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CERN, the European Organizat ion for 
Nuclear Research, was establ ished in 
1954 to provide for co l laborat ion 
among European States in nuclear re­
search of a pure scient i f ic and funda­
mental character, and in research 
essent ial ly related thereto' . It acts as a 
European centre and co-ord inator of 
research, theoret ical and exper imenta l , 
in the f ie ld of sub-nuclear physics. This 
branch of sc ience is concerned wi th the 
fundamenta l quest ions of the basic laws 
governing the structure of matter. CERN 
is one of the wor ld 's leading Labora­
tor ies in this f ie ld. 

The exper imental programme is based 
on the use of two proton accelerators — 
a 600 MeV synchro-cyc lot ron (SC) and a 
28 GeV synchrotron (PS). At the latter 
machine, large intersect ing storage rings 
(ISR), for exper iments wi th co l l id ing 
proton beams, are under const ruct ion. 
Scient ists f rom many European Univer­
sit ies, as wel l as from CERN itself, take 
part in the exper iments and it is est i ­
mated that some 700 physicists outs ide 
CERN are provided with their research 
material in this way. 

The Laboratory is s i tuated at Meyr in 
near Geneva in Switzer land. The site 
covers approximately 80 hectares 
equal ly d iv ided on either s ide of the 
f ront ier between France and Switzer­
land. The staff totals about 2600 people 
and, in addi t ion, there are over 400 
Fel lows and Visi t ing Scient ists. 

Thi r teen European countr ies par t i ­
c ipate in the work of CERN, cont r ibut ing 
to the cost of the basic programme, 
197,5 mi l l ion Swiss f rancs in 1968, in 
propor t ion to their net nat ional income. 
Supplementary programmes cover the 
const ruct ion of the ISR and studies for 
a proposed 300 GeV proton synchrot ron. 

CERN News 

Letter of Intent from Italy 
On 13 August, Ambassador G. Smoquina, 
Head of the Italian permanent mission to 
the international Organizat ions in Geneva, 
brought to CERN a letter of intent an­
nouncing the wi l l ingness of his govern­
ment to part ic ipate in the 300 GeV project . 
Italy thus becomes the fourth European 
country to declare itself in favour of the pro­
ject, jo in ing Austr ia, Belgium and France. 

The announcement from Italy is doubly 
we lcome — for itself, and as an indicat ion 
that other Member States retain conf idence 
in the project fo l lowing the decis ion of the 
United Kingdom government, in June, that 
it is unable to part ic ipate at this t ime. It 
is wor th adding here a note of hope from 
a discussion on the 300 GeV project held 
in the UK par l iament on 24 July. Mrs. S. 
Wi l l iams, Minister of State for Educat ion 
and Science, conc luded her remarks wi th 
the words, 'We hope that our decis ion wi l l 
not d iscourage other European States from 
going ahead wi th the project if they decide 
to do so, for it is our view that that would 
leave the possibi l i ty open, should our 

c i rcumstances later permit, for our jo in ing 
perhaps at a later stage. ' 

Italy is one of the major contr ibutors to 
the present CERN budget (11.24%) and is 
one of the countr ies wi th a site, at Doberdo 
near Trieste, wh ich is under considerat ion 
for the new Laboratory. 

In the l ight of the UK decis ion a revision 
of the pro ject is under way and wi l l be 
presented to the CERN Counci l at its next 
meet ing on 2 October. The revision takes 
advantage of the smal ler number of part i ­
c ipants to reduce the init ial annual budgets 
for the pro ject so that, f inancial ly, the 
si tuat ion for the part ic ipat ing countr ies 
wi l l remain as it was before the UK wi th­
drawal . The revised version wi l l , however, 
not compromise the fundamental scient i f ic 
value of the machine or its ult imate capa­
city for explo i tat ion. 

In the letter f rom Italy, Mr. G. Medic i , 
the Minister for Foreign Affairs said, 'I am 
happy to conf i rm the intention of my 
government to part ic ipate in a project 
wh ich is dest ined to maintain for Europe 
its t radi t ional supremacy in the f ie ld of 
fundamental sc ient i f ic research. ' 

CERN COURIER is publ ished monthly 
in Engl ish and French edi t ions. It is 
d is t r ibuted free to CERN employees and 
others interested in sub-nuclear physics. 

The text of any art ic le may be re­
pr in ted if credi t is given to CERN 
COURIER. Copies of most i l lustrat ions 
are avai lable to editors wi thout charge. 

Advert isements are publ ished on the 
sole responsibi l i ty of the advert isers. 
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The first two magnet cores for the intersecting 
storage rings arrived at CERN from the 
manufacturers, ASGEN, on 13, 14 August. They 
are the first of 400 of these magnets which will 
be used to build up the two interlaced rings. 
Each of them will be tested in the West 
experimental hall and the equipment for this 
has already been installed. The hall itself is 
nearing completion. The magnet section of the 
ISR Division has moved over to the ISR site. 

The following five items concern improvements 
around the proton synchrotron taking place during 
the present shut down. 

'Straight flush' 
From the beginning of the year unti l the 
shut down of the proton synchrot ron on 
27 May, the performance of the k icker 
magnet of the fast-eject ion system in 
straight sect ion 97 had been very sat is­
factory; the t ime lost through breakdowns 
was less than 0 . 3 % . Previous di f f icul t ies 
wi th the hydraul ic ram, wh ich , in about a 
tenth of a second, pushes the magnet into 
its posit ion around the beam wi th an 
accuracy of a few mil l imetres, have now 
been almost completely e l iminated. 

During the shut down a number of im­
provements have been made to the kicker 
magnet system. They have been mainly 
concerned with the magnet power supply 
and have considerably increased the ver­
sati l i ty of the fast e ject ion system. 

Previously, it was possible to select for 
e ject ion, combinat ions of 1, 2, 3, 4, 5, 6, 
17, 18, 19, or 20 bunches f rom the twenty 

bunches of protons orbi t ing the machine. 
Further/no re, the select ion of a combinat ion 
cou ld only be done once per cycle, so 
that, for example, it was impossible dur ing 
one cycle to send three bunches to one 
exper iment and then three to another. It is 
these l imitat ions which have now been 
overcome. 

The pulse fed to the magnet is produced 
by d ischarg ing a line and the d ischarge 
t ime obviously varies considerably between 
the e ject ion of twenty bunches and of one 
bunch. In the old system, two separate 
lines were used: one to give a pulse length 
equivalent to the eject ion of six bunches 
and the other equivalent to twenty bun­
ches. The discharge t ime for a given l ine 
could then be shortened to some extent, 
to make it possible to select f rom 1 to 6 
and from 17 to 20 bunches. Changing f rom 
one line to the other could only be done 
manually and, as this involved going inside 
the PS tunnel , operat ion of the machine 
had to be stopped for up to 15 minutes at 
each change over. The t ime taken to 
charge the line was of the order of a 
second, so that not more than one dis­

charge to power the magnet cou ld be used 
dur ing the flat top of the PS cycle. 

The new power supply uses only one 
l ine but enables any number of bunches 
between 1 and 20 to be selected. The l ine 
provides a pulse long enough for the ejec­
t ion of al l twenty bunches and a spark-
gap between the l ine and the magnet can 
be f i red to short -c i rcui t the pulse to give 
the desired pulse length at the magnet. 
This can be p fogrammed in advance and 
any changes do not require manual inter­
vent ion. 

A fur ther improvement is that the l ine 
recharg ing t ime has been reduced to less 
than 300 ms, so that at least two pulses 
can be produced per cycle. It w i l l be 
possible to provide the hydrogen bubble 
chamber, for example, wi th at least two 
pulses per cyc le ; similarly, a large number 
of bunches per cyc le could be sent down 
the neutr ino beam line, whi le retaining a 
few bunches for another experiment. 

Another ref inement concerns improved 
contro l for reversing the magnet ic f ie ld in 
the kicker. Previously an operator was 
needed to reverse the f ield but it can now 
be done automat ical ly and programmed in 
advance. The swi tch ing t ime has been 
considerably reduced and it is possible to 
reverse the f ie ld dur ing a cycle, so that 
some of the proton bunches can be de­
f lected towards one septum magnet and, 
after reversing the f ie ld, the rest can be 
def lected to another, perhaps thus feeding 
exper iments in dif ferent exper imental 
hal ls. 

With all these possibi l i t ies now avai lable, 
the system has earned the n ickname 
'straight f lush ' . 

Measuring 
the beam radius 
When protons have a certain energy, they 
fo l low an orbi t in the magnet ic f ie ld of 
the synchrot ron, whose average radius is 
d i rect ly related to the frequency of the r.f. 
accelerat ing system. 

This relat ionship has been used at the 
proton synchrot ron to measure the average 
radius. A system of e lectronic c i rcu i ts 
ca lcu la ted the radius knowing the beam 
energy and the r.f. f requency. It has thus 
been possible to obtain readings in the 
Main Control Room of the posi t ion of the 
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The new liquéfier to supply the 81 cm 
hydrogen bubble chamber with liquid hydrogen. 

Below, two photographs taken in the experimental 
hall at Serpukhov when the CERN-Serpukhov 
experiment was being set up. 

beam in the vacuum chamber of the 
machine. The system has been in operation 
since 1961. 

The accelerat ion frequency was com­
pared wi th a reference frequency (selecting 
from six reference frequencies depending 
upon the energy range being examined). 
To achieve an accuracy of about 0.1 mm 
in the posit ion of the average radius, the 
measuring t ime was about a hundredth 
of a second. The measurement was, how­
ever, only precise at 22 GeV, and the error 
increased the further one went from this 
energy, due to the use of a f ixed measur­
ing t ime. 

In May 1968, fo l lowing a proposal by 
E. Schulte, a new method for determining 
the frequency dif ference by measuring the 
period rather than by count ing the number 
of osci l lat ions, was adopted. A prototype 
was brought into operat ion quickly to gain 
some exper ience of its performance before 
the shut down began on 27 May. 

The new method has shortened the 
measuring t ime to about a thousandth of a 
second whi le sti l l achieving the same 
accuracy and, by using a frequency syn­
thesizer, it is possible to perform accurate 
measurements at any energy above 5 GeV 
(the transit ion energy). The reduction in 
measuring t ime is part icular ly important 
because the beam can change its posit ion 
in the machine considerably in a hundreth 
of a second. 

When the machine comes back into 
operat ion in October, the measurements 
from the new system wi l l be available as 
a numerical read-out in the Main Control 
Room. 

New hydrogen liquéfier 
Up to the t ime of the PS shut down in 
May, the l iquid hydrogen used in the 81 cm 
bubble chamber was produced at a central 
l iquefying stat ion and taken to the chamber 
in dewars, f rom which it was distr ibuted 
by long transfer l ines. The losses of l iquid 
hydrogen involved on this process, as the 
l iquid was converted into gas by heat, re­
presented more than a quarter of the total 
consumpt ion and the gas had to be re­
turned to the central stat ion through a long 
underground conduit . 

Recently, a great deal of progress has 
been made in the design of l iquefiers, 



1: New beam-observation station. Twenty stations 
of this type are being installed around the 
synchrotron ring. The unit on the right remains 
virtually unchanged, but the electronic units (a 
valve pre-amplifier in the centre and a variable-
gain transistorized amplifier on the left) are new. 
The units were developed in the Proton 
Synchrotron Division and they are a considerable 
improvement on those previously used. 

2, 3: Photographs taken in the 1 m model of the 
European bubble chamber during its first run 
(see vol. 8, page 129). On the left are tracks of 
Compton electrons using a gamma source close 
to the chamber. 'Bright-field' illumination is used 

(the tracks appear black on a white background). 
The gamma source is not pulsed or synchronized 
with the bubble chamber cycle which accounts for 
the large number of parasite bubbles and tracks. 
The black regions correspond to areas of the 
chamber seen by the camera which are not 
covered by Scotchlite; the white flare is a direct 
reflection on flash illuminating the chamber. On 
the right, is a photograph taken during one of the 
first tests ever made of the use of laser beams 
in a bubble chamber. The beam crosses the 
chamber at right angles to the axis of the camera 
and the black region in the centre is due to a 
thermocouple attached to the camera lens. These 
tests are investigating the possibility of using 

crossing laser beams to fix the fiducial marks 
(the distance measuring reference points) in a 
chamber. A continuous emission argon laser 
(4880 Â) built at the Institut fur Angewandte 
Physik, Heidelberg, was used. 

and there are now machines avai lable 
that are l ighter, less bulky and easier to 
mainta in. It was dec ided in June 1967 to 
instal l one of these machines c lose to the 
81 cm chamber and this has been done 
dur ing the shut down. The init ial t r ia ls on 
the machine were sat isfactor i ly comple ted 
on 15 June and the l iquéf ier wi l l be ful ly 
operat ional when the PS is restarted in 
October. 

The advantage is threefo ld : it rel ieves 
the central l iquefying stat ion the capaci ty 
of wh ich became inadequate wi th the br ing­
ing into operat ion of the 1 metre model of 
the large European chamber (see vo l . 8, 
p. 129); there is no need for dewars, w i th 
all the handl ing involved; the l iquid hydro­
gen consumpt ion is reduced. 

The assembly 

To keep the l iquid hydrogen in the 'useful 
vo lume' of the bubble chamber at its 
operat ing temperature of about 26°K, coo l ­
ing is required to compensate for the heat 
p roduced by the movement of the piston 
and for heat t ransferred. The tem­
perature is contro l led by means of an inter­
mediate hydrogen ci rcui t , the ' jackets ' , 

sur rounding the useful volume of the 
chamber. Excess heat in the chamber is 
t ransferred to the ' jackets ' wh ich , in turn, 
pass it to an external c i rcui t connected to 
the l iquéfier. 

This external c i rcui t is c losed. The 
hydrogen l iquef ied by the machine passes 
to the exchanger of the chamber, where 
it is heated and reverts to the gaseous 
state. It then returns to the machine to be 
l iquef ied again, and so on. The operat ing 
pressure is c lose to atmospher ic. 

The f low of l iquid hydrogen is ef fected by 
gravity, and the f irst th ing that str ikes the 
eye in the bubble chamber hall is the sight 
of the l iquéf ier perched six metres above 
the ground on a pi le of concrete b locks. 

The liquéfier 

The l iquéf ier was manufactured by Phi l ips 
in the Nether lands. It is dr iven by a 45 kW 
synchronous motor and has a capaci ty of 
about 35 l i tres per hour at 20°K, repre­
sent ing an average power of 310 W. The 
overal l ef f ic iency is therefore no more 
than 7%o, but this is a normal f igure for a 
cryogenic instal lat ion. 

The l iquéf ier generates only enough 

hydrogen to keep the chamber suppl ied 
dur ing normal operat ion. Whenever a major 
f i l l ing of the chamber is needed, for 
example at the start of a per iod of oper­
at ion, the hydrogen is suppl ied, as before, 
f rom the central l iquefying stat ion. 

CODD 
It was dec ided two years ago to install a 
Closed Orbi t Ciigital Display (CODD) system 
at the proton synchrotron. Using beam-
observat ion stat ions l iberal ly d is t r ibuted 
around the machine, it makes it possible 
to observe the behaviour of the beam in 
great deta i l . It cou ld lead to almost instan­
taneous contro l of the t ra jector ies of the 
proton bunches. 

The f irst tests on the system took p lace 
in August 1967 and showed that var ious 
improvements wou ld be necessary to 
achieve the desired precis ion. It was 
dec ided to l ink the improved CODD to the 
IBM 1800 computer wh ich was instal led 
in the Main Control Room in 1967 (see 
vol. 7, page 183). 

Twenty new beam-observat ion stat ions 
(the units of one stat ion can be seen in 



Professor T.D. Lee, who is one of the visiting 
scientists working at CERN during the summer 
months, lecturing to the vacation students on 
9 August. The subject of his talk was 'Symmetry 
principles in physics'. 

the photograph) are scheduled to be put 
in p lace around the synchrotron by 1 Oc­
tober, so that CODD can be brought into 
operat ion using some of the old stat ions 
and some of the new ones. If the latter 
produce the results expected, the elec­
t ronics of the o ld stations wi l l be brought 
into l ine wi th the new ones. 

Init ial ly, CODD wil l make it possible to 
study the effects of adjustments to the 
machine controls on the orbi ts fo l lowed by 
the protons. When this has been done, 
CODD could be l inked direct ly to an auto­
matic system for c losed orbit correct ion. 
The protons could be t racked around the 
machine at the beam-observation stat ions 
and then, via CODD and the IBM 1800, any 
necessary correct ion could be calcu lated 
and appl ied. 

The new stations 

Thé electronic units which ampl i fy the 
pulses coming from the electrodes in the 
observat ion stations have been improved. 
The ampl i f iers have a gain wh ich can be 
swi tched to values from 1 to 10. The 
var iable gain makes it possible to measure 
the posi t ion of the beam precisely what­
ever its intensity. The ampl i f iers are 
transistor ized and must be protected f rom 
radiat ion. They are posi t ioned in narrow 
t renches 1.5 m under the f loor of the 
PS tunnel . 

CODD 

A main feature of CODD is that it can 
fo l low the trajectory of a given bunch of 
protons as it goes round one turn in the 
machine. In this it differs f rom the system 
already in operat ion at the Brookhaven 
synchrotron which gives the average orbi t 
of all the bunches over a large number of 
turns. 

