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Whatever the weather, work at Berkeley goes on. Most of the civil engineering
work has been completed and John Thompson’s report that number

one reactor vessel has been welded and that number two is well

under way. Equipment from the Heavy Plant and Turbine

Generator Division of AEI is now being installed.
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Against this background.., Vickers des

NUCLEAR ENGINEERING 1"
4779 for further information

April, 1959

ELECTRONLINEAR ACCELERATORNS

Vickers are engineers, shipbuilders, aircraft constructors, steel-
makers. They build aeroplanes, the Viscount and Vanguard,
tankers, cement plants, earthmoving equipment, presses,
printing machinery . . . produce steel . . . build capital equip-
ment for Industry . . . help progress all over the world. Vickers
spend on—and learn from—research. Vickers built ‘Lido’

swimming pool rescarch reactor. In nuclear engineering they
can provide equipment ranging from glove-boxes to reactors.
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@ Steering coil ® Bitumen seal
© Sub accelerator power supply © Rotary vacuum pump
@ RF. drive line D Diffusion pump
@ Accelerator tube @ 20 metre sub accelerator
@ Supply and control cable rack B Water outlet 4
® Travelling hydraulic hoist & Support alignment jack ?
Klystron ®  Hoist power supply D Support column’ .
Klystron Modulator Unit @ Steel framed asbestos clad ®  Water inlet
Sub accelerator R.F. feed accelerator building D RF. load

for Nuclear Physics, Radiotherapy, Processing

\'lckers Research Ltd. can supply Linear Electron Accelerators for
varlous applications. These include custom-designed equipment
lr nuclear physics, accelerators for radiotherapy and

cessing (1oMeV. 5KW of electron power).

)

1LLUSTRATED  Unit sections of a Multi-BeV Electron Linear Accelerator
with one unit withdrawn for maintenance. Energy—100MeV ; length—
20 metres; R.F. power—20 MW.

For full information on Electron Linear Accelerators
enquiries should be addressed to:

VICKERS RESEARCH LIMITED

BROOKLANDS ROAD WEYBRIDGE SURREY ENGLAND
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A Member of the Vickers Group of Companies

VICGKEERS

AIRCRAFT CONSTRUCTORS ENGINEERS SHIPBUILDERS STEELMAKERS

in Australia. Canada, Gt. Bri

I he resources of the Vickers Group are available through their compani in, India, Pakistan, Rhodesia, South Africa, USA.
e
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And now—

special fabrication in
laminated plastics for the

Atonuc Energy Authority

Research coupled to atomic physics implies a need for special
equipment. Marston Excelsior Limited have been entrusted by the
A.E.R.E. with a contract to construct laminated plastic vacuum
vessels for the new proton synchrotron project at Harwell. A

torus, 120 ft. in diameter and 7 ft. wide, made in eight sections, will
comprise a total of 24 vessels. Certainly a complex construction,

but Marstons have spent years specialising in plastic

laminates — one of the many interests of their organisation.

MARSTON EXCELSIOR LIMITED

A subsidiary company of Imperial Chemical Industries Limited

FORDHOUSES, WOLVERHAMPTON

MAR.261
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(Research Group)

Scientists and Engineers for
7GeV Proton Synchrotron Project

The Project described in this publication is well advanced and
there are a number of vacancies for Physicists and Engineers who
are keen to enter the new and interesting fields of work associated
with high energy accelerators. Scientific and Experimental Officers
are needed to work on experimental apparatus to be used in
directing and detecting the various types of particles produced
by the accelerator. Mechanical and Electrical Engineers and
Technicians are required for work connected with the design, operation
and maintenance of the accelerator and associated equipment.

Scientific Officers should have a good honours degree and
preferably research experience and Experimental Officers an H.N.C.
or equivalent qualifications. Engineers should have an Honours
degree; Senior Engineers should be corporate members of a Senior
Engineering Institution; Junior Engineers should have equivalent
qualifications. Technicians should have served a recognised
apprenticeship; possession of the appropriate National Certificate
would be advantageous.

Application forms and details of salaries
can be obtained from the

Group Recruilment Officer, A.E.R.E., Harwell
quoting ref. no 1389/183
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AEA RE-GROUPED

AJOR reorganizational changes have been

announced by the Atomic Energy Authority. The
Authority will now comprise four groups instead of
(hree, the previous Industrial Group having been
ivided into a Development and Engineering Group
und a Production Group. The Authority’s announce-
ment states that, at the same time, the full-time technical
Members will again assume executive responsibility for
particular groups, in addition to their functional
tesponsibilities and general duties as members of the
Board.

Sir William Cook, with the title of Member for
Development and Engineering, will be executive head
of the Development and Engineering Group, and will in
uddition retain corresponding functional responsibilities
{hroughout the Authority. Sir Leonard Owen will have
(he title of Member for Production (Designate) and
will be executive head of the Production Group.
Sir William Penney, whose appointment as Member for
Scientific Research was announced a few weeks ago,
will in addition become the executive head of the
Research Group, while retaining his functional respon-
yibility for scientific research throughout the Authority.
I'he appointment of a Member for Weapons Research
und Development has still to be announced.

The responsibilities of the new Engineering and
Development Group are classified as development,
design and construction of reactors and associated plant
(with the exception of certain development work which
will continue to be undertaken by the Research Group):
engineering consultant work for the electricity authori-
lies, overseas organizations and industry; general
engineering design and construction of all major
building projects. The Group will have headquarters
saff at Risley and will control the Dounreay Experi-
mental Reactor Establishment, the Culcheth Labora-
(ories and the R. and D. organizations at Capenhurst,
Windscale and Springfields.

The Production Group will be responsible for the
operation of the Authority’s factories including Calder
Hall and Chapelcross and the research and development
directly associated with the factory processes. It will
wlso take over the commercial activities of the existing
industrial power branch. The headquarters staff for
the Group will remain at Risley.

