|

) <

The University of Osaka
Institutional Knowledge Archive

Title L —H—B@BEERL Y NOMKBIRICET 2%

Author(s) |=H, 3,

Citation |KFRKZ, 1998, EHIHwX

Version Type|VoR

URL https://doi.org/10.11501/3144307

rights

Note

The University of Osaka Institutional Knowledge Archive : OUKA

https://ir. library. osaka-u. ac. jp/

The University of Osaka



) B
r

ALy D
A

%
MIRRICET S

=y

.U.‘.‘

L

YER% 10 45 4 A

5§

H 54

=
(=]



NEEHE

AT, EHHR NV b E L BB ERIIMT B I EH
P72 7= by FOBRBROFEHEI L IBHEER~OBEAZETIRREZ F &
Db DTH D,

L— @A TR ON—MR EREER T —~ L RoTWVD, Tk
MY Dm0z, L—F B LV y FomflE» LIRS ITOR TS, L—
Pt E TIEBAEOH— R ER3fThbhTnb, ToBZEIZmT T, KERKFEL
— AT ¥ — Tk, B9 ab—L 2 MEDOERAL 12 E—ABpRY
—NT U RETSTZEHHOL X SRRBEENATND, £/, KEr—-L XY
N%THF%@?T“H 192 t'— A L —+4— NIF(National Ignition Facility)?> B 2344 £
S2TWD, —FH, BREERHOL v MTiX, BEERE 99%LL £, & X 10 nm
UxT@j(m'f) AFUL TV ABREINTVS, L LEBEEROBIZIEZRX b
— 7 THEEND 20, BERE— FORY—MREDERBEH D,

FIT, A=V DOEEBLEEIIBR DI, EEMITESNL Y F2BEE
BRI D Z e NULETH D, EXEVRRE L-HKIBLEE TIX, Btttz a—
FL7EXVy MR TRETHZ L THEMIFEER L, ZOMIEE
HEOFBELZIT, & LIEE XTI 5~EA UIEEMTE~SL Y o L—+
—MBEHZFD TR LIZ, ZOMREIZL > T, FFEMTE Ly FOEBEE X,
PR RBRICE AT D= DM 2 HeSL L=,

AT TEIVER I TV,

FT1EIHERATHY, LV —BEEIIRBT BB —n Lo oz iskE
~NLb oy b @#&%i%#ﬁgfhézb&@&@i%%@%&k%@%i&b\
AFEOBR EBEEZH LN LT,

B2 EOH, MRBROFHEERERLBREZRTH-OOHBEHHEZSNT

W7o, BHEEa— MLy NIEEAFRICE BEHEBINIDODY EVIEARE
ETHD, XLy MOMNBEHEELKRH L CHEARERNEMGD A VERIZT
A= KR 7T HHIEERET I & T, BEICHMRBRTXD I EERLE, —H.
AV OLERTERAOM EIZHY, Ny MIZTORTEECHIBRE
o, LL, EABES 22 EFEKEIZ L5 008/hE< Y, RALID
SELTIRE) L 72356, IRBOBMRIBE< R->TLE Y, £2 T, EEHRA &

—OHEA S K25 L THEEL - I I DHER TRV FOKEER
RS2 EHETIT VT T R REL,

§§3ﬁ? MRIBREBIIEFZINLIEFHEEHLIIL, ThEHBRETH-

(ZFA%E L 7-R ﬁ%% BEHEBEIOTALTY ZAIZHONTHRZ, Ni Za— kL

i



Te_X by FOMKIERFERIZ LV BEHE & EFHEOEMEZIT., XLy b
EECHMABRTELI 2R LTz, I, BRLEABRBREEZ L —V
— B EREBICEA L, BRBENSL Yy NOEEMITFICED THLL I ¢ 5
B Sz LTz,

£ 4 BT, BREBERLV Y FOXKEHFBOREBHIEHICRE L IER D
BREZAT L, SV A—FIBF@HNATHBEZEEHALNILE, E5IT,
RAERAZIER LT 77 4 7 X0 _—% % L. KEHAORBOEMIZER)
ThHZ xR,

£ 5 FETH, ERFHEZAVEEREREENEEE ., DALESIIZLH &
HEa— MEDORIEEIZOWTELD T, ThOLOFEILLIY, MRBETEE
RNFGA—=FZTHLXy NI BRI EBVEE T TEs Z LR LT,
B 6FTTIE, BHBIELT, Xy MZa—FL7z Ni 6B END X BRI
X527 ve—rOxRELT, BERHAA LY —IZEZE->TT IV RN AL —
P—TMH L, Ni o MNEEZRETDIZEEZRRE L, BdLEETLZHWT,
Ry MZHEEZEZTIINI a— FERETE L7 U AR L —F—DBRE &M
T L, T—F2 v 7 YAG L—H#—I2L 5B Ni a— MEREDFERD LN
RoOEYMEZFTML /-,

FTEIRHRTHY, ULLORBREREBEL, BOLNZHMAIZOWTRRATN S,

il



B

1

1.1
1.2
1.3
1.4
1.5

F2F

2.1
22
23
2.4
2.5

F3E

3.1
32
33
34
3.5
3.6
3.7

F4E
4.1
42

43
4.4

20
aff

JXUBDIT ¢ o o o o o o o o o o o o s o s s s o 2 s s s o o o
AUy NOFEMITFFL AT Tal e e e e e e e e
Nl NOIEER T + c o o s e e e e s e e e e e e e
WEEIFZEDFABE LR « » v o = = o o o o s o 0 s 000 a e
) 1 A T T

HIBEDOFREENLY FOHIE

JZUWDIZ o ¢ o o o o o o o o o o o o s s s s s s s s s o = o
FEERERTIDON AU ¢ o v o o o o o s o 0 o 0 o o 0 0 0 s
FEE FMOEE S ZORIGE « o ¢ o 0 o v 0 o 00 e e 0o e
KEFHEOEE & FOHFH ¢ ¢ o o o o o oo s o 0 o 0 o 0

RETIRIEFER o o o o o o o o o o s o o s o o o 0 o s s e e
Vﬂ-ﬁ-#@ﬁﬁigﬁ/\@gﬁ ..................
B L T S R S SR e s e s s o o

KEABDERBFHEABT V74 TF 13—

JEUMOIT o v o o o o o o o o o o o o o o o o o o s o o o oo

j'(:ﬂsﬁﬁjj..'... ......................
77'—7‘;/(7}57\“//\0*—‘0009oo:o-oon.-.-o-..io
ik&‘) ...........................

i

11

11
11
13
15
17

19

19
19
21
26
30
39
48



FSE HMHEFEI—IXLy FOBEBAEEL NIiTI— +ERRE

51 TZUDIT ¢ o v ¢ o o o o o o o o o o s e s e e e e e e s
52 BREBCIOEMEa IV FOBEEME - - - 0 - 0 - -
53 ORKEOIIZED NI Z— MEHE - « ¢« 0 00000 oo e e |
R S 5 S T

FOCE IH—BHBICOCITTON O— MEDRRE

6.1 XLC®IZ
6.2  BMLECET L OHER

63 F—RFREvZ NdYAG V—H—{ZXB N =2— MNEDERE - » - - -
6.4 BIEREBIOELZE « ¢« ¢ v v o ot v v o vt o v v v o o o
6.5 D I T T T T T T
FTE R
k1 BEHEERROBTRIERBRE K, OB -« - o 0 00 000 e 0.

eI EMESEC L DEMIMEFTE

v

oooooooooooooooo

63

63
64
69
75

77

77
77
80
81
83

87

89
95

101

103



= 28 fee
LT DESE
FriZlr 0 OBEVRY | LS OERTLUTOMBY . BACRIE SIBARTHD,
MARLy FBHEANSKBRAROBEROLH) (CBEL -AE
- Ni

U B R

K, BERIIRIR I (LR LR )

[ a— hE

Ve A Fé

P R

n JE

k AFYEIZX9 5 Ni 2 — MEOBEREK

+ GMB (Glass Micro-Balloon), PMB (Plastic Micro-Balloon)

r, e
1, BEJE
P, .53

- WPk — XL w k| Ni-GMB (Ni-coated GMB), Ni-PMB (Ni-coated PMB)

I SR

m H&

R, C AEEITHTT D R E
A, N 5 it s e AT 1 E S

()15I1<BAE L -FE

RS
a BETE 040 O EBRE OFREK
ﬁ I/
14 "
o J/j
Z, "
r ]
I=1,+1i aA VER
I, P DEREOERE
i " DUINE(L
R, aA L OEHT
L, AANDA L E T H R

\%



ki,
k

x> x-

) 3
2, *2r

B

<z HnET)

Z=Z,+z

N

ty

Az

T.
Q.

< r 7110

TR DL
FHREIC L D5
S AWAILE Y

I X—tE U

A H TR
T AE
T IR IR REEIRIC 517 5 HEHERR 3

(3) HitmICBEE L 1-RE
- PD il

Rl % 5 2 5185

g v iz DR

HEE RO BRI

HEE R OB ORE

T4 e —0HHEE e O 2 (IR B L AIFRER

WRALIRBECEREA oD DERIR R L v ML E TORREE)
N OBEHEDEFE
v ORUNE L, TEE T ORRERREE

z DY)

z J7 A O PR EHR I D U R TE X

z JF IR0 B AR IR B £ JE R 3

r I OBNEA, KEF 0D RREREE
r OO #)HE

r 7 I O PR 8 0D R I T

r 710> B SRR Eh 4 J5 iR 5K

vi



(4) ZD4th (- B8 L - FIEE

N

2
] LD

ILD

F,F,

res

A TR IR

n

4

z

0O 0o0ono

I

MR L DN D —
YR L — W — D8R

B

Wl

z ST DRI
r i OWER T
JEAER T
TIFA—=FT]
b,V

#71

iR

~L v I (GMB, PMB)

- Z 5

r Jila)

vii



B1E W

111 ECHIC

BRI T BN L 2 —DRBRINTVS[1,2L, £, T bHIcEIX,
BEe e VT L — BRIl oW THIAT 5,

BEAED)E ZEARZMZEETEHEIEL L, ORI V@BEL, ALER
EBEREND, ThBT <, NI ULATAZ 7R EFHETFICoHTL L X,
TRLF B ENhs, EKE - ZEKELESRIINATLIZLITLY, =
DEIREEEZTDOAMEAMCERI T ENTED, BEOEEITEENEVIZ
EREL R D, EEEIREQ E/cc. BEEBED 1000 )2 EH L. HEEH](100
B0 1 HIZERE G E +017 2 XN EERRE THY . v —F—Z2 RV
BHEEREEZ L — e v,

L—H—K@ A Tit DT #R6H%2 Tl L 72N EROBREI =L v Mz L =% — %1
—ZYTH, §HELERmTL—F BRI EHh, BEHIZHR 2~3 THE) II&E
L. ZEV/BEE ETFHKE) &725, TOEHTAL y MIPLITEICIE
Ehb, MEEXN-RENEKP L CHEZET S & EME & FRICMBANEX 5, B
B AR IESE S LB 1 (SEBREICE TR I, B@E RISSREE T
%o MEREAFE TIIOEER 3mm BEO_L Y 2 0.1mm BEICE TE¥ N TIX
fe (BHE) SEAHAZENMETHD, TOHEED L —F—REH oL
v FAEOH—ERER AND, :

FEERRI R A S B TR, OISR CTHEBHEE KO S KB
EL, Z0EY I, BRETEHEEDEREEEAEREINS, FLOKKET
BRARISHBEL, BTXLX—DT A7 7T PHTFNEBIZRAET S,
TT 7R TS T ERERB S B A RS 2 AT 5,

BAE, BEHEBRFRTIHL—F— AT — 300 kJ THA[3], BERHHFRT
£ 1.8MJ T/ 10-30 MI[4)% B L7=FRBPED SN TW5, BBRERIZZOX
IZKRER LY~ XA X —RPYEZRODOIL, Rayleigh-Taylor R EFEIZRE I
LIBRE OB N FOARLERCH D, L—F—ORFAH—, XLy FOXE
HEE, b DOOEARRAERLZEOE L2, ERFIRERIBEEEZHIRT D,

FTHRREBARLEERI A0, B 14 TR TE5, b —F—¥EL
Rl hEOBRAED BB —tEm EOMENTLR TS, L—F K@
TIHBHO¥—m EXfTohTW5, O BREICHIT T, KERKFEW—Y—#
BEMEEL Z—TiL, oz —Ly MEDEMAE 12 E—ARBOART—RF
RAEAT - T-H80E XU SSINBR I TWD, £, KEr—LV X - URET



2 15 48
WREARLZE (R-T AEZE)

L— 4B 31T B R — A b ~_Vy FOEBELL

s wLFE—IbAL

cERAS T —Lr R

s INTU —RTF  A>000,

s TRILE—IRF L X>009,
¢ Fﬁﬁ*ﬁﬂgﬁ

- BEERM>99%
BEE DY) —1M:>99%

- JEREM T

AV Hhay

B 1.1 AEFREDOIEK

WFFCAT T 192 ¥— A L —+— NIF(National Ignition Facility)D&aX 3 4AFE - TY>

5[4). —F. EBAEEBRHADOSNL v T, BB 99%LL L, EEHM X 10 nm LA
TORKBRY ZAF Loy LREEINTVS(6],

UL, by MIA M7 TXEEINTWI 720, BHEEROBIZIIREEK
F—- RORY—ORAZRI/RNEEZZIOND, £FZ T, A—7IZLD5K
— DAL SERIZRLS 120z, XUy MBI THE T AR ERD D,

