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1. Ideal quantum gases
1.1 The ideal Bose-gas

- Fia. 3.1. Ideal gas model. The number of particles out of the condensate (N4, solid
line} and in the condensate (Np, dashed line) as a function of the chemical potential,
for a fixed value of T°. The actual value of i is fixed by the normalization condition
N = Ny + Ny, If N > N. the solution is given by p ~ €0 and the system exhibits
Bose-Einstein condensation (No/N # 0) in the thermodynamic limit

Fig. 1.1
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Condensate fraction of the homogeneous ideal gas
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Fia. 3.2. Condensate fraction Ng/IN versus temperature for a uniform ideal Bose gas.
The condensate fraction is different from zero below T, where the system exhibits
Bose—Einstein condensation

Fig. 1.2



Condensate fraction of the ideal/real Bose gas in a harmonic trap
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FIG. 1. Total number N {inset} and ground-state fraction
N, /N as a function of scaled temperature ¥/7T,. The scale
temperature T,(N)} is the predicted critical temperature, in
the thermodynamic (infinite M) limit, for an wleal gas in a
harmonic potential.  The solid (dotted) line shows the infinite
(finitey N theory curves. At the transition, the cloud consists
of 40000 atoms at 280 nK. The dashed line is a least-
squares fit to the form N,/N =1 (/7.7 which gives
7. = 094(5)T,. Each point represents the average of three
separate images.

Fig. 1.3 [J.R. Ensher et al., PRL 77, 4984 (1996)]
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Mean energy per particle of ideal Fermi, Boltzmann and Bose gases
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FiGg. 18.2. Release energy as a function of temperature calculated for an ideal Fermi
(solid line), classical {dotted line) and Bose (dashed line) gas. Here T? is the critical
temperature for Bose-Einstein condensation

Fig. 1.8 [Pitaevskii, Stringari: BEC]
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Energy per atom for a ¥Rb Bose gas
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FIG. 2. The scaled encrgy per particle E/NkgT, of the Bose
gas is plotted vs scaled temperature T/7,. The straight, solid
line is the encrgy for a classical, ideal gas. and the dashed line
ts the predicted encrgy for a finite number of noninteracting
bosons [22]. The solid, curved lines are separate polynomial
fits to the data above -and below the empirical transition
temperature of 0.947,. (insety The difference A between the
data and the classical energy emphasizes the change in slope
of the measured energy-temperature curve near 0.947, {vertical
dashed line).

Fig. 1.5 [JR. Ensher et al., PRL 77, 4984 (1996)]



—1.22 —

Meow presgure
The pressuvt (5 OOracmed as
P av (47)

Tor fee Bdine (n.m«.a?,&&ms 3&5 LK =32
cue oCrais

5 = Kl | {3’5/4,2,6%)
P Ai 35';:-5/1('2—’)

whecle aw}ﬂﬂis Qe Wcm_ 0784%11

Y 572 (2 1
FV = Nk37_ ;chi) G,S’J

— iﬁkﬂ', 2+ 0

= (5/2) - (1,5,4/
T a2 )

Note lead i loe TBEC ptoase, fle pressure.
ls coushant n V

Pree = keT A7 3(72) (<52
wheeas  w le vwornald [’2%5‘3—, frove
V= NAZ )
fg, pressune. decreaseS ik

(1.58)




-1.25—
The BEC /Jénk% W 1S ?Alf%

ny =1/ 53 _ :Z_zc_if C(S/2) e
F\/ o [g(&ﬁ)]% (.53

F A \

‘~~~




Isothermic curves below and above the critical line for Bose-Einstein condensation
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Fi1G. 3.4. Pressure of the ideal Bose gas as a function of v = V/N for two different
temperatures. Below v, the pressure is constant. The transition line (dashed curve)
is also shown (see text)

Fig. 1.7 [Pitaevskii, Stringari: BEC]
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Specific heat of the ideal Bose gas for different densities of states
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Fig. 2.3. The specific heat ¢, in units of aNk, as a Tunction of the reduced tem-
perature 1/7T, for different values of a.

Fig. 1.4 (Density of states: g(€) =C_¢€°)



Specific heat of a ¥Rb-BEC in a 3-dimensional harmonic trap
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FIG. 3. Specific heat, at constant external potential, vs scaled
temperature /7, is plotted for various theories and experi-
ment: theoretical curves for bosons in a anisotropic 3D har-
monic oscillator and a 3D square well potential, and the data
curve for liquid *He [25]. The flat dashed line is the specific
heat for a classical ideal gas. (inset) The derivative (bold linc)
of the pelynomial fils to our energy data is compared to the
predicted specific heat {fine liney for a finite number of ideal
bosons in a harmonic potential.

Fig. 1.6 [J.R. Ensher et al., PRL 77, 4984 (1996)]