In part the reorganizational changes fall directly in

line with the recommendations made in the Fleck
reports. It was felt with the existing organization,
uncertainties were inevitable in the allocation of final
responsibility for the running and organizing of plant
that was predominantly experimental in character. The
division also falls more into line with usual industrial
practice where development and operation are con-
sidered as two quite separate functions. It is important
to note that DFR and the AGR experiment at Windscale
will come under the direct auspices of the Development
and Engineering Group. This should ease considerably
the planning of the experimental programme and should
ensure that the reactors are operated in such a manner
as to give the maximum information. On the other
hand, the production reactors of Calder Hall and
Chapelcross come firmly within the scope of the
Operations Group, who will not be embarrassed by
competitive demands for experimental facilities.

Contrary to the recommendations of the Fleck com-
mittee is the decision to ally the responsibilities of the
Members of the Atomic Energy Authority with duties
as executive heads of the various Groups. At one time
it appeared that the Authority had accepted the Fleck
recommendations when Sir John Cockcroft resigned from
the directorship of Harwell. It should be noted. how-
ever, that, taking the Research Group as an example,
Dr. Schonland remains as the director of AERE and
Mr. Fry as the director of Winfrith (answering to
Dr. Schonland). The dual responsibilities need not
include detailed administration work nor need the
Members be involved in day-to-day running of the
establishments. The new arrangement can, in fact, allow
them greater access to all establishments and greater
power in organizing and co-ordinating the work of
individual divisions. It has yet to be seen, however,
whether the opposite will not result, particularly as
regards research activities throughout the Authority, and
that the valuable work of co-ordination, that Sir John
Cockcroft started, will not be wasted.

Certainly the Industrial Group was becoming too
large to be manageable and too diverse in its activities.
It seems unfortunate, nevertheless. that these moves
could not have been made twelve months ago as
repeated upheavals in the Groups’ organization are most
unsettling to staff. Let us hope that we can now look
forward to a long period of stability once final details
have been settled.
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SYNCHROTRONS