FOMAEFIETEEM LA L P27 v a VIIETHIENTED, Th
WITEMANEDLE L TVEHEEXLND, TOMOIEEM AL LT, K, 2
Ji. BEMERIZES, Zhoohx v, EAHCH L TRE LEGH#EZIT 2D
RER LRV, ThE THEMEMAE XL v o EEME 2 BRI LUMEiEsA
b T ehol-, M~y 7 275 7% Eidmann S H A% F &
HleXby bAD U — B 2TV FFEMSFFL y FOFIMEZ R LTZ[T]
DONHE—DHLDOTHD

BESEME T, BBIOBHBEIL c A v V27 v a VEBENBEEINTWA[S8],
B &R EBE T Tl A 70 v g ST P Th LTV 5 [9), TS O
RTIHEEIOBAEBEILE A v P27 v a b BERKTHY, L—YF—E@GIEES
VMLERTE T ER K vk,

12RLy FOIEEMIFEA Do 3

by NOFEEMZR LA Y2y v a O BER 1.2 1RT, B@)IRT

FEBR T R, BURO L—F—EBIC L 2BRERATHY . SV IERE L.
%wﬁ@mm%**n7 L— #~%§ T gy MERETHY . JEHARSTE
D IR LEBAE THEBETHITH D



E1T A 3

\_ / injection

e
chamber
REEBRA | ERIFHA
- BUOMIERE BB L TL——BE
- B3 -ERYRL
- L—H—L DR
(a)FEHEf S Fr O sayr

B 12 Ly OFEEMIFEAIDOTI3Y

Emnﬁﬁ%yyi7yayiﬁ%®%mﬁmfhv PLE SR X8R <
30um FBE T, LV BEBIIEIRA VT4 VIRE L RSIBNSERIND, 1
Vg vy VERBITH, ﬁH@&ﬁDLL@W ~300m/s DFFHEHEE, i+
BIB 0 DIRENER SND[10], v TDVRFIHRFA T T4 4y b
DHBE TOHEDENTWER, FDRA VT 4 v FHEEE 1.7-3mrad TH 5[11],
KRKZE L — Y —BRAEH R ¥ —O L—Y—B@aIFE e OBLERE10]
WL, RA T ¢ v 7R 2urad BERINTV D,

1.3 Ry FDOIEMIFFA XK

BR -BROSV—F 4 NIEFBLEDEOHEMIFHEO—RERE
£ LLIRT, Yk LCHER . FEE SEPE. BEERITITERD,
1) HER FOBER SOV EREZERBAEEERTIE, FERTOME
EREL T 4— Ry 7HlI#H LEMEELTE D, BEHIROIX, T FI~F7

WA O ERRECE CTHEHE 2mm O Ly FEEREL, 3 RITHIE L TV B[12],

2) FEROREE: 31084, RTFRIKEEKRLERY, BEBOLR T4 T -
FT—T 4 T HERENDIRENEZT D, BEROB/INR TR FLREESELIZ L
NTED,

3) BRI L OVREE: BERELIIRRERA I X 5 REEAERRE TIT
A 50 S O R BEN SR EEOICKRET S, FZCNERBLTZ 4 —F
Ny 7 HIE L TRECERDLERNH D,

4) SRBIOCBLEDEORELBOBE. KRERADO L & TERFHEERL
EDR LA R— VIR TH Y . FEZEBAD S & TRIENT L DR A



4 FIE &P
BTHD, BEWEIL o NERKTEEREMEZ L, ERBERICLDK¥EN
W X Bl ﬁ)EIHBTZ?) Do
F DA, FHORHIZ %F\A@kf T VA A 5ﬁ%ﬁwtﬁ&#%
bbb, ¥, ﬁr%&ﬁ®mf HEELEZ DD,
£ 11 BR -HROVL—TFT14I2 FAIZLA2MEOEEMTIFSE
VE VB
DC AC DC AC
DRI T w5l | X,©FB | X,OFB
& V) X ©
) B
KAEBRF-A/b xbsbvyb X X
£ > 1 B R W5l X X
e¥z | HAEE X X
£¥31 E#EEw | FED | o O
3R A
KABSET b KR x
: X |
X
g 31 R O O
HERE L OB EEME
o> | &R } _ X ©
o= Bins 373 © O
E1) ©:&E, BB Y O:RE X REE
FBIMﬁ&&Tﬁ%M#ZE @:ﬁﬁ%@@%%%ﬁﬁ
H2) ¥ UTORE, BFEIUGATED,

DC : minE, minH T&E
AC : minE, minH X ¥ JRVW S TLE
H3) RSN UTOREDHE., BMRIILNATX 5,
DC: REE. 7277 LFB THRE|TES,
AC : REE. 777 L FB TCEEILTX 5,
&4)%@@%%»@%% tD*%VELT%%H%

14 R BRBEDRIE L ERE
141 HI[IUBEARXOER
HIEl TR R7-EBRLHDWVIIRR D SV —F s = NOERFIBT 530 £ /- 11 5%

REEF VP —BRMEHASL v FOIEMIFFHCHE LB NS,
DRI ATRE /R BAALTRIFE & 72 D O J30E

R X
ANIE - 4

cHEICS o, =%£’"¢1,Ez

BwH - W
VI AT VDRI THEZ L5

(1.1)



BIE R 5

T, E o ERITEABOSKOMEEREE THIFR S, RIZ, HIRE

iwﬁip BT EEEROME =3X10°Vim&x 5225 ¢, 0=40 N/m* &
A,

B o,

11
T 2utu,
B=1T OWg,=4x10° N/m* TH 5.

L7223 T, BRINFFEENICHASNTESIRERAODBELND,

BRI CTHAN L v NIEMEZ 52 BT TRETE LN, EmeELy FO
PHEE A LEBHE S TOMENR LY, TOEMIZ L - TL—F—BENA[RERIE
AEHBLTLED, —F, BREBETIEIRNVy FREIZ NI O X D RRitEEZ o
— T AHUNENRDH DN, B— ORI THRIBZENAIRETHY, L—F —BENA]
R SEADHRNPES TH D,

UED280BBIZEY, KHFETIHEHE 1.1 THyF 7 TR L TH D5
I < WEI NE AWV LIEIIBR TR ZEHTICE T,

B (1.2)

142 BRBRRORELRE

BERURR L T R o — P L= Ly NZERTT (K51 5) 2@,
HAOLBR T EDODEWT, EHEMIZNL Y NEXFTHZ L THD, A%
OEME LY —B@ARNL vy FOBMRBROFEEL LB EREE ~ DY
ATHY, UTO3>OMEREALHRTE L THRIBREBZHRE L/

DEESFENE BEHEBKAIDOOD AVITHIEEBE L TIHEEICARLET

HoH, 2T, B14@)IRTLEOIIZ, Ny FOMNBEZHRBE L TEEAD
IANVEFNET 4 — RNy 7T HHEERL T, RERMIBREERTD,
mm$ﬁﬁ®%% ITEMAOH EIZHY, vy MNEZEOR TR EICHEIE
mand, LrL, EABMEL b L FERREICIDHAB/NESRY,
AENOAELTIREN L 7256, IREIOBMRRINES R>TLE S, £Z T,
B 1.4b)ic~T L O, BESMERM—OHBFREZHEMAL TEEEKL -V
—HAIZ X DRERA TRV v FOKEIRBEMREE2EHTIT /T 47
VBT D, |
NN L FEEE~500um, BE~10pug)idMEICHELE S, —RIZAHV
RU L ZRES TRV, 22T 1.4c)RTR Yy S—& B8R E
HEEZRBEL, 2Ly MBRRMNE~ERIIEAT D,
0. MSRREEOMEICEL T, UTO4EBLEE LWL, &F
REIT>T0

HWRIBRREI_ VL y NI EAEBR N EDODEWVIZESINTEY, £D

2ODNEMDLERHD, £Z T, XLy NOERE(~10ug)Z @R EIZRITE



—1
~

]
Electromagne M

) ellet
Magnetic coat

(a)FEE 5 Im] O il {H)

'
|
— T

Laser . PN
J Optical force I N

1!

A

\

Pellet;

!

I
(b)7K 375 1) O ] 41
B 1.4 RRBRAISE ORI

Feed back loop

Photo sensor

T O AT 5.

SYE7-, BRI EMEa— FOKBEEILEMBETHRED, TI T, £9. #
PR T — FOEE(~1X10"m) 2 RIET 58 AR 5,

O)RIZ, XLy MNRIEIZT— F ENTREMEERDLLEFERIILLTIZH <5 4 DD
BHAIZEY —BoOBHERIZEINTHIEER LD, EBRIOITKRD S,
OREKIFZERIZB VTR 1.50)I2B TrRd £ O (CBEMERIIREK R fn L
TARBIZH Y | EMRLERBIIIEFTINIWVETH S, OBEMEEDIZIK
DERE T D =W EIB(b)Z R K D (MR BES H, 73384 L CTREME N
DEROBIIL H-H, 72> TW3b, TR L TR TEZ LN THDHD
. REAPEELZVRKOBEERIIH T HLBEREETHD, OF &~
100nm UL F OBMEEERE T, BHEIZBEb 2 BEBEI O XL — N R %
[15). OREPEARFHEBEDOFERM: - FRMIEAIZ L - T B-H FHENE{L T 5[16].

DLV —PF—EHIZE L T by FREIZZ— MR LEH S5 X
BIZEZO XLy NEBOBRELR TV e — N ENRARREMERH 5, BEAL —
PAZH SO T VU NRA RISy MIEEE 55 Z & Bkl a—
NPT ERES D HEERET S,



B (M)

R iER

03 00 05 1.0 15
X 10°

(@)Ni DR FAFA[14] (b)REHEAER S 51T 5 AR
15 Btk — FOLLERE

1.5 EWX DIERK

KT TELVHER I TS,
£ 2EBTH, BREBROFHEAELDENEMR OOV HUVLELSL Yy FO
WRIBTEEE E BEARAEMER A O A VEROBGREEH LT, if;lﬁﬂ%z’%éh
Te~by FOEEGMEKEGMOEBEEZET L, KELRBREZERTLZD
VBRI U OV TIRE LTz, BEA R OERENIZE L TRV v ]\O)ﬁlﬁc‘:
HMUE 2 H L. PD(Proportional differential)fil#liz &V 2 A4 VERIZT 4 — KXy
79 HZEWZLY, EAKELSMOKRENZE L TERbv vy MIPFEEL —F—3%
EHGLUTHRIEN 25226212k, BERBERNBAIETHED Z L ZR LT,
% 3 FETHL, M%LL@ RIS E O, TORIOFEM. FEOT L TY
Alal;“)b\fﬁf\f_ — LRV y FEHVWTHRISBRERZITV, X
72%‘/\{1%**}#’("?*%'(%5 EEMBLZ, FRIO0OERNS, XLy
T\JJ T— hL7z NiJRIZH T D BRENELND Z 2R LT, IHIZ, R
WBREEZ KRR FZOHN XTI 50T AV —F—IBEEREBICEA L, BB
RLUTZRVy MK > THRPIO U — P — 1@ EBRIZA DI LT,
B ABTH, PEHEL Y- HOBFIZ L > TRy MIE BIER S OB
T L., EBRIZLVB o=y N\OREROBEHREENS, KIEBAHE L
THZ /4‘7‘ FIMEERANTHLILEZR LTz, IHIZ. TOXREANZIE
W7 75 4 7 ¥ "—%B% L. KEHRAOEBOBMICEDTHE - %
RLTHD
F5 BT, ET, @KLy hOEROERBELRAEEE LTOE
REFBHEICOWTIR, £02pg OFBE CIEEMBETEX D2 2R L, KRIZ



8 BT @B
BitEfR o — h XLy MBI BRI 2D - DI HE MR — NEE2 S
ESFICEVMET S FEC O >NTER, Thbicd ., BMERBETHEARN
Ly FOB&ELa— M LEEEEROFREEEHBEIGHMETE S L 2 IR o 72,
FEO6ETIE., XLy MEIZa— ML= N BELLHEIND X BB
STEEIZZ7 YV E—FLTLEIDZHSTEDOXNERE LT, BHEHAL L L—
P BT 2N T VAL —YF—EBH L TN BEE2BRETIZEEREL
oo BILHET VEMVT, Ny MIRBZEXFICNI RERETEL L
—DBEHEMEEFNT L, T—Fr vy 7 YAG V—Y—%2FNTH T AR EIZ=—
F L7z Ni JEEREDOERZITV., fTICE 0GR V—F —BHR & cEMNRIZE
EBrEZ2AZ RS NIBEOARERELIB I LERLE,
FIEIHRTHY, L EOFERZHRTEL ., Hon-miIz o0 TR Tn 5,

& 3K

[11 =, —FEE, Z@aorsesiit 68, 13(1992).

