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APARATURA DO PROCESU KASKADOWEGO skonstruowana przez Onnesa w 1892 roku (a) produkowata 14 | cieklego powietiza

na godzine. M%mehh&ﬁhwb), udoskonalona przez Onnesa w 1906 roku. Gazowy wo-
dér przeplywal przez uklad do naczynia chlodzonego cieklym azotem, a nastepnie do zawory, przez ktéry przechodzac rozprezal
sig, wskutek czego ulegal skropleniu. Cieldy wodér byt gromadzony, a reszta gazu zawracana do kompresora. W 1908 roku Onnes skon-

struowal pierwsza skraplarke helowa (c). Na fotografii z 1911 roku (d) pozuje na jej tle wraz ze swym mentorem, Johannesem Dide-
rikiem van der Waalsem, a 10 lat péZniej - ze swym gléwnym asystentem Gerritem Flimem fe).

1) Rudolf de Bruyn Ouboter, Heike Kamerlingh Onnes’s Discovery of Superconductivity
Scientific American March 1997.
2) PHYSICS TODAY, March 2008, page 36

CH3Cl,Chloro-metan 249K, C2H4 Etylen 169.3K, O2 90.2 K, powietrze ok.,82 K, H 20 K, He 4.22 K
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Heike Kamerlingh Onnes, Johannes Diderik van der Waals

3) IEEE/CSC & ESAS EUROPEAN SUPERCONDUCTIVITY NEWS FORUM
No. 15, January 2011,

4) Physics Today 63, No. 9, 38-42 (2010).

Dirk van Delft , Peter Kes, The discovery of superconductivity.

Boerhaave Museum



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 (Q Hg and Q Au),
the gas thermometer (Th3), components at the
end (a) of the transfer tube from the helium
liquefier, and parts of the liquidhelium stirrer
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| b . . Figure 2. A terse entry for 8 April
A gl ol : : / vl % 1911 in Heike Kamerlingh Onnes’s
notebook 56 records the first ob-
; servation of superconductivity. The
s e highlighted Dutch sentence Kwik

‘ = nagenoeg nul means “Mercury[’s re-
sistance] practically zero [at 3 K]
. The very next sentence, Herhaald
 e—— met goud. means “repeated with
‘ o gold” (Courtesy of the Boerhaave
Museum.)

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, “Merculy

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 bv the nececcitv of drawina a thin wire (The liatiid merciirvy in a2 canillarv cimbnlv freezec at 224 K [-20 °C1




LPLE -

Q075 N

205

3
"-.%a 5 4%0

Figure 4. Historic plot of resistance (ohms) versus temper-
ature (kelvin) for mercury from the 26 October 1911 experi-
ment shows the superconducting fransition at 4.20 K.
Within 0.01 K, the resistance jumps from unmeasurably
small (less than 10° Q) to 0.1 Q. (From ref. 9.)

the cryostat—just in case the helium transfer worked.
The mercury resistor was constructed by connecting
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the historic entry, “practically zero.” The notebook further
records that the helium level stood quite still. That entry con-
tradicts the oft-told anecdote about the key role of a “blue
boy” —an apprentice from the instrument-maker’s school
Kamerlingh Onnes had founded. (The appellation refers to the
blue uniforms the boys wore.) As the story goes, the blue boy’s
sleepy inattention that afternoon had let the helium boil, thus
raising the mercury above its 4.2-K transition temperature and
signaling the new state—by its reversion to normal conductiv-
ity —with a dramatic swing of the galvanometer.

The experiment continued into the late afternoon. At the
end of the day, Kamerlingh Onnes finished with an intriguing
notebook entry: “Dorsman [who had controlled and meas-
ured the temperatures] really had to hurry to make the ob-
servations.” The temperature had been surprisingly hard to
control. “Just before the lowest temperature [about 1.8 K] was
reached, iling d was replaced by
evaporation in which the liquid visibly shrank. So, a remark-
ably strong evaporation at the surface.” Without realizing it,
the Leiden team had also observed the superfluid transition
of liquid helium at 2.2 K. Two different quantum transitions
had been seen for the first time, in one lab on one and the
same day!

Three weeks later, Kamerlingh Onnes reported his re-
sults at the April meeting of the KNAW.” For the resistance
of ultrapure mercury, he told the audience, his model had
yielded three predictions: (1) at 4.3 K the resistance should
be much smaller than at 14 K, but still measurable with his
equipment; (2) it should not yet be independent of tempera-
ture; and (3) at very low temperatures it should become zero
within the limits of experimental accuracy. Those predictions,
Kamerlingh Onnes concluded, had been completely con-
firmed by the experiment.

For the next experiment, on 23 May, the voltage resolu-
tion of the measurement system had been improved to about
30 nV. The ratio R(T)/R, at 3 K turned out to be less than 107.
(The theory’s normalizing parameter R, was the calculated
re<sistance of crvetalline mercuirv extranolated to O °C Y And



Kamerlingh-Onnes

- S (1853 - 1926)
5 From the sudden jump it was clear that a totally new and
o 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
495 f the historic Solvay Conferences.[H. Kamerlingh Onnes,

0558 Commun. Phys. Lab. Univ. Leiden. Suppl. 29,(Nov. 1911)].
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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)].




