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L2=072 H




The intial conditions are  i1(0)=0.,   i2(0)=0.  and the circuit equations are

L1 *d I1 /dt + R1* I1 –L12*dI2/dt   = E                                        (1)

L2*dI2/dt +R2*I2  - L12*dI1/dt      = 0                                          (2)

E= 240 v  , R1= 48 ohms , R2= 27 ohms , L1=1.6H  , L2= 0.9 H , L12= 0.72 H

We solve ( 1) & (2) by the finite difference method. 

First dI2/dt is obtained from (2) and substituted in (1) .

One gets 

d I1/dt  ≡  a1(i1,i2) =  (-L12*R2*i2/L2-r1*i1+E)/(L1-L12**2/L2)    (3)

from which follows the difference equation

I1n    =   I1n-1  + (∆t) * a1(i1n-1 ,i2n-1)                                                    (4)

from (2) one obtains the solution of I2

I2n = I 2n-1   + (∆t/L2)* ( -R2* I2n-1  + L12* (dI1/dt)n    )                   (5)
Notice that  (dI1/dt)n  in eq (5) has already been obtained from (4)  . 

The choice of ∆t must be small compared with all possible combinations of (Li / Ri ). This is done with the statement

tscale=amin1(L1/r1,L12/r2,L2/r2,L12/r1) .

RESULTS
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c problem 5.11 BEE  , Cathey & Nasar

c needs edititing ********

      real L1, L2,L12 ,i2ans ,i10,i11,i20,i21 ,i1,i2,i1ans

      data E, L1, L2 , L12 ,r1,r2 /240.,1.6, 0.9, 0.72, 48.,27./

      a1(i1,i2)=(-L12*R2*i2/L2-r1*i1+E)/(L1-L12**2/L2)

      i1ans(t)= 5.-2.5*exp(-75.*t) -2.5*exp(-75.*t/4.)

      i2ans(t)= -3.33*exp(-75.*t)+ 3.33*exp(-75.*t/4.)

      pi=2.*asin(1.)

      i10=0.

      i20=0.

      tscale=amin1(L1/r1,L12/r2,L2/r2,L12/r1)

      tlarge=6.*amax1(L1/r1,L12/r2,L2/r2,L12/r1)

      dt=tscale/200.

      tfinal=tlarge

      nstep=int(tfinal/dt)

      kp=int(float(nstep)/70.)

      kount=kp

      Print*,'tscale,tlarge,dt,nstep=',tscale,tlarge,dt,nstep

      print*,'    '

      print 100 , 0. , i10 ,i20,i1ans(0.),i2ans(0.)

      do 10 i=1,nstep

      t=dt*float(i)

      i11=i10+dt*a1(i10,i20)

      di1dt=(i11-i10)/dt

      i21=i20+(dt/L2)*(-R2*i20+L12*di1dt)

      if(i.eq.kount)then

      print 100,t, i11 ,i1ans(t),i21,i2ans(t)

      kount= kount+kp

      endif

      i10=i11

      i20=i21

10    continue

100   format('t,i1,i1x,i2,i2x,=',5(2x,e10.3))

