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BIBLIOGRAPHY OF PARTICLE ACCELERATORS 

JULY 1948 TO DECEMBER 1950 

Bonnie Eo Cushman 

Radiation Laboratory, University of California 
Berkeley, California 

Marchl' 1951 

Introduction 

This bibliography is a supplement to that compiled and edited by 

Eo Thomas, Po Mittelman, and H. Ho Goldsmith, issued July 1, 1948 as BNL-L-10l. 

The journals searched were Chemical Abstracts, Science Abstracts, Section A 

(Physics) and Section B (Electrical Engineering); Nuclear Science Abstracts; 

and Nucleonics. The period covered was June 1948 through December 1950. 

News briefs are not included in the list, nor is the majority of reports pub-

lished qy various institutions concerning progress in the construction of their 

particle accelerators. Information pertaining to particle accelerators was 

obtained primarily from a list of questions sent to institutions throughout 

the world. It is hoped that both the bibliography and list of accelerators 

are fairly complete. Notification of omissions and inaccuracies will be 

greatly apprec~ated • 



" 

.' 

UCRL-1238 

-4-

BIBLIOGRAPHY O~ PARTICLE ACCELERATORS 
- , 

.... JULY 1948 TO DECEMBER 1950 

General 

Atomes 1, 337-344 (1948) 
The machine giants of nuclear physics. In French. 

Brobeck, W. M. 
Accelerating atomic particles. Physics Today 1, NO e 6, 27-30 (1948). 

Burrill, E. Alfred 
The accelerator conference. Physics Today 1, 'No. 5~ 12-16 (1948). 

Cardwell, D. W. 
Electrical engineering for atomic energy_ AECD-2335, Sept. 10, 1948. 20 p. 

Chew, Geoffrey F., and Moyer, Burton J. 
High energy accelerators at the University of California Radiation 
Laboratory.; Alnerican Journal of Physics 18, 125-36 (1950). 

Chew, Geoffrey F., and Moyer, Burton J. 
High energy accelerators at the University of California Radiation 
Laboratory. UCRL-444 Sept. 9, 1949. 39 p. , 

Chick, Do R., and Pentz, Mo J. 
A survey of particle accelerators in the United Kingdom. Dec. 1948. 
18 p. A-24(AEI). Associated Electrical Industries; Ltd. 

Dobbie, L. G. 
Particle accelerators, general. Bibliography. Australia, Aug. 1948. 
,5 p. NP-I070~ 

Elias, J. B. 
Accelerators of electric particles. Revista de Geofisica~, 115-32 
(Apr.-Sept. 1949). In Spanish. 

Engineering 169, 734-5 (1950) 
The Harwell Atomic Energy Research Establishment. 

Far ly, George M. 
Pulsed power particle accelerators. UCRfp693, May 4, 1950. 2 p. 
Nuclear Science Abstracts ~ (1950), Abstract 4686 in entirety. 

Fry, D. W. 
High-energy particles and machines for their acceleration. Nature 166, 
580-1 (1950). 
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Grinberg, A. P. 
New accelerators of .charged particles; a review of published data. 
Part I. Zhurna1 Teknicheskoi Fiziki 12, 1-29 (1949); Part II. 
Zhurna1 Teknicheskoi Fiziki 12, 153-83 (1949). In Russian. 

Heyn, F. A. 
Apparatus for acceleration of particles. Neder1andsch Tijdschrift 
voor Natuurkunde 12., 45-73 (1949). In Dutch. 

Kilgore, t. A., Boyer, J" t., and Hague, Co S. 
Power for atomic ·accelerators. Atomics £, No.3, 5-12 (1950). 

Kilgore, L .. Ao, Boyer, Jot., and Hague, C. S. 
Power for atom smashers. Westinghouse Engineer 10, No.2, 115-118 (1950). 

lapostolle, P. 
The accelerators of electrons and particles. Revue Genera1e de 
l'E1ectricite 57, 473-80 (1948). 

Iavingston, M. S. 
Particle acce1eratorso Advances in Electronics 1, 269-316 (1948). 

McMil18.n, Edwin M. 
High energy accelerators. Helvetica Physica Acta~, Supp. 3, 11-26 
(1950L 

Scientific Ainerican 179, No.4, 18-19 (1948). 
World's accelerators. Map. 

Simpson, O. C. 
Some engineering problems of atomic energy research. Mechanical 
Engineering 70, 729-32 (1948). 

Wah1in, H. Ro 
High speed atoms. Wisconsin Engineer 52, No o 5, 13-14 (1948). 

Woodyard, J. R. 
High energy particle accelerators. Electrical Engineering 67, 759-67 
(1948). 

/ 

-. 
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Betatrons 

Adams, - G. D. 
A method of increasing betatron yield. Review of Scientific Instruments 
19, 607-608 (1948). 

Adams, G. D., et ale 
Techniques for application of the betatron to medical therapy. American 
Journal of Roentgenology and Radium Therapy 60, 153-7 (1948)~ 

Beama Journal for the British Electrical Industry ,22, 313-18 (1948) 
The work of the BTH Research Laboratory. 

Bierman, A., and Oele, H. A. 
Betatrons with and without iron yokes. Phillips Technical Review 11, 
65-78 (1949). 

Bierman, A. 
A new type of betatron without an iron yoke. Nature 163, 649-50 (1949). 

Bosley, W., et ale 
A 20 Mev betatron. Journal of the- Institution of Electrical Engineers 
95, Part I, 352-8 (1948). 

Bosley, W., et ale 
X radiation from a 20 Mev betatron. Nature 161', 1022-34 (1948). 

Charlton, E. E., and Baldwin, G. C. 
Nuclear research with the 100 Mev betatron. Proceedings of the National 
Electronics Conference g, 650-72 (1946). 

Courant, E. D., and Bethe, H. AD 
Electrostatic deflection of a betatron or synchrotron beam. Review of 
Scientific Instruments 19, 632-37 (1948). 

dePackh, D. C., and Birnbaum, M. 
Theory of the capture process in a betatron-injected synchrotron. 
Review of Scientific Instruments 21, 451-6 (1950). 

Dietz, T. W., and Dickinson, T. M. 
Electronics applied to the betatron. Proceedings of the Institute of 
Radio Engineers 37, 1171-8 (1949). 

Dobbie, L. Gc 

Betatron. Bibliography. Australia, Aug. 1948. 4 p. NP-12290 

Dosse, Joachim 
The betatron. Revue Scientifique 86, 357-68 (1948). In French. 

