Problem 4                              12 sept 2006
A square pulse applied to an RC circuit
Solved by the finite diference method

SEE SCHAUM’s BEE page 68 

The capacitor is discharged when V is grounded at t2.Thus the current is reversed.

R(dq/dt)  =  -q/C + V(t)

The finite difference solution is of the form

      q1= q0+ dt*g(q0,t-dt)

where      g(q,time)=(1./r)*( -q/C +v(vzero,time,t1,t2) )

[image: image1.emf]Analytic I & numerical I

-6.00E-02

-4.00E-02

-2.00E-02

0.00E+00

2.00E-02

4.00E-02

6.00E-02

8.00E-02

0.00E+00 5.00E-03 1.00E-02 1.50E-02 2.00E-02

t(s)

amps

Series1

Series2


THE NUMERCAL AND ANALYTIC SOLUTIONS AGREE TO THREE DIGITS ….MORE THAN ENOUGH

  t,i(numerical),i(exact)=    0.0000E+00    0.6000E-01    0.6000E-01

  t,i(numerical),i(exact)=    0.4465E-03    0.5455E-01    0.5456E-01

  t,i(numerical),i(exact)=    0.9165E-03    0.4935E-01    0.4937E-01

  t,i(numerical),i(exact)=    0.1386E-02    0.4464E-01    0.4467E-01

  t,i(numerical),i(exact)=    0.1856E-02    0.4038E-01    0.4042E-01

  t,i(numerical),i(exact)=    0.2326E-02    0.3653E-01    0.3657E-01

  t,i(numerical),i(exact)=    0.2796E-02    0.3304E-01    0.3309E-01

  t,i(numerical),i(exact)=    0.3266E-02    0.2989E-01    0.2994E-01

  t,i(numerical),i(exact)=    0.3736E-02    0.2704E-01    0.2709E-01

  t,i(numerical),i(exact)=    0.4206E-02    0.2446E-01    0.2452E-01

  t,i(numerical),i(exact)=    0.4676E-02    0.2213E-01    0.2218E-01

  t,i(numerical),i(exact)=    0.5146E-02    0.2002E-01    0.2007E-01

  t,i(numerical),i(exact)=    0.5616E-02    0.1811E-01    0.1816E-01

  t,i(numerical),i(exact)=    0.6086E-02    0.1638E-01    0.1643E-01

  t,i(numerical),i(exact)=    0.6556E-02    0.1482E-01    0.1487E-01

  t,i(numerical),i(exact)=    0.7026E-02    0.1340E-01    0.1345E-01

  t,i(numerical),i(exact)=    0.7496E-02    0.1213E-01    0.1217E-01

  t,i(numerical),i(exact)=    0.7966E-02    0.1097E-01    0.1102E-01

  t,i(numerical),i(exact)=    0.8436E-02    0.9923E-02    0.9968E-02

  t,i(numerical),i(exact)=    0.8906E-02    0.8976E-02    0.9019E-02

  t,i(numerical),i(exact)=    0.9376E-02    0.8120E-02    0.8161E-02

  t,i(numerical),i(exact)=    0.9846E-02   -0.4748E-01   -0.4718E-01

  t,i(numerical),i(exact)=    0.1032E-01   -0.4295E-01   -0.4269E-01

  t,i(numerical),i(exact)=    0.1079E-01   -0.3885E-01   -0.3863E-01

  t,i(numerical),i(exact)=    0.1126E-01   -0.3515E-01   -0.3495E-01

  t,i(numerical),i(exact)=    0.1173E-01   -0.3179E-01   -0.3162E-01

  t,i(numerical),i(exact)=    0.1220E-01   -0.2876E-01   -0.2862E-01

  t,i(numerical),i(exact)=    0.1267E-01   -0.2602E-01   -0.2589E-01

  t,i(numerical),i(exact)=    0.1314E-01   -0.2354E-01   -0.2343E-01

  t,i(numerical),i(exact)=    0.1361E-01   -0.2129E-01   -0.2120E-01

  t,i(numerical),i(exact)=    0.1408E-01   -0.1926E-01   -0.1918E-01

  t,i(numerical),i(exact)=    0.1455E-01   -0.1742E-01   -0.1736E-01

  t,i(numerical),i(exact)=    0.1502E-01   -0.1576E-01   -0.1570E-01

  t,i(numerical),i(exact)=    0.1549E-01   -0.1426E-01   -0.1421E-01

  t,i(numerical),i(exact)=    0.1596E-01   -0.1290E-01   -0.1286E-01

  t,i(numerical),i(exact)=    0.1643E-01   -0.1167E-01   -0.1163E-01

  t,i(numerical),i(exact)=    0.1690E-01   -0.1055E-01   -0.1053E-01

  t,i(numerical),i(exact)=    0.1737E-01   -0.9547E-02   -0.9525E-02

  t,i(numerical),i(exact)=    0.1784E-01   -0.8637E-02   -0.8619E-02

  t,i(numerical),i(exact)=    0.1831E-01   -0.7813E-02   -0.7798E-02

  t,i(numerical),i(exact)=    0.1878E-01   -0.7067E-02   -0.7056E-02

c     prob # 4         date 12 sept 2006

      data R, C, vzero /100.,47.E-6 ,6./

      ampexact(t)=(vzero/R)*(exp(-(t-t1)/(r*c))*u(t-t1) -

     $ exp(-(t-t2)/(r*c))*u(t-t2) )

      g(q,time)=(1./r)*( -q/C +v(vzero,time,t1,t2) )

      q0=0.

      tscale =R*c

      t1=0.

      t2=2.*tscale

      dt=tscale/200.

      tfinal=2.*t2

      nstep=int(tfinal/dt)

      kp=20

      kount=kp

      do 10 i=1,nstep

      t=dt*float(i)

      q1= q0+ dt*g(q0,t-dt)

      amp=(q1-q0)/dt

      if(i.eq.1)print 100,0.,amp,ampexact(0.)

      if(i.eq.kount) then

      print 100 ,t-dt , amp , ampexact(t-dt)

      kount=kount+kp

      endif

      q0=q1

10    continue

100   format(2x,'t,i(numerical),i(exact)=',3(3x,e11.4))

      stop

      end

      function v(vzero,t,t1,t2)

      if(t.lt.t1)v=0.

      if(t.ge.t1.and.t.le.t2)v=vzero

      if(t.gt.t2)v=0.

      return

      end

      function u(time)

      if(time.lt.0.)u=0.

      if(time.ge.0.)u=1.

      return

      end

