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The European Organization for Nuclear Research (CERN) came into being in 1954 as a co-operative enterprise among European governments in order to 
regain a first-rank position in nuclear science. At present it is supported by 13 Member States, with contributions according to their national revenues : 
Austria (1.92 % ) , Belgium (3.78), Denmark (2.05), Federal Republic of Germany (22.47), France (18.34), Greece (0.60), Italy (10.65), Netherlands (3.87), 
Norway (1.46), Spain (3.36), Sweden (4.18), Switzerland (3.15), United Kingdom (24.17). 
Contributions for 1963 total 92.5 mil l ion Swiss francs. 

The character and aims of the Organization are defined in its Convention as follows 

'The Organization shall provide for collaboration among European States in nuclear research of a pure scientif ic and fundamental character, and in 
research essentially related thereto. The Organization shall have no concern with work for military requirements and the results of its experimental and 
theoretical work shall be published or otherwise made generally available.' 

During January and February, the 
electric power supply to CERN was con
siderably d isturbed, as a result of distr i 
but ion diff icult ies suffered by the whole 
Swiss network. Owing to the dry summer 
last year and the except ional ly co ld 
winter, the wafer level in the reservoirs 
supply ing the hydroelectr ic generat ing 
stations had become general ly low, and 
this, coup led wi th the diff icult ies of 
supply ing coal to the thermal power 
stations, had reduced the capacity avai
lable. The situation became crit ical at 
the beg inn ing of 1963. 

On 17 January, as mentioned in the 
last issue of CERN COURIER, there was 
a total fai lure of the supply, due to the 
over load ing of a high-tension cable 
between Germany and Switzerland. At 
that t ime, this cable was prov id ing the 
major part of the energy used in 
Switzerland. During the next few weeks, 
the general demand in Switzerland re
mained at a very high level as a result 
of the co ld , whilst product ion fell con
siderably in all parts of Europe. Switzer-
lands' neighbours, France, Italy and 
Germany, had to interrupt or to cut 
down considerably their del iveries of 
power. 

Under these circumstances, major users 
such as CERN were requested at the 
beg inn ing of February to reduce their 
consumption as much as possible. On 
the 6 February, the 'Services Industriels', 
in Geneva, began to impose vol tage 
reductions amount ing to f ive or ten 
per cent over the whole of their 18-kV 
network. For CERN, this meant that al l , 
over the site, systems for maintaining 
the vol tage at a constant value had to 
be readjusted. From 8 February a pro
gramme of restricted use was put into 
operat ion, wi th the approval of the 
'Services Industriels', l imit ing the overal l 
power consumption at CERN to 5 M W . 

To fit into this overal l load, about a 
quarter of the usual requirements, the 
Directorate dec ided on various cuts in 
the experimental programme, and pre
cise limits had to be enforced to control 
the overal l power consumption of the 
accelerators and associated equipment. 
For example, tests on the magnet for 
the 1.5-m British bubb le chamber had 
to be postponed until 25 March, as the 
power that wou ld have been consumed 
was too h igh. 

One result of these diff iculties with 
the main power supply was that the 
operat ing per iod of the proton synchro
tron for the first fortnight of the month 
was extended by 24 hours, over Sunday 
10 February, g iv ing a total running time 
for that per iod of 280 hours. 

The accelerator then had to remain 
out of operat ion for practically the 
who le of the fo l lowing week, start
up being postponed until the Friday 
af ternoon, 16 February. At the end of 
this run, on 25 February, a long shut
d o w n per iod began, dur ing which the 

fast eject ion system is be ing installed, 
final preparations for the neutrino 
experiments are be ing made, and targets 
and beams are be ing installed in the 
new East experimental area. 

A l though much of the development 
effort on both accelerators is di rected 
towards increased beam intensity, there 
are occasional opportuni t ies for inge
nuity in the other d i rect ion. One of 
these was when the Wi lson c loud cham
ber, operat ing on only one pulse in 50 
in the a3 p ion beam, required a specially 
small number of particles per burst, 
whereas users of the other 49 pulses 
wanted as many as they could get. As 
a result, when the accelerator was star-
fed up on 15 February, it was with a 
programming system for the proton 
beam in the ïînac, ensuring that every 
50fh pulse was automatical ly reduced in 
intensity by two-thirds. 

Another interesting installation on the 
accelerator, t r ied out for the first t ime in 
February, was a method for recording 
beam intensities on punched paper tape 
suitable for feed ing info the 'Mercury ' 
computer. The current in the th i rd tank 
of the linac (just before inject ion info 
the synchrotron itself), and the final 
accelerated beam intensity were recor
ded separately, so as to obtain a detai led 
puise-by-pulse comparison from which 
the degree of correlat ion between them 
could be deduced. 

The synchro-cyclotron, too, suffered 
from the power restrictions, and no 
experiments were possible dur ing the 
week 15-22 February. However, al though 
this was a set-back for the physicists, 
g o o d use was made of the oppor tuni ty 
for maintenance and other work on the 
accelerator. In particular, the decreased 
radioact iv i ty of the vacuum tank towards 
the end of the week made possible a 
new set of measurements of the magne
tic f ie ld at dif ferent currents. 

For pract ical ly the whole operat ing 
per iod of the synchrotron dur ing 
February, the Saclay/École Polytechnique 
81-cm hydrogen b u b b l e chamber was in 
use in the rri2 beam, photograph ing 
interactions of posi t ive and negative 
kaons with protons. In three weeks, 
386 000 good-qua l i t y pictures were ob 
ta ined, each showing the tracks of 
about fen incident kaons. The momen
tum of the kaons was the highest yet 
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The cover photograph illustrates one of 
the less well-known aspects of research at 
CERN, the studies carried out by the 
Nuclear Chemi-stry Group of the Nuclear 
Physics Division. Framed by the bottles 
and flasks appropriate to this subject, 
Henri Bersinger works on a chemical 
analysis. 
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1. Many chemical operations in the high-activity laboratory have to be 
carried out by remote control behind screens of lead bricks. Only a small 
amount of radiation gets through the bricks, but Henri Bersinger, seen here 
dissolving an irradiated target, wears a f i lm badge on his cuff to measure 
it. 