Engineering 167, 55-8 (1949) 
16 Mev betatron at the Clarendon laborat.ory, Oxford. 

Goward, F. K. 
Betatron injection into synchrotrons. Atomic Energy Research Establish
ment Report No. AERE-G/~191, Apr. 23, 1948. 33 p. 
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Goward)) Fo K. 
Betatron injection into synchrotrons. Proceedings of the Physical 
Society (London) 62A, 617-31 (1949). 

Goward~ F 0 K. 
, Betatrons arid synchrotrons., Physics in Industry Series (Institute of 

Physics), Acceleration of Particles to High Energies 1950~ 14=28. 

Goward~ F. Ko, and Dain~ J • 
. ' 'Discussion on itA 20 Mev Betatron. II Proceedings of the Institution of 

Electrical Engineers 96» Part III 85-87 (1949). 

Goward, F. K., et ale 
Quarter-wavelength coaxial line resonators for betatron-started synchro
trons. Institution of Electrical Engineers Paper No. 875(1949), 9 p.; 
Proceedings of the Institution of Electrical Engineers·96, Part III~ 

'508-16 (1949). 

Gregg)) E. C., Jr. 
pesign of a 30 Mev biased betatron. Physical Review 115> 95 (1948)., 

Gregg, Eo Co~ Jr. 
Measurement of betatron guiding fields during electron ejection. Review 
of Scientific Instruments 20~ 841 (1949). 

Gregg~ E. Co, Jro 
Variation of the equilibrium radius with time in a flux-force field
biased betatron. PhysicalReview12~ 1633 (1949). 

Gund ~ Konrad 
The betatron (electron centrifuge). Das Elektron in Wissenschaft und 
Technik lJ) 389~98 (1947); Chemisches Zentralblatt 1948~ I, 1091. 

Gund, Ko 
Electron accelerator for six million volts. Nachrichten der Academie 
der Wissenschaften in GBttingenj) Mathematisch-physikalische Klasse.-
Math~-physiko-chem. Abteilung 1946 No.1, 9-16 0 

Gund~ K., and Paul~ ··W. 
Experiments with a six Mev betatron. Nucleonics 1)) No.1, 36 -(1950). 

Harrington, Eo Lo j). et ale 
The betatron building and installation at the University of Saskatchewan. 
Science 110, 283-85 (1949)0 

Heymann, F. F. 
Contraction of the instantaneous orbit at injection in a betatron. 
Physical Review 125> 1951-52 (1949). 

-. 



" 

• 
UCRL-1238 

-8~ 

" Hinteregger, Hans 
Generai betatron theory. Sitzungberichte der Bsterreichischen 
Akademie.der Wissenschaften~ Abteilung IIa, 156, 299-334 (1948). 

Hull, Gordon F., Jr. 
High frequency betatron. Office of Naval Research, London, Technical 
Report No.0NRL-48-50, Apr. 20, 1950. 4 p. 

Jahn, H., and Kopfermann, H. 
On the radial oscillations of the electrons in a betatron. Annalen 
der Physik~ Leipzig~ £, 305-20 (1949) •. In German. 

Katz, L., et ala 
Integ.rator-expander circuits for the control of the maximum x-ray energy 
from the betatron. Canadian Journal of Research 28A, 113-19 (1950). 

Kerst, Donald W. (to the Board of Trustees of the University of Illinois, 
Champaign, 111.)· 

Betatron injector structur6~ U.S. Patent 2,497,891, Feb •. 21, 1950. 

Kerst, D. W., et ala 
Betatron model. Physical Review 75, 330 (1948). 

Kerst, D. W., et al. 
An 80 Mev model of a 300 Mev betatron. Review of Scientific Instruments 

. 21, 462-80 (1950). 

Kerst, Do W. 
The modulated betatron. AECD-2287 (LADC-5l6) Dec. 15, 1947. Fpo 1~37o 

Kerst, D. W. et ale 
Operation of a 300 Mev betatron. Physical Review 78, 297 (1950). 
Letter. 

Kerst" D. W. 
A process aiding the capture of electrons injected into a betatron. 
Physical Review ~, 503=4 (1948). 

Kerst, D. W. (to U.S. Secretary of the Navy) 
Stereoscopic x-ray pictures with betatron. U.S. Patent 2,1.;.73,956" 
June 21, 1949. 

Kollath, R., and Schumann~ G. Z. 
Researches on a 15 mV betatron •. Zeitschrift fllr Naturforschung ~, 
634-42 (1947). In German. 

Kopfermann, H., and Paul, W. 
Experimental investigation of an electron accelerator for six Mev.. 
Nachrichten der Akadende der Wissenschaften in G8ttingen, Mathematisch
physikalische Klasse, Math.-physik.-chem. Abteilung 194~, No.1, 17-18. 
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Johns, Ho Eo 
The betatron in cancer therapy. Nucleonics 1, No o 4, 76 (1950). 

lasich, Wo Bo,Muirhead,- Eo G.~ and Wright, Ie Fe 
Azimuthal variations of the betatron field. Journal of Scientific 
Instruments 26, 91-2 (1949)0 

latham, Ro , and Pentz, Me J. 
. High current betatron conditions. Letter in Nature 164, 485-6 (1949L 

lawson, J. Do 
The effe'ct of doughnut height and gun emission on the output ofa betatron. 
Atomic Energy Research Establishment Report No o AERE-Memo=El/M2, Feb. 23, 
1949. 4 p. . 

Muehlhause, C. 0., and Friedman, Ho 
Measurement of betatron radiation with G.M. counter. Physical Review 22~ 
691-2. (1946). ' 

National Bureau of Standards (U.S.) Technical News BUlletin 34, 112-15 (1950). 
Radiation Physics at the National Bureau of Standards. 

Or1in, J o J. 
J)etermination of the pole faces of a betatron by a model.. Bergens MuseUms 
Arbok (No o 1) Paper 5; (1949). 9 po 

Pennsylvania, University of 
Annual report on nuclear research. June 30, 1950. 20 p. NP-167l. 

Picht, J o 
On the theory of the acceleration of an electron in a magnetic alternat
ing field o (Contribution to the Theory of the Rheotron or Betatron.) 
I. Optik 2, 40-55; II. Optik 2~-6l-97; III. Optik 2, 133-44 (1950). 
In German. .-

Quastler, Ho, et ale 
Techniques for application of the betatron to medical therapy. American 
Journal of Roentgenology and 'Radium Therapy 61, 591-625 (1949). 

