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1 - Introducción

Ley de Gauss

(SI)Ecuaciones de Maxwell

Ley de Inducción de Faraday

Ley de Gauss del magnetismo

Ley de Ampére-Maxwell

<latexit sha1_base64="VUzlUrBHzDfLIOVSUNM1WBXqqrI="></latexit>

~r · ~D = ⇢F

<latexit sha1_base64="yGovD899cq1W/V9invtrUQE47Bs="></latexit>I

@⌦

~D · d~s =
Z

⌦
⇢Fdv

<latexit sha1_base64="roOWP66U5wpynF1vWCCbE2kxyJw="></latexit>

~r · ~B = 0

<latexit sha1_base64="+9/GJe94+lJlHtaNnShz6MbGu6w="></latexit>I

@⌦

~B · d~s = 0

<latexit sha1_base64="3evaHrywp0U8liF0bFnw34VFxmw="></latexit>

!! " !E = # " t !B

<latexit sha1_base64="QkuIEmeUd/kpeWkmoYRXWs7h4/E="></latexit>!

! S

!E ád!" = !
d
dt

"

S

!B ád!s

<latexit sha1_base64="mBrYM4M75JAutlYpQKSxZa+tr9o="></latexit>

!! " !H = " t !D + !j F

<latexit sha1_base64="ymhkhSU1mEAVgP34vEvVv9uE9EU="></latexit>!

! S

!H ád!" =
d
dt

"

S

!D ád!s +
"

S

!j F ád!s

Ecuación de continuidad
<latexit sha1_base64="sUSgZrWzalSDAc10br4trTT0l4I="></latexit>

! t " + #! á#j = 0

<latexit sha1_base64="OPaGtW1yCmlql0tphJ8i2Owedyc="></latexit>

dq
dt

+
!

! !

!j ád!s =
"

!
" dv

<latexit sha1_base64="GrsWBTPo489XzJ/uDas5FdmAts0="></latexit>

! = ! F + ! B
<latexit sha1_base64="K8WdbeoJiBaCzOrX0KdH15SE1mk="></latexit>

!j = !j F + !j B



1 - Introducción

Campos Desplazamiento y Polarización

Relaciones constitutivas y Condiciones de ContornoEcuaciones de Maxwell

Campos Magnético y de Magnetización

Condiciones de Contorno

<latexit sha1_base64="M57aB9Nbf5Hkhs+8TITQ07jV380="></latexit>

!D = "0 !E + !P
!P = "0#E !E

!
! !D = "0 (1 + #E ) !E = " !E

<latexit sha1_base64="iL3h9T/ZJ9uisxwFL09qzP3jthA="></latexit>

!B = µ0

!
!H + !M

"

!M = " H !H

#

! !B = µ0 (1 + " H ) !H = µ !H

<latexit sha1_base64="xxoRmwCjHVuwIY9rjG3wAWk4O3o="></latexit>

ön12 á
!

!D2 ! !D1

"
= " s

<latexit sha1_base64="ifxixKpzGyBTfkPHus4X0pr2opk="></latexit>

ön12 á
!

!B2 ! !B1

"
= 0

<latexit sha1_base64="pJP7PVyWu7YJpM2RB9SdTsX4Bsg="></latexit>

ön12 !
!

!E2 " !E1

"
= 0

<latexit sha1_base64="X28J8MstljLKhOy1DwwDstDXA0o="></latexit>

ön12 !
!

!H2 " !H1

"
= !j s



1 - Introducción

Definimos los potenciales como aquellos campos V y A que verifican

Descripción potencialEcuaciones de Maxwell

<latexit sha1_base64="73ClL1hZpXz9lWOQzMv42olTZwU="></latexit>

!E = !! V " " t !A
!B = !! # !A

!

Las Leyes de Faraday y Gauss magnética son inmediatas por la definición
<latexit sha1_base64="28leAKfy8dBH2VT+3D2qDJM03xE="></latexit>

!! " !! V = 0 # Ley de Faraday
<latexit sha1_base64="+8s7DR3Zm7pCMReYAPtSsiHKT+c="></latexit>

!! á
!

!! " !A
"

= 0 # Ley de Gauss Magn«etica

<latexit sha1_base64="43TzWETVAjiXKJTy/md2aT+oH9U="></latexit>

!! á!! V + " t !! á !A = "
#
$

# Ley de Gauss
<latexit sha1_base64="B5aB7HlZ0camwo1FhqpfxY+ZAE0="></latexit>!

!! 2 !A "
1
c2 " 2

t
!A

"
" !!

!
!! á !A +

1
c2 " t V

"
= " µ!j # Ley de Ampère-Maxwell

Pasamos de 6 GdL a sólo 4 GdL



1 - Introducción

Los campos eléctrico y magnético se definen como

Invariancia GaugeEcuaciones de Maxwell

<latexit sha1_base64="73ClL1hZpXz9lWOQzMv42olTZwU="></latexit>

!E = !! V " " t !A
!B = !! # !A

!

Pasamos de 4 ecuaciones a 3 ecuaciones y una ligadura, 
por lo que se reducen los GdL de 4 a 3-1 = 2

<latexit sha1_base64="WCLaM4WRUJy3GHPV+lRA5CQrDSU="></latexit>

VG = V ! ! t G
"AG = "A + "" G

!
#

"" $ "A = "" $ "AG = "B
"" V ! ! t "A = "" VG ! ! t "AG = "E

!

Pero usando que                              , se obtiene
<latexit sha1_base64="Dvwf1jKmXtRQDA80bHumXfpBaBw="></latexit>

!! " !! G = 0

Decimos que la teoría es invariante bajo el Gauge G



1 - Introducción

Ley de Ohm

Ley de OhmConductividad

<latexit sha1_base64="kn1dCTWg9h/RwEpmcs202BVluZw="></latexit>

V = IR

<latexit sha1_base64="L1Ozyo0u3cYWcLAmrzu1y8xh2dw="></latexit>

V = V2 ! V1 = !
! 2

1

!E ád!" " EL

<latexit sha1_base64="xAheMrQmJQxQJ+PSMkf6HqjVurU="></latexit>

I =
!

S

!j ád!s ! jA

<latexit sha1_base64="XrjKuaji/HYlhR8b4LAtkkZbATQ="></latexit>

V = IR
E = ! j
j = " E

<latexit sha1_base64="CmUTblsu9EwmL9BnoqhJI1tz/cg="></latexit>

R = !
L
A

<latexit sha1_base64="4Y5EfhcXctkQDg8A82YAEOxdZmc="></latexit>

L
<latexit sha1_base64="HIUjLvgucUcme9rm+7iXob6hyeI="></latexit>

A
<latexit sha1_base64="Z01hWvYPtZHl/SGOIeAGYKFJKZQ="></latexit>

I
<latexit sha1_base64="PMVeP+Tj+NLxt23daGexjNgdoCg="></latexit>!

<latexit sha1_base64="2f+1+IWQV78gK05R0UxY8Dk5w1I="></latexit>

+ <latexit sha1_base64="u38r//Tr4qz4TMW0VZgVvvxFU7U="></latexit>!
<latexit sha1_base64="JVuaxYqUz70ntadiMZVkh0pn0Uk="></latexit>

V

<latexit sha1_base64="NhMTWdOdx153NX3DCU4Rqs/96T0="></latexit>

R

<latexit sha1_base64="Z01hWvYPtZHl/SGOIeAGYKFJKZQ="></latexit>

I



1 - Introducción
Modelo de DrudeConductividad de metales

<latexit sha1_base64="+qSZ0GSel32Wl2uMoz2zDHYBBDQ="></latexit>

d
dt

!
!p
"

= q!E !

!
!p
"

"
<latexit sha1_base64="zyGH93JQVRA0R9OR9XDqLG1Z2pI="></latexit>

q[= ! e]
<latexit sha1_base64="+64jCtmaxNjKNcWTPXGo682atas="></latexit>n
<latexit sha1_base64="JmFCt7NvOW76/4p8wQhokNbGVlM="></latexit>m

<latexit sha1_base64="WXiYYmfJeu3OAzfZcUgR4xvrhBU="></latexit>!

<latexit sha1_base64="G1uUhMuF9gFdFmnlYQ5/iv7CCx8="></latexit>!

<latexit sha1_base64="hsnOLukfw1ROCkLLg3dqg/FCaCE="></latexit>

! ! 1 = ! ! 1
imp + ! ! 1

e! ph + ! ! 1
ee

<latexit sha1_base64="hXOXNHGGAomFWabcta+aDCCuYBU="></latexit>!
!p
"

= m
!
!v

"

!j = nq
!
!v

"
#

!
!
!p
"

=
m
nq

!j

<latexit sha1_base64="THHsHCI0YP/wAyac5XT4GVVczGQ="></latexit>

!j = " (#) !E =
nq2$

m
1

1 ! i#$
!E

<latexit sha1_base64="WXiYYmfJeu3OAzfZcUgR4xvrhBU="></latexit>!
<latexit sha1_base64="WXiYYmfJeu3OAzfZcUgR4xvrhBU="></latexit>!
<latexit sha1_base64="WXiYYmfJeu3OAzfZcUgR4xvrhBU="></latexit>!

Carga de las partículas
Densidad de partículas
Masa de las partículas
Tiempo de vida media entre colisiones

vd E,I



2 - Superconductor

Fase termodinámica en la que se observan resistividad nula y Efecto Meissner
Definición

<latexit sha1_base64="3j3DArfwdcto830yeJgrcjVoeBw="></latexit>

! = 0 /! "j = "0

<latexit sha1_base64="BF7QXUC0OL4/5dvdK2scfvRAxPg="></latexit>

! =
!

S

!B ád!s

!! " !E = " t !B

"
#

$
# ! =

!

! S

!B ád!#= $
d
dt

!

