[2R2 sz

2 H—F UK}

Science Tokyo Research Repository

Od/dodn
Article / Book Information

Citation(English)

Type(English)

gobbobbbuooogobboobbuooogoubooboooo

go:0ooo,
gobooobbo:0ooogod,
Uooo:00i19e40,
00000 :19890 90 3007,
gobboo:0oog,
goo:

Degree:Doctor of Science,
Conferring organization: ,
Report number:[J [0 19640,
Conferred date:1989/9/30,
Degree Type:Thesis doctor,
Examiner:

Doctoral Thesis

Powered by T2R2 (Science Tokyo Research Repository)



http://t2r2.star.titech.ac.jp/

FHREBRSA A+ E—LOEHBREIZL S
IR ¥ IR DR EREYEZE

AR EZ



w1E B @
1-—-1 REEEE
1—2 ZRAF— ¢ FIAN—LLTOBEAFVE—L
1—3 BWAAv v —soPOE Ll
1—-4 WEOHEHM

Ho#E HOBBKCX?E—-AER

2—1 E—ADFHIREE L MiREE

2 — 2 THRAIETE TR & VR

2 — 3 EREBTER & TR

2 —4 vY—uEREPoOERPEL

2—5 HURBZERLALY-—-L0BMPHIL
2—5—1 ZfilkETr
2—5—2 @BBEEShOBRPHESRORITHET

2—6 Y—AEHOYIal—Yav

2—-7 (&

#3318 r—-iERoREl
3—1 EPEHEX L PR
3 —2 ZREXROMBTWEMDY
3 —3 REHMRoLE
3—4 BUEEHE KR
3—5 F&H

%4 [EEEGE—LD7 X< TCORE
4—1 BA
4—2 HOBSBCX 3BCROEE
4—3 YIar—vavoFyE
4—3—1 EBWHELX
4—3—2 BUEFTHEEE
4—3—3 CICH
4—4 E—LPRE~AOERT I X-EBEORE
4—5 [EEEORDORS B OR#ElL



4—6 ¥r¥ . 73

#5% ©—ABCREBREOETEN L BHRE 89
5—1 HA 89
b—2 BUEFHEZE 90

5—2—1 FERHERX 90
5—2—2 [k 91
5—2—3 TTHIRtH 93
65— 3 BHPEEALOEE 94
5—4 BFEHMOAX 95
5—5 HURBOTZAALF— 96
5—6 ¥—ADPTRE : 98
5—7 %¥&¢® 99

#ei N ZARTOE— LK 107
6—1 ™A 107
6 —2 ¥—5ukdH 2oEEVER 107
6 —3 79 X~<hER 108
6 —4 AP COE—LREDOYIaL—Ya Yy 110
6—5 %F&¥ 111

BTE & W 118
FEF AL | 121

ot B 124



A CHwO A PHEBEOETT

BEE

DR

R

155

¥ — A DB

¥ —ahFoE

¥ — LR OREE

B

B

ABTF— e KTy

RZ M e RFVyIvn

Ry <V EH

BHZEOHER

B2 BERE
REH

HE
y R

FE ¥ 2 AEBHEE
BHEE

BEXUEEE ¥ e W

75 X< IREI

¥4 7 u b e EEE

BT — A & v EE R
v, BTF—AAvERREN
THREHEFD ¥—ADYHEZHT
T EHET e BETopHEEEZET
TRERFEI AF v oyEEERET
T &HRFn R 2 DY ER R E T
f,  EnpER
f, EieR

S EE AN g E 3

F

‘ISEQ“"onsm
(eI -

[1]
[

MKSA HMirfaHvw bR T 5,



B1E F =

o
&

IRIAX—FEL LTOBRMBEDEEBHCOVWTHERTSETHIAVTHS 5,
chEe, BCREALALHX L BEFACALHRIC L Y IFEBED bR TE
oo BRIUTTIX p BITIC X BANEHAA D REI NIEDTW 325, b bl
EEHE~DRF LI > T AEVORBIRTH 3, KETE., BIEKRE ORE
COWTRR, BA F v - A2 BUEHBEOZ ALY~ FIL -2 LTH
WEBESOFE LEEAEHLOACT I XY, ARXOTETH S H#A
* v E—LDEHEPOR] OUEOEHK & BEZHMEKCT 5,

1—-1 RS

BHRSETHE T 2R A—2 L LTI I X~OHEE n LEUADER 7
O nT BD B0 KIRLTREDEREOH - DT S »rgE2BR5 T &L,
Lawson &40 nr > 10 s/m? ¢ %%, BGHLADHREZ 7 7 X<BEL
HBHHEL L (n~ 102 m™3), BACADEEZEL T5(r~ 1sec) c ek d
Lawson &#%3RL L5 ¢35, ThICFLEHEACADARIE n ~ 103
m-3, 7~ 1nsec ¥ HiFT. BUEBRETCE A7 A—% o7 X DT BREl=T7 oD
ME R LEEOH pR sHinLy pR ~ 10 kg/m? %% Lawson $ficiE2y+
39, EHBE ORIk, DT KISK, energy deposition rate, BF+—4 +
Ve ZRAAF—EEMRAL p? KHFIT ST Eh b, RIERYK X 3 HOnge
RIS DGR pRICHHIFT 2 2 &5 359, DT REIOBREER f b

— pR _
f= 8mes [<ov>+pR (1-1)



pR KXEENBY ¢ BEREEL. <ov> FPERICEAFEHCH 5, pR~
30 kg/m? EfEH 20 keV % bE, KIS f~ 35 % Wb, £ LTREL
7e o Bk DT BREINIC = A A ¥ —%FE L T2, —BERBlod.bTrkThE
DT iSO ASRBIN % EI8T 5. ¥/ pR 30 kg/m? Pl LCHivid R
INHHETF I EOZFAR -0 % LI EZBRBINICE & 39, BREZE Z WH
CHEh TS e, BHZAAF—DBRRIPC LB TE S, Toic DT RE
REBECHLD, HERET ~ 1 ofiEs 77 X<kh Y DT RKISOETHE
OB T E 29 k5 IKBEZRIE RS OFEBFEL. FERK
ROBERMEHR LB 5. BUHRMEORER., ffic DT R BEE.
ERICERET A WS T itk b, GRECEALzR A% DT REHcE
BET29E (Fyvr—) KL, TOEN X VRBIZERE ¢ 25 DREBET
H5o FHER 3IRTICTTS LRI BRI BRKCERRICR S, LAL
7y v —DFENAN ECBRBIOEN 2 EF b kTE Ak, BRElo%T 5
FEhe2WRicEL 2 h5ERE b, HIBR1 — 10 k5 A2k (ERR)
OEEEIC L, REIGENEZ AT CEI W THOTERT 5. £C
CRBl O OEHREENCE BRI, BT vy v v —DEHND 10* fFicdE
T37, cOEACX VBEBRSCAEARERE., BiE7 7 X~<5BREIh b,

20y TRAAX - ERECREHCBE T 2 WEICEEA T 5 5 R & &
%, fEMEpAERL | RN ZRWCEREOR W2 AAF —FHEHV5 T ¢ HBEX
bhb, b arzRor—4a (BTFE—A, L—F—¥—4) THVIHET
0., BUEBRMATRENOEZRAF —» FIAN=LIEE, ZRAAF— o F
FANR—ECDONTH KRXLDOETF—=TH Y, RETTCHPEEZTS0

BHERBAFEARNT 3 &, ZFAF—« FIAN—DFE, REI~DEA,
BRIGZAA X —DER» b A 5. REHENOTBERKE D, BET 3G
TRAF—RERBLE CAKC R o £DkD, FOE—BHTRBIEN b
m DN TR RERD L, X LFRZERERICT 2083 A S 1 BEICHE
th Li 2HT 5 emTE 520, PUETHREOBEINBCEREINEY, §F
07 I X< DHALRAD DD DEBLBRB AT -4 EBBEL WD, DT
Bl 7 7 X< HEORIGHRO B X L &b T, BHHES RIBEOFEMF D
ABLIEBCHEAFTRLEX %,



1—2 ZRAF— ¢ FIAN—LLTCOEAF VY E—L

BHEBETRIIAF— « FIAN—DEDZREEKE V. # 20mg DT
eI Gl DT FAF—FEY HiF 720 i3 ERZEE L 100 TW/cm? I E
DAY —FE, W MJ Oz FA¥—%EEH mm ORBHENICEEAT B T &
ERANE), BAF VY E—LEZRIAF— FIAN—LLTHWS T LDOFR
KDOWT, DT HFAF =« FIL = (L—F—, B F v -4, xR
BIE—L) LHBLCEBE2T50 TAAF—« FIAN—ChhbbHIFL
LT, E—u3eH, BOR, =i EHEEERS LT bh 32, AEfCRE—24
Stk L ENHEHEVER IO WTEET %,

BT —AP L —F—E—ADEAEAEOBRNZRAAF Ty FrE—
EWBEBOIAAE—LE 15, CCTRIY FrE—KCOWTHEICHERT S
Db b IREEL ., BRI RETRL LCRENCERT T, = tm
F—%2ETXR3 R~z iAF¥F—BRETH ), E—LFELCBNWTH,
BHNIODE—b~DZFAY —FHRAEEEL 5 5, COREFREIZEE
TR A4 722 LTRY IO D ICHERECERABETH 5, V—F—Bat—
LY M ETH Y, BAF Y E—LBIMEREH S DN FOZRNAF —HB—E
KAh>TWT, TV -0 EENIIAF-BREOL—-LLEL 5. B
AFd v =0 L HNRHETFC—LF 2T - FHnTRET 5 2D, TR
ENAHMFRERBAOZIAY —DH%EDL, BEALF v E—oakh ¥ & HRTHE
WICEWZ Y e E—%§0, HTFOBERBEVWSEIEFE—L X VB A4
F—2DHBRLY br =3 En, L—F—RLEAF v ALEDT Y rE—0DK
VE - AL, BRESIRBED TRV, SHE~DICHEREC R 5. LAL,
BUHZES~OFHEZE LSS Rlc#it ws Yy brE—DFWEEOL
IAF—RBEAT B CLBEHNADT, REFELETEETET, vk
—DIEWL —F—LEA A Vv E—LEHNE C ¢ BBEADOIERNEET 5,
AZARY —RFH LT E—A0REOHERGE, BA 4 v ¥ — A0RAFhR:
~ 20%. HEXFRHETF L —L0REFHRIE~ 50% TH Y, R XAr¥—TIHE
WA I BE AR D & —HHMNCEEL T T, TR T—AT v 71k
TRET D B,



v — 4 L ENOHEVER RS S OB IEAIR S ), Ty inE—LE
5 —THI A TUE L Vo L—F—RBRIETH 5D XD IALF -2 FEHN
HICTEAT 2 T LB TET, BHYRBOETICOAR S, THICHET 5 LhT
¥— 437 (stoppingrange) #E < AT KEL DI AAF —%E LT
Lo LSRR ETF € — A 054e, HRINAHEVEREN c REHELER BN,
SO X AVEEEMES o BAA Y E— b L EA F v E— AR EEHENZE
TV R BHAREO 7 vy v vy —BTDAZIAF -2 FE L E D, T
MMUCE1 — 10k 5 hZ v —BRFOEWBELTRECL, 7'y v v —0DLE
NEBEH DT ENTE DOERE LT3 HTE SR, ¥, RO Y
o —0E D ICE Z HEEYEL cicrhE, BRI 5 v 7 4 S
Y. X BAOEHEATHERTEEC K B, HoTT v ¥ v —DERESHICARE
—REUT b, FHEETROE EHER%SC X Y H—LsiFTcs. Tbic X
bee ko5 EEREREE D FIREIC A B, Y a2l —va vAYOERICKD, ¥
LETFE LT R by RASE, BEARTTAAE—EH MeV TH H2,
RAZAY =R IR TE SEETH 5, ¥ — LR LFERNHEEERDOR
BblEy NAZRAY —RFIH LA &V E— 28R REERSICEL T3
EEX b,

1—3 A vE—LaolUEeER

TIHIAF— o F I 4 —C BN L~ 100 TW/cm? 23E5H & h 5 23,
- REOBRENILCONT —FEELZERT 2 OREETH S, thThOE—AT
 BUTTEIRS ) REETE BT —EEICHEARD Y BA 4 v - LDHE,
Child - Langmuir HFEEH>ONc X YHREENZ, Tr by E—LTHEET
5 &, FERREARREE R

. 4 (2Zye\1/2 _
Jb=§‘50( — ) V3/2d-2 (1-2)



kb, Bz V % 5 MV, EEEE#R d 2.7 mm ¢¥3¢ 5 & 8
kA/cm? Kk B, chiEV—HBECT3 L 40 GW/cm? cLpabT, E—
LRI X Y 2000 fZic#Ein& €A T h b Aave, POR E W5 BlA» b R,
TV R E—DEWBEBOZRAALX-RESHTHY, v—F—LEHEAAVYE—LA
KB NTPEROME R 2 E o T I v BA & v ¥—ADSERBERARET
HY, TEXAE-FBE, HEVEANY-FBEIRRLT3088RKTH 5, B
 BAF Y E—LADPCRII E—A0ER L BHZHFHELL, 44— FOBRK
IC X b SAPEICBURT 2 HERRA TR, foTk VREDY -4 (v
FRE—DEVWE—L) 2RETECERFEECA>TNS, ¥—ADPORE%
HLLTW3 (2vivE—%2ELLTw3) BHE, BHFORTIREA
(divergence angle) , #XU*Fhfy (deviation angle) TH53, 2DFERIZT
) — F 77 X< ORE—H:, BEDH. 7Y — FETFV—2OREED, £44—
FRAR, RS L 28, HCEN. HCRBOFEARLCH Y, thbl
¥ — AR RIEAC L ICBEL THR 2B EIF TR, ¥ —ADPRITE
A FVBEBREAEDOZRAAX — « FIAAN-KCHCEHEAEOR DA E ARESAT
Hb, INEEMTE Z0E S rEHMEF~ORLEL 5,

