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Comment

Our opening article in this issue
celebrates the first operation, on
1 March, of the proton synchrotron at
the National Accelerator Laboratory,
Batavia, at its design energy of
200 GeV. The article gives a short
description of the machine and some
of its building and commissioning
story. It is a great achievement to
reach the highest energy in the world
from a particle accelerator and NAL
have done it in a style which is all
their own.

When they started work on the
design of the machine in the summer
of 1967 there were already in ex-
istence, in Europe and the USA, design
studies for accelerators to give several
hundred GeV energy. Those design
studies in their essential philosophy
were extrapolations of the great alter-
nating-gradient ‘machines, built in the
1950s, which have performed so well
at Brookhaven and at CERN. NAL did
not take over these designs but
rethought the problem and came out
with a radically different scheme. Not
many of the new underlying ideas
actually originated at NAL but cer-
tainly the incorporation of the ideas in
the design of a big machine was first
done at NAL.

When, after a few months of intense
work at Oakbrook, the design for a
200 GeV machine capable of extension
to higher energies was presented to
the accelerator community at the
Cambridge Conference in September
1967 (see vol. 7, page 199) the new
ideas were not well received. By now,
however, many of them — such as the
concept of ‘extendible energy’ for the
accelerator, the choice of separated-
function lattice for the main ring, the
choice of window-frame magnets, the
belief that it is possible to achieve
high ejection efficiencies — are com-
pletely accepted. Others — such as
the ‘tightness’ of the magnet design,
the use of the machine itself as the
test bed (rather than rigorous pre-

testing of components prior to instal-
lation) — have not been a convincing
success.

When tackling the design of such
a major project there is a narrow
path to be trodden between attitudes
which we might express in the words
of Dean Inge as ‘This is old, therefore
it is good’ and ‘This is new, therefore
it is better’. The NAL machine builders
would probably be the first to admit
that they did not win them all —
taking new approaches, some valid
experience was rejected and part of
the baby went out with the bath-
water. Nevertheless Bob Wilson and
his team re-opened the windows on
accelerator design and let some fresh
air blow in. As a result of their imagi-
nation and freshness of approach the
design of large accelerators has been
revitalized.

It is appropriate to use the ex-
pression ‘Bob Wilson and his team’
because the personality of the Labo-
ratory Director, Professor R.R. Wilson,
has been dominant in setting the style
of the National Accelerator Laboratory.
His influence can be seen everywhere
— in the design of the machine, in
establishing the rapid pace of con-
struction, in the political negotiations
that sustained support in a time of
financial stringency (as perhaps no-
one else could), in the flair for publi-
city, in the design of the Laboratory
(the building complex is becoming a
striking work of architecture). He in-
spired tremendous enthusiasm and won
tremendous hard work from his team.
They are likely to look back with
memories of blood, sweat and tears
but also with memories of enjoyment
and statisfaction from the years they
spent building the synchrotron at
Batavia.

The ultimate test of a good acceler-
ator is the quality of the physics
programme it is able to support. Up
to now, the criterion might be ex-
pressed as ‘a machine which sustains

the research of the maximum number
of physicists for the maximum amount
of time with maximum versatility’. But
this may not be the only criterion of
excellence.

As the NAL team continue their
work to bring their accelerator fully
into operation to feed experiments, the
high energy physics community will
wish to congratulate them on their
achievement in reaching 200 GeV and
on the vigour and enthusiasm with
which they have brought it about. It
has been an exhilarating experience
to follow the progress of the project
and we look forward with even more
interest to the start of the experi-
mental programme.
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First pulses at 200 GeV

Commissioning of the proton synchrotron at
the National Accelerator Laboratory, Batavia.

The National Accelerator Laboratory
came into being in the summer of
. 1967 with the mandate to build and
operate a proton synchrotron of 200
GeV energy. The Laboratory is oper-
ated for the United States Atomic
Energy Commission by Universities
Research Association — a consortium
of 51 USA universities plus one from
Canada.

On 15 June 1957 design work
started at Oakbrook, a suburb west
of Chicago. The design team stayed
there for over a year until they had
access to the site which was made
available by the State of lllinois (a
roughly square-shaped site with a
5 km side around the former village
of Weston). The move to the site was
completed in September 1968. On
1 December 1968 ground was broken
for the first permanent Laboratory
building (to house the linac) and con-
struction was under way. The aim was
to have the accelerator operational by
1 July 1972 and to build it within a
budget of $ 250 million.

The machine design

The design is of a three stage machine
— a 200 MeV linear accelerator
feeding an 8 GeV fast-cycling booster
synchrotron feeding the 200 GeV main
ring. Work on the linac was simplified
by taking over, for the most part, a
design developed at Brookhaven as
part of the conversion project of the
33 GeV AGS. It has a total length of
145 m with a 750 kV Cockcroft-Walton
preinjector and nine accelerating
tanks containing 286 drift tubes fed
with r.f. power at 201.25 MHz. The
design intensity is 75 mA in pulses
100 us long and a pulse repetition
rate of 15 per second. The linac
produced its first beam on 1 December
1970 only two years after the ground-
breaking ceremony and is now per-
forming reliably.
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The fast-cycling Booster has a dia-
meter of 150 m. It is designed to
operate at a repetition rate of 15
pulses per second of which 13 pulses
will be used in filling the main ring
during 0.8 s. The design intensity is
3.5 X 10'2 protons per pulse using
four-turn injection from the linac. The
magnet system is ‘combined-function’.
Design energy was reached for the
first time on 21 May. Up to now it
has been operated mainly at 7.2 GeV
peak energy, rather than 8 GeV, so
that there will be some safety margin
in the r.f. accelerating system. It pro-
vides an intensity of about 10" protons
in one pulse to the Main Ring. During
commissioning of the accelerator this
has been sufficient to tune the whole
complex and avoids the build up of
induced radioactivity. Eventually, four-
turn injection and 13 pulse ejection
will raise the intensity per second.

The Main Ring is obviously the
major stage of the accelerator and it
is the stage which has seen most
innovations. The ring is 2 km in dia-
meter with six long straight sections
(54 m) — one of them is taken up by
the r.f. accelerating system, one for
injection from the Booster and ejection
towards the experimental areas. The
magnet system is ‘separated-function’.
The tasks of holding the beam in the
ring and of keeping the beam focused
are performed by different magnets —
bending magnets and quadrupole
focusing magnets respectively.

The bending magnets (each about
6 m long) are of two types with differ-
ent apertures (125 X 375 and
10 X 5 cm?) adapted to the beam
profile around the ring. They are of
the ‘window-frame’ type with coil on
the median plane of the beam. There
are 774 bending magnets and 180
quadrupoles distributed around the
6 km circumference of the ring. The
ring is so packed with magnet that a
field of only 0.9 T in the bending
magnets is needed to hold beams

accelerated to 200 GeV. Tests on the
magnets have indicated that it should
be possible to retain sufficient ‘good
field region’ at field levels as high as
2.25 T to accelerate some beam. Thus
it was announced, in April 1970, that
500 GeV beams at much reduced
intensity would be tried with the ac-
celerator as it has been built. Suf-
ficient power supply for 500 GeV ac-
celeration has been installed (since
power supply costs came out lower
than anticipated) but the . .installed
water cooling capability will hold the
pulse rate down. A detailed descrip-
tion of the magnets can be found in
vol. 10, page 180.

The power supply is of the static
compensator type with sixty units
taking power direct from the electricity
grid without the intervention of rotating
plant (motor-generator set). The ma-
chine cycle for 200 GeV requires 0.8 s
for injection from the Booster, 1.6 s for
acceleration up to 200 GeV (16 r.f.
cavities providing 3.5 MeV energy per
turn) and 0.6 s to return to injection
field levels. Thus with a 1 s ‘flat-
top’ the total cycle time will be 4 s.
Higher energies will obviously length-
en the cycle time. The design in-
tensity is 5 X 103 protons per pulse
at 200 GeV.

We will return to commissioning of
the Main Ring later.

There is one ejected proton beam
subsequently split to serve three ex-
perimental areas. The slow ejection
system involves the use of a wire-
plane electrostatic septum (see vol.
11, page 320) which should yield very
high ejection efficiencies. The ejected
beam can be directed in a proton
switchyard to the right to feed the
Proton Laboratory, to the left to feed
the Meson Laboratory or allowed
straight ahead to the Neutrino Labo-
ratory. In the few days following first
acceleration to 200 GeV the ejection
system sent a low intensity beam at
75 GeV into the proton switchyard.



1. The ground breaking ceremony for the first
permanent building (to house the 200 MeV linac)
on the NAL site. The date was 1 December 1968.
At work with the spade are the then Chairman
of the U.S. Atomic Energy Commission

Glenn T. Seaborg (right) and the Laboratory
Director, Robert R. Wilson.

The Proton Laboratory is designed
io provide flexible facilities for ex-
periments at very high energies (beam-
lines, etc., are likely to be specific to
a particular experiment rather than
serving a long series of experiments).
It is subdivided into three areas (East,
Central and West). Charged particle
beams (including an electron beam)
are already designed and the first
experiments are being prepared. The
Meson Laboratory will have, as its
first phase beams, a diffracted proton
beam, a neutral kaon beam and a
neutron beam. The building is com-
plete and internal installation will con-
tinue for a few more months. Most
beam-line components are in place
but not aligned. The Neutrino Labo-
ratory will house the world’s largest
bubble chamber — a 15 foot chamber
scheduled to be ready for experiments
at the beginning of next year. In the
meantime a 30 inch bubble chamber,
previously operated at Argonne, is
ready to take beam. High energy neu-
trino and charged particle beams will
be available in the Laboratory.

Commissioning of the Main Ring

The Main Ring was brought to a state
where acceleration could be tried in
June 1971. This was in response o a
decision, taken in the course of con-
struction, to try to advance the first
operation date by a year (reducing
total design and construction time to
four years). It was, however, always
anticipated that the running-in of the
NAL machine would take longer than
is usual on accelerators since a lot of
time had been saved by cutting corners
on component testing prior to instal-
lation with the intention of using the
machine itself as the test-bed.

The first circulating turns were
achieved on 1 July 1971 but for sever-
al months following this date a series
of major problems required attention.
The most difficult one concerned the

2. The 1014th magnet of the main ring being
slotted into place to complete the circle on

16 April 1971 (though many had to be unslotted
again and refurbished before the accelerator
achieved design energy). This closing of the ring
took place in the presence of visiting scientists
from the Soviet Union. In the picture are (left to
right) N. Ramsey, C. Larson, M. Petrosyants,
A.G. Laveroff, R.R. Wilson, G.T. Seaborg,

V.F. Gordeyev and N.A. Prozorov. The two last
named Sovietl scientists were at NAL to participate
in preparations for the initial experimental
programme.

bending magnets and has been cover-
ed at length before (vol. 12, page 13).
Moisture in the ring tunnel found flaws
in the magnet insulation and made it
impossible to bring the volis up. Many
magnets had to be removed and re-
insulated. The cutting out of the mag-
nets introduced a further complication
because small curls of metal fell into
the vacuum chamber and stood up
to impede the beam when the mag-
netic field was brought on. The
vacuum chamber had to be swept out
— no easy task given the dimensions.
The r.f. system and the magnet power
supplies also required doctoring.
However the problems were steadily
overcome and early this year serious
attempts at acceleration could begin
again. The break-through (in several
senses) came on 22 January when,
after twentieth harmonic corrections
and sextupole fields were brought to
bear in the machine, beam was ac-
celerated through ftransition energy

(17.4 GeV) to 20 GeV. The next im-
portant dates were 4 February, when
53 GeV was reached, and 11 February,
when the NAL accelerator took over
from the 76 GeV machine at Serpukhov
as the highest energy accelerator in
the world by accelerating beam to
100 GeV.

These energies followed the master-
ing of the difficult tuning of the mag-
net power supplies. It is necessary
to bring on the supplies successively
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3. ‘There jt is’. On 1 March 1972 happy faces
cluster around the screen in the NAL Main Control
Room to see the scope trace extending out to

the 200 GeV mark. At the scope itself are (left to
right) Frank Cole, Jeff Gannon and John Clarke
with, immediately behind them, Dick Cassel,

Ryuji Yamada, Bruce Strauss and Paul Evan.
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4. The scope traces. Operation of the accelerator
was ‘bi-modal’ to avoid the need for water-
cooling the magnets — thus the photograph
shows first a 30 GeV pulse and then a 200 GeV
puise. The top trace shows the intensity (falling
steeply at lower energies up to about 30 GeV

but then extending without much further loss out
to 200 GeV). The lower trace shows the magnetic
field (climbing and falling from the 30 GeV level
and then climbing up to 200 GeV level).

|
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in a pattern around the ring and
several days work have been required
to get the synchronization right when
moving to a new energy. The tracking
between the quadrupoles and bending
magnets — making sure that the
focusing fields and bending fields are
in step — needed careful power
supply conirol. In fact 53 GeV and 100
GeV were reached with the supplies
to quadrupoles and bending magnets
in a single series circuit. (200 GeV
was reached with them separated, as
designed.) A few magnets have tended
to fail each time a higher energy level
has been reached but this has not
occurred to the magnets refurbished
with the latest techniques.

