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A Conceptual Study of the RF System
for the Proton Storage Ring

Fumiaki NODA and Michikazu KINSHO

Center for Neutron Science
Tokai Research Establishment
Japan Atomic Energy Research Institute
Tokai-mura, Naka-gun, Ibaraki-ken

(Received February 3, 1999)

Japan Atomic Energy Research Institute, JAERI, has been proposing the
Neutron Science Project (NSP). In this project, the proton storage ring must
provide a short pulsed proton beam of less than 1ms with an average beam
power of SMW with two rings. In case of a pulse length is 670nsec (filling
factor is 60%) and a harmonic number of the ring is 1, the revolution fre-
quency is 1.49MHz. To achieve a beam power of 2.5MW/ring, the injection
beam is compressed by means of a multi-turn charge exchange injection. And
the average circulating current becomes 50A at the end. This circulating beam
current is very large and it induces a heavy beam-loading and space-charge. It
is necessary to keep the bunch structure and to reduce the beam loss under the
severe conditions. The RF system is made use of controlling the bunch
structure, bunching factor and momentum spread. So, we have designed the
two types of RF system and compared these RF systems. In consequence of
comparison, untuned RF cavity system is suited to use for the storage ring.
The reasons are no limit for the size of core, no control of resonant frequency
and simplicity for barrier bucket system. And we have developed the longitu-
dinal simulation code to investigate the storage process with untuned RF
system. In conclusion, the barrier bucket system is effective for the storage
ring. And we got the guide for design of the RF cavity system. This paper
describes the preliminary study of the RF system, longitudinal beam tracking
code and simulations.

Keywords: Proton Storage Ring, RF System, Untuned RF Cavity, Barrier Bucket,
Bunching Factor, Beam Loading, Space Charge Force, Longitudinal Simu-
lation



JAERI—Research 99—019

ST e GO 2] T T T L L TLPLPLERT RO R TRILLLRRRLD 1
Q. TR ZEIA T A T Ly sreceseeserntiitt st s 4
2.1 BEEZEIY A T L OBEE orvreeie ettt 4
29 [FIFABIESEEZEAR S A T Ly woereeeerrrmmrireesissite sttt 6
2.3 3};@%@%‘%&%5@:/1 - [y eeetesteatentetiertiititetiectiitiatiititiitiettottetacatatanaans 14
2.4 %E}(ﬁbﬂﬁfﬁ@fﬁ&*ﬁﬁf ........................................................................ 29
3. MEFTAIS I L L 3/ 3 2 eerereerreeteetntie s 23
3.1 MEHTY I AL =33 2 OFFE o 23
3.2 MEHML I AL =382 T F o 23
8.8 E LY I L I8 U ereeeeeenerii s 29
A, T L B et st s s e 63
2t B ceererenee e s s 64
Z{%)‘Cm ...................................................................................................... 64
Contents
1. TIETOAUCEION *+ v rseeesnrnresssensrrnmmtasenanttetis s taettetae i sttt et at st ee e 1
2. RF Cavity System :eroeeseseessssssititimiimiiiiiis st 4
2.1 Outline of RF Cavity System ::eo-eocossereerrmonneetmiiniiiiecees 4
2.2 Tuned RF Cavity System «ceocceoeeemsmmmmmiiiitiii e 6
2.3 Untuned RF Cavity System co--coeeeesrmrmtmetiiiir 14
2.4 Consideration on RF Cavity System ::---ooreeerrrreiinremmmiinine. 29
3. Longitudinal Simulation «reeeeeeeseessessmmmmmmteieci 23
3.1 Outline of Longitudinal Simulation «:oseeseseeerseeressimnenniseinneenn. 23
3.2 Longitudinal Simulation Code ««w«+ sseemrsmsmmmmmrsenenuisiesinise s 23
3.3 Beam Simulations -oo-eteererrrrerrerreenssaasestettttaiiiiiii i 29
4. SUINIMATY *+reerrersesnessssnsess sttt 63
ACKNOWIEAGINENE «w+rerseressrssssssstanrsts ittt sttt 64
REFEIEIICES  +++w++rerernsrreseresssunntneenennennitiis e tttsats st te st sttt st 64



This is a blank page.




