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For an oscillator

Tau = ( 2m)1/2 ∫  dx/( E – V(x) )1/2         , xleft  ≤    x ≤  xright    (1)

If V(x) = (1/2)k 2 , xleft = - xright  = - ( 2E/k)1/2                    .    (2)

Eq (1) can be integrated analytically and the result , which can be obtained by other means ,is well known 

 tau = 2 π ( m /k)1/2  .

Presently we eplore a method that will be useful when the integration can not be obtained analytically. Of course one can always solve the equation of motion to find the period.

Let 
I(ε) = 2 (2m)1/2  ∫( E – V(x) + ε )1/2  dx                                   (3)

be integrated with the same limits as eq.(1).

 Then an approximation to (1) is

tau≈ ∂I /∂ε      .                                                                       (4)

This is carried out with the FORTRAN code given below.
The results  with n=5000, dx= 0.000565685425  , ε1 = dx/10.d0,
ε2=1.01 ε1  are given .

2.*pi,dx,epsi1=  6.28318531  0.000565685425  5.65685425E-005

 deriv=  6.27711845
The error is = 6.283 – 6.277 = .006  
FORTRAN CODE

c test of period integration

      implicit real*8(a-h,o-z)

      data E ,nstep/1.d0, 5000/

      data amass, ak /1.d0,1.d0/

      v(x)=(1.d0/2.d0)*ak*x**2

      aint(x,epsi)=2.d0*dsqrt(2.d0*amass)*sqrt(E -V(x) +epsi)

      pi=2.d0*dasin(1.d0)

      sum1=0.d0

      sum2=0.d0

      xright=dsqrt(2.d0*e/ak)

      xleft=-xright

      dx=(xright-xleft)/dfloat(nstep)

      epsi1=dx/10.d0

c      epsi1=dx

      epsi2=1.01d0*epsi1

      print*,'2.*pi,dx,epsi1=',2.d0*pi,dx,epsi1

      print*,'  '

      do 10 i=1,nstep,2

      x=xleft+dx*dfloat(i)

      sum1=sum1+(dx/3.d0)*(aint(x+dx,epsi1)+

     $  4.d0*aint(x,epsi1)+aint(x-dx,epsi1))

      sum2=sum2+(dx/3.d0)*(aint(x+dx,epsi2)+

     $ 4.d0*aint(x,epsi2)+aint(x-dx,epsi2))

10    continue

      deriv=(sum2-sum1)/(epsi2-epsi1)

      print*,'deriv=',deriv

      stop

      end

