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超导电性是物理学领域最有趣的物理现象之一。
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阿布里科索夫在1953年的研究
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Periodic Table of Superconductivity
(dedicated to the memory of Bernd Matthias; compiled by James S. Schilling)

30 elements superconduct at ambient pressure, 23 more superconduct at high pressure.

H ambient pressure high pressure He
superconductor superconductor
Li Be B C N (0] F Ne
0.0004|0.026 TAK)
14 3.7 T "N(K) T . (K) 11 0.6
30 30 P(GPa) P(GPa) 250 100
Na Mg Al Si P S Cl1 Ar

1.14

K Ca Sc Ti A% Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr
0.39 | 5.38 0.875]1.091
29 196 ] 3.35 | 16.5 2.1 7 535] 24 8 1.4
217 106 | 56.0 | 120 21 1.4 11.5 32 150 | 100
Rb Sr Y Zr Nb Mo |Tc Ru Rh Pd Ag Cd In Sn Sb Te I Xe
0.546( 950 | 092 | 7.77 | 0.51 |.00033 0.56 |3.4041|3.722
7 19.5 11 99 5.3 39 7.5 1.2
50 115 30 10 11.3 25 35 25
Cs Ba insert |Hf Ta W Re Os Ir Pt Au Hg-o (T1 Pb Bi Po At Rn
La-Lu| 0.12 |4.483(0.012| 1.4 |]0.655]| 0.14 4.15312.39 [7.193
1.3 5 8.6 4.5 8.5
12 18 62 43 9.1
Fr Ra insert |Rf Ha
Ac-Lr

La-fcc|Ce Pr Nd Pm (Sm Eu Gd Thb Dy Ho Er Tm |Yb Lu

6.00
13 1.7 2.75 12.4
15 5 142 174
Ac Th Pa U Np Pu Am |[Cm Bk Cf Es Fm |Md |No Lr
1.368( 1.4 |0.8(B) 0.79
2. 4(c) 22
1.2 6

M. Debessai, T. Matsuoka, J.J. Hamlin, W. Bi, Y. Meng, K. Shimizu, and J.S. Schilling, J. Phys.: Conf. Series 215, 012034 (2010).
High pressure data for Ca and Be: K. Shimizu email from 9 Dec 2013.
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PHYSICAL REVIEW LETTERS 122, 027001 (2019)

Editors® Suggestion Featured in Physics

Evidence for Superconductivity above 260 K in Lanthanum Superhydride
at Megabar Pressures

Maddury Somayazulu,"”~ Muhtar Ahart,' Ajay K. Mishra,”>* Zachary M. Geballe,” Maria Baldini,**
Yue Meng,3 Viktor V. Struzhkin,” and Russell J. Hemleyl‘%
'Institute for Materials Science and Department of Civil and Environmental Engineering,
The George Washington University, Washington, DC 20052, USA
2Geophys.ical Laboratory, Carnegie Institution of Washington, Washington, DC 20015, USA
3HPCA]’", X-ray Science Division, Argonne National Laboratory, Argonne, Illinois 60439, USA
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Superhidride 超氢化物。
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此外，德国埃森市的超导电缆已经成功运行了4300个小时(180天)。这条目前世界上最长的超导电缆的输电能力是传统电缆的5倍以上，电力损耗几乎为0。
2014年4月30日投产以来，莱茵集团已经靠它输送电力达到2000万千瓦时，相当于埃森市1万户家庭的用电需求。
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此外，德国埃森市的超导电缆已经成功运行了4300个小时(180天)。这条目前世界上最长的超导电缆的输电能力是传统电缆的5倍以上，电力损耗几乎为0。
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由于水具有一定的抗磁性，处于强磁场中的生物如青蛙、老鼠等都可以实现常规磁悬浮。
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北国风光，千里冰封，万里雪飘。�望长城内外，惟余莽莽；大河上下，顿失滔滔。(余 通：馀)�山舞银蛇，原驰蜡象，欲与天公试比高。(原驰 原作：原驱)�须晴日，看红装素裹，分外妖娆。(红装 一作：银装)�江山如此多娇，引无数英雄竞折腰。�惜秦皇汉武，略输文采；唐宗宋祖，稍逊风骚。�一代天骄，成吉思汗，只识弯弓射大雕。�俱往矣，数风流人物，还看今朝。 

《沁园春·雪》这首词，是毛泽东于1936年2月所作。“沁园春”为词牌名,“雪”为词名。当时，毛泽东和彭德怀率领红军长征部队胜利到达陕北清涧县袁家沟，准备渡河东征，开赴抗日前线。为了视察地形，毛泽东登上海拔千米白雪覆盖的塬上，当“千里冰封”的大好河山和这白雪皑皑的塬地展现在他眼前时，不禁感慨万千，诗兴大发，欣然提笔，写下了这一首豪放之词。�
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Three different hypotheses existed on how resistance would
respond as temperature approaches 0 K:

F Resistance would increase (Kelvin)
F Resistance would plateau (Matthiessen)

F Resistance would continue to drop gradually to 0 2 around 0 K
(Dewar).

