experiments carried out at CERN using 
the propane bubble chamber. 

THE INTERMEDIATE BOSON 

Another very important problem is the nature of the 
weak interaction itself. Do the neutrino and the neu
tron strike each other directly like billiard balls or is 
there a force which acts between them at a distance, 
for instance like the force between a magnet and a 
piece of iron ? Physicists generally tend to prefer the 
second hypothesis, which is that of action at a distance 
by a ' field ' — the magnetic field, for example. When 
there is such a field, according to the ' rules and regu
lations ' of physics, it can be associated with a particle. 
The magnetic field, for instance, and other electro
magnetic manifestations are associated with the photon, 
the particle of light. In this interpretation the force 
between the magnet and the piece of iron is brought 
about by a continuous exchange of photons which go 
backwards and forwards between the magnet and the 
iron. These photons are generally only ' virtual ' and 
so cannot be directly observed. However, if sufficient 
energy is involved, free photons will be produced ; for 
instance, when a piece of iron is made to oscillate in 
a magnetic field, electromagnetic radiation can be 
detected at a distance. 

This idea of considering forces to be due to fields 
has been widely accepted. It has been adopted for the 
forces between atoms (in a molecule, for instance), 
where it is the electrons that go backwards and for
wards, and for the istrong forces acting between neu
trons and protons in a nucleus, where the pions play 
this role. 

It is not yet known whether the weak forces are due 
to a field. If they are, the properties of the correspond
ing particle can be predicted : it must be a charged 
boson, which has'been given the name of intermediate 

boson >(W), and it should be produced when neutrinos 
of sufficiently high energy pass near a nucleus. A 
muon must also be produced at the same time. Symbo
lically the reactions are : 

v „ - > i t " + W + or v -> Li+ + W" 
A* 

However, if it exists, the intermediate boson must 
have such a short life that it cannot even cover a dis
tance of one micron (10 3 mm) before decaying into other 
particles. There is thus not much hope of seeing the 
boson directly, but it could be recognized from its decay 
fragments, among which there should be the products 
of the inverse reaction to that of production, namely : 

W -> u ~ + v „ or W + -> u + v „ 

In such a case, it would appear as if two muons were 
produced in the same reaction, together with one neu
trino which would be invisible. Another possibility is 
for the intermediate boson to decay into an electron 
and its neutrino v e . in which event the reaction would 
appear as the production of a muon with an electron. 
Jean-Marc Gaillard will deal in another article with 
the fascinating hunt for these kinds of event in the 
spark-chamber experiments at CERN. 

The intermediate boson may also decay into other 
fragments, and in particular into a certain number of 
pions. These decay modes are particularly interesting 
because, at least in principle, all the fragments can be 
observed and their energies determined. This would 
then enable the mass of the boson to be deduced if the 
particle exists. 

In conclusion, it may be said that the physics of neu
trinos presents many fascinating problems, which can 
only be solved with high-energy neutrinos. CERN is 
in a particularly favourable position from this point of 
view, because of the increase in neutrino intensity pro
vided by the fast ejected proton beam of the synchro
tron and the focusing of the pions before they decay 
by means of the 'magnetic horn'. These pre-requisites to 
last year's successful experiments and to those now in 
progress were described in an article in CERN COURIER 
last June • 

«COURRIER CERN» CHERCHE UN RÉDACTEUR A D J O I N T 

Le CERN invite les candidatures pour un poste de 

RÉDACTEUR ADJOINT pour «INFORMATION DU PUBLIC 

Les candidats, de langue maternel le française, devront posséder une bonne connaissance de l'anglais, 

une formation universitaire ou équivalente, de l 'expérience en matière de rédact ion et /ou d 'éd i t ion de 

publ icat ions. De bonnes connaissances techniques ou scientifiques constitueraient un avantage. 

Le Rédacteur adjoint aura à : 

— part ic iper à l 'édi t ion du COURRIER CERN mensuel, de brochures et imprimés 

divers ; 

— recueil l ir des informations dans le CERN ,* 

— rédiger des articles ou textes non-techniques ou semi-techniques ; 

— assurer les contacts avec le personnel du CERN, les imprimeurs, etc. 

Le salaire et les diverses allocations sont exonérés d' impôts. Nombreux avantages sociaux et congés 

annuels intéressants. 