Nuclear Chemistry 
at CERN 

by G. RUDSTAM 
Group Leader, Nuclear Chemistry ; 

Nuclear Physics Division 

Some people may be surprised to learn that in a laboratory devoted to 
high-energy physics, there are also some chemists. It is a fact, however, 
and Dr. Rudstam, the leader of the group, here gives a survey of the work 
that they do. Starting with an explanation of the term 'nuclear chemistry', 
he goes on to describe some typical experiments carried out by the group, 
and their relation to the high-energy-physics problems, mentioning in parti
cular the electromagnetic isotope separator used in many studies. He 
concludes with some ideas on the sort of experiments that could be carried 
out at CERN in the future, particularly if the intensity of the synchro
cyclotron beam could be further increased. 
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W H A T I S N U C L E A R C H E M I S T R Y ? 

The big accelerators at CERN, the proton synchro
tron and the synchro-cyclotron, offer almost unique 
possibilities for research not only in the field of high-
energy physics but also for the branch of chemistry 
known as nuclear chemistry. A group of nuclear 
chemists has therefore been formed at CERN in order 
to take advantage of this opportunity to study nuclear 
reactions induced by high-energy particles. As would 
be expected, the experiments include what might be 
called 'typical' nuclear-chemistry problems, such as 
s p a l l a t i o n and fission (the 'chipping off of fragments 
from a nucleus and the splitting of a nucleus into two 
approximately equal parts). In addition, however, the 
chemical approach to the study of nuclear reactions 
can give information about interactions between ele
mentary particles, and nuclear chemistry thus serves 
as a complement to the physicists' experiments in 
studying such phenomena. 

It is perhaps worth while to begin by stating what is 
meant by the term n u c l e a r c h e m i s t r y . A clear defini
tion of this has been given by Friedlander and 
Kennedy in their well-known textbook Nuclear and 
Radiochemistry : 'To o u r m i n d s , n u c l e a r c h e m i s t r y 
emphasizes the r e a c t i o n s o f n u c l e i a n d t h e p r o p e r t i e s 
o f r e s u l t i n g n u c l e a r species, j u s t as o r g a n i c c h e m i s t r y 
is c o n c e r n e d w i t h r e a c t i o n s a n d p r o p e r t i e s o f o r g a n i c 
c o m p o u n d s ' . Nuclear chemistry should not be confused 
with r a d i o c h e m i s t r y , which uses methods similar to 
those of nuclear chemistry to solve problems of a 
chemical nature in other scientific or technical fields 
(and thus might be called applied nuclear chemistry). 
To avoid misunderstanding it should also be pointed 
out that nuclear chemistry bears no relation to r a d i a 
t i o n c h e m i s t r y . There, one is concerned with the 
chemical effects of radiation. 

N U C L E A R C H E M I S T R Y A N D N U C L E A R P H Y S I C S 

Both nuclear chemists and nuclear physicists are 
evidently interested in nuclear reactions. What, then, 

is the difference between them ? It is really only a 
difference in the methods used to solve scientific pro
blems. Often the chemist and the physicist want to 
investigate the same effect. The physicist does it using 
physical methods whereas the chemist falls back upon 
chemical means. The aim is the same but the approach 
is different. 

Some properties of nuclear reactions can best be 
studied using physical methods, while for others 
chemical ones are more appropriate. Thus by chemis
try it is possible to get a very detailed picture of the 
distribution of the heavier products remaining, 
whereas the various light particles emitted in the 
reaction are measured by physical methods. A com
plete description of the reaction is obtained by com
bining the results of both kinds of investigation. 

E X P E R I M E N T S U N D E R S T U D Y 

For practical reasons, the experiments carried out 
by the Nuclear Chemistry group at CERN have to be 
divided into two categories, namely those involving 
small amounts of radioactivity and those with high 
activities. These two kinds of experiment must be kept 
well apart, for the very simple reason that a minute 
contamination from experiments with high radioacti
vities might completely destroy the results of an 
experiment where only very low activities are pro
duced. Therefore, the experiments are carried out in 
different laboratories, and no highly active samples 
are ever introduced into the space utilized for work 
with low activities. Fig. 1 shows part of an experiment 
in a so-called 'hot' laboratory for high-activity experi
ments. Also, the instrumentation for the experiments 
differs. Low-active work requires special counters 
with low 'background' — one count every few minutes 
(fig. 2). On the other hand, most of the instruments 
used for measuring higher activities have background 
rates too high for samples of low activity. 

E x p e r i m e n t s u s i n g e x t e r n a l beams from accelerators 
tend to yield rather weak samples. An example of 
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2, Waltraut Riezler replaces part of a low-background counter inside its 
heavy shield of steel and lead bricks. 

such an experiment is the study of the following pion-
indueed reactions in a copper target, giving as product 
the radioactive nuclide nickel-65 (6 5Ni, the symbols are 
explained in the 'box' opposite) : 

6 5Cu + jt" 
and 
6 5Ou + J t + 

= 6 5Ni + jt+ + jt" 

6 5Ni + J t + + K + . 

These reactions have been investigated, using posi
tive and negative pions of energy 2.7 GeV, to obtain 
information on the interactions between pi-mesons, 
namely the total cross-sections for the interaction of jt+ 

with jt+ and of J t + with jr. This is an example of the 
formation of reaction products of low activity. For 
example, the initial activity of the nickel-65 resulting 
from the reaction of negative pions on copper was 
about ten disintegrations per minute, whilst that from 
the reaction of positive pions was only three disinte
grations per minute. 

Another experiment under way using an external 
beam is the absolute determination of the cross-
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sections of some reactions which would be suitable to 
monitor beams of 19 - 24 GeV protons. The reactions 
chosen for measurement are : 

2 7A1 + p = 2 4Na + 3p + n, 
2 7A1 + p = 1 8F + 5p + 5n, 
1 2 C + p = n C 4- p + n. 

The reaction products sodium-24, fluorine-18 and car
bon-11 are radioactive, so that the number of such 
atoms produced in a target of aluminium or carbon can 
be measured by particle counting. The cross-section 
represents the probability that an incident proton 
will induce a particular reaction, so that if the cross-
section is known the total number of incident protons 
can be deduced from the activity measured. 

It is quite evident that experiments of the kind men
tioned above require collaboration between physicists 
and chemists, and for this reason the Nuclear Chemis
try group also contains some physicists. 

I r r a d i a t i o n of t a r g e t s i n s i d e t h e C E R N acce lera tors 
gives rise to high activities. These machines are thus 
being used for a series of experiments on fission and 
spallation phenomena, intended to give information 
about the : 
— cross sections for the formation of the various 

nuclides produced ; 
— linear momentum of the product nuclides ; 
— angular momentum (or spin) of the product nuclides. 