!E = !0

"
%%#

%%$
#

d
dt

! = 0 # ! = cte

<latexit sha1_base64="QYIERKjt8FGBY/BwQTzB8LtaaHQ=">AAARMHicrVdbb9s2FHZ27bxL3Q3Yyx7GzgnQLbVjJ013Q4Ema4cZS9vMTdMOlmtQEm1zkUiFpJe4Kv/AHvZj9mu2p2Gve9pP2KEk2xKtpA1QB4hInu9ceXgO6UYBlarV+mvltdffePOtty+9U333vfc/uFy78uGh5BPhkUceD7h44mJJAsrII0VVQJ5EguDQDchj9+g7Q3/8KxGScnagphHph3jE6JB6WMHSoPabE5ChajouGVEWYyHwVMdCVx0x5ugWajlOtQtfM3X8ocBevKfjHQ3Lh7Dc6VYdwv </latexit>

! = 0

R = !
L
A

V = IR

!
"#

"$
! R = 0 y V = 0

<latexit sha1_base64="Qz2bEFvKI5CgeVwqAIo0yTkiadg="></latexit>

! = 0
"E = ! "j

!
! "E = "0

<latexit sha1_base64="NhMTWdOdx153NX3DCU4Rqs/96T0="></latexit>

R

<latexit sha1_base64="JVuaxYqUz70ntadiMZVkh0pn0Uk="></latexit>

V

<latexit sha1_base64="Z01hWvYPtZHl/SGOIeAGYKFJKZQ="></latexit>

I
<latexit sha1_base64="A0LPxtXigAoXXUd0gDC0VY4YosE="></latexit>

L

<latexit sha1_base64="2f+1+IWQV78gK05R0UxY8Dk5w1I="></latexit>

+ <latexit sha1_base64="u38r//Tr4qz4TMW0VZgVvvxFU7U="></latexit>!



2 - Superconductor

Efecto Meissner: Los Superconductores expulsan las líneas de campo magnético externo
Diamagnetismo perfectoEfecto Meissner

<latexit sha1_base64="obRGuHMiJkugayUA/P2eKqq8LEE="></latexit>

!ESC = !0
!! " !E = " t !B

!
# " t !B |SC = !0

Diamagnetismo Perfecto
<latexit sha1_base64="tK64hDy8unPGh552h91e0lIz2S0="></latexit>

!B = µ0

!
!H + !M

"

!BSC = !0

#

! !M SC = " !H

" H =
!M
!H

$
%%%&

%%%'

! " H = " 1

<latexit sha1_base64="MToHVHjPG80lcT4jpA0sImYBx2s="></latexit>

!BSC = !0



3 - Ecuación de London
Modelo de los 2 fluidos

Los electrones superconductores “cortocircuitan” la contribución 
de los electrones normales, haciendo que R=0

<latexit sha1_base64="oxBnmXN95xEhbzJfX9PXd0Q0+as="></latexit>

n = nn + ns

<latexit sha1_base64="mwsqEySyVf9aQEB4D4QD6eaKs7g="> </latexit>

1
R

=
1

Rs
+

1
Rn

<latexit sha1_base64="Moz43YXLJ9UInTz0H4Ma9zYIta4="></latexit>

R =
Rs

1 + R s
R n

= 0

Efecto Meissner: Los Superconductores expulsan las líneas de campo magnético externo

Densidad de electrones

Densidad de electrones normales, con resistividad

Densidad de electrones superconductores, con resistividad

<latexit sha1_base64="CkQAk4/AuDs7qgo2zez4VLsEZmU="></latexit>

! n > 0
<latexit sha1_base64="pDILn7yIE9axqKFpYyA1X3I+6C4="></latexit>

! s = 0

<latexit sha1_base64="0TYdEQOOPbHfFdxoeXSxBD0GbhM="></latexit>nn
<latexit sha1_base64="TmEjDUoVBhKV1FL5GRuh/rT2l0o="></latexit>ns

<latexit sha1_base64="2lEtBkyZKy+CO2MUyOPQ5HQqcNE="></latexit>n <latexit sha1_base64="WXiYYmfJeu3OAzfZcUgR4xvrhBU="></latexit>!
<latexit sha1_base64="WXiYYmfJeu3OAzfZcUgR4xvrhBU="></latexit>!
<latexit sha1_base64="WXiYYmfJeu3OAzfZcUgR4xvrhBU="></latexit>!

<latexit sha1_base64="2f+1+IWQV78gK05R0UxY8Dk5w1I="></latexit>

+ <latexit sha1_base64="u38r//Tr4qz4TMW0VZgVvvxFU7U="></latexit>!
<latexit sha1_base64="JVuaxYqUz70ntadiMZVkh0pn0Uk="></latexit>

V

<latexit sha1_base64="w5WrGL99HXdmtp2edil2O5v34q0="></latexit>

Rs

<latexit sha1_base64="nht9ynEfOeflX5xcNvpenkMH5bM="></latexit>

Rn

<latexit sha1_base64="Z01hWvYPtZHl/SGOIeAGYKFJKZQ="></latexit>

I



3 - Ecuación de London

Modelo de Drude

Conductividad del Superconductor

<latexit sha1_base64="PJhhjEK4eptNym8BbX/SmSqB+ik="></latexit>

! (" ) =
nq2#

m
1

1 ! i"#
= ! R (" ) + i ! I (" ) =

ne2

m
#

1 + " 2#2 + i
ne2

m
#2"

1 + " 2#2

<latexit sha1_base64="GLeuS/ZgY6YCLb750FAZjaKEi1w="></latexit>

! P M (" ) = lim
! ! 1 ! 0

! (" ) = lim
! ! 1 ! 0

nq2

m
1

#" 1 ! i"
= i

nq2

m
1
"

= i ! P M
I (" )

<latexit sha1_base64="KIqi4X2FHdoZG41nlnF9cd6qPk8="></latexit>

! s(" ) =
nse2

m

!
#(" ) +

i
"

"
<latexit sha1_base64="JDf75g2cMrKd2KN9UTJU3G3rXHw="></latexit>

! s
R (" )

<latexit sha1_base64="G+JGYj4IRH7epwKRJwXgUpvHHXU="></latexit>

! n
R (" )

<latexit sha1_base64="eltB11VfQj0qKgxPyo0/g0Fjkxs="></latexit>!
<latexit sha1_base64="eEuKQzOTnndmO1L9errKypvGkAU="></latexit>

|! |
!

<latexit sha1_base64="yTxP9eQ/T5CsngAJnVF2ZvwTKq4="></latexit>

!
|! |
!

<latexit sha1_base64="UoAHHcUfQtvXxHwpKKOIzbsNMys="></latexit>

0



3 - Ecuación de London
Derivación

<latexit sha1_base64="g55gmkh3mMzWKeKWPGZDcDSHxtw="></latexit>

!j = " SC !E
!! " !E = i # !B

!
# !! " !j = !! "

"
" SC !E

#
= " SC !! " !E = " SC i# !B

" SC = i
nq2

m
1
#

$
%%&

%%'
# !! " !j = $

nq2

m
!B

<latexit sha1_base64="hOs4YVSn0LmTfYS/xQSN/Bi2xFs="></latexit>

!! " !A = !B

<latexit sha1_base64="HqgaFRkvhUkr1kIwKlzHfmNfPF0="></latexit>

!j = !
nq2

m
!A



3 - Ecuación de London
Efecto Meissner

<latexit sha1_base64="hOs4YVSn0LmTfYS/xQSN/Bi2xFs="></latexit>

!! " !A = !B

<latexit sha1_base64="HqgaFRkvhUkr1kIwKlzHfmNfPF0="></latexit>

!j = !
nq2

m
!A

<latexit sha1_base64="XzKA+VM9q9qmCCXUNCHDkX8P8Dk="></latexit>

! =
!

m
µ0nsq2

<latexit sha1_base64="C10u1L1Avkf2BZHCwhXA7gG+aX4="></latexit>

!j = !
1

µ0" 2
!A

<latexit sha1_base64="AAyJPj9Bc6Pv3fD7USdu/XpzsaE="></latexit>

!! " !j = #
nq2

m
!B

!! " !B = µ0!j
!! á !B = 0

!
""#

""$
$ !! "

%
!! " !B

&
= µ0 !! " !j = # µ0

nq2

m
!B $ ! !B =

1
" 2

!B



3 - Ecuación de London
Gauge de London

<latexit sha1_base64="hOs4YVSn0LmTfYS/xQSN/Bi2xFs="></latexit>

!! " !A = !B
<latexit sha1_base64="XzKA+VM9q9qmCCXUNCHDkX8P8Dk="></latexit>

! =
!

m
µ0nsq2

<latexit sha1_base64="0HG7ErWwehYRq5Uqhvua2GSW4OE="></latexit>

! t " + #! á#j = 0
! t " = 0

!
" #! á#j = 0

#j = #
1

µ0$2
#A

"
##$

##%
" #! á#A = 0



3 - Ecuación de London
Vórtice de London

<latexit sha1_base64="hOs4YVSn0LmTfYS/xQSN/Bi2xFs="></latexit>

!! " !A = !B

<latexit sha1_base64="XzKA+VM9q9qmCCXUNCHDkX8P8Dk="> </latexit>

! =
!

m
µ0nsq2

<latexit sha1_base64="as9KpSh8dgUHhVmhAJiuXG0ySLs="></latexit>

! 0 =
h
2e

<latexit sha1_base64="Ow4Rw3lOLLvCDDNKAEdwrMqiyoQ="></latexit>

!B = Bz öz

<latexit sha1_base64="j4+LSGQSI65Lrx18nkE1m92521U="> </latexit>

! 0 =
! vF

" !

<latexit sha1_base64="SU2Iwek3nmgwbTpBIEOetFYjVPw="></latexit>

! !B =
1
" 2

!B

<latexit sha1_base64="hq8mrthaSVZe2VOIrvah/Y8vXGY="></latexit>

! 0 =
!

S

!B ád!s = Bz"# 2
0 =

h
2e

! Bz" =
h

2" e#2
0

<latexit sha1_base64="4iUnE8AD35VciXpIZJj03A+2uZg="></latexit>

Bz (! ) =
! 0

2"# 2 K 0

! !
#

"

<latexit sha1_base64="KWqftmfM+uEd8SX+Zu2/y602eYE="></latexit>

µ0!j = !! " !B #
1
"

ö#

<latexit sha1_base64="ry7k1Xywl1U0dk7IQwVsGMV2Kkw="></latexit>

E =
! 2

0

4! µ0" 2 ln
!

"
#

"

! ��L " ��L # ��L��
!

B!

"

B!

<latexit sha1_base64="I7DJwe0+nfZwFl3Ar5Puss3U+cQ="></latexit>

Bz (! )

<latexit sha1_base64="+3QoBju4mVFB5ekzprZurOOgCuo="></latexit>!

<latexit sha1_base64="FFDRO9qENpFyJX7nRV5dJmdX7Vs="></latexit>

B (! )/B 0

<latexit sha1_base64="0NGknyv2KnlG/3CSTeyUJQXKlDI="></latexit>

B0

<latexit sha1_base64="UoAHHcUfQtvXxHwpKKOIzbsNMys="></latexit>

0 <latexit sha1_base64="PMVeP+Tj+NLxt23daGexjNgdoCg="></latexit>!

