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IV. [20 points total] For the following questions, assume that the switch and all wires are ideal conductors.  
Also assume the battery is simple and ideal, with the positive terminal oriented toward the top of the 
page. 
A. A battery is connected in series with two identical resistors.  An open 

switch (represented by a gap) is connected in parallel to the lower 
resistor as shown. 
i. On the diagram, draw an arrow to indicate the direction of the 

electric field at each point.  If the electric field at any point is 
zero, state so explicitly.  Explain your reasoning. 
• [2 pts.] Point A, inside the battery. 

Chemical reactions in the battery push positive charges to 
the upper terminal and negative charges to the lower terminal, so the electric field is down. 

• [2 pts.] Point B, inside the upper resistor. 
Charges move down through the resistor, which means the resistive force points up.  Since 
charges move at constant speed, the electric field points down. 

• [2 pts.] Point C, inside the lower resistor. 
Since no charges flow through the switch, all charges flow down through the resistor.  With 
the same reasoning as the upper resistor, the field points down. 

• [2 pts.] Point D, between the ends of the switch. 
The potential difference across the lower resistor and switch are the same, so the field in 
each must point in the same direction.  The field in the switch points down. 

ii. [4 pts] On the diagram above, sketch surface charge distributions on the battery, resistors, and 
switch that could create the electric fields you found above. 

B. The switch is now closed and the circuit reaches equilibrium. 
For each component, state whether or not the new charge distribution on each 
component differs from the charge distribution you drew above.  Explain. 

• [2 pts.] The battery. 
The electric field in the battery is unchanged, so the charge 
distribution is unchanged. 

• [2 pts.] The upper resistor. 
There is no potential drop across the closed switch, so the potential drop across the upper 
resistor is equal to the entire voltage of the battery instead of half.  The charge distribution is 
larger than before. 

• [2 pts.] The lower resistor. 
No charges flow through this resistor, so the field and charge distributions are both zero. 

•  [2 pts.] The switch. 
Since the switch is an ideal conductor, the charges on each end of the switch can flow 
through the switch to neutralize each other.  The charge distribution on the ends of the closed 
switch is zero. 
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