      stop

      end

tscale,tlarge,dt,nstep=  0.0150000006  0.200000003  7.50000036E-005 2666

t,i1,i1x,i2,i2x,=   0.000E+00   0.000E+00   0.000E+00   0.000E+00   0.000E+00

t,i1,i1x,i2,i2x,=   0.285E-02   0.613E+00   0.611E+00   0.470E+00   0.468E+00

t,i1,i1x,i2,i2x,=   0.570E-02   0.113E+01   0.112E+01   0.824E+00   0.821E+00

t,i1,i1x,i2,i2x,=   0.855E-02   0.156E+01   0.155E+01   0.109E+01   0.108E+01

t,i1,i1x,i2,i2x,=   0.114E-01   0.192E+01   0.192E+01   0.128E+01   0.127E+01

t,i1,i1x,i2,i2x,=   0.143E-01   0.223E+01   0.223E+01   0.141E+01   0.141E+01

t,i1,i1x,i2,i2x,=   0.171E-01   0.250E+01   0.249E+01   0.150E+01   0.149E+01

t,i1,i1x,i2,i2x,=   0.200E-01   0.272E+01   0.272E+01   0.155E+01   0.155E+01

t,i1,i1x,i2,i2x,=   0.228E-01   0.292E+01   0.292E+01   0.157E+01   0.157E+01

t,i1,i1x,i2,i2x,=   0.257E-01   0.309E+01   0.309E+01   0.158E+01   0.157E+01

t,i1,i1x,i2,i2x,=   0.285E-01   0.324E+01   0.324E+01   0.156E+01   0.156E+01

t,i1,i1x,i2,i2x,=   0.314E-01   0.338E+01   0.337E+01   0.154E+01   0.153E+01

t,i1,i1x,i2,i2x,=   0.342E-01   0.349E+01   0.349E+01   0.150E+01   0.150E+01

t,i1,i1x,i2,i2x,=   0.371E-01   0.360E+01   0.360E+01   0.146E+01   0.146E+01

t,i1,i1x,i2,i2x,=   0.399E-01   0.369E+01   0.369E+01   0.141E+01   0.141E+01

t,i1,i1x,i2,i2x,=   0.428E-01   0.378E+01   0.378E+01   0.136E+01   0.136E+01

t,i1,i1x,i2,i2x,=   0.456E-01   0.386E+01   0.386E+01   0.131E+01   0.131E+01

t,i1,i1x,i2,i2x,=   0.485E-01   0.393E+01   0.393E+01   0.126E+01   0.125E+01

t,i1,i1x,i2,i2x,=   0.513E-01   0.399E+01   0.399E+01   0.120E+01   0.120E+01

t,i1,i1x,i2,i2x,=   0.542E-01   0.405E+01   0.405E+01   0.115E+01   0.115E+01

t,i1,i1x,i2,i2x,=   0.570E-01   0.411E+01   0.411E+01   0.110E+01   0.110E+01

t,i1,i1x,i2,i2x,=   0.599E-01   0.416E+01   0.416E+01   0.105E+01   0.105E+01

t,i1,i1x,i2,i2x,=   0.627E-01   0.421E+01   0.421E+01   0.998E+00   0.998E+00

t,i1,i1x,i2,i2x,=   0.655E-01   0.425E+01   0.425E+01   0.950E+00   0.950E+00

t,i1,i1x,i2,i2x,=   0.684E-01   0.429E+01   0.429E+01   0.904E+00   0.904E+00

t,i1,i1x,i2,i2x,=   0.713E-01   0.433E+01   0.433E+01   0.860E+00   0.860E+00

t,i1,i1x,i2,i2x,=   0.741E-01   0.437E+01   0.437E+01   0.817E+00   0.817E+00

t,i1,i1x,i2,i2x,=   0.770E-01   0.440E+01   0.440E+01   0.777E+00   0.776E+00

t,i1,i1x,i2,i2x,=   0.798E-01   0.443E+01   0.443E+01   0.738E+00   0.737E+00

t,i1,i1x,i2,i2x,=   0.827E-01   0.446E+01   0.446E+01   0.700E+00   0.700E+00

t,i1,i1x,i2,i2x,=   0.855E-01   0.449E+01   0.449E+01   0.665E+00   0.665E+00

t,i1,i1x,i2,i2x,=   0.884E-01   0.452E+01   0.452E+01   0.631E+00   0.631E+00

t,i1,i1x,i2,i2x,=   0.912E-01   0.455E+01   0.455E+01   0.599E+00   0.599E+00

t,i1,i1x,i2,i2x,=   0.941E-01   0.457E+01   0.457E+01   0.568E+00   0.568E+00

t,i1,i1x,i2,i2x,=   0.969E-01   0.459E+01   0.459E+01   0.539E+00   0.539E+00

