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Homework Problem Set 10 - Solution 

 
 

Problem 1 
The left picture shows a strong, ho-
mogeneous electric field pointing 
upwards. The right picture shows a 
somewhat weaker homogeneous 
field pointing downwards. In the 
first case, the positive charges will 
be at the bottom and the negative 
charges on top, and for the second 
picture, those locations will be re-
versed. 

 

Problem 2 
Just multiply the charge (0.1 µC) with the potential difference (100,000,000 V) and you 
get the change in potential energy for the charge: 10 J. 
 

Problem 3 
Both from the superposition principle (the 
electric fields just add) and also from the 
sketches, it is clear that the electric fields 
add up to 2E1 in the left-hand case, while 
they cancel out to zero in the right-hand 
case. Keep in mind that you have to add 
the electric fields with their directions – 

on the left-hand side, the electric field produced by the positive charge on the left points 
to the right (away from it) at point X, but so does the electric produced by the negative 
charge (towards the latter). Since both point in the same direction, they add. In the case of 
the two equal-sign charges, the electric fields are opposite in direction at the midpoint, 
and hence cancel. 
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Problem 4 
Since electrostatic force on a charge is equal to the product of that charge with the elec-
tric field at the position of the charge, we can deduce that the electric field must be equal 
to E = F/q = 5000 N/ 0.1 C = 50,000 N/C. Since the charge is positive, the force it experi-
ences points in the same direction as the electric field. 

Problem 5 
The radiator heating system in a house is a better analogy to an electric circuit because 
like an electric system it is a closed system, and it contains a pump, analogous to the bat-
tery or other voltage source in a circuit. The sink drain does not re-circulate the water as 
the radiator heating system does. 

Problem 6 

(a) The resistance will be half when cut in half: Resistance is proportional to length. One 
can think of the original rod as being the two pieces in series – hence, the resistance of 
the original rod will be double that of each piece. 
(b) The resistance will be half again when the cross-sectional area is doubled, so it will be 
¼ of the initial one. This is because not only is the resistor half as long, the two halves of 
the wire are now combining to double the cross-sectional area (or one can say that they 
are parallel resistors). 
 

Problem 7 (Hewitt Problem 94 p. 450) 
For the lamp to glow, electrons inside the lamp must be moving – the lamp doesn’t have 
to wait until electrons travel from the switch to the lamp. Instead, all that is needed is that 
electrons everywhere along the circuit start moving nearly instantaneously. This does in-
deed happen since the “signal to move” is the electric field which builds up in a tiny frac-
tion of a second even over a fairly large circuit. In fact, in normal household wiring, the 
current is AC, meaning that each individual electron just moves back and forth 60 times a 
second, and none ever travels from switch to lamp. But as long as the electric field forces 
them to all move in lockstep (with negligible delay), the lamp will glow. 


