
Homework 7 

Due: Friday, March 10, 2023 

 

Read “Notes on Work and Capacitance”. Also, material in Chapters 23 and 24 as needed. 

Complete the following four practice exercises: (Do not pass in solutions.) 

 

1. An electron breaks free from the negative side (the cathode) of a capacitor, and is accelerated 
by the electric field to the positive side (the anode). If the voltage difference between cathode 
and anode is 5.0 Volts, how much work is done by the field on the electron in “electron-volts” 
(eV)? How much is that in Joules? 

2. When 10 micro Coulombs is transferred from one metal electrode to the other (see figure 
below),  the voltage difference between them is 5.0 volts. What is the capacitance? (In Farads. 

21F 1C /J  ) 

 
3. What are the units of volts? How much work is required to move 1 Coulomb of charge through a 

potential difference of 1 volt? Are the units of electric field Newtons/Coulomb, or Volts/meter, 
or are these the same thing? What is the force on one Coulomb in an electric field of 1 N/C? 
What is the force on one Coulomb in an electric field of 1 V/m? What is the kinetic energy 
gained by an electron that is accelerated in free space across a potential difference of 1 C/F?  

4. A parallel plate capacitor with a dielectric spacer for which the dielectric constant is 4.0 has a 
capacitance of 1 pF. If the dielectric constant were instead 8.0, what would be the capacitance? 

 
5. A parallel plate capacitor is comprised of two circular metal plates, each having a radius of 10 

cm. The plates are separated by 0.5 cm. The capacitor is charged so that V 4.0kV   . When a 
plexiglass sheet of width 0.5 cm is slipped in between the plates, the voltage difference drops to 
1.0 kV. What is the dielectric constant of the plexiglass sheet? 
 

Complete the following seven problems (DO PASS IN SOLUTIONS): 

 

1. A capacitor consists of a sheet waxed paper sandwiched between two sheets of aluminum 
foil, as shown in the figure below. What is the capacitance? You will need to look up the 
thickness, and the dielectric constant, for waxed paper. If the capacitor is cut into two pieces 
along the cut-line shown, what will be the capacitance of each piece? 



 

2. What is the minimum work required to charge up one of the globes of the world’s largest 
van de Graaf generator so that the field strength at the surface of the globe is at the 
threshold for dielectric breakdown in air? At this point, what is the voltage difference 
between the globe and infinity? Treat the globe as an isolated sphere.  
 

3. A quadrupole consists of four point-particles are initially at rest, each sitting at one of the 
four corners of a 1 nm x 1 nm square. Two of the particles each have a charge +e, while the 
other two particles each have a charge -e. What is the minimum amount of work required to 
separate the four charges so that they are infinitely far apart from one another? Please 
answer in eV.  

 
4. For this problem you should use the field/potential line calculator found here 

http://www.didaktikonline.physik.uni-
muenchen.de/programme/e_feld/E_Feld_min_en.html# 
or the field/potential line calculator found here 
https://www.cco.caltech.edu/~phys1/java/phys1/EField/EField.html 
(Using Chrome with the caltech app requires the use of a Java extension Cheerpj Applet 
Runner)  
 
Produce figures showing the lines of electric field and the equipotential lines for the 
following three charge distributions.  
(a) a dipole 
(b) a quadrupole 
(c) two parallel rows of 15-20 charges, one positive and the other negative, separated from 

one another by a small gap.  

Note: Both applets choose the number of field lines emanating from (or entering) each point 
charge to be proportional to the charge. If you select a charge of +2, you get twice as many lines as 
when you select a charge of +1. For the Caltech applet I find that the lines are easier to see when you 
select a higher amount of charge. The Caltech applet is better in that it automatically draws contours at 
regular intervals, as you would find on a topographic map. 



 

5. For the capacitor configuration shown in the figure, a charge is removed from the bottom 
plate and placed on the top plate. What is the voltage drop between points A and B? 

 
6. Three capacitors are connected together between A and B as shown. The same dielectric 

material with dielectric constant of 3.0 is used as a spacer in all three. What is the 



capacitance between A and B? 

 
 

7. Two metal spheres in free space are far enough apart to be considered isolated. Initially 
sphere #1 is charged with 5 micro Coulombs, and sphere #2 is uncharged. When the switch 
is closed, charge flows through a long thin wire connecting the two. The free energy  * is 
given by  
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where the sum of the two charges 1 2 5Q Q C   . Minimize the free energy to find the state of the 

system in equilibrium. What is the maximum work that could be extracted from this spontaneous 
process? (*I am using the symbol  for the free energy, rather than the symbols A and G that we used 
when we were studying fluids. You should beware that your textbook uses the symbol U and calls it the 
“energy”, omitting “free”; this usage is actually correct in free space, or if it can be argued that 
polarization takes place isentropically.)  

 

 


