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1.23 REEBEOSERBTEH(FESER, #EAR)
Number of Radiation Generators in Use (as of March 31,2019)

R % Total |(EMEAD| HEMRM @iﬁi@ RESE [Z0thoms
REHEE Category WAL itals | Educational Private Other
Radiation Generators Ratio(%)| &Clinics Institutions | Institutions | Companies | Organizations
# ® Total 1,747 1,310 65 174 165 33
MR Ratio% 100% 75.0 3.7 10.0 9.4 1.9
H4o0r0Oy
Giciotrons 246 14.1 @) 4 24 54 2
ooaray
Synchrotrons 9 28 I 3 : 26 > 4 :
E‘J’JD*:'"(’JDFD‘/ 2 01 9 ~ i ~ ~
ynchrocyclotrons
R InE 1,309 749 1,130 D 271 Ce1]> 54 31
inear Accelerators
AN—akOv
Betatrons 2 01 i 1 1 B .
7T I5—JMEREE
Van de Graaff Accelerators 31 18 o 12 18 1 -
avHH/OTR DL IREE
Cockeroft-Walton Accelerators 89 0.1 i 16 29 4 .
FEFUEUMREE
Transformer—type Accelerators 12 0.7 i - o 7 i
B4 t74=10=0
Microtrons °> 03 = 2 2 1 -
TSARRERE 2 01 i _ 9 _ .
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19474 SLAC Mark |

Mark | accelerator section:
Professor William W. Hansen
(right) of the Stanford Physics
Department and three of his
graduate students: (left to »ghl]
Stanley Kaisel, Clarence

long, the Stanford Mark | could
accelerate electrons to an
energy of 6 MeV. The Mark |
was followed in 1949 by the
Mark Il, which was a prototype:
of one of the sections of a.

ated in er 1g. :
SLAC Archives, ARC127, Siide
2; Stanford photo

(RERIZ~ 27 % FO>) 6MeV — Mark Il (RERIZZ 24 X
— Mark Il (1950) 75MeV — Mark I\ (1954) — SLC (1966) 3.2km 50GeV

Mark Il accelerator control room:
Karl Brown at the klystron controls
for the Mark Il accelerator at Stanford
University. Source: SLAC Archives,
ARC490; Vera Liith photo

Mark 11 accelerator: First sections of the Mark IIl accelerator at Stanford, as seen

o)

“Early linacs”, Symmetry Magazine, 2005/8/1

looking toward the injector. After construction, the accelerator and I-beams were
surrounded by concrete shielding. Source: SLAC Archives, Slide 5; Stanford phato

Close-up look at the Mark IV accelerator: Source: SLAC Archives, M408

1953F HAEZHDLINACEE : /N~ —X I @bt (4 F U X) . 8MeVEFLINAC

(C.W.Miller, “An 8-MeV linear accelerator for X-ray therapy”, Proc. of IEE, 101, pp 207-221 (1954)

24



e E EEBTF (

172) 1

N OO




T - BRI DETE

Herbert C. Pollock, “The discovery of synchrotron radiation”,
American Journal of Physics, 51, pp.278-280, (1983)
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L'Eclairage Electrique

REVUE HEBDOMADAIRE D'ELECTRICITE

6* Année. — N° 27.

DIRECTION SCIENTIFIQUE

A. CORNU, Professcur & le Polytechnique, Membre de 1'Institut. — A. D'ARSONVAL, Professcur au Collige
de France, Membre de Tlnstitut. — G. LIPPMANN, Professeur & la Sorbonne, Membre de Ilnstitut, —
D. MONNIER, Professcur 4 I'Ecole centrale des Arts et Manufactures, — H. POINCARE, Professeur i la
Sorbonne, Membre de D'Institut, A. POTIER. Professeur @ I'Ecole des Mines, Membre de 1'Institut.

