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CHAPTER VI
CURRENT DENSITY OF S-ELECTRONS

VI.1 Green’s Functions of the s- Electron

We start from the Hamiltonian ( 5.6 )
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where e q and Ej are measured with respect to Fermi energy.
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The Green"s function is defined as ( see Appendix A )

&Gy = Ll dd + (e nl; S

Since
[Chs) H] ¥ ek Che T 62 \/Jk &05‘
K N
J[qw) H] 3 “éh C+L‘5‘ o 2 VL‘\; C{jw ?
J .

we get the Green’s functions for s- electrons as followings
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Or in the matrix notation,
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Similerly we can get the Green’s functions appearing ih the

last term of Eq. (6.1)

B ) | E
208 -Ungy /" r<<og6~,c1:,,.>> oy e
Ay - Yo 4t
| % co 18 ’fU{“f‘}J _((CLM‘,C i K&s; ey )
.{;“, T . -
. ,{?V&i o L he® LG50
Uik LR GAELA <<6fp-€;c—u-e>](6°2)

Using the notation

A
C k) =

—
| §
<< C:Qo' > CkG >>

+ +

<< C—j.c') ’CM»

w- ey

O w+eh

-1

<< CX( ) C—-b’..o* »

K C’..:Q._(‘ﬂ Cplg?

-

©




- - =
A ) Volm .0 ~ Shi
Vi REEES
o -V, k | ] ©
o V:S 0 ‘
Vag
1177 V5
;:r\] K, cl.e» K dse Cred
Gy
QALY &des oy

equation ( 6.1 ) becomes
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From ( 6.4 ), change 14 to ﬁ
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and substituting this into the Eq. ( 6.5 ) we get
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Because both N and Go are diagonal matrices they
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For higher order
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self energy. We see that for our case the
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we can find its inverse matrix as following
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VI.2 The Current Density

Assume that a superconductor with a plane suriace occupies
the half space Y Lo » @nd is situated in a constant magnetic

field, directed parallel to its surface.

The Fourier component of the current density is in the form3
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Substituting c??( -) and CL+) which are in the form
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where 1@ is Permi momentum of s- electron.

Since (£ is only in the region ¢, . above and below

the Fermi energy ( see Sect. IV.1 ), thus

L Yes-Cp cany’

N —
e - Wy

S 1\/&511 ,,gm?o\/g [ 7%
R



65

and

S, ,\\/.)13\ } ,h_pfg\/[ \Y\ @

R iw+ey @n® Lo~ ady,
_ o , 3 .
Assume that ‘\/'Qd‘ = . \V—,QJ\ = \% y one gets
3 A
< V) V.
2 ‘__ﬁ - -~ 7 } 23' ‘= a real number
£ jeotep L TwmEy
Thus ‘
_ % L A 2
O()cfm - = o+ B+ 1Ay)7)
wh’ere
B o yinagst A
&
L % WL/ tieo-€ )
Ed =. BAE E = constant
If we write O%WE Nm\z m\) as @_+ ; and

)
;*%_S_J\VJ_\R\ mi& as G ; then the equation for polesg of the
Y

integrand in the Eq. ( 6.13 ) is

2 :
éi.} +QL+C G-Q-—-G") 2 CU?"" A‘ .—I\CATCG"'(-G"") . G_‘_@_:; 0

‘Let N  be the density of lattice sites, one can find that

.

a real number

|

ad,- & NV52 B

T ¢+ BE+ Agi®)

2 .
¢ e
Q_r + G.- = o NV o , 5 - = a pure imaginary number
T Cet 4+ B54 |A:Jl?')
L4 L 2
0 A $
C*( Q,_ -_-..-’_V_y ° Sl = a real number

T Cwols BL4 'A;j\z)



66

Now we find that the four poles of the integrand are located at

) (4 f L
é‘ = NV .___L = J ?}'kﬂ + ;‘/p,.).l+ A"f‘ C?.
ar e 48447 < _
, 3 =
S 4 o1 whka I] et+d +€
] ‘ co°‘+81+A9 ol Iﬁ
2
€ = vV 8 - 12)12‘64.,@7“ '+C
. T oFe A 2 * A
2 7
é 'Y ) .
FooT %‘o'w*elir& : Lbso— ’/0J ‘L/—V +C*
J
where .
L YA £ 4 (3
C L . ( NV 6o NV >
< TT(wHBMl ) 4“1 Ceols B A(}l *
B N VT b @
| @)/ e LAl 9 e
B Boa ULy + A
g
| A 2oV U oo oo
can? to+ oy
BB S vk = ok p
" The ¢ integration from & +to + L is .
:,7, ‘ performed by integrating around the contour ¢C which enclose the
‘"( two poles €, and €3 ( Fig. 9 )
10 ‘ 3 Lk
g . » l
" __ e C--) 211 2, Residue
| oo it
4
g The result is
k ‘ 00" 9 ‘l : r 2
3 ‘ , C‘(G ,Al, _ 'ﬁ ’A,
‘ LT 1O AT 2,0 g s -
¢ < - ['Dd@lr[D»G ]_ Q/J-» ,\{ 'TC ()y_%ﬁ +<:0L+A‘ ol )




Fig. 9 The Contour for Integration of ( 6.13 )
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Thus the response kernel ( 6,13 ) becomes
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In the case of London superconductor ( most of transition
metal superconductors are London or type-II‘ superconductors )
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