Such studies involve measurements of the yields of 
the products, their range (the distance they travel be
fore being brought to rest), and the proportions in 
which various isomers, or different states of the same 
nuclide, are found. 

Measurements of reaction yields can now be carried 
out with a much higher accuracy than earlier, thanks 
to the electromagnetic isotope separator belonging to 
the group (fig. 3). This apparatus was constructed 
especially for the study of nuclear reaction products. 

3. In this picture of the electromagnetic isotope sepa
rator, the ion source is at the right-hand edge and the 
magnet is the large black object to its left. Stig Sundell 
is seen making some adjustments at the collector end 
of the instrument. 
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It is a two-dimensionally focusing machine, giving 
well-separated samples of a convenient size (fig. 4). 
The isotopes are collected on thin aluminium foils, an 
arrangement which is very well suited for activity 
measurements (negligible thickness, thin backing, 
small size — diameter about 2 mm). This and the extre
mely important fact that each sample only contains one 
activity (and possible decay products) are the reasons 
for the high accuracy attainable. 

The technique used for reaction-yield studies is 
briefly the following. After irradiation of the target 
material in the accelerator a large variety of products 
is formed. The irradiated target is thus first dissolved 
in a suitable solvent and the element to be studied 
separated by chemical means from the bulk of the pro
ducts. After conversion to a suitable form, the element 
is introduced into the ion source of the isotope separa-

SOME NOTES OF EXPLANATION 

As in ordinary chemistry, it w o u l d fake too much 
space and become very confusing to wri te the descr ip
t ion of each reaction in words. Instead, appropr iate 
symbols are used and any reaction can be expressed 
in the form of an equat ion, which is much simpler. 
Thus, instead of wr i t ing ' the isotope of copper wi th an 
atomic mass of 65 units, reacting wi th a negat ive 
p ion , results in an isotope of nickel wi th atomic mass 
65 together wi th the emission of a posit ive p ion and a 
negat ive p ion ' , one simply has : 

65Cu + sxT = 65Ni + J t + + J l f . 

In the examples quoted in the art icle, Cu stands for 
copper, Ni for nickel , A I for a luminium, Na for sodium, 
F for f luor ine, and C for carbon; jt is the pi-meson, or 
p ion , p the proton and n the neutron, and 5p means 
f ive protons. The number wr i t ten as a superscript is 
the "atomic mass' ( roughly, the amount of matter in the 
nucleus relative to that in a proton or hydrogen nuc
leus), and the + or — sign represents the electric 
charge, when -it is necessary to state if expl ic i t ly. These 
symbols are standardized, so that once known they can 
be used and understood universally. 

A befa counter is used for measuring the rate of 
emission of beta particles f rom radioact ive nuclei. 

A beta spectrometer measures the energies of the beta 
particles. A scinti l lation spectrometer is one employ ing 
scinti l lat ion defectors. 

Gamma counters and gamma spectrometers perform the 
same duty for gamma rays. 

Nuclear spectroscopy is concerned wi th the various 
states in which a nucleus may exist, analogous to the 
investigation of atomic energy states in opt ical spectro
scopy. Thus, the radiations emit ted by excited nuclei 
are studied in place of the l ight emit ted by excited 
atoms. 

A nucl ide is a particular species of atom, having a 
specif ied number of protons and neutrons in its nucleus. 

Isotopes are nuclides of the same chemical element, 
that is wi th the same number of protons but dif ferent 
numbers of neutrons in their nuclei . (The term ' isotope' 
is still in fact commonly used as a synonym for the 
newer word 'nucl ide' .) 

5. Inge Jarstorff checks on the posit ion of one of the samples in Hie 
automatic sample changer. Each opening round the rim can take one 
sample, which is automatically brought under the counter — marked 
with the figure 9 - for a predetermined time. The electronic scalers, 
recorders and other equipment are in the rack to the right. 

tor. The separation of the isotopes is carried out — 
sometimes in a few minutes —, the collectors (one col
lector for each isotope of interest) are removed, and 
the activity of each sample is measured. Different kinds 
of counters are used for this, including beta and gamma 
counters and beta and gamma scintillation spectro
meters. For convenience in counting, an automatic 
sample changer, which can be loaded with up to 40 
samples, has been constructed by the Electronics group 
at CERN. With this apparatus the samples are counted 
one after the other and continuously recycled (fig. 5) 
to give the decrease of counting rate with time. 

An example of the results obtained using these 
techniques is given in fig. 6, which shows the relative 
amounts of some thirteen different iodine isotopes 
formed in the fission of uranium by 600-MeV protons. 

As the determination of reaction yields is based on 
measuring the decay rates of radioactive nuclides, the 
decay modes of the nuclides of interest have to be 
known. It is thus also necessary to do some work on the 
spectroscopy of those which have not been studied 
before. To a certain extent such investigations are 

MASS NUMBER 

4. Graph showing the result of separating the isotopes of krypton. At 
the end of the separator the atoms differing by a mass number of one 
unit are about 10 mm apart. 
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W H O ' S W H O I N CERN 

Gôsta RUDSTAM 
Leader of the Nuclear Chemistry Group 

in the Nuclear Physics Division 

Sven Gôsta Rudstam was born in 
central Sweden, in the region of 
Uppsala, in 1925. Entering the Uni
versity of Uppsala in 1945, he 
studied mathematics, theoretical 
physics, physics and chemistry, and 
then, after taking his Master's de
gree, turned to nuclear chemistry, 
still at the University. His first 
experience of working with high-
energy machines came during 1950, 
when he spent half a year at the 
Lawrence Radiation Laboratory in 
Berkeley, U.S.A., working under 
Prof. G. T. Seaborg. 

Then, the following year, the 
synchro-cyclotron at the Gustav 
Werner Institute of the University of 
Uppsala began operation. Capable 
of accelerating protons to an energy 
of 185 MeV, it was at that time the 
most powerful in Europe. Working 
from then on with this machine, 
mainly on spallation experiments, 
Gôsta Rudstam obtained his Doc
torate in 1957. 

