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Progress of telescope 
project 

In 1970 the European Organizat ion for 
Nuclear Research entered into an 
Agreement with the European 
Southern Observatory under the terms 
of wh ich CERN is part ic ipat ing in the 
design and construct ion of a large 
opt ical te lescope. At the t ime of the 
Agreement in August 1970, an art ic le 
appeared in CERN COURIER (vol. 10, 
page 248) wh ich descr ibed the aims 
and structure of ESO and the nature of 
the col laborat ion with CERN. We des­
cr ibe here how the telescope project 
is developing. 

But f irst a refresher course on ESO. 
ESO is a jo int enterprise of European 
astronomers who have come together 
to establ ish research faci l i t ies wh ich 
would otherwise be beyond the reach 
of individual astronomical research 
centres. The Member States involved 
are Belgium, Denmark, Federal Repu­
bl ic of Germany, France, the Nether­
lands and Sweden. The aim is to study 
the sky in the southern hemisphere 

wh ich up to now has not been sub­
jected to such close scrut iny as the 
northern sky. There are part icular fea­
tures of great interest such as the 
Magel lanic c louds and the central 
region of our galaxy which would 
become accessib le to detai led study. 

An observatory has been in act ion 
since 1967 on the mountain La Sil la, 
600 km north of Santiago in Chile. A 
large tract of desert, about 630 km 2 , 
surrounding the observatory has been 
reserved for ESO by the Chilean gov­
ernment so as to prevent any other 
activi ty wh ich might interfere wi th the 
v iewing condi t ions from the mountain 
top wh ich are among the best any­
where in the wor ld . 

ESO serves its scient i f ic c l ientele 
in a simi lar way to CERN. There is a 
small nucleus of permanent pro­
fessional staff but the majori ty of the 
research is carr ied out by visi t ing 
astronomers who return to their home 
centres. They have been using a 

Aerial photograph of the ESO observatory on 
La Silla mountain in the Atacama desert in Chile. 
The buildings housing smaller telescopes which 
have been in action for several years can be 
seen and near the top right hand corner is the 
flattened summit where the 3.6 m telescope being 
constructed with the collaboration of CERN will 
be erected. 
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Diagram of the telescope indicating the three 
modes in which it can be used (using the primary, 
Cassegrain and/or Coud6 focus). The telescope 
will stand about 25 m high and weigh about 
200 tons. The main mirror is 3.6 m in diameter. 
Complex mounting and drive systems are needed 
to achieve the necessary high precision 
in orientation. 

battery of small te lescopes already set 
up at the Observatory in Chi le and 
await the arrival of a large opt ical 
te lescope wi th a mirror d iameter of 
3.6 m. This te lescope wi l l have a very 
high l ight gather ing power. 

This large te lescope plus its instru­
mentat ion is a project on a scale 
considerably larger than the small 
ESO organizat ion is used to handl ing. 
It was for this reason that the ESO 
Counci l asked for CERN's help in pro­

vid ing engineer ing experience, techn i ­
cal know-how and the administrat ive 
apparatus for seeing such a large pro­
ject through. Fol lowing the signing of 
the Agreement, the Telescope Project 
Division, led by S. Laustsen, came to 
CERN. It remains f inancial ly inde­
pendent and pays for the CERN 
services wh ich it uses. 

Three CERN Divisions have been 
mainly involved up to now — the Pro­
ton Synchrotron Division (part icular ly 

W. Richter and wi th the close interest 
of the Department Head, C. Zi lver-
schoon), the Technica l Services and 
Bui ld ings Division (part icular ly E. Le-
roy) and Data Handl ing Division 
(part icular ly D. Wiskott) . As the stage 
of p lacing contracts is reached the 
Finance Division also is shoulder ing 
some responsibi l i t ies on behalf of 
ESO. About 15 professional staff f rom 
ESO and CERN are work ing on the 
project and there wi l l be about 40 total 
staff by the t ime the project is com­
pleted. 

The major task of the past two years 
has been to complete the detai led 
design of the te lescope and its 
bui ld ing. A design report was issued 
in February 1971 and received wide 
c i rcu lat ion among probable users so 
as to gather as much comment as 
possible. In addi t ion there was a very 
successful conference held at CERN 
in March of the same year on the sub­
ject of large te lescope design which 
brought together experts f rom Europe, 
USA, Canada and the Soviet Union. 
Both comment on the report and dis­
cussions at the conference led to a 
number of design changes. 

The major features of the te lescope 
itself were however retained. The 
te lescope wi l l be used in three modes 
— the pr ime focus or Newton focus 
(to be used mainly for observing 
objects of low brightness), the second­
ary or Cassegrain focus (where the 
astronomer wi l l sit in a cage, as is also 
possible at the pr ime focus, moving 
wi th the te lescope — one of the design 
changes was to make more space 
avai lable for the observer at this focus) 
and/or the th i rd focus or Coude focus 
(which takes incoming l ight via a 
system of mirrors down to a separate 
room). The Coude room can be used 
at all t imes, by means of a siderostat, 
regardless of other modes in which the 
te lescope is used. These features are 
i l lustrated in the diagram of the tele­
scope. 
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A model of the telescope and its building. Part of 
the side wall is swung back to show more of the 
internal arrangement. The dome and its shutters 
will move in phase with the telescope so that 
it always points at an aperture in the dome. 

The main mirror is now f in ished at 
the f i rm R.E.O.S.C. in Paris. This has 
been an intr icate piece of work for 
such a large size mirror — the sur­
faces had to be achieved wi th an 
accuracy of 0.06 i^m. The secondary 
mirrors are also nearing complet ion at 
the same f i rm. 

The tender documents for the large 
base mount ing units are going out ; 
those for the smal ler top mount ing 
units wi l l fo l low later. It is l ikely that 
the init ial assembly of the te lescope, 
which is to take place in Europe prior 
to d ispatch to Chile, wi l l take place in 
the factory where the large mount ing 
units are manufactured since a large 
bui ld ing wi th plenty of vert ical height 
wi l l be necessary. 

The bui ld ing to house the te lescope 
has been completely redesigned, 
fo l lowing comment f rom astronomers 
on the init ial design, and a cheaper 
more compact version is now drawn 
out in detai l . A model i l lustrat ing the 
bui ld ing with the te lescope in place 
can be seen in the photograph. The 
invitat ions to . tender for construct ion 
of the bui ld ing are now going out and 
it is hoped to place the contract by 
the end of the year so that work can 
start in Chi le at the beginning of next 
year. 

One unusual feature, wh ich wi l l pro­
vide maximum operat ional f lexibi l i ty 
wi thout loss of operat ional t ime, is a 
plat form f rom which it wi l l be possible 
to change top units. Normal ly these 
changes are done f rom above wi th the 
te lescope held vert ical ly. However, by 
mount ing top units wi th the te lescope 
horizontal it looks possible to change 
the units reasonably rapidly so that 
the te lescope could be adapted 
quick ly to changing atmospher ic con­
di t ions and valuable research t ime 
saved. 

The auxi l iary instrumentat ion has 
not yet been taken very far. A major 
purpose of the conference on instru­
mentat ion held this month (see under 

CERN News) was to pool the most up-
to-date ideas on this subject. Both the 
f luctuat ions of interest in the f ields of 
research and the rapidly advancing 
technology in instrumentat ion require 
that these decis ions be taken as late 
as possible. 

However, the computer system has 
been selected and, since this is a 
major contract in the project (placed 
on 11 Apr i l ) , we wi l l feed in more detai l 
than we have for the other components 
where the contracts have not yet been 
p laced. The selected computer is a 
Hewlett Packard 2100 wh ich , together 
wi th the peripheral units, costs over 
600 000 Swiss francs. The computer 
system wi l l be used both for the con­
trol of the te lescope and for acquis i t ion 
of data wi th some on-l ine analysis. 

Under normal c i rcumstances control 
wi l l be entirely automatic via the com­
puter but there wi l l be a clear interface 
where manual intervention is possible. 
The computer wi l l control the or ienta­

t ion of the main telescope, the mirror 
and siderostat (which ensure that the 
Coude focus is always fed with l ight), 
the movement of the bui ld ing dome 
and shutters (so that the openings are 
always l ined up with the te lescope 
posit ion), and the control of the ex­
change of top units f rom the horizontal 
p lat form. The dr iv ing of wel l over a 
hundred motors is involved in these 
contro l operat ions. 

The astronomer wi l l be able to feed 
to the computer, for example, a list of 
stars of interest. During the day the 
disk of the computer can thus as­
semble a star f i le (which can be 
modi f ied in the course of the ob­
servations if required) ready for the 
night 's work. It wi l l then guide the 
te lescope to a star (and to subsequent 
stars on the list), having done the sums 
as to where it wi l l be at that t ime of 
night. The te lescope wi l l run quick ly 
towards the correct or ientat ion, s low­
ing as it reaches the desired posi t ion. 
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It wi l l then lock onto the star and the 
computer wi l l do the calculat ions to 
take account of the earth's rotat ion 
and make the adjustments to keep 
the star in view (and of course keep 
the dome, shutters, mirror and s idero-
stat also in phase). Further compl i ­
cat ions that the computer can take 
care of are correct ions for the bending 
of the mechanical parts of the tele­
scope accord ing to the part icular 
or ientat ion and correct ions for the 
th ickness of the air layer (giving 
atmospher ic refraction) traversed by 
the incoming light. 

