Numerical Contour Integration of  F(z)= 1/{(z2+1)*(1-z2)1/2}
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This example is taken from reference 3.

Use the illustrated contour in Fig 1 to show that 

         ∫ dx/{(x2 +1)(1-x2)1/2 }   = π/21/2          x ≤ 1
Given         
                                   F(s) =1/{(s2+1)*(1-s2)1/2     .  (1)
There is a branch cut between x=-1 and x= +1. There are  two simple poles at   z= +j , -j. 
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Fig 1.Complex plane contour for the integration.
In this note we integrate (1) numerically employing the complex FORTRAN code given below.
The contributions to the integral are

           Γ+  +  Γ1  + CR + Γ2 +  Γ-  =  2π j ∑n Res f(zn)    (2)

The following relations hold   Γ+  = Γ-  , Γ1 = - Γ2 . Thus (2) reduces to 

             2Γ+    +  CR  =   2π j ∑n Res f(zn)        .          (3)  
It turns out that 2π j ∑n Res f(zn)    CR  is zero for any circle encompassing the two poles.     
RUN integrating over a circle of radius R=2.

Γ+    =    0.22549E+01  CR =  -0.96760E-04

compare Γ+ with  π/21/2 = 0.22214E+01.
FORTRAN code

c Duffy transform methods problem page 46 problem 4

c integral of f(z) =1./(z*(z**2-1.)) , branch cut between x= -1 and +1

      complex f ,z, z1,dz1, z2,dz2,zcir,dzcir,rooti ,sum1,sum2,sumcir

      complex sumepsi,z4 , dz4

      data epsi,nstep/1.E-6,10000/

      f(z,theta)=1./((z**2+1.)*sqrt(1.-z**2))

      pi=2.0*asin(1.0)

      rooti=cmplx(0.,1.)

      xi=-1.+ epsi

      xf=1.-epsi

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

      dz1=dx

      thetai=0.

      thetaf=2.*pi

      dtheta=(thetaf-thetai)/float(nstep)

      r=2.

      sum1=0.

      sumcir=0.

      do 20 i=1,nstep,2

      z1=xi + dx*float(i)

      theta=thetai+dtheta*float(i)

      zcir=r*exp(rooti*theta)

      dzcir=zcir*rooti*dtheta

      sum1=sum1 +(dz1/3.)*( f(z1+dz1,0.)+4.*f(z1,0.)+f(z1-dz1,0.) )

      sumcir=sumcir +(dzcir/3.)*(f(zcir+dzcir,theta)+4.*f(zcir,theta)+

     $ f(zcir-dzcir,theta))

20    continue

      sumtotal=2.*real(sum1) + real(sumcir)

      defint=sumtotal/2.

      print 100,real(sum1),real(sumcir)

      print 200, 2.*real(sum1) + real(sumcir)

      print 210 ,defint ,pi/sqrt(2.)

100   format(1x,'Rs1,Real(cir)=',2(3x,e12.5))

200   format('Real(total)=',(2x,e12.5))

210   format('def integral ,-1< x< 1,pi/2^(1/2)=',2(3x,e12.5))

      stop

      end