On the morning of 1 March there
was a pep talk at the Laboratory from
Bob Wilson, who had been reporting
at budget hearings to the Joint Com-
mittee on Atomic Energy the day
before, and from Ernie Malamud
reviewing commissioning progress. In
the Main Control Room, Frank Cole
was leading the new attack on design
energy with Jim Griffin at the other
end of the inter-com in the R.F.
Building. Don and Helen Edwards had
worked during the night to tidy up
the tracking between bending and
quadrupole magnets which was a pos-
sible source of beam instabilities at
energies over about 30 GeV.

At 11.00 h a stable beam was
achieved after injection of about 10"
protons per pulse from the Booster at
7.2 GeV. By 11.30 h the beam was
through transition and a steady climb
to higher energies began. The machine
was being operated in a ‘bi-modal’

fashion. In order 1o simplify the
removal of magnets which failed
(and also, perhaps, because of

an understandable phobia about mois-
ture) the magnet water cooling
circuits were not operating and the
pulse rates had to be kept low to
avoid overheating. The cycle sequence
was forty pulses at 30 GeV each



5. One of the bottles of chianti with which

200 GeV was celebrated. They bore the same
label as the bottle which was opened to celebrate
the operation of the first atomic reactor at the
University of Chicago in 1942 under the leadership
of the famous ltalian physicist Enrico Fermi.

The bottles for NAL were given by A. Wattenberg
of the University of Illlinois who had been present
in 1942 and had saved the Chianti bottie (now

in the Chicago Museum of Science and Industry).

6. Bob Wilson offers a toast to his fellow
machine builders.

(Photos NAL)

taking 1 s (this took the beam beyond
transition and made it possible to con-
tinue tuning) followed by a singie
pulse to 200 GeV field levels taking
5 s (3 s rise time).

At 12.30 h the scope trace indicating
accelerated beam crept out to 167
GeV. The intensity fell rapidly up to
about 30 GeV but then remained
constant at a few 107 protons per
pulse. Excitement was growing and
the Main Control Room became a
crowd scene. A huddle of heads
peered at the screen crowding round
Ed Gray who was operating the main
control console. At 13.08 h the shout
went up ‘There it is !I'; the trace went
all the way out to 200 GeV.

After a cheer and a few more
pulses to rub the 200 GeV home, the
celebrations began. Champagne which
had been lurking hopefully in the
refrigerator at the cafeteria for several
months was brought into the open and
was joined by bottles of chianti with
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historic associations (see the photo-
graph caption). Design energy had
been achieved several months ahead
of the initial schedule and within the
forecast construction budget.

Coming months

The main tasks of the coming months
are to bring the accelerator into
reliable operation at high energy levels
and to operate the ejection system.
The ejection septum has been power-
ed without disturbing the circulating
beam and when ejection was tried at
75 GeV, during the days following first
acceleration to design energy, a low
intensity beam was detected in the
proton switchyard, as mentioned
above. Also in the coming months
acceleration to higher energies may
be tried.

Physics began at the accelerator on
6 March when a Rockefeller, Roches-
ter, Dubna, NAL team, using an
internal polyethylene target, collected
data on elastic scattering of protons
at small angles. They measure the
angle and energy of slow recoil
protons by means of semi-conductor
detectors positioned from 79 to 90° to
the beam direction inside the vacuum
box. The aims are to measure the
differential cross-section and the real
part of the nuclear scattering ampli-
tude. Their preliminary data have been
assembled with proton energies from
21 to 57 GeV and beam intensities of

about 2 X 10 protons per pulse at
a 3 s repetition rate.

The accelerator was switched off on
11 March to bring in the water cooling
so that normal repetition rates for
high energy operation will become
possible. Also there will be moves to
higher intensity per pulse. Eventually
multi-turn injection into the Booster
from the linac and multi-pulse in-
jection into the Main Ring will be
necessary to approach design in-
tensities. Further tuning of the Main
Ring will also be needed. A computer-
simulation programme of magnet
alignment, which worked very well for
the Booster, has started and more
refined adjustments of the correction
magnets (sextupoles, etc.) will be
implemented as the performance of
the machine becomes better known.

As the accelerator is progressively
mastered more attention will be given
to bringing in the experimental areas.
Before long it is hoped to be able to
provide the high energy physicists
with beams of adequate energy, in-
tensity, and reliability for the initial
experimental programme. Information
on particle behaviour at energies of
hundreds of GeV (supplementing the
results at extremely high energies but
of limited variety coming from the
Intersecting Storage Rings at CERN)
will then become available in a con-
trolled way for the first time.
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CERN News

1. Boring the main tunnel and fitting the lining :
The ‘Mole’ (B) is on the left. It is immediately
followed by the device for mounting steel rings
(A) which provide a temporary support for the
tunnel wall until the concrete lining is in place.
Then comes the device (D and F) for titting

the prefabricated concrete lining (section BB)
which locates and then holds the six concrete
sections (E) forming the first lining against

the wall. A wedge is then inserted between two
of the lateral sections in order to press the
lining against the wall. A conveyor belt (C)

removes the spoil (G} to wagons (1) and also
keeps the work area supplied (H) with rails and
lining materials. The railway is also laid semi-
automatically. Very precise geodesic
measurements are made on the surface in order
to determine the position of the shafts with an
accuracy of several millimetres. The accuracy
is less in the tunnel itself but the Mole is
guaranteed not to deviate by more than * 7 cm
from its projected path between the shafts, this
path being defined to within £ 3 cm.
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Boring the SPS tunnel

In February, excavation began of two
of the shafis through which the equip-
ment to be used to bore the SPS ma-
chine tunnel will be lowered to the
necessary depth. The boring operation
is the most spectacular item in the
civil engineering programme for the
new machine. The ring tunnel itself
has a circumference of about 6.9 km.
The tunnel diameter to be cut out is
48 m and it will be bored at an
average depth of 40 m.

The Batavia tunnel was dug by the
cut-and-fill method. At CERN prefer-
ence has been given to underground
boring as used for Alpine tunnels.
There are two decisive reasons why
this method has been chosen. In the
first place, there is the desire to keep
the surface of the land intact to pre-
serve its present character as far as
possible. Secondly, there is the con-
siderable variation in altitude of the
land above the tunnel (45 m between
the highest and lowest points) which,
if we are to have a minimum covering
of about 20 m to provide radiation
protection, would involve digging at
a depth of 65 m below the highest
point on the surface. In addition, the
bedrock of mixed molasse gives
adequate stability for underground
boring in good conditions.

Tunnels are often blasted out but
this could adversely affect the stability
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of the ground causing the alignment
of the magnets to vary with time. The
choice was then between mobile-head
tunnelling machines, where the boring
head moves at the end of an articu-
lated arm, and full-face machines
where the operating component is
circular and of the same diameter
as the tunnel to be bored. The latter
was preferred, although mobile-head
machines will be used to bore the
transfer tunnels which are not circular
in cross-section but shaped like an
inverted horse-shoe and certain parts
of the main tunnel where the cross-
section is increased to bring in trans-
fer tunnels or shaft connections.

The full-face machine, constructed
by Robbins (USA), has been nicknam-
ed ‘The Mole’. As the drawing across
the top of the page shows, the Mole is
far from being the only component in
the tunnel. It is followed by a ‘train’
40 m long which removes the spoil
and brings shoring and lining equip-
ment to the working face. The lining
is installed as boring progresses.

The simplest way to explain the
operation is to refer to the drawing.
Top left can be seen the machine. lts
boring head consists of a single
rotary plate fitted with a large number
of cutters which, actuated by a force
of 400 tons applied by an axial ram,
dig into the rock and pulverise it. The
thrust force is counteracted by friction
applied via huge radially moving pads
pressed against the walls by means of

rams. When the axial ram is at the
end of its stroke, the lateral supports
are reiracted. The body of the ma-
chine then advances by about a metre
and begins a new cycle. it is hoped
that the rate of progress, which
depends on the rock, will reach 20 m
per day. The Mole will be guided from
one shaft to the next by a sophisti-
cated topometric system giving an
accuracy of = 3 cm on the theoretical
axis of the tunnel over a distance of
1 km.

The spoil from the working face is
picked up by scoops incorporated in
the periphery of the plate and so shap-
ed that they empty at the top of their
travel on to a conveyor belt which
takes the spoil back to the skips. The
skips are carried on a conveyor with
two tracks, one above the other. They
are used to remove the spoil and to
bring shoring material, consisting of
I-section steel rings temporarily fitted
behind the machine head until curved
prefabricated concrete sections,
forming the first layer of the final
tunnel lining, are installed. The con-
crete sections are fitted automatically,
the only job which has to be done
directly by human labour being the
keying of the lining by means of
wedges securing the sections against
the wall of the tunnel.

The other layers (one of metal for
sealing and a further coating of con-
crete moulded with the aid of shuiter-
ing) will not be applied until later,



2. A cross-section at position B-B which shows
the device for putting the six prefabricated
concrete sections in place as the first step

in lining the tunnel.

3. A typical section of the tunnel lining.

The prefabricated concrete sections (A) are
each 1/6 of the tunnel’s circumference.

The sections are pressed against the tunnel wall
by means of pinning wedges (D) and then
cement is injected between the rock and the

sections in order to fill any gaps and bond
the sections to the rock. The inner lining

(B) consists of an envelope of moulded concrete.

The tunnel tloor (C) is then cast on an inverted
prefabricated concrete section. Finally, concrete
is injected between the sections and sealing
plates and the whole lining is made leak-proof
and secure. The tunnel is bored 4.80 m

in diameter but the final internal diameter is
only 4.14 m.

Photograph taken on 18 April of the digging

out of the access shaft PP1 where the Mole

will be lowered to tunnel level. The hole

is being dug 6 m in diameter and 45 m deep
(about 15 m were excavated when the photograph
was taken).
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when more than half the tunnel has
already been bored. The whole forms
a rigid assembly 33 cm thick, bonded
to the rock.

This great subterranean factory,
which will run twenty-four hours a day,
will need a crew of only six people to
operate it.

As mentioned above, the tunnel
cross-section will be widened in those
areas (the long straight sections)
where the transfer tunnels and the
access tunnels to the shafts join it.
Two mobile-head machines made by
Alpine (Austrié), travelling on cater-
pillar tracks and capable of being
fitted with various boring tools to suit
the type of rock, will be used for
these widened sections and for boring
the transfer tunnels. In the wider parts
of the tunnel, the lining will consist

of steel rings welded together with
concrete sprayed on top of them. The

remainder of the work is substantially
the same as for the ordinary parts of
the tunnel.

The transfer tunnels totalling about
2 km in length, have several types of
lining, depending on whether they
have been built by the cut-and-fill
method (entrances and exits near the
surface) or bored into molasse, good
moraine or unstable moraine. Welded
steel rings are used in all cases,
together with sprayed-on or injected
concrete, and shuttering for the
pouring of a second concrete coating.

CERN 204.4.72
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The access shafts

There are seven shafts — six of them
distributed around the tunnel and one
located to the right of the funnel
linking the PS to the SPS. They will
be used to introduce the boring ma-
chine, for the extraction of spoil and
for the entry of equipment. The shafts
will be as follows :

PGC (civil engineering shaft): 9m in
diameter used to introduce the sup-
port facilities, the concrete sections
and to remove spoil. It will be fitted
with a 14 tonnes, lift.

PP1 and PP5 (personnel shafts): 5 m
in diameter, PP1 used to introduce the
Mole.

PP4 (personnel shaft): 9 m in diameter
used as a service shaft instead of
PGC when the Mole has bored out
more than half of the tunnel.

PA3, PA6 (access shafts): 9 m in
diameter containing 25 tonnes service
lifts to be used for the introduction of
heavy equipment (magnets).

PA2: identical to the two above, but
with a lift with a capacity of only
10 tonnes.

