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1.2 BIEEDERE

HEEEX 1911 4E1C Heg THIO THRA I Nz (BRFEE=K 4.20K*). ZOERIZET
J1ED5ERE (1930 4EEH) & v HEW0. 2 LT 1956 IS IFBEEEHROSTHETH S BCS
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B ALY IR SR R 7 &) HY 1980 HARBABEIZBE KRR S, RNIXA LY T MHE
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*IH.Kamerlingh Onnes, Proc. Sciences. Koninklijke Akad. van Wetenschappen (Amsterdam),
14, 818 (1911).
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*2]. File and R. G. Mills, Phys. Rev. Lett. 10, 93 (1963).



Vol. 9, No. 1, 091201 2021 5

ZOETIE, EMRNICEREHS2EZ 25, 20K, ET0HERH L L THEELEA
T5. FHBREEROBEMGICEZEEL, F 1 HEEEA L E 2HEBEERDENZD
WTHiEmT 5.

2.1 NS EHENET

FREE ORI A D NG, —MOWBKIZNT 2 EIRE 2 K\, ZORMAER 7O
mE e LCREEE2525. £7, WEPBRBRETHL-OORMEERD. —Hl
CIERIZEWARICRALGEZ > TH 0 (K2.1.1), BRBEOBENEE u THEL TS L
RET 5. FROEE P ONAEIZEEDHE N T 28 FI0E & LT,

(P) =Vxu (2.1.1)
(a) b)
— U,
(Px) e
: e
- . (P
X —
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LU, 2.6 fii £ TO#E#IE, G. Baym, ” The Microscopic Description of Superconductivity” [? Mathe-
matical Methods in Solid State and Superconductivity” eds. R. C. Clark and G. H. Derrick, Springer,
Boston MA, USA] @ 3 % (pp 121-156) DNE A MEMIMEHL-HDTHS.
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LB, F, ZOBAED xRy ERTILIZTSE,
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7
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FOfEE%E T 5 DT,

XL = (2.1.5)

N, <N (2.1.6)

DS, ZOFEMIE x #HWT,

X1 <X (2.1.7)

ERTIEMNTES.

22 BBANEET B & T DORATEELT

HERBINFRIT 25M4:%, BEOMBNZ X DHMMARRICAELZHIEEZFRDZ LIZX DN
5. TDEHIZ, FONINVNZTVEFERD. RIFEMEEE A2y VT vy T%2%
Z, SHELEE (BR) WEE uw TREPHACEBL WD HD LTS, N HAOK 1, ki
THE X OB O EAEHZZF 58, NIV F=7 VIR ¢ IR L,
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Ut)yr,U L (t)=r; +ut
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Hiid &,

}?%5.1@ SHLAE NI L =T T

N
+Y Viri—r)+ ) Va(r) (2.2.4)
=1

1<j

L. MRERDZE, "IN P=TUERMEEBECEET, EEREERLTVWLI L
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W2, ZOEFRIIB TV ab T4 vH—FAREAZ2EL. kRO a LT v —
R (2.2.2) NS Ut) 2EHIE S &,

H=UG{)HU (1) z:
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THDI D05, UEDFEMRIZ, V& 0-0 7 vy [$FEBs) 67 THY LA
DO MEFRFIZE SV TRINT VWS Z L DR RER E(EDITE I ENTE S, *2

23 U DHESRM

HRER BRI RE T H 2 0 DYESRME G A 57212, BEOEH)IZ X 0 JRRHIZ4E
UBMEICERL, BREBEARET 272000 EELMEE2E 25, X 2.3.1 ITRTHEE v,
D—kkEGEE 2, FU<HEE v, THEBER»SBIHT S &, Fitke 8 OME/EH
& OEFENEML, IhHREfEE SRS, BRRELHEREOZXLVF—B X0
EEEER 231152 5.

TRk LR TIIEE 2 KELHEE M 28 DUk AL, FRhikz 820 EE) 821k
ELTRTZENTES (X2.3.2). EIFET 2546, EOFEZETIROZ XL F—
7B L OCEBRFVR D LD LT 5.

TRV F — {117

2

M M
E, + 71152 =FEo+ép+ 71;; (2.3.1)

#2.3.1 HEREBBIOHEEOZ XLV - EHE
Tx)F— HBE

EERE B 0
BERE  Eotep  p

PRBKOERICZ LD, BRSMEE Q THET 2ROMHBEREHE IR (2.2.7) BT uw-P - Q- L
cHDNIE L. LIF#EEROEAETHRTHS. 7L <%, K. Miyake and T. Usui, Prog. Theor. Phys.
64, 1119 (1980) ZH.
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25, ZNRIEPFLET D1ODBEFNTHEDPS, ¢p+p-vs >0DHLHBHE
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RAVPEE) (LEB R A L DT, RAEB XCBEOREIIZI LAY, THhbb I D EiRE
LT DRMETH S, (T &7 DM

ZOHESMEELD T3V F - HUCHEAT 2 L KAMEE T 5 Z 2B TE 5.
FBIREINY v A ‘He OERIROBUIIK 2.3.3 1ITRTHEY TH D, HEEOKOHEETIX
Tk ) VKBRS ND DY, RO MR ORI 1 b 2 2
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LU, 7280 OHESRMED S BIRBINRZE L TFIET 2 e hibhd. "3
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2 2
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EHRT S LM 2.3.40b) D&LSiTkD. 0k ‘He OBl & 1E R D, FHahS5l\WizE
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(2.5.4)
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ZZT, Xop (k) BRHMT YL THY, RVEFEANTHE5H%2E A5 & —HRINIZIRD
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Xap (k) = adap

= v (k) - (k1) (30— %55 (256)

22T, u OB -HER, D0 k- 01280, K (25.6) D x| (k) LS
x1 (k) 133 (2.1.3) @ xp &K (2.1.5) @y KFELL &S, A, k. =0 LEEL
722 EDX2.1.1(b) DS WRNEEZD. ZOEA ¢ HICEMN kR, iz
ky — 0 OWRZH > 72142, k, — 0 DRBRZES. X (2.5.5) BLOKX (2.5.6) I2HBWT
a=B=ztBLLRDELIITRS.
(P (k) = Xaatia (k)
k
= hm hm X|| (\k‘\) —i—XL (k) (1 — kzg)} uy (k)
= X1 (0) Ug (2.5.7)
MR 2 B EFE I IZEREARETH D, BISEEZEASHHITE k, — 0 2BIZTV, &
2.1.1(a) D& S BB B A DLEGITIE ky — 0 ZRITITSBENDHD. T4bD,
(P (k) = Xaatia (k)
k2 k2
= tim i [ (D) 55 + v (kD) (1= 55 ) [ s 0
= X|| (O) (I (2.5.8)

L5,

26 WHEOMR : RINMNIVRFUIUvIEBEEER

m%at&ﬁ%ﬁw%%%%iékw R MUVRF VI YLORREZRD L S5IZH D
CEHEEE IR MUVRT U Y VOB EEZITT,

Pi — Di — qA (r,) (2.6.1)
EEEINDS. g=—e(<0) FETOEMERT. X7 PVRT VY vV A OBEIGE

2HEZLHEMTIE, EHEE p; ORIV NINV =T Y H I,

.H%H——f A(ry) + A(ry) - pi] + O(A?) (2.6.2)

IIIEﬂz
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1gq N
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N
Z 5(r —1i) +(r —ri)pi] - A(r)
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m
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EFoTnNINP =TV HIZ
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YERTZLNTES. CNLOEERED, R (254) LR (2.6.3) OFE IHH & HET 2
Y, u(r) BRSO H B R T,
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CEWMIND NS,
BB TN A BIRZ AN D720, ERBEHE %,
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H. (x) = Hype ®/*t (2.7.5)
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2 2
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ERED. koT, KX (2.8.1) ALY D,
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S C n (& - 47_(_ dT T:Tc A
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— R R EFRE B IR LTVWE Z L ICHERT Z2BEND D (IREIBR).
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MIZHRT DI L EXHInT 5.
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ABIZERAE L EEREED R EZED IZ VDT, FLFoTHNS. MBEEREE L HiE
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(RFRIRAE)
=X
A
X% e HE(T)
T
» B
Hei(T) ]
42.9.8 d~* ¥ B OB o }cT
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IRAE L HEHRBEOBERZ Y P TVOT, 1 HBEEEAD X 5 ICHEEREN X &
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REAREVIS. BiAEE BRI TS, M2.95 3ZHOBADRTE TV
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2e
THb. DR 2 [ FEEEREIL 7 — /8= & v 5 —FLD 28 FIREAE AN 2B D
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D

*5H. Essman and U. Trauble, Phys. Lett. A 24, 526 (1967).
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D, BREKICETOEEPEATHZINIWETH L. TS Hy & B
85 Heo OBIRIZIRD L 5127 5.

_om M
_Ha(T)—-V@ﬁALIn EHC(T) (2.9.2)
Eﬂﬂ_4@¥ﬂuT) (2.9.3)

2D, ROBRA D LD,

_HQMIOEQQCT)::Othli?IL(]ﬁz

ZOHEDDELVEIE, R YVrzrXOWMEZEOHRIECIZHES.

