
Answer: 

Although it is possible to compute the fluxes directly, a simpler approach is to apply the divergence 
theorem to the volumes enclosed by the curves and the -plane:

First we calculate the divergence:

To take advantage of the symmetry of the region , we rewrite this in spherical coordinates:

Integrating this over the volume of the half-sphere, we have

     

       

The second term vanishes due to the periodicity of the  integral. The first can be computed with 
straightforward techniques. Its value is .



Meanwhile, the integral over the paraboloidal region below the -plane can most easily be computed 
in cylindrical coordinates.

       

         

  

Where again the second integral has vanished due to periodicity.

Finally, we are asked to compute the difference in the fluxes, so we compute 


