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At the beginning of April 1911, the new cryostat was

ready for its first cooldown. It was a masterpiece of technical 

design, demonstrating amazing levels of glassblowing skill 

and fine mechanical construction6 (see figure 3).

The mercury resistor was constructed by connecting seven 

U-shaped glass capillaries in series, each containing a small 

mercury reservoir to prevent the wire from breaking during 

cooldown.

Figure 3. Bottom of the cryostat in which 

Heike Kamerlingh Onnes and coworkers 

carried out the 8 April 1911 experiment that 

first revealed superconductivity. The original 

drawing is from

reference 6, but colors have been added to 

indicate of various cryogenic fluids within the 

intricate dewar: alcohol (purple), liquid air 

(blue), liquid and gaseous hydrogen (dark and 

light green), and

liquid and gaseous helium (dark and light red). 

Handwritten by Gerrit Flim are labels for the 

mercury and gold resistors (Ω Hg and Ω Au), 

the gas thermometer (Th3), components at the 

end (a) of the transfer tube from the helium 

liquefier, and parts of the liquidhelium stirrer 

(Sb), which is also shown enlarged in several 



The experiment was started at 7am and Kamerlingh Onnes arrived when helium circulation began at 11:20am. The resistance of the 

mercury fell with the falling temperature. ....The team established that the liquid helium did not conduct electricity, and they measured 

its dielectric constant. Holst made precise measurements of the resistances of mercury and gold at 4.3 K. Then the team started to 

reduce the vapor pressure of the helium, and it began to evaporate rapidly.

They measured its specific heat and stopped at a vapor pressure of 197 mmHg (0.26 atmospheres), corresponding to about 3 K. 

Exactly at 4pm, says the notebook, the resistances of the gold and mercury were determined again. The latter was, “Mercury 

practically zero.”
Kamerlingh Onnes was simply thinking how right he had been to choose mercury. Zero resistance was what he expected to find in

extremely pure metals at liquid-helium temperatures. 1910 The resistance of a platinum wire became constant below 4.25 K.

Furthermore, the Leiden lab had a lot of experience with the purification of mercury by distillation, and the material would not be 

contaminated by the necessity of drawing a thin wire.(The liquid mercury in a capillary simply freezes at 234 K [–39 °C].

1911





From the sudden jump it was clear that a totally new and 

unexpected phenomenon had been discovered. Just one 

week later, Kamerlingh Onnes reported his discovery in 

Brussels to the elite of the physics world at the very first of 

the historic Solvay Conferences.[H. Kamerlingh Onnes, 

Commun. Phys. Lab. Univ. Leiden. Suppl. 29,(Nov. 1911)].     

supraconductor

About one year later, the Leiden team had discovered that Pb and Sn were also superconductors, 

with transition temperatures near 6 K and 4 K, respectively.[H. Kamerlingh Onnes, Commun. Phys. 

Lab. Univ. Leiden 133d (May 1913), reprinted in Proc. K. Ned. Akad. Wet. 16, 113 (1913)].





An experiment on 17 January 1914 revealed the 

destructive effect of magnetic fields on 

superconductivity. For lead, the critical field at 4.25 K 

was only 600 gauss.[H. Kamerlingh Onnes, Comm. 

Phys. Lab. Univ. Leiden 139f (Feb.

1914), reprinted in Proc. K. Ned. Akad. Wet. 16, 987 

(1914).]

Persistent currents

Kamerlingh Onnes next concentrated on the question of 

how small the “microresidual” resistance actually was in 

the superconducting state. He designed an experiment 

to measure the decay time of a magnetically induced 

current in a closed superconducting loop—a small 

multiloop coil of lead wire cooled to 1.8 K. To probe the 

decay of the current circulating in the closed loop after 

the induction magnet had been removed, he used a 

compass needle placed close to the cryostat and 

precisely to its east. To compensate for the 

geomagnetic field and calibrate the supercurrent, he 

positioned an almost identical copper coil on the other 

side of the compass (see figure 5).

