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Physics 201         Name ________________ 
            

Exam 1 – Electrostatics February 8, 2007 
 

This is a closed book examination but you may refer to a 4”x5” note card with words of 
wisdom you have written on it during the exam.  There is extra scratch paper available. 
Please explain your answers. Your explanation is worth 3/4 of the points on multiple-choice 
questions. 

MSUM Mission Statement:  
We develop knowledge, talent, and skills for a lifetime of learning, service, and citizenship. 

 
1.  [4 PTS] Given 10 identical capacitors, which of the following gives you the smallest 

effective capacitance in a circuit?   
a) Use just one capacitor. 
b) Connect all the capacitors in parallel. 
c) Connect all the capacitors in series. 
d) Connect half the capacitors in parallel which are then connected in series to the 

remaining capacitors.  
e) None of the above. 

 
 
2.  [4 PTS] A capacitor has energy, Ei, stored in it.  If the charge is reduced by half on the 

capacitor its stored energy, Ef,   
a) decreases Ef=¼Ei. 
b) decreases Ef=½Ei. 
c) remains unchanged. 
d) increases Ef=2Ei. 
e) increase Ef=4Ei. 

 
 
3. [4 PTS] By comparison with the force of gravity, the electrostatic force between two protons 

a) is repulsive and very much weaker. 
b) is also attractive and just about the same magnitude. 
c) is also attractive but very much stronger. 
d) is not measured in Newtons and hence cannot be compared. 
e) is repulsive and very much stronger. 

 
 
4. [4 PTS] When the center-to-center separation between a small positive sphere and a small 

negative sphere is decreased by 4 times, the electric force between them 
a) is reduced by 16. 
b) is reduced by 4. 
c) is reduced by 2. 
d) is increased by 2. 
e) is increased by 4. 
f) is increased by 16. 
g) none of these 
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5. [4 PTS] The volume of space between two parallel plates has a constant potential 
(voltage) everywhere in it. It follows that between these plates 
a) the electric field is proportional to 1/r2. 
b) the potential must be zero everywhere. 
c) the electric field is zero everywhere. 
d) the electric field is non-zero but constant. 
e) there is not enough information given to determine the electric field.  
 
 
 

6.  [4 PTS] A large metal can has a charge deposited inside of it.  
a) The electric field in the metal is zero but the electric field inside the can is non-zero. 
b) The charge stays on the inside surface of the can. 
c) The charge moves to the outside surface of the can. 
d) The can is metal so the charge is neutralized. 
e) The potential inside the can is proportional to 1/r. 

 
 

 
7.  [4 PTS] An electron enters the region of 

space between two parallel plates held 
at 21 V and 96 V.  The electron is 
initially traveling parallel to the plates.  
Which trajectory most closely 
resembles the electron’s path? 

 
 
 
 
The next two problems can be done on the back of your exam or on additional paper.   
 

8. [10 PTS] A ball of plasma has a charge density which decreases with radius.   The ball has a 
radius RB = 5 cm and charge density 

! 

" =1.77 #10$8 r C

m
2
.  

a) What is the electric field inside and outside the ball? 
b) What is the potential difference between r1 = 6 cm and r2 = 11 cm?     

 
9. [10 PTS] You are working on a project and have built a vacuum chamber to smash fast moving 

alpha (α) particles into different crystals.  The α-particles, 2 protons and 2 neutrons, are 
emitted by a radioactive substance that is located on a grounded plate (0 V).  You would like to 
accelerate the α-particles to 1% the speed of light. Your vacuum chamber has three grids that 
are at 1.0 cm, 2.0 cm and 3.0 cm away from and parallel to the grounded plate.  The first grid is 
held at -500 V while the second grid is held at -400 V.  You can only change the voltage on the 
third grid.  The speed of light is 3x108 m/s, the charge on a proton is 1.6x10-19 C and the mass 
of an α-particle is 6.6x10-27 kg. Assume the α-particles are initially at rest. 
a) Is this possible? If so what voltage would you need on the third grid?  
b) Indicate the strength of the electric field between the grids.    
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