*6P. G. De Gennes, Superconductivity of metals and alloys (Advanced Books Classics, 1999).
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nHZLERT. FTEFHBFHEERZERTEININ =T U SHKED 5.

Heop =3 [ 04 (r)K (e )i fu(r')

= Waal,, Jar(bg + b)) (3.6.1)
k.q
2me?
(Wel? = [ERER
Kr—7) 3BTl X2EROMELEDZI7 -0 VKRT VY Y, uldd 4 VOB
IRV, wegld 74/ VIREIETHS. £7ca, bIFTNETNET, 74/ VIGBOEETT
H5. 2HHOEZIGOWHA T2 7 -V ILHTHI LIz DFoNnd. TONINE

=T VORPS, HEFHERT XAV I L3R 3.6.1 1R 2D IT45.
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B3 E  HEEEO ST

361 74/ V-BFOMEEAEZ2ETXAY I T A

Z OB OWEKFERIZXD LS IZE X 5N 5. Thbb, —ediv [u(r)] &, +e(&
) RHOA A Y DL w(r) Lo THEUZEHEETH D, ZTHMBERS s —
OYRTF VY YV K(r—r') 28U CAE r ZHDETOBEMEE (—e) Y., ¥l (r)y(r)
B ERIFTHICLDELDZ I AT L VWO EREZRD., 74/ ViCk VN IND
MEMFERIZ, B (3.6.2) ICRENB L 57% Ho ) ® 2 WEFNT X > TEL 2 EBHEED,
MHEMEAEH Hindirect @ 1 IXBENZ X2 BBHERICEFLVWEEZEZD I LIV RONS.
BRI,

1 1

1
II| Hingirect|I) = IH._,|t) = | He |1 6.2
(W Hanesl) = 3 W) (5 + g ) ) (02

YERTIENTES. 22T, LTS LOREPRE 0T 3L F—13,
By =& + 6w =25 - HIRTE
Er =&+ k=28 IHPRE
E, =& +ho.+E&_ ( 3.6.2(@))
E;, = f—k/ + hwe + ék : ( 362(b))

ThH5. %@%%, <H|Hindirect|1> &i’

1 1
HHin irec I) =|W, 2( - )
< | d t|> ‘ ¢I| Ek:*é-;c*hwq é;c*é—k*hwq

hewp— !
6k — &k )? — (hwr—k)?

L%, ZOFRRETGAFET B FEO I —a VHEEHZEZEST S L, ARINILVE

(3.6.3)
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3.62 74/ -BTOMHEMEHD 2REHZRT XAV I A

=7 Y Hegt 13,

1 i:Lkak/

H ff — 3 I:Uk_k/ + 2 Wk_k, 2
P
XCLL’O_CLik’U,(L_k/7U/ak/7U
1
=52 D Vewth o0l 0k ot (3.6.4)
k,o k’,0’
kb, ZZT,
Rk

Vi = |:Ukk’ + Q‘Wk,kfﬁ (3.6.5)

(ke — & )? — (hwr—r')?
EU7. UM —ua YHEERIZSH S, Vi DAICKRS7DI1I23D0ED g —
| < hwpe g (= hwp) THRITNIEZR S\ (72720, 3.8 HiOBESROBEMSI). =
NI 33 HiCEam U2 E T THAEERICES 7 ==X EROEBNSF) 4 & —3
LTWa.

3.7 d/N\VRERE

BB TFMHEERIZLS 7 == ERIXE T BT 2K T 2 EA A4 2 OEE) B
EAEMNITHEZ TN AV RBIZESAIMBETH LD, HEEROBEEYEIZERRET
L RoNnd., EBE, WETHBLEEZRTT7IUVA)SBIIFELEY. BRERETIIET
PIREIL TWTH, EFAETFY A MIELKRBELTWS Y, TOEMPEN K R
N5, Lo TEBESETIX Y — S =X A i O i ji i Tigaf L 72 8 74 THH BAE
A ZRR2EEPBED>TWEEEZX25. TZITAdELFEBTOE A KFHEIERIL,
BLOY A MNAROE O ES OB FIRENC L 2ER/MrSELZEEX NS, BFORS

5
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3 E BRSO FEHRE

BolEsztedse, t IZTHEMNEOREEILIZL > TERHE2ZITEDT, B KFHE
fEFE LTIRDIEDE DMWAHEE 7 5.

=_- Z dQC c;(divu,; + divu;). (3.7.1)

HIH Chgim U 72 B - M FHEER O E L ARk, w 3 FIRENIMAE S LA T7 SV TH
5. QXM FOREZRL, BFORBEZIZLD t OEFNLHT BRI HL > T
5. BrREEXEVE2E®E LTS L,

divu; = Ag(bg + bf)e'd (3.7.2)
q

b, i, j— YA POEBFOHBEE T ¢; 27— ) THBERT L L,

1 ,
Ci = —— cpe'P 3.7.3
s ﬁ; s (3.7.3)

2745, TR, X (3.7.1) DIV =T VT,

ep =" 2N 4 dQ 2:«A¢%aq;gb bl e P RE R (pla Ry i Ry)
p.p'.q
1 dt A by & bl 1 —i(p—p'—q)-R;+ip"-Rs —i(p—p'—q)-Ri—ip-R;s
= —Qm Z qcp,JCP'#T( q + —q)ﬁz |:€ te
PP q 6,0
1 dt
T 240 Ag(vp + ’Y—p)clz,crcp/,a(bq + bT—q)(;PvP'+q
PP q
1 dt

= —id—Q Z Ap—p' ('7;7 + Vp’)CL,an’,a(bp—p’ + bJr_p+p,)
p,p’

aa%—g“’ LWTES. ZIT, qp = (1/N) Y, PR 3R T2 KT (Rs l3hv ¥y
XSS B ORI EA 2 ML), B B0 2 E R EER R (3.7.1)]
D7 =V TS Wy DRD DT —(dt/dQ) Ap—pr (Vp + 1pr ) /2 DEND Z DI 5

3.8 7 —/\—0HRNDELEMNR

3.6 HiTHE LK (3.6.5) 37 —nryRAOLEB K FHEMFHOMTRINTWS.
= N=F BT 57DITFZ -y RO BEF-BRFHEMFERICL D5 0K E
KBBEBENRD L. MR ~FHETE7— 0V FEHED EE KA HEEANPKELR
5DREA50. INEHATHRYT S, 35MEAKIIROE SRy alb T+ v 7—Ff
AP SHFHT 5.

h2k2

——ert Y, Vewow = (E+2Ep) ox (3.8.1)
k'>kp

(3.7.4)
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[

ilifjjjizziiiilb

i site J site

3.7.1 TPV A MEDK Y Y IHEH

Vk,k’ EE:N (3.6.5) oo —uaYvikNE U, BT THEEREZ V £RT 2 L THEKIZE
Be 5.

S VA vt S T
ZIZT, 0<&<E.DEEX(381) IFRDE SIS,
< >
(E=2k)op=U-V)) o +UY ¢ow
:(U—V)(;JrUCz ' (3.8.3)

S R EH, Y. R ENOMETNENE DI L ERT. TNSOHIZERTH S H
5, 35 M FARIZER C,Cy &iEWZ. E. <& < Ep DEEIZIRO L5124 5.

< >
(E —28) o = UZ%' +UZS%'
o Y
_UC, + UG, (3.8.4)

E—26,#07%DT. & (3.83) &R (3.84) 3% F—26 #0 THBZ LT “pp =7
DRICERTES. TOMEEZ CL =Y e & 0y =3, o KRATEZ LT, RORK
2185,

<
B Ci(U-V)+CU
Cy = Ek 72, (3.8.5)
>
B ChU + CU
Cy = Ek =2, (3.8.6)
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FNThz CL & Cy lZODWTEHT S,
< 1

> >
1 1
_UEk E_2§k01+ 1—(U—V)§k %,

INE (CL,Co) # 08 S, ~ pp [dé, THBHIEEHVWTIML L, RO X RfiRE

§5.
1 U 2E,.
1= V- lo
2" ( 1+§pFUlog%:) *E

1 .. 2E,

A (3.5.2) LHEET B L, U DEFLFES. b, 7—0VFH U 2ZE LU IAER
NIHETHD. 2720, U B cD U IR TNS K BoTWE I ENEETHS. U
LU 2T 5. Ep = 10%E. & LppU ~1 &0 U* ~ LU &0 7 — 0 ¥ RH DM
INTVWBEZ eWbrd. 7—uvRHU LEF-BRIHEEHV 2T 5L, B4 7
3220 VYRIUDHVE - IHEFEALID B REVOPEETHD. LhrLr—
OYREHNRU* &0 1/5 1fiflEnsd 22T, BF-KFHEMEV OFSHHXHIC
BHEICRD., Tk, 2—N"—WE2BKRTELDTHS. 33 HCET-KTHAEIEH
DEBNRIREEZ 5272 K512, 7 —N—XEBIZIEA F > LB FIZHE) DR A T — )
DH:EMNDHDZENEETH72. 2O LI, & (3.8.9) 15LHSNTHS.