Each stat ion has circui ts, known as 
' l inear gates' to select the pulse corre­
sponding to a part icular bunch. The 
sequent ial opening of the gates as the 
bunch goes round is contro l led by a delay 
l ine to wh ich are connected as many out­
puts as there are observat ion stat ions. A 
part icular delay line corresponds to a par­
t icu lar beam energy, wh ich l imits the 
number of energies at wh ich this type of 
measurement can be made (the number of 
delay lines available). As a further develop­
ment it may be possible to l ink the gate-
opening controls to the radio-frequency 
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system of the accelerator so that measure­
ments could be taken at all energies. 

The dif f iculty of br inging into operat ion 
a system as complex as CODD wil l be 
compensated for by the abil i ty to observe 
the behaviour of the proton beam in the 
machine in detai l never achieved before. 
A similar system is being planned for the 
Booster. 

Reinforcement 
of shielding 
The shielding covering the proton syn­
chrotron ring in the region of the internal 
targets, which supply part icles to the 
North and South experimental halls, is 
being reinforced. This precaut ion is 
needed in preparat ion for the increased 
intensity of the machine. 

The tunnel was already covered at this 
point wi th earth 2.3 m deep but this could 
not be made deeper without increasing the 
support. It was dec ided therefore to bui ld 
an addit ional roof, 2 m above the first, to 
support another 2 m of earth. Its f rame 
consists of 13 pre-stressed beams, 30 m 
long and 2 m wide coupled along their 
length cover ing a total surface area of 
750 m 2 . 

A pre-stressed assembly has been used 
because of the l imited t ime available to 
bui ld the extra roof (the four months of the 
PS shut down). This made it possible to 
prefabr icate the beams over a longer 
per iod of t ime. 

Each beam has eight sections (of wh ich 
the largest weighs four tons) cast on the 
site and assembled on a tubular steel 
plat form near the tunnel from which they 
are moved on smal l caterpi l lar t rucks. The 
eight sect ions are cemented end to end 

with a special qu ick sett ing col lo idal 
mortar, and are threaded together by 
twelve cables each consist ing of twelve 
steel wires wi th 160 k g / m m 2 breaking 
stress. They exert a pressure of 68 tons on 
the beam. The method of anchor ing the 
cables was developed by the former SB 
Division Leader Ch. Mallet, using self-
locking pins. 

Vacation students 
The annual invasion by a group of over 
a hundred students is tak ing place at 
CERN. They come from Universit ies and 
Engineering Col leges throughout Europe 
to fo l low the summer vacat ion course. 

The students have been drawn f rom a 
list of appl icants about four t imes longer 
than the list of p laces avai lable. The selec­
t ion is usually done at Divisional level on 
the basis of quest ionnaires f i l led in by the 
students and reports f rom their lecturers. 

Appl icants come from Member States and 
must have completed at least three years 
study at University level. Travel l ing ex­
penses are reimbursed and a grant of 25 
Swiss francs per day is payed for the 
durat ion of the stay at CERN. The Hous­
ing Sect ion helps to f ind accommodat ion 
and as many students as possible are 
housed in the hostels usually occupied by 
the students of the University of Geneva, 
for part of their stay. The course usually 
lasts f rom two to four months. 

Whi le at CERN, the students work d i ­
rectly wi th the groups carrying out exper i ­
ments or developing research equipment. 
They can also fo l low a series of lectures 
on the scient i f ic act ivi t ies of CERN, in­
c luding courses in physics and computer 
programming, wh ich is special ly arranged. 

178 



Industrial implications 
of large, international 
research enterprises 

CERN's mission has two parts : 

— to bui ld and operate accelerators and 
other very large high-energy physics 
faci l i t ies for the use of physic ists f rom 
all over Europe, 

— to run an ' in-house' research effort of 
the highest at tainable qual i ty accom­
panied by an advanced t ra in ing pro­
gramme at postgraduate and post­
doctora l levels for fe l lows and vis i tors. 

These two aspects — research and ser­
v ice — can come into conf l ic t , but it has 
been possible to arr ive at a reasonable 
balance, in which the Laboratory is s t rong 
and open enough to provide for many out­
s ide users, whi le mainta in ing qual i ty and 
technica l leadership through more stable 
local research and development groups. 
The programme is establ ished via a net­
work of p lanning commit tees wi th s t rong 
outs ide membership. 

CERN's mission is a cont inu ing one, not 
l ike an aircraft development pro ject wh ich 
has a wel l def ined end, after wh ich the 
staff and money can be used for other 
purposes. The operat ion of a large acceler­
ator Laboratory after the machine is bui l t 
costs more per year than it d id dur ing the 
const ruct ion phase*. 

The return for the money invested must 
be seen in the output of physics the 
laboratory permits, and in the t ra in ing that 
young scient ists receive whi le work ing 
there. Return in other forms, such as 
' fal l -out ' , must be cons idered as secondary 
and not a l lowed to stand in the way of the 
Laboratory achieving maximum eff ic iency 
in its pr imary scient i f ic mission. 

By now (1968) the number of physic ists 
using CERN has increased to about 1000 
and more than half the part ic le physics of 
Europe is thus based on one Laboratory. 
This is possible for three reasons : 

— the great capaci ty for explo i ta t ion of 
modern accelerators if proper ly de­
s igned operated and developed 

— the technical possibi l i ty of 'physics at 
a d istance' whereby vis i t ing groups are 
able to prepare exper iments and ana­
lyse the result ing data in their home 
laborator ies 

* This led to a quip from J.B. Adams that this 
was one good reason why governments should 
continue to build accelerators — it is cheaper 
than operating them. Ed. 

M.G.N. Hine 
— the fact that a high-energy proton 

accelerator is nearly a 'universal in­
strument ' for creat ing the many differ­
ent part ic les and react ions to be 
studied, and that several important 
par t ic le detectors, such as the bubble 
chamber, are also general-purpose in­
struments. 

The large Laborator ies, in their serv ice 
relat ion to the university physicist, are 
analogous to the power companies, supply­
ing high vol tage protons rather than elec­
trons. It is helpful to th ink of this analogy 
in consider ing the t iming and scale of 
capi tal equipment programmes for h igh-
energy physics, and how the equipment 
should be buil t and operated. 

Cost and scale 

Heavy investment in such general -purpose 
faci l i t ies can be seen to be quite economic 
when the cost is spread over their useful 
l i fe and the total number of exper iments 
per formed. A large accelerator wi l l take 
five to seven years to bui ld, and have a 
useful life of twenty years or more, pro­
v ided it is cont inual ly deve loped; large 
detectors wi l l take three to four years to 
bui ld and wi l l probably run for ten years. 

As orders of magnitude, the capi tal cost 
of the two CERN accelerators (the 28 GeV 
proton synchrot ron and the 600 MeV syn­
chro-cyc lot ron) is now about 180 mi l l ion 
Swiss f rancs (at present prices) and the 
general -purpose research equipment go ing 
wi th them has cost about 100 mi l l ion Swiss 
francs. These faci l i t ies now support some 
1000 user scient ists at an average capi ta l 
cost, if spread over 10 years of operat ion, 
of about 30 000 francs/year. 

Operat ing costs of the programme based 
on CERN now come to about 250 mi l l ion 
francs/year, inc luding the home costs of 
the outside users (i.e. 250 000 f rancs/year/ 
user scient ist) . The cost, if spread over 
all scient ists and engineers involved, wou ld 
be less than 200 000 francs/year, inc luding 
salaries, equipment, overheads, bui ld ings, 
power, etc. This f igure is typical of ad ­
vanced industr ial research and develop­
ment work. 

Purely national programmes are operated 
by the larger countr ies using their own 
accelerators and about 350 mi l l ion f rancs / 
year is spent in this way, suppor t ing about 
700 user scient ists. The 50 % higher cost 

An examination of the technical and industrial 
problems associated with doing pure research 
requiring large and technologically advanced 
equipment and how these problems have been 
handled at CERN. This article is taken from a 
talk given by Dr. M.G.N. Hine, Director of the 
Applied Physics Department, to the annual 
meeting, in May, of the European Industrial 
Research Managers Association (El RM A) at 
Scheveningen, Netherlands. 

per head shows the advantages of scale 
wh ich CERN permits. 

One can ask, in view of these facts, in 
what sense high-energy physics is a 'Big 
Sc ience ' . It does imply the construct ion of 
a few large faci l i t ies on the scale of a 
medium-sized factory whose cost, if pro­
perly prorated, is not, however, large. The 
indiv idual physic ist st i l l works in fair ly 
smal l g r o u p s ^ w i t h individual pieces of 
equipment wh ich are not very dif ferent in 
size or cost f rom those of an advanced 
worker in say b io logy or metal lurgy. The 
physic ist himself does have to become 
competent in a w ide range of advanced 
technolog ies and to learn to deal wi th 
industry. He also has to accept the d isc i ­
pl ine of p lanning his work careful ly in ad ­
vance and of compet ing with his fe l lows 
for running t ime on the accelerator. H igh-
energy physics does not tie together large 
numbers of researchers on a single exper i ­
ment or on a plan of research laid down 
f rom outside, nor does it require large 
amounts of new capital equipment, l ike 
rockets, for each exper iment. 

A l though the cost is large by past s tand­
ards and is highly concentrated and v is ib le 
to the publ ic , it should be remembered 
that it is only a small part of sc ience 
budgets in a broad sense. For example, 
in the USA, high-energy physics costs only 
about 3 % of the civi l ian space pro­
gramme, less than 1 0 % of b iomedica l 
research, about 30 % of atmosphere and 
water research and sl ight ly less than the 
cost of US Government scient i f ic and tech­
nical informat ion services. In Europe, 
h igh-energy physics is also an insigni f icant 
f ract ion (about 2 % ) of the total research 
and development expendi ture and it uses 
considerably less than that f ract ion of the 
universi ty- t rained manpower. This is not 
to say that the cost is tr ivial or should not 
be examined cr i t ical ly, but the f igures do 
have some impor tance in consider ing the 
inf luence on industry wh ich cou ld be 
expected f rom the high-energy physics 
programme, compared wi th , for example, 
what the ful l US research and development 
p rogramme is said to have produced on 
the Amer ican economy. 

Design and construction of equipment 

The large c l iente le and the long life 
of accelerators have some immediate 
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consequences on the way in wh ich they 
are speci f ied and built : 

— they have to be able to run intensively 
and rel iably for many years f rom the 
start 

— they have to be adaptable to new uses 
in ways not foreseen in any detai l at 
the beg inn ing; usually they have to 
have a major 'refit ' once dur ing their 
l i fet ime as wel l as a series of minor 
improvements 

— their size and planned per formance 
wi l l often be an order of magni tude 
greater than anything buil t before, and 
yet they must 'work f irst t ime' 

— there can be no prototypes or tr ial 
launchings. 

As a result, they must be designed and 
const ruc ted conservatively, and wi th in , if 
at the l imit of, current industr ial techno­
logy or at least wi th all innovations studied 
and tested in detai l beforehand. 

This k ind of dar ing speci f icat ion wi th 
conservat ive construct ion cal ls for a bu i ld ­
ing group of physicists and engineers 
work ing indist inguishably together th rough­
out the design and bui ld ing phase. In the 
operat ional per iod, in addi t ion to the 24 
hour /day shift teams, a s imi lar group is 
needed to plan and execute all the chan­
ges and improvements expected dur ing the 
work ing life of the machine. There is there­
fore a natural development f rom the pro­
ject 's const ruct ion group into a combined 
operat ing and development organizat ion 
large enough to contain most of the neces­
sary professional ski l ls. 

Large general -purpose instruments l ike 
bubble chambers have to be handled in 
the same way, though if not too big they 
can be buil t in other Laborator ies and 
brought to the accelerator to run. Other 
smal ler s tandard equipment, such as f i lm-
measur ing machines or fast e lect ronics, 
can be developed in prototype form in one 
of the large Laborator ies and then bui l t in 
series in industry for sale to universi ty 
users. 

These requirements, and the inter­
nat ional nature of CERN, also inf luence 
the organizat ion of work and the admin is­
trat ive procedures for deal ing wi th in­
dustry. 

For the reasons given above, the de­
ta i led design has to be made by the 
pro ject staff. In consequence, ful l spec i f i ­

cat ions can be wr i t ten for components to 
be purchased by compet i t ive tender ing, as 
in fact the CERN f inancial rules demand. 
Part icular ly for the more convent ional types 
of equipment, even if one type of design 
is suggested in the speci f icat ion, f i rms are 
encouraged to suggest other designs if 
they th ink fit. 

Development work on new techniques 
has to be done before the f inal pro ject 
design is crystal l ized, and, where industry 
is involved, the studies must be carr ied 
out jo int ly wi th CERN so that the results 
are ful ly understood and avai lable for 
general use in invit ing tenders for the 
f inal equipment. 

In effect, CERN normal ly acts as if it 
were its own 'pr ime contractor ' , wi th in­
dustry supply ing components on sub­
contract . The responsibi l i ty for the success 
of the pro ject then rests squarely on the 
shoulders of the project leader and his 
group, wh ich can be staffed and organized 
to carry it. 

This decentra l ized organizat ion of de­
velopment and engineer ing in separate 
pro ject groups carr ies some risks, par t i ­
cular ly of dupl icat ion of effort and of 
di f f icul t ies ar is ing from rapid bui ld-up of 
staff; it is bel ieved that these are out­
we ighed by the better personal contacts 
around each job and greater f lexibi l i ty in 
adjust ing programmes to changing cir­
cumstances. CERN tr ies to be a scient i f ic 
inst i tute forced to operate on an industr ial 
scale, not an industr ial establ ishment pro­
duc ing sc ience. In pract ice it has not 
worked out at all badly: the or ig inal CERN 
accelerators were buil t wi th in the sched­
uled t ime and wi th only a small (10-20%) 
cost increase above the est imates. Exper i ­
ence wi th other large projects, in par t i ­
cular the Intersect ing Storage Rings, in 
wh ich PERT contro l is now standard prac­
t ice, indicates equal ly good or better per­
formance in these respects. 

The system of order ing project com­
ponents indiv idual ly al lows a wide cho ice 
of f i rms, ei ther smal l , medium or large 
depending on the part icular job. Very 
often the best offers have been made by 
medium-sized f i rms. These are usually the 
easiest to co l laborate wi th s ince the 
management wi l l take a personal interest 
in the success of the work, and, very 
important, one can most easily get d i rect 

co l laborat ion wi th the design and pro­
duct ion engineers. 

The cho ice of f i rms is almost always 
made by ful l compet i t ive tender ing, if 
possible among European f i rms, but w i th ­
out exc lud ing non-member States, i.e. the 
USA, if s igni f icant advantage in per­
formance, del ivery or pr ice can be ob­
ta ined. CERN has never had a system of 
a l locat ing a quota of contracts to dif ferent 
Member States, such as is pract ised in 
some other organizat ions. CERN's pr imary 
mission is a l ready a str ingent one. High-
energy physics research is dif f icult , inter­
nat ional co l laborat ion is di f f icul t — doing 
both wel l and wi th in p lanned long-term 
budgets, when so much of the Laboratory 's 
programme is st rongly inf luenced by the 
many outs ide users, is only possible if 
the Laboratory has f i rst-class staff who 
are free to aim for the best and cheapest 
solut ions. A pol icy of a pr ior i d istr ibut ion 
of contracts wou ld add a quite inconsistent 
extra mission wh ich cou ld only encourage 
double standards and nat ional ist ic tenden­
cies in the Organizat ion, and certainly lead 
to reduced success at considerable in­
creases in cost. 

Personnel 

A wide range of sk i l led personnel is 
needed for the pro ject and development 
work, mainly in the f ie lds of e lec t romecha­
nical engineer ing, e lectronics, computer 
sc ience and general appl ied physics. Con­
st ruct ion of large pro jects and their future 
development is a long-term activity, and 
needs exper ienced staff wi l l ing to pursue 
this k ind of work on a long-term basis. 
Smal l pro jects and general development 
work can be handled wi th a higher pro­
port ion of young or short- term workers, 
who need not even be staff members of 
the Laboratory. A recent survey showed 
that there were about 300 academic level : 
appl ied physic ists, engineers, etc. on the 
CERN staff, inc lud ing 70 involved in com­
puter p rogramming. In addi t ion there were 
some 15 fe l lows and 80 visi tors, staying 
typ ical ly between one and two years at 
CERN for the same type of work. 

Staff members are recrui ted from other 
h igh-energy physics laborator ies, univer­
sit ies, techn ica l high schools and from in­
dustry. Older staff do not come frequent ly 
f rom industry, part ly because CERN 
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salar ies are kept in some relat ion wi th 
academic scales and are not at t ract ive for 
a wel l establ ished engineer in many 
countr ies. Fellows and visi tors tend to 
come from sister laborator ies or univer­
si t ies, though there is no bar to industry. 
However, industry has not in general 
seemed interested to detach scient ists to 
work at CERN when it has been suggested 
in the past. 

A l though they were good at the start of 
CERN, connect ions wi th technica l high 
schools have not been buil t up in the 
same way as they have been wi th univer­
sity physics departments. However, a 
fe l lowship programme for app l ied phy­
sic ists is now being buil t up, wh ich should 
in t ime strengthen ties wi th techn ica l high 
schools and simi lar inst i tut ions. 

