
10



N

g(ε) =
4πV (2m3)1/2

h3
ε1/2.
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10

ρ(ε) =
g(ε)

N

1

exp(α+ ε/kBT )− 1

=
4πV (2m3)1/2

Nh3
ε1/2

exp(α+ ε/kBT )− 1
.

1 =

∫ ∞

0
ρ(ε)dε

=
4πV (2m3)1/2

Nh3

∫ ∞

0

ε1/2

exp(α+ ε/kBT )− 1
dε.

N =
2Z√
πh3

∫ ∞

0

x1/2

exp(α+ x)− 1
dx,

Z = V (2πmkBT )
3/2

x = ε/kBT

N =
Z

h3

∞∑
j=1

exp(−jα)

j3/2
.

α ≥ 0

N ≈ Z

h3
exp(−α)

[
1 +

exp(−α)

23/2

]
.

α

exp(−α) ≈ Nh3

Z

(
1 +

Nh3

Z23/2

)−1

.
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α = 0

Nh3

Z
≤

∞∑
j=1

1

j3/2
= ζ(3/2) ≈ 2,612375349,

ζ(x) ≡ ∑∞
j=1 j

−x

Nh3

Z23/2
≤ ζ(3/2)

23/2
≈ 0,9236141622.

−Nh3/Z23/2

exp(−α) ≈ Nh3

Z

∞∑
j=0

(
− Nh3

Z23/2

)j

.

exp(−α) ≈ Nh3

Z

(
1− Nh3

Z23/2

)
,

α Z N

U ≡ N〈ε〉 = N

∫ ∞

0
ερ(ε)dε.

x = ε/kBT

U =
2ZkBT√

π

∫ ∞

0

x3/2

exp(α+ x)− 1
dx

=
3

2
kBT

Z

h3

∞∑
j=1

exp(−jα)

j5/2
.

U ≈ 3

2
kBT

Z

h3
exp(−α)

[
1 +

exp(−α)

25/2

]
.
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10
U ≈ 3

2
kBT

Z

h3
Nh3

Z

(
1− Nh3

Z23/2

)[
1 +

1

25/2
Nh3

Z

(
1− Nh3

Z23/2

)]

=
3

2
NkBT

{
1− Nh3

Z25/2
+O

[(
Nh3

Z

)2
]}

.

U ≈ 3

2
NkBT

(
1− Nh3

Z25/2

)
.

U = 3
2NkBT

P = −
(
∂U

∂V

)
S

,

S

P =
2U

3V
.

P ≈ NkBT

V

(
1− Nh3

Z25/2

)
.

∗

∗
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h → 0

T → ∞ Z ∝ T 3/2

N/Z ∝ N/V

N

ρ(ε) =
4πV (2m3)1/2

Nh3
ε1/2

exp(α+ ε/kBT ) + 1
.

α

α ≥ 0

U ≈ 3

2
NkBT

(
1 +

Nh3

Z25/2

)
,

P ≈ NkBT

V

(
1 +

Nh3

Z25/2

)
,
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10α < 0

U ≈ 3

5
NεF

[
1 +

5π2

12

(
kBT

εF

)2
]
,

P ≈ 2

5

NεF
V

[
1 +

5π2

12

(
kBT

εF

)2
]
.

T = 0

ρMB(ε) =
g(ε)

Z
exp(−βε) =

g(ε)

N
exp(−α− βε),

α ≡ ln(Z/N)

β = 1/kBT

α β

ρFD(ε) =
g(ε)

N

1

exp(α+ βε) + 1
,

ρBE(ε) =
g(ε)

N

1

exp(α+ βε)− 1
.
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g(ε)

Nρ(ε)
+ δ = exp(α+ βε),

δ =

⎧⎪⎪⎪⎨
⎪⎪⎪⎩

−1, ;

0, ;

1, .

ε ε+dε

n(ε)dε

n(ε) ≡ Nρ(ε).

n(ε)

∫ ∞

0
n(ε)dε =

∫ ∞

0
Nρ(ε)dε = N

∫ ∞

0
ρ(ε)dε︸ ︷︷ ︸
1

= N.

g(ε)

n(ε)
+ δ = exp(α+ βε),

n(ε) � g(ε) ε δ

nFD(ε) ≈ nBE(ε) ≈ nMB(ε) =
N

Z
g(ε) exp(−ε/kBT ).

kBT 
 ε

nMB(ε)

g(ε)
≈ N

Z
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10

Z =

∫ ∞

0
g(ε),

N/Z ∼ N/V

nMB(ε)

g(ε)
≈ N

Z
� 1, kBT 
 ε.

U ≈ 3

2
NkBT

(
1± Nh3

Z25/2

)
,

P ≈ NkBT

V

(
1± Nh3

Z25/2

)
.
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U ≈ 3

5
NεF

[
1 +

5π2

12

(
kBT

εF

)2
]
,

P ≈ 2

5

NεF
V

[
1 +

5π2

12

(
kBT

εF

)2
]
.

g(ε)

Nρ(ε)
+ δ = exp(α+ βε),

δ =

⎧⎪⎪⎪⎨
⎪⎪⎪⎩

−1, ;

0, ;

1, .

ρFD(ε) ≈ ρBE(ε) ≈ ρMB(ε).
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10

U ≈ 3

2
NkBT

(
1 +

Nh3

Z25/2

)
,

P ≈ NkBT

V

(
1 +

Nh3

Z25/2

)
.

cV ≈ 1

2
Rπ2 T

ΘF
,

T � ΘF

24

5
π2ΘF

Θ3
D

T 2.

lim
T→0

cV
T

= ,
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