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q(j|i) = q(i|j)

N

μ ≈ FN+1 − FN = −kT ln

(
QN+1

QN

)
,



μ′

μ′ = −kT ln
〈
e−β(U(rN+1)−U(rN ))

〉
.

μ′

U(rN+1) − U(rN )

A
k

AU (k) =

∫ ∞

0
U(t)U(t+ k)dt,

t U



F [n(r)] = U [n(r)]− TS [n(r)]

n(r)

U [n(r)] S [n(r)]

U(rN ) = 0

F = −kT ln

(
V N

N !

)



S =
∂F

∂T
= kN

(
ln

(
N

V

)
+ 1

)

N/V n
r

∫
V n(r)dr = N

S [n(r)] = k

∫
V
n(r) (ln (n(r)) + 1) dr

Vp
Vfree = V −NVp

U(r)

U [n(r)]

ni nj
U(r)

i Up

Up = 4πnj
1

2

∫ ∞

0
U(r)r2dr

r
n(r)

Up(r) =
1

2

∫
V
nj(r

′)U(r− r′)dr′

U [n(r)]

U [n(r)] =

∫
V
ni(r)Up(r)dr =

1

2

∫
V

∫
V
ni(r)nj(r

′)U(r− r′)drdr′



F [n(r)] = U [n(r)]− TS[n(r)] =

1

2

∫
V

∫
V
ni(r)nj(r

′)U(r− r′)drdr′+∫
V
n(r)Uext(r)dr

kT

∫
V
n(r) ln (n(r)− 1)dr+

U(zij) =
1

4πε(T )
qiqj |zi − zj |

U [n(z)] = −1

2

1

4πε(T )

∫ L

0

∫ L

0
ni(z)nj(z

′)qiqj |z − z′|dzdz′

L Uext(r)

σr σl

Uext(z) = − q

2ε(T )
(σlz + σr(L− z))

σl = σr = σ

Uext(z) = − q

2ε(T )
σL

F (n(z)) = kT

∫ L

0
n(z) ln (n(z)− 1)dz−

1

2

qiqj
4πε(T )

∫ L

0

∫ L

0
ni(z)nj(z

′)|z − z′|dzdz′−

q

2ε(T )
σL

∫ L

0
n(z)dz



Φ [n(r)] = F [n(r)]− μ

∫ L

0
n(z)dz

n(z) = exp

(
β

(
μ− Uext −

∫ D

0
n(z′)U(|z − z′|)dz′

))

(x, y)
z = 0 z = L

A∫ L

0

(
n+(z) + n−(z)

)
dz + 2σ = A

ΔψD
ΔψD∫ L

0

(
eq

+ΔψDn+(z) + eq
−ΔψDn−(z)

)
dz + 2σ = 0

q+ q−

eΔψD = x
∫ L
0 n+(z)dz = N+

xq
+
N+ + xq

−
N− + 2σ = 0

ψD = ΔψD + ψD



ψD

Uext = U ′
ext + qeψD U ′

ext

ΔψD

n+0 (z) n−0 (z)

n+1 (z) n−1 (z) n+0 (z)
n−0 (z)

ΔψD n+1 (z) n−1 (z)

n+1 (z) = λn+1 (z)
′+

n+0 (z) λ 0.01 0.1 n−1 (z)

n+1 (z) n+0 (z)
n+0 (z) = n+1 (z) n

−
0 (z) = n−1 (z)

U(rij)

U(rij) =

{
qiqj

1
r r > Rc(

dU
dr

)
r=Rc

(r −Rc) + U(rij)



Θ(r) =

{
0 r < 0

1

1

2

∫
V

∫
V
n(r)Θ

(
|r− r′| − 1

2
d

)
n(r′)U(|r− r′|)drdr′

d





ρ(z) = c0e
−βqeψ(z)

qeψ(z) z ψ(z)
c0 ψ(z)

ρ(z) = c0 exp

(
−β(Uext(z) +

∫
n(z′)U(z − z′)dz′)

)



h



h 1 0.01



βU =

{
−Awq2

(
1− z−d/2

d

)
, d

2 ≤ z ≤ 3d
2

0

2 : 1
2

z = −100 z = 100

σ
ψ
σ

σ
100

z



2 : 1 σ

2 : 1 ψ



z < 5



−0.0109e/ −0.0056e/

σ
|σ|

|σ|

2 : 1 ψ

r = 0.5

0.5 1
2



2 : 1 ψ

r = 1

c

c =
σ

φs
,

σ
φs

c =
ε0εrA

d
,



A d

cD

cD(φs) =
dσ(φs)

dφs
,

σ

cD(φs)
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