2] @&#EH, 77 X~ - BRAEFREE 73, 147(1997).

[3]1 J. Nuckolls et al., Nature 239, 139(1972).

[4] S. Nakai et al., IAEA technical committee meeting, IAEA-CN-56/B-1-2, Wiirtburg,
1992.

[5] H. Azechi, M. Nakai, K. Shigemori, N. Miyanaga, H. Shiraga, H. Nishimura, M.
Honda, R. Ishizaki, J. G Wouchuk, H. Takabe, K, Nishihara, and K. Mima, Phys.
Plasmas 4, 4079 (1997).

[6] M. Takagi, T. Takagi, T. Norimatsu, Y. Izawa, T. Yamanaka, and K. Mima: Book of
Viewgraphs for the Eleventh Target Fabrication Specialists’ Meeting, Orcas Island
Washington (Lawrence Livermore National Lab., 1996), Wp-10 (1997).

[71 K. Eidmann, et al., Appl. Phys. Lett. 43, 440 (1983).

[8] S.K. Combs, Rev. Sci. Instrum. 64, 1679 (1993).

[9] ZHJEREL. Viniar Igor, 7 7 X< - BEEFR5E 73, 518 (1997).

[10] L— P —E@FEihER « L —VF —B@mael DEB) BUEREH p.77 (1994)
KIrRF Vv —Y—E@atit s & —.

[11] E. R Koresheva, 1. E. Osipov, ’ 1. V. Aleksandrova, 1. A. Nikitenko, S. M.
Tolokonnikov, V. S. Bushuev, Cryotarget group conference presentations 1992-1995,
145 (1995), Lebedev Phys. Inst.

[12] /DEIESR, RIEZ, BEHIZ, RRFL - AAYEPSHBEMESE 52, 2, &
4 53, Sp-YM-1(1997).

[13] Bk B3 1 43 Xby by RV T OEBE~DIGH, Xbvy hF—4
FEARBURMEE, KIKKFZEL—V et ¥y b ¥ —4 >
FRFER = 1. 104 (1980).




215 #8 9
[14] R. M. Bozorth, Ferromagnetism, p.273 (1951) IEEE Press.
[15] HMelE{R—. fi: T MERL - §7I & 2 OISR~ K7 > 7 5 p.110 (1986).
T T ) ART I "
[16] R. M. Bozorth, Ferromagnetism, p.267 (1951) IEEE Press.




E2F miﬁgwﬁgt&vvhmﬂﬁ 11

F28 HMIRBEOREERLY FOHIHE

21 FCHIC

AZETHET ALy NZBSENEH#ERTDODD HUVIZHONWTE X FRALHERE -
WAREAEHNEEAD A VEROBEGFREZELS, DNTEELFMEKFEF DL
NOEE)E fENT L EERBEEZERTI3-00HHERICOVTHREFT5, BEH
FROENEHERITOD0 HUVIZEANIARLETHY ., XLy NOAE L EE
ERHLTEREDO A VERIZT 4 — K795, —FH KEHFBEIZL E#EA
Ol FIZ R E RN TFETIN FEHREDENIMELS R EEESIZHIETEET
DIRENEIFHA R RO ERA N R L TEMMOSHEZK 5,

22 BEAEHKHADOYEL

Bl 21 R L) CBEAOMPEESAIZEEL., TOXmERAE LTER
EERDEDIZ ZWERD, £/-, TNEERLTHEERM r ZW5, LaL,
TITHEH =0 E L, £ ZEBFREODY HWITHONWTER D, REBAGRIC Tl
D OMENERY ST BALRTERILT D,

by hOSNEr, BEE 1, EHEp,.

Wt R DIRE «,. BEp,. FHERED

EEp, &5, BEAKa— Ly R

DEEEm, FheEBB L-E&% m Electromagnet
ETDHE, Ny MU Z Fmo S

F, %k TEHEZ LD,

F,=mg

. Am,p,

m =n——

3g L(2.1)

=4m,(t,p, +1,p,)

r,=r,+t,
ZIZT, r, ARy D dz
AT, r, k1, EOMTHD, 33— dt
ML 7Bt O BT Y, BRALE Ni-GMB Ni
BT OMREELZ BLTHE, Btk GMB
ka— r_Ly M@ RN F,, 1
K THZLND,

Bg21 mfEfk=— Ly NEEHA
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Fm" =LKMVZB2

) 2#0
v, =am, > (2.2)
B*=B.+B’ |

T K, IR OB Ey, LR— O D TH D0, BEEOFEREE &R
CRAET 5 2 L R ER LT D CHBEBRRK LR D L IcT 5, BEIIRE
B K, TP EROBERICOVTIIRS MO TV D, Lo, BtEfl=— b~
v FD X DI E LB OV TR EFINEN L D THH, T T,
FEMTROIZ R D RN DIRDO L DR T T N TE B,

K = 3@, + 1N, ~1) 03

Qu,, +1Xu, +2)- 2—(ﬂm -1y

ﬂl

ZIZTC, u, TS EOLBEHETH D, AQRIOEHFEZ OV TIEfTE I |
LW, %D 2.3 HITHERBRNLEMAOOEREEDERL LB, %h
TaAsVvERE2 I LT TEZOND,

1

ﬂz—, 3mm <Z <6mm
y r
Z

5
K =[7] ,Z,=0116, & =194x10*, f=557x10°, y=129,5 =136

B(r.Z,1)=

1

ThzRQATEZ, KN F,, 255,

.F_=—W”’K”’( ! )Z“”’l,r=0 (2.5)

H, \al+f

B o — XUy NSREREREE 7=7,. A VER F], THRIKIBR I N TV SR,
HIJF, & ZOBKINF,. B0 HE->TWD,

Fg + Fm: = O (26)

ORI D). @Q)ELGATELND a4 VER [,— SRR Z, B E ki

R,
1 _ ﬁv ‘Uolﬁ' gZu:yH
LK, e g7,

(2.7)
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Ry hOEEmE a— N LI-BEEROERE Y, & 5 2 00E, BARHERE Z, THR
BRIE D DB R a4 VBRI, BRETE D, AW Tl s L TN &,
F7-2Vw k& LTH T AHZEEK(Glass microballoon: GMB)% 5 WME T T AF v 7
th Z2ER (Plastic microballoon: PMB)% iV 7=, Ni =2— k L7z~ L > F & LU F Tid Ni-
GMB % 5 i Ni-PMB £ BERZ L1235, |

I-Z, 506 2 B 2.2 1277, ERITIRERZ Ni-GMB Ofl & LT r,=325um,
1,=2.3um, #,=70nm, p=2.5X10°kg/m’, p,=8.85X10%kg/m’, K,=10 ZXQNIZHF X
THE-7Tey b ThdH, KRR LEL I IR IEK, V, TRED, £2T
ZFDONi-GMB IZX LTK, V, DHE 1R LTEHAEEWRT, 2FICLZEE%E
FBRTRY, Zho 3AROENS, KFETHV S Ni-GMB D84 . K, V, &/
ELTDHE, BEFFNIEEAILCLEEKIEILERSHDZ EBRDMN5E.

10 :
i

/
l
08 | , 1 K, V,=47X10"mw

06

lo (A)

04

00 J‘"‘-.....‘- | i
00 20 40 6.0 8.0
Z, (mm)

22 KV, &NRTA=F L LTI Z, FED

2.3 EEARODEEE £ DH|H

MRS SN/~ Ni-GMB OEEFIMOEIIONTEL D, TTIZR2L D
\ZERBO O Z $hmICEET S, BRAERERA L L Ni-GMB OFLET
DV R Z L35, Z 2T, Ni-GMB O¥BRFHOME r=0 &3 5,

Z @ Ni-GMB (i< 711X &E S F,. XN F,.. FRAKGBOHIN F,, THS. Ni-
GMB O 5 [ 0@ 8 5 2T

mdZ =F,+F, +F, (2.8)

2

EhBd, RREZBITDEROMEREEZnE T2 &, FREKKICI NN F i3
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KATEZLNS,

azZ
Fd = _ka' Z’ kd = 6m7rm . (29)

BRIREREE Z=Z, 1 L OB E 2, a4 VER =L, 6O E i & L TH(2.8)
QR DRHYCHE S A THAL L, BELTKRAEE D, '

d Z 2424 kd d‘ y Vl n _2ﬁ1n Z”—z}'-li__ I (2}/_'_1)2”‘7— =0
dr’  m a't e m |(d,+p) o, + B (2.10)

L=Z,+z,1=1+i (z<<Z,, i< 1))

FEIL 2N Ti=0 £95 L, z DFITEDOEBREZED 1 L ILITIEHBIEAIZHE X
LTLED, 2T, TRl THBRBEDWZi% z & do/dt OB E L TT ¢ — RA
v 7 #7955 Z & T Ni-GMB DR ERBIENAREE 125,

R IR T & D IZHERIBRZRIZBIT 5 Ni-GMB OESE H R 2 BOMS Hie
ATREND, TOEFFECE L7277 4 — 3y 7 HijiF & L’C PD(Proportional
Differentia)Jf|#HI Z 8 H T 5. Z @ PD #l#IT, z IZHBl L7z oA VEFRNKT &5 2
T Ni-GMB (2L & 52, do/dt W LicaA VERBESZ 52 THF 27
HheExs, ZOi xRk OBKETEZDZENTE D,

i(t)=k1(z+k2£) (2.11)
ZZ T, k T D 0 ORE, LI T ERDAFEETHY . BER
@Jﬁm:@%b :%%ME IEBL EIREED D, ZORER210)IZE X TEHHH
EN7= Ni-GMB D IEE F5 [F OHRENC ﬁ“é%zwﬁ” AziGD.

d’z kYK, +h, d  kV,K,

n nl

ar't2 m dt m
291
=l%klkz, ! (2.12)
#() 0 +

y J2BL.Z77 e
k, =+ ek, Qy+1)z;*"
ﬂU { (a[l) + ﬂ) (al“ ] }
Nl gV N 1 U E- S

z(O)=Az,£{ =0 (2.13)

52, R R2)YOBOHTERAEZBNTUTOMREED.

z=0
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t
Z(t)=Aze [cos .t+ sin wth
T, .
0 > (2.14)
_l_ —_ k3Vme +kd W = k4Vme _L ~Jk4V;;1Km
T, 2m T m )’ m

I 2T, HREIREORMEER. o/l RESHAERETHS, T LT, ()
0 WS ®2 2 LT, BELSMORERERHEELERT D, sifiTELT
fRF M 72 Ni-GMB(r,=325um. 7,=2.3um. 1,=70nm)D#HA m=8.5X 10%g Th Y
Z~4mm. 1,=0.12A. K,=10, k=14X10’, k=1.1X10° &L ¥ 5 &7, =64ms & 729 &
RNBITE D Z &2 D,

2.4 KEAFRDEE) & T OH|EH
DEIHERBEINTEEMNEIZH D Ni-GMB (2, TAZEHETEEIND K

SEHEONELD F16% B 2D, Ni-GMB (2@ < KEHmD ik, 8K F,,. FH

KJEDOHLN F,TH5H 025, Ni-GMB DKELFROEEBHENIZRANTE I N5,

dr kdr k, 05 _, 2.15)

di* mdt m m
Bs N F, 3XQHD B EHNTKRATEZ NS,

F, =LK”’V,B2 = _2K, (B r=—k, r (r<<r) (2.16)
2u, H, |\ hz .

