


Comment 

The October Counci l Meet ing, where de­
cis ions on the 300 GeV project were to be 
taken, was not held. The decis ions wi l l 
now be for thcoming in December. 

Does another three months delay 
matter? Not in itself, part icular ly if ab­
sorbed in pushing through remaining ad ­
ministrat ive decis ions. But it depends 
what three months are being added to, 
and, clearly, t ime is running out for the 
300 GeV project . 

It is vital for the 1980's that Europe 
achieves exper imental faci l i t ies of the very 
highest qual i ty, comparable to or better 
than those anywhere else in the wor ld . 
This is needed to keep the f ield of part ic le 
physics v igorously alive, to retain the 
interest of the highest cal ibre of scient ist 
and, ul t imately, to make the investment of 
the Member States worthwhi le . And wi th 
the 200-400 GeV project in the USA a l ­
ready several years in advance, Europe 
does not want to come along so late that 
it is left to dot the Ys and cross the. ' t 's of 
the creat ive work done elsewhere. The 
f inal design of the 300 GeV machine wi l l 
a lready be tak ing account of the progress 

in the USA and wi l l no doubt be able to 
achieve something dif ferent and better in 
one respect or another of the machine 
design. However the t ime is not far off 
when the European project wi l l need to be 
radical ly di f ferent. 

Why should this be worry ing? The t ime-
scale for the development of radical ly new 
techniques, added to the t imescale for 
pol i t ical approval , added to the t imescale 
for construct ion of a large new Laboratory 
could then mean as long as f i f teen years 
before Europe is ready wi th its next gener­
at ion accelerator. It wou ld take a conf ident 
man to assert that part ic le physics in 
Europe could retain its present strength 
wi th exist ing faci l i t ies over this length of 
t ime. 

Is it important that part ic le physics 
should cont inue prominent ly in Europe? In 
an ideal wor ld probably not. It seems right 
that the fascinat ing penetrat ion of the 
nature of matter should cont inue, but it 
cou ld be done elsewhere. And it does 
not need much imaginat ion to th ink of 
other act iv i t ies wh ich could usefully draw 
the resources of Europe. 
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Physics in the 20 t h Century 

V. F. Weisskopf 
But to sacr i f ice part ic le physics certainly 

does not mean that the resources wi l l go 
into something equivalent. CERN and 
related Laborator ies are a successful ven­
ture in physics, and they themselves re­
present just the t ip of the iceberg in terms 
of their total effect on physics. The ex­
istence of their excel lent exper imental 
fac i l i t ies and the high cal ibre of scient ist 
that they attract has an effect wh ich gives 
extra vital i ty, both d i rect ly and indirect ly, 
to physics depar tments in Universit ies 
throughout Europe. 

Also CERN is a successful venture in 
terms of the organizat ion of large scale 
sc ience. It is perhaps the most successful 
of all the efforts at European co l laborat ion. 
When there is much that has not suc­
ceeded, it wou ld be a pity to jeopard ize 
that wh ich has. 

Despite the ser ious problems wh ich in­
d iv idual countr ies seem to be confront ing 
one after another, Europe st i l l has colossal 
resources both mater ia l ly and intel lec­
tual ly. Part ic le physics is a comparat ive ly 
smal l but s igni f icant f ie ld where, at 
present, they are being successful ly 
appl ied. 

Professor Weisskopf spent several summer months 
at CERN working in the Theory Division. During 
his stay he has given three talks to the Summer 
Vacation Students under the title 'Fundamental 
Questions of Physics'. Some of the themes in 
his talks also appeared in the talk which he gave 
at the Inaugural Conference of the European 
Physical Society in April. The Proceedings will 
be published as a special issue of 'La Rivista 
del Nuovo Cimento' and can be purchased from 
Messrs. Editrice Compositori, Viale XII Giugno 1, 
40124 Bologna, at an estimated cost of $ 12. 

Reviewing the development of physics in 
the 20th century is indeed a dazzl ing ex­
per ience. Relativity, quantum theory, ato­
mic physics, molecular physics, the phy­
sics of the sol id state, nuclear physics, 
astrophysics, plasma physics, part ic le phy­
sics, al l these new insights into nature are 
ch i ldren of the 20th century. 

There was a def ini te change in the cha­
racter of physics at the turn of the century. 
The o lder physics was under the spel l of 
two fundamenta l forces of nature: gravi ty 
and e lect romagnet ism. The development of 
c lassical mechanics from GaHleo and New­
ton to Lagrange and Hamil ton had shown 
the val id i ty of the same natural law, the 
law of gravity, on earth and in the un i ­
verse. Electrodynamics, a ch i ld of the 19th 
century, reared by Faraday, Maxwel l and 
Hertz, was the f irst extensive appl icat ion 
of the f ie ld concept in physics; it revealed 
the impor tance of e lectr ic phenomena in 
matter. The discovery of the e lec t romag­
netic f ie ld as an independent enti ty in 
space, the spectrum of e lect romagnet ic 
waves, the e lectromagnet ic nature of l ight, 
are some of the greatest human insights 
into the natural wor ld . But the propert ies 
of matter were not understood at that t ime, 
they were not deduced f rom more ele­
mentary concepts, they were measured 
and expressed in the form of speci f ic 
constants of materials, such as elast ic i ty, 
compressib i l i ty , speci f ic heat, v iscosi ty, 
conduct iv i ty of heat and electr ic i ty, d ie lec­
tr ic and d iamagnet ic constants. 

The physic ists of the 19th century were 
not unaware of the importance of inter­
atomic forces for the determinat ion of 
mater ia l propert ies. But there was no way 
of te l l ing what the or ig in of these inter­
atomic forces was, and how to account 
for thei r strength or absence. The great 
var iety among the propert ies of the dif fer­
ent e lements was not considered a top ic 

for physic is ts; it was the task of the 
chemists to analyze and systematize them, 
as was done so successful ly a hundred 
years ago by Mendeleyev in his per iod ic 
system of e lements. The speci f ic features 
of the di f ferent species of atoms, thei r 
character is t ics opt ica l spectra, their che­
mical bounds, were known and cata logued 
by the chemists, but they were not cons i ­
dered a sui table subject for physic ists. 

The e lect ron was already d iscovered 
before 1900 and it became obvious that 
e lectrons must be essential parts of the 
atomic st ructure, but c lassical physics 
cou ld not give any clue as to the kind of 
s t ructure one should expect wi th in the 
atoms. The discovery of a quantum of 
e lectr ic charge, dominat ing all e lectr ic and 
opt ica l phenomena was the beginning of a 
long development, in wh ich deep insights 
into the essence of matter were ga ined. 
It behoves us to say, however, that the 
s ign i f icance of this unit of charge is st i l l 
a major r iddle today, a hundred years after 
its discovery. 

In physics, the 20th century t ru ly begins 
in the year 1900. This date is not an acc i ­
dent, it is the year of publ icat ion of Max 
Planck's famous paper on the quantum of 
act ion, the bir th year of quantum theory. 
It is impressive to contemplate the rate of 
progress in the f irst quarter of this cent­
ury: Planck's quantum of act ion in 1900, 
Einstein's specia l relativity theory in 1905, 
Rutherford 's d iscovery of a tomic s t ructure 
in 1911, Bohr 's quantum orbi ts and exp la­
nation of the hydrogen spectrum in 1913, 
Einstein's general relativity in 1916, Ruther­
ford 's f i rst nuclear t ransformat ion in 1917, 
Bohr 's explanat ion of the per iodic tab le of 
e lements (Aufbauprinzip) in 1922, the d is­
covery of quantum mechanics by de Bro-
gl ie, Heisenberg, Schrôd inger and Bohr in 
1924-26, the exclus ion pr inc ip le by Pauli in 
1925, the e lectron spin by Uhlenbeck and 
Goudsmit in 1927, the relat ivist ic quantum 
mechanics by Dirac in 1928, Hei t ler -Lon-
don's theory of the chemica l bond in 1927, 
the theory of metal l ic conduct iv i ty by 
Bloch and Sommerfe ld in 1930. Let us stop 
there, a l though the rate of progress by no 
means s topped in 1930; it went on for at 
least another ten years, before s lowing 
down to the relat ively s low pace of today. 

Among the great systems of ideas wh ich 
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were created in that per iod, relat ivi ty theo­
ry, specia l and general , has a place some­
what d i f ferent f rom the others. It was born 
in the 20th century as the brain ch i ld of 
one tower ing personal i ty. It is a new con­
ceptual f ramework for the uni f icat ion of 
mechanics , e lect rodynamics and gravity, 
wh i ch brought wi th it a new percept ion of 
space and t ime. This f ramework of ideas, 
in some ways, is the c rowning and syn­
thesis of 19th century physics, rather than 
a break wi th the classic t rad i t ion. Quantum 
theory, however, was such a break; it was 
a step into the unknown, into a wor ld of 
phenomena that d id not f i t into the web 
of ideas of 19th century physics. New ways 
of fo rmula t ion , new ways of th ink ing had to 
be created in order to gain insight into the 
wor ld of atoms and molecules, w i th its 
d iscre te energy states and character is t ic 
pat terns of spectra and bonds. 

These new ways of th ink ing were fo rmu­
lated and codi f ied in the midst of the 
th i rd decade of this century. The wave 
par t ic le dual i ty was proposed by de Bro-
gl ie in 1924, the equat ion for par t ic le-
waves was conceived by Schrôd inger in 
1925. In these years the concepts of quan­
tum mechanics were expressed and c r i t i ­
ca l ly analyzed in Copenhagen under the 
leadership of Niels Bohr, w i th the help of 
ideas of Heisenberg, Kramers, Pauli and 
Born . The ink of these papers was hardly 
dry when the new way of th ink ing was 
app l ied successful ly to explanat ions for 
a lmost al l a tomic phenomena that puzzled 
physic is ts s ince they had been d iscovered. 
The rules of quant izat ion of Bohr and 
Sommer fe ld , wh ich seemed arbi t rary when 
they were invented, turned out to be log i ­
cal consequences of quantum mechan ics ; 
a tomic spect roscopy became a deduct ive 
sc ience ; the semi-empir ica l Aufbaupr inz ip 
of Niels Bohr emerged logical ly f rom 
quantum mechanics, w i th the help of 
Paul i 's exc lus ion pr inc ip le. Mendeleyev's 
per iod ic table was easily exp la ined. A few 
years later, the chemica l bond was under­
s tood as a quantum mechanica l pheno­
menon, so was the st ructure of metals and 
of crysta ls. A var iant of a famous Church i l l 
s tatement can apt ly be appl ied to th is 
go lden age of phys ics : 'Never before have 
so few done so much in such a short 
time'. 

Let me ment ion three character is t ic 

features wh ich quantum mechanics has 
brought to ojur v iew of the atomic wor ld . 
First, it has in t roduced a character is t ic 
length and energy wh ich dominate the 
atomic phenomena, endowing them wi th a 
scale and a measure. The combinat ion of 
e lectrostat ic at t ract ion between the nu­
cleus and the electron on the one hand, 
the typ ica l quantum kinet ic energy of a 
conf ined e lectron on the other hand, 
def ine a length : the Bohr radius, and an 
energy: the Rydberg unit. The size of the 
atoms is determined by the length wh ich 
is the combinat ion h 2 / m e 2 of a few funda­
mental constants, the unit of charge e, the 
e lectron mass m, and the quantum of 
act ion h. The Rydberg unit is given by the 
combinat ion m e 4 / h 2 . Thus atomic sizes and 
energies are basical ly determined and 
expla ined. 

Second, quantum mechanics int roduces 
a 'morph ic ' t rai t , previously absent in 
physics. The electron wave funct ions re­
present specia l forms of patterns of s imple 
symmetry, character is t ic of the symmetry 
of the si tuat ion wh ich the electron faces 
in the at t ract ive f ie ld of the nucleus and 
of the other e lect rons. These patterns are 
the fundamenta l shapes of wh ich all th ings 
in our envi ronment are made. These 
shapes are d i rect ly determined f rom the 
f ie lds of force wh ich bind the electrons. 
Here quantum mechanics has created the 
concept of ideal identi ty. Two atoms are 
ei ther in the same quantum state, then 
they are ident ica l ; or in di f ferent ones — 
then they are def in i te ly non- ident ical . The 
cont inuous t ransi t ion between ident ical , 
almost ident ical and dif ferent has d isap­
peared. 

The th i rd feature is the use of quantum 
numbers for the character izat ion of quan­
tum states. Qual i ty is reduced to quant i ty : 
the number of e lectrons and the quantum 
numbers of a g iven state ful ly determine all 
propert ies of the atom in that state. Pytha­
gorean ideas are reborn here: the spec­
t rum of f requencies of an atom represents 
a character is t ic series of values, the typ i ­
cal chord of that atom, as it we re ; the 
'harmonies of the spheres' reappear in 
the wor ld of a toms. Kepler 's speculat ion 
of s imple geometr ica l and numerical rat ios 
between the sizes of planetary orbi ts in 
the solar system proved to be wrong , but 
it is reborn in the electron orbi ts of the 

atom, as a d i rect consequence of quantum 
mechanics . 

A fundamenta l problem of natural ph i lo­
sophy was solved by the discovery of laws 
wh ich give rise to speci f ic shapes and 
wel l -def ined ent i t ies. Clearly, Nature is 
basical ly made of such enti t ies, as our 
exper ience tel ls us every day; mater ials 
have character is t ic propert ies, iron re­
mains the same iron after evaporat ion and 
recondensat ion. The speci f ic propert ies of 
matter were the subject of chemistry be­
fore and not of physics. Quantum mecha­
nics explains these propert ies and thus 
has e l iminated chemist ry as a separate 
sc ience. 

The inf ini tely var ied, but wel l def ined, 
ways in wh ich atoms aggregate to larger 
units are now accessib le to a rat ional 
interpretat ion in quantum mechanical 
terms. A theory of the molecular bond 
came into being in wh ich electron wave 
patterns keep atomic nuclei together in 
the r ight arrangement. Since one again 
deals here wi th the interact ion of nuclear 
charges and electrons, the same sizes and 
energies must appear as in atoms, giv ing 
rise to interatomic d is tances of a few Bohr 
radi i and b inding energies of the order of 
e lectronvol ts . A tomic aggregates consist of 
two k inds of part ic les, heavy nuclei and 
l ight e lectrons, wh ich are bound to each 
other by mutual a t t ract ion. The interatomic 
d is tances are f ixed by the size of the 
e lect ron c loud, a length wh ich also can be 
regarded as the ampl i tude of the zero 
point osci l la t ion of the e lect ron. Because 
of the much heavier mass, the zero point 
osc i l la t ions of the nuclei in a molecule are 
much smal ler (the ratio is the square root 
of the mass rat io) ; hence the nuclei form 
a rather wel l local ized skeleton in mole­
cules and sol ids, a fact wh ich int roduces 
a s t ructura l feature into chemistry, and 
mater ial sc ience, w i th all its arch i tecton ic 
consequences. The quantum mechanica l 
descr ip t ion of a tomic aggregates leads to 
an understanding of all these mater ial pro­
pert ies and mater ial constants of wh ich 
c lassical physics co l lected empir ica l in ­
fo rmat ion . In pr inc ip le, all these constants 
that we ment ioned above can be predic ted 
and expressed in terms of the fundamental 
constants e, m, h and the nuclear masses. 