During the observat ion per iod the 
astronomer wi l l communicate wi th the 
te lescope via the computer 's cathode 
ray display and keyboard. Data wi l l 
be col lected and stored by the com­
puter but wi l l normally be t ransferred, 
for example to magnetic tape, to be 
taken away to a larger computer for 
analysis. However some data reduct ion 
wi l l be possible to give samples of the 
qual i ty of the information being co l ­
lected. 

Test ing of the computer control 
scheme, wi th mock-ups of motor dr ive 
systems etc., is already underway and 
the computer programs are being 
developed. 

The present schedule cal ls for 
assembly of the te lescope in Europe 
early in 1975 and, if all goes wel l , the 
te lescope should move to Chi le at the 
end of the same year and come in to 
use in 1976 on La Sil la mountain. 

Booster commissioning 
Running in of the PS Booster started 
on 1 May. The Booster is one of the 
major i tems of the improvement pro­
gramme at the 28 GeV proton synchro­
t ron. It wi l l take the l inac beam at an 
energy of 50 MeV and, in four super­
posed rings, accelerate the protons to 
800 MeV before feeding them to the 
synchrotron. By inject ion at this higher 
energy the space charge l imit in the 
PS wi l l be raised and it should then be 
possible to achieve beam intensit ies 
in the 10 1 3 protons per pulse region. 

At the t ime of wr i t ing, there have 
been five exper imental runs with the 
Booster. At the t ime of the f irst run it 
was a comparat ively 'unal igned' ma­
chine — al ignment of the quadrupoles 
was going on progressively in paral lel 
wi th the f irst tests. On 3 May, the beam 
was taken 2 V 2 t imes around Ring 3 
(Ring 3 is in the same vert ical plane as 
the l inac beam and hence inject ion 
was s impl i f ied, being two-dimensional 
rather than three-dimensional as wi l l 
be required for the other Rings). At 
that t ime about half the quadrupoles 
were a l igned. 

Two days later a c i rculat ing beam 
was achieved and the signal induced 
by the beam can be seen in the photo­
graph. On 16 May, with the machine 
ful ly a l igned, the beam circulated for 
7 ms (4200 turns). The beam was lost 
only when steered out to the vacuum 
chamber wal l under the inf luence of 
the rising magnet ic f ield (no r.f. 
accelerat ion being appl ied). 

In the next issue we hope to report 
further progress on the running in of 
the in ject ion beam-l ine and the PS 
Booster. 

Spring Study 
During the last two weeks of Apr i l a 
concer ted at tack on the theoret ical 
aspects of the SPS design was held at 
CERN. It brought together about 

twenty machine theorists f rom other 
Laborator ies and, when a similar num­
ber of part ic ipants f rom CERN itself is 
added, it must have been one of the 
largest gather ings of its type ever to 
be held. 

The Study fo l lowed an init iative of 
the Advisory Machine Commit tee and 
is one of the ways in which the 
accelerator expert ise in the other Eu­
ropean Laborator ies is being brought 
into the SPS project. There were 
people f rom Frascati , Orsay, Ruther­
ford, DESY, Daresbury, Saclay and 
Karlsruhe, plus one part ic ipant f rom 
Brookhaven. 

The exercise started in March when 
a series of talks by Laboratory II 
Group Leaders presented the machine 
design. With this basic information the 
theoret ic ians were able to get their 
teeth into ref ined aspects of ant ic i ­
pated machine behaviour. For exam­
ple, they were able to tackle such 
topics as high intensity effects which 
there had not been t ime to go into 
in great detai l in the course of the 
preparat ion of the design report 
(CERN 1050). As a result, though there 
were no recommendat ions to change 
any important features of the design, 
the machine is much better understood 
and some potent ial di f f icult ies, which 
might arise when every possible bit 
of intensity is squeezed from the 
machine, have been identi f ied and now 
can be steered around. 

Topics inc luded a study of the 'stop-
bands' where more detai led f igures 
were fed into such things as the re­
sonance widths and the growth rates 
for instabi l i t ies. The possibi l i t ies of 
select ing a dif ferent work ing point 
were examined but none seemed 
clearly preferable to the 27.75 value 
previously selected. A look at instabi l i ­
t ies and the correct ing elements wh ich 
would be needed to cure them d id 
br ing some minor changes. The num­
ber of correct ion sextupoles can be 
reduced but their places wi l l need to 
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On the evening of 5 May a beam transformer 
in Ring 3 of the PS Booster recorded this signal 
indicating that a circulating beam had been 
achieved for the first time. To make monitoring of 
the beam easier it was chopped into five bunches 
at the linac input. From the third turn on, three 
of the bunches appear at much reduced intensity. 
When this was analysed later, it seemed probably 
due to a timing error on the fast injection 
kicker magnet. 

be taken by octupoles required to cope 
wi th the 'resistive wal l instabi l i ty ' . (The 
effect of the octupoles on eject ion 
condi t ions has not yet been worked 
out.) Disturbance of the beam at t ran­
si t ion seems to be no problem. Insta­
bi l i t ies due to the presence of electrons 
f rom the ionizat ion of the residual gas 
could be t roublesome but the intro­
duct ion of a gap in the accelerated 
beam would cure it. Beam-component 
interact ions which could perturb the 
beam do not seem to be a worry wi th 
the possible except ion of interact ions 
wi th the r.f. cavity structure. 

A look was also taken at possible 
future storage ring schemes, the aim 
being simply to keep opt ions open — 
to avoid doing anything unnecessari ly 
wh ich would make the SPS acceler­
ated beams less suitable for storage 
r ings should this seem an appropr iate 
development many years f rom now. 
Among the schemes examined were a 
superconduct ing conversion of the ISR 

for higher energies (where the SPS 
character is t ics look good), a by-pass 
scheme (where potential luminosit ies 
and costs do not look encouraging) 
and electron-proton schemes (where 
physics interest is current ly high). 

Another study is planned for the 
autumn when the work wi l l concen­
trate on beam diagnost ic equipment 
for the SPS. 

Leptonic decays 
of hyperons 
An exper iment to study the leptonic 
decays of negative hyperons is under 
way in the East Hall of the 28 GeV pro­
ton synchrotron. This is another 
example of an experiment which was 
impossible prior to the recent sett ing 
up of hyperon beams at Brookhaven 
and at CERN. 

The exper iment is being carr ied out 
by a col laborat ion of scient ists f rom 
CERN, Ecole Poly techniqueand Orsay. 

The same team is now publ ishing the 
results of the previous experiment on 
the hyperon beam in which they looked 
at the s igma minus-proton total cross-
sect ion where the quark model pre­
dicts a relat ionship between this cross-
sect ion and other known cross-sec­
t ions (the beam-l ine and the exper i ­
ment were descr ibed in vol . 11, page 
191). Expressing their result brief ly — 
the quark model has stood up to the 
test. 

The new exper iment adds two stream­
er chambers to the col lect ion of 
detectors and the sequence of equip­
ment now reads as fol lows : the high 
energy slow ejected beam from the PS 
hits a target to produce the hyperons 
(higher energy increasing their l i fe­
time) wh ich are f i l tered out through a 
focusing and analysing system c rowd­
ed together in only 3.7 m of beam-
line to preserve as many of the short­
l ived hyperons as possible. The beam-
line consists of two bending magnets 
and two short superconduct ing qua-
drupoles. A DISC (differential Cheren-
kov counter) at the output of the 
beam-l ine selects between the dif ferent 
part ic les. A useful f lux of about 100 
negative s igma hyperons is obtained 
f rom a beam of 2 X 10 1 1 protons on 
the target. Mult iwire proport ional 
chambers on either side of the DISC 
give the d i rect ion of an incoming hy­
peron to a precis ion of ± 0.5 mrad. 

A smal l sweeping magnet gets rid of 
low energy electrons just before the 
part ic les enter the first streamer 
chamber. This chamber is 3 m long, 
bui l t by Orsay and Ecole Polytechni-
que, and is performing wel l . The lep­
tonic decays of interest (such as nega­
tive s igma hyperon decaying into 
neutron, e lectron and ant ineutr ino or 
into lambda, e lectron and antineutr ino) 
take place in the streamer chamber 
and the charged part ic le t racks can be 
photographed. A threshold Cherenkov 
counter fo l lows to identify the elec­
trons (pions, wh ich occur much more 
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A photograph taken in the 3 m streamer chamber, 
built by Orsay/Ecole Polytechnique, in use for 
an experiment on the hyperon beam. A negative 
psi hyperon enters from the left and decays 
into a negative pion and a lambda (a neutral 
particle which does not leave a track). About 
45 cm further on the lambda itself decays into 
a proton and another negative pion so that three 
charged particle tracks can be seen emerging 
from the chamber. 

f requent ly in s igma decays, do not give 
a signal) and there is then a second 
streamer chamber in a 0.8 T magnet ic 
f ie ld 1.4 m long. This detector is used 
to measure the momenta of the 
electron and the charged decay pro­
ducts of the lambda. Proton counters 
give further handles on the lambda 
decay products and a neutron detec­
tor, consist ing of opt ical spark cham­
bers interleaved wi th th ick iron plates, 
catches the neutron f rom the decay. 

This battery of detectors ensures 
that the required information is col lect­
ed and avoids,, as far as possible, 
co l lect ing information about the many 
other types of event wh ich , wi th a 
smal ler array of detectors, could be 
mistaken for the events wh ich are to 
be studied. 