RESISTANCE

Lord Kelvin Augustus Matthiessen James Dewar
1824-1907 1831-1870 1842-1923

G TEMPERATURE
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Lord Kelvin Biography
Lord Kelvin was a British physicist and mathematician British    Famous British Men 

Sir James Dewar FRS FRSE (20 September 1842 – 27 March 1923) was a Scottish chemist and physicist.

Augustus Matthiessen, FRS, the son of a merchant, was a British chemist and physicist who obtained his PhD in Germany at the University of Gießen in 1852 with Johann Heinrich Buff. He then worked with Robert Bunsen at the University of Heidelberg from 1853 to 1856. His work in this period included the isolation of calcium and strontium in their pure states. He then returned to London and studied with August Wilhelm von Hofmann from 1857 at the Royal College of Chemistry, and set up his own research laboratory at 1 Torrington Place, Russell Square, London. He was elected a Fellow of the Royal Society in 1861. He worked as a lecturer on chemistry at St Mary's Hospital, London, from 1862 to 1868, and then at St Bartholomew's Hospital, London, from 1868. His research was chiefly on the constitution of alloys and opium alkaloids. He contributed to both physics and chemistry. For his work on metals and alloys, he was awarded the Royal Society's Royal Medal in 1869.
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Fritz Walther Meissner was born on December 16, 1882, in Berlin, 
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PHYSICAL REVIEW LETTERS 1961(7) 43 Jurv 15, 1961

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)

THEORETICAL CONSIDERATIONS CONCERNING QUANTIZED MAGNETIC FLUX
IN SUPERCONDUCTING CYLINDERS*

N. Byers and C. N, Yang'

Institute of Theoretical Physics, Department of Physics, Stanford University, Stanford, California

(Received June 16, 1961)
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1961年夏，杨振宁访问斯坦福大学。通过和Fairbank实验组的密切交流，杨振宁和Byers从理论上解释了该实验组发现的超导体磁通量子化，证明了电子配对即可导致观测到的现象，澄清了不需要引入新的关于电磁场的基本原理，并纠正了London推理的错误。在这个工作中，杨振宁和Byers将规范变换技巧运用于凝聚态系统中。相关的物理和方法后来在超导、超流、量子霍尔效应等问题的研究中广泛应用。
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In 1957, William Bardeen, Leon Cooper,
and Robert Schrieffer proposed a theory
now known as BCS theory
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演示者
演示文稿备注
物理界的一个令人津津乐道的故事，就是约翰巴丁一组在超导理论上有了突破之后，他知道这个发现会获得诺贝尔奖，就大方地让当时还是做博士生的约翰施利佛和博士后里昂库柏署名在前。
巴丁成就了两个年轻人的故事，是非常令人推崇的。其中库柏曾经是杨振宁老先生的博士后，正是巴丁向杨老要搞理论物理的人，杨老送去了才跟自己一年的库柏。超导理论里库柏对就是这个年轻学者提出的。那时还在做学生的约翰施利佛是在课题进入僵滞期时，在纽约乘地铁时突然受到启发，想出了库柏对在基态下向同一个方向流动的数学公式，立即回到伊利诺伊大学厄巴纳-香槟分校向巴丁说了他的想法，BCS超导理论这才算是有了雏形。 �
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Far-infrared optical absorption and reflectivity of a superconducting NbN film
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The bolometric absorption spectra of a superconducting NbN film at four
tempertures below Te , ratioed with a 14 K spectrum above Tc. The curves have
been scaled individually to agree at 110 cm™! (for the purpose of comparison) and
overall to give a 5.3 K spectrum, which equals 1.0 at large wave numbers. The
resolution is 2 cm-.