By then CERN was beginning to 
get well-established. The head of 
the Gustav Werner Institute, Prof. 
The. Svedberg, suggested the setting 

up of a nuclear-chemistry group, 
and one of those who advised on 
the planning of the group was Prof. 
Pappas, of the University of Oslo, 
with whom Dr. Rudstam had worked 
in Uppsala. He was thus in close 
contact with this new development, 
and in January 1959 he arrived at 
Meyrin as Leader of the newly 
formed group. 

Some of the work that they do, 
and how it fits in with high-energy 
physics as such, he has described in 
the accompanying article. 

carried out by the CERN group, but for accurate spec
troscopic work the instrumentation is not yet adequate. 
In particular, there is a need for an electromagnetic 
beta spectrometer. 

F U T U R E P R O G R A M M E 

For the future programme of the Nuclear Chemistry 
group, a number of interesting experiments are under 
consideration. Worth particular mention are the study 

6. This graph shows the primary cross-sections of the iodine isotopes 
formed in the fission of uranium by 600-MeV protons. As an example, it 
can be seen that there are ten times more iodine-126 atoms produced 
than iodine-121 atoms. (The circles indicate preliminary values.) 

of nuclear reactions induced by negative muons * (pure 
capture of the muon and capture followed by the emis
sion of several nucléons) and an investigation of the 
type of reaction, still unexplained, called 'fragmenta
tion' t(the 'explosion' of a nucleus into several large 
pieces). 

There is also the possibility of extending the re
search field of the group towards nuclear spectroscopy. 
The synchro-cyclotron at CERN is a very efficient ma
chine for the production of almost any nuclide in good 
yield. An isotope separator exists already, as do beta 
and gamma scintillation spectrometers, although it is 
clear that serious work in this direction would neces
sitate more elaborate spectroscopic instrumentation. 

A particularly interesting field of investigation would 
be to attach an isotope separator directly to the syn
chro-cyclotron and bombard, with the external proton 
beam, a target already connected to the ion source of 
the separator. By choosing a suitable target tempera
ture and composition, certain elements will quickly 
diffuse out of the target, enter the ion source, and be 
separated into their isotopes. Element separation can be 
achieved using a variety of methods (cold traps, gas 
chromatography, etc.) in a separate step between the 
target and the ion source. If suitable counters or 
nuclear spectrometers were connected directly to the 
collector for the separated isotopes, very short-lived 
reaction products could be studied. This would open an 
immense field of investigation. Such a development be
comes especially interesting now that the intensity of 
the external beam of the synchro-cyclotron is being 
increased • 

1 Some preliminary runs have already been carried out. 
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International Conference on 

High-Energy Physics 
and Nuclear Structure 
Reviewed by H. FESH3ACH, 
Ford Visiting Scientist, Theory Division 

This was a comparatively small conference as conferences 
go nowadays, with only about one hundred invitees from 
outside CERN. Free and frank discussion was the rule and 
the meeting had more the character of a rather large seminar 
than a small conference. 

From a somewhat narrow point of view the participants 
were concerned, on one side, with the possible uses of 
particles produced by high-energy machines for the investi
gation of the structure of atomic nuclei and, on the other, 
with the fact that it might also be possible to discover 
properties of elementary particles by observing how they 
interact with complex nuclei. But there was an additional 
motivation. It was hoped that by bringing together physicists 
concerned with nuclear structure and physicists interested 
in 'elementary particles', to discuss problems which both 
could find interesting, the developing chasm between the 
two fields could be bridged and its growth arrested. There 
are specialists or experts in both camps, and like specialists 
in other fields they naturally tend to become parochial in 
their interests and limited in their outlook. This is unfortu
nate even if it is natural. Breadth of interest is important 
for physicists if they are to avoid becoming mere adepts in 
technique. Without it, even progress in their own field is 
slowed, for concepts and methods which have been deve
loped in other fields can often suggest wholly new insights 
as well as areas for investigation. 

Be that as it may, the conference demonstrated the very 
wide range of experiments on nuclear structure which could 
be performed at high-energy machines. In many of these, 
high-energy particles such as electrons or protons can be 
used directly. In recent years electron scattering has pro
vided us with much information on how the electric charge 
inside nuclei is distributed. One finds that it is fairly 
uniform over most of the nuclear volume, decreasing fairly 
rapidly to zero at the surface. Now some information on the 
electric currents inside the nucleus is becoming available. 
These are properties which characterize the whole nucleus. 
Obtaining fine-structure details is much more difficult, but 
very worth while because it tests our understanding of 
nuclear structure in a very fundamental way. Both electron 
and proton scattering offer possibilities of measuring the 
'graininess' of nuclei — the tendency of the nucléons 
inside the nucleus to form 'clusters'. Where will these clus
ters be found, inside the nucleus or on the nuclear surface ? 

With the aid of high-energy machines it becomes possible 
to make exotic nuclei which are not found in nature. For 
example when a gamma ray is absorbed by a nucleus of 
helium-4, a positive pion and a new nucleus, hydrogen-4, are 
produced. Hydrogen-4 consists of three neutrons and one 
proton. In another process, yet to be observed, a negative 
pion could be absorbed by helium-4 and a positive pion 
emitted. The resultant residual nucleus would he composed 
of four neutrons. On the other hand, if helium-4 absorbs a 

From 25 February to 2 March, an 'International confer
ence on high-energy physics and nuclear structure' was 
held at CERN, organized in co-operation with the Chaim 
Weizmann Institute at Rehovoth, Israel. As the name 
suggests, the main purpose of the conference was to 
review a comparatively new field of research, where 
high-energy physics — essentially the study of elemen
tary particles outside the atomic nucleus — overlaps the 
older f ield of nuclear physics, which is more concerned 
with particles inside the nucleus. 

In the accompanying review, Prof. H. Feshbach, at 
present at CERN on leave from the Massachusetts 
Institute of Technology, highlights some of the inter
esting topics discussed at the conference and indicates 
some possible new developments. 

positive pion and emits a negative one, the residual nucleus 
consists of four protons ! It is easy to construct many other 
examples. Most importantly, however, these processes provide 
tools by means of which nuclei outside the stable valley can 
be produced and their properties studied. We thus have a 
new dimension in which to study nuclear structure. 