<
1
k

Cy=0 (3.8.8)

N

(3.8.9)

3.9 EAMYT —/N—HK

WE F TSR Y — S EEIZ DWW CH#R R ED T E 2728, B — K AR
MV 288 LUTH->TER., BN —X=x2EKT 2854, BFEMEEERIZ—
IZIRD K5 1FE T 5.

V(k—K)=V(k-K[)=> (20+1)ViP(cos0) (3.9.1)

=1
T, Vik—FK)IZk K OMOfEQ FIOEKTHY, |kl =|k| =k Th2D
TrEBEAT,
k—K|"=k>+k? -2k -k’ = 2k% (1 — cos )
LB EMAVE. 72, P(cosh) Iy v RVEBTH b, HEZEMOBRE AR
BB Y (k) AHOCERT RO LS 12545,
l

P, (cosb) = Z O (if)Ylm (l%/)

m=—]

(L = [m])!

T (3.9.2)
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ZIT, k=k/krEHEING, KX (3.92) 2AVTRA (3.9.1) 2EBEMX 5. Tubb,

Vik—Fk)= 2322 20+ 1) vy @ﬁ?fﬁqglkﬂ; (3.9.3)

=0 m=-—1

X (393) 2HVWEZLT2hOYaL T+ Vv H—ABRRNIRDO LS IZRT LN TES.

0 l ' ) .
PR s % > (e B Y (#)ow = (2Er + B o

|
|k’ |>kp 1=0 m= )
(3.9.4)

_®ﬁ&ﬁivy<0®a%¢k_ﬁym()@%@%%%o O IFAE D ANHZIZ
HNUTHTHINIEE - —kDEBMIZLONEEZEZDD, A THNE k — —k DEHIZ
OB EEEZRV., A Y—EHIEFAE YO ANBIIINLTHTHD [ =0DEE s
B, =205 dEERT. ACYZHEIZOWTE, AEYOANMAIZELTHT
HOI=1DHEIZpHK, | =3DHEIHEE2RT. HEMEIZT, ALY 3HHEILS
B EBRDE R LTS

UET, ZHROMETHE 7 —N"—DMEDHEMZMKZ 5. IRED 51X, BCS BHimiz
M Cigimz R L T\» <
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B3 E  HEEEO ST

310 HEMRE?2

FFHK 7 ==K ROMEE A Y SEE p WOBEIZIOWTER S, RETHML
AY Y 1 EHEs HOHA L DEWNE T o)V IBROMUICH S (K1, —k, 1) DIRERZ KT
WEIBIE op |1, 1) 2EABZ212H 5. [RACVIREN (1,1 BLO (1,1 +L,1) /V2
DELGEBFK] £72. WEEBD pp DY a2 LT 4 v H—HRRCBNDE BT VY v )b Vi g
DN, Viesw 125 (kk’) View IS E D 3.

AV 1 EEHs WOBEDHERESEIZLT, KHEK o LREIILE— B, OF
Rz RDIRI W,

LY AV I EEs HOBAEI, Y o =C ELEIERFBIES. BRI
1%, o D kKENEEZET S,
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311 HEMEE2 @%
2y 3EHE (1, MN)p WOBEY 2L T4 VA —FHRERIZRD & 12425,

h%k?
m

Yr — V’;ﬂ . z]}:,@kr = (E =+ 2EF) POk
k/

ZIT, o = koo OORERET 2 L,

~ h2 k> S .
k - (;Sk—Vk;k b =k (E 4 2Er) ¢r
ko T,
h%¥¢ — VY k6w = (E+2Ep) ¢
m k — k! — ' k

LB, ZIZT, l=1,m=0DLEEMELT, k=k 2. sKEOBEEHIEL
T: CEZ’C’ ié,2(bk/(c : iﬁ) tj_é ty

vC
Or = %,

h2k?
<§k = 5 - EF)
m

LR BHDT, TNEEBHTLEROAEES.

B 1 Vv
3 E - 26
ol V2K
= P38 g

o,
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Y Tan =
4

=

BCS EH&m D &

BIE T, BFHEOLIINCE D 7 ==z T 282 A7, AKETIE BCS M
ZRAN L, RBBHEIC L SRWE AT O BRINE 2 ERT 5.

4.1 I

BCS NIV b =7 Y DFEIZ A B HNTHEFYS (quasi average) 2N T 5. ZOER %
FIN 3 2 & TEBBICHIST 3 (aa) AERICAS 2 8 2R, 22 TIREMA— 24k
ERET B, BHAER—ZGARONIN N=T v HICHEES np 28 AL, BJIFRmIE %
HofzbhlliZn—0&d 5. ZNPELIOEZEXFDOETH L. HER—-XGMED NI
V=TV H %

k
= Z (ex — 1) afyan — pudo'ao + (77*@0 + 77&8)
k20
x 2
=§X%—umhk—u@g—"><%—”)+m’
k20 K K K
7 At ., P
H= Z(ek — ) ay G, — payao + o (4.1.1)

k0
YiB. ZONINM=ZT Y H ZFAWT dqy DECEE%2RD 3 &,
Trexp(—ﬂﬁ)do

Vo) = Trexp(—ﬁﬁ) -

*1J. Bardeen, L. N. Cooper, and J. R. Schrieffer, Phys. Rev. 108, 1175 (1957).
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(ao) = <<do + Z>> - Z (4.1.2)

PRI N, FREHPMREES n ITKIET 2 2 LB IHMEIC 2 5.
—73, HHEETE Ny &

£-T,

iy, <a a>%nybwazaz

(afao ) = 2o nEXP(pn)

B ZZO oeXp(/Blun)
lg (logZexp Bun) >
B ou
Lo 1
Bop 1 —exp(Bu)
_ 1o log(1 — exp(Bu))
B ou
B 1
exp(—fp) — 1
ThoHHIo, , P
n
= o1t & (4.1.3)

L5, R—AFMEMPEL TWVWD & S ITFATZEIR (V — oo, N — 00) IZBWT
p— 072D TH (4.1.3) D 1 HHIIEHTES., Z0Zens Ny %,

Ny ~ ‘ZLZ
YIS D X DO e NTES. &5,
m ~ /No (4.1.4)
THEMS, & (4.1.2) kb,
(o) ~ /No exp(ic) (4.1.5)

MEHINE, ZORRIZFA—AEHLTWALEDREREATHE I IZEETS. £,
—2AEHET A LI L D ERNERE L LTOMNME a BENE ZEREHINS.
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44 B 4F BCS B EL i

41.1 F535EL

BCS HE ORAII T LD W S T W5, SEEERM L %, EEE» 5D X
VO EZ BT 28 THE. Zhhro BCSHEBMDNIN =T V28R, £
DN EIGE LD EOEE 2 R TRHIEA L VROEM N I b =T V2DV T
T5. REAEVRONINV =T Uik

Hpin = > _ J;;5: - S (4.1.6)
Th5. v
Hopin 1 PYIBE M2 1T
Hypin = Z)Ju —(8i) - ({S;) + 55 — (S;))
= ZJ: Jij [(Si) - (8 = (S;)) + (i) - (8;) + (Si = (8i) - (8;) (Si — (Si))

(4,9)

+(Si—<S)%(S'—<5ﬁﬂ
~ N " [Jij(Si) - S+ Jij(S;) - Si — Jij(Si) - (S))]

(4,9)

_Zh S; +Zh Si— Y Ji; (S
(2,5)
= Heff
“AFHT(S: — (i) - (S; — (S;)) DHEEME LIz, Heg 7% Hypin OFIHERILUC & 5T
BONBNINI=T U THB. Heg CBND VIS by, hj i3,

hj=> " Ji; (S

(4,5)
h;, = Z‘]ij
(i.3)
LEHIND. (S),(S;) &, &xFHE by, h; HO 1THDOAY Y ROMEEMEL Z L
ZE-oTHEONDEDT, Zs DEBRKIFFEEF T LTy ATV MR
REBLTWVWD

412 EHGELIE BCSNI LM

WIEBCS IEBUZ XA EMNAIN =T VA2 RD B 2ZHFEE L RENIN =T VI,

H = Zzgkakgakg + = ZZ V k — kl/ akaa ko' O—Kk' o0k o (4.1.7)

ko k'oc’

20, BLU4-44-5 DRHOFTMIE, A. J. Legget, YHERIZE 22 % 3 5 pp291-324 (1974) IZH\»
TW5.
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ThB. ZUHIT, HEMEAOEST (FHIM)-CEER S DX L) O E DL 5.