The physics interest lies in obtain ing 
coupl ing constants for axial and vector 
currents wi th greater precis ion than 
has been achieved previously. It is 
predicted that only the axial vector 
current is involved in the s igma lep-
tonic decay to a lambda. Also it should 
be possible, wi th the accuracy wh ich 
the exper iment hopes to achieve, to 
see the breakdown of the Cabibbo 
model of weak interact ions. The 
model takes SU3 as an exact symmetry 
whereas in fact it should be broken 
wi th in about 1 0 % l imits. The exper i ­
ment could register the effect of the 
symmetry breaking. 

An exper iment on sigma minus de­
cays is also gather ing data wi th the 

hyperon beam at Brookhaven. The 
exper iment is carr ied out by a Brook-
haven, NAL, Yale col laborat ion. 

Another interesting demonstrat ion 
that yesterday's hypothesis can be­
come today's commonplace, is the 
fact that the Brookhaven hyperon beam 
is y ie ld ing on observable omega minus 
hyperon at the rate of about one per 
hour. Less than ten years ago the 
omega minus was just a gleam 
in theoret ical eyes and prior to the 
hyperon beams only 30 of them had 
ever been ident i f ied. 

Minnie 
In the last issue we carr ied a piece 
on 'Bessy' a scanning and prel iminary 
measuring machine speci f ical ly de­
signed to cope wi th f i lm from the 3.7 m 
European bubble chamber, BEBC. 
That device has proved extremely 
popular and has been ordered by 
many European research centres. An ­
other machine, which like Bessy has 
been designed wi th economy very 
much in mind and with f i lm f rom a 
part icular chamber in view, is one 
cal led 'Minnie ' . 

'Minnie ' is used for scanning and for 
measurement in the image plane of 
f i lm f rom the heavy l iquid bubble 
chamber Gargamel le. The eff icient 
analysis of exper iments in Gargamel le 
requires apparatus with rather com­
pl icated features in general but a good 
port ion of the analysis can be done 

wi thout them. 'Minnie ' supplements 
the exist ing apparatus when these 
features are not required. It was de­
signed and built at CERN very rapidly 
(about six months having elapsed be­
tween the f irst tests and the appear­
ance, in September 1971, of the proto­
type wh ich has been in uninterrupted 
product ion s ince then). 

The machine could be manufactured 
in the workshops of most physics 
laborator ies. The prototype wi thout the 
measurement device cost about 10 000 
Swiss f rancs for materials and about 
800 hours work. At the moment, 
twelve are planned or are being bui l t 
in var ious European research centres. 

Many of the s impl i f icat ions used in 
'Minnie ' are the same as those used 
by 'Bessy' (see last issue page 127). 
But it was also necessary to f ind a 
s imple way of handl ing the compl i ­
cated f i lm format of Gargamel le wh ich 
takes eight v iews spread out on two 
f i lms for each photo. Views of the 
same photo are separated by sixteen 
other v iews of other photos. Instead of 
each f i lm undulat ing l ike a Loch Ness 
monster between separate f i lm gates 
it is wound in a spiral so that the views 
of the same photo are adjacent and 
all 8 can be held in a single f i lm gate 
675 mm long and 70 mm wide. The 
eight lenses are also on a single plate. 

With a magni f icat ion of 12 X this 
compact arrangement makes it pos­
sible to hang the projector f rom the 
roof in a room of normal height wi thout 
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Professor Margaret Burbidge, Director of the 
Royal Greenwich Observatory, giving the 
introductory lecture at the Conference on 
Auxiliary Instrumentation for Large Telescopes. 
Professor Burbidge reviewed some major areas 
of research, where large optical telescopes are 
likely to play an important part in a few years' 
time, picking out instrumentation problems that 
will have to be overcome in order that full 
advantage can be taken of the new telescopes. 

'Minnie', the scanning and measuring machine 
which is used on film from the heavy liquid 
bubble chamber, Gargamelle. The use of a 
mirror is avoided in a very compact machine 
which can be accommodated in a room of normal 
height. 

exceeding a project ion angle of 26° , 
thus dispensing wi th the mirror. This 
is an important saving and also avoids 
the distort ions inherent in ref lect ion. 
The precis ion is 100 ^m in the image 
or 8 { i m in the f i lm plane. The f i lm 
reels are at table height and all mani­
pulat ion of the f i lms takes place at this 
level. 

Al though 'Minnie ' is designed as an 
image plane device for Gargamel le it 
wou ld be possible to make it into a 
s imple f i lm plane measurement system 
and also to adapt it to f i lm f rom other 
chambers. 

Telescope Conference 
From 2 to 5 May about 180 scient ists, 
predominant ly astronomers, came to­
gether at CERN to take part in the 
ESO/CERN Conference on Auxi l iary 
Instrumentat ion for Large Telescopes. 
The Conference was organized jo int ly 

by the European Southern Observa­
tory, CERN and the large te lescope 
projects of France (INAG) and the 
Federal Republ ic of Germany (MPIA). 

Many of the telescope projects in 
the 3 to 4 m range have matured to 
the point where attention needs to 
turn to the quest ion of instrumentat ion. 
It is necessary to foresee what the 
research programmes are l ikely to 
require in a few years' t ime and what 
developments in instrumentat ion tech­
niques can be absorbed to meet the 
requirements. 

Most of the Conference concentra­
ted on spectrographs and spectrogra­
p h ^ methods (grating spectrographs 
and spectrometers, interferometr ic 
spectrometers) and there was a ses­
sion on electronographic photometry. 
It is obvious that, to make good obser­
vations on many of the astronomical 
features wh ich are current ly of in­
terest, detectors with much higher 
ef f ic iencies than the photographic 

plate are going to be needed. There 
are already devices such as image 
tubes (where the phosphor can be 
scanned in less than the decay t ime 
of the effect of the incoming l ight and 
where integrat ion over long t imes is 
possible) and t iny d iode arrays (con­
vert ing l ight input direct ly to e lectronic 
information) wh ich are under develop­
ment in Europe and the USA. It seems 
inevitable, though in many ways sad, 
that even the astronomer wi l l soon be 
observing the Universe via computer 
output. 

The exchange of up-to-date informa­
t ion on progress in this f ield proved 
very st imulat ing and is l ikely to have 
considerable impact on the large te­
lescope projects just as did the 
Conference one year ago on te lescope 
design. 

In the beginning 
was the Linac 
In today's high energy physics en­
vi ronment, the concept of an exper i ­
ment is of such complexi ty that the 
man who carr ies out his own exper i ­
ment is di f ferent enought to merit 
being assigned to a separate sub­
species. As ide f rom the complexi ty, 
there is an addi t ional di f ference in that 
homo sapiens solus has only himself 
to b lame when things go wrong. Homo 
sapiens collegium on the other hand 
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On 21 April, M.T. Lefevre, the Belgian Ministre 
d'Etat pour la Politique et Programmation 
Scientifiques, visited CERN accompanied by other 
Belgian representatives including M. P. Levaux the 
delegate to the Council. They were welcomed by 
the CERN Directors General and by Professor 
L. Van Hove seen in the photograph during 
his introductory talk. The Minister has Professor 
Jentschke on his left. 

Checking the camera lenses of the 2 m hydrogen 
chamber using an autocollimator which measures 
the distortions in the complete three-lens system. 
The lenses, of high optical quality, will improve 
the precision of the photographs from the 
chamber. They are scheduled to be installed at 
the end of May and the chamber will come 
back into action, with a hydrogen filling, in 
June after a long shutdown. 

has a r ich cho ice of target for his ire 
when data col lect ion ceases, par t icu­
larly if he is si t t ing at the end of a long 
secondary beam. 

At the other end of the works, at 
the source of all protons, there is a 
much smal ler choice of target. The 
number of th ings to blame diminishes 
as one approaches the source but the 
number of people who can assign 
blame increases alarmingly. It is not 
surpr is ing, then, that Linac people, fore­
seeing the day when the Booster, PS, 
ISR, and SPS and their experimenters 
wi l l all be breathing down their necks, 
are ta lk ing of fault down-t ime of less 
than 1 % . They are talk ing in fact 
of t ransforming the present ageing 
machine into an eff icient proton 
factory wh ich wi l l pump out standard 
50 MeV protons around the c lock for 
many years to come, with rarely a 
missed pulse. 

Most of the anci l l iary electronics has 
been replaced over the past few years, 
and spark ing weak points in the r.f. 
c i rcui ts are being removed by instal­
l ing r igid co-axial l ines in place of 
f lex ib le cables. There remains the 15-
year old accelerat ing structure and 
vacuum system... 

Nevertheless, even assuming that 
the Linac could be made 99.5 % 
rel iable, that half a percent f rom per­
fect ion represents 30 hours in a year, 
and some poor user might wel l draw 
the long odds of gett ing most of those 
30 hours dur ing his run. His est imate 
of Linac rel iabi l i ty wi l l be very differ­
ent. For the man who always meets 
rain in the mountains, it always rains 
in the mountains... Fortunately, homo 
sapiens collegium is usually sapiens. 



Around the Laboratories SPEAR, the electron-positron storage ring at the 
Stanford Linear Accelerator Centre, hides inside 
the concrete tunnel constructed near the end of 
the 20 GeV electron linac. Two larger buildings 
cover the straight sections where experiments 
can be installed. Positrons were stored for the 
first time on 22 April and a week later two beams 
were circulating and the first collisions 
were observed. 

