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 1  9  7 2 i.— 1:z'0)3 H ei}1~5gRii, 1Ai .ttg.44-± 

t~ ~o (1) h .i , g1-4FJ: t hRts.AiAb>6'E11'6BCSg. 

 *~ ( 3H e0Q-~f,:iaJA L 6Z7> 4>5It32. 0Ppi4`izo 

 gift JIA 1 m K 0 fA t ®t... 6 t r- L tz 

5gR Clfr/Ue, 3H e }j i , BCSa6 zaZ•tkb 6 — 

h b>i-ti:', Lo (2.3) -Di 41 At7ng&'*Z6. ,`_ 031i`7-'6. ' 'ta:g fJ 

g, ts. 3 ~CD b~ t(z-14/1 "6 b 6tt),aD it 0 6. (A 

B ff1 , A1*) 

 (NMR) 63H e*A e°^-,rfa0 5,,ZJ56. 3H e0A °^-rf,-0~— t~ 

gjjt ifipttabZ 2,111- a.tatireg r--4>f„:0Dit Leggett 

6 (a) ~ i ~ ~ ^ ~. ~ r — } —,. 9 f —  6 1 -DC) 

h )1,L 0i1A4 `C53'z 6. Leggett it3H e e }1 b' 11 5g 

e:/ eL`E t*:it0) i-L L1*S Z Jb 6 t T L, ti. Nifi7--Z+ 

?a ~L t T L tz i l b> tJ Z• ts: < , N M R i :::. / 6 glIJ e ^ -TC; 

Z§ LZ, AtflOCW 

NM R 'A  A L L. (5) 3 H e e7 11m ts: pet, "3 

` hi t ft{t 6 MA/14. h 6 Rc.Leggett O-)T L. t.: PA it, g 

3H e MO aZz'! L Z 0 xa 75> t:.o 

-< NMR0 it,  b>h Mil•VxAL,6~ } ~a 

/1/ANMR /za ) z , Leggett 0)O)I-E 'I 

it T t t.: h. h 4 , A#1, B  7 1 4 13 L t:.   i. „ 

L "CMZ L za ~~r_~ Z ~an (6'7'8'9'10)
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 Nj'< h 1 6 d 7 iz t: t: ° (1 1 ' 1 2) Leggett—A* (L T) ti> G1 t. * MT 

11)9 fa II L it L { intrinsic t., { fp 14P. if. it 6. A if ra C 

W NMR®1pgODIJ* L

~`~zTg~t'I'J.b~7i~G>— t7".t: (13)tInta:—tritY h h tzfrpifQ14IW0 Citilift (T c) ffF o1Affi T c It 

±0-)1E*R'3 H e 0)1'*ViLO) life time — L ‘15 ?a° L ti' 

L. O 3EaiGZitLTaLI-f' '6Agkg*ffif44 t.. ht., tRffikz> 

b tt -C G 1 tz ° (8 . 1 2 .) 4 , 1 5) Oc 7E 4 4~'JC Ili Z ;t, ,7 tt; 1 *i fJ' aU s fQ 

•O Affilik :° (16) 3H e -;0— if ts. f}1ffi 6 

•®L Z U, 4J'ø" ~

{o~tz 6.-.~f.^it— ts.g~}Ii'hz~~`J)o7 ••7A/fJXri`~JJt(}kZs7Pt •C G1 ° "7) 

) B i. G> Z i " wall pinned mode" i' 't. 6 L T gift t API L, 

l fQ 0 7 f— t);.ca25h L t: °(18.19.20) t, 1- l VA t 1 0 4° L~ i 

L t, o) A I A I}J C) fJ iA rt 0) 1bl t i L, 0) ' — } i- , F o m i n (21) t 1E11 G , 2 

—3tffi htt. ° (9.22) R.titt'*—ttLZG1tzo f h t. fCl 

HVItIODUitiallt (T c) If-F'OIJAi T c if±.0) *Kt'(/F3H e CDtftLT 0) life 

time It 1, -C L7f)>Lt~-iA6, IA 0) h t t: BM0-)NMR0) 

< F910 J'td;G1Bttf> t.o r f 1•)1• gm t 6 

i —fR—C 6B'IttL:(t,: ° (8.9) 

 (Long Lived Induction Signal( LLIS )c -X) iLr47  Borovik-

Romanov et al. i~.- xa ; (23) Fomin 0) fl atiA b> h 0) # V (24) I J 4J L L I 

Stf>B tij ZO)*jLG1 }j — 16 IN64,,  tt,:° M i:A 5 ~. 

•fi Larmor ARtZ ®1"6Ae:/A —tt,:/ ffii 

Z' 451-45  e5 -q." dynamic magnetic domain" t 15> ', L domain 

boundary Z• 0) 75> -, < 4) L 7 t Z• 6. TA 

* g2, i dynamic magnetic domain ' 11 4) (`Y, JAM') L Z (75 ( 

domain boundary 0) z y Z1" 6° 456 i , BM] Zrfig Z G ts: 

•aJ L .'ea) intrinsic t.; i RI II $1J RJx _.~~f~J0~B 

0) A e.° /} -f it I t2. t3) b' i 1.. Z G 1 td; G 1° 

            -i intrinsic t~,'fgfp111  o /:;. 6,, N
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 MROARt—;2it" texture" (25) L  621"—}'— 521— 0)s1111 

L 2 60 2 t, " Spin Supercurrent" (25.26.27) 0/T4 t 

h ts, G 2 t:. LL IS -4- t,: 6 dis bo k ii — z' h 

tc G`0 h i L:lj .0 t It a-f' U. textural healing 

length ing.G` gap t tfK $' 0 B  2 NM R tz Ji 

tzo (28.29) y O~ J. 5 ts, fic it slab geometry L 14.i t 60 

slab geometry 11:1 B  NMR J511to7:: Zi% 

12; C7 1 t (30. 31 . 32. 33 . 34 . 35) `_ it b -CU 'FUN t OD slab i' h 

t‘i: 6 A lt+ )11 ji Jii 't. t, o h o) A 111 0 k - t E ts. -t )1, PI G ' tz L 

L slab 1M it 01-] r r f aiaot Lb, bulk 

oa1*--\034 mo +Lb`_ BMA'O) domainats.Ei~lbxa 

  1.91biPt~.-o hi±NMR 6111 tit At AU i:: 6tt~,60 ~c 

hit, — 0 slab 7.1'1141b% h tc. X  /L,t)~G` NMR CDAtA*T7' 

t. 0 A rik 0 S — —D nft — 03 slab s rizt1 tit 4 ̀ t:. 41 ,  t~. 

1%(-F, 0 itm 5*~j2G,60 2* it B 21'—$'— 

~. 7 ,~ — , N ± — tIJ JEll )1 — ,tE:' ,&fail 

 i~. L 60 Z 3* Z it, " 2 L66. Z 4* Z it, 

A&Mgr-  6b &O).1".i:5ji.-z .t604— 1Zi ,CW NMR 

is 1 6b *cG2'j'~.I'ta:::a0 c1411 — 3( 

*a2560 4-2zi , ' ) NM 64 3E itz'OANUAT-to 

 U f1 tziA lit®A f tetogilblk1LL 4 — 1 z146 htz fAC> 3 — 

fil to L T 4  C11A 0' a* L 1 x _1" 6 0 t ts: r f i. A, A i`~ F) i 

^ -TF,, it Brinkman-Smith (BS) state( 10) LT: X 6 L /;1 4) 75` - L. 4 — 3 —eU , 

2— JEH G` 2 B S s t a t e is It g 

T 9 0 Z, surface field s — 6 0) l- xa surface 

relaxation^ h L®4® C1t ± -M* L iglitMg L - JLt,-- 60 

4-4Zi , CWNMR Fp Lt, T9 -f l- 1a  

 6. 5* t , discussion L L , 6 *"-e t a) 60
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    2.  arm 

2 — 1 "— )1—P 

   ~U*Zz ^tz 53H e aNt*Hi B C S n°ad.7- .1: Z#E h 6. $$ 

                                 dtL1,sb't-fa] 0) t}1l -D3H e 

tiiCTh'5tt*IzGL (Coopertt) , gelL4* a Z 9, s.)L '— gap i)'gtE 

1 6 o 0 ti- hC ct'a T- -.rf,, 0 singlet sat A t4, 9, 3H e T Z 4t triplet 

Pg*1' 0 :.ODM*, gM,01: atTINt21'——).7 f —P d  0 a 

60 (36) 

(ik) a (d(ik)•as) 6 2(1) 

zp•i 20) AZ., 0p4"D bt3He e s=1/2zJ56~ 

-t0Ae^ }0161 (T T) (T 1) (1 T) (11) ®4~i:5~t 

9 6 O A Yd 2 — J' — 1• 7 / — 0) j V l> i` 9 Et -' O d( ti) Y 1{ L F7 7 

¢f (61' 62, 63)•Z• 6;(i 1,2,3) itPauli n 60 (1)tB 

t 

                 /
d2(9()+idl(k) -id3(k) 

 1 (k) 4(2) 
-id3(1)d2()-id1 (k) j 

tiZ 6. (T T) otto-D e:/fZfi0 §}JM ct I T T >tt:EL < L(2)— 

0 A { (d2(1()+idl (1()) I I T>+ (d2(lc)-idl (k)) 1 1> 
-id3(k)(I T 1 >+ 11 T> )}(3) 

(3) 4 x )b, 6 1: 5 IT(i)  o 5 1- VI, a Aft z 0 1* 4-7 

z4,1-4-, ts,6ts,(,, t, Prf z• b,6, z z• 
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 >ai tj; b tz h ~ o 

d.(k) = k ,•A( 4 ) 
J 1 1j 

t}) tEi b' unitary state 2 35 6 Z. 41, diSo phase 

factor i)> 6Z" real " ts: z 6. 0 A E 0 it ta:3E 
1j 

$ 6. (4) 1 F) A kiRI0 projection operatorOAR g k 6 L. 
                1j 

       (a) 3n=F111t 3 &n=111ji:14.- 'o 

       (b) 3 e:T-cz1N * 2 enREUi:4-1'0 

       (c) 3 %K7c91111t 1'&7c/riAi~41 

     (d) 37G43.riAlt1 -I- LZ2f&7c0)1*] 

L:(TA..0t at*ta.f§1i  (a)Zi 
1)

(b)Z is

(c)Zit

(d)-CU

1 0 0 

A - 0 1 0 

0 0 1

1 0 0 ) 
A0 1 0 

  13 

0 0 0

A 
13 

A (ij

0 0 0 ) 
0 0 0 

0 0 1

1 0 0 ) 
1 0 0 

0 0 0

0 4 Alf b -"D (- h 'L -Z 4> 60

(5)

(6)

(7)

                           (8) 

(,b60C)i-7Gt:.Z6 ) 

(1)U Balian-Werthamer(BW) satet(37)
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 (2)it planar state (3)it polar state (4)HJ; Anderson-Brinkman-Morel 

(ABM) state (38.33) 6. ~ ~~~,~Z 6gMtif107 ANitABM 

state 13 B state (:_t-f1;C.$/)< blh~A6 II' ij.t~2G~ 

6 Fig. 1 r..#1 ' T to A ltflit: O)tib%hit14hittz (A 1 

it unitary state -eU ts: to. (36) ) 

(5)4a ODA ..t1E114 2(3)4t 1f$e 
1] 

          i 0{ (k1 -ik2) I T T > + (k1 +ik2 ) I I I > 

-k3(I T 1 >+ 11 T>)}(9) 

  ts, 6. *Lit total spin iA }jEE S= 1, total thl AMA L = 1 , 

=L+S=O 0:1*aZab6o B0-1itt. .A„o3eZ',:itO 
13 

tr~i1 R 2 4 k tt6. 

