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Bevelopment of High Power Micrqwave Source
S. Ono

Reseach Institute of Elcetrical Comamunication
Tohoku University, Katahira 2-1-1, Sendai, 980, Japan

ABSTRACT

To achieve thermonuclear fusion it is inevitable to develop high
power microwave and millimeter wave sources for plasma heating. In
1990, working group was organized as a collaboration study in National
Institute for Fusion Science to review the present status of
development on high power microwave source. We report the review of
development on high power klystron and gyrotron, FEL and microwave
power source by REB. Development of high power klystron is almost
finished except for cooling of the window, cavity and collector. As
for the gyrotron oscillating with the whispering gallery mode one
must overcome the same problem for C¥ operation. In the quasi-optical
gyrotron, there is no special progress for increasing the frequency
and efficiency. Though the experimental evidence on autoresonance in
the development of peniotron is performed, output power and frequency
i1s much smaller than that of the gyrotron. It is difficult to
‘increase in the pluse width of FEL, having giant power of GW level with
several ten ns and the utilization for plasma heating is limited.

In addition, we summarize microwave and millimeter wave
oscillators with high power which are running in the laboratories and
the institutes.

Keywords: klystron, gyrotrom, peniotron, FEL, REB, microwave,
millimeter wave, plasma heating
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Thd, ZOARTIET7o0OAh—F 2 (FC-10)% 8RR T 5, K. 7uoh—RorEEdke
BoREBACHIT. KESEZHRL B LBVEBE5ES,



A XOREE

BiEHOTELAFELZERNELLT. 777 Y —RO—HKEREI 7T 7a0FvET1ELE
RS v (T FOVORTDEEITIGNTWS, BRIZEZZDIHANTHLRTEN . 15~20 1DOHFE
AEZETIIB-TER (R4AR/H, %) . XKEH (KER) {Liz#ED - LOZEMEEDHRORUR
WO RETH 5. —cOFRTIE. P47 0EE—LEBFU—LIZEZLTWADT, RS
BAVEBTH D, TDOMDN, Ty 7 ) —RO—HEBI6HDEBERCED BT I 57 —ROMENL
FEyi2hb, '

SAREOBEE LT, 200~300 GHzOE/ VL AEHE, X, 8. TOMTHEZNATW D, 353k,
{ba)')’il‘ﬁlé‘.‘b'(. 07 —nA7 1)y FEOS GHz,0.5~1 WRORMRBEHN{L, RTITHhTE D EROEICE
Lo LTHEHTE: . ZEDFET s €— FASBL., RRUOHMT I« L FIc®E Alizay 1 —7 %1
KL TwWwh, '

KM DEOHER

¥THEXNTWAEY v 4T bavid, T RERITRA AN DV F S —E—FTHAIEN S,
™42 FYOOEI0~110 m¢ LERICHEEL TREV, T—FERBEHER OV MIESS
122, DEATFTF208M S5, BFOEZ A, FOUTF—Nn"EBELESETHE. YTT - FOHAHME
T MEXRIBENELE L T3, T—FOEES. SEOERALOFEHEW,



3.2 L =¥ (FEL

#£3.2.UF. v 70, I VEORHEAFILOMERR A FDY 1 7L DELOTEH S,

S NE IS4 BV 2 FEL

19865F(z. 7AVADO - LR - YINE TN (LLL) A, FBEIES L SEICES L TE43.3
Mev. 500 AL /NILAMBELS nsDEFE — L &, BEENEMANKRBICELTET -~ FI 475 (47
FRMG.8 cm) LASDOY T, B34 Gz, HH1 VDI YA T AN ¥ -THHEIS ITHREXH
ZEBITEIL 2o TRIFIEANT, 77X OERMEE DY A TOFEL T SHEN BRI, U
YA bOSEFRWBERMETIE, ERHE (W) - FTR WWOXKBHIVBAT7SX7IcRBET 20
Iz L, ZTOFELIC & AECRITEATIE, ¥ GW, /UL ZEEI0 nsecD SN AABBAA v Fizk D kHzT
DEDE L TRETZH#EE2E 5, MITO k712 7 ALCATOR-CASLLLEF 5/ - #8388 X v, FEL]= & BECRInpA%
fT5MTX (Microwave Tokamak Experiment)FtEiA#ESH 6N T WA, ZOEBRTIX. ILRBOY - LF1
FEM0 a. T AT FEHFS nEWHOAKRBERIOTH D, 1990FI2iE, B—rVLR Iz SECRIBAERN T
bREH, IBATRNY -SRIV ATHEOTEENZ W, 1991 RSHZERDBEL/
ATONBAEBRSTFEINRTWS,

EATIE. HEILERY 7 OFELIE, AR L — 9K, S iF -HEim. BFOmEmRTiT
PhTwd, BLFRRAR TR, LEFORBRERE YL 7 ABBELAAASOE=FILEHE LT WA,

FELE 47)] .