<latexit sha1_base64="6J3lc4L1TM3Wxrm/qez+GhZdMZI="></latexit>

2!

<latexit sha1_base64="HW5+ZD8wTRzQ4ILtbr6gfQi7+TQ="></latexit>

2!

<latexit sha1_base64="On6pKSiPmxUvHmZSHenxTRWi0Oo="></latexit>

ns(! )/n !

<latexit sha1_base64="xG4jsrX2PRX6QYgf12U7oZsSSFc="></latexit>

!j s(" )



4 - Modelo de Ginzburg-Landau
Parámetro de OrdenHipótesis

Modelo fenomenológico (1950s)
Derivado a partir del modelo BCS por Gor’kov
Hipótesis: Los estados normal y Superconductor son fases de la materia electrónica 
diferentes, con una transición de fase a

<latexit sha1_base64="T38LPintlLf8JYUWSiiIaxxWLGc="></latexit>

T = Tc

Parámetro de orden
<latexit sha1_base64="f2+dn2TGOmJT3hKgu874uhUiheY="></latexit>

! (T)
<latexit sha1_base64="7cIJ74yKvRnb5SOxgqi2SZuKH7Y="></latexit>!

! (T > T c) = 0 ! Fase desordenada, normal
! (T > T c) "= 0 ! Fase ordenada, Superconductora



4 - Modelo de Ginzburg-Landau
Trabajo del campo H sobre SCEnergía Libre del Superconductor

<latexit sha1_base64="P2jcliXGRInefZg0UStejg/Di1w="></latexit>

!H =
N
L

I öz
<latexit sha1_base64="NIIvMO7JKeDEvlaOblmBrFgtzvg="></latexit>

E = !
d!
dt

<latexit sha1_base64="BJYGqpgO/fyDJk0OxMhTbxEKiEw="></latexit>

V = AL = ! R2L

<latexit sha1_base64="ARgLDTxOAezT/9M8qzKaERt/gmI="></latexit>

døW = ! NI Edt

= ! NI
!

!
d!
dt

"
dt

= NI d!

= NIA dB

= AL !H ád !B

<latexit sha1_base64="qxcYbJi5wdF/Js8THV3VYvEXGUk="></latexit>

!B = µ0

!
!H + !M

"

<latexit sha1_base64="R+AYiBZS8hvssFLTeEb9scNnTTs="></latexit>

døW = µ0V
!

!H ád !H + !H ád !M
"

Trabajo de autoinductancia del campo 
<latexit sha1_base64="cXLbBvCJ+CvQsKAHgG3DIhpqP6A="></latexit>

µ0V !H ád !H
<latexit sha1_base64="uUWmCdzYiO0RNIExGk/0oHk+Kj0="></latexit>

!H<latexit sha1_base64="WXiYYmfJeu3OAzfZcUgR4xvrhBU="></latexit>!
<latexit sha1_base64="uSIeEelesRr+drGKsHlJbRaguGE="></latexit>

µ0V !H ád !M Trabajo de magnetización de la muestra al inducir 
<latexit sha1_base64="60XogvzNKQQO8qIISPClPOzQXiY="></latexit>

!M<latexit sha1_base64="WXiYYmfJeu3OAzfZcUgR4xvrhBU="></latexit>!

<latexit sha1_base64="M5wDzFOkYncMw9jcdXFIGGI2vHU="></latexit>

!H

<latexit sha1_base64="NE2eS/zUK+AmB9X861SrCW+CW9E="></latexit>

N<latexit sha1_base64="4Y5EfhcXctkQDg8A82YAEOxdZmc="></latexit>

L

<latexit sha1_base64="2ErXeZnXTgJnvAnni37HyDrdZCQ="></latexit>

I

<latexit sha1_base64="2ErXeZnXTgJnvAnni37HyDrdZCQ="></latexit>

I



4 - Modelo de Ginzburg-Landau
1ª Ley de la TermodinámicaEnergía Libre del Superconductor

Es más sencillo modificar experimentalmente T y    que S y    , por lo que definimos la 
energía libre G a través de la Transformación de Legendre

<latexit sha1_base64="uUWmCdzYiO0RNIExGk/0oHk+Kj0="></latexit>

!H
<latexit sha1_base64="60XogvzNKQQO8qIISPClPOzQXiY="></latexit>

!M

<latexit sha1_base64="kkZAo2y55GYMXhiT5TVMAWbXbrs="></latexit>

dU = dø Q + dø W
<latexit sha1_base64="k0rVkbk2/v9zNI+EZzcSGOgI6wo="></latexit>

dU = TdS + µ0V !H ád !M
<latexit sha1_base64="dgnfHz2Ws0W+7atHYPz+lB+zAGM="></latexit>

U = f (S, !M )

<latexit sha1_base64="hAMNrhDo5XELSvR0tKVPA+F+NOA="></latexit>

G = U ! T S ! µ0V !H á !M
<latexit sha1_base64="dQP+8s1aA9L1uU6lY+2gA+jtrUY="></latexit>

dG = SdT + µ0V !M ád !H
<latexit sha1_base64="L9uaKnzogGSKEpFJP4jVwroqmW8="></latexit>

G = f (T, !H )

<latexit sha1_base64="/ECHqLo2WTNsHVrCI86MIZyeQbo="></latexit>

S = !
! G
! T

<latexit sha1_base64="qnTi/kwmUB/fAabbUIxXO8aMY8o="></latexit>

!M = !
1

µ0V
" G

" !H



4 - Modelo de Ginzburg-Landau
Diferencia EnergíasEnergía Libre del Superconductor

<latexit sha1_base64="dQP+8s1aA9L1uU6lY+2gA+jtrUY="></latexit>

dG = SdT + µ0V !M ád !H

<latexit sha1_base64="PnJuzfXe+s6tIHeYNrkUYGhbcKE="> n+0SerbmvPEiZVJtQa8aYldMwe1rr2YVpFeTtdKyfrcNH3JkgdZ0vdhj7Hotg65zu04vrE41vAINzL9w6pdALkvPp3TuX4lP1nttZ91zOXre3KdJwlK38Sq6VB6c1P4SmLahdbucmUwXAYtTPlexM5TCgg4EuTAhsImdacTDwcWa3fSIPdLfTU4seJwOzwZYsuhjGY8FmaFHTRJt/iHN2aJvEDg2n+dSRD4xXB6c6dBCWyA8zMieVRGZmZ3Q/M9w+zozzPM0FxINbic </latexit>

Gs(T, Hc(T)) ! Gs(T, 0) =
! H c

H (0)
dG = ! µ0V

! H c

H (0)

!M ád !H

SC tipo I:
<latexit sha1_base64="AS2FBH8CklIimB5MXfQuW3/PTkw="></latexit>

!M = " !H = ! !H
<latexit sha1_base64="9Yl3u6abot1UVZ/oPXbmCoqVN00="></latexit>

Gs(T, Hc(T)) ! Gs(T, 0) = µ0V
! H c

H (0)

!H ád !H =
µ0V

2
H 2

c (T)

<latexit sha1_base64="et930WCa5NSbly1P6stZPashsME="></latexit>

H = Hc(T)
Tenemos equilibrio entre las fases SC y Normal

<latexit sha1_base64="073DTu5UNDg/Lm6M+fAJXjaX1p4="></latexit>

Gs(T, Hc(T)) = Gn (T, Hc(T))



4 - Modelo de Ginzburg-Landau
Diferencia EnergíasEnergía Libre del Superconductor

Normal:
<latexit sha1_base64="/QYviod6bApQ/Fl/2cNa8VhnFGo="></latexit>

!M = " !H , con |" | ! 1
<latexit sha1_base64="tvwq1P7oVg7gdIZ2bUPIsMuwIf0="></latexit>

Gn (T, Hc(T)) ! Gn (T, 0) = ! µ0V
! H c

H (0)

!M ád !H = ! µ0V
! H c

H (0)
" !H ád !H = !

µ0V
2

" H 2
c (T)

µ0V
2

H 2
c (T)

<latexit sha1_base64="ezYygwjGK77CYcvmu/0XwG5U2hE="></latexit>

Gn (T, Hc(T)) ! Gn (T, 0)

<latexit sha1_base64="Ssvn0wOGHCjhrbH8HguA1AL2jNk="></latexit>

H = 0SC fase estable a  y 
<latexit sha1_base64="xcV/uuHzJ37I8RcpSKci2FQ1z0w="></latexit>

T < T c

Energía de condensación, ganancia de G al estar en SC an vez de N

<latexit sha1_base64="x8LpVgfLz5Ebiih8LroUiOUwl1A="></latexit>

Gs(T, 0) ! Gn (T, 0) = !
µ0V

2
H 2

c (T) = ! Ec < 0 " Gs(T, 0) < G n (T, 0)

<latexit sha1_base64="WW3181ziIoZm24KXrdIub1JNlGk="></latexit>

Ec
<latexit sha1_base64="WXiYYmfJeu3OAzfZcUgR4xvrhBU="></latexit>!

<latexit sha1_base64="et930WCa5NSbly1P6stZPashsME="></latexit>

H = Hc(T) Tenemos equilibrio entre las fases SC y Normal
<latexit sha1_base64="073DTu5UNDg/Lm6M+fAJXjaX1p4="></latexit>

Gs(T, Hc(T)) = Gn (T, Hc(T))



4 - Modelo de Ginzburg-Landau
Diferencia EnergíasEnergía Libre del Superconductor

<latexit sha1_base64="/ECHqLo2WTNsHVrCI86MIZyeQbo="></latexit>

S = !
! G
! T

<latexit sha1_base64="EUPHqqcCxalI6ARniUgpqNgZ3CE="></latexit>

Ss(T, 0) ! Sn (T, 0) = µ0V Hc(T)
dHc(T)

dT
= L " 0

<latexit sha1_base64="ZFJXREJAybXxrg5L36PZ+ImECZE="></latexit>

L = µ0V Hc(T)
dHc(T)

dT
> 0

<latexit sha1_base64="Z0tfbAFEAHp8Fzype7lD0/tD21E="></latexit>

! S = 0 cuando T = Tc y Hc = Hc(Tc) = 0

Transición orden 1

Transición orden 2

<latexit sha1_base64="W7YCFyLNTf39HUgzkMdY65k9tmw="></latexit>

H 2
c

2
=

! H c 2

0

!M ád !HCampo crítico termodinámico



4 - Modelo de Ginzburg-Landau
Parámetro de OrdenEnergía Libre del Superconductor

<latexit sha1_base64="W1CIw56nRHqxUTTD2ZZ2nBomgBs="></latexit>

! (T > T c) = 0 (Estado Normal)
! (T < T c) != 0 (Estado Superconductor)

!