The 5 m shafts will be sunk with
the aid either of small explosive
charges or pneumatic drilling. The
9 m shafts will be bored by an Alpine
machine working together with a
loading machine at the bottom of the
shaft. The depth of the shafts will vary
depending on the land contours
(225 m for PP5 and 61 m for PAS3).
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Work on sinking shafts PP1 and PGC
began in February. A few weeks later,
shaft PA2 was started and excavation
of the ‘cut-and-fill' parts of the North
ejection tunnel commenced.

The shafts will be sunk in numerical
order, and boring of the injection
tunnel will start around the middle of
this year. A start will not be made on
excavating the West ejection' tunnel,
however, until the beginning of 1973.
Work on the fina! sextant of the ring
tunnel should be completed in autumn
1974, at the same time as the tunnel
to the West Hall.

The Mole, which will be lowered
through shait PP1 in September, will
resurface through the same hole in
spring 1974, after a journey of about
7 km. The whole of the underground
work is scheduled for completion at
the end of 1974.

Denmark joins

The Danish Minister of Education has
informed the President of the CERN
Council that Denmark wishes to parti-
cipate in the 300 GeV programme.
This brings to eleven the number of
Member States contributing to the
eight year construction programme of
the new accelerator. The States are
Austria, Belgium, Denmark, Federal
Republic of Germany, France, Italy,
Netherlands, Norway, Sweden, Swit-
zerland and UK.

4. Boring of the SPS tunnels will be done
in three phases :

1) From September 1972 to mid-1973 the Mole
will work from PP1 to PP4 the support facilities
(removal of the spoil and fitting the first part
of the lining) being provided through the PGC
shaft ;

2) From mid-1973 to March 1974 the Mole will
complete the work from PP4 to PP1 continuing
round, the support facilities being transferred

to shaft PP4. At the same time, the final tunnel
lining will be fitted in the half already bored,
from PP4 towards PGC, the latter being used for
the movement of the required materials (March
to October 1974);

3} When the Mole has completed its run, it
will be withdrawn through shaft PP1 and the
final lining will be fitted in the second half
of the tunnel, working from PP4 towards PA6
and continuing to use the PGC shaft for the
support facilities.

Work on the transfer tunnels will be from
February 1972 to December 1973 for TT20
(North efjection tunnel), from July 1972 to
October 1974 for TT10 (injection tunnel)

and from February 1973 to September 1974

for TT60 (West ejection tunnel). Some of

the tunnelling work (in the shallowest sections)
will be done from the surface.

ISR: peak currents,
peak energies and a leak
By mid-April the peak current in Ring 1
of the ISR had been taken to 11 A and
in Ring Il to 9 A. The beams are
sufficiently stable for experiments up
to levels which are getting pro-
portionally closer to the peak figures
than they used to be (about 9 A now
in Ring !, for example) and physics
runs have been carried out with
currents of about 5.5 A in each ring.

Climbing to higher currents still
seems to be impeded only by beam-
induced out-gassing causing a de-
terioration of the vacuum conditions
in the rings. It is interesting to think
that, had it been known about
seven years ago just how dependent
stored currents would be on vacuum,
the project might never have got off
the ground for the vacuum figures
that were then put forward (107 torr
in the rings and as low as 10" torr
in the intersection regions) were
regarded as being at the very limit
of what technology could cope with
in such a large vacuum system. In
fact those figures have been comfort-
ably exceeded. Now, around the rings
in general, we are at 107° levels and a
few times 10713 levels are possible in
an intersection region using cryo-
pumps.

It is still possible to tidy things up
a little more; sublimation pumps are
being installed and they should be in



A view of BESSY, the scanning table designed
specifically for use on film from the 3.7 m
European hydrogen bubble chamber, BEBC.

A prototype has been delivered to CERN and
many units will go to European research
centres in the coming months.

place all around both rings by the end
of the year. Also, as mentioned some
months ago, laboratory tests on out-
gassing properties of surfaces are
under way and methods are being
studied of pulling the liberated ions
in the vacuum vessel to places where
they will not cause serious outgassing.

In March there were some brief
experiments during a machine de-
velopment period to test the ISR
magnet performance at higher ener-
gies. A 50 mA beam, coming into
Ring Il from the PS, was nudged
slowly up to higher energies by the
ISR r.f. system, keeping the magnet
fields in step. This resulted in a beam
accelerated to the highest energy yet
achieved at CERN — 31.4 GeV. How-
ever the purpose of the exercise was
not to set records or to make higher
energy beams available for experi-
ments in the immediate future. It was
simply to take a first look at the
magnet properties at field levels
equivalent to higher energies. Closed
orbits and Q values were measured
at 31.4 GeV. When the ISR becomes
serious about higher energies, the
acceleration will be done by phase
displacement. This will involve com-
puter control and the necessary com-
puter programs are not yet developed.

A comforting sign of fallibility at the
ISR came in March when one of the
sections in the rings was misaligned
and the beam left its preordained
path and collided with the walls of
connecting bellows in intersection
region I-6. The edge of the beam
burned a series of holes a few milli-
metres in diameter on the top of the
convolutions.

The vacuum pressure monitors
reacted to the sharp rise in pressure
and the beam was immediately dump-
ed. Within 20 ms, fast acting valves
slammed shut, followed by isolating
sector valves so that the damaged
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part of the ring was sealed off ex-
tremely rapidly. The pressure in the
rest of the vacuum system never rose
above 1070 torr.

In the following 36 hours, the phys-
ics experiments around I-6 were
dismantled sufficiently to give access
to the damaged bellows which were
replaced and checked. Pump down
and bake out (for 24 hours) followed
and, when a pressure of 107! torr had
been reached again, the experiments
were reinstalled. Within four days of
the accident, the ISR were back in
full action.

BESSY

Scanning and measuring devices are
becoming more numerous and various
as the time approaches when Garga-
melle, Mirabelle and BEBC will all be
feeding film to European laboratories.
Recently a new machine, known as
BESSY (BEBC European Scanning
SYstem) has appeared on the scene.

Although rather classical in design,
there has been a search for economy
by optimising the specifications to the
needs of BEBC only. The orders from
numerous European laboratories indi-
cate that this approach was what was
needed.

In 1969, when the question of the
processing of the BEBC films was
tackled, it became clear that existing
devices such as the HPD, PEPR, and
LSD (spiral reader) would be retained

for a long time to come. But for these
devices to operate at their optimum
rate, the regions containing interesting
events have to be roughly identified
in advance. For this reason, scanning
and preliminary measuring devices not
involving high precision are needed.

In May 1970 a small team was set
up to establish the specifications to
meet the above requirements, and
soon after, 25 European firms were
contacted. It was made clear to the
manufacturers that they would have
the benefit of new ideas from CERN
to help reduce the price. SFAT
(France) sent in a tender matching
the specifications for the lowest price
of all the firms contacted.

The result is BESSY, the prototype
of which was delivered to CERN in
December 1971. It is a scanning and
preliminary measuring table intended
for BEBC film. For an order of 43 units
its price has been brought down to
41500 SF, less than half the price of
a table produced using conventional
methods throughout. Close collabo-
ration and a grouping of the buyers
helped to achieve this price.

BESSY has a mirror fixed to the
machine, a projection table 1.3
X 1.6 m? and four projection lenses
on a single plate giving a total magni-
fication of 17x. The preliminary meas-
uring can be carried out in the image
plane with a precision of = 170 um
(equivalent to *+ 10 um in the film
plane).
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Diagram of BEBC expansion system indicating
the relation of the units referred to in the article.

The expansion system units photographed in
April. The cylinders are the high pressure
(small diameter cylinders) and low pressure
(large diameter cylinders) accumulators.

It will be positioned below the bubble chamber.

The tricks which helped bring the
price down concern the film driving
motors, lenses, film pressure plates,
mirrors, projector and condenser. The
driving motors are very sturdy car
windscreen wiper motors ; the speed,
though sufficient for view by view
movement and 1/5 view steps, does
not allow fast winding. There are
twelve of them at a price of about
50 SF each — a considerable saving
compared with Jlow-inertia printed
circuit motors. Special lenses were
made by Jos. Schneider, Germany, for
this purpose at a price of 1000 SF per
unit. The distortions caused by the
film pressure plates are corrected by
these lenses. A precision mirror is
used which has only been polished
once. The quality is adequate and the
price is less than a fifth of a high
precision polished mirror. The lamps
with incorporated mirror are com-
mercially available units from movie
projectors. The condenser is made
from a plastic Fresnel lens costing a
few tens of Swiss francs.

The long list of deliveries will be
spaced over the period from De-
cember 1971 to the end of March
1973. Tables will go to CERN (2),
Rutherford (2), Birmingham (2), Impe-
rial College London (2), Cambridge
(2), Liverpool (2), Glasgow (2), Dur-
ham (1), Westfield College London (1),
Hamburg (3), Heidelberg (3), Munich
(1), Aachen (6), Bonn (1), IPN Paris (2),
Ecole Polytechnique (1), Nijmegen (2),
Amsterdam (1), Stockholm (1), Turin
(2) and Lisbon (4).

BEBC expansion system

The impressive size of the 3.7 m
hydrogen bubble chamber, BEBC, is
complemented by the equally im-
pressive power of its expansion
system — the peak hydraulic power
climbs to 100 MW.

Several factors governed the design
of the expansion system. Firstly, the
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expansion-recompression cycle must
be highly reproducible since any vari-
ation results in a change in the density
and size of the bubbles. Secondly, the
use of Scotchlite and wide-angle
lenses means that the bubbles must be
large (500 um in diameter) while, at
the same time, spurious boiling must
be kept to a minimum. To cover these
requirements, a flexible system has
been adopted, which allows the form
of the expansion-recompression cycle
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to be optimized. Finally, the system
must allow liquids other than hydro-
gen to be used in the chamber. It must
be capable of bringing about the de-
sired expansion-recompression cycle
independent of the thermodynamic
conditions in the chamber.

A resonant system would not satisfy
this requirement because the form of
its pulse cycle is closely linked to
conditions in the chamber. However, a
forced closed-loop servo-system does



Below: The BEBC piston which arrived at CERN
in March.

From 10-14 April, CERN was host to the First
European Conference on Computational Physics,
which had as its theme ‘The Impact of Computers
on Physics’. The Conference attracted some

270 physicists and computer specialists in addition
to participants from among the CERN staff.

It was sponsored by the Computational Physics .
Group of the European Physical Society.

The photograph shows H.B.G. Casimir, the new
President of the EPS, in the course of giving

the concluding talk at the Conference.

allow this type of independence be-
tween the expansion system and the
chamber and the desired reproduci-
bility and cycle shape, although such
conirol is obtained at the cost of
higher power consumption.

The chosen system is therefore of
the closed-loop servo-controlled elec-
tro-hydraulic type. The control force
is obtained by means of a double-
acting actuator driven by four 4-stage
servo-valves. The servo-loop is ob-
tained by comparison between the
position of the control actuator and
the input signal provided by a function
generator which sets the shape of the
desired cycle.

Main servo-valves: The problem with
such a system concerns the servo-
valve power spool. In spite of the fact
that four servo-valves are used in
parallel, each spool is impressively
large — 140 mm in diameter, maximum
output 500 I/s per 100 kg/cm? pressure
drop. The spools are the largest of
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their type ever made and were built
in the CERN Main Workshop with ad-
vice from MOOG.

Actuator: A symmetrical double-acting
actuator, 470 mm in diameter, is used.
The piston-rod assembly is made of
titanium.

Hydraulic power: The high peak
hydraulic power requires that energy
be stored in eight hydro-pneumatic
accumulators, each with 100 | capa-
city at a pressure of 210 kg/cm2
Taking losses into account, the aver-
age power needed to trigger the
actuator with a chamber expansion
ratio (AV/V) of 0.7% at two cycles per
second is 1500 kW. The hydraulic set
manufactured by HML comprises five
motors, each driving two gear-type
pumps with a unit output of 250 I/m.
Performance: The expansion system
must be capable of two 40 ms cycles
per second with 100 ms interval be-
tween cycles at an expansion rate of
1% (stroke 145 mm). With the chamber
filled with hydrogen, the moving mass
will then be 1700 kg. During the first
dynamic tests in January and February
this year the system, fitted with two
servo-valves (out of a total of four),
carried out 10 000 cycles satisfactorily.
Piston: The last of the large BEBC
components, the chamber piston,
manufactured by the VFW FOKKER
aircraft works in Bremen, arrived at
CERN on 3 March. It is a highly
original structure in many respects.
Since it is subject to enormous ac-

celeration forces (a maximum of
230 g), the piston must be extremely
light while at the same time very rigid.
Since it operates in a magnetic field
of 3.5 T it must also contain as little
metal material as possible.

