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The equation 

d2 y/dx2 = λ y                ,  0  ≤  x   ≤ 1                (1)
has solutions A sin ( nπx)  with eigenvalues λ = (nπ)2 .

We solve it by reducing it to a  finite difference expression 

The initial values are y(0)=0  , y( ∆x) =∆x . An integration carried from x=0 to x=1  for increasing values of  λ. The values of y(x=1) are plotted vs λ .
Those values of λ for which y(x=1) ≈ 0 are the eigenvalues.

The solution to (1) is 

y2=2.*y1-y0+(dx**2)*(-lambda*y1)                               . (2)
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Fig 1. Shows the first two eigenvalues.
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FORTRAN code

c solution of  BRY value problem

      real lambda ,lambdaf

      data xi,xf,nstep,niter/0.,1.,1000, 70/

      data lambda, lambdaf/80., 200./

      pi=2.*asin(1.)

      dx=(xf-xi)/float(nstep)

      dl=(lambdaf-lambda)/float(niter)

      do 20 it=1,niter

      y0=0.

      y1=y0+dx

      do 30 i=1,nstep

      x=xi+dx*float(i)

      y2=2.*y1-y0+(dx**2)*(-lambda*y1)

      y0=y1

      y1=y2

30    continue

      print 100,lambda ,y2

      lambda=lambda+dl

20    continue

100   format(1x,'lambda,y2=',2(3x,e10.3))

      stop

      end