Rushforth, Lo, Morrison, S. To, and Brett, J. Go 
A l5-inch glass betatron toroid. BTH-Activities 12, 357-62 (1948). 

Schwartz, Eo 
Electron optics of the betatron. Zeitschrift tar Naturforschung ~, 
198-204 (1949). In Germano 

e 

Skaggs, L. S. 
Depth dose of electrons from the betatron. Radiology;21, 868-73 (1949). 
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Skaggs, Lo -S ~ ,et al. 
Development of the "betatron for electron therapy. Radiology 50, 167-73 

·(1948). . 

Skaggs, t. Sq Laughlin, J. Sq and lanzI, L. H •. 
Technique of producing an external beam of electrons from the betatron. 
Physical Review 12, 1223 (1948L 

Wang, P. K. So', and Wiener, M. 
Spectral analysis of 10 Mev betatron radiation by nuclear emulsion. 
Physical Review 76, 1724-5 (1949)0 

Watson, HoH. H. 
The effect of gas scattering on betatron output. Proceedings of the 
Physical Society (London) 62B, 206-7 (1949). 

Westendorp, Willem F. (to General Electric Co., Schenectady, N. Y.) 
Apparatus for imparting high energy to charged particles. U.S. Patent 
2,480,169, ,Aug. 30, 1949. 

Westendo:rp, W. F., and Elder, F. R. 
Electron gun emission and x-ray output for three betatrons. Physical 
Review 76" 445 (1949). Letter. 

Wideroe, R. 
A new method for displacing the electron beam in a betatron (synChrotron). 
Note in Review of Scientific Instruments 12, 401-2 (1948). 

Wilkins, J. J. 
Betatron-starting in electron synchrotrons. Philosophical Magazine ~ 
34-53 (1950) 0 

Wilkins, J. J. 
Betatron starting in high energy; electron synchrotrons. Atomic Energy 
Research EstablisbmentReport No. AERE-EL/R-33l, May 3, 1949. 24 p. 

Wilkinson, K. J. R. 
A recent betatron development. BTH Activities 12, 417-24 (1948). 
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Cyclotrons 

See also FoM. Cyclotrons. 'Articles concerning the 184-inch cyclotron at the '" 
University of California Radiation Laboratory are listed under F.Mo Cyclotrons. 
See also (Electron Cyclotrons) Microtronso 

Abelson, P. HO:J and Kruger, Po G. 
Cyclotron-induced radiation cataracts. Science 110, 655-57 (1949)0 .. 

Baker ~ O. H. 
Production of forgings for Carnegie Institute of Technologycyclotrono 
Industrial Heating 15, 1654-62 and 1844 (1948). -

Baker 1) W. Ro 
The oscillator for the injector cyclotron of the quarter-scale bevatron. 
UCRL-457, Sept. 21~ 19490 10 po 

Bakker~ Co J o 

The Amsterdam cyclotron. Voordrachten gehoudenvoor het Koninklijk 
Insti tuut :van Ingenieurs ,g, 517-23 (1950) 0 In Dutch •. 

• I • 

Barnes~ S. W. l et alo 
Constructl.on report; 130-inch Rochester cyclotron; July 1946--July 19490 
University of Rochester, July 1949. 95p. NP-979 0 . 

Barnes~ So Wo,et alo 
Note on the Rochester cyclotrono PhYSical Review ]2, 983 (1949)0 

Bell~ Mo Ee, and Hull, Go Fo, Jr. . . 
, The cyclotron and proton synchrotron at the University of Birmingham. 

Office of Naval,Research;1 rondono Technical ReportOANAR;,..27-50~ 
Mar. 17 y 1950. 10 po 

Creutz, E.,. et ale 
Cyclotron magnet and oscillator design. Carnegie Institute of Technology • 
. June 14~ 1947. 23 po NP-504e 

Cross, We G.~ et alo 
The Harvard University 95-inch cyclotron. Design, construction, and 
preliminary operating instrti.ctions o Harvard University~ July 19500 

358 p. AEC File No o NP-1698. 

CurtisS! B. Ro, FowlerS! J o L., and· Rosen, L. 
Instrumentation for nuclear studies with externally focused deuteron 
beam from 10 Mev cyclotron. Review of Scientific Instruments ~, 
388-93 (1949). . 

Davison;1 Po W., and Pollard Si Eo D. 
. Cyclotron bombardment of gaseous targets. Physical Review 72, 162 

(1947) • 

Delano Si Victor, and Goodman, Clark. 
Nuclear Shielding Studies. IV. Shielding properties of the concrete wall 
of the M. 10 To cyclotrono M. 10 T. laboratory for Nuclear Science and 
Engineering Technical Report No. 24, May 19$ 19490 116 p. NP-l244e 
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Delano~ Victor9 and Goodman~ Clark 
Shielding properties ofth~concrete wall of the M.I.T. cyclotron. 
Journal of Applied Physics 2l~ 1040-47 (1950). 

Dickson~ J 0 M., and Snowden, M. . 
Experiments on the 1/10 and 1/4 scale models of the. Harwell cyclotron. 
Atomic Energy Research Establishment Report AERE-G/R-400, .. Sept. 1949. 
17 p. 

Dobbie, Lo G.' 
Cyclotron; continuous wave fixed frequency excitation. Bibliography. 
Australia, Aug. 1948. 6 p. NP-1230. 

English Electric Journal 119 113 ... 18 (1950) 
Cyclotron power supplies. 

Foss, Martyn H. 
Design of cyclotron magnets. Carnegie Institute of Technology Depart
ment of Physics Technical Report No.1. June 27, 1948. 154 p. NP-426. 

Harvard University Nuclear Laboratory 
The design and construction of a 92-inch cyclotron.' In Progress Report 
Sept. 1--Nov. 15 9 ,1947. 8 p. NP-107. 

It 
Lindstrom, Gunnar. 

Some high frequency measurements on a cyclotron model. 
ma.tik~ AstronomiS) och Fysik ill, No. 151) Ft. 2 (1948). 

Lofgren)) Eo J 0 

. , " 
Arkiv for Mate-
10 p. 

A high ill;tensity cyclotrono AECU-389J! 1 p., Nuclear Science Abstracts.2.9 
(1949h Abstract 1279 in entirety. L.l!'or use as injector for bevatro.n'7 

Mann, Wilfred B. 
The cyclotron •. 3rd ed. John Wiley & Sons, New York~ 1950. 103 p. 

