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MO FAREURIEHEvA: b b, TOME, B
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Q.
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Reduced Propagation Velocity, cla,i)

Propagation velocity {m/sec)
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3.4.3 3%
TRy PRI VFLEE, FOET O
T MW AT LB 5 L. BB E 5T T % v b
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(= GNP A S A
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SCIAE 1985 1987 1987 1987 1988
*EE e

B romtruryolfdby4ratra
FIARICEI VR 2 TR T 5 FRIT, RV ¥ — 3
b YIRS ER SN LD T, THELEE Y &
BRI Lo 4 — 2 1CBMT 2 v LENE T 0
BH v rm b bavyoNT A= %RT,
TEVATRONZ IE Rz oy v 7a b T
HY. cosOBlaANWE AF VAR T — % v TH
ARGV hbR L 7 VIS INTRE L. —H.
HERAFMHE T/ 2y b2 WELTTE 29D
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4.1.2 HuFiRHHE

IRV E YRR C ORI AT & L it
19694EACT£4E 2 & 1970 AT -1 2 ) TR ATT
WK OBZE YV 4 FREe N, Ihbow
7 3y MEsEAEE LT L s s b o T
Ao RLZER S NI DT o 1205,
A I ORI 2 2 b D TH - 724 19724E 12
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(BEBC)iX, = A VP4 Tm. FEA3.5T. IFi= &
WV FE—BOOMI & IR R Db DTH b, 104EL Lo
NI » TR S Nz, SO A V¥
— . T4 NVERE L CIRBIE TN Tl n,

T2, COFDOEES 73y P HPH T 2V FIC

AT EHRBEH L HTH MBI v, TR
BEBCO~ Y & v bid, b LW{EE~ 7 & v F T

NIEZ DN ETEI)IT60MWLLE L SR Twn AR, K
B BRI ) o 360kW T AZZ [31]

ee Mo KT v 7 v ha v Ao it -
T, e i CoR TR R D v V4 R Bz
M2 72y PRSI NA LI TR ol FIVI R

42 KIEHEEDRT NG 05 A — &

K IR 44 TEVATRON®!  HERAM
Wzt () FNALCGK)  DESY({)
BFT 3V F — [TeV] 0.9 0.82
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JHIFE e Y ¢ 1 1
2 MR ATIESL 1T 4.4 4.7
[E¥ m 6.1 8.8
i %4 774 416
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% 216 256
FEERVRE RN NbTi NbTi
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FIEOMAI 2o A VB A oTnD
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a3 KEGERBELSY L /4 F o3BT

CELLO  CLEO TPC CDF TOPAZ  VENUS
JIIpEiE PETRA CESR PEP  TEVATRON TRISTAN TRISTAN
ISSAED DESY  CORNELL  SLAC FNAL KEK KEK
4 VPIPEm) 1.66 2.0 2.17 2.86 2.86 3.5
M HHEm] 3.35 3.22 3.82
U W [m) 3.42 3.15 3.3 4.8 5.08 5.59
TG E ) 0.5 0.75 0.75 0.85 0.7 0.52
LS T) 1.3 1.0 1.5 1.5 1.2 0.75
SEMS TETE[KA) 3.2 1.6 2.23 5.0 3.56 5.0
HHREIE -MT] 7 9.4 11 30 19 12
MRS Imm?] 2.24x10.6 1.83x3.43  1x3.7 3.9x20 2.6x18  6.6x10
LA Al Al Al Al Al Al
SERAE 1979 1981 1984 1984 1984
WF =2 Ffo FPARIRL T 25, a4 V% T 5 4.1.3 Z0Oik
EEDIFNVF -1 A% D% T B 20 Zradiation FFA O 2~

lengthDE WA A IWICT B, FD7-010, 5%
BB & LT, BT VI =9 AR, B
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O RN S 1By =g T R R
f’;i’ih\n}»m VLA FREL—3IFET [32-34],
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4
1.2
5.0
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130 17
3.6x35 4.3x14
Al Al
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2
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WEWES e SRy F o —

