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The RL circuit has been initially connected to the battery VB for a long time,

hence the current is  I = VB/R.

Then the switch is moved suddenly to connect with the generator Vs = Vm cos ( ωt),on the left.

The differential equation for the circuit connected to Vs is 

L di/dt  + Ri = Vm cos ( ωt)                                        (1)

with initial condition  i(0)= VB/R.

The numerical solution is

 in  =  in-1    + (∆t /L) (  -R in-1  + Vm cos ( ωtn-1)   )             (2)      

while the analytical solution is

i(t) = (VB/R)exp( -Rt/L )  + (VM/Z)  {cos(ωt -θ )  - exp(   -Rt/L )cos(θ )   }        (3)

where Z = ( R2 +  (ωL ) 2 ) 1/2   ,    θ = arc tan (  ωL/R)             .

Let’s introduce the values VB=200 volts   , Vm= 110volts  ,  ω = 2π(60)  rad/s ,

R=100 ohms   , L = 100/( 2π(60) )  .

We integrate numerically and compare with the analytical solution.
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   t,i,iexact=     0.0000E+00     0.2000E+01     0.2000E+01

 t,i,iexact=     0.5305E-03     0.1835E+01     0.1835E+01

 t,i,iexact=     0.1061E-02     0.1692E+01     0.1693E+01

 t,i,iexact=     0.1592E-02     0.1559E+01     0.1560E+01

 t,i,iexact=     0.2122E-02     0.1429E+01     0.1429E+01

 t,i,iexact=     0.2653E-02     0.1293E+01     0.1293E+01

 t,i,iexact=     0.3183E-02     0.1149E+01     0.1149E+01

 t,i,iexact=     0.3714E-02     0.9933E+00     0.9930E+00

 t,i,iexact=     0.4244E-02     0.8269E+00     0.8265E+00

 t,i,iexact=     0.4775E-02     0.6509E+00     0.6503E+00

 t,i,iexact=     0.5305E-02     0.4680E+00     0.4675E+00

 t,i,iexact=     0.5836E-02     0.2821E+00     0.2817E+00

 t,i,iexact=     0.6366E-02     0.9776E-01     0.9748E-01

 t,i,iexact=     0.6897E-02    -0.8005E-01    -0.8007E-01

 t,i,iexact=     0.7427E-02    -0.2461E+00    -0.2458E+00

 t,i,iexact=     0.7958E-02    -0.3954E+00    -0.3947E+00

 t,i,iexact=     0.8488E-02    -0.5232E+00    -0.5221E+00

 t,i,iexact=     0.9019E-02    -0.6254E+00    -0.6239E+00

 t,i,iexact=     0.9549E-02    -0.6989E+00    -0.6970E+00

 t,i,iexact=     0.1008E-01    -0.7414E+00    -0.7391E+00

 t,i,iexact=     0.1061E-01    -0.7518E+00    -0.7492E+00

 t,i,iexact=     0.1114E-01    -0.7301E+00    -0.7273E+00

 t,i,iexact=     0.1167E-01    -0.6776E+00    -0.6746E+00

 t,i,iexact=     0.1220E-01    -0.5967E+00    -0.5936E+00

 t,i,iexact=     0.1273E-01    -0.4909E+00    -0.4878E+00

 t,i,iexact=     0.1326E-01    -0.3645E+00    -0.3616E+00

 t,i,iexact=     0.1379E-01    -0.2229E+00    -0.2202E+00

 t,i,iexact=     0.1432E-01    -0.7169E-01    -0.6939E-01

 t,i,iexact=     0.1485E-01     0.8284E-01     0.8473E-01

 t,i,iexact=     0.1538E-01     0.2345E+00     0.2359E+00

 t,i,iexact=     0.1592E-01     0.3771E+00     0.3780E+00

 t,i,iexact=     0.1645E-01     0.5050E+00     0.5053E+00

 t,i,iexact=     0.1698E-01     0.6130E+00     0.6128E+00

 t,i,iexact=     0.1751E-01     0.6967E+00     0.6959E+00

