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The standard form of the Hammerstein integral equation is ,

[image: image1.jpg]Vi) + f : K(z,9) [y, ()] dy=0
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To solve (1) w e use the method  of successive approximations 

ψ n+1 (x)     =      -  ∫    K(x,y) f  [ y , ψ n (x)] dy  .    

 The convergence conditions are discussed in the above reference.
Example 1.   K(x,y)= 10.*sin(x)*sin(y)
                     f  [ y , ψ  (y)] =   y 1/2 exp(  ψ  (y) ) 

tol =1.E-4   It takes 13 iterations to reach the tolerance level set.

x,psi1 =    0.0000E+00    0.0000E+00

 x,psi1 =    0.1000E+00   -0.3063E+00

 x,psi1 =    0.2000E+00   -0.6091E+00

 x,psi1 =    0.3000E+00   -0.9057E+00

 x,psi1 =    0.4000E+00   -0.1193E+01

 x,psi1 =    0.5000E+00   -0.1469E+01

 x,psi1 =    0.6000E+00   -0.1730E+01

 x,psi1 =    0.7000E+00   -0.1973E+01

 x,psi1 =    0.8000E+00   -0.2197E+01

 x,psi1 =    0.9000E+00   -0.2399E+01

 x,psi1 =    0.1000E+01   -0.2578E+01

 x,psi1 =    0.0000E+00    0.0000E+00

 x,psi1 =    0.1000E+00   -0.3061E+00

 x,psi1 =    0.2000E+00   -0.6089E+00

 x,psi1 =    0.3000E+00   -0.9055E+00

 x,psi1 =    0.4000E+00   -0.1193E+01

 x,psi1 =    0.5000E+00   -0.1469E+01

 x,psi1 =    0.6000E+00   -0.1730E+01

 x,psi1 =    0.7000E+00   -0.1974E+01

 x,psi1 =    0.8000E+00   -0.2198E+01

 x,psi1 =    0.9000E+00   -0.2400E+01

 x,psi1 =    0.1000E+01   -0.2578E+01

 tol,dif,iter=    0.1000E-03    0.8619E-04   13
Example 2. K(x,y) = exp(- (x+y) )
                   f  [ y , ψ  (y)]  = 5 .* exp(  ψ  (y) ) 

It converges within the tolerance level after 17 iterations.
  x,psi1 =    0.0000E+00   -0.1319E+01

  x,psi1 =    0.1000E+00   -0.1194E+01

  x,psi1 =    0.2000E+00   -0.1080E+01

  x,psi1 =    0.3000E+00   -0.9774E+00

  x,psi1 =    0.4000E+00   -0.8844E+00

  x,psi1 =    0.5000E+00   -0.8003E+00

  x,psi1 =    0.6000E+00   -0.7241E+00

  x,psi1 =    0.7000E+00   -0.6552E+00

  x,psi1 =    0.8000E+00   -0.5929E+00

  x,psi1 =    0.9000E+00   -0.5365E+00

  x,psi1 =    0.1000E+01   -0.4854E+00

  x,psi1 =    0.0000E+00   -0.1319E+01

  x,psi1 =    0.1000E+00   -0.1194E+01

  x,psi1 =    0.2000E+00   -0.1080E+01

  x,psi1 =    0.3000E+00   -0.9774E+00

  x,psi1 =    0.4000E+00   -0.8844E+00

  x,psi1 =    0.5000E+00   -0.8003E+00

  x,psi1 =    0.6000E+00   -0.7241E+00

  x,psi1 =    0.7000E+00   -0.6552E+00

  x,psi1 =    0.8000E+00   -0.5929E+00

  x,psi1 =    0.9000E+00   -0.5365E+00

  x,psi1 =    0.1000E+01   -0.4854E+00

  tol,dif,iter=    0.1000E-03    0.6686E-04   17

FORTRAN CODE

c  F . G. Tricomi,Integral Equations,Dover ;publications  page 202 ,

c  Hammerstein type of integral equation  see also page 210

c     psi(x)  =  $ K (x,y) f( y, psi(y)) dy

      dimension psi1(0:5000), psi2(0:5000)

      real lambda , kernel

      equivalence(dx,dy)

c      kernel(x,y)=exp(x*y)

      kernel(x,y)=10.*sin(x)*sin(y)

      fstart(x)=5.*sqrt(x)

      f(y,i)=fstart(y)*exp(psi1(i))

      lambda=1.

      xlimit=1.

      xcero=0.

      nstep=100

      tol=1.e-4

      kprint=int(float(nstep)/10.)

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

c    to start   set psi1(i)=to some _expression =function (x)

      do 10 i=0,nstep

      x=dx*float(i)

      psi1(i)= -fstart(x)

10    continue

c  cycle of iterations

      iter=40

      do 50 it=1,iter

      call plot(lambda,kprint,dx,nstep,psi1)

      print*,'  '

      do 20 ix=0,nstep

      x=dx*float(ix)

      sum=0.

c integration using Simpson's rule

      do 30 iy=1,nstep,2

      y=dy*float(iy)

      sum=sum + 4.*kernel(x,y)*f(y,iy)+

     $ kernel(x,y-dy)*f(y-dy,iy-1)+kernel(x,y+dy)*f(y,iy+1)

30    continue

      psi2(ix)= -lambda*(dy/3.)*sum

20    continue

c  psi1 is set equal to psi2

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

      if(dif.le.tol)goto 200

      do 60  ip=0,nstep

      psi1(ip)=(psi1(ip)+psi2(ip))/2.

60    continue

50    continue

100   format(2x,'x,psi1,phiexact=',e10.3,2(3x,e13.6))

200   print 110,tol, dif, it

110   format(2x,'tol,dif,iter=',2(3x,e11.4),2x,i3)

      stop

      end

      subroutine plot(lambda,kprint,dx,nstep,psi1)

      dimension psi1(0:5000), psi2(0:5000)

      real lambda

      fex(x)=1.-(lambda/(lambda-1.))*exp(x)*(1.-exp(-1.))

      do 10 i=0,nstep,kprint

      x=dx*float(i)

      print 100 ,x,psi1(i)

10    continue

100   format(2x,'x,psi1 =',2(3x,e11.4))

      return

      end