(Photo SLAC) 

STANFORD 
SPEAR gives 
colliding 
beams 
On 22 Apr i l , the electron-posi t ron 
storage r ing, SPEAR, fed wi th posi ­
t rons by the l inear accelerator at 
SLAC, stored beam for the f irst t ime. 
The fo l lowing day, the c i rcu lat ing cur­
rents reached as high as 30 mA 
average, and the l i fet imes were be­
tween 15 min (low currents c i rculat ing 
in a vacuum of about 10~8 torr) and 
8 min (15 mA currents c i rculat ing at 
higher mean pressures). A stored 
beam of 30 mA average corresponds 
to approximately 23 A peak beam 
current s ince the SPEAR beam is all 
packed in a single 40th harmonic 
(50 MHz) bunch about 1 ns long wi th 
an orbital per iod of 780 ns. On 27 Apr i l 
e lectron inject ion was tr ied and stored 
electron beams were achieved wi th in 

half an hour. The fo l lowing day co l l i ­
sions were observed. 

SPEAR was descr ibed in vol . 11, 
page 279. It is a single r ing, 31.5 m 
radius wi th two 12 m straight sect ions 
(5 m free for experiments) init ial ly 
l imi ted, by the installed r.f. power, to 
about 2.4 GeV peak energies for the 
electron and positron beams but wi th 
a magnet system capable of f ie lds 
equivalent to 4.5 GeV. Development of 
SPEAR to 4.5 GeV levels may take 
place in 1973. The linac injects elec­
trons and positrons at 1.5 GeV and 
stored currents of 200 mA are ant ic i ­
pated wi th l i fet imes in excess of an 
hour. With one bunch in each ring 
col l is ions are l imited to two posi ­
t ions (the straight sections). The 
maximum luminosity hoped for is about 
10 3 2 c m " 2 s" 1 . 

It was intended to attempt operat ion 
on 1 Apr i l but the l inac schedule 
brought the f irst in ject ion tests back to 
14 Apr i l . On the sixth day of running, 

22 Apr i l , posi t ron beam was stored 
and the fo l lowing day currents were 
built up to 30 mA. The same happened 
wi th the electron beam — first stored 
on 27 Apr i l and built up to 30 mA the 
fo l lowing day. Also on 28 Apr i l , 1 mA 
beams of both electrons and positrons 
were stored simultaneously at an 
energy of 1.5 GeV. Col l is ions were 
observed and the measured luminosity 
was 2.8 X 10 2 8 c m " 2 s " 1 . Maximum cur­
rents recorded were 34.7 mA for posi ­
t rons and 47.4 mA for electrons. At low 
c i rculat ing current mean life was as 
long as 50 min. 

Much work remains to be done to 
master the storage ring and there are 
some rather straight forward measures 
sti l l to be taken which wi l l improve 
performance. For example, the init ial 
tests were carr ied out wi th a base 
pressure in the 10~9 torr range wh ich 
rose to 10~8 and higher in the presence 
of a beam ; the predominant ly a lu­
minium vacuum system wi l l be baked 



out to give lower base pressure. It 
is intended to have the storage ring 
ready for physics exper iments in De­
cember and several exper iments are 
author ized. 

The SPEAR project has been led by 
Burton Richter and John Rees. The 
construct ion t ime has been just over 
21 months and the project cost (at the 
2.4 GeV level) about $ 5. 3 mi l l ion. 

CAMBRIDGE 
Colliding beam 
experiment 
The f irst exper iment wi th the col l id ing 
beam faci l i ty at the Cambr idge Elec­
tron Accelerator began on 8 May. The 
exper iment consists of a survey of the 
relative cross-sect ions of q.e.d. reac­
t ions and hadron product ion f rom 
electron-posi t ron col l is ions wi th a 
centre-of-mass energy of 4 GeV. This 
is current ly the highest energy at 

The interaction region at the centre of the CEA 
bypass. Two quadrants of BOLD (Bypass On-Line 
Detector) can be seen installed. The synchrotron 
ring is visible in the rear. 

which such studies are being carr ied 
out anywhere. The first event recorded 
was a large angle electron-posi t ron 
scatter ing event which is shown in the 
Figures. 

Beams are accumulated in the CEA 
synchrotron ring by mult i -cycle injec­
t ion whi le the magnet ring is being 
cycled in the normal manner. Posi­
trons are in jected at 145 MeV unti l an 
average current of 3 to 5 mA is 
accumulated (in three minutes) and 
electrons are injected at 260 MeV until 
a comparable current has been accu­
mulated (in a few seconds). Magnet 
exci tat ion is then converted to d . c , so 
that the beam energy becomes 
constant at 2 GeV, and the beams are 
then swi tched into a low-beta bypass 
about 45 m long at the centre of wh ich 
the beams col l ide in a 2 m straight 
sect ion. Each of the 100 beam bun­
ches is 5 cm long and has a diameter 
of 0.01 cm at the interact ion point. The 
beam crossing angle is 1 mrad. 

The first event recorded in BOLD on 8 May. 
Electron and positron beams of 2 GeV energy 
were travelling through the bypass (along the 
z-axis in the photograph which then shows a 
projection of the detector in the x-y plane). The 
sketch below shows the fiducial marks of six 
double plane spark chambers and indicates the 
position of the first three lead converters. The 
two showers in opposite quadrants coming 
from a large angle scatter are clearly identifiable 
in the photograph. 

The exper iment began wi th the by­
pass operat ing at a luminosity of 
1.2 X 10 2 8 c m " 2 s " 1 and beam l i fe­
t imes of 2000 to 3000 s. Increases in 
the luminosity are expected wi th grow­
ing exper ience in operat ion of the 
system and f rom several planned im­
provements. At this t ime the bypass 
can handle individual beam energies 
of 2.5 GeV. After replacement of some 
of the focusing magnets in the bypass, 
scheduled for the summer of 1972, it 
wi l l be possible to increase the beam 
energy to 3.5 GeV. 

Enclosing the interact ion region is 
the Bypass On-Line Detector (BOLD), 
developed by a CEA-Harvard group 
led by R. Litt le. The detector consists 
of four quadrants of spark chambers, 
sc int i l la t ion counters, radiators, and 
also two f lank ing spark-chamber and 
iron-plate assembl ies (hadron conver­
ters). A variety of t r igger logics can be 
used. 
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Data on the rates at which particles are produced 
in the very high energy proton-proton collisions 
at the ISR. Of particular interest is the lower 
set of points which show the production rates 
for antiprotons (plotted as a ratio compared 
with the negative pion production rate which 
is itself increasing at the higher collision 
energies — thus the rate of increase of antiprotons 
with s is more rapid). The ratio at conventional 
accelerator energies is indicated in the shaded 
area. This observation on antiprotons is among 
the most intriguing ISR results. 

CORNELL 
Acceleration to 12 GeV 
On 10 Apr i l the electron synchrotron 
at Cornell accelerated a beam to 
12 GeV. The machine has held pr ide 
of place as the highest energy electron 
synchrotron in the wor ld s ince 1968 
when 10 GeV electrons were achieved 
and is in the midst of an improvement 
programme which may eventual ly 
push the peak energy to 15 GeV (much 
depending on exper ience wi th the 
12 GeV beams). 

The required increase in vol tage 
gain per turn was accompl ished by 
adding a single 5 m long sect ion of 
r.f. accelerat ing waveguide. It provides 
as much r.f. vol tage as the f ive exist ing 
sect ions combined. This is possible 
because of the high shunt impedance 
of the new bar- loaded waveguide and 
the use of a high power klystron 
(1 .3MW peak). The waveguide is 
operated in a travel l ing wave resonant 
r ing. 

The 2 0 % -increase in the peak 
energy was achieved wi thout any loss 
in beam intensity. 

Stony Brook-on-Thames 
The Fourth International Conference 
on High Energy Col l is ions (the Stony 
Brook series of conferences) was held 
at St. Catherines Col lege, Oxford, f rom 
5-7 Apr i l . It was sponsored by IUPAP 
and organized by the Rutherford Labo­
ratory. Approximately 250 physicists 
f rom 42 countr ies met to d iscuss the 
physics of high energy col l is ions ; the 
programme consisted of ten invited 
review papers and eighteen short con­
t r ibuted papers — there were no par­
allel sessions. 

Many interesting and intr iguing new 
results were presented but it is fair to 
say that nothing truly 'earth-shatter ing' 
was heard. As befits a Conference on 

high energy col l is ions, some of the 
main ta lk ing points were the ISR 
results — these are presented in terms 
of (centre of mass energy) 2 or s ; but 
it should be remembered that the 
equivalent beam momentum for the 
col l is ion of a stationary proton target 
is roughly between 250 to 1450GeV/c 
for s values between 500 and 2900 
GeV 2 . The ISR is now f i rmly in pro­
duct ion and the product ion rate is 
impressively high so early in the ma­
chine's life. 

The fo l lowing is a list of some of the 
outstanding new results presented : 

ISR and inclusive reactions — The 
Bri t ish/Scandinavian col laborat ion re­
ported the measurement of s ingle part i -
cle ( jt~, p~, K +) product ion at large 
angles and small momentum in the 
centre of mass. This type, of exper i ­
ment, studying ' inclusive' react ions, 
was descr ibed in vol . 11 , page 242. In 
the ISR range of s values between 550 
and 2860 GeV 2 there was no detectable 
energy dependence, but the str ik ing 
result was the change from previous 
synchrotron measurements. Going 
f rom the range 5 to 50 GeV 2 up to the 
range 550 to 2860 GeV 2 central ant i -
proton product ion increases by almost 
an order of magnitude, whi le central 
proton product ion remains essential ly 
constant. This observat ion seems to 
be causing some dif f iculty for the pro­
ponents of the Muel ler-Regge analysis 
of inclusive reactions — we can cer­
tainly expect considerable activity on 
this front. 

