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On Heat Capacity of High Temperature Superconductors

Toshizo Fujita

(Received October 18, 1993)

After brief summary of typical heat capacity for conventional superconductors, anomalous heat

capacity of high-T_ cupurates are reviewed.

As compared with conventional superconductors, the

cupurates show distinctive features in various aspects. Discussion is addressed especially to the effects

of thermal fluctuation at 7, temperature dependence of heat capacity in connection with symmetry

of Cooper Pairs, and anomalies in low-temperature heat capacity.
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Fig.l1 Typical temperature dependence of heat capacity C
of conventional superconductors.  Discontinuous
jump AC at T, indicates the sccond-order phase
transition. The arcas A and B depicted in the C/T
vs T plot should be equal so as to guarantee the
cntropy balance.



(74 NVDPENTEB, %0, BT LRTORE/ER
B —N—WREROERELELLOTHL, EROINE
CREDOEF- S FHEESEW & (GBS 2 5E
LTwad, RE)HOKME 14312, < OEEAORE D
LROLNIZODTHD, ZOBE, EF-MFHEMSE
HDSE b L GREER), T2 ERT55, RSBE
A,

REAT.I0+5T L, CBRBZEROET#
BERIBREEINE R, ETREBCZ A VY —
Ky Y TPELTVWAEIERLTWE, FOXF vy T
20 THUE, BIERBOETHRASRTHRIET
2 Aexp(-aAT) THE S, BCSHAER, EF-BFHE
TER DR, 72 VIBRFAREE-T, TUFT
TN EERT LI EINLI NI RALFE— - Fy T
WHELDLZERFEEH LTS, 208, ¥vv 7ok
S ENRBEFWTHL LEELT, BEEAD G
H¥bE, T<OST. TIRIZEI %D, FNEAD~A,
EBTIE, 280D NF v v Th b o e mU Y EROY
BEELIICEZNELL, BEORTEELICER
BEHITASCRPEERBFEDORLBOFHEATS
2. DL LELVEEOKRE, WRICET 3 BIEGK
BOBEFIEC I,

/2
C,.=2V 21 kyN(EDA, [%I exp(— %J
B B

AO 12 AO
=1.341YTC— exp ———
kBT kg T

EEzoND, COXROE2ESSEILICBL L X,
& {H15 Nn/2BCSD BB

6)

2A=3.52kyT, %)

o Twd, ROOT PR FEEHBHRC AT
FIVIBERIRE L DS 2 20T, TREAEREEOH
IZBDAATLE D &, BIAD X ) 2 B A UA T8
Wb, ZRIENGOEHFEBEDO T 7 7THRICH N TH
WHEHB LI, 25<T, /T<6 DIBFERTITA=
8.5¢T., a=0.82, 7, 7<T,/T<1l DIREHEE TIIA=
26YT,, a=0.92, & B, WA BLRE, EBT
WEENBEOREEBC LR TRFELS TN
T, #E,

C,=Aexp(~ahy/T)+BT> (8)

Ed, MBTHEIHRIEHEAEL 20T, T°K
HPT BT BBEENIRACL D, LD T, 20
BEEORBFVPOLIANF— - Fry T HE

#

P

L

kDB, RIBBEBEDELSIEFEECLDZD
T, DI VEESETETD hpT<Ay), EoTHELL
ZoTLED,

Fig 1O SHRE, TUTORBEEREETHS., &
FH, CREBREH D LONEHEEMT A EITLD
MIEEEE L REBClE SRS, YUuRlEhToR(z
IR, BRAELLV, $hbL, HEIAL
F—FOIRDBEMT THAL LY PO — TR EE
LGBEE R, FOLRMTICUZZ2B8FEICR > T
OTHRTACHALNLIDTHE, ZOLH LEBY,
QROMER LD, COBE, BIZERKETH-TH
FRERETH->TH, T.TIY POE—2-F L %L
THLZ LR, TV ho—iF, KMHE2P-T,

S(N= ﬂ C/TdT ©)

PERDLND, Bz UL, FigliiBITA2EKL A
MTHIN 22200 HROEB/SE LV, 2O b1
Ve e N7V, BRERBEYRT T L 30EEL
Frv B P ERB,
SRBEERKOBREEDT—5 3, EEABGERT
MENTHAUEDE ) RETELBALENICLT, Rt
TLIEWL LD,

3. BRIt RBERED2-3DHBH

19864E 12 IBM F 2. — ) R B2/ ) Bednorz & MiilleriZ
£ o TRt La-Ba-Cu-O TT, =30K DEIEE R &1
TR, ZLOBEBEEAN AL ERNEZEIRTE
foo FDITEAENCUO,EE S > BIRRTTAH A
MEBITH Y, RINLESHEE TELRITEFEN,
BEMLCEOTMI LD ODL L, BEHOTTEHIED-
T, CuO, i F—7&N/F v U TR~ Vb nidE
FbEEFNEEHBRES I IDAAEB TRV,
FrUTHAELVICEVHEY DB R60 0 LEWTY
BEIRIRRETH L, #DLIux v ) TH—5—3
2O - TCBEERFIESEILTVIDOTHS, BRD
HEBETRBLT, 72— S—DED YIS T 5
Y-V ADREESRFMT, HEEROBIEHK
A, & I Cuo, I EER I Tidiay b
CDTERE, HAVIEEFNI Y LAV 2RTHD
BWETFHET D > TV, SHEHID T VST
Ve BICESPRAT DR SMIFEEICKE L, 0.1um
PR d, Licdso T, MBI mRBEEHRE,
GL(FY Y TNT - T2y A —F = MENIEFIC
KENEIBHREARE N B, Z0ORE P HERT
L7 EL I A NF - YAFIIRE VDT, BEE
PETILESBERBESEIFEREICRE LSS, &