Table I. Proton Synchrotrons
fur | Ene Focusi Orbit | Mean | Sectors | Field Welshe' | g Pul Output | Injector | Ing:
Locati D i Institution Status Cost 5 m: Input | of i nraas. — Syster to RF | Frequency Shieldi
':: Ge) Hon esignation L type radius radius No. K-gauss o uz" system Rate pulse P".’“ KW Mc/s ud
1 2 3 4 5 6 7 8 P, 10 " 2 k) “ 9 20 21 23 24
50 Leningrad, US.S.R. | 50 GeV Synchro- R Complecion - strong, a-g 167 m - 120 n 100,000 22,000 flywheels 38 - 20 em 2em 6 per min. - linac. - 2661 -—
phasotron Insticute for date 1961
Electro. ical
Equipment.
£ Long lsland, Brookhaven Brookhaven Completion $29,000,000 | strong, a-g | 421-45 fe. net. 240 n -— 4,000 - [ 400 6 in. 2 in. 3 per min - linac. - 1:5-4'5 earth and concrete
Usar Alternsting Nationsl “date 1960 - o =y ’
Gradient Laboratory 280 fe.
Synchrotron
25-28 Gene CERN 25-GoV' European Complecion Sw.Fr. st 70-08 m 100 m 100 12-14 27-32,000 3,400 fiywhes! 1 Al 130 14em Tem Iper3-Ssec| 5x10* Hii 16x6 3-10 baryte J
Swiczoriand Organiation | awe 1960 | 106000000 | "N e iz e e e
Synchrotron
Research
{(CERN)
106 Canbers ANU 10-GeV Australi; Design stud) - oak, 48 64m 4 80 500, o homopolar (24 0 Nem e | - clot © =75 -
Rissraly Proton National. sy el 2 o ‘zenorator ™| o TR
ynchrotron University
125 Lar USA. ZGS (Zero Argonne ‘Completion - edge. 71 87 fe. 8 218 ~100,000 4,000 flywheel 1 6 2in. Stin. 1 ~l0t* linac. 80-100 | 4-2-14 h 20 ft. above
ol i jant National P e 3 . A5 700 e sides
Synchrocron)
17 Ok Ridge, Southern Model tests -— strong, a-g 142 fe. 203 fe. n 10 700 1,200 condenser- 1/120 180 13 em bem 60 per sec 20 AVF fixed ~ 1000, 98115 Vacuum chamber
US.A. Regional began 1957 choke frequency oval, 2:5X6°5 in.
Acceloracor cyclotron
106 Canberr ANU 10-GeV' Design study - woak, e-g 48m 64m 4 80 500,000 0 homopolar o7 80 Lem 22 em | per - cyclotron €0 175 -
Australi iacior 1953 generator 10 min
Synchrotron | Universicy
10 Dubna, USS.R. 10-GeV' Joint Nuclear ‘Completion - weak, e-g 28 m 305 m 48 3 140,000 35,000 fiywheels. 33 2,700 150 em 40 em S per min | 10°-10* linac - 019-1 -
Synchro- date 1957
phisotron
7 Harwell, England 7-GeV Proton ‘Completion - weak, ¢-g. 1878m | 2363 m 8 “ 100,000kVA | 7,000 flywheels 07 250 36 9in. 25-30 1o linse 0 1-4-8-02 concrete and earth
Synchrotron date per min
Dec. 1961
7 Moscow, US.S.R. | 7-GeV Synchro- Completion - strong, a-g. 40m - 98¢ and 95 - 2,700 - 15 - 11 em Bem 12 per min - linae 500 0-65-8-5 -
hasotron dace 1959 (1) 12x
{idodel for
50-Gev)
62 Berkeley, US.A. Bavatron University of Completion $9,700,000 weak, ¢-g 50 fe. 63 fe. 44 s 100,000 9,700 fiywheel 185 47 112 em 25 em. 11 per min - linac 25 0:36-2:46 concrete 5-10 fe.
California date. 44in. 10in.
Radiation Feb. 1954
Laboratory 3
>25 Aifsur-Yvette, andmxmn ‘Commissariat ‘Completion 6,000,000,000 | weak, ¢-g 8am 15 24,000 kVA 1,080 fywheal o8 55 between ber 1o electroseatic 15 078-8:41 concrete
France protons 4 I'Energie dace. franes. le tips | pole pieces. generator
“SATORNE » | Acomique Aug. 1958 f7sen | T7sdem
30 Uy ), US.AL Cosmotron Brookhaven Completion ,000,000 ‘weak, ¢-g 30 fe. 30 fe. 4 3e 26,000 2,000 40-ton 10 70 28in. 6in. 7 min | 10'%-10"" | Van de Graaff 50 033418 concr
e National e 1952 15 £ fiywheel R o
Laboratory
30 Princaton, 3-BoV High Princaton ‘Completion $9,000,000 weak, ¢-g 0m 40m 16 138 3,000 400 «capacitors | 25 10~ 3 Tin. 2% in. 20 per sec | 1'5x10' | Van de Graaff [ 300 2:5-30 concrete 240 Ib.,
USA. Inconsicy | Univarsity and e Ehoke s
Universicy of Jan. 1960
Synchrotron Pennsylvania
1 Delft, Delft Proton Technical Completion - edge 328 m - “ s 1,000 kVA -_ none. 08 - 25 em 10 em | per 2 sec - eyclotron - - —
Netherlands Synchrotron University date
calorator Jan. 1959
Division
1 Birmingham, The Birmingham| University of Complation - weak, 5 165 fe. - - _ - - - ~ - - S per min Cockeroft- © 03946 concrete, 2 m p)
England o 7 o S 2 Walton Touded on 1, side
July 1953
200 (650) Leningrad, Modal Synchro- Research Completion - strong, &g 5m -— 34 5(10) - - - <! - 139 em 78em 4 per min - - -
MeY USSR (hllnuun Institute of dace 1958
(Model for
7-GeV) Physical
Inseruments
e
Table Il. Electron Synchrotrons
Injector
Field Power St
Orbit Mean Sectors. lorage System
Location Designation | Institution Status Cost e I Lok ‘ e | e e system Fyve
"
| 2 | 3 4 5 G T e 1" £} 13 14 21 n | u |
reson - - 1o 0 aarth onuly, dio
] 75 Hamburg, Deutsches Dau Dasign study - ag 3170 cm | 5042 em 4 769 1,800 600 sonanc 8m 0 . it i
Gormany Elektronen- | Elekeronen- Hay 1957
T G
underground
60in. 1Sin. 60 per sec. 1x10" electron 50 47583 I
2| 60 Cambridge, Cambridge wsess | Complacion - srong, g | 8586 | 1836 | 48 fl 1200 350 | apdiors | /1205 | 55 n oo e
USA. Eleceron Instituce of dace.
Accelerator Technology Jan, 1960
and Harvard
3 4 USSR - - - strong, = = = = = = 5 i sy T i A = B
- - 05 7 25 em 30 10" Van de Graaff | 20 85-87 »
| s ithaca, USA. | The Corn Laboratory of ~$500000 | strong.aeg | 1256 | 125k 16 s 50 2 o 0% i ine
1:5BeV * | Nuclear Seudies,
s1EI;‘<"\MI UC;.(
nchrotron iniversicy concraee
£ ¥ 53 84x10* 79 ~I15 cm S4cm 21552 Ix10 linac 5 (50) 1381
b 5 The INS |-BeV Institute for $640,000 serong, a-g 4m ~55m 8 625 140 (210)
e T R ‘Hecteon | Nuclear Stody, {188) oo
Synchrotron \31;;:1’?
nd iron
e N ¥ 86 20 = Cockeroft- 30 426-437 | Concrete
6| 1o Roma, laaly The INFN nsticuse Completion | ~$1,500000 | wesk | 360m | 47 m 4 926 (1) | 88 ~95 | capacitors {~25x 107 27 em en per sec rton
1-GeV Eloceron |  Nazionale di
Synchrotron e Jan 1959
laare
A % 125 - microtron. 510 402 (¥
7 Lund, Sweden -— Department. Enllnnri”n’ - strong, a-§ 365 m 530m 16 " 200 n condensers. 65 60em 36cm
of Physics, design 1
Universiey of
ian
L lywheel z - . 3in. 1 per s 1010 ulse 0 37640 | lead 4in. in med|
) 14 Caleech California Completion - weak, g | 148in. - 4 134 8500 - l 025 101in, n. per. s sine ol Bxens
Synchrotron Institute of dace 5
Technology Sepe. 1956 cone e
¥ = Acomic Er Modal tests - - oMm | — = 100 = - = = % e ) & ¥ e - &
’ ' Moscow, USSR cqmic Energy dol s Jr
loscoy .S.S.R. - Lebedev Construction —_ - — - - - - - — - _ — - - - -
: o . S b 5 g 50 Van de Graaff 2 16145~ ol
¥ 7 12| condensers | 85m 48 - - persec | — 30 de Grast
E Boan, German) 500-MeV Completion 1,300,000 strong, &g 170m 263 m 9 10 i
1A= ™ G| Eiekeronen- daee 1950 i
Synchrotron Universitat
o