The wel l -def ined st ructure of the nuclear 

296 



Professor Weisskopf speaking at the Inaugural 
Conference of the European Physical Society in 
Florence. 

(Photo Torrini) 

f ramework in molecules is of specia l s ig­
n i f icance in macromolecu les, wh ich are 
long l inear arrays of molecular groups. 
The enormous number of di f ferent order-
ings of these groups, each order being 
wel l def ined and reasonably stable, is 
ref lected in the numerous species of l iving 
systems in our f lora and fauna, due to an 
intr icate copying and reproduct ion process 
wh ich has been unravel led dur ing the last 
decade. So chemistry, mater ial sc ience 
and molecular b io logy are d i rect descen­
dants of the quantum mechanics of e lec­
t rons in the Coulomb f ie ld of a tomic nucle i . 
The basic st ructures have a l imi ted stabi ­
l i ty measured in f ract ions of the characte­
r ist ic energy unit, the Rydberg. Perturba­
t ions of a strength of a few electronvol ts 
wou ld disrupt them. This is the tender 
wor ld of chemistry and bio logy wh ich is 
dest royed at temperatures h igher than a 
few electronvol ts as is the case in most 
stars. Matter, in the form in wh ich we are 
accustomed to see it, is a rare phenome­
non in the universe. There is more bet­
ween heaven and earth. 

The faint g low of radium in Mme Curie 's 
hand was the f irst indicat ion of the exist­
ence of other phenomena in matter. It was 
soon apparent f rom radioact ive processes 
that there must be much higher energies 
than the Rydberg unit relevant in the atom. 
Rutherford made use of these energies in 
order to penetrate into the st ructure of 
atoms, when he d iscovered the atomic 
nucleus by anomalous scat ter ing of a lpha-
rays in atoms. Incredib le as it may seem, 
he used the same tool only s ix years later 
(1917) in order to study the compos i t ion of 
the nucleus and found that some of its 
const i tuents are protons. A new wor ld of 

phenomena was d iscovered. However, the 
compos i t ion of the nucleus was only d is­
c losed f i f teen years later in the great year 
of physics, 1932. In that year Chadwick 
d iscovered the neutron, Fermi publ ished 
his theory of the radioact ive beta-decay 
and Anderson and Neddermeyer d iscover­
ed the posi t ron. Each of these three d is­
cover ies had far-reaching s ign i f icance. 

The existence of the posi t ron conf i rmed 
the val id i ty and depth of Dirac's relat iv ist ic 
wave equat ion (1927), one of the most 
remarkable examples of the power of ma­
themat ica l th ink ing. This equat ion — a 
marr iage of quantum mechanics wi th rela­
t ivi ty theory — demonstrated the necessity 
of the existence of an electron spin w i th 
its typ ica l magnet ic moment. In add i t ion , 
it exhibi ts a fundamental symmetry cor re­
spond ing to the existence of two types of 
matter, ord inary matter and ant imatter w i th 
equal propert ies but opposi te charges and 
other character is t ic quantum numbers. 

The discovery of the neutron as a con ­
st i tuent of the nucleus revealed the exist­
ence of a new force in Nature. It pointed 
towards a strong non-electr ic effect wh ich 
keeps neutrons and protons t ight ly bound 
wi th the conf ines of the nucleus. Here 
a manifestat ion of something new was ob­
served, a new force of nature wi thout any 
analogue in macroscopic physics. The 
st rong interact ions were d iscovered. 

Fermi 's theory of the beta-decay demon­
strated the existence of another in teract ion 
between elementary part ic les. A neutron 
can t ransform itself into a proton wi th the 
emission of a lepton pair — an e lect ron 
and a neutr ino. This is the so-cal led weak 
interact ion wh ich appears as a four th inter­
act ion, besides the gravi tat ional , e lect ro­
magnet ic and st rong. It is so weak that the 

t ime scale of its nuclear processes is of 
the order of seconds, days or years. Thus 
the year 1932 was the beginning of a new 
type of physics deal ing wi th the st ructure 
of the nucleus and its const i tuents, and 
work ing wi th hi therto unknown forces and 
interact ions. 

Let us return to the force between neu­
t ron and proton. Scatter ing exper iments 
have revealed a rather compl ica ted st ruc­
ture of th is force. It is shor t - ranged and 
attract ive, except for smal l d is tances of 
less than a Fermi when it becomes repul ­
sive. It is also strongly dependent on the 
relative spin or ientat ion of the two part ic les 
and on the symmetry of the wave funct ion . 
In this respect, as wel l as in respect to the 
repulsive nature at smal l d is tance, it re­
sembles the chemica l force between two 
atoms, an analogy to wh ich we wi l l return 
later. As an est imate of the strength of 
at t ract ion, let us compare it wi th the elec­
trostat ic at t ract ion wh ich wou ld be present 
if the neutron and the proton had oppos i te 
e lectr ic charges g and -g . It turns out that 
the nuclear at t ract ion is roughly equivalent 
to an e lect r ic at t ract ion between two oppo­
site charges of a size g ^ 3e. This infor­
mation a l lows us to est imate the approx i ­
mate size and energy of s imple nuclear 
systems by apply ing the same quantum 
mechanica l pr inc ip les as was done for the 
atom. Al l we have to do is to take the 
expressions for the Bohr radius and Rydberg 
unit and change e into g, and the e lect ron 
mass into the nuclear mass. We then ob ­
ta in the nuclear Bohr radius (h 2 /mg 2 ) of 
about 2 x 10~ 1 3 cm, and the nuclear Ryd­
berg (mgVh 2 ) of about 3 MeV. Nuclear 
systems are 10~5 t imes smal ler than atomic 
systems and the relevant energies are in 
the mi l l ion e lectronvol t region. 

Once the nuclear force was establ ished, 
quantum mechanics could be appl ied to 
the nucleus as a system of neutrons and 
protons. We f ind in nuclear physics a 
repeat per formance of atomic quantum 
mechanics, but w i th a di f ferent sca le of 
units. Nuclear energy level spect ra pre­
sented a s imi lar s t ructure to atomic spec­
tra, wi th the same kind of quantum num­
bers. One s igni f icant addi t ion appeared 
however, the isotopic spin quantum num­
ber. It or ig inates f rom the fact that the 
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nuclear force does not d is t inguish neu­
t rons f rom protons so that one should con­
s ider the two part ic les as equivalent states 
of a s ingle part ic le, the nuc léon. Thus a 
formal ly s imi lar s i tuat ion arises as wi th the 
two ord inary spin states of a fermion, and 
th is analogy led Heisenberg to the intro­
duc t ion of the important concept of isoto-
pic spin and its quantum numbers. 

The weak interact ions provide a process 
of changing a neutron into a proton and 
v ice versa, so that the spin analogy has 
also a dynamica l sense. The nuclear sys­
tem therefore is not an enti ty wi th f ixed 
numbers of neutrons and pro tons; all that 
is f ixed is the total number A of nucléons. 
Al l nuclei wi th equal A belong to the same 
quantum system and one f inds approx imate 
degeneracy and other typical relat ions be­
tween quantum states of nuclei wi th equal 
A, wh ich di f fer only by the replacement of 
neutrons by protons. 

There are many str ik ing s imi lar i t ies be­
tween atomic and nuclear st ructure. One is 
the per iod ic i ty of propert ies as a funct ion 
of the atomic number A, ar is ing f rom a 
s imi lar shel l s t ructure. The occupat ion 
numbers at wh ich the shel ls are completed 
are s l ight ly di f ferent because of the dif fer­
ent nature of the average potent ia l and 
because of the important role wh ich spin 
orb i t coup l ing plays in nucle i . The role of 
the noble gases, consist ing of high s tab i ­
l i ty and low react ion rates, is played in 
nuc lear physics by those nuclei for wh ich 
shel ls are comple ted. 

The analogy between atoms and nuclei 
is perhaps not thoroughly jus t i f ied. It is 
probably more correct to compare nuclei 
w i th molecules where the nucléons play 
the role of the atoms rather than the nuc le i . 
Why ? The force between nucléons is 
comp l i ca ted , both in its dependence on 
d is tance and on other propert ies. That 
fo rce is much more l ike the chemica l force 
between atoms, wi th its repulsive character 
at smal l d istances, its min imum of poten­
t ia l in between and its dependence on the 
symmetry of the wave funct ion. It is tempt­
ing to assume that, in analogy to the che­
mical force, the nuclear force is not a 
fundamenta l force such as the e lectrostat ic 
a t t rac t ion ; it may be a der ived effect of a 
more basic phenomenon residing wi th in 
the nuc léon, a residue of someth ing much 

more powerfu l and s imple, just as the 
chemica l force is a residue of the Cou­
lomb at t ract ion between electrons and 
nuclei w i th in the atom. 

Modern par t ic le physics has d iscovered 
much evidence for an internal st ructure of 
the nucléon but has not yet been able to 
interpret it. The most important evidence 
is the fact that the nucléon seemingly 
changes its state when bombarded wi th 
energet ic par t ic le beams. It can be exci ted 
to a large number of quantum states. These 
states form a level spectrum wh ich re­
presents a th i rd spectroscopy in wh ich 
exci tat ion energies are measured in GeV 
and not in MeV as in nuclei , or eV as 
in atoms. This level spectrum shows simi lar 
regular i t ies as the others, the same quan­
tum numbers appear wi th addi t ion of a n e w 
one in t roduced by Gel l -Mann and Nishi j ima, 
the hypercharge or strangeness. Transi t ions 
between the states occur again wi th emis­
sion or absorpt ion of l ight quanta and 
lepton pairs, but a new form of energy ex­
change was f ound : the absorpt ion or emis­
sion of mesons. The search for the internal 
s t ructure of the nucléon is one of the most 
chal lenging f ront iers of modern physics. 

The existence of exci ted states certainly 
points to some internal dynamics. The 
present ly known spectrum of these states 
exhibi ts certa in regulari t ies wh ich are 
vaguely related to those of a system con­
sist ing of three kinds of part ic les wi th 
half- integer sp in , somet imes referred to as 
'quarks ' or 'stratons' . In addi t ion, the 
regular i t ies in the spectrum of mesons — 
they also have been observed in many 
quantum states forming a spectrum — 
point towards a structure of mesons being 
made up of a pair of a quark and its ant i -
part ic le. In th is hypothet ical p icture, the 
mesons are the quantum states of a quark-
ant iquark system, in analogy to posi t ro-
nium, wh ich is an electron-posi t ron system. 

The quest ion of an internal s t ructure 
of the e lectron has not yet been opened. 
The most puzzl ing aspect of this quest ion 
is the existence of the heavy electron or 
muon, a part ic le wh ich , seemingly, is in 
every respect ident ical wi th the e lectron, 
except that it is 200 t imes heavier. It 
may be that the four known leptons — 
elect ron, muon, two types of neutr inos — 
represent the beginning of a more comp l i ­

cated lepton spect rum. A l though today the 
e lect romagnet ic interact ions of the elec­
t ron are extremely wel l descr ibed by the 
almost perfect theory of quantum elect ro­
dynamics, there remain grave quest ions 
regard ing the nature of the e lec t ron : the 
reason for the apparent uniqueness of the 
e lementary charge, the existence of the 
heavy e lect ron, the source of the e lectron 
mass and, last but not least, the nature 
of weak interact ions wi th their puzzl ing 
v io lat ions of establ ished symmetr ies, such 
as r ight- and lef t -handedness and matter-
ant imatter symmetry. 

Modern part ic le physics presents many 
chal lenging problems for the understand­
ing of the numerous unexpected pheno­
mena wh ich were d iscovered. Theoret ical 
understanding does not yet go very far, 
a l though theoret ica l physicists here con­
t r ibuted many ideas, models and analogies 
in order to corre late and systematize the 
weal th of exper imenta l mater ia l . There is 
no Rutherford of part ic le physics yet, but 
nei ther has its Niels Bohr appeared. The 
lack of success is not caused by any lack 
of intel lectual effort. The great insight into 
what goes on wi th in a so-cal led e lemen­
tary par t ic le is not yet at hand. 

(There is another var iat ion of Churchi l l 's 
remark: 'Never have so many done so 
little in so long a time'. The value of achie­
vement, however, must be measured in 
terms of the greatness of the task. Let me 
quote a favour i te story of Niels Bohr about 
a Br i t ish Lord te l l ing of his exploi ts in l ion 
hunt ing. When a young lady in the aud i ­
ence asked him how many l ions he caught, 
he repl ied 'None'. Whereupon the lady 
retorted 'Isn't that rather few'. The Lord's 
reply was : 'Not for lions'.) 

So far, we have sketched the develop­
ment of our knowledge of the structure of 
matter in the 20th century, f rom atomic 
physics to modern part ic le physics. Science 
develops not only in th is ' intensive' d i rec­
t ion towards smal ler sizes, h igher energies 
and towards phenomena and laws wh ich 
are h idden deeper wi th in the units of 
matter. There is also an 'extensive' d i rec­
t ion of development in wh ich the know­
ledge of the basic laws and propert ies of 
matter are appl ied to the understanding of 
broader f ie lds of enquiry. 

Modern physics of the sol id state can 
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give a detai led account of the behaviour 
of metals, semi-conductors and crystals of 
al l k inds. In part icular, the behaviour of 
sol id matter at very low temperature 
revealed phenomena such as supercon­
duct iv i ty, wh ich , for a long t ime, def ied all 
explanat ion. But also these phenomena 
together wi th the superf lu id i ty of certain 
l iquids at low temperature, turned out to 
be understandable and der ivable f rom the 
same basic assumpt ions about the quan­
tum nature of atomic dynamics. It took a 
long t ime unti l adequate concepts were 
found wh ich made it possible to formulate 
the main features of the quantum beha­
viour of systems wi th many const i tuents. 
Once such concepts were fo rmed, they 
helped not only to understand the strange 
behaviour of bulk matter at low tempera­
tures, but also some features in the beha­
viour of heavy nucle i , and these concepts 
served even to e luc idate some problems of 
quantum e lect rodynamics and other f ie ld 
theor ies. The appl icabi l i ty of new concepts 
in many f ields of physics is one of the 
grat i fy ing developments wh ich emphasize 
the unity of physics. 