JAERI—Research 99—019

1. TL®HIC

EURF S T ARSI TP FEGELERAICE SV R (<lps) o K
ME (SMW) E—ARNKEL AR5, AFHETIEINEEH IVZE 0.5us LA
T.EMAT—25MW O 2BOBTFERY v/ TERTIZL2BEL. Bl
ERHZEDTVBRL K 1-1 KARE—LD/ YV ZFEL ICE/ SIVAE
— AEROEREYTY, £72F 1-1 KARE—LDT A2 %RT, 2
OBFERY L/ CERTHILERELLBE TOLERY /bt O F
BT 21X 104 E 20 . AEEFREIXTERETS0ACLET S, Z0
IO —LEEEL, PHEFEEERTY TR E—ARREMIET I
. HAFHCE Y b—an X, ARRA VT 47, MEBEBERT A ANVDFH
& BHEBOC—ARRENE, ROBRYHLEOE—Ao X2 Eflx DFRE
IV TEHEMLERG D, A TIIEREEO L — ARREED 5 HHRHES A
DEMBHAC LD E— LFEEK, ©—bo—FT 4 VI T TOE—LEEZH
NR,RECEEL, BOROHLEOE—An X 2T 21D HBEREGT
EEY OV RABRABER S AT LAOESRMET o7z, iz, MAMRE— L
KSwFRIFaA—REREL, >Ial—arz2Tok. FHESETEZ
NHIZDOVWTHET 5,



JAERI—Research 99019

V=79 OE-A
20msi3}72ms 5553micropulses

————I rf30mA

J L

80 rf-bunches

100A

o 5 ¥

X 1-1 ARV REER SICE UV R B — AR OERE



JAERI—Research 99—019

£ 1-1 ARHE—LNRTA—H
%1 52 #i
EEj— L ¥ — 1.5GeV
LT R )F— 2.44GeV
EEE 2.25GeV/c
B 0.923
Y 2.599
Bp 7.51 Tm
Ap/p +0.4%
€x 2.0n.mm.mrad
ey 2.0n.mm.mrad
v'— 7 EE 16.7mA 30mA
AN ) 2ms 3.7ms
R L 50Hz
23V AKEE 400ns-ON,270ns-OFF
T v — LB 1mA 3.33mA
A i 1.25X 10" 4.17X 10"
=L — 1.5MW SMW




JAERI—Research 99—019

2. MABEZERY AT A

2.1 BABEZERI AT LAOBE

AEHBEODOY 7 TIRE—LZMBEL VWA, EELZE— LD THEE
PRDL. PHEFRERRICLELRE—AZRD H T 72O R AR % E
B, ZORABEZEROHEIIRY HLEOE —La A2 ERTLHIETH
BELZ2D, R21I-VICEBAEMERICERINSEAERELTT,

#*2.1-1 FEBRREARMERE

AR (FAR) 1.5MHz
IN—F= T 1
IR L 50Hz

K ETE R 4ms
ERE—L2ER (FH) 50A

IOV VT TIIRKRS0AWZET YL — L ERERZECARSERIET RS
20, BEE— AOREMEIE L, BAKOEAR 1EAH 670ns © 5 H 400ns
DD, BAMIIEBER—BESHOBES. E—LEROE— 7 {EIT S0A.
BEAW RS 1T 40A THD, TOC—7EIIE—LO5MICE > TRELE(
L. RNIRZHMOEE, E—LEBROEY— 7 HIT 120A. EABKT T 65A
WCHET D, £0720, EHEWHRICLDIE—L2BREZMBFIL, SbICYE
—LABWHRICL 5 EE BEMERDOALRENZE BT DL PERTH D,
O LETEBERMERICERSN2HRELUTICRT,

(1) EAE (1.5MHz) VAN EREOIEEEZEM L,
v — ADOERI#EE L L LT — 2 BftEE T 5,

(2) BRI —ABHLEEEMEROA ¥ —F A% T,
n ey DOEESZME (relativeloading Y <2) ZE X® 35,

BrY S HABRARERIETAOLDERE SR, ERAICEMEE
a7 EENTDH, ZHIETV I OBE. RFEEMZIERERIZCELTWY
57 DREEEFEEPEFEICE O LT, BT Y v 7 OREITEE Mhz
ThbHid, R T 2ERFLRNVRETCRERENFEFICRLR>TL
5D TH D, BMEEEFROEREE L QIR AR EE KR & FERFHE
mEEZERO 2 BENE OIS, AFAMEEAKRZEREIIQELAZEC LS
CIE S TEAR DR EZDRIIBEBETEDIXATOERTH D, L1L.Q
ERBEW iz E— A0 B EEFEEOECSCEAEEROEIC X 2 HREEEK

