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See reference 1  (section 3.9 and 3.10) . The Neumann series is a iterative method for solving integral equations of the second kind. A series sum  of kernels is constructed representing different orders of approximation in powers of λ. Here λ and F(x) are given . The unknown is the function y(x).

The Fredholm equation is 
    y(x) = F(x) +  λ ∫ K(x, ξ ) y (ξ) d ξ     ,       0 ≤ ξ ≤ 1          .                 (1)

we will choose the case where  F(x) =1 and  K(x, ξ )= 1-3xξ .
 The numerical procedure adopted here is to write the n-th approximation to y(x)  i.e.  yn (x) in terms of the integral containig the prevoius approximation 
yn-1(x) . 

yn (x) = F(x) +  λ ∫ K(x, ξ ) y n-1(ξ) d ξ                                       (2)                   

The FORTRAN code given below carries out such iterations.

In our example we let  λ=1 , F(x) =x   and the original y(x)= 1+x2.
At each step we compute  ynew(x) / yold(x)  and a the end 

the integrals   ∫ ynew (x)2 dx  and ∫ yold (x)2 dx  are compared. Their ratio should be one.
After 10 iterations we have
iteration number= 10

       x,                   ynew(ii)           ynew/yold

     0.000E+00    0.266E+01    0.100E+01

     0.500E-01    0.257E+01    0.100E+01

     0.100E+00    0.247E+01    0.100E+01

     0.150E+00    0.237E+01    0.100E+01

     0.200E+00    0.227E+01    0.100E+01

     0.250E+00    0.217E+01    0.100E+01

     0.300E+00    0.207E+01    0.100E+01

     0.350E+00    0.197E+01    0.100E+01

     0.400E+00    0.187E+01    0.100E+01

     0.450E+00    0.177E+01    0.100E+01

     0.500E+00    0.167E+01    0.100E+01

     0.550E+00    0.157E+01    0.100E+01

     0.600E+00    0.147E+01    0.100E+01

     0.650E+00    0.137E+01    0.100E+01

     0.700E+00    0.127E+01    0.100E+01

     0.750E+00    0.117E+01    0.100E+01

     0.800E+00    0.107E+01    0.100E+01

     0.850E+00    0.967E+00    0.100E+01

     0.900E+00    0.868E+00    0.100E+01

     0.950E+00    0.768E+00    0.100E+01

     0.100E+01    0.668E+00    0.101E+01

  lambda ,sum2/sum1 =    0.10000E+01    0.10012E+01

Fortran code
c example of inhomogenous Fredholm equation ... page 267

c  F. B. Hildebrand  y(x) = F(x) + lambda $ k(x,chi) y(chi) d chi

      real length ,lambda ,lambdai, lambdaf

      dimension yold(0:200) ,ynew(0:200)

      data length ,nstep ,iL ,iter/1.,100,1, 10/

      pi=2.*asin(1.)

      print*,'lambda1=+2.,solution=c*(1.-x),lambda2=-2.,sol=c*(1.-3.*x)'

      print*,'   '

      lambdai=1.

      lambdaf=3.

      lambda=lambdai

      dlam=(lambdaf-lambdai)/float(iL+1)

      dx=length/float(nstep)

      do 50 jL=1,iL

      do 10 i=0,nstep

      x=dx*float(i)

c trial function for first lambda

      yold(i)=1.+x**2

10    continue

c do 20 iterates the integral equation

      do 20 j=1,iter

      call aiter(yold,ynew,dx,nstep,length,lambda)

      if(j.eq.iter-1) call suma(ynew,nstep,dx,sum1)

      if(j.eq.iter) call suma(ynew,nstep,dx,sum2)

c prints ynew ....

      print*,'iteration number=',j

      print*,'x,ynew(ii),ynew/yold  '

      do 30 ii=0,nstep,5

      x=dx*float(ii)

      print 100,x,ynew(ii),ynew(ii)/yold(ii)

30    continue

      do 40 in=0,nstep

      yold(in)=ynew(in)

40    continue

      print*,'  '

20    continue

      print 115, lambda ,sum2/sum1

      lambda=lambda+dlam

50    continue

100   format(1x,3(3x,e10.3))

115   format(1x,' lambda ,sum2/sum1 =',2(3x,e12.5))

      stop

      end

      subroutine aiter(yold,ynew,dx,nstep,length,lambda)

      real length ,lambda

      dimension yold(0:200) ,ynew(0:200)

      F(x)=1.

      do 10 i=0,nstep

      x=dx*float(i)

      sum=0.

      do 20 ichi=1,nstep

      chi=dx*float(ichi)

      sum=sum+lambda*(dx/2.)*(akernel(x,chi,length)*yold(ichi)+

     $ akernel(x,chi-dx,length)*yold(ichi-1) )

20    continue

c      ynew(i)=(yold(i)+sum)/2.

      ynew(i)=F(x)+sum

10    continue

c      print*,'ynew(0),ynew(nstep)=',ynew(0),ynew(nstep)

      return

      end

      function akernel(x,chi,length)

      real length

c      if(chi.le.x)akernel=(chi/length)*(length-x)

c      if(chi.gt.x)akernel=(x/length)*(length-chi)

      akernel= 1.-3.*x*chi

      return

      end

      subroutine suma(yiter,nstep,dx,sum)

      dimension yiter(0:200)

      sum=0.

      do 10 i=1,nstep

      sum=sum+(dx/2.)*(yiter(i)**2+yiter(i-1)**2)

10    continue

      return

      end