Results from CERN 

CERN must, in the end, be judged on 
whether it has succeeded in its pr imary 
mission of enabl ing part ic le physics in 
Europe to be maintained at wor ld level. 
The return to the Member States appears 
in the contr ibut ion that CERN makes as 
part of their whole system of h igher edu­
cat ion and research. 

As an indicat ion of how CERN is v iewed 
f rom the outside, many US off ic ial docu ­
ments now treat CERN as the equivalent 
of the best Amer ican Laborator ies, and 
European planning of h igh-energy physics 
through CERN is referred to, in Europe 
and in the USA, as a model for sc ient i f ic 
co l laborat ion in other f ie lds. 

Interest in the possible secondary 
effects of CERN and of h igh-energy phy­
sics general ly has increased recently, wi th 
the growth of the cost and the proposal 
for the 300 GeV Laboratory. These effects 
can be descr ibed under three headings : 

— f inancia l return in the form of con­
t racts 

— use and training of manpower 
— technica l advances and ' fal lout ' . 

The f irst point seems in real i ty to be the 
least important, if only because the total 
amounts involved are smal l . Any specia l 
impor tance of CERN contracts lies in 
their technica l interest rather than in the 
possib le f inancial profi t , a l though it may 
be a helpful feature of the present system 
that contracts tend to go to countr ies 

where industry is temporar i ly work ing 
below capaci ty. 

The main facts on engineer ing and 
appl ied physics manpower at CERN have 
been descr ibed above. Their effects on 
the outs ide wor ld fal l into three classes : 

— the at t ract ion of valuable people away 
from other possibly more important 
f ields 

— the t ra in ing of younger workers at 
CERN for short stays 

— the development of more senior people 
who cou ld go to university chairs or 
industr ial research laborator ies. 

The f irst effect is very smal l ; even re­
cent ly dur ing the bui ld-up of the ISR and 
other pro ject groups, the net intake has 
been about 40-50 academic level staff per 
year. The turn-around of short- term v is i ­
tors, etc. (about 100 per year) is qui te a 
cons iderable f ract ion of those work ing in 
the Laboratory and this cou ld be more 
or iented towards people coming f rom in­
dustry if the demand existed, but the 
number cou ld not be much increased w i th ­
out creat ing a heavy load on the longer-
term staff and the project groups wh ich 
have to look after the visitors and provide 
opportuni t ies for useful work. 

The possibi l i ty of more exper ienced and 
o lder staff leaving CERN depends essent i ­
al ly on the outside demand and the in­
terest of the jobs offered : CERN does not 
keep people by paying salaries wh ich in­
dustry or technica l universit ies cou ld not 
easily match if they wished, and CERN 
long-term contracts do not offer tenure in 
the academic sense. However, such people 
when in their fort ies are often wel l 
establ ished, wi th chi ldren at school , and a 
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move means chang ing country, not just 
chang ing jobs. It does not seem that many 
people have received interest ing offers 
f rom outs ide, and the number leaving has 
been smal l , though not zero. 

Technica l ' fa l lout ' has been produced 
ei ther in industry, when a contract in­
volved develop ing a new mater ial or 
process, or f rom work in the CERN Labo­
ratory itself. Besides sometimes requir ing 
qui te new ideas, CERN's work has in many 
cases impl ied pushing exist ing techniques 
to new l imits, or int roducing them in f i rms 
not already using them. 

CERN pol icy on patents and technica l 
know-how has been a imed at help ing the 
spread of knowledge or of technique so 
created. CERN does not take out patents 
on its work ; rather, its pol icy is to publ ish 
such results so as to make them freely 
avai lable to industry anywhere, and it 
requires that ideas worked out in co l labo­
rat ion wi th industry wi l l be simi lar ly put in 
the publ ic domain . 

A list showing where CERN has itself 
p roduced, s t imulated or spread more 
widely techno log ica l advances which cou ld 
be of general interest wou ld inc lude : 
— the development of very low carbon 

steel and precis ion stamping techniques 
for mak ing e lectromagnets, wh ich have 
later been app l ied by industry in the 
manufacture of generators and t rans­
formers 

— high-qual i ty insulat ion for water -coo led 
coi ls 

— r.f. ampl i f iers at 200 MHz of 2-5 MW 
peak power 

— large ferr i te assembl ies 

— mater ials, components and we ld ing 
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techniques for large ul t ra-high vacuum 
systems 

— ul t ra-high vacuum pumps going down 
to 1CT13 torr 

— air -pad t ransport devices 
— large-scale precis ion survey and metro­

logy (CERN has probably the most 
advanced laboratory in Europe in this 
f ield) 

— geotechnica l studies involving large-
scale ground stabi l i ty measurements 
and load tests 

— economica l mult ip lex contro l and indi ­
cat ion systems 

— components and surfaces for handl ing 
very high vol tages and f ie lds in vacuo 

— high- intensi ty proton ion sources 

— extremely stable regulat ion (about 
2.10~5) for Van de Graaff generators 

— very stable contro l led d.c. suppl ies in 
the MW range of power, using semi­
conductor rect i f iers 

— high-power pulse generators for tens 
or hundreds of ki lovolts and pulse 
lengths of nanoseconds or micro­
seconds 

— large components made f rom loaded 
or re inforced epoxy resins 

— dose measur ing instruments for h igh-
energy radiat ion 

— modular e lectronics for nanosecond 
pulses : s tandard ranges of scalers, 
d iscr iminators etc. 

— on- l ine data processing using very 
large mul t iprogramming computers 

— prec is ion f i lm-measur ing machinery, 
using mechanical and cathode ray tube 
scanning 

— cryogenic systems for l iquid hydrogen 
and hel ium, involving turb ine refr iger­
ators 

— very large vacuum-t ight opt ica l w indows 
to run at l iquid hydrogen temperatures 

— the development of large superconduct ­
ing magnets, inc luding solenoids and 
quadrupoles. 

It is di f f icul t to assess the importance of 
th is work for the technical development of 
European industry. In some f ields — the 
use of large computers, ul t ra-high vacuum 
systems, superconduct ing magnets, pre­
c is ion survey, very fast e lectronics, for 
example — CERN is possibly one of the 
earl iest or most important users in Europe, 

but, as ment ioned earl ier, the total amount 
of money involved is very small compared 
wi th that in aerospace or nuclear energy 
projects. 

Prospects for the future 

The future of high-energy physics in 
Europe is being cr i t ical ly examined by 
Governments at this t ime, part ly because 
of the proposed 300 GeV accelerator 
project , but part ly for more general 
reasons. On the one hand, it is agreed 
that h igh-energy physics is an important 
fundamental subject , one of the few con ­
cerned wi th those basic facts and laws 
of nature wh ich underl ie all branches of 
sc ience, in wh ich Europe, through CERN, 
is at wor ld level, and that CERN is an 
example of very successful internat ional 
co l laborat ion. On the other hand, there 
are fears that it has in some ways been 
too successfu l , tak ing money and talent 
away f rom other branches of sc ience or 
industry wh ich are said, by compar ison, 
to be under-suppor ted. 

A l though in such discussions the cost 
and scale of h igh-energy physics tends to 
be exaggerated, it is clear that its recent 
rapid growth, part icular ly in scient i f ic per­
sonnel , cannot and should not be main­
ta ined far into the future, now that the 
subject is wel l re-establ ished in Europe. 
For this reason, the long-term plans pro­
duced last year by the European Com­
mittee for Future Accelerators assumed 
an overal l personnel growth-rate of only 
a few percent per annum. 

Even so, it was clear that a new inter­
nat ional Laboratory would be needed after 
1975, when the CERN machines wou ld be 
nearly 20 years o ld , and there was com­
plete agreement that a new accelerator 
of about 300 GeV energy was required. 
Such a machine, wi th energy twelve t imes 
that of the present CERN proton synchro­
t ron, sounds a very large project. In fact, 
by apply ing the knowledge and exper ience 
gained since 1960, it has been possible to 
make a much more economical design, so 
that the cost of the machine is only about 
six t imes that of the CERN machine, 
spread over eight years, wi th the same 
annual budget as at CERN-Meyrin now. 

A professional scient i f ic and engineer­
ing staff of about 150 wi l l be needed in 

the const ruct ion group. At the start of the 
Laboratory, there wi l l be a higher pro­
port ion of convent ional engineer ing than 
at CERN now, s ince it is the construct ion 
of exper imenta l equipment wh ich needs 
the widest range of technologies. The 
300 GeV accelerator w i l l , approximately, 
double the scale of international h igh-
energy physics equipment bui ld ing over the 
next ten years, but this should not in any 
way exceed the technica l capaci ty of Eu­
rope, to judge f rom surveys recently made 
by CERN. 

If its coming into use is accompanied 
by some transfer of research from CERN-
Meyrin the scient i f ic effort involved wi th 
the internat ional Laborator ies in 1980 wi l l 
be l i t t le larger than the total European 
programme at present. Further growth in 
overal l numbers of scient ists, wh ich from 
now on, is not expected to be large, can 
be suppor ted by some replacement of 
exist ing nat ional accelerators, wh ich wi l l 
in any case be out of date by then. The 
300 GeV accelerator is the essential key 
item in any future plan for European h igh-
energy physics, s ince it alone can give 
the qual i tat ive improvement in technique 
needed, and ul t imately replace the aging 
CERN faci l i t ies ; on the other hand its 
const ruct ion is qui te consistent wi th any 
l ikely pol icy for future growth in scient i f ic 
manpower work ing in the f ie ld and does 
not over-commit European sources. Its 
absence wi l l cause a repet i t ion of the s i tu­
at ion in 1950, when the capaci ty of Europe 
in this f ie ld was suddenly reduced to 
ins igni f icance by the start up of the large 
US accelerators. 

How are the techniques of high-energy 
physics go ing to develop in the next 
decade? It is a sober ing thought that 
almost none of the present-day standard 
exper imental techniques were known or in 
use when the Laboratory was designed. 
This may not happen to such an extent a 
second t ime, but one can certainly hope 
for new ideas for detect ing and measur ing 
elementary part ic les to be evolved or 
brought into general use. 

Data-taking rates wi th the new acceler­
ators wi l l increase by 2-3 orders of 
magni tude, wi th cor responding demands 
on fast e lect ron ics and on data-handl ing 
systems. Comput ing load in all the major 
Laborator ies has increased steadi ly by a 
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Superconductivity 
Summer Study 

f a c t o r o f t w o p e r y e a r s i n c e a b o u t 1960 

a n d C E R N n o w h a s o n e o f t h e l a r g e s t i n ­

s t a l l a t i o n s in E u r o p e . C u r r e n t f o r e c a s t s d o 

n o t p r e d i c t s o f a s t a g r o w t h - r a t e in t h e 

f u t u r e , b u t a t l e a s t a f a c t o r o f t e n i n c r e a s e 

in c a p a c i t y is n e e d e d b y 1 9 7 3 - 4 a n d it is 

c l e a r t h a t h i g h - e n e r g y p h y s i c s is o n e o f 

t h e f i e l d s in w h i c h t h e p o t e n t i a l d e m a n d 

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

d u s t r y t o s u p p l y e q u i p m e n t , a n d w h i c h in 

t h e p a s t h a v e b e e n t h e s t i m u l u s f o r t h e 

p r o d u c t i o n o f t h e l a r g e s t m a c h i n e s . 

S u p e r c o n d u c t i n g m a g n e t s a r e a l r e a d y 

b e i n g u s e d in i n d i v i d u a l e x p e r i m e n t s a t 

C E R N , a n d if t h e t e c h n i q u e c o n t i n u e s t o 

d e v e l o p , a w i d e s p r e a d u s e c a n b e f o r e ­

s e e n in t e n y e a r s ' t i m e . It is i n t e r e s t i n g t o 

n o t e t h a t , a t t h e m o m e n t , h i g h - e n e r g y 

p h y s i c s is a b o u t t h e o n l y f i e l d o f a p p l i ­

c a t i o n o f l a r g e s u p e r c o n d u c t i n g d e v i c e s , 

a n d m u c h o f t h e d e v e l o p m e n t o f e x p e r i ­

e n c e in E u r o p e a n i n d u s t r y in t h i s f i e l d w i l l 

p r o b a b l y b e v i a m a g n e t s f o r C E R N a n d 

t h e o t h e r h i g h - e n e r g y r e s e a r c h L a b o ­

r a t o r i e s . 

In t h i s f r a m e w o r k , t h e M e y r i n L a b o r a t o r y 

w i l l c e a s e t o b e t h e c e n t r e o f E u r o p e a n 

h i g h - e n e r g y r e s e a r c h b y a b o u t 1980 , a n d 

a p o l i c y f o r i ts l o n g - t e r m f u t u r e m u s t b e 

a g r e e d in t h e e a r l y 1970s if t h i s c h a n g e 

o f r o l e is t o b e h a n d l e d s m o o t h l y . In 

g e n e r a l , i t c o u l d b e e x p e c t e d t h a t t h e i m ­

p o r t a n c e o f t e c h n i c a l w o r k a t C E R N w i l l 

i n c r e a s e , u n l e s s o f c o u r s e t h e L a b o r a t o r y 

w e r e c l o s e d d o w n c o m p l e t e l y , w h i c h is 

n o t a n u n t h i n k a b l e h y p o t h e s i s g i v e n a d e ­

q u a t e a d v a n c e w a r n i n g . O t h e r w i s e , i t 

c o u l d b e u s e d p a r t l y a s a c o l l a b o r a t i v e 

c e n t r e f o r b u i l d i n g e q u i p m e n t a n d p r e p a r ­

i n g e x p e r i m e n t s t o b e r u n a t t h e 3 0 0 G e V 

L a b o r a t o r y , a s w e l l a s m a i n t a i n i n g s o m e 

s p e c i a l i z e d f i r s t r a n k r e s e a r c h w o r k , f o r 

e x a m p l e w i t h t h e ISR. It c o u l d a l s o b e 

g i v e n a t t h a t t i m e a d i f f e r e n t k i n d o f 

m i s s i o n in a w i d e r f i e l d o f s c i e n c e o r in 

a s s o c i a t e d t e c h n o l o g i e s . If s o , it w o u l d b e 

v e r y i m p o r t a n t t o e s t a b l i s h t h e r i g h t a c a ­

d e m i c a n d i n d u s t r i a l e n v i r o n m e n t , s i n c e 

t h e r e is j u s t a s m u c h d a n g e r in e s t a b l i s h ­

i n g a n i v o r y t o w e r in a p p l i e d s c i e n c e a s in 

p u r e p h y s i c s . 

T h e s e a r e q u e s t i o n s w h i c h w i l l h a v e t o 

b e d e b a t e d v e r y t h o r o u g h l y in t h e c o m i n g 

y e a r s if C E R N is t o h a v e a c o n t i n u i n g 

e x i s t e n c e w i t h a n y t h i n g l i k e t h e s u c c e s s 

it h a s h a d u n t i l n o w . 

For six weeks in June and July, experts from 
research centres and industry pooled their ideas 
and announced the progress of their research on 
superconductivity at a Summer Study organized 
at Brookhaven. This article summarizes the 
background and brings out some of the topics 
which excited most attention during the Study. 

F r o m 10 J u n e t o 19 J u l y , t h e ' 1968 B r o o k -

h a v e n S u m m e r S t u d y o n S u p e r c o n d u c t i n g 

D e v i c e s a n d A c c e l e r a t o r s ' d r e w s o m e 2 0 0 

p e o p l e t o t h e B r o o k h a v e n N a t i o n a l L a b o ­

r a t o r y . T h e y c a m e p r e d o m i n e n t l y f r o m 

a c c e l e r a t o r L a b o r a t o r i e s t h r o u g h o u t t h e 

U S A a n d E u r o p e a n d f r o m J a p a n . ( C E R N 

p a r t i c i p a n t s w e r e A . A s n e r , P h . B e r n a r d , 

B. d e R a a d , D. G o r l é , D. L e r o y , B. L a n g e -

s e t h , P. L a z e y r a s , M . M o r p u r g o , L. R e s e -

g o t t i , J . S c h m i d a n d F. W i t t g e n s t e i n . ) 

T h e r e w a s a l s o e x t e n s i v e p a r t i c i p a t i o n 

f r o m i n d u s t r y w h i c h is g a i n i n g m u c h o f i t s 

e a r l y e x p e r i e n c e in t h i s f i e l d w o r k i n g in 

a s s o c i a t i o n w i t h a c c e l e r a t o r L a b o r a t o r i e s . 

S o m e o f t h e s p e a k e r s f r o m i n d u s t r y m a d e 

m a j o r c o n t r i b u t i o n s . T h e S u m m e r S t u d y 

w a s o r g a n i z e d b y a g r o u p f r o m B r o o k ­

h a v e n l e d b y J .P . B l e w e t t a n d i n c l u d i n g 

H. H a h n , A . P a s k i n , A . G . P r o d e l l a n d W . B . 

S a m p s o n . 