Les formulaires de candidature sont disponibles auprès du 

Chef du Personnel (CC/64/2), C E R N , GENÈVE 23 - Suisse 
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BOOKS 
Sonnenenergie, by H. Rau, (Mainz, Krauskopf-Verlag, 

1962 ; DM. 12.80).* 

In its airy manner this delightful little book possesses 
certain attributes of a soufflé. While consuming it, one 
has that sense of well-being which only a tasty morsel can 
convey, and on finishing it, one is pleasantly replete. But 
one very soon develops a craving for more. So with this 
book : it acts as an apéritif without really answering all the 
questions. 

The author is obviously endowed with the gift of being 
able to convey to the reader a relatively large amount of 
information, requiring the minimum of effort on his part to 
understand and to absorb. This is no idle compliment : we 
note that the book is written in German, a language more 
fitted for semantic acrobatics than for an exercise in 
simple expression. Mr. Rau had rightly decided to tackle 
his subject from the 4 Ur-beginning ' and to leave no fact 

* W e u n d e r s t a n d t h a t D u t c h , E n g l i s h , a n d I t a l i a n e d i t i o n s a r e a l s o 
a v a i l a b l e , o r w i l l b e s h o r t l y , a n d t h a t e d i t i o n s in C r o a t a n d A r a b i c 
a re in p r e p a r a t i o n . 

untouched, however insignificant. The result is not only a 
formidable table of contents but also a tidily written book 
which it is a pleasure to read. 

The opening chapter, not unexpectedly, discusses the need 
for new sources of energy. The next deals with existing 
4 stocks ' of energy and on we go, relentlessly. A quick look at 
the mythology and what our ancestors thought of the whole 
affair, then a little physics of the sun, followed by the first 
pioneers who attempted to harness solar energy for other 
purposes but human sacrifice. (Curiously, the author does 
not mention the Mayas or the Aztects, who, after all, were 
the experts in this field. But that is unimportant). The 
technology and economics of solar energy, with all their 
ramifications, form the backbone of the book. Photobiology 
and the rocket strato-probe experiments are mentioned, and 
the book ends, inevitably, with an outlook on the future. 
All this information is carefully packed into some 170 pages, 
including some very fine illustrations, both photographs and 
line drawings, and a truly magnificent bibliography. Is one 
permitted to wonder whether the author has indeed read 
all the material he lists ? 

Strangely enough it is just this extensive bibliography 
which is the main weakness of the book. The author had 
evidently decided that the reader for whom the book is 
intended would rarely if ever bother to look up one or the 

L*lZ tv>&M M ( c o n t . ) 

beam. A new central conductor, de 
signed to increase the number of neu
trinos p roduced at higher energy, had 
been put into fhe magnetic horn, and a 
complete ly new arrangement of spark 
chambers had been installed for further 
measurements on neutrino interactions. 
In the event, everyth ing worked we l l , 
and very soon the scanners were busy 
again, p ick ing out photographs of neu
tr ino interactions obta ined both in fhe 
spark-chamber array and in the CERN 
heavy- l iqu id bubb le chamber. The spark-
chamber set-up now includes one 
section of chambers interspersed wi th 
magnet ized iron plates, in tended to 
prov ide a g o o d dist inct ion between 
posit ive and negat ive particles arising in 
fhe interactions. A l together , the arran
gement contains more than 100 tons 
of material. 

In the East bubble-chamber bu i l d ing , 
another centre of activi ty was formed 
by the 150-cm British bubble-chamber, 
f i l led wi th l iqu id hydrogen again, 
coo led to —246° C, and produc ing 
high hopes of a g o o d run. The decom
pression and recompression cycle was 
successfully put info operat ion, and fhe 
cycle t ime afterwards reduced to once 
every two seconds. After about 24 hours 
testing l ike this, particles f rom the 02 
beam were int roduced into fhe chamber 
and condit ions adjusted to g ive the 
best tracks. Later the magnetic f ie ld 
was fumed on, and f inal ly fhe automatic 
cameras tested. On 22 February several 

thousand photographs were taken wi th 
incident protons. But a number of small 
troubles made it less clear that the 
chamber wou ld be able to run cont i 
nuously for several days at a t ime and, 
rather reluctantly, the beam was swit
ched to the 81-cm Saclay/École Poly-
technique chamber for the physics 
experiments scheduled. 