J. BLONDIN, Professeur agrégé de |'Université.

CHAMP ELECTRIQUE ET MAGNETIQUE

PRODUIT PAR UNE CHARG)

CECTRIQUE CONCENTREE EN UN POINT ET ANIMEE

DUN MOUVEMENT QUELCON(

Admettons  qu'une masse LlLLlllL]UC en
mouvement de densité

Soient maintenant quatre fonctions ¥, F,
G, H définies par les conditions

et de vitesse v en

chaque point produit le méme che np qu'un )
courant de conduction d'intensi ) (Ve g (7)
servant les notations d'un pré ‘*\.,A «

nous obtiendrons pour déterminer le champ,

les équations (Vs — V= — gty {8)
s Z ) {va- ,:;’,;’)u_—, imV g
1 da .
Tl On satisfera aux conditions (5) et (6] en pre-
nant
avee les analogues déduites par permutation dy 1 dF
tournante ct cn outre les suivantes EC g 9
o (A dg i N 2= "::73”{;_;- (10}
# dx Ty T a !
daods | dy ) Quant aux ¢quations (1) 2 (4). pour qu'clles
de Ty TR T " | soient satisfaites, il faudra que, en plus de (7)

et (8), on ait la condition

L 4G, N

dy Ty

De ce systeme d'équations on déduit faci-
lement les relations

(J:cupnm-num d’abord de I'¢quation (7).
On sait que la solution la plus générale est
la suivante :

'1 La théorie de Lorentz,

Eclairage Elecirigue, 1. XIV,
sont les composantes de la force magné-
b, celles du deplacement dans 'éther.

A. Liéenard, “Champ electrique et magnetique produit
par une charge electrique concentree en un point et
animee d'un mouvement quelconque”, L'éclairage
eélectrique, Vol. 16, No. 27-29, pp. b-14, 53-59, 106-
112, (1898).
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XI. On the Electron Theory of Multer and on Radiation,
By G. A. Scrorr, B.A., B.Sc., University College of Wales,
Aberystwyth*,

§1. ONE of the most important problems of the Eleetron

Theory of Matter is to account for the spectra
emitted by the several elementss the solution of this problem,
rather than of any other, secems likely to lead to the con-
struetion of a working model of the atom. By Electron
Theory of Matter T mean any theory which assumes matter
to consist of electrical charges, acting upon each other with
electromagnetic forces only.  TFor ~hthlhr3 it is neeessary to
have both’ positive and negative charges, and one or both
must be in more or less rapid motion. Since the atom is
permanent, or very nearly so, the orbits of all tho charges
must be closed and of atomic dimensions; since it is elee-
trically neutral, except when ionized, positive and negative
charges must be present in equal amount. There is no need
at present to distingnish between the two possible alterna-
tiv‘e"sz [l)' t]lenp0§itiveﬂelect1:icity copstitutesﬂ a sPhure of

P
e\"‘

ELECTROMAGNETIC RADIATION

AND THE MECHANICAL REACTIONS
ARISING FROM IT

BEING AN ADAMS PRIZE ESSAY IN THE
UNIVERSITY OF CAMBRIDGE

by

G. A. SCHOTT, B.A., D.Sc.

Professor of Applied Mathematics in the Univensity College of Wales, Aberystwyth
Formerly Scholar of Trinity College, Cambridge

G. A. Schott,

Philos. Mag. 13, 189 (1907).
“Electromagnetic Radiation”, Cambridge
University, Cambridge, (1912)

LBNL-39088
CBP Note-179
UC-414

On Radiation by Electrons in a Betatron

J. Schwinger

1945

J. Schwinger,

“On Radiation by Electron in a Betatron”
“On the Classical Radiation of Accelerated Electrons”

PHYSICAL REVIEW

VOLUME 75,

NUMBER 12 JUNE 15, 1949

On the Classical Radiation of Accelerated Electrons

JULIAN SCHWINGER
Harvard University, Cambridge, Massackusetts
(Received March 8, 1949)

‘This paper is concerned with the properties of the radiation
from a high energy accelerated electron, as recently observed
in the General Electric synchrotron. An clementary derivation
of the total rate of radiation is first presented, based on Lar-
mor's formula for a slowly moving electron, and arguments of
relativistic invariance. We then construct :m expression for

+ha inctantenane nauee mdinted b an alentenn e

erae radintad

(1945)

Phys. Rev. 75, p.1912 (1949)

tion of motion is a strongly preferred direction of emission at
high energies. The spectral distribution of the radiation de-
pends upon the detailed motion over a time interval large
compared to the period of the radiation. However, the narrow
cone of radiation generated by an energetic electron indicates
that only a small part of the trajectory is effective in producing

mdliatinn chearmd in o atmae dimetion which ol {mnlies
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VOLUME 60

The Acceleration of Electrons by Magnetic Induction

D W.

