What I1s Bose Einstein Condensate?

It is a state of matter which is formed by cooling a gas of bosons ( to
temperatures very close to absolute zero ). When boson atoms are
cooled down, they slow down and their energies decreases, because
of their quantum nature, the atoms behave as waves that increase in
size as temperature decreases. At very low temperature, the size of
the waves becomes larger than the average distance between two
atoms. Then, at this very low temperature, all of the bosons are able
to be at the very same energy in the same quantum state. | hey all
form a single collective quantum wave called a Bose- Einstein

condensate.
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BE Condensation vs. Gas-to-Liquid Condensation

Classical physics analogy: let’s fill a container with a non-ideal gas and starn lowering
the temperature. The gas density remains constant until the condensation of gas (vapor)
occurs. Since the density of liquid is much higher than that of gas, the gas density

decreases with T.

Despite this similarity, the Bose-Einstein condensation Is an entirely different
phenomenon.
One essential difference is that in the gas-to-liquid transition, which is due to interparticle

attraction, the liquid and gas phases occupy different regions of space. The BE
condensation is driven by exchange interactions. Each particle in the BE condensate

has a wave function that fills the entire volume of the container.

The BE condensation is the condensation in the momentum space.
The phase separation occurs in the k-space, not in the coordinate space. The
condensed bosons have essentially zero momentum (i.e., their wave vector k is as small

as the size of the container permits).

A common misconception about BE condensation is that it requires “brute force” cooling,
when kg T becomes much smaller than the differences of energies of the quantum states

of the system - that would be a tnvial effect, though the temperatures would have been
inaccessibly low for any macroscopic system. The point is that condensation can
happen at much higher temperatures. when kgT is stil large compared to the inter-
level As.
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e Explain Bose-Einstein condensation. How-
does 1t differ from ordinary condensation ?
Denve an expression for the critical

temperature at which this phenomenon sets
1n.

®Show that the molar specific heat of a
strongly degenerate Bose gas 1s given as

L

T‘\BIZ

Cv=l.92R('ng

Rep}f:sent it graphically. .
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