E—ARPORTCE 2 8 RET B &, IRCE—L 2B ECHitI &5 T &3
A B, E—AREMENICEERL 258 BORE R EET 5 & € —ARRHE
T35, PORARENONE L ThiE X v, ¥—anTRRIREAER> (=
Iy v REED) HEICH m EOBWN EICREAICBERT 5 © & EFERICH
HThs, cnRAFLELCETHY, BORERE —AREMNESL b~ 30 cm
DINBEESRCH 3 BORAEBUE IR & — & FBUR X € 7 REE R & Cling X
EBNERD B, EEHACHKET 5 € — 2R TOEEEH mm OFENIEAT
B0 DEERBRE h Do BAE 2 BT 7 X<+ F 4 VAKX 3 HEOHHRE
ThT e, BESAOKEBAOVESHEICE VALRAD 3 T & AR E AT
i, LEL, BUTDX5ASLOREREEATVS, 1) FrvRr e 73
2D 2) FEHADE — LR FOEHTAAF —BRKENC LI B
BEADOHAD, 3) Fx v R ABELEER L OHEVEH X3 F v v R o
75 X2 DEEHE~OHE, 4) Fhic X 3RKBROLEH?), 5) F+ v
RARRER:, 6) BHEHETF v+ vV ALDEA DAV X 2 LADEEHOMHN



B HTHbE, E-LRPRIGLC LIV E—LDT Y brE—RHAL,
EEEL VL LLdELLONS, BRSSP OARIEAF Y E—LDR
EEGBMRCREEIXhT AV, B4 A4 ¥ — A ENYE & OHEEFRE
s, E0C L RBCERBORELRTH T LICORR Y BORLEENRH
HichoTwEHELEL DN S,

1—-4 WEOHK

A A v ¥ — LB RE: L ENHEEERC B TETITDH 525, BOKR & =i
LN B4 v E—aic X 2 BURERERARE ARER 2> Tw 5, KRXT
RBEA A E— LD BB EBECT 2 H LW HERREL, fHE# 1=
V—YaryiCX Y 2oBEMErREET2C L2 HME T 5,

BA Xy E—L0POR L EESEEA BB GR € — A5 FBTCH Y, BRS
DREXZTTH\nicHELbhS, E—AREHREF T by trt
—BEL RAZDORBRHTHY, ThERETIHESLEC KR D, E—AnH
BRTCH 2 e cEFNA Y — L8R & ©—ABRAEHL 22, ThidicH|
AT 2 R RET 50 SF CREIN T CRLEBBERE T ) ¥—a
B e E—LBREAMNT 3 HETCH ok LELE—LRERKCRE AL
IV burE—DEIRHECEAV, T CE—LADHCEROVES HORIS %
FALZBCR L EHEEE L 5. E—LBHOVESHBRBR Y — 22 RHFT v
e E—%BkX 43, HOBBRE -2 2 v FEE2y buE—%{ETFTX
¥b, LOLEDSG, E—L0BHI AT —BEHRORAF—CEHRINT,
E— Al LTOZRAY —DEERIIET T 5, ¥4, ErFRE2FHT3
ediclk, E—L 2L ZELET L5 T L BBEICAR S,

HORSBICX 3 ¥ —L0lR EERCBWTR, ¥— 0BT
nTwz i, BREPEIERAENT &, E—LBRRAZ W &, HEBSO
IRAAF —FPRBREBTERNC L A EBBERBECR S, MT, H2¥Eciky
— LMRBIC BT 2 EHREE ©— L OEEBESFAR DN, TOWESERI NS,



% 7oy FHERICEWCRE S N ABIPHEER R, KTtréy iat—va v
CEHEiE M B, §3ETR ¥ — AMEROFEFOERNMLEESFT I, ¥—
ADEEEIC X 2R ELIRINERE I NS, | ey REMDO 2D ¥ — A DEERH
BICHRERE L bh b, HAECR 7 I XA<HCBWCHCRE2FIR L e —
APGRICDOWT, BifobHoRERZHVAEY I 21—y a vy X VREEXh
%o WR7IX=HE L, ©—AaREEEX ¢ % DICEEHRICHEH CEIINS
LRBRE R RD 5o LA L, BRBEXNREL, 77 X<FBENE—L LFEE
BTk 3 BOR T, YD RERZ B C e B CE AL A D, HHET
ix Poisson HEREHE, ©— A0l BRE*BIMET 5, BR7 7 XA~F0E
FEBHL, E—LDEBIZAAF - bHOBEDOZ A X —~DOEHEE D FH~X
b, E—LBRICHT 3ER T I A~EBEEOFUIETBIEE NS, F6FET
B A e ¥ — ABCROFIREMSERET T L 5,

B4 A4 v ¥—aic X 2 BEHRS RIFROFIOARZHA L LTHHETS Y,
 EOMERTH 5 - L0PCR BRI T SRR, 2 AAF—IRE LCTOHK
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Fo¥ HOBBICIIE—LERE

2—1 ¥E—ADFHEINGE L NIRER

BYEERBESFEOBETE, 44— FeREINAMERIRD ¥ — L2305 %
B m R U CEERE mm oBRKBHEH I h5Y, KR TR E—L0E/RAA%
z LT MREEERHV, 0 FEcE—iEch 5 a3 (M2—-1) . €—4
2zt 30 nsec CHRIFTAAF —5% MeV BELEZ2 5 &, FEH mm T
BX 1mEBEOMEBVE —ALELD, E—ADFRE DD 2 HHEIICH—F
CHLLEATCENTE D, o T —LEHRHOERE & € —200H %5
RBC e BORELT r HRAO—KTFEFELFECA S, 2 — 48l
B Y —ARERAE X TH S C L EER LIAIER O HTbh 5o B4
A v E— LR BNTOBREHKRTH 52D, BES L OHAVERH L&A KETUES
TEBRT - & . ERNAERIE IR ~BSTBEIC R 5,

BAF v E—ADFERETE. 2 FACERLARDL r AACIA LRV
B, E—AD r FRIOEHRPVAEERZ Y e CtAhAdhElAbAV. DD
v—2a0iRic (ADEMRD) BTHAFEL. €—A0BR L ERMICITHIET
PBERDB T LERT, E—LOEES r HRIKH.LLL 1 ¥ T—EE ny TH
il 2 HlE 0 FAck—Hchs LT3, E—r0EHRNAEER 2z HHEic
u, TH 5%, BRFO r FAOHH X

€Ny

E, =(1_fe)78':r ) (2-1)

By=(1- fu) 5™, (2-2)

th b, URBETOREIER PR £, BoPpEEAE £, & LTX (2-1),
(2-2) KEEN D, BIMUD E—LEE (r=n) 2EBT 5 E—-2RTEEX

11



2o v HEORHGTEXZIL TS &y

d2r _ e*neny 2 |
dZ  2e,my ll—fe_’B (1-fm)) ’ (2-3)

bHhB, TTT LB y/cTHY, c BHEEET. BMTFZRAF -5 MeV
oEE. B 1k 0.1 BECAD., ©—LZONREMNUNICHER D A\ DICid,
(1-£)—B*1-f) < 0 T2 ¥ h 3, BP0 f, =1 tH 07T,
FhERIcE L £ 2 0.99 BERI B,
| EERIC T ¥ — 2RI A EORAT r HHOEE 2RO, rHROE

NABRBEET o HoTE—LMEHET 20k, ¥—ohT% r HHICH
CAD S EHERLEE 2D, CHKEBZODOHERREEL DL TVE, —2i
N D * ST B HETH S, ¥ -2 ZHLAD LI 0 HAOBBHBE
T, WD 2 BBEF v v A A ED 2z HAOKEBMEFIHT %, LALE1L
ECR_k5IC, COFERCREE L ORBERBFEL TS,

b5 —oDHERY -LHFOREMEFIHAL, HORETCE—a2HURAY 3
HETH 33, ©—sBHBE2ICPHEILE h, BERZTHSPEEE A vRE
ki, (1-£f)-p*(1-f) ~ - (1-f) =0 2¢xabh, X (2-3) hbE—&
DIROBTFRANAE & OMEEZZ T CTH OGRS, FOZBEVET LAFED
BEREOLS KA S, BUNAZOMEELZ T CHEEL, ©—L¥ROuG
THEZEZL b0 E—2RTRIDES5AR r HFHEOR—F v ViRE) 2R
b z HRAKEGET 3, COE—LRTFORBTRAX—BERNKIZEE L RA
Ehd, BEBRED FI4N—DBA, BA A vy E—L0BHAH MA X%
s HCESRH 10 Tesla Mk d A v B2, €—LDRELRE,DL, E—A
D r HEDOREHR~ MeV Kk 3546 CH HERS 2RI — A =ER
AR R 5o ZDORE, £—ABHRASFHAHE ( < MA) £, BEaiddibx f, %
1 KRk & 3ET 2855555 S AR Y L7 A A 5. BiihiALER e
BOHPHIERRIER T O X< DR, RCEBECKGFT s e nFREhd, 7
I X< DEEBTHCEAEER [~ 1, [~ 1 BERINBZ T LBDHo>T
32, ¥7%c, BESBRCECEED f~0, f,~0 tA2300HA»CH S, ¥

12



— A O REOBBROKRIC I, FEERINICERE 5 ER AL ORR I TIRER
oC f.=0 ¥ f, <1 & LTERREBEHNTT 5,0

B ERES 2 FUF L 7 ¥ — MR IC T i FHRRIBO R eI X 20
TR Alfven HOBECRET SRREROFESTHEN, ¥ —LiR
SRR 100 nsec (PR~ ¥ —LARE) WiICE—ARBRLTLE S5Eh s
$Bo HoTE—LERELTEIBBNBEL A D, BEHLADTIX~D
Vi — SRR SR RSO A b B k5 I, HERBREREE—LCh 2
BREOBEBEIIAS C 2 RELObND, 2 HAOWEE 6 FAOEMTHET L
325, JFHAHIC 0 HEOERYHT ORESHETH 5, £ TEY—LEEEKS &,
0 SEOBEEERICL Y 2 FEORSEVEY HbRELE L2 HESEL DN,
C DEEER Y — Ao nT, TFEEFEHE C ek VIEEER~ S,

2 —2 BURYEERESRES & VAR

¥ LT MeV OEBIz A AF—2F0D, MTHEOERD 5 ik
W' o X< b OffEOFEHEBTRER 10 m Kk b, PR ZEET 2 BEOE
HECRITEIZR E LTI S © EASTE, X4 A — FOREX WBROEBEERF T
SHH A C— A ONTEINIE Maxwell 7~ EBRL AV, o TE— LD
SOTHIEEEL HEG L E— L0 £, $ERBICHTS Viasov-
Maxwell HERZERHER L T5%

8 ofy )

-3%+V'£+%%'(E+VXB)'-5%—=O ) (2—-4)
V-E =L(effdviptoe) , (2-5)
) &,

VxB = p(efvfodvHiitie) +melr (2-6)

13



V'B =0, (2=7)

0B
VXE = — 5 (2-8)

ot fb R —LonmBkeE L, MHZERE ﬁ?Fﬂﬁ@Bﬁﬁfb=fb(r,v,t) TH5,
R (2—4) OFEFRERIZ., bFoEE)HRER

d
v=-be—(E—i—v><B) , =V (2-9)

KA b, WEIREBIC DO WTiE, BHETHY 0 Hlae z FEK—ETH 5 LIRET
570

8fy | V8 8fy e s Ofy _
T+[_+—( vp B, — sze)]“gj Y Ba gy + e Bogy - =0

thd, TORDHERO—BFIFAR ECRFI NI E (EFoMsy) H,
P, P

H=1(u2+vf +v}) (2-10)
Pyg=myrvg+erdy , (2-11)
P,=myv, +eA, , (2-12)

DIEFERfcEI N B, FFE LTY

NyTo mbz

fo(r,v)=

§(H— Hy)6(P— Py) (2-13)

Hy= v, P, — '%'mb vé + E, ) (2-14)
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RS, COMRE z HFRAC—EOMERR P, ¥Fb, z HEICEE v, THI<HK
PoRE E—EDIAALFY— B, 2FOHMHTHb. FAX— FTOE—LDFE
PRrLEL S LABEAENTHEEL NS, CONHALIE Maxwell 518K
(2-5), (2-6) B=Z br e KFvivn A, A COTHEIHBFBLCE S,
¥—2hT kD 5 —EOHMBEANK LAFETETS,

1
E,— W(Po_ erA9)2+ evd, = 0 (2—-15)

Rllied r < r S 1, ORBNICHHT 5o ERRAUTOX 5 ciEbh 39,

T
np, = no—r‘% (2-16)

up = const [[1(ard/2)K o(arl/2)+Ix(arl/2)K (ard/?)]  (2-17)

uz == 'Uo (2—18)

By=By(1- %) | (2-19)
B, = Bo(-?-)l/2 [L1(erd/?)K p(er/2) — Iy(arV/?)K 1 (ar/?)] (2-20)

z Tt o?=4ner,/me,c?, B=penuvr, Thb, O r HREAIOT a7 4
M2 - 21KRT. E—LDBFEEXHRRCE>TwE R, HHBEHER
(2-13) tHE LT KXY, AEHESE e ONFEFELEVAEDTD 5,
SNHEBRORBUHRECE - LORBEERFECEICLIDY, U—LFED
RiREFDCRB X 4 3 & & BRBIGEEER LB 2D ICEETH B,
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2 —3 BEROERESEX L PR

¥ — L oS HMEIE Maxwell 575NN T EHBE—BHTH 55, E—
L DES A0 ERHERICECXENCA Vi bR, BRI IFE
Pl X Y ERBELTOWERIS C L d T CRERED 5, BRAAKIZEOE
BRI Viasov HEBX (2-4) DE— AV P RRBC L X > THHIETE 5,
Maxwell HELDSbE TR TS &\

égti+v-(nbub)=0 , (2-21)

my Ny, [-%+ub 'V]ub=Zb eny, (E+upxB)—-Vp, (2-22)
—%—nka [-3‘97+ub - V| Ty=—ppV-up , (2-23)

V-E =‘€'1:(Pb+Pi+Pe) ) (2-24)

VxB = (b +HiiHe) H e (2-25)

V-B =0, (2—-26)