GOLOSCHMICT
MERNST

PLANCK
SRILLCAUIN

R

¥

Solvay Congress 1911

S e s
nv;..f;‘:.‘.:;';i‘ ,&. Y

4
..-’ -l o

e way,
RUBENS LINDEMANN HASENOHRL
SOMMENFELD K. DE BROGLIE HACSTELEY
SOLVAY KNUDSEN HERZEN IFAMNS HUJTHEZFORD
LORENTZ VWASBURG WIEN
PLRAIN Madera CURIE POCNTARE

EINSTLIN
KAMERLINGY | ONNES

LANGEVIN




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).] 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).
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Figure 5. Gerrit Flim’s drawing of the setup for a persist-
ent-current experiment in May 1914. In this top view (bove-
naanzicht), one sees a compass needle pointing north be-
tween a superconducting lead coil (west) immersed in
liquid helium in a double-walled dewar and a normally con-
ducting copper coil (east) of equal size immersed in liquid
air in a single-walled vessel. The copper coil, whose connec-
tion to a current source and galvanometer is not shown, cal-
ibrates and monitors the persistent current in the supercon-
ducting coil. When both currents are equal, the compass
points due north. (Courtesy of the Boerhaave Museum.)

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.
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Supraleiter {
gnetisch) fast ungehindart durch sie hindurch. Nach den
bisherigen ,Anschauungen war zu erwarten, daB die Kraft-
linienverteilung unverandert bleibt, wenn man die Tempera-
tur, ohne an dem #duberen Magnetfeld etwas zu dndern, bis
unter den Sprungpunkt erniedrigt. Unsere Versuche an
Zinn und Blei haben im (Gegensatz hierzu folgendes ergeben:

1. Beim Unterschreiten des Sprungpunktes &ndert sich
die Eraftlinienverteilung in der dulleren Uhx ebung der
Supraleiter und wird nahezu so, wie es bei g€

0, also der diamagnetischen Suszeptibilitat
leiters zu erwartern wire.
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I Berl. Ber. 15, 544 (1933).

1933 Walther Meissner i Robert Ochsenfeld dokonali odkrycia zjawiska usuwania z ea
wnetrza nadprzewodnika pola magnetycznego (idealny diamagnetyzm).

ns
war der Feldverlauf nach Unterschreiten des Sprungpunlktes
wieder etwa so, wie er bel der Permeabilitit o des Supra-
leiters zu erwarten ist.

Beirn Ausschalten des dufleren Feldes im supraleitenden
Zustand des Bleis blieb das Feld im Inneren des Bleirdhr«
chens unverindert bestehen. Die Feldstirke in der dulleren
Umgebung wurde nicht v3llig Null. Zum Beispiel blieb an
der Stelle der Bieioberfliche, wo im nichisupraleitenden Zu-
stand das Feld normal zu ihr stand, bei verschiedenen MeB-
reihen eine Feldstirke von 5—i15 % derjenigen des dulleren
Feldes bestehen.

Wurde das dullere Feld nach Eintritt der Supraleit{fihig-
keit emg&sehaltet, so Dblieb die Feldstirke im Inneren des
Bleirdhrchens, wie schon nach den bisherigen Anschauunben

zu erwarten war, Null. Der Kraftlinienverlauf in der auﬁererF“tz Walther MGISSﬂ er

Umgebung entsprach wieder etwa dem bei der Permeabili-
tiat o des Supraleiters zu Erwartenden.

Die Darstellung des Befundes durch Angabe der Ande-
rung der makroskopisch definierten Permeabilitat staBt
vielleicht fiir die Vorgénge im Inneren des Bleirdhrchens auf
Schwierigkeiten, da mdglicherweise kein eindeutiger Zu-
samimenhang zwischen Induktion und Feldstirke mehr be-
steht. Statt dessen kann man offenbar, tiefer gehend, die
Ergebnisse darzustellen suchen durch Angabe von mikro-
skopischen oder makroskopischen StrSmen in den Supra-
leitern unter Annahme der Permeabilitat 1 an den strom-
freien Stellen. Diese Strome Andein sich offenbar spontan
oder traten spontan neu auf beim Rintritt der Supraleitfihig-
keit entsprechend dem neuen Effekt.

Mit dem neuen Effekt hingen folgende weitere experi-
mentelle Befunde zusammen, die hier mur kurg erwihnt wer-
den kdnnen:

Sind die parallelen Supraleiter durch eine an einem Ende

angehrachte Verbindung hintereinandergeschaltet und wird Robert Ochsenfeld

durch sie von auflen ein oberhalb der Sprunglemperatuy ¢in-
geschalteter Strom hindurchgeschickt, so wird der Magnet-
feldflufs zwischen den Supraleitern beim Unterschreiten des
Sprungpunktes ohne Anderung des duleren Stromes grober.
Wird die Sprumgkurve an Zinneinkristallen bei niemals
unterbrochenem #duBeren Strom aufgenommen, so treten
auch ohne Auberes Magnetfeld Hysteresiserscheinungen auf,
indem die Sprungpunkte beim Steigen und Sinken der Tem-
peratur nicht zusammenfallen.