K. E. Kornelsen, Phys. Rev. B, 44, 11882 (1991)



—) B3I BCSIRIRHYSEIE £ Al
3. IR N—~ — A FHEE(ERRF bt Sl

LI A, HeFHB SR Smoking gun: Isotope effect

— Jas C=N= e - 198
EUENESEARE T, | W
N ‘ - I~ as a function of
— 7 izotopic mass.
SEMNEZEREMZIEHE: Gk e g
g2ou.
E [
w415
(04 %i& x
T [\/_z — l% —_d4.14 -
C
413 Hg2t34

SRV IVE Sl N Eua7|‘n N
1

BEXT}__N:E#'UEU _— C R SHY E. Maxwell, Phys. Rev. (1950)

1:5-\—_|-E jj’] B % Y5 |]['] C.A. Reynolds et al., Phys. Rev. 78 (1950).

3 — 7 AR AR FA A M SRR 4 R




—) BETFHEERARE

PHYSICAL REVIEW VOLUME 79, NUMBER 5§ SEPTEMBER 1, 1950

Theory of the Superconducting State. I. The Ground State at the Absolute
Zero of Temperature

H. FrOHLICH*
Department of Theoretical Pkysics U niversily of Liver pool, Liver pool, England
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H. Frohlich, Theory of the Superconducting State. |. The Ground State at the Absolute
Zero of Temperature, Phys. Rev., 79(1950)845
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PHYSICAL REVIEW VOLUME 108, NUMBER 5 DECEMBER 1, 1957

Theory of Superconductivity*

J. BarpeeN, L. N. Coorer,f AND J. R. SCHRIEFFER]
Department of Physics, University of Illinois, Urbana, [llinois

(Received July 8, 1957)

Normal Metal Superconductor yp  ~ ho,

@

e Electrons can attract via phonons
e Attraction leads to energy gap A=1.76T.
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演示者
演示文稿备注
这里说自旋和动量都相反的一对电子是指在理想情况下没有通电流时的情况。当通电流时，电子沿着一个方向漂移，实际上Cooper对有一定的动量。动量达到一定程度后，就会导致拆对，破坏超导配对。
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Magnetization

Magnetic Field
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Critical Field
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Vortex
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A. A. Abrikosov, Zhur. Eksp. 1 Theoret. Fiz. 32, 1442 (1957) [translation: Soviet Phys. —JETP 5, 1174 (1957)]

V. L.Ginzburg A A A Abrikosov
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Surface of a superconducting alloy that had a magnetic field applied perpendicular to the
surface. The dark regions were normal and the light regions superconducting. In this
case, small ferromagnetic particles were applied to the surface, and collected where the
field strength was largest. The particles remained in position when the specimen
warmed up to room temperature, and the surface was then imaged with an electron
microscope.

Number density of superelectrons n, and magnetic field strength B around normal cores
in a type-ll superconductor.



When do superconductors have resistance?
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演示者
演示文稿备注
磁通线在Lorentz力的作用下运动时，由样品的一端流动到另一端，会引起样品中磁通量的变化。我们知道变化的磁通量会感应电场，及d/dtE。该感应的电场的方向与电流方向一致。在电场E的作用下，磁通正常芯子中的正常电子被加速，与晶格碰撞散射，可以产生电阻。另一方面，根据二流体模型，有正常电子。这些正常电子在电场作用下迁移受到散射，产生电阻。
当超导体中通以电流时，磁通线受到洛伦兹力作用会定向运动，并在其正常芯及其周围放出热量，超导体就会有电阻出现
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Interaction with Defects

Flux Creep
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Activation energy
behavior
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Pinning
* Vacancies, voids, inhomogeneities,
where superconductivity is weak

* Pinning decreases energy losses
caused by flux creep
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演示者
演示文稿备注
黑色箭头所指为Y2O3纳米点。白色箭头为c方向。截面高分辨电镜表明，Y2O3与YBCO的之间的界面清晰且无应力产生，因此对钉扎的影响应来自于纳米颗粒本身。
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演示者
演示文稿备注
电子对通过两块超导金属间的薄绝缘层（厚度约为10┱）时发生的量子力学隧道效应。1962年，英国牛津大学研究生B.D.约瑟夫森首先从理论上对超导电子对的隧道效应作了预言，不久就为P.W.安德森和J.M.罗厄耳的实验观测所证实。十多年来，它已在超导电性的研究领域内逐渐发展成为一个新的重要分支──约瑟夫森效应和超导结电子学。 
约瑟夫森1940年1月4日出生于英国威尔士的加迪夫（Cardiff）。1960年在剑桥大学三一学院获学士学位。1962年，约瑟夫森正在英国剑桥大学当研究生。他从理论上作出预言，对于超导体-绝缘层-超导体互相接触的结构（也叫S-I－S结构），只要绝缘层足够薄，超导体内的电子对就有可能穿透绝缘层势垒，导致如下效应：
（1）在恒定电压下，既有直流超导电流产生，也有交流超流，其频率为2eV/h；
（2）在零电压下，有直流超流产生，这一电流对磁场非常敏感，磁场加大，电流将迅速减小；
（3）如果在直流电压上再叠加一交流电压，其频率为v，则会出现一零斜率的电阻区，在这个区域 内电流有傅里叶成分，电压V与v的关系为2eV/h＝nv（其中n为整数）。

