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# -*- coding: utf-8 -*- 
# Sensing tip analytical model 
# Author: D. Bonzon 
 
########### 
# Imports # 
########### 
 
import matplotlib.pyplot as plt 
import numpy as np 
import math 
from scipy.misc import imread 
import time 
import numpy as np 
 
############### 
# Definitions # 
############### 
 
#PI 
pi = 3.1415 
 
#Diametre extérieur tip petit coté 
De = 1.1e-3 
#Diametre intérieur tip petit coté 
Di1 = 500e-6 
#Diametre intérieur tip grand coté 
Di2 = 5.0e-3 
#Longeur tip 
L = 50e-3 
#Position de l'electrode interne 
l = 3.5e-3 
#Epaisseur de la membrane 
e = 15e-6 
#Diamètre du trou 
d = 30e-6 
 
#Longueur sur laquel les graphs sont tracés 
Laff = 3.5e-3 
 
# Constantes physique electrique 
rho = 0.65 
 
# Constantes physique fluidique 
mu = 1e-3 
 
# Constantes physique bruit 
Kb = 1.38e-23 
T = 300 
dF = 2400 
 
# Constante de calcul 
#spatial 
NPAS = 2500 
 
INT_LENGH = (De/2) + l 



dx = INT_LENGH / NPAS 
 
# Fin des domaines 
# from -De/2 to 0  
DOMAIN1 = 0 
# from 0 to e 
DOMAIN2 = e 
# from e to l 
DOMAIN3 = l 
# from l to L 
DOMAIN4 = L 
# from l to L 
 
 
############# 
# Variables # 
############# 
 
X = [0]*NPAS 
Xum = [0]*NPAS 
R = [0]*NPAS 
U = [0]*NPAS 
 
dR = [0]*NPAS 
dU = [0]*NPAS 
dJ = [0]*NPAS 
 
deltaI = [0]*NPAS 
 
Rtot_PosPart = [0]*NPAS 
 
Uexc = 0.5 
Rtot = 0 
Itot = 0 
 
############# 
# Fonctions # 
############# 
 
#Retour la resistance infinitesimal de la position pos en fonction de 
position pos_part de la particule et de son diamètre diam_part 
# pos et pos_part sont en mètres 
 
def eval_dR(pos, pos_part, diam_part, delta_x): 
 
    #Evaluation de la section occupée par la particule 
    if(diam_part > 0): 
        if( ( pos > ( pos_part-(diam_part/2) ) ) and ( pos < ( 
pos_part+(diam_part/2) ) ) ): 
            fleche = (diam_part/2) - abs(pos-pos_part) 
            corde = 2*math.sqrt((diam_part-fleche)*fleche) 
            SectPart = pi*(corde/2)**2 
        else: 
            SectPart = 0 
    else: 
        SectPart = 0 
     
    #Evaluation de la resistance infinitesimale locale              
    deltaR = 0 
    if(pos<DOMAIN1): 
        rayon=-pos 
        deltaR = (rho*delta_x)/( (2*pi*(rayon+d/2)**2) - SectPart) 
        #deltaR = (rho*delta_x)/( (pi*(rayon+d/2)**2) - SectPart) 



    elif(pos<DOMAIN2): 
        deltaR = (rho*delta_x)/( ((d/2)**2*pi) - SectPart) 
    elif(pos<DOMAIN3): 
        rayon = pos - e 
        deltaR = max( (rho*delta_x)/( (((Di1+(((Di2-Di1)*pos)/L))/2)**2*pi) 
- SectPart ) , (rho*delta_x)/( (2*pi*(rayon+d/2)**2) - SectPart ) ) 
        #deltaR = max( (rho*delta_x)/( (((Di1+(((Di2-
Di1)*pos)/L))/2)**2*pi) - SectPart ) , (rho*delta_x)/( (pi*(rayon+d/2)**2) 
- SectPart ) ) 
    else: 
        deltaR = 0 
         
    return deltaR 
 
################## 
# Initialization # 
################## 
 
f_static_R = open('Dropbox/PhD/ModelPipette/Results/resultsStaticR.txt', 
'w') 
f_static_U = open('Dropbox/PhD/ModelPipette/Results/resultsStaticU.txt', 
'w') 
f_particules = 
open('Dropbox/PhD/ModelPipette/Results/resultsParticles.txt', 'w') 
 
 
########### 
# Calculs # 
########### 
 
# calcul de l'axe des x 
for i in range(NPAS): 
    X[i] = i*dx - (De/2) 
    Xum[i] = X[i]*1000000 
 
 
# calcul sans particule 
 
position_particule = 0 
diametre_particule = 0 
 
R[0] = 0 
U[0] = Uexc 
 
for i in range(NPAS): 
    position = X[i] 
     