A large number of very exciting experiments will be 
possible when beams of strange particles, K mesons and 
lambda hyperons, of sufficient intensity become available. 
These can then be directed against nuclei and studies made 
of the various reactions which result. New possibilities are 
opened because, for instance, although the lambda particle 
is of roughly the same mass as a nucléon, it is not identical 
with the nucléons in the target nucleus. The processes it can 
undergo are thus in no way limited by the Pauli exclusion 
principle, to which the nucléons are subject. A lambda 
incident upon a nucleus can undergo transitions, and even 
end up in the same orbit as one of the nucléons. An incident 
nucléon cannot do the same and so a whole new set of 
phenomena becomes possible. We need not fire lambdas at 
nuclei; negative kaons will do just as well, for these will 
combiné with a proton in the nucleus to form a lambda. We 
can then observe the subsequent transitions of the lambda 
and so obtain information both on the initial state of the 
proton and on the structure of the 'hypernucleus' which is 
formed. The pionic decay of the hypernucleus, that is, decay 
of the lambda particle in the hypernucleus back into a 
proton and a negative pion, would provide information on 
the state of the lambda. 

Turn about is fair play, and one may perhaps also be 
able to employ known nuclear properties to study the 
properties of elementary particles. From the binding energy 
of hypernuclei we gain knowledge about the interaction of 
lambda particles and nucléons. At the conference, the first 
recorded event was presented in which a nucleus containing 
two lambdas was detected. In this case we can for the first 
time begin studying the forces between strange particles ! 
Complex nuclei act as virtual sources of elementary particles. 
For example such a nucleus forms a source of electromagne
tic field, and therefore gives the possibility of producing 
neutral pions when an incident photon collides with one of 
the virtual photons in the nucleus. This is in fact the inverse 
of pi-zero decay and this experiment is at present the best 
way of measuring the pi-zero lifetime ! Another device is 
to compare nuclear processes — for example beta decay with 
other weak-interaction processes such as muon capture. 
There are many, many examples. 

It is clear that there are a great number of important 
experiments to be done, numerous opportunities for funda
mental discoveries. The major effect of this most successful 
conference was to increase markedly the probability that 
these experiments will be performed soon • 

35 



(cont.) 

attained în a separated beam, and the 
photographs include tracks of some 
1 150 000 posit ive kaons at 3 GeV/c , 
1 210 000 negat ive kaons at 3 GeV/c , 
and 1 500 000 negat ive kaons at 3.5 
GeV/c . The background of other par
ticles, even at the highest momentum, 
was less than 20 % . 

The objects of the experiment are to 
search for the existence of a new par
t icle (the omega hyperon, Q, wi th a 
'strangeness' number of — 3 ) , and to 
gain further information on known 
aspects of kaon-proton interactions and 
the propert ies of the xi hyperons. 
Investigation and analysis of the pho to 
graphs is be ing shared among ten 
laboratories : University of Amsterdam, 
University of Bologna, a British g roup 
(Universities of Birmingham, Glasgow, 
and Oxfo rd , Imperial Col lege of London 
University, and the Rutherford Labora
tory) , 'École Polytechnique' , Paris, 'Cen
tre d'Études Nucléaires', Saclay, and 
University of Stockholm. 

The École Polytechnique 1-m heavy-
l iqu id bubb le chamber also obta ined 
some 250 000 photographs showing in
teractions of posit ive kaons s topping in 
the l iqu id , cont inuing an exper iment on 
'selection rules' in kaon decay, together 
wi th some 30 000 pictures of s topped 
negat ive kaons for the invest igat ion of 
hyperfragments. Unfortunately, operat ion 
of this chamber had to be l imi ted, be
cause of the shortage of electr ic i ty, and 
the higher values of magnetic f ie ld 
cou ld not be used even when the 
chamber was running. 

A m o n g the other experiments at the 
synchrotron in February was the first use 
at CERN of acoustic spark chambers, 
This type of . detect ion instrument is 
similar to the spark chambers currently 
used, consisting basically of a set of 
paral lel plates in which alternate ones 
can be pulsed to a high vo l tage. The 
pulse is app l ied after the passage of a 
speci f ied charged part icle and the spark 
that then occurs in each gap fol lows the 
track of the part icle. In this case, how
ever, the sound wave from each spark is 
detected by four miniature microphones 
p laced some 10 cm or more from each 
edge of the gap. The t ime between the 
appl icat ion of the high vo l tage and the 
arrival of the sound at each microphone 
is measured electronical ly, and from the 
four values obta ined the posi t ion of the 
spark in each gap can be calculated, 
in practice by feeding the informat ion 
into an electronic computer. 

These measurements were a test run 
of the apparatus for an exper iment to 
measure the elastic and near-elastic 
p ro ton-pro ton scattering at very small 
angles. Six chambers were used, in con
junct ion wi th analysing magnets and 
scinti l lat ion counters. The t ime measure
ments from each chamber were recor
d e d on punched paper tape and ana

lysed on the Mercury computer, the 
posit ion in space of each proton track 
be ing obta ined to an accuracy of 
± 0.25 mm. 

From 25 February to 2 March, an 
International conference on high-energy 
physics and nuclear structure' was held 
at CERN, organized in co-operat ion 
wi th the Weizmann Institute at Rehovofh, 
Israal. The conference, which was atten
ded by about 100 scientists from 13 
dif ferent countries, in addi t ion to those 
at CERN, is described more ful ly on 
page 35 of this issue. 

His Excellency Mr. Gaston Palewski, 
the French Minister of State for Scientific 
Research, pa id a visit to CERN on the 
afternoon of 14 February as the guest 
of Mr. François de Rose (Ministre p lén i 
potent iaire and Representative of France 
on the CERN Counci l ) , Prof. L. Leprince-
Ringuet (Vice-president of the Scientific 
Policy Commit tee), and Prof. V.F. Weiss-
kopf (Director-general). Also in the 
party were Mr. Phi l ippe Baudet, Ambas
sador of France to Switzerland, Mr. 
Gabr ie l Ardanf and Mr. Tezenas du 
Montce l . 

Many of the delegates to the Uni ted 
Nations Conference on Science and 
Technology, held in Geneva early in 
February, also took the oppor tun i ty to 
visit CERN. Prominent among these was 
Mr. René Maheu r Directeur-general of 
UNESCO, who was shown around on 
12 February, accompanied by Prof. 
Paulo B. de Carneiro, President of the 
General Conference of UNESCO, Prof. 
V.A. Kovda, Director of its Department 
of Natural Sciences, and Mr. Y. de 
Hempt inne, Secretary of the Depart
ment. On the 15 February, Lord Casey, 
Chairman of the Commonweal th Scien
tific and Industrial Research Organiza
t ion and Leader of the Australian de le 
gat ion to the U.N. conference, visi ted 
the Laboratory, wi th Mr. G.B. Gresford 
and Mr. C. Magee. 