Schiieflich sei noch auf die Analogie zum Ferromagnetis-
mus hingewiesen, den schon frither Gerrack® in Parallele
zur Supraleitfihigkeit gestellt hatfe.

Berlin, Physikalisch-Technische Reichsanstalt, den 16.
Qktober 1933, W. Mzissngr. R. OCHSENFELD.

1 Metallwirtschaft 9, 1006 (1930)

Def.

R=0
Bw=0




Teoria
1933 Walther Meissner i Robert Ochsenfeld dokonali odkrycia zjawiska usuwania z
wnetrza nadprzewodnika pola magnetycznego (idealny diamagnetyzm). L1F
1935 bracia Fritz i Heinz Londonowie teoretyczny opis tych zjawisk

w oparciu o elektrodynamike Maxwella D —

1950 Witalij Ginzburg i Lew Landau opublikowali teorie nadprzewodnictwa

na podstawiefenomenologicznej teorii przejs¢ fazowych Landaua
1955-7 potem rozwinietg przez Aleksija Abrikosova i Gorkova (G LAG)

B , = T
- &

1957 pojawia siezdowalajqcy mikroskopowy opis nadprzewodnictwa,
J. Bardeena, L. Coopera i J. R. Schrieffera , teoria BCS VN (ES)
~ F
- - A=2hwoe

!
kT, =1.14 . " E”

P(r)=P(ne’” =|w(r)e®"
Ao =9.37x107yM2(nS) T -t) 2

g =5.87x107(nS)(T,y) *(1—1) ™2

kK =1.6x10"Ty¥2(nS) 2 =hg /&g

zjawisko B. Josephsona, Nobel 1973




Wysokotemperaturowe
nadprzewodniki

temperatura wrzenia ciektego azotu

A Kotodziejczyk, Wyktad dla studentow



ROK T, (K MATERTAL UWAGI
1911 4.154  Hg (odkrycie nadprzewodnictwa),
Heike Kamerlingh-Onnes, Georg Holst, Universiteit Leiden,
H. Kamerlingh Onnes, Leiden Comm. 120b 122b, 124¢,(1911).
1913 7.196 Pb Heike Kamerlingh Onnes, Universiteit Leiden
1932? 9.25  Nb (hajwyzsza temperatura dla czystego pierwiastka)
1932 11.5 NbC, ? Niobium carbide
1941 16.1 NbN, E. Justi, Berlin
1953 17.1  V,Si, 6.F. Hardy and J.K. Hulm, University of Chicago
Physical Review. Vol. 89, No. 4 (February 1953):
1954 18.1 Nb,Sn, B.T. Matthias, T.H. Geballe, S. Geller, E. Corenzwit
Bell Telephone Lab., Phys. Rev. 95, (1954): 1435. Nb,Al
1962 9 Nb, _, Ti, pierwszy materiat na drut nadprzewodzqcy,
Westinghouse, I. Pfeiffer,H. Hillmann, Acta Met.16, 1429
(1968). Niemcy
1971 15 PbMo,Sg Fazy Chevrela ogdlnie:M, Mo X gdzie M jest
metalem 4f a X jest S, Se,Te
1973 23.2  Nb;Ge (konwencjonalny o najwyzszejtemperaturze <BCS)J.R.
Gavaler, et al.,Applied Physics Letters. 23 (1973): 480

1961 Odkrycie kwantowania strumienia w nadprzewodnik
1962 Zjawisko Josephsona
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EXPERIMENTAL EVIDENCE FOR QUANTIZED FLUX IN SUPERCONDUCTING CYLINDERS™

Bascom 8. Deaver, Jr..and William M. Fairbank

Department of Physics, Stanford University, Stanford, California
(Received June 16, 1961)
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1974

1979

1980

1980

1985
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PdH, T. Skoskiewicz, Superconductivity in PdH and PdNiH system
Phys.St.Solidi (a) 11 (1972) K123

Al-C-Al K. Antonowicz, Possible superconductivity at room

temperature, Nature 247, 358-360 (8 February 1974
doi:10.1038/24735840, Nicolas Copernicus University, Torun,

CeCu,Si,, poczatek ery nadprzewodnikéw ciezko- fermionowych,
F.Steglich et al. Phys.Rev.Lett., 43 (1979) 1892

Y,Co; Y Co, wspotistnienie VWIF + S po raz pierwszy !
Kotodziejczyk A., Sarkissian B.V.B., Coles B.R.,Magnetism and
superconduc’rnw’ry in a transition metal compound Y, Co, ",
J.Phys.F: Metal Phys. 10 (1980) L333

(TTMTSF),-X = ReO, PF, K.Bechgaard i D.Jerome, Dania
b-(BEDT-TTF),X= Cu(NCS), (T=0,9 K, p=12 kbar).W Little
.Organic superconductors” 1990

Odkrycie fullerenéw, H W Kroto, J R Heath, S C O'Brien, R F Curl
and R E Smalley, 'C60: Buckminsterfullerene',Nature, 318 (1985) 162