VxE = —-35% , (2-27)

bhd, E—ADFES p, , ABZRIAF— ¢ KDOVTH., BEIAD
p,=nk, T, e=3/2nkT, »EHXNB, u, BERMEEEZEL. 2, B¥—
LOEWTHLHE, AETE7e vy E—a2RKEL 4,=1 ¢35,
Collision less C% % %%, WkREESUHIFEL &V,

B ATRERIEYE L 5 L ¥, AL AL RIZEE T, 0 HHEe z A
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C—BTH D LT D, r HAIKE—LEEBIA L EVedIC u=0TH 5 LIKE
X b, #iHER (2-21) =i a¥—HEK (2-23) REBWCH T, &
BB (2-22) & Maxwell HEL (2-25) ZU R — s OERBEYRET %o
HOBSCH LAY b AN bEET 28— ADVEHO—Fl L LT, B4

Frye—L0E4cd Bennet €vFn S uzr A Aanidbd, ¥—4hidk 2z HH
DEER T EFL, BEIELTwhwe T35 &, EHHEX (2-22) or g5

Maxwell HER (2—-27) © 27 b B, ZIHEL T

d?ny, 1 rdnp\2  1dny 1 _
dr? —nb( dr) Ty +n0rb2n0—0, (2-28)
ks T
——B0 2-29
Ho€’TgUszg ( )

PEoNE, cetTRE—a0RETHY, FEHEIC—ETHS L LTWD,
HK(2-28) REBEH &R YVIRT C 2 iIc X Y FITCHEL C & BTk,

(2-30)

EhBo, TTT my Ik r=0 COE—LDOEHEEERL, n, RE—LDRFERZFE
BiRd. BUBRED FIAN—KRKOLNDIE—LDARF A—2  n,=10%
m=, n=5mm, u,=3x10" m/s 23 (2-29) KiRAF 2 &, T,=3.5 MeV
BEIND, THEEHOCEBC X 3FERR Yo, E—sldERTH 545
ERHLCLERLTV S, FRCRE—L0RBEIGEETAVAL Y -4
HFD r HEOEHZALF—THY, ~MeV KEFT ST LHBELOND,

E—akEliEEMLbceick Y, Gl nFHFLrE e inTE D, TOF
BRREEE ., BDHE v —L Yy U TIDRDODYZICED,

— mp nb_'lf:i = enb(voBz — 'szg) , (2-31)
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-}:3677'30 = [o€Np U0 , (2-32)

-—-%Bz = fo€nb g (2-33)
E— Al 0 HENCHREE w, CRIBEELT 3 T 5 & (4=rw,),
2
my = ng— L (2-34)
[1+Q25]
B3
2
By= B, 1+Qr2 - ) (2-35)
1+Q2 5™
%
1_ r
~ %
B, =B , (2—36)
1+0?2
7{;3
285, trtn & B i,
_ 2myp Q2 _ mpQ3n,
o= Ty Z B, = eu, (2-37)

Q=nw,/u, THb, i L T OMFCIHTFHEIMR Y 31D 7 0 DEHRHE ICHIFRY D
b, r=5mm, [ ,=25MA 0r% Q=08Th5,
X (2-22) KBRS, v—L Y Y EBEONBFHERCKRELRIITHS
e, ¥—AQENRESFHRECHEST 554, EEL ~ MeV Kh5, 7
FHEDEE 2 ERE L 2 EEEE C— L OERMFERIBIEHC X Y RD B C
L HTE, FIECREFTORNE L LTI 5. BARNBR D LROIF
iR & EARNER D ORO I FEIRL BT 5 & BIEEED r HRnhsRx
3, ERMA VR CRIKEEZ KET 2 BH0o—o &, BOIFEHFEIREBOS
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G, FRERAREET 2 C & 3 NEC L VET 2D TH 59 LrLRK
(2-27) DEIFBIHD H3RD TFHFTIX, BRAIKE K A 213 EEEEHE 13T 8
0T e o, ERNAZRZ T CREMRGEEPEED ri&FEsmETE A v,
thbld, ¥—aDRERIICHRE 50MEK & FRBSTER S 3 ol
KICKEIE b, Ll [EEHENNE C—a0EED r KEESEETCAY
BEAC, BEHRFERAAT Y — A BB BRI 5 BT,

2—4 vY-—uElPoBERBHE(L

BAF Y E— D@ A ZRTH Y HRABE 2o TRBL TV 7). ¥
— LD L BICHRHRR SR T 5. - LHFREBRL XL 2z KK
Bl 220 0T, NENABBBESTH D, L LB TFTH 27D,
BRSO, ZENEILEMHES. ¥ —b LB BERCRELH L, B
ZH (BHE) T 2L, ERNAEBELTDLAS, oTHRETR
B 2 3588 BRI O WTOLEHEETT S,

E— LEHRSB TSI LS A WA, 2 FRIICERARE 0BHiAET 5,
HTHE B, 02 2z HFHICEELTWT, -4 2 HAKBEIT 2 2Hic
BUS DR X SEREIICEILT 50 2D DFHEEEHH Maxwell HERX (2-8) kK
£V zEKE RS, ¥—L4p 0 FHKER LT 358 2 FHEOBEOE W
T 0 HEChBEESHSBN D, BEES RS ORENELEEMT 2 HHic
E—a « 77 X<RICVEFT 5. BREFICH L TR E—LERK & ¥H & OEHR
BTEDZLSCIEL, ¥—AKHLTREMREZED S &5 KRET 5. KL
welk. coOBMAMEALOER 2<%, ¥ YRETOEIGEEE B O
WERZ T vHEIConT, BlAEFVCHIETT S,

HRETCOWTR, BENEHTEA 4 v e 0lES T CEETCHLADL
X, A— ool

Je=0cE - (2-38)
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KX VEFEMRIREEN S, ¥—s0EBHRFHOBRBICHEINT 2 A
C—EDHE u, TEHEEBLTVS LT 5, Maxwell 5K (2-25), (2-27) &#
STXgbciick), BYFEROEBZFARLC LB TED, 7 e KT v
VY ATERTHE,

(aA _BA, | BA, | 1 B4,

-?3- 522 + po It +"§‘ o2 = HoJbz (2—40)

%%60 ¥E—A &%KEU(%%%

Upolt— 2

" 2=

CH3E, ¥—0EBik 0= x < y7yLCc—Eikstd, ccc Ldv—am 2z
HEDEXTH Y, ,3‘—"'”1)0/6‘ 'Y=1/(1_,32)1/2 Thb, BER X TOEHEFL
KB T B~ ERANNERCE LTREIF ., HEEREEREROME

%s3, E—LBABED r HADMERIO & 5 i Bessel BISEICRET
&

Jbz = engupJ o(A1r/m) (2—41)

Az %W%Kﬁ< 'l &75§'C*g' 60 Ji ﬁ i m@ Bessel mﬁ{'b b\ Ai ‘j: JO D i
BHOOATDE, A hb j ARDB L,

1 A

Jez = — enoubJo(%) [e _W—r"?(t—Z/ub) —e —-g;(t—Z/ub)] (2—-42)

RELN 32, X (2-42) OANCHRE t 2&UEICEET 3 &, 7,=¢,/0 DF
THEINS 3IH e T,=por? OREICHEET 2HED 5, 7, RERO DICER
MNHT OB AE L5 C L2 EHL, 7, BERICX Dﬁﬁ%ﬁiﬁ(ﬁﬁ‘éﬁ#
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Bi%#EF, 0 3757 X<0EBERCX bAVED, 7, ~ 107 sec, 7,~10"5 sec &
Kb, T, K tK 7, CHB ALY —LBRAFRETFC L ) BEEZCHHEET
T3 EELTE v, E—AGRORER 7y — 1k 1077 ~ 108 sec TH 5 e o,
¥ —ABEoEm L BRo 107 m BEAERPELEIhAWETTHET LR
Sinbe FoTy BRBEBTFHEBWAA —LOHR (2-38) KAES AbIE, E—4
DECRBRFAERETT. TORBTY —A2ERHRICHUAD A2 bEHE
XgbC LEAFREE R Do

2—5 HOREYERL v —As0BERHPHAL

BREFOBRICEE SRS OPE LR R 2584, AfioRBILEDET
ARV T B B do ¥—AEBHICHET 3 HERBRIERETORYEXR
CHEYETX ¢, tOMREDHESL L YHALEIBEEEN X bICETT 5
JERETUIHG & R B, FTINICHER 5 € L BHRgECH v | BUEF L CRHE - 5
B 5o '

2—5—1 ZfitkETr

¥— LR BRI E LTS T L BAWELITE AV, ¥—ADENDH,
3 VEREENHIERBCEE L A ved, BERPHEEEFARS LClbik=e
FARRYE TR Do U aOBHEELCHEEIhTRE L L, HRTY
X2 bFkEFATHRS . 77 X<HEHN 3B TREABEICE—RIEIhieT
—ADEAIZEAT 3. ¥FE—Afike 7 X<pitkickd 3 BB HEXEH
o ¥—5h YA F v ok iR L EFHER

O 19 (myus)=0 , (2-43)
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mp Ny [-gt-+ub . V]ub=enb(E+ub xB)-Vpy , (2—44)

on:
o 19 (mug)=0 249
mini[-%+ui y V]ui=Zieni(E+uixB)—Vpi (2—46)

—Me Ne Vei (ui"’ue) )

bhb, BHHHESERDIILoTwE D), n=n+Zn, TH5, 77 X<HEH
N34+ B L BETREROZ

jp = —en.lle —elinu; ~encl, (2-47)

LEEL, TIXORBEEEA X Y OREETHB(n,=n) LT 5, BPHERR
BN ZBRAKNE TR, EBHEX»0EREHET sk, BFo
ZHu—Lry Yt HRCLIBBABE L eAFyChhd, E—ALE
FeAF v DRCEEPESE Y L0720, BFOZT 5k —4a1C n/n,
AAvIC Zn [n OESTESEND, HoT. E—Aadt 77 X<vD:EEHER
74

mp Ny, [gf +uy - V]ub =enyNip (2—48)

L3 n L]
+(Jb———nb1p)xB —-Vp ,
(4

mpnp[-g?+up y V]up=enbnjp (2—49)
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rh B CTT N REHET, n=my,/ne THDo TR DIARAF T

ﬁﬁmﬂLrﬁ~&®%&ﬁ¢ﬁ%oiﬁmwbnéoik\%%%ﬁﬁﬁﬁﬁ
PR L BB AR b T E,

—en, (E+ueXB)—-meneVei(ue—-ui)——Vpe=0 , (2—50)

%), CEHEWAD L,

, _dp 1 _
E' =k enerxB (2—51)

B0, o REROEREE o=1/nC, A2 HR Hall BHTH 20 B
S ¢ T B L3R (2-38) & KE (EZR Do R (2-51) &, ICOWTHC L

WeTd 5 hxE,’ , b=B/B, (2-52)

[) 4
je=oy By T+ 2
1+wceTei

o E "+

2 42
]- +wce Te

2 #%. coC BE'=E+uxB ThY, b REHOHEOKL~T FATH Do
A, RBEAEEERT S, o, KETOY47RER
VBB, T, BT — A4 A v ol ERT. X (2-52) o IcBh 5 IR
R A= R w T, RSO OWAHHICHT S HEERL, WoTa >1%b
G BFEEEICL ) I —<—EBORR L Y TR CRETAA V& DERH
ﬂhkb\%?HFD7L%WK®#@%@%5°@nga<1&ﬁﬁ\7—
< —EENH—EEE XA WEICFE b 4 A v LTERT 57D, BT OPERE
BT AR\ FFAEEL RO BEHECBHT 2EROA — LD
HENC A o T (2-52) Th w, T, — 0 LT 5L, X (2-38) IKAh B T L BHNT
bao%%%ﬁmkﬁaw%@%@uw%$;@WMf%\m%#%%mﬂbrﬁ
HICHho T B HEOHMEIREE 0 4 %

) g
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LEHT B, E—AMEHICET ST I X< EER 102 ~ 10% m= Td Y,
BEomx 3 1~ 100 Teslatdh 3z, w7, O,

WeeTei = 028_2%_(1‘:261)3/2 (—1%2-)-13

bBUFZ, 0 BT IX<DOBECKELEVE, 04 ZERNE 7, 2ECTE
OB A S,

2—5—2 WRESHOEMPEALROUSTHT

B HALRAES « ¥ — LBHAED 5 ABYOFRCAE R EERPIR
LT\ 358, BREERE IR X ) BS C L R TE, TOWRE
BEOREERTIS € & HCE Bo E—ABA L ADIL D LA )RR AT &
+3 L 5eT 5 TR AB, L BEESH AE, oflcik (2-27) »b

AE, AB
r, AT

(2—54)

DEEARD B, 1, RE—LORFEMEETDH D, BHiPHALR [, ZHWTT7
Z<Bi j,=—1.3, tEI 0T, K (2-25) 2b

(2-55)

BEbhE, AL HE—2A AZORLTOLERTH D, AHEIUREE 04
R —sogRIZEHTS S
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Al
~fm 7('1},1; =0t AE, (2-56)

BEbh B, K (2-54), (2-55), (2-56) b AE & AB, ZiHETdCtick
IS |

__ BTeff Ty B
In = 3R+ + BoTeff TH (2-57)

BT Bo T =po 477 B (2-42) CHLWIRCEN. T, D 0 % 04
CEEHZ D OC, BEOBKC X 2BTEMOBEREITH 3. 2A7L 7,
kol f=1 %%, 7=10 nsec, r,=5 mm IKRE, f, 277 X~DEEL
BBt 2R RT E B2 - 1A%, 77 X<EEMMES, B
BELE LT EBERPEAERINE A Y, EERE—-20ECHEBC LS
BAUADGIESTIRETH 5 T L B30 %o

n(m?) | 102 102 10%
B
1.0 | 0.3581 0.9615 0.9780
10.0 | 5.617x103 0.3581 0.9615
100.0 | 5.645x10% 5.617x10° 0.3581

F2—-1 7IX<HELBHOME CHT 2 BAiPHELER

& (2-56) »b [=1.5 MA, f.=0.1 o2 %, BEHEBHZ 10° V/m T
3, BUBBRBEFERLRTZU AL, GEREPCY -2 NV F 7
EB5C EHRTEING, |
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2—6 E—LEEOYIal—Yvav