  A = R (i, B)(10) 
13 

it0„0)ra`7 -t' 1-)1,z 9, 6'itQ PEjzab6o "DI B 

(9)x 04*a1 9 A e t 1 IV} .: (10)pZ'„,ts t6t:: * (Si 

i~~ Lt.~k -e 6. — —,.7 Jt-3z6Z 6-7/l Rta %1Jg~i 

2o~~r}c~~G~2C) ( Lt.: t4-,60) A 

0 , .- i B  — — — t6 b> Jz 6o 

(10) 3EZ13MI75 2t 6 , LitLit” --- 114, ” 

tt. (A Z' it , x )1, — g a p ts. 6 of 4 6 

ab 11'9 ) 0 i z "D t, • 2 2 6 2 —
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 2  —  2 R1E+—Rit+411Mffil

Leggett it bulk 0a#®A#10CW NMR0 tki: 9146t~ 

Larmar) & la b' 60t  b^ 3 H e) • d o — R -T  

Z 100 kHz 41:  fffli t 3 mT OratA4r-# I- 60 B*Z'it, 

)4 totalA ° ^ c L JEt1 2 

9, 3H e bR n, —)1 ^ F NoR —N 7-#1E `rifiit c0 1 ~Z t 6. 

0. 1 mT L:(-F2tt, 6.  Kftzi:. 

1* (Mk 1. ±.03 3H e? i*) Zit, C. 0 tt6(„-: 

PP7t i6 YAkLzL to. _.i„ 3; t,c ts.)1J :i7 Fit or, 

r 00 Hamiltonian tJ> A e^ — 17 T L Z 4N 6 ts, h if ± tiN t.: 4N a~ 

—et 6 . (4" -D ab 6 t g,i.t.: total A e    to ( 

•~ J F )1-0301 (6 O it , ftittnUlfiligli2103fril ) L ic. t.c k 6 

z ~o Lb,L, MgA'Ji:.'r03tf j: b>1r . 64i,6its. —~X 

•- 1E11 ti> ,'f M • . 6. Leggett it *L spontaneously broken spin 

orbit symmetry " A. t::o 

3H e eamtli , C) total tli(1314.01, total R NJ 

     ^~Zt~tiTf-;Z FJ, ~c 1h~1~® ga L-co6tzt -~f;± 

*-CO) total 0I.z}J®faj L, total R e^~1ttJAO)fai~r 

       Jo

J.~j t4: t}LZ^7L.~J>4 7ydiZ ø+__i7/'—I1 . pa,LAL'd`C.-•X W+A1.  6.  

~At, g iA 1)]f-i i0•RW. ±— R11if fli i~- —3•' — , • 7 1 — 3~ 

ZaZ~~~t.~o 

µ° (f0(11) 
           4 I~0^ 3 
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 tf  * C 6 3t i s t fi, 4— gap t a e L , Fermi s E -1' 6 

(o / EF) 2 tj; , Lit 4 fl 9 N b% h is 6 77?-;, —cRI t 

gD is 

    5D-Po (0 k) (A)2N                                                     (12) 
          4t-7Ea3EF 

•ts.6. — r x 6 (...&5--c LZ) 

po ----- N 
T- 

•ts; " " is 

fZ72     o~ Po L1 ~
(14) Or a F

F 

Lt.': "C oitA .0)AiRS, r U3H e l0)sho l , ti is 

                                                                                                 0 Planck t't2nZWIJ-7t~t0), a it"Jl '~Zs,~ao a'3A 

4 0 (0) - 3kBTc (To ' 2 mK), EF/kB=TF^-1 K (kBi: Boltzmantt)k 6 

~ . `] 3 mT ts: 60 (L (0)i: T= 0 KZ O) gapZ 60 ) 

— J  t) 1E S " dipole torque " L -CM  ( 

~ ~ t~~h3 H e 0) NM R 6. dipole torque 14R 

Fitt 6 #p.6Mat QOp o 

                   o t/Z    ~,Y ----------(15) 

0) A 4 is & 1ii -- 0
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 2  —  3

t1 it 6 9 to 6 . (4 1 . 4 2 ) ( J F B -D Z ;J• 1~ -: 6 ) 

   (a) bulk dipole energy (RT--Ris.'f1511)

FBo ------'B(              La               B) ( cose+----)Zc3Y. 

(b) surface dipole energy 

Fsn- —b (s.n)2 I2~ 

(c) bulk magnetic energy 

F B H = — ( Hi. 

(d) surface magnetic energy 

FSH —d( s - R6).a, HI )2  cl a Y-

            s (e) bending energy

                               2 

Fe C1C13I G[ a x(vxll.) )+ 1 3( \7' A.)+ 1 1 (h • Q X a )2

(16)

(17)

(18)

(19)

                                            (20) 

— 2 77 R)+ 16 p• (11- V) ra. — Ya ( q ra)~

  z. Z`xBblBfO)'•ERM. (x 0 

,c,d, ce4zz h ~o

10)&7rL 6) Q B i t a it # 11.4 dJ 

1^=HOH d a{i bd i Zxa o a, b

a=    

13=  3B`X(LC-�13

(21)

(22)
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 c=ZJS

6-5 m

3 c'N 
` d=

BAN — AB 1

(23)

(24)

g i 3H el +60 g-factor , Og O) (42) --e 9, E 

^ oR P sit M 11fC530 k ft , m it' Ha0)Wfic,xNii1IE*3He 

  i s it Rg ts --c I- 6. 

(1.6)4 Z h #t 6 dipole energy it') ts; < 2 ffi E ft 0 01E13 .x >v 

— ,k 9t G`a)Z fl 0 0a 0=0L=cos-1( 1/4)^104° i~~ 

6. ((17)r (20)4Ziti'Ziz:;.. iO*t1G`ZG`6o ) 6 

— oto Qh h o n _ t >1- #'— o) competition F) ra 0 (p7 75to t 9 , 

tIL1-6ts,6o.0 tI(' it-texture .11T.0 

(n ?IN t. ts: G`t, A Z t i1± -- is n-texture ) 

— ® : 16 Z. fib * '^ 6o (e) 0 bending 

energy it, —3——=.'(Ltu6—  " 1= >k. — 
" 0 1: 5 r_ 6 Z , 0) 5 ts 53' ts; = >t — 4) t. ta, G ` 

TL ts: L' He< o (c) 0 bulk magnetic energy it, fa* $' Z a) 

I ;^ fig = 0 depairing dipole energy (A. 0 L t! ii D 

L i ts,hts;G` ) u6. b'91-a{Sb 6~,,rj or*nta.6 

  5 o 2-J O) surface energy (b), (d) it 3H e . 

31 It = 0 O) tj' O) depairing 6. M*,  .A < Z' it — 

} — — } /) } J is t dipole energy, magnetic energy t ft 

b>a 6 oZ ini6` t.; ts xa o &Z—"C' epl~ti0) fp] 

r: --- LI' ta, xa  ( ~rx it iVA " 3 i or t~. 6 ) 

ZittO-12 At'L LZ tEt6tzsurface Ta= 

x >1 — a L ts; itc ta, h ts; G` o .,; / Z 6 E 3 6 6  fl7 

                                                                           U., textural healinglength i tt 7a t O)ZS) 6. (4143) ` 'tii
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 F  BH  L F e i:. ITa ,44-M819t.c.e.4 t 10 mT O RO-A l: s T =0 K 0~ 

   la 100 pm ZJ560 60FE t R Ltz .L R>>RH 

bulk Kti* t  iaa ill 0 bulk r# Zit , (16), 

(18) 4  F i g. 2øEi L o ` ZS itidl1t, 60 

Leggett configuration J X:0 C 0 A ii o PE t z17 tp't. tzo

HS

or

n

 Fig.  2 Leggett configuration 

   " 17 iz: s — slab geometry — VI 03 B C "CU , 0) % N 

  ,,, < t~. a zrfil ( gaP ) 0.) t L 1- 6 L `-, Q<<R H— 

ti1 t' b i t ii,' 2 m T ts: h i ( F S H» F S D 

      6) ® fkJ Z it F S Ere lA — ts; -texture 75' tE $' 

  6o S'f 11,SE4±ALFAL FSH/J•is--6 , 

Fig. 3i7: Lt; 4-D0).. A- a, lb, c, dl,*I.^;*i.6. t1 4 

(71 • e~) =/cLnci(fl• S)2-/ 
                                            (25) 

(25) 4 t 4Z 6 r10) .5- it, 8 -- 6h6 6 D A B 1 "D rg. (9 L^ 

104° ) Z L 15 L F i g. 3 0) 4  ts; 6. IL F )L S 

51-SMI n i F i g. 4 L 41:6. *1.tnon Leggett 

configuration f1.* -'8~ h b' C:41.: 6 75` Z -t 5 ts: L 6 lat o R 

PJ7 it, intrinsic t, f fq   i —C 6 kB * 6 Z S5 6.
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 0  1 .5 i..:4 ,4' gap t t"D slab 

rl - t e x t u r e t-D< xa L  ra 41: , 

domain ita 751 tB V, -3- 6 1:isgt7yai,6, 

Z

x

geometry ' C it, gap j (ii] i~ —it ts, 

 ft*t5{z: t:. it, --e ii a ilk is. 

i.iZ: -"D 10 %4*z:'1 6o 

a

 C

 b
 Y

 Fig.  3 Four 

B B 
the

  cj-',(-)   a5
, 5,5 

 b=c~Ii~) 
        5,5, 5 

degenerate directions 
L. The static magnetic 

surface normal is along 

HS

 Fig.  4

or

=c N5,N5,N5   

    c,) 

of n vector in a slab 

field is parallel to 
the Y axis. 