In 1932, six years after Kamerlingh Onnes’s death Flim flew to London with a portable dewar containing a lead 

ring immersed in liquid helium and carrying a persistent current of 200 A. He made the trip to demonstrate the 

most sensational effect of superconductivity at a traditional Friday evening lecture of the Royal Institution. That 

was the same august venue at which James Dewar had demonstrated the liquefaction of hydrogen in 1899.

1914



Bw=Bz + M    

ale Bw=0 (stan Meissnera)

czyli

=M/Bz= - 1/4

oraz   M= - Bz

jest ujemne !!!–

nadprzewodnik 

jest diamagnetykiem 

setki razy mocniejszym 

od miedzi!

Fritz Walther Meissner

Robert Ochsenfeld

Def.

R=0    

Bw=0

1933 Walther Meissner i Robert Ochsenfeld dokonali odkrycia zjawiska usuwania z

wnętrza nadprzewodnika pola magnetycznego (idealny diamagnetyzm).



Teoria
1933 Walther Meissner i Robert Ochsenfeld dokonali odkrycia zjawiska usuwania z 

wnętrza nadprzewodnika pola magnetycznego (idealny diamagnetyzm).

1935 bracia Fritz i Heinz Londonowie teoretyczny opis tych zjawisk  

w oparciu o elektrodynamikę Maxwella

1950 Witalij Ginzburg i Lew Landau opublikowali teorię nadprzewodnictwa

na podstawiefenomenologicznej teorii przejść fazowych Landaua

1955-7 potem rozwiniętą przez Aleksija Abrikosova i Gorkova (GLAG)

1957 pojawia się zadowalający mikroskopowy opis nadprzewodnictwa, 

J. Bardeena, L. Coopera i J. R. Schrieffera , teoria BCS

1962 Teoria tunelowania par przez złącze S-I-S –

zjawisko B. Josephsona, Nobel 1973
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ROK Tc (K)           MATERIAŁ                   UWAGI
1911 4.154 Hg (odkrycie nadprzewodnictwa), 

Heike Kamerlingh-Onnes, Georg  Holst, Universiteit Leiden, 
H. Kamerlingh Onnes, Leiden Comm. 120b 122b, 124c,(1911).

1913 7.196 Pb Heike Kamerlingh Onnes, Universiteit Leiden
----------------------------------------------------------
1932? 9.25 Nb (najwyższa temperatura dla czystego pierwiastka)
1932 11.5 NbC, ? Niobium carbide
1941 16.1 NbN, E. Justi, Berlin
1953 17.1 V3Si, G.F. Hardy and J.K. Hulm, University of Chicago

Physical Review. Vol. 89, No. 4 (February 1953): 
1954 18.1 Nb3Sn, B.T. Matthias, T.H. Geballe, S. Geller, E. Corenzwit

Bell Telephone Lab., Phys. Rev. 95, (1954): 1435. Nb3Al
1962    9 Nb1-xTix pierwszy materiał na drut nadprzewodzący, 

Westinghouse, I. Pfeiffer,H. Hillmann, Acta Met.16, 1429 
(1968). Niemcy

1971 15 PbMo6S8 Fazy Chevrela ogólnie:MxMo6X8 gdzie M jest 
metalem 4f a X jest S, Se,Te 

1973 23.2 Nb3Ge (konwencjonalny o najwyższejtemperaturze BCS)J.R. 
Gavaler, et al.,Applied Physics Letters. 23 (1973): 480

------------------------------------------------------------------------------------------
1961 Odkrycie kwantowania strumienia w nadprzewodniku
1962 Zjawisko Josephsona Lata dwudzieste ?