LINEAR ACCELERATORS

Table lll. Proton Linear Accelerators
Injector System RF Systam
curs Output | Beam Drife | Cun
ren | EnoraY | Location Dasignation | Institution Seacus Cost | Average | Pulse | Bg3r Energy | Qutput s I T G [ e Tubss | rent
No. WA | usec Tree |FIQW | Average s Powsr | UNes | ouration No. | No.
usec
| 2 3 4 s 6 7 8 B 10 i 2 i3 " s 16 7 is 19
V| gz | Mingggot | Poten e | Ugiversi of |~ Completion | 8125000 | 0 150 | 0Scm | 0xlormer | 500 | peak3 | 20255 @0 | Risnacron [ 300 8i | S5m. 2 i
3995 UsA. Accelorator | Minnesota | dace €8 MeV. 004 19em 2200 | amplifiors w0 in. 38
(' School of Physics | Iace 1955 002 7 em 3200 ot | s2in 25
2| 50 | Harwell, England |  50-Mey erfor Completion - — | e — | Cockeroke- | 500 - 025 | 400 - 400 | denks | — - 2
Proton Linac | High Energy fee 50/sec Walton 10,20 and
Liboratory, | early 1959 20 MeV'
NRNS
3| 50 | LemontUSA | injector for Argonne Completion - so0 | 2% tin. | Cockerofe- | 750 50 200 250 | tor2 | s00 | tof | 3 | 124 3
che 125 BeY. National e ‘Walton
Laboracory Jan. 1961
4| s Long Island, Brookhaven | Brookhaven | Completion | ~$2.000000 | >1000 | — | ~tin | cucade | 750 | w02 200 2500 | wiods [ 200 | 10k | 3t 4 ‘4
YA AGS Injsctor | National dace 1959 transformer or more (TH-A70)
Laboratory
5| 4 [ Moscow, USSR - Completed - = = - - - - - = = = - i 5
Physical before 1957
Institute
o s Los Angsles, | 32MeVLinac | Universityof | Completion | Originalac | e 15 pps [ 400 1em Vande [ 4MaV | 18 20088 10 600 | inside o “ ‘
USA. Southern e Berkele 02 divergence | Graall 405 (. | 40in.
California | Summer 1959 | ~$2,000. 107 radians
reinstalfacion
cost $500,000
1| & Kharkov, - Uknainian | Completion = — | Apsec s Vande | 1700 - 2% | n4m | — = i
USSR Technical dace 1950 Grasf
Tnstituce
8| 20 | Moscow, USSR | (njectorfor | THermotechnical [ Comstruction - - - - - - - - - - - s
-GeV Inscituca starced 1957
Synchro-
phasotron)
9 10 Warsaw, - Ceneral Polish | In operation - = = £ = = = = s = ’
Poland Nuclear
Research
nsticuts
10 | 99 | Borkeley, USA. |  Bovas Universiey of | Complsted $400,000 30 | 500 pin. | Cockerofts | 480 | wowii0, | 2008 500 |Eimac3w| 0 | 20f | @i [2iowod| 10
10HeY Calforn, Nov. 1953 Walion pratons § 10,000 aavity
joctor Radiacion
Laboratory
Table IV. Electron Linear Accelerators
Injectar Bystam RE System
cur- Output | Beam " Cur-
Ener Beam Acc.
ene Location Designation |  Insticution Statu Cort | A Pul RF P RF Pul rent
Nov | ©¢ s 2 * GRS [ Siec | O [ wype | Mnsrgr | Ouigw Paak | Rower |Duration| Lensth No.
KW aoc
[ 2 3 4 5 O 7 0 5 10 g 7 i [ i+ 15 16 7 18
1| 45 | Sanford, USA. | “M" Eecron [ Sanford Design study - 3 2 | din | olocvron | 100 1000 205 | 20,000,000 | Kiystrons 2 [10000f | 4inoD | 1
Linear Universicy 1981357 wn
Accalorator
2 ' Orsay, France | Acclorator | Laboratoire | Completion | 1 od-t | vem [ oloaron | 40 | posk 100 [ 299792 320 |16Kipstrons | 2 - - 2
Lineaire, s Hauces date 1960 francs n
D'Crsay Energles oc
o Physique
i
3 ' Kharkov, Russia - Utainian Model cests - = =1 i| 15 = = = 223 = = 3
Technical 1956
Inscicute
4 [ 700 Mev | Stanford, US.A. Mark il High Energy 3,000,000 1 |osem " %0 205 300,000 (21 Kiyserons | 2 20k [3247i.0 4
Eleccron hysics Completion
inear ry, | Spring 1952
Accelerator | Seanford Lab.

* The information given in this Reference Sheet has been compiled in the maln from ORNL Report No. 644 (Nov, th, 1958) and represents an essentilly complete record of allprincipal machines n each country
throughout the world,



