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2. Meissner effect (flux expulsion).

Asuper conductor

from itsinterior.*****Smetaner



There are thequalitatively
distinctkinds

I

ofsuperconductors, the I and 'upe I'

that show differentkind of response to

external magnetic field.

Type - I-

Intype-ISC, magnetic field
is completely

expelled in the superconducting state.->

Devoting theapplied field at M and

the internal magnetization as M, recall

thatthe 'tstal" (i.e. actual) magnetic
field

ata pointit is B =F+ 4n.

->

Ina type- I SC, B =F + 4x m =0

i.e.-4π=4. Magnetization i can

be measured, and it is already known

itisthe externally applied
magnetic field

and equals is far away from the SCI.



one finds the following behavior for all
temperatures less thansuperconducting Is:
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That is, there exists a critical field He,

above which the material ceases to be a

SC. Heuristically, above He, the

free energy lostassociated with expelling

the magnetic field inside the SC, exceeds

the free energy gain
due to thesustain

being a sc. The
FH phone diagram

Normal metal.
looks like: superconator.
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SC:
Ina tepe-ISC, the transition

from

the complete thusexpulsion to no flux-

expulsion isnot abrupt.
Instead, above

a certain external field Has, mastetic

field can enter thesa in theform

ofvortices in the S order parameter

Each world traps be magnetic flux.

At a higher field Mac, the superconducting
order parameter vanishes.

In theregime

MasH(Her, one obtains
a stortexlatte

superconducting phase", where a non-zero

super conducting order-parameter exists

everywhere in the
material exceptthe

cores ofthevortices, which form a

lattice of their own.
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Due to partial meissner effect, one
finds

the following
in is H plot:
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The Hut phase diagram looks like:

vortex lattice,
partial fluxW
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③ Specific heat: low-I behavior

and singularity across the transition

AC atTs

- 2 wyTIesmearween (Normal
metal)

entropy S =JEAT. Atlower, an se

has lower entropy than a normal metal

- It is more ordered.



4. Gap to particle-hole excitations

and relatedly, gap to single- in

tunneling experiments:

-
particle-hole
excitation with

arbitrary low⑭away beto
Iamountformalmet--par

voltage
difference V

NIS junction



5. Josephson effect:

When two superconducting samples,
with

iO

order parameter (CIC)
=e that differs

in the presse O are placed nextto each

other, itleads to a flow of

moudissipative supernumrent; n sin (40)

between them.
Such a junction between the

super conductors
is called Josephson junction

Inthepresence of a 12 voltage V,

this current becomes; a sin(DO-Vt),

i.e. a DC voltage leads to an AC

current.



6. Andrea reflection:

At an SC-metal junction, an electron

incidentat the interface with momentum

** gets reflected as a hole with

momentum -E.
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