__4_



JAERI—Research 99—019

®EM%N47z%ﬁfﬁmﬁ%éﬁéﬁ¥ﬁbéo%@tbﬁ%@%ﬁ&
ZZfR & RIS, A ETOBTY L ZHESE O E i Z o FRAR A 522 AR
T, a7 =54 FBMER AN E, —F. FEFRFAR B BEZEMRITRR
DKRE BT RERT L LICE>T QA T, EHEICbI> TREARK
BHEYRECTEXZEOIR LEERTHS, ZDOHA. v — A0 B EERE D
EALRLAREROEIC L 2 EBEEEOEICEOE TEREZRRIE S
VE A a0 O FER S & AR 2SR & T B, RIS R AR R~ DR
REBEFTEEARES AT McONT oINS 2EE O AT b % B
L. #ZRENOAY v b, TAY v FERFL TV,

2.1.1 LEEEOFM
2.1.1.1 EBEHENRYAp/pOY—AriHETIOLBEREREV,
EBEOENY A p/p P —LERHETLOLEREREV (I,

, e n|BETBY é£)2

- 8q \ P (2.1-1)
TRDOLND, T Thid—F=v 7. « i dilution factor & FHINLDHHE
FC longitudinal phase space Tt — A 53 2 EH & @EAE T ¥ r DEED
HCeEAN, T TRek=2217%, ERETFLVT— Qi IHEHERT
ZZ Ty 155 4 AMRTED/RFTA—F ThHDHTZOREETERVN, BED 5
X2 TI-0.1 & L, £ A E— 2D EBHRDOELY (Ap /D), i EE0.4%
& L7,

Lo T, E— L%l 20OMEREEV I,

vV ,=186 [kV]
ErD,

2.1.1.2 ZHENHROBERRMEV
EEEMGHRI L AMEBEDITHHE LAV (. B — hOETH RS
k%2 TR Y v 7 GEE LSS,

__ 3egN
* T 4ggy*RAY? (2.1-2)



JAERI—Research 99—019

TROOND, TITA LI FRIBERL, 22 TRARE— LDV
FHEEPRFEIND L LT400/670X n [rad] & T 5, g it /=15 L.

gf481kbtoit\eoiﬁw¢f®%ﬁﬁﬂ8ﬂxmﬁwm1%5

O%E, EMEMHROBEREMV

V =74 kV]
LRD,

2.1.1.3 XHBEZFEE

VERZRAREE VIIERBERDRIC L 2MBEEHOTHH LY V. L&
BROERVEZ O —LOMBIZLEREEV OfaL 25, - T,
2.1.1.1, 2112 8i0FER L WV LERRAEBEEEV 1T

V= VtVe= 26 [kV])

E70B, BRORBAIRELRERIIZI1 ELHY 45m U EH DD TEROE
fLREESHIZVOREETEE 10kVim & THITHS 1 EARICRERIRETH S,

2.2 FREERERZERS AT A
2.2.1 FRBEEAEZER

X2.2- 1 FRAREE B ZERO#E 2 ~T, mARZROEEIIXY v 7
BEDOEEELDEZ VI W1 /4 FEEFAELRSE @A L L, BHT5
BHEEa7 L LTREREIVFERENTWE 7254 M 2EAT 5, EHEHNL
BLAFORaAFNaTORE, HMRIEER 7 VX DO~ED 5500mm
2. ARIIE— L5 7 hOHENB2S0mmICHIREN D, 1 a7 H-h DR
ABEZEDIOETEE, aTHOEREBRERENEGL 25, LD
HIR DA XTH O Z L IIEEEL 25, Ld-> T, BV EBEERS I
LTHEETCQEMET LIZK W7 =254 & BIRT 3,

a7 ORBUIEBR I ROB S X 5H244K L L, IEREIZ12kV (£6kV)
ZHUNT %, AR E— ABHRS0AILL D I 7 /84 7T ZADENERTE RO
T, ITEATe v 7 IZHNEIRE v 7 L8FRINAL 7 2E&BEET, “hi
L0 MEEREZHOE LIz 2 650 1 /4 BR¥RELRES OB FRHER T
NDOEBTD, a7 DBREANIZEREZ v 7HIC, KASFKRICLBY L FA1 v
FHEE CERT S,