New vacuum techniques, microwave de­
vices and strong magnet ic f ie lds make it 
possible to study plasmas, a form of matter 
at high temperatures and low pressure 
where most e lectrons are no longer in 
their atomic quantum orbi ts. This state of 
matter is very common in the universe, in 
the inter ior of stars as wel l as in the 
expanses of space. The behaviour of the 
plasma state is d ic tated by very s imple 
laws; the e lect romagnet ic interact ion bet­
ween nuclei and electrons. Quantum 
effects are negl ig ib le because of the high 
exc i ta t ion. Hence we are deal ing wi th the 
c lassical physics of e lectrons and nuclei 
wh ich , surpr is ingly, is more compl ica ted 
than quantum physics because of non­
l inear effects and var ious instabi l i t ies. 

An account of physics in the 20th cen­
tury wou ld be very incomplete wi thout 
ment ioning astrophysics. It is a sc ience 
born in this century and is the f ront ier of 
physics at extremely large distances, in 
contrast to part ic le physics, wh ich is the 
f ront ier of extremely smal l d is tances. There 
is good reason to bel ieve that the two are 
int imately related. There were two major 
insights wh ich have shaped this branch of 

sc ience. First, the recogni t ion of nuclear 
react ions as the source of stel lar energy, 
and second, the discovery of the expand­
ing universe. The f irst d iscovery has shown 
that nuclear reactions are inf ini tely more 
important for the product ion of energy than 
ord inary chemica l react ions. However, 
nuclear processes do not occur on earth 
wi th the except ion of those few radioact ive 
elements wh ich are the last embers left 
over f rom the great supernova explos ion 
in wh ich our terrestr ial matter was produc­
ed. We had to reproduce nuclear proces­
ses in our laborator ies in order to study 
them. The places in the universe where 
they occur at a large scale are the inte­
riors of the stars and the big star exp lo­
sions. It was no mean feat of man to 
recreate on earth processes wh ich natu­
rally are found only in the centre of stars 
and to make technical use of them, a l ­
though some of these uses have been 
destruct ive ones. 

The second discovery, the expansion of 
the universe, is myster ious and of funda­
mental s igni f icance. A new t ime and space 
scale appears. It is the t ime in wh ich the 
universe has expanded to its present state, 
an interval of approximately 10 1 0 years. We 
are very far f rom knowing what the uni ­
verse was l ike at the beginning of this 
t ime, but one fact is sure: the matter of 
our present universe was in a very di f ferent 
state at that t ime. The t ime interval also 
def ines a length (the d is tance that l ight 
travels dur ing that interval); it is the radius 
of the present universe, f rom beyond wh ich 
no message can ever reach us. It def ines 
a max imum size — about 10 1 0 l ight years 
— in wh ich our wor ld is embedded. 

The 20th century is to the universe what 
the 16th was to the ear th : Magel lan sai led 
around the planet and showed that there 
is a f in i te surface to it. We have learnt 
in this century that there is a f in i te un i ­
verse wh ich we can be in contact wi th and 
we have almost fa thomed its depth when 
stel lar objects were seen wi th a red shift 
of the order unity. 

Modern astrophysics has brought a new 
aspect into physics: the histor ical perspec­
t ive. Previously, physics was the sc ience of 
th ings as they are; astrophysics deals wi th 
the development of stars, of galaxies, w i th 
the format ion of the elements, w i th the 
expanding universe. There are many un­

solved quest ions in this history, many 
phenomena such as quasars, wh ich are 
unexpla ined, but part of this history is 
fair ly wel l understood. It is the part in 
wh ich stars are formed f rom a hydrogen 
c loud, e lements are formed by synthesis 
f rom hydrogen, stars are developing 
through di f ferent states — some ending as 
co ld chunks of sol id matter, others ending 
in t remendous explosions wh ich we observe 
as supernovas, somet imes leaving behind 
fast sp inning neutron stars. One of these 
explosions occur red in the year 1054 AD 
and left the famous Crab Nebula behind 
in wh ich we see the expanding remnants 
of the explos ion wi th a pulsar in the 
centre. 

The kinet ic energies produced when 
larger stars contract after their nuclear fuel 
is exhausted, are such that indiv idual pro­
tons reach energies of the order of a GeV, 
that is the energy of their rest mass. There­
fore high energy physics wi l l come into 
play at these stages of development and 
all the newly d iscovered phenomena of 
nucléon exci tat ion and meson product ion 
wi l l take place at a large scale, just as 
nuclear react ions take place at a large 
scale in the centre of ord inary stars. Per­
haps it is s igni f icant that such energies 
are reached when the gravi tat ional energy 
of a part ic le becomes of the order of its 
mass. This is the so-cal led Schwartzschi ld 
l imit, at wh ich the gravi tat ional f ie ld be­
comes cr i t ica l ly large and bends the local 
space such that l ight may not be able to 
leave, if our present ideas of gravi ty are 
sti l l app l icab le to such unusual condi t ions. 
This may point to a connect ion between 
high energy physics and gravi tat ional phe­
nomena. 

The cosmolog ica l aspects of matter 
reveal a certain ins igni f icance of e lectronic 
quantum physics in the universe. Only 
rarely is matter in a state where the quan­
tum propert ies of e lectrons around nuclei 
are of relevance. Mostly, matter is too hot 
or too d i lu te. But it is at those specia l 
spots where quantum orbi ts can be formed 
that nature developed its atoms, its aggre­
gates, its macromolecu les and its l iving 
objects . It is there where the greatest 
adventure of the universe takes place 
where Nature in the form of man begins 
to understand itself. 
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CERN News Comparison of the performance of a LMN and 
a butanol target for elastic scattering of 
protons (pp -> pp at 1.22 GeV/c). The number 
of events is plotted vertically against the 
scattering angle. The advantage of the butanol 
compared to the LMN target is the reduction 
of the background by a factor of 2.5, if only 
very lose co-planarity requirements for the 
interaction are applied. 

Butanol targets 
Since it became technica l ly feasible f rom 
1962 to bui ld polar ized proton targets, 
they have been used in about f ifty exper i ­
ments at CERN and in a number of other 
Laborator ies. Up to now, these targets 
have been made of a complex substance 
(LMN) conta in ing a certa in propor t ion of 
' f ree' protons (nuclei of hydrogen atoms) 
whose spins become polar ized at very 
low temperature (around 1° K) under the 
comb ined inf luence of a high constant 
magnet ic f ie ld of about 20 kG and a 
weaker magnet ic f ie ld wi th a very high 
f requency, general ly around 70 000 MHz. 
(The ideas and techniques involved were 
descr ibed in CERN COURIER, vo l . 7, 
page 28.) 

Thus polar ized, these targets may be 
used in a wide variety of exper iments — 
to determine the spin or par i ty of st range 
par t ic les or resonances ; to study the role 
of sp in in the dynamics of the interact ion 
by measur ing polar izat ion parameters, 
sp in rotat ion, spin-spin corre la t ion, etc ; 
to check the invariance propert ies of 
s t rong or e lect romagnet ic interact ions ; to 

polar ize intense neutron beams by trans­
mission (thjs was done recently for 
example, w i th neutrons emit ted by an 
underground atomic explosion, by a Los 
Alamos group in Nevada). 

Until 1969, LMN (double nitrate of lan­
thanum and magnesium — La2Mg3 (NO ) i 2 
24H20) had been used exclusively. In spite 
of the high percentage polar izat ions 
obta ined, vary ing from 50 % to 70 % 
accord ing to Laboratory, this substance 
has the great drawback, as can be seen 
in the chemica l formula above, that it 
contains many complex nuclei , wh ich are 
not polar ized. Moreover, the percentage 
polar izat ion is very sensit ive to radiat ion 
damage f rom the beams : for example, 
polar izat ion is reduced to about half its 
init ial value after the target has been 
exposed to 2 X 10 1 2 min imum ionizing 
part ic les per square cm. 

In recent years, several Laborator ies 
have been carry ing out research into 
substances wh ich have a higher density 
of hydrogen nucle i and less heavy nuc le i 
and wh ich are more resistant to radiat ion 
than LMN. At CERN, this research began in 
1966, carr ied out by M. Borghin i , S. Man­

go and O. Runolfsson, and quick ly showed 
good results wi th ethyl a lcohol d i luted 
wi th a l i t t le water. Unfortunately, these 
results were somet imes di f f icul t to repro­
duce. (Nevertheless, these targets were 
used at the Cambr idge Electron Acce l ­
erator in 1968 to check t ime reversal in­
var iance of the e lect romagnet ic interaction.) 

A systemat ic study has been made of 
a lcohol mixtures, a lcohol and water mix­
tures and of the role of dissolved mole­
cular oxygen, wh ich led to the choice of 
a mixture of 95 % normal butanol 
(C4H9OH) and 5 % deoxygenated water 
conta in ing approximate ly 1 % free radical 
porphyrex ide (percentages by weight) . 
Reproducib le polar izat ions of the order of 
40 % can be obta ined in targets of vo­
lume 5 to 10 c m 3 . 

The f irst butanol polar ized target was 
used at CERN in March 1969 for the study 
of posi t ive kaon - proton and ant i -proton -
proton scat ter ing at several GeV by the 
CERN-Hol land group, and a second in 
May for the study of elast ic scat ter ing 
using proton, posit ive and negative pion, 
and posi t ive and negat ive kaon beams at 
over 5 GeV by the CERN-Orsay-Pisa 
group. A th i rd target of the same design 
const ruc ted at Lawrence Radiat ion Labo­
ratory, Berkeley, has been in use at the 
Stanford Linear Acce lera tor s ince Apr i l 
again check ing , w i th greater prec is ion, 
t ime reversal invar iance in the e lectro­
magnet ic interact ion, and it is now being 
used to measure the polar izat ion para­
meter in posi t ive p ion photo-product ion at 
high energies. For these latter exper iments 
it has been necessary to have beams of 
very h igh intensity, for example 10 1 1 e lec­
t rons per second : a lcohol targets are 
about 200 t imes more resistant to ra­
diat ion damage than LMN and can toler­
ate these condi t ions. 

The fo l lowing table is a compar ison of 
some of the character is t ics of the two 
substances at a f ie ld of 25 kG and a 
temperature of 1° K. 

Max imum polar izat ion 
Hydrogen density 

(g /cm 3 ) 
Bound/Free protons 
Acceptab le number of 

min imum ionizing 
par t i c les /cm 2 

LMN 
7 0 % 

0.06 
15 

Butanol 
4 0 % 

0.12 
3.2 

2 X 10 1 2 4 X 10 1 4 
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Filling the large container with frozen butanol 
spheres at 77° K. The cryostat was pre-cooled and 
covered with plastic to avoid water 
condensation. The photograph was taken in 
the polarized target laboratory at CERN where 
target materials are developed and tested 
before use in an experiment. 

As can be seen, the percentage of po­
larized hydrogen nuclei is h igher in LMN 
than in butanol , wh ich is an advantage of 
LMN for certain exper iments, for example 
the polar izat ion of neutron beams by trans­
mission. However, butanol contains tw ice 
the amount of polar ized hydrogen and 2.5 
t imes less protons or neutrons bound in 
complex nuclei per unit vo lume. These 
two factors are impor tant : they determine 
the number of useful events produced on 
polar ized hydrogen and the number of 
background events p roduced on bound 
non-polar ized protons or neutrons wh ich 
must be el iminated f rom the exper imental 
data when it is analysed. The advantage 
that butanol has over LMN is the ease 
wi th wh ich it e l iminates background 
though this depends on the nature of 
each exper iment. 

For exper iments such as elast ic scatter­
ing of protons, pions or kaons on pola­
rized protons, wh ich give rise to two 
charged part ic les of a relat ively low ener­
gy, it is possible to d ist inguish between 
useful and background events using an 
LMN target and there is therefore no 
great cal l for butanol targets. This is not 
the case if the cross-sect ions are low 
and if the interact ions under study are 
part ly masked by other interact ions pro­
duced simultaneously. 

For other exper iments, such as the 
study of charge exchange react ions 
j t ~ p - > j t ° n and j t " p vf n wh ich have 
already been studied wi th LMN at CERN 
and K~ p - > K c n at Argonne, the number 
of useful events wou ld be increased by 
a factor of the order of 5 to 10 if it was 
not necessary to observe the neutron. 
Polar ized butanol targets are then a 
cons iderable improvement on LMN. Pro­
posals for exper iments of this type have 
recent ly been put forward at CERN. 

One other advantage of butanol pola­
rized targets wh ich has already been 
ment ioned is their resistance to radia­
t ion. This is only a minor advantage for 
the intensit ies of ord inary par t ic le beams 
used for exper iments at CERN. However, 
for the low cross-sect ion interact ions, such 
as high energy wide-angle proton - proton 
scat ter ing, elast ic or inelast ic e lectron 
scat ter ing and photo-product ion it wou ld 
be impossib le to use LMN. The develop-
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ment of butanol targets is therefore of 
cruc ia l importance. 

Polar ized proton targets have aroused 
great interest at CERN and other Labo­
ratories, and efforts are being made to 
improve them. Work is going on in three 
d i rect ions : 

1) searching for new substances ; 
2) lower ing the operat ing temperature 

to 0.5° K for instance; 
3) increasing the magnet ic f ie ld to 50 

kG and the f requency of the al ternat ing 
f ie ld to 140 000 MHz. 

The most recent progress made on sub­
stances is the product ion of st rong pola­
r izations ( 5 0 % at 1° K) wi th ethyl g lycol 
C2H4(OH)2 containing a chrome complex 
by H. Glatt l i et al. at Saclay. A l though the 
glycol contains less hydrogen and more 
complex nuclei than butanol , it is inter­
est ing because of its higher polar izat ion. 

Concern ing the inf luence of tempera­
ture on po'ar izat ion ; measurements taken 
at 0.5° K by A. Masaiké et al. at Saclay 
and R. Hil l et al. at Argonne have given 
polar izat ions of 82 % in ethyl g lyco l and 
67 % in butanol respectively using smal l 
samples of 10 to 100 m m 3 . 

Finally, superconduct ing coi ls, wh ich 
enable f ields of 50 kG to be obta ined, 
have now been constructed or are under 
const ruct ion at Argonne, Saclay and CERN 
and new results may be expected soon. 

PS Shutdown 
The annual shutdown of the PS began on 
13 October, to last until 26 November. It 
is being used for the usual overhaul and 
maintenance work and for a large number 
of modi f icat ions to a variety of compo­
nents. Most of these modi f icat ions are 

relat ively minor, and it wou ld take up too 
much space to give a detai led list here. 
Only the more important ones wi l l there­
fore be ment ioned. 

