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Specific heat jump of superconducting crystal in low temperature
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Abstract In this paper, firstly we have derived and presented the specific heat jump as a function of the critical
temperature. Secondly, we have analyzed the sign and magnitude of the derived specific heat jump and predicted the
expected experimental results. And lastly, we have compared the expected experimental results with the real experimental
results. Theoretically derived specific heat jump is considerably compatible with the specific heat jump up and down
phenomena of the YNi,B,C crystal. Especially, the remarkable theoretical prediction-that the specific heat would jump down

during the normal state-to-superconducting state tramsition at extremely low temperatures-have been confirmed by the
experimental results.
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Fig. 1. Plot of values of specific heat jump at critical tempera-
ture T and corresponding magnetic field H. Both horizontal and
vertical axes are reduced to dimensionless unit.
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Fig. 2. Temperature (T) dependence of specific heat (C) plotted
as C/T vs. T* at various magnetic fields for YNi,B,C.

C. L. Huang 52 1 E°] 3% H¥ AAE Fig 2
g} o] T, /1% 49 =2 JYehith Fig 2=
FAEH [11]9) Fig. 18 AAT RAolt}. A, o] E
4 P1, P2¢te] HIwE )3, Fig. 2¢] v]g FAE F
A 2AE Ao} T /3 <T<T, 72+ Wl A
2xo4 WAsE HlE FARE AW EAL YNLB,C
A9 AP viklZE Al Al = T 13.77K 3
ZolBg T3 #& 7.95K A=rt Aok webd T,/
3 <T<T, 77+ YNi,B,C 24 A4%E= 795K 3
T <T<1377K A= 3FdEc}. Fig. 28 =W,
795K AE <T<13.77K AE 77+ Yolx Holr}t
dofrpe HE FHoZ= ARl 0T 3T Alolgd
FHEC] dPET. AF B0 0T HE JFAL ¥4 &
Z7F 135K A%, 1T 42 11K A&, 3Td e
8K A== 3t} 9714 ¢ oAl &% gL ug
AE7F dojus 7 AR 25E 9 Aot} v|g
Az AApT WEA ¥ ¥wE gugk AL A|EQ
YNi,B,C ZHo| A2ZF ZATAZAN Z7+ Ao EA)
&8l Aoz FAFHC) Fig. 29 0T ¥|¥ JHL A
9 2= 145K AR &7 /T T 13}
g FElZ SETL 145K AE~13K A5 &
= F99A Hlge] F3] 453 &, 13K X o3l
A ZAEY dgihs vg 2L a3 Qi B
ofle} xp71ge] 3T oj3iel thE H|g FHEL 13.77K
AeofX 795K BEZAY &% 99 oM Higo)
78] Eshe AX 4 Holx itk ol Zo| Fig.
29] B|g FAHE F 795K AE <T<13.77K AEe
TR Hol7t dojus Hjg FAES ¥ig F= ¢
AEE ol B4 P1E & A= Aout. v 1
2, 9JE E9] Fig. 29] 0T vl¥ FHe HZ ¢ o]
£ 12 3 289 11K FENAN Aolgle 1T v

N4

Ao HE g Eole 0.5 FE, 9K HEoA AHols
= 2T HE F49 H=Z ¢ =ole 03 %, 282
8K AEoA Holg= 3T H|E T4 FA= ¢ &9
£ 025 A=2 Hrid o9 e HE Eo| Hrie
Foizl Fig. 19 H|E I RGO ZREY Hriojmz
w3 & @=slojol gt} 795K AL <T<13.77K
Axe] 7+ ellA Hol7t dojuls H|E FAES] o]
o} e AT &, F 77 ol A L= ¥
g FH dFE HZ 9 Fol7} FoRle AT o8
3 P29} & dXsk= Aoty v Fig. 29 ol&
d P3, P4-1, 29} MRS 9J8lo] 0<T<Ty3 T
oA Aozt WAske H|E JFAUES ATBEAL
0<T<Ty/3 7+ YNi,B,C 2R 7A$E= 0K<T
<795K A= d|Fdd. Fig. 28 HW, 0K<T<
795K A= 77+ YA Fol7} Yol BlE FA
o2 Z7|F0] 4T, 5T, 6 T 223 8T B]E FA
Eo| old] sigHr}. ol& HE FHE F 5T, 6T, 8T
H|E FAEL Yzh wikog Holr} dojue ZAle]
PALEET 5K B=E o3t el vlgo] A&
33 33 Hel7ke HE HE o2 Holx it 9]
9} 7ro] 0K <T<7.95K HEe] F7olA] Moz} doj
U= 5T, 6T, 8T ¥|E FXHEY] ¥|E = o A%
2 o]& B4 P3¢} F dXIg) 5 7 A 2=
Z A FelM Aolrt dofjuhz 4T HIE FH2 &
Tt YolXle &0z H|go] FIlal JorEg o] A
o] B4 P39l ojRWt} AT 4T H|E FAo]
0K<T<795K F7H ZAYES 7Pt =k
S2F Fig. 1 o] 54 P3E & Adsi dvk
& 4 Q) Fig. 29] 5T, 6T, 8T HE FHL A
AFS upe} o] T A BHH FZ o AL &
A 4 oy HZ ve] Vg HE 5 Us
o] AL P ol aHER ol EA P41,
25 ERIsp] Yeide vE A= gL 2|E Y
T UL BEY HE FA &, 5K X olF] &9
A o}lF F& 2E 7HHoE A2 AYPXES 9B
S},