The structure adopted was develop-
ed during tests on the 1 m model
chamber. !t is laminated with glass
fibre and epoxy resin sandwiching a
phenolic resin honeycomb. The only
metal components are in the piston
rod, and consist essentially of titanium
alloy parts insulated from one another
to avoid eddy currents. Thus, a com-
ponent was constructed weighing
only 1170 kg with unusual structural
rigidity for its diameter of 1.80 m and
length of 4 m. Static tests were suc-
cessfully carried out at CERN at the
end of March. These consisted in
applying a hydraulic pressure of
10 kg/cm?, equivalent to a tractive
force of 250 tons on the piston rod, to
the lower surface of the piston.

The piston was fitted inside the
chamber at the beginning of April and
the first cool down of the chamber is
scheduled for May.
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Synchrotron
Radiation
Facilities

Particularly in the past few years, inter-
est in using the synchrotron radiation
emanating from high energy, circular
electron machines has grown con-
siderably. In our February issue we
included an article on the synchrotron
radiation facility at Frascati. This
month we are spreading the net wider
— saying something about the proper-
ties of the radiation, listing the centres
where synchrotron radiation facilities
exist, adding a brief description of
three of them and mentioning areas
of physics in which the facilities are
used.

Inevitably, an electron forced to
follow a curved trajectory will emit
radiation. For relativistic electrons,
those travelling close to the speed of
light, the total power radiated per
revolution in a circular machine is
proportional to the fourth power of the
energy and inversely proportional to
the radius of the machine (E*/R). This
is a major problem in attempting to
push the peak energy of electron
synchrotrons or storage rings higher
because the machine’s r.f. acceler-
ating system has to put back all the
radiated energy. However it is an ill
wind that blows no-one any good ...
the synchrotron radiation has features
which makes it an excellent experi-
mental tool for many applications.

Properties of the radiation

A particular property of synchrotron
radiation from high energy machines,
which gives an additional useful
handle in the understanding of some
experiments, is that it is emitted with
a high degree of polarization (100%
on the plane of the synchrotron orbit
and high close to the plane). Also, due
to the relativistic effect, all the radi-
ation is strongly forward focused
emerging in a very narrow cone
tangent to the beam.

The radiation is a continuum cover-
ing a wide spectrum of energies
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(usable intensities extending from
10" to over 10° angstréoms are ob-
tained at existing machines). The
wavelength at which peak intensity
occurs is reduced with increasing
accelerator energy as is illustrated in
the curves recorded at the DESY
synchrotron shown in the figure. Note
that the spectrum is like that of a
‘blackbody’ but peak radiated in-
tensities correspond to blackbody
temperatures of well over a million
degrees. Only very high temperature
plasmas or nuclear explosions provide
comparable terrestrial radiation sour-
ces and the later is not a particularly
practical experimental technique.

Synchrotron radiation is especially
useful in the wavelength range from
about 1 to 1000 angstréms where it
covers the gap between X-ray levels
and short wavelength transmission
limits.

The radiated intensities depend on
such things as the accelerated
electron beam intensity and, of course
the electron beam energy. In the syn-
chrotron therefore the emitted radi-
ation paitern follows the accelerator
cycle. Storage rings have the advan-
tage of a constant energy and virtually
constant intensity. Apart from being
affected by such accelerator para-
meters, however, the physicist using
synchrotron radiation can ‘parasite’ on
a high energy particle physics
programme without disturbing it or
being disturbed by it.

List of Synchrotron Radiation Facilities

The following list of research centres
where synchrotron radiation facilities
are in action, or planned, will indicate
how interest in this field has blossom-
ed from virtually nothing about five
years ago. At the electron syn-
chrotrons: DESY, using the 7.5 GeV
machine, has led the way being the
first in time and the first in quantity

Below: Variation in power radiated by an
individual electron over a range of wavelengths
as the energy of the accelerated beam in the
synchrotron is changed. These particular curves
are from the DESY machine.

Right: Diagram of the radiation facility at

the DESY 7.5 GeV electron machine where some
of the leading work in this field has been carried
out. The indications are : EO - electron orbit,
CH-chopper, M 1-3 - mirrors, B 1-2 - beam shutters,
X-DIFF - X-ray ditfractometer, UHV S - UHV sample
chamber, S - sample, FM - focusing mirror, R 1-3 -
Rowland spectographs, PG - DESY spectograph,
X-MONO - X-ray monochrometer, S M-VAP - metal
vapours, W 1-4 - Wadsworth monochromator.
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and quality of experimental results
(more information below). Daresbury,
using the 5 GeV NINA, are currently
bringing a new facility into action
(more information below). Bonn with
the 2.3 GeV machine have a small
synchrotron radiation programme.
Tokyo INS have one at their 1.3 GeV
machine. The Frascati facility at the
1.1 GeV machine was reported in the
February issue (page 42). There are
also programmes at smaller machines
such as the 330 MeV at Glasgow and
the 180 MeV at the National Bureau
of Standards, USA. At storage rings:
The pioneering work has been done
at the 240 MeV ring (known as Tanta-
lus) of the Physical Sciences Labora-
tory, Wisconsin, which has run a
programme of synchrotron radiation
research for several years. There are
also plans for facilities on storage
rings at ACO (Orsay), the Lebedev
Institute (Moscow) and a large one
on DORIS (DESY).
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The drawing shows the scope of
the existing facility on the DESY syn-
chrotron and the instruments currently
in use. The facility is divided into
two floors (the upper floor coming
into full operation in 1971), the beams
being split by mirrors, and there is
a further division on the lower level
so that several experiments can run
simultaneously. The facility has been
used almost from the time that the
synchrotron came into action and a
high proportion of the papers resulting
from research at the machine have
involved the use of synchrotron radi-
ation. In 1971 there were 25 scientists
(from DESY, Hamburg, Munich and
Freiburg) working full time at the
facility as well as part-time visitors
from Heidelberg, Helsinki and Sendai.

A second synchrotron radiation
laboratory is being built at the DESY
machine for the European Molecular
Biology Organization, EMBO. The
building itself is complete and instal-
lation of the beam pipe, detectors etc.
has begun. In addition, a facility will
be established at the electron-posi-
tron storage rings, DORIS, scheduled
for operation at the end of 1973.

The facility at Daresbury is now
being commissioned. It is divided
into three sections — two areas (oper-
ationally independent) each fed by a
beam-line and a control area where
a Honeywell 316 computer is stationed
with a fast data link to the Laboratory

central computer (IBM 360/65). There
are also three independent branch
highways in CAMAC whereby the
H 316 provides interactive links be-
tween the data collected and the
apparatus.

Instruments include a horizontally
dispersing Wadsworth monochrometer
(covering the range 500 to 3500
angstroms with a resolution of a
few angstroms), a grazing inci-
dence monochrometer (40 to 350
angstroms with a resolution better
than 1 angstrém) and a vertically dis-
persing monochrometer which should
be able to exploit the polarization
property of the radiation (400 to 5000
angsiréms with a resolution better
than 0.5 angstrém). The experimental

programme will involve scientists from

Cambridge, Daresbury, Manchester,
Medical Research Centre, National
Physical Lab., Oxford and Reading.

The facility at the PSL Wisconsin
storage ring is, at present, the most
extensive in terms of the number of
beams (six outlet ports) and experi-
mental groups (fourteen in 1971) that
can be supported. The total number
of groups using or intending to use
the facility is now 25. PSL was also
the venue for a ‘Synchrotron Radi-
ation Users Group Conference’ in
November 1971.

This year the National Science
Foundation is funding the construction
of two additional beam-lines and the

University of Wisconsin has approved
the building of additional experimental
area (to provide four times the previ-
ous area) so that the new beam-lines
can be exploited and the existing
beam-lines extended. The shutdown
for the modifications is planned for
early Autumn. It is hoped that a micro-
tron will then be installed as injector
(microtrons can give lower emittance
and energy spread than the FFAG
machine used at present).

Operation of the storage ring as a
radiation facility has proved very
efficient; only 2% of scheduled
research time was lost due to equip-
ment failures in 1971. Three com-
puters (PDP 8e, PDP 12 and IBM 1401)
are in use for data acquisition and
some control functions. Experimental
equipment includes a Pruett-Lien
normal incidence monochrometer
which was commissioned in 1971 and
several other monochrometers. A
wavelength shifter will be installed
during the shutdown.

An improved version of the storage
rings is under study (Tantalus Il) to
make research at shorter wavelengths
possible. The peak energy of the new
ring would be 1 GeV; it would be fed
by a 35 MeV microtron. Such a ring
would radiate a continuum from
infrared to the X-ray region with a
peak around 10 angstroms and with
radiated intensities generally several
orders of magnitude higher than from
Tantalus |.
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Around the Laboratories

Experimental Programmes

The experimental programmes at syn-
chrotron radiation facilities have ex-
tended into a number of fields not
normally associated with the research
at accelerator Laboratories. An ex-
ample is the interest of EMBO for
molecular biology research (structures
of biological systems) which led them
to invest in the facility at DESY
mentioned above. Work of this nature
is already under way at DESY and will
start at Daresbury also. Another use
is by research workers concerned
with establishing standards who study
synchrotron radiation, which has a
predictable, calculable spectrum, to
establish, for example, spectral
emission standards in the ultraviolet.

The physics of the earth’s atmos-
phere and of stellar atmosphere gains
from studies of the interaction of high
energy photons with atoms and mole-
cules so that processes of photo-
ionization and auto-ionization are
better understood. In astrophysics
similar work is important and the
synchrotron radiation phenomenon
itself has been at the root of the most
successful attempts to explain the
observations of the pulsars which give
out regular bursts of radiation just
like what is experienced from a bunch
of electrons orbiting a machine.

There is a lot of research going on
and still to be done in solid state
physics, the study of crystals and thin
films. Surface phenomena band struc-
tures, fundamental optical properties
(photo-emission, reflectance) all come
under this heading. With growing
familiarity in the use of this compara-
tively new type of research tool, many
more types of experiment can be ex-
pected to emerge. It may well be that
some of the most important contri-
butions of the electron machines to
our understanding of the world around
us will come from their use as a
gigantic light bulb.
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STANFORD (HEPL)

Superconducting
section tested

Construction of the superconducting
electron linear accelerator at the High
Energy Physics Laboratory of Stan-
ford University has met its fair share
of technical difficulties connected, in
particular, with achieving anticipated
performance from full-scale niobium
structures. Encouraging progress was
made in March when the first full-
length section of the accelerator was
operated.

This 55-cell structure, one of the
twenty-four identical structures in the
planned 140 m long superconducting
machine, was operated cw. at an
energy gradient of 3.8 MeV per metre.
The test of the full-length section,
together with previous tests of the
7-cell capture section and the
23-cell pre-accelerator section, has
demonstrated that an intense continu-
ous electron beam can be produced
in a superconducting accelerator with
exceptional energy resolution.

Last summer in tests of the super-
conducting capture section and pre-
accelerator section, a 50 vA beam at
30 per cent duty cycle was accelerated
to 6.6 MeV. Careful measuremenis of
the output beam showed that the
accelerating fields in the two super-
conducting structures were stable to
better than one part in 10* in ampli-
tude and to better than 0.1 degree in
phase. The energy spread of the
emerging electron beam was meas-
ured to be less than 7 keV. Because
the energy spread is expected to
increase less rapidly than the electron
beam energy as acceleration takes
place through the remainder of the
accelerator, these tests indicate that
the design objective of one part in
10* energy resolution and stability in
the superconducting accelerator can
be achieved.

During tests of the 55-cell structure
in March an electron beam was ac-
celerated to 17.2 MeV. All of these
tests involved the use of the 1.8 K
superfluid helium refrigerator which
has been operational for over a year
at HEPL. The accelerator tests pro-
vided an excellent opportunity to
explore the phenomenon of beam
breakup in the superconducting ac-
celerator, and minor design modifi-
cations are now being incorporated to
lower the Q of the beam break-up
modes in the structure.

The most critical problem remain-
ing in the development of the super-
conducting accelerator is that of
achieving the high energy gradienis
hoped for in the superconducting
structures. Recent experiments with
S-band test cavities which operated
at gradienis in excess of 14 MeV per
metre, however, give hope that the
solution to the energy gradient
problem in large structures is near.