This per iod was also of particular 
interest since, for fhe first t ime, a 
bubble-chamber experiment at the PS 
was be ing carried out simultaneously 
wi th the neutr ino experiment. By using 
the ' rapid beam deflector a small 
part of the circulat ing beam was direc
ted at the target serving fhe 02 beam 
shortly before ful l energy was reached," 
this was then fo l lowed by eject ion of 
the fu l l -energy beam in the usual way. 

Missing from last month's issue of 
CERN COURIER was the news that 
electrons had been successfully 'stacked' 
in the electron storage-ring model, 
CESAR. Towards the midd le of January 
the circulat ing current f rom a single 
pulse of the Van de Graaff injector was 
accelerated sl ightly by means of fhe 
betatron core, so that if circulated on 
an orbi t of larger diameter, but osci l 
lations of the beam were bu i l d ing up to 
large values and soon causing if to be 
lost. W i th a shut-down for maintenance 
and alterations scheduled for 31 January, 
there was lit t le incentive for a ful l 
invest igat ion of the reasons ; instead, 
by manipulat ion of some two dozen 

dif ferent magnetic corrections around 
the r ing, it p roved possible to accele
rate the beam to the full energy 
determined by the 7-cm width of 
vacuum chamber avai lable. Whereas 
the betatron core accelerates all the 
particles c irculat ing in the r ing, the 
radiof requency system accelerates on ly 
those electrons which have about fhe 
r ight energy. This system was then 
f r ied out, and 20 successive pulses were 
in jected into the ring and ' stacked ' 
into adjacent orbits. After this, measure
ments were made on fhe lifetime of 
the circulat ing current, for single turns 
in dif ferent posit ions and for mul t ip le 
turns, and the second radiofrequency 
system, in tended for phase-space ana
lysis of the stacked beam, was success
ful ly tested. 

These prel iminary experiments com
p le ted the ' running- in ' phase of the 
storage-r ing, and their success provides 
grounds for be l iev ing that CESAR wi l l 
p rove an extremely useful experimental 
device. Dur ing the subsequent shut
d o w n , the 2-MeV Van de Graaff was 
complete ly dismant led and rebui l t , wi th 
many new components. Among many 
other jobs, fhe who le of the vacuum 
chamber also had to be dismounted, 
for modif icat ions to the clear ing-f ie ld 
electrodes, and several new targets for 
measurement of the beam posit ion were 
added . Insertion of a new inflecfor 
tank should enable fhe pressure to be 
reduced for fhe first t ime to 10~9 forr or 
better, g i v ing much longer beam l i fe
times when experiments are resumed $ 
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other reference. As a result the amount of information 

concerning the source of most entries is rather sketchy and 

in more than one case ambiguous. What, then, is the point 

of such an exhaustive list ? The absence of an index, that 

perennial gripe of all reviewers, is less noticeable, since the 

table of contents, as we have said before, is rather detailed. 

To return to the opening paragraph of this note : for 

whom exactly did Mr. Rau write this book ? For the 

scientist seeking information outside his own field, or for 

the layman wishing to gain some insight into a fascinating 

subject ? If the former is the case, the author has succeeded 

admirably ; if the latter, we are not so sure that Mr. Rau 

has not been led astray by his own thoroughness. The dose 

is perhaps a little too concentrated and may even lead to 

indigestion. 

We wonder, by way of ending, whether Mr. Rau, since 

he would seem to have all the information in his possession, 

could not produce another book on the same subject, but 

this time for the expert, with all the details, technical 

information and calculations involved ? 

St. L. 

Knowledge and wonder — the natural world as man 

knows it, by Prof. V. F. Weisskopf, has now been published 

in paperback edition (Science Study Series ; New York, 

Anchor Books, Doubleday and Company, Inc.) and is 

available at the Geneva bookstalls © 

VOTRE 
MAISON DE CONFIANCE POUR 

Microfilms — Appare i ls photographiques et 
dispositifs de lecture - Locations de camé
ras - Travaux de déve loppement en régie. 
Photocopies — Appare i ls d 'éclairage et dis
positif de déve loppement - Papiers pour 
photographies - Installations pour la pho to 
copie. 

Hélîographie — Appare i ls d 'éclairage et ma
chines à déve lopper - Nouveauté : HÉLIO-
MATIC, machine à hél iographier avec VARI -
LUX permettant de faire varier la puissance 
d'éclairage - Papiers pour développements 
à sec et semi-humides. 