Mas1ovS) A. So 
Cyciotron. USSR Patent 69$1550. Octo 31, 19470 

MIT Nuc1ear Shielding Project. Bureau of Ships and Office of Naval Research. 
Minutes of joint meeting of nuclear shielding project personnel and Navy 
representatives. AEC File No. NP-1455)) Aug. 19, 1949. pp. 9-18. 

Moreno, T. 
ResUme of cyclotron project. MIT Research Laboratory of Electronics 
Technical Report No o 50. Oct. 30, 1947, 20 p~ NP-140. 

Nucleonics 1~ No. 1~ 72 (1950) 
Recommendations for design of small cyclotrons. (From UCR1=476 by 
Louis Wout,ers) 
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Perlmans> -1 0 

The cyclotron in the atomic energy developments& 
Octo 9s> 19460 11 po 

Pickavance ~ T & Go ~ Adams s> J 0 Bo »and Snowden, M. 
The Harwell cyclotrono Nature 1655' 90=91 (1950). 

Rabin~~ichs> M~ 

UCRIr-1238 

MDDC-402, declo 

Phasing properties of the relativistic resonance accelerators. Part 110 
Cyclotron with varying frequency of dee voltage (Phasotron). Journal 
of Physics USSR 10~ 523=32 (1946). 

Reids> Ao F. (to UoS. Atomic Energy Connnission) 
Cyclotron targeto U.S. Patent 2$504»585» Apr. l8j) 1950. 

Roses> David 
Design of cyclotron vacuum systemo Carnegie Institute of Technology 
Technical Report No o 4. NP~8830 43 po 

Rotblat» J o 
The cyclotrono Physics in Industry Series (Institute of Physics)>> 
Acceleration of Particles to High Energies 1950j) 1=130 

Sagane, Ro j) Yamamoto» N' 11 and !mai, Yo 
Preliminary experiments for the study of-the nuclear reaction b.1 using 
photographic plates. I. Homogeneity of the range of deuterons produced 
by the cyclotrono Bulletin of the Institute of Physical and Chemical 
Research (Tokyo) 22» 701-6 (1943)0 

Salisbury» Winfield Wo' (to Collins Radio Ccmpany, Cedar Rapids» Iowa) 
Cyclotron',oscillatbrsy'stemoc;UoS'oPatent 2»49211324s>' Dec~'27» 1949~\: 

" 1 • ~i . l' 
, " "'.' ' .. ,":r· 

Saunders, Ao L. 
An automatic operator for cyclotrons. University of Illinois PhySics 
Department Technical Report No. 2S! June 13~' 1950 0 34 p. W=l714o 

Siegel, Benjamin; Vo l1 'and Sinnott ll Richard C. 
The El Cerrito cyclotrono Physics Today 1s> No.4, 10=13s> 26 (1948). 

Sommers> Hos> and Thomas, Ho Ao 
Detection of magnetic resonance by ion resonance absorption. Physical 
Review 98, 806 (195Go Lettero 

Swiss Patent 244s>180» March 17» 1948, 
Cyclotron design.' 

Tape» Go Fo 
University of Illinois cyclotron oscillatoro University of Illinois 
Technical Report No.1, May, 19500 47 po AEC File No. NP-1582. 
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University of Chicago Institute for Nuclear Studies 
Research program with the Chicago c'yclotron; progress report, August ll) 
1948 to August 1, 19490 nod. 128 po AEC File No. NP-1493. 

Went, J o J. 
Soft iron for the electromagnet of a cyclotron. Phillips Technical 
Revi~wlO, ·246-54 (1949). 

White, M. G., et ale 
Redesign of the Princeton cyclotron to yield' 18 Mev protons.' Physical 
Review 'J.iJ:, 1242-3 (1948) 0 

Wouters, louis 
General recommendations for design of small cyclotrons. UCRL-476, 
Oct. 21, 19490 15 po 

York, H.~ et ale 
Acceleration of stripped light nuclei in the60-inch cyclotron. MODC-187. 
3 p. (1946). 
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Electrostatic Generators 

Cockcroft-Walton and Van dec;rraaff generators,Statitrons,-et c~tera • 

. Banie, So J'o, Jr'o~ arid :sa.ggett~ 'Lo Mo ';:,. 
Voltage stabilization for electrostatic generators using an electron 
gun. In Progress Report Oct. 1 1948 to Sept. 30, 1949. Rice -
Institute~ Septo 30~ 194~o AEC :File No o NP~1387o Pp~ 1~6o 

BoagJ. J. W. -
~lectrostatic generators. Science Progress 21, 244-58 (1949)~ 

Cooper, JohnN. 
The Ohio State Van de Graaff generator. Ohio State University Research 
Foundation Technical Report 1, June 30; 1949. 33 p. NP.;..924 0 

Dobbie~L. G. _ -
Electrostatic high voltage generators o Bibliography. Australia~Augo' 
19480 4 po NP-I071. 

Eur cham , W. E. _ . _ __ 
The one million volt accelerating equipment of the Cavendish Laboratory, 
QB,!Il1:>ridge. Nature 160'y 316-18 (1947). __ 

Forsbergh ll ; Peter W. I) Jr. 
New type of electrostatic high-voltage generator. Office of Naval Research, 
London Branch. Technical Report No. ONRL-61-50, June 26, 1950. - 4 po 

Fortescue, R. Lo, and Hall, Po D. 
The high voltage electrostatic generator at the Atomic Energy Research 
Establishment. Proceedings of the Institution of Electrical Engineers 
96 Part I, 77-85 (1949)0 

Green, G. W. 
An electro-pneumatic vacuum valve. Journal of Scientific Instruments 
261) 206 (1949). 

Inglis, Do R., Krone, Ro Wo~ and Hannal' S. So· 
A statitron for a small nuclear laboratory. Review of -Scientific Instru= 
ments 20, 834=35 (1949). 

Jennings, Burridge 
Electronics and the electrostatic generator. Proceedings of the Institute 
of Radio Engineers l§~ 1126-38 (1950L 

Jennings, B. 
_ Large straight through vacuum valve for Van de Graaff generators. Review 

of Scientific Instruments 20.\1 366=67 (1949). 