Bifio =itk eF AL oERHELEH, 28XV E—aEBoy I
—vavkfid. ZElBIE (r, 2) 2RTTTHF, FDENZE S, FREES EHD
E T RRRIRE TR Bl LT

9 -x(1) (2-58)

BRAD XS wEHET 5,

tn+1 __ttn-{-l _ X (fn+1/2) (2_59)

n BEEHAOMELERL, At IESOREZIATH S, f» BBEHTHS L
%, frl BROB LD A2 BRpECHEH, 3 RF v I7HRLT 20
27y 7R 5 L NHBHRER, BBk L CHIERN CRERHARRE
ZF—LRAEBCTEBZRRIHLbAT VRS, frti2=frtlpfn L322, Crank
Niclson Bk 3. ToChAL% fril2=frpfr p L, fIr 25001 fr
TIERIT 50 RICK (2-59) TRD e fr! ZHBLD ' KRALTEAHL
v et BRI B S BREERD B, [ e 10 RBEERT B LIRDA T v
7Tl T DR F—LRBIRENTH 35, AEORMEE: L Bk b REZIA I
%3 2 HIRRIXBBFREICE e L LEHRRREIEAD R . BEtEcB L < iR
IVERLTVBC L BELDLR TS,

Yial—vavCit, ¥—ai z HHK 3x10" m/s o@EE2#EL, 0 4
EICAAEE L 2230 2=0 OEAOAHEINE LIREI NS, E—LDL2EHI
1.5 MA CcHEESEEDOFE G 2 HEOEED 0.4 f5TH 5, ©—2L¥E R 5 mm
L, E—a A z2D3rH B Y EEI 10 nsec . D% 40 nsec f—E(E % HY
b 10 nsec CIEET %, Filfic v — 2Bk Pk h it RET S
DT 70 Tesla K X SHTES D 0 FACRET %, COBRBICEY, o, 1
NEL Y, BRAHEREERFCENELES, 2 -8t ko, &
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HAPHERAER 7 7 X~ 0BRICHEEFT 5 C LA THEN B 2D, BRY
5 X2 DEER T AT D e KEOHBEGKOwT 0.5, 1.0, 2.0, 5.0 Torr (
213K ) ¢ LTy Iab—varififoike
BPEH R - 2DMBIC K YV RA S22, ¥—A0mfHEoRBINAE
DA bR EER 2 — 2 10T,

FEJi(Torr) | KE Tarzv

0.5 0.017 0.08
1.0 0.045 0.11
2.0 0.043 0.34
5.0 0.29 0.76

#2—2 vY—uaoBEfPHEER

¥ B LR ORIZL R 2 — 3 KRT . 0 HrROBHPHALER 2 K
LYV EwDIR, 2 HFRIOHTEE?N0 HR X h/hEvwied, 0 HAoD o, B3KE
S oD THB, YIab—vavOiEE,rb, HR7IX< 2 Torr L
TTd 5 A0 —AEB/POBERAHALRI/DE | ERER Y — L OFHRE
MR L AROERATRECH BT L3y h B, BRI X<DHES 2 Torr
DFED E— LMEFEF O - LERE, B, BEEHOEMN RN 2 - 470
K2 -8R L%, B 10 Tesla DETRSARE L., BEREEY — L 0EER
TREAR T L B30 B BEBBI - A ZOHDICHEH L, 2 FEKERH KA >Tw
LT eENhB. BHEHEERETC Y- 2B bETHRAIONI L LT
H+23, 20RbLYIEF—AH L TRAVZDORIHTCE —L%HEL, BHT
MET2BES2T 242D, VARl Fry7ENd, Y3iab—vavitEn
THHEBROKE X3~ 106 V/m iGEL, ¥— AL X OB A S ks
DB hICT 2HAKVERT %5, BEESR Y — L rv 20550 10 nsec
BoirE e, B, b 10 nsec FIOMNBETCTRARC A 5720, E—ADhRIEPIT X
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WRYF Vv TEND, NV TV RBEWERE OBRREIC & o THRETD 5 25,
E—ABERTEC Lt b AVHEEERVIEDLSI O, BREOYIatr—v
a VAREL RS, ¥l ©— LERICERNIEPEOHEBATA T 5 IR D D
b, TOEELEBPICHERT ZLERD 51 dFNAV,

2—-7 (¥

BAAvE—a (Futrye ¥—a) OERETBECT 2 2DIC, HEBRK
LY ErF LoERRT 3 EEERE — L 0FHZRE L k. BB XUERY
AREAERX» O r HA—RTOVEFEIEHI N, TOWEXIFAD, ¥
7o HOBBORELXALT 5 B HELRE, FEFCR 1 XY +aEnC e
BIREBE N RITHFT EIEEROE —LEHDY I a2 —vavick), &
R7IX<DEENRE—LLFREUTCR/NIABELAZCEBRINL, ¥
Jab—¥avoiRsrb, HRERE—L0EBBTEAC LRSI, BE
BRI BANVF 7 bR,
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Magnetic Field : Be (D)

Magnetic Field : B, (T)
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Electric Field : E, (V/m)
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Electric Field : E4 (V/m)

M2-8 0 HAoBHESOERIN
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#3%F ©-LGERORENH

31 HEpHER & V%

¥ — MMEEIC D WT OEHRSYEICER 2RO DIk, TOREHHNE
KXnBo LEHMC. FERCHNEELENL, 2 OEELORNFERRIC
¥ 2 8B oMECORERIRD b b1, ZEEKET 5 & ERNEEEL
RN b 2P B A, AETRERWRERCOHRE L EEFOREZT
50 ¥ IFONE & 4 3 [EHEEEE — L OFEREBICKE, 7o by E—A
PRE L E—LnRT 2—2BHbR 5,

ERNREOERAERICH, B2E L ZbThicER 3 T OBERGUAT
BRXaHwbh %,

Ony,

—bt—+V'(nbub)=0 , (3-1)

mbnb[ Bai-+ub . V]ub=enb(E+ub xB)-Vpy , (3-2)
| g't--*‘ub‘v]pbnb‘EO ; (3-3)
—ene(E4ue XB)—menevei (0. —u;i)=0 , (3—4)
V-E =0, (3-5)

V-B =0, (3-6)
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VXB =p(enyup—encu.) , (3-7)
VXE = -3 | (3-8)

BRI7IX2DAFA Y BECELELTwE L, BRETIVE—-L 75X
<R RBHPESR Y IL->Tn 5 LT 5, KETHEFOEHHTEX (3—-4) TR
IR EHE W, BFOEEHIEXIAREL A5, ¥—ADREFTTT DL
PEEMBIR, ROREER:E LTBILAD 2HEN, ¥ —L0EET 3R
r—aTdHh, BFK7 I X<iRHROUBRERE ORI R 7 — A DAL ELELFE
ELTH, E—AEL3HEBREETELINDTH D, 2D L5 ARKERR
HESRLET L CHLARCAllcE 28HETh ), £ —A0REHOHRICH
RECHD, CD%H Maxwell 5K (3-7) THENBHROEREREI NS,
o TAETRY —L LERBORICIRLALHALARERNR LT 5, E—L4D
WL RAF —COTRBELBSREE . v RHBHETH S, ¥ ET p,
ik, ¥—a0lE® T, &7 3 HEIEOWREHER p=nk, T, 25EHEh 5,
¥ — LA DEMRIBCOWCE 2B L AR ELBE, RREFTDH S LT 5o
E— Al z HHECHEERICEL, 0 HEcRAEREL 225D 2 HHEIC—EDHEET
BHELTWw3, E—AnERWAEER u,=(0, rw,, z,) tXIh, w, B—F
oEEEAEERET. 0 HHr z HhaoEEkELc O ¥HFAL,
C Q=nw,/z, LEET . FERETEIRS 0 HAe z HEK—ETH 2 LIRE
T3¢, &K (3-1)~(3-8) &,

2
Upo Opo
——=enyouppoBro—enpouboBoo— 5= (3-9)

= Mmp Npo

VxBo=(1—fm)poenpoupo , (3-10)

KREE N %, CTTHRT 0 RFHREEERT 5. ETFRMAOBE~DOFHFEX
R CEMPHEALR £ & LTASH, BEACERPESELC » TR WEERE
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Zx52eTb (f,=0) o E—LADFHREDNAFIA—F L LT, E—LD 2
BoER I, % 5.3 MA, 2z HAOEE u,y 28 3x10" m/s | ¥—LHFD
K r, % 5.5 mm &3 2%,

= (3-9), (3—10) 2 LEYEFHIC X V3 — 1 ~[43 — 4 ICRTFHEHFEE KD,
BIC B LB ONE T 5, FEEEREL ) GHE—DWZERT A —2T 0
b 1 OEOELZES,

3—2 RERRROMITHIRAD

Y — - — VHRIRZEC RN, R AVER RS T LIk ) B icRE
RPRB L HTE, MEGHY —L0REILOBE Y BCEFT 2 C &

T&2Y, FHEHEE LTI, Bl XFE2ETRD LBOWEEELS, BT
BIRWEESE T a7 A ABET 5. £ T3 —5d hollow ring %
w3 Y, E—aid z HAKHERBICESEER n, oLt sic Ar o X 2FbL, 0
FICQu, OFEECHEEEL 2HB D 2 HAIK u, CTHEELTVS, XL Ar it
PE, 7> ArThb T s, E—a0BEMAELCHE LY, Bk E
TERL LIRET S L,

0 (0L r< n~Ar)
Ty = ny (n—Ar<r<n+Ar), (3-11)

0 (n+Ar<r)

Lo
<Bgy> = %% , (3-12)
<B,> = Holior () , (3-13)
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Dk5icEE, n, BEHTHD. <(+)> BRDX S CE—LOKHECEL%
2 B H A DFHEEET o

<(-)> = f"dmbo(r)('")/frdmbo(r) ) (3—-15)

zee I = drenyu rAr ik z FEOLXBHREERT. oML, ¥—LDF
(it C

foo( H,pe, s ) = no6(H—Hp) 6(Pg— Pgo) 6( Py — Pro) (3—16)

L Lkt EOERNAYERCA>TWT, BEE -2 EEX b

4, E—AD¥EOHDH, 1, b n+br CEM L ERET 5, ThicH
Wit YR D B2 2T 525, 0 HAOHEBHRRY 2 HEOBHBRIRT L
N3, foT 0 K, 2z HACEETEBRREL A, 0 HHE z HEAD
WHOBEEL,

_ poliot ( 67 du,
<BBe>==gry (o) (3-16)
- _ koliot §r bug

LFEEB, TTT Suy & du 1k 0 HALz HADEEDOFEHETH 5, £ — LD
EHHARD 0 B e 2 By by 0 HAOHEBR L z FAOHEBRIRD
LSRRET BT LB M50

Lo=rmy ug+e< B, >r?=const , (3—18)
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L,=my, u,—e<By>r=const , (3—-19)
2 (3—-16)~(3—-19) %5 &

6u9=—uzoﬂ% : (3—20)

6u, =0 , (3—21)

2835, X (3-9) ©2hEhb, ¥—a r HEKRT 5 NOBHE OF, 25K
LT LHTE,

upo” br
™ T

6
5F,.=2mb n()UQo-;’-%a-—mb N

+eng< B,o>0up+engugo<6B, >—engu,0<6Bp> , (3-22)

kb, CORDAILFHEFHIGREONOBHEEEL TW5, X (3-16)
~(3-21) 2 ALCKRAT S L

. 2
6F,=[_(3+3”"#:‘;c-)ﬂ2 + '2:: ]mbnou:z % , (3-23)

HiErhb, CCCw=eB/m k¥4 7u e REREREKRL. BHTH 5,
¥ By=p,l, /477, &€ — L0VEd BRI ARSBOEE T, 96 Tesla Kk 5,
X (3-23) »LFHEMF (3-11), (3-12), (3-13) DREHEFTB C LHTHE,
SF-6r< 0Dt EE—LlRRETH D,

EEEE e — s 02y [ =5.3MA & L& &, & (3-23) HOMRT
FA—5 nw [u =169 k5, EEE<TA—F Q5 046 VKT EE
LBLBhbIESF6r<0 k3, K (3-22) DRFEEIET 5 & FDLIDH
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N

¢ 2 HEORSIc X 3 u—1 Y IHR (3-23) D Q2 DHKHFLELTWT, ¥
— LR RET IBERD R L END D,z HRADOHBBOLELRIR IEEMH
LABD TS X< BNT L LHEbIL TV 33, #ONK X 3REILORIRIZRD
k5 BT E 3, EER S FHRRIE R REH I SrigvhEHME 2 LT %o
r pEhicH LAEBREEFEI WS 2D, 0 FRAOEER/PE L AYEONR
B Ahb, EDHICETZEEILOTHIZ r HEORAIKCEIC, foTE—
A T HHEOWEEONLBE, €—LRTONBIRESS5 LT %5, M3 —50
SEAROEE r=r, (¥—A0YEHADOH) Tk 2 HEADHTRSH T 7D,
C OEBIVEHBEECE AV, LAL 0 HAKEERL TS 2@ LD
E—ARREELETN TS,

3 —3 REHMTOTIE

KECIE 3 — 1 HiCkD 7 &k Y EENADI G2 FOFRBOREEEZFA S,
Ty SR D—RY T & LT, AR (3-1)~(3-8) oY E 2 FHEER
LR OME LTET,

n=ng+ny , (3—24)
u=ug+tuy, (3-25)
T=To+ Ty, (3—26)
E=E)+E;, (3-27)
B=B,+B;. (3—28)

CCCHRE 1 REBEYET. chb2ERHERCRAL, FERCET 35X
(3=9) (3—10) BV ILDoC & ZHWTHBRIET 2 1 ROEHZED S &,
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on
—5:—1+V'(nb0ub1+ub0nbl)=0 ; (3-29)