Tt
OpoQ_ ko' AkoB—ko’

= [<a’;rcaa.r—k(r’> + (aITcaaT—ko“ - <aITcJaT—kJ’>>:| : [<a—k/aak’a’> + (a—kz’aak’g/ - <a/—k/g'ak/a">)}

- |:<aLUaT—kg’> ((I_ko—(lkg/ - (a—k’a’aka>) + <al'i;:a’a1‘—k,o-/><a—k/o"ak/0'>

+ {0 ko ro) (0o — (a) 0 o))

+(a1l;50'aiko" - <altaaika’>)(a—k0'a’k'a' - <a—k’oak’a>)}

BABEDFHE T (af ol — (al a' )0 koraro — (0 woar,)) ZIEET 2. o =
—0 Zifi7= T A T HIHIZRS &, NIV b=T v H I,

HNkaak, o + 5 ZZZVk k') (4.1.8)

ok Kk
« (aT al Ya T N .
ko—ko/O—k c0k'c + <a—k/0ak'0>ako‘a_k‘7 <akaa—ka><a—k'0ak/0>
= Z lgk(a;ﬁam + aLiam ZV k—EK) ( akTa k¢>a K/ Gkt + (akiaT kT)a KOk |
k
Tt Tt
+a—part)agal ) + <a—k’Tak’¢>ak¢afm
—(aksal ) a wany) — <GL¢Q—kT><a—k/Tak’¢>>} (4.1.9)

CEREING., AV Y 1HETRERRT Y YLV VIFE—K IZTDODWTETHD, K2 K
DRBIZDOWTRETH D05,

H =~ Z [fk(aLTakT T aham) + Z Vi(k - k/)@;rmaf_kw)a—kwM
k k/

+ZV k ki )(a k%ak/ﬁa;ﬁa ki ZV k k )<a k/J/aL/T)(akTa k¢>
k/

einb, ReFebd7-2DIZk « k' ORBERERITo7-. A VRDGEDiEm%E — %
LT, V5 Ay, A 2RO K5 IZEBAT 5

=D Vb~ K){a—wiawn) (4.1.10)
k/

=" Z Vik - k/)<aJlrc'TaJLk'¢> (4.1.11)
k/

ZTOFER, BRI BCSITMIONI NV =T Vi,

H =Y |e(afyans +algya-n) = (Ajaryans + Aralyaly) = Ajfarra-iy)]
k

(4.1.12)
5. DLNOFimE fEIHICED 572012,

[Sk(aLTakT +alya k) — (Afa_kiar + Agalal,) — A2<ak¢afk¢>} (4.1.13)
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46 ¥4 BCS Ham o HEg
&+ E— D,
E,
T
g %HO>
E ajkl |0 >
k
gk — Ek v @_

4.1.1 Hy ®4DOEAHE L [EARE

D E Hy, LEHT S, ThbL, & (4.1.12) 1,
H=>) H (4.1.14)
k

DVIZERTZENTEADT, Ik ZEICEEMH, BEERESZHTLIZILNTEAS.
3, ROBEBBEONIDZ D5,

{ Hypal: |0) = éa, [0) (4.1.15)

Hyal , |0) = €ealy, [0)

Tabb, af,[0), al, |0) 1% Hy OEFE G, 26 OEMRETHS. 22T (0) HKT
DEELRVEZOREEZRLTWS., ZOBBEK LD &I, aLT |0) % aiki |0)
% Hy, OF 2S¢ ¥ OIih2 2805 TTES.

FREIZ LT, ROBR

_ Tt
{ Hy |0) = —Agajal y, |0) (4.1.16)

Hkal];TaJLki |0) = 2§ka;¢¢aik¢ 0) — A% 10)
MDD LIS B, NIVIZT Y He iE, |0) & afyal [0) D ELL b
ZETIRD & D I THIRREI NS,
0 —A%
H. = k 4.1.17
k ( A 2% ) (4.1.17)
ZDONINV =T VOEAMEEEHFELS &,
& il A =dFEr+& , Erp= \/€k2 + |Ak|2 (4118&)
A3 |0) — (&x = Ek) GLTGT,M |0)
\/|Ak|2 + (By + &)’

DRSNS, ZOLSIZLTANINNZT Y H, D4DODFEEMEE FEAERENKE -7~

EAREE oL = (4.1.18D)
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(M 4.1.1). 22T,

up = B + S (4.1.19)

\/\Ak|2 + (Ex + &)’
Ag
\/|Ak:|2 + (Bx + &)°

ZEATLY, X (4.1.18) OEARBIXBHICRHTE S, KTV 2 —KRI7EHEIFIEN
HA=RVEHIZED, B TR - HEEE T

- (4.1.20)

{ ’VILT = ukaLT — VpO_k) (4.1.21)
T — T * T
Vg = UkG_p + VpOkp

ZEATDHE, X (4.1.15) &KX (4.1.18b) TH A 6N 2 EEEBUIIRD A (a)~(d) D& S
WWRTZeWNTES., Zh o % BCS MBI L IS,

A*
O (k) = 1z&7 (uk + vrafsal ) ) [0) (a)
ai 10) = 12ty (wealy — via k) @ (k) = Zels @ (k) (D)
al iy 10) = Ay (uwal y, + viany ) @ (k) = A1, @ (R) (©)

s (k) = 257k 7y @ () (d)

(a) 1 grand pair (GP), (b)(c) & broken pair (BP), (d) & excited pair (EP) & &4
WENS. X (4.1.21) TEHIND 4] BLOZTOTIL I — MEEER v, FIXDO LS 1C
7 )V IR ONED KRR % W72 5.

{Vk” ’vi'”'} = ootk (4.1.22)
ko >k} = {’V,Tw ,7,1,0,} =0

S so He ORI, T[40 P (k) THASNE. (a) REMS L,

[T o0 = TT 3% TTwe + oyl )10
k

k+£0 k’£0
= e [ [(ur + vial,al ) 10)
k

L #IFT, BCS BE ML THAE L EBEBOKE LT, LizhisT, (b), () ik
It T ANV F— By 28527 sV IR T2 1 T HBIREE, (d) &2 7 H2REERT.
Z U TEWEIIRIER 7D 7 = )L I AR U CEE ORI I F 2 A L TR 5 Z & At
T&5. (177U, BRFIXERNEBEMES DTETOAERTF VY YL X0 THHEFD
LERT VoY VAT 5 Z LIRS 5)

F 411 DT FVF MR AF— LI, NIV M=T Y Hy PROESICEREZ I L %
HIkS 5.

Hy = (=B + &) + Be(yimer + 905 v-ky) — Af (anragy)  (4.1.23)
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LihinT, & (4.1.12) THZ 5N BOS LD IV F =7 Vi,

H = Z(_Ek +&k) + Z ErYfo ko — Z Aj (arta—k,)
& ko k

ERTIEMNTES.

F4.1.1 Z—NRN—RTOKWREIZB T 2

N TRVF— Ay EBE  HNEBERER
GP (P_) & — Eg 0 0 1

BP (af,|0)) & i hk e~ PEx
BP (af,, |0)) £ -1 —hk e~ PEx
EP (D) &k + Ex 0 0 e~ 20Ex

A (4.1.10) THERHND VI Ay 1, £411 AL ERBIZOVT a_pr g, O
Wl % kD, EBWEEREZHE I THMZMAZ 2IzL kDB ZENTE S, BIRKIZIL,
X (4.1.21) OwWizH e X (4.1.19) BLOK (4.1.20) 12X D ug, vp BEZ 5N L %2H

WwT,
Aw(ew —Ew)  Dw
a_kr| Qg = — = 4.1.24a
Ak/ (fk' =+ Ek') Ak'
<a_k/ Qe > = — = — (4124]3)
N T EP |Ak/‘2 + (ék,/ +Ek/)2 2Ek/
<a_k/¢ak,T>BP =0 (4124(3)

DESITRDEND., TOFRZHANVDE, A FRIZESIZEFETES.

Ap =— Z Viekr (@ g pagrs)
k/

=— Z Vik' [Pap(Er') — Pep(Ex)]

k,
ZIT, DD V(k—k) = Vi & U7, FREOBKILE Nz ER S 12X D &
ST 5.

A
2E}

1 1
PGP(Ek> = 1 n QefﬁEk n e*QBEk = (1 n e—,BEk)z (4125&)
6726Ek 672ﬂEk
Per(Be) = 15— T (4.1.25b)
oFD,
1 — e 2PEk BEL
L%, Lo T, MOFX v v TR %2/2.
Agr Ej . - .
Ap = — Z kalﬁ tanh b Qk Fr v THRERN (4.1.27)
Y k!
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4.2 sEDF v v THEX DM 49

K (4.1.18a) £V, By =/ + |Aw|° THEASNZDT, ZOX vy FHEA %M
LZeizkh A WEREOREEE LTHEASNS.

42 sEDX v v THREADE
9, T=0IXB5sEOX Yy 7THERDOMZRD S, ZZTEIMEENEH Vi &
LTIRDEIIZRET 5.

_ =Vol (k] < €e, |€rr] < €c)
ZTe WETFTHRTIHEEHDE ED wp IZFEYT 5. ZOMHEEHAZHNT, R
(4.1.27) % s WICHHT 5. T=0D, &%, tanh (fEL/2) =1 ¢ 45DT, ¥vv 7/
FHREA (R (4.1.27)] kD X 51273 5.

[€r|<ec

Ae=l 2 op
K’ k

ZOANS A XEHNTHBDT,

€ A
o /
A= |vopF/_€C &' 5
1=V R
e | e
€c 1
— Volp / it
oler |, A

= |Vo|pp sinh™* (%)

LRy, MOKXRAERS.