HS

non Leggett 
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 2  —  4

e r h 3 H e r° ^ f: 0 x l}J t g k 6 i 31 }J 2'43 . 1111 n r--- — ta: f-(± 

Leggett— rA * (L T) .1: 6ti 4t)1110 h t Z G' Tao Z.m gDJ 

He-e V7Lt,:2 te. 1". ZG'6. -Dt 93H e 

i l* Coopert ®b' h ts: 6 " super aft- " t  2 4' ts: G'Lt+ 

b'hts;6" normal" aft (I-z 6. IA]oz53'0 r°^53- i M5 

 #11011/910 i3`J fa: Iiitk * a 7a a ' z..~?f* 3He*t+o l i f e 

time19flfp4AL7oBfpOigo, 

hydrodynamic iE11 to L• r LT << 1 L T tj'x40 .1 5 ic: ts. 6. (44)

d2 

   ~t3=~'SXH+~Sxg(~g)s^ne(I+4 cos 6)ru (26) 

dtd=—~'rY•(HI—BS)+1-'„sine(I+4 cos ©) (27) 

Y11= 2~'(HiIe1it xInlx (u—xaS)I 
dtD 

(28) 
w L r •He it Larmor }p] A (Z  r u i ,r 11,6 4) 

`XB I_k 22 
ruTcr ,C2,8 = K CT)S2a (29 ) 

                                                                        0 4.z, h h 6. ;coil  Fermi Ktf*MT' L Zts, G' Z FJ. A it 

                                                          r LTii Leggett—n 

   f fp641111 ft 6_V, FA 6. z. i Combescot (45) 

•Einzel (46) tJ ol-'l Z 0 6.k (T) i f§fp0> '` 7 

•— RFi tt z G' 6. i fp IRi (27) 40M 2  . u8 ~~                                                         

.41••  la B L ts; 6 t RI bglp J=11 L ts, z: *1- 6  t~~ 

•o (26)(DV 2 dipole torque L. 

.g~it.6TZ25 it                                                     tJ1c0j Q 
B—cA4R'7i1• 6 h 6ofpigtJ`it~J~i/—(47) 

j - Z Tt t: E#11.4 t r`•J -Di FJ internal Josephson effect

-14-



gz.6~.~iz-) EA6b'(~.ts,60 

 *iiri L Z non Leggett configuration t h Z O $ /1\#E 

g t a ( 0_ h )1, ts: G') A.t Io1 it 

CQ r it (26),(27) 4t FJn JEfa t .k 7(z--ts60 

                                        2 owL+2~8Sin2~(30) 

                                     L 

        =~ )~C (AB)2 sin20(31) 

                              L 

   2 , 1 it ii F i g. 4 (;. T .k 7 {~ , , :K tit 1 H taz ~ Z 

6. LZtit),taif: 6ts:0Ott (30),(31) 4z ¢=0 03 joZc 60 

L 5- (30),(31){®5:f0 

SZ oWt .(32) 

F1' 0(33) 

¢ =0 6J " 4*  Leggett configuration 2` 6 t an 6 R& 

t), dipole torque 0 intrisic ^ 6( T. 11 ta• Z 

6. (31)4 t PH 0 6 Wig 0 aill intrisic 41, ;( *p 0 0T t 

 6Z.~~~z~o triat tz. LZ sin2 =o.8 bggiffil ira 

6o 

B is to , fp Ø ± L T # pOA 6 t co 2 7 

L tz & (i wall pinned mode 1 h 6 4 rs. A }j — -C 

t:.0 (18.48) E}1a) tia A®1 +(t L T

{{p(=45~~,0*A~'7ts. —}itit tT7Z)]6'30 tt Z 0 o (3 ) 

t'{5 ® 411 7F fa aM t ei) t` B fl3 ®—ts .  ° ^ Tf, 

I_ 6±.'Z'4~(:.A-016® Fomin(49), Golo et al. (6°) (` 1 xa'(t=.Z' 

oRz6. (25)^,(28) 44,--113/11. 6 t 5 t9 Yi-gdSEVAC:AliatizaftU, 

Larmor Tg 71, fl gt o it G` i_4 t“ 1- 6 t5', 1T ts. a fi (i 4 L 

1c ~'S'1 e(Si(i7 t~ 2 - afi, (S •eH) (r.•eH) L, et to t:. 3 

-J®gt 3 mh L , INN J 4 4t -Jt)'L (t ""C
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  ,  F  i  g. 5 d~Ti"o to JFomin (` 9 T ttt- " to 

M" t~`to z S) 6o (4s) ;* AB(A " B' )i "i1* F: ~~ ~ ti 5 

6 2 :R t T L "C to . A A(A ) L „'-'„ B " Leggett 

configurat ion.L , 0) Wj * t t~ tsis 53- it -c non Leggett 

configuration Z S) 6 o ABC(A B ' C ' ) it r 9 -,T17: 

t <1 L LTOf f° 01/211R -t6:1*a-ea, ao 

a ABC( A"B'C" )I0)E — L2L I L, ti *11 Z.

it,At,‘Ambectizit--es) 
                           x'y'x,y, 

Brinkman-Smith(BS)state O (1 e VA CC' i., 1 MO) 7jgg 1;1 104° L~( 

±256° L:l ±,a 1 0 B z /- 71 6:i L 1p7 gtv7I. 

O e®OI- 71 z tit aid tt (8.9) Z6I B 0 LtJ;02 L Tf *O is 

,t; C(C )iz. 1b .* 6. Gianetta et al. (9) Eska et al. (22) 

 r h '1/1' NMR 0 A it03 tR it t t, a 

t& L. , B S state  4J / 7 i.-.: * * }  

2 17 < ti> L T p° i 1p7 T fa: 4 > A -Z• Jri,ra o 

jr 0 )=11 tz slab geometry bit*0 pi it ail A L(L )  

4> i P(P' )Z ~o
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3.  ARL17:L  it

I) • g t4 LNMR t 141 q1- E fa t T`f tJ 4 ? 9 1‘ 7 

F F i g. 6 b:.ToP93~i1,353-ct61i1 zt4 ft 63H e RAgiS53t T L Z 0 6. g 

  -1= )1, it N M R -f )1, t Ft 0 2 stycast 1266 Z fF L Z Ta o 

g#3 H e i 1pm- 0. 35 mm 7 mm 3 mm 0" 1 )" 0) slab pi (z.: 

6 a 0) — , 0. 3 5 mm X 0. 3 mm [:fl t 5 2 mm 0) 1 

G`al $ * -9ZItto 4 mm 0F9t1*0) bulk 0 t: tS;/ -C 0 6. (1th' 

dtril 12—Cto6. ) slab Nog'Ft7ii` p 6 iLitlitV, 6 

e ^ — t. ^ F c 3; 6 ER 1L 0) h 1' 6 295 ff h t o i:° 

  f 6 o6° Fig. 6 d~ :x a` r O3[Et.b T L "Ct., 60 

4 0) k packing factor V5 50% izI p e25 7. /L, L t, , 

N M R O) receiver-f L' i; : 0) slab z rkll t C S ~Q 6~ Go Z 6. 

filling factor * j <-4" 6 L L t is slab s 111 51- 0") a b, h 0) IF, fk , L 

ta, 0 J ra tz: bZ Z. 0) L slab z re1 receiver -f )1, it 1%( T 

6.15 L IPL.t.: AV, j ?? 70 Pm 0 Atal0) slab 

7 R:r —F6~!.1Z L-10 t. stycast Z` 

{ ~ 7:21:9 f 'A (Ng. 4 mm)6:  6.0 Z.: 0) 113 stycast 1266 t 'f L 2s , 

g -' 60 0 x 5 cz: L z, T 7  0) it t,A ts, G' J 5 r: L 

                                       I=1:1 —C. [1: ® 6 o T 7 12 — C 

slab = MI 0) C'•91- iiii1 stycast 1266 0 11'6:.1 16 Z NM R 00 receiver n 

-f /1, b if h 6. receiver -f )v it 91- 171. Z' tJ , slab s ~e~ f ] 

—1 ts;! Pit 4 6 tt.6 1 5 d. L Z  o receiver n -1f )L 1 ^ ~a 

f  1'' ~' transmitter n ,f )1/ it stycast -h 0 5 IS-1S 60 14z 

r fbtf`> ~t:a~c:,t~e0~1c1}2~ L,

-18-
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 1-61  &..41-6a,  it I:1] 0 4.1•75 h 2 120° 0 it k 6 t 5 i L t: o 

    2 ONMR R -f )1i* cross coil it Z It it , Rita)  slab 

geometry i.:::. * L 2 it, -IP 1" )I.- f 0) transmitter -f — r f ffF 

•~' S ~l Z f1J -c s) 41 , I t; receiver * n dead time *#/- < Z'6 ti` 

5 2 -"D6 Z ab 6 o ( dead time it 50 p sec --Cab 

NMRJEH Si4 tfr6g1 4--7i / Fit3  fib'htir . "C 

6. 1 i 51- ®l i. l -f > '1 0) 1 . -7 9'1,  F Z J , 1"D it 2 f 

•#A -7 7F -zk , t 5 l it 1z 4b—)1, r z 6. ... ht. 

•2 magnet unit h Xo 

7• 7 1` 1•r — 4,' h t.$ 63.1i35)-a Muething et a1. ( 51 1 

i 1t-72ffL t,o 2 ltOO#1 E-q7F i-q7•r F orntaorhi ~'oZ 

216K, 2 0 ?F.) t C7at ZJ541 ref.(52) Lt: .o 3"D -g 

7 r F tag 114 p m 0 Cu clad single-filamentary Nb-Ti wire k 

t•` C 6 6 O 0 type 0KitM53-1 'i~*t F 9 .7* 

L 2 ft) — ft iL t Jc il. 2"(i L to a 5 Z7 4 o L L t 5 — 

  00 type --CS)  ra multi-filamentary wireZ it i Z' -* 6 *X%  A -

*/1\ is

m6``~~~-Ctj.~,.ta~togitxt~L~`~a~iV- ill to 

Fig. 7i:.iTLt:i7< 4 73' 1R41 

riti u t w yA 1- 6 ( 4, Z ~ t~ o~ CD 4 1. A' R 7-* i 0 1 K plate 

 2 J5 6. A -f 0 thermal 

anchor  t 6 O  44P. 1 cm 6 ii;' Z. ti' L Nb-Ti  wire 

Ltzo{Sfiiz, e-9—L U2ffit, 6tt --7/'---^tla t -11•i1- -t 

T'± 0) O) hat "   ® L o 7 -i 7 3-01131141%fiitA10- JR® 

z 7 1- p] --- tz0 *, 1K plate C.:. "C f ;4 

•t~o 

eyk, /) — l6:it Nb On' fl=it•t.:og ® :::i}2,— ~ra# 

U RaL t` i n MI iN JQ #h r_ 4) 1F% is 1t ~ i ~" t~ o 4 ®
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I*Jfi=-P18ta:45 i=-P02L  t~o 