CYCLOTRONS

Table V. Fixed-Frequency Cyclotrons
‘Weis RF
Cur- Pole g Cur-
Ei y Field Field D-D lon Fre-
fene | Parsicies | Firy Location Designation | Instieution Status Cost Tie T | ety | 1Ay | winding | Coolant ool u st Shislding auency | fone
tons Mc/s
[ 2 | 3 | 4 s 6 | 7 T T ) 12 13 14 15 16 17 18 19 2
1| Protons 850 Oak Ridge, Sauthern Oak Ridge | Design study - - — | 2mac | 2000 - - - - - - - - - '
US.A; Rogional Nacional bogan 1957
Absajeratse boratory
(h;mer)
2 | Protons 400 Gainesville, of University of Design study $5,000,000 - 10 max. -_ - -— -— -— —_ - - - — 2
USA. Rw dl 5Dlr1l Florida June 1958 (est’d.)
Ridge Cyclotron
3 | Deuterons Borkeley, University of | Complation - 8in. | 7Zin.min [ 17 258 hollow water 4win. | 2in. 4in. - - conerete 8 ft. (=] 3
Protons 7115 Calif., WA. Californi ‘V e 11 in. max.| average copper
Alphas 120 Imlum July 1961
Heavy ions i Laboratory
4 | N+ Zarich, ETH 300-cm Swiss Federal Engineering - 300 em 36 cm centre 16 625 tubing water 250 em 10 em - 300 Oak Ridge concrece 165 cm -_ 4
N Switzerland Cyclotron Institute of design min.
Het ;m ject. €0 start
(L July 1959
s | Heavyions | 810 | Dubna, USSR, | Heawyelon | Joint Nuclear | Construction - 300 em - - = = = = - - = - = = s
Cyclotron Research starced 1958
6 | Protons 1-75 Oak Ridge, Oak Ridge Oak Ridge Completion $3,000,000 76 in. 75 in. 1:8-17 200 bar 35q. in. water 355 in.. 187 in. 2in. 500 Oak Ridge concrete 7-8 fr. 7525 6
4-100 USA. Relati National date 1960 cencre average hole 075 in.
Heavy ions >100 Isochronous. Laboratory
Cydlotron
7 70 San Francisco, NRDL U.S. Naval $1,515,000 - ~5 in, B=I7 -— hollow water - - _— -_— - concrece S fe. —_ :
Deucerons | 35 Calif, USA, Cyclotron Radiologi cancre copper
Alphas 7 Defense
Laboratory
8 | Protons 25-50 Los Mdt The UCLA University of 44in. 6 in. 26 max. 40 1 in. hollow ‘water 1 in, — — —_— - 2 fc. iron all round -— 8
Calif,, US.A. 50-MeV California (lu‘u‘lni centre
Cyclotron control desk)
9 | Protons “ East Lansin, Michigan State | Michigan Stace | Complecion | $1,500000 | 64in. | 6in. | 17max | ~75 = - 62in. 2in, - - - - - ’
N* 45 ich, USA. Univers expected centre
&4-in. Cyelotron June 1961
10 | Deuterons 15-40 Ann Arbor, 86-in. Sy l|-||- Unlvunl(y of Model tests —_ 83 in. -— - 342 hollow bar water - - — 150 - - - 0
Mich., US.A. Pole G, Michigar 1958
" Protons 30 Boulder, Universi Unlvlnﬂ of Completion $750,000 S2in, T in. 15 85 copper water 24in. 113 1in, hooded concrete 7 ft. 7-23 "
Deuterons | 20 Color., USA. | Colorado Colorado, date 1961 centre | avarage
Iphas “ Cyclos
12| N 27 Oak Ridge, The ORNL Oak Ridge Completion — 63in. 6 in. 15°5 max. - solid copper cire. oil 35in. 2in. - Oak Ridge none, exclusion 49 1”7
US.A. 63-in. Cyelotron National date May 1952 centre serip bath . red.
Laboratory (first beam )
13 | Protons 25 The ORNL. Oak Ridge Cumpllllon $700,000 86 in. 175 in. 9 max. 350 solid serip <irc. oil 70 in. 6in. 4in. 250 Oak Ridge concrete § fe. 134 3
8in. Cyclotron | National | dace Nov. 1950 | (plus existing contro 3%04in. bath
ey [ “Bincbim) | Claenty
" 25 - Physical- ‘Completion - 120 em - - - - - - - - —_ — - -_ "
Alphas 136 Technical before 1957
Inseitute.
15 | Protw 2 Crocker Universiey of |  Completion - 72in. | 9tin. | 197 max | 196 copper sil in. in | 3in 250 capillary water 5 fe. 1) 15
Deuterons | 24 Laboratory Eaitornia dace 1939 contre # 4
Alphas 48 60-in. Cyelotron
Hoavy ions | equiv.
1 ns 1" Gif sur Yvette, Cyclotron Centre d'Etudes Completion 300 million 70in. 11-8in. 18 max. 252 hollow deionized 60 in. 67in, 3lin. ©0 Oak Ridge underground, 106 1%