197N SHEEF L —Hid. RERAOREL L THEIRTEAN, IREV AL 7 O CFE
LERHAN VA 54 2 a s B TERMSETEL LT, BRI 2855605, £OHEK
. EEOBEEHI00KY, /L RAMEH usecDEY a L — Y EELBBREFAHEASHYT. Y47 SBR
HgE At T 210T,. 21 YOHEES TR/ OV 2GR usec T WIEEZ TOHRDMEORTWS,

7 % ADOTIE# (Thonson Tubes Electroniques)id. 7 XV ADOMIT L HET00 kVDED 2 L — Y EHE
ZROVTEFEAIZIV I M LB EBBARREL TWb, Ka/X» FMD20-40 dBOENFE X
NTW3, 724 AONRLEARRITIE, SLACY 54 A b o BOMBEEIES (250 keV,100 A AHWT. 12.6
=17.5 CHzBIR DT 1 7 Qi &/ L ZMG2 wsec, HHT00 kW, THILF -THRPEFT EETREI YA,

237 RFEL

BRICIERZBREDLLLY 1 7OFELTIE, #BIZAETH 5. cha/ B &filcd 523, BBOMYG
DO ZEDRNLER L ERANMICLETFNEZ 6B W, 20EDIZIZ. (DY 47 IBBOEWS 1
IR 47T ERAVREIIL- T, EFL -2 BEINBIRNF -%NELT B, (D74 70% 4
TIAFAT AL, MRAMOF v o 7R 220 TEREXTET ABSIZIE. v - MOTFE -
LEVB L THELERET DL, DT« /7ML EAL ZEREAOTETFE - LD LY - L EH %
EMIL . IGEREHEONEEAE S,



MITTIE. 7194 Fa7 28842 8WEEREAAVWTY 47 7AKE2.4 m. BRIEE19.4 k6OD7 A
2094 7S ABRLE, BT~ LOBRTEF v U ANERBIT7 - F oy 7RI THD. 747
SEART S RBRGAANOTHETHRT 3B L DEAEEOHEN RS,

TATO 4T STRRBMESKE ERDETIE, ZORICT4 T IBRFEIOF ¥y THHE &
3o SNz, FLIcHBLBREEOTFY - LEEREL2EDINEZ. ¥ - MR (UKEVK) OEFE -
LHAGELTWB, FAVADAYY -5 NRETIR, AR . BREELS kG, ¥rv73.2 mD?
4270 47 312500keV. TA, BEHR] anx35.5 mmOREFE — LE{THRX U, 43 Gl 2 ) BERiIREE
ALTWD, UEDLIRHAKERNIS. 7S5 XVOERMMAICAWS T Y b RFELOEENHINT
WBe TAYA, A -5 FAFOGranatsteinbid. FHE] o, BRI KCOBIZRY 47 Za41
(71.5MeV. 5AD Y ~ PREFY — LAGHIRE . FRE560 GHz, HH1 WO JilisREZ L L &R
BLE, FRBAOEFE - LIFNF D10 3ZEWT A EIZEID VAT LOZIRNY -HER,
35 L B, BN HE EOEIRA-TON-FONBIZSMICld. | HeV, 30 AOEFL - L% A 707 4 7512z
4. 150-300 GHzOECREAD T V%] MWREXFARELAL T b, EHFEADOETFLE - £%89.6 1[0
AT 2izk->T. 1 NV, 100 nADEBRIZE - T, EXBENTTREIZR D,

iz, W4 VIBABEI VNI MITAES . ARFILRERERE, EROFELTREY nichz5E
BET AT IDVETH> EOIH LT, MEFELTIIFERadBALIZY « 7 IMEE SR EZFED 4
ZScin 0T, EEHEEFY - LAAZEXY. FILEEFRA2 COABALTHIFLEIETA2L0TH B, &
AEOEEFH2ER IR TIE. 500 Kev, 200 A, #F6 codEE-EF Y ~ L&, BAAKI2OMAKY 475 1C
ASTLT130 kW(11.5 GH2)DEBRFEL B2, TFALF -4 T32 i BERERZI
~39 CHz DR CHEGEMIT X5 T AR A, BE, B2 28BNk mEAEILIZZ AL TS,