@E— AT v YR IVHD

VAT

WaAT 2 SEPTUM SD430 10TDIP DIP1 DIP2 LHC QCS
m % U -hFr VAN b =AF VAN R&D R&D R&D R&D TRISTAN
i 8 ¥R =) VAR - PAE - PAE -b JAE -l bAE -0 4 k&
W BT 2 4 9.3 6.6 6.6 10 6.0
W UiKA] 2.24 3.5 6.34 6.0 6.5 12.7 3.4
MVREEM T8 em]  14x16 22 6.1 5.0 5.0 5.0 14.0
e ¥ [m] 1.5 2.08 1.0 1.34 1.35 1.0 1.45
FRELAVE [k 50 620 730 50 50 670 340
= N 1.27x6.2mm? 0.69mm¢x29 0.95mm¢x27 0.85mm¢x23 0.81mméx30 1.4mmdx22 0.68mmex36
0.65mm¢x30 0.65mmdx36 0.79mmdx37

%5 11 3 [ton] 2 10 0.84 0.96 2.5 0.39
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O Z oA

W %0k BENKEI AMY SKS TOROID  WIGGLER BESS ATC

B & Mili#s  TRISTAN FVotiREeS i th 2% TG Mt 2% Kiliag
V. ¢ §AE - 2ZAN bR - bugp yvILy 220y
VA iy 1.5 3 -3 1.85max 5 1.2 1.5

B Ui[A] 610 5,000 500 1,550 220 512 800

497 (1A m] 1.0 2.4 0.5 1.1 0.066 1.0 1.5

MW & [m] 1.83 1.54 1.7 1.3 1.04 1.3 0.2

HRAE -[MT] 3.2 40 11.2 2.9 0.23 0.82 10

i {K[mm] 2.3x2.3 9.8x10.2 3.5x1.9 6.0x1.75 1.7x0.85 1.2x1.8 3.2x1.8
1T [1on] 5.64 17 4.5 2.1 1.7 0.76 0.76

WA BRH BHGH BRAEGED MBaME A B3Ry HIEY e R B I E 7 R
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4.2 REFA#S LETHb, :

4.2.1 MR BUZE~ 7 & v F % FUN LA-MRIZET 3. A A

WRe 5 g 3605 & L CAEREA b 2 FU T L 72
MRI (Magnetic Resonance Imaging) #5% %,
BTG DAE v 2 Hs | HRR b i o
W% 5, % DOMEAGHJE BB
W=7 Bg (4-1)
TH2OND, T ZT, yEBEIIEL &I h,
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o T, S DRWBHO OV AR B 5 2 TR IR
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AD2HENHHCE 2, BRAXHVZL 0 3T
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(4) HERED RS b,

THE~ FTHIZx R
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B 085%EL LA BEHMRICH S (35) o BIEH
MRIZRAEM & LT TEMMES iz b D Th b,

COLHBEEBREAIL 2T, MRUIEEE
7 &y b Oflittid, EALBLORPEIZE > T b,
FOFEHA - 21FRTo

MREE & LTk, BICEVEAE T CORER
FLUMNOBEFRARB L, AMloa~xs traxay
— U B EBEBORBEIfTh N T b, T D
BT & B T EHR DL BT, B ATRE O
bOBREIN TV,

4.2.2 SOR

B HE XY VST 7 41w BT, Bz
ESORMHAFESI N TV 5,

HWLSIO MR BEAt256 MBUL L & 2 2 &, BtV
—FELFRTCHATREE SN T D, £ THRE
ENTVEORXBIVIT 74 ThHb,

SORD & DI D ISP &

R'B’ (4-2)
Thbo &CTT, RIZE — DAL, BRI
A OWSG Th b o 1o Ty BAD T LA
B3 b, INHBZHESORDIAZ SN 5 HH
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#4-5 HZYSORDIST * — & [36]
AURORA NUDIII  SUPER HELIOS
ALIS