Linac 

A lot of work wi l l be done on the Linac 
in the context of the PS improvement pro­
gramme. The pulse repet i t ion f requency is 
to be doub led (from 1 to 2 per second) 
and the pulse length is to be increased 
f ivefold (from 20 to 100 fis). Points wor thy 
of special ment ion inc lude: 
a) instal lat ion of opt ical l inks wi th the ion 
source contro l p lat form (five infra-red 
channels such as were descr ibed in CERN 
COURIER vo l . 9, page 104); 
b) instal lat ion of new dig i t ized servo-con­
t ro l led tun ing systems based on the use 
of a s tepping-motor (200 steps per revo­
lution) wh ich wi l l a l low certain changes in 
the accelerat ing f ie ld in the l inac tanks to 
be computer -p rogrammed; 

c) modi f icat ion of the power div iders and 
dephasers of the cavity ampl i f iers, wh ich 
wi l l be f i t ted at the inputs to the CFTH 
ampl i f iers ; 
d) modi f icat ion of the two modulators in 
the r.f. c i rcu i t (Siemens and dr iv ing modu­
lators) to a l low power pulse lengths to be 
increased f rom 200 to 300 [ is; 
e) an increase in the coo l ing capaci ty of 
the pulsed quadrupoles of cavity No. 1. 

The impor tance of th is work on the 
Linac is expla ined by the fact that th is PS 
shutdown is the last before connect ion is 
made between the Linac and the Booster 
at the end of 1970. 

Synchrotron ring 

The main work to be done on the PS 
includes the instal lat ion of the fast e jec-
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The 2 metre hydrogen bubble chamber minus its 
magnet. The chamber is undergoing a series of 
modifications during the PS shutdown and for 
this the two halves of the magnet which normally 
hide the chamber, safety tanks, cooling pipes etc. 
are rolled back. 

The chamber joined the select band of 10 million 
picture takers on 6 September. This figure has 
been reached in five years of operation. 
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t ion system for the Intersect ing Storage 

Rings in straight sect ion 16 and the sett ing 

up of the beam-l ine to the ISR for the 

f irst f i f ty metres f rom the PS. This repre­

sents a considerable volume of work and 

wi l l involve almost all the PS groups, the 

ISR Division and the Technica l Services 

and Bui ld ings Division. The major part of 

the work wi l l be done dur ing the shutdown, 

but the rest wi l l cont inue into February or 

March 1970. An enlarged vacuum chamber 

wi l l be instal led in four magnets, two 

downst ream and two upstream of stra ight 

sect ion 16. 

It wi l l also be necessary to turn two 

magnets around in this region to have the 

aperture opening towards the outs ide of 

the r ing so that the e jected beam can 

emerge. In fact two magnets wi l l be chan­

ged wi th two others in the r ing wh ich 

have the r ight conf igurat ion. Shims have 

to be f i t ted to correct stray f ie lds ; new 

vacuum tanks wi l l be instal led to take 

septum magnets; almost all straight sec­

t ions have to be modi f ied for the 

instal lat ion of d ipoles for beam orbi t 

deformat ion ; beam transport magnets, 

a beam dump and beam observat ion 

systems have to be instal led. 

Further modi f icat ion involves the repla­

cement of the vacuum chamber elastomer 

gaskets by metal ones over one-tenth of 

the c i rcumference (sector No. II) where 

turbomolecu lar vacuum pumps and ion 

pumps wi l l be instal led to give a better 

vacuum than the oi l -di f fusion pumps pre­

viously in use. The supply lines to these 

ion pumps wi l l be posi t ioned in an exten­

sion to the centra l ring bui ld ing. 

Preparatory work wi l l also be done for 

the f i t t ing of a second kicker magnet in 

straight sect ion 13 in the Spring of 1970. 

This magnet, wh ich wi l l be ident ical to the 

k icker magnet in straight sect ion 97, wi l l 

re inforce the perturbat ions induced in the 

orbi t by the e ject ion magnet to provide 

greater f lex ib i l i ty in beam shar ing. 

Some work wi l l be done in preparat ion 

for the Booster, especia l ly : 

a) enlarg ing the aperture through wh ich 

the Linac-Booster in ject ion line passes; 

b) instal l ing a heat dissipat ion system in 

that part of the Booster in ject ion tunnel 

ad jacent to the PS; 

c) p ierc ing an aperture for the connect ion 

of the Booster to the PS and bui ld ing 

shie ld ing around this aper ture; 

d) instal l ing cabinets in the main control 

room for the Booster contro ls. 

In readiness for the increase in intensity 

of the proton beam, the shie ld ing of the 

PS ring wi l l be re inforced. Almost half the 

r ing (between the East and South Halls 

on the Salève side) wi l l be covered wi th a 

further layer of earth a metre th ick. This 

wi l l prov ide the max imum thickness wh ich 

the r ing structure wi l l safely carry. The 

other half wi l l be covered when work on 

the Booster is comple ted . 

External Beams 

A large number of al terat ions are also 

being made in the exper imental hal ls: 

South Hall 

— modi f icat ion of the beam feeding the 

81 cm hydrogen bubble chamber (beam 

k13 wi l l replace k10); 

— changing the separators of beam m7 

f rom internal target 1 ; 

— instal lat ion of a separator in beam q8 

f rom internal target 8 (q8 becomes m8). 

East Hall 

— replacement of the pion beam p3 by a 

proton spectrometer (p3 becomes s5); 

— f i t t ing of a he l ium-cooled hydrogen 

target in the East target zone to feed s5. 

Work on the bubble chambers 

The PS shutdown also al lows work to be 

carr ied out on the three bubble chambers 

in serv ice at CERN, wh ich have operated 

very sat isfactor i ly over the past year. The 

2 m hydrogen chamber has taken more 

than 3.8 mi l l ion photographs dur ing the 

operat ing per iod f rom November 1968 to 

October 1969. On 6 September it reached 

the total of ten mi l l ion photographs, taken 

s ince it came into operat ion less than five 

years ago. The 81 cm hydrogen chamber 

took 1.9 mi l l ion photographs in the same 

per iod (br inging its total c lose to 13 mi l l ion 

s ince 1961). The 1.2 m propane chamber 

had taken 1.6 mi l l ion (br inging its total to 

7.5 mi l l ion s ince 1960). 

No major modi f icat ions are to be made 

to the propane and 81 cm chambers but 

some improvements wi l l be made to the 
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A further stage in the assembly of the new heavy 
liquid bubble chamber, Gargamelle. The pipes 
which convey pressure changes to the diaphragms 
of the expansion system are manoeuvred into 
place at the end of September. The large magnet 
of the chamber is on the right. The seven 
nitrogen tanks of the expansion system are also 
installed in the assembly hall and tests of the 
system will be carried out using two large tanks 
to simulate the chamber body itself which will 
not arrive until early 1970. 

2 m chamber. The main one involves the 
replacement of the glass w indows (17 cm 
thick) wh ich form the two side wal ls of 
the chamber, by w indows which have f idu­
cial marks better sui ted for automat ic 
measurement. The new windows are, in 
fact, the spares already in existence and 
the two windows wh ich are being removed 
wi l l , in turn, be re-engraved and put into 
store as spares. 

A very careful check wi l l be made on 
all the seals to reduce leakage to a min i ­
mum. It is intended to use deuter ium 
rather than hydrogen for several months 
in 1970 and deuter ium is about two hun­
dred t imes more expensive than hydrogen. 
The storage capaci ty for deuter ium wi l l be 
increased. 

Three of the four large motor generators 
wh ich supply power to the 2 m chamber 
are being returned to the manufacturer for 
general overhaul (which is done every two 
or three years). The compressor control 
room wi l l be integrated with the main 
bubble chamber contro l room. 

Modi f icat ions wi l l be made to a sect ion 
of the outlet l ine connect ing the vacuum 
tank of the chamber to the safety sphere 
to a l low magnets to be f i t ted very c lose to 
the chamber for low energy beams. Finally, 
the expansion system, the vacuum and the 
cool ing systems wi l l be complete ly over­
hauled. 

During the shutdown the magnet ic f ie ld 
in the chamber wi l l be mapped for a care­
ful check with the previous map. Measure­
ments wi l l be made at about 1000 points 
in the chamber (three measurements at 
each point) ; the density of the points being 
greater in the areas where the f ie ld is 
least uni form. The results wi l l be pr inted 
on tape. In addi t ion, a computer wi l l be 
used by way of exper iment to make sever­
al measurements at each point and to 
ca lcu late the mean value and the standard 
deviat ion. 

CAMAC Developments 
To meet the ever increasing e lect ronics 
needs of research centres and industry, 
26 nuclear research organizat ions in Eu­
rope, members of the ESONE (European 
Standard for Nuclear Electronics) Com­
mittee began work in 1966 to establ ish 
standards for the const ruct ion of e lect ro-

CERN/PI 409.9.69 

nic p lug- in modules and their crates. 
These modules had to be special ly desi ­
gned in view of the increasing use of 
computers, the aim being to make it 
easier to use automatic data acquis i t ion 
and processing devices. 

In May 1968 at the ESONE conference 
held in Rome, the pr inc ip le of these stan­
dards was approved and was cal led 
CAMAC. At the same conference, the f irst 
part of the standards, cover ing the me­
chanics and logic of the interconnect ions 
of modules on the same crate, was adopted 
(CERN COURIER, vol. 8, page 314). 

The second part of the standards, con­
cern ing the use and contro l of CAMAC 
crates (crate to crate l inks, crate to contro l 
system links, crate to adapters for com­
puters, etc.) and of the nature and level 
of the various signals used for this pur­
pose, had sti l l to be def ined. 

This second set of standards, wh ich has 
been studied by several Work ing Groups, 
was adopted at the ESONE Conference 
held at the end of September this year 
at Petten (Netherlands). It inc ludes the 
fo l lowing points : 

1. the method of synchroniz ing external 
signals to the crates (this is the ca l l -
response-st imulus type) ; 

2. the transfer system for these signals 
(this is the asymetr ical- twisted-pairs 
type) ; 

3. the method of processing requests 
f rom the modules. The system chosen 
uses data t ransmission lines and offers 
a range of possibi l i t ies of d i rect ing 
requests because of the (optional) use 
of a rear connector wh ich permits a 
possible l ink wi th an addi t ional re­
quest processing unit ; 

4. crate contro l ler : this is a l ink unit 
wh ich is p laced on each crate (taking 
the p lace of two or three modules) 
and interconnects wi th the main sys­
tem. At the command of external s i ­
gnals, it addresses the required mo­
dule or modules. It also generates the 
basic CAMAC cyc le and var ies the 
signals accord ing to their dest inat ion ; 

5. nature and level of the signals, syn­
chronizat ion of commands and data 
t ransmiss ion. These signals are of the 
'c lassic micro logy ' type. Loads are 
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An unusual view into the 1.2 m heavy liquid 
bubble chamber which is also having a wash 
and brush up while it is out of action during 
the PS shutdown. 
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designed for a maximum of 8 crates ; 
6. the type of main (frontal) connector 

for the crate control ler wh ich is res­
ponsib le for crate-to-exter ior l inks. 

Interest from Industry 

Many European manufacturers of e lect ro­
nics equipment are interested in the 
CAMAC standards and several of them 
(five in France, two in Italy, four in the 
Federal Republ ic of Germany, eight in the 
United K ingdom, one in Sweden and two 
in Switzer land) have already put power 
suppl ies and CAMAC crates and modules 
on the market. It is interest ing to note 
that this interest in CAMAC is not l imi ted 
to the f ie ld of nuclear e lectronics, but 
extends to other sectors of data handl ing, 
such as e lectronics in medic ine, servo-
contro ls in industry, automat ic units, etc. 

Al l Laborator ies belonging to ESONE 
are work ing on the manufacture of 
CAMAC systems. At CERN, three systems 
are being built , two of wh ich wi l l be used 
in nuclear physics exper iments. Al l three 
conform to CAMAC standards in d imen­
sions and inter-module connect ions and 
they are equipped wi th an external logic 

system wh ich , a l though, it was designed 
before the second stage of the CAMAC 
standards was adopted, differs l i t t le f rom 
the CAMAC standards. 

Information on the first part of the 
standards is already avai lable (Euratom 
report EUR 4100). The second part wi l l be 
publ ished as a prepr int at the end of the 
year and wi l l be avai lable from ESONE 
members. 

CODD in action 
The CODD (Closed Orbit Digital Display) 
system, wh ich enables the t ra jectory of a 
s ingle proton bunch to be measured as it 
goes round one turn of the machine, has 
been l inked to the IBM 1800 computer in 
the contro l room since the end of August. 
The PS is the only accelerator wi th a 
system of c losed orbit measurement of 
this type. CODD (descr ibed in CERN 
COURIER, vo l . 8, page 177) uses 20 
beam observat ion stat ions of a new design 
from wh ich numerical signals are t rans­
mit ted to the computer. It has three func­
t ions : 

1. to present numer ical results on a 
screen, before processing ; 

2. to punch cards recording these s ig­
nals for later p rocess ing; 

3. to process signals giv ing the beam 
posi t ion of a s ingle bunch at the 20 
observat ion stat ions. 

The results may be pr inted out or pre­
sented in analogue form on an osc i l lo­
scope screen. Sine© May 1969, the measu­
rement system has been in operat ion and 
a series of tests were carr ied out in pre­
parat ion for a d i rect l ink wi th the IBM 
1800. 

CODD makes it possible to measure 
the t ra jectory of a bunch to be e jected 
by the fast e ject ion system. A series of 
tests has therefore just been carr ied out 
to compare signals f rom CODD wi th the 
known osci l la t ions produced by the fast 
k icker magnet. This served to check the 
funct ion ing of the CODD system. 

Unti l 13 October, the beginning of the 
annual PS shutdown, CODD was used for 
the automat ic register ing on punched 
cards of the character is t ics of a large 
number of c losed orbi ts at 10 GeV. This 
has given important stat ist ics on the 
behaviour of the machine and informat ion 
funct ion ing of the CODD system. 

At the moment only the 20 new obser­
vat ion stat ions are in use. These have 
the advantage over the o ld ones of being 
able to take measurements over a wide 
range of beam intensit ies. Nevertheless, 
because of the increased possibi l i t ies if 
there were double the number of measu­
rement points, it is p lanned to l ink the 
20 o ld stat ions, wh ich are compat ib le wi th 
the new ones, to the system at the be­
g inn ing of 1970. 

Among the improvements to be carr ied 
out on CODD (in addi t ion to br inging in 
the 20 addi t ional stations) are modi f ica­
t ions to the synchronizat ion system and 
the instal lat ion of a semi-automat ic ca l i ­
brat ion system. Art i f ic ia l cal ibrat ion signals 
wh ich simulate a known beam posi t ion 
wi l l be t ransmit ted to a detect ion stat ion. 
By observing the results at the end of 
the measur ing sequence any error in­
t roduced by the e lect ronics can be deter­
mined and the computer can automat ical ly 
make any necessary correct ions when 
receiving signals f rom the proton beam. 
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Professor de Shalit 

Professor Amos de Shali t d ied on 2 Sep­
tember f rom acute pancreat i t is. In his 
comparat ively short life (he died at the 
age of 43) he had achieved prominence in 
the f ield of nuclear physics, had been a 
key f igure in the development of sc ience 
in Israel, and had contr ibuted to the work 
of internat ional organizat ions such as 
UNESCO, the European Physical Society, 
the International Centre for Theoret ical 
Physics in Trieste, and CERN. 

