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The integration of    cos3 (3 θ ) d θ /( 5-4cos(2 θ ) )   = 3π/8 is done numerically using complex variables in Fortran.
Fortran code

c numerical complex integration

c  Complex variables , R. V.  Churchill ,exercise #3 page 191

      complex z , sum1,sum2,f1,f2,f ,rooti,dz ,z1,z2 ,ccos,csin

      ccos(z)=(z+1./z)/2.

      csin(z)=(z-1./z)/(2.*rooti)

      f1(z)=4.*ccos(z)**3-3.*ccos(z)

      f2(z)=ccos(z)**2-csin(z)**2

      f(z)=f1(z)**2 *(1./(rooti*z))*(1./(5.-4.*f2(z)))

      pi=2.*asin(1.)

      rooti=(0.,1.)

      r=1.

      thetai =0.

      thetaf=2.*pi

      sum1=(0.,0.)

      nstep=5000

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

c intergral over semicircle/or circle  of radius=r

      do 10 i=1, nstep

      theta=thetai+float(i)*dtheta

      z1=cmplx(r*cos(theta), r*sin(theta))

      z2=cmplx(r*cos(theta-dtheta), r*sin(theta-dtheta))

      dz=r*exp(rooti*theta)*rooti*dtheta

      sum1=sum1 + (dz/2.)*(f(z1) + f(z2))

10    continue

c integral over X axis

      sum2=(0.,0.)

c      x1=-r

c      x2=r

c      dx=(x2-x1)/float(nstep)

c      dz=cmplx(dx,0.)

c      do 20 i=1,nstep

c      z=cmplx(x1+dx*float(i),0.)

c      sum2=sum2+(dz/2.)*(f(z) + f(z-dx))

c20    continue

      print*,'real(sum1)+ real(sum2) =',real(sum1)+real(sum2)

      print*,'ans=', 3.*pi/8.

      stop

      end

Answer :

real(sum1)+ real(sum2) =  1.17809606

analytical  answer          =  1.17809725