The aim is to achieve high gradients
in large L-band (1300 MHz) structures.
Although in early X-band test cavities
gradients exceeding 26 MeV per metre
were reached, in long L-band struc-
tures the highest gradient achieved
so far is 3.8 MeV per metre. This
compares to the gradient of 14 MeV
per metre hoped for in the super-
conducting accelerator. Both magnetic
breakdown (when a part of the super-
conducting surface reverts to the
normal state) and electron loading
(caused by field emission) have been
found to limit gradients in L-band
structures.

The gradient of 3.8 MeV per metre
is higher than the design gradients in
other new high duty cycle machines
but is still way below the figures
which make superconducting acceler-
ators, potentially, such an interesting
proposition. To attack the gradient
problems the HEPL group is collabo-
rating with the Centre for Materials
Research at Stanford in a programme



One of the seven sub-structures which comprise
the 55-cell superconducting accelerator section
tested at the High Energy Physics Laboratory of
Stanford University in March. This is the first
full-length section (after the pre-accelerator) of

the electron linear accelerator being built at
HEPL, to operate. The sub-structure is constructed
from pure niobium and is operated at a
temperature of 1.8 K.

(Photo HEPL)

to investigate, in detail, the tech-
niques used in processing the super-
conducting niobium structures. These
investigations are beginning fo yield
improved results. Recently, in S-band
test cavities, gradients exceeding
14 MeV per metre were reached. With
the new processing techniques an
attempt will soon be made to produce
comparable gradients in long struc-
tures.

In the course of the March tests
an interesting experiment was acci-
dentally initiated. Concern has often
been expressed about the conse-
quences of vacuum failure in a super-
conducting accelerator since contami-
nation of the carefully nurtured
niobium surfaces could be a problem.
During the initial cool-down of the
b5-cell section, a beam-line vacuum
valve was accidentally opened ad-
mitting a large quantity of air. The
structure was already at a tempera-
ture below the ice-point and water

A view into the first superconducting accelerator
section recently successfully operated at
Karlsruhe. The tank is of lead-plated copper and
has a chain of five niobium-tube helices which
are cooled by superfluid helium flowing through
their suspensions.

(Photo Karlsruhe)

vapour condensed on the niobium
surfaces. Following the accident, the
system was warmed to room-tempera-
ture, pumped out, and again cooled
down. A Q of 4.5 X 10° and a gradient
of 3.8 MeV per metre were achieved
in the contaminated structure indica-
ting that a superconducting acceler-
ator could tolerate a fair amount of
abuse.

It is hoped that the remaining
problems of the superconducting ac-
celerator at HEPL can be resolved by
this autumn.

KARLSRUHE

Superconducting
proton accelerator

Following appropriately from the HEPL
information is news from Karlsruhe
that protons have been successfully
accelerated in a superconducting
linear accelerator. Protons were inject-

ed from a 750 keV Cockcroft-Walton
set into a cryostat cooled to 1.8 K by
a refrigerator with a maximum cooling
power of 380 W. The 4 m long cryostat
contained one accelerating section,
one  superconducting  quadrupole
doublet and a number of dummies
taking the place of future accelerating
structures and lenses.

The accelerating structure is a
cylindrical cavity, 40 cm in diameter
and 54 cm long, loaded with five
helices in series. The helices are
suspended from the cylinder wall by
metallic stems and are electrically
strongly coupled. The cylinder is made
of lead-plated copper and the helices
are wound out of 6 mm wide niobium
tube through which the cooling helium
can flow. The niobium was electro-
polished and anodized.

The cavity was excited in a =-mode.
The dimensions of the helices (dia-
meters between 7 and 9 cm, total
length 39 cm) were fixed in collabo-
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The layout of the 1 GeV spectrometer, SPES |,
at Saclay. On the left the beam emerges from
the 3 GeV proton synchrotron, Saturne. The
spectrometer and its detectors are on the right.

Below is a photograph of the spectrometer.
Coming in from the left is the beam-line carrying
particles, after they have passed through the
analyser magnet, to the spectrometer in the centre
on its air cushions. On the right are the six
multiwire proportional chamber detectors.

(Photo Saclay)

ration with the helix group at the
University of Frankfurt. They corre-
spond to an accelerating field strength
of 1.15 MV/m. A maximum energy
gain of about 450 keV was thus ex-
pected.

When power was fed into the cavity,
two multipacting barriers had to be
crossed before the design field could
be reached and mechanical vibrations
caused the resonant frequency of the
cavity to jitter. However, a phase-
lock system still permitted power to
be fed io the cavity continuously.
Instabilities due to electromagnetic
forces acting on the helices could be
overcome successfully by choosing
the operating parameters of the ex-
ternal feedback loop appropriately.

The cavity quality factor at high
field was about 3 X 107. The corre-
sponding heat dissipation of about
4 W could be handled by superfluid
helium cooling in c.w. operation. The
energy gain of the protons, measured
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behind the cryostat by magnetic
deflection, was 400 keV*=10% at a
field level slightly below the design
value. This result is in agreement
with calculations based on field
profile measurements.

The next aims, to be reached during
the current year, are the operation of
a strongly overcoupled cavity, to
make it possible to accelerate high
currents, and the joint operation of
two accelerating sections.

SACLAY/
SPES operational

The 1 GeV spectrometer known as
SPES | came into operation at the
3 GeV proton synchrotron, Saturne,
in February. Within three days of oper-
ation some very encouraging prelimi-
nary measurements were carried out,
promising much for the future of
nuclear physics at Saturne.

The spectrometer project was pro-

moted by J. Thirion and J. Saudinos.
It was launched at the end of 1968
and when magnetic measurements

and trajectory calculations were
carried out at the end of January this
year they indicated that a resolution
very close to the ‘100 keV at 1 GeV,
which was considered essential for
high-precision nuclear research, has
been achieved.

The beam-line from the synchrotron
is designed to allow the protons to be
spread over the target by adapting
the dispersion of the incident particles
to the dispersion of the spectrometer.
The ejected proton beam from the
synchrotron was directed onto the
target for the first time during the
night of 9-10 February. The energy
resolution on each pulse was lower
than 1 MeV (but the energy varied
from pulse to pulse within a range of
2 MeV).

Some data were then taken, with
the intensity of the beam turned down,
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looking at the scattering of protons at
10° on platinum, lead, aluminium, and
a Mylar target. Without any dispersion
adjustment, a spectrum was obtained
on the Mylar with a resolution of
better than 450 keV. Since the heavy
bodies have fewer kinematic effects, it
was possible by means of rough
manual adjustment to obtain a reso-
lution of 160 keV at half-height on
lead. No fine adjustment was made,
nor was there any compensation for
aberration.

The multiwire proportional chamber
detectors operated correctly. Four de-
tectors in coincidence, measuring the
position of the particles in the hori-
zontal plane, made it possible to find
the intersection of the trajectories
with the focal plane of the spectro-
meter; precise angular measurement
had to be used to compensate the
aberration (the same applies to the
two detectors monitoring the vertical
plane).

The subsequent experimental run
was aimed at raising the quality and
intensity of the incident beam in order
to optimize compensation for aber-
ration and kinematic effects, and also
to take preliminary measurements of
the angular distribution of protons
scattered elastically and inelasticaily
on a few targets (ranging from carbon
to lead) in the region of the rated
energy of 1 GeV.

During the year, the experiments
will be progressively expanded by

using all the facilities offered by the
system and the ejection line. They
will include measurements as a
function of the incident energy from
600 to 1400 MeV (the Saturne ejection
system is designed to provide beam
up to 1.4 GeV), the detection of pions
produced in defined nuclear states,
guasi-elastic diffusion on aggregates
(deuteron, alpha,...) inside nuclei, etc.

Work has already begun on a
second wide-aperture (2 X 1072 stera-
dian) spectrometer known as SPES Il
which, when coupled with the existing
spectrometer, will allow a large
number of three-body measurements
to be made in the final state. This
assembly is due at the end of 1973.

Already, however, the nuclear physi-
cists at Saclay feel confident that,
because of its energy resolution,
intensity duty cycle and energy range,
Saturne (which can be considered
among the ‘old’ machines for particle
physics) is a good, ‘young’ machine
for nuclear physics.

ARGONNE
Polarized proton targets

Two recent advances in polarized
proton target technology have been
reported from Argonne. The first con-
cerns the achievement of a polari-
zation of 90% in a 13 cm?® target of
ethylene glycol, which is believed to
be the highest ‘hydrocarbon’ target

The inelastic scattering spectrum obtained from
lead (25Pb) with 1060 MeV protons using the
new spectrometer, SPES I, at Saclay. This
spectrum was measured in the first runs and the
system was by no means tuned to give its
optimum performance.

polarization attained anywhere up to
now. The second concerns the per-
fection of a method for measuring
background when using an ethylene
glycol target; the ability to make
an accurate background subtraction
bears directly on the precision that
can be attained in certain high energy
physics experiments using these
targets.

Polarized proton target develop-
ment at Argonne has concentrated in
recent years on the use of ethylene
glycol as the target material. Glycol
targets have been used in several
experiments at the Zero Gradient Syn-
chrotron for polarization studies on
Kp, np, and np scattering. An alterna-
tive material, butanol, has received
much attention elsewhere during this
period, particularly at CERN where
high polarizations have been achieved
(see for example vol. 10 page 112).
Although there are advantages and
disadvantages with each material,
glycol has been favoured at Argonne
because of the higher polarizations
that can be obtained and because
of the relatively greater ease with
which target samples can be prepared.

The very high polarization of 90%
that was recently achieved was ac-
complished with a newly built He3
cryostat, specifically designed to ac-
commodate large volumes of target
material for high energy particle
scattering experiments. (The sub-
stantial increase in polarization that
can be gained by going from He* to
He® temperatures was reported by the
Argonne group in 1969 and simul-
taneously at Saclay by A. Masaike and
collaborators.) The target material was
composed of frozen glycol beads, a
method commonly applied at CERN,
using a new method of preparation
proposed by H. Glattli.

The importance of background sub-
straction in polarization experiments
with a single-arm detector is a conse-
quence of the fact that all polarized

135



The last tank section of the side-coupled cavity
part of the Los Alamos Meson Physics Facility,
LAMPF, was manceuvred into position in March.
This completes the installation of the 352 sections
which will be used to accelerate protons to an
energy of 800 MeV. LAMPF is scheduled to come
into operation this summer.

(Photo Los Alamos)

proton targets have had to use target
materials more complex than hydro-
gen. Although the scattering processes
of interest are those that occur off
the free protons (hydrogen atoms) in
the target material, there is no way of

separating these from the ‘back-
ground’ that is the result of scatterings
involving the other kinds of atoms
which are in the target material.

In order to be able to substract the
background scattering from an ethyl-
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ene glycol (HsC202) target we have
to find some way of estimating the
scattering from a mixture of carbon
and oxygen atoms in equal pro-
portions. By successfully producing a
target of liquid carbon monoxide, CO,
which could be substituted for the
regular glycol target without disturbing
the cryostat configuration, the Argonne
group was able to measure directly
the background scattering during
their recent experiment on polari-

zation in pion-nucleon charge ex-
change. Though the idea of working
with the very toxic carbon monoxide
was rather startling at first, the sealed
systems that are used in contemporary
polarized proton targets provide
perfectly adequate containment for the
gas and the method was applied with
success.

New physics journal

The first issue of a new-style physics
journal has appeared. It is entitled
‘Adventures in Experimental Physics’
edited by B. Maglich and published by
World Science Communications. The
journal attempts to tell the stories of
major discoveries or current experi-
ments in a way which projects their
interest, excitement, meaning... all the
features which suggest that human
minds are involved (a fact which is
usually ruthlessly exorcised from
scientific literature).