A c c e l e r a t o r L a b o r a t o r i e s h a v e a n o b ­

v i o u s i n t e r e s t in t h e p r o g r e s s o f t h e 

a t t e m p t t o b r i n g t h e p h e n o m e n o n o f s u p e r ­

c o n d u c t i v i t y u n d e r c o m p l e t e c o n t r o l . M a g ­

n e t s a r e a n e s s e n t i a l c o m p o n e n t o f a l l t h e 

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

m e n t a r y p a r t i c l e s — e s s e n t i a l in g u i d i n g 

t h e m d u r i n g a c c e l e r a t i o n a n d t r a n s f e r a n d 

in m e a s u r i n g t h e i r m o m e n t a . S u p e r ­

c o n d u c t i n g m a g n e t s t o p r o d u c e h i g h e r 

f i e l d s c a n b e e x p e c t e d t o h a v e a g r e a t 

i m p a c t o n t h i s r e s e a r c h e s p e c i a l l y if t h e s e 

h i g h e r f i e l d s c a n b e g a i n e d a t l e s s c o s t 

t h a n c o n v e n t i o n a l m a g n e t s . In a d d i t i o n , 

s u p e r c o n d u c t i n g r a d i o - f r e q u e n c y c a v i t i e s 

w h i c h h a v e v e r y s m a l l p o w e r l o s s e s a r e 

a v e r y i m p o r t a n t a p p l i c a t i o n f o r t h e a c ­

c e l e r a t i o n o f p a r t i c l e s . 

Main features of 
progress so far 
S u p e r c o n d u c t i v i t y w a s d i s c o v e r e d s o m e 

f i f t y y e a r s a g o w h e n it w a s f o u n d t h a t 

c e r t a i n m e t a l s b e c o m e p e r f e c t c o n d u c t o r s 

a t t e m p e r a t u r e s n e a r a b s o l u t e z e r o . ( In 

p r a c t i c e , i t is c o n v e n i e n t t o o p e r a t e s u p e r ­

c o n d u c t o r s i m m e r s e d in l i q u i d h e l i u m a t 

4 . 2 ° K , a n d t h u s a d v a n c e s in s u p e r c o n d u c ­

t i v i t y h a v e b e e n c l o s e l y t i e d t o a d v a n c e s 

i n c r y o g e n i c e n g i n e e r i n g . ) T h i s m e a n s 

t h a t a t v e r y l o w t e m p e r a t u r e t h e e l e c t r i c a l 

r e s i s t a n c e o f t h e m e t a l s d i s a p p e a r s , t h e r e 

is t h e n n o p o w e r l o s s in t h e c o n d u c t o r . 

E a r l y e f f o r t s t o m a k e u s e o f s u p e r ­

c o n d u c t i v i t y u s i n g s o - c a l l e d C l a s s I s u p e r ­

c o n d u c t o r s s u c h a s m e r c u r y a n d l e a d , 

f a i l e d b e c a u s e it w a s f o u n d t h a t t h e p r o ­

p e r t y d i s a p p e a r s in m a g n e t i c f i e l d s o f a 

f e w k i l o g a u s s . In 1 9 6 1 , h o w e v e r , i n t e r e s t 

g r e w a g a i n w i t h t h e d i s c o v e r y o f s u p e r ­

c o n d u c t i n g a l l o y s ( C l a s s II s u p e r c o n d u c ­

t o r s ) w h i c h r e t a i n t h e i r p r o p e r t i e s u n ­

d i s t u r b e d b y h i g h m a g n e t i c f i e l d s w h i l e 

c a r r y i n g h i g h c u r r e n t s . F o r e x a m p l e , n i o ­

b i u m - t i n re ta ins * i t s p r o p e r t i e s in f i e l d s o f 

u p t o a b o u t 2 0 0 k G . T w o o t h e r a l l o y s a r e 

n i o b i u m - z i r c o n i u m a n d n i o b i u m - t i t a n i u m 

w h i c h h a v e a c r i t i c a l f i e l d o f 80 t o 9 0 k G . 

F u r t h e r p r o b l e m s t h e n a r o s e w h i c h a r e 

s t i l l n o t c o m p l e t e l y c l e a r e d . A b o v e c e r t a i n 

v a l u e s o f c u r r e n t d e n s i t y a n d m a g n e t i c 

f i e l d t h e a l l o y s a r e u n s t a b l e w h e n w o u n d 

in c o i l s — it a p p e a r s t h a t d i s c o n t i n u o u s 

p e n e t r a t i o n o f f l u x i n t o t h e s u p e r c o n d u c t o r 

w h e n t h e r e a r e f i e l d c h a n g e s c r e a t e s l o c a l 

p u l s e s o f h e a t w h i c h d e s t r o y t h e s u p e r ­

c o n d u c t i v i t y . T o o v e r c o m e t h i s e f f e c t a 

' s t a b i l i z e r ' c a n b e a d d e d in f a b r i c a t i n g 

s u p e r c o n d u c t i n g s t r i p , s o t h a t t h e s t r i p is 

b u i l t u p , f o r e x a m p l e , o f t h i n f i l a m e n t s o f 

t h e a l l o y e m b e d d e d in a c o n d u c t o r s u c h 

a s c o p p e r w h i c h p r o v i d e s a n a l t e r n a t i v e 

p a t h f o r t h e c u r r e n t w h e n a t e m p o r a r y l o s s 

o f s u p e r c o n d u c t i v i t y a r i s e s . It r e q u i r e s a n 

a m o u n t o f s t a b i l i z e r m a n y t i m e s t h e 

a m o u n t o f t h e s u p e r c o n d u c t o r a n d t h e 

s t r i p is c a l l e d a c o m p o s i t e c o n d u c t o r . 

D e s p i t e t h e s e d i f f i c u l t i e s , t h e e f f o r t t o 

m a s t e r t h e p r o d u c t i o n a n d u s e o f s u p e r ­

c o n d u c t o r s is o b v i o u s l y w o r t h w h i l e w h e n 

o n e c o n s i d e r s t h e e n o r m o u s a m o u n t o f 

p o w e r c o n s u m e d in e l e c t r i c a l i n s t a l l a t i o n s . 

S u p e r c o n d u c t o r s c o u l d r e d u c e t h i s t o n e a r 

z e r o a n d t h o u g h p o w e r is n e e d e d in t h e 

r e f r i g e r a t i o n p l a n t t h e r e is a g r e a t o v e r a l l 

s a v i n g . In a d d i t i o n t o t h e i r s p e c i a l i z e d u s e s 

in a c c e l e r a t o r L a b o r a t o r i e s , s u p e r c o n d u c ­

t o r s c o u l d p r o f i t a b l y b e u s e d , f o r e x a m p l e , 

in t h e c o n s t r u c t i o n o f t r a n s f o r m e r s , m o t o r s , 

g e n e r a t o r s a n d t r a n s m i s s i o n l i n e s . 

H o w e v e r , a l o t o f s p a d e w o r k o n t h e 

f u n d a m e n t a l p r o p e r t i e s o f s u p e r c o n d u c t o r s 

is p r o v i n g n e c e s s a r y b e f o r e a n y l a r g e -

s c a l e a p p l i c a t i o n c a n o p e n u p . 

Projects at accelerator 
Laboratories 
W e w i l l n o w c o n s i d e r a p p l i c a t i o n s o f 

s u p e r c o n d u c t i v i t y a t t h e a c c e l e r a t o r 
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L a b o r a t o r i e s in m o r e d e t a i l , s e l e c t i n g s o m e 

e x a m p l e s o f c u r r e n t p r o j e c t s . In t h e s e 

p a r a g r a p h s w e i n d i c a t e w h e r e t h e i n t e r e s t 

l i e s a n d n o t w h e r e t h e d i f f i c u l t i e s l i e . 

Bubble chamber magnets : 

M a g n e t i c f i e l d s a p p l i e d a c r o s s t h e l i q u i d 

v o l u m e o f b u b b l e c h a m b e r s p r o d u c e t h e 

c u r v a t u r e o f c h a r g e d p a r t i c l e t r a c k s f r o m 

w h i c h t h e m o m e n t u m o f t h e p a r t i c l e s is 

d e d u c e d . H i g h e r f i e l d s i m p r o v e t h e a c c u ­

r a c y o f t h e s e m e a s u r e m e n t s a n d h e n c e 

t h e i n t e r e s t i n s u p e r c o n d u c t i n g m a g n e t s . 

T h e f i r s t a p p l i c a t i o n w a s a t A r g o n n e 

w h e r e a 25 c m d i a m e t e r , 35 c m l o n g , 

h e l i u m c h a m b e r w a s b r o u g h t i n t o o p e r ­

a t i o n in M a r c h 1966 . T h e s u p e r c o n d u c t i n g 

m a g n e t p r o d u c e s a f i e l d o f 41 k G in t h e 

c h a m b e r a n d is e s t i m a t e d t o s a v e u p t o 

5 M W o f p o w e r c o m p a r e d w i t h a n e q u i ­

v a l e n t c o n v e n t i o n a l m a g n e t . A r g o n n e a l s o 

h a s u n d e r c o n s t r u c t i o n a 3.7 m h y d r o g e n 

c h a m b e r w i t h a s u p e r c o n d u c t i n g m a g n e t 

t o p r o d u c e 2 0 k G . T h e m a g n e t is s c h e d ­

u l e d f o r t e s t i n g t o w a r d s t h e e n d o f t h i s 

y e a r a n d w i l l s a v e o v e r a m i l l i o n S w i s s 

f r a n c s a y e a r in e l e c t r i c i t y c o s t s c o m p a r e d 

w i t h a n e q u i v a l e n t c o n v e n t i o n a l m a g n e t . 

C o n s t r u c t i o n o f t h e l a r g e E u r o p e a n 

b u b b l e c h a m b e r w h i c h is n o w u n d e r w a y 

a t C E R N i n v o l v e s a s u p e r c o n d u c t i n g 

m a g n e t t o p r o d u c e a f i e l d o f 35 k G ( s e e 

v o l . 7, p a g e 4 3 ) . B r o o k h a v e n a n d t h e 

R u t h e r f o r d L a b o r a t o r y ( v o l . 8, p a g e 109) 

a l s o h a v e l a r g e b u b b l e c h a m b e r p r o j e c t s , 

n o t y e t f u n d e d , w h i c h i n v o l v e s u p e r ­

c o n d u c t i n g m a g n e t s a n d B r o o k h a v e n h a v e 

b u i l t a 2 1 0 c m m o d e l w i t h a s u p e r c o n d u c t ­

i n g m a g n e t t o g i v e 30 k G . T h i s m a g n e t is 

n o w r e a d y f o r t e s t i n g . 

Polarized targets : 

P o l a r i z e d p r o t o n t a r g e t s i n v o l v e t h e u s e 

o f m a g n e t i c f i e l d s t o p u l l t h e s p i n s o f t h e 

p r o t o n s i n t o l i n e . T h e s p i n n i n g p r o t o n a c t s 

l i k e a t i n y b a r m a g n e t w h i c h t h e a p p l i e d 

f i e l d p o i n t s in a p a r t i c u l a r d i r e c t i o n . T h e 

h i g h e r t h e f i e l d t h e h i g h e r t h e p o l a r i z a t i o n 

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

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

v a b l y m a k e it p o s s i b l e t o d i s p e n s e w i t h 

t h e e l a b o r a t e t e c h n i q u e s w h i c h - a r e 

n e c e s s a r y a t p r e s e n t t o a c h i e v e h i g h 

p o l a r i z a t i o n ( v o l . 7, p a g e 28) . T h e y c a n 

a l s o h a v e a d v a n t a g e s in a l l o w i n g m o r e 

s p a c e a r o u n d t h e t a r g e t f o r p a r t i c l e s t o 

p a s s . 

S u p e r c o n d u c t i n g m a g n e t s h a v e b e e n 

u s e d i n p o l a r i z e d t a r g e t s f o r e x a m p l e 

a t t h e C a m b r i d g e E l e c t r o n A c c e l e r a t o r 

L a b o r a t o r y a n d a t S a c l a y ( in a t a r g e t 

u s e d in a n e x p e r i m e n t a t C E R N — s e e 

v o l . 8, p a g e 154 ) . 

Beam transport : 

B e a m t r a n s p o r t s y s t e m s t o g u i d e c h a r g e d 

p a r t i c l e s f r o m p l a c e t o p l a c e , i n v o l v e t h e 

u s e o f t w o t y p e s o f m a g n e t — b e n d i n g 

m a g n e t s , w h i c h c h a n g e t h e d i r e c t i o n o f a 

Faces from the Summer Study 

Left: W.B. Sampson, one of the organizers of the 
Study, who leads the work on pulsed 
superconducting magnets at Brookhaven. 

Below: Left to right — M. Morpurgo (CERN) who 
spoke on forced cooling of magnets ; A. Asner 
(CERN) who spoke on the CERN superconducting 
quadrupole; J.M. Ray roux (Oerlikon 
Engineering Co) who spoke on experimental 
a.c. studies; W. Bergmann (Argonne). 

b e a m a n d s e r v e t o s e l e c t p a r t i c l e s o f a 

p a r t i c u l a r m o m e n t u m , a n d q u a d r u p o l e 

m a g n e t s , w h i c h k e e p t h e b e a m w e l l f o ­

c u s e d . W i t h t h e h i g h e r f i e l d s o f s u p e r ­

c o n d u c t i n g m a g n e t s , b e a m t r a n s p o r t s y s ­

t e m s c o u l d b e m o r e c o m p a c t l i b e r a t i n g 

s p a c e in t h e o v e r c r o w d e d e x p e r i m e n t a l 

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

f u l f o r h a n d l i n g s h o r t - l i v e d p a r t i c l e s . 

B r o o k h a v e n h a v e # a l r e a d y b u i l t s e v e r a l 

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

c o m p a c t d e s i g n u s i n g n i o b i u m - t i n t a p e , 

a n d h a v e a c h i e v e d f i e l d g r a d i e n t s o f 

a r o u n d 8 k G / c m . C E R N h a v e a q u a d r u p o l e 

u n d e r c o n s t r u c t i o n w h i c h is 70 c m l o n g 

w i t h a n a p e r t u r e 10 c m in d i a m e t e r ( v o l . 8, 

p a g e 24 ) . R u t h e r f o r d L a b o r a t o r y h a v e a 

l a r g e s u p e r c o n d u c t i n g b e n d i n g m a g n e t 

u n d e r c o n s t r u c t i o n . It is 140 c m l o n g w i t h 

a d i a m e t e r o f 14 c m a n d a f i e l d o f 4 0 k G 

a n d is s c h e d u l e d f o r c o m p l e t i o n a t t h e 

e n d o f t h i s y e a r . 

Linacs : 

L i n e a r a c c e l e r a t o r c a v i t i e s a r e c u r r e n t l y 

c o n s t r u c t e d w i t h c o p p e r i n n e r s u r f a c e s t o 

k e e p t h e r a d i o - f r e q u e n c y p o w e r d i s s i p a t e d 

in t h e c a v i t y , d u e t o t h e e l e c t r i c a l r e ­

s i s t a n c e o f t h e s e s u r f a c e s , w i t h i n r e a s o n ­

a b l e b o u n d s . N e v e r t h e l e s s , r.f. p o w e r c o n ­

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

r e s t r i c t i n g t h e o p e r a t i o n o f l i n a c s t o s h o r t 

p u l s e s a t l o w r e p e t i t i o n r a t e s . If a s u p e r ­

c o n d u c t i n g m a t e r i a l c o u l d b e u s e d t o c o a t 

t h e l i n a c s u r f a c e s t h e r e w o u l d b e a 

d r a m a t i c s a v i n g in r.f. p o w e r , p e r h a p s b y 

a f a c t o r o f 1 0 5 , a n d c o n t i n u o u s o r n e a r 

c o n t i n u o u s o p e r a t i o n w o u l d b e f e a s i b l e . 

T h e s e p o s s i b i l i t i e s h a v e b e e n c o n s i d e r e d 

f o r e x a m p l e a t t h e R u t h e r f o r d L a b o r a t o r y 

s i x y e a r s a g o a n d r e c e n t l y a t K a r l s r u h e f o r 
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Right: H.A. Schwettman, Chairman of the first 
week of the Study, one of the leaders of the 
superconducting electron linear accelerator 
project at Stanford University. 

Below: Left to right — /. Weissman (Varian 
Associates) who spoke on the fabrication of solid 
niobium cavities; D. Leroy and D. Gorlé (CERN). 

p r o t o n l i n a c s , a n d a t S t a n f o r d f o r e l e c t r o n 

l i n a c s w h e r e f u l l - s c a l e e x p e r i m e n t a l w o r k 

is i n p r o g r e s s w h i c h w i l l l e a d t o t h e c o n ­

s t r u c t i o n o f a l i n a c 150 m l o n g . 

A n o t h e r r.f. d e v i c e w h i c h c o u l d b e n e f i t 

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

t o s a v e p o w e r is t h e r a d i o - f r e q u e n c y 

s e p a r a t o r ( v o l . 7, p a g e 125) . S o m e w o r k o n 

t h i s is u n d e r w a y a t B r o o k h a v e n a n d 

R u t h e r f o r d . 

Synchrotrons : 

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

n e t i c f i e l d s u s i n g s u p e r c o n d u c t i n g m a g n e t s 

i n t r o d u c e s t h e p o s s i b i l i t y o f b u i l d i n g 

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

c u l a r e n e r g i e s . T h i s h a s b e e n c o n s i d e r e d 

f o r e x a m p l e a t R u t h e r f o r d , w h e r e a 4 0 

G e V c o n v e r s i o n o f t h e e x i s t i n g 7 G e V 

N i m r o d w a s t e n t a t i v e l y w o r k e d o u t , a t 

B r o o k h a v e n a n d o t h e r L a b o r a t o r i e s w h e r e 

v a r i o u s a s p e c t s o f t h e p r o b l e m o f p u l s i n g 

a s u p e r c o n d u c t i n g m a g n e t is r e c e i v i n g 

a t t e n t i o n . 