<latexit sha1_base64="GU2wTqP2XXgGimFIDvDRkK9vsXg="></latexit>

! (T) = ! (T) ! C
A partir de la Teoría BCS, relacionado con el gap de energía y con

<latexit sha1_base64="Ksk33eBpzdoYhLmGpMw6L70AzGw="></latexit>ns

<latexit sha1_base64="hRWzMa72s6Onbtoad0zWG0yvdJk="></latexit>

G = f (|! |)

Hipótesis: Cuando                  , la energía libre                depende suavemente de     y de   
<latexit sha1_base64="7LYz/0oEjfKEpFJKTYKxmGvJGe0="></latexit>

! !<latexit sha1_base64="nplLDA3CpPceuhkY8OMH2B8plmo="></latexit>

!
<latexit sha1_base64="ePxy18bWONaOoZLspUeORZLgS6E="></latexit>

G ! R
<latexit sha1_base64="Qb1Ay0QsgH7ZLl0HzlcJaqWkci8="></latexit>

T ! Tc

<latexit sha1_base64="uBLoywe+vpOTE/sWbD/OdtAuzTA="></latexit>

gs(T) = gn (T) + a(T)|! |2 +
b(T)

2
|! |4 + á á á



4 - Modelo de Ginzburg-Landau
Parámetro de OrdenEnergía Libre del Superconductor

<latexit sha1_base64="uBLoywe+vpOTE/sWbD/OdtAuzTA="></latexit>

gs(T) = gn (T) + a(T)|! |2 +
b(T)

2
|! |4 + á á á

<latexit sha1_base64="6Sgv/n+KHxlonQgh1KqlJtTydvc="></latexit>

a(T > T c) > 0 ! min|! |2 = 0

<latexit sha1_base64="pdhyMIbpTK0IJ+Stg1Pr7DE+SlE="> </latexit>

a(T > T c) < 0 ! min|! |2 =
" a(T)
b(T)

Normal

Superconductor

<latexit sha1_base64="8ticM5uausdUD13j3aUFUyMIeY4="></latexit>

a(T = Tc) = 0
<latexit sha1_base64="uWvIBiC8yvSia6vIWUSpDdmY1K0="></latexit>

b(T) > 0
<latexit sha1_base64="oXW0f1S2SSQgydnlYhR5YlXi1Q4="></latexit>

! gsc(! )

<latexit sha1_base64="P9gzEe1TRS0Vwy5QWUnsm+1B3ls="></latexit>

!

<latexit sha1_base64="pWArOPzOSA5a3Uz4yv47xlNQcWc="></latexit>

! 0

<latexit sha1_base64="mw2ng6w70xt1dXbZWqEsDd63ejk="></latexit>

a(T > T c) > 0
<latexit sha1_base64="/avtjDd0xKilsWdE5jKmQ+YdZt4="></latexit>

a(T < T c) < 0



4 - Modelo de Ginzburg-Landau
Parámetro de OrdenEnergía Libre del Superconductor

<latexit sha1_base64="uBLoywe+vpOTE/sWbD/OdtAuzTA="></latexit>

gs(T) = gn (T) + a(T)|! |2 +
b(T)

2
|! |4 + á á á

<latexit sha1_base64="J2udLNihD6LafccgFwLdXQDHeZU="></latexit>

a(T) ! úa(T " Tc)
b(T) ! b > 0

!
|! | =

" #
úa
b

#
Tc " T Si T < T c

0 Si T > T c

<latexit sha1_base64="oXW0f1S2SSQgydnlYhR5YlXi1Q4="></latexit>

! gsc(! )

<latexit sha1_base64="P9gzEe1TRS0Vwy5QWUnsm+1B3ls="></latexit>

!

<latexit sha1_base64="pWArOPzOSA5a3Uz4yv47xlNQcWc="></latexit>

! 0

<latexit sha1_base64="mw2ng6w70xt1dXbZWqEsDd63ejk="></latexit>

a(T > T c) > 0
<latexit sha1_base64="/avtjDd0xKilsWdE5jKmQ+YdZt4="></latexit>

a(T < T c) < 0
<latexit sha1_base64="+WOIDIUoJR+pi40KWT3LrS70k90="></latexit>

! gsn (! 0) =
! a2(T)
2b(T)

=
úa2(T ! Tc)2

2b
<latexit sha1_base64="/XJf0lWAxqiE7xud2+vOf9Omv4I="></latexit>

! gsn (! 0) =
úa2(T ! Tc)2

2b
= !

µ0

2
H 2

c

<latexit sha1_base64="Qb1Ay0QsgH7ZLl0HzlcJaqWkci8="></latexit>

T ! Tc

<latexit sha1_base64="IHIGLQYeEBjAtB8F1+AUM+/lhNA="></latexit>

H c =
úa

!
µ0b

(Tc " T)<latexit sha1_base64="LFh2LG7CJteFBD6pv7xNurrVabQ="></latexit>!



4 - Modelo de Ginzburg-Landau
Sistemas HomogéneosEnergía Libre del Superconductor

Transición 2º orden

<latexit sha1_base64="eejq77+QcsMqMjjXg+p9iePwiGs="></latexit>

s = !
! g
! T

" ss(T) ! sn (T) =
! úa
b

(Tc ! T) = ! L

<latexit sha1_base64="Ez7GdCTT1bmraBMsOQSl1u7Rm+g="></latexit>

L = |! ssn (T)| = 0

<latexit sha1_base64="jtecaH80DWs06pj22xrQ/cwices="></latexit>

CV = T
ds
dT

<latexit sha1_base64="jTRLHxLH1YhLup2uqBWDZPC0FNU="></latexit>

CV,s ! CV,n =

!
"

#
T

úa2

b
Si T < T c

0 Si T > T c<latexit sha1_base64="gH7SPDCUIuIEMrbNgzIvJwk2rqM="></latexit>

CV,n = ! T

Capacidad calorífica

<latexit sha1_base64="uBLoywe+vpOTE/sWbD/OdtAuzTA="></latexit>

gs(T) = gn (T) + a(T)|! |2 +
b(T)

2
|! |4 + á á á

Entropía

<latexit sha1_base64="Qb1Ay0QsgH7ZLl0HzlcJaqWkci8="></latexit>

T ! Tc
<latexit sha1_base64="LFh2LG7CJteFBD6pv7xNurrVabQ="></latexit>! <latexit sha1_base64="LFh2LG7CJteFBD6pv7xNurrVabQ="></latexit>!

<latexit sha1_base64="x5eJzsWcz1ud6xo/Du/4B7Wc7IY="></latexit>

! C(Tc)

<latexit sha1_base64="V231zHwSyYuDtM6dVuCkQR0ibKU="></latexit>

Tc
<latexit sha1_base64="UAJiNg9w6H+IpMmkiaqpsuBiU5w="></latexit>

T

<latexit sha1_base64="S541NoPETy0/pYrnJuntGvftynk="></latexit>

Cel(T)

<latexit sha1_base64="bIXdiVBxO2PitIcZPwRyjnpa++c="></latexit>

Cel
n (T)

<latexit sha1_base64="R0DeAM7ZtI/xiQC51RnmZH8CrJ4="></latexit>

Cel
s (T)

<latexit sha1_base64="JBMTIdG/i643cxAtvjbqfaYzrAg="></latexit>

0



4 - Modelo de Ginzburg-Landau
Sistemas No HomogéneosEnergía Libre del Superconductor

<latexit sha1_base64="Qb1Ay0QsgH7ZLl0HzlcJaqWkci8="></latexit>

T ! Tc

<latexit sha1_base64="d7JfweoywqvId+zZzCn9SJ7E1lk="></latexit>

! = |! |ei!
<latexit sha1_base64="d5WpPcEJczQfNmflXE8mNsj7Rtk="></latexit>

! = ! ("r )

<latexit sha1_base64="aav3nwwtQJS9trA0bIJm+x8BUPM="></latexit>

Gs(T) = Gn (T) +
!

!
d3!r

"
! 2

2m! | !! " (!r )|2 + a(T)|" (!r )|2 +
b(T)

2
|" (!r )|4

#

 masa efectiva de las partículas que constituyen el campo macroscópico
<latexit sha1_base64="KLIugNRVZX0t1IQZiviq3h8oOXg="></latexit>

m! <latexit sha1_base64="Z62NuxdpL+85nIIT0nP3bP7bD80="></latexit>

! ("r )<latexit sha1_base64="WXiYYmfJeu3OAzfZcUgR4xvrhBU="></latexit>!

<latexit sha1_base64="pQ4RKD4WKedRqYnFXgqDa7lhtCo="> </latexit>

! 2

2m! | !! " (!r )|2 Es la energía cinética asociada al campo macroscópico
<latexit sha1_base64="Z62NuxdpL+85nIIT0nP3bP7bD80="></latexit>

! ("r )



4 - Modelo de Ginzburg-Landau
Presencia campo magnéticoEnergía Libre del Superconductor

<latexit sha1_base64="Qb1Ay0QsgH7ZLl0HzlcJaqWkci8="></latexit>

T ! Tc

Acoplo mínimo

<latexit sha1_base64="d7JfweoywqvId+zZzCn9SJ7E1lk="></latexit>

! = |! |ei!
<latexit sha1_base64="d5WpPcEJczQfNmflXE8mNsj7Rtk="></latexit>

! = ! ("r )
<latexit sha1_base64="ukqH7v4CaOzIhcaXSLX1iKHDPE4="> vqWVVAxH6fNd/b1WyD085fTUolLCrlwyUnIYmSi8Z57xaBF0P0xd8y3yvrw6O2o3W7cbOr7fqd/byt/wV6wvrS+uG1bK+se5Yv1j71qGFrT+tv61/rH9r92uT2mntZQa9fCnn+dwqfWp//A/Y9UuI</latexit>

!p !" !p # q!A
<latexit sha1_base64="Vkt9Ig/Sqbr5haWsDfwr2u8qyjM="></latexit>

öp = ! i! !" #$ ! i! !" + 2e!A

<latexit sha1_base64="mQmgt7a4WMi0yysTeEOlEO3Z1k8="></latexit>

!E = !0
<latexit sha1_base64="96rz1P0rb/SFj3lxEIqO3Qd+z9Y="></latexit>

!B = !! " !A

Campos dentro de un Superconductor

<latexit sha1_base64="LFh2LG7CJteFBD6pv7xNurrVabQ="></latexit>!