ISR and pp elastic scattering and total 
cross-sections — Results on small 
angle elast ic proton-proton scatter ing 
for 500 < s < 2900 GeV 2 were reported 
f rom the Aachen-CERN-Harvard-Ge-
nova-Torino col laborat ion. The main 
points were — 
(i) The proton-proton elastic d i f feren­

t ial cross-sect ion undergoes a 

marked change of slope at smal l 
angles — at about | t | = 0.1 (GeV/c) 2 . 
The region | t | less than 0.1 and | t | 
greater than 0.1 are wel l represented 
by a s imple exponential - e b t . Taking 
b = bo + 2a' In s the tentative values 
are: bo = 7.0 a' = 0.37 ± 0.08 GeV" 2 

(small t) b o = 9.2 a' = 0.10 ± 0.06 
GeV" 2 ( large t). 
This should generate much activi ty 
on the nature of the Pomeron — the 
singular i ty expected to control high 
energy elastic scatter ing. 

(ii) The measurement of the proton-
proton total cross-sect ion gave the 
value 37 ± 1.5 mb at all s values 
between 500 and 2900. This number 
is consistent wi th Regge pole mo­
del extrapolat ions. 

ISR and the search for the W — 
Results f rom the Brit ish col laborat ion 
exper iment on high transverse mo­
mentum muons were given. These 

169 



The number of charged particles, on average, 
emerging from high energy interactions is 
indicated in the graph. Recent results from the 
Mirabelle chamber at Serpukhov are included 
and reinforce other observations extrapolating to 
significantly higher values thant the Echo Lake 
results from cosmic rays. 

results are relevant to the possible 
existence of a part ic le mediat ing the 
weak interact ions — the intermediate 
vector boson or W. As the word 
'search' always impl ies in these con­
texts, no evidence for the W has yet 
been found in this experiment. 

Charged particle multiplicities at Ser­
pukhov — Charged part ic le mul t ip l i ­
ci t ies (n) were measured by the 
Saclay-Serpukhov group using the 
Mirabel le hydrogen bubble chamber 
at Serpukhov wi th beams of 50 to 
70GeV/c . The indicat ions are that n 
lies on a curve rising logar i thmical ly 
wi th s. This curve ( including the 10 to 
30 GeV/c data) extrapolates to s igni f i ­
cant ly higher values than the Echo 
Lake cosmic ray results. Charged par­
t ic le mult ip l ic i t ies, in pr inc ip le, offer a 
way to dist inguish between di f ferent 
models of product ion — e.g. mul t i -
per ipheral models require n to be pro­
port ional to log s, whereas f ragmen­

tat ion models prefer n proport ional to 
the square root of s. 

Hyperon-nucleon total cross-sections 
— Recent hyperon-nucleon total cross-
sect ion measurements f rom exper i ­
ments at the CERN proton synchrotron 
were reported. They gave the lambda-
proton total cross-sect ion as 34.6 
± 0.35 mb (apparently constant f rom 
8 to 17GeV/c) and the s igma-proton 
total cross-sect ion as 34.9 ± 1.2 mb at 
19GeV/c . For compar ison the proton-
proton total cross-sect ion is 38.8 
± 0.4 mb at 19GeV/c. These results 
agree wi th the predict ions of the 
s imple quark model . 

'Cross-overs' of elastic differential 
cross-sections — Very precise 

+ + + 

measurements of the rc"p, K~p and p~p 
small angle dif ferential cross-sect ions 
over the lab. momentum range f rom 
3 to 6 GeV/c were reported f rom Ar-
gonne. The x~p cross-over is found to 

occur at an + appreciably smaller t 
value than K~p cross-over. 
Theory — None of the 'o ld ' (pre-
Amsterdam) theoret ical band-wagons 
have suffered any major setback or 
achieved any great advance since last 
summer. The only fast developing area 
seems to be that of renormalizable 
theor ies of weak interact ions and the 
uni f icat ion of the weak and electro­
magnet ic interact ions. The basic no­
t ions were given by Weinberg in 1967 
but recently there has been a wave 
of interest and opt imism that major 
headway is being made on this 
subject. 

G. R. 

KARLSRUHE 
Pulsed superconducting 
magnet operated 
A pulsed superconduct ing coi l has 
been tested for almost ten thousand 
cycles in a s imple 'p icture-frame' 
magnet wi th a rectangular aperture of 
4 X 25 c m 2 . The iron yoke has a length 
of 40 cm and a cross-section of 
3 7 X 5 8 c m 2 . The magnet was mounted 
vert ical ly and cooled in a bath of l iquid 
hel ium. The cool -down of the 650 kg 
iron yoke f rom 77 K to 4.2 K was ob­
tained wi th a loss of only 1001 of l iquid 
hel ium (0.15 I hel ium per kg of iron). 

The coi l is of a two-dimensional race­
t rack type. It was wound on a glass-
f ibre epoxy form f rom 1000 A cable 
consist ing of 10 strands of Niomax 
TC 1045 around a central copper wire 
soldered by In-Sn. It was insulated 
wi th glass-f ibre tape. The coi l was not 
potted so that it can be rewound in a 
three-dimensional shape. Effective 
cool ing was provided via vert ical 
channels and the coi l was f ixed in 
place by means of wedges. 

With a slow rise of 0.1 T/s, f ields of 
4.5 T at the centre and 5.2 T at the coi l 
edge were obta ined. The peak current 
of 1035 A corresponds to the short 
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The superconducting iron core magnet, operated 
for a series of tests at Karlsruhe, seen outside 
its cryostat. 

(Photo Karlsruhe) 

OGA (Optique a Grande Acceptance) the d.c. 
superconducting quadrupole doublet which has 
recently undergone successful tests at Saclay. 
The doublet is to be installed on a pion beam-
line at the Saturne synchrotron to achieve higher 
pion intensities. 

(Photo Saclay) 

sample values at these f ie lds. No t ra in­
ing was observed. 

Tr iangular current pulses wi th dif­
ferent cycle t imes were appl ied to the 
coi l . It was found that the peak ma­
gnet ic f ield attainable was lower as the 
rise t ime decreased (for example : 
4.5 T wi th 45 s rise t ime, 3.2 T wi th 5 s, 
2.4 T wi th 1 s). It is assumed that these 
reduct ions in f ield were caused by 
local heating in the coi l ei ther due to 
eddy currents or conductor movement. 
The losses per cycle also depend on 
the rise t ime probably due to eddy 
currents either at the end regions as 
the iron saturates or in the cable be­
cause of electr ical coupl ing between 
the central copper w i re and the 
strands via the In-Sn solder. 

The coi l is being rewound into a 
three-dimensional shape and wi l l sub­
sequently be potted in epoxy. Further 
exper iments wi l l then be carr ied out, 
especial ly to study the dependence of 
peak f ield and losses on rise t ime. 

SACLAY 
OGA in action 
A d.c. superconduct ing quadrupole 
doublet (known as OGA — Opt ique a 
Grande Acceptance) built in the Sa­
turne Department at Saclay has re­
cently been successful ly tested. The 
doublet consists of two independent 
quadrupoles and is intended to be 
instal led in a pion beam-l ine in the 
exper imental hall of the synchrotron, 
Saturne, dur ing its next long shutdown. 
The large angular acceptance of the 
doublet should make it possible to in­
crease the intensity of the pion beam 
by a factor of three to four. 

The two quadrupoles were buil t in 
a similar way and external ly look iden­
t ical . An outside shielding cyl inder 
1.4 m in diameter and 1.2 in long en­
closes the cryostat where the quadru­
pole is located. The quadrupole is 
centred along the axis of the cyl inder 

but the hel ium container is eccentr ic 
so as to provide a hel ium reservoir 
above the quadrupole which can be 
topped up automat ical ly about every 
twelve hours. 

The useful aperture for the pion 
beam is 20 cm in diameter for the f irst 
quadrupole and 30 cm diameter for the 
second. The focusing gradients are 
nominal ly designed to handle part icles 
of momentum 1.5 GeV/c but it may be 
possible to push this as high as 
2 GeV/c. The design f ield length is 
68 cm in each quadrupole and the 
peak focusing gradients (correspond­
ing to 2 GeV/c particles) are 35 T/m 
for the f irst and 23 T/m for the second. 
Simi lar currents are sent through the 
superconductor in each quadrupole 
to reach these f ield levels — 1220 A 
and 1180 A respectively, giving a peak 
f ie ld at the conductor itself of 5 T and 
4.5 T wi th a total stored energy of 
0.75 MJ. 

The superconductor was suppl ied 
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by IMI and consists of twelve wires 
twisted around a central copper core. 
Each wire contains 61 n iob ium-
t i tanium f i laments 45 diameter and 
is twisted with a pi tch of 25 mm. The 
complete conductor has a rectangular 
cross-sect ion 2.35 X 3.27 m m 2 w i th a 
copper /superconductor ratio of 4.5. 
The short sample per formance was 
measured as over 1900 A in a 5.7 T 
magnet ic f ie ld. Each pole consists of 
620 turns, wound fo l lowing, a tech­
nique developed at Saclay to keep the 
length of conductor in each turn the 
same. Cool ing is via hel ium channels. 

During the tests a high degree of 
automat ion was achieved s ince the 
hel ium transfers were carr ied out auto­
matical ly (cal led for by gauges in the 
cryostat) and the current rise and d.c. 
control were simply set in advance. 
The design values were achieved and 
sustained for several hours in each 
quadrupole, though the f irst (unl ike the 
second) went through progressive 
t ra in ing to achieve the design values. 
Mechanical movement in this quadru­
pole wh ich , wi th its small aperture, 
was more di f f icul t to w ind , is the l ikely 
cause. The total hel ium loss was about 
12 I per hour. 