Members of CERN also had a chance 
to get to know something of the U.N. 
conference when a symposium, 'Tech
niques for tomorrow's wor ld ' , was or
ganized on 14 February by the Staff 
Associat ion, in the current series of 
evening lectures on subjects of general 
interest. Under the chairmanship of Prof. 
Marussi, of the University of Trieste, the 
leaders of the Delegations from India, 
Prof. H. Bhabha, the United States, Dr. 
MacDermoft , and the Soviet-Union, Dr. 
Fedorov, exposed in a h ighly interesting 
way their own thoughts on the confe
rence and answered many questions 
from the audience on the appl icat ions 
of science and technology in the less 
deve loped areas of the wor ld . 

Earlier in the month, from 5 to 7 
February, CERN was host to the 'Euro
pean Organizat ion for astronomical re
search in the southern hemisphere' 
(ESO), whose Counci l met here under 
the chairmanship of Prof. J.H. Oort 

(Netherlands). The organizat ion at p re 
sent includes Belg ium, the Federal Re
publ ic of Germany, France, the Nether
lands and Sweden as member states, 
wi th Denmark as an observer. It has 
been set up pr imari ly to instal power 
ful opt ical instruments in the southern 
hemisphere, so that that part of the 
galaxy can be studied to an extent com
parable wi th what is already possible in 
the northern hemisphere. 

This is the second t ime that members 
of a new European scientific organizat ion 
have used CERN as a meet ing place as 
wel l as an example, the first be ing the 
meet ing which led to the formation of 
the European Space Research Organ i 
zat ion. 

The Director-general and a number 
of senior physicists from CERN took 
part in a two-day discussion meeting at 
the Royal Society, in London, on the 
21 and 22 February. W i th the t i t le Re
cent European contributions to the deve
lopment of the physics of elementary 
particles', the meet ing had been orga
nized by Prof. C.F. Powel l , of the Un i 
versity of Bristol and present chairman 
of CERN's Scientif ic Policy Committee, 
t o g ive the Fellows of the Society a 
review of the present state of knowledge 
of elementary particles and the prospects 
for the deve lopment of the subject in 
the future. 

Out of f i f teen papers presented, six 
were by scientists now at CERN : Prof. 
V.F. Weisskopf gave the open ing talk 
on 'Elementary part ic le physics — its 
deve lopment and future' , Prof. G. Ber-
nardini spoke on 'Neutr ino and muon 
physics', Prof E.H.S. Burhop on 'Recent 
experiments wi th emulsions', Prof. L. Van 
Hove on 'Progress in our theoretical 
understanding of elementary particles', 
Dr. K. Johnsen on 'Features of the next 
generat ion of proton accelerators', and 
Dr. C. Rubbia on 'Recent experiments 
wi th the CERN sy.xhro-cyc lo f ron. In 
add i t ion , Prof. B. Gregory of the École 
Polytechnique, Paris, who is closely con
cerned wi th bubble-chamber exper i 
ments at CERN, spoke on 'Recent exper i 
ments wi th bubb le chambers', and Dr. 
J.B. Adams, former ly Director-general , 
descr ibed the 'Design and performance 
of the CERN pro ton synchrotron'. A l l 
the papers presented, which were 
framed so as to be inte l l ig ib le to scien
tists outside the part icular f ie ld of h igh-
energy physics, are be ing publ ished by 
the Royal Society. 

During his visit to London, Prof. Weiss
kopf was guest of honour at the Annual 
Luncheon of the Parliamentary and 
Scientific Committee, on 21 February. 
The Commit tee is an unoff icial g roup 
br ing ing together members of both 
British Houses of Parliament and repre
sentatives of industry and of scientific 
and technical institutions. Wi th all shades 
of pol i t ical op in ion represented, it acts 
as a common meet ing ground for par
liamentarians and scientists • 
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Tests of British National Hydrogen Bubble Chamber 
I n the East bubble-chamber building at CERN two impres

sive-looking magnets have been assembled for some time, and 
other work is proceeding steadily towards the completion of 
two new very large bubble chambers. 

One of these, the 1.5-metre British National Hydrogen 
Bubble Chamber, has now been successfully tested in Eng
land (without its magnet), and the way is now clear for it 
to be transferred to CERN. After installation in the magnet, 
the parts of which arrived from England at the end of 1961, 
it will be operated with a new beam to be constructed in the 
East experimental area of the proton synchrotron. Tests with 
protons and pions will probably be carried out later this 
year, and experiments will then follow, using mainly high-
energy kaons and antiprotons. 

Preliminary design studies began on the BNHBC in 1957 
and work began o n the chamber early in 1959. The construc
tion has been a collaborative effort between Imperial 
College, London, Birmingham University, Liverpool Univer
sity, and the National Institute for Research in Nuclear 
Science (N.I.R.N.S.). Also represented o n the Management 
Committee, under the chairmanship of Prof. C.C. Butler, of 
Imperial College, are University College, London, and the 
Universities of Cambridge, Glasgow and Oxford. Although 
all the early experiments will be carried out at CERN, the 
chamber will eventually return to England for operation 

with the 7-GeV 'Nimrod' synchrotron at the N.I.R.N.S. 
Rutherford High Energy Laboratory, Chilton*, in Berkshire. 

Although the 72-inch (183-cm) chamber at Berkeley, U.S.A., 
is longer, this is at present the largest liquid-hydrogen bubble 
chamber in the world from the point of view of the volume 
of liquid hydrogen in which tracks can occur and be photo
graphed. This volume is roughly rectangular in section, 
150 cm long and 50 cm high, with a depth of 45 cm. Some 
500 litres of liquid hydrogen are used altogether in the 
chamber, kept at a temperature of -—247° C and under a 
pressure of about 6 atmospheres in the main chamber body. 
It is when this pressure is decreased suddenly to 3 atmo
spheres that minute bubbles form along the tracks of any 
ionizing particles that have just passed through. 

For the recent tests, the chamber was assembled in a 
special building at the Rutherford Laboratory, with appro
priate high-pressure hydrogen and other supplies. Control 
systems and other parts are now being transferred to CERN 
at the rate of about two lorry loads per week. The 
bridge will be transported in one piece, followed by the 
complete chamber assembly — travelling at a maximum 
speed of 8 km per hour ! 