<latexit sha1_base64="VCLVZTLu2muKAmj5cVg5VaAZWLo="></latexit>

Gs(T) = Gn (T) +
!

!
d3!r

"
1

2m!

#
#
#
$

! i! !" + 2e!A(!r )
%

" (!r )
#
#
#
2

+ a(T)|" (!r )|2 +
b(T)

2
|" (!r )|4 +

B 2(r )
2µ0

&



4 - Modelo de Ginzburg-Landau
Estado de un SuperconductorEnergía Libre del Superconductor

Ecuación válida para cualquier 
<latexit sha1_base64="JCFSl2Jt17xw6QsTUoaSrIbLQls="></latexit>

! ! C
¿Cómo obtenemos el campo            que realmente describe al Superconductor?

<latexit sha1_base64="Z62NuxdpL+85nIIT0nP3bP7bD80="></latexit>

! ("r )
Obteniendo aquel que minimize la energía libre en cada caso.

<latexit sha1_base64="Oi2H871oJaDhoEGFQ8mGLZWVl/o="></latexit>

! Gs(T)
!" (#r )

= 0

! Gs(T)
!" ! (#r )

= 0

!
""#

""$
!

" ! 2

2m!

%
## +

2e
!

i #A(#r )
&2

" (#r ) +
'
a(T) + b(T)|" (#r )|2

(
" (#r ) = 0

Ecuación de Schrödinger No lineal, muy parecida a Gross-Pitaevski

La corriente eléctrica superconductora se puede calcular como
<latexit sha1_base64="goaSDpNOu6tTB8IOpdtO6iwX5mw="></latexit>

!j s(!r ) = !
"Gs(T)

" !A(!r )
=

! 2e!
2m! i

!
#! !" # ! # !" #!

"
!

(2e)2

m! |#|2 !A(!r )

<latexit sha1_base64="VCLVZTLu2muKAmj5cVg5VaAZWLo="></latexit>

Gs(T) = Gn (T) +
!

!
d3!r

"
1

2m!

#
#
#
$

! i! !" + 2e!A(!r )
%

" (!r )
#
#
#
2

+ a(T)|" (!r )|2 +
b(T)

2
|" (!r )|4 +

B 2(r )
2µ0

&



4 - Modelo de Ginzburg-Landau
Superficie de un SuperconductorEnergía Libre del Superconductor

<latexit sha1_base64="JhYVicV/c7QTXgTLS7v9yPOjWNk="></latexit>

! = 0
<latexit sha1_base64="MRBFGbGPE/i1brBQdNUEv0UsJ5E="></latexit>

! 2

2m! ! ! ("r ) + a(T)! ("r ) + b(T)|! ("r )|2! ("r ) = 0

limx " 0 ! (x) = 0
limx "# ! (x) = ! 0

!

"
#$

#%
! ! (x) = tanh

&
x

"
2#(T)

'

<latexit sha1_base64="08r5in6Wr5kWEB7pNxcXMrVrcSM="></latexit>

! (T) =
!

2m! |a(T)|

<latexit sha1_base64="xtXxXgigtKNDkuyh5xI5tIzdZlY="></latexit>

a(T) = úa(T ! Tc) " ! (T) = ! (0)|t|
! 1
2

t =
T ! Tc

Tc

!
"

#
" ! (T) diverge como|t|

! 1
2 # T $ Tc

"
1
2

% Exponente cr«õtico (t«õpico de teor«õas de campo medio)
Ecuación válida para cualquier 

<latexit sha1_base64="JBMTIdG/i643cxAtvjbqfaYzrAg="></latexit>

0 <latexit sha1_base64="jsNB1ee4Txar3Z383q7AgCHUYT8="></latexit>x

<latexit sha1_base64="ThhCaA5lk7WStZWYlKVM48Nh6II="></latexit>

!
<latexit sha1_base64="nSl6AnnCAMw5CZ6FSRnVNB8BUiI="></latexit>

! <latexit sha1_base64="D3DjFcz6kOnuw/nhO845wygoEt4="></latexit>

B (x)
B0

<latexit sha1_base64="8F8QJP0cAwYfDgmNmbUfHHWLwW4="></latexit>

ns(x)
ns,!

<latexit sha1_base64="o7T/RVHexdwhgion6jJzjg1qC8A="></latexit>

1

<latexit sha1_base64="JBMTIdG/i643cxAtvjbqfaYzrAg="></latexit>

0

<latexit sha1_base64="OXK4ensTe5qb63JqLQfiYCfY8xo="></latexit>

Normal
<latexit sha1_base64="J5JeqLmpe3W+YI08tQE8Te8Ntqw="></latexit>

Superconductor



4 - Modelo de Ginzburg-Landau
Energía de la superficieEnergía Libre del Superconductor

<latexit sha1_base64="Sh75gd0VJDC7+r+15pyDR3HkfpM="></latexit>

! S =
!

!
! f sn (T,"r )d3"r = A

! !

0
dx

"
! 2

2m" |#x $(x)|2 + a(T)|$(x)|2 +
b(T)

2
|$(x)|4 +

µ0

2
H 2(x)

#

<latexit sha1_base64="ynhFRjDQMjQl1VeNiqnTxF11gGs="></latexit>

! (x) = tanh
!

x
!

2" (T)

"

µ0

2
H 2

c (x) =
a2

2b

#
$$%

$$&
" #S = 1 .89

µ0

2
H 2

c " (T)

<latexit sha1_base64="08r5in6Wr5kWEB7pNxcXMrVrcSM="></latexit>

! (T) =
!

2m! |a(T)|

<latexit sha1_base64="JBMTIdG/i643cxAtvjbqfaYzrAg="></latexit>

0 <latexit sha1_base64="jsNB1ee4Txar3Z383q7AgCHUYT8="></latexit>x

<latexit sha1_base64="ThhCaA5lk7WStZWYlKVM48Nh6II="></latexit>

!
<latexit sha1_base64="nSl6AnnCAMw5CZ6FSRnVNB8BUiI="></latexit>

! <latexit sha1_base64="D3DjFcz6kOnuw/nhO845wygoEt4="></latexit>

B (x)
B0

<latexit sha1_base64="8F8QJP0cAwYfDgmNmbUfHHWLwW4="></latexit>

ns(x)
ns,!

<latexit sha1_base64="o7T/RVHexdwhgion6jJzjg1qC8A="></latexit>

1

<latexit sha1_base64="JBMTIdG/i643cxAtvjbqfaYzrAg="></latexit>

0

<latexit sha1_base64="OXK4ensTe5qb63JqLQfiYCfY8xo="></latexit>

Normal
<latexit sha1_base64="J5JeqLmpe3W+YI08tQE8Te8Ntqw="></latexit>

Superconductor



4 - Modelo de Ginzburg-Landau
Ruptura simetría Gauge SCEnergía Libre del Superconductor

Ecuación válida para cualquier gauge 
<latexit sha1_base64="d7JfweoywqvId+zZzCn9SJ7E1lk="></latexit>

! = |! |ei!
<latexit sha1_base64="NR4oKd2FAVD2tYVsia5bjspCyvE="> rFsMeFuRl1g/xZDzFX8ux3MXwCOP4IUT4p6y/Bd799r1Hd++BbSGjQz6zTJ+KJ/A+xPmotxpbJupF/pWFYjotldimPB4Ho32o9ll8kiMHb2uozdB0Gw0dBnIJvR10lbvZNLp2ILuZyw1aSqL9iEHVRWEITxfTYKTDudyRgIcFVq55jOqztPhzLYsaMDf13fy9Vcl9eMqZ1iB3hD2zZKHEOLJRZsmq83IWdDPU5gXfst/ri4ODjUbrVmPr55v1OzvZW/5i5dPKZ5XrlVbly8qdyg+V3cqTSrD07/KF5UvLl2u/1/6o/Vn7K4UuL2U8n1QKn9rf/wE288t3</latexit>

VG = V ! ! t G
"AG = "A + "" G

!
#

"" $ "A = "" $ "AG = "B
"" V ! ! t "A = "" VG ! ! t "AG = "E

"AG = "A + "" G

"
#

$

<latexit sha1_base64="+/1KWKd2qxr8ahfAwPbt0VMZoRs="></latexit>

G(!r, t )

<latexit sha1_base64="3irYAfcOMb7AZae0O7LFSsndjSg="></latexit>

öp = ! i! !" + 2e!A(!r )
" ! (!r ) = " (!r )ei! ("r )

!
# öp" ! (!r ) =

"
! i! !" + 2e!A(!r )

#
" (!r )ei! ("r )

= ei! ("r )
$

! i! !" + 2e
%

!A(!r ) +
!
2e

!" #(!r )
&'

" (!r )

<latexit sha1_base64="LCHSqSFoENFCq4GNJcSILh6rRDs="></latexit>

! ! ("r ) !" ! ("r )ei! ("r )

"A("r ) !" "A("r ) +
!
2e

"# #("r )

!

$ Gs

"
T, ! , "A

#
= Gs

$
T, ! ei! , "A +

!
2e

"# #
%

<latexit sha1_base64="B6E/beVi5VijN5pr+txg/O5stik="></latexit>

G(!r, t ) =
! " (!r, t )

2e
Por lo que hemos perdido la invariancia Gauge en un SC



4 - Modelo de Ginzburg-Landau
Derivación Ecuación de London

Ecuación válida para cualquier gauge 
<latexit sha1_base64="d7JfweoywqvId+zZzCn9SJ7E1lk="></latexit>

! = |! |ei!
<latexit sha1_base64="+/1KWKd2qxr8ahfAwPbt0VMZoRs="></latexit>

G(!r, t )

Longitud de penetración de London

<latexit sha1_base64="7OGPJCaxpzHsy0uH2mASbYthLt0="></latexit>

! ("r ) = ! 0 = cte ! "r " ! # #("r ) = #0 = cte
<latexit sha1_base64="rg9hFBjKsLcw1SLDvvDYmFXyKjo="></latexit>

!j s(!r ) = !
"Fs(T)

" !A(!r )
=

! 2e!
2m! i

!
#! !" # ! # !" #!

"
!