Amos de Shali t was born in 1926. He 
was educated at the Hebrew University of 
Jerusalem and at ETH Zur ich . He did re­
search in nuclear physics in the USA, at 
Pr inceton, Stanford and MIT, and spent a 
year at CERN as a Ford Foundat ion Fellow 
f rom October 1957 to October 1958. From 
1956 he was Visi t ing Professor at the He­
brew University becoming Head of the 
Department of Physics f rom 1961 to 1963. 
He then moved to the Weizmann Institute 
of Science, Rehovoth, as Scient i f ic Direc­
tor and was Director General of the In­
st i tute f rom 1966 to 1968. In his last few 
years he devoted much thought and effort 
to the problems of sc ience teaching. A 

few months before he died he took up the 
post of Head of a new Department of 
Science Teaching at the Weizmann In­
st i tute. 

Professor de Shalit was a theoret ical 
physicist whose work was mainly con­
cerned with nuclear structure theory and 
nuclear spectroscopy, cover ing such topics 
as the appl icat ion of group theoret ical 
methods and di f f ract ion theories of nuclear 
react ions. His most important contr ibut ions 
were on the nuclear shell model for 
wh ich he received the Israel Prize, wi th 
I. Talmi in 1965. He had just completed a 
book, wi th H. Feshback, on nuclear struc­
ture. But as important as his direct ly 
creat ive work was his abil i ty to absorb and 
assess what was happening in the whole 
f ield of nuclear physics. He was thus an 
outstanding review speaker able to draw 
out the essential developments and to 
init iate new lines of attack. 

He was among the f irst to promote the 
use of high energy part ic le beams for the 
study of nuclear structure and took part 
in the discussions which led to this re­
search playing an important part in the 

exper imental programme of the CERN 
synchro-cyc lo t ron. In May of this year he 
spoke at CERN evaluat ing the nuclear 
physics aspects of the research at the SC. 
Short ly before his death he had accepted 
to serve as a consul tant to the CERN 
'Physics I I I ' Commit tee wh ich concerns it­
self wi th the SC programme. 

Together wi th Professor Weisskopf, he 
init iated a series of internat ional confer­
ences on High Energy Physics and Nuclear 
Structure wh ich began at CERN in 1963. 
The latest conference in this series was 
held at Columbia USA a few days after his 
death. It was dedicated to Amos de Shalit. 

One of the important format ive inf lu­
ences on his life was his part ic ipat ion in 
Israel's war of independence in 1947 as a 
member of the Haganah. This left him with 
a very st rong devot ion to the cause of his 
country. He was one of the founders and 
the leaders of the bri l l iant school of 
physics in Israel, and one of his major 
concerns has been to ensure that sc ience 
in his country should be closely integrated 
with that in leading centres elsewhere in 
the wor ld . This was one of the motives 
which brought him into such c lose and 
fruit ful contact wi th many internat ional 
organizat ions. 

Another legacy of the war years was a 
f i rm bel ieve that things could be done 
given determinat ion. This led him to 
devote seemingly endless energy to the 
things he bel ieved in. He was always 
spi l l ing over wi th things to be done and 
st imulated others by his enthusiasm. 
Coupled to this was a warmth of per­
sonal i ty wh ich carr ied others wi th h im. He 
had except ional ski l l in organizat ion and 
successful ly bore heavy administrat ive 
responsibi l i t ies f rom a very early age. 

His concern wi th the social impl icat ions 
of sc ience was always evident, par t icu­
larly so in the last few years when he was 
in charge of the reform of sc ience teaching 
in Israel and part ic ipated in work on 
sc ience and educat ion in developing 
countr ies. The th ink ing that he had a l ­
ready put into this important topic is l ikely 
to be inf luential for many years to come. 

(Photo Weizmann Institute) 
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Cause and effect 

In Physical Review vol. 180 p. 1266-81 P.L. Csonka 
develops, in an article pointedly entitled 
'Advanced Effects in Particle Physics', ideas 
about 'full causality' according to which an effect 
may both precede and follow its cause. Csonka 
did some of his work on this revolutionary topic 
while at CERN in the Summer of 1968. This 
article is a brief general review of some of the 
ideas in his work and of the reasons for 
proposing them. 

The general ly accepted pr inc ip le of 
causal i ty is one which has been rarely 
quest ioned in the history of sc ience. It 
says that no effect can precede its cause 
and is renamed by Csonka 'the pr inc ip le 
of retarded causal i ty ' . This pr inc ip le has 
become so embedded in th ink ing that the 
two phrases 'the state fo l lowing the in­
coming state' and 'the state caused by the 
incoming state' are used synonymously to 
mean 'the outgoing or resultant state' . The 
two concepts of the t ime sequence of 
events and of the causal sequence of 
events have become merged. (Csonka 
cal ls at tent ion to a s imi lar merging of 
concepts in Ancient Egypt where the d i rec­
t ion of the f low of the Nile made 'down­
st ream' synonymous wi th ' t ravel l ing North'.) 

By now, it is regarded as 'self evident ' 
that a state caused by another state must 
fo l low it in t ime. There have, however, 
been some attempts to work out the im­
pl icat ions of separat ing these two con­
cepts and accept ing what Csonka terms 
'ful l causal i ty ' whereby an effect can also 
precede its cause in t ime. 

About f i f ty years ago, K. Schwarzsch i ld 
not iced that some problems in c lassical 
e lect romagnet ic theory could be solved by 
d ropp ing retarded causal i ty (consider ing 
that the f ie ld 'p roduced by' an accelerated 
charge could both precede and fo l low the 
accelerat ion of the charge), but he ran 
into conf l ic t wi th observat ion in other 
d i rect ions. H. Tetrode took up the idea 
wi thout success, suggest ing that the ab­
sorber is just as important as the emit ter 
in determin ing the radiat ion even though 
absorpt ion occurs after the radiat ion is 
propagated. Some twenty years later, 
R.P. Feynman and J.A. Wheeler went 
fur ther in an attempt to expla in the 
phenomenon of radiat ive damping using 
c lassical e lect rodynamics but they could 
not account for absorpt ion. Cosmologis ts 

have also recent ly tr ied to br ing the ideas 
into c lassical models of the Universe. 

Csonka's new contr ibut ion is to at tempt 
to bui ld a par t ic le theory (valid for par t i ­
cles wi th any quantum numbers) rather 
than a c lassical theory, on the basis of ful l 
causal i ty where effect and cause are not 
t ied to a t ime sequence. He was led to 
this by the considerat ion of several 
problems. 

1. Most dynamical equat ions are sym­
metr ic wi th respect to t ime. It does not 
matter whether one feeds in + t (effect 
fo l lowing cause) or —t (cause fo l lowing 
effect) into these equations, the same laws 
of physics hold good for the system under 
considerat ion. Full causal i ty leads natu­
rally to such t ime symmetry. 

2. It is not possible to construct f ini te 
causal chains if only retarded causal i ty 
holds. A sequence of events is always 
open ended — the first state considered 
needs a cause which in turn needs a 
cause and so on. Full causal i ty can close 
the loop, the past causing the future and 
vice-versa. This is an enormous con­
ceptual s impl i f icat ion which could have a 
considerable impact on cosmologica l pro­
blems. Roughly speaking, it says for 
example that the Universe may 'create 
i tse l f . 

3. Major d i f f icul t ies are encountered in 
extending the basic equations of e lectro­
magnet ic and weak interact ion theor ies — 
the equat ions, developed using retarded 
causal i ty, give inf inity for such observably 
f ini te quant i t ies as the di f ference in mass 
between the charged and neutral p ion. 
Without some fundamental change these 
di f f icul t ies cannot be removed. T.D. Lee 
and G.C. Wick have since tack led this pro­
blem in detai l (as reported in CERN COU­
RIER vol . 9, page 35, and page 106) and 
their solut ion in fact involves the overthrow 
of retarded causal i ty on a microscopic 
scale. 

4. The impossib i l i ty of d ist inguishing be­
tween past and future (except by a de­
f in i t ion). The ful l causal i ty theory intro­
duces a 'veloci ty of t ime matr ix ' f rom 
which a d i rect ion and 'velocity ' of t ime 
can be determined at any point in the 
Universe as a funct ion of the dist r ibut ion 

of matter (in rough analogy to Newton's 
gravi tat ion theory wh ich determines the 
d i rect ion of accelerat ion as a funct ion of 
the mass dist r ibut ion). 

5. The observat ion of CP violat ion which 
seems to be restr icted to only very weak 
interact ions. The ful l causal i ty theory 
might explain this as a cosmolog ica l effect 
due to the t ransparency of the Universe to 
neutr inos. 

Any such theory has of course to ex­
plain what is observed in the Universe — 
the predominant corre lat ion between the 
t ime sequence and cause and effect. And, 
ideally, the theory should point to a si tua­
t ion where this usual correlat ion could 
break down, where effects could precede 
their cause, thus making it possible to test 
the theory. (The theory does not say that 
advanced (in t ime) effects can be ob­
served but does say that nothing excludes 
the possibi l i ty) . Such an exper iment is 
proposed in the paper in Physical Review. 

Due to the t ransparency of the Universe 
to neutr inos, these part ic les could show 
an advanced effect due to the lack of a 
cancel l ing signal f rom the surroundings 
wh ich normal ly make it possible to see 
only retarded effects. It may then be 
possible to see neutr inos appear ing before 
their cause (say pion decay) or wi th 
momenta d i rected towards the pion beam. 
If a detector is p laced behind the pion 
beam produced at an accelerator, rather 
than in front of it where it normal ly 
catches the neutr ino f rom pion decay, 
then using retarded causal i ty, it wou ld 
not be expected to record high energy 
neutr inos if retarded causal i ty holds. 
But it cou ld record neutr inos accord ing 
to the theory of ful l causal i ty. If such 
neutr inos were observed they cou ld be a 
conf i rmat ion of the new theory. 
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Around the Laboratories One of the photographs showing a 'quark 
candidate' observed in high energy cosmic ray 
showers by the University of Sydney team. The 
photograph was taken in a Wilson cloud chamber 
expanded after the arrival of the air shower and 
photographed a short interval later. The track 
(x-x) which could be that of a quark is the one 
composed of less droplets than its neighbours 
suggesting the passage of a particle producing 
lower ionization. 

L.S. Peak, a member of the Sydney team, 
speaking at CERN on 8 September about their 
experiment. 

Quark candidates 
A report on a high energy cosmic ray 
search which seems to have evidence for 
quarks appeared in Physical Review 
Letters on 22 September. P r io r to that date, 
there was a prel iminary announcement at 
the 11th Internat ional Conference on Cos­
mic Ray Physics held at Budapest f rom 
25 August to 4 September, and on 8 Sep­
tember, L.S. Peak, who par t ic ipated in the 
exper iment wi th I. Cairns, R.L.S. Woolcot t 
and the team leader C.B.A. McCusker 
(from the Cornel l -Sydney University Ast ro­
nomy Centre in Austral ia) spoke at CERN 
about their intr iguing f indings. 

Quarks are the part ic les proposed as 
the truly fundamental part ic les under ly ing 
the part ic les wh ich are at present ob­
served. The remarkable patterns of be­
haviour seen for the many strongly inter­
act ing part ic les certainly indicate that 
there is some more fundamenta l st ructure 
giving rise to these patterns (see the 
art ic le by Professor Weisskopf at the 
beginning of this issue) and the postulate 
that the part ic les are buil t up f rom quarks, 

coming together in dif ferent ways, has 
be«en the most successful of the theore­
t ical models wh ich attempt to expla in the 
observat ions. However, all previous sear­
ches both at part ic le accelerators and in 
low energy cosmic rays have fai led to re­
veal a quark as a physical object . This 
does not necessari ly mean that quarks do 
not exist — their mass may be too high for 
them to be produced at exist ing acceler­
ator energies. They may, however, occur 
in the much higher energy wor ld of cosmic 
rays. 

One of their unusual propert ies wou ld 
be that they would carry a charge of V3 or 
2h the unit charge carr ied by the e lect ron. 
Once above a certain energy, the ion i ­
zat ion a part ic le produces as it passes 
through matter is proport ional to the 
square of its charge and is independent of 
its mass. This provides a rather c lean 
handle to get hold of the quark. It wou ld 
produce ionization V? or 4A> that of a 
'normal ' part ic le. This is what the Sydney 
team looked for. 

Beginning in July 1968, they looked at 
cosmic rays wi th a detector consist ing of 

lead-shielded scint i l lat ion counters t r igger­
ing four Wi lson c loud chambers (three 
30 cm diameter, 20 cm deep; one 20 cm 
diameter, 20 cm deep). The system was 
t r iggered at an energy over 10 1 5 eV. In a 
l itt le over a year, they took more than 
six thousand photographs of the high 
energy part ic le t racks produced in the 
chambers and, wi th an average of about 
ten t racks per picture, recorded about 
60 000 part ic les looking for those wh ich 
produced low ionizat ion. By August of this 
year they had five quark candidates — five 
t racks were found wi th ionizat ion about 
half that of a normal part ic le, possibly due 
to a quark carry ing 2/z charge. Of these, 
the f i f th one (event 66240) looks the most 
conv inc ing. 

The detector was arranged to look at 
cosmic ray air shower cores. The Wi lson 
c loud chambers were expanded 100 ms 
after the arr ival of the air shower and the 
photographs taken 200 ms after the ex­
pansion. Other possible sources of the 
low ionizat ion — such as a stat ist ical f luc­
tuat ion in the number of ions produced, 
the Chudakoff effect, poor i l luminat ion, 
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1) One of the first photographs taken during the 
tests on the large hydrogen bubble chamber, 
Mirabelle, in July. The tracks are of cosmic 
ray particles. 

2) The piston of the chamber's expansion 
system - one of the most difficult components of 
the design. It is constructed from austenitic 
steel to give the strength to sustain accelerations 
of up to 200 G, and is hollow to make it as 
light as possible for rapid pulsing (moving 
6 cm in 50 ms). 

c lear ing f ield sti l l present — have been 
e l iminated, leaving the most l ikely source 
as the passage of a part ic le carry ing less 
than unit charge. 

The results have been greeted wi th 
guarded opt imism, for obviously much 
more evidence is needed before people 
really bel ieve in quarks as a physical 
reality, though they cont inue to be most 
f ru i t fu l in developing theory. The Sydney 
group are obviously keen to provide more 
ev idence and are construct ing a larger 
detect ion system wi th high pressure c loud 
chambers and streamer chambers both 
sensit ive to part ic le charge. 