* The postal address of the laboratory has recently been changed, but 
it is sti l l next door to the Atomic Energy Research Establishment at 
Harwell. 

One of the photos taken during tests 
of the British National Hydrogen Bubble 
Chamber, indicating the uniformity of 
sensitivity and visibi l i ty over the com
plete volume. The short tracks are those 
of electrons produced by a pulsed beam 
of gamma rays originating from a co-
balt-60 source ; the three zones appa
rent in the picture arise from the 
spl i t t ing of the il lumination system 
into three parts. Three straight tracks, 
also visible, are probably muons from 
cosmic rays. The black discs and wires 
are thermocouples temporarily fixed to 
the chamber windows. 

Photo N.I.R.N.S. (U.K.) - 12 

Oxford Helium Bubble Chamber 
An announcement by N.I.R.N.S. at the end of January 

gave the news that a contract had been placed for the 
construction of the refrigeration system of a large helium 
bubble chamber. The refrigerator will be one of the largest 
of its kind to operate at liquid-helium temperatures and 
will maintain the temperature of the chamber at a value of 
about —270° C, constant to plus or minus 0,05° C, over 
periods of thirty days of continuous operation. The princi
pal feature of the refrigeration cycle is the use of expansion 
turbines, with bearings lubricated by helium gas, running at 

speeds of up to 350 000 revolutions per minute. The thermo
dynamic efficiency will be high and no precooling fluids such 
as liquid nitrogen or liquid oxygen will be required. 

George Chadwick, of the University of Oxford, ivas at 
CERN during February and kindly provided CERN 
COURIER with the following information on the helium 
chamber itself. 

The Oxford Helium Bubble Chamber is being designed 
and built by a joint team from the Department of Nuclear 
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Physics at Oxford University and the Rutherford High 

Energy Laboratory. The chamber dimensions will be 80 cm 

X 40 cm X 40 cm and it will be operated in a magnetic field 

of about 20 000 gauss. It will be used at the Rutherford 

Laboratory's accelerator 'Nimrod', to study the lighter hyper-

fragments, to use the simple quantum numbers of helium as 

an aid in determining the properties of particles and reso

nances, and to provide an efficient analyser for polarization 

measurements. 

The special problems associated with so large a volume 

of helium are to maintain temperature stability, so near 

absolute zero, and to avoid turbulence due to the extremely 

low velocity of sound in this fluid — pressure waves will 

travel across the chamber in a time comparable to the total 

sensitive time. The first problem is handled by direct cooling 

of the chamber by a refrigerator-liquifier (detailed above) 

attached to the magnet. This also makes the chamber a self-

sufficient unit, easily transported. The second problem 

should be overcome by the rectangular design of the 

chamber and the method of expansion adopted. An entire 

side wall will be attached by a bellows, and moved in a 

direction normal to its plane by means of a mechanical 

linkage. Thus plane pressure waves will be launched, which 

will be reflected coherently and not break into turbulence. 

Construction is made easier by the low working pressure of 

half an atmosphere. 

The target date for completion is late 1964. Costing 

about £ 400 000, the chamber will be the largest of its type 

in the world. 

Berkeley Bevatron 
operating again 

After being shut down since July last year, while 

extensive modifications were carried out, the Bevatron, the 

6.2-GeV proton accelerator at the University of California's 

Lawrence Radiation Laboratory at Berkeley, U.S.A., was 

successfully put back into operation during February. The 

full experimental programme should begin again in March. 

Ideas for the alterations began to take shape as far back 

as 1958 and work has been going on since 1960, when 9.6 

million dollars was appropriated for the project by the U.S. 

Congress. The most basic modification has been the instal

lation of an entirely new proton injection system, consisting 

of a 480-kV Cockcroft-Walton set and a 19-MeV strong-

focusing linear accelerator. By this means, the intensity of 

the input beam to the synchrotron is expected to be raised 

by a factor of 20 or more, with a corresponding increase in 

the full accelerated beam intensity. Closely linked with this 

is the installation of facilities for an external proton beam. 

This will have the major advantage of providing secondary 

beams of positively charged particles outside the accelerator 

ring, instead of within the cramped and inaccessible hub 

area. Other benefits will be obtained in the study of short

lived particles, down to lifetimes of around 10~ 1 0 second, 

since detectors can now be p-laeed much nearer to the 

targets. 

VOTRE 
MAISON DE CONFIANCE POUR 

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

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

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

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

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

^ÉK O Z A L I D ZURICH 
Seefeldstrasse 94 - Téléphone (051) 24 47 57 

had to be considerably increased. The concrete ring sur

rounding it has been brought up to a uniform thickness of 

3 metres, and a concrete ' igloo' enclosing experimental 

apparatus has been placed at the hub. Moreover, the entire 

ring-shaped accelerator has been covered by massive con

crete roof beams over 2 metres thick. To support all this 

shielding, a tunnel was first constructed under the machine 

and then filled with concrete into which steel uprights were 

embedded. 

Changes to reduce maintenance inside the accelerator to 

a minimum and to improve the efficiency of operation 

include new fully insulated pole-face windings on the 

magnets and remote control of internal targets. Among 

other work carried out during the shut-down was a complete 

overhaul of the high-level radiofrequency system, modifica

tions to the low-level radiofrequency system, the installation 

of new feedback systems for beam control and the provision 

of a 'flat top ' for the magnetic-field variation.* 

A new fast negative kaon beam has been set up for the 

72-inch hydrogen bubble chamber and a slow positive kaon 

beam will be used with the laboratory's heavy-liquid chamber. 

This latter has been made twice as deep as before, and now 

has a useful volume of some 760 mm x 500 mm x 300 mm • 

Increased beam intensity means more background radia

tion, with the result that the shielding of the accelerator has The MagVit? F e b m a r ^ î ^ 6 " ^ "** ^ ^ ^ L R * L J ° U m a l 
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A truly portable 

Instrumentation Recorder 

DC to 10000 cycles 

and reasonably priced 

The brand new Honeywell 8100 Recorder wil l 
open new opportunities for your instrument 
acquisition program. Recording and play-back 
of one to eight FM-data channels in addit ion 
to compensating and voice channels; IRIG con
figuration is available; four speeds from 1 7/8 
to 30 ips; external monitor ing; portable or rack 
mounted; easy to use and it weighs only 75 
pounds. 