(2e)2

m! |#|2 !A(!r )

= !
(2e)2

m! |#0|2 !A(!r )

= !
ns(2e)2

m!
!A(!r ) = !

nse2

me

!A(!r )

<latexit sha1_base64="uiLYZBV97Lj1xm/3aI0zc6rfG6U="></latexit>

! =
" (T)
#(T)

!= f (T)

<latexit sha1_base64="vLUg75gdq7XRpiGQ7NATvjYkUM0="></latexit>

ns = 2 |! |2 =
úa(Tc ! T)

b



4 - Modelo de Ginzburg-Landau
Quantización de FlujoVórtice Superconductor

Aplicación de Ginzburg-Landau a un anillo SC
<latexit sha1_base64="d7JfweoywqvId+zZzCn9SJ7E1lk="></latexit>

! = |! |ei!
<latexit sha1_base64="rQM+Ucgn/Mg072QVNP2jjfriikY="></latexit>

!B = Bz öz ! !A = A! ö" =
!

2#R
ö"

<latexit sha1_base64="ExiqcW0cdHHQ39ee0TIRPUPBsMg="> </latexit>

! Gsn (T) = V

!
2e2

m! R2 (" ! n" 0)2 + a(T)|! ("r )|2 +
b(T)

2
|! ("r )|4 +

1
2µ0

"
"
S

# 2
$

<latexit sha1_base64="XDivBG+PDKCc/Jdvq/okXb5F9YU="></latexit>

! (" ) = ! (" + 2#)

<latexit sha1_base64="UqDxPx62vi9K88IESsjwi2cD6Ak="></latexit>

! (" ) = ! 0ein ! ! n " Z

<latexit sha1_base64="LFh2LG7CJteFBD6pv7xNurrVabQ="></latexit>!

<latexit sha1_base64="o/Uu54EGCUS0zYtuRsCVGfNFat0="></latexit>

! =
!

S

!B ád!s =
!

S

!! " !A ád!s =
"

! S

!A ád!" = 2#RA " = Bz#R2

<latexit sha1_base64="FFDRO9qENpFyJX7nRV5dJmdX7Vs="></latexit>

B (! )/B 0

<latexit sha1_base64="0NGknyv2KnlG/3CSTeyUJQXKlDI="></latexit>

B0

<latexit sha1_base64="UoAHHcUfQtvXxHwpKKOIzbsNMys="></latexit>

0 <latexit sha1_base64="PMVeP+Tj+NLxt23daGexjNgdoCg="></latexit>!

<latexit sha1_base64="6J3lc4L1TM3Wxrm/qez+GhZdMZI="></latexit>

2!

<latexit sha1_base64="HW5+ZD8wTRzQ4ILtbr6gfQi7+TQ="></latexit>

2!

<latexit sha1_base64="On6pKSiPmxUvHmZSHenxTRWi0Oo="></latexit>

ns(! )/n !

<latexit sha1_base64="xG4jsrX2PRX6QYgf12U7oZsSSFc="></latexit>

!j s(" )



4 - Modelo de Ginzburg-Landau
Quantización de FlujoVórtice Superconductor

<latexit sha1_base64="mm5yb1E4Lh+OAltu/839scYjrJ8="></latexit>

! 0 =
h
2e

<latexit sha1_base64="QGf71buaPpPlttwijB8vocqD+pc="> oD7p9Hp90yxFqejNcuo2GLgO5hN4Keqq+2TS6tqG6mcMNWiqi/ZBB10VRBE8Xc8HIhnO5IwEPC6zq5jGqz9Liz7UsasDc9Hfzea2SQ3jKmatBYQt7ZslCiXFso8yS1eflLOhmmL7gW/Z7fXFw0G60bja2fryxfHs7f8tfcj5xPnXWnJbzuXPb+d7ZdfadwPnL+dv51/mvFtd+q/1e+yODXryQ83zslH61P/8HaXVYQA==</latexit>

! Gs(T)
! !

= 0 ! ! = n! 0

<latexit sha1_base64="4P6E5ydpNKlGiyrzvLok78N2Bt0="></latexit>

Gs(T, n) !" Gs(T, n # 1)
<latexit sha1_base64="Z4oZWSW6QPjkU1GsJ+0AXwv/YAg="></latexit>

! ! 1 ! e! ! E
k B T

<latexit sha1_base64="ExiqcW0cdHHQ39ee0TIRPUPBsMg="> </latexit>

! Gsn (T) = V

!
2e2

m! R2 (" ! n" 0)2 + a(T)|! ("r )|2 +
b(T)

2
|! ("r )|4 +

1
2µ0

"
"
S

# 2
$

<latexit sha1_base64="LFh2LG7CJteFBD6pv7xNurrVabQ="></latexit>!

<latexit sha1_base64="FFDRO9qENpFyJX7nRV5dJmdX7Vs="></latexit>

B (! )/B 0

<latexit sha1_base64="0NGknyv2KnlG/3CSTeyUJQXKlDI="></latexit>

B0

<latexit sha1_base64="UoAHHcUfQtvXxHwpKKOIzbsNMys="></latexit>

0 <latexit sha1_base64="PMVeP+Tj+NLxt23daGexjNgdoCg="></latexit>!

<latexit sha1_base64="6J3lc4L1TM3Wxrm/qez+GhZdMZI="></latexit>

2!

<latexit sha1_base64="HW5+ZD8wTRzQ4ILtbr6gfQi7+TQ="></latexit>

2!

<latexit sha1_base64="On6pKSiPmxUvHmZSHenxTRWi0Oo="></latexit>

ns(! )/n !

<latexit sha1_base64="xG4jsrX2PRX6QYgf12U7oZsSSFc="></latexit>

!j s(" )

! ! �� " ! �� " " �� " ! �� "

<latexit sha1_base64="hnTIXtrEtMyJPa8hDoaC80Bcebo="></latexit>

Gs[! ] ! Gs[0]



4 - Modelo de Ginzburg-Landau
Red de vórtices de AbrikosovVórtice Superconductor

Solución exacta de Ginzburg-Landau para SC tipo II

<latexit sha1_base64="I98srjtyDqjUqwc7FZaSy4rd1v4="></latexit>

Hext ! Hc,2|T ! Tc
! (T " Tc) # M $ 1 # B = µ0H es una buena aproximaci«on

<latexit sha1_base64="Gi7XfW8KPbEmWLZmEdNHhkfGIOY="></latexit>

!! á !A = 0
!B = B öz

!
" !A = Bx öy

<latexit sha1_base64="ZWOjfpkIopBgPw5+JzwNob633xI="></latexit>

! ! 2

2m!

!
!" +

2e
!

iBx öy
" 2

" (!r ) +
#
a(T) + b(T)|" (!r )|2

$
" (!r ) = 0

Linealizamos en el límite de campo pequeño y de parámetro de orden pequeño

<latexit sha1_base64="L/3L8AEWXz0Xf3rGx015JbXKvKo="></latexit>

! ! 2

2m!

!
!" +

2e
!

iBx öy
" 2

" (!r ) + a(T)" (!r ) = 0



4 - Modelo de Ginzburg-Landau
Red de vórtices de AbrikosovVórtice Superconductor

Solución exacta de Ginzburg-Landau para SC tipo II

Esto es un oscilador armónico cuántico desplazado
<latexit sha1_base64="bN4VXtJYpTxsHsrStp1dBIKWOXs="></latexit>

! ("r ) = ! (x)ei( ky y+ kz z)
<latexit sha1_base64="eCmaC7g9yqNqnR4xcGksc0YGJAs="></latexit>

! c =
2eB
m!

x0 =
! ! ky

m! ! c
T ! Tc " a(T) = ! |a| < 0

!
"""#

"""$

"

%
"&

"'

" n (x) = Cn Hn (x ! x0)e
! ( x ! x 0 ) 2

! 2 ( T )
(

n +
1
2

)
! ! c +

! 2k2
z

2m! = |a| = úa(T ! Tc)

<latexit sha1_base64="L/3L8AEWXz0Xf3rGx015JbXKvKo="></latexit>

! ! 2

2m!

!
!" +

2e
!

iBx öy
" 2

" (!r ) + a(T)" (!r ) = 0



4 - Modelo de Ginzburg-Landau
Campo externo pequeñoVórtice Superconductor

Solución exacta de Ginzburg-Landau para SC tipo II
<latexit sha1_base64="1dRfcimzteLvaJc40st5UeyPfvs="></latexit>

Hext ! 1
n = 0

kz = 0

!
"

#
"

! ! c

2
= úa(T # Tc)

<latexit sha1_base64="wQVAs2uz1VnUpn5ZX8Q+0jhxK8Q="></latexit>

! c =
2eµ0Hext

m! > 0

<latexit sha1_base64="pkDVXOVeTyx4APIdMOswhcm5IEo="></latexit>

Tc(H ) = Tc(0) !
! ! c

2úa
= Tc(0) !

2e! µ0

2úam! H



4 - Modelo de Ginzburg-Landau
Campo externo grandeVórtice Superconductor

<latexit sha1_base64="LGP28O0lZ3LEu4HEkTelwn2eh5k="></latexit>

Hext = Hc,2(T)
n = 0

kz = 0

! c =
2eµ0Hext

m!

!
"""#

"""$

!
! ! c

2
= úa(T " Tc) ! µ0Hc,2(T) = Bc,2(T) =

2m! úa(Tc " T)
! 2

!
2e

=
! 0

2"# 2(T)

<latexit sha1_base64="gbB36TR9HmFCsW0moAODyzH4tcE="></latexit>

! (T) = ! (0)|t|
! 1
2 ! Hc,2(T) =

! 0

2" µ0! 2(0)
Tc " T

Tc

Hc =
úa(Tc " T)

#
µ0b

# =
$
!

!
"""""#

"""""$

! Hc(T) =
! 0

2" µ0
#

2

1
! (T)$(T)

=
Hc,2(T)

#
#

2

<latexit sha1_base64="Mm+Nvak0D/cmlNPxHB2lfyO2cUg="></latexit>

H c,2(T) =
!