Su
my, nbo[—-gg-l-+“bo " Vup+upy - Vubo]

n
=6nbo(E1+uboXBl+ub1XBo)—VPb1+n—2(-1)-VPb0 , (3-30)
o Pbo
[ W+llb0'v] (Pb1—7mnb1)=0 ) (3—-31)
—eneo(E1+ue1xB0)—meneouelvei=0 , (3—32)
V- E;=0, (3-33)
V-:-B;=0, (3—-34)
V xB1=po(enpoupi+en,ipo—eneolle1) , (3-35)
oB
Vpr=——3%, (3—36)

FELNE, chbDHEXZML eHic, —BCZEBIR OREIKFEICH L
CTewt B FREL, O FHFE zHRKCIE7—) ZHRLT

Fi(r,8,2,8) =2 2 f* 1 (7,1, k)e ~iwtHilb+ikz (3-37)

LBl TTCEM kBB L 2 518, 0 HEICLOBEROEOBEIE €
hEhET. r HACEKFERBIfERFODIC, FEBROFOBREETE
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K\, TR EhoEEEEX (3-37) o (3-28) ~ (3—36) KRATHL &
By RERY . fr BT A ETEMATERN L 2D SEAERA DB & h B ERA
#ﬁﬁﬂb\ﬂfﬂ%@%ﬁ%%ﬁ?%lﬁ&rﬁﬁ@&b#&bﬁ&moﬂ%ﬁ
%%&5KC&&B§EW@%@(C&Kﬁ%éﬂéoL#Lﬁ%%ﬁ@ﬁﬁ?
ﬁﬁ%ﬁK7VFAmﬁéﬁﬁﬁ%%ﬁ<Dﬁ%%fﬁ&<\iﬁfﬁﬁ&éﬁ
HOREERFARSL T EIC Lo |

tﬁmbwaf—Aof%ﬁﬁw®B%ﬁ‘?ﬁ%ﬁ%ﬂmmﬁ%baﬁﬁb
85#%%&6C&fbb\%Oﬁfwﬁﬁ%%%%*b6C&fﬁtmo%0
f?ﬁﬂ@Kﬁ%ﬁ@%ﬁ&ﬁ%vmﬁﬁﬁ%#hﬁﬂ<\E—A@EﬁﬁﬁT;
LT 7,7, < 1 Thhik, ZOFERICHIERED S0

% cCEEROBEKAEY:E et LB T LRIED,

fi(r8,2,t) =23 Fra(r, Lk t)eib+ik (3-38)

43, cOBOEBBRER (3-28) ~ (3-36) IKWRATZ &, frKBITD 12
r OENRES HERIC A 5o Bl AR (3-28) DEEAREAR

3n*b1+nbou*br1+ anbou* tn Ou*p
ot r or brl 7 b0 G

. | ‘
+ -IT(nbou*b01+n*bluboo)+1k(nbou*bz1+n*b1ubzo)=0 , (3-39)

&&b\m%ﬁ%ﬁﬁ%%achhboﬁﬁﬁ%ﬁ(%ﬁﬁbao%ﬁ%m%
 C b adERCHEEETH B 0T, BIEMICHEL T LR EL b, BHEYRHE
%ﬁﬁﬁm%ﬁL\%ﬁ%#%ﬁﬂ?alsmﬁﬁﬁﬁ?n&\ﬁ@ﬁ@ﬁ%%
BARD B C EHRTE D, PHIGHR r HHAOEHABROBREE LRATC L
RO, Dk L bBIEESE L LTRAREREHOEABORS bEEh 2.
ﬁ@%mﬁﬁ%ﬁé&1m<a‘&E$ﬁ¢éw#ﬁfbéﬁﬁ%ﬁoﬁﬁﬁm
E%@%mﬁﬁﬁﬁmmﬁmﬂLf%@&%ﬁﬁ&bfh€\%%mmmﬁﬁﬁ
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BEEL Ve M3 —620H3 k5K, ©—A0EBEHEERQ 2HMEETNL &y
REEHORERIBPLTE, Q 2 08 A2oELTORK k ity —
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T OFHEEOBEC D RECEAL TS 825, M3 —-6ICBWT, krn,
~ 27 DL THIREROKRE ARLEHFBESE D 555, Tk r HHEICILOED
BEEXEC—-LADYERBECTH L0, ChicHnT 2 X5 % 2z FAOEENRE
LENWLZ E#RLTWS,

0 HEo =1 0Ba. ERBICHT2 r=0 COEFSEMER =0 0B
SLREBD, rHACEARSO w7 7 AT B, B3 —TiC =1
K B ARREEDBARERZR L o CORKREHILERE D * v 7 REE
Y7, resistive hose REEH: OLIL X EENT VS, =008 ELEICL,
RERIR Q ofmetic@gPL, Q208 crETo kK LTEETH 3,
2 HAIOWBEEOET 7 X<D% v I REEEEMA B8 TE AV LF KL
HMbh T3, EEERE—L08e, NEELRBEEIOWHA € — L OEBEICE
WOFFEETIRRL AL LELOND, Ty BRI X<DFHEBENIK
RClx return BHROBEZ DA Wi, resistive hose REZEMD BRI A
o 3 —84bK3—10icik I=2,3,4 T 3BARERITEINT VS,
M3—8ikcik kr, ~ 2 ¢ 0 < Q < 04 OHFERICBARLEFE RT3,
=3, 4 KoWVwTl, 2TD k Q KHLTE—-LREETH S, —Rc@HO
y FRIA->TCRET 5% (I/k=rB,/B,) ORERHAE R, HEEHE—LD
BE. 2z HEAOBBE r HRIKKEAY = TE2FHO%H. 20X 5 AEIKRET
EFhniELbhS, 0 HAOKEE | BHENT 3L, BARERZXLIETL
Tl o TERDERARZERER =0, 1 0k ZcHh 325, EEHEH
Q208 AblEEECKR S,
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hollow ring ®FAdhb. 2z HADOESE LN EBEELCEFSLTEC L
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> 7o

BRAIARRERC DO WT R RET L AL o ks ¥ —ADFHIHBEIES
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MR E— LR EEFIRRECH 5, COEENINT| &8 AR EM: X ERMFRITC
FRT BRWAREE BT 2R PRSBOEEFETH 5,
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r HEOENEERE LTHNEEONBENS, ¥ HEBHRRE»D 0 FAOE
BRAKELAY, 2HMOEBECEHTLL5Khd, COHRLIDIKEL
AY, E—A¥EEH mm Chokd TATINLONBFHICET B, TDE
F—LDMEEREI X VYB3 z HAOBS XPGRER * BB X ¢ 2RISR
X3, WHATERE WA EEEE Y — L OFEEHIE, DURA 2z % £ — L5
WBLTHHN S T 3 AL, EEEH Y —ADFNOEHBNTREC & 5,

4—3 YIav—¥vavoFE

4—3—1 EBHFEKX
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B OB X ) [@RERE C— AnBRE h, RN STERLE h 5 8 23~
B7dIC, 2IRTEAATY v Feviatb—vava—F HPYICQ #RX N
oo YR ET AR ELTICRT

FRE—4L, BRETF LA AV OEREINTRE, E—2NTRETAALSF
— (~MeV) %0 OEROFHEBTESR . E—LhTH, ¥—aeH
BA A v RUCETFROWRAMIRTE 5, oTE—ARilkeErTATHRS T L
RITASEE L | HHA Newton HRERICHE 5 i FE 7 A3TH 5,

dVb e
a7 =_7-'—1-b—(E+VbXB) , (4—1)
dry,

T v, &, RE-LKTORELMETHY, KEOHLDOBEHKTH L, ¥—
LDEFRFRT DI, $ 10000 FHoBhF (10%@E5) By iat—varT
Awbh T, |

BWEOA A v L BT OHECEESEETD 5720, ZHitkeF A ™9cH 5,
4, BT 77 X~EHw, 2947 vt uvREH v, OBRORERT—r1T
BT 3P EEMEE AL, E—L0BH) L FURERA r — A OBEEBFHL5C
R HENE LTV, BFOHRWHE wHBEREICHRENCIEET 5 Ll
LT, ETFOEHHFERXPCEEEABRREIN LY, 2oBE, ROBEMSEF
¥ (n = Zn +n) OFEMEEL CE bHFENE, Lo LE5ETI T DI
B, E—AOEHOBEX 7 —ACbiec 3 BFOEMNS E— L 0PRICKE
FTAEGCOTHAON S, AECRERBETFICOVWTUToHEXSHNL
nd,

—ene(E4u.xB)—m, neVei(ueéui)—Vpe =0 , (4-3)
3 nek[ D+ ue V]| T, = — pe Vo + V- K V Te+Q 4-4)
_i'ne m’i'ue e ==—PeV'Uct+ V'K et &e (
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3m,

Qe =——VeiTe k(T;— Te)+njy. (4-5)

i

+ Qstopping - QBremsstrahlung ’

¢ v, BBT—4F EoEREES. < BEER, n XEIEHEREE
Fo ¥ u RHHESHE LCOBETHY . Qi R E—SRTFHERICK Y
HMAEREICE L TR A F—BTH 5, BRI XA~REHICTLCEHTH S
El  Qpemtrabinng EHIBHEHIC X 2 A A A ¥ —RROETH 5,

BRA & vicH LTk, BT ofER A BERsihFEXSHvoh 5,

On;

9% 4V (muy)=0 (4-9)
..[a . =7 en:(E+4+u;: XB )=V -
min; E-l_ul V]“l— 13"'1( +u; X ) Di (4-7)

_meneVei(ui"‘ue) 3
3 k[ 2 tu; - V] Ti=—p V- ui+ Vo VT4 @, 4-8
'—2""'1 Bt u; i=—piV-'uj i i i (4-8)
3me
Qi =——veni k(T —T;) . (4-9)
m;

BRBEZ A AT — e RF vy P X7 IN e FFvier ATHETE
E=—V¢——a§%- ) (4-10)
B=VxA, (4-11)

KAy, 7—uv¥y—v V'AéO &2 2 Maxwell 5K
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A¢="":;(Zini+nb‘“ne) ) (4"12)

2
%E%T%—AA =po€(Z; mi ui+np up —Te ue')_%é— , (4-13)

CRE I N D, BZOBEREFERICPIABETSH 520, BPEOLET TR,
Poisson H1EX (4-12) OATHBHNEEZBPIRTEIZRICA Y, XA T —KTF
vy AETHEiT AT EHRCERV, 2CTCR (4-4) % E kownTEEi,
divergence % & 5 &

Me Vei
A$=V-(uex B+ (we—w)+ V) . (4-14)

BEON S, K (4-13) & (4-14) KX VERBREEEINDE, YIalb—vaVy

KBnTik, B EoEFAINORTBE. Bt k. BFaSREHEIhT
v,

4—3—2 BEEHE
Yial—vavoRBEeAas Py 7 MEEKIZ, B4 - 1IGRENWTWSE XS

KRBT hWdEHED A vy a2 LTH-O S, Ay ¥ aflRB—ET

Bl BB Ay v alldhoTnhnikd, HEEEN L OEEZHR 3 0NE &
BB FLVEESR (& n) ~DZHANL,

r=r(¢(r,2), n(r,2)) (4-15)

z=2(§(r,2), n(r,2)) (4-16)

(¢, n) BEZCE TR TFESERCAEIXNS X5 f€ n) & € n) 2HRE
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T2, MEEFTD ri&sy. 2826,

8 10208 106rd

B =TT Toon (410

&&50 J X Jacobian %il«\

_Or 0z Or0z 3
T=ogm e (=19

CH5, R (4-15), (4-16) KDOWTIk BORAMECE Ay vapBREB LD
IR CEBEI R 54 50 EEROZERIE—RICHENET N 570, BEEHED
WA I REARBBAy v a BB TDIDO—KCAh D, ELTHEITTREFEZOZE
MRS 2D 2EETHCE 2201, TOREECIHERTL %0

B ARTRE (4-1), (4-2) 2EMEL TR o MTFONE (1, 2,) kBT
BB OEIBEICK D, KECHHTSC I CHEIR X YNHLTRD 5,
Newton KRR % MEEERCHE L ZHR X,

n+1 n n n+l n _n+l/2 n+l _n+1/2
U —U VU e (En+1/2+ v B, +v B,
At ri my f 2
n_n+1/2 n+l __n-+1/2
- 9 ) ’ (4-20)
n+1 n n n+l n+l n n__n+1/2 n+l__n+1/2
Vg —V UV +U Ve (En+1/2+ v, B; +v, B
At 2rn mp 2

n_n+l1/2 n+1 __n+1/2
_ ’vr Bz - vr Bz

. )y (4-21)
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n+1 n n__n+1/2 n+l _n+1/2

v, —UY e n+1/2 | v By +v By
At my (E. + 2
n_n+1/2  n+l _ntl/2
vy B; —v B
- 20 - ) ’ (4"'22)
THELbN S BTONEIL
L S _ v +vn+1 1 n41/2
A= 5 +3a l2At (4—23)

CRDbND, ¥—bRTFOBELMBOXECENT, E—22RTHATF b
REBENTE, ¥, E & B i3, BHTFONETCOBRLEHEZDLDT,
a2 R OIEE Ty X (4-20)~(4-22) DAL ELHL . IEEEHEZMA 5
T rick DO, MTFOMEIX 2 ROBETRD S C 2 ATE, BEZAR At IR
{TE Do R (4-20)~(4-22) XOEEERCOBumenan 2% —49& By
CeRTE, FEICTLTH BIE2RBELBON, BUENKCRETHS T LK
BREINTVwE, oy HTEBICHLT, 1REECITYENTS S, EZHOR
Rigla v At < min(Ar, Az) CBSBERD 55, PEBZER IR
CH B e HORTFH r=0 IGEF L REABONIBBE, Al 2 b/HELT
DREIAET Bo £ THIMHED r < Ar CEEL 7hiF ik, HEEEIOT
A VR (2, ¥, 2) KEBRLTIEE, r2 Ar ik o7 bIEERICHUER
LE$,

BHE., 44V, BEFCowT— AR TER OB L v, KFE
tyicix Leap-flog i o, Maxwell HFEXICEMBRHMA B b, EHOR
Bzl cAt < min(Ar, Az) KHlfREh3, ¥ Ar, Az JPORFEMFIEOK
b EREDIS, |