E % A HA HA PAE R

IAWE [MeV] 650 600 600 700

TEF(T) 4.33 4.0 3.0 4.5

R 1E) -2 (m] 0.5 0.5 0.66 0.52

A 1 4 2 2

e nm]  1.02 1.2 1.73 0.84
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4.3 ERILHZE
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4 VETE[KA] 6.2 1.4 10
B -[MT) 76 600 370
M 16 18 48
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F4-7 WA ERBY EMLU002M
BIEEY 75y bONS A—F

A7 V=2 5y
T KA R ST 5.85
SEHETEVE[A) 685
KRR [kA] 800
R 2OV F — (k) 714

I A VWA [mm?] 45x71

I A VI kg) 77

BA S Imm?] 1.05x2.12
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Aspect Ratio
Height/Radius

Inductance

Magnetic Field

Stored Energy

Radius

Motive Force

Conductor

Surface Area

FORMULAE for COIL DESIGN

Solenoid
h

Bs =9R

h - 2 R BS

N2

k(Bs) : Nagaoka's coefficient

N
B = Hop, 1 K'(Bo)

k'(Bs) : End correction factor

1
E *ELI
J’i dv
2 1o
R = QR<BS>{ zim

Qr(Bs) = [ 22 mg j 173

NI = Qni(Bs) [ E By ]13

B Tin
QNI(BS)“Z [ MOTC k k’}

IS = leqsg)[ ]“3
Qrs(Bs) = 4 [;’%%‘_]1/3

A =QaBy [ ]

QA =8 [,U_O_jcig.i_ ] 1/3

Toroid

a
Bt=x

a=RB

L=poN2R(1-VY1-B2)

__ BoNI

T2 R(

N[ bt

R=QrBo [

QrBy = Z_T"cf):

1-Br)

2]1/3

(1- W(i-w B2 )]

NI = Qni(By [ E By ]153
Lk 1,.___Bf 113

Qi = [ 22

”021,,’\f . t

)
IS = Qis(By) [ = ] 173

Qis(Bo =B [ =

“0 (1-130(1-\/1 B2 )2

E
A=Qa [ Bad ]2

QaBo =B [ (

4T Ho £

1-B)2(1-v1-B2)

173



FORMULAE for COIL DESIGN A-2

Solenoid Toroid
Radial Force  Fg = Qeg(By) [ E By 123 Fa = Qra(B) [ E Byt 123
Bs ok \T 7 Bs k 272 (1-B)?>
=241 =221 2 2113 - 173 .
QFR(BS) (1 ok aﬁs [“O K2 ] QFa(Bt) \/—~—[ 1o ( 1 \/1 Btz )2 ]

Bm? MZ
Radial Pressure PR = Qpr(Bs) ““— P, = QPa(Bt) —
0
(K e
QPR(BS) = ( 1- ) kaB Qpa(Bt) = i W
Axial Force/ Fz = Qrz(Bs) [ E By 123 Fr = Qrr(Bp [ E By 123~
. ok 1 r2n-pp2(1-+1-p2)
Centering Force sz(Bs)— (1 is 9. )[::B;z Jus QFr(BY = W[ . Py ™ Pr &
Shape factors of thin wall solenoid
B oo 1.0 0.5 0.10 0.05 0.02 0.01
k 1.0 0.688 0526 0203 0.124 0.061 0.035
k' 1.0 0.817 0.713 0570 0.540 0.518 0.510

A:  Coil surface area [m2]

a:  Minor radius of toroid coil [m]

BM: Maximum magnetic field [T]

E:  Stored energy [J]

Fa:  Radial expansion force of toroid coil [N]

Fr:  Centering force of toroid coil [N]

Fz:  Axial compression force of solenoid coil [N]

h:  Solenoid coil height [m]

I Coil current [A]

IS: Amount of conductor [A-m]

L:  Inductance [H]

N:  Number of turns

Pr: Radial pressure of solenoid coil [Pa]

Pa:  Radial pressure of toroid coil [Pa]

Q](ﬁl) Quality factor
Radius of solenoid coil or major radius of toroid coil [m]
Volume for integration [m3]

BS: Aspect ratio of solenoid coil
Pt:  Aspect ratio of toroid coil
Ho: 4m104[H/m]
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