2! Hc(T)

<latexit sha1_base64="eW6aotnz5MUDHBs5e01ZAUdV/KM="> 6uut+C7NHBt4/ufQu+cSkmau5ZcSmeURHTetb73ds26035zaXDdHZUUp/zJCPTIzjtq/y4kmPCns1w6bYWhhL0MrFHRnnnVs/a2ofuZjc3WGnJ9iMJpy7mHD5d7AWjHC70TjV8WNC8Yz9Gi1VWooWVZQtU2fPdvl6p5hg+5ezVoFbCoSV5KJ0lPsqSvHPezJNuh4X9gu/73+vLg2eDbv+L7u2/Dza+2a++5d9CH6FP0Dbqoy/RN+g+eoyeIrK2t0bW+Fry4X9vbN3YudEtoddeq2Q+QI2/G1/+D/2lP1U=</latexit>

¥ ! >
1

!
2

" Hc,2(T) > H c(T), por lo que " crece lentamente desde" = 0

justo para H ! Hc,2, lo que indica una transici«on continua (de 2o orden)
y que tenemos un Superconductor tipo 2

¥ ! <
1

!
2

" Hc,2(T) < H c(T), por lo que, antes de llegar a crecer lenta-

mente " desde " = 0 para H < H c,2, se alcanza un campoH = Hc

para el cual se veriÞca queGs(T, Hc) < G n (T, Hc), por lo que en dicho

caso tenemos salto discontinuo desde" = 0 hasta " = " 0 =
# a(T)
b(T)

$= 0,

lo que indica que tenemos una transici«on de 1o orden y que tenemos un
Superconductor tipo 1.



4 - Modelo de Ginzburg-Landau
Red de VórticesVórtice Superconductor

Solución exacta de Ginzburg-Landau más allá de la aproximación lineal
<latexit sha1_base64="LKUIrr2sWV5S/TEwddoZOmiRWbQ="></latexit>

! ! 2

2m!

!
!" +

2e
!

iBx öy
" 2

" (!r ) + a(T)" (!r ) + b(T)|" (!r )|2" (!r ) = 0

<latexit sha1_base64="JIFG5DiDHzqhTsZdhqx/HEQIhjI="></latexit>

¥ H ! Hc,2 ! Red de v«ortices cercanos, separados una distanciad " ! (T)

¥ H ! Hc,1 ! Muchos menos v«ortices, y m«as separados



4 - Modelo de Ginzburg-Landau
Intrusión de vórtices en SCVórtice Superconductor

Energía de un sólo vórtice
<latexit sha1_base64="Kp+Ng/+hk/K4JVsfBjossouNoSs="> </latexit>

e =
E
L

=
! 2

0

4! µ0" 2 ln
!

"
#

"

<latexit sha1_base64="yyqHHeaBbiHwsDhQzr3Psd9usNM="></latexit>

Eganada = H
N ! 0

A
>

EN
LA

= Ecoste

<latexit sha1_base64="kCs24Y8iq6LQOyIbJyDOTeQA4uA="></latexit>

H c,1 =
E

L! 0

<latexit sha1_base64="JR8e3p+kE2CX6hIjXLLU5Vtw5Vc="></latexit>!

Balance entre la energía magnética ganada
al crear un vórtice y el coste de crearlo

<latexit sha1_base64="tF57eUUkbSJ2fVJhYTN3WmvrrJY="></latexit>

B =
N ! 0

A
<latexit sha1_base64="A/IzQsL8MRlSzZJzpmxT1KxQDhE="></latexit>

n =
N
A

<latexit sha1_base64="FFDRO9qENpFyJX7nRV5dJmdX7Vs="></latexit>

B (! )/B 0

<latexit sha1_base64="0NGknyv2KnlG/3CSTeyUJQXKlDI="></latexit>

B0

<latexit sha1_base64="UoAHHcUfQtvXxHwpKKOIzbsNMys="></latexit>

0 <latexit sha1_base64="PMVeP+Tj+NLxt23daGexjNgdoCg="></latexit>!

<latexit sha1_base64="6J3lc4L1TM3Wxrm/qez+GhZdMZI="></latexit>

2!

<latexit sha1_base64="HW5+ZD8wTRzQ4ILtbr6gfQi7+TQ="></latexit>

2!

<latexit sha1_base64="On6pKSiPmxUvHmZSHenxTRWi0Oo="></latexit>

ns(! )/n !

<latexit sha1_base64="xG4jsrX2PRX6QYgf12U7oZsSSFc="></latexit>

!j s(" )



4 - Modelo de Ginzburg-Landau
Intrusión de vórtices en SCVórtice Superconductor

<latexit sha1_base64="dEt1fS7NAH9gMOrLCB496PGnRmc="></latexit>

¥ Si H > H c,1, es energ«eticamente favorable que entren v«ortices en la mues-
tra Superconductora, por lo que estamos en la fase de Abrikosov.

¥ Si H < H c,1, no es energ«eticamente favorable que entren v«ortices en el
Superconductor, por lo que estamos en el estado Superconductor puro,
sin v«ortices.

<latexit sha1_base64="uxWi4Lg/7uzpiZ34o2bMxCEbrOQ="> </latexit>

H >
e

! 0
= Hc,1

e =
! 2

0

4! µ0" 2 ln
!

"
#

"

! 0 = 2 ! µ0
!

2"# Hc

$ =
"
#

#
$$$$$$$%

$$$$$$$&

" Hc,1 =
e

! 0
=

! 0

4! µ0" 2 ln($) =
Hc!
2$

ln($)

<latexit sha1_base64="FFDRO9qENpFyJX7nRV5dJmdX7Vs="></latexit>

B (! )/B 0

<latexit sha1_base64="0NGknyv2KnlG/3CSTeyUJQXKlDI="></latexit>

B0

<latexit sha1_base64="UoAHHcUfQtvXxHwpKKOIzbsNMys="></latexit>

0 <latexit sha1_base64="PMVeP+Tj+NLxt23daGexjNgdoCg="></latexit>!

<latexit sha1_base64="6J3lc4L1TM3Wxrm/qez+GhZdMZI="></latexit>

2!

<latexit sha1_base64="HW5+ZD8wTRzQ4ILtbr6gfQi7+TQ="></latexit>

2!

<latexit sha1_base64="On6pKSiPmxUvHmZSHenxTRWi0Oo="></latexit>

ns(! )/n !

<latexit sha1_base64="xG4jsrX2PRX6QYgf12U7oZsSSFc="></latexit>

!j s(" )



4 - Modelo de Ginzburg-Landau
Fases SCVórtice Superconductor

<latexit sha1_base64="iJPfP79pYaf6mWt/slgRH1IQwpY="></latexit>

H c,1 =
Hc!
2!

ln( ! )

<latexit sha1_base64="Nskhs9hptZBOlJGk6pXcoi4L42w=">AAAQw3icrVdbb9s2FFa7W5dd6m6PwwB1ToBuqRzbabobCrRZO8xYL2maph0s16Ak2uYskQpJLXFVPu19/2Ov26/Zv9mhJNsSraQNUBuwSZ7v3MlzSC8OiZDt9n8XLr7z7nvvf3Dpw7WPPv7k08uNK58dCpZwHz/1Wcj4cw8JHBKKn0oiQ/w85hhFXoifedOfNP3ZH5gLwuiBnMV4EKExJSPiIwlLw8aX7hTFMbJv2W4w4shP3RCYA6RS94SoYaPZbrWzj7066BSDplV89oZXLv/lBsxPIkylHyIh+p12LAcp4pL4IVZrbiJwjPwpGuM+DCmKsBikmR/K3hgxbssJtrN5GZuiSIhZ5 </latexit>

! =
"
#

<latexit sha1_base64="yX6XGxmNIXgW98WcyQ/xSG3Exg8="> </latexit>

H c,2 =
!

2! Hc

<latexit sha1_base64="zr5xhgsRGSt7o948HWPzVc6Q4ZA="></latexit>

H 2
c

2
=

! H c, 2 (T )

0
M dH

<latexit sha1_base64="9X3ZRaFIsyN/NErx9kDJBTFgqsI="></latexit>

¥ Si ! <
1

!
2

" SC tipo I

¥ Si ! >
1

!
2

" SC tipo II, adem«as:

- H > H c,1, Fase de Abrikosov.

- H < H c,1, Fase de Meissner.

<latexit sha1_base64="/ikj74WBEF1Zrh17kZZijl7LVfc="></latexit>

Meissner

<latexit sha1_base64="OXK4ensTe5qb63JqLQfiYCfY8xo="></latexit>

Normal

<latexit sha1_base64="osFjt4Aq8BTdfI6mPxZO3TDpMMU="></latexit>

Tc
<latexit sha1_base64="9b+v2hYiZ+qBeFjf102tV0Yrn1E="></latexit>

T

<latexit sha1_base64="WX/NSvAyJeYTHOmsqXSmd5Fvzlc="></latexit>

H c

<latexit sha1_base64="LJH683EqLd4JtPwMUjqo8yRbEAA="></latexit>

H

<latexit sha1_base64="/ikj74WBEF1Zrh17kZZijl7LVfc="></latexit>

Meissner

<latexit sha1_base64="OXK4ensTe5qb63JqLQfiYCfY8xo="></latexit>

Normal

<latexit sha1_base64="xnVrceHlCMepuCy76CKiG9oQbRg="></latexit>

Mixto
<latexit sha1_base64="kPLl9AHBbVXwFwAXTn57jhUL7bQ="></latexit>

H c,1

<latexit sha1_base64="G9hDmOJzufdOlIn2A0uyFYtzyHo="></latexit>

H c,2

<latexit sha1_base64="9b+v2hYiZ+qBeFjf102tV0Yrn1E="></latexit>

T

<latexit sha1_base64="LJH683EqLd4JtPwMUjqo8yRbEAA="></latexit>

H

<latexit sha1_base64="osFjt4Aq8BTdfI6mPxZO3TDpMMU="></latexit>

Tc



5 - Modelo BCS de la Superconductividad
GeneralProblema de Cooper

Estudio del estado ligado de 2 electrones (E<0) sometidos a un potencial atractivo, con 
energías cercanas a la energía de Fermi

<latexit sha1_base64="o0ewhham34G4wGcJxEzuj2iF+1k="></latexit>!
! ! 2

2m
!" 2

!r 1
+

! ! 2

2m
!" 2

!r 2
+ V (!r 1 ! !r 2)

"
! (!r 1, !r 2) = E ! (!r 1, !r 2)

<latexit sha1_base64="lkpnBCJ2MxdN7H2IlA/tKW8lke8="></latexit>

!K = 0
! ! 2k2

2µ
= 2 "!k

!
"

#
"

$

BZ

dd!k!

(2#)d V (!k ! !k!)! (!k!) =
%
E ! 2"!k

&
! (!k)

<latexit sha1_base64="mUJ5qzVUjFeKXIYr96LzrMGh/k0="></latexit>

! (!k) = !
!

BZ

dd!k!