ZOY I TIEARE —LADMEEERITORWO T, BHHEERNS R



JAERI—Research 99—019

FEBE—AIBRERAR L 2D, TOENENEHET D ITEAKRZER
%%%ﬁﬁﬁmﬁéiém%%btﬁndt6twoL#L\%%%ﬁk%
CRVFED LERABRERDA v E—F 0 AN 2 EEFE (GMHz) TERET
X7 20 . AR —AD 2 ERHREERSRER 2 595 EE 2 ER
BICEET 5, TN A BT A DI EEARZEROR/QIERE T HLEN
B0 BHEMENT =T NEBRT D, BRENMETE D & LEHER
BAERTHEDOaAT AL T ABRBKELRDLIDOT, HBRER DS 150F2 A
DOMEIZT D,

Y ORI AREV RN S 1 5T, RO 1/4 ERY ARG
E&mﬁTéo%5—ﬁ@1M&E¥ﬁ%ﬁﬁ%ﬁ‘%éﬁSi@%ﬁfm
S50 UCRRT 5, 222107 DWFIIREMEIK LR, Lid7 =74
Na7neA VA F A, CIIMEMEOSMHEHFERRE,. RiZ v M
Ly A TCEARERNTORBRERT, 7T haToEA YT
757ZLM‘37®%¥%%r0\W¥%%riﬁﬁ%w\%ﬁﬁ$%u’\
W En, HEOBKEL 1, &TD¢L

L=t W T

27, (2.2-1)

TR LN I3MHY 725, MEREOSMERARE C LT 2 & HRABK

frix
1

1= 27rx/ﬁ (2.2-2)

T B, AT AEREBELRVRETOLRBERZ 1.2MHz I[CRET
% e, MERSMERARCITIZS0pFICR D, SFMERARCH

c=C,,+ Coour + Cure +Cp

2 4 (2.2-3)

Tiﬁ%oC@pmmﬁ%%%‘mem@m%ﬁﬁ\(%kd%ﬁ%@%%
@Er . Z1UC. C iWMEMREBICERT 5HE2 7 P OBBFRETS
B, ZIZT. Cpn Cop WENETNRDLIITRDOND,

coa:

2
— gomducl + €0£cerscer

gap
Ay Ayap (2.2-4)



JAERI—Research 99—019

o _TEE g
coax ln(’;av/rdutl) (2.2‘5)
£ = :
1=1n(r, /r.)/1n(r.,, /T ) (2.2-6)

TIT, ot FERAEAER r, EIERNEREE 1, TZERE.
d,, HERE. e ZHRBET Iy 7 OLBEEE (~10) . S, FEO
v Iy OWlfEEERT, C,, 1345pF. C_, 1342pF, C , J360pFTH S
DT, BEa VT UHOFREC, 1X1270pF& 5, /31 7 AEFi% 1000A %
TEETIE, 751 FOLBERFITOBREETTED, Lo T, 3
BREFEIX1.2~2.3MHz TRAIETH B,

2.2 20 FMEERE TIXARE— LAEBREEBRIR I, L LTERLTWDIH,
JAE v — A ERITEHEER O EDFHFEFEC, L LTRXS, B#E
HFEC, TARY—LBROEABHES I, &

1,

C, =
270V sap (2.2-7)

DEMRICH D, ZZT, .V, BERTIERBICHNT S &EARKEE
DEFEHLIRETHD, {=15MHz, V _=12kV, I ,=65ALTDH&L, C,=
575pF Cdhr 5, L7zd3-> T, FEE— LB OINZRE & B 2200 O iR /E
e X, FREEL—7OERT1.5MHz 2*51.8MHz £ TERTS, V
wp = CKVOBETH . O EFIF2IMHz £ TTH Y, BENHBIEHZ I DM
HEROLQMEMNSIETLTS, A =& 2R3 2/EHHAHE (3.0MHz )

F TREIE RN,



JAERI—Research 99—019

S ik T4 a7 aF A T AER

N\ /

pui ><
\ 1 _ i
) 32 P B \4
L1 | | —t | 1 | | I
>(/
\
i oregd RESURE & AR

2.2-1 RARUEEEZEROEE

1/ 4 B RERML 1/ 4 B RERME BHHIE
' Vgap/ 2

............................................................................