1973年诺贝尔物理学奖一半授予美国纽约州的：约克城高地(Yorktown Heights) IBM瓦森研究中心的江崎玲於奈(Leo Esaki)，美国纽约州斯琴奈克塔迪(Schenectady)通用电器公司的贾埃弗(Ivar Giaever)，以表彰他们分别在有关半导体和超导体中的隧道现象的实验发现；
另一半授予英国剑桥大学的约瑟夫森(Brian Josephson，1940-)，以表彰他对穿过隧道壁垒的超导电流所作的理论预言，特别是关于普遍称为约瑟夫森效应的那些现象。 
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“Volume 1, number 7 PHYSICS LETTERS | 1 July 1932

POSSIBLE NEW EFFECTS IN SUPERCONDUCTIVE TUNNELLING *

B. L., JOSEPHSON
Cavendish Laboratory, Cambridge, England

Received 8 June 1952
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Z. Phys. B - Condensed Matter 64, 189 193 (1986)

Possible High T, Superconductivity
in the Ba—La — Cu— O System

J.G. Bednorz and K. A. Miiller
IBM Ziirich Research Laboratory, Riischlikon, Switzerland
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演示者
演示文稿备注
朱经武：1987-1月底获得90K超导电性，2月6日，朱经武等将成果寄到PRL，但3月2日才出来。不过成分不对
赵忠贤：1987-2月20日，获得90K的YBCO，21日《科学通报》接受了论文。2月24日科学院召开新闻发布会，正式公布成分。




VOLUME 58, NUMBER 9 PHYSICAL REVIEW LETTERS 2 MARCH 1987

Superconductivity at 93 K in a New Mixed-Phase Y-Ba-Cu-O Compound System
at Ambient Pressure

M. K. Wu, I. R. Ashburn, and C. J. Torng
Department of Physics, University of Alabama, Huntsville, Alabama 35899

1987&2565$§$% and

P. H. Hor, R. L. Meng, L. Gao, Z. J. Huang, Y. Q. Wang, and C. W. Chu‘®

Department of Physics and Space Vacuum Epitaxy Center, University of Houston, Houston, Texas 77004
{Received 6 February 1987; Revised manuscript received 18 February 1987)

A stable and reproducible superconductivity transition between 80 and 93 K has been unambiguously
observed both resistively and magnetically in a new Y-Ba-Cu-O compound system at ambient pressure.
An estimated upper critical field H.2(0) between 80 and 180 T was obtained.
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The compounds investigated were prepared with nomi-
nal compositions represented by (Y;-,Ba,),CuO4—5
with x =0.4 through solid-state reaction of appropriate
amounts of Y03, BaCOj3, and CuO in a fashion similar
to that previously described.®
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Two Kinds of superconductors: Conventional and High Tc materials.
What is the next?
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Difference Between Conventional and High T

Difference in Structure for Conventional and High T,
High-Temperature

Superconductors:
Layered structures

Regular Materials
3-Dimensional Structure
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Crystal demo

http://ruby.colorado.edu/%7Esmyth/min/images/periclase.gif

High Temperature Superconductors: Construction

High-Temperature Formulas

HgBa,C2,Cu,0q
T1,Ba,Ca,Cu;0

2 DA U300 Cu-= Copper
Bi,Sr,Ca,Cu;0y, O = Oxygen

La, ;Sr,,Cu0, = CuO = CopperOxide

Cu+0O




High Temperature Superconductors: Construction

High-Temperature Formulas

HgBa,C2,Cu,0q
T1,Ba,Ca,Cu;0

2 DA U310 Cu= Copper
Bi,Sr,Ca,Cu;0y, O = Oxygen

La, ;Sr,,Cu0, = CuO = CopperOxide

Cu+0O

Superconductivity Here

Still Important! = _
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Difference in Mechanism

» A Magnetic Attraction ?