Fuleryty nadprzewodzqce, Hebard, A.F.; et al. (1991).
"Superconductivity at 18 K in potassium-doped C60". Nature 350,
600 Nobel 1996
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J. Phys. F: Met. Phys. 13 (1983) 395
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There is onby one example of the enhancement ol superconduciivily due Lo hydro=

gon réponed in the lterature (1}, It was found thet the thorium kydride of the com-

-4 M TarBilrary wilsl

position spproximating Th LH iz guperconduciing with the lransilion lemperuiure

15
ranging From 8,05 to §235 K, Thovigm iteelf is keown to be soperconducting with
the crilical temporatare 1,207 K,

[n ihis paper [ would like to presernt the supercondustivity discovered by electrical Y

kL1 o
reaigtonec messuremenls io palledinm -hydeogen aml pelladism -niclkel -nydrogen

BYStemME.
:
. . 3 N -
Samplea of dimensions T0x2x0. 1 mm~ were used ‘h the moasuremente. Dlatinunt
wires wore uged as the peiemtial snd current leads, The loads woere spot welded to ] I
o 200

1the gamples.

H (&)
Aezsurements of the electrical resigtance of the samples before the hydrogen

Flgurs 1. Magnetisation against applied magnetic feld for a sample with H/Pd=D0.863,

showing the kink in the magnetisation between M, and H,,. The magnetisation shown is for

The samples were loaded with hydrogen by electrolysis of 0,1 n H_ 80 usinga increasing applisd magretic field only. For this hydrogen concentration the kink is nos
- = apparent for temperatures above 2.0035 K.

waz infroduced revealed no anomalous behaviour.

2
rurrent density ranging trom 30 to 160 maA/cm”. The diflerent hydrogen concen-

traliong were obtained by controlled desorption of hydrogen from e sampies, The

ameomd. of the hydrogen desorbed was determined with a mass spectrometer. Th

pregision of the H/PA determinulions was whod 2%, Hcl{o) Hc(o) Hc:(o) Jr:1 (0) Tc
I Fig. 1 the electricsl resistance of the palladium hydride sample iz shown x= HJ/Pd (G) (G) (G) (G) (K)

ag a funeiion ol lemperaluee, Om the right-hand eide of the figure the resistivily

zeale is given. Bofore the introduction of hydrogen Lhe resistance of the samplse 0.821 110 200 395 - 1.488

wis mezsured at Heuid nilrogen temporature, snd the geometrical factor was 0'826 ) ]0 220 400 - 1‘600

determined Ty cormparizon with While ond Wowd™ s date 23, The resistance of the gg;; ggg ;gg 'ﬁfgg g:g ggg;

sample witk the siomic raliv H/Pd - ¢. 87 cxhibits a broad supercondocting tran- 0.862 155 470 965 840 2.672

1) Permanent address: Instilule of Physieal Chemistry, Polish Academy of Scier (3,863 230 420 1000 880 2.695

s ‘ 0.875 250 480 1110 1000 3.090
0.881 230 455 1200 1000 3.305
0.887 250 480 1250 1075 3.590

0.905 290 515 1290 1250 4.158




Letters to Nature

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

Al - C - Al Possible superconductivity at room temperature

K. ANTONOWICZ
Physical Institute, Nicolas Copernicus University, Torun, Poland

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 Pearsonz 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 dayss.

RTSC czy USO ?
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Nadprzewodnictwo aktynowcow

1969
1984

Table 1 Actinide superconductors, with their transition temperature T, and nearest -/
Spacing d.

Material T.(K) ¢ (nm) Material T (K) ¢ (nm)
-1 -0.1""? 0.31 P, 1477 0.35
[3-U 0.75-0.85""" 031 UALSI 1.34° 041
y-U | 85-2.07"* (.20 UALGe; .60 042
UCa .22 0.27/0.36° UGasGes 087" (.42
UgFe 1781 (.32 URW:Si3 .55 041

UgMn 231" 0.32 UG es 0.47F 0.38
LsCo 23307 0.32 ULy (). 14 (0.33-0.38¢8
1gNi 033" 0.32 UPdaAly KR (.40
T UP | 0oadre | 041 | | UNiAL |0 040
LR, 0.145" 0.40 URhGe 0.25"4 (.35
UBe1s 09" 051 PuCoGas 1857 042
Ualr |.3® 0.40 PuRhGas 8.7 (.43
UsGes (.00 0.29/0.36° Am 0,797 0.30
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T. exceeds 2

K under pressure: "T. depends on element
structure; “Two inequivalent U sites; “Superconductivity ¢

(Ty=35 K): “Superconductivity controversial;

coexists  with  weak 1timerant

as discussed in the text.