#3. 2.1 A Uaif. I )iHFEL
TIE -4 |73 E8 | REREE B H | L AE
HeV A o GHz MW ns
R IR FEL
ILL 3.3 | 500 9.8 34 1000 20
6
2000 140 400 20
KRRAZF 200 3 380 5 50
BIAH 0.8 | 500! 16 9.4 1.3 50
=Syt
7 % AFEL
B 0.6 10| 1.5 34 0.1| 1000
B TE1LFEL
TTE/MIT 0.7 " Ka
NRL 0.26_ 90 17 0.7 1000
a2y kM
FEL
MIT 0.45 | 0.24
FUR N 0.5 711 43
HHFEL
i 5~ 200 n=12|11~39 0.1 600
0.2 | 200




3.3 7954 Ab0r

EEOZ A 70O, SEWE, HES. BRAMEERLTWS, ZDIH. EdE, &
RAMEFETIE. BHTAEWHENMIGEROIFA R MOV OMEN, €OV ATFLHREO—DODRLE
2Twa,

AKBHII74A b0 ORRIZE. BWEREMEsSELT 220, THEEOFERELLERBROER
RELhZWA, ILER. BRISHEORRITH I 2~ BRES. F-IERPOBKENISA X
o ORESmNEZBERET S,

IERBORGFTIE. /WAL BFHEDIAHD I 74 A PO UARERENTWS, SNILVAZSARX bOY
ELTIE, S, \HOBAXEHEOERENAHNN TS, SHTI0 MISLZT T4 A FOrpid Tlohf
P BN 6100 MW E S EEEOBFENETTLU T WA, XETIZI0 KWE. KN T100 KWwE DR ¥
NEEFEH>TWAEY , ZhEOXEHNFRIAUEEILEBOEGAEFICERXN, SHESRLFELOEZHD A
HHBAFTAFEE L TOHBENVIEN S EBbhs,

EEERE TR, BRI AT -WEEREFRO R ZAY CBIZ. 2EMM.5 0B8R IS4 2O (
500 MHz/1.2 W) “' pERZh. 51 SEELFTHWRLZ BIET AREMIRRPTH 55,

BESPRETIR. 0MEEOHENEW LA BRI EZBABTN 754X F U hRREERT
%o TTIZ2 GHz, 1.4 W, 10 sOR/IR 754 A b OV B REFHHRMROIT-B0FEICERE N7
8 B EEEE. CHTKI00 KW~MWAE L LEEREIERE->TW S,

#£3.3.11z. BRAA. RUMBFTOKEND /S A Mo 08EERE2$ LD TRY, XHAEREED
{ERRICL =D () HEBIUCHAEROHBHE2EBEWEOTHbY TIERT 5,

(53]

1) H.Yonezawa, et al.:Development of a 100 MW S-band Klystron, XIVth Int. Conf. on High
Energy Accelerators, Aug. 1989, Tsukuba. :
2) K. ff: An S-band 100 MW Pulse Klystron, 14T+ Fv VMRS, 88FIH. FE.
3) J.0dagiri, et al.:Development of X-band High Power Pulsed Klystron, ZE16[ES 1 4w ZEANE.
91LE9H. W, '
4) FAfh: mREEME L. SMWEBHEXKENI 24 A0y, BELE 2 - 4135105, 865E108.
5) {k#%. ftt: Development of High Power L-band Klystron. X165 o 4w VEAES. 914ESH. WA,
B) S.Miyake, et al.:Development of 2 GHz, 1 MW Klystron for Plasma Heating, 1EDM'84, Dec.
1984, San Francisco. ' :
D EE. f: B8E - SREMEE LMW ISR bay, BZLE 2 - 40585, 85%8H.
8) Nagashima et al.:Test Results of 0.5 MW Gyrotron at 120 GHz and 1.4 M¥ Klystron at 2GHz
~ for Fusion Application, Int. Workshop on Strong Microwave in Plasmas, Sep. 1990, Suzdal.