€c
sinh (m)
DEDORER T, ADBEBETHY, 7 )b IWALEHETOIREBEE pp BWERTH D Z
LRV, Vopr < 1(FfEA) D& E, T=0K T

A= (4.2.2)

Ay (0) = 2e,¢” Wolor (4.2.3)

L35, ZITO—N—DF@I XL F—DRA [X (3.5.3) B E, ~ —2E.exp[—2/ (Vpr)]
ZEWHT L, exp DBD 2 B8 WVWIZ 2IZ&HMN DL, ZE Tz VM &Y EETEEX
TW 7 —=N—DAREORI L B b, TV IMEY FEERLZZOTHS. §E
REUTHREIORID F 3G G AR,
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WIZ, EBEET. REDXISICEZoNEDE2EZS. Z0OLE, A—0eEI T
BW., T4bb, Fy v 7 HERIRDO LS IR 5.

|§k|<€c tanh ﬁcgk

L=l > 5

k

‘e tanh 555
—WValor [ " de
0 §
2yec
~ |Vo|pr log o (4.2.4)

v 1% Euler 8t FEIXHN, logy = 0.577... 2723 . MU EA»S, WEBIRE T, BMRO LS (2
KE 5.

kT, ~ 2léc€_ Volrm (4.2.5)
T
T=0DrEDXry 72 A0) 2T52, & (4.23) &k (4.25) 75
A(0) = ngTC ~ 1.76kpT, (4.2.6)

TH5HDT, A0) & T, \XHHIBERIZH S.
mgiz, T<T, TOA(T) X, Fvv 7SR
fe tanh 7’86@
1=V, / i G—— 4.2.7
BIUBIICIRS 22z k hkE 2. BBIRE T, 855 T, B=6.+082BWVT, §3,A?
WDOWT—IRETREHETZILT, MOLDITRS.

8m2k2,T? T\? T\ ?
A(T) ~ ,/W (1 - T) ~ 3.1kpT, (1 - T) (4.2.8)

2T, (RRYz—&BTHY, (3)=2,_,1/n>=1202.. TH5.

. (4.2.9)
T,

Q

A(0) = 1.76kpT, (T = 0)
A(T) ~ 3.1k5T, (1 - 7)5 (T<T,)

TEMIRELEBEIZ B WT, FRFEEA (1 — T/T.)Y? (2§ 2 DI E L O RS TH
5. 028, T<T. CTERxXy v 7HBERBRRNTEZSNBEZ ebhroTW5E, *3

A(T) =~ A (0) — \/27TA (0) [1 - 8AT(0)} e (4.2.10)

BreziE, 77Vavy, 337, YryuvrAF—F [HEHYEBICB ) B0R TROGE] (HH
M), 36.1 i 2.
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A(T)
4

1. 76kyT, sz 3.1k 1-TITy 12

<V

B 421 Fvv 7ARAOREKE

43 T<T. BT MHE

Vi ~ —Vo, BLU Ay (: Zk %(a,kwak/ﬁ) NES LT 5 LHER T DT 3 )L F —
I,

Er = \/ (e — p)° + A2 (4.3.1)
LB, i, MR TORAAERD D OREHEZIRTER S5ND.
2
N (FE) = — 0(F—F
s (E) v%: ( k)

< dk

T

_ OOdEk Qdk‘ dEk

_/A SR [T 6 (B~ B (4.3.2)
E * By o dk

= K25 (E-E

\/EQ—AQ/A 72 deg ( k)
_{0 (0< E<A)
| e (A< E)

Z T |dEy/dek| = |ex — p|/Ex = /E} — A2/E V. RO—ATHIZH 2752
FACYHHEEZEZELUZERETHS. Fvv T A=00K, T3LF—45RIEEI
20, BAKFREY D ORBEEIT N, T—Eeib. —ATAA£0,kbE, ¥¥v 7
DRAVZZ RNV F =W 2 WREBIEE X v v 77X 0 EnT 2 U F—FIZH U BT o h,
A (4.3.2) 1265, M 4.3.1 OHEHEES (1) 1F (D) 1ML B Sh, ZomiE (I)=(11)
k5.
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Ni(E)

M,é;;7-

D2TWL LFehs

4.3.1 HER T DIRIEE

Sk - 7% S BT, BEEX v v TR TS IR <A, S AR
fihse, E=AT) KB 3HREEORMANA SN ZENMSATVS.

4.4 s BCSREOVMEEDHEE
441 REVHEHE
BCS RGN T 20E %2 5. A Y 1 EHIHO ground pair(GP) $ X Uf excited

pair(EP) 3 AY Y 0 D=8, #HDHEZ%ZIFR\\WDT, 2 D0 broken pair(BP) 22
WCDBEAS. K441 SHEBI Z), 250 LIRETHET S,

~ (14 ¢ PFw)? (4.4.1)

D &S ITHEGIMAF LR WEDRR S ND (o T — A > b)), Bl M 35N H
LR x ZFIWT M = xH L RINB720, x 25510130 M OHFHEZHEL

# 4.4.1 broken pair DIET RNV F —, AV, BFENIEIERR
T xVF— AEV TEAEHE =
BP(+)  Ep—pmH o e~ P(Be—pmH)
BP(-)  Ex+pmH -

N[
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oc exp(—A/k,T)

N

M 4.4.1 FSHEHY (T) o

78I, WO 1RETRMINVIERWI L3005, T40bb,

a = (1+ e BEw)?

2 B
2

LB, WHOMEZXANF D TET LIRD LS ITRKED.

‘= Mm%/ d—L0  Eu= @A (4.4.3)
0 2cosh Bk
ZDRNTA - 0 DMEIZEWTHEEERBOAY ViFHE LT 5. T4bb,
Xn = MmzpF /OO dfi = 2Mm2pF (4.4.4)
0 2COSh2%

mE, EEREOFERE ((T) $FEEREBOFEE L FHEKR Y(T) 2 HVTERI N
5. FHHBEEOME %X 4.4.1 1ZR7.

o0 1
X(T) = Xn / a¢ = WY (T) (4.4.5)
0 QkBTcoshZ%
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442 TvhOobE—

9, £ (4.1.1) ICEHNE 4 DOREHASDTY bR E—DFY S, 2k 5. ThT
NOFEBERIL,

THZONBEDT, S lFRDLIIIRFES.

1 1 2¢—BEk e BEk
In + In

(5 e B2 (A4 e PEE T (T4 e PBn)2 (T4 cPBN )2
o—26Ex | o—2BEx

*X1+6M%ﬂIR1+eM%y]
_ 2kp 1 —BEk 21 1 —BEk Ere BBk (1 —BEk
" (1 + e PEr)2 (I+e ) In(1+e ) — BEke (1+e )

BEk ]

(1+ efEx)

Sk = —kp [

= 2kp [m (L+e PEr) + (4.4.6)

443 BABE

BB CRIVIAY— S 2HWT O =T% Tathiahsd. EORREEHND L s
K BCS REDAARM/FOND. ThbDB,

(1 + ePEr)

OFs, By, \/7
= Ep =T Ep = 1/€2 4+ A2(T)  (4.4.7
g%BTQ( g 8T>cosh25‘§’°’ RE VG FAUT) (44T

&%, T, B COBEEREE, HEEREDOAEIZIRDO LS ITRES.

c-12 > 2kp [m (L+ePPr) + ﬁE’“]
k
1

OF
Ei, T

cosh? BC%

1
Cs —Cn = " 2%kpT, zk:

19)A
2 9T

1
B zk: 2k pT.cosh? 5"%

BIVNE: o|A?
~— " 5(¢k) (|9T‘ = pr L)T’ (4.4.8)
k
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s IWABEEDIGEIZ A DR

AP = skRTE (T
- T¢(3) T.

R (448) ITRAT S L,

87r2k:]2.3

— Oy~ BT,
Cs —Cn 73) PF

L5, KX (1.1.8) &b, Cy = (27%/3)prkp’T DT,

Cs—Cn(T,) 12
Cn(T)  — 7¢(3)
s, bbb, WRBITNT S HEEEIRED LD R IT T, O &I i34z
UBRWISN=PILREE LB IR h5. EEE, ZOMITERTBEIIENTHS. #
LT, 442 1 FEEE - HEEHN) D LAOHBOREKRGFEZHELZHEDTH 5.
T. THRONDIBORUO DAL, FAERED LEE 0 K IZAMFL 728 D khid 1.43 12
TEWEZ & B2 D05,

~ 1.426... (4.4.9)

—_—
5F o .
: Gallium .
I o H =200 Oe .
«H=0 * 1
- Tc

— i .
N
2 1.0 . -
© .
T -
@
© % h
£ . ]
- . oo
E L .
05 . C/T=0,596+00568 T2 -
o o +

= J‘ -

- L

0. /j. ! L 1 1 ! L L f— L I L I
(0] 05 1.0 1.5

T2 (°k?)