'Su percond
magnetism (Ty=17.5K); *Superconductivity pressure in
ferromagnetism:
superconductivity pressure induced at Pex 2.6 GPa, near tl
ferromagnetism; "Superconductivity coexists with strong a
ISuperconductivity  coexists with weak magnetism  ( Ty
coexists with weak itinerant ferromagnetism (Te=9.5 K): 8
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CeCu,Si, (1979)

10 J. C. Ho, N. E.Phillips and T. F. Smith, Phys. Rev. Lett., 1966, 17, 694.
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Magnetism and superconductivity in a transition

metal compound: Y,Co,

(potem YoCo7)

A Kolodziejczykt, B V B Sarkissian and B R Coles
Blackett Laboratory, Imperial College, London SW7, England, UK

Received 22 September 1980

Abstract. Measurements of ac susceptibility and electrical resistivity show the onset of
magnetic order at about 3 K and the onset of superconductivity at about 15 K in samples
of Y4Coy which are believed 10 be single phase. Interpretations are considered which take
into account the charactenstic structure of the compound and different possible types of
magnetic ordering.
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Magnetyczne fluktuacje spinowe

Spin fluctuations in a very weak itinerant ferromagnet: Y, Co,

A Kolodziejczyk and J Spatek

Department of Solid State Physics, Academy of Mining and Metallurgy (AGH), Al
Mickiewicza 30, 30-059 Krakow, Poland

Received 7 July 1983, in final form 23 September 1983

Abstract. We present a detailed comparison of the data on magnetic susceptibility and
resistivity as a function of temperature with the predictions of the theory of weak itinerant
ferromagnetism which takes spin fluctuations into account, The agreement is good provided
we decompose the paramagnetic susceptibility into the Curie—=Weiss and the temperature-
independent parts. We also compare the results obtained for Y, Coy with those for other
weak ferromagnets. The Stoner enhancement factor and the molecular field at T=0 are
determined. We also draw some conclusions about the electronic structure of Y Coj (or
Y Coq) above the superconducting transition temperature.



Wspé’fistnieniu obu zjawisk, ktére w zasadzie powinny konkurowadg, a ktére zostato

udowodnione w naszych pézniejszych pracach podsumowanych w habilitacji w 1986 roku.
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Figure 1. The temperature dependences of {a) resistivity. g, and spontancous magnetisa-
o, M0 Ty and (h)y ac susceptibility, ¥, tor Y.Cao-.

Pierwszy ferromagnetyczny nadprzewodnik pasmowy!!!
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Odkrywcy fullerenow (Nobel 1996)

H W Kroto, J R Heath,
S C O'Brien, R F Curl
and R E Smalley, 'C60:
Buckminsterfullerene',
Nature, 318 (1985) 162

o

k«l1 l}U W\MM

. a6t B Slo H;f) | BOb Curl

Liczba atomow w kiasterze

A

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

." KCg, w ktoym atomy potasu zajmujq potozenia migdzy dwiema
! plaszczyznami przechodzi w stan nadprzewodzacy w temperaturze
,l T.=0,55 K. W 1991 r. zesp6t Haddona odkryl nadprzewodnictwo w

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

potassium-doped C60". Nature 350: 600.



Fulereny (the Bucky balls)

Buckminsterfulleren zawiera 60 atomow
wegla w wierzchotkach triacontaduohedronu
o $rednicy 7.1A .

Cgo Samo nie jest nadprzewodnikiem, lecz
moze by¢ domieszkowany metalami
alkalicznymi, (ktore tworzg fcc sieC ze stalg
10A) dajac w wyniku nadprzewodnik A,Cy,

Compound T,

K5Ceo 19K
K, RbCy, 22K
Rb,KC, 25K
Rb;Cq 29K
Cs;Cq 47K

Chociaz tutaj efekt izotopowy jest typu BCS-owskiego w C, istniejg dane,ze
nadprzewodnictwo nie musi by¢ konwencjonalne.
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Metallic, oxygen-deficient compounds in the Ba—La —Cu—O system, witk the compuosi-
tion Ba,Lus_,CugOs -y bave been prepared in polycrystalline form. Samples with
x=1 und 0.75, y> 0, annealed below 900 °C under reducing conditions, consist of three
phases, onc of them a perovskite-like mixed-valent copper compound. Upon cooling,
the samples show a lincar decreasc in resistivity, then an approximately logarithmic
increase, interpreted as a beginning of Joculization, Uinally an abrupt decrease by up
to three orders of magnitude occurs, reminiscent of the onset of percolative superconduc:
tivity. The highest onset temperature is observed in the 30 K range, L is markedly
reduced by high current densities, Thus, it resulls partially [rom the percolative nature,
bate possibly also from 2D superconducting (luctuations of double perovskite layers

George
Bednorz

Alex
Muller

of one of the phases present.

L. Introduction

*“At the extreme forefront of rescarch in supercon-
duclivity is the cmpirical scarch for new materials™
[1]. Transition-metal alloy compounds of 415
(Nb,Sn) and A1 (NbN) structure huve so [ar shown
the highest superconducting transition temperatures.
Among many A 13 compounds, careful optimization
of Nb— Ge thin films near the stoichiometric compo-
sition of Nb,Ge by Gavalev et al. and Testardi ct al.
a decade ago allowed them to reach the highest T, =
23.3 K reported until now {2, 3]. The heavy Fermion
systemns with low Formi cnergy, newly discovered, are
not expected to reach very high 7.'s [4].

