
AerE310: Incompressible Aerodynamics 

Homework Problem Set #1:  

 

Due: 5:00 PM, Friday, 02/02/2024  

 

1. Expand following terms: 
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Solution: 

 

 
  



 

3. Find   if  
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 in Cartesian coordinate system) 

 

Solution: 
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4. Find directional derivative of  
22 4xzyzx +=  at point (1, -2, 1) in the direction of 

kji ˆ2ˆˆ2 −− . 

 

Solution: 

 

 
  



 

5. If  zr ezertRR ˆˆ)( +==


is the position vector of a particle in cylindrical coordinates, Obtain 

expression for velocity vector, V


, and acceleration vector, a


, at that point. 

 

Solution: 

 

 
  



 

6. Show that the directions of the isoline and the gradient line at any given points in a scalar field 

are orthogonal to each other. (Hint: use the concept of directional derivative)  

 

Solution: 

 

 

 
  



7. Spherical coordinate ),,( R are defined by the following inverse transformation:  

 cos)sin(Rx =  

 sin)sin(Ry =  

cosRz =  

Where  

 R0  

 20   

 20   

(a). Obtain the scale factors for the spherical coordinate system. 

(b). Obtain the unit vectors in spherical system as the function of Cartesian unit vectors. 

(c). Obtain the derivatives of the unit vectors with respect to spherical coordinate directions 

and simplify the results to be only functions of spherical coordinates. 

(d). Using vector algebra to obtain the divergence of a general vector in spherical 

coordinates. Simplify the results to be in conservation form. 

Solution 

 

  



 

8. Find the acceleration of a fluid particle at ),,( zr  in cylindrical coordinate system. 

Solution: 

 

 