Bureau-Offset — Machines-offset et plaques, 
offset présensibil isées OZASOL. 
Dessins — Machines à dessiner JENNY et 
combinaison de dessins - Papiers à dessin 
(papiers pour dessins de détails), listes de 
pièces, papiers transparents (à calquer), 
papier pour croquis. 

Meubles pour serrer les plans — « Système 
à suspension, à soulèvement et à abaisse
ment ». 

Installations de reproduction pour hél io
graphies, impression de plans, photocopies, 
travaux de photograph ie technique, réduc
tions, agrandissements, travaux de déve
loppement de microfi lms. 

^ O Z A L I D Z U R I C H 
Seefeldstrasse 94 - Téléphone (051) 24 47 57 

New features in 
potentiometer recorders 
for your laboratory 

class 15 

class 18 

Your choice is between three main models 

with a large number of options : 

— The class 15 wide-chart recorder with pen 

speeds of 1/4 second or 1 second full scale. 

— The class 15 universal mult ipoint recorder 

which is easily adaptable to print any number 

of measuring points between 2 and 24 ; easy 

change of range and input act ion. 

— The class 18 one or two pen recorder, fully 

transistor ized; portable, rack or bench mounted. 

The high input impedance, the extremely high 

stray reject ion and high gain meet the demand

ing needs for spectroscopy, low mil l ivolt spans 

and many other laboratory appl icat ions. The 

new capil lary pen system has a large ink supply 

and guarantees an ever ready and f ine wri t ing. 

Wri te for detai led information and demonstra

t ion to Honeywel l SA, 73, Route de Lyon, 

Geneva, or Doiderstrasse 16, Zur ich. 

Honeywell 
Data Handling Systems 

35 



IMPULSIONS 
DE FORME PURE 

Impu ls ion du générateur 214A reprodu i te su r un 
osc i l loscope universel 175A. 

TEMPS DE MONTÉE 1 NANOSECONDE ($ 215A 

GÉNÉRATEUR <$> 215A 
Impulsions positives ou négatives de 
10 volts sur 50 Q. Une nanoseconde 
de temps de montée et de descente. 
Largeur d'impulsion continûment varia
ble jusqu'à 100 ns. Fréquence de ré
pétition ajustable intérieurement entre 
100 Hz et 1 MHz et s'étendant jusqu'à 
10 Hz par déclenchement externe. 
Prix: Fr. 8688.-

IMPULSIONS DE 200 WATTS ^ 2 1 4 A 

GÉNÉRATEUR <$) 214A 
Impulsions positives ou négatives de 
2 A sur 50il. Fréquence de répétition 
jusqu'à 1 MHz. Temps de montée et de 
descente compris entre 10 et 15 ns. 
Largeur d'impulsion continûment varia
ble entre 50 ns et 10 ms. 
Prix: Fr. 4193.-

Quelques 
caractéristiques 
communes à ces deux 
générateurs: 

Une définition précise de la forme d'impulsion est donnée pour chaque condition 
de fonctionnement: Pour des réglages différents de la fréquence de répétition 
ou de l'amplitude, la valeur des paramètres tels que temps de montée, sur
oscillation, instabilité, est toujours exactement définie. 

Impédance de sortie constante. Les reflections qui seraient produites par 
l'emploi d'une charge mal adaptée sont absorbées par l'impédance de sortie 
constante de 50 il du générateur. 

Différentes possibilités de synchronisation: Possibilité d'ajuster le retard ou 
l'avance de l'impulsion par rapport à la synchronisation d'entrée (positive ou 
négative). Le niveau auquel se fait cette synchronisation est réglable. 

Sous réserve de changements sans avis préalable. 

HEWLETT-PACKARD 
Direction aux Etats-Unis: Palo Alto (Calif.). Direction pour l'Europe: Genève 
(Suisse).Usineseuropéennes: Bedford (Grande-Bretagne),Bôblingen(Allemagne) 
Pour tous renseignements complémentaires, vente et maintenance, s'adresser à 

INGENIEURBÙRO M.P.FREY 
WANKDORFFELDSTRASSE 66, BERNE 
TELEPHONE (031) 42 0078 
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t ransistor line 
for automatic counting • for automatic spectrometry • 
internal modules construction • very competitive prices 

ST 6 
6 decade scaler. 
0.5 i^sec. resolving t ime. 
positive or negative input pulses 
from 0.1 V up. 
pre-set number operat ion. 