#3. 3.1 2542 T /BROHM
=R 4R hay=
oE A-H i | WHED [V -LEE |V -AER w &
(MHz,GHz) | (W) (kv) (A)
TH2089 T-CSF 352 (MHz) 1.1 87.5 18.5 Acc. LE P/CERN
YH1350 VALYD 352 1.1 % 18 Acc. LE P/CERN
PEP SLAC 353.2 0.5 62 11.5 Acc. PE P/SLAC
VKP-82588B | Varian 500 0.3 44 15
E3774 Toshiba 500.1 0.18 42 g
E3786 Toshiba 508.6 1.2 93 21 Acc. TR ISTAN/KEK
YK1303 VALYD 509 1.0 87 19 Acc. TR ISTAN/KEK
YK1301 VALYO 500 0.8 75 16.2 Acc. PE TRA/DESY
YK1300 VALVO 508.6 1.0 87 19 Acc. CE SR/Cornell
E3780 Toshiba 915 0.2 45 7.4 a0 FER
VKS-8269A | Varian 2.45(GHz2) | 0.5 62 16 LHCD Princeton
TH2075 T-CSF 2.45 0.05 26 3.5 LHCD TR IAN/Kyushu
E3726 Toshiba 2.45 0.1 42 3.5 pHFEH
YKC-7849 Varian 4.60 0.25 46.5 12.5 LHCD &LHH
VA-876 Varian 8.20 0.025 22 3.5 LHCD TRIAN/Xyushu
T VA-949 Varian 7.1-8.5 0.2 50 10 Comm. J PL/NASA
1.D4595 NEC 14.0-14.5 0.003 10.7 0.9 Comm.
£D4407 NEC 29.6-31.0 0.0005 11.0 0.5 Comm.
SINVAPI4R by =
YyE A= R | U -7EN | - | b -AEEEE | 0 e ]
(MHz,GHz) (Mw) kv (A) {ms)
L-5773 Litton 425 (MHz) 1.25 92 29 0.2
LD4262 NEC 800 0.2 35 13 100 JIPPT-11U/NIFS
VA-862A Varian 805 1.25 86 30 1
YK1240 VALVO 1.3 (GHz) 0.33 60 10 1.2(s),
1AVEB5 Toshiba 1.3 3 130 04 3Cus)
VA-963A Yar. /NEC 1.25-1.35 5 130 101 3(us) Radar
Ln4444 NEC 1.7-2.23 1 85 25.5 10(s) LHCD JT-60/JAERI
E3778 Toshiba 1.7-2.26 1.4 87 K} 10(s) LHCD JT-60/JAERT
PY3030B Mitsubishi | 2.896 30 270 295 Ace.
5045 SLAC 2.856 67 350 414 Acc.
E3776 Toshiba 2.856 21 250 195 4 us) | Acc.
E3726 Toshiba 2.856 60 340 197 2( us) BEFEch
E3712 Toshiba 2.856 100 450 604 iCus) | Acc.
E3719 Toshiba 2.998 7.9 169 115 5( us)
F2042 T-CSF 2,998 30 275 280 Ace.
YK1600 VALVD 2.998 35 270 292 Acc.
3AvaES Toshiba 2.7-2.9 1.5 79 44 4( us) )
TH2103 T-CSF 3.7 0.5 58 19 210(s) LHCD TORE-SUPRA
VA-146C Varian 5.4-5.9 3.2 137 a5 12.5( us)
E3716 Toshiba 11.424 20 450 170 1Cus) | Acc.BiZerh
E3717 Toshiba 11.424 100 580 490 0.4( us) | Acc.BAF
LD4398 NEC 28 0.005 18 0.92 10 ECH Heliotren/Kyoto
Lb4321 NEC 35.5 0.004 18 0.92 10 ECH Nagoya
LD4399 NEC 45 0.001 18 0.92 16 ECH Heliotron/Kyoto




3. 4 RBB Y ad ju]

BB EES AW LOEH T 3 L ¥ - OB F L — L %REB (Relativistic Electron
Beam) & iP5, REBfE L TI3HRMICT L7 ABEERLER, /I ABEGRRUAREBEAFOY 14—
R&EGRTHLWDOZ /L AN —RESET, rHEHINES. BERKIRSES) S 5, BEEREIN-D
5% ZRBAFRT AV A 70 - S VERL LTR, Wh3BHEF LY -z EFYs 70t
Oy - A—H— (EM) . Fxl>2a7 - A—%¥— ((K) BHEROVTF boy, xR ERYE (
Relativistic BW0) . MBI 7 I 4 R POV EDRRNSOMEOEER EIZH S DO L. VIRCATOR (
Virtual Cathede Oscillator) @& HIZ KBHREBIAFHEONE LB T A10LHH 2. THHIzEAX
RTWBRBITEIS/N RN —REZBETH B, CORBEOFHRE LTEFIRToNLDIIEFIA
LE—DHEHT WL (~NY) | RUBEAMERBETE (0.1~100kA) TH D, B> TEHEH (~GW)
D74 70l T VBEORENAFELZ S, LN LEEVEWEDIT/ULZAE (10 ns~10 us) 2D
24708 S VEOREBEMAIEV, COLS BTV IE - S VERIIETA5EORMBREL L
TIRE/OVARBHEH 2 WEEHE DB LREBFEORRE. INBHEHIE» RRERUEERILL THEED
BWEF U TF A EOBRENNXL R FIBEOrIBHIERSICY ST Ah, FEO LA
MIOBEE., ik, H—F T2 TOEDIRET 221 V0EIVHOREEPHIVEELZWELR Y
ARART AEM BTN D,