Field measurements were made and 
showed that the f ield map is centred 
on the axis to wi th in 0.3 mm and is 
symmetr ic . The equivalent length of 
f ie ld is 70 cm and the f ield conf igura­
t ion is achieved to better than 1 % . 

RUTHERFORD 
New tests on AC3 
The prototype superconduct ing pulsed 
d ipole known as AC3 was f irst put 
through its paces at the Rutherford 
Laboratory in the autumn of last year 
(see vo l . 11, page 253). It then reached 
f ie ld levels of 3.9 T in a 10 cm bore. 

An inner wind ing, reducing the bore 

to 7.5 cm, has recently been added and 
on its f irst cooldown the new assembly 
repeatedly pulsed to 4.6 T central f ield 
levels (5.2 T peak field) wi th slow rate 
of rise and to 4.5 T central f ie ld wi th 
a 3 s rise t ime. Very l itt le ' t ra in ing' 
(progressive approach to peak fields) 
was observed and the magnet current 
(4500 A) was close to the short sample 
current for the cable used in the mag­
net construct ion. 

Another encouraging feature of the 
latest tests is that they were preceded 
by a major repair to an inter-pancake 
connect ion. This involved spl ic ing in a 
short length of superconduct ing cable 
and reimpregnat ing. No deter iorat ion 
ot performance resulted f rom the re­
pair wh ich is a further indicat ion that 
superconduct ing magnets are reaching 
the stage where the engineering tech­
niques used in their construct ion, 
operat ion and maintenance are being 
conf ident ly mastered. 

SERPUKHOV 
World's highest energy 
kaons 
In Apr i l , the last of the major i tems 
of equipment provided by CERN to be 
used at the 76 GeV proton synchrotron 
came into operat ion and helped to 
y ield the wor ld 's highest energy kaons. 
Separated beams of posit ive and ne­
gative kaons and ant iprotons were 
achieved wi th a momentum of 32 GeV/c 
when a new sect ion of beam-l ine 
(designed and built by a Serpukhov 
team under V. Kotov) and the three 
cavity r.f. separator (designed and buil t 
by a CERN team under H. Lengeler 
and Ph. Bernard) were brought into 
act ion. 

In the February issue (page 38) we 
reported the f irst operat ion of the fast 
e ject ion system and the ejected beam 
transport system which extends as far 

as the target. The Apr i l tests were to 
take beam through a subsequent 
length of beam-l ine and through the 
separators. (Details concerning these 
components can be found in vol . 11 
number 8). Al l previous tests of these 
components had been performed 
wi thout beam and the aim was to study 
the beam qual i ty and separator per­
formance wh ich could be achieved. 
The results were highly satisfactory. 
With the system tuning in the hands of 
P. Lazeyras, a peak kaon momentum 
of 32 GeV/c was reached with a beam 
contaminat ion (the presence of un­
wanted part icles) of less than 2 % . 

There were about ten kaons per 
burst but this number could be con­
siderably increased if desired. The 
tests used only one of the thirty 
bunches in the accelerated proton 
beam (and a low intensity bunch at 
that) or a 4 t̂ s burst of residual beam 
after internal targets had been bom­
barded. The intensit ies along the 
ejected beam-l ine and secondary 
beam (channel No. 7) were del iberately 
kept low because some attention is 
needed to shie ld ing around the target 
area. The separated beam was studied 
using Cherenkov counters provided by 
Yu.D. Prokoshkin 's group since the 
Mirabel le hydrogen bubble chamber, 
that it wi l l normal ly feed, was not then 
in operat ion. 

The f irst physics run wi th the ful l 
battery of equipment, including Mira­
belle, in act ion is scheduled to start on 
25 May. Pictures using the 32 GeV/c 
kaons wi l l be analysed by Soviet, 
French and CERN groups. 

On 8 June, the Director of the 
Institute of High Energy Physics, A.A. 
Logunov, wi l l be jo ined at Serpukhov 
by the Director General of CERN 
Laboratory I, W.K. Jentschke, for a cere­
mony to mark the successful comple­
t ion of this important phase of the 
work being carr ied out in the context 
of the 1967 CERN-Serpukhov agree­
ment. 
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Schematic representation (not to scale) of the 
neutron tagging system developed at the Bevatron. 
Protons associated with neutrons as deuterons 
dissociate in a uranium target are deflected by 
magnets and detected by counters. Corresponding 
neutrons can be identified with a momentum 
resolution of ± 0.7 %. 

BERKELEY 
Neutron tagging 
A team from the University of Cali for­
nia San Diego and f rom the Lawrence 
Berkeley Laboratory have succeeded 
in developing a system for ' tagging ' 
neutrons at GeV energies using a me­
thod similar to that fami l iar at e lectron 
synchrotrons for tagging photons. The 
team members were : C.W. Leeman, 
W.A. Mehlhop, H.A. Grunder. O. Pic-
c ioni , P.H. Bowles, R.H. Thomas, D.S. 
Scip ione and R.W. Gar land. 

Considerable emphasis is being 
given to the accelerat ion of deuterons 
and heavier ions at the Bevatron (see 
vol . 11, page 251). The recent work 
studied the secondary neutrons wh ich 
emerged f rom a uranium target when 
bombarded by a 5.8 GeV/c deuteron 
beam. A very healthy neutron beam 
can be obtained — 1 0 9 neutrons per 
msteradian f rom 10 1 1 deuterons on a 

uranium target about 3 cm thick, the 
neutron beam having a momentum 
spread of ± 3 % . Experiments wi th 
such beams are l ikely to be l imited by 
the capabi l i t ies of the detectors rather 
than the beams themselves. 

The tagging operat ion involves neu­
tron beams of much lower intensit ies 
(in the 10 6 range). The protons accom­
panying the neutrons f rom the disso­
ciat ing deuterons are deviated by 
magnets and detected by counters. 
The f irst data indicated that about 
4 0 % of a 1.5 X 10 6 neutron beam 
could be identi f ied wi th a tagging pro­
ton so that the neutron momentum is 
known to better than ± 0.7 % (meas­
uring the proton momentum to better 
than 0.5 % ) . With a spil l length of 1.5 s 
f rom the Bevatron, about 5 % of the 
neutrons so tagged can be est imated 
to be accidental coinc idences wi th the 
proton counters. 

Using a conventional t ime-of-f l ight 
method to determine the neutron mo­

mentum, wi th a counter in front of the 
uranium target and a neutron counter 
(scint i l lator preceded by 10 cm of lead 
convertor) at the end of a 125 m f l ight 
path, the precis ion was of the order of 
± 3 % . Using the tagging system the 
precis ion, as ment ioned above, is im­
proved to ± 0.7 % . The added pre­
cis ion can be very useful in some 
types of exper iment (such as missing 
mass experiments) and the method is 
an addi t ional ref inement in the use of 
neutron beams which could also be 
appl ied at other accelerators. It is 
possible also that tagged ant ineutrons 
could be obtained in view of the f ind­
ings at Serpukhov where substantial 
numbers of ant ideuterons have been 
ident i f ied in secondary beams. 

BROOKHAVEN 
Mystery of the missing 
neutrinos 
The latest results f rom the Brookhaven 
solar neutr ino exper iment were report­
ed by R. Davis at the Washington 
meet ing of the Amer ican Physical So­
ciety on 26 Apr i l . The experiment be­
gan in 1968 (see vol . 8, page 54) and 
involves an imaginative al l iance of 
physics and chemistry in an attempt 
to get hold of neutr inos coming f rom 
the fusion react ions which power the 
sun. A measure of the neutrino rate is 
an indicat ion as to whether our ideas 
about the nuclear interact ions going 
on in the heart of the sun are correct. 
The results so far suggest that our 
ideas are wrong. 

The neutr ino detector is a huge tank 
of perchloroethylene (a common dry 
c leaning solvent that is 80 % chlorine) 
h idden about 1.5 km down Homestake 
Gold Mine is South Dakota where only 
neutr inos can be expected to pene­
trate. When a neutr ino interacts wi th 
a chlor ine nucleus it converts it to 
argon-37 

C I 3 7 + v -> A 3 7 + e 
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One end of the huge tank of perchloroethylene 
located 1.5 km below ground to catch neutrinos 
from the sun. This Brookhaven experiment has 
observed neutrinos at a rate ten times lower 
than predicted by the accepted theories about 
what is happening in the sun, 

(Photo BNL) 
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which is radioact ive wi th a half- l i fe of 
35 days. The l iquid is al lowed to sit 
col lect ing neutr inos for about 100 days 
and then it is purged with hel ium gas 
to pick up the argon atoms whose de­
cays are counted with a small pro­
port ional counter. 

The detect ion sensit ivity has been 
improved since the early days of the 
exper iment but the measured neutr ino 
f lux is sti l l a factor of ten below what 
is theoret ical ly expected. It is possible 
to calculate that if our ideas on the 
source of the neutrinos in the sun are 
correct, the tank should capture two 
neutr inos per day — the measured rate 
is less than 0.2 neutrinos per day. No 
convincing explanat ion of this obser­
vat ion has been put forward. 

