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1-Introduction of the Model Pacemaker VI1

Balth Van Der Pol is first to consider the heart beat like a relaxation oscillator in 1928.

On the CDROM IEEE EMBS2000 congress at chicago I introduce the mathematical and

Electrical model of all the cardiac cells (S,SA,A,V,Purkinje) named the Model Pacema-

Ker VI1 in a dynamical non linear first order system with 2 variables V and I1.V is the

potential of the membrane and I1 is a current of the electrical circuit.

   Figure 1 :The Model Pacemaker VI1       

                                                                                                                                             

     C is the capacity of the membrane ,R is one resistor,L is one self and E is one driving force.

The  non linear negative conductance is I=f(V)=aV3 +bV2+doV+d1  (1).The cardiac para-

meters are a,b,do,d1,E,R,L and C.I traduce the laws of Kirchoff.I2 is the current throught

the capacity ,I1 is the current on the RL-part.

I2+I1-I=0  (2) V=RI1+LdI1/dt – E  (3) I obtain this mathematical model.

dV/dt=(a/C)V3+(b/C)V2+(do/C)V +(1/C)d1-(1/C)I1 (4)

dI1/dt=(1/L)V-(R/L)I1 +E/L   (5)

    If I set this definition X’=(V,I1) (6) The dynamical system is turned in this symbolic form.

    dX/dt=AX +F(X)  (7)   A is the matrix system,

                                                                                                  

      A=               do/C      ;-1/C                    (8)          

                       1/L     ;-R/L  

    The polynom characteristic D(p)=      PI-A            (9)    can be turned in this form

     D(p)=p2 +Wo2   (10) Wo is the pulsation of the cardiac frequency.

Wo2=(1/LC)( 1-Rdo)  >0  (10)

2-The Mathematical Model Of The Heart

        Balth Van Der Pol is first to affirm that the heart can be considered like 3 relaxation

        Oscillators in this conference at Paris France the 24 may 1928 invited by the Biology-

        cal society and the Electrical society of France.These oscillators are associated to the

        Sinus S,the Atrial A and the Ventricular V.Between A and V there is the His Bun-

         dle. I make the choice for the His Bundle,one transfert function F(p)  with the delay

        time This.   F(p=(1+T1p)/ (1+ Thisp)  (11)

               Figure 2: Axiom of the heart

 

                        Vs  Ksa                          Va    Kav                      Vhis               Vv 

        I associate 3 models of Pacemaker VI1 to the sinus,the atrial A and the ventricular V.

Ksa and Kav are the coefficients of the channel SA and AV.

Sinus               (VS,I1S)            (as,bs,dos,d1s,Es,Rs,Ls,Cs)   (12)

Atrial              (VA,I1A)            (aa,ba,doa,d1a,Ea,Ra,La,Ca)   (13)

Ventricul                (VV,I1V)                    (av,bv,dov,d1v,Ev,Rv,Lv,Cv)   (14)

The transfert function of the His Bundle is,

      Vhis/(Kav Va)=  (1+ T1p)/ (1 +Thisp)  (15)

The global model of the heart is,

  dVs/dt = (as/Cs)Vs3 +(bs/Cs) Vs2 +(dos/Cs) Vs +(1/Cs) d1s-(1/Cs)I1s (16)

dI1s/dt=(1/Ls)Vs –(Rs/Ls)I1s +Es/Ls   (17)

dVa/dt=(aa/Ca)Va3 +(ba/Ca)Va2 +(doa/Ca)Va –(1/Ca)d1a-( 1/Ca)I1a (17)

dI1a/dt=(1/La)Va-(Ra/La)I1a+Ea/La  (18)

dVhis/dt=-(1/This)Vhis +(Kav/This)Va +(KavT1/This)dVa/dt   (19)

dVv/dt=(av/Cv) Vv3 +(bv/Cv)Vv2 +(dov/Cv)Vv +(1/Cv)d1v –(1/Cv)I1v (20)

dI1v/dt=(1/Lv)Vv –(Rv/Lv)I1v +Ev/Lv (21)

         The electrical signals of the heart beat are Vs,Va,Vhis and Vv.There are 28 cardiac para-

meters ai,bi,doi,d1i,Ei,Ri,Li,Ci for i=S,A,V.The solution is integrated with Runge Kutta

         4 and Matlab software.

         Dedicated to the memory of my love who still forever in Jamaica.
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