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Abstract The paper deals with the numerical model of the ions permeation in potassium channels of biomembrane. For
stationary Schrodinger-Poisson model derived in [3] we formulate two variational Galerkin’s identities for electric scalar
potential ϕ and wave function u. By using finite element approximation we obtain iteration system of algebraic equations.
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I. POISSON-SCHRÖDINGER MODEL - ION CHANNEL
TRANSPORT

For the stationary Poisson-Schrödinger model [1, 2, 4]
electric potential ϕ and wave function u fulfill system of
equations

− h̄

2m
∇2u+ qϕu = 0 (1)

∇ ◦ (ε∇⊗ ϕ) = −qu2 (2)

For presented ion channel

Fig. 1. Scheme of the ion channel

the mixed boundary conditions of Dirichlet-Neumann type
are

ϕ = 0|Γ1
; ϕ = U = 120[mV ]|Γ2

;
∂ϕ

∂n
= 0|Γ3

(3)

ϕ1 = ϕ2; ε1
∂ϕ1

∂n
− ε2

∂ϕ2

∂n
= 0|Γ4 (4)

The problem (1)-(2) with boundary conditions (3)-(4), we
will transform to two Galerkin’s variational identities∫

Ω

(∇⊗ u) ◦ (∇⊗ υ)dV +

∫
Ω

quϕυdV =

=

∫
Ω

υg(u)dV +

∮
∂Ω

(υ∇⊗ u) ◦ dS (5)

∫
Ω

(ε∇⊗ ϕ) ◦ (∇⊗ υ)dV =

=

∫
Ω

qu2dV +

∮
∂Ω

(υ(ε∇⊗ ϕ) ◦ dS (6)

where u, ϕ are trial functions and υ is test function. Applied
to (5) and (6) the finite element approximation

ϕe(x, y) =
∑

Ne
α(x, y)ϕeα (7)

where e is number of elements, α = i, j, k is node number,
this system will take the form

[K1]{u}k+1 + [K2]{u, ϕ}k+1 = [F1]k+1{u}k+1 = 0 (8)

[K3]{ϕ}k = [F2]{u}k (9)

Using Python, GMSH and FEniCS programs [5] we get
the following result for the zero-iteration of scalar potential
distribution ϕ

Fig. 2. Mesh example generated in GMSH2.6

Fig. 3. Distribution of potential field for ε1 < ε2

II. CONCLUSION

This way of solving the system of equations by iterative
method allows to determine the potential distribution, the
density of energy and ion flux, which is an electric current
flowing through the channel.
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