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Basics of electron transport :
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only I = jptjd is agnese invariant .

However
, if one chooses a certain guest ,

e. g. D. A =o ,
then jp , jd separately have

physical meaning .
In a superconductor. in

the gueye D. A -0 CLondon garage) , Ip

vanishes ,
while Jd is non-zero

. This

leads to infinite conductivity and Meissner
effect . We will discuss this in detail below.



Lets consider a specific scenario where

one suddenly applies a pulse of electric

field at tzo :
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where we have assumed that electron

density is uniform : etc → n .

The diamagnetic par # of the current

turns on instantaneously and remains

non.- zero forever . In a normal nadal ,

one exbeets that the at times t >

transport relaxation time , the paramagnetic

piece will cancel out the diamagnetic paint .

(since the electric field is applied only at
t=o) .



In a superconductor twwever . this

cancellation doesn't happen and jp→ = o

at long times .

This leads to non-decaying

current forever .

Linearrespousetveovyii

Using linear resbonse ,
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Fourier transforming ,

{ jtig.ws> ={i([ jdptg.ws ,j§c→q, - w)]>
- net 8dB } A-Pig ,w)
Tm

One may now obtain an expression for

the conductivity :



Es = -2m¥ ⇒ Icq .ws = iwn-7q.ws
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The DC conductivity is obtained ask÷÷÷=
w→o

order of limits .
As claimed above , in

a superconductor , in the
London goose

↳ •A -0) , [ jdpcq.ws , jPp C-qiws] will

vanish . Let's show this using BCS

theory .



Let's restrict ourselves to the Bcs

ground state .
The paramagnetic

part of resfsoq.se is proportional to
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To proceed we need the matrix elements

{ oljtpcq )n} using Bcs theory .



jtpcqj-m.se?g(kat9I)c+k+q.oCk.r=e-mfF(ka+9£)µktq , , can - ct-kivc-eri-g.si

where we have send the dummy variable

k→ - k -q for down spins so as to

simplify the following calculation .

Using ,
d- kin = Uk Ytktn 1- V*k 7-ka

C-KI = -VKYtknl-UKY-b.tv ,
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d and b are called coherence factors .



At TIO ,
no quasi particles

i - e .

Yp§o4=o ⇒ the I term does

not contribute to the response .

Furthermore , to obtain D. c. response,

we have to calculate ht Run CW ,q=o)
w→o#

i. e . the limit q→o is taken first .

When q==o ,
even the

'

p
' term ravishes

since it involves the combination

✗ ktq ✓ k - 0kV Ktar) .

⇒ The paramagnetic contribution to D- c.

conductivity vanishes .

⇒ D. C. conductivity
= ht

w→o ¥0 %aCq.io)

= ht ht R&d
w→o ago⇐
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⇒
⇒ superconductivity !



Meissner effect :

The above calculation also leads to the

Meissner effect lire . j ✗ A) although

the order of limits is different .
We

now consider:* ht ht Radley ,w) .

q→o woo

Again .

the I term doesn't contribute for

the same reason as above ( Y 107=0 ) .

The contribution from the p term is

{nl Ytktgpyt-qg.to> which B

non - zero when 1mi = Ytktgp7kg1 107 .

a state white energy is Ektgt Eg .

Plugging this in the expression for

Ray one obtains
,

R2 ✗ = e-mqfkd-9-EHPK.bg/w-#-EktgtiT)car , od

- w+E¥¥e]



Now at w=o
, as q→o , P→o ,

however the denominator→2Ek Which

is bounded from below by 2A , the BCS

gob . ⇒ Ron vanishes in tvis limit

as well
.

e) Only the diamagnetic term

contributes
.

⇒ § > = - ne
- A→
_m

Cohick is the London's eqn . This egn .

is clearly not garage invariant , and
is true

only in
the London goose .

Since the current is conserved
,
it

can only
resbond to the transverse

component of the go.ae field .



In general,

ji = -ne
'

[sij-qiqjJAf.FI
In

which automatically satisfies , F. i j ;=o

Aft finite T , the contribution from

p again vanishes .

However . now
the

I term gives non
-zero contribution .

One can show that ,

jicar) =psm-teffij-afigjJAjcgjwhenep.sc
) is the superfluid density

at temperature T . Psct ) = Pslo)-Pnct

Where cfnct ) is the
' normal- fluid

"

density

due to quasi particle excitations .
At

dow TRA , Pnct) ~ e-
"
T while

as T→ Tc
, psct) → (Ta-T) .
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Consider the Sutton
on a lattice eg . a

tight binding model .

Using linear resbouse .

{ jncaf.ws> = [ Rnncqs ,w)+HnHAnCq→,w
)

where < Tn) is the
kinetic energy along

the a- direction or
< Cti Citrin the .} .

To obtain Meissner response , one
considers

w- O g qn=0 and gy→o .

{ ja Cqn=o,%y→o,w=oi= Ps
et Ancora-0 ,qg→o ,
I W=o)

where Ps is superfluid density.

To obtain D.c . conductivity , one considers

Bao , w→
0 limit .

Too -_ht[iRnnYgo,w→o$t<Tn#
w→o
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or

Metal coupled to

phonons

Tpe =D 0<Tpc< a Tpe =D Tpc =O

Ps = 0
ps -_ 0 ps -1-0 Ps = 0