=n0

0=h/2e=2*10-15Wb
S=1mm2B=2*10-9T

Pole B jest wyrzucone z 
nadprzewodzącego pierścienia; 
„złapany” strumień jest skwantowany

1961



ROK Tc (K)           MATERIAŁ                           UWAGI

1972      8 PdHx T. Skośkiewicz, Superconductivity in PdH and PdNiH system
Phys.St.Solidi (a) 11 (1972) K123

1974 300    Al-C-Al ,   K. Antonowicz, Possible superconductivity at room 
temperature,Nature 247, 358-360 (8 February 1974)
doi:10.1038/247358a0, Nicolas Copernicus University, Torun, 

1979 0.6 CeCu2Si2, początek ery nadprzewodników ciężko- fermionowych, 
F.Steglich et al. Phys.Rev.Lett., 43 (1979) 1892

1980 2-3 Y4Co3, Y9Co7, współistnienie VWIF + S po raz pierwszy !
Kołodziejczyk A., Sarkissian B.V.B., Coles B.R.,Magnetism and  
superconductivity  in  a  transition  metal  compound Y4 Co3 ", 
J.Phys.F: Metal Phys. 10  (1980)  L333

1980 1.4 (TTMTSF)2-X = ReO4 , PF6 K. Bechgaard i D.Jerome, Dania
10,4 b-(BEDT-TTF)2X= Cu(NCS)2 (T=0,9 K, p=12 kbar).W.Little 

„Organic superconductors” 1990

1985   Odkrycie fullerenów, H W Kroto, J R Heath, S C O'Brien, R F Curl 

and R E Smalley, 'C60: Buckminsterfullerene',Nature, 318 (1985) 162

1991   10-50 Fuleryty nadprzewodzące, Hebard, A.F.; et al. (1991). 
"Superconductivity at 18 K in potassium-doped C60". Nature 350,  
600 Nobel 1996



 

PdHx

I S Balbaa and F D Manchester

J. Phys. F: Met. Phys. 13 (1983) 395

1972



Letters to Nature

Nature 247, 358-360 (8 February 1974) | doi:10.1038/247358a0

Possible superconductivity at room temperature

K. ANTONOWICZ

Physical Institute, Nicolas Copernicus University, Torun, Poland

Top of page

Abstract

IN this paper some observations are presented on an anomalous current in aluminum-carbon-aluminium (Al-C-Al) sandwiches, at room
temperature, which in several respects behaves in the same way as the Josephson current might be expected to do. At first the switching effect 

was studied in Al-C-Al sandwiches discovered by Ovshinsky1 and Pearson2 in chalcogenide glasses and amorphous oxides. In carbon 
sandwiches subjected to proper electrical pulsing, changes in resistance of a factor of 1,000 were found, the changes being reversible and with 

a memory time of the order of a few days3.

Al-C-Al

RTSC  czy USO ?

1974
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10 J. C. Ho, N. E. Phillips and T. F. Smith, Phys. Rev. Lett., 1966, 17, 694.

11 B. T. Matthias et al., Science, 1966, 151, 985.

12 B. B. Goodman et al., in Proc. VII Int. Conf. on Low Temp. Phys., eds., G. M.

Graham and A. C. Hollis Hallet, Univ. Toronto Press, Toronto, 1961, p. 350.

13 B. S. Chandraesekar and J. K. Hulm, Jr., J. Phys. Chem. Solids, 1958, 7, 259.

14 H. H. Hill and B. T. Matthias, Phys. Rev., 1968, 168, 464.

15 G. R. Stewart, Z. Fisk, J. O. Willis and J. L. Smith, Phys. Rev. Lett., 1984, 52, 679.

16 H. R. Ott, F. Hulliger, H. Rudiger and Z. Fisk, Phys. Rev. B, 1985, 31, 1329.

17 H. R. Ott, H. Rudiger, Z. Fisk and J. L. Smith, Phys. Rev. Lett., 1983, 50, 1595.

18 M. B. Maple, M. S. Torikachvili, C. Rossel, J. W. Chen, Physica, 1985, 135B, 430.

19 Y. Onuki et al., J. Phys. Soc. Jpn., 1989, 58, 795; P. Boulet et al., J. Alloys Compnds.,

1997, 262-263, 229.

20 B. T. Matthias, C. W. Chu, E. Corenzwit and D. Wohlleben, Proc. Nat. Acad. Sci.,

1969, 64, 459.