Deerons | 7 France do Saclay Nucléairg dace 1953 francs centre copper bar ater 6 1. concrote
iphas
17 | Douterons | 22 Stockholm, | The Stockholm | Nobel Insticute | Completion 1951 500, 2lem | 348em [ 0mx | 370 | 28x35mm water 190cm | atcontre | 12¢em ~180 moderately undargveund - [t
Sweden 225-em of Physies (first beam ac {excluding centre ar 12em open arc 2m r on top
Cyclotron full radius) b\;'ibdlng) 11 mm hole
esti
18 | Dewcsrons | 214 Lemont, ANL Argonn Completion 950,000 | 62in. | Min. |49max | 265 | aluminium | deminersiized [ 29%in. | 24in. | 4in. 70-100 | hooded, arc, 50 1b. concrete na | s
Alphas 432 US.A 60-in. Cyelotron lnon-l lotron. centre water d.c. filamenc 7 fe. walls, 4 fc, roof
Protons(Ha| 104 Laboratory June 1952 Tsioio00
buildis ind.
9 "n Seattle, The Universit; The University Complecion $900,000 60 in, 10 in. 19 max, 200 " oil 53in. 2:4in, 35in. 100 2ray ), 16 "
Dautorons | 22 USA: of Washingeon | of Washington "date centre e anclosed with
Alphas “ 60-in. Cyclotron October 1952 virtual cathode
3fe. mur
20 |Deucerons [ 22 Moscow | Avomic Energy | Completion - $9in. | 7in. [136mx| 330 - air = = - 130 slic water I m - |
Heavy ions 100 60-in. Cyclotron Instituce dace 1949 centre
21 | Protons 75-15 The UTINS Institute for Coﬂzhlloﬂ $650,000 160 em 25 cm 133 max. 243 solid strip il bath 80 em Tem 10 em 120 Oak Ridge concrete, 150 em 841211 El
Deuterons 15221 63in. Cyclotron | Nuclear Seudy centre 2x32 and sides and
s 2 Sept. 1957 22X28 mm 96 cm top.
(frsc beam)
22 | Deuterons 20 Orsay, Variable Energy | Laboratoire - = S = = = = 25 s = < =~ = = n
France Cyelotron de Physique
Nucléaires
23 | Protons 1o Birmingham, The Nuffield University of Completion - 615in. 10 in. 1§ max, 250 serip air Sto3in. 3in. 100 hooded are concrete and - 2
Deuterons | 20 England Cyelotro Birmingham dace 1949 centre ater
Alphas 40
Heavy ions | 10/me
24 | Douterons 20 I.o"\, Island, BNL Completion ~$950,000 62in. 10 in. 15 max, 240 bar 28X 13 in. ‘water — 4in. 3in. not arc loaded concrete n 24
.S.A. 60-in. Cyclotron date centre Al serap measured (hot cathode) 4-5 fe.
April 1951
25 | Deuterons | 20 Clevsland, NASA Completior $1,000000 | 6010, 12in. | Zmx | 225 copper not | 437in. | 43in. 400 Berkeley concrete 13 in. - |
Al 0 USA. 60-in. Cyclotron dace contre circular oarch 4 fe.
Protons i July 1956
26 | Protons 10 Picesburgh, University of University of Completion $200,000 A7 i, A In. 0 max, - copper stri oil 23 in. -— 15 in. 50 capillary arc water and earch 18 26
Deuterons | 20 s Pitsburgh Ficesburg dace 1946 onire J i
Alphas E
21 | Deuterons. 16 :n‘l?ris‘ T‘h:::FIR Nu(l:_lr Ph lu Con‘\‘phu’nn £100,000 “hm .!J:'n 178 max. ne h,g!lo:(. core distilled 105 cm Sem 6em 65 4 m earth and 1325 ”
27 | Deuterons 13 ;"Allor(lls TM CSII si“'vflgum 4 l’: Cel::l«ivn £100,000 S in. 175 max. 738 hollow core distilled 105 cm 5em 6em 65 open, 4 m earth and 0"y "
Cydﬂmn g nd January 1958 contre spare filament ‘concrete
rial v
28 | Protons 8 Wi on, o i i
Prooms |8 ahingeon, Depscof (Sumetie, | Comploden | s20000 | @0in | 12in | t6max [ 200 copper water ssin | &in 3in. - hoodedare | sarchandmasonry | — |
Alphas n Magnecism Washingtor
60-in, Cyclotron
29 | De 01 las - i ¥ "
userom | 618 Lox Alamon, Los Alamos Ain. | 4sin | 185 e 7 copper water Qi | 190n 7 similar to concrete 46 e | 83139 | 29
Trigons e Chelosron Laboratory Osk:Hldge
ot %
Alphas -
30 | Deuterons 1% Markle Mass. Insticute $100,000 42-5 in. 55 i 174 max. | total 96 <of i ir i