4.4.2 HAZE BEEH Y Y L OB RS

*5N. E. Phillips, Phys. Rev. 134, A385 (1964).
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444 H—IR—FDHA X
ZITE, By Ry ER=FOBK (R (2.7.1)] 28 d 7 —_=0H 1 X & % B
H 572012, (P (r)yY4(0)) O r EIFMEZFRT 5.
(P (r ZZexp (ik - r)(ak ar1)

kE K

1 .
=¥ > exp(ik - ) {a akr)
k

= % Z exp(ik - T)QAEZ tanh(iEk> (4.4.10)
k

ZZTR (4.1.24) LR (4.1.25a), & (4.1.25b) OEIEE FH\ 72,
5T, T=0K Tk tanh(BE,/2) =1 ¥7%0D,
A

a0 = [ s explik )
k

B 1/ dk? sin(kr) A
0

G CANCETY
m_ [ : kgr . [ kpr A
= 5.2, g d¢ [sm(kpr) cos (26F£> + cos(kpr) sm( . g)] NCEYY

mA e kpr 1
~ sm(kpr)/oo dé€ cos <26F 5) NG
L%, BHT k= \/k} 4 2m = k1 +2mE/k% DBIRE € < ep = k3/2m D5
2 W,

sin(kr) = sin (k:% 1+ 2:?)
V F
~ sin </<:Fr <1 + ;f))
F
= sin(kpr) cos (f) + cos(kpr) cos (@g)

U7, BERMD LRy BV Ky B EHMmZ 52 2T,

mA > kpr 1
(ot = G sinter) [ deeon (577¢) et

=1 sin(kpr) Ky < Ser r> (4.4.11)

BROND. 2D Ko(z) 1, 2> 11280V,

Ko(2) = [ 3= exp( =)

ORI ) p.187 S0,



Vol. 9, No. 1, 091201 2021 5

4.5 NMR #eEfm= 57

DOHHER % H D7
W->T, T=0K DEMHETIZZ — =W DY 1 X I,

-1
_ WkFA _1_ WkFA . hUF
50_( 2er ) = (m) = ZA0) (44.12)
Y15, & LETOVHER o DAL B X,
&
a I{BT

ThHENG, 7—N=ROY 1 X IXBTOFHEMEa £ D HEPITKEVT 1 X 2R
D*8,

WIT T = T, SEE0EE, (¥, (r)e(0)) RO & > IC3EE 3,

(i (r)4(0)) =~ Zbrﬁr sin(kpr) /Oo d€ cos <k;€r§> tanh( % )

o0 2€
mA 2 wkrT, )
~ o sm(kpr)ﬂ— exp < Ser ) TZ/ d§ —="+ 52 n 62
mA 2 7T,
~ o sm(kFr); exp ( hvp) (4.4.13)

YHB. TIT, en = 20+ DT (n 1358 LEHIN, REEDREITERS. &
T,

tanh.( ) j{:

2 +§2

DREFREHAVWTNS. R (44.13) E T ~T. TDZ —R_N—=_T DY A XD,
ﬁUF

W]CBTC

LB EERT D, EEALZ LIER (4.2.6) OFEREF BTN, 7 — =DV A

AT FBT =0T =T.METEFLALZDLLRNWI LTHD. THiF, 5.1HiT

a9 5 GL HGROMHBER c¢op 28 T—T, B WTHRBNIZH AT S Z & 2irxtidz

kg

o(Te) = (4.4.14)

45 NMR #tfEfn=

COMTITHBEEDORHERTEOL UTHEHALE LHIZEILFEHI NG, HESILE
(NMR : Nuclear Magnetic Resonance) O#fitiEFIZEIZDOWTHHEIZHEMRT 5. NMR (&

*TREE AR TTT(HW) p.173 B
“Sgo 1k 5.1 M CHAT 5 GL BTN S HBHHE £ ~ &o(1 — T/T.) /2 LIX8A S 2 L IR,



58

Vol. 9, No. 1, 091201 2021 5

F 4% BCS Hlim D &

5 & IR F RO LIS Z BT 5. R e E T OMAEMHE GEEMMHEEI/ER) (XD
FROLGIZEFOMEDNENS Z e h o, EROEFREZAS —2OFEL LTHL
5N TW5S. NMR ORHED—2%, HBI721) T 7 < SRFIF R ORIE I X 2 B 72
BHP TR N TH B, HEEME (NMR O#MEERFIRHE Ty OFE) 13RO & 5 IZEH A
EURHRER - (qw) ZHWTRES.

1 Imy - (q,w)
e Ty e (4.5.1)
w~0
ZZT, widNMR OAREHTHL. £z,
X1 (q,w) = z/ dte™? <[S;' (t) 52, (O)]> (4.5.2)
0
THY, Sf =Y, 0l napign Sq =000 ap g LEESNG. KT 2
RT7LEM[R (4.1.21)] % af, & a_py KOVTIRL LRD L5245,
GLT :UZ%TCT + Rkl
) (4.5.3)
-k ZUEY-ki — VkVEq
UEXY, HERMRITRO LS ITEHESZHZONS.
fkfk/ + Re (ArAg,) of
T - 5 (Ey — Epr
Ol zk:%: [ Ly By OEk, (Bs — B )
(4.5.4)

1+ {&kék + Re(AgA})) /ExER } OB IE, MKENICBIT5a -V Yy ART &

XN 5. HEEAE 1/T[R (4.5.4)] OREEREEX A O kKEERIZE S, BT s

WRTDEEEEZD, TDED A = A (BB LT, /ARG A2525.

Sk [Ny (E)dE D012 255, R (4.54) BIRO LS IZRBTE 3.

0+ A7 of )
EE ( 8E> (E-F)

S
2

/dENSQ ) (E? + A?) <_8f>

E? 0E

— ocT/dEN /dE’N (E")

ZZT, Ny(B)IFX (4.32) THZA OGN, B4.31DE57% ERKFEEZRTOT, HEH
TR (4.5.4) BIRD LS T £KEB.
Nz ( E2+A2) of
o</ dE—————+ < 8E) (4.5.5)

X (4.5.5) £, Ap PEBIZFEHNTHE /T 1 log FERT 5. L, BEIZ
Tz I)VIMORSVEERKBLU T A BRSGHERE720, T ST, 280WT 1/T) EE¥—
IHEEZRD. ZOY— 27 iEE R OBIEZEIZHRAT, N—N)-A) 7R =¥ =7
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10.0

2

T T TTVrTITT

T (sec)
e

1.0

0.5

0.1 gl beaaalarealayaale gy

1.0 1.5 2.0 2.5 3.0
Tc/T_)

4.5.1 Al ® NMR HEHE 1R o I BE R A0

CIES. X 4.5.1 1% Al © NMR #EEFR ] T OIREMRAEZJE LR TH 5.
$$ X NMR MERBRIRER] Ty, FENSERBIERE T, 2 808 UZREONKTH 5. B A
T NMR MEERR O (T) OWA) 2HRT 5 LN TE 5.
WIZF Yy T A B p e dFERED &S ITARERIZEANZRIGEIZDNTHE RS, H#i
213, A = Ak, ® Ay = A(cosk, —cosky) DEIEGETHD. ZDLSRELI
BEEOYG, X (4.54) 03—V Y ARFIE 1 L7225 O THERMRIZIRO & 5 2IEH
WY TN TEIT B.

O(TZZ [ éZ%};J(-a({?Eth)é(Ek—Ek/)

k kK
of
=T [ — B 4.5.
Zk:; +0< 8Ek>6(Ek Ey) (4.5.6)
SHWE A L AREOBMEEITS LR (4.5.6) FIRD LS IZHEWH SND.
5,
— x / dEN? (E ( @fk)a(Ek—Ek,) (4.5.7)
REEBEE N, 12DWT, M 4521058 &5 2BATIHEET N, (B) & E 12l 27
o, T < T, T,
1 3
LY, M453ITRTEIBREEIE N, (E) 1% E? CHld 5720, T < T, T,
1 5
T x T (4.5.9)

DIRERIFEZ RO Z L3025,

*10y, Masuda and A. G. Redfield, Phys. Rev. 125, 159 (1962).
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A A
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A' >» F A >» E

452 1)Th < T? 272254 OMEIREBEE XM4.53 1/T1 < T° &7 5854 Ot IREEE
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EE

46 EEMERESI

BCS BZERETD x| (T) 2HALEDFEIZRS > TET LI WL Z OB, BE
DHER u & L7z ED DD broken pair DT XNV F—ZZNTN B — hu -k BXO
Ex+hu-kThY, THINET2HEHRII Ik BLF —hk THEILIZERELT, u
DN EET 5 e EE R (P) 2585352 LT, BOEHTHEI NS / —~< IV (Fif
) RoMERE L BICEDISIZEITEDI RN N5.

ground pair & excited pair TIXEB RS L T RO T, (P) IZIEFGLARWT L ICHERE.