21 W. Schlabitz et al., Z. Phys. B, 1986, 62, 177.

22 S. S. Saxena et al., Nature, 2000, 406, 587.

23 T. Akazawa et al., J. Phys. Condens. Mat., 2004, 16, L29.

24 C. Geibel et al., Z. Phys. B, 1991, 84, 1.

25 C. Geibel et al., Z. Phys. B, 1991, 83, 305.

26 D. Aoki et al., Nature 2001, 413, 613.

27 J. L. Sarrao et al., Nature, 2002, 420, 297.

28 F. Wastin et al., J. Phys. Condens. Mat., 2003,15, S2279.

29 J. L. Smith and R. G. Haire, Science, 1978, 200, 535.

Nadprzewodnictwo aktynowców 
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10 J. C. Ho, N. E. Phillips and T. F. Smith, Phys. Rev. Lett., 1966, 17, 694.

11 B. T. Matthias et al., Science, 1966, 151, 985.

12 B. B. Goodman et al., in Proc. VII Int. Conf. on Low Temp. Phys., eds., G. M.

Graham and A. C. Hollis Hallet, Univ. Toronto Press, Toronto, 1961, p. 350.

13 B. S. Chandraesekar and J. K. Hulm, Jr., J. Phys. Chem. Solids, 1958, 7, 259.

14 H. H. Hill and B. T. Matthias, Phys. Rev., 1968, 168, 464.

15 G. R. Stewart, Z. Fisk, J. O. Willis and J. L. Smith, Phys. Rev. Lett., 1984, 52, 679.

16 H. R. Ott, F. Hulliger, H. Rudiger and Z. Fisk, Phys. Rev. B, 1985, 31, 1329.

17 H. R. Ott, H. Rudiger, Z. Fisk and J. L. Smith, Phys. Rev. Lett., 1983, 50, 1595.

18 M. B. Maple, M. S. Torikachvili, C. Rossel, J. W. Chen, Physica, 1985, 135B, 430.

19 Y. Onuki et al., J. Phys. Soc. Jpn., 1989, 58, 795; P. Boulet et al., J. Alloys Compnds.,

1997, 262-263, 229.

20 B. T. Matthias, C. W. Chu, E. Corenzwit and D. Wohlleben, Proc. Nat. Acad. Sci.,

1969, 64, 459.

21 W. Schlabitz et al., Z. Phys. B, 1986, 62, 177.

22 S. S. Saxena et al., Nature, 2000, 406, 587.

23 T. Akazawa et al., J. Phys. Condens. Mat., 2004, 16, L29.

24 C. Geibel et al., Z. Phys. B, 1991, 84, 1.

25 C. Geibel et al., Z. Phys. B, 1991, 83, 305.

26 D. Aoki et al., Nature 2001, 413, 613.

27 J. L. Sarrao et al., Nature, 2002, 420, 297.

28 F. Wastin et al., J. Phys. Condens. Mat., 2003,15, S2279.

29 J. L. Smith and R. G. Haire, Science, 1978, 200, 535.

CeCu2Si2 (1979)



Pierwsza praca 30 lat temu

(potem Y9Co7)

1980, Y4Co3



Magnetyczne fluktuacje spinowe



Współistnieniu obu zjawisk, które w zasadzie powinny konkurować, a które zostało 

udowodnione w naszych późniejszych pracach podsumowanych w  habilitacji w 1986 roku.

?
Kołodziejczyk A.,

"Magnetism and Superconductivity 

in Weak Ferromagnets",

Physica 130B  (1985) 189

A.Kołodziejczyk - habilitacja 

„Magnetism and superconductivity of 

Y9Co7 ,

Zesz.Nauk. AGH 1986

Pierwszy ferromagnetyczny nadprzewodnik pasmowy!!!

1985



Odkrywcy fullerenów (Nobel 1996)

Richard Smalley

Harry Kroto

Bob Curl

W 1965 r. Hannay i inni odkryli, że domieszkowany grafitem potas 

KC8, w któym atomy potasu zajmują położenia między dwiema 

płaszczyznami przechodzi w stan nadprzewodzący w temperaturze 

Tc = 0,55 K. W 1991 r. zespół Haddona odkrył nadprzewodnictwo w 

KxC60. Hebard, A.F.; et al. (1991). "Superconductivity at 18 K in 

potassium-doped C60". Nature 350: 600. 