R2.2-2  [FFAEL B B 22 AR 0D 3 1) 3 45 Al 5]



JAERI—Research 99—019

2.2.2 ®EREBHEESR

X2.2-3IC B/ IR OB E TR L, R22-1ICF DL ED 5, EHIIE
BORMBEIZILT L — NHFAEELI00kWR O EBEZEE % 1 BT 3, |
FEMHOa Ty 2B L., ARIO 1/4 EEFRESLERONNMKL 7L
— MHATEEBET S, L — MEKRERIZIF a—2 34 L100mHEE L
THUBRZEFICENRT S, ENHEBRNOERAKRERNE RisA v X7 2
A33mHTHY . Fa—7 af ARFEEEROLREMEICE 2 5813
BETX 3B,

BAEZEROY ¥ b L E—F V ARIIEXIERI2KQ (7254 F
a7 1ARLEZV50Q) THD, LIB-T, MERREBEIKVERET ST
DITIX 1 /4 BRYFEEEIRSE 1 B4~V 10A. TROLOBEZEED S L —
e AR ERII20ALETH S, UEBEZEL ARBESY, FL— FNERE
FB0ABHND L 227 Y v FRA T ABEBEXRET D, EIMAC U
4CW100,000EDZE A7 UV —VEBEZXKVICRET D EMLER T Y v K4
T ABEIZ200VE D, E2. FL— FEREEER0AF T EOICSLER
7Yy FANBAEEEIZIVTH D, 7V y FOBEBEAARA L E—F
YABEDIDHIZS0Q TR LIZHE, RELRERAKENIZIISOWTHS, L
1> T, UBEZEE OB/ OFE KBRS (KT 2R X HEIER)
TEBTE 3B,

RBgICT L — FFERRIZOVWTRET 3, 7V v FANBEREEE ISt
THTV— MIAGEAKRBEOEBEEHET SICE, FL— NEREFEIX
ISkKVEEELETHD, TORET L — MNEAKRBRI0AZ EEHICHK LT S
&L TL— MERIIEKASOKWIZHZELTLE D, F2C, Y v RAAALT
ABEEZ /70 o OBGERAICEDE TR S IV SEHBL, v—
LERRFRIMNI S L — NEREER T 5, 2T X Y duty factor 23 1/5 (24K
BTEDLDT, 7L — MAKIZEARIOKWIZINE 5, UL EiZBEZS % Ak
IESEIHELELVEETH D, EEIIMEZRDOL QEM 5 LI EICRER T
EODTABRTEESE THEFEELOBBEIZ <. ZOHEE7L— B
KITXLICEHTX 5,



JAERI—Research 99—019

%00-1 [FIFA%! A 2o iR A i A ik 7 1 s e s DR AT LR
EXE)EX R 2 NS AZESMEESR 150W
BB A R EL 2278 3 S HitE%s (4CW100,000E)
#E - BES A#% (7275 L. duty factor 1/5 THE)
7L — FERERE 15kV
7L — MERERR 30A
71— FNERAKEEE 6 kV
7V — bERBEENR 20A
7 L— MR 90 kW
7Y v FERERE —200V
70 v FEJAKREE 120V
27— VEREE 2kV
MR HES 1
7u— MER %
Iq 1)
rr
3 7I
FFVRE 27— BER
2 HHEE 7Y v FRER FD JW
Fg I LT — Fi
1 T 1
I I =
— & —RR

K223 [R5 Ze R v ) i ° 70 i e (R DA




JAERI—Research 99—019

2.2.3 HlER

BRI R OZENL. BB k2RO BB EIIN 5 &R EE O JA K
¥ AR - IRIBAFBTH L TH D, ABTEREY v IXARE—LOM
Ex EWITOR VWO TEAERII—ETH D, 1250, BEMER? O DOAH
E—ADw I a VR 1 ACFLLTY v IRICHET D29, BAKRE
JEOREEIIBREINERZOET RV F—RILRBEINDIE—LF 3 v/3—0D
RN R —& L., Lrb—EDMHEFHFLARTHIERGRY, &5
2. AHBERAO/ OV ABERSR LD F A4 I THIELMNEIZRD, ThbD
EAITOTIIY VIR TORCFREOEKIZORNBY . BREDORAE.
epREEMZSIERI LEBE —L U —F TERETE IR, E—
LD HUEEOR 22 MR 5,

