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The Fresnel  integrals   ∫cos( x 2) dx  and ∫sin( x 2) dx ,are evaluated  using the complex function  exp(i z 2 ).
Given that ∫ exp(i z 2 ) =0 around the path shown.
 We have for path I and II,  

∫path I exp(i z 2 )dz =∫path I (cos( x 2) +i sin( x 2) ) dx        (1)

wehre x runs from 0 to ∞.

∫path II exp(i z 2 )dz → 0  as r→∞                                     (2) 

On path III   z = r exp(iπ/4) ,  z2 = r2(exp(i π/2)

                        = i r2 .                                                       (3)

Also on path III  dz= (dr) exp(iπ/4)=

                                = dr( 1/21/2 + i 1/21/2 )     .             (4)
∫path III exp(i z 2 )dz = ∫ r= ∞ r=0 exp(-r2) (dr( 1/21/2 + i 1/21/2) 
                            = - ∫ r= 0 r=∞ exp(-r2) (dr( 1/21/2 + i 1/21/2)  (5)
Equating   ∫path I = - ∫path III    and using the known integral
∫ exp(-r2) dr = π 1/2/2
 gives 

∫ path I (cos( x 2) +i sin( x 2) ) dx 

 = (  π 1/2/(2)3/2  + i π 1/2/(2)3/2  )             ,                     (6)

which is the desired result.      
