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What happens if we apply a voltage puls:

The current that starts to flow will
eventually disappear.

This Is because electrons scatter
Inelastically from phonons g7~ ~*=~~
electrons as they flow throu |
metals, eventually losing al |
energy. |



Persistent Currents

The dc resistance of a superconductor
IS zero below the critical temperature,
once a current is set up in the material,
It persists without any applied voltage.

These persistent currents, sometimes
called supercurrents, have been
observed to last for several years with
no measurable losses.

In one experiment conducted by S. S.
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Sensitive method for detecting small
resistance— look for decay In current
around a closed loop of

superconductor.
It uses the magnetic moment of a
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It IS then cooled below Tc.
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If the magnetic field is removéu,"é

current
IS Induced In ring due to Its self-

Inductance.

By Lenz law the direction of this
iInduced current Is such that it opposes
the change In flux passing through the
ring.

As the ring Is In superconducting state,



If loop has resistance R and self-

Inductance L, current
should decay with time constant t

where t = L/R
Failure to observe decay
upper limit of 102° am for resistivity in

superconducting state



This persistent current produce a
magnetic flux which makes the magnetic
flux passing through the ring constant.

The superconducting
ring prevents the flux
from going to zero
through a large
spontaneous  current
iInduced by the
collapsing external

H]H@ggcrep@@ance of the superconductlng
wire Is truly




An important consequence of the
persistent currents that flow in materials
with zero resistance is that the magnetic
flux that passes through a continuous loop
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ring of metal, enclosing a fixed area A.
An Initial magnetic field Bo is applied
perpendicular to the plane of the ring

when the tempera
temperature.|||[][|

: warea A
_J,

ture 1s above the critical




The magnetic flux @ through the ring Is
BoA, and if the ring Is cooled below its
critical temperature while In this
applied field, then the flux passina

Ifthre ungiwitcisaungehtireyed.

applied field, then a
current will be induced In @e i)
the ring, the direction of " :

this current will be such /
that the magnetic flux it |
generates compensates

for the flux change due to




From Faraday's law, the induced emf in
the ring Is

s (genefaiesSihitbluced

current | given by

-A dB/dt =RI + Ldl/dt

where L Is the self-inductance of the
ring. Note that there i1s no ohmic term,
IR, on the left-hand side of this
dotegiatinigeitet s€ Wt aing \&6 SR
that R+=EA = constant.



But LI i1s the amount of flux
passing through the ring
generated by the current | flowing

In the ring.

So (LI + BA) Is the total magnetic
flux through the ring.



If the applied magnetic field Is
changed, an induced current is set up
that creates a flux to compensate
exactly for the change In the flux from
the applied magnetic field.

LI+ BA=LI # B’A
Because the circuit has no resistance,
the induced current can flow
inolefuitesint a6 cothe osigasulbaiount of
fladnkrsuigd the fimg feetbe



This Is true even If the external field Is
removed altogether;

the flux through the ring iIs maintained
by a persistent induced current | p,

LI+ BA=LIlI'"+ BA'=Llp



The second defining characteristic of
a superconducting material is much
less obvious than its zero electrical

resistanceyiamagnetism

* A superconductor is not only a perfect

conductor (R=0), but a perfect
diamagnet.

* [t will tend to repel a magnet.



It was over 20 years after the discovery
of superconductivity that Meissner and
Ochsenfeld publlshed a paper

describir ristic.

They discovered that when a magnetic

field I1s applied to a sample of tin, in the
crinercondiictina <tate the annlied field



Perfect diamagnetism Meissner

* The next hall ma tbe discovered
was the perfect dlamagnetlsm, iIn 1933
by Meissner and Oschenfield
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What happens to magnetic field inside
superconductor?

Field B inside material relates to Bo
and magnetisation M Bo
of the material by
B =Bo + poM IZEERN
in normal state M is ess¢’~ T: |




In superconducting sta

Field Is excluded from supe, ..
So field B inside supercond

Zero.
.e.B=Bo+ oM =0
—»M = -Bo/po

So magnetic susceptibility y = uo M/Bo
=-1
l.e. perfect diamagnetic



T<T.




What’s actually happening?

In the superconducting state:

screening currents flow on the surface of
the superconductor in such a way as to
generate a field inside the superconductor

screening currents

equawposite to the applied field.
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Does Meissner effect follow from 2ze

Meissner effect Is treated as a
seperate phenomena that must
be explained in addition to the
fact that the material has zero

resistance.



A superconductor - cooled in zero field

B,=0
l cool The superconductor is cooled in zero
@ magnetic flux density to below “T”

dB/dt must be zero in a closed resistanceless
@ Apply loop so screening currents flow to generate
a field equal and opposite to B A within the

superconductor
@ Remove  AsB, isreducedto zero, dB/dt must remain
Ba at zero, so the screening currents also

decrease to zero.

Precisely the same as a perfect conductor



superconductor

Zero field cooled

B,=0

@

Remove
BA

perfect conductor

Zero field cooled

@

Remove
BA



A superconductor” - cooled in a field

A magnetic flux density B, is applied to the

superconductor at high temperatures

It is then cooled in a magnetic flux density

B, to below “TC”

All magnetic flux is spontaneously excluded
from the body of the superconductor - even
though the applied flux density is unchanged
and dB/dt=0 . Screening currents must therefore
begin flow in a time invariant field to produce
fields equal and opposite to B,!!

As the applied magnetic flux density is reduced
to zero, the screening currents also decrease to
ensure that dB/dt=0 within the superconductor.

®

Remove
BA

This is the Meissner Effect - it shows that not only must dB/dt=0 within a

superconductor - but B itself must remain zero
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The Meissner Effect - summary

Between 1911 and 1933 researchers
considered that a superconductor was no

B\PrRdbanmEEsistBRsSiesaPaTgCt conductor

superconductor cooled in a magnetic field
they showed that not only

The ability of a SBp8IcEnAudtcH & &xp8l

magnetic flux from its interior is the

YIriseRg &figaication that the

superconducting state Is an entirely new

ls&e oisnhagkrn a superconductor
currents can be induced to flow In a



Resistance

Superconductors are the
materials that have almost
zero resistivity and behave as

diamagnetic below the

Magnetic Line

of Force
< / Superconducter
‘\Superconductor ~~—

0K Tc Temperature T>T, T<T,