ol dollA, clBH oz 3 H|g WHIF 2 (159
C. L. Huang 5°] #3% YNi,B,C 239 v|dg F4
£ Bz BN 4 (158 Fehed ARRE o]
o] ggglolgl= 7|EFH o|Eo|UelE B,
2 (15 A% A3E vwd & A9t o). &3
o B EoXe AHol-2AT Fo] Al vjge]
HAE gedte FET e 0|23 oS AF
°olHE B3 FEHoE vul I F Y. FF,
AL FYGolA ALstA #=E HE dolgrt g1
HE 2 (159 A s oA =98 $£Us A
ojc}.

$

J@J

N

flo

o

—_—

o




Specific heat jump of superconducting crystal in low temperature 5

gonEd

[1] H. Hiraki and Y. Endoh, “Field dependence of mag-
netic phase transition in metallic ferromagnet-specific
heat measurements-", J. Phys. Soc. Jpn. 68 (1999) 36.

[2] CP. Sun, IY. Lin, S. Mollah, PL. Ho, D.H. Yang, F.C.
Hsu, Y.C. Liao and M K. Wu, “Magnetic field depen-
dence of low-temperature specific heat of the spinel
oxide superconductor LiTi,0,”, Phys. Rev. B 70 (2004)
054519.

[3] LH. Choi, H. Doh, EM. Choi, H.J. Kim, S.I. Lee, T.
Yamamoto, T. Kawae and K. Takeda, “Specific Heat of
field-dependent magnetic orderings in HoNi,B,C”, I.
Phys. Soc. Jpn. 70 (2001) 3037.

[4] K. Machida and M. Ichioka, “Magnetic field depen-
dence of low-temperature specific heat in SR,Ru0,”,
Phys. Rev. B 77 {2008) 184515.

[5] J. Baak, H.B. Brom, M.J.V. Menken and A.A. Men-
ovsky, “The low temperature specific heat in single
crystals of Ba,Cu,0,”, Physica C 162-164 (1989) 500.

6] A.C. Rose-Innes and E.H. Rhoderick, Introduction to
Superconductivity, 2nd ed. (Pergamon Press, New York,
1978) Chap. 4-5.

[ 7] M. Tinkham, Introduction to Superconductivity (Perga-
mon MoGraw-Hill, New York, 1975} Chap. 2.

[8] T. Sakudo, Solid State Physics: Magnetism and Super-
conductivity, 1st ed. (Shokabo, Tokyo, 1993) Chap. 6.

[ 9] N. Michoshiba and K.Suzuki, Introduction to Physics of
Superconductivity, 1Ist ed. (Baifukan, Tokyo, 1995)
Chap. 1.

[10] M. Yamamura, Superconductor Engineering, 5th ed.
(Denkigakkai, Tokyo, 1994) Chap. 1.

[11] C.L. Huang, J.Y. Lin. C.P. Sun, TK. Lee, J.D. Kim,
EM. Choi, S.I. Lee and H.D. Yang, “Comparative anal-
ysis of M. Choi, S. I. LYNi,B,C using nodal and two-
gap models”, Phy. Rev. B 73 (2006) 012502.