t,i1,i1x,i2,i2x,=   0.998E-01   0.461E+01   0.461E+01   0.511E+00   0.511E+00

t,i1,i1x,i2,i2x,=   0.103E+00   0.463E+01   0.463E+01   0.485E+00   0.485E+00

t,i1,i1x,i2,i2x,=   0.105E+00   0.465E+01   0.465E+01   0.460E+00   0.460E+00

t,i1,i1x,i2,i2x,=   0.108E+00   0.467E+01   0.467E+01   0.436E+00   0.436E+00

t,i1,i1x,i2,i2x,=   0.111E+00   0.469E+01   0.469E+01   0.413E+00   0.414E+00

t,i1,i1x,i2,i2x,=   0.114E+00   0.471E+01   0.470E+01   0.392E+00   0.392E+00

t,i1,i1x,i2,i2x,=   0.117E+00   0.472E+01   0.472E+01   0.372E+00   0.372E+00

t,i1,i1x,i2,i2x,=   0.120E+00   0.474E+01   0.473E+01   0.352E+00   0.353E+00

t,i1,i1x,i2,i2x,=   0.123E+00   0.475E+01   0.475E+01   0.334E+00   0.334E+00

t,i1,i1x,i2,i2x,=   0.125E+00   0.476E+01   0.476E+01   0.317E+00   0.317E+00

t,i1,i1x,i2,i2x,=   0.128E+00   0.477E+01   0.477E+01   0.300E+00   0.300E+00

t,i1,i1x,i2,i2x,=   0.131E+00   0.479E+01   0.479E+01   0.285E+00   0.285E+00

t,i1,i1x,i2,i2x,=   0.134E+00   0.480E+01   0.480E+01   0.270E+00   0.270E+00

t,i1,i1x,i2,i2x,=   0.137E+00   0.481E+01   0.481E+01   0.256E+00   0.256E+00

t,i1,i1x,i2,i2x,=   0.140E+00   0.482E+01   0.482E+01   0.243E+00   0.243E+00

t,i1,i1x,i2,i2x,=   0.143E+00   0.483E+01   0.483E+01   0.230E+00   0.230E+00

t,i1,i1x,i2,i2x,=   0.145E+00   0.484E+01   0.484E+01   0.218E+00   0.218E+00

t,i1,i1x,i2,i2x,=   0.148E+00   0.484E+01   0.484E+01   0.207E+00   0.207E+00

t,i1,i1x,i2,i2x,=   0.151E+00   0.485E+01   0.485E+01   0.196E+00   0.196E+00

t,i1,i1x,i2,i2x,=   0.154E+00   0.486E+01   0.486E+01   0.186E+00   0.186E+00

t,i1,i1x,i2,i2x,=   0.157E+00   0.487E+01   0.487E+01   0.176E+00   0.176E+00

t,i1,i1x,i2,i2x,=   0.160E+00   0.487E+01   0.487E+01   0.167E+00   0.167E+00

t,i1,i1x,i2,i2x,=   0.162E+00   0.488E+01   0.488E+01   0.158E+00   0.158E+00

t,i1,i1x,i2,i2x,=   0.165E+00   0.489E+01   0.489E+01   0.150E+00   0.150E+00

t,i1,i1x,i2,i2x,=   0.168E+00   0.489E+01   0.489E+01   0.142E+00   0.142E+00

t,i1,i1x,i2,i2x,=   0.171E+00   0.490E+01   0.490E+01   0.135E+00   0.135E+00

t,i1,i1x,i2,i2x,=   0.174E+00   0.490E+01   0.490E+01   0.128E+00   0.128E+00

t,i1,i1x,i2,i2x,=   0.177E+00   0.491E+01   0.491E+01   0.121E+00   0.121E+00

t,i1,i1x,i2,i2x,=   0.180E+00   0.491E+01   0.491E+01   0.115E+00   0.115E+00

t,i1,i1x,i2,i2x,=   0.182E+00   0.492E+01   0.492E+01   0.109E+00   0.109E+00

t,i1,i1x,i2,i2x,=   0.185E+00   0.492E+01   0.492E+01   0.103E+00   0.103E+00

t,i1,i1x,i2,i2x,=   0.188E+00   0.493E+01   0.493E+01   0.977E-01   0.979E-01

t,i1,i1x,i2,i2x,=   0.191E+00   0.493E+01   0.493E+01   0.927E-01   0.928E-01

t,i1,i1x,i2,i2x,=   0.194E+00   0.493E+01   0.493E+01   0.878E-01   0.880E-01

t,i1,i1x,i2,i2x,=   0.197E+00   0.494E+01   0.494E+01   0.833E-01   0.834E-01

t,i1,i1x,i2,i2x,=   0.200E+00   0.494E+01   0.494E+01   0.789E-01   0.791E-01
