
Fields 24.1 

An air capacitor is made by using two flat plates, each with area A, separated by a distance d. Then a 

metal slab having thickness a (less than d) and the same shape and size as the plates is inserted 

between them, parallel to the plates and not touching either plate (see the figure below).  What is the 

capacitance of this arrangement?  Express the capacitance as a multiple of the capacitance Co when the 

metal slab is not present.  Discuss what happens to the capacitance in the limits when a goes to zero and 

d. 

  



Fields 24.2 

The inner cylinder of a long, cylindrical capacitor has radius ra and linear charge density +. It is 

surrounded by a coaxial cylindrical conducting shell with inner radius rb and linear charge density -.  

What is the energy density in the region between the conductors at a distance r from the axis?  

Integrate the energy density calculated in part A over the volume between the conductors in a length L 

of the capacitor to obtain the total electric-field energy per unit length.  Use equation 
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  to calculate U/L, and 

compare to your previous answer.  



Fields 24.3 

A fuel gauge uses a capacitor to determine the height of the fuel in a tank. The effective dielectric 

constant Keff, changes from a value of 1 when the tank is empty to a value of K, the dielectric constant of 

the fuel, when the tank is full. The appropriate electronic circuitry can determine the effective dielectric 

constant of the combined air and fuel between the capacitor plates. Each of the two rectangular plates 

has a width w and a length L (see figure below). The height of the fuel between the plates is h. You can 

ignore any fringing effects.  Derive an expression for Keff as a function of h. 

 