Kerst*

University of IWineis, Urbana, linois
(Received April 18, 1941)

and the roughly circular central pole pieces were

Fic. 1. The induction accelerator. The glass doughnut
is between pole faces which are held apart by eccentric
wedges.

formed by stacking with different widths of
laminations as shown in Fig. 2. Each pole piece
was capped by a disk of radially arranged lami-
nations so that perfect circular symmetry was
achieved at the pole surfaces (B, Fig. 2). The
whole pole face was held together by a thick
Transite or asbestos board ring about its perime-
ter, with cement of water glass and flint dust
filling the cracks between the laminations and

JULY 1, 1941

PHYSICAL REVIEW

WLIL LIGUL HILY @ AU QP UATLIGLLLY LY Y Gl ud

long which was twisted about ten times and
which had its inside wires interchanged with its
outside wires several times. This was formed into
a 10-turn coil with about 75 inch of insulation
between turns. Two such 10-turn coils were made
and fitted with large lugs of 1-inch copper tubing.
The coils were wrapped with cotton tape, dipped
in Bakelite varnish and baked. Figure 3 shows
the circuit with the coils connected to a total of
eighty 5-microfarad Pyranol condensers which
were rated at 660 volts a.c. Energy was supplied
to this resonating circuit by a 2-turn primary of
stranded enameled wire around the pole pieces.
The r.m.s. electromotive force in this primary

w2 ot

19% >

VOLUME 60

Electronic Orbits in the Induction Accelerator

D. W. Kerst* AND R. SERBER
University of Illinois, Urbana, Illinois
(Received April 18, 1941)

The first section gives a general account of the principles of operation of the electron induction
accelerator. The second section gives the more detailed analysis of the orbits of the electrons
which was undertaken to serve as a guide in the design of the accelerator.

I. INTRODUCTION

HE construction and operation of an
induction accelerator for electrons has been
discussed in the preceding paper.! The idea of
using the principle of electromagnetic induction

carry out a more careful analysis of the orbits of
electrons in changing magnetic fields for the
double purpose of determining whether such a
device was practicable, and to serve as a guide
in its design.

The basic idea of the accelerator is a simple

B
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R
E—FEEmATA AT,

center
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John.P.Blewett, “Synchrotron Radiation — 1873 to 1947",

N ﬁ I\ M \/75&%3: ﬁ&%ﬁ mre NIM A, 266, pp1-9, (1988)

e R—Z FOVIEAN LY OO VREIA
e [BEZFIINF—EBETIIRTOZE(FEETEDL L AL OTERDEH L U,
e N—Z FOVEROHKIL, KHAIXERE (BFE2X—7 v MIXDIFTXEFRE) & L TOENME

Fig. 3. Donald Kerst and the 20-MeV betatron. Fig. 4. The 100-MeV betatron with E.E. Charlton and W.F. Westendorp.
20MeV R—% ko> (GE, 41U/ A) 100 MeV GE X"—% 0O~
D.W.Kerst, W. F. Westendorp and E. E. Charlton,
“A 20 - Million Electron - Volt Betatron or Induction “A 100 - Million Volt Induction Electron Accelerator”,
Accelerator”, Rev. Sci. Instrum. 13, 387-394 (1942) J. Appl. Phys. 16, 581-593 (1945)

o EHTAXDN T RILF—DLIFEIZEBIT S E WD ETE - | Pomeranchuk, J. Phys. USSR, 2, 65 (1940)
« BHAXICEEZRN—%XFAYD (KEX, TXLF—0D) RROIER
D. lwanenko and I. Pomeranchuk, “On the Maximal Energy Attainable in a Betatron”, Phys. Rev. 65, 343 (1944)
- HEREZBEL TIEICHH T 2EER (MENLRRETHER. 100MeV GE X—% A >)
J.P. Blewett, “Radiation Losses in the Induction Electron Accelerator”, Phys. Rev. 69, 87 (1946) -
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Fig. 5. The 70-MeV synchrotron emitting synchrotron radiation.