 Spin attraction ?
©o © o o

o o o o * The lattice after all ?

Electron-Phone interaction

) * Something else ?
to form Cooper Pairs
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Iron-Based Layered Superconductor La[O;-,F,]JFeAs (x = 0.05-0.12)
with T. = 26 K

Yoichi Kamihara,*T Takumi Watanabe ¥ Masahiro Hirano, 5 and Hideo HosonoT+8

ERATO-5ORST, JST, Frontier Research Center, Tokyo Institute of Technology, Mail Box 52-13, Materials and
Structures Laboratory, Tokye Institute of Technology, Mail Box R3-1, and Frontier Research Center, Tokyo Institite
of Technology, Mail Box 52-13, 4259 Nagatsuta, Midori-ku, Yokohama 226-8503, Japan
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CONDENSED MATTER PHYSICS

New Superconductors Propel
Chinese Physicists to Forefront

Hai-Hu Wen went to work as soon as he heard  “What surprises me—probably it shouldn’t

the news. In late February, the 44-year-old  —is the number of good papers coming out
physicist at the Institute of Physics (IOP)atthe  of Beijing,” says Peter Hirschfeld, a theorist
Chinese Academy of Sciences in Bei- at the University of Florida,
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金属化现象：高压下带隙闭合，材料从非金属态转变为金属态，金属化后电阻率降低数个量级，电阻率温度系数从正变为负。
the magnetization of sulfur hydride at a pressure of 155 GPa in zero-field
cooled (ZFC) and 20 Oe field cooled (FC) modes (black circles). The onset
temperature is Tonset 5 203(1) K. For comparison, the superconducting step
obtained for sulfur hydride fromelectricalmeasurements at 145 GPa is shown
by red circles.
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Letter | Published: 22 May 2019

Superconductivity at 250 K in lanthanum
hydride under high pressures

A. P. Drozdov, P. P. Kong, V. S. Minkov, S. P. Besedin, M. A. Kuzovnikov, S. Mozaffari, L.
Balicas, F. F. Balakirev, D. E. Graf, V. B. Prakapenka, E. Greenberg, D. A. Knyazev, M.
Tkacz & M. I. Eremets

Nature 569, 528-531(2019) | Cite this article
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Editors® Suggestion Featured in Physics

Evidence for Superconductivity above 260 K in Lanthanum Superhydride
at Megabar Pressures

Maddury Somayazulu,"”~ Muhtar Ahart,' Ajay K. Mishra,”>* Zachary M. Geballe,” Maria Baldini,**
Yue Meng,3 Viktor V. Struzhkin,” and Russell J. Hemleyl‘%
'Institute for Materials Science and Department of Civil and Environmental Engineering,
The George Washington University, Washington, DC 20052, USA
2Geophys.ical Laboratory, Carnegie Institution of Washington, Washington, DC 20015, USA
3HPCA]’", X-ray Science Division, Argonne National Laboratory, Argonne, Illinois 60439, USA
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Superhidride 超氢化物。
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David J. Thouless,1934年出生于英国贝尔斯登，1958年从美国康奈尔大学获得博士学位。目前为美国华盛顿大学荣誉退休教授。
F. Duncan M. Haldane，1951年出生于英国伦敦，1978年从英国剑桥大学获得博士学位。目前为美国普林斯顿大学物理学教授。
J. Michael Kosterlitz，1942年出生于英国阿伯丁，1969年从英国牛津大学获得博士学位。目前为美国布朗大学物理学教授。
      今年的三位诺贝尔物理学奖得主采用先进的数学方法研究了物质的奇异状态，如超导体、超流体或磁性薄膜等等。他们的先驱性工作为搜寻物质的奇异新状态奠定了基础，或许能在未来的材料科学和电子学中找到用武之地。
　　三位得主的核心成就，是他们在物理学中引入了拓扑的概念。拓扑(Topology)原本是一个数学概念，描述的是几何图形或空间在连续改变形状后还能保持不变的性质。20世纪70年代早期，Michael Kosterlitz和David Thouless颠覆了当时的理论，提出超导和超流性质的新模型，并解释了超导态可以在低温下出现，而在温度升高时消失这一转变(相变)的机制。
　　20世纪80年代，Thouless在理论上解释了超薄层材料导电性呈整数式阶跃的特征，表明这些整数代表着材料的拓扑性质。而差不多在同一时间，Duncan发现了拓扑概念可以用来理解一维自旋链(一种一维线性材料)的磁学特性。
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