Some topics 
from the Summer Study 
T h e h i g h l i g h t s o f t h e f i r s t w e e k , w h i c h w a s 

d e v o t e d t o s u p e r c o n d u c t i n g r.f. c a v i t i e s 

a n d l i n a c s a n d c h a i r e d b y H.A. S c h w e t t -

m a n n ( S t a n f o r d U n i v e r s i t y ) , w e r e t h e r e ­

p o r t s f r o m S t a n f o r d o n t h e p r o g r e s s o f 

t h e i r s u p e r c o n d u c t i n g e l e c t r o n l i n a c p r o ­

j e c t . T h e g r o u p u n d e r W . M . F a i r b a n k a n d 

S c h w e t t m a n n a r e f u l l o f e n t h u s i a s m a n d 

c o n f i d e n c e , a n d h a v e a l r e a d y o b t a i n e d 

r e m a r k a b l e e x p e r i m e n t a l r e s u l t s o n n i o ­

b i u m c a v i t i e s c o o l e d w i t h s u p e r f l u i d h e l i u m 

( f o r e x a m p l e , a n X - b a n d c a v i t y w i t h Q = 

5 X 1 0 1 0 ) . 

S i n c e w e h o p e t o g i v e a f a i r l y d e t a i l e d 

a c c o u n t o f t h e S t a n f o r d p r o j e c t in t h e n e a r 

f u t u r e w e w i l l n o t g o i n t o m o r e d e t a i l h e r e . 

T h e s e c o n d w e e k w a s d e v o t e d t o c r y o ­

g e n i c s u n d e r t h e c h a i r m a n s h i p o f T .R . 

S t r o b r i d g e ( N a t i o n a l B u r e a u o f S t a n d a r d s ) . 

R e f r i g e r a t i o n t e c h n i q u e s , c r y o s t a t d e s i g n , 

a n d s a f e t y a s p e c t s a l l s e e m w e l l u n d e r 

c o n t r o l . F i r m s in t h e U S A a n d in E u r o p e 

a r e c o m p e t i t i v e in t h i s f i e l d b o t h in t e r m s 

o f t h e i r t e c h n i c a l k n o w - h o w a n d t h e c o s t 

o f t h e i r e q u i p m e n t . 

T h e e f f i c i e n c y o f r e f r i g e r a t i o n h a s b e e n 

d e v e l o p e d t o t h e s t a g e w h e r e 5 0 0 W o f 

r e f r i g e r a t i o n c a p a c i t y is n e e d e d t o e x t r a c t 

1 W o f h e a t a t l i q u i d h e l i u m t e m p e r a t u r e s 

f o r l a r g e s y s t e m s w h i l e f o r s m a l l e r s y s t e m s 

t o d e a l w i t h u p t o 10 W t h e u s u a l f i g u r e 

is 1 k W f o r 1 W . 

M o r e w o r k is n e e d e d t o f i l l i n t h e 

f i g u r e s o n h e a t - t r a n s f e r f o r s u p e r f l u i d 

m a t e r i a l s a n d n o - o n e h a s y e t t a c k l e d t h e 

p r o b l e m o f p i p i n g l i q u i d h e l i u m , f o r 

e x a m p l e , t o a s e r i e s o f m a g n e t s d i s t r i ­

b u t e d t h r o u g h o u t a l a r g e e x p e r i m e n t a l 

a r e a , t h o u g h a c r y o g e n i c s y s t e m 150 m 

l o n g w i l l b e p r o d u c e d f o r t h e S t a n f o r d 

l i n a c u s i n g s u p e r f l u i d h e l i u m . 

S u p e r c o n d u c t i n g m a t e r i a l s w a s t h e t o p i c 

o f t h e t h i r d w e e k u n d e r t h e c h a i r m a n s h i p 

o f A . P a s k i n ( B r o o k h a v e n ) . T w o a l l o y s n o w 

s e e m t o b e in t h e c o m m a n d i n g p o s i t i o n : 

n i o b i u m - t i t a n i u m f o r f i e l d s l e v e l s u p t o 

5 0 k G ( n i o b i u m - z i r c o n i u m h a s p r o v e d 

m o r e d i f f i c u l t t o b u i l d i n t o c o m p o s i t e c o n ­

d u c t o r s ) , n i o b i u m - t i n f o r f i e l d s l e v e l s o v e r 

50 k G ( n i o b i u m - t i n is g e n e r a l l y a v o i d e d f o r 

l o w e r f i e l d s b e c a u s e i t is b r i t t l e a n d c a n ­

n o t b e d r a w n i n t o w i r e s ) . 

f 

T h e f o u r t h w e e k w a s d e v o t e d t o a .c . 

e f f e c t s a n d f l u x p u m p s u n d e r t h e c h a i r ­

m a n s h i p o f S .L . W i p f ( A t o m i c s I n t e r ­

n a t i o n a l ) . H e r e b e g a n t h e i m p o r t a n t d i s ­

c u s s i o n s o n t h e p r o b l e m s o f p u l s i n g 

s u p e r c o n d u c t i n g m a g n e t s a n d o n t h e i r i n ­

s t a b i l i t i e s in t h i s r e g i m e w h i c h a r e s t i l l n o t 

c o m p l e t e l y u n d e r s t o o d . H. H a r t f r o m 

G e n e r a l E l e c t r i c g a v e a n e x c e l l e n t r e v i e w 

o f t h e i n s t a b i l i t y p r o b l e m . 

W h e n e v e r t h e c u r r e n t is c h a n g e d in a 

s u p e r c o n d u c t o r t h e r e is a l o s s o f e n e r g y . 

It b e h a v e s a s if t h e f l u x , n o r m a l l y e x ­

c l u d e d f r o m t h e s u p e r c o n d u c t o r , p e n e t r a t e s 

t h e c o n d u c t o r c a u s i n g l o c a l h e a t i n g w h i c h 

d e s t r o y s t h e s u p e r c o n d u c t i n g p r o p e r t y . 

T h i s c a n b e r e c o v e r e d b y m e a n s o f t h e 

s t a b i l i z e r b u t t h e r e is a n e n e r g y l o s s p e r 

c y c l e , l i k e a h y s t e r i s i s l o s s , w h i c h d e p e n d s 

u p o n t h e m a g n i t u d e o f t h e c h a n g e in f i e l d 

b u t n o t u p o n t h e c u r r e n t l e v e l s a t w h i c h 

t h e c h a n g e o c c u r s . T o r e m o v e t h e h e a t 

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

t h e n r e q u i r e s e x t e n s i v e r e f r i g e r a t i o n p l a n t . 

I n d i c a t i o n s t h a t t h i s p r o b l e m m a y b e 

s o l v e d c a m e i n t h e f i f t h w e e k , d e v o t e d t o 

s u p e r c o n d u c t i n g m a g n e t s u n d e r t h e c h a i r -
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J.P. Bleweit from Brookhaven (left) who led the 
organization of the Summer Study, in 
conversation with B. de Raad, head of the beam 
transfer section of the ISR Division at CERN. 

(Photos Brookhaven) 

m a n s h i p o f W . B . S a m p s o n ( B r o o k h a v e n ) . 

P.F. S m i t h f r o m t h e R u t h e r f o r d L a b o r a t o r y 

g a v e a p a p e r w h i c h e x c i t e d a g r e a t d e a l 

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

o r i e n t a t e r e s e a r c h p r o g r a m m e s in m a n y 

L a b o r a t o r i e s . H i s t e a m ( i n c l u d i n g M . N . 

W i l s o n , C.R. W a l t e r s a n d J . D . L e w i n ) h a s 

s u c c e e d e d in p r o d u c i n g c o n d u c t o r s w h i c h 

a r e i n t r i n s i c a l l y s t a b l e . 

T h e o r e t i c a l w o r k o n t h i s p r o b l e m ( p a r ­

t i c u l a r l y b y R. H a n c o x o f C u l h a m L a b o ­

r a t o r y ) l e d t o t h e d e v e l o p m e n t a f e w y e a r s 

a g o o f m o d e l s f o r t h e e l e c t r i c a l a n d t h e r ­

m a l p r o c e s s e s w h i c h o c c u r d u r i n g a ' f l u x 

j u m p ' . S o m e r e m a r k a b l y s i m p l e c r i t e r i a 

e m e r g e d i n d i c a t i n g t h a t f l u x - j u m p i n g 

s h o u l d n o t o c c u r if t h e s u p e r c o n d u c t i n g 

w i r e s a r e l e s s t h a n a b o u t 0 .005 c m in d i a ­

m e t e r ( a b o u t a f a c t o r o f t e n d o w n o n t h e 

s i z e u s u a l l y u s e d a t p r e s e n t ) . R e l i a b l e w a y s 

o f m a n u f a c t u r i n g s u c h f i l a m e n t s b e c a m e 

a v a i l a b l e in 1967 p r o v i d e d t h e f i l a m e n t s 

a r e e m b e d d e d i n a n o r m a l m e t a l . 

A f u r t h e r s t e p h a s t o b e t a k e n , if t h e 

m a g n e t s a r e t o b e p u l s e d , t o c o m b a t c u r ­

r e n t l o o p s b e t w e e n p a r a l l e l s u p e r c o n d u c t ­

i n g f i l a m e n t s e m b e d d e d in a m e t a l . It 

s h o u l d b e p o s s i b l e t o s u p p r e s s t h e s e b y 

t w i s t i n g t h e c o m p o s i t e c o n d u c t o r a n d f o r ­

m u l a s f o r t h e n e c e s s a r y p i t c h o f t h e t w i s t 

h a v e b e e n w o r k e d o u t . U s i n g a h i g h e r r e ­

s i s t a n c e m e t a l i n s t e a d o f t h e u s u a l c o p p e r 

b r i n g s t h e p i t c h t o m a n a g e a b l e v a l u e s 

( a r o u n d 5 c m , f o r e x a m p l e ) . 

T e s t s o n a s e r i e s o f s a m p l e s p r o d u c e d 

b y I m p e r i a l M e t a l I n d u s t r i e s a p p l y i n g 

t h e s e i d e a s h a v e b e e n in p r o g r e s s a t 

R u t h e r f o r d f o r s i x m o n t h s a n d t h e e a r l y 

r e s u l t s a r e in g o o d a g r e e m e n t w i t h t h e 

t h e o r y . N o b i g c o i l s h a v e y e t b e e n b u i l t 

b u t f o r s m a l l c o i l s , u s i n g a c o m p o s i t e 

c o n d u c t o r 0.05 c m a c r o s s w i t h 0 .005 c m 

f i l a m e n t s e m b e d d e d in c o p p e r , 120 A 

a t 5 0 k G h a s b e e n t y p i c a l l y a c h i e v e d 

c o r r e s p o n d i n g t o a c u r r e n t d e n s i t y o f 

4 0 0 0 0 A / c m 2 . T h i s w o r k p r o m i s e s t h a t i n 

t h e n o t t o o d i s t a n t f u t u r e it w i l l b e p o s s i b l e 

t o p r o d u c e s t a b l e c o i l s m u c h m o r e c o m ­

p a c t t h a n t h o s e in u s e a t p r e s e n t a n d t o 

c o n q u e r t h e p r o b l e m s o f p u l s i n g s u p e r ­

c o n d u c t i n g m a g n e t s . 

T h e w e e k o n s u p e r c o n d u c t i n g m a g n e t s 

s h o w e d t h a t t h e a p p r o a c h t o d e s i g n a t 

p r e s e n t v a r i e s w i t h s i z e . F o r t h e l a r g e 

m a g n e t s t o b e u s e d w i t h b u b b l e c h a m b e r s , 

t h e s t o r e d e n e r g y c a n r e a c h 100 M J a n d 

t h e c o n s e q u e n c e s o f a s u d d e n r e l e a s e o f 

s u c h a n e n e r g y c o u l d b e c a t a s t r o p h i c , t h e 

m o r e s o in t h e p r e s e n c e o f a l a r g e v o l u m e 

o f l i q u i d h y d r o g e n . D e s i g n e r s a r e u n d e r ­

s t a n d a b l y c o n s e r v a t i v e . T h e m a g n e t s a r e 

b u i l t ' f u l l y s t a b i l i z e d ' , s o t h a t t h e c o p p e r 

c a n t a k e t h e t o t a l c u r r e n t if t r o u b l e d e ­

v e l o p s w i t h t h e s u p e r c o n d u c t o r , a n d c u r ­

r e n t d e n s i t i e s a r e k e p t c o m p a r a t i v e l y l o w 

( a b o u t 25 A / m m 2 ) . W i t h t h e s m a l l e r m a g ­

n e t s , q u a d r u p o l e s a n d b e n d i n g m a g n e t s , 

d e s i g n s a r e m o r e a d v e n t u r o u s . 

M . M o r p u r g o r e p o r t e d t h e w o r k a t 

C E R N o n f o r c e d c o o l i n g o f s u p e r c o n d u c t ­

i n g c o i l s . C o i l s a r e n o r m a l l y o p e r a t e d 

i m m e r s e d in a b a t h o f l i q u i d h e l i u m b u t if 

i t p r o v e d p o s s i b l e t o w i n d c o i l s f r o m a 

h o l l o w c o n d u c t o r t h r o u g h w h i c h h e l i u m 

w a s c i r c u l a t e d , m o r e e v e n l y d i s t r i b u t e d 

c o o l i n g w o u l d b e a c h i e v e d , a m o r e c o m ­

p a c t c o i l c o u l d b e b u i l t u s i n g a m u c h s i m ­

p l i f i e d c r y o s t a t , a n d t h e n e c e s s a r y a m o u n t 

o f h e l i u m w o u l d b e r e d u c e d . S u c h a s y s t e m 

h a s b e e n b u i l t a n d t e s t e d a n d t h e r e s u l t s 

l o o k p r o m i s i n g e s p e c i a l l y f o r t h e c o o l i n g 

o f l a r g e c o i l s ( s e e y e l l o w r e p o r t C E R N 

68 -17 ) . 

T h e f i n a l w e e k c o n s i d e r e d a c c e l e r a t o r s 

a n d s t o r a g e r i n g s u s i n g s u p e r c o n d u c t i n g 

o r c r y o g e n i c m a g n e t s a n d w a s c h a i r e d b y 

J . P . B l e w e t t ( B r o o k h a v e n ) . It c o v e r e d t h e 

m o s t e x c i t i n g p o s s i b l e u s e o f s u p e r ­

c o n d u c t i n g m a g n e t s in a c c e l e r a t o r t e c h n o -

l o g y , t h o u g h a t p r e s e n t it is r a t h e r l i k e 

d e s i g n i n g a h o u s e w i t h o u t h a v i n g d e m o n ­

s t r a t e d c o n v i n c i n g l y t h a t o n e c a n p r o d u c e 

r e l i a b l e b r i c k s . H o w e v e r , t h e w o r k a t 

R u t h e r f o r d m e a n s t h a t t h e k n o w l e d g e is 

n o w a v a i l a b l e t o d e s i g n a n d m a n u f a c t u r e a 

s u p e r c o n d u c t o r o f s u f f i c i e n t l y l o w a .c . l o s s . 

A n i n t e r e s t i n g c o m p a r i s o n w a s d r a w n 

b e t w e e n t h e u s e o f s u p e r c o n d u c t i n g s y n ­

c h r o t r o n m a g n e t s a s d i s c u s s e d b y P.F. 

S m i t h ( R u t h e r f o r d ) , M . G r e e n ( B e r k e l e y ) 

a n d W . B . S a m p s o n ( B r o o k h a v e n ) , a n d 

c r y o g e n i c s y n c h r o t r o n m a g n e t s , w h i c h a r e 

n o t s u p e r c o n d u c t i n g . G .T . D a n b y o f B r o o k ­

h a v e n d e s c r i b e d s o m e w o r k o n c r y o g e n i c 

m a g n e t s u s i n g v e r y p u r e a l u m i n i u m c o n ­

d u c t o r c o o l e d t o t e m p e r a t u r e s b e t w e e n 10 

a n d 3 0 ° K . T h i s r e d u c e s t h e e l e c t r i c a l r e ­

s i s t a n c e o f t h e c o n d u c t o r b y a f a c t o r o f 

o v e r a t h o u s a n d a n d t h e a d v a n t a g e o f 

s u c h a m a g n e t is t h a t i t r e q u i r e s l e s s 

r e f r i g e r a t i o n e q u i p m e n t c o m p a r e d w i t h a 

s u p e r c o n d u c t i n g m a g n e t . F o r t h e f i r s t c r y o ­

g e n i c m a g n e t p r o d u c e d a t B r o o k h a v e n t h e 

p r i c e o f t h e v e r y p u r e a l u m i n i u m w a s h i g h 

( $ 2 0 0 p e r lb ) b u t l a r g e - s c a l e p r o d u c t i o n 

c o u l d r e d u c e t h i s t o a r o u n d $ 1 5 p e r l b . 