(2" )d

V (!k ! !k!)! (!k!)
2#!k ! E

<latexit sha1_base64="nOWQZ/T9bhcs9dkraJmP8p+/UBw="></latexit>

! (!k) =
!
E ! 2"!k

"
" (!k)

La solución de esta integral autoconsistente nos da la energía E y el parámetro
<latexit sha1_base64="rE8ar6b6t9UkSscweuh2H4gNpD0="></latexit>

! (!k, E )

<latexit sha1_base64="D1fSDLSp7Rm5cQMMIeTZX/76St8="></latexit>! !k

<latexit sha1_base64="9k1vCsWzxrFKatnKGO9R506inWE="></latexit>! F

<latexit sha1_base64="N1rjfiHEmbIe6q9xEmUjY4HeK0k="></latexit>

k

Para cualquier potencial atractivo, se obtiene
<latexit sha1_base64="L6tRecH8iG3iI8V8thh869SPr2Q="></latexit>

E < 0



5 - Modelo BCS de la Superconductividad
Interacción mediada por fononesProblema de Cooper

Estudio del estado ligado de 2 electrones (E<0) sometidos a un potencial atractivo, con 
energías cercanas a la energía de Fermi

<latexit sha1_base64="AHnExhm/ilx0ZfStzTAnVCnj7GA="></latexit>

Ve! ph ! e = |g!q," |2
1

! 2 ! ! 2
!q,"

<latexit sha1_base64="fbG4L5ZjNLbCYlUK0xz9eSdXsRg="></latexit>

Ve! ph ! e(! )

<latexit sha1_base64="NCuO7I3VSa/K6pMnSENsvdGQ6Ww=">AAARq3icrVftc  Bkw0LumMPDAktbP0bVeVrcQsuiBsx0f9c/71SyD085fTUopbCjlwwUn0QmSi8ZfV7Mg66HSr/gO+Z7fXFw2G13bre3f7u1fHcnf8tfaXzZ+Kqx1ug0vmncbfzc2G88bXhLR0t/L/2z9G/Lbj1p/dFyMuilpZzni0bl08L/A+zuncU=</latexit>

! !q," ! ! D

! ! D " kB T
"F # kB T < E < "F + kB T

!
"

#
$ Veff = # |g!q," |2! (! D # ! )

<latexit sha1_base64="NrNnxvpo+df0E+f820Hh5gnaQes="></latexit>

Vef f (! )

<latexit sha1_base64="LIPQUT3XHUvlqBKRlMnKo6WRmbQ="></latexit>!

<latexit sha1_base64="oG1G2t3nmXJ7hwASn5e4ftPsPhI="></latexit>! D

<latexit sha1_base64="D1fSDLSp7Rm5cQMMIeTZX/76St8="></latexit>! !k

<latexit sha1_base64="9k1vCsWzxrFKatnKGO9R506inWE="></latexit>! F
<latexit sha1_base64="Pi3jMZi+nLx207wRxeyZfwvS4NM="></latexit>

2kB T

<latexit sha1_base64="mWwuhtUZG0Hpb5sNlfJ1xyVKYqo="></latexit>

E = 2 ! ! D exp
!

! 2
|g!q," |2g("F )

"

<latexit sha1_base64="Yu98qWf2ObnkqBwL3+HWWz7S+24="></latexit>

1 = |g!q," |2g(! F )
! #F + ! $ D

#F

d!
2! ! E

<latexit sha1_base64="N1rjfiHEmbIe6q9xEmUjY4HeK0k="></latexit>

k



5 - Modelo BCS de la Superconductividad
ODLROEstado coherente BCS

Los pares de Cooper NO son BOSONES

No forman un condensado de Bose-Einstein
Sin embargo, forman un estado coherente, 
en el que un número macroscópico de Pares 
de Cooper se encuentran a la vez en el 
mismo estado.

<latexit sha1_base64="/R/GLiF2D2kYplTL5h4PFkTu/CA="> </latexit>

ö! ( "R) =
!

d"r ! ("r ) ö#!

"
"R +

"r
2

#
ö#"

"
"R !

"r
2

#

<latexit sha1_base64="F9uUEbcda2pMkW48m4vURPXoU2M="></latexit>!
ö! !k , ö! +

!q

"
= "!k, !q

#
1 ! ön!k, ! ! ön!q,"

$

<latexit sha1_base64="01aPDxG0HFo8S1H1zqk1r7lflXo="></latexit>

ö! !k = ! ("k)öc!k, ! öc!k, "

<latexit sha1_base64="UgpObKZ1J1U1k5SoRv9co+Iv+Rc="></latexit>

ö! ( "R) =
!

ö! ( "R)
"

<latexit sha1_base64="VFa2zHCDdYDG3nD3Mcyqv6XKdNU="></latexit>

lim
| !R ! !S|"#

!
ö! + ( "R) ö! ( "S)

"
!

!
ö! + ( "R)

"!
ö! ( "S)

"
= 2ns

Off Diagonal Long Range Order y descorrelación a grandes distancias

Así podemos definir la función de onda macroscópica como

<latexit sha1_base64="PHshGZ2B7LctQCmnjz52LPdwlBY="></latexit>

ön!k, " = öc!k, " öc!k, "



5 - Modelo BCS de la Superconductividad
Estado coherente BCSEstado coherente BCS

Los pares de Cooper NO son BOSONES

No forman un condensado de Bose-Einstein
Sin embargo, forman un estado coherente, 
en el que un número macroscópico de Pares 
de Cooper se encuentran a la vez en el 
mismo estado.

<latexit sha1_base64="F9uUEbcda2pMkW48m4vURPXoU2M="></latexit>!
ö! !k , ö! +

!q

"
= "!k, !q

#
1 ! ön!k, ! ! ön!q,"

$

<latexit sha1_base64="01aPDxG0HFo8S1H1zqk1r7lflXo="></latexit>

ö! !k = ! ("k)öc!k, ! öc!k, "

<latexit sha1_base64="svksqgp/xThex9fPHGmdKBx6IP0="></latexit>

|! BCS ! = N
!

!k

exp
"

! !k c+
!k, !

c+
" !k, #

#
|0!

<latexit sha1_base64="/WD1bqlz9doQe1PaJ/y0De8IvqA="></latexit>!
c+

!k, "

" n
= 0 ! n " 2

|u!k |2 + |v!k |2 = 1

#

# |! BCS $=
$

!k

%
u!k + v!k c+

!k, !
c+

" !k, #

&
|0$



5 - Modelo BCS de la Superconductividad
HamiltonianoHamiltoniano de campo medio

<latexit sha1_base64="GY9f+NcSYz5AWWpf8dW3CAIvYAg="></latexit>

öH =
!

!k

! !k c+
!k

c!k +
!

!k

!

!k !

!

!q

c+
!k+ !q

c+
!k ! ! !q

V!qc!k ! c!k

<latexit sha1_base64="AIibcfEN7VpETAZv3BdTnfePtoA="></latexit>

! ! BCS | öH |! BCS " = E

<latexit sha1_base64="sxtQ6Ve0o8DKDiz7ahYuY98yc3g="></latexit>!
! !k ! µ !

! ! ! (! !k ! µ)

" !
u!k
v!k

"
= E!k

!
u!k
v!k

"

<latexit sha1_base64="4MkRLtzKmcANZ9gVVvT3UcMG2SM="></latexit>

E!k = ±
!

(! !k ! µ)2 + |! |2

<latexit sha1_base64="xgqIuf0whL7QF38z4Jt2Z/DW8hc="></latexit>

! !k =
!

!k

V!k, !k !

"
öc! !k ! ," öc!k ! ,#

#



5 - Modelo BCS de la Superconductividad
BogoliubonesHamiltoniano de campo medio

<latexit sha1_base64="oQEw/fXIrXgcE2L8dTHxHD9KtJI="></latexit>

! = V0

!

BZ

!
2E!k

<latexit sha1_base64="sxtQ6Ve0o8DKDiz7ahYuY98yc3g="> kP9x78cUq0KTV2pm8H/ka7T0w8pjb0bvVL0UEMemlxA6JYtghdKtmr/D4k0vYMf71E2aHwCBP0Iczw4/x+C9z93fuPdu6Db/BAHYlTz5Iz8QyehrQ86532lpn1Kn9p7jCdHZXUljyJyXgfTvt8ftKUg2cqnM1w6TYWehz0svAO6Wtnc93Y2obqZjY3WKmZ7UccTl3s+/B0MReMrFnoHUt4WFDtmMdocp4Vr7Ayb4EKc76bv3eqeQBPOXM1KKWwa4YslIwDG2WGrHNenU66aSbmBd+x3+vzjYONdud2e+v3W4t3t/O3/OXGl42vGiuNTuPbxt3Gr429xtMGWXi18PfCPwv/tn5qeS3WmmTQSws551qj8mmp/wG4EqUl</latexit>!
! !k ! µ !

! ! ! (! !k ! µ)

" !
u!k
v!k

"
= E!k

!
u!k
v!k

"

<latexit sha1_base64="4MkRLtzKmcANZ9gVVvT3UcMG2SM="></latexit>

E!k = ±
!

(! !k ! µ)2 + |! |2

<latexit sha1_base64="67aXVSZSz67J41kHpfUt5enHVTM="></latexit>!
! !k = u!k c!k, ! + v!k c+

!k, "
! +

!k
= u#

!k
c+

!k, "
! v#

!k
c!k, !

<latexit sha1_base64="mmppBos04L/FndZDrG1ThPpMmwk="></latexit>

öH = E0 +
!

!k, "

E!k ! +
!k, "

! !k, "

<latexit sha1_base64="LZ+x1hYgdSIEySrQH5O7lpgRmD4="></latexit>

|u!k |2 =
1
2

!
1 +

! !k ! µ
E!k

"

<latexit sha1_base64="PQ/764ftT5uLDmjm0r8pd7TdosU="></latexit>

|v!k |2 =
1
2

!
1 !

! !k ! µ
E!k

"

Tenemos que el estado fundamental es el estado coherente de Pares de Cooper, y sus 
excitaciones son los Bogoliubones, hemos recuperado el gap de energía superconductor



6 - Supercosas
Estados coherentesCampo muy amplio

Láser
Condensados BEC
Estado BCS de la Superconductividad
Superfluidos

Más especulativo::
Supersónicos
Superaislantes
Super-vidrios

Efecto de la rotación en condensados



6 - Supercosas
VórticesCampo muy amplio

Fases de vórtices en un SC
Cristal
Vidrio
Aislados (gas)

Anclaje en defectos

Conductividad debida a vórtices
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