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Reference: Complex Variables and Applications (3rd edition) by Ruel V. Churchill James Ward Brown ,page 172.

Applying the residue Theorem one finds that the integral
∫  dz  (5z-2)/( z(z-1)) = 10π i                                                        (1)
Here we obtain the definite integral directly using a Simpson integration algorithm in complex notation. See the Fortran Code below.

The contour integral employed is a circle of radius = 2 in the complex plane centered on the origin.

The result is the imaginary part aimag(suma). The real part , is expressed as real(suma)=0.   

real(suma),aimag(suma)= -0.00987346936  31.4159164
The expressions suma2 has nothing to do in this calculation.
OUTPUT

real(suma),aimag(suma)= -0.00987346936  31.4159164

 real(suma2),aimag(suma2)=  0.  0.

 real(suma+suma2), aimag(suma+suma2)= -0.00987346936

     31.4159164

 exact I=                              31.4159279

FORTRAN CODE

c   complex variables integrals

      complex imag, f,z , dz , suma ,suma2

c      f(z)=(1./z) * exp(imag*z)

c  example from Churchill & Brown,Complex Variables ,pages 182-184

c      f(z)=(2.*z**2-1.)/(z**4+5.*z**2+4.)

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

c      f(z)=-imag*z*exp(imag*z)/(z**4+4.)

      f(z) =(5.*z-2.)/(z*(z-1.))

      pi=2.*asin(1.)

      imag=cmplx(0.,1.)

      phi1=0.

      phi2=2.*pi

c  R= radius of the upper semi circle, must enclose all upper poles

      R=2.0

      nstep=10000

      dphi=(phi2-phi1)/float(nstep)

c integration over upper  semicircle

      suma=cmplx(0.,0.)

      do  10 i=1,nstep

      phi=dphi*float(i)

      z=r*exp(imag*phi)

      dz=r*exp(imag*phi)*imag*dphi

      suma=suma+(dz/2.)*(f(z) +f(z-dz) )

10    continue

c integration over the X axis

      suma2=cmplx(0.,0.)

      xi=-r

      xf=r

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

      dz=cmplx(dx,0.)

c      do 20 i=1,nstep,2

c      z=xi+dz*float(i)

c      suma2=suma2+(dz/3.)*(f(z+dz)+ 4.*f(z) +f(z-dz))

c20    continue

      print*,'real(suma),aimag(suma)=',real(suma), aimag(suma)

      print*,'  '

      print*,'real(suma2),aimag(suma2)=',real(suma2), aimag(suma2)

       print*,'  '

      print*,'real(suma+suma2), aimag(suma+suma2)=',real(suma+suma2)

       print*,'  '

     & ,aimag(suma+suma2)

      print*,'  '

      print*,'exact I='

     $ ,'                            ',10.*pi

      stop

      end