FHAKOBES T, EN%E P, MiEfkEne+5, BERKS FOERE 1,
Ry~ EE k2T DL, ARKRTELbNS,
dr ‘

Fd =—]\’dE

(2.17)

a's

ar 2,2
kﬁzé;@ﬁgﬂ%%ip(amﬁ%mﬁnu
&

k, = 6mmr,, (ks )

T, f HEBEE S FRME L EET S X EHRLICEDIBIGHEET
bV, ZLOWMEIZH L TED#IT 09 THD, BELYFHREE IIFBRREDFE
BEBITELE 1,0l THDI 7 X—8 V& M) | OFEHFEEES V. BHS il
B & 3N, (1 OEAFEEEE V., ENENRNZEXEBBRRD,
KR 1SOREIBREBMELZFF L. £ OKEESEIRFER 7, 1L
_2m (2.18)

T.= .
ro kd 4
D, RQINDEY kB PIZHBITIOT, o, ixEmBEETKERMBEFF, 22
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B TH 2 =R EMZ Ni-GMB OE & m=8.5X10%g &, n=1.82X10°Pa-s, r,=2.3
X10"m, T,=298K Z X (2.17)2.18)I2 525 L. BHAFHRETH S P=10°Pa T
7,=4700s & 725,

TOEWVWEBEOEMNEZERET -0, AR TRV y MOPRERL —
—EBEH L, RERNIC L > TEMRHOEHEZRL2 Z L &95, ThiaT s
T4 TE RS, EEFMOFE E FERIC PD #EEZRHAL, XLy b
(i & dE 2R U O8Ik v — Y — OB ER 1, 2 HE5 5 LOEtRR N F, i

F,=~k,I,,, (2.19)

L) =k (r()+ T, ‘;’,’;’) >0, (2.20)

EEFD, TIT! kINER S OEER L — Y —BEVER 1, (IZXT DR E. &
ST D4R 8, T, 03 drdr I2 T 2B TH D, FEEK L —F— OB ENIL
NEH T LR S DT, L iIZIEEQEDORE & D, HERA F, 24 LI5S
DAKEF O ER FREAITEH(2.19) % K (2.15)2m 2 T

iz_r_+££,_dr b F, 8

mr

=0 2.21
d* mdt m m m (2.21)

AR SO E R L — - BREVER [, (KT %% &, &5 &
Thd, BEFHROFE & F L PD #HEZEMA L T, I X r 24 o3R8 % &,
drdr x4 242 %% 7, L LT
TEZ 2, £/, ¥EELV—F—1EHRIZ UHBBIERZ R 2V T, L, 1
EOEOHRTHD, R(2.16), (2.17), (2.19), 220)2K221)i25 2T

dir + ki Ky Ty + kg i_{_k]rkzr +k, r—i =0 (2.22)
dr m dt m m
255, ZOMMLT VT 4 T E R EER LGS OKEIREERRTEH €.,
HRATEZ LN, |

2m
Trucl -
k .k, T, +k,

1 2r

k,, k, & T,Z@EUIIHRETHZ LI Tow & Ty, JV/DESVMEIZTHTZ &
VBE[REE 2D, Thbb, Aﬁﬁﬁ@&@@%@#f%éo;n#77747ﬁ
PN—DFETH D,

TIT AT Z o _—DFIM 2R T 57292 Ni-GMB O#LEFHE 21T 7=,
FERO—FIEE 2.3 1277, ML 6§ =020N (0 < £ < 0.015), x(0)=0 pm,
YO)=10um & L7z, BEFOERRILT 7T 4 7T F L R_R—%BLARVWEAD Ni-
GMB OEBFTH Y, R ISEEMES L TR, BIIT7 7574 7 ¥ —%
FEHTHIEEOUEICHY ., K(2.19). 2.22) ZEM@EMY L TH-, 22 TxX(221)
IR R T OB 1T o1 T I T 4 7 Z 03— % LR OSA AT
HNZFET 23, RIRRICEERE D 21T o770 77T 4 7 X2 3—{25 > T, Ni-GMB

(2.23)
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disturb. force
§=0.2nN (0=£=0.01g)

— without the active damper
=== with the active damper

mess [.Dx: on
-15 s [Dy:on
Fo

BJ 2.3 Ni-GMB O #iiHE 2+ & 5
m=283X%X10% k,, =4.8X10°, /0.9, n=1.8X10%
rg=23X 10, T, =298, P=1073, r,=3.25 X 10",
klr =20 X 10-10, er =500, Tdr = 2, P=10-3
OB ENE I, R EAICNER L TWB I LR ENTWS, ZD
g, P=10"Pa TAKPIRENMEMF EHK 1, ~0.2s (M S D,

25 FEH

BEBROFHIZOWTIRSR, XLy MIBKENEBERNIDOOY HUV D LE
ZOiREE P ERRAEREMO O A VEROBFRERALMI Lz, Tz &Y @
Ka— Ly hOXRT A= DLBRIIVLERIA VERBIEGOND XD ITR
77,

FEHNDOENEBRNDODY HVEHEAMICRLZETHY ., by FOME
CHEEEZRHLT PD HIEICEV af VERIZ T4 — KR 7 ENTHZ L TE
ERBERIBEMNTIREL 2D Z L 2R Lz, KEFROEREIZH L TRERPIFE
THMEEF THEBRBKEOH AL 2 F v 7a/ph &L REEMFEFITE
{7pd, ZTOEHNLy MIPERL - K2R L, KERDERHELET
JT AT HER—EREL, BEFN L RO PD #l#) L THIREME K Z A%
WHEMEL O AREEERHAZ L EHLNI L, '
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[1] B. E. Dahneke, Slip Correction Factors for Nonspherical Bodies — II Free molecule
Flow, Aerosol Sci. 4, 147 (1973).
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F

FIE HMIBERE

G5

3.1 FL®IC

ATE TR MABRERAT 720 S THABREE~OEEL LD D,
KIZRBEOWE, TOFBOFM, EFEHBEOT L ITY XLZDONTHRD,
FLT REMEARE L TNiZa— LNV y NOBRIBRERZITo IR L.
KEERZOBN XTI 5H T AV —Y—4KE2 A2 L — B EERIZOVWTE
LD,

32 HMRBEEE~DESR

BRREENL Yy P L — P B EERICEAT D IR EEEICER S
PARSE S L
DL—V—BRRO—FHEEZRLDRNE Y, BRBERBWVWI &,
DL —HF—BRENAEERS AR TEDZ &,
NV NABERMEERICEATESZ L,

BETFLND, SHIZ, BEEREBETS L.
MR — F LD 7Y B — FRDnT &,
Bz bihd,

TE S M OBEREE 2L K MOBEEEAT, BEERAL—YF—DRL v
TAvITREEL, XLy FOBEKSETRELIERZLITHRITILERHD,
WA VT 4V THEEAG, L 13K — LAONRBMOENMBIZHTIThEAETEL
2D THD, BERMEL TNV MyEREr, TOREARLLLT @, - Ar)/r,T
HD, WHXITHDHE, AG<10prad[1]. EH L > XD E LEEEES=1000mm¢& L
TAG ;=10 um&E 2%, Ny FOEKME>9O%2]THLS 0D, F£r,~500 pum&
LT, Ar<0.01Xr,~ Sum& 2%, ThbOEEZHITHR EED720IC, EH
HEEHE L T L0 TREREO BIEf L2z <2um & RE L., KFEFMiZr<Sum
ERET D, ThbHoBFETHEXIED S —57 Y MEAKE O ESum]1]% ¥
295, '

WAX I 5B EREBIIBVW TR 2 ELTICERANEBE TEZE
%i L—P—DERMBNLR T AN—Ta—2 T U ZANR20° UNOE LH

WZIR2S 5 gk ZERITH B, %mE%%mBAV/F¢ui?®%%E%4~mm
T, FOMMRTEEMICERABINE 3 & 5 lRHT 5, '

NUy FEBRVE~EATLIEDOUMRELELZRRE L. TORTEHREN
1 ERDEHMEED D,



20 38

Ny MZa— Mot EDa— NE,D
WAL Z 0 . A LA SNDXRE
EMRDL, £o, BERAL -k oT Y
PNVRZE YRV y NMIBEZEZ D Z E72<
BEtEIR 721 2R BT 5 HIEERET 5.

PLETHART 2z, 1, Z, t, \Zx9 5 BiEEE
KRBT LIAKRELR 31 DNy F T
RY, £7-, BRICRFOMOEER T 2
—Z 4L THY, oo B 30 (TRY, L
TOFEDMDINT A —ZIZHOWTHBAT D,

H ORI 1T DIRBNER 1, XL —
OEIERIRE L Y RV RERD D,

Ry O TR, EHE THEREY,=15
DBHEEN)2— FZRA L, ¥R =S
500pm Zxig e L, RERMT r=325um, HEJE
1,=2.3um O GMB Z /i L 7=,

BOEM TR, RFMET=A VEHR 1,70.12A,
F ORFOBRILE BT DROREE B=0.02T T
HY ., B RB DL, FHEREES
P iZv—F—BynngERE HEEE LT P
10°Pa ERTE L 7=,

BABRREE

Electromagnet

= 3.1

BERIRZRIZRBT S
BERNTA—H

F 3.1 BIBEOBHEMWEEREE
ESGE HA Evea HEfE | KR | B
1 TE H il
A )
H i3RI o O—EEM At /t, 1 %
LEBERER - I,y 15 15
<Ly k G e v 325 pm
\ o O—kEE Ar/ ¥, 0.1 %
GMB *? Bz ' 23 m
n O—kRME At/ t, 1 %o
a4 VER ] 0.12 A
" Ba R N OBV i 170 HA
7 Wi s e B 0.02 T
SR | P <107 107 Pa
ERREM  IRIBEZEF v 23— (70X 70X T0mm), MEEER L 7, IR 7&2EA

FEYN—T7a—= T 7N 18 <EE XN St N—Ta—0T 207
HE2)PMB % BV 25810 EF U — LA E L EE I EERD > E TN 2— F&1T 9,
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BARER OMR E R 3.2 IORT, BEEEOT» L, BERES, (B
HES, EFBIESO 3 SO TR I TV 5, BEHREE T, Ni-GMB %
WEALT I~ A5, I TIE Ni-GMB OWRRERRES R 5, s
K7 B 1 S 2 IRZRERRE D15 B fE» TSP 2SI L C. Rifkfho— 1
MLy FEFIEOMEI R E IR S,

COEITHL, BRIBRERD 3 SOESDEME RS,

Electromagnet
v
< V-1
conv
------------------------ lens B lens :
JLhoto sensor
Light i-GMB e 3
£ et
Slit
Real ilumination ra
Hopper . . . I
-=----Virtual imaging ray

Position detection unit

Sttty P eee s hthvhriyluhshybrbgiiyiyiuty by b A R i

X 3.2 RERERIRIGE OREAL
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3.3.2 5

BERBRERICH OO E#RALE 3.3 IR
9, ZHIEER 6mm, £ & 140mm O#KEE
DM VERR 0.3mm O A L% 13 &, 4600
BEEW-HDTHY, EHL R=74 Q, 1V
Zy B AL=18mH ToH D, BELDFEN
DIEIRT B OZEMBHBRED, 2T
ZAPEEE Amm ONBE T Z @A mE r a0 B
DRBBHLICKRELS RDHIRE LT, £
B DN—T a— 2 T % 60° &
EHME, 3R —NLF AT A — &
(METOROLAB, THM-7025) TH#IE L /=
BREE B OZERISA%E 3.4 (a)lZR"7d,
F/-. aANVER YD B—1 BiExRE
RI(b)Z 9, RRERERRE Z=2~6mm 2B\ T,
BIE L7 B OZEMSME B—I FrtEEid v
5912 THEZBOEBRRELUTIZART,

1
al+f

480!

B(r,Z,I)= , 3mm <Z <6mm

5
r =[£] ,Z,=0.116, @ =194x10*, f=557x10°, y=1.29, § =1.36
Zl

105
— | e—
Soft iron core /
Coil
4600 turns
13 layers
R=74 Q § =
L,=18mH =
G -
ES
i
|
3.3 MEMBEERIC
B2 ERA
(3.1)

J
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(a) B(r,Z) (I=0.15 A)

fudla Y
JU

B (mT)

~50
I (mA)

(b) B-I(Z=4.6mm, r=0.0mm)

B 3.4 BOREEOZER A B(nZ) & a4 VEFIZNY S B 7k
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333 RLv bHHBRTEEE

EHHIEORTERRS & LT, Ni-GMB 28 BB ~EA L RTHIER 540,
INZITIONKE 3.5 IR TIBEFIETHONL y FEAKBETHD, KR T
i, EEGAIOLERICT L CREEENELET 5, BEERE XZFORE LD
L3HDH—TEDOFHEIKOEEHAN TIE Ni-GMB OE#Ehzx L CRIEAZ2E L. KL
DEFRENLIAND Z E R BEICBE LET2HEETH S, T OBBMNIC Ni-
GMB £ Ry 7§57 & THEIEFHBE~BITTZ S, |

EHERESIERRS T3~ X T 4 v J A — I — & Tk o
—ECEREIREN Lo TWS, £, Ay X—0D EIZ Ni-GMB 1 iz #E &, &%
RIZEHZH LT, Ni-GMB 278 v _—HLIZRET 5, FOEEMEIL 2.2 i TR
TREBEEOHEL VDTN EVEE TS, KIZ, Ry S—& X NET
REH ST, Ni-GMB ZLEEFER~R Yy 75, N—X MEORRHEIZT 5
Ni-GMB DR 7§ 5@ &% CCD A THIEL, bBELI Ky 7T 5EKEE%Y
EERRONZRETH, N—X MNEOR JILRBEAIIZ 24ms & LTW5, P F A
FToII~NA 7 uTx EEREEHMETSZODOLDTHD, EXOEELE ST
LD HW-HEE OB O & &1 143mm T, % O FEARERE L E S, 1E 560Hz
THY ., EREAWEIT ., TOFEMEE LD, MEIEZERBICRy 7E3E 572
OO, Ry N—OERENE R & BE LT ERWIZED,

Dynamic microphone

V, Oscilloscope

N
143mm,
f...=(2n+1) X560Hz
Ni-gMB
Video
v CCD cassette
rec.