RFAR & B 2R 2 A2 BE O BAEFER OBREK2.2-4177, &
B EIERIIUTDO5>D 7 4 — KXy 7 ZTHERT 5,

(1) ZBREBEEZ7 41— K Xv7 ( AVCA—T)

EBHROSBE EHMEMAICLIEARE —2D0T X FE2BST
. MEFBRICEBEEELZENMT S, AVCA—7 EAKE
EDREHSREMEHERE T2 L 010, BAEZERICHET 5 EEK
BRI 5,

(2) ZRLEZ 4— FAy 7 (R v 7 v—7)

Vo 7ARICOEVBEOGRAKRERZRESTHDOT, TNT
NOEREEEEOMAZEEMBIIH L TTFORETILELH D,
AR e v 7 A — 7R AR ERE. mEAREEOMMERE D
RENARZ MERF 9D X O HlE4 5,

(3) ZHR*LRAEE 7 4 — K3y 7 ( EREFEAL—T )

BHHEERD b B BB ERWEZ 2l A v E—F o AR
B IO, EROMMEEREEEHIET 5, TOEDITE, INEH
BREE & UBEZEED S Y v FANEBEOIAHEEN0° ZEFFTD
Iy, "M TAEREEZHBELT7 74 a7 OFEKEELE
&85, REMAWTHIABLE—LAEROEME & b2, ®EK
ZEROA > E—F A EFEEICHRT LI LI,

(4) ©—AfiF7 4 — Ky 27 (DF V—7)
BEE — LD FRNFERET S &, EEESBPRKE R



JAERI—Research 99—019

D E— AMRKRIC SN B, DF A—7 IIMEBREE & ©— LEH
@&m%&ﬁmb\%@ﬁ@%%ﬁ#éiﬁﬂ%@&%@%%%&
HMERT D,

(5) RFE74—FRy7

R ER T T2 T4 baT DAL Ly E—F R ERA
33 100kWiRTUMBE 2SS D A v B — & AT, relativeloading
Y>6 L0 E— AREHRICHT LY Y VORERGEHE
LW, 22T, RF7 4— K2y 712X 0 LSMHzfHE D ZERR A
AL AR BRI 1/1 OREIERT 5, T2bb, MERR
BEDSEEE EEARHERICRE L, MEEREE 2T HH L
FCERREEETCNET D,

, 3
st i‘;’:’f B N
$AF B
ST

%

"

%

m

#

B P

"

' PD friak
} frmmR g o '
\ SRRE
T4
BRB
v—2h
E—Ah

F390 Ko %
}

X 2.2-4  [FIFRRY R i 2 P 7 8 2 4 R D AR



JAERI—Research 99—-019

2.3 ERNRERBEZERS AT A

FEF AR & A B R O QEIXE L | JAFIRICA v E—F U AEF LTV D,
L7edio T, BRBELUMIEL 3~4EEAREE Tl EOBEKEZERTHA S
DI ENTE, BFECHEVERBEERLETRWVWESIX. BRIV AT L%
FERBIZ U TINRLDTEX S,

2.3.1 ¥RWEEBIHEZH

2. 3-1CmBREEROEEE R, BERKZEROEE IIMERBRERE DK
FEHDOEI DIZ W1 /4 ERFREgEESR A & U, E/TToME =
TELTEETENT 7 AROBMEEE&L2EAT2, BMN@BRB T 714X
v MISKET BN T 7 R & FRERIL U MR SRS & T, BERER
R, OEBHEIMEREE, BX=) —BE/RELE L. FEFERESEKZROE
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FIERRICE BT 5 L RAD T L. BEAKZEROEFHIREMEREOL. R
BELND,

2 2
ot = s +(2nfL,)
27T, (2.3-3)
oo R+ (2nfL)’
R, (2.3-4)