i 3 in. 3 pper wacer 40 in. 2in. 70 conventional | concrete 4 fc. walls | 131 E)
Cyelotron of Teghnology centre capillary are 3 ft. coiling
31 | Deuterons | 16 reb, = Instieut $300000 | 140cm | 20em | 18 max. @ | _solidseri
oy 3 strip ‘water tube 125 em 96cm 8em 80 underground except - n
Yugosin Ruder Bothovié (ncuding centre 56%034 em frone, 2 m concrete
32 | Protons 7.6 Kyoto, Kyoto logtitute for | Completion | 87,000000 | 105 i
e i £ £ o em [175max.| 713 | 0x255mm [ oilbach | 1024cm | 48cm | 4em 100 hoaded arc 170 em concret 131 32
AI":“:N’II Wz Japar Cyclotron ::m:;l Jl’llll:;‘l,s‘ yon contre strip. 26 cm all sides and <
University of 1 bfwml on
Kyoto ors
3 15 London, MRC Madical Completion £150,000 50 it 6 in. 15 max, " al i L ic
30 3 2 n. in. 3 luminium water 50 in. 2% in. 2% in. 75 Oak Ridge 6 fe. concrete with "3 3
" England Cyclotron Ic:mr ‘ul‘yﬂ;ﬂ centre ‘carbon (hil{lnﬁy 10 fe. lab. wall
M 4 ivers mpleti
Rr"mm ? ::g Li VGSM:"' u:iC":l;m Uc:c’r:::.tlqu Cor :l::mn $1,000,000 228 em !:ﬂ:“m 9 max. 20 copper oil cooled 198 am 635em | one dee 380 Oak Ridge (D!I(V;l‘: 5 fe. sides 46 M
Pt | 19328 904n. Cyclotron February 1955 . | i PO tow
Pr w York "
£ D:;mm l;:s N.U V:. ks Columbvl Urn(nm; l‘ll;mdelllﬂ S(ﬂlg.’%‘l;) 36in. !;7"5"1: 17°5 max. - copper strip ‘water 33in. 15 in.. 30 Oak Ridge water 4 ft. - 35
3‘-"!. Cyd«mn Putin Cyclotron
aboratory
36 | Protons 72 Zii . ETH Foderal Institute Completion 703 3 8i 198 i
B, s o X, in. in. max. 60 copper ‘water 3lin. 8in. 50 wefil., 800 V 1 m water, top none, | 13-166 3%
Deerons |14 Switzerland Crcorron | offecelogy. | a4 $Hdoo00 centre 2m concrete fab. wall
3 [ Deucorons | 135 Kiev, - keanian Completi = = = -
USSR, mnu nscitute | Sefora 1956 = o = = = 4 4T = = = 7
38 | Deuter “ - i
rons. laci?:, hmml:mﬂl Canll lotion - 120 em - —_ - - - - - — — -— water ar d:.orltttid, - 38
39 | Deuterons 127 Louvain, Cyelotron Centre de Construction 1015 em 15 em 181 ma i
it eal r . - 3 i, 60 copper air-cooled 366 cm. 53em 5em - 50 cm ordinary con- 136 39
lgium ;: &“w‘;i: starced 1949 centre crete on thre ’Z, 100
em concrets
©m water on fourth
o . idelber my
“ A 1'2 Hes d'.'::.. e Pé-yl(llnbr:x m:‘lm cr? .J'.'g‘i:“ 1,500,000 OM | 101 em gn:: 17 max. 0 mnnblulnr distilled 90 em 60cm 4em L] hooded ™ water; 28 o
medizinische  (Sacond Sept. 1956 e o eon 05 7 iorie
schung.
41 Deuteron: 12 Sofiz _ —_ — -
A “5 hl‘;;i_ 120 em - 14 max, 120 - i L S - 120 oo = 2 o
42 | Devterons 12:5 Peiping, - Instieute of Completi - m - X,
Alphs 2 o Acomic Energy | duee 1358 i o & i - < & 2 = = = e
43 | Deuterons 12,5 Prague, - Insticute of Completi - m - -
Alphas 2% | Crechosiovakia Naclear Physics | dsta 1958 o Vim |10 = T = = 12 = 551 - “
Researc
Deuter g a
“ Alphlnw“ ':155 E.Dé:‘r‘m.:l:y F‘igl:l'::'::::“ zﬂlll"“"'liﬂlul f:;nﬂ-}l;& - 120 em :z’:'n‘ 17 max. 108 2x336 distilled 608cm |25xlem| 25em 150 eapillary arc concrete 2-5 m - “
Type U-120-1 | Kernphysik e
45 | Deuterons 125 Cs 3 - i i -— -
Aphas |28 Poland. M | sl e tawe| 12 = = = = = L) = concrets = e
Deuteron: 12:5 Buchar — - -— -
Rmearons 124 Duckaresc, 120 em - 14 max. 120 - —. = o s 120 = i 2 “
“ m(::.) '62 Czp::m. - lmxit::d:‘r - —_— 90 em 175 max, 35 ;n)llg;(::: oil bath 425 cm 57 em Sem - ‘capillary hooded bwvn-‘u:ﬂ-? 13 41
Alphas 24 Phyai Bin. e e Bets are (spoc.) concrate 47 s
48 | Protons k3 Delfe, 12 MeV Radial- letion - cm -
Notherlinds " vl yeit Be o Jhollow water. - — | onedee = 2 e s | a
F':rq;.o';i" January 1958 2x2em
Cyelotron




