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“LOGARITHMIC” TEMPERATURE SCALE
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TEMPERATURE, ORDER and DISORDER
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PARTICLES AS WAVES
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Quantitative particle-wave relation
(“de Broglie relation”):

l mass (particle
; — properties)
| = h/mv +— velocity
/

wavelength
(wave property)

Planck’s constant,
~ 6 x 1034 joule secs
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When does a “wave” behave like a “particle”?

No diffraction:

1 | A K a:
| “Particle-like”

A= a

| —

| Diffraction and

-

W | .
‘ / / interference
| /‘n

since A =h/mv (De Broglie) to get A = a need
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Boltzmann's
constant, ~10-23 joules/degree

In a gas/liquid/solid, take “slit width” a ~ interparticle spacing

= to get “wavelike” behavior, need (for atoms)
T <20°K/(atomic number)

felectrons show “wavelike” behavior for all T in liquid/solid phase)




Why “Quantum Liquids™?
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need: T < 20° K/(atomic no.) and liquid!

Atoms: helium (and ultracold atomic gases)
Electrons: all liquid/solid metals
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Indistinguishablity of elementary particles

Because particles behave like waves, impossible to “tag” them.

Bob Fred

L

Q «—Which is Bob andﬂo
which is Fred?

or

Evidently, for this property to be important, must be able
to change places



No. of particles
per quantum state
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“fermions”  (Spin5 h, 5 h...)
|
At most one particle
per state
0
energy of state— T
“Fermi energy”
Macroscopic (=107") no. of particles

.
L

No. per state

Result of indistinguishability:
“QUANTUM STATISTICS”

In single state (“Bose Condensation™, BEC)

“bosons” (Spin 0, h, ...)

v

energy of state—
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Superconductivity
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No. of particles

PHYSICS OF SUPERCONDUCTIVITY

o e n 1 2. bosons
Spm'ofelementaryzi { 3 5
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particles & 22 ey
At low temperatures: < “Bose condensate”
Tt 2+ Fermi
% energy
2 1t .
L
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“Fermi sea” kT

Electrons in metals: spin 2 = fermions

But a compound object consisting of an even no.

of fermions has spin 0, 1, 2 ... = boson.
(Ex: 2p+2n+ 2c =*He atom)

— can undergo Bose condensation

B2-13



Pairing of electrons: B2- 14
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“di-electronic molecules” Cooper Pairs

In simplest (“BCS”) theory, Cooper pairs, once formed, must automatically
undergo Bose condensation!

— must all do exactly the same thing at the same time (also in nonequilibrium

situation)
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Single electrons in Cooper pairs in
normal metal superconductor