Yall—vavDTARY X, E—2T 44 v L ETFHAOERRE
@b, U B ER BiirOBRSIRKOLbNE, TOBREOD L TE—
by AF v, BFHREST 5, 24 LTRIBWARBRBOXF—ACE>T
Vo ‘
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RSB, eV 073 X<=HBFY 7 VMEBAKEILLTWwS T3, E—
LPIFIE €E=0 OEDI v FAhMBE»DECRRICHD > TEE v,=3Xx107
m/s CTAHENh L, CDLE, FEREAIARACHL OIS, BERITEHEEE
THBE L, BRCERLNFEECCRREh, REXh3 T LT
%, BRGICHT 2 ERELBE, SBEE K L cEeEkofBisEbI S, 2
ZL &BFPOHHETR. E—20GREBRTHNIBHEO R T v ¥ v 1iCkt
L CHEBEE ER LB BE /M W, BEXALANEETRZOBME
EXEeich? i CcHACEE IS, foCHEFRKCBEHNOBRD ¥utd
%o

4—3—-3 CICH

BTHCEL bW BRBEMTFOMBCAFT 2 HEL LT, CIC
(Cloud - in - Cell) g4V %3, RIFOREEE Ay V2 l@BORLAARL,
PFEOH DB TRICIX HHEERD 5 AR IH L ZohiF o FERER 55
Aixhdo, M4—21CRTEY BT (G, J,) KBOBRT (&, n,) OHER
£ PG, J,) B

A,

P(j¢, dn) = PR ey ey el (4-24)

THBo A, 1, HTFHLEDSEEDS by T (;, J,) KEIDVIRLh 5
TH5, ﬁ%@mﬁmbﬁéﬁ%ﬁ\

Eb =P(j£’ jn)E(j£a jn)+P(j£+1a jn)E(j£+11 Jn) (4"25)

+P(je, it 1D)E(Ge, int1) +P (41, irt1)E(je+1, intl1)
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RO S,
¥ — LRI F O ERM AT &R

nb(j£7jn)=zpi(j£,jn) ) (4“26)
ub(jE,jn)::EviPi(j(’jn) ) (4-27)

CRBObNB, CTTi BBET LY —LRTOWTORFEEKRT 3,
CIC BCREEA v Y =2AED X 5 AREAICH 2H/E, hTFoMNE
(r,, 2) BEHENIBERER (& 1) O & CICHIET 20, RET 5T L 2EEL Vo

ff R EFEIRE

T(Ebanb) =T , ; (4-28)

z( éb » b ) =2p , (4—29)

T & L BRDBETETHDB, € &, »DK (4-24) O P BRETE 5o
ném) & 2 n) ERTEECOIMERSH S, CORER 2RTD Newton-
Raphson iCif € & %L 5o |

£ & on, OELHE O & 0 BERBoTVIEE, {={U+A,
n,=10+4A, tEFF B, Chb¥kX (4-28), (4-29) KRAL A b A RBUNE
ELTRBTS .

%A£+%An=7‘b )

-gg-Ae-l- %An =2 ,

Ehdo Ak A KDOATHEL L,
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Ag=t5 — & = %’%Tb — jl,r-g-:;zb (4-30)
An=’7§>2)—778)= —%-gg'f‘b +'1]%zb (4-31)

AELI, X VBICGER @ & 9,0 kvbhd, cot J BK (4-19) ©
Jacobian ¢H 3, & (4-30), (4-31) 2 VELCHEF sz 2k, O &
D, p® 2 nO FPERXETHIREEOEEBLCLRTE D, COHEC
BT, & (4-30), (4-31) @ 1, & z, OHREPS Y I ab—va vy THWSER
DR (4-17), (4—18) ICHN B FME—BT 570, HirelCEHET 5 BEH %
Vo %7, BSEIREBEES XA a2 —va vl BIORZIT O & 10
By o TWnBDT, X (4-30), (4-31) DFIEOBRMEERIFEIC L, <7 b
HEBICH 5 EGHEET IR EDFFEERF>TV 5,

4—4 ¥—ulRE~OEET I X<EBEORE

¥ — ZBROPILRIYR S X~0BE LBBOBIICKELEKEL, B
FERE—MWEE N A — 2 DERICKE XD C L ik 2ETRR o BEHRY
—LADHTERIC X VREXINE 20, BHOME S BRPHEACROBESE L % 5,
¥ — LRI 3217 3 B EALR IR FERRES & A& Y | FEEE APCRER I
BT 20 foTyIal—Yavick WVRNT 2 RERD B,

Yial—va vCREINIAHECOE—LDNS X — X LRRIKFEE
4 —3CFFo AR —LDOBRFEEZ 10 nsec OIar b AR YL, K+
DEBHTFAF—1X 5 nsec TIH LB, ZRLBRFBENIC—ETHE L LT
3o SAPENABORAEIL 2=28.5 cm KFEL. BHFORBRBAIT v ¥
Ailc ¢ < 30 mrad & L., BFREAOMEIR. € —LaRBEOERT — 20 0FE
WAEEEZONED, FY 7 MERACEENIC ¥ — 2R F2ERS L HEEA
¥LAweT5e, P—A0BERERCAD, REREAS ¢ = 0 AbdAH
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L7e&TORF3 2 DPCRA R EBT 5. ¥4 ¢ = 30 mrad A2 oKPGRATO
E— L3RR 8 mm KET 5, HRICKE., TATY « 77 X<BEHRIC 1{lic
BHELTV3 LEEIN TS, AEITE Y —A%EHRT 5 20 ICADMECH
Johd rhfEoBEk 0.2 Tesla ¢, JEEERFI2.0cm & LTW3,

20 Torr (273 K) o7r =y « 73 X< BRCHIFECY Iab—va
VIERETRT. M4 — 4 ki, BUREBROREREGICH T 5 ¥ —ahF<y 7%
Tl7ico ¥4 —51% t=30 nsec KRG BE—L « =3I v & 2P zHAHMEIC
ZEIELTCWAEFERLTV3, WR7 X< 20 Torr 04, ¥— 28I
e A EREEIEIh, EWBCRESREL TWAWT &850 oo AR
BORICX Y € — b OBMEEHHEMLTE— 7 ICGETZBORA 2, Th, E—LD¥
BERT 7 X<ORERL Y —HLL LD b Th b, PR L ¥ — L5508
THEBUSTEIICRE L MRER Y — L 0FREMN BRI AR\, E—
LAEFOMBRBEEESTH Y, ¥—LWE0HB A LHEINEE—L T3y
2y ZOBHF L4 — 5 CRRYVILoTnB, BRI X< 5 Torr (273 K)
B EogarrrER URRcA Y. BCEBEZFHL 2 € — ABCRRIARTEET D
o

RCBERT7I X< 3 Torr OFPEDY I 2 —v a VERICOWT, %
BRSSO Y — o b <y 7% M4 — 6 KRL, E—Ah eI v X v 2%H
4—TWRL7o 4—2EICR_ZHERBIC X 5 ¥ — LADPORDEREN > $ =
L—¥a v CHhHERI L, BEETCORY —FEREAT 108 TW/cm? KL
7eo ¥ T BURERIE r HEOEEEE (HWHM) 22 3.5 mm & Aol H¥—
LRI TFOEENT I 5 cHic, Steering angle® 2 LT

Uradial ) ( 4—28)

Steering angle = tan‘l( :
axiall

PEEL, TONGEN4L — 8 R Lo BURAMBD 2z O, Steering

angle AIE:HOFEBICBREHHFLCHHLTCRET LB h s, TR E— LK

F5 r HEKR—Z } v viEE* LTw»T, HEBS TP A ¥ —L¥ENICH

LADONTVEZ L ERHKL TS, ¥y M4 — 9 KiBhTFO 2z HADEE

70



i3 0 HAOHERRER (v,/v,) OAHHFREND. ¥—ABPERAICES
DN TE—LEEINEL A Y, AEBBORAED DN T HAK E 7z [BlEEHE

BEHFO2XS5CAhB T LB h 5. PORRICET) 5 € — AMEREE L OFEHER

0.5 IKE L %20 BERAMETH, 0 M0 BCESESHEKT 60 Tesla AL, X
EABOANCEL D u—L Yy IREE, E—L2P0RIE TV, T bk

Bhb, EEEEYE — LD FHEMETRENTWE C L AR TE S, BHRY

5 X< BFH Y 2 —ANBAIC X DiREEK 100 eV Bk B35, 44v—8
FRIOBEBREESEZD A v OEERELAE LR LAV, BRI

<3 I XBouw—vr Yt ENEECHNEEICHET 35, €—A0B0RE
BOBMANCRr r FAOZEEINHEOEILEKE L A,

BRI X<0ENH 1 Torr 0BFOE—LPF~y 7, I v X VX,
Steering angle . [EEEIBHONH R4 —1 0~4 -1 3KRENB, PUR
B b EHECIHERICK % ABEES (~10° V/m) 2%EL, ©—LhF%
P AR DB LT 2 HADIIHEL o ¥ — 2R FOPERBBRAMLICET 551
KREEhTLE S, BERBC X3 IBECRBICIZEyFHIoKE¥X %2 E
{5 7%, ¥—al:RIERCEL &Y., WIREREC— 4 OFHENL b TR &
hawnigRehdo

HRBEKKRT I X<DHB, A X vOHRHNE WD T XB ojjt rk
B 7 9 X< DUEHIFRE B0 §eo TRRAMED 7' I X< DHEEHBET L B
HEBHAKE A5, BEROEE 30 nsec BECHLALIX. ThiEEEH
Tlhv, UEhbrr—anRKiE 1 Torr ~ 5 Torr o7 ATy 753 X<
BELTVwRC eETHY, 3 Torr BEEEHY — L OPCRICEE & 5 R
B oN. LALToRETH, EPEDRESKYILDC & HBRIET AL
hbo BOIECHETORUEEER L LB O, Poisson FEXEEFAX
Y3ialb—va v THRbh, E—ABRICHT 3ER T 7 X~ ORELAFE (
) SEFBEXNS, |

4—5 [EEOLDOWS B, O#EL
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BUR S 3> T 2 HRDEE R FO € — LB F% 05 FEICHEEX & 5 720,
FY 7 MEROADK r HHEOBSEHHE4L— 10k S5 Kiabhd, BKREh
LRNRIE 0 HEONRBER2Ar X VBREEING, af B X4 F—FET
%, E—A4ld return BHEZTAVI S KT 5, Affick, WEREE—40
BORCBEARBOWE B, LB 5L 0 Az ZRMY, v 12—
a VISR L DOHBETT 50 E—LRTFHRCOBBOI» o TWAHER Az 2158
Lt drigs 0 HFRIOEE Ay, ik

€
Bapplied Az ’ (4_29)

€
Aug= Uz Bapplied At=
0 bz Dapplied my

mp

CEibhb, u, & 2 HEDE—-LADOAHFEET, u, > Ay, TH5, At
X E— b FASRERE Az BET 2REICH 50 RiT 0 HENCHHTD 5 72 0MEE
BRI RAF S,

Log=my rug+erdg=const . (4-30)

DR Y IL Do PEREER Y — LA DFEWENL TR ¥ — AEFER n?~102m3, ¥
— LD 0 HEHEEN u® ~10"m/s 2BEET 5, 7 bAEFryer A, ik
= (4-13) 2 I,

2
Ag ~ poemPupre’ (4-31)

TRED, NERATF a RICREOYHEZENRT 5. r* BBREBOE—A
& (r* ~5 mm) TH 5, PCRAOPERICB ENERAT b 2H05C L
L. VoA EBRE mrbyd &A%, BORATECOAEHROWRES, 0

my, ugr? m2e? ,
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BEbh5, rb BPCRATO € — LT, V) 7 MEROADREREE (rP ~
10 cm) ¢» %, thoDEERATSE L, B, Az~ 107 Teslam &% 3,
4— 4Dy Iar—vavid B Az~ 4x1072 Tesla-m &EATITbRT
T EVIBORE: &+ A EEREE % R T & 7o

EBiEx 5412 r HAOBERE B, ;4 T 5 € — L 0BGREZRAET 5
wic, Y79 X<k 3 Torr OTAy « 7’53 X<e LTV Iab—vavyk
fioto ¥9 r HAOBBEITEHE (B, =0 Ovial—vavE
fioko ¥—4lk 0 HHADMEEEA LICPERT 5, € —2uhiF~<y 7 Steering
angle ONH%M4—1424—15KRLAk, BURAFEICY v 7 ARFEL
TVRBTEREDHD, XY —EEIFEETE L 50 TW/cm? ¥cLr#iiLcw
AV, TDY v FNRBRAARLEDOTIREMED B 525, FEHFRBF LIBEL T
BeOWERTECLRTER, KEDY I 2 L—¥a vik 0 HAICKHHE D,
Y —— PRIREEY A Y 0 Haowis | = 0 oRRE:D 2B 5 Al
H5%, FIBOMBRTE, FEL ThAWEEREITREZETH), ¥ 12—
vavicEn3 ) y Tk BRREARER: L EL 5T L TE D,

r FEOBSEEZ ARV EX Vi 5L 58, ¥ — b TFRBCRATIC REEEE
BRESAYVTEBRE Ao%ko B, ;,A2=0.01 Teslam & LT¥ 21—
Yavkfrd e, E—anBARENICBBR LEEWS/PEL RSN T u, BKE
S AY, BERATHELDHRe—v Yy Yy R E 5 LES, B4—16~4
— 19k E—2hF<y 7, BEEEEK, =3I v X2, Steering angle 35
LT3, BLHNDAEDIPHRAEICGET S FTRE—LARBIER>TL E N,
BHRATHE—LFEHR 2 cm KETA-TLE 5o E—ADKBESRIML X4
Wi OBHAPMALSR DL, HORBSHBRINAWRD, BRERE—L0
AR D TERLE Lk o

r HEIOBBIRE & 2 HECENNT 5 BEREOMS B, .A2=0.004 Tesla-m
ICBAZRIEIDOY $ 2 L—¥ a v Clik, BAPEMBCRIC X DEEHR 1 cm BT
B EBONKEKELAD, HERBICX 3 €+ e OFEBR Y IL2. PR
BHEORRHIC z FHOBESHEI NS T Lick VEFMA Y v F 2T,
RECHEERE — L8R ENS C L BRI,
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4—6 E1¥