Wri te for detai led information and for demon
stration to Honeywell SA, 73, route de Lyon, 
Geneva. 

Honeywell 
Data Handling Systems 

NUCLEOBEL 
S.A. 266 B, avenue de Tervueren 

Bruxelles 15 
Tel. 70 82 36 

sole agent for 
S.A. Intertechnique, rue Escudier 81, Boulogne 
and 
S.A. S.E.A.V.O.M., 30, rue Raspail, Argenteui l 

is at your service for the supply of instruments 
and apparatus manufactured by these 
companies : 

Intertechnique 
— sub-assembles for mult i-dimensional analysis 

— 1024 and 4096 channel selectors, 
transistorized, ferr i te-core memory 

— 400 channel selectors, transistorized, 
ferr i te-core memory 

— mult i-head detectors, alpha, beta, gamma, 
fast neutron, slow neutron 

— pulse generators 
etc . . . 

S. E. A. V. O. M. 
— mechanical pumps 

— diffusion pumps 

— vacuum measuring equipment 

— pumping units 

— vacuum coating sets 

— vacuum furnaces 

— glove boxes with control lable atmosphere 
etc . . . 

Design — supply — after-sales service. 
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— 250 °C 

plans and delivers 

Processing Plants for : 

Precision rectification 

Heavy water recovery 

Gas l iquefying 

Uperisation sterilizing 

Town gas detoxif ication, etc. 

Laboratory columns 

Thermal Plants 

Steam generators up to 

the highest pressures 

Hot water boilers and 

accumulators 

Gas turbines 

Diesel engines 

Reactor plants for 

nuclear power stations 

Heat pumps 

Refrigerating Plants 

'Cool ing installations 

Tube-ice generators 

Low-temperature installations 

Air condit ioning plants 

Heating and air condit ioning plants also 

Axial and radial compressors 

Oil-free reciprocating compressors 

Pumps 

for del ivering h igh- and 

low-viscosity fluids and corrosive media 

Sulzer Frères 
Société Anonyme 

Winterthur, Suisse 

Low-temperature installation (—250° C) for 
D 2 O recovery (Emser Werke A G . , Domat/Ems, 
Switzerland) 
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A versatile range 
of manufacture 

SIEMENS 
i n s t r u m e n t a t i o n 

Measurement and control in 
thermal and 
processing techniques 

Electrical metrology 

Electronic microscopy 

Non-destructive test ing 
of materials 

Measurement of mechanical 
quantit ies 

S I E M E N S & H A L S K E A G 
Berlin • Munchen 

Sale Agents for Switzerland 

S I E M E N S E L E K T R I Z I T Â T S E R Z E U G N I S S E A G 
Zurich • Bern • Lausanne 
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Hewlett-Packard announces 

A complete range 
of (^transistorised counters 
Compact 

Reliable 

Accurate 

Versatile 

Sensitive 

most units are 3 - V 2 " high, and the largest 
(5243L) is only 5 - V 4 " . A quality of construction 
which sets a new standard. 

guaranteed operation to full specifications from 
- 20° C. to + 65° C. This also means extra 
reliability, extra margins of performance at usual 
ambient temperatures. 

time base accuracies appropriate to 
frequency range. Better than ± 3 x 10~9 per day 
in 5243L 

they measure frequency, frequency ratio, period, 
multiple period average and time. 

required input only 100 mV rms. 

500 Mc 

± 3 x 1 0 - 9 per day 

8 digit display with storage 
plug-in frequency converters 
512 Mc - 5 / / h i g h 
stability: 3 x 1 0 ~ 9 per day 

Frequency Measurements : 
0 - 20 Mc direct 
20 - 100 Mc with 5251A plug-in 

(Fr. 1374.-) 
88 - 512 Mc with 5253A plug-in 

(Fr. 2295.-) 
Period Average Measurements : 
Single Period 0 - 1 Mc 
Multiple Period 0 - 300 Kc 
Output Frequencies : 
0.1 cps to 10 Mc in decade steps 
Time Interval Measurements : 
1 \is to 108 sec with 5262A plug-in 
(Fr. 1374.-) 

5243L 
Fr. 13573.-
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5532A 
Fr. 7085, 

5232A 
Fr. 5975, 

2 cps to 1.2 Mc 
Frequency ) 
Period ) 
Multiple Period ) 
Time Base Stability: 
+ 2 x 1 0 - 7 per month 
Gate Times: 10, 1, 0.1, 0.01 sec 

5512 A 
Fr. 5348, Frequency ) 

Period ) 2 cps to 300 Kc 
Multiple Period ) 
Time Base Stability: 
+ 2 x 1 0 - 6 per week 
Gate Times: 10, 1, 0.1, 0.01 sec 

5212 A 
Fr. 4494, 

5211A 
Fr. 3461.-

Frequency: 2 cps to 300 Kc 
Time Base: 
derived from mains frequency 
Gate Times : 1, 0.1 sec 

HEWLETT-PACKARD 
Headquarters in USA: Palo Alto (Calif.); European Headquarters: Geneva 
(Switzerland); European Plants: Bedford (England; Bôblingen (Germany) 

For information, contact your (^) distributor 

INGËIMIEURBURO M. P. FREY 
WANKDORFFELDSTRASSE 66, BERNE 
TELEPHONE (031) 42 00 78 

l i l l 
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Sl id ing-channel 
scanned C s 1 ^ 

spect rum. Note 
high resolut ion 

(half value width of 
the ful l energy 

peak better than 8%) 

Gain-scanned 
spectrum of a 
mixture of C o 6 0 , 
C d i w , Csi37 and , 
Bi207. Note the 
wide energy span 
covering approx. 
3 decades 
(2 keV - 2 MeV) 

PHILIPS 
gam m a - s p e c t r o m e t e r s 
allround versatility, 
high quality 
• Ga in-scanning and s l id ing -

channel operat ion provided with 
the same instrument 

• Energy-scale logar i thmic and 
linear 

• Extended energy range 
(2 decades) 

• Resolut ion better than 8% at 
C s 1 3 7 - p e a k 

• Special quality tubes 
• Tropica l ized components 

Capable and quick service 
The know-how and research 
facilit ies of the Philips Nu
clear Appl icat ion Laboratory 
are available for all users 

N.V. PHILIPS' GLOEILAMPEN-
FABRIEKEN - Eindhoven - The 
Netherlands-Scientific Equipment 
Department 

PHILIPS-
Nuclear Equipment 