 t,i,iexact=     0.1804E-01     0.7529E+00     0.7515E+00

 t,i,iexact=     0.1857E-01     0.7791E+00     0.7773E+00

 t,i,iexact=     0.1910E-01     0.7743E+00     0.7722E+00

 t,i,iexact=     0.1963E-01     0.7388E+00     0.7364E+00

 t,i,iexact=     0.2016E-01     0.6739E+00     0.6713E+00

 t,i,iexact=     0.2069E-01     0.5822E+00     0.5795E+00

 t,i,iexact=     0.2122E-01     0.4673E+00     0.4646E+00

 t,i,iexact=     0.2175E-01     0.3338E+00     0.3313E+00

 t,i,iexact=     0.2228E-01     0.1871E+00     0.1847E+00

 t,i,iexact=     0.2281E-01     0.3290E-01     0.3089E-01

 t,i,iexact=     0.2334E-01    -0.1226E+00    -0.1242E+00

 t,i,iexact=     0.2387E-01    -0.2732E+00    -0.2743E+00

 t,i,iexact=     0.2440E-01    -0.4128E+00    -0.4134E+00

 t,i,iexact=     0.2493E-01    -0.5360E+00    -0.5361E+00

 t,i,iexact=     0.2546E-01    -0.6378E+00    -0.6374E+00

 t,i,iexact=     0.2600E-01    -0.7142E+00    -0.7132E+00

 t,i,iexact=     0.2653E-01    -0.7621E+00    -0.7606E+00

 t,i,iexact=     0.2706E-01    -0.7797E+00    -0.7777E+00

 t,i,iexact=     0.2759E-01    -0.7661E+00    -0.7638E+00

 t,i,iexact=     0.2812E-01    -0.7220E+00    -0.7194E+00

 t,i,iexact=     0.2865E-01    -0.6491E+00    -0.6464E+00

 t,i,iexact=     0.2918E-01    -0.5503E+00    -0.5475E+00

 t,i,iexact=     0.2971E-01    -0.4296E+00    -0.4269E+00

 t,i,iexact=     0.3024E-01    -0.2917E+00    -0.2892E+00

 t,i,iexact=     0.3077E-01    -0.1423E+00    -0.1400E+00

 t,i,iexact=     0.3130E-01     0.1290E-01     0.1481E-01

 t,i,iexact=     0.3183E-01     0.1675E+00     0.1690E+00

 t,i,iexact=     0.3236E-01     0.3155E+00     0.3165E+00

 t,i,iexact=     0.3289E-01     0.4509E+00     0.4513E+00

 t,i,iexact=     0.3342E-01     0.5683E+00     0.5682E+00

 t,i,iexact=     0.3395E-01     0.6630E+00     0.6624E+00

 t,i,iexact=     0.3448E-01     0.7314E+00     0.7302E+00

 t,i,iexact=     0.3501E-01     0.7705E+00     0.7689E+00

 t,i,iexact=     0.3554E-01     0.7790E+00     0.7769E+00

 t,i,iexact=     0.3608E-01     0.7563E+00     0.7540E+00

 t,i,iexact=     0.3661E-01     0.7036E+00     0.7010E+00

 t,i,iexact=     0.3714E-01     0.6228E+00     0.6200E+00
FORTRAN code

c Schaum's   BEE prob. 4.19

      real L  , i0 ,i1

      f(t) =exp(-R*t/L)

      ampexct(t) =(Vb/R)*f(t) + (Vm/Z)*(cos(omega*t-theta)-

     $ f(t)*cos(theta))

      pi=2.*asin(1.)

      VB=200.

      Vm= 110.

      R=100.

      omega=2.*pi*60.

      L=100./omega

      Z= sqrt(R**2 + (omega*L)**2)

      theta = atan(omega*L/R)

      tscale =(L/R)

      dt=tscale/100.

      tfinal=14.*tscale

      nstep=int(tfinal/dt)

      i0=VB/R

      kp=20

      kount=kp

      print 100, 0., i0, ampexct(0.)

      do 10 i=1,nstep

      t=dt*float(i)

      i1=i0 + (dt/L)*(  -R*i0  + Vm* cos ( omega*(t-dt))   )

      if(i.eq.kount)then

      print 100,t,i1, ampexct(t)

      kount=kount+kp

      endif

      i0=i1

10    continue

100   format(1x,'t,i,iexact=',3(4x,e11.4) )

      stop

      end