A t e n t a t i v e c o s t c o m p a r i s o n h a s b e e n 

m a d e a t B r o o k h a v e n b e t w e e n a s y n c h r o ­

t r o n r i n g w i t h c r y o g e n i c m a g n e t s t o p r o ­

d u c e a f i e l d o f 4 0 k G , a n d w i t h s u p e r ­

c o n d u c t i n g m a g n e t s t o p r o d u c e 60 k G . 

T h e c o s t s c a m e o u t c o m p a r a b l e . 

T w o o t h e r p a p e r s w o r t h p i c k i n g o u t f r o m 

t h e f i n a l w e e k w e r e o n e b y H. B r e c h n a 

( S t a n f o r d L i n e a r A c c e l e r a t o r C e n t r e ) w h o 

s t r e s s e d t h e n e e d f o r e x t e n s i v e i n v e s ­

t i g a t i o n s o f r a d i a t i o n e f f e c t s o n s u p e r ­

c o n d u c t i n g m a t e r i a l s , a n d o n e b y G . d e l 

C a s t i l l o ( A r g o n n e ) w h o i l l u s t r a t e d s o m e o f 

t h e p r o b l e m s in m e a s u r i n g a n d p o s i t i o n i n g 

s u p e r c o n d u c t i n g m a g n e t s . 

T h e S u m m e r S t u d y w a s a g r e a t s u c c e s s . 

T h e i n f o r m a l a t m o s p h e r e o f t h e d i s c u s s i o n s 

h e l p e d t o e n s u r e a v e r y o p e n p r e s e n t a t i o n 

o f t h e p r e s e n t ' s t a t e o f t h e a r t ' . It w a s 

g e n e r a l l y a g r e e d t h a t , d e s p i t e t h e u n ­

k n o w n s w h i c h s t i l l e x i s t , s u p e r c o n d u c t i n g 

m a g n e t s a n d r a d i o - f r e q u e n c y d e v i c e s w i l l 

c o m e m o r e a n d m o r e i n t o p r a c t i c a l u s e . 

A l s o , w i t h i n t h e f o r e s e e a b l e f u t u r e , m a j o r 

a p p l i c a t i o n s o f s u p e r c o n d u c t i v i t y c a n b e 

e x p e c t e d t o o p e n u p in o t h e r f i e l d s . 
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Education of children of CERN staff 
This article presents the background and main 
conclusions of a survey, carried out by the 
Welfare Section in collaboration with the Staff 
Association, on the education of the children of 
CERN staff. A report entitled 'Enquête sur la 
scolarisation des enfants des fonctionnaires du 
CERN; Problèmes d'intégration européenne', 
which gives the detailed results of the survey, 
has been published this month and is available 
on request from the Welfare Section. 

It is o b v i o u s t h a t t h e b r i n g i n g t o g e t h e r a t 

C E R N o f p e o p l e f r o m t h i r t e e n E u r o p e a n 

c o u n t r i e s i n t r o d u c e s s p e c i a l p r o b l e m s f o r 

t h e e d u c a t i o n o f t h e i r c h i l d r e n . T h e C E R N 

c o m m u n i t y is o n e o f t h e f i r s t e x a m p l e s o f 

i t s k i n d , c a l l i n g f o r ' m o b i l i t y ' o f p e o p l e 

f r o m o n e E u r o p e a n c o u n t r y t o a n o t h e r . 

F o r s o m e o f i ts s t a f f it is a l s o d e f i n i t e 

p o l i c y t h a t t h i s m o b i l i t y s h a l l n o t b e in o n e 

d i r e c t i o n o n l y — t h a t t h e s e t t i n g u p o f a 

' c e n t r e o f e x c e l l e n c e ' s h a l l n o t d r a i n 

n a t i o n a l c e n t r e s o f t h e i r h i g h l y q u a l i f i e d 

p e r s o n n e l — b u t t h a t t h e s e s t a f f s h a l l 

r e t u r n t o t h e i r h o m e c o u n t r i e s a f t e r c o m ­

p a r a t i v e l y b r i e f s t a y s a t C E R N . E d u c a t i o n a l 

s y s t e m s , h o w e v e r , a r e n o t y e t g e a r e d t o 

c o p e w i t h t h i s m o b i l i t y , a n d p r o b l e m s c o n ­

n e c t e d w i t h t h e e d u c a t i o n o f t h e c h i l d r e n 

o f p e o p l e w o r k i n g a t C E R N h a v e c o m e t o 

t h e f o r e m o r e a n d m o r e in r e c e n t y e a r s . 

C o n s i d e r i n g t h e e d u c a t i o n a l p o s s i b i l i t i e s 

i n t h e e n v i r o n m e n t o f t h e L a b o r a t o r y , o n l y 

c h i l d r e n w h o a r e F r e n c h - s p e a k i n g o r 

E n g l i s h - s p e a k i n g h a v e a c c e s s t o f u l l - t i m e 

e d u c a t i o n in t h e i r m o t h e r t o n g u e . T h i s , in 

i t se l f , n e e d n o t b e a n i m p o s s i b l e d r a w ­

b a c k . F a r m o r e s e r i o u s is t h e g r e a t 

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

g r a m m e s in E u r o p e a n d t h e a t t e n d a n t 

f a c t t h a t q u a l i f i c a t i o n s d o n o t c a r r y o v e r 

f r o m o n e c o u n t r y t o a n o t h e r . 

O n l y F r e n c h , S w i s s a n d E n g l i s h c h i l d r e n 

h a v e t h e o p p o r t u n i t y t o s t u d y f o r t h e i r 

n a t i o n a l q u a l i f i c a t i o n s . A l l o t h e r s h a v e n o 

l e g a l g u a r a n t e e o f a c c e s s t o t h e U n i v e r ­

s i t i e s in t h e i r h o m e c o u n t r i e s w i t h t h e 

q u a l i f i c a t i o n s t h a t t h e y c a n o b t a i n l o c a l l y . 

A d d e d t o t h i s , G e n e v a U n i v e r s i t y , l i k e t h e 

U n i v e r s i t i e s in m o s t o t h e r c o u n t r i e s , d o e s 

n o t o p e n t h e d o o r s o f a l l i t s F a c u l t i e s t o 

f o r e i g n s t u d e n t s . T h u s c h i l d r e n o f C E R N 

s t a f f c a n f i n d t h e m s e l v e s in t h e p r e d i c a ­

m e n t w h e r e t h e i r q u a l i f i c a t i o n s e n t i t l e t h e m 

t o f u r t h e r e d u c a t i o n n e i t h e r in t h e c o u n t r y 

in w h i c h t h e y l i v e n o r in t h e c o u n t r y f r o m 

w h i c h t h e y c a m e . E v e n if t h e y d o a c h i e v e 

f u l l p r o f e s s i o n a l q u a l i f i c a t i o n s , t h e y m a y 

s t i l l b e w i t h o u t t h e l e g a l r i g h t t o p r a c t i c e 

t h e i r p r o f e s s i o n in a n y c o u n t r y . 

F o r p e o p l e w i t h c h i l d r e n o f s c h o o l a g e , 

t h e p r e v a i l i n g s i t u a t i o n w i t h r e g a r d t o 

e d u c a t i o n in E u r o p e is a b a r t o t h e m o b i l i t y 

w h i c h is e s s e n t i a l f o r a c e n t r e l i k e C E R N . 

H i g h l y q u a l i f i e d p e o p l e a r e n e e d e d t o 

m e e t t h e s p e c i a l i z e d n e e d s o f t h e L a b o ­

r a t o r y a n d t h e i r a s p i r a t i o n s f o r t h e i r 

c h i l d r e n a r e h i g h . It is n o t s u r p r i s i n g t h e r e ­

f o r e t h a t t h e p r o b l e m s o f e d u c a t i o n h a v e 

b e e n o f d e e p c o n c e r n t o p e o p l e w o r k i n g 

a t C E R N . 

H o w e v e r , t h e s e p r o b l e m s h a v e u s u a l l y 

b e e n e x p r e s s e d o n t h e b a s i s o f p e r s o n a l 

e x p e r i e n c e a n d b e f o r e a n y s e n s i b l e p r o ­

g r a m m e o f a c t i o n c o u l d b e p u t f o r w a r d , i t 

w a s i m p o r t a n t t o h a v e a b r o a d a n d o b ­

j e c t i v e a s s e s s m e n t o f t h e n e e d s o f t h e 

s t a f f a s a w h o l e . T o t h i s e n d , a n ' E n q u i r y 

c o n c e r n i n g s c h o o l i n g q u e s t i o n s ' w a s 

o r g a n i z e d b y t h e W e l f a r e S e c t i o n a n d t h e 

S t a f f A s s o c i a t i o n a t t h e b e g i n n i n g o f 1967 . 

T h e s u r v e y a i m e d t o f i n d o u t h o w C E R N 

s t a f f w e r e c o n f r o n t i n g t h e p r o b l e m s o f 

e d u c a t i n g t h e i r c h i l d r e n , w h a t f a c t o r s t h e y 

r e g a r d e d a s m o s t i m p o r t a n t , a n d h o w w e l l 

t h e e x i s t i n g o p p o r t u n i t i e s w e r e m e e t i n g 

t h e i r n e e d s . A q u e s t i o n n a i r e w a s s e n t t o 

t h e 1075 m e m b e r s o f t h e s t a f f w o r k i n g a t 

C E R N a t t h a t t i m e w h o h a d c h i l d r e n b e ­

t w e e n 3 a n d 19 y e a r s o l d , a n d 752 c o m ­

p l e t e d q u e s t i o n n a i r e s w e r e r e t u r n e d . T h i s 

h i g h p a r t i c i p a t i o n ( 7 0 % ) m a d e t h e r e s u l t s 

o f t h e s u r v e y v a l u a b l e a s b e i n g t r u l y r e ­

p r e s e n t a t i v e o f t h e s t a f f a s a w h o l e a n d 

a l s o c o n f i r m e d t h a t t h e s t a f f a t t a c h e s 

g r e a t i m p o r t a n c e t o t h e s e q u e s t i o n s . 

A v e r y t h o r o u g h a n a l y s i s o f t h e r e p l i e s 

h a s b e e n c a r r i e d o u t , a n d t h e f i n a l r e p o r t 

h a s b e e n p u b l i s h e d in F r e n c h w i t h t h e 

t i t l e ' E n q u ê t e s u r la s c o l a r i s a t i o n d e s e n ­

f a n t s d e f o n c t i o n n a i r e s d u C E R N ; P r o ­

b l è m e s d ' i n t é g r a t i o n e u r o p é e n n e ' b y M m e 

L. G o l d s c h m i d t - C l e r m o n t . T h e r e a r e t w o 

v o l u m e s — V o l u m e 1 : C o m m e n t a i r e ; V o ­

l u m e 2 : T a b l e a u x . 

A s m a y b e d e d u c e d f r o m t h e s u b - t i t l e 

o f t h e r e p o r t , t h e s c o p e o f t h e s u r v e y w a s 

e n l a r g e d in t h e a n a l y s i s t o c o m m e n t , u s i n g 

t h e C E R N c o m m u n i t y a s a n e x a m p l e , u p o n 

t h e e d u c a t i o n a l p r o b l e m s w h i c h c o m e in 

t h e w a k e o f E u r o p e a n i n t e g r a t i o n . T h e 

s i t u a t i o n c o n f r o n t i n g C E R N s t a f f a t t h e 

m o m e n t m a y b e e x p e c t e d t o c o n f r o n t m a n y 

m o r e g r o u p s o f p e o p l e in t h e y e a r s t o 

c o m e . 

Conclusions from 
the survey 
T h e s u r v e y r e v e a l e d a r e m a r k a b l e d e g r e e 

o f a g r e e m e n t a m o n g t h e t h i r t e e n n a t i o n ­

a l i t i e s r e p r e s e n t e d a t C E R N a s t o w h a t 

t h e m a i n o b j e c t i v e s in t h e e d u c a t i o n o f 

c h i l d r e n o f m o b i l e p a r e n t s s h o u l d b e . 

It e m e r g e d t h a t t h e s e o b j e c t i v e s w e r e in 

l i n e w i t h w h a t c o u l d b e e x p e c t e d in t h e 

p e r s p e c t i v e o f m o b i l i t y , w i t h t h e m a i n 

e m p h a s i s o n e q u i p i n g t h e c h i l d r e n t o m e e t 

c h a n g e ( s o l i d g r o u n d i n g , t r a i n i n g f o r i n ­

d i v i d u a l w o r k , c o m m a n d o f l a n g u a g e s a n d 

s o o n ) . 

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

e n t h e a d i n g s — e d u c a t i o n a l , f a m i l y , s o c i a l 

a n d i n t e r n a t i o n a l a s p e c t s . 

Educational aspects : 

P r e d o m i n a n t i m p o r t a n c e w a s g i v e n t o 

t h e n e e d f o r t h e c h i l d r e n t o a c q u i r e a 

s o l i d g r o u n d i n g a n d t r a i n i n g f o r i n d i ­

v i d u a l w o r k . 

S i m i l a r i m p o r t a n c e w a s g i v e n t o t h e 

n e e d t o m a s t e r m o d e r n l a n g u a g e s , a n d 

t o p e d a g o g i c a l f a c t o r s ( s u c h a s t h e 

n u m b e r o f c h i l d r e n p e r c l a s s ) w h i c h 

i n f l u e n c e t h e q u a l i t y o f t h e e d u c a t i o n 

t h a t t h e c h i l d r e n r e c e i v e . 

Family aspects : 

T h e p a r e n t s w i s h t o b e i n v o l v e d d i r e c t l y 

i n t h e e d u c a t i o n o f t h e i r c h i l d r e n a n d 

a t t a c h p r e d o m i n a n t i m p o r t a n c e t o t h e 

n e e d t o r e t a i n t h e c h i l d r e n w i t h i n t h e 

f a m i l y c i r c l e w h e r e t h e p a r e n t s c a n m a k e 

t h i s d i r e c t c o n t r i b u t i o n . 

Social aspects : 

T w o t o p i c s r e c e i v e d s t r o n g s u p p o r t 

u n d e r t h i s h e a d i n g — o n e , t h a t t h e r e 

s h o u l d b e e q u a l i t y o f a c c e s s t o e d u ­

c a t i o n ; t w o , t h a t a s o c i a l l y v a r i e d 

e n v i r o n m e n t is p r e f e r r e d . 

International aspects : 

T h e s u r v e y r e v e a l e d a w i l l i n g n e s s t o 

i n t e g r a t e in t h e l o c a l c o m m u n i t y w h i l e 

r e t a i n i n g c o n t a c t w i t h t h e h o m e c o u n t r y 

a n d w h i l e s e e i n g t h e f u t u r e in t e r m s o f 

m o b i l i t y w i t h i n E u r o p e . 

P r e d o m i n a n t i m p o r t a n c e w a s g i v e n t o 

t h e n e e d t o a c h i e v e f o r m a l r e c o g n i t i o n 

b y a l l E u r o p e a n c o u n t r i e s o f t h e q u a l i f i ­

c a t i o n s w h i c h t h e c h i l d r e n o b t a i n . 

It c a n b e s e e n t h a t u n d e r t h e f i r s t t h r e e 

h e a d i n g s t h e s u r v e y h a s b r o u g h t o u t o b ­

j e c t i v e s w h i c h a r e a l r e a d y a c c e p t e d in 

e d u c a t i o n a l s p h e r e s in m a n y c o u n t r i e s . 

T h e r e is n o s u g g e s t i o n t h a t C E R N s t a f f 

a r e l o o k i n g f o r a n e d u c a t i o n a l U t o p i a . 