    #Calcul de dR 
    dR[i] = eval_dR(position, position_particule, diametre_particule, dx) 
     
    #Calcul de R 
    if(i>0): 
            R[i] = R[i-1] + dR[i] 
             
    f_static_R.write(str(position)+'\t'+str(dR[i])+'\t'+str(R[i])+'\n') 
             
#Calcul de i 
Rtot = R[NPAS-1] 
Itot = Uexc / Rtot 
 
for i in range(NPAS): 
    position = X[i] 
    #Calcul de dU 



    dU[i] = -dR[i]*Itot 
     
     
    #Calcul de U 
    if(i>0): 
            U[i] = U[i-1] + dU[i] 
     
    #calcul de dJ 
    dJ[i] = (Itot*dR[i])/(rho*dx) 
     
    
f_static_U.write(str(position)+'\t'+str(dU[i])+'\t'+str(U[i])+'\t'+str(dJ[i
])+'\n') 
     
 
     
 
# Calcul parametrique avec particules 
 
DiamTip = [500e-6] 
 
PosElectrode = [3500e-6] 
#PosElectrode = [it * 1e-6 for it in range(250, 4001, 250)] 
 
MembraneThickness = [15e-6] 
 
DiamAperture = [35e-6] 
#DiamAperture = [it * 1e-6 for it in range(45, 70, 5)] 
 
DiamParticule = [15e-6] 
#DiamParticule = [0, 6e-6, 10e-6, 12e-6, 15e-6] 
#DiamParticule = [it * 1e-9 for it in range(0, 15100, 100)] 
 
 
for Di1 in DiamTip: 
     
    for l in PosElectrode: 
        DOMAIN3 = l 
        INT_LENGH = (De/2) + l 
        dx = INT_LENGH / NPAS 
         
        for i in range(NPAS): 
            X[i] = i*dx - (De/2) 
            Xum[i] = X[i]*1000000 
 
        for e in MembraneThickness: 
            DOMAIN2 = e 
             
            for d in DiamAperture: 
                 
                R[0] = 0 
                for i in range(NPAS): 
                    pos = X[i] 
                    dR[i] = eval_dR(pos, 0, 0, dx) 
                    if(i>0): 
                        R[i] = R[i-1] + dR[i] 
                         
                Rbase = R[NPAS-1] 
                Rmesure = 30e3 
                jNoise = 
math.sqrt(4*Kb*T*((Rbase*Rmesure)/(Rbase+Rmesure))*dF) 
                RNoise = (jNoise*(Rbase+Rmesure))/Uexc 
                 



                for dp in DiamParticule: 
                     
                    for ind_part in range(NPAS): 
                        pos_particule = X[ind_part] 
                         
                        #Calculs dR,R 
                        R[0] = 0 
                        for i in range(NPAS): 
                            pos = X[i] 
                            dR[i] = eval_dR(pos, pos_particule, dp, dx) 
                            if(i>0): 
                                R[i] = R[i-1] + dR[i] 
                                 
                        Rtot_PosPart[ind_part] = R[NPAS-1] #Rtot pour 
chaque position de particule 
                     
                        Rmax = max(Rtot_PosPart) 
 
                     
                    
f_particules.write(str(dx)+'\t'+str(l)+'\t'+str(Di1)+'\t'+str(e)+'\t'+str(d
)+'\t'+str(dp)+'\t'+str(Rbase)+'\t'+str(Rmax)+'\t'+str(Rmax-
Rbase)+'\t'+str(100*(Rmax-Rbase)/Rbase)+'\t'+str(RNoise)+'\n') 
                    print "dx=",dx,"pos=",l," diam_tip=",Di1," mem=",e," 
aperture=",d," part=", dp, " Rbase=", Rbase, "Rpeak=", Rmax, "deltaR=", 
(Rmax-Rbase), "%=", ((Rmax-Rbase)/Rbase)*100, "Rnoise=", RNoise 
 
         
############# 
# Affichage # 
############# 
 
fig = plt.figure("Figure "+str(diametre_particule), figsize=(15,8)) 
 
plt.subplot(311) 
plt.plot(Xum,dR, label="Diff Res") 
plt.axis([-(De/2)*1000*1000, Laff*1000*1000, 0, 3000]) 
plt.ylabel('Resistance [ohm]') 
plt.xlabel('Position [um]') 
plt.grid() 
 
plt.subplot(312) 
plt.plot(Xum,R, label="Resistance") 
plt.axis([-(De/2)*1000*1000, Laff*1000*1000, 0, 35000]) 
plt.ylabel('Resistance [ohm]') 
plt.xlabel('Position [um]') 
plt.grid() 
 
plt.subplot(313)     
plt.plot(Xum,U, label="Potential") 
plt.axis([-(De/2)*1000*1000, Laff*1000*1000, 0, 0.6]) 
plt.ylabel('Potentiel [V]') 
plt.xlabel('Position [um]') 
plt.grid() 
 
plt.show() 
f_static_R.close() 
f_static_U.close() 
f_particules.close() 
  