Only a small pumber of oxides is known (o exhibit
supereonduetivity. High-tlemperature  supercenduc-
tivity in the Li—Ti—O system with onsets as high
s 13.7 K was reported by Johnsten ct al. [§]. Their
x-ray analysis revealed the presence of three different
crystallographic phases, one of them, with a spinzl
structure, showing the high 7, [5]. Other oxides like
perovskites exhibit superconductivity despile their
small carsicr concentrations, #. In Nbh-doped Sr1iQ;,
with n=2% 102" em ™%, the plastna edpe is below the
highest optical phonon, which is therefore unshiclded

[6]. This large slectron-phenon coupling allows a T,
of 0.7 K [7] with Caoper paiting. The occurrence of
high cleetron-phonan coupling in another metaliic
oxide, also a perovskile, bewuine evident with the dis-
covery of supcrconduclivity in the mixed-valent com-
pound BaPb, - .Bi,O, by Skight et al,, also a decade
aga [8]. The bighest T, in homogeneous oxygen-defi-
cient mixed crystals is 13 K with a comparatively low
concentration of cardcs n=2-4x 10" em ™ [9]. Flat
clectronic bands and a strong breathing mode with
a phonon feature near 100 ¢m™ 1, whose intensity is
proportianal to 7, exist [10], This last example indi-
cates that within the BCS mechanism, onc may find
still higher T.'s in perovskite-type or related metallic
oxides, il the electron-phonon interactions and the
carrier densitics at the Fermi level can be enhanced
further.

Strong cleetron-phonan interactions in oxides
can occur owing 0 polaron formation as well as in
mixcd-valent systems. A supereonductivity (mctablic)
1o bipolaronic (insulator) transition phase diagram
was propused Lheoretically by Chakraverty [11]. A
mechanism far polaron formation is the Jukn-Teller
effect, us studied by Hock ctal. [12]. lsolated Fe**,
Ni?' and Cu** in octahedral oxygen cnvironment
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Odkrycia niespodziewane

Kapica (1959) zdefiniowal odkrycia niespodziewane jako takie, ktérych
nie mozna byto ani przewidzie¢, ani w peini wyjasni¢ w ramach
wczesniej istniejacych teorii. Wedlug Kapicy w ciagu poprzednich 200
lat zdarzylo sie tylko osiem takich niespodziewanych odkryc¢:

Prad elektryczny (Galvani, 1780)

Efekt magnetyczny pradu elektrycznego (Oersted, 1820)
Zjawisko fotoelektryczne (Hertz, 1887)

Negatywny wynik doswiadczenia Michelsona-Morleya (1887)
Elektron (J. J. Thomson, 1897)

Promieniotwérczosc (Becqguerel, 1896)

Promieniowanie kosmiczne (Hess, 1912)

Rozszczepienie uranu (Hahn i Strassmann, 1938)

Mozna zapewne dyskutowac stusznos¢ wyboru Kapicy (Dlaczego nie sa
wiaczone promienie X ?, dlaczego na liscie jest elektron ?) i z pewnoscia
mozna te liste juz rozszerzyc¢ o kilka dalszych pozyciji:

Czastki dziwne (Rochester i Butler ,1947)

HWEIEW {Schmidt, 1953} z K.Wréblewski, Historia Fizyki
Nadprzewodnictwo przy wysokich temperaturach (Bednorz i Muller, 1986)



Inne WTN

214 La, Ba,CuO, 35K 1
La, Sr,CuO, 38K 1
(La,_Sr, )CaCu,Oq 60K 2
123 YBa,Cu;0, 92K 2
2201 Bi,Sr,CuOq 20K 1
2212 Bi,Sr,CaCu,0Oq4 85K 2
2223 Bi,Sr,Ca,Cu;0,, 110K | 3
TIBa,CaCu,0, 80K 1
TIBa,Ca,Cu;0, 110K | 2
TIBa,Ca,Cu,0,, 122K | 3
4 HgBa,CuO, 94K 1
HgBa,Ca,Cu;0q4 135K 3
_ HgBa,Ca,Cu;0q4
Liczba
ptaszczyzn
Tymi sie zajmujemy Cuo,




- Fluktuacje : DyBa,Cu;0, Absorpcja mikrofal przez ztqcza J-J
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0.4 UGe,, S.S. Saxena et all "Superconductivity on the border of itinerant-
electron ferromagnetism in UGe, ", Nature 406, 587, 2000
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45 AgsPb,O, -type I dirty superconductor, S. Yonezawa, and Y. Maeno
cond-mat/0509018, 1 Sep 2005
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Superconductivity in a HF AF Ce,PdIng PRL 103 (2009) 027003

Wspotistnienie nadprzewodnictwa z ferromagnetyzmem !