3. 4. 1 EM _CMILUADA 70l

REBZH W57 4 7 0iEfO S BCARM ( Cyclotron Autoresonance Maser) HO&EFH1 70 bpl » X
— B OB RR I OWTIE3.4.2T. FrL L7 - A—H {221 Tid3.4.3TEEDIZ L L.
IZTIEEFDOHOTLEBEICOWTHR, TRHREMAEIT S,

Hammvraroy

REBER W2 3 b O BISSIZ1975ENMITOBekef 11284 F D R EEUIHY A THENEDON T EE,
FHEANCIIEROT Y 2 POy eEboizn, BilEBGHz THIRMOREH B oI TS, /L IR
10 nsThH D, WBEFEHLET < D}FPhysics Internationalt TITHNTWABTH S, LED/ILAN
D —RESFETHEORNWEDO 7Y 2 boL 28 L Fh o2 RBFETRETI LI DLIEEER L
THI0 GWEn %2832 L #BEICL THFEAED SR TW 4,

= 3.4.1 LEMA 1

REB Microwave w5
Laboratory V(RY) | T.(kA) te(ns) | T(GHz) | P(GW) tu{ns) | 7 (%)

Physics 1 1(2.8Q) 120 2.8 3 11} phase-
International Yocking

*:diode impedance



I BRI IE KT (Relativistic BYO) BRU X OEHR:

1970 (AT 4z Mary land & |H /S DGor 'kiidDInstitute of Applied Physics CHZEAME N BETHE
AETENTWB, )y T EEOBEEBA AN SR TWS, 15y FEEY L., Bih. S9%. 8
DIHER Y TN W OFIENH B, TonskDHigh Current Electronics InstituteddBugaevZEAEA%L
WWAMKCG (Multi-wave Cerenkov Generator) RETIXEHNTOrfME L BT 2 DI BERL EEORE
EWDF—N—HA AL, BT 2EROBEFEE LRI T T4 —FNy 220 ITRERAEELHE %
EFBLWIHFETHEENER TS, LOLEEIRERBLHANL ZLIETTETWEW, 5 1IMMCE
CHHELORIG (Relativistic Diffraction Generator) (EEFH AZEEBELHFKEL T3, FiEVEEEL O
HEERICESWTWADICH LT Z ORETIRr iSRRI L T & 0 BHAZMES A Sh Tw 5,
—Ffaryland KT3I 7 5 A7 & FIREA2EA LU HTEOTHBEHMBEEHRU EOY — ABFENGRTE S
FIILTR A 70N A2 EIFAZ 8 2RAT WA, RETRERIIEATERYHEIRTW3,

# 3. 4. 2 HEMH N

REB Microwave HE
Laboratory | V(HY) I.(kA) | te(ns) | f(GHz) P(GY) tu(ns) ; 7 (%)

High Current 1.8 15 1400 9.4 15 60 50 M¥CG
Electronics 1.5 16 1000 | 44-46 517 200-260 29 RDG
Institute 1.6 17 1000 | 27-33 6-9 33 RDG
______________________________________________________ SRRRNREIUID EUNUNUIRRIRRER DRURERDRRN SO
Maryland Univ. | £.6-0.85 2-4 100 8.4 |0.1-0.2 10-20 5