SACLAY 
Mirabelle marche 
The large hydrogen bubble chamber Mi ­
rabel le came through its f irst tests in 
July wi th f ly ing colours, ful ly meet ing all 
the hopes of its designers. Over a per iod 
of two weeks the chamber was f i l led wi th 
l iquid hydrogen. 13 000 expansion cycles 
were completed and more than 3000 pho­

tographs were taken, several of them 
being of cosmic-ray showers. 

To recap some of the history of Mira­
bel le — In January 1965, when studies 
were being made on projects for chambers 
of several tens of cubic metres in the 
United States, at CERN and in the Soviet 
Union, the Elementary Part icle Physics 
Department at Saclay decided to make 
a study of and to bui ld a hydrogen cham­
ber of intermediate size, wi th a volume 
of 11 m 3 and wi th a photographable vo­
lume of 6 m 3 , wh ich would nevertheless 
provide a 4.5 metre- long trajectory for 
the accelerated part ic les. 

This pro ject aroused a great deal of 
interest among Soviet physicists and the 
idea arose for Franco-Soviet co l labora­
t ion, for wh ich the experimental equip­
ment was to consist of the large 70 GeV 
accelerator at Serpukhov and the Mira­
bel le bubble chamber. An off icial agree­
ment was s igned in Moscow on 11 October 
1966, provid ing for the instal lat ion of Mi ­
rabelle wi th its team at Serpukhov for a 
minimum per iod of five years. 

When the f irst internal proton beams 
had been obta ined at Serpukhov in 
October 1967, the speed wi th wh ich 
Mirabel le could be brought into operat ion 
became one of the pr ime factors deter­
mining the u l i imate usefulness of the 
chamber. Partly because of this, and 
part ly in the interests of safety, a special 
approach was used for the project re­
sul t ing in the const ruct ion of a ful l-size 
prototype in less than two years. This 
proto type was chr is tened 'Experimental 
Assembly No. 6' (ME 6). In fact, because 
of the rel iabi l i ty wh ich had been achieved 
and the exper ience wh ich had been gain­
ed in the const ruct ion of previous 
chambers, it was possible to begin imme­
diately and to proceed rapidly wi th the 
const ruct ion of the essential components 
for the assembly, whi le the f inal solut ions 
to other problems inherent in large bubble 
chambers, e.g. opt ics, cryogenics, expan­
sion system, etc., were left open. 

The solut ion of these problems was 
thus pursued in paral lel wi th the con­
struct ion of the prototype. In addi t ion, the 
exper ience obta ined dur ing the work wi th 



3) The eight tubes of the optical system which 
pass through the magnet yoke. Each tube is 
2.4 m long and weighs 160 kg. Fish-eye lenses 
are in contact with the liquid hydrogen at the 
chamber end of the tubes and the camera 
system is at the other end. 

4) Mirabelle standing completely assembled 
in the hall where tests are being carried out 
orior to transport of the chamber to Serpukhov. 
It is 15 m high with a total weight of 2000 tons. 

a ful l -scale prototype showed wi th cer­
tainty that the components for the f inal 
assembly would ful ly meet what was re­
qui red of them, whereas, had their design 
not been complete ly checked exper imen­
tal ly, there wou ld sti l l be some doubt as 
to their per formance unti l they were ac­
tual ly put into service. 

The first tests on ME 6 started at the 
beginning of 1967. There were, of course, 
several problems, both mechanica l and 
cryogenic, but these were successful ly 
overcome. During the July 1967 test, the 
prototype was f i l led wi th l iquid hydrogen, 
and a number of expansions were a- 3 > 

chieved in fair ly good condi t ions. A l though 
this test lasted only a short t ime it was 
suff ic ient to prove that the photographable 
volume was sensit ive to ionizing part ic les 
and that expansion was proper ly propa­
gated from the piston to the furthest 
point in the chamber. 

Mirabel le was quick ly assembled two 
years after ME 6 and in July 1969, the 
first exper iment was per formed wi th very 
satisfying results. Three other exper i ­
ments, wi th a beam are scheduled by the 
beginning of 1970 before it is t ransported 
to Serpukhov to be instal led. 

Mirabel le, when assembled, stands 15 m 
high weighing a total of about 2000 
tons. The body of the chamber (a l ight 
al loy AG4MC) is a hor izontal cy l inder 1.6 m 
in diameter and 4.5 m long. It is sur­
mounted by a 'neck' composed of eight 
tubes of the same mater ia l , 1.8 m long 
and 0.3 m internal diameter, the upper 
part of which open into the base of a 
connect ing member wh ich culminates in a 
cy l inder 1.6 m diameter conta in ing the 
expansion piston. 

The cold piston was a t r icky compo­
nent to design because it has to be ro­
bust (to sustain accelerat ion of 100 to 
200 G) but l ight so that it can be moved 
easily (6 cm in 50 ms). It is made of 
austenit ic steel, hol low, weigh ing 800 kg. 

The opt ical system compr ises eight 
object ives, the pictures being taken through 
opt ical tubes passing through the magnet 
yoke. Each tube is 2.4 m long and weighs 
160 kg. Only the f ish-eye lenses, wh ich 
are in contact wi th the l iquid hydrogen, 
are integral part of the chamber itself. 
The photographs are taken against a 
'Scotchl i te ' background (br ight- f ie ld i l lu­
minat ion). The magnet ic f ie ld is 20 kG. 

4. 
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Mirabel le is now the largest operat ional 
bubble chamber in the wor ld . It marks an 
important step in the cont inu ing develop­
ment of bubble chambers, and is playing 
an important part in a new era of interna­
t ional scient i f ic cooperat ion. 

PRINCETON 
PPA progress and plans 
Recent improvements and future plans at 
the 3 GeV Princeton-Pennsylvania Acce ler ­
ator were descr ibed by J.L. Ki rchgessner 
in a paper at the Yerevan Conference at 
the beginning of September. The acceler­
ator is a weak focusing proton synchro­
tron wi th the d ist inguishing feature that it 
is rapid cyc l ing - accelerat ing about twenty 
pulses per second. It came into operat ion 
in Apr i l 1963 and has been act ive par t i ­
cular ly in pion and kaon physics and in 
some of the most important exper iments 
on CP v io lat ion. As many as fourteen ex­
per iments are set up at the accelerator at 
any one t ime and six to eight of them re­
ceive beam at the same t ime. Physicists 
f rom twenty Universit ies have been in­
volved in the physics programme. 

The main parameters of the machine 
are as fo l lows. Inject ion is f rom a 3 MeV 
Van de Graaff providing 4 mA currents 
over 30 [is for 9 turn in ject ion. The main 
r ing, of d iameter 25 m, is bui l t up f rom 16 
constant gradient magnet units 3.6 m long 
in wh ich the f ie ld rises f rom 278 G at 
in ject ion to a peak of 13.8 kG in 26.5 ms. 
There are 4 r.f. cavit ies cover ing the 
f requency range 2.5 to 30 MHz wi th a peak 
input power of 320 MW (80 MW average) 
giv ing an energy of 61 keV per turn to the 
protons. 

For the past three years the synchro­
tron has been accelerat ing 5 X 10 1 0 pro­
tons per pulse at 20 Hz with an 8 ms in­
ternal and external beam spi l l . In 1966 a 
slow ejected beam came into operat ion. It 
provides 3 X 10 1 0 protons per pulse (an 
ef f ic iency of 6 0 % , which is a high f igure 
for a weak focusing machine) in a spot 
size of 4 X 4 m m 2 at 30 m from the syn­
chrot ron. The ejected beam can be shared 
with internal targets dur ing a s ing le pulse 
or f rom pulse to pulse. 

Another feature of the machine wh ich 
has proved very useful is the one nano­
second bunch structure of the proton beam 
used on internal targets. This has made it 
possible to use t ime-of- f l ight techniques 
for neutral and charged part ic les. 

Improvements under way 

Before the end of this year a sol id-state 
power supply for the main magnet wi l l be 
brought into operat ion replacing the exist­
ing rotat ing machinery. It wi l l make it 
possible to ' f lat- top' for t imes up to 50 ms 
(when the repet i t ion rate wi l l go down to 
10 Hz). 

Also before the end of 1969 a new ac­
celerat ion tube for the Van de Graaff wi l l 
be del ivered and the inject ion energy wi l l 
then rise to 4 MeV. Together wi th some 
t r icks in the r.f. system this may result in 
an increase of the accelerated beam 
intensity per pulse by a factor of three. 

The improvements wi l l also increase the 
maximum energy to wh ich deuterons and 
alpha part ic les can be accelerated (up to 
1.2 GeV/nucleon) . Deuterons have already 
been accelerated to 600 MeV with a beam 
intensity of about 4 X 10 1 0 part ic les per 
pulse and alpha part ic les have been ac­

celerated to 50 MeV (which can easily be 
increased to 550 MeV) wi th 2 X 10 9 part i ­
cles per pulse. 

Improvements for the future 

The proton beam intensity could be raised 
fur ther by adding a smal l booster synchro­
tron to boost the in ject ion energy into the 
main r ing. A 75 MeV fast cycl ing booster 
has been designed to increase the in­
tensity of the 3 GeV beam by a factor of 
twenty (giving 10 1 2 protons per pulse). 
However a more important purpose of the 
proposed booster concerns the acceler­
at ion of heavy ions to high energy. 

The accelerat ion of carbon and ni trogen 
nuclei should be feasible fo l lowing the 
improvements at present under way. 
Heavier ions, up to xenon or uranium, 
cou ld be accelerated fo l lowing the instal­
lat ion (hopeful ly in 1970) of a new ceramic 
and metal vacuum chamber wh ich is now 
being tested. Wi th this chamber, pressures 
of 10~8 torr or better wi l l be achieved. 
Ions cou ld be accelerated to energies of 
around 10 MeV per nucléon. If the booster 
is bui l t th is could be taken much higher 
using some clever storage and re- inject ion 
rout ines. Energies could reach around 1 
GeV per nucléon (for example, ful ly str ip­
ped uranium at 165 GeV) wi th ion currents 
of up to 10 9 part ic les per pulse. 

Turning to h igher proton energies, there 
are v is ions of using the PPA itself as the 
booster for a s low cyc l ing high energy 
synchrot ron. A 10 to 15 GeV ring of super­
conduct ing or cryogenic magnets (45 kG) 
could be buil t around the exist ing ring or 
a new larger ring tunnel could be buil t to 
c l imb up to 75 GeV. 
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1. Aerial view of the Laboratory housing the 
rapid cycling 3 GeV Princeton-Pennsylvania 
Accelerator (PPA). The accelerator and its 
experimental halls are top-centre of the 
photograph. 

2. The layout of the PPA in relation to two 
proposed improvements — a booster to boost 
injection energy to 75 MeV (resulting in an 
increased beam intensity and in an ability to 
accelerate any ion to high energy) and a higher 
energy ring (for 10 to 15 GeV) of superconducting 
magnets built around the existing ring. 

(Photo PPA) 

BROOKHAVEN 
Inside and outside at the 
same time 
Successful tests have been carr ied out at 
the Brookhaven 33 GeV Al ternat ing Gradi ­
ent Synchrotron on the use of the s low 
ejected beam simul taneously wi th an in­
ternal target. In some ways this seems to 
be a more eff ic ient way of operat ing the 
AGS. The tests were reported at the Yere­
van Conference by L.N. B lumberg. 

Since the s low ejected beam came into 
operat ion in July 1968 it has been used 
alone in extended runs ( fo l lowed by an 
extended run using an internal target) or 
it has been used in sequence wi th the 
internal target (giving several pulses to the 
external target using the e jected beam 
fo l lowed by several pulses to the internal 
target). This separate operat ion of the two 
systems is more eff ic ient in terms of mak­
ing use of the maximum number of ac­
celerated protons but it is wasteful in 
terms of making use of the exper imental 
equipment and of the exper imental is ts 

t ime. There are also occasions when too 
many protons are avai lable for the internal 
or the external target alone and the pos­
sibi l i ty of sharing the accelerated beam is 
then a great advantage. 

The intensity of the AGS has reached 
3 X 10 1 2 protons per pulse dur ing the 
past year and the machine can operate 
regular ly at 2.3 X 10 1 2 protons per pulse. 
But, because of the growing problem of 
radiat ion damage in the accelerator, the 
number of protons interact ing in the in­
ternal target is being kept down to 1.5 X 
10 1 2 per pulse. Also, in the ejected beam 
it has somet imes been necessary to keep 
the intensity down to about 7 X 10 1 1 to 
avoid excessive count ing rates. These pro­
blems wi l l get worse when the improve­
ments programme pushes the beam inten­
sity up to 10 1 3 . It is then intended to 
operate the AGS with only external targets. 
In the meant ime, it was considered wor th ­
whi le pursuing the possibi l i ty of shar ing 
the beam between the slow eject ion sys­
tem and the internal target . ' 

However, it was by no means sure that 
this cou ld be achieved wi th acceptab le 

eff ic iency. It wi l l be obvious f rom recent 
art ic les (see for example vol . 9, page 266) 
that s low ejected beams are very sensi­
t ive creatures and to disturb them by pay­
ing attent ion to something else at the same 
t ime could have resulted in an unaccepta­
ble deter iorat ion in the beam qual i ty and 
in the e ject ion eff ic iency. Simul taneous use 
could also have greatly reduced the in­
ternal target ing eff ic iency. 

The results f rom the tests emerged as 
fo l lows. The qual i ty of the ejected beam 
was examined by measuring the vert ical 
emit tance. This was found to increase 
approx imate ly quadrat ica l ly as a funct ion 
of the f ract ion of the beam given to the 
internal target. It reached a value about 
1.8 t imes that of the emit tance of the 
e jected beam used alone when 5 0 % of 
the accelerated beam went to the internal 
target. The eff ic iency of the slow eject ion 
(the number of protons we get out of the 
accelerator compared with the number of 
protons we try to get out of the acceler­
ator) remained vir tual ly constant for per­
centages of beam given to the internal 
target going f rom 0 to 80%. The ef f ic iency 
of the internal target ing fel l by 2 0 % due to 
the way the beam path has to be distor ted 
for s low eject ion (3X/2 orbi t deformat ion) 
but this was reduced by in t roducing an­
other d istor t ion (k/2 orbi t deformat ion) . 

The conc lus ion f rom the tests is that the 
s imul taneous use of the slow ejected 
beam and the internal target wins when 
the AGS intensity is over 2 X 10 1 2 protons 
per pulse and when the beam on the 
internal target is restr icted up to 1.5 X 10 1 2 

protons per pulse. Simi lar tests were 
carr ied out at the CERN proton synchro­
tron in 1967 and again this summer. How­
ever, because of the relative posi t ions of 
the e ject ion area (East Hall) and the target 
area (South Hall) it is not possible to apply 
such a technique at present. A deeper 
analysis of the possibi l i t ies at the PS is 
under way. 