Jeppson, M. R., and TUrner, C. Mo 
A study of x-rays from the Berkeley Van de Graaff generator. AECU-214, 
Mar. 24, 1949. 9 po 
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terrain, Paul 
,On the designofa radiofrequency Cockcroft-Wa1ton accelerator. Review 
of Scientific Instruments 20, 216-17 (1949). 

Los A1a.ro'os La.,boratory 
Van ae Graaff photographs. MDDC-527, declo Deco 12, 1946. 16p~ 

Lown, V. 1>1. 
The Van de Graaff generator. Electronic' Engineering 21, No. 252, 45-47 
and 61 (1949). 

Mach1ett, R., Rei , 
'An accelerator colUmn for two to six million volts. Proceedings of the 
National Electronics Conference ~680-87 (1946). 

McKibben~ J. L., andBeauchamp~ R~ K. 
Insulation flashover tests in vacuum and pressure. AECD-2039 (LADC-523) 
June 3,' 1948. 28 po' 

,McKibben, J. L. 
pran of 12 Mev electrostatic' accelerator under construction at Los 
Alamos. AECD-2038 (LADC-522) June 3, 1948. 16 po 

MIT Nuclear Shielding Project. Bureau of Ships and Office of Naval Research. 
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PARTICLE ACCELERATORS IN THE UNITED STATES 

Locatio1l'U. Type 

Argonne National Laboratory i~Constant frequency cyclotron 

Bartol Research Foundation 

Biochemical Research 
Foundation 
(Nswark g Delaware) 

*Und~r construction 

Van de Graaff 

Van de Graaff 

Van ,de Graaff 

~: Van de Graaff 

Linear Accelerator 
~:"Additional section 
under construction 

Cyclotronl 

( 

Dimensions 

60 n pole piece dia. 

Tank 7' dia. x 25'long 
15 i accelerating tube 

5'accelerating tube 
Tank 4' d1a. x 12' long, 
200 Ibs. pressure 

21' accelerating,tube 

Energy 
(Mev) 

Z) 

1.5 

3.5 

1.8 

5-10 
Tank 121 dia. x 35' long, 
300 Ibs. pressure 

1. 75' long 1.4 

3811 pole piece dia. 12 

Particle 

d 

e 

p, d, 
etc. 

p, d 

P9 d 

e 

d 

~ata from Goldsmith, H. H., List of High Energy Installations g Brookhaven National Laboratory, 1948. 

'. 

t. 
0 
0 

q 
o r 
I-' 
l\) 
w 
ro 



Location Type 

Brookhaven National ~rawr.Y Electrostatic accelerator 

University of Califo.rnia 

University of California 
Medical School 

University of California 
at Los Angeles 

i' 

Electrostatic accelerator 

*Cyclotron . 

Electrostatic accelerator 

*Proton synchrotron 
(Cosmotron) 

Cyclotron (,60") 

Synchrocyclotron 

Linear accelerator 

Vande Graaff 

Synchrotron 

*Proton synchrotron 
(Bevatron) 

-i:-Synchrotron 

Cyclotron 

Energy 
Dimensions (Mev) 

8' accelerating tube 2-3 

12' accelerating tube 4 

60' pole piece dia. 20 

3' accelerating tupe 2 

30' orbit radius 2000-3000 
. --~,' 

72" pole piece dia. 9 
)~ 

184" pole piece dia. 350 
195 
390 

40' long 32 

Tank 81 dia.x 2?' long 4 

1 meter orbit radius 335 

ca 120' pole piece dia. ,6440 

.11. 5 I orbi t radius 70 

37" pole piece dia. 15 

Particle 

d j P 
, 

p~ d 

p~ d 

e 

p 

p 
d 
a 
p 
d 9 
Cl 

~ 
I-' 
0 

p 

p 

e 

p 

e 

c:::: 
p 0 

::0 r 
I-' 
l\) 
\.J.) 
(X). 

" 



Location 

California Institute 
of Technology 

Carnegie Institute 
of Technology 

Carnegie Institution 

Case School of Applied 
Science 

-Catholic University of 
America 

University of Chicago 

Type 

Kevatron (Transformer-
condenser rectified) 

Electrostatic·generator 

Electrostatic generator 

Electrostatic generator 

~~ Synchrot ron 

-l~Synchrocyclotron 

Cyclotronl 

Electrostatic generator~ 

Electrostatic generatorl 

Flux-forced field-biased 
betatron 

*Direct voltage accelerator 

Electrostatic generatorl 

Synchrocyclotron 

Cyclotronl • 

Cockcroft-Waltonl 
(being rebuilt) 

'. 1 
Betatron 

Dimensions 

13 11 tube ., 

5' x 6' tank, 27" tube 

8'x 13' tank, 8'6 11 tube 

8' x 22' tank, 9' tube 

138" radius 

141.6711 dia. 

60 11 pole piece dia. 

Radius 17.15 cm 

Length 8' 

17011 dia. 

32.5" pole piece dia. 

. . ' . 

Energy 
(Mev) particle 

,0.135 p, d 

0.6 p, d 

'1. 7 p, d 

3 p, d 

500 e 

ca 440 p 

15 d 

i p, d 

3.5 p, d I 
.t--
l\) 

30 e 0 

0.7 p 

0.5 p, d 

500 Cl 

450 p 
250 d 

8 d 

0.4 p, d c::: 
0 
::0 r 
I--' 

50-100 e l\) 
\U 
<» 



Energy 
Location Type Dimensions (Mev) Particle 

Columbia University Cyclotron 36 11 pole piece dia. 8-10 d 

Cyclotron (F.M.), 164 11 pole piece dia. 385 p 

Cornell University Synchrotron • 1 m orbit radius 300 e 

Linear Acceleratorl 0.5 
, ", 1 

15 11 pole piece dia. Io 5 d Cyclotron' 
p 

Duke University -l~Van de Graaff 25' tank 4 P9 d 9 (1 

, 

El Cerrito High School, Cyclotron 611 pole piece dia. 1 P 
El Cerrit0 9 California 

General Electric Company 6 betatrons 3 - 33 11 orbit radii 100 e 
2 - 7.5 11 orbit radii 10 e 
1 - 5.25" orbit radius 20 e 1-

w 
-l~yclotron 60" pole piece diaD 20 d 8 

40 a 

4 Synchrotrons 3 - 11. 511 orbit' radii 70 e 
(2 under construction) 1 - 33 11 orbit radius 180 e 

Van de Graaff 8' 2~5 p 

" ~ , 

Harvard University Synchrocyclotron 95" pole piece dia. 125 p 

Hofstra College *Cyclotron 2411 pole piece' dia. ca 6 p 

University of Illinois 
' 1 4711 pole piece dia. ,- '5 p Cyclotron 

10 d 

Betatronl 22 
c:::: 

e 0 
::d 

Betatronl 4 
r ... 'e i--' 
l\) 
W 
00 



Location 

University of Illinois 
(cont. ) 

University of illinois 
Medical School 

Indiana University 

Iowa state College 

Qniversity of Iowa 

Johns Hopkins University 

University of Kansas 

~niversity of Kentucky 

Los Alamos Scientific 
Laboratory 

Type Dinensions 

Betatron 26 cm orbit radius 

Betatron 120 cm orbit radius 

Energy 
(Mev) 

80 

340 

Particle 

e 

e 

Betatron 19.5 cmorbit radius 25 e 

Cyclotron 45 11 pole piece dia. 11.4 d 
- 5.7 P 

22.8 a. 