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

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

2007 0.5 UCoGe, N.T.Huy et al.., PRL 99 (2007) 067006 =Y Co,



PROBLEM 1:

5 . . . . :
UGez2 ) I R —
o [_.TGE‘.E J Y CO
60 . . . . I . . . . L ] A 9 7
R 1
§ 1.0 + _ 4 |
Te ™ v Tc
_ 40F wp o_ E
=} 1.1 1.6 2
o ©
. g
g £
£ \ 2
= |
Sp I: \
. | Tyl ' D 1 : _ : _ .
0 0.5 10 P, 15 2.0 0 1 2
Pressure (GPa)

Pressure / GPa

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

A Kotodziejczyk, C. Sutkowski,
J. Phys. F: Met. Phys. 15, 1151, 1985

C. Y. Huang, C. E. Olsen, W. W. Fuler, J. H. Huang, S. A. Wolf,
Solid State Commun. 45, 795, 1983.



(g

| | | ]
1.0 -
0.5 _
" Intzgratad intensities 1
X o (011) |
« (111)
0.0
I I I I
0 2 4 & 10
T K
Tc=10K

Ko (3] UNits) o (ug2 cm

ST imd K2 maol )

200

100 -

=

| 1 I T T T T -I.
- e
B a
1 -—-'h' 1 1 1 L

— I. - _/ —
- -:l:-l __--'--'--F |

. b
B --'r i - v"'-.__"- ]
L _|"" = e -
I:F-l_":l::ll- |
I 1 1 1 1 1 c |
0.1 0.2 02 0.4 0.5 0.5 0.7

Tk
Tsc=0.3K

D. Aoki, A. Huxley, E. Ressouche, D. Braithwaite, J. Floquet, J. P. Brison, E. Lhotel, C. Paulsen,
“Coexistence of superconductivity and ferromagnetism in URhGe”, Nature 413, 613, 2001



ica C 385 (2003) 85-90 - -
Nadprzewodnik z grafitu

(a)
— || Hela Wapn wstawiony miedzy ptaszczyzny grafitu
3= y | T= prowadzi do nadprzewodnictwaz 7. = 11,5 K.
= ——. ﬁijﬁ
-s.; é HA-Q—DB‘DH Dys— ngqll
S| i T=5.4K ' ¢
- Ak Y ( X L]
Q Z T, o
= 2 “"---1—\’*"-@-_&-&&& . o
= = cear b b b gy _._. ;U"u
15 10 5 Eg -5 b ¥ i i
Binding EnergyimeV) bR 2
0.3 *
PR TN T [N N M T NN N SN T N N TR T N N IR e i) ; =
80 60 40 20 Er -20 . . . o . £5
Binding Energy(meV) - G148 aMdumBnE
R3an Tanpars
6 J_I TTTTTTTT I TTTTTTTTT I TTTTTTTTT I TTTTTT I_I
e R (b) . /N. Emery et al, Phys. Rev. Latt. 95, 087003 (2005)/
sk T K DAVR.
- T YA Najtwardszy nadprzewodnik
4 * —
>k ]
g 3 - Diament domieszkowany borem (synteza pod cisnieniem
a - T ] 100 tys. atmosfer) staje sie nadprzewodnikiemw T. = 4 K.
F & - 7
- I SUC 3 N S
1 =t~T1 ' -
N T B o 0GPa
C - = g lb [ =ai cha
0'|_||||I|||||||||I|||||||||I|||||||||I L1 Eﬁ B 4
0 10 20 30 a4l &
4 BE I
Temperature (K) o g
2p I g
Fig. 3. (a) Temperature dependent photoemission spectra (5.4 { {'_ 8
and 45 K) near Er of the MgB> polycrystal. Energy resolution is 0 L L

3.8 meV. The inset shows the enlarged spectrum near Er taken Przezrocza z 0 50 100 15_?_ sz 250 300
at 5.4 K. The spectrum is fitted by assuming two different gaps. (k)

(b) Temperature dependence of the estimated gaps and the BCS . DOMANSKI UMCS Lublin
F A Ekimovet al, Nature 428, 542 (2004) /

predicted curves (dashed and dotted curves). The data are from
Ref. [25]. http://kft.umcs.lublin. pI/doman/Iectur



FI1G. 1.

Superconductivity on the border of weak
itinerant ferromagnetism

5

N:I'.‘I

1.
=

(Ei) B= 0.01T

002+

3

%]

[ =]

-
L

° S

=
=
M (107 pfu.)

}\;E I|I

| - .
- L . :
- | . RRR=10

a  UCoGe #2 |
_‘1{} .-"ll. 1 1 1 L I 1 1 1 1

o 1 2 3 4 5

T (K)

N.T.Huy et al.., PRL 99 (2007) 067006

Magnetic and SC properties of UCoGe sample 2.
(a) Magnetization M as a function of ¥ in a field B of 0.01 T.
The dashed line extrapolates to myy = 0.03 g for T — 0. The
Curie temperature ¥ = 3 K is marked by the dotted wertical
line. Left inset: Hysteresis loop AM(E) at T = 2 K with coercive
field of 0.3 mT. Right inset: Arrott plot of magnetization iso-
therms at 77 = 2.0, 2.4, 2.8, 3.0, 3.5, and 4.5 K (from top to
bottom). (b) ac susceptibility y.. (left axis) (in B = 1077 T). and
resistance R (right axis) as a function of 7. The maximum in y{_.
and the broad hump in R locate T-. SC for sample 2 is found
below 0.61 K in R(7") and below 0.38 K in (7).
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Figure 1. The Ac susceptibility ¥’ and the AC resistance R