  magnet unit it *C C ( `3 10 mK 0 /JAE) i=-4V z 

60 3 "D0Sftit, TEA t L 2 FJ, , unit L z 3ti~ 

IS-5 53- iz ®, L Z 6 ® magnet unit JI -C h it RI* 0*—M it 

/4•3He? #®NMR0) NJ .t 9 VyrEti 3x10-52 tto 2-O 

E t 7 h t it 5 6: .t 9 `9 — 17 ] — fR C s, 6 a 'L J.( 

Z al, 6 77,* 1,,N 

MKAAitliRJEIIERi 8 T 6 L, _.',;O Af/—)I, i='* t) -7z LZ 

J 5X10-5 T ~'4.1 6 ~L75“91t>>(:.t,:o #t*M C t.:a5is 

5--DOEM,,:/t LI' Pbtgt 'V7=n[a0) radiation 

shield i ~. " U L " 6 19,S 5~j it,"^}= 5- 2 ieg. b N L Z 

-Dr q t` o ( ft a 20 cm R 40 cm ORi*) :7-1®M b *01 

it 3x10-6J Tts. ZJ,tifr RA E —>1' L 1, g fx 

tZ7 S — iYA N M R f75 

      r i frR t : t~'']i~Ft 5 1: it, it — t t^I A Z n 5 x tiJ , 

)1.- sweep 11 fiFL tz F i g. 8 i~ 7' In 7 p t Ws-1- .  h it 

in— a6 8 f;08 tr r CPUL-t0 P2LS I 

i Z za o R O M (read only memory) 2. It t,= 7 

7 i t th C. Sweep  7>= l 9 y it digital -f R A M 

(z-(ii* ('R M fA , fa: 14 ) L z h . 7 -t., it  ~ h i~ 1E 

Z 3 -f 7 — 19111F D A (digital to analog) 2 31 — 0 ,'f, t 

((' ± 6 O)DAn^':31— t ® ifm$1J EE~Lz)~ 

G s , ® 5- — r_ b‘ 6 fig r x Z it ra ft 0) n ^ h i 

1Ltft5 t6. O) ---c i 6J-2 0 4 $1  16# 

f g0) , Pt 0-)14601 xi)L. I Tk®P LM— 3 

( )1 N M R :7x 0, Pt  t° ^ J-f-:0) El , 0)-25 b‘ Curie' s 

law r: 5 t) 61.11.iA N5 6 o  fI T it *  at, ' i , g 7 h it pit ft
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 T   1  Q T/Tc Z $ Z W. fA T Pt fR i iz..)410 tz Pt powder L N 

MR -f)' F i g. 6 5i:.3HeNMR-E)170V`i 1 cm _ES 6. 

•& U}1 3 H e 0D 1ffi fx i Q B b‘ h t R 6 L Z)> W * 6. ` i't it % 4*— 

31 • 6 
slab F1 0) domain .k 6 - -f F -1 t L' 6 

•6. 

Z)~ .  T / T c) kf', — t5c1 I' 6 L 0. 6 < 

T/Tc< 1. 0 Z Hakkonen 0) 5= — (53) —11C. b> Ahonen 0)9=— (3 t) 

    L t~, t'0 h 1st k"O)T ft it T/Tc<0. 6 Z'it, n 4` fj ~ ' t Z 

4`.0 CI. b`0) 3g. 119z Pt powder 0) ft, b>KtIS0) ajt.tuA< ts-Zt,,6 Lg 

z. h it 6. yc : Z, 0. 6<T/Tc< 1. 0 Z it Pt &J.ft-17c * fiEJ t`. T/Tc 

< 0. 6 Z it, AhonenS2 B (T/Tc) 0) i — 4J M.1R ,E L f 

ft f& 3 H e -D -C 0 i g. 9 6- T "0 

1. t.i;R i M A T E C a. 0) a Z• s7 6. (  Gated Amp. Receiver Amp. etc• ) C 

W NMR NJ t ii & O 1 5 L i 0 Lock-in Amp. 0)4 "D -f 

t--5g14N0)M-S$IJAItE-EL L, tz g'k NMR reciever 

                                                               •hump $$ 60 of- gfS b I sweep L z 14- h t ts: Lock-in 7/ L 

41. t t. — } —0)    „   ---• I At L. 

c X::: 0)gc t_ -c 60 7'  -c7-1S-`C) 

•itit2Jo)*J t,>,, 1"Dit, Lock-in Ike 6L.YDS/Nt < 

6 Z: ffi* o 1 -D R4 0) t 4O i~..146 L b>Z 6 A Z 

•p NMRO) U 6 f r: CW NMR--C { 

^i~ f ® L . # Ae, r f , L' transmitter -f )1- i,..;   o 

0) -f )1, RYJ0 Rf * t, ts:  *t, tc: Free Induction Decay ( F I D ) 

fo 14 t ts, local fi;1 %)'f(L DBM (double balanced mixer) Z' L P 

F (low pass filter) t tc'{ , digitizer i,-- Erick  Z' lr — } — 6~ 

~`~' fJ t~ 6 E L Z k l §}j 0) f O rt t -‹ 6. D ,Ytz t,z 0 ft El3 

r f..)1, (`fiit‘ca LniaT}li:::.t). rt3Heb> "C to 

        g iz_ t1 IN h b, i t~ t: t~~ h ~' S . OO t: &5 receiver -f )1- O) Q 

ft f c L Z t` tz.o
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4.  "  g  L  Ag#h

4— 1 CW NMR®gig 

                PA9 Ecf/ 7 r.Wig>z— 

             t;. 15 i:. PagfezilgiL t. `C IJ\ r f thi s w e e p 0) fj 

 t~- 1 0 et  't fi 7tA 3~ L = — } -- b: Es L '§J F i g . 

1 0 Operating a g gft ii 920 kHz Z4J , T/Tc=O. 84 0)   

Fxlt_ho3Hea'*®LC6. &,t}/thScOl41(::-D0Z2,13z.L 

tst7N#a it; tshts,it2-D6. 1-Di Larmor   7 r Lt, 

i~ 1 t:: 114 54. i. 6 : , 1 -D it Larmor fo1 A Itt 0) it 17.'(  ts, 14, . 

Z ab 6. ---h i " 1-D" 0) slab PI - l-texture i~ 1 6 17,--t14. 

4J 1)N "D slab 5 0) Leggett configurationtJ> h 0)i~ Z 

ti N 6 0) . 5 t~. " 1 0 11 " ztil -- 6 1  L:I /J. 

z_%4 ts, 4 r g W L t: 4J , t1* 1A 16'• eZ L 6 

•t~> t,: 0 , F i g. 1 0 1 0 )1,4' 4 E1 t 4 2 H L t~ FJ Utz. 

o 6 it Z -texturee iz.1 ;1 t 6 tr-•'z. 6 it 6. -I' 4 r-'4-D 0 2 

it, 4 — 4 < 6. ct 5 ts. f a h it 1*®ila gift L:( _. 

  , Tit7a 1,,5 t 3-4 oCF i g. 

1 0 0) ts: t 14 6 0) (z-- bt i] 0) t~. # i`F 6 t7N a it 

t~, r f )1- fJA z 6 b, L ts.20~(i4k is 6~ { L Z 4 t, o 

JJ r:, A )A1 2> tt o Larmor f eleZIP h 7 1' z 't ~ 6.)j 

fez 7 r AQ1 # %Oita LarmorfAlRtcL b 0)I sH Pi02 

A Q / 2 7r T 6 H/ 2 7r h fi 6.Operating Fm i1 tt b> 920 kHz 0)-0))J 

gtft 7 1-AQORar_t F i g. 1 1 • oa® oit, i1. ts,E~ 

                                                              ill fxi 1 Zzao HAh/,i7t:::t507> 01, gli1 t 6o fi it 

ffl it t;, < A— B   6 t  6. F i g. 1 0) e 6: 

T L t. 7 , f  o itEE)7 22 bar 14T it A tEl it#tE ts; 4~~
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 Ef 
(kHz)

30

20

10

 -IA--0 _

fo=

0

df 
  4 

(kHz)

0. 0 
60

922.2

3

2

1

0

 ‘
,•\ 0 

0 
     0

kHz

0.85

0

Co 

o

\o

0.9

0

0

b
0

 o 
o\

0

0.95v1.0 
    Tc

0
'0

0

is I l 11111 1 ° 
0.

0

Fig.

0.2

11 The

0•

value

3 0.4 0•5

of 0 f= •b

U•b

H/2 R as a

U••' 0.8 0.9 
T/Tc

function of

1.0

temperature
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 t,:3b  jQ  R&z 7 1-AQ/2ir : 2•( L/2g) z 7 Q 

L ff l_ F i g. 1 2 is —  r Lt.l},0~ca~ 6L, 

2. 5 r. 2. 6 x 1012 H z 2 Z.t 6. :=  t i , EE )i 18.7 bar  0 A tfl ® # A Fol ' 

 Tc ®j 4 

     (C.A/zT)22 

    

— ---------------= 2 . S X 10 HE(34) 
a c7/~ T=Tc 

                                6. (31) Bulk 0A tfiZi ro m iEia—c&x4~R'ft:7F T o 

d, /  c QA /2z )2- 
                                                      (35) 

27T 2 COL/ 27E 

a F i g. 1 2 0) AO I 0 it, (34) 40 t Z1*0 

—tftit , O. 96< T/Tc< 1. 0 i~A l'0tELZ0 6 ` t Tr: LZ06. (A* 

it 6 1-texture 0) healing length itp m 0) 71- — — Z l) , slab 0) 

gap tJ -} i4`O)Z,OAf'Z'ikt z.14 41.t:A#1Zitft C, bulk 0A 

   F i g. 1 3 (QB/27r )2 )m"'1I10n~1111.1i, 

it i- 7 4 F- i1 i tz: 1* Z J 4J , d ifii1 i A h o n e n 03 T—} (31 tr 

o tr.T/Tc<0. 960) (0 B/2 7r )2  x1L, "D C „ Q B2 

it, (12) 1 ( 1c L t,g 4't) 

                       ,/xB 

          L9=6 02~D  
7CB(36) 

Z z h tt. 60 c36~ 

I —(37) 7 

ra ~ e ~~ i1\ (,‘ : it 

gp oc(38) 

  xB3–2E(39) 
+2E 

ta,t) AtA 

    ~Q2 ,e ( 1+7  E )(40)
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 N 
N

CD 

O

J 

N

5

4

3

2

1

0 0.3 0.4 0.5 0.6 0.7 0.8 0.9 
 T/Tc

1.0

Fig. 12 The value 

Here, f[

of 2• i f•fL as a function 

is Larmor frequency.

of temperature.
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 f2 
 B 1010(Hz2)

1

10.

