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independent particles: plane wave states  [F) with €= 2 —

FFermions: Pauli prinziple, i.e. at most one particle per state

Bosons: unlimited number of particles per state
grand canonical ensemble for practical reasons
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equations of state
Z In (1+ ze7P¢#)  Fermions

D
o —BUT,V,p)=InZ =

kT
B — Z In (1 — ze‘ﬁeﬁ‘) Bosons
P
. . 3
note: general relation for mono-atomic ideal gases U= ) pV

particle number
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Z Berz—1 1 Fermions p 2—leBer 4 1
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o D Fermi-Dirac distribution
N = y A an = { 1
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Z o w— Bosons z—lePer — 1
.\ P Bose-Einstein distribution
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p _ 2s+1 in multiplicit
— f5/2( ) 2s+1 spin multiplicity
kBT A3
1 N 2s +1 A\ = h thermal
¥ f3/2(z) V2rmkgT ‘/avelength
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A
high-temperature / low-density limit 1> —-~ 2 = ePr = pn<0

. . . A3 22
fix particle density el (2s+1) {z —yaEt }

1 A3+ 1 3 2+
- z\_2s+1v 23/2(2s +1)2 \ v

pressure nsert \x
P 25 +1 { 2 } N { + i >‘3} increased

T~ R— 75 ¢ N —
kT A3 25/2 1% 25/2(2s+1) V pressure
classical quantum
ideal gas correction
compressibility
KT = 1 (6_V) = v L = reduced because Fermions
V\Op/)rn NkT 1+ 55X avoid each other

23/2(25+4+1)V
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high-temperature / low-density limit

internal energy heat capacity

3
3 N A3 Cy = (B_U) = §Nk {1_ N A }
U~ §NkBT{1+ 257225 1 1) V} 4 0T )yn 2 B 27/2(25 +1) V

quantum
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3rd Jaw of thermodynamics
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low-temperature / high-density limit 1 <« o

1 p occupied
‘ tat
T=0: ground state > T;)S
L, € < U, & Py:
(np) = Ok —€p) =
0 ..
, €5 > U P, e P2
2
particle density: Fermi energy
3
1 2s+1/d3 )28t ldm 6r2h3 Y
v Vo p(np h3 p Fo= PF= v(2s + 1)
Fermi momentum
internal (ground state) energy: zero-piont pressure:
_ 2s + 1 . 2 U 2N
= - — —€
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low-temperature / high-density limit 1 <« o

T>0 T<KTr=¢r/kp == z=eﬁ“>>1

approximation

fopa®) = 1022 1+ o7 ]
/2 15/ " 8(Inz)? Ty
4 - 2 Inz = IBN ? > q
faj2(2) = 3—(1112)3/2 14— 4 ]
VZ3 - §(Inz)?

particle density:
1 (2s+1)p%  (2s+1)(2mer)¥?  2s+1
v 6m2hd 6m2h3 A8 fa/2(2)

(Ber)®/? = (Bu)®? + (ﬁu)‘l/ 24 pD=er (1 T 12 (%) + )
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low-temperature / high-density limit 1 <« o

T>0 T<KTr=¢r/kp == z=ePr>1
1t

u(T)=eF(1—71r—;(%)2+---) T T

pressure _2s+1
internal energy: bp A3 fo/2(2) U

P=Po(
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