Netsu Sokutei 21(1) 1994



HRBLERORERELD o T

ﬂ%ﬁ<&ﬁﬁﬁﬁ§%w@?,kém%ﬁﬁéli&
%Mﬁﬁ%%%?%wﬁ,&#&#%Lw;i?é%o
AN TROBVEBRET A RT8RE8E, TCRE
ﬁ&m&%btﬁ#b®w%€0@@&w%m%%m
ﬂ%mﬁwwéﬁwﬁﬁ%é077iU~%%&L1w
AH5LV)T, ERHWOLEIHL ML 5Tk
0, IO E S M50 DR TSOK L FIziE L7 b e
énfwao:@ii&ib%w%%ﬁinéﬁoﬁﬁ
BWHOMBUIA %7 FSKE L, BEHICS, Hed
KHETHD, LEL, TOEL LIS - T8 7%
HELEIND LD THE, Liihl, bhbhoHik
LTV EEHTEIIWHT— 5y v 104, 358 -
EEOTIBEBERET 22 ThHob Y, “hETh
Do TV BB SIBREE R OTITIE, T
ﬁ&&&ﬁ@ﬁ&ﬁ&ﬂf%@ééb,ﬁﬁ%ﬁ%m
AT 0SKELFORBOBREBI S BT L TE TV,
COBRT, HiRSEERS R o LI BRI 28
LHEEBHEFTEL LS LFERLDOATINL T 7
EVFECLEPEEL LS,

4. SREEEFDHLE

41 THHEOBBREN Y 9552 F
%ﬁﬁﬁ%@n@ﬁﬁﬁﬁu&ék,ﬁﬁﬁﬁgéq
() DL LML KBS TEILLLD, L0 b
H,%%ﬁﬁ%ﬁﬂmk%?atﬁ&@awukomn
DBRRTOFTHD, Lid, BERIEEST 15 Fh
ALCHFTREC, WHIC > TEOBEETG &b
D, BUSRTLZ00EETHD, BEASEFIZ L -
TAEEL T 81, SiRBEERDBARE S OT,
B THIRE L E L ORI RA S & B 2 @b
BA G 8 AZRDMEL LTS, = omEmER
T, BEBOERMED S, HEEETRESNOES 4
THETDORATEISEV, D% ), BEEREZOR
M S72oT, $FNv 2750 FELAMIRERD
AGlb, BESETRAB L ORBELELVOTH S,
BREDBITICR, Ny o5y Fo#iIR, B
A, TEERGR, ML DENLR E BRI, Fun
REBHTEARYHCTRANLE O Lo Abu b
??f(w%0<%®dﬁwztf,FgQKBQ&ﬁMhJ%@
BEECYBE TH > 2CITERTY, BERE 108V
SoTTRINDH, Nv2rr50 FiRizkASEbL
ZWERBZLTWE, FIM@OB#% RdEs s &
I, Sy TSy FICENEEERAE B NIE D
NEVS ZDFENY 7 T PR E T TR
BEATNWS, Lido T, ZRE5EL5-FER®G)E,
BIBEETHEEC EHEERFRETC DEACD

Netsu Sokutei 21(1) 1994

0.114 -
. 0.112
g
g 0.11
S 458° 0.5ub
t 0.108 550° 1b
O 0.106 400" 1b
- phonons
0.104 -4
60 80 100 120 140
T (K
(a)
O 468° 0.5ub
< * 550° 1b
® & 400° 1b
o
3
! T
120

T (K)

(b)

Fig.2 Heat capacity of Bi,Sr,CaCu,0, in the vicinity of
T, (from ref.2).
(a) The same background (C/T expected in the
normal state) is assumed for all samples with
various x. (b) Superconducting electronic heat
capacity after subtracting the background.
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Fig.4 Critical heat capacity of YBa,Cu;O;_, (from ref 3).
A theoretical fit is given including 3D Gaussian
fluctuation.
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Fig.7 Calculated curves of superconducting eclectronic
heat capacity assuming the density of states N (E)
=A+BIEI+CNps(E). Curve 1 is for A=B=1 and
C=1 (BCS curve), curve 2 for A=B=0.5 and C=
1, curve 3 for A=0.5 and B=C=1, and curve 4
for A=0.5, B=2 and C=1 (from ref.12).
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Fig.8 Anomalous heat capacity of YBa,Cu;0,_, at low
temperatures (from ref.12).
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