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In this note the complex pane contour integral of -(see ref 1 page 293)-

                           f(z) = z1/2/( 1+ z2)                                                (1)

is calculated using a complex FORTRAN code (given below).
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Fig 1. Path of integration.

The function has a branch cut along the positive real axis. It has simple poles at z= + i , -i .

One considers the closed integral

∫ f(z) dz = 2π i { Res(f(z=i) +Res(f(z=-i) }                                   (2)
in order to obtain the improper integral

                           I     =     ∫ ∞ 0  x1/2 dx/(1+x2 )                              (3)
Analytically 

2 * I = 2π i { Res(f(z=i) +Res(f(z=-i) } = π 21/2                           (4)

We obtain result(4) using a modified contour with simply R= 2 (not infinity).
The integral are 

circle (R=2)           0.27038E+01    -0.44536E-03 i
Path Г+                   0.86962E+00    0.00000E+00 i
Path Г-                    0.86955E+00    0.98908E-07  i
Total                      4.44295359     -0.000445259  i
Or 
Total        ≈                   π 21/2           +   0 i               

FORTRAN code
c calculus of residues

c complex integration in a circle of radius R

c reference A First Course in Partial Differential Equations  , H.F.

c Weinberger , Dover Publications , N. Y. , section 58

      complex z, dz,f ,sum ,rooti,answ ,sum2,sum3,z2, dz2,z3,dz3

      data epsi,nstep/1.e-3, 8001/

c      f(z) = 1./(z*(z-1.)*(z-3.)**2)

c      f(z)=exp(z)/(z**2*(z-1.))

c      f(z)=1./(z*(z**2-1.))

c      f(z)=sqrt(z)/(1.+z**2)

      f(z,theta)=sqrt(abs(z))*exp(rooti*theta/2.)/(1.+z**2)

      pi=2.0*asin(1.)

      rooti=cmplx(0.,1.)

      R=2.

      thetai=0.

      thetaf=2.*pi

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

      sum=cmplx(0.,0.)

      sum2=cmplx(0.,0.)

      sum3=cmplx(0.,0.)

      dx=r/float(nstep)

      do 10 i=1,nstep,2

      theta=thetai+dtheta*float(i)

      z=r*exp(rooti*theta)

      dz=rooti*dtheta*z

      z2=dx*float(i)*exp(rooti*thetai)

      dz2=dx*exp(rooti*thetai)

      z3=(r-dx*float(i))*exp(rooti*thetaf)

      dz3=-dx*exp(rooti*thetaf)

      sum=sum+(dz/3.)*(f(z-dz,theta)+ 4.*f(z,theta) +f(z+dz,theta))

      sum2=sum2+(dz2/3.)*(f(z2-dz2,thetai)+ 4.*f(z2,thetai) +

     $ f(z2+dz2,thetai))

      sum3=sum3+(dz3/3.)*(f(z3-dz3,thetaf)+ 4.*f(z3,thetaf) +

     $ f(z3+dz3,thetaf))

10    continue

c      answ=(5.*pi*rooti)/18.

c      answ =2.*pi*rooti*(exp(1.)-2.)

      print*,'sqrt(2.)*pi=', sqrt(2.)*pi

c      print 100, real(answ), aimag(answ)

      print 110, real(sum), aimag(sum)

      print 120,real(sum2) ,aimag(sum2)

      print 130,real(sum3) ,aimag(sum3)

      print*,'   '

      print*,'sumtotal real, sumtotal Imag =',real(sum)+real(sum2)

     $ +real(sum3), aimag(sum)+aimag(sum2)+aimag(sum3)

100   format('real(ans),aimag(ans)=',2(3x,e12.5))

110   format('real(sum),aimag(sum)=',2(3x,e12.5))

120   format('real(sum2),aimag(sum2)=',2(3x,e12.5))

130   format('real(sum3),aimag(sum3)=',2(3x,e12.5))

      stop

      end