 

%% Spatiotemporal ion distribution model for electrically active cells 
%% AUTHOR: D.Bonzon 
%% Last version: 03.03.2017 
  
%% CLEAR 
clear all; 
close all; 
  
%% CONSTANTS 
  
ESPECE = 4; 
NA = 1; 
K = 2; 
CL = 3; 
NPI = 4; 
Z = [1,1,-1,-1]; 
  
SIZE = 10000; 
  
FRONTIER1 = 4800;   % 10nm membrane 
FRONTIER2 = 5200; 
  
ITERATIONS = 333333; 
AFF_PAR_IT = 166666; 
  
dt = 0.3e-12;    
dx = 0.25e-10;   
  
Q = 1.602e-19; 
e0 = 8.854e-12; 
er = 5; 
NAV = 6.022e23; 
kT = 4.11e-21; 
%Mobility coefficients [m^2/v*sec] 
mu(NA) = 10.12e-8; 
mu(K) = 4.98e-8; 
mu(CL) = 6.88e-8; 
mu(NPI) = 6.88e-8; 
  
  
%% INITIALIZATIONS 
X = zeros(1,SIZE); 
for i = 1:SIZE 
    X(i) = (i-1)*dx; 
end 
Xnm = X.*1000*1000*1000; 
  
T = zeros(1,ITERATIONS); 
for t = 1:ITERATIONS 
    T(t) = (t-1)*dt; 
end 



  
CONCENTRATION_NA_IN = 10; 
CONCENTRATION_K_IN = 90; 
CONCENTRATION_CL_IN = 100; 
CONCENTRATION_NPI_IN = 0; 
  
CONCENTRATION_NA_MEM = 0; 
CONCENTRATION_K_MEM = 0; 
CONCENTRATION_CL_MEM = 0; 
CONCENTRATION_NPI_MEM = 0; 
  
CONCENTRATION_NA_OUT = 90; 
CONCENTRATION_K_OUT = 10; 
CONCENTRATION_CL_OUT = 100; 
CONCENTRATION_NPI_OUT = 0; 
  
Seff(:,NA) = zeros(1,SIZE); 
Seff(:,K) = zeros(1,SIZE); 
Seff(:,CL) = zeros(1,SIZE); 
Seff(:,NPI) = zeros(1,SIZE); 
N(:,NA) = zeros(1,SIZE); 
N(:,K) = zeros(1,SIZE); 
N(:,CL) = zeros(1,SIZE); 
N(:,NPI) = zeros(1,SIZE); 
Grad_N(:,NA) = zeros(1,SIZE); 
Grad_N(:,K) = zeros(1,SIZE); 
Grad_N(:,CL) = zeros(1,SIZE); 
Grad_N(:,NPI) = zeros(1,SIZE); 
Grad_J(:,NA) = zeros(1,SIZE); 
Grad_J(:,K) = zeros(1,SIZE); 
Grad_J(:,CL) = zeros(1,SIZE); 
Grad_J(:,NPI) = zeros(1,SIZE); 
Charge = zeros(1,SIZE); 
Champ = zeros(1,SIZE); 
LocalConductance = zeros(1,SIZE); 
  
PotentialTime = zeros(1,ITERATIONS); 
  
cnt = 1; 
for i = 1:FRONTIER1 
    N(i,NA) = CONCENTRATION_NA_IN*NAV; 
    N(i,K) = CONCENTRATION_K_IN*NAV; 
    N(i,CL) = CONCENTRATION_CL_IN*NAV; 
    N(i,NPI) = CONCENTRATION_NPI_IN*NAV; 
    Seff(i,NA) = 1; 
    Seff(i,K) = 1; 
    Seff(i,CL) = 1; 
    Seff(i,NPI) = 1; 
end 
for i = FRONTIER1:FRONTIER2 
    N(i,NA) = CONCENTRATION_NA_MEM*NAV; 
    N(i,K) = CONCENTRATION_K_MEM*NAV; 
    N(i,CL) = CONCENTRATION_CL_MEM*NAV; 
    N(i,NPI) = CONCENTRATION_NPI_MEM*NAV; 
    Seff(i,NA) = 0; 
    Seff(i,K) = 1/10; 
    Seff(i,CL) = 0; 
    Seff(i,NPI) = 0; 
end 
for i = FRONTIER2:SIZE 
    N(i,NA) = CONCENTRATION_NA_OUT*NAV; 
    N(i,K) = CONCENTRATION_K_OUT*NAV; 