Wb DIRER Ve~ 4 7Y v FPRF—fitka—Fc Xk b, 77 X=CHlik
ANk FY 7 VR B 3 [EEEE — LADPREEHEY I a—vavick
DI S Nico AE—LDART 4 —2 2 LTRHERFEE 8kA/cm? | & 10
cm, SAZXDIH_EA DR 10 nsec . BFREA 30 mrad 5B E Wiz, R
77 X< HEXBMAPEERIGESRE L, 3 Torr XEBEMED S T L 2BHH
olo FhE—ALZEHEXELDKCIMLS r FHROBRBIX. BEE
B, 1aA2=0.004 Teslam cTH h| ¥—LDEERBHERET b ZELOBR
2RO L BRI NI PHRATOAY —BEDOEAMZ 108 TW/cm?, v
— ZEEROKEFIFEIE 3.5 mm CH o, PORE ICEHEER ¥ — A OFHEEIALA
&, HCRBBIC L VERETRETH 5 T L SR I T,
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time = 9.9 (nsec)

time = 13.2 (nsec)

4—4 Y—LARGGERO Y- LRy 7TOREZEE BR7 7~/
20 Torr, (a) 6.6 nsec, (b) 9.9 nsec, (c) 13.2 nsec.
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x 107 (a) x 107 (b)

1.5 : 1.5

(7]
B 0.0
N’
N

—-1.5 L ] _
0.0
0.0 r(cm) 10.0 r(cm) 10.0
X1 (©) X107 (d)

u, (mls)

: -1.5 l
r(cm) 10.0 r(cm) 10.0
x 107 (e) x 107 5
1.5
2 2
E o0 B 00
2‘: i 3"‘
~1.5 | ! —15 L !
r(cm) 10.0 r(cm) 10.0

4 —5 WOREBRICHY S U4 « X3y & ¥ ROZMZEL. I 30 nsec,
e 5 2=t 20 Torr,  (a) 2=7.0 cm, (b) 2=18.0 cm,
(c) 2=23.0 cm, (d) 2=26.0 cm, (e) 2=28.5 cm, (f) 2=31.0 cm
81
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4—6 HBE7IX<p 3 Torr OFGONGEAMNEDE — LR F<y 7

x 107
1.5

—1.5 k
10.0

r(cm)

4—7 BERITIX<»3 Torr DBEOPHKELIBCBTEE—L
IvEURX
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/4

(ueipey) o[duy JulIsLlg

— /4

15.0

30.0

0.0

z(cm)

B4 —8

L8 75 X~<p% 3 Torr DY D Steering Angle D5YFT

\;-:) :,: ']"
30.0

N
P

1.0

o11Ey uonejoy

z(cm)

20.0

4—9 PRSI X< 3 Torr DBEICE B ¥ —LhT O EEEREE LD
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4—10 HRI7IX~=31 Torr DBREOPNHEED ¥ — b F<y 7

x 107
1.5

- 1.5 !
0.0 rem) 100

Mi—11 BER7I7X=p 1 Torr OBEORKRAKCBTLE—L LI v &
vz
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'n/4‘

Steering Angle (Radian)

—ar/4

0.0 15.0 30.0

4—12 [ETI X< 1 Torr DS D Steering Angle D31

1.0
@]
.
H .
ch .
fon) -
o 0.5 .=
e ' v
o : . .
52
.' -.. RIS N .
WA R 1
0.0

20.0

4—13 {ESI X< 1 Torr OGO ¥ — LR TOREREE O
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4—14 E—nacEiEEE5LREEOPRAEED ¥ —LhT<y 7

. w4 _‘
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g :
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5 CHER R
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0.0 15.0 30.0
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4—15 ¥—iLKEEYE LRSS0 Steering Angle 0531
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>

z(cm)

B4—-16 B, ,A2=0.01 Tesla-m OB%MAEEDOBIRMIEEH
DpF~< v 7
x 107
1.5

—-1.5 I
0.0 r(cm). 10.0

[4—-17 B, 4A82=0.01 Tesla-m OBFEMAHEOPCERICE

a]

o—hLezIvFr=x
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1/ 4

Steering Angle (Radian)

—m/4 L :
0.0 15.0 30.0
z(cm)
4—-18 B, A2=0.01 Tesla-m ORFEMAHED Steering
Angle o43%i
1.0

Rotation Ratio
[}
¥,

[4-19 B, . A2=0.01 Tesla-m ORI A 7 8hE 0 EEEREH:
kit
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H5F CE-LNREENETEMLMERE

5—1 HA

BABCBNWT, E—LRhTETFA, HRAA vV BT ROMKRETATHRS
YIat—vava—F PHYICQ #BR L. ©—ADPCRBRZH . Mk
KCERA AV LBTFOIRE DT DI, BRT IXA~OFRECRBEERD B T &
By oo CNRECETFERCET A4 F vHOERLBH I EWL HET S
7T, E—ABGGERCETFERSRENRA LR T Hr0oTH S, FHL4HED
YIal—¥arTCl, ¥—4 77 X<ROBRICKH L CHHFHEDRE S E P
. BFoEBHESHoBBEIEEE Wi, ETRERBOELICH LT
RIS ET 2 LB L 7o R 7 I X< DEBEREL s BF -4 4 BlofE
HEATEALE T DERBRTHR VLD, LHLEL4FETHE, EREFHY
— ARPHRT 5 DHBE, UR7IX~~DBEREC—L0FELFEETCHE L
SHERME bk, FRICIE, AHINA Y —2D0ERRPME NS D ICHR
EEFAEZEL, thid 77 X~EBROUHROBM L YV bEL A b, ¥k, Bk
BRFAET 5 LBT o LCESHE~D:ZHAHIR I W 3 &0, hiibicE T
LEERELICEL A%,

¥ — APCR OB 2 7 — A (~10 nsec) KBWTHBEFOBEENFEL, BH
FEEDBh b A ABESERET 86, ©—sfBREBESKESEDL ST
B2 D 5. BTFOBUEE2ZR L. Poisson HERK kX Y BEHEHRET I,
PERERICET 2BTERNOTNEBIT T2 c L B8 CTE& %, Ebic, PURBET
RETIBCHORBOZAAF — R — 2 DBBH T RA X — 5 LEHI N 5 2,
ZOEEIBTEROFENTCKE X NS, HERBBOZ AAF -3 ¥ —L0DE
Bz kA ¥ —% LEBE, E—A0EEARARECA S C EBETFHEN, Y12
L—Ya vy WVBBOZ RN —~OBBEIFON L, KECE, BFD
BHEE & A BHEORERBIAVY $alb—yavya—F PHYICQ-CE
HEERXh, FY) 7 VMEBKBY 3 E—L0BBUERXEIEiE L 5,
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5—2 PUERHHIE

b—2—1 HEBEHRERX

P—h BB AA VL TRE4EDY I 2L —va v eFAUCI CHRIRE
BEFEFALFEEFACHRDN S, BT L ERBICOVTREEPEOELZ
HAnd, BEEZSUETOESHEX, @ /lEXe Maxwell EXEH
%o BTKOWTOEBHERZ,

on.

5 +V+ (neue)=0, (5-1)
¢ : -
MeNe | = + Ue V)ue——ene(E+uexB) (5-2)
ot
"meneVei(ue'—ui)'—Vpe )
3 [é) . - . .
Tnek[m+ue V] Te =—peV U +V K VT+Qe (5-3)

rh Do ¥ ABRBICOWTIE, Maxwell SEXDLETHEAV-bh 5. BROFHHA

V-E =L(o+pire) . (5-4)
VB =0, (5-5)
VxE = 9B (5-6)

ot ’
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VXB = u(ib+Hi—Jo ) +me S | (5-7)

E%%o TTT, p ¢ j RERNERLEREEERT AEDOV 2L —vav
THIRT P e BF YT A ERAT— « BF V¥ 4y LCERENAR,

1

&

Ag= (pb+pi '—Pe) ) (5-8)

1 5%°A

¢ Ot?

~AA = iy +Hii—ie) - meNL . (5-9)

BEHVbNE, ZE L7 —uy « ¥—IRBENT S, BBBRAHIT— « F
TV Ve AhbDFHERETTHRE BH, HEOFEER ¢, RFHKCPEAETH S
e, BRIAHALREFRICTHMEL AL, ¢ KREABEENEL S, T, &
B FER (5-2) KBWIEHAEET 5 ¢ ik, HEXOHoP K 7 7 X<RKBHE
FNBTLEEHT L, FAFELFAUL 79 X<EHD X 5 ABAKEOHE*#
RBLER AR E— LDBCROKED R 7 — A CREW R FFOET O AE
BRUCERHEHORESEETH 5, o> T BUEHBEORRECHED 5 b OEAK
Roy#H v b (filtering) 35 C & BB E A& %,

5—2—2 [Bffn

BFRERA A v —2hT B L THEIENKE L, BREOEkICH
LTRAMICINET %, SYRENCOROER L EROBILRETF XA IS,
¥ — LW FIGEE T A A ¥ — 2K E S FHERTESR WD, BERBINGY
—LDEBCHELEL LT LB TE A, EXLBTRERA 4 v LHKICEHE
T35, TOEHEEILORVEHGEA A vice o TR/PE WV, o TETF LERK
B2 TR CHRLFEUM T, SvRERREcRBAL AR L EAaTC e
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T&2, ¥—AlAFvidtoRBNTET-BRER CIRE 2 FEHNWAERS
&k YV EBPBREEND LR EBTES,

BETFoREREBBOELDORE OREIR 7y —ATELT 2 L ikh v, Bl
R, BT 28R (5-1), (5-2) & Maxwell HEX 28 R
e (BUEEOREZS At) CHUZRERA LA Bboh BRI
SHLTE—AeAd Vx4 ELFEUHECHL, BT —Maxwell HREFR
L ¥—&h 24+ OV BHEE p, p, L BHEE jy J; & BlORT v 7Tk
HohTwaiEtHwv, BEachs L+ 3,

BTFOREES D b TEVEBBR 5D 57D, ThEHRT 50D
(RSB E L & 5, BUEETE CRNBIR U2 ARAZBBCOEIL . B
HARFRCOWTORMEERD 5, > TEFEDZA L Y FEWBEROBEHR X
+., EEHERCH LcElED dumping KAk %, BECoOWT b, HENAE
Bz 7 v 7" At 2B 2 hiE, At XY EEEHROBES X dump L. HE
B2 oRERRECFE L liBoh s, L LRHERE S ¢ 2 8EHFEC’,
BN A ot U CBUER T X F — 2 0 REW» b < 2% X T 3, BFEDS
BT OHREREL <« AEOEFRHTEARTR v, AL < 1 BERETNh . TOl
BiZlazHV3 L, 7IX<EHIELLTCOHEENHETCE S, BRI X~
OYEEN 102 m=3 235¢ At =108 sec Kh b, LAL, E—ARBBHT
BEEIA 7 —n 133 10 nsec TH B b, FHICHE 105 ~ 10° BoRHER 7 v 7
PET L, 2IRTEDY I ab—vavDfs, 1 27y 7OHEERE WD,
BAEDFHEE OB CIk 10* RIABEFICEZ 5, ¥ ABEHEZEOER I WHED
ORA—X—ETHATECLRBEL DN S, o THBFETEF—Maxwell 5
BR % ¥ — ABGRDOBRE 2 7 — A ¥ T & BARAIBEICE -,

B2 A0, BIEMARBZACLIOTEN A X —LRRETH 5,
oT w, At > 1 CREFT ST L TE, BEAKRSO cut off 7 1 45—k
323459 DR, BUEMFREXBFRECHCRERICEEEC R 5, ¥ BRSER
STOFNT 5B CEHTH b Cciih\va, At OIEEINT, BEEABEFLT
v k5 ABE, FlidikEeiEit, BF— 4 4 vHoBREEN, RUTEeH
RO 2 5 C L8 TE, FERICETH B, LAl At ORFEINTH
BAICEIRE) A okt & . HEBEOFHENBHRER A wHEA L, BfFE
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RRERRERFHRT,

5—2—3 flEtH

EBWHERX (5-1), (5-2), (5-4), (5-5) ZBFETHEL DK ENENEES
b33 &, n+l ORZIOHEER p 1, urtl, o, AM s 3 8 ROENLHFE
AnHohd, T n BREHEORT v 7R T 2RITEBDOEBUEA v
vapg behEercs e, rAEIC NR 2y o=, z5EIK NZ vy ah
» 586, 8xXNRxNZ fHoE s AR E2@Ir 20 hiEAh b A v RETHE A
L, FIRZ b x % o+l OEZOYBEEL T L

Ax=Db (5-10)

thb, b BEHEIRT v 75 n OYEE, LK > T 5. RETH A OWEAEAR
HRAPE#TH Y, Sparsity 3% 0.99 OAHBIBHTHITH 5, BTHIICHT HH
EFEE A 5D 505, FREOEOCHFENIAL \ FEY v OREOMERSH.L
bEEh T3 7ed, FKiE (SOR) BFREBERL Ao ¥ 7B AR O
BT OEETH % 521

tAAx=tAb (5-11)
L. BREETHIESBTFI AA 1Kz L ICCG H39% o5 € & AT s,
BOBGEEI/N S BE EH BT D o 7o 'AA DIV nEESS & VBY

el tRRHEEEL OIS, #F. BTPlcdT 4 —% LU HBc ka2 HY X
DHEFEOR Vv, EEECHIT LKL,
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5—3 WEfPEibofiE

AECEHR LAY Iat—Vvavea—FEHwic i), E—ABEKRD
BRce) 2BEFEHORN T 5 C e ¥R A S, ¥ —ADER
BEETFCHMELE 3882 F< 5. EOBM O —2RTRAAA—F
b FY 7 MERKCBAT IR, BTV —XFELHY —F « 7’5 X< 0T
FEEIEERLEET %, TAENIY - FHELILTWEESCREBYE
WET 2, coOBRTY—LNTREFLHEL CERPHEsEC 311, Lil
E— AR FOIRAY — BB D, E—LHTEAMESFT vy v LVICET
DI X v, TIRERHRA & D X 5 ICHERTIC A 2RERIGFER BV, BEFRYE
— LR FREEIVEE RF vy e riCilEh, E—ahiFe3tiIc VY 7 HMER
WICEBAT 3, ¥©—2BREBERTH/IEL, FI 7 MERIEBORE, ¥
LAOER L BRI APELE AT ¥ E— ARBENCBERE L S,