Ly 1E 2.1 BITHR L ZHIGE (X 2.1.1(b)] (ST 2 nE 2 £ T,
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47 EIREI MBE

WREk A2 N, 75, BEOHENuwDEE, HH-—P - ukikbdlz2ikx
Z5EHRAT1HESNS. ground pair B & O excited pair DIREETILEE R IX ¥ 0722
DT, 2720 broken pair REZ 1T 2R RLTHD (K441 LK), &oTK (4.4.1)
IZHISELT, £oT,

Z = (1 + e—ﬁEk)z +0 (u2)
THH5DT, EHE PIIROLSIZFHETE 3.
P= Z (1 T ‘e_BEk)i2 [hk ce PlER—hwk) _ pjo. e—ﬁ(EkJrhu.k)}
k

1
2 cosh? (BEg/2)

1 o 1
= —h2k2 / d
3!t EPE oo gBQCOSh2 (ﬁEk/Q)u

~ 1Y k(k-u)p
k

_ 1
3

ZIT, pp=(mkp)/(2n?h?) %2DT,

Ny
h2k% (20p) Y (T)u = m=

N, N
— =m—=Y (T
met = m Y (T)

YoT, xo (T) BRD & > ekt 5.

N, N N
— —_ = — < —
x1 (T) m=; mVY(T>*mV

£7z, ng = —x1/mH»2 A = /(me?) [ (Annge?) THEHDT, BY RV OEBEA

E)\L tj:y
Ap o [1=Y(T)]

Ly, YA AF—RERT.

#4771 BREIZBIT YR
wee R xL¥X—  HEEE 1 AERER
BP(+) Ep—hu-k hk o eB(Br—huk)
BP(-) Ex+hu-k _hk o eB(Brthuk)
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i =
5

=

GL EHm OBl & R D EF1E

ZDFETIE, FUYTNI-F X0 (GLH#iHR) 25, BHEGRNIIEAI N
GL HEm DWW E BB O ERIZ OWTiHERT 5.

5.1 GLEFmEMRDEFIL

7 —X—=XRFE D (p1,01; P2, 00) B OBRPOBEBFNIZLHREI NG, LidsT, <
UL L. BREIRETIE,

p(P)= > > @ <123+k:,01;1;—k,02> #0 (5.1.1)

01,02 k
Ly, BFEREOTS. XYY TNTLEITVRTIE, o (P) DFEZEMFRERTEK
Y UT, "R OBHSHE R L. FEMER ¢ (r;r) BRRTHER SN S,

Y (ri;re) = %ZZ@ (P, k) P Beikrp (5.1.2)
P k

ZZT, MHNEREp =1r —ry & U7, BCS Eiab 20112, BEEOKEZBN
MTHEPOREEFEL, BANWZELWHKRAZBRELZZLFXFEHTIRETH
%. SEE BCS B IHL, @Hinz D 5. BHZAVT—KE F(R) IRFEK
U (R) = (const.) - ¢ (R) DINEHTH v, EBAEHET UV TRETEZ22 LT,

1 2e 2

(5.1.3)
b 1
+ a0 + S|t 4 |V x A

YAE LML, (U2 BB R T OB n,/2 R L TH 0B HARKE 0@ T
INE—ERT LS, ZORBERDS. FIZ L — A~ HOBELIEE v, TEHT 5

IREE,
s 2 s °
¥ (R) =, /% exp (mhR> (5.1.4)

*LZ offiTld CGS BiRZH V5.
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%55 % GL HEm DM & iR o &b

F(y) F(y)
T> Tc T< TC
0 . 0 |Weq R
v i vl
(@) (b)

5.1.1 HHMPHVWEEOHHIANT —HE F (V) L HRFLBOIRE |v| OBF
(a)T >Te: (b)T < T

ZA=00&EIZA (5.1.3) DE—HIZRAT S &,

s R 1
(EHTALF—) = §mns'02

S

EWOKERESD. UIETARKOWEBEKTH LD, A - A+ Vyxy DT —IEHIIHL
T, U —exp(i2x/he) ¥ EEHEIND., ZOEKRIY, H-HONZ MLEFY Y ¥ IL
A DR 2e/c 13T — IV REMNSDEFEIZLVEE S, FBla T =T, ITBVWTHS
A Z DM HISIREREN o = a(T — T,) ZE L, RE b IHREITEKS B0 ERE T
5. 1/87 MR LT BEOHIIESE DT X LF —%2K LT\ 5.

W57 < (A =0), U APERPIZ—HKOLE, BHTXILVF—FEED | V| KEEIZX
51.1 DX 2125 L, FHIRETOD Vo IFHMT AV F—DIER-SM OF /0¥ =012 &
DIRDESIZRES.

{ T>TDEE |l =0 (5.1.5)

T<T.DLE |U,|=—2=2(T.-T)

L7tio T, BEDREL L HIT [V, | £0 &5, T < T, (281 2 FHERED i T
INVF—=IZRD LI ITEZ 5N,

b a?
Foy=alV.|* + §|\1ueq|4 =55 (T - T)? (5.1.6)
£o T, BPOFREIHED HEDBT AC 13,
0?F, a’
AC = —T-1 =T, 1.
C o |, b (5.1.7)

Y3, BOSH#HIZED Y, a=|Vo|>?Ng/T., b="1¢(3)|Vo|*Np/872 (kgT)*> TH 5.
M TR LE — 5 P[0, A] 2 A 12D W TS T 5 2,

1 e . ) 2e
EV x (VxA)= Som [\IJ <—Zhv + cA> U+ c.c} (5.1.8)
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5.1.2 BREY v 72 HE KR

DEFEIEENG. TV R—LOEA § = (c/4n)V x (V x A) & AV IEEREE j
i,

J= £ [\I/* <—ihV + 266A> U+ c.c.] (5.1.9)

2m

THEALND. U = ae, RIE o ORMEITREZSPZE UTERET S L, BIRE
B,

j=< [hw+ ZGA] o?
m C
Y5, COROBENELBE (jaf? = ny/2 CHET2E) Uy RYARRZOB DI
BB, NIRRT YU v L A DRI 2e/c IRET 2 ONRT EFESTVBHTHY, &
BRDMEZEHE T2 80 ZDHEMOELEP RIS NG,
WIZ, 51205 F—FVROBEEY V72 BETSH. VU ITHBITEITHM

ROMEE C ETRYAAF—HHITED, j=0L72570, A=—(ch/2) Vo HHED
D, LhioT, B C T - TRBED 2175,

ch
féA‘dl:—Qeﬁ(V@-dl) (5.1.10)

ZOEBFA N =7 ZADEMELD, V2 I2EIRHME O EEFEL V.

7{A dl = / (V x A-dS) (5.1.11)
F72, X (5.1.10) DAL, V=¥ H—{fifETH 270,
o= ) (5.1.12)
S 1.

LB, INEMROETLLE VWY, BHRET &g = ch/2e D3EED 2e THDZ LILHE
[EED T — N =B LD E L TWA I L 2 RTEELNEETHS.
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HEHTZ ALV F—EEORK F[U, A[X (5.1.3)] 2T L U(R) 12D\ CHRBEEMS
THILIZLD, U(R) DR FBRAPRD LS IZHBONS.

a@+MWw+;n«mv 2?)@:0 (5.1.13)

R G (T < Te) T, B2 IHIEE 1 HIZHARTHEAHTE 20T, U(R) DZEMZ1L
ARTRHBINARES ou(T) RO LS 1Tk E 3.
h2

&(T) = Imla(D)]

ﬁlaKiMﬁfa()zﬂT—lﬁﬁwﬁ IR 2 SRR T 1TiED< &L €L

(T, —T)" V2 il L THRERT 5. ZOHIRE % BCS B A 2 W TR

%ﬁ?ét,ﬁ@ALD@%igmé,T:0K?®&~n—ﬁ®#4x@%%w1‘

T < T, T3,

(5.1.14)

T -1/2
£GL(7312(174&)(1 I,) (5.1.15)
YD, ZOfRRIE, T~T, TOZ— =101 2[R (4.4.14)] IEFEERER K GRS
T (T ~ T.) = &[A(0)/kpTy] ~ 1.76¢ [ (4.2.6) ] TH A 5N H L IFIE

7Y, Thbb, fop &7 —N=H0V 1 X & IR D, TGL O FHRE )
LIFIENT WS,

5.2 ODLRO (Off Diagonal Long Range Order) & h— XgEHE

U AT —EHUT, EREHHSIER — XEHE & $BRR e FIRLTWEE Ebhd

S, MERCETOBRHTHLBURETHH IO K- XEHENTOREATHE I L %
BRLTWAZ 2252, FHE, MifioX Y I s 0 AL 5HmXICENT,
GL HiER CEA I N/ BB U(r) 1%, —KOEEFTH

p(ryr’) = /‘I/(r,ri')*\ll(r',ri’)dr'i
= (Ut (r)T(r")) (5.2.1)

LREONWT WA EDERAH B, 22T U(r,ry) 3EHFROEEHEEE, Ui(r),
U(r) 3Bk, MIBEEFE2ET. 20X (5.2.1) O LFHIZRD &> RE®ER~ED. 7
3 N AROWERI 2 LA T 52 TOREE v (j =1,2,--- ,N) O 56 —=DZIFHD H
Uz r £7203 v 2FR< (N-1) 0 FEERT. 2L T, [dr] &, ThoRTOERIC
HoTOMA%EZRLTWS. GL FBRERFEBIZROATERTE 2 LBRT WS,

lim  p(r,7") = U*(r)¥(r') (5.2.2)

|r—r’|—o0

*27Landau’s Collected Papers”, Gordon & Breach and Pergamon Press, 1965, Chap.73, p.546,
=EAIE - TEEYIER] 2005 4, 40 % 2 5, 147-148 HEH.