    N(i,CL) = CONCENTRATION_CL_OUT*NAV; 
    N(i,NPI) = CONCENTRATION_NPI_OUT*NAV; 
    Seff(i,NA) = 1; 
    Seff(i,K) = 1; 
    Seff(i,CL) = 1; 
    Seff(i,NPI) = 1; 
end 
  
%% COMPUTATION 
for t = 1:ITERATIONS 
     
    %Channel state 
    if(t>166667) 
        for i = FRONTIER1:FRONTIER2 
            Seff(i,NA) = 1/2; 
            Seff(i,K) = 1/10; 
            Seff(i,CL) = 0; 
            Seff(i,NPI) = 0; 
        end 
    end 
     
    %Charge 
    Charge=Q*(Z(1)*N(:,1)+Z(2)*N(:,2)+Z(3)*N(:,3)+Z(4)*N(:,4)); 
    %Field 
    Champ = (1/(e0*er)).*cumtrapz(X,Charge); 
    %Potential 
    Potential = -cumtrapz(X,Champ); 
    Potential(SIZE) 
     
    LocalConductance = 0; 
     
    PotentialTime(t) = Potential(SIZE); 
     
    for i = 1:ESPECE 
        %Concentration gradient 
        Grad_N(:,i) = gradient(N(:,i),dx); 
        %Diffusion current 
        JDiffusion(:,i) = sign(Z(i))*(kT).*mu(i).*Grad_N(:,i); 
        %Drift current 
        JDrift(:,i) = abs(Z(i))*Q*mu(i)*N(:,i).*Champ; 
        %Total current 
        JTot(:,i) = Seff(:,i).*(JDrift(:,i)-JDiffusion(:,i)); 
        %Current gradient 
        Grad_J(:,i) = gradient(JTot(:,i),dx); 
        %Continuity 
        N(:,i) = N(:,i) - (1/(Q*Z(i))) * Grad_J(:,i).*dt; 
    end 
     
    %% PLOTS 
    if(mod(t-1,AFF_PAR_IT)==0) 
         
        figure(t) 
        hold on; 
        grid on; 
        rectangle('Position',[120,0,10,12e25],'FaceColor',[0.88 .93 
.99],'EdgeColor','w','LineWidth',0.1) 
        plot(Xnm,N(:,NA),'b') 
        plot(Xnm,N(:,K),'g')  
        plot(Xnm,N(:,CL),'r') 
        plot(Xnm,N(:,NPI),'k') 
        xlabel('Distance [nm]') 



        ylabel('Nb ions [m^-^3]') 
        legend('Na','K','Cl','NPI') 
        xlim([115 135]) 
     
    
        figure(t+1) 
        hold on; 
        grid on; 
        plot(Xnm,Charge,'r') 
        xlabel('Distance [nm]') 
        ylabel('Charge [C/m^3]') 
        xlim([115 135]) 
         
        figure(t+2) 
        hold on; 
        grid on; 
        plot(Xnm,Champ,'g') 
        xlabel('Distance [nm]') 
        ylabel('Champ [V/m]') 
        xlim([115 135]) 
         
        figure(t+3) 
        hold on; 
        grid on; 
        rectangle('Position',[120,-0.1,10,0.25],'FaceColor',[0.88 .93 
.99],'EdgeColor','w','LineWidth',0.1) 
        plot(Xnm,Potential,'b') 
        xlabel('Distance [nm]') 
        ylabel('Potential [V]') 
        xlim([115 135]) 
         
         
        figure(t+6) 
        hold on; 
        grid on; 
        rectangle('Position',[120,-12000,10,24000],'FaceColor',[0.88 .93 
.99],'EdgeColor','w','LineWidth',0.1) 
        plot(Xnm,JTot(:,NA),'b') 
        plot(Xnm,JTot(:,K),'g') 
        plot(Xnm,JTot(:,CL),'r') 
        plot(Xnm,JTot(:,NPI),'k') 
        xlabel('Distance [nm]') 
        ylabel('J [A/m^2]') 
        xlim([115 135]) 
         
         
        figure(t+7) 
        hold on; 
        grid on; 
         
        yyaxis left 
        plot(Xnm,-Potential,'b') 
        xlabel('Distance [nm]') 
        ylabel('Epot [eV]') 
        xlim([115 135]) 
         
        yyaxis right 
        plot(Xnm,Potential,'b') 
        xlabel('Distance [nm]') 
        ylabel('Potential [V]') 
        xlim([115 135]) 



        set(gca,'YDir','reverse'); 
  
    end 
     
end 
  
figure(99) 
hold on; 
grid on; 
plot(T,PotentialTime.*1000,'b') 
xlabel('Time [s]') 
ylabel('Potential [mV]') 
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