TT 6 
6 decade timer. 
t ime base operated from mains frequency 
or crystal control led, 
pre-set t ime operation. 

AA 1 
H. V. supply / Ampli f ier / Analyzer, 
meets most severe requirements for 
stability and linearity. 

PS 1 
Automatic printer for 4 groups 
of 6 digits. 
complete with Olivett i Elettrosumma 
printing machine. 

RD 1 
Digital Ratemeter. 
Accuracy of 0.1 % full scale (1 digit). 
Connection to parallel entry printers 
(HP type 562 A or equivalent) or tape punchers. 
Analog output to operate graphic recorders. 

SELD 
GREAT BRITAIN - GENERAL RADIOLOGICAL 

Bessemer Road - Welwyn Garden City 
GREECE - GIM ET - 1 Haritos Street - Athens 

a g e n t s : H o l l a n d - w e s e m a n - Bentîckpieîn 32 -
Rotterdam 

ISRAEL - ISOTECHNIQUE - P.O. Box 8381 -
Tel Aviv 

WRITE FOR FULL DETAILS TO: Soc. Elettronica Lombarda S.p.A. - P.O. Rox 3076 - Milano - Italy 
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Systems integration helped us 
T o han.dle mass measuring results efficiently systems integration helped us. Handling the 
ever-growing stream of measuring results threatened to overwhelm our radiation laboratory 
personnel. So we studied the possibilities of using a computer to process the measuring data. 
But that would have required a separate card or tape punch machine at the output of each 
measuring position.Then we found that by using Philips equipment, we could make the various 
measuring positions co-operate in passing results to a computer or other data handling 
equipment. This operation is fully automatic, and can follow any required programme . 
In such integrated systems, the measured data are all handled by a single common output. 

If you are faced with similar problems, please consult 
your own Philips organisation. They will give you 
expert advice and assistance in designing the most 
efficient equipment for the instrumentation of your 
laboratory. 

S o l e d i s t r i b u t o r s : 

i n t h e U . K . : R e s e a r c h & C o n t r o l I n s t r u m e n t s L t d . 

2 0 7 K i n g s C r o s s R o a d , L o n d o n W . C . 1; 

overseas e n q u i r i e s : 

P h i l i p s , S c i e n t i f i c E q u i p m e n t D e p t . , 

E i n d h o v e n , T h e N e t h e r l a n d s . 

PHILIPS nuclear equipment 
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Fast-Sealers 
with 
Automatic 
Readout 

That is what the physicists need 
to simplify their experiments! 

Ask for demonstration or literature! 

5, 25 or 100 Mc counting rate 
Modular construction 
Fully transistorized 
Readout facilities for: 
Punch Tape, Printer or Sheet Writer 
Highest quality—low cost 
Versatile accessories: 
Nanosecond Logic 
Fast Pulse Amplifier tr 1,5 ns 
Fast Low Jitter Discriminator 
Fast Coincidence and Anti-Unit 

I E L I E L E C T R O N I C 

SOLOTHURN • SWITZERLAND 
Tel. (065) 2 85 45/46 
Cable: BORELECTRONIC SOLOTHURN 
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— 250 °C 

plans and delivers 

Processing Plants for : 

Precision rectification 

Heavy water recovery 

Gas l iquefying 

Uperisafion sterilizing 

Town gas detoxif ication, etc. 

Laboratory columns 

Thermal Plants 

Steam generators up to 

the highest pressures 

Hot water boilers and 

accumulators 

Gas turbines 

Diesel engines 

Reactor plants for 

nuclear power stations 

Heat pumps 

Refrigerating Plants 

Cooling installations 

Tube-ice generators 

Low-temperature installations 

Air conditioning plants 

Heating and air condit ioning plants also : 

Axial and radial compressors 

Oil-free reciprocating compressors 

Pumps 

for del ivering high- and 

low-viscosity fluids and corrosive media 

Sulzer Frères 
Société Anonyme 
Winterthur, Suisse 

Low-temperature installation (—250° C) for 
D2O recovery (Emser Werke AG. , Domat/Ems, 
Switzerland) 