9.0

8.0

7.0

6.0

5.0

4.0

3.0

2.0

1

T/T
c

 Fig.13 The used value of the 
a function of temperature at 
is drawn smoothly along the

 longitudinal 
 the pressure 

data.

frequency ( 0 B /2 r 
of 18.7 bar. The

)2=f62 as 
solid line
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 L  ts. Xa o jr , Hakonen, Ahonen, 0 ( Q 8/ 2 n )2 0 T — 37 F) (0 B/ 2 g )2 / e

t e''f'A L F i g. 1 4 i:: Z. h *:r-', 

N 

  NI I 
     I 

CD\ 
  Oo~ 

           8— 
         F—     

I  
        -6 — 

    N\ 
m 'I--

           4—

2

          0.8 0.85  0.9 0.95 1.0 

VTc 
Fig. 14 The temperature dependence of the longitudinal frequency 

     ( S2 B /2 g )2 =fB2 near Tc at the pressure of 18. 7 bar, 
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 1010 Hz2 4 1010 Hz2

our result 20 7. 1 2. 82

Hakonen' s data 18 7. 0 2. 57
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 6.
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igiirfA4t t -. 6 t, ab d: FJ— ajt — operating met 0. 6 MHzr 2. 1MHz 

•-•et  25111t fr- L . F i g. 1 5 ( 4o6to6ts.M.gr.Z0FjO3?IgiS 
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2J1, tfo Slab =.14f1i~ir~iEi#11.1i~Lsti>6 4 x. 6 gap IMIW0IfiO 
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^1, it Eska et al. (22) 0) — Z' 61 ' i Einzel (46) 0) a ::: ~ Z. 

^6. Webb et al. ( 1 8) b> wall pinned mode 3 tJ `c f. T — 9 iI t 5 E 1~ 

on°n ::: ± C 6 0) --e 16 Z O) r — i EE 18.7 bar 0) t 2' 35 6
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 fth0)7=-3zii Tc iE ( 2 Eska t.:-bO)5—P(:::—f`C 6Z), 

tz't 1 U/1\tit1a*14Z4,6ooO17aii3gg,t,:::n0 1/4"1/3

1t ?fl Z it Eska 

 fA 0) 2 6.
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N 
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-x0.6 
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N I 
d 

0.4

0.2

0 1.0 2.0 3.0 
H02 (10-3mT-2) 

Fig. 15 The value of r 4 11/27r as a function of H0-2 at various 
temperatures. (0) T/Tc=0. 92, (® ) T/Tc=O. 85, (A) T/Tc=O. 80, 
(0) T/Tc=0. 76, (^) T/Tc=0. 63, (A ) T/Tc=O. 52, (0) T/Tc=0. 46. 
For the arrows, see text.
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16 The relaxation parameter r (T) as a function of temperature. 
broken curve is the theoretical curve by Einzel(46) and data of 

 et al. (1 8) , not shown, are on the curve. (0) Results of Eska et 
22) . (0) This work.
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symbol —C L Z 60 Hi r14 91 0 gr f 001 I Z 6 

Fig. 1 7 0®*R6 7s&®3 -D L 6 L 6. (T/Tc=O. 75 ~~J 

Z I L &5 6) (1)  r f ' )- :ijn . t: i o . 0 f (t) i . i~~J L

-35-



30

   
20

 

~ 
a 

rn
 

 1
0 0

T
/T

c-
 

0.
75

L
ar

m
or

 
fr

eq
ue

nc
y,

-2
:-

A
-=

 0 

- 
-0

-—
 

e

-o
 

0

   
15

0 
20

0 
25

0 
30

0 
• 

35
0 

Fi
g.

 
17

 
(a

) 
T

yp
ic

al
 

re
su

lts
 

fo
r 

th
e 

tim
e 

ev
ol

ut
io

n 
of

 
th

e 
FI

D
 

fr
eq

ue
nc

y 
af

te
r 

an
 

rf
 

pu
ls

e 
at

 
Q

 0
/2

x 
=

92
0 

kH
z,

 
at

 
T

/T
c=

O
. 

75
. 

(0
) 

R
 p

=
12

°,
 

(0
) 

R
 P

=
18

°,
 

(0
)R

P=
26

°,
 

(0
) 

R
 P

=
34

° 
T

he
 

br
ok

en
 

cu
rv

es
 

ar
e 

th
e 

re
su

lts
 

of
 

nu
m

er
ic

al
 

ca
lc

ul
at

io
n 

of

40
0 

45
0 

( ,
us

ec
) 

si
gn

al
 

L
T

 
eq

 
s.

 
.



 
W

30

 
20

 

N
 

 
4-

-

0

T
/T

c
0.

60

 L
ar

m
or

 
fr

eq
ue

nc
y-

--
--

--
--

--
--

--
--

--
--

--
--

--
 

   
   

   
   

A
 

• 
• 

p 

0    
   

 
0 

- 

0

  
15

0 
20

0 
25

0 
30

0 
35

0 
40

0 
45

0 
(,

U
se

c)
 

Fi
g.

 
17

 
(b

) 
T

yp
ic

al
 

re
su

lts
 

fo
r 

th
e 

tim
e 

ev
ol

ut
io

n 
of

 
th

e 
FI

D
 

si
gn

al
 

fr
eq

ue
nc

y 
af

te
r 

an
 

rf
 

pu
ls

ea
t 

Q
 0

/2
 

r 
=

92
0 

kH
z,

 
at

 
T

/T
c=

0.
 

60
. 

(0
) 

R
 p

=
12

°,
 

(O
 

) 
R

 p
=

18
°,

(L
 

) 
R

 p
=

27
°.

 
(•

 
) 

R
 p

=
34

° 
T

he
 

br
ok

en
 

cu
rv

es
 

ar
e 

th
e 

re
su

lts
 

of
 

nu
m

er
ic

al
 

ca
lc

ul
at

io
n 

of
 

L
T

 
eq

s.
.



 
W

 

C
O

N
 

'I-

30 20 10 0

 
T

/T
c=

O
.5

0

L
ar

m
or

 
fr

eq
ue

nc
y

 
O

.-
- 0

'1
50

A 0

0

20
0

0
o

25
0

30
0

35
0

40
0 

45
0 

(,
U

se
c)

Fi
g.

 
17

 
(c

) 
T

yp
ic

al
 

re
su

lts
 

fo
r 

th
e 

tim
e 

ev
ol

ut
io

n 
of

 
th

e 
FI

D
 

fr
eq

ue
nc

y 
af

te
r 

an
 

rf
 

pu
ls

e 
at

 
Q

 0
/2

r 
=

92
0 

kH
z.

 
at

 
T

/T
c=

O
. 

50
. 

(0
) 

a 
p=

13
°,

 
(0

) 
Q

 p
.2

3°
. 

(A
) 

Q
 p

=
30

°.
 

(4
/ 

) 
a 

p=
34

° 
T

he
 

br
ok

en
 

cu
rv

es
 

ar
e 

th
e 

re
su

lts
 

of
 

nu
m

er
ic

al
 

ca
lc

ul
at

io
n 

of

si
gn

al

L
T

 
eq

s.
.
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6 la-CAS 6. 0 1 i Larmor l07 tt z t ts. < PA PM IR ± 9. 
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6 receiver i -f >' 'ea)"  eddy current heating " Z S) 60 k Z r- { t Z 
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 3He0 fx** 0.7 mk ChOWIRVI-0- A'OttgZ. ~a 

stycast L 2 #t ; o i 0.25 mm 01111-C 300 mk 1 mk O ia 1x g 

/ ff 9 6 e k i* 10 0 p W 6.= -00:&-cit.    

0.1 mk 03/afx _h -ic:it, tt 500 msec 00411111/tOWZ 6o h0Ag0"E M1 

fA i tt 10 msec J T ts. 0 Q E 0 t~> — i~ Mi t ts, 60 ArA transmitter 

-1) 3He - 11, tz i 0)go) pl. -t ts; r f A 

•6 heating it t le, L t~ L. t t1 receiver -f )1, 03 k 1.7' Jj 3 H e 

iz "t-. ..-c to 03—CA560 PL 4' T-3({(0)1jZT1O 

A  ts. 6  P9--C. 7!) 6 r f )1' 

ti•5.a P it, 40°  L:(T 2Jf, t.: 7!) h t t) t ts: r f )v t 141 4' tz 

•kitZ t~,t-9etw*R< LZH1kiiNtx <1 tt.i k /J\ z14 < Z 

ts: 5 ic: Ris . 6 t5~, g 1}j -c i3 ®` Z 6. 

          r f JvAr- tJb IL1— . 7 Z14 it itti 66 2J-- — —3t 

tj t~ L 11.4 :Ik h #t. 6 i z: kb i z 7 .1 < tS: 6 t1> 6 z 6 a 

tJ, dipole torque 0)t ,tz 9 AX L t ERfA0 iCH10 

, i ' 53' iz: IA it (44) 4 fig t~ it a IL it I-

V e5 it 6  Z) < < C-71:0 A- VI ti « ts: 

•t fp7 3; 5t_ts.9 tit')- (44) 4 e t 6 

(ITTifhlL ts. 6o
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 4  —  3 BS state— O L

k 1I Z, non Leggett configuration 75>l*aZ 6 e7t}J3H e— B 

       r f 3 B it Brinkman-Smith(BS) state J.. 6 

tT L tso— 0ANJ , Leggett-roi* (L T) fA OggZ 6 

-Lit ta1-X0gL T— 9TAbNz 6. 

B S state 2 i dipole torque ti> it IP Z b> R 2al, 9, Li* 

                                                           A PA oiiA la it Larmor fi j & L /2 7t ZJF, 9 L T 0 *A it t t; Loa 

   --~Lt6BSstate 6E   k zab6non 

Leggett configuration i::. *A-- 6 0) ip k 2 ,1)1, A "C t.: 0atmZ i 

R P   t 6 r f t 6 o  I& ECM r '( is /J. r 

f fPAz.. ~0,.A'ACD( OF I D(4-0f4iIA Oez-6 o 2 ®0r 

f )i, it e^,rf.,0 k  ftt*t~o 0„3v M 

F i g. 2 0 iz s7z 0 operating gi ilk %Cit 920 kHz—e 6.

1st pulse  2  nd pulse

Fig. 20 The pulse sequence of two-pulse method
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 ": o> >~  Ili 14 h t t.: M (1`9 ts: Pikgt F i g. 2 1 (a) , (b){-5i10 

•it -Eh - *tT/Tc=0.71, 0.80 2J56. L®1"6 16ti # A~ 

tTr t#( ti, ^, 0 A f (r ), L •2 7 R .> h L Z 6 . 1 # ®0 )1 )11 A 0) t 1* 

it (3 p=36°Z J, , 2 # 0)'IJk 0)it a P=9. 5°Z Jb 6. F i g. 2 1it' 

Frif °°LTLtz1ailaP=9.5°0>.>kA 1 ti* *i k i~fjpz t~ 

 F I D'( -'4 0-)ag ftZ.t 6. t t" t4` nit Larmor Raft i=-tfLt1 6. 