Transformer-rectifier produced Tube length ca 60 1110ng 0.325-0.650 p, d 
d.c. potential; linear accele-
rator tube 

Synchrotron 

Pressurized Van de Graaff 

Voltage multiplier accelerator 

Van de -Graaff 

110 511 orbit radius 

22' accelerator tube 

5' accelerator tube 

70-

3-4. 

0.5 

6' dia. x 14' long tank, 105 
accelerating .tube 7' long 

e· 

p, d 

p, d 

p, d 

" 

Van de Graaff Horizontal tank 6 1 dia •. x 2.5 
14' long, 120 psi ,pressure 

positive 

Pressurized Van de Graaff 

Cyclotron 

Van de Graaff 

*Van de Graaff 

Betatron 

-l~Betatron 

ions 

Electrode dia. 48 11 1 p, d 
Accelerating tube length 8' 

4211 pole piece dia. 10 d 

2.5 

12 

20 e 

20 e 

f: 
0 

c:: 
(') 

r 
I-' 
l\) 
\JJ 
00 



Location 

Los Alamos Scientific 
Laboratory (cont.) 

Massachusetts Institute 
,of Technology 

( 

University of Michigan 

University of Minnesota 

Type 

Betatron 

Cockcroft-Walton 

Cockcroft-Walton 

Van de Graaff 

Standing Wave linear electron 
accelerator 

Standard cyclotron 

Synchrotron 

Vertical electrostatic 
generator, pressurized, 

~~Van de' Graaff 

Van de Graaff 

2 Van de Graaff x-ray 
,generators 

*Racetrack synchrotron 

Cyclotron 

*Protoh linear accelerator 

Van de Graaff 

Energy 
Dimensions (Mev) Particle 

14 

0.280 

0.125 

2' tube, 2" equi
potential module 

ca 0.800 

20' long 18 
Guide wave length 10.7 cm 

42 11 ' pole face 15 

1 m orbit radius 

9' aGcelerating tube 

-7.5 
30 

340 

4 

Tank 1;>-' dia. x 32' high 2-12 
400 psi pressure 

Tank 4.5' dia~x 13' high 3.5 
200 psi pressure . 

Tanks 3'dia.x 6' high 2 
400 pSLpressu~e 

40" orbit radius 

42" pole piece dia •. 

300 

10 

100' long linear accele- 66 
ration path 

18 1 diao 9 100 psi tank, 4 
single electrode 

e 

p, d 

e 

d 
p 
a: 

e 

positive 
, ions 

p, d, e 

e 

e 

e 

d 

p 

singly 
, charged 
ions 

).. 
\J't 
o 

q 
(') 

r 
I-' 
N 
\).} 
00 



Location Type 

University of Missouri Van de Graaff 
(for demonstration purposes) 

National Bureau of Standards Electrostaticl 

Naval Ordnance,Laboratory 

Naval Research Laboratory 

Northwestern University 

,) 

University of Notre Dame 

Oak Ridge National 
Laboratory 

-l~Synchrotron 

Betatron 

Betatron 

Betatronl 

Betatron 

-l~Synchrot ron 

Cockcroft-Walton - half-wave 
quadrupler 

i*High pre ssure horizontal 
Van de Graaff 

Van de Graaff 

-l~Vertical Van de Graaff, 
pressurized 

Pressure electrostatic gene
rator, horizontal 

Pressure electrostatic gene
rator, horizontal 

Van de Graaff 

Van de Graaff 

Dimensions 

33 11 orbit radius 

5.5 11 orbit radius 

18.5 cm orbit radius 

77 cm orbit radius 

Accelerator tube 39.25 11 

long 

Accelerating tube 175 11 

long 

12' accelerating path 

40' long x 8' dia. tank 

61• long x 3' dia. 'tank 

12' accelerator tube 

5' accelerator tube 

1 • " 

Energy 
(Mev) Particle 

0.5 

1.4 e, p 

180 e 

50. e 

10 e 

4 e 

20-22 e 

10 (now) e 

0.075-0.250 p, d, <l 

t-
O' 

5 p, d, <l B 

2'.25 p, d 

4.5 p, d, <l 

3 e 

'2 e 

q 
5.7 p, d 0 

r-
2.7 p, d, and I-' 

l\) 

heavier \J.) 

00 
particles 



Location 

Oak Ridge National 
Laboratory (cont.) 

Ohio State University 

University of Pennsylvania 

Picatinny Arsenal 

University of Pittsburgh 

Princeton University 

Purdue University 

Type 

Cockcroft-Walton 

Cyclotron 

Cyclotron 

Betatronl 

Horizontal Van de Graaff 

Cyclotron 

Statitron
l 

(electrostatic 
generator) 

Betatronl 

Betatron 

Cyclotron 

Frequency modulated cyclotron 

Microwave linear electron 
. accelerator 

Cyclotron 

c.; 

Energy 
Dimensions (Mev) Particle 

4' accelerat·or tube 0.400 positive 

4411 pole piece dia. 

8611 • pole piece dia. 

2 

)20 

4 

5' dia. x 20' long tank 2 
Accelerator tube 12' long 

42" pole piece dia 0 8. 5 

7.5 l1 orbitraditis 

4711 pole piece diaD 

33 11 pole piece dia. 

3' long 

37.5" pole piece dia. 

'0 

10 
6 .• 5 

20 
26 

2-3 

22-25 

22 

-8.5 
16 
32 

18 

1.5 

20 
10 

ions 

p 

p 

e 

p, d 

P 
d 

I H3 
Cl 

ile3 

p 

e 

p. 
d 
<1 

P 

e 

ex 
d 

~ 
9 

c::: 
0 r 
j-J 
l\) 
'v..l 
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Location 

Purdue Univeristy (cant.) 

