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hlllean field theory has a host
of different applications. In
fact, the vast majority of

‘MFT’s applications Some Forms of Liquid Crystals
tpeoretical knowledge of
condensed matter systems

omes from applications of w ‘ ‘ | %

FT to such tOpiCS as nematic smelic A smetic C
ixtures of different fluids,
stal alloys composed of

wo kinds of molecules, liquid
crystals-- that is liquids with a
preferred direction of
orientation and many, many
other situations.
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Mean Field Theory’s application to
electrodynamics of continuous media

Ilp MFT, a particle is affected by the average field produced
by particles around it. A good and accurate example of
MFT is the electrodynamics of continuous media, basically
going back to Maxwell who described the media by E,D,B,H
fields.

elds produced externally to material are D,H

elds E,B include, in addition, averaged effects of charges

d currents within material.
This kind of mean field theory is usually very accurate
because electrodynamics includes long-ranged forces and
many charges in mutual interaction. It fails in nanoscopic
materials in which a it can be true that only a small number
of particles interact substantially with a given particle .
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|

|
Qy 1937 many different phases were
described by MFT's, and these were
generally accepted as approximate, but
e|ssentially correct.

{
. ln that year, Lev Landau suggested
thiat phase transitions were
nifestations of a broken symmetry,
and used the order parameter to
asure the extent of breaking of the

symmetry.

« in ferromagnet, parameter =

magnetization
« in fluid, order parameter = density

« in Ising model, order parameter = <0>

| Order Parameter, generalized

L.D. Landau

3
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This same approach is still in extensive use.
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|

- order parameter and free energy were crucial

| concepts used by Landau
free energy could be expressed in terms on any descriptors of
systems behavior. It is a minimized by the correct value of any
‘one of them, We have thus come loose from the particular

\1 thermodynamic variables handed to us by our forefathers,

|
order parameter could be anything which might jump in the

ransition.

ther variables could be anything at all.

A little later: Julian Schwinger was working on electromagnetic
fields for World War |l radar. He use variational methods and
offective fields (“lumped variables”) to build electromagnetic
circuits. Together Landau and Schwinger convinced people that

variation methods could be very useful.
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| Bardeen ""Family

| The Bardeens are something special 100...Charles Russell Bardeen, John's

| lalhenf. was the first person 10 graduate from the medical school of Johns
Hopkins University. He then created a new medical school at, where else.

| Wisconsin and became its dean. John's mother Althea Harmer was an

“ educator, who worked for John Dewey until Dewey had a falling out with
the University of Chicago. John's grandfather, Charles William Bardeen,

was also an educator and a publicist for better education. He wrote a book

on rhetoric, and also2

/\ | Little Massachusetts Fifer,
Diary entries and memoir 0

| roguish 14-year-old
Charles William Bardeen.

4

/

Both families are thus connected with the University
of Wisconsin, founded in 1848.

2.1 have a hard time of thinking of John himself as, il
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l BCS Theory

. CS put together a most impressive theory of superconductivity.
Bardeen was the impressario and leader. He had questions he
anted answered about superconductivity and made sure the
jj:int work answered everything he could think of about the
ubject.

ﬁeon Cooper. a postdoc, did a theory of pairing of electrons
ased upon an attractive interaction between electrons
oduced by the frequency dependent electron phonon
ipteraction.

ob Schrieffer. a brilliant grad, student produced a trial wave
nction (based upon the previous work of Tomonaga) to be
plugged into a variational principle.

Together they explained almost all the known Microscopic
properties of superconductors.

But microscopics is only part of the story.
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Superfluidity
Superfluidity is a phase of matier in which viscosity of a fluid
vanishes, while heat capacity becomes infinite. (not quite).
These unusual effects are observed when liquids, typically of
helium-4 or helium-3, overcome friction in surface interaction at
a stage (known as the “lambda point”, which is temperature
and pressure, for helium-4) at which the liquid's viscosity
becomes zero. Also known as a major facet in the study of
quantum_hydrodynamics, it was discovered by Pyolr Kapiisa,
John F_Allen, and Don Misener in 1937 and has been

described through phenomenclogical and microscopic theories.

In the 1950s Hall and Vinen performed experiments
establishing the existence of quantized vortex lines. In the
1960s, Rayfield and Reif established the existence of
quantized vortex rings. Packard has observed the intersection
of vortex lines with the free surface of the fluid, and Avenel and

Varoquaux have studied the Jose;
Wikipedia

hson effect in superfluid “He.
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“Hydrodynamics™ and transport in different

1 phase of matter

Different phases of matter are qualitatively different. The only
exception mentioned here is the liquid/vapor system in which both
phases are qualitatively similar.

Each kind of phase has its own kind of long-wave-length or transport
process. For example. a liquid has no rigidity so it cannot transfer a
torque over a long distance, but a solid can. At low frequencies
omentum transfer in liquids involve one kind of sound wave and two
>mponents of diffusion limited by viscosity. The latter is described by
e Navier Stokes equations. extensively used in fluid research.
dv(rr)+(v(r) V) v(ro)= nvv(rr) + vp(rt) vv(rr) =0

In contrast, solids have three modes of sound propagation: one
longitudinal and two transverse. Each of these modes obeys an

equation of the form
d2v(r) - V2v(rn)=0
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For superconductor

F= [ dr{tjwz+c|w}*+[p-2eACO 1)
2 p=hVl/i

Minimize with respect to the condensate wave function.
W] Current is the derivative of F with respect to A(re)

" | : »
Bl t —(—=ihV = 2cA) v~ 0

2m

<)
j= =Re {¢" (=ihV = 2cA) ]

m

Qe 1

Note that the theory includes . so when there are
several solutions, we can pick the right one.
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Block Scaling 1966

Kladanoff considers invariance properties of
ctitical point and asks how description

ight change if one replaced a block of
spins by a single spin, thus changing the
ldngth scale and having fewer degrees of
freedom.

answer: There are new effective values

ofl (T-Te)=t, (p-pc) =h, and free energy per

spin Ko. These describe the system just as
LIl as the old values. Fewer degrees of

 freedom imply new couplings, but no

~ change at all in the physics. This result

_ incorporates both scale-invariance and

universality.
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