0.63 . 2.3 8.4 0.45 40 plasna BWO

YIRCATOR

REBRAERM 6 HZErh (ZREBA B4 ¢ S IR, RIBERATERIERHRER A E X T3 L {RABIRENFTH IS
EU. E—LBFREEL RERE L OMTED ST 5, ¥ 2 RRE FOMNE L BULERST 2, 20
BIiBEAOV S JOEhRET 5, ZheFEAT5LOMVIRCATORT H D . 19774 {2NRLDMahat fey 1= &
DERIIIES N, RIBEEE L L TRE - LB TFOEEE L REBEROBRHO_ 2105 5. Bih KA
B, DORA VDREREZEL 0O EHENLETR2VWOTIINEREEELE W &IcE
DRET A VDRI —3E L REEO. T~ 1 Gz THAAM0 GHIZET 2H1LH 5. HI0GHTDFIR
DAL HE S, LY AT —NBREL YA F - FEHRIELRT BEDIZTY Y 3y FOFTORIEK
i L IREZ LA A X v\, Physics International#tDBenfordZid (*epath sk + XIBTAEETEHD L
WO HET—ERBE TP RKELE - — FORIREFIHELBRLE, EizZOHROVIRCATOR %
W OPRABEE L GEEEL TI0 GYL D7 — 283 AR THERKELZKEIT TV, (IHBEDHEL
LTEEUANALAN —REXREBET 1 EONMRN? 73 bo v L BB OVIRCATORAEF#I L. <73 k0
aRAY—REGRE UTHL, FAVIRATRR L L @EETHEE T L WHZ LA KA T WS, LANLT
EHIBZE S UOVIRCATORD MBI & L TEIC Z & ARL., WL AA RS T3 AMTHELSET TV 3,



I8/ HMoscow Technical Insitute$TomskdInstitute of Nuclear PhysicsTHEHRHENTWAEN, &
FTIIVIRCATORD 5O 2 HIBIFIcE R L THh B WRHOMIcRE 3 5 LVWHRAF—LDRALSNT
w3, FETIRERIATIREBZBARATHORTWS,

#Z 3.4.3 EEHM N

REB Microwave - 5

Laboratory v(uy) Iv(kA) | tu(ns) | £(GHz) ! P(GW) te(ns) | 7 (%)
‘Harry Diamond
Laboratory B 250 0.8-1 40 50 1.8
r -----------------------------------------------------------------------------------------------
LANL 1.8 80 30-40 0.1
Physies phase-
International 0.75 80 2.85 1 40 locking

ZHRBICEAHERBI VTR POV

NRLODFriedmanZ | 3EIEZMIcREBAE T S LI LD E— LEHE#100 THE TAI AT LMTESLZ &,
FLTZhiIt— LOBCBRBICE > TERE SN ATHIERKIC LA e 2R LA, ZOREZTHERRE
NI —ONFr I I NBET AT ENTE, FRICE> TRBADELILLERNTE S, FOFEEFD
I3V FRefBICEREE RS, ERIAAE - 206D —2RD BT, TOFETITEED Y51
AbOrEbAoTEWRNY 7 MEBHILE TRV, FAE—-L0EHCERICLINEEEFXF vy v 7 OEE
HEEMNELEZArIRENRINI L 23 EI2ENBHELIT A 70D - LKW TWAHEREL T
Wb,

F 3. 4. 4 EEHM WV

i
REB | Microwave wE

Laboratory 1¢:1')) . (kA) | to(ns) ! f(GHz) ; P(GW) tu(ns) | 7 (%)

NRL 0.5 16 120 1.328 ) 5x18-¢ 120
(amplifier) -3




3.4, 2 @|IHAL420byy  A—H—

BEYA70bgy A—H—-FBELLTE. Yvy10 kg . CARM (Cyclotron Autoresonance Mase
r) . YvAa-BW, Py arI4 A rarEhBFohs, STy 0RO EKXIZD
WTh 2829 %, BRESICEBEFENGHE - BEILTWaE2HDERI 45083, (FPTa=
Vi/Vin)

CARM
SORNUFFELIZAR T, BV M THERMETH 5. FEI YO PO VICHENT, Bl
T HLRMBENME . BREEIZHNICL RAHOMBYBRIN., SOEBIEHFT X 350
HAETOoND. L ULEHE - BHABEDOEDIZIE, —L0BIs8T 3B RAEKL < . MhHL 3
WE—E, EuF 70 NEREBIZE - THEHIELWEGPRE SR 5, 22 T—BREB2BEENS Y
BEAENIGIEE LR, E—L0—REHIN AL, GiEHERERIV.Z 2. LISV, 05NN %
WALV FEBEORN 2 EBITO>BNEE IR S, COEICHEBLTERL BT EEEOBES L

12k B,

T— ) FTHH TCARMDERBAFIN 7, 7L REGIXI00 nsTH BAYEEDTH L EHERIFH50s TED
EIZ20-30 nslED v 1 Y N RE LT WA, V.25 2 35SV ABIBAIICEY 7 48 % B
HISEEABOTED . a & LTH.20M@EE TV S, ZOBOBEWEIDEI EBWT WS L XS,
FERFR IR EEOTBICEROBDT F oy V25— 2HWAHEXTHED . B— FIZTEn 2H0WTW
%,

