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[0 O Ever since their original discovery nearly 100 years agol] superconductors andsuperfluids have led to an
incredible number of unexpected and surprising newphenomena. The theories which eventually explained
superconductivity in met-als and superfluid 4He count among the greatest achievements in theoreticalmany-body
physicsC] and have had profound implications in many other areas[] such as in the construction of the "Higgs
mechanism" and the standard modelof particle physics.[J Even now there is no sign that the pace of progress is
slowing down. Indeedrecent years have seen renewed interest in the field in following the 1986 discov-ery of
cuprate high temperature superconductivity and the 1995 announcementof Bose-Einstein condensation [ BECL]
in ultra-cold atomic gases. These break-throughs have tremendously widened the scope of the area of "low
temperaturephysics” from 165 K [ only about -100~~CLI a cold day at the North Pole[d thehighest confirmed
superconducting transition temperature ever recorded(] tothe realm of nano-Kelvin in laser trapped condensates
of atomic gases. Further-more an incredibly wide range of materials is now known to be superconducting.The field
Is no longer confined to the study of the metallic elements and theiralloyst] but now includes the study of complex
oxidesld carbon-based materials] such as fullerene C600J [J organic conductorsl] rare earth based compounds
[0 heavyfermion materialsC] [ and materials based on sulphur and boron [0 MgB2 supercon-ductivity was
discovered in 2001 O . Commercial applications of superconductingtechnology are also increasingd albeit slowly.
The LHC ring currently [0 in 2003 being installed at the CERN particle physics center is possible only becauseof
considerable recent advances in superconducting magnet technology. Buteven this uses “traditional”
superconducting materials. In principle[d] even morepowerful magnets could be built using novel high temperature
superconductingmaterialsC] although these materials are difficult to work with and there are manytechnical
problems still to be overcome.[] The goal of this book is to provide a clear and concise first introductionto this
subject. It is primarily intended for use by final year undergraduatesand beginning postgraduatesC] whether in
physicsC] chemistry[] or materials sci-ence departments. Hopefully experienced scientists and others will also find
itinteresting and useful.C] For the studentd the concepts involved in superfluidity and superconductivitycan be
difficult subject to master. It requires the use of many different elementsfrom thermodynamicsC] electromagnetism
0 guantum mechanics] and solid statephysics. Theories of superconductivityd such as the Bardeen Cooper
Schrieffer] BCS theoryl are also most naturally written in the mathematics of quantumfield theory[l a subject
which is well beyond the usual undergraduate physicscurriculum. This book attempts to minimize the use of these
advanced math-ematical techniques so as to make the subject more accessible to beginners.

Page 2



000 0O, tushu007.com
<«<OQ000O0000Oods>ss

goon

OO00000000OBose-Einstein0 OO BEC)DDOODODOODOOO

0000000000000 DbOO0DOOoDOO0oOooOooDon
O00000000DO0O0OBECODODOODOOOOOBose-Einstein0 00000000 OOOOOO
0000000000000 DO0ODOOdBECO

AHeO O ODODOOOOOOODODODODODOODOODOO
OO0000000000D0O0DO0D00D000000bO0DOO0DOO0oDooooDooDoooooon
000

000000000000 D000D0O000O0D0OOLondon GinzbergL,andauD OO0 OO OO OOODOO
00000000000 D Bardeen-Cooper-Shrieffer(BCS)O O [

000000000000 0003HeODOODODOOOOOODOOOCooperd 0O
ODO0000000000000O0DO0oooo0oo0oooooooooooong

Page 3



000 0O, tushu007.com
<«<OQ000O0000Oods>ss

goon

1Bose-EinsteinC) 0 0 1.1 OO 1.2 Bose-Einsteind [J 1.3 Bose-EinsteinO [0 1.4 DO OO0 O OOBEC
O000000 OD02004He21 00 220000000 2300000 242He0000 25
00000000 260000 2700000 2800 0OOODOODOO ODO30000 3100
32000000 330000 340000 3.5 Meissner-Ochsenfeldd [0 3.6 DO OO0 3.7 0100
ONnooooO0O 3.8 Londond 0 39 Londond 0 D OOOOOO OO4 Ginzburg-Landau O 4.1 [
0 42000 43 0000 Ginzburg-Landaud O 4.4 0 0O 0O O 0O O Ginzburg-LandauO O 45 0000
00 46 0000OGinzburg-LandauCl 0 47 OO0 000000 ODOO 4800000 4.9 Abrikosov(d
000 410000 4110000 41200 DO0O0O0D0O0O OO500000 5100 52000
53000000 54000000 55000000 56000000000 65570000000
0ODLRO 5.8 JosephsonC 0 5.9 00 0OOOODO 51000 ODO00OD0DOO0O OO6 O0D0OOODOBECSH
06100 620-000000 6.3 Cooperd 64BCSOOO 650000000 6.6BCSOOOO
000 67BCSOO0O0ODO DOOODOO OO7003He0ODOOOODOO 71200 7.2 3He
OFrmiO0O000 73003He0 0000000 743He0000 75000000 OO0OOO0O
dA0O00O0O0ODO0Oo0oooood

Page 4



000 0O, tushu007.com
<«<OQ000O0000Oods>ss

goon

gobbobbbuodggooobbbbbuoooogobbobbboooooobobbobboooog

goooooo
gobbobbbuougogoobobbodoooooboobouooooon

gobobooobboodagd

Page 5



000 0O, tushu007.com
<«<OQ000O0000Oods>ss

goon

gobboooboupbDFODODDODOOOO0O0O0OO0OOOODOOO

0000000 :http://www.tushu007.com

Page 6



