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The non linear Volterra integral equation is written as,
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Let F be
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and  f(x)=      f(x)=c1*cos( ω*x)+c2*sin( ω*x).

We solve it by numerical iterations.
Example of the RUN

after 5 iterations with a tolerance  ≤ 1.e-3

iter=    4

 x,psi2,psi1(1)= 0.000E+00    0.10000E+01    0.10000E+01

 x,psi2,psi1(1)= 0.500E-01    0.10500E+01    0.10500E+01

 x,psi2,psi1(1)= 0.100E+00    0.11004E+01    0.11004E+01

 x,psi2,psi1(1)= 0.150E+00    0.11513E+01    0.11513E+01

 x,psi2,psi1(1)= 0.200E+00    0.12031E+01    0.12031E+01

 x,psi2,psi1(1)= 0.250E+00    0.12563E+01    0.12563E+01

 x,psi2,psi1(1)= 0.300E+00    0.13113E+01    0.13113E+01

 x,psi2,psi1(1)= 0.350E+00    0.13687E+01    0.13687E+01

 x,psi2,psi1(1)= 0.400E+00    0.14291E+01    0.14291E+01

 x,psi2,psi1(1)= 0.450E+00    0.14932E+01    0.14932E+01

 x,psi2,psi1(1)= 0.500E+00    0.15619E+01    0.15619E+01

 x,psi2,psi1(1)= 0.550E+00    0.16362E+01    0.16362E+01

 x,psi2,psi1(1)= 0.600E+00    0.17175E+01    0.17175E+01

 x,psi2,psi1(1)= 0.650E+00    0.18071E+01    0.18071E+01

 x,psi2,psi1(1)= 0.700E+00    0.19070E+01    0.19070E+01

 x,psi2,psi1(1)= 0.750E+00    0.20196E+01    0.20195E+01

 x,psi2,psi1(1)= 0.800E+00    0.21477E+01    0.21476E+01

 x,psi2,psi1(1)= 0.850E+00    0.22953E+01    0.22952E+01

 x,psi2,psi1(1)= 0.900E+00    0.24676E+01    0.24672E+01

 x,psi2,psi1(1)= 0.950E+00    0.26715E+01    0.26705E+01

 x,psi2,psi1(1)= 0.100E+01    0.29167E+01    0.29144E+01

FORTRAN CODE 

c Non linear Volterra Integral Equation

c  Ref. F . G. Tricomi,Integral Equations,Dover ;publications  page 43

      dimension psi1(0:2000), psi2(0:2000)

      real lambda , kernel

      equivalence(dx,dy)

      f(x)=c1*cos(omega*x)+c2*sin(omega*x)

      kernel(x,y)=sin(omega*(x-y))

      omega=1.

      c1=1.

      c2=1.

      tol=1.e-3

      xlimit=1.

      xcero=0.

      lambda=1.

      nstep=500

      kprint=int(float(nstep)/20.)

      dy=(xlimit-xcero)/float(nstep)

c    to start ,  set psi1(i)=f(x)

      do 10 i=0,nstep

      x=dx*float(i)

      psi1(i)= f(x)

10    continue

c  cycle of iterations

      iter=15

      do 50 it=1,iter

      do 20 ix=0,nstep

      x=dx*float(ix)

      sum=0.

      do 30 iy=0,ix

      y=dy*float(iy)

      if(iy.ne.0)then

      sum=sum+ kernel(x,y)*psi1(iy)**3+

     $ kernel(x,y-dy)*psi1(iy-1)**3

      endif

30    continue

      psi2(ix)= lambda*(dy/2.)*sum+f(x)

20    continue

      do 70 i=0,nstep,kprint

      print 100, dx*float(i),psi2(i),psi1(i)

70    continue

      dif=abs(psi1(nstep)-psi2(nstep))/abs(psi2(nstep))

      if(dif.le.tol)goto 200

      print*, ' iter=   ',it

      print*,'      '

c  psi1 is set equal to psi2

      do 60  ip=0,nstep

      psi1(ip)=psi2(ip)

60    continue

50    continue

100   format(2x,'x,psi2,psi1(1)=',e10.3,2(3x,e12.5))

200   stop

      end