HITT OEBRITHENG & ERRBER S OEENBEINT WS, FITBIFEHAIZLT KKOAHT £ ¥ Okl
Y HEEBEOBOLOT, BEREROHNIZI00 KHBRESNT WS, RIBBOKEE LT, SHERT
20 KADE =L 27 /= FIZRFAEMWR (LI v ¥ YR L 75 —) 2@BXE2HT, T30 A,
%ﬁmliw¥~ﬁ4MDE—L%mU&b\%wTﬁTZEmﬁﬂﬁ%&tha@%&M:LThéo
RRARIRE K] 0OMABRAEETHD . 1B E—REAWTWS, ZORXITHhESTIA YD HOR
EEIZMIETS5 dB/n. BBHRIRTIL dB/adfErBEXhTw 3,

NRLCEI B & 7 S I3 € DHGIZ100 MW, 35 GHz{f i DKa/ iy KY v 4 O kO v izBWShESDOBE
BT, EEMEEAHEICHEL. BRERAEOERII LD EFRESRE BRBERI- I TH 5, GESH
ETERETE—LIZBAMEZRWTED, 92 TH D, chi—BBHICL ISy H—%BTE
Tad0. 6D —LEF B, THAAF—IGIN0 LEHBARTWS, RERIT SS9 7IF—AHNTL
BFORZHWT an. TE: €= FHAEZE-2TW3, BHCY v AU b0V E— FEOBALH- TERLT
matahtTtwia,

SO REREIRED Y T U= N IRUNSLARESRFERE LCHER L. ARERET
RBZETWS, 20RO —-LOBELHATIENEHTH S, 2T, NIT, NMLTIZBEEFAEWE
FILTLRSE. BFELINAEETH. 228/ 25T T —LOBONB AT - ERLTWS,
2O HEL I VT —DOFFHE AW ZCARMIUCLAZ TEHE IR T W3,

Ty O0-BWO

¥y A O —BWIE IR MM EWEN T, —BONIDRKI BN A L8 L 4. BEEDE
WL EOL WHEBTRINE AL 2 38ATE 3,



2 YA CIEAE0.5-2kA) 2 23 ZEMERE — 4(0.15-0.3 KD)ERAWTWA, TEnBAE— FOft
iz, TE: RUTE D2 KEGFHEMI o ORBHETW S,

SIRTOERBINTEAHBRE —LAAWE - FED2KTHEORELZG T3, cOEBTIR
100 mﬁ_ﬁiﬁﬂ%%ﬁﬁhf%ﬁﬁfﬁﬁﬁﬁii‘-ﬂ-m GHzZABAIL TWaA., FRAEZY—7HBELTED . 2
hoIREBOBEOMEN MBS L TWAEF L TW3,

A S R shva- B I O @ o

Ty UM A0y OBEIE- LORIINT SEHIBL <. U LRER. BIBIEE IR
2h, BERMEOXEL TWIREBERDLOMERENT WS,

AU FORBTIRZELDIZRAOLOAFERAL CE—FREEIITE TH D, ¥ —LOREBRIZTS
F O RETHREBERAG] usOT Iy b by TREEL FEERZREL TWS, HHICOWTIRE
140 MWODFTEID S 5o

Z Oz HNRL, UCLAETEHEAD D 5,

#3. 4. 5 BFH 7vobor X—H¥-—KH

BFE—A WiH | BiREIEK Hh hE

HeV kA ns a kG GHz My b4
CARM
y T 0.6 1.0 100 0.2 20 125 10 2
MIT 1.5 0.13 30 0.3 | 6-8 35 12 [6.3 |
NRL 0.6 0.2 3 0.6 | 25 100 - 10 20
7" vA0-BKO | |
3 vk .6-.9 .3-2 500-1500 3-7 4.5-6 0.1-8
SiRK 0.6 0.2 . 20 4-8 8-10 >0.1
Y v {0 AN Y
VEVIND 0.43 0.23 1000 5.2 10 23 | 27

i

3.4, 3 FxlbxaT7  A—H—

Fx by a 7R TR EO A — FTEEROD E A3 A ERT AL X I2RET
5o BEGF L a7 - A—H— (BCM; Dielectric Cherenkov Maser) TIXEEHEABEN I h X