(a), (b) .t )J eKOZ.L4ipb, 6. 1 00) r f B S state 

B L 11 ^; ( rifl (-3 msec) L •C to 6. >c L Z non 

Leggett configuration -• ^a7 b, C *U L 2 tiN (o is  0;( fa 

iz oL It. a ®r:11a6. B S state  -2 Z bo 6 6z4 rfil r 1 L L, 

B S state iP 6 it a ',' < r 2 ~ i" 6. r 1, r 20 ft 1E 

•F i g. 2 2 6- T to 1 t ®0> >.>k 7, 0) -~s it (3 P= 27° a P= 36° •2 tiJ , 
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kii.6111 , t" "phase slip in spin supercurrent " Z Fomin (59)is 

16flakr5 fx.t t1. it Ili 67.EVa4ziftt11aVac7f).4 L it tt~,~2 

^VO9, 4— 2 v -cg  d,, ~-

O~ t d , slab 9.'31111  2 it dipole torque Vf4 03 t:. 6 Larmor )( U :i 7 

L tz fm g 2 z ah L 2 4, 6 t3~_ tower PI9 it Larmor ) itiZ t Ta o o 1m 7f 

fftL L 220 kHz ftEl 0 Ta L, /,0e03 -`J Git V a=1 X 108 rad/sec•m L ts. 

6. —t-7 a C--.7X  104 rad/m 02. 700p sec &It 2 phase slip :7- 6 

L 6. 4— 2 14 75~ 5 1 msec 2 ab 6 L t g . 6 phase 

slip t ra L t: 1-1' ts.. - 4— 3 0 Z it, slab 1/9 to BS 

state 4:- 0 -eAIXi1it Larmor Oft 2*.A5  tJ,ii 53" Pa i7 'C it a fi 

O T. f§ ts: 6. Z. h t1 a i1 0 ~712, it V a = 6X 104 rad/sec•m ts: 

60 t 9 1 sec gtit2i1 t,'0 ac 4; 6. 4 — 3 03A.&*Nfic 10 msec 

L.I f*J z 6 Z: L g*". 6 L phase slip it Z. h „ t 9 , t Lq. L 

to < 2) t 1) t)1)'6o 

      Ilr:O7i hiz: 614' *1111 TQ Fomin A4 (24) tt~4~2p~ 

6. Ta it 4 h it Xao 

V wL    I
p A c2 v p(54) 

1-L . 'ft  Ta 2 it Fomin Z z h ft 6. 

(0(2 A 
C'(55) 

 ~•14 — 3 0) &~* o z 6 0 1 MI 1 011 L 2 < 6 L g
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 A. 6 t T
a3 it &A 6. 

            COL                        y2 
   To(3=A c2C70(J(56) 

Z V it slab z1741 MZ tiJ, V=7. 4X 10-9 m3, A it channel 0 tiff 

fa -C.' J5 &J A=1.2 X 10-7 m2, C it e° ^ g 0) Z tJ C=10 m/sec, 

Fomin   L  0) 0> — 2J . 70)f4i ft* =2g X 

106 rad/sec e L trA t p m =4 7r X 104 rad/sec L t. 

=C/(41) L •p u) )1'2=1 . 4 X 10-5 m —C J5 6 r f -' . c L Z (3 , 90° z , 

tower (j Z i (3 F =00 t Ta , V Q =2 X 103 rad/m . t~; 6 o t~ 

^ a =6X 104 rad/sec•m Z6. T
19=4 sec, 

T
a 2=5 X 10-2 sec, T 3 =0. 2 sec L. ts.tJ,1"'^ZZ 

ti;:bb, ao 4J Lo channel t? t1ra" 3 " a0 ft" it ,,; Z 

6 :I 6. 

i-. g 4 t ll, µ] O) VIN, --C 6 o _E. JU` 0) o fll 0 6 ta, h id 1'T 

-h " ca 0 & t1." 1" 6 A e° ^ t L ^ 9 " dynamic magnetic 

domain  (D M D) " ~' 3E ~G tt TIT fig it t) J1, 6 ,, 0) D M D O) j a bgt it 0) kg 

~c is 0) ,k 5 (~1' 6 0) b, t g x. 6. Borovik-Romanov et al. (23) it, M 

ti.] ME P 0D bulk B ft] z it, A e° ^ - to 2 O) magnetic domain  b, h . 6 

•TL Fomin (24) i`16 , Rh03i±t t.:6 6 e°^t 

6 i4 T L 0-) 4 5i {i ~~ ~ FJ = ~ p~j i~ D M D ~~ ~ 

 0) DM D tiz fcil\ t Y7~it it 0) E ft Z it 5 10-4 mT/m 

•tJ, 0) domain wall 0) !Pig 5 2 mm Z S) Tao Ah O Rtratait t 3X 

10-1 mT/m ts.0) r f )1,A DM D ic0) tic EItt)'  

•D Lt, DM D 0)447.4r141 tDMD i &4-e-4z.ht1 60 

                 ((2DCOL ~2    LDMD—`C2\7&)(57) 

^ a =6X 104 rad/sec•m, D=3X 10-3 m  tDMD=80 msec 6. : tL 

.t —h. 53- --- < D M it . z 6 

7:LZL      60 E NE 0) t.; O)Plafit1'E < 6Ls0).* 

t i t'iLruu 6. -h n, O)o{S57~(:. 4 m T / m t O)
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bg67E*1-t9ifgilLgL'A  S. i r Z4-30)2 )I.A OAlik tft-,tto 

Z.:03 ia6-4E(C:.t6DMDO b illit, (51) 419i5 20 msec Z 60 

tttgAit <tILLt.i), L. bt-7z. RW.:±,Fz0Agtt 4,z, r f 

)1 IA, DMDti" slab =Iiiipili,.J;a e., h.6 Litt~ <, b,"D, slab i111113110)
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 5  —  2 Leggett— r5AKOANIiO'gE L. CW NM R

4 — 3 6g * Ui 1- 6 t,: i:, surface magnetic energy (4 (18 

)) $  )t' F =T ^ 1 V L T4ttW L (4 (44)^'(47)) 

Z.tt. 6 ® it 5e L Tists, to surface torque L. Z: ra 

9— *o2'„1-6. Z..0t 1 9 LT;; n i t.)i'.011Lts.G, 

B S s t a t e Z O i fp it6 @ b> 82,a esh 6. 4— 3 C 1 11- X i t A ti A e 

It L Z 4' tz .0 — k itfn m> 1- xa ` L t T -” t 0 2 J5 6. L b' L, 

R,60Jk Lt.:")" NMRZ0;;'*[10 a — Zi ts: 0 1L;lZ 

0-11tLgz.6t6o —-CW NM R-I'  tiJ\—t!gmLg 

6 0) it 1 to  6 o >c ; , tt. 6 0 CW N M R 0# 116 

>alilhgtg-}'XL, 4 — 1 0A tNgLitex1- 6. (44),—(47) 

4 i Z non Leggett configuration 0 b U Z 0) bC /J\ 

tho it. AfictiAiEigot L z e0 1 5 czIts:6o (L:I F04041cN it 1. W1 

11) 

z J2.0 — (l + 2a) We +2 (JUsin 96(58) 

       2 

                        =rn{(---+2a}  Sin5b(59) 

          3N( xB 
s—iL 

     )(60)

a O ilagt1it t 2 dp 6. Z. Z it r i 111 6 (6 °) g PI s 7:: o t 

104<a<103ZJ56o (58)41:9 0,4I (I f(iti i1•Q06 Lto: 7'6o 

, 0) fq] Z U, surface torque   t ,.. Z' 7a o I t, , 

(59)4 .1 9 , dipole torque 6 6M 11~ it 5} o{i {  2 L i~.. 

A — < surface torque i:: 1 6 pa rlim it — Z' 9 , o f (` o -c t,;, 

6 bb, 6 o :. hit, surface torque b> Y'f- b ±A 0) 2 6 ~ J i~~J ~ 

6Zk6o 7cmti 10 HZ z't~.h~f~~th- I~i: x
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6aligLfq fxZJ56o :-.1tt.it(30)4L(53)4L0  A to T1"(~iti .IN 4- Y 6 

t Z,t i), CW NMR0) 1k-=-5i.t ti a i~..gg1'46 LitZ 

ts: 

A2

 T  /  T  c E
0

(A) a (x 1 0-4)

0 . 9 5 4 1 1 7 0

0 . 8 4 0 3 2 6 5

0 . 7 3 4 7 5 0 7

0 . 6 3 1 8 7 5 8

0 . 5 3 0 0 9 9 9

0 . 4 2 9 1 1 0 9

0 . 3 2 8 5 1 4 0
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 5  —  3 iE (Z1 "D Z 

— 0,4* * a L C , hydrodynamic ;Eta t (6 E L Zt„::o 9 A 

NbOniAtez life time r LOM it 1 &) +ft'JN < ( cu • r « 1 )PJ 

P7T 6i7) (z...fit L C 4' 6 L t , sao 

"C, iETL:I t '<6tz6 at] "91— (T) . V, 

St5k EfCI*1111 r LT t 02.7". 6o K (T) r LT it&A-MU'Dtil-C 0 6o 

   /C (T)B ----------CLT(61)                  rX 
0 

        xD _   _I `XoCrr0. 2tY(T)l(62)            03 J 

   2 (I— Cr))(63) 

2 + Y CT) 

Z . Foa it Fermi liquid parameter Z Jb4) Faa -3/4 2 rao Y(T) 

Yoshida Rg Z t) Z(T) it Yoshida-like RI'(  if it oBCS weak 

coupling a irk i yc #1 rc #t " 0 5 i:. t 't. 6. 

         II Y(T)=Ssech.2JE(64)       022 
   Z(T)2sec                                        _k2-          (~             R2PE ciE(65)        S)2    o 2 

     ̂ /E z+ d(_   ET)2(3= k6~(66) 

5i7:.LZ rLT ORt* F i g. 28i o WL/2g 

1.0 MHz 00 , T/TczO. 6 Z it to L• r LT^'0. 5 Z 6 A'($Rfx iEZ'i 

mL•r LT" 3 t.1-,6. ( -S.ic: JEll t;. 0(T), Y(T), Z(T), 2(T) 0)'l'77t 

MZ=1AIII 6= T1 O ) 

L T lit hydrodynamic  jE firl o 46, t5 6 NI EA 13k it F i 

g. 1 5ct:n *{iJ R z .z06o Lf~'L, ~.i::TL 

L• r L T� 1 ®f  F) , 0) PI 5 z z 0 6 o z, iL 1L:l 

L T 4( eq. (4. 20)^-,(4. 22) in ref. (44))i.:.g -9 -c --4'i„:
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 6. ( `c'M }1PAO * it Append ix lII t * )ctik-at- 04gs 

jto,Sffl f(it 5 ti~ih, hydrodynamic iEfl./ 0) S.tgg —ft L 

t' T/ T c = 0. 5 2 0 0~(~0 O U g rikPkA F i g. 2 9 is 

$a f-gt*11MI r LT 2.2X 10-7 sec. Z  ~1f'lit 

hydrodynamic iE 1V, i) IRS fafik it 2 ra a t t'I J i t — t( L 

2t'ts:t' Lb ih)5'6oIi 0 1-0t% abtr. i o 5 / 5t"; rLT 

it 4 L ; 7)1 t,: 0 f h 0 r L T 0 4 1:h B C S w e a k 

coupling glifil b' h a} Z D (T)tr. E t ti), #l. * fIl t' J5 6 0
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Fig.28 Temperature dependence of the LT relaxation parameter r LT• 
The broken curve is the theoretical one by Einzel and Wolfle(61) with 
r N(Tc)=0.54X 10-7 sec. which is a quasiparticle collision time at Tc.
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 0 1.0 2.0 
 H02 (10-3mT-2)

3.0

Fig.29 The experimental results of the line width (A ) at T/Tc=0.52 
and the theoretical results with the value of r LT=2.2X 10-7 sec (0) 
are plotted as a function of H0-2. The straight line is the field 
dependence of the line width predicted by the hydrodynamic 
approximation with the same r LT•
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 6. 