HREYOET> > 70 FAY HRC2EE Qr BENED T E) ICHE L 7-GE
(A FYR, T—ILT 4y FEITEEE) TOMeVEF > 70 kO THRELZ R e

F.K.Goward and D.E.Barnes, F. R. Elder, A. M. Gurewitsch, R. V. Langmuir, and H. C. Pollock,
“Experimental 8 MeV Synchrotron for Electron Acceleration”, “Radiation from Electrons in a Synchrotron”,

Nature, 158, 413 (1946) Phys. Rev. 71, 829, 1947
(Richard Walker, MOALT, IBIC2013)
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o BRXIRFEI E TR RILEDE - Cornell 300MeV > >0 fo
D.R.Corson et.al., “The Cornell 300-MeV Synchrotron” (1953)
D. H. Tomboulian and P. L. Hartman, “Spectral and Angular Distribution of Ultraviolet Radiation from the 300-Mev Cornell

Synchrotron”, Phys. Rev. 102, 1423 (1956)
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o HREBFOBS A AER CKENBS SURF (Synchrotron Ultraviolet Radiation Facility))
K.Codling and R.P.Madden, “Characteristics of the “Synchrotron Light" from the NBS 180-MeV Machine”, J. Appl. Phys. 36,

380-387 (1965)

R. P. Madden and K. Codling, “New Autoionizing Atomic Energy Levels in He, Ne, and Ar”, Phys. Rev. Lett. 10, 516 (1963)

K. Codling et.al., “Pioneering Use of Synchrotron Radiation Research as a Spectroscopic and Metrological Tool at NBS”, SRN,

28,13, (2015)

https://www.nist.gov/history/radiation-physics-building/facilities/synchrotron-ultraviolet-radiation-facility
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Fre. 7. Schematic diagram showing the experimental arrange-
ment utilized for the study of the characteristics of the radiation
emitted by the NBS 180-MeV electron synchrotron.
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FIG. 1. Extreme ultraviolet spectra showing dis-
crete anomalies in the photoionization continuum ab-
sorption of He, Ne, and Ar (increased blackness in-
dicates increased absorption). The anomalies in the
He absorption spectrum (top) are due to the mixing of
two-electron excitation states with the continuum, In
Ar (bottom) this mixing results in discrete windows
in the absorption continuum.
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o WHRRMICHEEINEREGIZKL 72V > 7 TANTALUS
E.M.Rowe and F.E.Mills, “TANTALUS I: A Dedicated Storage Ring Synchrotron Radiation Source”, Particle Accelerators, 4, 211-
227 (1973)
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- HRBYD, GeVI T XOWHFHFERY 7 SRS, 41 F U XX T I —Hf580T

TANTALUS

j

FIG. 1. Storage ring. Photon beam lines and separation chambers appear at lower right and left. Cylindrical object
at top is the inflector spark gap energy storage line enclosure.
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BPM(Q4)

Richard Walker. MOALL, IBIC2013
SOR Ring 20 F#z 1IN & STFC Daresbury Lab Twitter 57
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APS (77 XY H)
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SLS : HREM DFE 3 AR, 2.4GeVE K 240m
APS(6GeV) :
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RCS (Rapid Cycling Synchrotron)
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- VEESRFEM TR OFEF. 2 F VERDT-OHDETFE — L
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gfﬁééf é " / 3-NBT Extraction
Harmonic number: 2 Injection beam dump
AHF T 3L F —: 400 MeV beam dumpy/f \ (8 kW)
B L T3 /LF—:3GeV (4 kW) N
BEHE — L8 T —1 1 MW | \ to MLF
- Large aperture: 486 7 mm.mrad Secondary collimators 3-QeV
- Painting injection during 0.5 ms (307 turns) Primary Couimatol‘ £
- Beam loss localization with collimators Injection section . rotons
- Lattice for high transition y: 9.14 Charge-exchange foil '
ik L B ZEL: 25 Hz (Injection point) to MR
IR/ RZ — > 0 TERHY

400-MeV H-
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