
ECE 329 Tutorial 3 

(2019/09/09) 

Problem 1 (Coaxial Cable): 

Consider an infinitely long coaxial cable centered around z-axis, composed by an 

inner cylindrical conductor of radius R𝑖𝑛𝑛𝑒𝑟 , surrounded by a thin conductive metal 

shell of radius R𝑜𝑢𝑡𝑒𝑟  (assuming R𝑜𝑢𝑡𝑒𝑟 > R𝑖𝑛𝑛𝑒𝑟) that allows any arbitrary surface 

charge density distribution. The inner conductor carries an uniform free volume 

charge density ρ𝑉, and the gap between the inner conductor and outer metal shell is 

filled by neutral dielectric that does not contain free charges. Assume the electric 

static potential goes to zero at infinity, and the outer metal shell has been grounded. 

Find the electric flux density expression 𝑫(𝒓) everywhere. 

 

Problem 2 (Line Charge Plus Point Charge): 

An infinitely long line charge with an uniform charge density ρ𝐿 = 2
𝑛𝐶

𝑚
 exists at the 

axis y = −2m, x = 0m. 

(a) A point charge 𝑄 = 8𝑛𝐶 exists somewhere along the y-axis. Where must we 

locate it so that the total electric field is zero at the origin? 

(b) Suppose instead of the 8nC charge as in part (a), we put a new point charge Q 

at position (0,6m,0), what value of the new charge Q will result in a total 

electric field of zero at the origin?  

  

Problem 3 (Spherical Charge): 

A spherical charge density is given by ρ𝑉(𝒓) =
ρ𝑎𝑟

𝑎
 (where ρ𝑎 is constant) for the 

region 0 ≤ r ≤ a and ρ𝑉(𝒓) = 0 for the region r > a. All the spatial variables are 

denoted in spherical coordinates. Calculate the electric flux density expression 𝑫(𝒓) 

everywhere. 

 

 

 















ECE 329 Tutorial 4 

(2019/09/12) 

Problem 1 (Work by Electric Field and Electrostatic Potential Change): 

A sheet of uniform surface charge density ρ𝑠 = 100
𝑛𝐶

𝑚2 occupies the x-z plane at 

y = 0.  

(a) Find the work required to move a 2-nC point charge from point 

P(-5m,10m,2m) to point M(2m,3m,0). 

(b) Find the electrostatic potential difference (voltage change) V𝑀𝑃 between 

point M and point P. 

 

Problem 2 (Electrostatic Potential Change) 

For an infinitely long line of charge with uniform line charge density ρ𝐿 = 20
𝑛𝐶

𝑚
 

along z-axis, find the electrostatic potential difference V𝐵𝐴 between point B(0,2m,0) 

and point A(0,1m,0). 

 

Problem 3 (Gradient Vector): 

A surface is defined by the function 2x + 4𝑦2 − ln(𝑧) = 12. Use the gradient vector 

to find the unit normal vector to the surface at point (3m,2m,1m). 

Hint: The gradient vector ∇𝑓(𝒓𝟎) is orthogonal to the level surface 𝑓(𝒓) = 𝑘 

(where k is a constant) at the point 𝒓𝟎. 

 

Problem 4 (From Electrostatic Potential to Static Electric Field): 

For the following electrostatic potential distributions, find the corresponding static 

electric field 𝐸(𝒓): 

(a) 𝑉(𝒓) = 𝑥 + 𝑦2𝑧 (denoted in Cartesian coordinate) 

(b) 𝑉(𝒓) = ρ2𝑠𝑖𝑛𝜑 (denoted in Cylindrical coordinate) 

(c) 𝑉(𝒓) = 𝑟𝑠𝑖𝑛𝜃𝑐𝑜𝑠𝜑 (denoted in Spherical coordinate) 

 

 

 