   Slab geometry cp j 3 H e B f (F1* e it non Leggett 

configuration )0) >` ̂ -;0)Atijt CW NMR, ,1):-ANMR till 0Z 

t~ o 

   CW NM &LIZ it etitZ ::Oit 0aIR 5111 n' (zokiwom-itirs 

ba ilft4 i Pi d<~~g B *Ho e f; o iJN #g iz jot  i ffi 

,0> Leggett-*(LT)a ik Z 4 *'. 0 - rdS BOA 'ic.31'  

4Lfr xz®;.,= ft] )17I-3/it, f iE<zi f ):,-- i.: 

-)1 )1, A N M R O) A tN * L —ri L -CO  wall pinned mode 0-) 'a * L. 

Atd;4~2NtotzAig.J±210>.)1, NMRC
p~F1il~estsat it~.o COtoftft± oItffi3 H e gF.~ot+ O n'V IkUI* !TJqo t.: a o::: M L 

it dill,  t L i' 't 2 4 t.: o ( :::a it e l iL < 2 it wall 

pinned mode 0)g6::--kL2o ) t,,CW NMRoal11;z ti) 

4-kgi:::$340z domain OAtA *.t:. Z0 

— 3 — "9 1 — } * p C ° L 0 U  slab geometry 141 2 it CI 

 b' 4 t ic. N zA L -C 4' Ta:-.. - 6 b> aJ h bN is t4, t: o 

)~ A NM R gtit 2 t.Zfr 1 "D i*a A eIT; 

1 -D 0) r f A *Mk, :z , ' 0) f 03 Rj t§}j 03 FM e lT 1 6 t 0) 6 . 

0)4 it ) tHrizit CW NMR—eaV7Lt,:LT tAlE11L, CW NMR 

O~ C Z * tz fp -- } Al o tz rat x o * 1 L tf o z 

)34 ai1111m1L :* "6el1L®7Ili1k it lA itit NI t:.RJ 

<— cLZ4,Lo — it I:.&1 9 —3I0*tt `]t.,: e5 E 

tt inon linear ts,it--Co L TaatioT ittTt~Z'J5 

6. 1- •Y 7 'k is< " 6 L L T is*U 41*(:: Brinkman-Smith(BS) state 

-•X6 fJ>IN6b, td; `®1*aitLTa6~o taaz'6t:.26 Z.0) 

i*th,b ii:R -N)g6f& gt1 LTa t tz4'o 

2 ® )1 NM R 2 )1, )Ell B S 

state e E 7 iz.. i l*e ^ fa fQ tJ‘ B S
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 state  X -7 A e ^ f; II L i h < 0) B S state i:. t) 0)&497.1] Itti 7 -b 

'rk fl] -t" t jalp -cLt: a BS state 60)Ako fpi 1AJ 

h b' 0-) l Dr t B S state 75N 4, -' #t 6L L T 32,Irk is / ?ato { p ( dipole 

torque i- 1 6) Z. 6 ab Z ab 6  Z' 6. l %.:. it 17 t~~ z 

6. —1a6:.BS state -2 i ®_ )1 -- kaitit0,11`J t Z9 

L Z03 t)tit)1' — g, -1115,   Z, LBS state 

47;;5B S state I)Nh #t6 z etc < 

fD4ti:.ptftotA4,BS state 6 ff jfj~5~ai 

< 60 " 1 ik e -Htfi l 5 fip 141 $ sa ilf 7!) -4" 6e, BS state t)N 6 

0 -ithb', 6 a z.h#t7-9 rginilBS state r- E t -2t„:t t E0) 

i.:. L2 L-7'/2' $6 6 —3t — 9 f-3t 0) 

. L 6 A t ^ v ^ F ( surface torque )? ; . t:. 4) 0) 2 tp 6o  

 —1 t.: f ti: )I, it t' tz kt 11A It' 0 #i* i t VJ  V.* t HA Lt 

z: htit < Ifr L fa)fa ift 075 B 

0ei=-41-6*TL7t:t0)'Z 9.B r- 11-6*frL 1,1*— 

6o
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 IN I

 (46)(49) * 4 <o Air: R OtAtt 60 Rai~to 

tc~ , a it 11110 i it pm  . 

A h^ * — — — &Rg 

C. Si , Ruj ] = c Eii.k Rock( I -1) 

*14i to 6 , surface energy F SH i` .1 6 A t° 0)40)1'N 0)4T i1 

C Si —[Sz F%)(I -2) 
(1)'x'`#0,g/tJR-f'XZ6. 4(19) tHI HenH 1' surface 

torque it&x4 L ts; 60 

Rs=-2cl 142Sc121- (s• ROI,6)•'eH) x(• R6'11, 0)))( -3) 
IA& d (4(24)) 0 r- t. xa E it, g a p ti rn-J i:-.. s 1Vj fi L t,: # * Z .t 9 

uni formmode L 2 Z.'  fi it z14 L t)N it ra it: ij 2 60 it Z 

bulk 0 L T surface torque ''k 14 it 1X1 X xa i L Z C b, 

2 e:7c fit 0 -C"' it 0it;'ifz tc~~. :~. 

gap it2-DO Ze t`ce5 t.-z 0-C' 2 1' :OWb•.t6o a-Z RS it &O) 

1 5 i.--t~, 60 

Ps=—3xa('XN—`XB)L H2-(s R(ru,0)•eH)( e))) (I -4) 
  0) IR s it dipole torque IR D  i.:, super a fi t;: ij- couple 6 L 

'k L
, LT-if1441:BOitt@ , IRD RD+IRS 

Z 6 . 1 ti S , dl , 5 to ~ o 

~t$= XNl- { -RD+Rs(I-5) 

 ~td~= Ddlx(N1—)SS—cJ(I -6)                                    Apo
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  7xCNl+ H10,ai) + (i—X) ((Ro+ IRS)— ------ c I -7> 

Z 

      ~! = Cl—X)Sr— x_sr sr- Zs(I -8) 

Z(i5 t) , super Ot 53- S c normal h'c 53 S 
                        q 4 j ~5' h 0~ ^ 7 

r J1, Z  x i Fermi liquid it 2 ts: 6N super aft 03*E* Z J5 6 o po 
Hlmo 1 it 

       ~...~IFQ    HI',sot = IS(I -9) 
                               Ano 

-c4.A.41.553'Til—  o Fa0 it Fermi liquid parameter -Cab 4) x 
no 

Fermi liquid NT L Zts.0 3H e ?'fs '(*OfiR –•A5 6 o '704Z 

W' r L I << 1 0 fAa i~ i3 

= C ( - x) C D -1" IRs)(I -10) 

                                                                  714:0 Z, dl 034^ zI tt'k ftA L 2 ry, 0 . 0344:ff -i' L (4/3),(49) * . 

6e
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 1-CZ  V,I.Yi it 

ti'4 (47)^,(49) knif 4Lt 6. .co. *ct S, n, 9 t (/1\1L. L 

2&4) 1 7 6:.ti, 6. 

   IS =?Sx-xB()248nto -Ha    ITS M3. (ol((no)+ 8p) (II -1) 

 a2 

  dt6 =x(S.noo- r,, e — 4(~a),F., 5- (cfl nt) + e p). a,(II -2) 
                                                  d-`12 A N7 )/2- /\ A 

Ct 11—ix13 111ox$— ~~TO n(ox(hi°xS) 

         + 2(1±  )2d T, g a, k (ok (no4e e)(II -3) 
                                                     no9(BL 

         +2(a~Z~ r,~0x(ox (Gt(0-t-VIM 

d =`I 'x6(xk – (X4)3(II -4) 

1 -fo^- 2,-01 Fig. 3 
 ~_(II-5) — 1 -Co k a, Ib  F;ci_ 3 
no it F i g. 3 a, b, c, d ®o--ii b,o3 – F't'

/ _n4on cy_ 
d (n') _ 04o flz nxonj- fl) 

                    0 

       _S(1—n;z)         )fl nx.ongo                              _4-n~ o 

                  0 
z 6. e 0 L 2 

Cospo= — sheL, 

-c , 4 e0 it S,)ta: 

HI Z , x, y, z,hCfi6: o- -c 
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 (II-6) 

(II -7) 

(II-8)

8 0 u S,, 6 t) 6 ii 1, ta; 4, 

a31t`5j30.--c f 'k S < L&0x 56:ts; 0



 S  —Wo— (A+B.)nox 2 3_13 no4n~ 

tse-- coo Sx.—(A+8)no49—f B(nos +noxn~-~h,) 
ts —Ano~~ 
dt=2C(nelSx+noa5~+noQ—(it4D)51 e 

— Dr11 (4nx- no. nod— thy 1?f) 

d _ 
       dtnz3z—CS2x+-C'Los.)4y.—TCnofy.S~ 

        + z a DT; (— g nx + Pig q -f z,, n°2 hg —2 e) 
A 
t s—SC n o.S.-i-CSa.tksq •-• 

       -f z ~-D Ta (mg no; nz - 3 n4 + j ;14 ho~ B) 

 atx—,~CS-f-3-~c S'g 
+ z l 1 T ,^ 2 ho~ 1x + o h~ -  ,,h,+-1173:-                                      h,+-1)140 

      C=zIN) 
              ~(B 

2AC=132- 2BC  (00 

 fJ~ cf7 . , o 

     (1) a-10-3  Z  a "D -C 1 &i 1- 6. 
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(II-9) 

(11-10) 

(II-11)

(II -12)

(11 13)

(II -14)

(II -15)

(II -16)

(II 17)

    r~t z'i~11~



     (2)  D-10-2-10-1 -C-J5  t). D 1 i— L 6 . 