Rice Institute 

University of Rochester 

~k Island Arsenal 

stanford University 

University of Texas 

University of Washington 
(Seattle) 

Washington University 
(st. Louis) 

Westinghouse Electric Co. 

Type 

Synchrotron 

~:-Microwave linear electron 
acc·elerator 

Van de Graaff, horizontal 
pressure ta~ 

Cyclotron 1 

Synchrocyclotron 

Betatron 

Cyclotron 

Linear electron accelerator 
(traveling-wave type) 

Linear accelerator - Mark II 

~~-Linear accelerator - Mark III 

~~Van de Graaff 

Cockcroft-Walton 

i<Cyclotron 

Gyclotron 

Electrostatic generator 

Dimensions 

40" orbit radius 

12' long 

14' vacuum tube 

26" pole piece dia. 

130 11 pole piece dia. 

ca 15" orbit dia. 

27.75" pole dia. 

14'5" long 

12' long 

220' long (80' now 
operating) 

Accelerating tube 10' 
long 

60" pole piece diaD 

45" pole face dia. 

30' accelerating tube 
65 psi pressure 

'- • * .. 

Energy 
(Mev) Particle 

300 

4-8 

2.5 

7 

250 

22 

2.9 

6 

35 

1,000 
(200 now) 

4-5 

0.100 

.10 
5 

3.7 

.e 

e 

p, d 

p 

p 

e 

d 

e 

e 

e 

positive 
ions 

p, d 

positive 
ions 

d 
p 

p, d 

t-oo. 
a 

c:::: 

~ 
I-' 
N w 
CQ 



Location Type Dimensions 

University of Wisconsin 2 electrostatic generators 
(one under construction) 

Yale University Linear electron accelerator 4' 10.5" long 

Cyclotron 28" pole piece dia. 

University of Virginia Van de Graaff (atomispheric) 5' column 

Resonant cavity linear l' length 
accelerator-

<' 

" 

Energy 
(Mev) 

4.5 

10·45 

8 
4 

. 0
0
4 

1 

Particle 

p, d1 Q. 

e 

u 
d-

positive 
ions 

e 

.' 

t.. 
'" I 

-c:::: 
(") 

r 
~-
v.> 
00 



· Location 

Australia 

AUstralian National 
Url.~ve!,sity, Canberra 

Univ,ersity of Melbourne 

. ., 

PARTICLE ACCELERATORS OUTSIDE THE UNITED STA1ES 

Type. 

i:-Cyclo-synchrotron 

Synchrotron 

Dimensions 

Pole tip diameter l36 n 

Synchrotron orbit 117',' 

Orbit radius 7.5 cm 

." .,~ 

,. 
,P,' 

Energy 
(Mev) Particle 

Cyclotron sec- p 
tion 200 
Then synchro
tron action 
to 2000 

20 e 

Electrostatic generator Length of accelerating tube 9'. 1 p, d 

Canada 

McGill University 

National Research Council 
Laboratories, Ottawa 

Electrostatic generator 

Synchrocyclotron 

Cockcroft-Walton 

National Research Council of Vertical Van de Graaff 
Canada, Chalk River 

Queens University, 
Kingston, Onto 

University of Saskatchewan 

. Positive .ion accelerator 

Synchrotron 

Betatron 

Length of accelerating tube 
6'6 11 

8211 pole piece dia. 

Length of accelerating tube 9' 
200 psi, tank 16 1 high x 
6 1 dia. 

Orbit radius ca 30 cm 

Orbit radius 20 cm 

0.8 

100 

0.65 

5 

0.2 

75-80 

27.5 

P9 d 

p 

positive 
ions 

positive 
ions 

positive 
ions 

e 

e 

VI o 
I 

c:: 
£ 
'I 
I-' 
l\) 
\J.) 
00 



Location 

Denmark 

Institute of Theoretical 
Physics, Copenhagen 

France 

College de France? Paris 

Type 

Cyclotronl 

Two electr~static 
generators 

Cyclotronl 

Conunissariat a l'Energie. 1l-Cyclotron 
Atomique, Laboratoires du 
Fort de Chatillon g Fortenay- .,l-Van de Graaff 
aux-Roses? Seine, France' 

""Resonant cavity accele
rator 

Laboratoirede Synthese 
Atomique, Ivry (Seine) 

University of Strasbourg 

Germany 

Physikalisches Institut der 
Universit~t Bonn 

University of Danzig 

Electrostaticl 

Electr'ostatic1 

Electrostatic
1 

Cockcroft-Walton 

Van de Graaff 

1 
Cyclotron 

Electrostaticl 

!,~, <.' 

Dimensions 

36 11 pole piece diaD 

3111 pole piece dia. 
-

162 em pole piece dia.· 

Column length above base 
plate 5.85'm ' 

Cavity dia. 92 cm 
Accelerating gap 3 cm 

Length 6 m 

Length 1.4 m 

16" pole piece diaD 

Energy 
(Mev) particle 

9.5 d 

1 p 

7.5 d 

26 d 

3.5-4, p, d 

0.5 p 
i 

VI 
I-' 

0.8 
0 

0.6 

3 

1.5 p, d 
~, ) . 

0.5,_ P9 d 

2 P 
c::: 
0 

.0.8 e,,', ;' r 
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l\) 
\j.) 

00. 
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Location Type 

II . 
Institut fur Physik im Max- Cyclotron 
Planck-Institut f~r Med. 
Forschung der Uni versitM.t Van de Graaff 
Heidelberg . 

Leipzig University 

Megavolt Versuchsanstalt, 
Wrist 

University of Rostock 

Siemens-:-Reiniger-Werke, 
Erlangen . 

. Great Britain 

1 
Cyclotron 

. 1 
Betatron 

Electrosta ticl 

Betatron 

i'<Betatron 

Associated Electrical Indus- Van de Graaff 
tries, Ltd., Aldermaston 

Van de Graaff 

• 

Atomic Energy Research Estab- Synchrocyclotron 
lishment, Harwell 

Van de Graaff 

Van de Graaff 

~"Cockcroft-Walton 

., 

Dimensions 

101 cm (40 1t1 ) pole piece dia. 

Length 3.60 m (12') 

40 n pole piece dia. 

