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II. [10 pts total] The following questions are based on your experience in the lab.  The questions are 
not related to each other.  Please assume that all batteries are ideal and all bulbs are identical. 

13. [3 pts.] Consider Circuit 1 at right.  
The magnitude of the voltage across the upper network that contains 
bulbs 1 – 3 is __________ the magnitude of the voltage across the lower 
network that contains bulbs 4 – 8.   
a. smaller than 
b. the same as 
c. greater than 
d. not comparable to 

 
The two networks are connected in series, therefore the same current runs 
through both networks.  The lower network that contains bulbs 4 – 8 has higher 
resistance due to the configuration of bulbs when compared to the upper network 
that contains bulbs 1 – 3.  From Ohm’s law (V = IR), the voltage drop across 
each network is proportional to the resistance of the network.  Because the upper 
network has lower resistance it should also have lower voltage drop across it.  
The answer is (a). 
 

14. [3 pts] Consider Circuit 2 at right. 
When the switch is open, the voltage across the switch is: 
a. 0 volts. 
b. equal in magnitude to the voltage across the battery. 
c. greater in magnitude than the voltage across the battery. 
d. infinite magnitude voltage. 

 
If you applied Kirchhoff’s law to the loop that includes the batter and the bulb, 
you can conclude that the voltage drop across the bulb and the voltage drop 
across the battery must have the same magnitude.  If you drew a loop that 
includes the switch and the battery you can conclude that the voltage drop across battery and the voltage 
drop across the switch must have the same magnitude.  The answer is (b). 
 

15. [4 pts] Consider Circuit 3 at right. 
When bulb 5 is unscrewed and removed from the socket, bulb 1:   
a. becomes dimmer. 
b. remains at the same brightness as it was before bulb 5 was 

removed. 
c. becomes brighter.  
d. does not light because there is an open switch in the system. 

The more branches you have in a parallel network, the lower the 
resistance of the network, similarly, the fewer branches you have in a 
parallel network, the higher the resistance.  Thus, when you remove 
bulb 5 from the circuit, the resistance of that network increases.  By 
increasing the resistance of that particular network, the total current 
through the circuit must decrease (resistance is an obstacle to current).  
If the total current through the circuit decreases, then the current through each individual element also 
must decrease.  If current through each element has decreased then the current through bulb one has 
decreased and bulb 1’s brightness has become dimmer than it was originally.  The answer is (a). 
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V. [20 points total]  This question consists of two independent parts, A and B.   
A. A negatively charged point charge is released at point i near a cube with a 

uniform positive charge distribution.  It crosses point f with speed vf. 
 

i. [4 pts] Consider the system consisting of the point charge alone.  
Is the total energy of the system increasing, decreasing, or remaining the same?  Briefly explain. 
The point charge starts from rest at point i (zero kinetic energy) and crosses point f with speed vf 
(positive kinetic energy) so its change in kinetic energy is positive.  The system only has one 
object in it, so there isn’t any potential energy in the system.  Thus the total energy of the system 
is increasing. 

ii. [4 pts] Suppose the cube is moved to the left, closer to points i and f as 
shown.  The point charge is again released at point i. 
Is the magnitude of the electric potential difference between points i and f greater than, less than, 
or equal to what it was before the cube was moved?  Briefly explain. 
At every point between i and f the point charge is closer to the charges on the cube than before, 
so the electric force on the point charge is greater.  Therefore the work done by the electric field, 
and the change in potential energy of the system, is greater.  Since electric potential difference is 
the ratio of change in potential energy to test charge, and the test charge hasn’t changed, the 
magnitude of the electric potential difference has increased. 

B. Test charge A (-1.5 nC) is held at rest 10 cm from the surface of a 
positively charged insulating sphere that is fixed in place.  Charge A is 
released from rest, and reaches the surface of the sphere with 14 J of 
kinetic energy. 
i. [4 pts] During the motion of charge A, does the electric potential 

energy UE of the system consisting of charge A and the sphere increase, decrease, or remain the 
same?  Briefly explain. 
There are no external forces acting on the system, so by the work-energy theorem the total energy 
of the system remains constant.  Since the kinetic energy of the test charge is increasing, the 
potential energy of the system is decreasing. 

ii.  [4 pts]  Find the absolute value of the electric potential difference ΔVA between charge A’s 
starting point and the surface of the sphere. 
ΔVA = ΔUE / qtest, and from part i above we know that if ΔK = 14 J, ΔUE = -14 J.  Substituting 
values, we find that ΔVA = 9.33 GV. 

Test charge B (+2.5 nC) is also initially held at rest 10 cm from the surface 
of a positively charged sphere identical to the one above.  Charge B is 
moved by a hand at constant velocity to the sphere’s surface. 
iii. [4 pts] Is the magnitude of the electric potential difference between 

charge B’s starting point and the surface of the sphere, ΔVB, greater 
than, less than, or equal to the magnitude of ΔVA?  Briefly explain. 
As we saw in tutorial, the electric potential difference is independent of test charge, so 
ΔVB = ΔVA.  Whatever change is made to the test charge (in magnitude or sign) will result in an 
equivalent change in electric potential energy, so the electric potential difference will remain the 
same. 
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