Function
Generator

= Analog SW

Gate pulse 24ms
X 3.5 @ESREIONY o MEAE
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3.3.4 {IEBEHRHE

MBEBRIHEIINFERE 74 bV —THEER IS, TRLFNIZOWTELTFIZ

ALY,
DAFFR

B 3.6 IR HFERIZILUTOI HEBET DL IR L TH S,

(O y hOBEIRBEETEHZ &,
Q74 ber¥ LORAXOREZEDLZ &,
By he LR OEMERECEBETEDL Z &,

(VL ZOMABEDLREIZE > T, BRHIZEBRTE D, QEMETHZHII
Ly NOBERNZHIDEEZKZ D AL EE LD, G)2METH-HIC LY O
T V74 hREL, TORBICHBERZAE ST D,

FHIRD He-Ne L —H—(ImW)) 5 R T, £=200mm D L > X3EBAN O Y A H
211D, L, RVRAALZITDRWE BBAXOHEBRUBEIZILV  XDER LD
e, 74 berh—DONETIIEAXAPRESLB>TLE ), 20D, 7
+ bV — FOREMEC 25, BAXEZRV AL, BRABIIRVIAER
WeEEVESG (74 bEUVT—AD ~BEBTL, ZhiCEY, T U
DALEIZRBT DBARDIER D NS R BENEL 2D,

f=120mm & f=-95Smm DV ANT L 74 hRERLTWD, ZOMAELEL
VALV ARORELVEVCERBREEROIRO LV X EEfiE 25, TR
bh, RUESEEL L 1IDOLVXEDVEWL Y XEENAREE 2D, &5

A& by ¥— PPN Ly FOFERAE. S,~S3RBANROERMBE LR

[ f=33, £f=33} f=-95 - $=120 |*™
, S '
Lm Se  Ps Ss [ PP [Se
=
28 ' 164 102 '
He-NelL—Y
£=200,
— S
400

B 3.6 XtFR
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W E=33mm DL X THBEREZR L TEBY ., ZOBA0OMEEIZIIORTHD

D7+ M t—

B 3.7 "7 MUY —(KGER. ¢43mm. L=41mm)}ZiL. & DRIAEIZ,
& 4.5mm O F K~ R 7 2RO T TH D, BRIz Ni-GMB (2 & - TR
HO—ERELN, TOEDENR T+ b —EIEBEIND, BEERR 304
THHENDL 2=30z THY, 74 herh—FEOBERZY—IZTHZLIZLY, L-
23 RbL B LW NES V 2/55, 8 r,=325um ® Ni-GMB OHEBRO
BT 19.5mm THY . Fhil ﬁbf«xﬁwhi@¢fb_mﬁLf@5 Ni-
GMB 75 K& < AKFEHRHIIRFI>10 um) T H G R VICRREZ GO T A Y
DEZ /NS ERET H. Ve PD SIS ER 2 BE W dz/dr 2455 FHiklL 34
Tk D,

. l Electromagne
------------------------------ . o—1 i
1 AR “N““"'"““‘:
VA pommmmm= T X,
_____________ ' .., !
g N w s st o \ { . ;?JZ

: v Ni-GMB

1[' V\+ Photo-sensor Optics

B’ 3.7 Ni-GMB ¥t 7+ L H—

3.3.5 #il{HER

ERHEDE. RIS ASND 74 h v —0HAIES V % AD £
(12bi) L T—=Y F L a v a—F(POIZEY ALy, PC T PD iR % L |
D/A(12bi)yE# L CT e FEFEEH AT D, 2 V-II B L TERAD AL
ERESD, PDHIEOT LITY XDIZHOWTHEKE TR 5,

34 HEOFTILTY XL

BeRBRSRIEE TiL, 74 MU —OWMNER N a4 VER IODZFNEh
D E & BAEDOEMN O RRIZH T RE [(NEFELEHETTRIL T 5, LTI
$9 dz/dr OUTPF R, KIZ K OEREREEZ RS,

B 3.8 (I 9 L HI0, MEMREE TIET+ M- ERE Vok AD
EHERTH 7V 7 LT, EFHEHAD PCIZERVIAALTHS, T, z=0 OIF
D Vz=0)&, z 292DV DOPIFH bk ZROTEBLZIET, PCOYT MY«
TTH=0NoDF 7'y ek z 2B LT 5, ELIZOER Lo 3 sio
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+260—2e_l +e, W
dt 2h 2h?

Z(t) = kge(t)

dz(t) _ k( 3e,—4de_ +e_,

/

38 T4 hEUY—OHAHEEL dz/dt OBELEE

YoYU THEND dz/dt O RPEEFHE L TWB[3],
e(O% =0 DITFE T Iz L TZROEE TERIL T,

e(t)y= A+ Bt +Cr* (3.2)
ET5, ThERREMS LT
-‘5 = B+2(t (3.3)

ERDB, I TADEBRIOY Y TR ZRND L =h. 20 28T D e(h)
ENEN

e,=e(0)=8B
e, =e(~h)=A-Bh+Ch* (3.4
e_, =e(—2h)= A-2Bh+4ChH’
ERb, ThED
A=e,
B= 3e,—4de_ +e., { (3.5)

2At
e,—2e_ +e_,

£y

2h°

C =
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BELND,
Z(t) = k.e(1) (3.6)
AGB3CHEZD kEHOTHL tIZBITS ‘
dz(1) —k de(t)
dt T odt

—x 3e,—4e_ +e_, 4ol 2e_ +e_, ;
’ 2h 20

(3.7)

%5,

3.9 1. I(HOAUEFHEEEZRT, PD fl#ITIEX z & dz/dr ZF/RIZ7 +—F
N 795, UL, dddr OFEAFEROEVEFIIH L TUREREL 2D, £
ITEBOBKIBES AT LTH, BEEOEW /A RZHTHRELZMZ DT
DRI AHERBIEERAT 6, ThEamEERTET RN THEZ LD,

_1+s7
G(s)= ST, , (1, >T) (3.8)

N g I H#F'EI LEBESER LY, SR —"AT7 407 & LTHL,
NMERHSOMNEEZ EG)E L, A VEREZ (5T &,

1(s) = G(s)E(s) (3.9)
Thbd, TNEHEERIIEIKDT

I+ T,J (1) = e(1) + Té(1) (3.10)
Eheb, T IOEIANVER, eIEREBBROENEETH D, h TV
TV TEALTHD, EnIFBREND [, OTFEEAE TORRBTH D,

V- Electromagnet
4+—>»

D/A [P

conv.

I

-
M~

[ |
y
7
B L

- O

-h OTh

3 (&-2)h (&-D)h
3.9 A NERIHOEUFHEE

T
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TIT, FODITETHIN LT ROBEE THEIL T

()= A+B'1+C'F (3.11)
E 5, THERRREMS LT

A _pucs (3.12)

dt |

b, TG INKARAL, tIZUToEZEXT
1, =1(t=)= A+B' &+ C Eh*
I,=1(t=E~h)= A+B' (&h-h)+ C' (Eh - hY (3.13)
I, =I1(t=&n-2h)= A+B (& -2h)+ C'(Eh - 2h)

b ERD, AB,CIZOVWTHNT

4= [1-—§+—2]+10(25 5)+1_1(§i_§)

2 2
=;{]1(3"§)+210(5_1)'{']-1(1—6)} [ (3-14)
oo him2li4
2h°

2155, B.10)i2(3.2),33),3.1D),G. 12252, L1328 =& £ LT,

A+B'En+C ER + T (B'+2C' &)= A+ Béh+ CE*R + T.(B+2C&h) (3.15)

BE5H, ZhiZKGS), Gl 52X TEETSH, ROHE Lite, €1 €on 1,

LoOBERma LY. kA TREND,

I, =ae,+a e +ae,+ bolo +b,1, (3.16)
ZZ T,
L 2h h
1 2T, 2T¢
a. . =—|-2& - 1
- c( c¢ h  h )
a,=t[ese I T¢ > (.17)
cl2 2 2h h
boz'l’ 2 b—1=l _£
cl h cl 2h
37,
c=1+——=
2h

H(3.16) G.INZ, ANDOBEDE e, L BEDE e,. e,. HAAOBREDME 1, #BE

DL, 252 T, =h ITHNTRELZBLIENTED,
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3.5 MRIRERER

&

3.5.1 BEEFIE

B 3.10 (27 o S~ OBBEB £, CHTHRLy EBRy FTEES h &
Y Xy MIEXZOBRA r,=400um, £,=1.5um ® GMB {Z Fe % £,=100nm E
ZRELTELOEHW, R //\*—U)W@J%J—&i Viep=2.0V —iE & L7z, R(a)ix
f03~22kHz OV > IIZBITLHERBRTHD, T LV, BRENEKEDHE
% 1.1kHz £ 95, KE(b)ZiT 1. lkHz FED hOE—7 OIREFIZEEEZRL
Tdhd, FLIKHz IZBWTEE VL FETHY . I ORBEEITRTE O R 0 3t
WK LS., L bR TS, HPORANIHEIUBRLEEORTEBTHD

B Jres=1.68 kHz
| Hopper:
= 10 Viwy=2.0 V
\E/ fre.sl—o 56kHZ GMB:
r,=400um, 7,=1.5pm
Fe coat:
< 0.5 1,=100nm
I ] I |
0 0.5 1. 0 1.5 2.0
S (kHz)
(@) f,p=0.3~2.2kHz
o. .
0.3
0. —
0.25 >
~ 0
g 0.2
£ >
0. 0. 15
= o 0.1
0. ! 0. 05
' 0 1 I 1 9]
i.0 1.1 1.2 1.3 1.4
.ﬁlopp (kHZ)

(b) frop,~1.1kHz
X 3.10 7 —OEREYNE AL S, (ST DRV RARER TIHES h
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B 3.1 12 v S—OEREEE V,, L XLy hORSEEE h OOAHEE p 271
T, BREVE AL £, T OBECR Yy P b RSRO LD D EEETH HAI
W 1.1kHz & L7z, HAEEETICH LT, Xby FORSE X A % 30 BIEHHE
L. ZOhORAEESETRLTHD, ¢ RIZBITD hDELDEIT20.15mm
THDH,

J
2.5 GMB: r,=400um, 1=1.5pm
Fe: £,=100nm i
2.0 [ '
p (%)
Lo h E
— 1.9 g é
& e
= .
-~
1.0 [
0.5
O

3 By S—OEBEEV,, vy FOREEE h OGfHEE p
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B 3.12 (224 VER & REBROBREZRT, ADRO<RL v M KED TR
BIRL., THIREBIZHD L XZIZZOR Ly NIEBIZ 5L, EERECE - 7718
BOEERDLOEEHEME L D ThD, ZOBEY FE22Ly MNIEST
ORI ITZ FMIBHE 527, @IIEHBEORES, OINE FHIZE K
BB L2, ODSE T HICERICER L -A2ELTHS,

ZIT, BEHEBOEHAIT, fIRORSE S OSMOBMBICK LTIV &
MEMLRD, HIZRLTHD Z=46mm OBE. REFEBITF0.16mm Th 5,
LizdSo T, Wik ¢ MEREHD BT 5 L5 OB EIEE 2 iET 5 = &
(CED | HEEIDEERED S ERHE~BITTE 5, *

200

< :
G i
~ 100 ;
= .

3

©

| | | <
O 3.0 4, 0 2. O
Z, (mm)

B 3.12 =A VR & % E I
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3.5.2 TEEFIME

1) BHEERIOHSY A

PTIZAE A/ UM 722 Ni-GMB I, JEFBAMEE THIE L T r,=325um, THBM
BETHE L T 1,=23um TH-o7. F£72, Ni 23— MNEILE S ETHRAND M
ZICH L7 HIET, 1,=700m ThoTo. ZTHODOHIEE T ADEEp,=2.5%10°
kg/m', Ni D% /Ep =885X10°kg/m’ LY m=8.5X10°kg, V,=9.3X10" m* & &
7=,

NAH P=1.01 X 10" Pa THEXHRR L, BHEALE Z=4.0mm O & D aA LEHR
[=0.12A ThH~7=. XA L7 Ni-GMB OEE%#E 3.13 (257,

100 Hm

X 3.13 BISEZEL7-Ni-GMB O EE  (P=1.013X10°Pa)



34

¥3F HWABEEE

%D Ni-GMB # RGP CHRESBE L%, Z,% 2mm~6mm OFHEHTEX T/,
ZERLCE L2, 52 R 314 (2R, Itijcz)fﬁaﬁiﬁ(zn(ﬂ) BT,

INTGA—F & LT m,

V, & u,=10,1520 252 THEZLOTH D, RRIZBWTE

BRE & AR L L T, RN LB LN o 72 Ni O LLBREE N 1, =15 T&)

5T EnDND,

Cotl current. Jn  (A)

1.0 [

08 1

06 T

0.4}

0291

0.0

X 3.14 3/(/1/

T L FMRIBRERIIK =10 L2 5,

I, = By ' Z ol 1. =10
VIR, ol g2, "

K. = 3Cu, + 1k, =1)
Cu, +1)g, +2)- 2:—}(/1”, -1y

Theor.

Hn=15
Expt.