BERKELEY 
Film analysis 
in the f iscal year ending 30 June 1969, 
the bubble chamber groups at the Law­
rence Radiat ion Laboratory measured a l ­
most two mi l l ion events ( including re-
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measures) and scanned about six mi l l ion 
pictures (where each scan is counted 
separately). Three types of measur ing 
system are in use at Berkeley and the 
1.9 X 10 6 measurements were d iv ided 
among them as fo l lows: 1.2 X 106 were 
done on the two spiral readers, 0.45 X10 6 

on the f ly ing-spot digit izer, and 0.25 X 106 

on t rack- fo l lowing Franckensteins (mostly 
computer contro l led) . 

Al l together, the ful l - t ime equivalent of 
120 persons were involved in this effort 
(this includes scanners, measurers, co­
ordinators, keypunch operators and super­
visors, but not physicists, programmers, 
computer operators, or maintenance tech­
nicians). 

Film f rom the fo l lowing hydrogen bubble 
chambers was used dur ing this per iod : 

Chamber Locat ion Film format 

25-inch LRL 1 str ip 46 mm 

72-inch LRL 1 str ip 46 mm 

82-inch S LAC 1 str ip 46 mm 

30-inch ANL 3 str ip 35 mm 

80-inch BNL 1 str ip 46 mm 

81-cm CERN 3 str ip 35 mm 

180-litre SACLAY 3 str ip 50 mm 

More complete information for the f iscal 
year ending 30 June 1968 has been gath­
ered by E.L. Fowler (Duke University), 
R.J. Piano (Rutgers University), and A.H. 
Rosenfeld (LRL, Berkeley), for LRL and 
for all other groups in the USA, and is 
obtainable f rom any of the above. 

ARGONNE 
Ten million pictures 
On 24 August, the number of pictures 
taken wi th the 30-inch hydrogen bubble 
chamber at the ZGS passed 10 mi l l ion. 
The chamber thus jo ined the 81 cm 
chamber at CERN and the 30 inch 
chamber at Brookhaven which have also 
taken more than 10 mi l l ion pictures. 

The CERN 2 m chamber, as reported 
earl ier in this issue, jo ined the select 
band on 6 September. 

The chamber at Argonne was designed 
and buil t by a group of physicists and 
engineers at MURA and instal led at the 
ZGS in 1963. It has a magnet ic f ield of 
32.5 kG over the visible volume of 200 
l i tres. Expansions are made by three 
pistons located above the chamber. Picture 
totals for each succeeding year have been: 

80 000 (1964), 362 000 (1965), 1 878 000 
(1966), 2 450 000 (1967), 3 323 000 (1968), 
1 909 000 (to 25 August, 1969). 

The chamber is located at the end of a 
beam that uses two stages of electrostat ic 
separat ion to provide kaons and ant ipro­
tons up to a momentum of 5.5 GeV/c. This 
compl ica ted beam together wi th the 44 
di f ferent exper iments completed in the 
chamber make the good picture taking 
rate noteworthy. In routine operat ion, 
several pictures per accelerator pulse are 
taken. For separated kaons and ant ipro­
tons, the requirements on the accelerator 
intensity l imit this to two but for pion ex­
posures three or f ive pictures per pulse 
are usually obta ined. 
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at the heart of your nuclear analysis system 
the BA163 data handling unit 

• Expandable memory : 4096, 8192 or 16 384 
channels 

• Memory cycle : 4.5 pi sec 
• Channel capacity : 10 6 

• Memory sub-grouping for multichannel or multi­
parameter analysis 

T h e BA 163 is t h e mos t v e r s a t i l e un i t a v a i l a b l e t o d a y 
f o r s o l v i n g al l t y p e s of ana l ys i s in N u c l e a r S p e c t r o m e t r y . 

- W i d e va r i e t y of d i s p l a y m o d e s : c o n t o u r o r v o l u m e ­
t r i c d i s p l a y , t i p p i n g a n d ro ta t i ng (over 3 6 0 ° ) , s c a l e 
e x p a n s i o n in X, Y a n d Z i s o c o u n t c u r v e s , c r o s s 
s e c t i o n p r o f i l e s e tc . 

- O p e r a t i n g w i t h t h e LB 163 uni t , t r a n s f e r of c o n t e n t s 
f r o m o n e pa r t of t h e m e m o r y to a n o t h e r pa r t , in a d d i ­
t i on o r s u b t r a c t i o n m o d e , w i t h o r w i t h o u t m u l t i p l i c a ­
t i on or d i v i s i o n f ac to r . 

- R e a d o u t of pa r t o r to ta l i t y of t h e m e m o r y . A n y r e g i o n 
c a n be s e l e c t e d e i t he r by d ig i ta l p r e s e t of l im i t s o r 
by i s o c o u n t c u r v e s o r by l igh t p e n . 

Distributors throughout the wor ld and subsidiaries in : 

G E R M A N Y SWEDEN 
Deutsche Intertechnique GmbH Nanoteknik AB 
D 65 MAINZ TABY 3 
Phone: 26661 Phone: 08/7584030 

INTERTECHNIQUE UNITED K I N G D O M USA 
_ _ _ _ _ „ ~ _ _ _ . _ . _ , _ _ _ _ Intertechnique Ltd. Intertechnique Instruments Inc. 
D E P T N r G - 1 6 - 7 8 - P L A I S I R - F R A N C E PORTSLADE, Sussex DOVER, New Jersey 07801 
T e l . 9 5 1 . 3 3 . 0 0 - T e l e x I N T E R T E C 2 5 9 4 2 F Phone: BRIGHTON 44336 Phone: (201) 361-5550 

313 



314 



The secret is in the f ix ing of the Brewster w i n d o w 
—the angled glass plate at each end of the tube. 
In many tubes the seal is made w i th an epoxy 
resin wh ich eventually cracks and ruins efficiency 
by lett ing in air. EEV, on the other hand, use 
fusion sealed w indows where the seal is as 
strong as any other part of the tube. Fusion 
sealing al lows the tube to be heated to a very high 
temperature during manufacture, driving out all 
the gases in the tube surface wh ich wou ld 
otherwise contaminate the hel ium-neon f i l l ing. 
EEV tubes have been life tested up to 6000 hours 
wh ich is t w o or three times the life generally 
expected from tubes employing epoxy sealing 
techniques. There is a standard range of EEV laser 
tubes availabJe, ful l details of wh ich can be 
obtained by f i l l ing in the coupon. If your laser 
design calls for a special tube give us brief details 
of what you need as we can probably meet your 
requirements. 

Why EEV gas laser tubes 

last longer 
Output 
power at Bore Act ive 
632.8nm diameter length 

Type Excitation (mW) (mm) (mm) 

R.F. 
XL607 (27MHz) 3.0 7.0 483 

XL609 D.C. 2.5 3.0 229 

XL612 D.C. 6.0 7.0 457 

XL614 D.C. 8.0 7.0 584 

Send for ful l details 
of the complete range 
of EEV gas laser tubes. 

English Electric Valve Co Ltd 
Chelmsford Essex England Telephone: 61777 
Telex: 99103 Grams: Enelectico Chelmsford 
Represented by : 
Roschi Te lecommun ica t ion A .G. 
Giacomettistrasse 1 5, P.O. Box 63. 3000 Bern 3 1 , 
Tel : (031) 44 -27 -11 Te lex : 32-137 

Please send me ful l data on your range of gas laser tubes. 
I am particularly interested in using a tube w i th the fo l lowing parameters. 

Wavelength (nm) Power Output (mW) Mode (Single or Mul t i ?) 

NAME POSITION 

COMPANY 

TELEPHONE NUMBER EXTENSION 

AP357 CC5 
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7000 - Series 
^ Plug-In Oscilloscopes 

State of the art design to meet present and future requirements 

More flexibility due to 4-plug-in possibility 

New convenience 

More compatible mainframes and plug-ins to come 

For all information please contact 

TEKTRONIX INTERNATIONAL A G 
Tel. (042) 219192 6301 Z U G 
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le plus gros 
. détecteur 
^ coaxial 

Ge (L i ) 
du 

monde 
the 

biggest 
Ge (Li) 

coaxial 
detector 

in the world 
La S.A.I.P. présente également une gamme très étendue 

de détecteurs semi-conducteurs. 

S.A.I.P. also present a wide range of semi-conductor detectors. 

1173,2 keV 

1332,5 keV 

I 
i 

ft 
6,2 keV 

Structure coaxiale symétrique 
Volume utile : 120 cm 3  

Epaisseur compensée : 13 à 14,5 mm 
Tension de polarisation : 1300 V 
Capacité : 86 pF 
Résolution en énergie L : 6,2 keV ( 6 0 Co 1332 keV) 
Produit L x h : 68 (h.= rapport pic/Compton) 
Efficacité relative : 1 4 , 4 % (par rapport à un scintillateur 
I l\la (T1) 3 " x 3 " , placé à 25 cm d'une source de 6 0 Co) 
Temps de collection de charges : 80 à 155 ns 
Résolution en temps : 8 ns à 511 keV et 5,4 ns à 1332 keV 

Symmetrical coaxial structure 
Active volume: 120 cm3  

Drifted depth: 13 to 14.5 mm 
Bias voltage: 1300 V 
Capacitance: 86 pF 
Energy resolution L: 6.2 keV (for 60Co 1332 keV) 
Product L x h: 68 (h = peak to Compton ratio) 
Relative efficiency: 14.4 % (compared with a 3"x3" 
I Na (T1) scintillator set 25 cm far from a 60Co source) 
Collection time of charges: 80 to 155 ns 
Time resolution: 8 ns on 511 keV and 5.4 ns on 1332 keV. 

S O C I E T E D ' A P P L I C A T I O N S I N D U S T R I E L L E S D E L A P H Y S I Q U E 
38, rue Gabriel Crié, 92-Malakoff, France, téléphone 253 87 20+, adresse télégraphique : Saiphy Malakoff 
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You're the very man we 
had in mind when we prepared 

this summary—eight pages 
of information on EDWARDS VACUUM 

INSTRUMENTATION—including a bit about 
our four new star gauges ^ 
Send now for your copy 

of publication 07556 

Piran i -Penning Gauge M o d e l 
4: replacesthe Edwards Model 2A 
Pirani-Penning. A wide range in ­
strument featuring multiple out­
puts for process control applica­
tions. No bridge voltage setting is 
required. 
Range: 3 t o 1 0 " 6 torr. 

Penning Gauge M o d e l 7: re­
places the Edwards Model 5 
Penning. Features robust easily 
cleaned, series 6 gauge head. No 
bridge voltage setting is required. 
Range: 10" 2 to 10" 6 torr. 

Pirani Gauge M o d e l 9: is an 
entirely new instrument designed 
specifically to provide multihead 
vacuum measurement at lower 
vacua. Featuresthree-rangescale 
w i t h automatic range switching 
and ful ly stabilised bridge voltage. 
Range: 500 to 10" 3 torr. 

Ionizat ion gauge model 5 M : is 
an instrument wh ich allows accu­
rate measurement to the lowest 
pressures. X-ray limitations of the 
conventional gauge head el imin­
ated by using the 5 M and the 
modulated IG4 gauge head. 
Range: 10" 3 to 5 x 10" ' 1 torr ac­
curately. 
( indications to 10"' ' torr.) 

<8> 
Edwards Vacuum Components Limited 
A member of the BOC group 

Manor Royal, Crawley, Sussex, England 
Telephone Crawley 28844 Telex 87123 Edhivac Crawley 

Edwards 
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RELAIS High Energy & Nuclear Equipment S.A. 
2, chemin de Tavernay, 1218 Genève and 16 Avenida Alberto Alcocer, Madrid 16 

Contact us for precision laboratory and f ie ld equipment you need for your 
experiments and routine work involving radiation detection, measurement, 
data manipulation, spectroscopy, etc. 

Our Principals are : 
Nuclear Enterprises Ltd 
Laben and Ote-Galileo 
C.S. Italia 
20th Century Electronics Ltd 
Lan-Electronics Ltd 
Scientifica & Cook Electronics Ltd 
Computer Instrumentation Ltd 
D.A. Pitman Ltd 

Simtec Industries Ltd 
Johnston Laboratories Inc 
Scientific Research Instruments Corp 
Electronics & Alloys Inc 
The Cyclotron Corporation 
Selo 
American Process Equipment Corp. 
TEM Instruments Ltd 

and we operate liaison/service centres for them staffed by specialists. We 
can introduce you to the world leaders in your f ield ! 

By 

telephone 

your first 

contact 

wi l l be 

with 

Karin Hempler, Geneva 
Telephone 022/34 17 07/05 

Yvonne ML Munroe, Madrid 
Telephone 250 40 26 

Note : We are pleased to announce our appointment as exclusive repre­
sentatives of TEM Instruments Ltd of Crawley, England - well known manu­
facturers of precision teletherapy equipment — in Switzerland, Spain, Portugal 
and Liechtenstein. 

Dr. Sanchez Izquierdo no longer represents us and is not authorised to deal 
with your enquiries. 

Natural and synthetic rubber 

Plastic materials 

Power transmission elements 

Sealing specialists (GACO) 

Agents & distributors : 

Angst+Pfister 
GENEVA 
Z U R I C H 
M I L A N O 

Relais «Reed», conception nouvelle, REL R-10 

• Relais miniature polar isé 

• Encombrement 
1 0 X 1 0 X 2 0 mm 

• 1 doub le contact inverseur 
au rhodium 

• Temps de réponse 
ext rêmement court 

• Compensé en température 

• Exécut ion mono- ou bistable, 
1 ou 2 bobines 

• Prix modiques 

Relais «Reed», types ARID et ERID 

• Pour courant cont inu 

• Contacts «Dry-Reed» 
ou mercure 

• Jusqu 'à 6 contacts de travai l 
ou inverseurs 

• Commutat ion très rapide 

• Haute sensibi l i té 
• Connexions pour c i rcui ts 

impr imés 

Relais microrupteurs type REL 20 

• Pour courant cont inu ou 
al ternat i f 

• Faible encombrement 
2 0 X 2 0 X 2 4 mm 

• 1 ou 2 contacts inverseurs 
6 A 250 V ^ 

• Connexions : 
par soudure 
par c l ips (p. ex. AMP-110/0,5) 
pour c i rcu i ts impr imés 

Relais miniatures REL 40 

• Contact s imple ou double 

• 2 à 6 contacts inverseurs 

• Haute f iabi l i té 
• Pour courant cont inu 

ou alternat i f 

• PRIX TRÈS MODIQUES 

• EXÉCUTIONS COURANTES 
LIVRABLES DE STOCK 

Relais industriels REL 60 

Uti l isat ion universel le 
Contacts 6 A 250 V ^ 
jusqu 'à 20 lames 
Contacts 0,5 A 60 V ^ 
jusqu 'à 30 lames 
Contacts en di f férents 
matér iaux 

• Adaptés à toutes exigences 

• Exécut ion pour courant 
al ternat i f avec redresseur 

• Embrochable, sur demande 

ERNI + Co. Elektro-lndustrie 
CH-8306 Brùttisellen-Zùrich 
Telephon 0 5 1 / 9 3 1 2 1 2 
Telex 53 6 9 9 
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S O L A R T R O I M 

A Schhimbcfger Company 

UH wttftfCtïC HUhfhi^iiC Met... 
Toutes ces caractér is t iques sont 

réunies dans notre nouveau modèle 

double rampe LM 1604-05. Si nous 

ajoutons que son prix est 

avantageux, compte tenu de ses 

per formances except ionnel les, nous 

sommes sûrs que vous n'hésiterez 

pas à nous demander notre not ice 

technique de 12 pages. 