—%. MEMBROEMEFERECIE

c=C +C“i+2C'

gap 2 tube

(2.3-5)

TRED, C, PMEMES, C,, HRMEES . C,. IEIHRER
KBOBEBERTHD, “oT, C,. C.. HEThTh, UFDTE A
+5,

2
— 80mduct + 808 S

C . cer™ cer
gap dgap a’gap (2.3-6)
_ ngogcere’lcav
o ln(rcav/rduct) (23_7)
£ = 1
1=1n(r, /r.)/I0(0, /Tiuer) (2.3-8)
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— LAATTRENLEL D,
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3. FM¥rIalr—vav

3.1 FMYIal—varyOME
%%ﬁ%ﬁ@??yfﬁmﬁ%%tfék\%%ﬁﬂﬁyFWﬁﬂéﬁi
SERATRSND, BFIXZORERRN Ty 70 e ViREBEFIND
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3.2.1 EBHFEX
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dt[Qs)_ y (sing —sing,) (3.2-1)
ﬂzm(ﬁ] (3.2:2)
it PR |\ Q,
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0 CHRVBADEBOETF Th b, LBITFT X O L&A EEZ ZHRICHA
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*H L%, AE & APOBERIIKANTREIND,

AE = ﬁin‘PE (3.2-3)
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T DEEEZTITROT,

AAFIE TR M DR F A TERICIKTET D ZRI B RO RREL %
BRECFHES 5729, R (3.2-1) . (3.2-2) &R (3.2-4) . (3.2-5) TR
ENHRICEEMAE S — VBRI HHFEREZ RD D, ZOFHEICLVE
BOF— B COEMEBEMIRICE D —ARE AR TIMETEL LN TS,



JAERI—Research 99—019

AE,, = AE,,, +qeV,(sing,, —sing, ) (3.2-4)
2% hn

Ap. =A¢. +——AE, 3.2-5

¢:,n ¢1,n-l Qs PR in ( )

n:&#—r¥ i kFES
3.2.2 ZEHEFRBER
%@%ﬁ%%u%ﬁ&%EVﬁ%ﬂB%b‘%%%KRFﬂﬁyF%ﬁm

éﬁao:nmiof®3zzm%¢i5m§ﬁ%ﬁﬁmxofﬁﬁﬁ%%u
IANEABET L, AU FWMERB T &IT2D,

EARERIC L DRI Ff
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e, HZEOHER g0=1+21n[r1)
Ty

r, B AER r,BEXI MNER
A(0): RFREE

rd
Es o /7\
; \) |
E—AL¥E 1b
7 PR d

X 3.2-3 ZEREBEMHROHEET NV

COEEEHFRENICHAIAT X (3.2-4) 13X 3.2-7) 1 RTHE A
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I THEERDDITRFOH (RLH) FRgA A (¢)DFMFETH B,
EXX V522 XIS ROEBERAIZY VTR TORFREBE As)IZ
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EBFRETH D, Flo, N F BER) BAVEE. K3.2-4b)D X 51235
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j=1
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3.2.3 ¥—au—5sF4vY
3.2.3.1 Impedance

ZRDOA O —F o AT EEEERH D, E3.2-6 IZRTRC LIS
HREIBICL ) HMABEERZEE LRSS, 20/ 00— F U R0%

1Y 1 Y
o, = \/(——) + (ncuC - —-—) (3.2-9)
R nowlL

(3.2-10)

ERTILENTED, E—2DFEBRICL > THERINDIEES
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I(nw) =a,x,sin(nax) + b,o, cos(nax) (3.2-12)
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n
THb,
N
Ibeam
@ RS o~ &
= JE B IR

X 3.2-6 Z2hR % i [E] B



JAERI—Research 99—019
3.3 ¥—AvVIalb—varv
3.3.1 EERBEERRAT A

AR ZHO R CHE S @AY AT L0 HE, TOEBHERIR
ATHKIND,

AE,,=AE,, , +gelV,(sing,, —sing, ) +V, +V,] (3.3-1)
27 hn

Ap. =A0.  + —AE. 3.3-2

¢1,n ¢:.n—l Qs PR in ( )

TOEEDYIal—a VERER 33 1ITRT, ZORBRIE LU
12 0.4%DIEMRY 2O —LNB Ny hRRIZAFENDE L, 2800 ¥ —
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