Hm=20
2.0 3.0 4.0 5.0 6.0 7.0

Suspension distance Z,(m)

AL 1, RAORERRE Z, FHERITE F 2R
=85x10%kg, V,, =9.3 X 10™ m’)
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PD HID /X5 A —=F DNT I'=1/60s IZHET D, TOMD/T A—F ZELS
B CRRARIEREOMUNEL 2 2 DREBIOEMRRICGZ 2EELZEL, £ b
DECEE %2 BRHNZIRET D, TOMDAT A—F Lid, BEEOEW ) 4 XiZ
T HRSEEMZ D720 T, D THHHEERBEE f,. AD Bzt 7Y
YITBALhOBERTHLY 7Y VRS, PD R L7 oA VEREZ )

TLEA I THIRODANTIA I B4 LENTHD,

345 1TV U VAR LD 2 WEZDHEEE LR E T, £
B RVBED L 2 NRELRL>TLEIDT, 2 Zh/MITE o BEEE LT

E L7z f=1kHz Z P DO RKHITRT,

z (um)
W
(o ]

+
-+
-
i ol
C ol

1..
-+
. -+

[
[ aws )
[}
[r—,
=
.
O 4
b=

J, (Hz)
315 Hr 7V TEEK £ & RREREORUNELL 2
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3.16 [THIBE B 1/T, 7% 2 & 2 ORBOBFSM 15 X 2 HEBERE Lz
FERETRT, VLA DRE /A XORERERD B AT A—F THY | R
bz o ERECLTLEN, AL/ A XORBERIRT 2D, 22T, 2
ELERIBHI/NS S TE L BEM E L TRE L7ME 1/T=600 D RKHITRT,

BAT WA RTA 7 5 A Dh 5 2 LIl H X DBERE LIRRETT, 2
ER/MITE DFEME & UTRE L=&=0.5 ZRHPDORAITRT,

+10
g
+ 5 N
0.0 4+ p—at—vt— [
200 50 1K 4K

/T, (rad/s)

3.16  #HEBNE 1T, PBREEEBEORINELz &
TR 1252568

gh (ms)

B 317 X N4 0 %A LEhSGRIEBEDOWUNEIL 2 &
B 52 5%
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BRIFLRIEE ORI 2218 L7 IKEE T, BRAE Z, O F HAz=2mm OfLE
Ni-GMB % {#V 7=, R =0 T, #IHIRELEIZ L > TNi-GMB 5 EiF, ﬁ
M 4E 2 %#Ltd%@MGMB@@@%H%@&%@Mﬁ%FTﬂELtF%
2B 318 (a)iZ Y, 1<0s & 025t IZR BN D ANA 7 ROEZIFFHRIZAWT

A VENFLRAA=TDEFLRETH D, lemﬁkvm@&@74/7
A > T EITV, 1.=64ms, @=110rad/s &87=, 74 v T AT L7cRO7 2 v k
ZFEBObNIFT, Zhb e r,=325um, 1,=23um by, =15 /. TIHLTH
Tep AERNE & FELARVETH - 7=,

0

1

2
T

Suspension distance
4 3
T T

5
T

o}

\

E
£
N

(a) BIE L 7= Ni-GMB D &EH)

A_.-..

Time

2

7

Suspension distance
3
T

S

B

<
T

Z (mm)

(b) 74 T 17 L7 Ni-GMB D& 712 v b

B 3.18 Ni-GMB &)
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3)EZEHER

FHEKEDE S P=10°~10°Pa & LT, EEFMOBIERE 2 &AKFEHmORRE
BEr OEDKFHEEZME L, TORBREE 319 277, z& ridd bICkREH
BNZEB L TRV, EFHRAS & BEHRBEIORS N8l S -, H@)oE
BRIT 2z OEFERES ., BERIIRAMOKSOETH D, FEE S ANZILE E HilH
LTeTe, EERZESICR LT z<2um ZER L TW5, HB)DERIZr DD
EHWIRES . BFRIIRBEBI RS DB TH D, EFWIRRSIIR LT r<Sum %
R LTV D0, AKEHRIXHIE LR -720T P NTFR5 & FHGEOH F1 18
INEL DT RBAMRDBREL 2TV D, ZIITEZEREZOEBIRE &
BAYITHAZ o T 5,

15

10 |

long periodic component

5 | /steady component

z (um)

7 ? — O
Viay — AA
0 ‘ | |
10° 10" 10° 10°* 10°
P (Pa)
(a) FEE TR DRRRKEE 2
19
10 \\long periodic component
— \
:ES. \
N \
. \
SO T AN
A ~
6leady component g\ —_ - s
0 : | '
10° 10 10° 10° 10°

P (Pa)

(b) AKEF 10 DRREKEIE r
3.19 HEE S OBRIEE 2 L AKEF M ORREERER r O iR
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36 L—HY—RBREXBE~DEA

B 3.20 ([Z30% X1 SR EREEROBKBEERB L =T, FOERITIRE
TORRBLEEB LR L <, DREHES. HRBERES. 3)BEHBANI LR 5,
ZORETHESE XII BTHW: HEIRES. Stk — l~'\°lw:/ b DOREICD
WT HiRR 3%, HEEHEOHEZILAIE TR BER S & EFHIEZ T TV
Do T2IZLZZTHE, KEFMOFHTHDIE 4 ETRRDIT 7T 4T F 2 /3—
RO AR T2,

ZO¥EOE Xl BRAERBITHIBREROYRRTHY ., L —EEORL
DIz, B12 E—LDOHN, fAEE—ALD 1 FOHLEZFERLT6 E—LBREZITH,

”W%*nkNWMBmv~ﬁ~ﬁ%%éht:b%ﬁ%#ét@m\Xﬁf

VIR—AHATIZELBELPHELA NV ROBEEITD .,

3.6.1 3 Xl EADHEARAAIZHT H5EREIR

1) BRERFS

it
R zB LN, BIZ 2T~/ BY Bl % z<2um, r<SumiZfk
Téc

#”*Zﬁ&ﬁ%%ﬁ’(ﬁﬁbﬂ L—P—DE RGO MBEEILL X 10"W/ ' BE TH

50 LN TRKEDTL—I7 A b ZiTH7-H1X102Pall FOEZEE TiTh

Recovery - )
apparatus :

Electromagnet

PD control / (200, 0.3-2A)
PC D/A Amp ‘

Steady control unit

Photo sensor He-Ne laser
A/D Position detection unit
Ni—Gy
Vacuum chamber of Gekko XII N cyér
l 0SC Amp 7 Transitional control unit

rp—

BJ3.20 Ot XN S EREER OB RERE
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NTWoH, ZORMRBRTIE, BEETHRARDT 7T 4 7 F =%t LRV
T, REHBOBBBRAE LA, BRAEOBINOKER DI L > TR
a— XV y MNIBRIESET), I TIOBA. EEEZFEEMNES L TEX
DOFMEZRAL, ZOEBIRBIZIENIT V7T 5, Zmﬁbv—% i
$iEs1 X10PaD BEZEEETIT 9,
2) AR A ERA ORLE TX 52/ .
WMAEXTDEFOF ¥ o A= 1IZENTL—F—2 O PICERANEE TE 5%
Mix, L—Y—ERMENDLRTA—T 32T U F A2 LINOE L5
IR D MR =R TH D

3) YNy —EkE

BERBRERESAROEELE2E5D D 2 CITHEETH D, T 2 CEENM & LB
BEZHR--FF, BERRICETIREIIY L THORWVERBRTE L Z &
259, BEOEHRIICEBOD THRIBREBIZNEHET 208, RALPD
AR OJER TR — bRV y FOKIEPHRECR >R E, £ OBEER L
v hEBEIR L FEBREZARETHIERBETIAATHD, TNEERTLH DI
ANEREEC L TEMEARSL Y N ERAIIRESYE, EHAaZREISE T,
NUy FEBET - BT HEE L U AR EGE LIRS,

4) B O fRE

BRI EIT L — P — %%m%wmﬁif&ﬁw:—kmv/hwu%%@
HLARTHERS 2V, 2070 L—F—0BREEFZE, L—F —OBELEIZ
ST, BFRFRXTA-UNADIAREERSS, 1274 bV — i)‘l:%%:
X2y FOBETHD, LIER-2TT7 4 by —0EEEL DB BT
HDT, TORMUFT AV EZTHARERHDL, TNLORFERET M E
Y —EBHTT AT 4 NS O TEELED LIRET D,

5) EE & 1 EERIAEIS O fitE

R &R S oY ORELRIC L > THREEZSZT 2 5, D k|
BEIZE > TRAE LT 7 X MBRERFHZE L, FHUSOEFBML R EICEY
BEH5ZXHRBERHDH, Lo T, EECA L @EREE S £/-8ELEr O R
ETOHVNERDD,

3.6.2 3k Xl SERBEEKE

R B R £ C & MR )BIBERIEE, HIEREEE, )EEHEB T
BT 5. HFKEBIIAIEOLO L VRN DRV EOBHAVLNTW S, 5)
Btk — FR Ly MO, MOBHEBRTEH SN TV HPMBTH 5 CDSI =
LNERWS, FONia— MNIBEFE—-LIMBRBEZEELETHLRRETHLIN, =
DBE T EE D - & TITVONI-PMBEER T 5,
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1):8E HEHE

PERITZ DR /= Zv TR F v 7 A~ J—(Fuji: SOAH 04W)E W\ T&E /-,
Nl-pMBmﬁw R AL LT — BT IR v S — 2 B8, B L7 <
THR LRVBE DRI \77??/7%&~ﬁ@%ﬁﬁ%%@ﬂ%@%%kf
LED, % THAZIRE L RWVWEERE - (HR26.0mm) ZHEMHLZ, TOB
MZiET o 7varYaRxb—4 (V—F—8EF LFG-1300) &4 —F 4247
> 7(SANYO STK-050 20W)% HI\ 5, & v _R—OERENERKEIT1kHz & L, FDER
EEIIHRV TS THD, Ni-PMBREELTLE-YD ., FTOERBIENTS
B Ry - OFBEARE A REE T LT DB RAL—XIRy T TE D,

FTORy NI = ®-OM (442335 HNER29.0 HX40) ZEY
F175. ZFEBEOFR v X—EART Ey FOBERDOEEIINI-PMBYZIT 5 3
7 TRy /N—NOLETTI20OEBIETIHEODICHNDE, £/-, VAINNY —%E
TNi-PMBZ BT 5 BRIZ 6 WD, Ni-meﬁﬁrmmmqu‘z@ém:ﬁ‘ LT

COMITEREAmMmTH Y, FLEoMEEr +ocR=7, =72 LZo ¥ £ TiL, Ni-
PMBZRBEIZREN T LW, (VBHRHEBLIOF ¥ o N~ CEHELTHEFY—F >
FMERE=INONI-PMBE R D Z ENTERY, I TLERHIEOCESH .,
Z—7y MEHE=Z - T OBHADOKE TR, OBEZ4A »FROY v R ZFR
75,

Ry N—EARTE Y N

TJEy FEHEEF Y AR IREENRTWE~Y =2 L—ZDOFEKRTH D,

IOy MNIERIFY v 7 EBEL, BEEF xRN~ 0 ANV HLE
DNTHHLOTHD, ZEy NOFALFMIZE—Z T, L TEAFEITIFE T, 8
DY, FEy FOWMAFEIL 1 mmEA T, B FAESHBIZI00 2 mEd T ORSE TEh»
T ZEMAETHD, RyNN—2EEF ¥ NN~ [ZEATHIZE, FETIEY b
AL E B TR T 5, TOLEENI-PMBIZY a v 7 B3 lb bR L 2 ICEET D,
‘£C7L/Fr%ﬁ?%%\NANBLTE@/H/7%%%%ﬁﬂh¥9ﬁﬁ9o
Q) E R B

l3mmLﬁHﬁHﬁ@%£% ExrY, OIZEIAAHDOHe-Nel — % —THR—
NETIZ, OB RE 74 bV —THR— F56IZ, RET D, B(bNIE
&%t“é&/xrt/% DOEETHD, '

- BB FHe-Ne L — ' —

MM ONXIRE L THHIRDIS>DENZMET D H D& L THe-Ne L —H — & £
MT 2, ETBHERHL -V — L OXFENRSHMERSH T H-OERPER
L5Z¢, BROTF UV —IZHVWDIKEEMDEREREREL D~y TF T
ZENDHD, HANT—DY o AR RY 7 MB+HIT/AENT &, EEIE
VP LB TRV, 2XD28 b E7/2He-Nel—F— 28T HHBHATH D,
FARRDBENGEDZENDRNLE O BEBETHDZ &, XFERMEBEOFELE
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BhloualfdThsbd b, FDHeNel — % —|ZTHUGHES # Laser Head

MODEL 32221H-BC(SER #041787)% /=, O L —HF—DhF¥a S Ay 7%
HANT —2mW ZF DL 2% L T TH D, £ —F - RO —Lx X
ANRVEEREL TCL—HF—E—L%E_Xby FOERNIRKRSE, ZOLE, B A
ITHRANRVA—DOHFREHO L AnbE—L0ARy FE TOEBEITIE860mm TH
Hye TOLEIICL—HFE—LELy NERIOE—LARy NMIEBHBZ LT, 7
#+ b — ETIHEBARAEODRIZL - THREZHITLZ N TE S,

—Top view

O (Port 37)