DUBNA 
Experimental results 
Muon capture 

A meson beam of the Dubna 680 MeV 
synchro-cyc lot ron, has been used to 
study the charged part ic les emit ted 
when muons are absorbed by nuclei . 
Targets of 2 8 S i , 3 2 S , 4 0 C a and 6 4 C u 

were exposed to a stopping muon 
beam and the emerging part ic les were 
identi f ied in terms of their mass by 
measuring both the ionization losses 
in a thin semiconduct ing si l icon de­
tector and the total energy in a cesium 
iodide spectrometer. 

The energy spectra (up to about 
50 MeV) and the probabi l i ty of the 
product ion of protons of over 15 MeV 
and deuterons of over 18 MeV from 
the capture were measured. The 
probabi l i ty of the product ion of t r i t ium 
nuclei of over 24 MeV could also be 
est imated. 

The number of protons emerging 
depends on the charge of the nucleus 
and is at a maximum in the region of 
nuclear charge number 20 and, for 
protons of over 15 MeV, is about 

13 X 10~3 per capture (measured on 
4 0 Ca) . When the charge of the nucleus 
is lower, the proport ion of deuterons 
in the total number of charged part i ­
cles increases f rom about 17% for 
6 4 C u to about 3 4 % for 2 8 S i . These 
results may be explained in terms of 
the absorpt ion of muons by clusters 
of nuclei in the surface layer of the 
nucleus. 

In recent years, there has been 
great interest in the interact ion of 
part ic les wi th nuclei and negatively 
charged mesons provide a convenient 
way of obtain ing information on 
nuclear structure. They are captured 
by nuclei after f i rst forming a mesic 
atom. The data obtained from the 
Dubna exper iment adds to the know­
ledge of the muon capture process 
obtained f rom experiments on muon 
capture accompanied by neutron 
emission. 

Rare muon decays 

Experiments are cont inuing at the 
synchro-cyc lo t ron, using a spectro­
meter w i th spark chambers in the 
magnet ic f ie ld, to search for rare pion 
and muon decays. In order to check 
the law of lepton charge conservat ion 
the decay of the posit ive muon into 
two positrons and one electron was 
looked for. It was found that the 
branching ratio of this decay com­
pared wi th the decay into a positron 
and two neutr inos is less than, or equal 
to, 6.2 X 10~9 (with 9 0 % conf idence 
l imits). This is approximately twenty 
t imes less than the upper probabi l i ty 
l imit previously establ ished for the 
decay. 

Backward pion electro-production 

The react ions for backward pion 
e lect ro-product ion where the negative 
pion interacts w i th a proton to give 
a posi t ron, an electron and a neutron, 
was investigated at 275 MeV at the 



synchro-cyc lot ron. A study of this 
process could yield informat ion on 
the mechanism for backward pion 
photo-product ion, wh ich has a v i r tual 
photon wi th t ime-l ike 4-momentum. 
Moreover, a knowledge of the differ­
ential cross-sect ions of the process 
should, in theory, make it easier to 
study the electromagnet ic st ructure 
of the pion and nucleon in the t ime­
l ike momentum transfer region. 

The nucleon's form factor at q 2 > 0 
has not been studied. Moreover, in 
future exper iments wi th co l l id ing 
beams, the region 0 < q 2 < 4 M 2 (M 
being the nucleon's mass) wi l l be 
k inemat ical ly inaccessible. Therefore, 
the react ions for backward e lectro-

product ion is vir tual ly the only source 
of exper imental data on the structure 
of the nucleon in this momentum 
transfer range. The same appl ies to 
data on pion structure. 

The react ion was detected in the 
exper iment by means of a device 
consist ing of scint i l lat ion and Che-
renkov counters, total absorpt ion Che-
renkov spectrometers and spark 
chambers. Electrons and positrons 
were recorded at an angle close to 
90° to the negative pion beam. The 
energies and emission angles of the 
electrons and positrons were meas­
ured. 

When the data were analyzed, 55 
events were identi f ield wi th an effec­

t ive mass of the electron-posi t ron pair 
ranging f rom 1 to 3 f"2 and the differ­
ential cross-sect ion for the process at 
an electron (positron) energy of over 
40 MeV was determined as (3.0 ± 0.8) 
X 10~ 3 3 cm 2 / s te rad ian 2 . 



*GUTOR livre des coffrets, des 
armoires, des pupitres normali­
ses et des boTtiers speciaux, 
en tole d'acier, dans differentes 
executions avec un systeme 
de montage rapide et rationnel. 

GUTOR SA 
CH-5430 Wettingen Telephone 056 6 25 25 

Electronique industrielle Produits normalises en acier Transformateurs 



SPARK 
CHAMBER 
READOUT 
SYSTEM 

mmmmgi ^^^^^ ^ ^ 

HELIUM — HYDROGENE — AZOTE 
— ARGON 

OXYG&NE 

Pour toutes les appl icat ions des tres basses 
temperatures 

CONTAINERS BIOLOGIQUES 
DE CONSERVATION 
VASES DEWARS 

CONTAINERS DE STOCKAGE N 2 

RESERVOIRS He 

CRYOSTATS 

LIGNE DE TRANSFERT 

REGULATION DE NIVEAU 

REGULATION DE TEMPERATURE 

C R Y O D I F F U S I O N 
28, rue Bayard — PARIS VI I I 6 — Teleph. 225-53-69 

M o d e l C 1 2 0 M S 

-WINFIELD's 

C O S M O S O s c i l l a t o r 
Output Amplitude: 

f r o m 2 . 6 Vpp to 12 Vpp into 

a 2 YSl l o a d , o r . 

f r o m 3 . 6 V p p to 18Vpp into 

a 10 KX2 l o a d , depending on 

supply v o l t a g e . 

Frequency: 0 . 0 1 H z t o 10 M H z . 

Frequency Tolerance: 

± . 0 0 1 % , + 2 0 ° C to + 4 0 ° C , t o 

± . 0 5 % , - 5 5 ° C t o + 1 2 5 ° C . 

Supply Voltage: 

Any supply v o l t a g e f r o m 5 V d c 

to 15 V d c , with supply c u r r e n t Termination: . 0 3 " d i a m e t e r 

f r o m 2 m a t o 13 m a , depend ing g o l d p l a t e d p i n s , 

on supply v o l t a g e . Dimensions: 1. 6 " L x 1. 2"W x 

Output Waveform: S q u a r e w a v e . 0 . 4 " H . 

R i s e t i m e 50 n s n o m i n a l . Delivery: S t o c k to 2 w e e k s , 

C O N N O R - W I N F I E L D C O R P 

Winfield, Illinois 60190 
Phone: 312-231-5270 
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Edelstahl 
AISI 304, 316 (LC + Ti) 

Rohre, Langsnahtgeschweisst 

Rohrbogen 

Rohrlei tungen komplett 
betr iebsfert ig montiert 

-gegr. 

METALLWERK 

B u t t i n g 
Knesebeck 
Rohrenwerk u. Rohrleitungsbau 
Edelstahl, Kupfer, Leichtmetall 

Edelstahlrohrlei tung aus AISI 304 
geliefert und montiert fur CERN 
Kuhlsystem, Blasenkammer 

Telex : 091 714 

Tel. : 05834/806 

Andre Besson 
Ingenieur E.P.F.L. 

Transformateurs s p e c i a u x et n o r m a u x 

A u t o m a t i s m e s , e lectronique : 

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

et d e m o y e n n e s se r i es 

1260 NYON (Suisse) 

Ibis, rue d'Oulteret 
Telex : 27 328 bin ch 
Tel. (022) 61 35 06 
BoTte postale 61 

iDininini Dana Laboratories, Inc. 

8 0 0 0 B C O U N T E R 

Frequency : 0.. . 550 MHz • Time-interval : 10 ns.. . 1 0 9 s • Time-interval-average : 150 ps.. . 10s • Period : 100 ns.. . 1 0 1 0 s • Period-average : 100 ns.. . 1 0 2 s 

Total isat ion : 0.. . 10 9 counts • Frequency ratio : 10~9.. . 10 9 

Please ask for 
demonstrat ion 

detai led documentat ion or a 

Industrievertretungen 
Junkholz333-CH-8< 8968 Mutschellen 1 1 

(7005 EE) 

Tel. 057 5 46 55 
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The EG&G 
powered CAMAC crate 

strong, light, cool. 

All CAMAC crates are created equal. 

Electrical ly. 

Mechan ica l l y , the re are some 
points of difference. 

Our crates are buil t of th ick-
section aluminum, to rather precise 
tolerances. They don' t weigh much, 
but they' l l hold up wel l in hard use. 

Module tracks on both the f loor 
and roof of the crate work wi th re­

ceptive c i rcui t board connectors to 
ensure accurate and effortless posi­
t ioning of the modules. These tracks 
are permanently coated wi th a very 
du rab le , ant i -gal l ing , l ow- f r i c t i on 
material. 

EG&G's CAMAC power supply is 
forced-air cooled, so it weighs about 
50% less than comparable convec­
t ion-cooled units. And it's more effi­
cient, of course. A better environ­

ment for the electronics. 
For a data sheet, contact your 

local representative or EG&G Inc., 
N u c l e a r I n s t r u m e n t a t i o n D i v i s i on , 
110 Midland Road, Oak Ridge, Tenn. 
37830. Phone: (615) 482-4411. In 
Europe: Ortec Ltd., Dallow Road, 
Luton, Bedfordshire. Phone: LUton 
27557. Ortec GmbH, 8 Mi inchen 13, 
Frankfurter Ring 81 , West Germany. 
Phone: (0811) 359-1001. 