F—ADLBMLBRBEENAEL AL L, BFV—RAAECHETIETD
BHAARRL. FY 7 VMEBNCTEROIERMBEC 5, 2T TFY 7 MREKICK
HALD DD 7 5 XK ric i h b, 77 X<HOBEFRI AV e
DEEFEET, FHEBFES [=10° m LEnid, BFRE—-LLHLE
BECBET2C LN TEER N, TORDY, E—LEH RT3 c0ic, &
B7 I X<0BFEEDEENHHBELT 5. TORERT -1k 77 X<iRH)
DYBDOA—X—TH Y, FI 7 MEENLEKICET v ¥ v A3 OEHIES
3, FVU 7 VEREREUEESLIX. 2 COBMARSEL & 5 ECETFHIEHE
Xh, FY 7 MEBAOBTEMOREDY 2T %, FI 7 MEBNO 77X
< DEEH Y —ADFEECHARTTHCEH TIE, ¥— 51T OFRACEHR.
B L ik Eh 5,

FY 7 VMEEBND 7 7 X=0BEFMEL . €—aLEREOHE, HRETFO
I B BL T BRI, 77 X<REBOER L VEL A%, BTOWMNE
L GCR, HEEB 2> CETHEEZDTH Y, BETOEENHCH
£TH5, BFOBHEK X 3EHNPHILOENIZ. ©—2PCROKE R 7 —riC
dEN, OB CELIHBESREC—L2REXEEHEL R D,

FY 7 VM EBD 7 X~ DBEMENGE, ©—ABH b HAICHFME T,
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REAHTHEBBRET 5, BBEERFIEPMO D CRE L BEHOHMIC
BF3EBT 5 & 2T 372D, BRPELICETIRBEE LR A 3,

B5—1ic7 7 X<FEICHT 2 BRPHACOREEZR Lo ¥ — L ORFREH
102 m—3 KA SZNECOETH Y, HUHEBOXEDIET I T3, M biHh
AXoK, 7IX<EHERE—L XV THRBTNE T 5 X<IREE OB DR
T ET 555, E—a lFEREM TR S &, Bt oBEh ik S c i
T2 ¥k, 77 X~OEBEENEL, HERSE B, BHEEL VT w, 7, > 1 D
LEZ, FABCHEERBL %Y E ~vB,=10" V/m 0BE»HES. chid
rhEOe—Lv Yy Y AEEFLE—ATHHATHY, BEHIHMSELE7DTH
30 79 X<OREERE—L IV —MUERE VALK, ¥—sDURERT
BEPEFE DR BRI E LTI v,

5—4 BETEHMDO X

BN — LR FROVES A7 v ¥ v AICHEEX TR UHANICESNT 3 FK
k. €—2BHOVEL HERSBAHENCELT s itk WL 2HBHESC
b5, BHEHRI - LB e WOHMICTEL, ©— Lk EES EETF % IE
L. E—ABMEFTIBIETES LT 5. BFRERA I v L OoFRIC K D hEH
HIRR X h, EREEETOCEAE DEETFOREAEETE, BRI X 2I0&E
LERLDDVBFTETEAINREE NS, F2ETHRRX 5 iIc, ERMIC
RESEEE o ZEAIH, F—s0lle LTES LETESBERS I bR
3, BBHEHEL w T, > 1 DL ¥k, BRHEIEEE o, xBATIC LD
T¥ 53, B LBEROFRAHRER O OIS — 2 — 1 0HBAR A3
PBERD B, |
EFERISBEBHEOMERZHANE 2H, E—LBREFRILZEE w7 7
AABEOC ERFEINEHE, Y Ialt—Ya vOiRELDL, BFERO X
C2DDRE—YRIBCEBFIh ol —2RE—LBAREFLREHiN,
RERERPEAL §, + 5+ 3. = 0 B VILo. VY 7 FMEROERBTELE
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KTHoTh, 77 X<0BRBEESTHCH D, BFEMAR 77 X<
i, BRHERBORET 2HREFEL AV CORIR T 7 X~DEE
BEHEIcEL S,

BMOHCHESE REL v, 1, > 1 0BG, BTFEMR Y -8B X Y EEHM
KCANRIDFRE NS v—L Y Y AIRBETFICHLTR r FRMEEcH ce
RERTH Y, E—aBGRAMETCCORARENS, ¥—2BRBHLELT
WEERIKIBTEHSD V), BEEHPELRIETT 5. #ER Y-
LD¥E n BEH LT A VIED LD, BFERE E— 20N MOHERERN
0 ¥RISiCRREEBHYHMCE D E ~ vB, DB DREL ©— APCRERE
2T B HAENCHERT %, L5 ARBRCENWT, E—ABHEBRETEY v F
T 588, EEEE Y —-LAOPROME L B4 5,

5—5 HOESBOTRAF—

E—AREAF—Fhb FY 7 MERCAH S W ERIBREEREL . ¥
v j, ~ kA/cm? BECH 5 D ICEWRSIIFE L AV, BRBO XL
¥— €, (ECRBOZFAF—) B —LDFEBITRAF— €, ICHBT 2 &
HeE s, LrLBCRAMECR Y - 2BHEE S LA L, BARPECRAET
T 258k 10 Tesla OREFH 1 FET 5, ek €1k € & LEISWRE
b B3, AIEICR Y —LBH L ETEMS r HAKHHELTHNI DT 2IC
VAU R0 €. BEL b3,

Ep B Ex POEBMINBZBEEAFA 74 v 7 OEEISLEHTE 5,
Maxwell HER, (5-5), (5—6) b

0 (1B* _ E? ) _ .
at 2 plo +802 )+V (EXB)———ZJj E , (5_12)

BT D, BAT | RE—4a, BF AF 2R ENERT 5. K (5-12) A

96



WOERHET 3B, E—4, BT, 44 v ofitke 7 1+ OEBRX %
5L,

0 (1B E? 1 1
5 (2 RS +2—2—mjnjujz)+V' (E x B + X 5m;njufu;)
=='_Euj ’ ij — M neVei(uez""“iz) ) (56-13)

PEbNDE, CHERERBOTRAX— b ¥—AFKDEET X ¥ — DRI
ERLTWT, AUBENEE Vo —AfiBic X Y A XA ¥ —~0BfT2
FLTWn3, R (5-12) & (5-13) 2T 5L, j'E OHEBELT € & &
DRI T A AFX — DRI 5 C LD h b ¥—ABEROFHE. PORAMIE
TE—-ADBREE j, #¥AKELAY, HRETC L 3EAPEALRIENLHT
RT3, FIRHICHEEES b RET 5 20, HFRE%Y j, ' E oxxar
F—EBERE—LDEBI L AL F -2 bBERFOTRINF —CEHENE, TD
BREAZEDY I 2 L—1 a yOHT self-consistent KEEh T3, € D
€, KEHMINZEERE—2PCROBRICKEL . FET IHBEEHOAREI T
BE 50, KENCIHEERTH 5, BTEHIFE—LEROMIZHEN 525G
¥ — ABHOHN T 3 FRCA X ABEER AR L. j, EOESKERD,
HOBSOT R X —BHEAT 5, PKBTFEHLE—2BR AL R LHEREZ
MN2EE, KEAGEBS IR IRELET, €—a0EH= R F—1E(L
LAV, EbbORIICE 20, E—2B0ROBREIC X YIEEFWICHE 5,
BCRRIRRAERENBES, v Iatb—YavicX b LREOBMAREY
hDTRIAF—RBEHOES T RAX—D 11.5% ~ 36.4 % IR EFHECET
LIERAE bR, BOPCTFHEENE €, > € DRAREC LT, BHEESHKC
IhEe—apEEEh5 e §, WhELAD, BB AAX —~OFHRBHETT
3T eHEYIab—VvavCHlERINk,
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5—6 ¥—ADPk:

AT CE, WRS7X< 1~ 5 Torr & XHORBIC X 5 ¥ — 2R
ABETH HRERIG oS, BRI OUPHERREI N C i, BF—A4 4 VM
DEREIHFH T, ¥—L0EMEHPHILT 3 2D oRMBETAEHEES. TOR
FREYITDe 65— 3HDKRTHR, 7IX<EBENRE—LLERENTICAS
BORAEMHE e’ BRPELIcE T 2R © — ABORORB I THRET ¥
Bl Ab, E—ABRICHT 3HRT I X~DBEOEKFLEREHNCRELE
DIRERTTHHTH 35, ERNWCHTET 3 CRERBETOENBHEERT 4
EHiH b, £ CAETH, BEFoREEEH2ER L, B oML ZHvi
wyiat—vayvea—§F PHYIQC-CE %R L., F4FECfToE—L0D
PR 2 ER 7 7 X< DRBEFHREFT %0 ARE—LDRTF A—213EH
4ELFILL, E—2BFOoz i+ —3 5.6 MeV, BEiR#AS 30 mrad £
B 2.4 MA ASRsOBHAR 2 8 kA/cm?, $EMABRRAD 2D
28.5 cm, ¥—A®Drb E3 S 10 nsec ¢H 3, E—AL%REiEE 457D
KAOMBEICINZ 2 v FHEAOHBIIE 4 ZEORDEEE B Az=0.004
Tesla'm Wb T3,

YIialb—vavERbb, ¥—A0BCRE:BERPHALRICHEEKAET B
LBy oke BRI X< 0.5 Torr DA, PERAMECEHPEALRD
ETHEC ), KEASESS r HAKRET 3, E—AaB8AHILTHL 10
nsec 0BT 3 ¢ HEHIZ10°V/mchk b, ¥—alZk rARICEELTLES,
M5—2KFY 7 MEBRNOE—LHTF~<y 7ER L. PRRMMECRERT
I A2 DOEERE— L LEIRECA Y, BEFORERRREIR Ty — A CEF DO
BHEZELE TV 5, ¥BHAMEALED KR CEL ., BORA X ) 224 VAl
o7 4T AVTI—varyREEHD L5 hHEIHL T3, BiIETR, HR
79 X< BECHT 5T, BEESCIE—L0REKCL VREI N,
ARECR, R 7 X<EBEICHT 2 THABRHELR-b D 5L bh, RIE 1
Torr (3x10% m"ﬂ[ig%@'(’b BTERYIalt—va viERADEFEL 2o

KEDY I ab—vartik, BEFEROBNWSEHEI TR S 2), Bt
Yibicwt+ 3R 7 I X-EBEOFER L VY EBRNCIHEiE hice BRT 7 X<
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2 2 Torr Pl ko %3 — 2B RRIABIERSCHEALX . BORAEMEIC b58
WEOHESRRELAVWERIE O, BA4EORR I Y H BHPHLREHE
WDk, E—A4 e BET 3BETEHORNSEREI W D LELDND,
EEEERE © — LA oBGRIC &, BRI E h, B oPHILRTRTSTH 5T
¢ (f, <1, f=1) XEFHINDIH, KEOVIalb—YavERIOERT T
X2 DHEDFEO LRBDLET Lz, M5 —3 KR E—a02FRZHIC L
ok &, BRI X<0BE L BHRPEALE, BATECROBIRIRI LT
3, By £ < 1 S hTn3ERERL, HeRoBsR f, =
1 B D IroBEBTH B, 2FH [, ¥ RELSThEHCHESRELEL, [ =
1, f.< 1 OfFgikss 2, I, 2824 MA ¥ f=1, f,<1 OffEs
5x102 < n < 7x102 m~* ORFETH 5 T L3355, BRCRE—20
LERYAELTECLREGHTARL, BRI X~EELR~HHCHEL %
dhidiabhvold, FELL AV,

z o, PORAAHSECHNE,» b 0 HEOBBEML 3 2@ s b, CORSE
k¥ — B L FILERCHN 2 ETRBMO—8% r HHEICH), BERIEE
LR T 2®/E%T 3, 0 HFAOHSBE z HEA LK X VBRT 5 T L HT[RE
TH 5o NEHE B, TS v, k1 XX, By & 3 Tesla X
DREVELEFE—LABRC L 2HCREPRET 2 OD VI H—Kh b, —
EHOBSSKRE AhE v r, > 1 Kb, EREE Y —LH0BCRATREKC &
%, BERAIC v HEONERSEINL 5 & HEHREAAE SEEL, OIS0
AVFERD, REEICE 3 A EBSICBOREERELS Aok 5 — 4 KHEE
75 X<H 2 Torr, B Bo,m=3 Tesla 2K A ZHDIC 2 FEHIC 6 cm A
e DBE D E— LDOPHRME R L co BORAD ¥ — LR FED{EIR
(HWHM) & 5.5 mm, %Eénfcai‘m%&i 40 Tesla CHo7%o LHL. &
g7 9 X<i 5 Torr Y ECRBETF—A4 4 vEIOBREIENCAEY . B, ©
BREE R ok BRIV I X=icxtd 315 — 3 LRIROMFEZES6 — 5 IR
Lico NIFHEBEMA 2T LiICX b, FEER Y — 2 ABCRREASER (= 1,
£.<1) BT ohie T LB h b, E—LOREHHE 24 MA 0L %k, HRTT
X<k 3x10%2 < n, < 2x10® m~* CHHIERV,
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5—7 k&

BPoRAMECH BRI X<0RFE L € —20HEESFRBRECA 32D,
A FCRE U BRI Y ST A W ER S 5, AT, BEFERO
BEIZIELSERS 2dic, BTORBEEEZERL., BiEoRKEZE L Ay 3
ab—vava— ¥R k. 2ORERECE TR EEECHELFH
Exfvbh, BFD 77 X<RKEID X 5 ABRAERS RPNz, CDa—F
PHekeYIat—vavick ), €—-LoBRERECEFHE— ABHROMN
EHRNAES L, AUHEBREZHNIEEED L C B8P H oo HEREEE—L
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