—Bottom view

N

X1T Efgia EERIE
@ Optics & photo sensor
A
/Vacuum shield glass N
R-62, HA-30
A/ Printing Ob;. Photq sensor
(D He-Ne laser Ni-PMB 11| NIKKORE X100 Shit /

o o

! 1

v SR
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IR LN REE 2T 50 TRIENS, L— —BHEER ORI
KAEE ST 10°Pa AT TH VAR EL EEZHND,

10°®
z 4 ue LO X 109
> 0 —
& <,
@ / 8.0X 107 j/
o3
2 10
£ 10 7 /
g
.S
2
° A
Z r,=410um
10

0.001 0.01 0.1 1 10 100
Laser diode power P,, (mW)

4.5 EfFEMAo¥FER L —F— T — (KM
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104,

10%

7,=410mm, P,,=3.6mW

Opticcal forces Fyy, F, I, and gravitational force F; (N)

10% 107 100 100 100 102 10° 10 10° 108
Pressure P (Pa)

B 4.5 SCIERNOEDKFE

43 T T4 THN—

AR SIS L CKER ORI 2 EMHET 2T 7 T4 T X R_—
AT LR L FOMRER L 7=,

B 47 o7 7T 4 T H o DY AT bR, ChXTPERTH Y RIS
E O x il yWIZES, Ni-GMB HHBEZEF ¥ > N—DH LD L —F —REE T
WRIBERY D, TV T4 T =D x (3 y @D 3 RK—F > MithEh,
Ni-GMB O & o — L HilHREE, FE L —F—BREEE, 8K L ——,



60 $4F KEARORBHHAT VT4 TF 3=

EHNF TR THER Lz, HIEEET 2 Tl PD #H#E A VWT, FEEL —
P—EREEROGIHZIT> T 5, FEEL —PF— U — AXHRBERE Sz Ni-
GMB IZEXLTHY, TOXRDOMEZERL, THIZIDHIERNEZEHRHLT
Ni-GMB DIREI 2B S DL Z LN TE 5, |
FHKEDOENZ2ZE X T Ni-GMB OIREIOBMEFMEZRE L, x BOABES
¥CIRIEDT I T 4 THE L R—OEIEEHER Lz, B4 0 T Ni-GMB 24+l
FOEREZAVT 503 nN # 03 s ORNZ 7z, P=5X10"~10Pa X1} 53
B R 2 R(4.15),02.23) 2 AV TEHE CRO BTN & 312 F 4.8 12F T, 10-
10°Pa DEAFEHO T — F IZIXKPIZIERK L TR Lz, BRT—FZBFEMEI Y K
Wik, HERRY TOBMIRBI OB LEEZ bND, TIT 47X —%EH
L7gve P <10 Pa THEMBEEBDPRESZ>TLEIQRZXLT, 77747
FoR—2RNDE L IZE—FEDEEZR LI,

(top view) 0000
o] O O [e]

pulse generator for
disturb. force

z pos. det.
and controller

He-Ne laser

i

suspension
o0 electromagnpt
$

X pos. det.
and controller

vacuum chamber
of glass laser <~
system “HALNA”

obj. : Laser Diode
: Dichroic Mirror
: Longwave Cut-off
y pos. det. Filter

and controller .
: Magnetically
Suspended Pellet

Bl47 77T 4T X R_R—= AT I



F4EF KEFAOEREBMEHBZ VT« T F /13— 61

195 | |

without the active damper
/\:data, see——theory

with the active damper 0.2
(:data, === theory :

\ |
10 & R R R

0.1

Zr0 S

o e AESS Gl - ——— e W W W G W w mn

10° 0¢ 10
|
A
>
2

Damping time constant 7.9, Zrac(S)

10" 10° 10! 10° 10° 10 10°
Pressure P (Pa)

4.8 IREYOREFEFRHE OE S

44 FEOH

BEERMEZE L7~ Ni-GMB (Z¥-EK L —F 2 BET L, BELOBEREE O X
ERHOREZEIEZTML, TOEHEEENLEROENGEHENTIIH ALY
VA A= NP BN TND D Ebhotz, I UVEERM TR NEE R
TN b EELXOLND,

SRR L /=X Ly FOKELFMORBZHETHFEE L THRIERNZINH
THHRERBEL, 777 47X RX—%2EELTCEOEMMEL EiE L1z, i@
L oA EENTIHENRRN 10 ThHhoToD%, T/ 747 F R "— 2o
TI1IBLUTMICEBETE =,
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[1] G M. Hidy and J. R. Brock, J. Geophys. Res. 72, 455 (1967).
[2] N. T. Tong, J. Colloid Interface Sci. 51, 143 (1975).
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E5F MR —MRLy FOBEERIELE
Ni 0 — ~ERRIE

51 1L &I

L — @A ALy FOBRBRIZBWTIEENL v M@ EARERN
WL ——BUR B~V y N EATIOOBREEMZRET D ETHER
WRIGA=BERD, LR TENEBRNEZRDD DIV y POER, BE
B, B&, Ni 2~ MNEZ2EBECHILENDH D, GMB OEERCERIINT
BB RMEBE 2 VT 10210° BREORBE CRIES A TWa 0, HEITE
BRBEEOREMBE N ADEEEZAVCTHRIZIVHEEIN TV DICBEBE R,
E£7-Ni a—MELHKEaY br—F & LTOKRBIRBFOEEE(LEFH L TH
ESNTWDLETTH S,

AFFETHNTV D GMB <° Ni-GMB DEEix~10ug THY, £/~ Ni 2—Fh
DEEHL~Iug THDH, ZOLIRBNEEZERBEIZHE TS DIXERDIL
FROARETFTROATIHERETH D, #RD, w1 7137 0 A TRE 0.1 ug.
BMEADORUNEFIA L h—2 a0 "SR TRE 01ug THEHD, BHEER
BIE 21T D WA E B9 5[], HEEMAOGE TIIBRBRIC LIRS E
INTWBR], £z, FEMRXOBRFHICILIEEMEEL L TEE~pg DR

(218 L 7= electron stepping[3]3% Y, ZHILHE I E=~100 BOE T L RN R
A TR S, RTFE 2V RbE2EEOENLEEEZRDDLIFETH D,
LoLl, EF i 2FEERLOBREZRAERBEL LTEY ., ~10pug OV
v NOBEEBATEICIHSHTER Y, 220, EREBIZENELLEZEHAL, SV
v NOERERSICERBETHET S AEEZRRE L,

—% GMB EiZa— hESW7HEBEREOREEL X RIVAT T 74 —REE

REFHBESPHOCLNTWAEN, ZTNHITHoMIREINBETELEITT
Hb, BRBRIZBWTIE, GMB 212 7z> TESLLZ Ni 2—  NE, 55
WiEZ— hEN NI OZERLETHY, UTIZR<SHNi 22— MFOKEKRE)
FICEDBREREBZEIE L TR LERDHD, ZOOFHAEEZICH L
Ni & EEZ B LT,



64 5% B — 2Ly NOHBRIES N =— FMNERAIE

52 BR; “'?ﬁl»dzéﬁmiﬁi:— FRLUy FOEERIE

521 BREGELETORE

3 RIC 4 EMIZEEZHNTAHZ LIZEY, ZOPLHTHER F2FE S H
6:&7&3“@%50 EGUZ O IR & EhICER T 5 EREK AR 5.1 (2

o BRI ETIRETS Y FXy v 7 ERAUERY EEY 7 ERHD
D %@%ﬁim%#r¢@i &\&%irfﬂﬂf@@%ﬂ@ﬁf%éﬁ&%
HU Y 7EBTHY, BICEE TS, 22T, EToxy ¥y 7ollEE: 27,
E9 5, HERAIZ %Emﬁ%@#ﬁétb@ODAw mEe LT, Eox
[N G A iﬁ{nLV%‘f TZiE-V 2Em4 5, £7-. EIWFESEL7-DD
W T AT =T 4 T N @hgd7-0, Vo rE @®@Ui&ﬁ*U’ﬂL
TRWENV, 25256, BHEINTWHIHEBH FIZEBHEX N EEIODYE
VN

—an—V=mg, qV <0 (5.1)

0

U; o ZIT, ailEMBERTEEDADRETHY . ERPLIZBITIER
HER VZ, EDHIZE LV, 72, g ITFERTOERE, m (ZFORFD
Ez\gﬁﬁﬁM@E\f%m
BEAEIZELIE> T, W%ﬁ(a%\:?}%ﬁfbfﬁ< VERH D, 3IRIL 4 BRBEDE
RO AEITIRD 5 TWARW[4], T, i E &k (Charge Simulation
Technique: CST)% £%H] LT%{10)§ﬁﬁ*7&*®a%n+ L7z, tBEFIEOFEMILST
230 | TSR i Y Byl

Balancing voltage

H - ‘L
L» T Loy
’ DC power supply
27,
1.9

AC 100V 60Hz
Z,=7mm, C=0.5uF, R=100kQ, ¥, =2000V, V'=-150~-250V

5.1 3KkoC4 Bk EIREIE
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EERTHWZ Y > VBRI o SRR RMREIZ AR5 L O WICREL =, =
N ¥ o 7 R e M e & RN S L ERETapl L=, B 5.2 itZo
BAREIRZ VT CST ICEVHEBE L 2Ry OFEMNBRE A THD, Z
Z TH P=1.000V, Z,=7.000X10°m & L7, BHP.LTOERMEIL 1.172X10°V/m
THY, LV oe=8203%x10" %157,

r T T T Y T T
b

upper endcap
electrode

[
o

w

Center
plane

_0.12
; 0.10 /0.06

=t
0.12 0.08

Q

Axial distance from centerplane Z[mm]

under endcap
electrode

[
[
o

E
2
Y

" "

i

; .
Center 5 ST 15 20 2 30
line F Radial distance from centerline r [mmf

i

B 5.2 CST THE L7z z @i mapksy O %5 EALRE ST

522 HBHRAZE
1) BEENEORE

FERAR L LCERER, TR L2BRAEZREDED D L, BETLT
BRI < D> ) AV
3
—a(]Z—V=mg—%mﬁ14—86—;-Mg, gV <0 (inexpt. ¢> 0,/ <0) (5.2)

D, TIT, r, IIWEBRIFER, PIIEROES. THEROBRETHD, A
WOFE 2BEDFINIHERFORBEE BEROBES|DENLOEZDND, £I T,
PEEALZIETHOVEVEEVEZREL., UTOFMHETm & g ZRDT=,
KEDICBWTOVAEWERE V EES P IZEBT S &, RAUTTFTHRIERBIMR



66 BE5E HHEa— Ly FOEEHE S Ni =2— FNEHIE
LB,

V=aP-b (5.3)
4 3 3 .
- Zaj ﬂ;,, 3.486T><10 (5.4
b=mZ& (5.5)
oy

KBTI, V EPOMEEOR/N _RIUERZRD, ThirbalbziFd, =
Daz ANTEMBELH/DLZLNTE D,
Z,g 4m;) 3.486x10° <o
1= 3 7T ©-0)
k7, EALIAEMVTHEREZES,
_bam’ 3.486x10°
“a 3 T
ZIT, r,laDBEEA AL L ERPITEETZ —EL LTHWDLDTEDOR
ZAT=0& L7z, R(56)EY . gDEKEEAGIRKNTEZ HND,

[ 3}Ar |] |
Ag =%q (5.8)

3.7)

2

FERIZL T, RENWZBWT, bOBERAPETD L, BE m OEKEEAn |
KX THEZ LD,

Am = im[lAal + |Ab| + 3’Ar”|] (5.9)

a b r

£iz, by PORBEZOBEL NHOEBREN SR Y BB, BRERED,,
FEIAN R E IR A ADOFEp, & U TR

1

3
t,=r,- ! 3 4”r P, —m (5.10)
P, =P, 4l 3

b,

2) ERER

HEHRIF & LT Ni-GMB (7211 GMB % HV iz, Ni-GMB VAT M bz
LB CIEE iﬁ . ¥72. GMB X7 7 m L OEEEEH @,“CIEG\_“*E'}éﬁ-
2o 3 WG 4 HERER Ja(f“%ﬁ%ﬁb #E & ¥ 72 Ni-GMB £721% GMB % H %2
Bty T, FOBMPLEEA LT, BB &ET- GMB & CCD b A 5 TH
Al L7-g 2 B 5.3 12039, AR~ A 7 0 A—F—Dg T, Zh% GMB
OBEALEDOHREL L7z, CCD RFOEAMN | T7bbE= 4 —OAEEER
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B 5.3 ERNFH S 7 GMB OBYE (r,=3.57x10"m).

kAL, MR ET 2um ERDEDICHRTEL, ZOKEEERZEBEMNERDIZH
Wiz, ZODOCCD AAT%#90° EEETAZ &I28Y, |E - AKFEHEIZ 2um DZER
ERET GMB DNLEZBRITE 72, GMB IZLZEIZFEL TEY ., EHT 60 &
DOFFARFEN T, FORETZ OSMRED 2um KV /& o7z,