A.Kolodziejczyk et al.., J.Phys.F (1980) 333
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Electronic structure, magnetism, and spin fluctuations in the superconducting

(a) xz plane, y = 0.0 ag

-2.0 T e —_————_—————
=20 -15 -10 =05 00 05 10 15
x (ap)
Ef 80

s0 | —-copos ||

£
=1
I3

weak ferromagnet Y, Co;

B. Wiendlocha.” J. Tobola, S. Kaprzyk. and A. Kolodziejczyk

0.4993
0.4493
0.3993
0.3493
0.2993 M‘/E

N
0.2493 <
Py

N(E) Ry /spin)
[

N(E) Ry fspin)
(=]

200 8

A (b) xy plane, z = 0.0 ag (c) xy plane, z = 0.31 ap

g = |
01993 05 ¢
0.1493 -1.0 §
0.0993 -1.5
0.0493 =20
-0.0007 2.5 = R —— R S S T ————
2.0 -25-20-15-10-05 00 05 1.0 15 20 -25-20-15-10-05 00 05 1.0 15 20 25
X (ap) x (ap)
03993
il
0.3493
5 ) 0.2093
— 3
g.q 0.2493
} A ol 0.1993
Vi il AN )
VL N . 0.1493
“ M? 'r{" ! B 2 R
H HH | B 00945
| i LT 0.0493
! 4 }Er - [ B B B B B B A B S DS R e 00007
i o1 2 3 4 5 6 7 & 9 10 11 12 13 14 15 16 17 18 19 20 21
[ |\| L X [a'li)

40 40
80
80 —
120 J‘ -
L | L | L L | L 120 L |
02 015 01 005 00 0.05 02 D15

E (Ry)

-0.1 -0.05 0.0 0.05

E(Ry)

FIG. 4. (Color online) Comparison of the Co(3) partial DOS from
non-spin-polarized (left) and spin-polarized (right) calculations. Peak

under Er in nonmagnetic state is well visible.

FIG. 8. (Color online) Spin-magnetization distribution in the y =
0 plane (face of the unit cell). showing that the charge density in the

large areas of the unit cell is almost not polarized.

0.1996

0.1796

101596

0.1396

0.0996

0.0796

0.0596

0.0396

0.0196

-0.0004



ROK T, (K) MATERIAL UWAGT

Nadprzewodniki z zelazem....?

2008 25-55 La[O, _,F,] FeAs, Kamihara ¥, Watanabe T, Hirano M, Hosono H

2008

2008

2010

Iron-based layered superconductor La[O1-xFx] FeAs (x=0.05-
0.12) with Tc=26 K. J Am Chem Soc 130:3296 (2008),
Frontier Research Center, Tokyo Institute of Technology,

8 Fe,Se,_,, Superconductivity in the PbO-type structure o-FeSe,
Fong-Chi Hsu+11, PNAS September 23, 105 (2008) 14262
Institute of Physics, Academia Sinica, Taipei 115, Taiwan

26 (Ca;_,Na, )Fe,As, Parasharam Maruti Shirage et all,
Superconductivity at 26 K in.... 2008 The Japan Society of
Applied Physics published online August 1, 2008 Tsukuba, Ibaraki

30 K, Fe,Se,, Jiangang Guo+8,Superconductivity in the iron selenide
K.Fe,Se, (0x1.0), PHYSICAL REVIEW B 82, 180520R
(2010) Research & Development Center for Functional
Crystals, Beijing National Laboratory for Condensed Matter
Physics, Institute of Physics, Chinese Academy of Sciences,
National Centre for Nanoscience and Technology,



Superconductivity in Fe

K. Shimizu et a/. Nature 412, 316-31

(2001)
2,000
3
o
I |
© 1,000
@ Incipient
& bac antiferromagnetism?
= Ferro- i 100 T Superconductivity
magnetism c T2 <
Pressure (gige. i 4
-"5?:-,. i - ™
» [ e—————— (o -.




O
&

—=—Re = Sm
| R ki ReFeAsO1_6

Re = Pr
0.4' v— Re=Ce
Re = La

O
w
—

Resistivity p (mQ cm)
o O
- N

0.0} .
20 25 30 35 40 45 50 55 60 65
Temperature (K)

Iron-Based Layered Superconductor La[O1-xFx]FeAs (x ) 0.05-0.12)with Tc ) 26 K
Yoichi Kamihara,*,T Takumi Watanabe,f Masahiro Hirano,,§ and Hideo Hosonot,1,§
J. AM. CHEM. SOC. 9 VOL. 130, NO. 11, 2008 3297




.~

» »

0o 0@ Y0

LaOFeAs

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
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FIG. 3. The temperature dependence of electrical resistance for
the K gFe,Se, crystal sample. The lower inset shows the details of
superconducting transition from 10 to 40 K. The upper inset shows
temperature dependence of normal-state Hall coefficient for crystal
sample.
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