Radius of equilibrium 85 mm 

Radius of equilibrium 105 mm 

Overall length 6611 

Pressure vessel height 18'6", 
dia. 6110.511 

400 psi, tube length 9' 

110" pole piece dia. 

stack length 9' 

Tank 8' x 4', acce~erating 
tube 5" dia., 350 psi 

Accelerating tube 6' long 

Travelling-wave linear Accelerating waveguide 2 m long 
accelerator (non-feedback 
type) . 

.~ . 

Energy 
(Mev) Particle 

13 d 

1 p, d, e 

15 

0.9 

6 

12-15 

0.5 

3.1 

175 

2~7 

2.3 

0.6 

3.6 

e 

e 

e 

e 

p, d 

P 
d; a 

p 

p, d, ex 

e 

positive 
ions 

e 

6 
\Jl 
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o 
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Location 

Harwell 9 (cont.) 

University of Birmingham 

Cambridge University 

University of Edinburgh 

Glasgow University 

Type 

~~Travelling-wave linear 
accelerator (2 stage 
feedback type) 

Dimensions 

Each section 3 m long, 
total 6 m· 

~"Cockcroft-Walton Pressure tank ca 3 m high 
(Machine( f or Medical x 2 m dia. 
Research Council's Radio- . 
biological unit at Harwell 

Fixe~ frequency cyclotron 61.5 11 pole piece diaD 

*Proton synchrotron 

1 
Van de Graaff 

Cyclotronl 

Phillipsl 

Phillipsl 

. i~Cockcroft-Walton 

* Sync h rot ron 

Synchrotron 

15 I pole piece diaD 

37 11 pole piece diaD 

Orbit radius 125 cm 

Orbit radius 10 cm 

. Imperial· College of Science· Pressurized electrostatic 
and Technology, London . generator 
University 

University of Liverpool *Synchrocyclotron. 15011 pole piece diaD 

Cyclotronl 36 11 pole piece diaD 

"i' .~ 

~.\ 

Energy 
(Mev). Particle 

15 e 

1 

9 
18 
36 

1,300 

4-5 

7 

1 

2 

1-

300 

30 

ca 2 

400 

9 

;.. 

positive 
ions Cd) 
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" ":l 

Location Type Dimensions 

Medical Research Council, Van de Graaff Accelerating tube 7'6" long 
x 1011 dia., 10 atm. pressure Hammersmith Hospital, London 

Metropolitan-Vickers, Ltd. 
High Voltage Laboratory, 
Manchester 

Oxford.University 

Royal Cancer Hospital, 
London 

Telecommunications Research 
Establishment,(A.E.R.E. 
Section), Malvern Great 

Italy 

Istituto Superiore di 
Sanita, Rome . 

University of Pagua 

Netherlands 

Institute for Nuqlear 
Research, Amsterdam 

-h~Linear accelerator Corrugated wave guide 3 m long 

*Continuous wave cyclotron 45" pole piece diaD 

Betatron 
1 

1 Betatron 

*Synchrotron Orbit radius 46.7 cm 

Betatron Orbit radius 20 cm 

Synchrotron Orbit radius 10 cm 

Dielectric loaded travel- Length ca90 cm 
ling wave linear accele-
rator without feedback 

Synchrotronl 

Synchrotronl 

Cock croft-Walton 

Electrostaticl 

Synchrocyclotron 

Length of accelerator tube 
ca 3.5 m 

7l" pole 'piece diaD 

Energy 
(Mev) 

2 

8-10 

15 
30 

20 

30 

140 

16 

30 

1.5 

15 

30 

1 

1 

28 
56 

I • .~......, 

Particle 
""~---......~~ .... 

p, d, e, 
etc 

e 

d 
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e 
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Energy 
Location Type Dimensions (Mev) Particle 

Philips Corp., Eindhoven Electro staticl 1 p, d 

Univ~rsity of Groningen Electrostatic
l 

0.3 d 

Norway 

Municipal Hospital, Bergen 
' 1 

1.5 Electrosta tic e 

*Electrostatic 1 
• 1.5 p 

*Synchrotronl 70-80 e 

Norges Tekniske H~gskole, *Van de Graaff Ta'nk 6.6 m long x 2.35 m dia. 4 p, d 
Trondheim 15 atm. pressure, accelerating 

tube 3.6 m 

University of Oslo Neutron generator Length 50 cm 0.1 d 

Van de Graaff Length 1.5 m 0.5 p 
I 

\Jl 

*Pressure insulated Van Length 3.6 m 4 p, d \Jl 
B 

de Graaff 

~ 
Russia 

Radium Institute, USSR 
1 1411 pole piece dia. 1.8 Cyclotron d 

Academy of Sciences, 
Leningrad " 

Physico-technical Institute, Electro stat icl 0.7 p 
USSR Acade~ of Sciences, 
Leningrad 

Physico-technical'Institute Electrostaticl 1 Q 

,Ukrainian SSR Acade~ of 0 

Sciences, Kharkov Electro stat icl 3 f 
, 1 l\) 

Electrostatic 5 w 
():) 

,.;:-. ~,.; 

""' 
.1...:;, 

~. 

? 

'"' x 
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Location 

Sweden 

National Defense Fesearch 
Laboratory, stockholm 

... 
':\ 

Type 

Electrostatic generator 
Pressure insulated 
(9 atm N

2
) 

Nobel Institute for Physics, Cyclotron 
Stockholm 

Royal Institute of 
Technology, Stockholm 

University of Stockholm 

University of Uppsala 

$wit ze rIa nd 

Universit~t Basel 
II 

Eidgenossische Technische 
Hochschule, Z8.rich 

Information Division 
scb/6~27-51 

*Cyclotron 

Cascade generator 

Synchrotron 

Betatron 

Two electr~static 
generators > 

~~Synchrocyclotron 

Cascade generator 

Van de Graaff 

Tensator (Transformer
rectifier) 

Cyclotron 

Dimensions 

Height of accelerating tube 
2.25 m 

3211 pole piece dia. 

88.5" (225 cm) pole piece dia. 

Orbit radius 20 cm 

Orbit radius 8.3 cm 

230 cm pole face dia 

Length 3 m 

Length 6 m-

1 m pole piece dia. 

t • 

Energy 
(Mev) Particle 

1.8 

7 

25 
50 

1.5 

35 

5.3 

200 

1 

1 

2 

8 
14 

p, d 

d 

d 
(1 

e 

e 

p 

p, d 
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