Some five years ago we pulled
together an article for CERN COUR-
IER (not published because the
disease seemed too well entrenched
for treatment) on a closely related
theme and it is perhaps a good way
to indicate what ‘Adventures’ is about,
to quote a few of the comments we
collected at that time :

F.P. Woodford, ‘Sounder thinking
through clearer writing’, Science
12 May 1967 — ‘He (the scientist)

takes what should be lively, inspiring
and beautiful and in an attempt to
make it seem dignified, chokes it to
death with stately abstract nouns;
next, in the name of scientific impar-
tiality, he fits it with a complete set of
passive constructions to drain away
any remaining life blood or excitement;
then he embalms the remains in
molasses of polysyllable, wraps the
corpse in an impenetrable veil of
vogue words, and buries the stiff old
mummy with much pomp and circum-
stance in the most distinguished
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journal that will take it... | am appalled
by the frequent publication of papers
that describe most minutely what
experiments were done, and how, but
with no hint of why or what they
mean.’
John Maddox, ‘Is the literature dead
or alive ?” Nature 10 June 1967 —
‘But why cannot there be some ex-
periments in which reports of scientific
work are written deliberately with the
objective of bringing enlightenment,
pleasure and occasionally excitement
to as many readers as circumstances
will permit 7

The first issue of ‘Adventures’ re-
sponds to these criticisms. It includes
the stories of the discoveries of the
first optical pulsar, quantized circu-
lation in superfluid, the ‘blocking
effect’, muon-induced fusion, two
kinds of neutrino and transition radi-
ation, and the experiments in progress
on retro-reflection from the moon and
the cosmic ray pyramid chamber
search. The stories include personal
accounts of the researchers, explana-
tory notes for non-specialists, the
original paper as published in the
formal literature and subsequent de-
velopments since the discoveries.

Much of the issue is a real pleasure
to read and. anyone who believes
that physics has the power to make
the intellectual nerve-ends tingle just
as much as any other aspect of
man’s culture, will be glad to take the
journal into his hands. It should also
prove an excellent method of putting
physics before young people in a way
which will attract them (a much need-
ed virtue at the present time).

On the negative side much of the
presentation (given the style of journal
it sets out to be) is clumsy and heavy.
Type-faces, page lay-outs etc. could
be much more attractive. However,
the content is more important than
the wrappings and, because we
believe the aim is so worthwhile, we
wish the journal a very healthy future.

PRINCETON
PPA close down

On 12 April the Princeton Pennsylvania
Accelerator was turned off and placed
in ‘standby’ condition. Despite valiant
efforts to keep the Laboratory in being,
particularly for heavy ion research
where the machine had pioneered the

production of and experimentation
with multi-GeV beams, no finance for
further operation was available. The
final swing of the axe came on
23 March when the National Cancer
Institute decided not to finance bio-
medical research at the accelerator.

In saying farewell to the PPA which
began life in 1963 as a 3 GeV fast-
cycling proton synchrotron (another bit
of pioneering) we should like to pay
tribute to the accelerator builders,
operators and research workers who
have been connected with the ma-
chine. Particular tribute should be
paid to Milton White, Director of the
Laboratory, who sustained the PPA
in being over the past year by his
inspiration and optimism and by his
ceaseless work to secure long-term
support. During recent months, im-
portant work has been carried out on
the accelerator and the fact that this
has been possible is largely due to
his devoted efforts.
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AIM DAC-100 VTR

16 pin DIP or 24 lead flat pack including
internal reference and resistor network

COMPATIBLE LOGIC : DTL or TTL

MINIATURE SIZE : “ ﬂ
54

HIGH SPEED :
225 ns for 8 bits, 375 ns  for 10 bits

WIDE VOUT CHOICE : +5V, +10V, =25V, =5V

J1177117

DESCRIPTION: The aim DAC-100 is a complete Digital to Analog converter packaged in a single 16 pin DIP or 24 lead
flat pack. A standard digital I.C. logic level input code is accepted, providing an analog current output that is readily
converted to an analog voltage with a single external op amp shunted by an internal feedback resistor. The package
contains two monolithic chips. One chip provides the internal precision voltage reference plus ten weighted current
sources and switches. The second chip provides a precision thin film ladder network, tracking feedback resistor, and bipolar
source resistor.

LOW COST:
Choice of 14 cost/performance tradeoffs
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High — Performance PMI OP AMPS. and Comparators.

1. MONO CMP - 01CJ — Fast Precision Comparator
2. MONO CMP - 02 — Low Input Current Precision Comparator
3. MONO OP - 01CJ — Low Cost, Fast Slewing/Settling Op. Amp.
4. 8S8S 725CJ — Low-Noise, Low Drift Instrumentation Op. Amp.
5. 888 741C4 — Improved Performance 741 Op. Amp.
Call us for full details An affiliated Company of

NPRECISION
(0ND ZMONOLITHICS

| INCORPORATED

Bourns AG Baarerstrasse 8 6301 Zug
Tel. 042 23 22 42 Telex 78722

138



tOBIT Y (MR} o3 ouT
2 BT 2 TERG ADI Y 0
3 w13 K SENSE Y0 0
T4 BIT 4 DUIPUT 8% O
IGK BENSE 88 O

ANALOG
. DEVICES ‘
O1E KIT 8 OiC‘ erNg% ;;ig

DAC160M ANALOGY CLOCK 230

¥ CONV. COM. 220
DEVICESE “O S0 438

o1y wirie  D/A CONVERTER ADC16 1/0
LoV BT I : [FOR USE WITH DAC 15 gM)
019 87 13 ’"' " 530 : SERIAL 17
REF OUT 570 sy 81 ‘; gﬂ

D23 K1Y 13 BiT By

D28 BT 14 TN BIY
O%3 BT 18 GAtNa.s o 817

026 KT 16 (LS} AMP OUT &7 O ‘ BIY
: GFFSET GUY 46 ¢ B . BI7
D2 +3VDC 54 BIT ¥ BT

AMP 1N 44 O 9 3 817

030 +1BVEC 5 By

. 7 817 BIT

DX ~IEVOC G 817

59 Bt , 8iT

DI4 COMMON ' . 3 811

BiT
BT

MADE IN 1.5 A, )
_ MADE INUSA

(actual size)
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New: Connectors crimptin sizes 00-0-1

Possible cables # 2,5+11,5mm
Characteristic impedance
50-60-750hm

Our production programme

Connectors, unipole (14150 A) Connectors, combined, high and low voltage
Connectors, coaxial (50-60-75-100Q) Connectors, combined, coaxial and signal
Connectors, biaxial and triaxal N Connectors, combined special

Connectors, high voltage (2-5-8-10-15-30KV.DC) Connectors, for thermo-couples

Connectors, multi-coaxial, multiple contacts, Adaptors to connectors type: BNC-UHF-C-N-
multiple high voltage CONHEX - PET - Suhner - G. Radio, etc.

LEMO 5A L

Electrotechnique - Tel. (021) 711341 - Telex 24683 - 1110 Morges - (Switzerland)
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Hiflex"Cables

Our HIFLEX cables are a further
step forward in the field of RF-

power cables. They are adapted to
the increased output power ratings

of the transmitters as well as the
extension of transmitter installa-
tions in the UHF range.

HIFLEX cables feature high
transmission power ratings, low
losses, high flexibility, low
dielectric, high transverse stability
and tensile strength, low

v.s.w.r., high voltage resistance,
corrugated aluminium tube as
outer conductor, precision in pro-
duction and control.

HIFLEX cables are available in
sizes from 15 to 260 mm outer dia-
meter with the standardized
characteristic impedances of 50 Q
and 60 Q and some also with 75 Q.

Video Cables

Video cables are manufactured as
coaxial cables with a characteristic
impedance of 75 Q (in exceptional
cases 60 Q with solid insulation
and are used, for instance, to
connect the camera amplifier to the
monitor, intermediate amplifier,
radio or television transmitter.
Video cables must have very low
attenuation and be homogeneous.
As they are often used in lengths
which, in relation to the individual
frequency of the broad video band,
are comparable with a unit of a
quarter wave length or its multi-
ples, it may be expected that some
mismatches are present in the
cable run when lengths of a
different characteristic impedance
are connected. This can lead to a
disturbing second reflection
component in the transmitted
picture, so that with the video
cables any deviation of the
characteristic impedance must not
exceed * 1%o.

F&G manufacture these cables in
many different sizes with an outer
diameter from 4.8 mm to 22 mm,

whereby the outer sheaths have the

standardized colour coding for
colour television studio operation.

These cables are also manufactured

as multicore or multi-purpose
cables.

CameraCables

Camera cables are used for the
transmission of all pulses, video
and sound signals, operating
voltages, connecting and pilot
functions between the camera and
camera control unit required during
operation.

As the biggest manufacturers of
camera cables F&G, in collabora-
tion with the German broadcasting
stations and the camera manufac-
turers have developed colour
television camera cables incor-
porating 3 or 6 coaxials.

The elements are twisted in units
according to their function and are
largely symmetrical. This construc-
tion provides the cable with the
necessary flexibility and stability
for studio and outdoor operation.
The camera cables are supplied, on
request, with fitted connectors
(with coaxial contacts).

&S

FELTEN&GUILLEAUME
KABELWERKE AG
KOLN-MULHEIM

26.1e7.0
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SEND IN THIS
ADVERTISEMENT

for details of a

QUADRUPOLE MASS
SPECTROMETER

AT THE LOWEST PRICE

£1160 (UK. only)

NEW EXTENDED MASS RANGE (2-200)
UNIT RESOLUTION T0 100
-~ SENSITIVITY up to 10 torr
LINEAR MASS SCAN
TWIN FILAMENTS

SELECTIVE PEAR MONITOR
ACCESSORY AVAILABLE

10th CENTURY ELECTRONICS LTD.

Centronic Works, King Henry's Drive,
New Addington, Croydon CR9 OBG.

Telex 896474

Please sen d me details of your LOW COST/HIGH PERFORM-
ANCE Model Q806 Quadrupole Mass Spectrometer, with a
list of 26 applicational studies for which the Q806 is particu-
larly suited.

Name._

Position .

Company

Address.

_ .. Tel.No.

ATELIERS DE CONSTRUCTIONS
ELECTRIQUES DE METZ

Société Anonyme au capital de 2400000 francs

Siége social :
7-11, rue Clotilde-Aubertin
57 - METZ

Service commercial ;

Voie romaine - Poni-de-Semécourt
57 - MAIZIERES-LES-METZ

Transformateurs de puissance

a refroidissement a air, & 'huile, au pyraléne
jusqu’a 110000 volts

Usine de Metz:
Transformateurs de 2500 a 100 000 KVA

Téléphone : 68 6080 et 68 90 80
Télégramme : ELECTRICMETZ
Télex : 86237 F ACEMETZ

Usine de Maiziéres-Les-Metz (57):
Transformateurs de 25 a 2000 KVA

Téléphone : 60 26 11
Télex : 86418 F ACEMAIZI

(JUMO

QUALITAT entscheidet!

Thermoelemente u. Widerstandsthermometer
nach DIN und in Spezialausfiihrung fiir Lahor
und Betrieb

JUMO Ihr Partner
in der Mess-und Regeltechnik

M.K.JUCHHEIM GMBH &C0-D-64 FULDA

Glas-, Zeiger- und Widerstandsthermometer
Kuntaktthermumeter, Relais, Thermoelemente
Elektromech. und elektron. Temperatur-Regler
Elektr. Anzeige-, Regel- und Registriergerite
Mefi- u. Regelinstrumente fiir Druck u. Feuchte

A10/J 72
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Angst+Pfister

® Synthetic and Natural Rubber
® Engineering Plastics
® GACO Sealing Products

® Power Transmission Elements

]
52-54, route du Bois-des-Fréres
1211 LE LIGNON-GENEVE
Tel. (022) 45 14 00

ZURICH MILAN PARIS

VACUUM PRODUCTS
Hositrad/Holiland N.V.

Hositrad / Holland N.V. is a company, specialised in the
custom made High- and Ultra High Vacuum field.

We have polishing facilities (chemical) and can handie
any shape or object.

This is one of the
custom made pro-
ducts, made for one
of our customers in
the U.H.V. field.

The sales representative for Veeco in Holland and
Denmark.