   (3) I'u Z'L$?ao 

(-I(43)3 LU— (l) ((k3O +2acoa +  + co2 S2 noa -F aWanej
    '~ (iLu)4 { (I+ 2D) ~j C(Ua (.U) + 2a co:- Tit } 

-" (  a c r V ( (k) a — (4) -) = Q T-

r e 0 e L Z upper mode 0# 0,4 fa 00" t 'c ab e 
n2 z2

Sz/7z  gS           =w n-+2.0;nc--2awa—zoaS~a 

            '~' lUa —F �2B2- Si h'0 -f- a a W a 

          p 

      r1 = r,cs;2—,—.): )2- ; ys +.2a sih2-95 C I +(c--(7°) s

(II-18)

(II -19)

h2 4).i 
wd(II-20)

  ts. 6n
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 2.   pi 

Hydrodynamic iE 1Lt-I- 6 Alf O) L T t@ * T 1"0 

dt 

d e = -r`n~•Ik) 

   Aa =(Y~xIIC)-~it--C0—s6YuxCrnx it) 
 t2.9,010 

   _t_'~jtj[xCHI— $) —I- (1— X)1Rn—2      llaT 

L= 1 C HI —— ~l ) `XB 9C
r 

:.a~iAz—i~r~L;l2c u~h r>Lch~~t~ ~•ofrt:c~~, e, 

 L23EfELt~A'C L&Ø 7cz_et,c6o 

  Tit5_sxHI— txs (~°)2enrno 
Z e=a-(n^°.S)+(111°. l~ 

pa 

   I ,~ _ 'I x (1_e)NI— (I—)0')«`RD)ent— 
 atItFa`XH7T 

H k Z c tJ , x, y, z, 

no =-(sin , 0, cos¢ ) 6. 

tSx= — Sj.—As,KI8 
S4- — w a Sz 

8
t — A_ cos c 

-77-

7

(III 1) 

(111-2) 

(III -3) 

(1Q-4) 

(11-5) 

ki;;i~~ 

(III-6) 

(III-7) 

(III -8)

cz.. t~. ?a o

(III-9) 

(III 10) 

(III 11)



 •
 

 O

 
C

O
 

 •
 

0

w
 

O

d- 0

N
 

 •
 

O

0 O

0   
4.

0 

• 

0

w
 

O N
t-

 4
 

O

N
 

• 

0

0 0

U

H
-

(o
)a

ic
lA

o

1 

N



1.0 

0.9 

0.8 

0.7 

0.6 

0.5 

0.4 

 0.3 

0.2 

0.1 

0

Z(T) Yosida like function

0.2 0.3 0.4 0.5 

 -80-

0.6 0.7 0.8T 0.9 1.0 
         T/Tc



1.0 

0.9 

0.8 

0.7 

0.6 

0.5 

0.4 

0.3 

0.2 

0.1 

 0

Y(T) Yoshida function

0.2 0.3 0.4 0.5 

                             -81

0.6 0.7 0.8 0.9 1.0



 ~  _Xpo xO

1.0

-82-



 ti 

 (1) D.D.Osheroff, R.C.Richardson, and D.M.Lee, 
                                 Phys. Rev. Lett. 28, 885 (1972). 

 (2)  A.J.Leggett,Rev. Mod. Phys. 47, 331 (1975). 

 (3) J.C.Wheatley,Rev. Mod. Phys. 47, 415 (1975). 

(4) A.J.Leggett,Ann. Phys. (New York) 85, 11 (1974). 

 (5) H.M.Bozler, M.E.R.Bernier, W.J.Gully, R.C.Richardson 
     and D.M.Lee,Phys. Rev. Lett. 32, 875 (1974). 

 (6) D.D.Osheroff, and L.R.Corruccini, 
                                Phys. Lett. 51A, 447 (1975). 

 (7) W.F.Brinkman, and H.Smith, 
                                Phys. Lett. 51A, 449 (1975). 

 (8) L.R.Corruccini, and D.D.Osheroff, 
                                Phys. Rev. B17, 126 (1978). 

 (9) R.W.Giannetta, E.N.Smith, and D.M.Lee, 
                                J. Low Temp. Phys. 45, 295 (1981). 

(10) W.F.Brinkman, and H.Smith, 
                                Phys. Lett. 53A, 43 (1975). 

(11) R.C.Combescot, and H.Ebisawa, 
                                Phys. Rev. Lett. 33, 810 (1974). 

(12) A.J.Leggett, and S.Takagi, 
                                 Phys. Rev. Lett. 34, 1424 (1975). 

(13) W.J.Gully, C.M.Gould, R.C.Richardson, and D.M.Lee, 
                                  J. Low Temp. Phys. 24, 563 (1976). 

(14) L.R.Corruccini, and D.D.Osheroff, 
                                 Phys. Rev. Lett. 34, 564 (1975). 

(15) M.Vuorio,J. Phys. C : Solid State Phys. 
                               9, L267 (1976). 

(16) Yu.M.Bun'kov, V.V.Dmitriev, and Yu.M.Mukharskii, 
Soy. Phys. JETP 61, 719 (1985). 

(17) I.A.Fomin,JETP Lett. 39, 466 (1984). 

(18) R.A.Webb, R.E.Sager, and J.C.Wheatley, 
                                  Phys. Rev. Lett. 35, 1164 (1975). 

                                 83



(19) 

(20) 

(21) 

(22) 

(23) 

(24) 

(25) 

(26) 

(27) 

(28) 

(29) 

(30) 

(31) 

(32) 

(33) 

(34) 

(35) 

(36) 

(37)

W.F.Brinkman, Phys. Lett. 49A, 411 (1974). 

 K.Maki, and C.R.Hu, J. Low Temp. Phys. 18, 377 (1974). 

I.A.Fomin,Sov. Phys. JETP 50, 144 (1979). 

G.Eska, K.Neumaier, W.Schope, K.Uhlig, W.Wiedeman, 
                          Phys. Lett. 87A, 311 (1982). 

A.S.Brovik-Romanov, Yu.M.Bun'kov, V.V.Dmitriev, 
Yu.M.Mukharskii, and K.Flachbart, 

Sov. Phys. JETP 61, 1199 (1985). 

I.A.Fomin,Sov. Phys. JETP 61, 1207 (1985). 

P.G.de Gennes, Phys. Lett. 44A, 271 (1973). 

M.Vuori,J. Phys. C : Solid State Phys. 
                         7, L5 (1974). 

I.Fomin, and M.Vurio, J. Low Temp. Phys. 21, 271 (1975). 

O.Ishikawa, Y.Sasaki, K.Sasayama, T.Mizusaki, and A.Hirai 

                             Jpn. J. Appl. Phys. Suppl. 26-3, 
                         171 (1987). 

O.Ishikawa, Y.Sasaki, T.Mizusaki, A.Hirai, and M.Tsubota 
                            submitted to JLTP. 

D.D.Osheroff, S.Engelsberg, W.F.Brinkman, and 
L.R.Corruccini, Phys. Rev. Lett. 34, 190 (1975). 

A.I.Ahonen, M.Krusius, and M.A.Paalanen, 
                            J. Low Temp. Phys. 25, 421 (1976). 

D.D.Osheroff, W.van Roosbroeck, H.Smith, and W.F.Brinkman, 
                            Phys. Rev. Lett. 38, 134 (1977). 

G.F.Spencer, P.W.Alexander, and G.G.Ihas, 
                          Physica 107B, 289 (1981). 

A.S.Borovik-Romanov, Yu.M.Bun'kov, V.V.Dmitriev, and 
Yu.M.Mukharskii, JETP Lett. 37, 716 (1983). 

Yu.M.Bun'kov, V.V.Dmitriev, and Yu.M.Mukharskii, 
                           Phys. Lett. 102A, 194 (1984). 

A.Abragam and M.Goldman, Nuclear Magnetism : Order and  
                        Disorder (Clarendon Press, Oxford 1982) 

R.Balian, and N.R.Werthamer, 
                           Phys. Rev. 131, 1533 (1963). 

                             84



(38) 

(39) 

(40) 

(41) 

(42) 

(43) 

(44) 

(45) 

(46) 

(47) 

(48) 

(49) 

(50) 

(51) 

(52) 

(53) 

(54) 

(55) 

(56) 

(57)

P.W.Anderson, and P.Morel, 

                          Phys. Rev. 123, 1911 (1961). 

P.W.Anderson, and W.Brinkman, 
                          Phys. Rev. Lett. 30, 1108 (1973). 

A.J.Leggett, J. Phys. C : Solid State Phys. 
                         6, 3187 (1973). 

W.F.Brinkman, H.Smith, D.D.Osheroff, and E.I.Blount, 
                            Phys. Rev. Lett. 33, 624 (1974). 

 H.Smith, W.F.Brinkman, S.Engelsberg, 
                          Phys. Rev. B15, 199 (1977). 

D.D.Osheroff, Physica 90B, 20 (1977). 

A.J.Leggett, and S.Takagi, 
                          Ann. Phys. (New York) 106, 79 (1977). 

R.Combescot, Phys. Rev. Lett. 35, 471 (1975). 

D.Einzel,Physica 108B, 1143 (1981). 

K.Maki, and T.Tsuneto, Prog. Theor. Phys. 52, 773 (1974). 

A.J.Leggett, Phys. Rev. Lett. 35, 1178 (1975). 

I.A.Fomin,Sov. Phys. JETP 57, 1227 (1981). 

V.L.Golo, and A.A.Leman, 
Sov. Phys. JETP 58, 541 (1983). 

K.A.Muething, D.O.Edwars, J.D.Feder, W.J.Gully, and 
H.N.Scholtz, Rev. Sci. Instrum. 53, 485 (1982). 

V.B.Nazarov, V.A.Zabrodin, I.S.Krainskii, and L.N.Gal'perin, 
                            Cryogenics December, 470 (1972). 

P.J.Hakonen, private communication. 

T.Ohmi, M.Tsubota, and T.Tsuneto, 
                              Jpn. J. Appl. Phys. Suppl. 26-3, 

                        160 (1987). 

K.Maki, and P.Kumar, Phys. Rev. B16, 4805 (1977). 

T.Takagi, and M.Tsubota, to be published. 

I.A.Fomin,J. Low Temp. Phys. 31, 509 (1978).

85



(58) A.S. 
and

Borovik-Romanov, 

 Yu.M.Mukharskii,

Yu.M.Bun'kov, 

  JETP Lett.

V 

45

.V.Dmitriev, 

  124 (1987).

(59) I.A. Fomin, JETP Lett . 45, 135 (1987).

(60) K.Ichikawa, S. 
and H.Kojima,

Yamasaki , H.Akimota 
Phys. Rev.

, T.Kodama, 
Lett. 58,

T.Shigi 
1949 (1987).

(61) D. Einzel , and P.Wo1f1e

P.Wolfle, in 
(North Holland,

Pro ress

J. Low 
in Low

Temp. Phys. 

Temoerature

32 

Ph

, 19 

vsics

(1978) 
vol. VII a

Amsterdam, 1978) p.191 (Fig. 17).

86


	R276_0
	R276a