H W Kroto, J R Heath, 

S C O'Brien, R F Curl 

and R E Smalley, 'C60: 

Buckminsterfullerene', 

Nature, 318 (1985) 162



Fulereny (the Bucky balls)
Buckminsterfulleren zawiera 60 atomów 

węgla w wierzchołkach triacontaduohedronu

o średnicy 7.1Å .

C60 samo nie jest nadprzewodnikiem, lecz 

może być domieszkowany metalami 

alkalicznymi, (które tworzą fcc sieć ze stałą

10Å) dając w wyniku nadprzewodnik A3C60

Compound Tc

K3C60 19K

K2 RbC60 22K

Rb2KC60 25K

Rb3C60 29K

Cs3C60 47K  

Chociaż  tutaj efekt izotopowy jest typu BCS-owskiego w C60 istnieją dane,że 

nadprzewodnictwo nie musi być konwencjonalne.

Wykład 12



NADPRZEWODNIKI WYSOKOTEMPERATUROWE (WTN)
1986 30 La1.85Ba0.15CuO4, J. Georg Bednorz, K.Alex Müller,IBM Zurich 

Research Lab.,Zeitschrift für Physik B. Vol. 64 (Sept. 1986): 189.

1987 93 YBa2Cu3O7 ( Tc powyżej ciekłego azotu)
Wu, Ashburn, Torng, Hor, Meng, Gao, Huang, Wang, Chu,Univ. of 
Alabama and Univ. of Houston,PRL 58, No. 9 (March 1987): 908.

1988 80-120 Bi2Sr2CaCu2O8, H. Maeda, Y. Tanaka, M. Fukutomi, T. Asano
Tsukuba Magnet Lab.,Japan. Jour.Appl. Phys. 27 (Jan. 1988) 209. 
Bi2.1(Ca, Sr)n+lCunO2n+4+  (n=1,2.3), J. L. Tallon in. (N.Zelandia)

1988 60-120 Tl2Ba2Ca2Cu3O10, Z.Z. Sheng, A.M. Hermann,University of 
Arkansas,Nature. Vol. 332 (March 1988): 138.

1993 133 HgBa2Ca2Cu3O8, A. Schilling, M. Cantoni, J.D. Guo, H.R. Ott
Lab. für Festkörperphysik, Nature. 363 (May 1993) 56. E.Antipov

1995 138 Hg0.8Tl0.2Ba2Ca2Cu3O8.33 (highest critical temperature)
P. Dai, B.C. Chakoumakos, G.F. Sun, K.W. Wong, Y. Xin, D.F. Lu, 
Univ. Kansas, Lawrence, Physica C. 243, No. 3&4 (Feb. 1995)201.

1994 164 HgBa2Ca2Cu3O8 (pod ciśnieniem 30 GPa), Gao, Xue, Chen, Xiong, 
Meng, Ramirez, Chu, Eggert, Mao, University of Houston, Physical 
Review B. Vol. 50, No. 6 (August 1994) 4260.

WTN DO DZISIAJ .......

ROK Tc (K)           MATERIAŁ                           UWAGI



WTN

George 

Bednorz

Alex 

Muller

Wykład 13

25 lat

1986



“BaxLa5-xCu5O5(3-y)”

W rzeczywistości był to 

perowskit o stechiometrii

La2-xBaxCu2O4

Wyklad 13



z K.Wróblewski, Historia Fizyki



Inne WTN

La2-xBaxCuO4 35K

La2-xSrxCuO4 38K

(La2-xSrx )CaCu2O6 60K

YBa2Cu3O7 92K

Bi2Sr2CuO6 20K

Bi2Sr2CaCu2O8 85K

Bi2Sr2Ca2Cu3O10 110K

TlBa2CaCu2O7 80K

TlBa2Ca2Cu3O9 110K

TlBa2Ca2Cu4O11 122K

HgBa2CuO4 94K

HgBa2Ca2Cu3O8 135K
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Wykład 13 A.Kołodziejczyk

Tymi się zajmujemy
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Nadprzewodniki „niekonwencjonalne”, „egzotyczne”?