9 1/mV de résolution 
# un affichage de 1 9 9 9 9 

£ des gammes et des fonctions programmables 
£ une rejection infinie (174 dB en mode commun) 
0 une précision de 0,005% à 25 mesures/sec. 
0 la possibil ité de mesurer des tensions aussi bien 

alternatives que continues 
O un changement de gammes automatique 

Ce nouveau système de SOLAR-

TRON, d'une capaci té maximale de 

20 canaux est connectab le à toutes 

les impr imantes, machines à écr ire, 

perforatr ices ou enregistreurs ma­

gnét iques. Simple, f iable, il est en 

outre très peu coûteux (entre 

Fr. 3 7 0 0 — et Fr. 7 0 0 0 — suivant sa 

composi t ion) . 

Grâce à un astucieux t i roir d' inter­

face il est possible d'ut i l iser n ' im­

porte quel vo l tmètre numér ique ou 

f réquencemètre existant. 

Sur s imple demande nous vous fe­

rons parvenir notre not ice technique. 

Tout s implement en uti l isant notre unité de transfert de données DTU 

(Data Transfer Unit). 

1211 Genève 6 

15, Jeu-de- l 'Arc, té l . (022) 35 99 50 

8040 Zurich 
Badenerstr. 333, té l . (051) 52 88 80 

Schlumberger 
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PARTICLE PHYSICS 
INSTRUMENTATION by ^ 

Write for details of these and other instruments to: 
J & P ENGINEERING, PORTMAN HOUSE, Cardiff Road, Reading, England. Tel. (0734) 52227 
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THE FASTEST CONVERTER OF TIME-PROVEN OPERATIONAL 
EFFICIENCY AVAILABLE FROM MASS PRODOCTION 

M H z 
equivalent dock rate 

3Mfr # # H $f '#J| j | t 

8* 4- 4 & » » » » 
t»<: t «ïiïi »««»« *t ——~~~ 

W 
« M' 

€1 

0* 

differential linearity 
integral linearity 

input mode 

number of channels 
FAST CONVERTER HOD, FC 60/4ÛS6 

0 , 1 % 
0 , 0 4 % 
AC or DC coaled 
DC restorer 
4096 

« pi 

a , 

LABEN SLIDING 

FOR CONNECTION 

SCALE CONVERTER MOD. FC 60/4096 LABEN patent 745348-CISE patent 699271 

WITH COMPUTERS AND MULTICHANNEL ANALYZERS 

Plug-in for Spectrum Stabilizer available 

• # p r i c e c o m p e t i t i v e 

I Divisione della MONTEDEL-Montecatini Edison ElettronicaS.pl 
Milano - Via E. Bassini, 15 -Telefono, 2365551 - Telex, 33451 

AUSTRALIA: A.A. Guthrie Pty., Ltd. 16-18 Meeks Road, Marr ickvi l le N.S.W. - AUSTRIA AND GERMANY: Elektronik - Service GmbH, Savignystrasse 55, 6 
Frankfurt Main 1 - DENMARK: Hans Buch and Co. A/S, Svanevej 6, P.O. Box 975, 2400 Kobenhavn N.V. - FRANCE: Numelec S.A., 2 Petite Place, 78 Versail les 
GREAT BRITAIN AND IRELAND: Nuclear Enterpr ises L imi ted, Sighth i l l , Edinburgh 11 (Sco t land) - ISRAEL: Palec Ltd., 7, Rishonim St. P. O. B. 1039 
Ramat -Gan - NETHERLANDS: Intechmij N.V., Hoogkarspelstraat 68, Postbus 8068, Den Haag - NEW ZEALAND: A.A. Guthrie Ltd., 4 Adelaide Road, C.P.O. 
Box 1944, Well ington - NORWAY: H. Meltzer and Co., Bygdo Allé 23, P.O. Box 3038 Elisemberg, Oslo 2 - SWEDEN: Polyamp AB, FACK 17500, Jakobsberg 
SWITZERLAND: High Energy & Nuclear Equipment S.A., 2 Chemin de Tavernay; Grand - Saconnex, 1218 Geneva (Enquiries handled also for Spain and Portugal) 
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How can you 
concentrate to the full on your Vacuum Process 

and 
regard Vacuum Production 

as a side issue 

This is quite s imple . . . install a 
BALZERS high vacuum pumping 
unit, type PST. 
PST . . . A automatically controlled. 
With the two switches provided set 
the pumping process required (this 
can include heating or cooling the 
vacuum chamber, also switching 
on the pumping unit at a pre­
selected time) and wait until the 
required working pressure is 
reached. 
PST . . . E single lever operated. 
The required mode of operation is 
selected by actuating a single 
lever, which controls sequential 
operation of the solenoid vacuum 
valves via a multi-pole type switch, 
so that errors of operation are 

^ avoided. 
ig Other features: 
T - — a w j d e range of accessories 
§ allows the simply constructed 

basic model to be adapted to 
a the application; 
o — multi coolant baffle for use with 
^ either water or liquid nitrogen 
cl as required; 

— effective safeguards to avoid the 
effects of breakdowns in elec­
trical power, water or com­
pressed air; 

— individual components (pumps 
and valves) are all BALZERS 
traditional quality, carefully 
matched to each other to give 
optimum design, and assembled 
with care, guaranteeing a high 
standard of efficiency, long life 
and low operating costs; 

— all pumping units are tested, 
ready for connection, and under 
guarantee. 

Manufacturing and Sales 
programme 

pumping Ult imate 
speed 3 pressure 1 

Type l/sec. Torr. 

PST 60 E 6 2 17 < 2 x 1 0 - * 
PST 60 E 17 < 8 x 1 0 - 7 
PST 260 E 90 < 5 x 1 0 - 7 
PST 900 E 315 < 5 x 1 0 - 7 
PST 900 A 315 < 5 x 10-7 
PST 1900 A 700 < 5 x 1 0 - 7 
PST 5000 A 2150 < 5 x 10-7 

1) with LN2 cooling, ultimate pres­
sures in the range of 10~8 Torr. 
from PST 260 E. 

2) air cooled 
3) for air above the plate valve 

Special pumping units. We also 
design and build special pumping 
units to suit the application, and 
with pumping speed agreed with 
the customer. 

If you will contact us we will be 
pleased to give you any further in­
formation or advice. 

BALZERS AKTIENGESELLSCHAFT 
fur Hochvakuumtechnik und Dunne Schichten 
FL-9496 Balzers • Pr incipal i ty of Liechtenstein 

United K ingdom: 
BALZERS HIGH VACUUM LIMITED 
Berkhamsted, Herts., 
Te lephone: Berkhamsted 2181 
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Type 2004 FOUR-FOLD CAMAC SCALER 
DESCRIPTION AND SPECIFICATIONS. 

The type 2004 four-fold scaler is a 
simple, general purpose CAMAC 
scaler with 16 bit capacity. Low price 
was the main design objective. Thus, 
useful functions only have been 
incorporated and the input specifica­
tions are those readily obtainable 
with current TTL technology. 

ISI 

1. Input 
Each scaler has a 50 ohm input (IN A) and an unter-
minated dual connector input (IN B). Both inputs 
accept fast NIM pulses or levels and enter an AND 
gate. Thus, either input A or B can be used as count 
input or as gate input. While using A cas count input, B 
may be left open. Input B allows bridging connection 
of a gate line for reduced fan-out requirements. 
• Scaling Rate: typically 40 MHz 
© Input Pulses, A or B: 12 ns pulses are typically 

required, -200 mV is max. 
"O",-600 mV is min. " L " , 
-2 V, diode limited 
LEMO RA 00 C 50 

• Maximum Amplitude: 
• Connectors: 

2. Overflow outputs 
Overflows are brought out separately on the back 
of the module. Nim pulses of approximately 1 /xs 
duration are produced. Individual overflow outputs 
may be very useful for triggering a "Direct Memory 
Increment"- module. 

3. CAMAC Functions Used in the Module 
Function 0: Read the scaler selected by the sub-

address, Clear the corresponding 
overflow flag, Produce a Q-response 
for the duration of the Camac cycle. 
Read the scaler selected by the sub-
address, Reset the scaler, Clear its 
overflow flag, Produce a Q-response 
for the duration of the Camac cycle. 
Increment all 4 scalers, Produce a Q-
response. 
Test L. This function produces a Q-
response if the scaler selected by the 
subaddress has its overflow set and its 
L enabled. 
Write a 4 bit mask. This 4 bit mask 
-written from the W1 to W4 lines-
enables the individual sources of L 
request. 
Reset all scalers, Clear all overflow 
flags and set the L-mask at 0000. 
Close the input gate of all 4 scalers. 

The L-mask register is a particulary powerful device 
when the L signal is used as a computer interrupt 
request. Managing nested interrupt service routines 
is much easier because priority assignment is under 
program control. 

4. Physical 
Single unit CAMAC module, fully shielded construc­
tion. 

Function 2: 

Function 25: 

Function 8: 

Function 17: 

Clear and 
initialize: 
Inhibit: 

ELECTRONIQUE 
Representatives throughout Europe and The United States 

31 Av. Ernest-Pictet-1211 GENEVA 13/Switzerland-Tel.(022)442940 
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The NE Range of Lithium Drifted Silicon 
Radiation Detectors* 

STANDARD GRADE 
Resolu t ion—keV 

at 20°C Type 
Number 

Thickness 

N E 5 0 - 1 
N E 5 0 - 1 
N E 5 0 - 2 
N E 5 0 - 3 
N E 5 0 - 5 

N E 1 0 0 - 1 
N E 1 0 0 - 1 
N E 1 0 0 - 2 
N E 1 0 0 - 3 
N E 1 0 0 - 5 

N E 2 0 0 - 1 
N E 2 0 0 - 1 
N E 2 0 0 - 2 
N E 2 0 0 - 3 
N E 2 0 0 - 5 

N E 3 0 0 - 1 
N E 3 0 0 - 1 
N E 3 0 0 - 2 
N E 3 0 0 - 3 
N E 3 0 0 - 5 

N E 5 0 0 - 1 
N E 5 0 0 - 1 
N E 5 0 0 - 2 
N E 5 0 0 - 3 
N E 5 0 0 - 5 

Electron Alpha (mm 

18 30 1 
2 18 40 1 

18 50 2 
25 60 3 
35 70 5 

23 35 i 
23 45 1 
23 55 2 
30 65 3 
50 75 5 

25 50 i 
2 25 60 1 

26 70 2 
40 80 3 
55 90 5 

35 55 i 
2 32 60 1 

30 70 2 
50 80 3 

' 7 0 95 5 

43 80 1 
42 90 1 
40 100 2 
60 110 3 

100 150 5 

Act ive Area 
( m m 2 ) 

50 

100 

2 0 0 

3 0 0 

5 0 0 

RESOLUTION — Measurements are made w i th Nuclear 
Enterprises NE 5287 preampl i f ier and International Series 
units NE 4605 Detector Bias Supply and NE 4 6 0 3 main 
Ampl i f ier . System resolut ion is measured in keV fu l l w id th 
half max imum at room temperature ( 2 0 ° C ) , and can be 
substant ial ly improved by coo l ing . 

SOURCES — Electron resolut ion is measured w i t h conversion 
electrons f rom 1 3 7 C s ( 6 2 4 keV) . Alpha resolut ion is measured 
w i t h alpha part icles f rom 2 4 1 A m ( 5 - 4 7 7 MeV) . 

Full details of performance and prices available on request f r om: 

SELECTED GRADE 
Resolution— -keV 

Type at 20°C Thickness Act ive Area 
Number Electron Alpha (mm) ( m m 2 ) 

N E 5 0 - 1 A 12 24 1 
N E 5 0 - 1 A 11 27 1 
N E 5 0 - 2 A 12 30 2 50 
N E 5 0 - 3 A 15 33 3 
N E 5 0 - 5 A 22 35 5 

N E 1 0 0 - 1 A 13 30 x 
2 N E 1 0 0 - 1 A 12 32 1 

N E 1 0 0 - 2 A 13 35 2 100 
N E 1 0 0 - 3 A 18 37 3 
N E 1 0 0 - 5 A 25 4 0 5 

N E 2 0 0 - 1 A 15 35 1 
N E 2 0 0 - 1 A 17 37 1 
N E 2 0 0 - 2 A 18 42 2 2 0 0 
N E 2 0 0 - 3 A 20 46 3 
N E 2 0 0 - 5 A 30 50 5 

N E 3 0 0 - 1 A 25 45 i 
2 N E 3 0 0 - 1 A 23 4 8 1 

N E 3 0 0 - 2 A 20 51 2 3 0 0 
N E 3 0 0 - 3 A 25 54 3 
N E 3 0 0 - 5 A 3 2 60 5 

N E 5 0 0 - 1 A 32 60 1 
N E 5 0 0 - 1 A 30 64 1 
N E 5 0 0 - 2 A 28 68 2 500 
N E 5 0 0 - 3 A 35 7 2 3 
N E 4 0 0 - 5 A 55 80 5 

CONNECTORS — A l l detectors are suppl ied w i th an 
Amphenol 27—9 connector. A Mic rodot 33—36 can be 
suppl ied at an addi t ional cost. Other connectors are avai lable 
on special order. 
TRANSMISSION M O U N T — Avai lable at an addi t iona l 
cost. 
WARRANTY — Twe lve months. 
SPECIAL DETECTORS — Nuclear 
enquiries for special detectors to 
ments. 
* Details of Annular Detectors also available. 

Enterprises we lcomes 
meet customer require-

N U C L E A R E N T E R P R I S E S L I M I T E D 
Sighthi l l , Edinburgh EH11, Scotland. Telephone : 031 -443 4060 Cables : Nuclear, Edinburgh Telex : 72333 
Associate Companies : Nuclear Enterprises GmbH, Perfallstr. 4. 8 Munich 80. Telephone : 44-37-35. Telex : 529938 
Nuclear Enterprises Inc., 935 Terminal Way, San Carlos, California 94070. Telephone : 415-593-1455 

Swiss Agents : HIGH ENERGY AND NUCLEAR EQUIPMENT S.A. 
— 2, chemin de Tavernay - GRAND-SACONNEX - 1218 GENEVA - Té l . (022) 34 17 07/34 17 05 
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