Amersfoort — Holland. Phone : 03490 - 10080.
Stevinstraat 3

CAMAC/
PDP11
INTERFACE

Type
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http://conjr4.es

zeltex Lverters

Analog-digital

digital-analog

converters

8, 10 or 12 bit binary '
2 or 3digit BCD

FrPOoPY

k4

You can : make your own AD and DA converters !
But : can you do it for the same price as ZELTEX ?

m Hverter

Lasyy

=
&

g

@® Complete units, only D. C. power needed

@® All models are DIP-grid compatible

@ Analog input or output voltage ranges 0-10 V, £10 V or £5 V

@® Analog input and outputs TTL/DTL compatible

@ Operating temperature 0° C-70° C, 20 ppM/°C TC

® Small dimensions : DAC’s 4,5X4,4X1 cm, ADC’s 45X9X1 ¢cm
Modei Type Speed Accuracy Price (for 10 pieces)
ZD 430 8 bit DAC 20 us /2LSB * 0,1 % Fr. 95—
ZD 431 10 bit DAC 20 us /2LSB = 0,1 % »  145.—
ZD 432 12 bit DAC 20 us /2L8B * 0,05 % »  237.—
ZD 440 8 bit DAC 2 us /2LSB * 0,1 % » 145 —
ZD 441 10 bit DAC 2 us /21L.8B * 01 % »  190.—
ZD 429 2 Digit DAC 20 us /2L8B = 0,2 % » 95—
ZD 433 3 Digit DAC 20 us Y21LSB + 0,1 % »  190.—
ZD 460 8 bit ADC 50 us /2LSB = 0,1 % »  237.—
ZD 461 10 bit ADC 100 us /2LSB * 0,1 % »  332.—
ZD 462 12 bit ADC 100 us /2 LSB * 0,05°% »  463.—
ZD 470 8 bit ADC 15 us 2LSB = 0,1 % »  378.—
ZD 471 10 bit ADC 30 us /2LSB = 0,1 % »  463.—
ZD 472 12 bit ADC 40 us /2LSB * 0,05 % »  694.—

baeriocherag

Postfach 485, 8021 Zirich, Tel. 01429900
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Un groupe de niveau europeen

/\ dans
la prestation de services
CONET ‘

Nettoyage industriel

Nettoyage d’ateliers, bureaux, laboratoires, cliniques
Hygiéne, désinfection, désinsectisation, dératisation

Prestations de main-d’ceuvre
Manutentions.

Office nouveau du nettoyage ONET

13 - MARSEILLE 26, bd Ferdinand-de-Lesseps - llle tél. (91) 502250
75 - PARIS 4 et 6, rue du Buisson - Saint-Louis - Xe téel. (1) 208 1557
GENEVE 55/57, rue Prévost-Martin tel. 2578 88
74 - ANNECY 6, avenue de Mandallaz tél. (50) 45 46 41
01 - SAINT-GENIS Route de Genéve tél. (50) 411207

Fournisseur du CERN a Genéve, du CEA a Marcoule, Pierrelatte, La Hague,
du CEN a Grenoble, de 'OMS et de 'ONU a Geneve.

ROHDE & SCHWARZ MUNICH
Power Signal Generator type SMLU 2516 1000 MH:

Speciai Features

Wide frequency range with linear scale for each
of the seven subranges

Pushbutton selection of frequency range

High output power of 2 W, with ALC

Frequency and output power both remotely
controliable

Option for digital control — BCD code, negative
DTL

Amplitude modulation, internal (1 kHz, 80 /) and
external (1 Hz to 10 kHz, up to 90 %)

External sweeping; single internal frequency
sweep

Accurate output attenuator

External synchronizer enables synchronizing by
means of crystal-controlied oscillator

A fully transistorized, sweepable and remotely

controliable signal generator with high output power

Representation and after-sales services

ROSCHI TELECOMMUNICATION SA BERNE

3000 Berne 31, P.O.B. 63 Tel. (031) 4427 11




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

LY. readers. New magtapes. And more.

DECsystem-10 runs four functions:

batch processing, multi-access
S

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, L.ondon, Manchester,
Birmingham, Edinburgh, Munich,
Cologne, Hannover, Frankfurt, Vienna,
Stockholm, Oslo, Copenhagen, Paris,
Grenoble, The Hague, Brussels, Zurich,
Milan.

dlilgliltiall
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350 MHz
REAL-TIME
PORTABLE

TRLAY TIME POSITIOR
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The NEW 485 is a portable 350-MHz*5mV/Div dual trace oscilloscope with
a host of new features like:

— 5mV/Div Sensitivity at full Bandwidth

1ns Sweep Rate. No Magnifier.

Selectable Input Impedances: 50 Ohms and 1 Megohm
Alternate Delayed Sweep

Vertical Scale Factor Readout

External Trigger Display

X ~ Y Operation (3° phase shift at 5 MHz)

Reduced Weight, only 10 kg

Price: from Fr. 17 330.— fo 18 900.—
We shall be glad to send you complete information. Please call 042/21 91 92
* at 50 Ohms, 250 MHz at 1 Megohm

TEKTRDNIX® TEKTRONIX INTERNATIONAL AG

- committed to
technical excellence POSTFACH 57 6301 ZUG/SCHWEIZ

148



Raccords pour tuyauteries
sans filetage
«VEBEOQO »

SIEGE SOCIAL

8, rue Blanche - 75-Paris (IX®)
Téléphone 526.83.99

USINE

Belles-Ondes par Rolampont
52 - Haute-Marne

Le raccord « VEBEOQ »

forges
de

belles-
ondes

permet sans filetage, ni soudure, ni évasement de relier enire elles
les tuyauteries de toutes matiéres (acier, inox, etc.).

D’une grande facilit¢ de pose et d’une étanchéité parfaite, il s'adapte
sur les tuyauteries rigides et semi-rigides de tous diamétres.

Sans outillage spécial ni préparation préalable ce raccord peut étre
utilisé a des températures variant de —40° a + 250° C et résister
a des pressions allant jusqu’a 300 bars. Il peut étre démonté et réutilisé.

raccords Autres fabrications
Flexibles « VEBEO » — Robinets « EFBEO » — Robinets a vide.
vebeo
] Piéces spéciales a la demande.

“adventures in experimental physics

A Selection of Innovative, Unconventional and Adventurous Experiments

With Personal Discovery Stories, Explanatory Physics Notes for Non-Specialists and Subsequent Developments

Editor : Bogdan Maglich (in consultation with foremost international physicists)
Foreword by Luis W. Alvarez

One of the most widely acclaimed scientific publications in U.S.A.

SPECIAL PRICE OFFER FOR P
EUROPEAN SUBSCRIBERS!

Published twice a year : January and July

Write the world’s leading experimental and theore-
tical physicsts in their letters to the editor :

“Refreshingly new and human approach to Physics”

To : Adventures in Experimental Physics,

[] Please enter my one-year (2-issue) subscrip-

] Send me more information before | decide.

P.O. Box 683. Princeton, N.J. 08540, U.S.A.

tion which | declare for my personal use only
at your SPECIAL OFFER price for European
Subscribers of 27 Swiss Francs (§ US 6.75)
per annum. Postage included.

“...sure to become one of the most important publi- |

cations in Physics” Name :

“What student won’t delight in this — and be Address :

infected by the bug himself” o

“... beautiful composition and an informative pleasure City :

to read” Country :

“..ideal as supplementary reading in most of our

graduate courses in Physics” [] Check enclosed. 1 Bill me.

“ Particularly attractive are those personal sections I

which make the spirit of true research so exciting” _——— - = — =
“...a very high standard ; it may turn your hair grey Libraries and institutions: 68 Swiss Francs
trying to maintain it” ($ US 17.00) per one-year subscription.
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PRECICABLE -BOUR

est & votre disposition pour P'étude et la réalisation de fils et cables électriques
a hautes performances pour usages spéciaux tels que :

— Liaison calculateur
— Haute fréquence
— Télécommande
Selon toutes normes

— Pyroméirie

— Atmosphére active

— Température élevée

(Agrément CAMAC)

138, rue Michel Carré 95-ARGENTEUIL (France)
Téléphone 961.77.01 — Télex 69.919 F

Technical Rubber
and Plastics Goods

BELL s HOWELL
4-366 PRESSURE TRANSDUCER

This is your GENERAL PURPOSE

address :

8051 Zurich
Tél. (01) 40 11 00

__________ s

Ask for free literature by sending this coupon

hose catalogue

hydraulic hose catalogue

air hose catalogue

o-rings and seals catalogue
rubber sheeting sample book
power transmission elements
rubber and plastics profiles -
protective rubber gloves @ Small, light weight
MAAGinform periodical @ Easy to install and use

dielectric materials @ 40 mV direct output
@ 350 OHMS source impedance
Department @ Non-linearity and hysteresis: <0.5% F.R.O.

Internal telephone No MANY OTHER MODELS IN THE PROGRAM

|
|
I
i

OOooooocogOo

Name

I
I
|
|
|
|
|
|
|

Special interests R
Signature _Date Please ask for more information or a demonstration (7004 EE)

We have special radiation resistant rubber compounds that give
unique service - please contact us for hoses, profiles, sheets,
seals, cables. Junkholz 333~ CH-8968 Mutschellen Tel. 0567 546 55

Industrievertretungen
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NEW RESPONSIBILITIES

ngh Tennecomp Systems Inc. — 4 track 256 and 512K
Word/track Mag. Tape Cartridge Units for mini-and
midi-Computers. — DEC, Hewlett-Packard, NOVA,

Energy Varian, Honeywell, etc.
Input Output Computer Services Inc. — Anagrafic

Computerized System for Digitizing and Processing

& Nuc’ear Graphical Data in many forms. PAK plug-in with Soft-
ware, Graf/Pen and Hardware Interface for PDP 8.

. Adar Associates Inc. — Precision Digital Test equip-

Equ"]ment ment including Computerized System for testing

Random Access Memories, read-only memories, shift

Registers, Random logic etc. complete with Micro-

s A Programmer and many options - Parametric tests in-
.

clude stress, leakage, breakdown and continuity.

HENESA also acts for: LeCROY (of New York); TELE-
DYNE - ISOTOPES (of New York); EDGECOMBE
PEEBLES and WHITWELL ELECTRONIC DEVELOP-

MENTS Ltd. (of Glasgow)

The equipment manufactured by our Principals is well known at leading
Research Centres, Universities, Hospitals and Industrial Establishments
throughout the world Nuclear, Health & Medical Physics, Nuclear, Medi-
cine, Life Sciences and Industrial Nuclear Laboratories can be furnished
completely and you can call on the vast knowledge and resources of
our Principals to do all your system and equipment planning free of
charge. We can put you in touch with Physicists, Chemists, Medical
Specialists, Engineers and Administrators who recently have completed
the type of equipment survey with which you may now, or soon will be,

faced — save your time and your organizations'money by contacting
HENESA.
PRINCIPALS T.E.M. Instruments Ltd.

Simtec Industries Ltd.

Johnston Laboratories Inc

Scientific Research Instruments Corp
Electronics & Alloys Inc

Computer Instrumentation Ltd. The Cyclotron Corporation

LeCROY Research Systems Corp. Bren D’Amour (BRECO)

Scientifica & Cook Electronics Ltd. C.S. Malia

Lan-Electronics Ltd. Laben

CONTACTS

Nuclear Enterprises Ltd.
S.E. Laboratories (ENG.) Ltd.
D.A. Pitman Ltd.

Ronald Stiff or Personal Assistant in Geneva
Carlos Perez or Angel Vega in Madrid

Manuel da Costa or Armando Tavares in Lisbon
A great deal of the equipment supplied by our Principals can now be
offered on credit terms of payment over a period of years.

ADDRESSES TELEPHONE NO’S

2, chemin de Tavernay, 022 98 2583
1218 Geneva, Switzerland 022 98 25 82
Marques de Urquijo 44, Madrid 8 248 96 02

Estrada Pogo do Chao 69, Lisboa 4 70 56 71
All telex messages to 23429 (answer back ‘stiff ch’)

PEARSON

Very High Voltage
PULSE
TRANSFORMERS

Pearson Electronics, Inc. specializes in the develop-
ment, design, and manufacture of very-high and
super-high-voltage, high-power pulse transformers
and related modulator components. Typical pulse
transformers manufactured by Pearson Electronics,
Inc. range in output voltage from 40 kV to 600 kV.
Other Pearson pulse-modulator components include
precision current transformers, voltage dividers, and
charging inductors. Inquiries regarding specific
requirements for these components are welcomed.

PEARSON ELECTRONICS, INC.

4007 Transport St., Palo Alto, California 94303, U.S. A.
Telephone (415) 326-7285

Entreprise de
peinture
batiment
industrie

J. Prézioso & Fils S.A.

C.E.R.N. - GENEVE

Siége social :
Boite postale N° 2
38 - SAINT-CLAIR DU RHONE

Tél. (74) 855307
85 52 28

Télex : 30 516-PREZIOSO SCLAR

SATEM

Tous les produits du pétrole

Huiles de chauffage
Carburants
Lubrifiants

SATEM

14, place Cornavin
Genéve

Téléphone (022) 32 71 30
Télex N° 22336
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You can’t
wear

It out

A focused mesh electron multiplier that’s
guaranteed reactivateable over and over again.