Vol. 9, No. 1, 091201 2021 5

5.2 ODLRO (Off Diagonal Long Range Order) & & — X 67

Tbb, RIEMKE O WIEBIZERE T,

lim  p(r,7") = U*(r)¥(r') =0 (5.2.3)

|[r—r’|—o0
ThHH, BEERETIE,

lim  p(r,v") = U*(r)¥(r') = po # 0 (5.2.4)

|Pr—r/|—o0

LFZ 1. ThiE, 12 C. N.Yang *3i12 & b Off Diagonal Long Range Order (ODLRO)
EIEENTZAY, 1950 I F VY TNV T e Ty R TIC ko THRfI T WDz EE T
Hb.

EBE, T <Tol2B8WT, R—XEHES 2L VWS &MEE2AWT, ROBEBRAHKD LD
EERTIENTES.

lim  p(r,r’) =  lim  (UT(r)B(r)

P —r’| =00 lr—r!| =00
= (W) (B = 20 (T <) (5.25)
ZZT,
U(r) = L Z e* T ay,
V k
Thb,

(B )T)) = 5 33 e (il )

kK

1 ) ,
_ V Z efzk:-('r—'r )nk
k

kb, T <ThlZBWVWTIE,

£oT,
1 —ik-(r—r’) No 1 /OO 2 ! _ik’T_T/’m 1
—E e ! ng=—+ —-= dkk dxe
V< Voo@2n)? o —1 efer —1
No 1 /°° sin(v2me|r —r'|) 1
=— 4+ -—m de
Vooo2r2 ), |r — 7’| efe —1

*3C. N.Yang, Rev. Mod. Phys. 34, 694 (1962).
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EERTELDT, T<TylZBW\WTI,

lim  p(r,7’)= lim <\I/T(T)‘i/(7’/)>

|[r—r’|—o0 |[r—r’|—00

PLEkD, R (5.2.5) AR
Ero, ZOFERIE AL M THRLAETEE Ao THRT A L TES,

<\if \/7 Z ik-r dk
1 AN\ L eia
= W <a0> - \/Vm
ZITlaR) =0 (k#£0) &fior. £oT,
lim  p(r,r’) = lim (i)

|[r—r!|—o0 |[r—r/|—oc0

= (#1(r)) (B(r')) = 37

53 FUVYTII-5U8 I EROBMBRMEREN T

FUVITNIT-FVRIOHHIZANT — (BNFERT Vv b)) O—i8 (BILEXT D
H) 2 E, EREEPHECOVWTHERT S, BHERT YUy IV QIZELT, ROR
W A VA

Q < QO + <Vpair>0 =0 (531)

T, Qo BERDEBNINV =T Hy CFEEENE T LTaEEND) 25
DROBNNFERT Vv VaRT., 72, () ENIN =T UDB Hy DROEE %
£3. QEFRRTHR SN 5.

Q= Ko —uN —T5y + <Vpa1r> (532)

KT, (Voair)o 23FET 3.

(Vouir)o = DD Vi (ajpa’ g 0w yanrt)o

kK
= Z Z Vir! <alJrcTaT—k¢>0<a—k/¢ak’T>0
kK
k ﬁEk * Ak:’ BEk’
= / anh tanh
zk:%:v’“’“ (QE 2 > (QEk, Ty

*4R. P. Feynmann, ” Statistical Mechanics”, W. A. Benjamin, Inc., Reading MA, USA. 2.11 #ilz
HHIZALVF— FIZOWTHHEINTWS. B2 RT VY vl QIZDWTHRBRDIEAD A EE.



5.3 F Y INT-T VRGOSR

Vol. 9, No. 1, 091201 2021 5

69

s, A ﬁ
k Ex
EEANT L L,
(Voair)o = 3 > View Fyt Fio
kK
LRHES.

Wiz, Ko— puN %2875,

Kg — MN = Z£k<a1]-co—ak(r>0
k
= ng ((aLTCLkT>0 + <a-r_k¢a7k:¢>0)
k

22T, (afsan +al o) OPBMBRO £ 1255,

1 BP (%)
<CLLTCLkT + aikia—k¢> =q1- 5" GP
1+ fk EP

Eg

INSEMAVB Y, (K- uN) & TS KD & 51275,
Ky —pN = ka |:PGP( >+2PBP+PEP< +g;>]
Sk
Ey

E
_ng <1 52k>
-1
TSO = FZ [PGPIDPGP +2PBPII]PBP -I-PEPII]PEP]
k

—Z[ <tanh5§k—1> —éln(l—i-eﬁE’“)

k
22T, Pep[ (4.1.25) D E], Ppp[R (4.1.25) O F] & Pop(Ey) H
e BEk
PBP(Ek) = m
BT e\
BAE%E VT QI

(5.3.3)

(5.3.4)

(5.3.5)

(5.3.6)

Q =(const.) + Z [FkA}'; + FpAx — Ex — ;ln (1 + e—ﬁEk)] + Z Z Vier' Fr, Frr

k k Kk’

LB,
Iz,

(5.3.7)

(5.3.8)
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DEFRERAWSZ LT, Q% Ay THHL, E8E&M4ERDS L,

0Q  OF;
—_— = A Vi Frer | =0 5.3.9
AL DAL k+%: kk' L'k ( )
b, TRHROLIRODF v v THERAPESNS.
A BEk
Ap = — Viek Flet = — Vi’ tanh 5.3.10
k ; kk' L'k ; kk 2E an 9 ( )

Znix, X412 THEZoNZF vy THEAZEE LTV,
E7, QO AR EIFMEE KD B DIZ, Q% Fy (or F}) OBSE AR LUTEMTE 3.
Tubb, R (5.3.8) ORMOESTER SNBHFREMNS L,

& ~ (const.) + 3 [Akp,: +ALFy — / FrdAy — / deA;;]
k

+ Z Z Vi Fr. Fr/

k kK

= (const.) + » [/ ALdFy, + /Ade,:} +) Y ViwFeFr  (5.3.11)
k

k K

Y55 U=, Fo(= Y (a kar) ¥ U, UTFCREs BAREL. Vi = |Vo| OF
THMTE. UEATEETSY,

A E
U = Z =k tanh ﬁ—k
2Bk 2 (5.3.12)

=K (T)A - K, (T)|APPA + ...

Y5, 22T K (T), K (T) 1,

Ky (T) = pp [ dék tanh 5 ~ ppln 2255 > 0

T

K (T) = e [ dark [~ 22e] > 0

ThHZ6N5., DEZHAVT, AZFIZ T IZOVWTA (5.3.12) DLSICEMTSZ LT
B ERT vy v L,

1 K> (T)

QWM . (5.3.13)

Q = (const.) + ( — |v0) w2 +

K((T)
5. $hbb, FUVINT-FURTOHBIXLNFT—DO—H (VU KT L7220
) BB END.

X (5.1.5) OBEFE»SDL»2 K51, V> OREHD 0 DL &, BEBIRE T, Wik 5.
BARIIZIE, K (5.3.13) D [UIZ22 205010 £ 95 &\ 5 kb SIEBIRE T, 13

% 1
kpT, = “Lee Wolor (5.3.14)
T
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THEAOND., THIFRA (4.2.5) ZHBELTWS,
Wz, T<STAZBWT [WRIhnbE8 &2 (T, - T) T2V TRHET 2 &,

1 -1 K, (T)
— — Vo] = { (T —T,) +...
K, (T K (T.))2 | 0T |,_
-~ PF T-T.
B [Kl (TC)P T.
L%, 22T, 0K, (T) /0T = —pp/T, %AV, ZOBGE»S, QI3
N T-T.pr .o 1Ko _,
Q= : 0P+ 220t 4
(const.) + T K12| | +2Kf| |* + .
— (const.) + Lo gp 4 B2 g 0
— : - 3 7 .

DS IEHENG. 22T, [V =|UPpp/K? LEFHE L. Q 2RNITBEA%EE
ETKAY 2L,

{T>ﬂ\@:0

~ 2
T<T. [V?=2TT

L5, DN, T>T. DL EF |V & pp|AR OBE?»S A=02Q 2R/MNZT 5.
—%, T<T. Dk %, QORIMERE,

- 1p% (T.—T\*
) = (const.) — 5% < T > (5.3.17)
2 c

ThHb, ZoZehro, T=T. 128} 5HEOBOIE,

20) 2
Acch4%:—n<69> - _Pr
T=T,

oT? K,

*° 1 d tanhz\] "
= dppk2T. de— | ——
it [ o (50

L%, Cy = (2n2/3) ppkETe[3X (1.1.8)] £ b,

AC 6 | d tanhz\] ™"
I dr= | —— ~ 1.426... 3.1
Cy w2 [/0 x:n ( de =z )] 0 (5:3.19)

Y, & (4.4.9) LT 5.

3

(5.3.18)

PAET, A&/ —b2A 5. ZO%K, RETIBEENRICETENIZALYT
MzowTe, RAKEEEIZET S L0 RENLNEDHREND - 7.