WEE LT, FOTN, VITET 4 VF NV~ AF A =4 r I FEMEE
721t CMOS i v (f v & — b, §-8100B), =RV 7z, P II#XIES Th
V. ¥AY 775 LENE Y (BRATEE. FP101) ORTHY—VENLEBEA LT,
MIE L7236 P 28e STV 2HEL-—F%E, B 5.4 (TRT, R/ _FET
THNONTEIEREZ RO, T OB Za b U b 21570k b DBEZZTHNE A4, |AD|
ETDH, TNHDORETaTAa, bEAD TEEDLHEENICEIET —Z BINE Y, o
DS NITEIT D |Aal/a+|Abl/b DIERER/NE D L DIZTV., a £Aa=3.17%
0.01)x10* & A Ab =(1.7851£0.0005)x10° & 157z, FERITNHFHEMBETREL ./,
Ar, =(3.57%£0.01)x10"m Th -7z, £7=, A T=2.98x10°K Th o7z, #H(5.6)-(5.8)
KV, gEAq =(5.93+0.07)x10"°C, E & m+Am =(1.27£0.02)x10%kg 2%&7/-., “h
X VBRIBLTEERNL Y 2 02ug DIEETRIETE S Z LR TE 2,

DY EFVWEEV EEROES P OMTESRREZHLETDHE, ViIT 4 V4L~
NFA=ZTHELTEY, TOREGHFREL P IZEHEAATHLDIZNEY, £ZT
iEAa, Ab DFERERIT P OBRITERBENLA LD EEbIhD, EEXDE 541



68 E55 EMEo— 2Ly FOBEHE S NI o— FERIFE
BOWTHESIZRIT S P OEENERE DBEERDDL L 3% ThoT, 2D
BEIE N Y ORERBELABRETHD,

H(S10)ZH T, SCHK[6] & 0 BB RRE B p,=0.20kg/m’, FREEFE
p2.5xX10kg/m’, LT B &, BEE 4=3.2um & {37z, BREWEIZAV - GMB % El
h. SEM TWili% 5 AL Lz, TOBMRD 1 >%E 5.5 0RT, & &0k
B 3L OB Sh-BEEOREEETHD - L ERRBLE,

x 10°
-1.6800

-1.7000

-1.7200

-1.7400 f’
V=317%x10" P - 1.7851x 102

~1.7600 | | |

Balancing voltage V[V]

1.00 2.00 3.00
Pressure P[Pa]

54 {HEXENP OV EVWEE VORIEHE

x 10°

§78582 75kY 2.8kx 15,8unm
5.5 SEM 2 L2 GMB o> Wi L% o5
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53 OHAHIESWIZED N a— FERIFE
531 Niao— +AE

GMB Lt~ Ni 22— MIZITE 5.6 (T EFIMBAXEERERBEL V-, BXLZ 10
fHD GMB % A » ¥ = (Hi#f 0.24mm¢, B v F 0.65mm)H D 5 Z(20mmx20mm, % & 12mm)
A, AT L —F T~350Hz DIRENE 525, TONTIZAND GMB O & A 7L
— & OREE R EIE, GMB BRFICHNTAL, GMB hic—H7% Ni 3— PR T3 &
INCEBRMIZHRE L, TIZTH, "M T —F L LTEBAY - —2BW5, #iE
99.99%D Ni ZIEE FEHDZ o 7 AT R — MIFE, AC ERE~120A # LT Ni 25K%
SHD, ZONITEFTAT VR N OFBITIERET 90mm & Lz, ¥ T AT R
—FO Loy d—2HE, KEERHTFRO N K= be—-J(BAREZEHF.
CRTM-5000) CEEMRL L 2B HAETH, BERa— MNERXELRLZL Y v Z—%HD T
AREEWRZD, a— NE Tonm OEEFEZTHHE. RERBIZ 10 DBRETHD, 2B,
GMB ¢ Ay aOPITXTHAMEE LT, & F T 5 SBUEBERESEZITV.
Je X MR LA D EMERE L THBHWS,

in vacuum
5.3x10% Pa

Magnetig
vibrator

~10 GMBs

Quartz crystal
monitor

Deposition duration ~10 min.
Magnetic vibrator frequency ~350 Hz
Ni thickness ~70 nm

B 5.6 HHUMAXEZEAREREL AV
GMB E~® Ni 22— |k
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532 KBEHFEXMEDIL rO—FLIZ&kDa— FEDHEE

GMB LiZa— F&h/= Ni B a— NIRRT AfE= > e —J0EER L E 2
— MEIZHBEL, UTOIDIZIMIEL T 5, BEOHKTZE 6.7 1779, GMB LA v~
La b TS U ACIREL, BHZLANLZFORMIC Ni BRTEMK SN DI L TKEE
EEFIXFp LTy, ZOTHIZN BR=2— AR5, GMB OB S=r,2 125 L
i biza— RSN NJBOES 1) GMB Fcoa— NE 1, L DBEMRIZA v /4@1@4_:
T&LT

4m 1, =TSt (5.11)
&%, Wik S ik

S=m, (5.12)
THDLIND, _h%ﬁ(sm RRALT

47up t, =1, tT (5.13)
D, Eln, Ay aDBmEEY 4% L5 XD 8, 1, & 1, ORERIT

b — 011

P . (5.14)

TH5H.9T72HE GMB Lo Ni @l StkiEdE ¢ Lica— SNz NiEOE IO 1%
CLTHETED

Quartz crystal
monitor

!
tlIl

drr)”
Transrrntta ce T
0000 H 0
e T ] ]
Ni vapor
I N
W boat

5.7 KAEDHA
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533 WAXESHEIZELSD N O— FERIEE
1) WMAEXESIEIZEISN I— FEAEDRE
WS TERE AT IEREEHZ L2 X ORI OB S 2 T L TOWMEIT ) 8O TH D, HE
NN E R EE i35 & &, ARGEE [, F@EE [ EEBOE X/, WEPD
K2 RIS DR DI ¢, WEfREke, &35 &, Lambert-Beer DEHI X VIR 4 1%

I 1
A=log—Lt =~log—=¢,lc 5
é[ g] 2 (5.15)

0

725, NI ORFEICE S T, 2L OFEBRARERMOSNTVWBR, FD H B HON=C
—C=NOH #¥[71Z L >RAEN L - LS HVWLRTWS, ZoE >TSS L8
Ni ERISLTHRAERT, NiZBENLIZKER L THENOEEmMIT

m=c-L (5.16)
Tohd. £/2, GMB O¥E%L r,, NiDa—- MNEZ 1, NiOEEZpLTH L,
m=4m,’t, p (5.17)
ERB, (51551 E Y a— MNEr i
AL
‘ni El ]4m‘.p2p (518)

EROOLND, Lo T, g, ROTRE, cDNI-MBDA & r,zXGIIZEZD
TEZEST 2D, ¥R iE, A v vadh I AREZR—2 v O GMB~10
ENZB L TA M Il 57251, 0Oy hONiOa— NERARE LW L2E
BRLTWD, ZORBIZESINT, UTERTFIECEREY Lz, 2o, BIEBOER
it 2 £7-1X3 To 5,

2) BEHROEM

1.0mg @ Ni $1(99.99%) % HiE& T > L K THIRN LT Ni B 0.10mg/ml DEFHK(A)10.0ml
2ESTZ, TOWEAND 5.0, 100, 200u &V, FRAFNIC, BEAIE L TEME
HEAK 40.0ul MA, TUE=TAREBLZE 8oul AMA T pH8~10 IZ LTz, &HIT, UAF
VT X AETE 40.0u] BN TRE I THEB)EE-T-, IO EMATHRL
TRE1.00m 2D &Iz ->T, NiBE 050, 1.0, 2.0ugml OBEEC)EE-T=, =
SERBEREE LT, /=10.0mm O HEEHOEEN S A EAIZB LI, DL EHK
NEFTOSZRREE LIZIE Ni BE 0, T2bBERA)ZHANVTIZRIRB)~C)LFRLF
B CIE- 7288, 9 78b b, fAfMRFK 4000, ToE=TKBLZ soul, PAFALTY
X ¥ LA 40.0pl, IZHIKEMZ T 1.00ml 2 Lz b D& AV, REBEICE DBREIZEL
DEBELXTDHZD, Zho0REELE-T-HE 10 FUNICB RO KES (B,
UV-330) THIE L 7=,

Ni #2/% 1.0ug/ml OER(C)DOWEAZXTT HWAE % HE L TE-RIN AR ZE 5.8 IR
T, IR EVRIEBRERIL 445nm THDOIZ 2R L, TOBRROWEEE L., BIK
ZAE-S7-% 10 DREORFAITIZEA EEILRWE], EVD Ni BEORLRD 250
WIROC)DBNEBREL., B 5.9 ITRTREREIER L, ZOME &£ A£10.0mm LK
%88 e,,5,m=25ul/(ng  mm) & RE L 7=,



n FES5F BB —MRLY FOHEEMELN O— FEAE

0.3
< I
(()) c=1.0ug/mi
(@] n
Q 02
©
o i
| -
o
-8 01 }
2o
445:nm
0400 450 500 550 600
Wavelength A (nm)
B 5.8 i (C) DWLIN AlifR
0.6
0.5F {
<
O 04f
o
g 0.3
zo
)
S 0.2}
o)
<< 01} P
e
OO / 1 1 ]
0.00 1.00 \ 2.00

Ni concentration ¢ (ug/ml)

5.9 Ky
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3) a— FERIEHR

AR D £ D ICEHF ORI HEREEE T, EIZBX%E 10 o GMB % 2— T
X5, KRS AR bS5 —0OfE 1,7 8.00X10’nm & 620X 10°nm (272 HE T
KELT, Bhsa—1NeEo2ay KL, £7-, HOL0U0H GMB OFEEE2HIE

THZET, I—FETH NI-GMB ZHFETEDH L HIZ LT,

&1y FENEFN IO Ni-GMB iIZ2VW T, R EBNZ Ni % 80.0ul DOHEEE THE D>
L CIIRAYEE- T2, ZHIZEfBREK 400ul, 7o =7 KB LF 80ul % MZ T pHS
~104Z L7, EHI, PAFAT U FFT LR 000 ML TRAESE, BERGB)=1E
ST, THUZHIAKREIMZ TRET 1.00ml OWIRCHYEED . Tz flEREE Lz, £L
T, BHIRA)Z AW TIZEBEB)~C) R CFIRTIE-> -2 2 AW T, Bids 7%7‘&
FERT TR 445nm OWSEEZRIE LTz, £ORRELFREWAE L ORKELZE 5.10 |
RY, T EEOWSEEL 0.16~036 THY ., BIROREROBIETEHEANIZH 5. Iq:'@
FERIT A BV FER , O2RICHBTDE LTER L7ZEZRBRTHY . 2501
v hEBADBPITHFAIL T Z LMD, T20LXG14)EYD, Fl—ry ho=—Fh
JERARRFELNWZ EERLTWVD,

M EIZHW Ni-GMB O£ & F DR E ., £10.0mm, L=1.00ml, Hid TH /-
E,sm=25U/ (g mm) T R(S )T H- 2, BEE L L TIE Ni #& [l L p=8.85g/cm’ & L THB7= =2
— NEEEREOMEER 511 (27T, F—m vy MRTIE, FRIZLLT a2 — NEE—
E T Y, 1'=8.00X 10°nm(800nm lot & F97)D = — KE|L 87nm T, 1'=6.20 X 10°'nm (620nm lot
EHYO a— FEFL 7lnm TH-o72, 2@ 87nm & Tlnm DBEITES%EETHY ., £h

04
0.3
<
3
e 02
=
= A ¢’ = 800nm lot
wn
) B
< 01 W = 620nm lot
0.0 ' — :
250 300 350 400 450

Radius r, (um)

E510 Ry, LR A & DORIE



74 FE5F HHEGI— ALY FrOEERNTEN O— FEITE
Ly P, EE, WHEEOHEICRBNTAELTZHDTH D,

=Y h e —F OEA8.00X10'nm @2 v k@ Ni-GMB O Wi % 4= &5 % 8 1 BEMEE(H
7, H8I0O)IZ K> THE L. Fnoolmd—f % 5.12 (2779, Z? Ni-GMB @ N
O 3— MNEZ 90nm TH Y, AR OREOFHHT L TV,

100
AQO" 7 A AA A 4
A

g 80 F 4t
\E/ TJOE = .l. .—-- -
~
% 60 |
@ 50F
£ 10
> A/ =800nm lot
;_g 30+
t 20 L = lm’:620mn
% 10

O | ! Il

250 300 350 400 450

Pellet radius r, (Lm)

B511 = MNEEERELORR

B 512 SEM T#LIM L 7= Ni-GMB o ¥t o> {4
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54 F&H
BERBRIIBWTHERNFA—FTHLH Ly FOHEEREL Ni Boa— MNERELES
FEECHIET A HELZB L, BEEMECHIRTAERCLAERFELAAL, &
HSEDENEEZ TNy MNIEXOLNIFAEHE L, BHECLEREE LEIOM
L EELY 02ug ORMETRHIETESZLERLE, Ni BOEIREZIZIVAX T L
B8 Ni EBUS L THRND RN ZRIA L, AEEORE XOFMIZ —ENZHW LN D K
miRE B e - nhbEohda— NENES% U TORBETIE LVWMEEZ 5 2
B & RHER U, ALERUSIC &5 I L — P RA T L v DI — ML F
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