2000    0.4 UGe2, S. S. Saxena et all “Superconductivity on the border of itinerant-
electron ferromagnetism in UGe2 ”, Nature 406, 587, 2000

2001    0.25 URhGe D. Aoki et all. “Coexistence of superconductivity and ferromag-
netism in URhGe”, Nature 413, 613, 2001.

2001    40 MgB2 dwuprzerwowy J. Nagamatsu et al, Nature 410, 63 (2001)

2001     2 Fe pod cisnieniem. K.Shimizu et al.. Superconductivity in the non-magnetic 
state of iron under pressure, Nature 412, 316-318 (19 Jul 2001)

2002     20 Li Superconductivity in compressed lithium at 20 K, K. Shimizu et al..
Nature 419, 597-599 (10 Oct 2002), (Superconductivity in oxygen K. 

Shimizu, Nature 393, 767-769 (25 Jun 1998))

2003     5 NaxCoO2yH2O mokre nadprzeodniki, Takada et al, Nature (London) 422, 53 
(2003); J.Cava et al.., PRL (2004) 247001, Klimczuk PG Gdańsk

2004     4 C:B diament pod ciś.100 atm,E.A.Ekimov et al.,Nature 428 (2004)542
2006   0.35 Si:B, 11%, E. Bustarret et al. Superconductivity in heavily doped silicon,  

Nature 444 (2006) 465
2004     1 Ca2-xSrxRuO4 i in.Ruteniany, S.Nakatsui et al. PRL 93  (2004) 146401

2005    45 Ag5Pb2O6 –type I dirty superconductor, S. Yonezawa, and Y. Maeno
cond-mat/0509018, 1 Sep 2005

ROK Tc (K)           MATERIAŁ                           UWAGI



-------------------wkład polski z ostatnich lat --------------------------

2002 2.2 Mo3Sb7 Bukowski Z., Badurski D., Stępień-Damm J., Troć R., SSC 
123(2002) 283 + kilkanaście późniejszych prac INTiBS PAN

B.Wiendlocha i inni PRB 78 (2008) 060507(R), C.Candolfi,... J.Toboła, B.Wiendlocha, 
S.Kaprzyk, PR B 79 (2009) 035114, Wiendlocha B, J Tobola, Sternik M, Kaprzyk S, 
Parlinski K , Oleś A M, Phys.Rev. B 78 (2008) 060507; Superconductivity of Mo3Sb7
from first principles, doktorat B. Wiendlochy (2009), AGH Kraków 

2008 4.6 ThPt4Ge12 D.Kaczorowski, V.H.Tran, Superconductivity in ...filled 
skutterudite ThPt4Ge12 PRB 77 (2008) 180504 + kilka dalszych prac

2009 0.68 Ce2PdIn8 D.Kaczorowski, D.Gnida, A.P.Pikul, VH Tran, 
Superconductivity in a HF AF Ce2PdIn8 PRL 103 (2009) 027003

--------------------------------------------------------------------
Współistnienie nadprzewodnictwa z ferromagnetyzmem !

2000    0.4 UGe2 , S. S. Saxena et all “Superconductivity on the border of itinerant-
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Even though it has a much simpler crystal structure, FeSe (right) has many of the same magnetic and electronic properties 

(including superconductivity) as the iron-based pnictide superconductors (left, center). Fe (orange), As (green), La (white), O 

(purple), Ba (dark blue), Se (light blue

[1] F. C. Hsu, J. Y. Luo, K. W. Yeh, T. K. Chen, T. W. Huang, P. M. Wu, Y. C. Lee, Y. L. Huang, Y. Y. 

Chu, D. C. Yan, and M. K. Wu, arXiv:0807.2369 unpublished. 
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