U n d e r t h e f o u r t h h e a d i n g t h e m a j o r p r o ­

b l e m s in e d u c a t i o n b r o u g h t a b o u t b y E u r o ­

p e a n i n t e g r a t i o n a r e u n d e r l i n e d . 
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O f n o i m p o r t a n c e 

S y l l a b u s o f m a i n s u b j e c t s : 

— c l o s e t o t h e o f f i c i a l s y l l a b u s in h o m e c o u n t r y 
— g i v e s a g r o u n d i n g a n d t r a i n s c h i l d r e n in 

i n d i v i d u a l w o r k 

M o d e r n t e a c h i n g m e t h o d s 

V a l u e o f t h e l e a v i n g c e r t i f i c a t e : 

— in f i n d i n g w o r k o r f u r t h e r e d u c a t i o n l o c a l l y 

— in h o m e c o u n t r y 

— in a n u m b e r o f E u r o p e a n c o u n t r i e s 

F u l l - t i m e t e a c h i n g in m o t h e r t o n g u e 

S p e c i a l c o u r s e s in m o t h e r t o n g u e 

S p e c i a l c o u r s e s f o r l e a r n i n g F r e n c h 

T e a c h i n g m o d e r n l a n g u a g e s 

S e c o n d a r y s u b j e c t s : 

— s p o r t s 

•— a r t s 

F a m i l y a n d s o c i a l c i r c u m s t a n c e s : 

— c h i l d s h o u l d f e e l a t h o m e in l o c a l c o m m u n i t y 
— c h i l d s h o u l d f e e l a t h o m e i n i n t e r n a t i o n a l 

c o m m u n i t y 
— c h i l d s h o u l d f e e l a t h o m e i n o w n c o u n t r y 
— c h i l d s h o u l d r e m a i n w i t h i n f a m i l y c i r c l e 

M a t e r i a l a s p e c t s : 

— d i s t a n c e , t r a n s p o r t 

— t i m e - t a b l e 

— p r e m i s e s 

N u m b e r o f c h i l d r e n : 

— p e r c l a s s 

— in t h e s c h o o l | • | * 

F i n a n c i a l a s p e c t s : 

D e s i r a b l e I m p o r t a n t 

I • 1 

1 » t 

P r e d o m i n a n t 

1 « I 

0.5 1.0 r.s 2 . 0 

T h e s e o b j e c t i v e s a r e n o w h e r e f u l l y m e t 

b y t h e l o c a l s c h o o l s . In p a r t i c u l a r , there is 

no possibility of obtaining qualifications 

which are valid throughout Europe a n d n o 

p o s s i b i l i t y o f e d u c a t i o n in s c h o o l s a d a p t e d 

t o t h e n e e d s o f m o b i l i t y . T h e i n t e r n a t i o n a l 

s c h o o l s g o s o m e w a y t o w a r d s m e e t i n g 

t h e s e n e e d s b u t t h e i r t e a c h i n g is o n l y in 

E n g l i s h , t h e y a r e e x p e n s i v e , a n d t h e n u m ­

b e r o f s c h o o l p l a c e s is l i m i t e d . T h e y a r e 

t h u s n o t a c c e s s i b l e t o t h e c h i l d r e n o f 

a l l t h e s ta f f . It is n e c e s s a r y , t h e r e f o r e , f o r 

t h e p a r e n t s t o d e c i d e t o c o n t i n u e t o 

e d u c a t e t h e i r c h i l d r e n in t h e s y s t e m o f 

t h e i r h o m e c o u n t r y ( f o r t h o s e n a t i o n a l i t i e s 

w h e r e s u c h p o s s i b i l i t i e s e x i s t ) o r t o a c c e p t 

t h e r i s k s d e s c r i b e d a b o v e w i t h r e g a r d t o 

t h e i r c h i l d r e n ' s f u t u r e . 

T h e d e c i s i o n s t a k e n b y i n d i v i d u a l p a r e n t s 

h a v e b e e n b a s e d o n a n a m a l g a m o f m a n y 

f a c t o r s — a v a i l a b i l i t y o f n a t i o n a l e d u ­

c a t i o n , i n t e r n a t i o n a l s t a t u s o f m o t h e r 

t o n g u e , i n t e n t i o n t o s t a y m o r e o r l e s s p e r ­

m a n e n t l y a w a y f r o m t h e h o m e c o u n t r y , 

a n d s o o n . T h e s e f a c t o r s w e i g h d i f f e r e n t l y 

w i t h t h e d i f f e r e n t n a t i o n a l i t i e s , b u t f o r a l l 

n a t i o n a l i t i e s t h e e d u c a t i o n p r o b l e m is a 

l i m i t i n g f a c t o r i n t h e r e c r u i t m e n t o f s ta f f . 

C E R N c a n n o t r e c r u i t o r r e t a i n a l l t h e 

q u a l i f i e d p e r s o n n e l t h a t it w a n t s w h e n 

t h e y h a v e c h i l d r e n o f s c h o o l a g e , u n l e s s 

t h e p e r s o n n e l a r e w i l l i n g t o t a k e r i s k s — 

v a r y i n g a c c o r d i n g t o n a t i o n a l i t y — o n t h e 

e d u c a t i o n a l a n d p r o f e s s i o n a l f u t u r e o f 

t h e i r c h i l d r e n . 

A European solution 
S i m i l a r , t h o u g h n o t i d e n t i c a l , s i t u a t i o n s t o 

t h a t c o n f r o n t i n g t h e C E R N c o m m u n i t y 

h a v e a r i s e n e l s e w h e r e in E u r o p e d u r i n g 

t h e p a s t f i f t e e n y e a r s a n d h a v e r e s u l t e d in 

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

S o m e i n t e r n a t i o n a l s c h o o l s h a v e , o n 

t h e i r o w n i n i t i a t i v e , d e v e l o p e d t h e p r o j e c t 

o f t h e ' i n t e r n a t i o n a l b a c c a l a u r é a t ' — a 

q u a l i f i c a t i o n w h i c h is a p r o m i s i n g s o l u t i o n 

t o a m a j o r p r o b l e m if it r e c e i v e s w i d e 

a c c e p t a n c e in m a n y E u r o p e a n c o u n t r i e s . 

T h e m o s t m e t h o d i c a l a n d f a r - r e a c h i n g 

a p p r o a c h w h i c h h a s a l r e a d y b e e n i m ­

p l e m e n t e d is t h a t o f t h e ' E c o l e e u r o ­

p é e n n e ' . T h i s w a s a i m e d a t t h e s h o r t - t e r m 

s o l u t i o n o f t h e e d u c a t i o n a l p r o b l e m s o f 

c o m m u n i t i e s d r a w n f r o m t h e s i x c o u n t r i e s 

o f t h e C o m m o n M a r k e t a n d a t t h e l o n g e r -

t e r m d e v e l o p m e n t o f c o l l a b o r a t i o n in 

e d u c a t i o n b e t w e e n t h e s e c o u n t r i e s . 

T h e E c o l e e u r o p é e n n e h a s s h o w n t h a t 

i n t e r n a t i o n a l c o l l a b o r a t i o n in t h i s f i e l d is 

f e a s i b l e , i n c l u d i n g a f o r m a l r e c o g n i t i o n in 

t h e s i x c o u n t r i e s o f t h e q u a l i f i c a t i o n s o b ­

t a i n e d . It h a s a l s o s h o w n t h a t t h e n a t i o n a l 

e d u c a t i o n a l s y s t e m s b e n e f i t f r o m t h e 

d i r e c t c o n f r o n t a t i o n o f m e t h o d s a n d p o i n t s 

o f v i e w . B o t h b y i t s s u c c e s s e s a n d i ts 

f a i l u r e s it h a s p r o v i d e d a s p r i n g - b o a r d f o r 

f u r t h e r p r o g r e s s . 

A n o p p o r t u n i t y f o r s u c h p r o g r e s s p r e ­

s e n t s i t s e l f a t C E R N . H e r e n o t s i x b u t t h i r ­

t e e n c o u n t r i e s a r e g r o u p e d t o g e t h e r a n d 

e d u c a t i o n a l c o l l a b o r a t i o n h a s t o s e a r c h 

f o r a f o r m u l a w h i c h w i l l m e e t t h e n e e d s o f 

a s t i l l b r o a d e r c o m m u n i t y . T h e r e s u l t s o f 

t h e s u r v e y c a r r i e d o u t a t C E R N g i v e a f i r s t 

a p p r o x i m a t i o n a s t o w h a t t h o s e n e e d s a r e . 

W h e n s u c h a f o r m u l a is f o u n d , it w i l l m a k e 

t h e e d u c a t i o n o f c h i l d r e n n o l o n g e r a 

s t u m b l i n g - b l o c k t o i n t e g r a t i o n , b u t a c o n ­

t r i b u t i o n t o i n t e g r a t i o n . 

188 



News from abroad The diagram shows the results from 
the section of the questionnaire concerned 
with factors influencing the choice of a 
school. It assembles the replies of all the 
staff who filled in the questionnaire. 

Different degrees of importance 
(predominant; important; desirable; of no 
importance) were assigned to the series of 
factors listed on the left and a statistical 
analysis of the replies led to the results 
presented. (The points give the average 
value and the bars set the 9 5 % confidence 
limits. The statistical techniques used in 
dividing the replies into the categories as 
shown and in assigning the confidence 
limits are described in an appendix to the 
report.) 

The replies were broken down and 
separately analysed by nationality, and the 
stars (*) indicate the factors which were 
given different emphasis by different 
nationalities. 

It is mainly from these results that the 
conclusions of the report were drawn as 
to the objectives to aim for in the 
education of children of 'mobile' parents. 

It should be noted that the surprisingly 
high ranking accorded to the factor 
concerning distance and transport, is due 
to local conditions in the neighbourhood 
of the Laboratory which require a local 
solution. It is not therefore incorporated in 
the main conclusions. 

Thanks to the init iat ives ment ioned 
above, the search for an adequate solut ion 
does not start f rom scratch but wi th the 
exper ience of several frui t ful efforts in this 
d i rect ion already behind it. 

The moment is ripe for a new step for­
ward . At a meeting cal led by UNESCO in 
November 1967, the European Ministers 
for Educat ion unanimously af f i rmed the 
wi l l ingness of their governments to con­
t inue wi th the exchange of exper iments 
and of information wi th a v iew to br inging 
the different educat ional systems suff i ­
c ient ly into line to make the transfer of 
students f rom one system to another an 
easy matter. The si tuat ion at CERN pro­
vides an opportuni ty for convert ing this 
wi l l ingness into a pract ical appl icat ion. It 
is of a scale suff iciently smal l to make the 
demands on resources qui te modest, yet 
suff ic ient ly broad in its impl icat ions to con­
st i tute a new step forward in the f ie ld of 
educat ion in Europe. 

Construction go-ahead 
for Weston 
After serious fears that the budget for the 
Amer ican 200 GeV project at Weston 
would be l imited to 'design money on ly ' fo r 
the f iscal year which has just started, 
there is great relief that a suff ic ient ly 
large sum has been granted to enable 
construct ion to begin. The danger of a 
year's stagnat ion for the project has been 
avoided. 

In the context of the present severe res­
traint on publ ic spending in the USA, the 
House Appropr iat ions Committee had cut 
the budget to $7.1 mil l ion to be used for 
further design studies only. Since the 
project is now at a stage where con -
t ruct ion is the natural next step, it seemed 
l ikely that this would lead to the break-up 
of the strong team which has come to­
gether at the National Accelerator Labo­
ratory under Professor R.R. Wilson to bui ld 
the machine. 

The budget has now been increased to 
$12,074 mi l l ion plus $2.5 mi l l ion carr ied 
over f rom the previous year and approval 

has been granted for construct ion. It is 
one of the very few 'go-aheads' to be 
given to new projects in Amer ica for the 
coming year. Work wi l l start on such 
things as the l inac and the booster bu i ld­
ings. 

Tests are under way on a main-r ing 
magnet model and the results are as 
expected, showing 3 - 4 % saturat ion at 
18 kG and 1 5 % saturat ion at 22 kG. 'Good 
f ie ld ' is retained up to 18 kG. A booster 
magnet model wi l l be tested in September. 
Work on the in jector components is wel l 
advanced. 

The Laboratory hopes to have moved 
from its temporary premises at Oak Brook 
to 'the campus ' at Weston by 1 September, 
and, despite the restr ict ions imposed by 
the reduced budget for the present f iscal 
year, Professor Wilson cont inues to hold 
to the scheduled beam date of 30 June 
1972. 

A photograph taken at Weston on 31 July showing 
construction of the third Laboratory building — 
the r.f. building. The Laboratory hopes to have 
moved from Oak Brook to the 'campus' at 
Weston by 1 September. 
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DESY 
streamer chamber 
The report on the work at Daresbury, in 
the May issue, descr ibed (page 104) the 
streamer chamber detector to be con­
st ructed at the Laboratory. The co l labo­
rat ion between Daresbury, Glasgow, Man­
chester and Sheff ield was referred to as 
' the first European group' to construct such 
a large universal detector using streamer 
chambers. (See CERN COURIER vol . 7, 
page 219 for a descr ipt ion of this new 
technique). 

At that t ime we were unaware of the 
work of a group at DESY led by Dr. A. 
Ladage wh ich has advanced much further. 
They have brought a streamer chamber 
into operat ion this month. 

As in the Stanford and Daresbury 
designs the assembly has two streamer 
chamber compartments separated by a 
central e lectrode to which short, very high 
vol tage pulses are appl ied. Earthed elec­
t rodes are then on each side of the high 
vol tage e lectrode (this is a l i t t le di f f icul t to 
visual ize from the diagram wh ich views 
the chamber perpend icu la r to the e lect rode 
planes). The electrodes are planes of 
wi res so that it is possible to photograph 
part ic le events in the chamber through 
the wires. 

Each compartment is f i l led wi th a 
hel ium-neon gas mixture and has a vo­
lume of 16 X 60 X 100 c m 3 . This size 
has been dictated by the decis ion to use 
the magnet of the 84 cm bubble chamber, 
previously in use at the Laboratory, to 
provide the f ie ld for the streamer chamber. 
The bubble chamber had completed some 
very successful runs. Photon-proton inter­

act ions had been investigated up to 5.8 
GeV wi th hydrogen in the chamber. The 
chamber was then f i l led with deuter ium 
and the latest run gathered about 2 V i mi l ­
l ion photographs to investigate photon-
neutron interact ions. The bubble chamber 
has now been dismant led to make the 
magnet, and the opt ics (which needed 
only sl ight modif icat ion), available for the 
streamer chamber assembly. 

A tagged photon beam (coming in f rom 
the left in the diagram) wi l l be used in the 
streamer chamber exper iments onto a 
small l iquid hydrogen target (4 cm long, 
2.5 cm diameter) surrounded by a sc in t i l ­
lat ion counter. The use of l iquid hydrogen 
is an advance over the gaseous hydrogen 
used in the Stanford chamber, s ince it 
presents a more dense target wh ich wi l l 
increase the interact ion rate, but it br ings 
wi th it t r icky problems of refr igerat ion. 

The physics programme for the cham­
ber is under discussion and wi l l take shape 
when the tests wh ich began this month 
are completed. 

LAMPF 
Users Meeting 
On 20 June, the first Users Meeting for 
the Los Alamos Meson Physics Faci l i ty 
was held at the Los Alamos Scient i f ic 
Laboratory. LAMPF wi l l be operated as a 
national faci l i ty wi th exper imental t ime 
being shared probably about equal ly be­
tween teams based at Los Alamos itself 
and teams from Universit ies and research 
centres throughout the USA. More than a 
hundred scient ists from outside the Labo­
ratory at tended the meet ing. 

LAMPF wi l l p roduce meson beams 
about ten thousand t imes more intense 
than those at present avai lable at com­
parable energies. The machine is a 800 
MeV proton l inear accelerator to provide 
1 m A average beam current wi th a 6 to 
12 % duty-factor. It involves some new 
design concepts wh ich were descr ibed in 
the June issue of CERN COURIER, 
page 132. 

Dr. L. Rosen, leader of the project, 
reviewed the progress in an introductory 
talk. The const ruct ion schedule aims for 
a beam by July 1972. However, the LAMPF 
budget was cut by $7.5 mi l l ion this f iscal 
year 1969 ($26.4 mi l l ion was requested) by 
the House Appropr ia t ions Commit tee and 
this cou ld cause delays. It seems 
possible to hold the schedule using 
$7 mi l l ion held in reserve by the Bureau 
of the Budget. 

The in jector components are wel l ad­
vanced. An acceptab le ion source has 
been bui l t and a 750 kV power supply is 
on order. Work cont inues on a negative 
ion source and a polar ized ion source. The 
l inac sect ion to take the beam to 100 MeV 
using a dr i f t - tube structure is also wel l 
in hand. The copper-c lad steel is ordered 
and prototypes of the dri f t- tubes, quadru-
poles and r.f. power suppl ies are coming 
together. Order ing of the tanks and power 
suppl ies can go ahead as soon as money 
is avai lable. 

The l inac sect ion for energies above 
100 MeV wi l l use the new concept of s ide-
coupled cavit ies. An electron model (24 
MeV, 1 mA) is work ing very wel l and is 
being used to study beam-beam and beam-
cavity interact ions at high intensit ies, to 
identify any prob lems due to heavy beam-
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A side view of the streamer chamber assembly 
built at DESY. The assembly uses the magnet, 
vacuum tank and optics of the 84 cm hydrogen 
bubble chamber which has been dismantled. The 
three electrode planes are parallel to the page. 
Photo DESY 

loading and to develop a computer-based 
contro l system. Work on the exper imental 
area lay-outs has not gone very far yet. 

A Pol icy Advisory Commit tee for LAMPF 
has been set up consist ing of R.R. Rau, 
V. Hughes, H. Feshbach, H.L. Anderson, 
G. Meier, C. Goodman, G. Cowan and R. 
Hofstadter. 

After int roducing some tentat ive ideas 
about how the exper imental p rogramme 
might be managed Dr. Rosen conc luded 
wi th what he cal led an 'Orsen Welles type 
of remark' ; 

'Within the next f ive years, changes in 
computer technology may br ing new mana­
gement problems. I refer to the possibi l i ty 
of remote data l inks between an on- l ine 
computer at the site of an exper iment and 
an exper imental group 2000 miles away. 
Such l inks would al low some degree of 
par t ic ipat ion of a user in the running of an 
exper iment, wi thout actual ly being i nc lose 
proximi ty to his equipment. I th ink this 
might offer some real advantages, espe­
cia l ly if one can transmit visual displays 
as wel l as voice and pr inted messages. 
We may yet have to worry about how much 
impor tance one attaches to suggest ions 
relat ing to the strategy for an exper iment, 
wh ich are made 2000 miles from the 
exper imental site, whi le the exper iment is 
in progress and perhaps whi le the stra­
tegist is s ipping mart inis ' . 

As is pointed out e lsewhere in this 
issue, very few of the techniques now in 
use at CERN had been thought of when 
the Laboratory was conceived. Dr. Rosen's 
remark underl ines that when th ink ing of 
exper imental programmes far in the future 
we have to be prepared for some major 
changes... Physicists may grow to l ike 
mart inis. 

