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Fermi ideal gas. Equation of state

fAq_, z_E := SumAH-1Lk+1 zk � kq, 8k, 1, 5<E
Case 1.- High temperatures and low densities

� The Fermi case: x = Λ3 �v,  v=Volumen per particle

S = f@3�2, zD �� Expand
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y = Normal@InvSD �. 8z ® x<
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Series@Expand@f@5�2, yD �xD, 8x, 0, 3<D
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� Then using the relation Pv�KB TL = x-1 f @5�2, xD it follows;

Pv�KB T = 1 + IΛ3 �vM � I25�2)+K 1
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Case 2.- Low Temperatures and high densities

� We consider the integral version of f3�2 and develop the Sommenrfeld expansion

InteAn_E := IntegrateB un Exp@uD
HExp@uD + 1L2

, 8u, -Infinity, Infinity<F

Intable = Table@Inte@nD, 8n, 0, 10<D
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� The result is:

f32AsympAz_E :=

4

3 Sqrt@ΠD Intable@@1DD Log@zD3�2 +
3
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f32Az_E :=
4

Sqrt@ΠD NIntegrateB x2

z-1 ExpAx2E + 1
, 8x, 0, Infinity<F
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We compare the asymptotic formula and the result of a numerical integration

zmin = 0.5; zmax = 100;

g2 = Plot@f32Asymp@zD, 8z, zmin, zmax<D;
g1 = Plot@f32@zD, 8z, zmin, zmax<D;
Show@g2, g1D

20 40 60 80 100

4

6

8

10

12

� Analysis of the integral Ù-¥
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H* We study the simplest case *L

gAΝ_E := NIntegrateB Exp@uD
HExp@uD + 1L2

, 8u, -Infinity, -Ν<F
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H* We observe a decay,

the question is how it decays the function g *L
Plot@g@xD, 8x, 1, 10<, AxesLabel ® 8Ν, "g@ΝD"<D
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data = Table@8x, Log@g@xDD<, 8x, 10, 100, 1<D
ListPlot@data, AxesLabel ® 8Ν, "Log@g@ΝDD"<D
H* We plot the data obtained bynumerical integration *L
Fit@data, 81, x<, xD H* Linear fitting *L
H* Observe that the slope obtained is, in this case -1.! *L
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As expected the slope is - 1 !

Ideal Fermi gas at low temperatures: Average occupation number

npAΒ_, Ε_E := H1 + Exp@Β HΕ - 1 LDL-1;
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H* We introduce here few commands:

1.- How to plot a function and

define its window range Hcommand PlotRangeL
2.- How to use Manipulate "something",

in this case a Plot *L
Manipulate@Plot@np@Β, ΕD, 8Ε, 0, 3<,

PlotRange ® 880, 3<, 80, 1.1<<D, 8Β, 1, 200<D
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