43 | Deuterons 125 Prague, — Institute of ‘Completion — 120 em - 14 max. 120 - — _— — - 120 - - - Ei
Alphas 25 Czechoslovakia Nuclear Physics date 1958
44 | Douterons | 125 Dresden, Festirequens- | Zentralinsieut |  Completion = Mem | em | Tmae [ 105 2x3% disilled | 608cm |25x1cm| 25em 150 apilrysre | concrete2Sm | — | 44
Alphas 25 E. Germany Zyklotron fir August 1958 centre ‘water
Trpe U-120-1 | Kernphysik
45 | Deuterons | 125 Cracow, = Insticuta of | Completion = mem | — | Mm [ 120 = = — = = 120 = concrete = |ia
Alphas 2 Poland Nucloar e 1958
Research
Deuterom | 125 Bucharese, = = = = mem | — | 4mex [ 120 = - = = = 120 = = - |«
Alphas 25 Rumania
Protons (H,)| 6 Copenhagen, -_ Inscitute for -_— - 90 em 1 em 17:5 max. 35 solid strip oil bath 425 em 5-7 em Sem - capillary hooded boron-loaded 13 ar
Deuterons 12 Denmark Theoretical centre 3x03 em lflr{lm) concrete 47 ft.
Alphas 24 Physics 35 in, 43in. 17in. 2in.
Universiey of centre
Copenhazen
48 | Protons n Delt, Technial | Completion . s | 2em | comre | — ollow wacer = e = = as | .
Necherlands University (internal beam) centre " aluminium.
Accelerator January 1958 2x2em
Division
49 | Deuterons ik Birmingham, Radial Ridge Birmingham ‘Completion - 325425 16 40 sriy 4l in. 125 in. | single dee 45 ‘hooded concrece, 4 ft. — @
England Cyelotron University In. average 1 )(0-{5.. carbon arc
Dept. of Physics April 1960
50 | Protons " Melbourne, Melbourne Physies Depe., Completion €A35,000 39 in. 6 in. 14 max. 4 5% %04 in 16 in. 2in. one dee. 50 hooded arc 2-5 fe. brick and 199 50
Australia University University of (first Nlm; centre ‘dia. hole sand, 15 ft. water
Vllélhll Energy Melbourne January 195]
ron
(MUVEC)
51 Deuterons 9 Liverpool Nuclear Physics ‘Completion 8,000 19:6em | 18:5 max, 46 r r 3 49 37 20 hot cathode 4 f. concrete t 12+ s
3in, Cyclotron | Resaarch Lab. | June 1539, centre i & S bl = Tront > 23
University of 8in. 135 in. 2in. 1:5in.
Liverpool centre
Table VI Frequency cy
Pole Fidd Oscillator | Repetl Losoall 7
Ecer®Y | Location | Designation | lInstitution status Cont Feld | Comers | Pouer inpet” | “Ruter® | saur Shielding | Gueney | o
kegauss 3 . Mo
1 2 3 4 5 6 i 8 9 " " ” 13 14 15 16 17 L 19 20
1 Protons 730 Berkeley, 184-in.. Radiation Completion 18875 in. 23 old eoils 4,000 old coils ¥ x4 | old coils oil, 12:3 em ‘operating 64 36-13 1
Dauterons | 460 Usa! Cyclotron | Laboratory | 1946/ 1957 - 900 in. solid Cuz | “sux.colls | Adein. | °reond.
University of aux, coils aux. colls {2)( ‘water 10
4 California 1600 + hollow
2 | Protons 680 Dubna, U.S.S.R. 6-m Phasotron Joint Nuclear ‘Completion - - 60 cm 168 1,000 7.200 copper bar air - are 50 80 hot cathode ‘concrete 6 m, rear 26-13 2
Research 1949/1953 concre. beam 6 m of iron
’ Institute
3 | Protons 0 Geneva, £00.Mav cERN Complation $00cm | 175in. | 188 | 680 | 250 [38xSommbar| water nen | nmx | 5 Penning | heavy concree 13, [2875-164| 3
Swiezerland Synchro- date Aug. 1957 197 in. contre 20 mm hole 47 in. lab, wall 19 ft.
cyelotron
4 | Protons 460 South Ellis, 170-in.. Enrico Fermi. ‘Completion 170 in. 186 700 2,200 copper ‘water 45 in. 140 max. 0 d.c, hot cathode | 10 fr. seeel punching | 28:5-11-3 4
US.A. Synchro- Inscituce for dace 1951 loa concrete
eyclotron | Nuclear Studies
5 | Protons 440 Pictsburgh, CIT 440-MeV arneg Completion - 141 in. 1562 in. 205 430 max. 1,460 copper oil € 180-200 hot cathode netic cement and | 31:5-198 5
USA. Synchro- Insticute of dace May 1952 centre % steel scrag
cyclotron Technology 3 3
5. reg, concrese
& | Protons 400 Liverpool Nuclear Physics Completion £473,000 381 em 36 em 189 0 1,640 aluminium treated 96cm 29 1o hot cathode sides, 6 fc. concrete | 28:2-18-9 6
156-in. Synchro- | Research Lab. date 1954 contre water (cold cathode | and |2 fe. rock; frone,
clotron | Universiy of 1s6in. | 411 in. i Sepe, 1958) | 12 e loaded conerece,
Live centre P, 6 ft. concrete
7 | Protens 350 New York, The Nevis Columbia Completion '$1,000,000 164 in. 18in. 18 550 2,000 copper. oil 25 0 cold eathode 6 fe. concrete and 29-17 7
UsA Cycoton | University e 1950 cantre 2. pig iron;
8 ft. iron forward
8 | Protons 240 Now York, 130-in, Synchro- |  University of $1,362,000 130 in. 13:6in. 169 160 1,000 aluminium ‘water 25 100-300 cold cathode | 3 fe. concrete on top | 19:5-26'3 8
US.A. cyclotron Rochester centre. and back;
3 ft. copper on front
9 | Protons 200 Uppaata, Uppsala The Gusaf | Completion | $1,000000 | 230cm | 2sem | 254 | 40 o copper water 8em s 10 pulsedare | undergroundand | 25:5-333 [ 9
Sweden Synchro- ‘Werner Institute | date cantre iron-ore concrete.
cyclotron Nuclear (first beam) 905 in. 9-8in. 3lin.
misiry concra
10 | Protons 175 Harwell, 110-in. Synchro- | Atomic Energy Completion ~£250,000 10 in. 12in. 162 300 €70 copper strip oil 2 180 d.c. filament (underground, 26:3-189 | 10
England cyclotron Research date Dec. 1949 centre arc fe. concrete rool
Excablshment
n Protons. 168 Cambridge, Harvard 95-in. Haryard Completion $1,000,000 95 in. 117 in. 1L 160 64l copper water ~l0 0-280 hot filament. 3 to 8 ft. concrete 26-30 1
U.SA. Cyclotron University | date June 1949 | (approx.) centre pulsed arc
12 | Protons. 155 Orsay, France Synchro- Faculte des Completion 500,000,000 280 em 39 em 1626 400 650 Al 24X 24 mm water 20-8'5 cm 50 500 w-filament concrete 252202 | 12
Deuterons 2 «cyclotron de date June 1958 francs. centre bar 13 mm are
150-MeV de Paris hole water
13 | Protons 100 Montreal, McGill Synchro- MG Completion not over B2in. 163 200 - hollow water 35in. -— 400 cold cathode 12 fe. underground 25-206 3
Canada cyclotron University date 1949 '$200,000 Al bar
14 | Deuterons 35 Bonn, German Synchro- Institut fir Completion 1,500,000 1865 cm 145 70 20 copper 10 em 25 1,800 low voltage conerete, 2 m 107-112| 14
Alphas 70 Z cyclotron Kernphysi daco May 1958 DM H arc
‘Bonn Universise
Bonn
15 | Deuterons 30 Buenos Aires The Buenos Comisién Completic 3, Thin. Hin. 1456 240 180 aluminium ‘water 75in. 21 1,950 arc or filament concrete 315 in. 10-46~ 5
“Argenting R sioor | nacomadata | aseRioerisse | *Aones concre and water 315 n. | 108
Synchro- Energia Atdmica
eydotron
Deuterons. 2 - Amsterdam, Philips’ Synchro- Institute for Completion —_ 90 170 solid strip il 25 1,960 d.c. arc with 1 m concrete 1005~ "
Alphas. 56 Netherlands eyclotron Nuclear date Aug, 1949 filament 1043
esearch
17 | Protons 21 Los Angeles, UCLA 4l-in. Universicy of - - 166 60 80 oil 15 in. 10 1,000 ‘open d.c. arc water wall and 22254 "
US.A. Cyelotron formia, xelusion
Physics Depe..
Protom 20 Princeton, Princeton Princeton Completion 180,000 L 20 40 sere water 125 in. 6 2,000 hot filament. 3 fe. hoavy concrete 2520 "
u. FM Cyelotron University date. '#l,sl o SRR all nd top