Excavation work for the Los Alamos Meson 
Physics Facility. The site is a finger-shaped mesa 
bordered by canyons to the north and south 
(canyons to the right of them, canyons to the left 
of them...). LAMPF will point 850 metres along 
the finger. To the east (just visible in the 
background of the photograph) is the Sangre de 
Cristo mountain range, and five kilometres to the 
west is the main technical area of the Los 
Alamos Scientific Laboratory. 
(Photo Los Alamos) 

CERN Stores 

fcERN 
V^ORCKfl 

*4% 

The Surplus Stock and Salvatje sect ion has a large 
select ion of new and used electronic and electr ical 
spare-parts, also used e lectronic components in 
good condi t ion. 

Those interested should contact the Head of Stores 
for fur ther informat ion at the fo l lowing address: 

CERN - 1211 Geneva 23. 
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Manufacturer for the Construction 
of Electric Furnaces 

3, rue des Cras 

25 BESANÇON 

Tél. (81) 80 36 49 
Doubs - FRANCE 

Continuous belt conveyor furnaces with controlled atmosphere for hot 
forming, annealing, brazing, hardening, (bright tempering) carburizing, 
carbonitriding (air quenched steel and stainless stell). 

Four basculant pour trempe 
Forno a bilico per tempera 
Horno basculante para temple 
Rocking furnace for hardening 
Kippbarer Hârtungsofen 

Kolysowy piec dla hartowania 
O T K M # H a f l n e H b 3 a K a n a 

Export to the whole World. 
Supplier : Industry, Universities, 

Schools, Aeronautic, Aérospatial. 

MNii 

HIGH ENERGY and NUCLEAR EQUIPMENT S.A. T e c h n i c a l l i a i son , s u p p l y a n d 
m a i n t e n a n c e cen t re for 

NUCLEAR ENTERPRISES LTD have the new IANUS compatible modular data instrumentation in production and can offer early delivery of the 
fol lowing 10 units; in addition to the new IANUS-NIM bin complete with power monitoring panel - Counting Register, Display Unit, Serial ADC 
Adaptor, Flag Unit, Parallel input Register, Digital to Analog Converter, Drive Unit, Parallel Input Gate, Clock Pulse Generator and Route 
Unit. Many other IANUS modules are currently being developed by the U.K.A.E.A. at Harwell in collaboration with Nuclear Enterprises. 
Nuclear Enterprises offers by far the widest range of detectors for scinti l lation counting and spectroscopy. They also have the world 
lead in the development and production of lithium drifted germanium detectors. CERN-IANUS quadrupole fast scalers now available on early delivery. 

LAN-ELECTRONICS LTD manufacture a wide range of large Screen Monitoring Oscil loscopes, the 419D with T7 Orange phosphor is used with 
IANUS and its associated computer. 

LABEN have now announced the availabil i ty of their new low cost 4096 channel CORRELATION Kicksorter and Spectrum Stabilizers. LABEN FC 60/4096 
fast ADC's have now been ordered by the majority of Europe's leading research centres. A complete range of NIM plug-in units is available to 
interface Computers and Kicksorters with ADC's, Time-of-Flight units, etc... LABEN can now offer fast electronics of outstanding specifications at 
low cost. 

SIMTEC detectors and electronics are in use in more than 40 countries at universities, research centres and hospitals. Others have been extensively 
used in space vehicles and in defence devices. HENESA is exclusively responsible for SIMTEC interests in Belgium, Bulgaria, Czechoslovakia, 
Hungary, Poland, Portugal, Rumania, Spain, Switzerland and Yugoslavia. Write to us for the new literature with up-to-date specif ications. 

C.S. ITALIA - the manufacturer of the highest precision gold plated printed circuits in Europe. Please send drawings and/or masters directly to 
C.S. ITALIA, 48 Via Saorgio, 10147 TORINO for quotation and mention this HENESA advertisement if you are making your first contact with 
C.S. ITALIA. HENESA can assist you with your overload of P.C. design work ! 

20th CENTURY ELECTRONICS have added to their wide range of equipment: a new low cost extremely well engineered sensitive mass spectrometer, 
Q 806 (mass range: 1 - 100 amu, vacuum range: 1 0 - 4 torr and lower, bake out: 400° C) already on order for Europe's largest research centre, 
U.K.A.E.A. and others, and what is probably the smallest GM tube ever designed. Manufacturing licences available to other Companies. 

JOHNSTON LABORATORIES The majority of the most discriminating researchers in the vacuum and gas analyses f ields use Johnston equipment. It 
is expensive but, of course, the best usually is! The focused mesh mult ipl ier can always be reactivated at low cost. 

SCIENTIFIC RESEARCH INSTRUMENTS have recently introduced a revolutionary medical mass spectrometer for cl inical blood, tissue and respiratory 
gas monitoring work. Already widely known in North America this spectrometer is now being introduced in Europe. Wri te for bulletin nr. MMS - 8. 

SCIENTIFICA AND COOK ELECTRONICS Low cost demountable laser systems, 8 mW, 3 mW CO and portable Mc laser systems, power monitor, 
spatial pinhole fi l ter, brewster windows etc.: 2in and 4in biaxial f ie ld electromagnets 12 channel micropumps, electronic colony counters, cell 
counters, thermoblocks and syringe pumps: research and teaching spectrometers - NMR and ESR type with all associated equipment. 

PITMAN outstanding performance Blood Volume Computer widely used in hospital accident, surgical, burns, medical, urological, maternity and 
veterinary units. Over 70 installations in the U.K. alone. Based on the isotope dilution technique, no calculations involved, resettable memory 
unit, blood volume is read on a large directly calibrated instrument in under 15 min. ful ly transistorized for exceptionally high rel iabi l i ty. 

ELECTRONICS & ALLOYS INC. are the world leaders in precision evaluation and analyses instrumentation. The Scienti f ic Instrument Range extends 
to approximately 60 items and many of these are used in systems - Neutron and X-Ray Diffractometers, etc. - produced by leading companies. 
The E & A Range also includes Diffractometers, Full Cycle Goniometers, Low Cost Eucentric Goniometers, etc. The latest additions to this 
outstanding range of equipment are ad-Spacing Monochromator (Wavelength Changer) f irst used by BNL and a Deep Field Photographic 
Microscope (black and white or colour) capable of examining non-planer objects with all portions of the image in exact focus. The break through 

"'f^StttM created wil l revolutionise research and lecturing in 
^ • " ^ * Médecine, Solid State Physics, Industry (Fractures 

and Corrosion), Geology, Metalurgy, etc. 

Special Note 

A private exhibition of Nuclear Entreprises, Laben and 
several other leading manufacturers equipment wil l be 
held at the Laboratories of NUMELEC, 2, Petite Place, 
78 VERSAILLES (very near Palais des Congrès) during 
the International Symposium on Nuclear Electronics, 
10-13 September. You are cordially invited to attend. 

Ronald S. Stiff, Managing Director 

2, chemin de Tavernay Grand Saconnex 
Telephone 022 34 17 07 or 34 17 05 
Telex : 23 429 

1218 Genève 
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Agents & distributors 

Natural and 
synthetic rubber 

Plastic materials 

Power transmission 
elements 

Sealing specialists 
(GACO) 

GENEVA ZURICH MILANO 

Ilcâtël 
TECHNIQUES DU VIDE 

22, avenue Edouard Herriot, 
92-Le P less is- Robinson (France) 

Composants vides 

(pompes primaires, pompes roots, pompes à dif­
fusion d'huile, vannes, appareils de mesure, acces­
soires, groupes de pompage). 

Thermique sous vide 

(fours à induction, fours à résistance, fours à bom­
bardement électronique, toutes ces installations 
étant automatiques et programmées). 

Détection de fuite à l'hélium 

Chambres de simulation spatiale 

Small Type 
Relays 

Series K40 

Low contact resistance and rel iable contact making 

with twin contacts 

Short bounce t ime 

Extremely high live expectancy 

Small d imensions 

2 to 6 change-over contacts 

Print and solderable types avai lable 

Low pr ices 

Various types from stock 

Reed-Relays 

Series M 

Miniature and 
Micro-Executions 

Dimensions: 

MINIRID A , 

MINIRID B 

MINIRID C 

MICRORID A 

MICRORID B 

MICRORID C 

Operat ing vol tage 2 ... 24 V DC 

Max. switching power 

vol tage 

current 

0 8 X 12 mm 

0 8 X 18 mm 

0 8 X 23 mm 

0 6 X 12 mm 

0 6 X 18 mm 

0 6 X 23 mm 

28 W 

500 V 

1 A 

ER NI + Co. Elektro - Industrie 
C H - 8 3 0 6 Brùttisellen-Zùrich 
Telephon 0 5 1 / 9 3 1 2 1 2 
Telex 5 3 6 9 9 

E R N I 
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U.K. 
Honeywel l Controls Ltd., 
53 Clarendon Road, 
Wat ford , Herts. 

G E R M A N Y 

Honeywel l Gmbh, 
6050 Offenbach Main, 
Kaiserleistrasse, 55. 

N E T H E R L A N D S 

Honeywel l N.V., 
Egelenburg 150-152, 
Amsterdam-Buitenveldert. 

S W I T Z E R L A N D 

Honeywel l A.G., 
8008, Zurich, 
Dufourstrasse 47. 

F R A N C E 

Honeywel l S.A., 
92, Malakoff/Paris, 
6 -18, Rue Avaulée. 

Honeywell 
Computer Control Division 
1203 G e n è v e 7 3 , r. d e L y o n 0 ( 0 2 2 ) 4 4 2 5 5 0 
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We never 
publish our 
best Ge(Li) results 

-but you may find these of interest! 

GP 547 30 cc 

2./ we.Y 2 6 / r < ~ K 

3Z> &4>7 3ûeo 

FWrtM a* /.33 Me y 
OP 30cc 

4. o kel/ 

Muclear 
interprises 
Limited 

Sighthi l l , Edinburgh 11, Scot land. 
Tel : 031 -443 4060. Telex 72333. 
Cables 'Nuclear' Edinburgh. 

Bath Road, Beenham, Reading, 
Berkshire, England. 
Te l : Woolhampton 2121. Telex 84475. 
Cables' Devisotope', Woolhampton. 

Associate Companies : 
Nuclear Enterprises Inc., 935 Terminal Way, San Carlos, California. 
Nuclear Equipment Corporation, 931 Terminal Way, San Carlos, California. 
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Instant instrumentation... 
E6&6 offers the most complete line 
of high performance nuclear modules 
available for immediate delivery 

JL EGzG 
N U C l TAR I N S T R U M E N T A T I O N 

Write or call for detailed specifications, EG&G, Inc., 
Nuclear instrumentation Division, 4U Con^ross St., Salem, Mass. 01970. 
Telephone: (617) 745-3200. Cables: EGGINC-SALLM. 



New Multiple-Mode ADC: 
a c o m p l e t e , h i g h - s p e e d a n a l y t i c a l i n s t r u m e n t 

f o r m e a s u r i n g : 

ANALOG 
INPUT V f 

SIGNAL I ̂  

A = Pulse Area 
(in volt-nanoseconds) 

PULSE AREA 
3.25 

PULSE AREA (A) 
7.50 (V-ns) 

ANALOG 
INPUT VD 

PEAK PULSE AMPLITUDE 
1000 mV 

INPUT PEAK AMPLITUDE (Vp) 

INPUT DC LEVEL 
VDC 

INPUT DC LEVEL (VDC) 

SLOW PULSE OR DC AMPLITUDE 

START SIGNAL 

STOP SIGNAL 

**T*̂ *1 nanoseconds-* 

T — Time Interval 
Digitized TIME BETWEEN START & STOP 

SIGNAL5 (T) 

NANOSECOND TIME INTERVALS 

You ought to know the versatile LRS Model 243 Gated 
Linear Analog-To-Digital Converter. It's optimized 
to digitize the amplitude or area of nanosecond analog 
signals. But it can also handle more slowly changing 
waveforms . . . DC levels . . . or measure digitally 
nanosecond time intervals. That's big capability. And 
in a small package. • Actually, the 243 is a complete 
analytical instrument in itself. The unit contains its 
own fast built-in linear gate to permit selection of the 
input pulse or interval to be digitized . . . as well as a 
built-in pulse stretcher, 40 MHz crystal clock, and 
binary output register. The 243 accepts unstretched 
pulses from 2 to 100 nanosecond duration directly . . . 
and delivers an 8-bit coding of the input amplitude or 
area. Maximum digitizing time: 6.4 /xS. Resolution: 1 
part in 256. • There are many plus features, too. 
Positive or negative inputs permit analysis of pulses 
from virtually any source. Front panel visual display 
continuously monitors the state of the internal buffer 
register. Buffered outputs are suitable for use with 
on-line computer, magnetic tape transport, typewriter, 
or other digital output device. For full details, write 
for Bulletin 243. 
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New 25-ps Sampling Oscilloscope 
Four new Sampling Heads provide new measurement capa­
bilities in Tektronix Type 561A, 564, 567 and 568 Oscilloscopes. 
Used with the Type 3T2 Random Sampling Sweep and the Type 
3S2 Dual-Trace Sampling Plug-In Unit, the six Sampling Heads 
offer a step ahead in the measurement performance, designed to 
meet customers changing measurement needs. 
Previously announced Sampling Heads include the Type S-2, 
featuring a 50-ps risetime and the Type S-1, featuring a 350-ps 
risetime and an unexcelled transient response. 

25-ps Sampling Head 
The new Type S-4 Sampl ing Head fea­
tures a 25-ps r iset ime and DC-to-14 GHz 
bandwidth . This 50-Q Sampl ing Head gives 
increased detai l and resolut ion making 
fast pulse measurements. 

Sampling Probe Head 
The new Type S-3 Sampl ing Probe Head 
has 350-ps r iset ime and an input im­
pedance of 100 KQ paral le led by 2.3 pF. 
The type S-3 is designed to measure high 
impedance signal sources and is easy to 
use when prob ing into miniature c i rcui ts . 

25-ps Pulse Generator 
The new Type S-50 Pulse Generator Head 
has a 25-ps r iset ime and features high 
resolut ion, 35-ps TDR measurement when 
used wi th the Type S-4 Sampl ing Head. 
Powered by the 3S2 Plug-In or Type 285 
Power Supply. 

18 GHz Triggering 
The new Type S-51, 1-to-18 GHz tr igger 
countdown unit provides stable osc i l lo­
scope t r igger ing to 18 GHz and displays 
to 14 GHz and above wi th the Type S-4 
Sampl ing Head. Powered by the 3S2 Plug-
In or Type 285 Power Supply. 

TEKTRONIX INTERNATIONAL AG 
Tel. 042/4 91 92 6301 ZUG 
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: THRESHOLD RESET 

HIDAC means easy and 
reliable high speed data 
acquisition ! 
The HIDAC system applies to spark chambers, hodoscopes, spectrometers 
and time of flight measurements. It is kept up to date even in some years 
by the permanent introduction of new modules, which helps to automise 
and expand your experiment. 

LOOK 

OFF READ 

HOC US* 

OVER 
FLOW 

Time to Digital Converter 909 
The TDC 909 consists of two inde­
pendent channels for digitizing the 
sonic transit time of spark cham­
bers. It consists of a special discri­
minator input-circuit giving low jitter 
triggering of the subsequent 16 bit 
binary scaler, which counts the pul­
ses from a clock-generator with a 
maximum speed of 20 MHz. The 
threshold of the input-discriminator 
is variable from 0,5 to 4,5 Volt in 
steps of a 0,5 Volt. For multiple-spark-
detection with wire-spark-chambers, 
a special overflow-output is provi­
ded, by passing the second and all 
the following pick-up signals, which 
can be used to trigger second or 
further channels. In this way there 
is no limit to the multiple-spark-de­
tection by switching TDC's in cas­
cade. The double-spark-resolution 
is 0,5 JUS or 2,5 millimeters for wire-
spark-chambers. Using the LOOK-
button the contents of this 16 bit 
binary scaler are displayed on the 
central control unit in decimal form. 

The HIDAC Data Acquisition System 
is designed for collection of all 
data in experimental high and low 
energy nuclear physics. Many spe­
cial units are available for particu­
lar applications, such as recording 
of data from spark chambers, Ho-
doscope-arrays, time-of-flight mea­
surements, pulse-height information 
and counting-rates up to 100 MHz. 
This equipment was conceived from 
the many special units over the last 
few years, together with the latest 
requirements for ON-LINE control. 
Our programme does not only con­
sist of a single component for the 
system, but we have a fully integra­
ted range from spark chambers to 
interface of computers. We do not 
claim to have developed this system 
entirely ourselves, but with the help 
of our many customers it therefore 
covers most the requirements in the 
field. 

On the left one the modules is 
introduced. 

Great Britain: 36 East Street, Shoreham-by-Sea, 
Sussex 
Telephone 4305 
Germany: Verkaufsbùro Munchen, Kaiserstr. 10, 
D-8000 Munchen 23 
Telephone 34 80 16 
France: Sorelia Electronique, 150 rue de Chatou, 
92 Colombes 
Telephone 782.16.39-782.32.79 

I ELE 

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

Switzerland: Heidenhubelstr. 24, 
Solothurn 
Telephone 065/2 85 45 
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