Model MM-1 For use in mass spectrometers, electron
and ion velocity analyzers, X-ray and vacuum U.V.
spectrometers, and neutral particle experiments.
Detects electrons, ions, protons, UV, X-ray photons,
energetic neutral atoms and molecules. Guaranteed
delivered gain. Typical electron gain: 106 at 2.5 kv.,
107 at 3 kv., 108 at 3.5 kv. Gain is stable with count rates
in excess of 104 per second. No ion feedback or
spurious pulses. Non-magnetic. Low noise: less than

1 count/minute at 107 gain. Ultra high vacuum
operation: bakeable to 350° C. Rugged. Flight proven
in many rocket launches. Size: 1.25” high, 2” diameter.
Model MM-2, Similar characteristics as MM-1 but only
half the diameter (1”).

Johnston

"%Z}H
Laboratories,Inc. <

3 Industry Lane, Cockeysville, Maryland 21030, USA
Phone: (301) 666-9500 Cable: “JOHNLAB”
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Build the system you need
with these components.

Preamplifier-Amplifier-Discriminator
(Model PAD) Rugged. Miniature.
Charge sensitive input. Risetime:

3 nsec. Adjustable discriminator:
20:1 range. PAD-1: lowest power
consumption. Pulse count rates to 105/second. PAD-2: for
pulse count rates to 107/second.

Regulated High
Voltage Power Supply.
(Model HV-4R)

All solid state. Output:
500v to 6.1 kv. Low noise: less than 300 microvolts RMS. Low
drift: less than 0.01% /hour, 0.02% /day. Lightweight. Rack
mounted.

For more information and detailed data call or write Dept. C-4.



TRANSFORMATEURS < 250 kVA
SELFS, TRANSDUCTEURS
TRANSFORMATEURS DE

HAUTE TENSION ET COURANT
ALIMENTATIONS ET DIVERS
EQUIPEMENTS ELECTRONIQUES

La maison de confiance depuis 1936 renommée
pour ses produits de haute qualité et ses ingénieurs-
conseillers qui se tiennent a votre entiére disposition.

Téléphone (039) 441255
Télex eab 35365

EAB Fabrique d’Appareils électriques S. A.
2608 COURTELARY

Contact parfait
en1milliseconde

interrupteur alamelle
a bouton poussoir
pushbutton reed switch

L'interrupteur & lamelle a bouton poussoir se monte
séparément ou en disposition multiple. Les claviers
«Keyboard» peuvent avoir n'importe quel nombre de
touches. Les montages incorporés ont un systéme de code «diode-matrix»
avec circuit integré qui donne la suite logique de deux touches, «strobe», etc.
Existe en version «CHANGE OVER» réf 2 RB1. Les types 1 RB1 et 2 RB1 sont
livrables avec voyant lumineux.

== TVI-TELEVISION INDUSTRIELLE SA

=y
TV en circuit fermé Etude, réalisation, vente, location
I I Electronique industrielle 78, avenue des Communes-Réunies
Informatique 1212 GRAND-LANCY - Tél. 437140
G00000000000300000000000000008000000000000000000000 ....;\;

Demande de documentation Tel.:
Société: _ Adresse: .. SR
Secteur dactivité: ____ Nom du destinataire :
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La Maison J. Féldi, Ing. EPF
Electronique Industrielle a
Bassersdorf construit des redres-
seurs pour I'alimentation en
courant fort d’aimants, utilisés dans
la recherche nucléaire pour le
transport et la concentration de
rayons corpusculaires accélérés.
La précision de ces appareils

est fonction d’exigences extréme-
ment élevées.

Pour Monsieur Foldi,
la qualité d'un transformateur est
une condition essentielle!

Il attend de notre part non seulement la réalisation
de ses exigences sur le plan technique
mais également des prix limés et des délais de livraisons serrés.
Monsieur Foldi utilise (exactement comme nos propres
électroniciens et d’autres spécialistes en convertisseurs
statiques connus) des transformateurs GUTOR.

Nos experts en transformateurs mettent
a votre disposition leur expérience des prix, leur sens des délais,
et leurs compétences techniques.

Nous fabriquons des transforma-
teurs mono-et triphasés, des
bobines a réactance, des circuits
de blocage; des transformateurs
pour machines a souder, des
transformateurs pour hautes
tensions, des transformateurs-néon,
des transformateurs de réglage,
des tresses en cuivre.

<qTransformateur triphasé,
refroidi a 'eau pour redresseur mobile.

GUTOR SA
CH-5430 Wettingen Téléphone 056 62525
Electronique industrielle Produits normalisés en acier Transformateurs



f Liquefying . Storage \

Transport. Supply
Handling . Applications
of cryogenic fluids

from 4 to 100° K LAIR LIQUIDE

alwaﬁs has an equipment or
a technique at your disposal.

A_ LAIR LIQUIDE

DIVISION MATERIEL CRYOGENIQUE
57, Avenue Carnot 94 CHAMPIGNY/M
tel 883 97 40 Telex Champalchamp 23 884

\ _




appareils de regulation

SOUPAPES DE SURETE - DEVERSEURS
REGULATEURS DE PRESSION

— Faible écart fonctionnel: 10 a 15% entre
ouverture plein débit et refermeture étanche.
— Aucun risque de collage du clapet grace au
grand rapport entre les surfaces de la mem-
brane et du clapet.

— Etanchétité absolue a toutes les pressions
apres refermeture grace au clapet plastique.
— Aucun risque de blocage en position ouverte
dd au givrage. Dispositif spécial de protection
contre les intempéries et pour les basses tem-
pératures.

— Possibilité, pour les gaz,de canaliser I'échap-
pement par un tube de diamétre réduit, car, du
fait de la conception de la soupape, une contre-
pression a I'aval, inférieure ou égale a la moitié
de la pression de réglage, ne modifie pas le
débit.

— Utilisation comme régulateur de pression ou
déverseur sans pompage ni vibrations.

SOUPAPES - DEVERSEURS - REGULATEURS
DE PRESSION A MEMBRANE

— Pressions d’utilisation : 0,1 bar a 110 bar.
— Températures de fonctionnement : - 25°C a
+110°C.

SOUPAPES - DEVERSEURS - REGULATEURS
DE PRESSION A PISTON

— Pressions d'utilisation : 50 a 400 bar.

— Températures de fonctionnement: -40°C a
+ 150 °C.

SOUPAPES - DEVERSEURS - REGULATEURS
DE PRESSION A SOUFFLET POUR FLUIDES
CORROSIFS

— Pressions d'utilisation jusqu'a 250 bar.

— Températures de fonctionnement : - 40°C a
+150°C.

SOUPAPES DE SURETE POUR ENCEINTES
PRESSURISEES.

— Tres faible écart fonctionnel entre ouverture
plein débit et refermeture étanche.

— Températures de fonctionnement : - 50°C a
+70°C.

— Pressions inférieures a 2 bar.

— Dépressions inférieures a 150 mbar.

4VANNES ELECTRO-PNEUMATIQUES H.P.
Ensembles constitués par un robinet commandé
pneumatique contrélé par une électro-valve
pilote.

— Pression maximale d'utilisation : 250 bar.

— Températures de fonctionnement: - 40°C a
+ 150°C.

— Courant continu 24 a 200 V.

ROBINETS - VANNES
— Presse-étoupe a compensation automatique
par ressort de l'usure dé la garniture, assurant
une étanchéité absolue en toutes positions.
— Grande douceur de manceuvre méme a trés
haute pression
— Siege ou clapet plastique assurant une étan-
chéité absolue.

ROBINETS A POINTEAU

— Pressions d’utilisation : jusqu’a 450 bar.

— Températures de fonctionnement : - 40°C a
+150°C.

ROBINETS A SOUPAPE

— Pressions d'utilisation : jusqu'a 60 bar.

— Températures de fonctionnement : -25°C a
+110°C.

7 CLAPETS ANTI-RETOUR

— Pressions d'utilisation : jusqu'a 250 bar.

— Températures de fonctionnement : - 40°C a
+150°C.

POMPES HAUTE PRESSION

— Pression d'utilisation en service intermittent:
jusqu'a 1000 bar selon les types.

— Débits a 3000 t/mn: de 0,2 & 1,5 I/mn.

— Pompes monopiston avec filtre incorpore,
congues pour I'utiiisation des huiles minérales
les plus fluides réf. USA - MIL. - H - 5606.

— Températures de fonctionnement : - 40°C a
+ 80°C.

15 A 19, RUE LOUIS BLANC
PARIS (I) 961-51-06 - casLe : ISOETNA - ARGENTEUIL - FRANCE

ETNA EST SPECIALISE DANS LES PROBLEMES CONCERNANT L’UTILISA-
TION DES FLUIDES GAZEUX ET LIQUIDES SOUS PRESSION.

— COMMANDES HYDRAULIQUES JUSQU’A 700 BAR.

— EQUIPEMENT POUR GAZ COMPRIMES JUSQU’A 400 BAR.

POUR TOUTE ETUDE ET REALISATION D’EQUIPEMENTS COMPLETS, PNEU-

MATIQUES, DE PRESSURISATION, HYDRAULIQUES ET OLEO-PNEUMATI-

QUES, OU, POUR LA FOURNITURE D’APPAREILS PRECIS, ETANCHES ET

SURS, NECESSAIRES A VOS PROPRES REALISATIONS ET POUVANT FONC-

TIONNER A DES TEMPERATURES ALLANT JUSQU’A -200°C et +500°C,
CONSULTEZ ETNA.

iy

1 -
3
t

w

Notice 24AR

GAUBERTI S.A.

PRESSOSTATS

— Boitier électrique standard type protégé, sur

lequel se montent les différents ensembles de

controle de pression.

— Appareils trés robustes, insensibles aux vibra-

tions et sans fuite.

— Fidélité dans le temps de la pression de

réglage. '
— Réglage précis fait au montage sur demande *
et qui peut étre modifié.

— Ecarts fonctionnels réduits, ce qui est impor-

tant pour les installations ou I'échelonnement

des pressions doit étre aussi- précis que pos-

sible.

@ PRESSOSTATS A PISTON

— Pression d'utilisation : 100 & 400 bar.
— Températures de fonctionnement : - 40°C a
+110°C.

b PRESSOSTATS A MEMBRANE
— Pression d’utilisation : 0,2 & 100 bar.
— Températures de fonctionnement : -25°C a
+110°C.

cACCUMULATEURS OLEO-PNEUMATIQUES
— Pression de service maximale : 336 bar.
— Etanchéité absolue de la charge d'azote.
— Aucun regonflage périodique ni au stockage
ni en service.
— Piston séparateur avec ressort compensant
automatiquement I'usure des garnitutes.
— Possibilité d’utiliser le volume total pour le
stockage du liquide sous pression en adjoignant
des bouteilles d'azote auxiliaires.
— Températures de fonctionnement : -40°C a
+110°C.

Garnitures spéciales pour fluides
hydrauliqgues de synthése résis-
tant au feu (esthers phosphori-
ques)

DETENDEURS

— Faible écart fonctionnel : 10 a 15% entre
ouverture plein débit et refermeture étanche.
— Etanchéité absolue aprés refermeture.

— Aucun risque de pompage.

— Dispositif anti-retour évitant toute possibilité
de vidange de la canalisation vers I'amont, pour
les détendeurs a | étage.

— La partie aval des détendeurs type haute
pression est congue pour résister a la pression
amont maximale.

— Dispositif anti-givrage prévu dans certains cas.

DETENDEURS A MEMBRANE A 1 ETAGE

— Pression amont maximale : 250 bar.

— Pression aval de 1 a 100 bar.

— Températures de fonctionnement : - 25°C a
+110°C.

DETENDEURS A PISTON A 1 ETAGE

— Pression amont maximale : 320 bar.

— Pression aval de 50 a 300 bar.

— Températures de fonctionnement : - 40°C a
+ 150°C.

DETENDEURS A MEMBRANE A 1 ETAGE
POUR ENCEINTES PRESSURISEES

— Faible poids.

— Grand rapport de détente.

— Pression. amont maximale : 200 bar.

— Pression aval: 0,2 & 4 bar.

— Températures de fonctionnement : - 50°C &
+ 70°C.

DETENDEURS A MEMBRANE A 3 ETAGES

INCORPORES
— Pression amont maximale : 250 bar.

— Pression aval : - 0,005 & + 2 bar.

— Etanchéité absolue aprés refermeture.

— Grande précision de la pression détendue
méme pour une grande variation de la pression
amont, grace aux trois étages de détente.

— Températures de fonctionnement : - 25°C a
+110°C.

— Modeéles prévus pour alimentation de carbu-
rateur mélangeur.
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