BERTHAMIZE&EBELOM- OT—FA' REB (HRHEFL —2) C&DBEXR, Y—L03
FUUERI LAY —BEET D, DNEIYBRSY T IO —L > bRRBEE LTEATSHS
tEZoh, FREBATORATWS, BERERRIEETOY 1 AP - LOIINF—, FREEOE
X, FBEEs, T—F (Mo:1. ™Ma2) FEDONRSA-TDEIRTEZRAZENTES, '

DO G AR ORI T OB A FIAT 2 L SOEKT TWT GEfTIRE) LT3, XL TWIT
EEA A DOE — FOBRUC & > TEFARERICHCHAEZ 5, chizd L IONTIRY Y VE—RTOS
Nb—=2 ayWHEETHD . U—LOMEBER I &> TRABBIEBHETETHLEWSEBEE - 2584 H
Do ZOEIKT BWO (HEEHE) LHTW3, AL, WEHMERICHETHEZE. £ miknRES
ELT DDAV BEDVENEWISRTREYL B,

FTIABITNLVIAY 2 A b= —2AWEELRIRER A TY, Tl 2—E0ERIZE W THEME
EABLWLR TV, BHEY A IR EWVIIL BRI TH AP B KEREINEBhTHWE &
3THbD. Bt ITO80 MW, THIEL LTI L WHENEE XN TV 5, BEBOEWAITI30.37
S mDEFEORTEIZZERTWE, A, TITIRRETWEWS, BeRE2 AW ARHEVET AUT
TIIHENSVEE (6~7 WWE) ORESHIHZE L H D,

%ﬁﬁ&LT@EW%@MﬂU?zW:?k#?—N49#6@$%ﬁ5%o%ﬁﬁ-%ﬁ&wﬁtf
FEMRESHYS LXLS 3N ANEANSZ LTk > TRAEKEENE: D HHoMmASBAEhTw
Bo

L EDESBHEN B 50, DMTIIERHOREIZIE> T RBEZGBRIBLIZ NS, BE—LAAIEL
RS OhLWBEHITEE 25, FAMATERNEEHRREATREAL LS 0. HEWEEOSH
NEEDOLH L TRFEFREGCOrfEBHBI LTIV ARANBTERWE WHBENET 5T b,
M, JBEHORDYICT I AT ERNWATIAT - FLLYa7 - A—H— (PCH; Plasma Cherenkov Ma
SEr) {2 DWW T LTSN ED O TV AN IREF FRANIRBEB O TR,

#Z3. 4.6 ZNIATzFL—YZRAWERIEER

= J
TR ! E—2 WEE X | EEE Hmh I =3
| !
i ' |
L R (vl - &R (4] E% (nn] & [ PI¥] -4 {m]
f .
; . I
Dartmouth {400-1000 500 ! 1k 4
” L 50-100 3-4 2 1k-25 2-1
o ’ | 10k 0.375
Irvine 500-1000 10k 72.8 10 200M 79
y " ’” #” 5 80 | 43
7 ’” ’” # 2.3 7 2y | ‘ 33
Tomsk 650 §.5k | 50 - 367 580 ! 5
, 1 . ;




NIFS-MEMO> ) — XM Y A b
{Recent Issues of NIFS-MEMO Series)

NIFS-MEMO-1  #B&EE 8k, didbmac, Bilinil. [V 34233 IPPT-IU 77 X v O FHhLf
74— Fsiy o HIB] 19914F 4 5
T.Tsvuzuki, K. Toi and K.Matsuura, “Feedback Control of Plasma Equilibrium
with Control System Aided by Personal Computer on the JIPP T-il
Tokamak” ; Apr.1991 (In Japanese)

NIFS-MEMO-2 AR, Kbk, & B, KEFRT. TR BIFEY. [REBRRAOBITE
() = RICHHEHME DGR 19914 7H
Y .Kubota, H.Obayashi, A Miyahara, K.Ohno, K.Nakamura and K Horii,
“Development of Three-Dimensional Compact Magnetic Dosimeter for
Environmental Magnetic Field Monitoring™ , July,1991 (In Japanese)

NIFS-MEMO-3 [ G RHEM @24 1991473/119.20H L8> 5 1 1991458 4
“Proceedings of Symposium on Technology in Laboratories; Mar. 19, 20, 19917,
Aug. 1991 (In Japanese)

NIFS-MEMO-4 [77 X<hiZBi 5 H+ AHR] 1991488
“Chaotic Phenomena in Plasmas " , Aug. 1991 (In Japanese)

NIFS-MEMO-5 [li#s#tE. (77 V—HEO oA SN 75 X=hlii~oiB] 1992421
“Fuzzy Logic Application to Troidal Plasma Contol” , Feb. 1992 (In Japanese)