NIM . . . CAMAC . . . EG&G 
Three names to keep together in your mind. 

n 
NUCLEAR I N S T R U M E N T A T I O N DIVISION 
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I N NOVA CONTROLLED CAMAC 
SEN Electronique advocates the direct connection of Camac equipment to the computer. A 
great deal of convenience and speed capability is hidden behind a NOVA CC 2023 Controller — 
Camac configuration. 

DO YOU KNOW HOW FLEXIBLE 
A NOVA-CAMAC SYSTEM IS? 

• Systems with virtual ly any number of crates can 
be assembled using only model CC 2023 Crate 
Control lers. 

• Each crate has its own command register where 
a Camac command can be left for subsequent 
use. This means greatly reduced overheads. 

• Each crate has its own 24 bit data Register. Data 
transfers f rom one module to another one wi th in 
the same crate wi thout d is turb ing any accumu­
lator. 

• Each crate is uniquely identified as a LAM-
source by a single instruction. Complete L-pat-
terns (one bit for every stat ion in the system) can 
be fetched with two more instruct ions. 

• Direct memory channel is standard. Fast data 
transfers can be effected at no addi t ional cost 
and wi th min imum program sequences. 

• Whi le one crate is set up for d i rect channel , the 
others are accessib le to the program to do use­
ful work. It is even possible to have several 
crates steal ing memory cycles in a concurrent 
manner. 

• Automatic Camac address modification, usable 
both wi th the direct channel and wi th the pro­
grammed dia log, al lows eff ic ient and fast read­
out or loading of str ings of s imi lar modules. 

^ Trade name for computers made by DATA GEN. CORP. 

DO YOU KNOW HOW FAST 
A NOVA-CAMAC SYSTEM IS? 

The t imes given here assume a NOVA 1200 computer, the 
least expensive member of the l ine. They apply to single 
and to mult i -crate environment. 

9 | i S to read a 16 bit word f rom a module into a NOVA 
accumulator . This f igure includes fetching the 
command f rom memory, loading the command 
into the contro l ler and gett ing the data. 

9 | J S to wr i te a 16 bit word into a module from an 
accumulator , same condi t ions as above. Only 
3 instruct ions are requi red. 

5 .7 | i S to effect a non-Read/non-Wri te Camac com­
mand, all overheads included. 

12 ( J S to read a 24 bit word into a pair of accumulators. 

11.4 [ i S to read a 24 bit word f rom module A and wri te it 
back into module B, overheads inc luded. 

23 | i S to get the LAM pattern into a pair of accumu­
lators as a response to an interrupt request. 

* This t ime includes the saving of the machine's 
state whi le enter ing interrupt service and inter­
rupt source ident i f icat ion. 

The above looks nice but s ingle commands are not par t icu-
lary favorable; now something more impressive: 

1.9 ps per 16 bit word to readout 10 four-fold scalers 
and store the data into memory. This f igure 
includes the necessary overheads and the pro­
gram sequence has only 4 instruct ions and 2 
constants ! 

1-2 | J S only per 16 bit words successively read-in 
through the direct memory channel. 

If you meet t ime problems in planning Camac data taking 
equipments, it is wor th consider ing a NOVA-CAMAC system. 

e l e c t r o n i q u e 3 1 , av. Ernest -Pic tet - 1211 GENEVA 13 - SWITZERLAND - Te l . (022) 4 4 2 9 4 0 - Te lex 2 3 3 5 9 

Denmark: J. Fjerbaek i/s Ingenior, M. AF I 
Hoeghsmindevej 23 - 2820 GENTOFTE/Copenhagen 

France : ORTEC SARL - 2, quai du Pare - F-94 SAINT-MAUR 

Germany SEN Elektronik - Haidbrook 23 
Benelux " Postfach 223 - D-2 WEDEL/Hmb. 

Italy: ORTEC-ltalia SPA - Via Monte Suello 9 - 20133 MILANO 

South Africa : Denbigh Smith & Phillips Ltd. 
Honiton Road 33 - PLUMSTEAD, Cape 

Sweden : POLYAMP AB - Fack S-163 04 SPANGA 

UK : ORTEC Ltd., Dalroad Industrial Estate 
Dallow Road - LUTON LU1 1SU/Beds. 

USA & Canada : EG&G/ORTEC -100 Midland Road 
OAK RIDGE, Tenn. 37830 
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Digital Equipment's new family of 
big computers, DECsystem-10. Each of 
the five systems (2nd shown) is a 
price/performance giant. 

New faster, bigger processor. 
Expanded core memories. More COBOL 
features. New high performance dual 
- density disk packs. Super multipro-
^ cessor systems. Improved card 

readers. New magtapes. And more. 
DECsystem -10 runs four functions: 

batch processing, multi-access 

RP
V conversational timesharing, 

remote job entry (batch and time­
sharing), and real-time equally 

well and simultaneously. 
All five systems run all four 

functions using the same operating 
system with the same job control 
commands. All are serviced by the same 
language processors COBOL, ALGOL, 
FORTRAN, BASIC, MACRO, and many 
others. The only thing that changes is 
speed and capacity. 

Digital Equipment Corporation 
International-Europe, 81, Route de I'Aire, 
CH -1211 Geneva 26. Tel. 022/42 79 50, 
Telex 22683. 

Reading, London, Manchester, 
Birmingham, Edinburgh, Munich, 
Cologne, Hannover, Frankfurt, Vienna, 
Stockholm, Oslo, Copenhagen, Paris, 
Grenoble, The Hague, Brussels, Zurich, 
Milan. 
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Une entreprise en expansion 

cu 

Qui sommes-nous ? Cii, Compagnie 
Internationale pour l'lnformatique, une entreprise 
privee industrielle dont les principaux actionnaires 
s'appellent Thomson, CGE et Schneider. 
Nous exergons une activite dont on ne voit guere 
la fin dans le monde moderne. Nos objectifs 
en tiennent compte, et nous les atteignons. 

Notre catalogue comprend des maintenant 
une ligne continue d'ordinateurs universels 
(de Iris 45 a Iris 80). Avec elle, 
nous couvrons tous les domaines de rinformatique, 
depuis la gestion de l'entreprise moyenne 
jusqu'aux plus gros travaux scientifiques. 
Et la sortie du mini-ordinateur Mitra 15 
nous a permis de confirmer notre rang de leader 
europeen pour les applications industrielles. 

Nous avons dej a installe plus de 700 systemes : 
une premiere etape. Pour franchir la deuxieme, 
nous agrandissons de moitie notre Usine de Toulouse, 
nous recrutons nombre d'ingenieurs 
(ils sont deja 1600), nous donnons, pour nos clients, 
une nouvelle dimension a notre Ecole de formation, 
nous puvrons des Delegations commerciales 
dans chaque metropole regionale et nous 
ne cessons d'etendre notre Reseau de maintenance. 

COMPAGNIE INTERNATIONALE POUR L! INFORMATIQUE 
68, route de Versailles, (78) Louveciennes, Tel. 951.86.00 
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Protect the sectors of your research 
units from air inbreaks by mounting a 

FAST CLOSING FLAP VALVE 

• with a free passage of 100 mm 

• closes high vacuum tight by 
means of a rotary spring within 
less than 25 msec 

• opens by means of a gearmotor 
and remains open currentless 

• with remote position indication 

• passage bellows-sealed 

• stationary seals in metal 

For further information apply to 

VAT AKTIENGESELLSCHAFT 
fur Vakuum-Apparate-Technik 

CH-9499 Haag 
Tel. 085 / 715 85 

Electrodes Pick-up realisees pour le Booster Service SI. - Metallisation 
interieure, avec dorure. Scellement etanche ceramique-titane-inox, et 
assemblage des embouts inox sur inox par bombardement electronique. 

Fabrications de la division 
« Oxydes frittes » 

ARTICLES DE LABORATOIRE en oxydes frittes 

GUIDE FILS «ZIRTEX» 

BUSES DE PULVERISATION « ALBUZ » 

PASSAGES ELECTRIQUES STANCHES 

Ceramiques metallisees et brasees 

PIECES pour MECANIQUE, NUCLEAIRE, 
ELECTROMECANIQUE 

Tubes, barreaux, plaques, disques en AF 997 

Revetements ceramiques par projection 

Pieces usinees rectifiees 

PIECES pour ELECTRONIQUE 

Radomes, fenetres electromagnetiques 

Pieces en oxyde de Beryllium « BEROXYD » 

POUDRES abrasives et pour projection 
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Game tables with the Mirabelle option are now available for You. You get two 
systems for the cost of one. 
Two ordinary models and two with the Mirabelle capability are now being installed 
at U.L.B. and V.U.B. Ask their Professor J. Sacton respectively Professor J. Lemonne 
about it and then contact us: 
Saab-Scania, Industrial Systems Division, Fack, S-55002 Jonkoping 2, Sweden 
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Multicore Conductor 3,5x7,6 m m 2 twisted, 
with cryostatic stabilization 

IMbTi based alloy 
H igh Field Superconduc to r 

V A C R Y F L U X 5001® 
Applicat ions 
Magne ts both o f 
big vo lume and on 
laboratory scale 
Single core conductors for magnets of high homogeneity 
(critical current density about 2-2,5x10 5 A /cm 2 at 5T) 

Multicore conductors containing 30 to 250 twisted 
superconducting strands, various degrees of stabilization, 
cross section circular or rectangular 
(diameter of superconducting cores: 0,1 -0,2 mm) 

Filament conductors containing 60 to about 1000 twisted 
superconducting strands, intrinsically stable 
(critical currents varying from 100 to 2000 A at 5T) 

m a g n e t i c I n d u c t i o n • 
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