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II. [10 pts total] Based on your experience in Lab. 
Neutral Teflon (insulating) and neutral 
aluminum (conducting) rods are suspended 
by two insulating strings.  Two people hold 
the strings as shown. 
12. [3 pts.] The Teflon rod is then rubbed so 

it is negatively charged.  The rods are 
again held near each other, but the rods 
never touch and no sparks jump between 
them. 
The two rods would 
a. attract. 
b. repel. 
c. not interact. 
d. There is not enough information to tell. 

 
The negative charge on the Teflon rod induces a separation of charge in the aluminum rod; the positive 
charge is attracted to the negative Teflon rod and the negative charge is repelled from the negative Teflon 
rod.  Since the Teflon rod is closer to the positive than the negative charge in the aluminum rod, the 
attractive interaction is stronger than the repulsive interaction.  Thus there is a net attraction between the 
two rods and the answer should be (a). 
 

13. [4 pts]  The rods are then made to briefly touch.  They are then separated and held close to one 
another, but far enough apart that they no longer touch. 
The two rods would 
a. attract. 
b. repel. 
c. not interact. 
d. There is not enough information to tell. 

 
Negative charge is transferred from the contact point on the Teflon rod to the aluminum rod.  The two 
rods then each have a net negative charge.  If enough charge is transferred, the rods repel.  If only a 
small amount of charge is transferred, the repulsive force that results may not be greater than the 
attractive force due to polarization (see above).  Thus there may be attraction, or repulsion, or no net 
interaction and the answer should be (d). 
 

14. [3 pts]  The final net charge on the aluminum rod in question 12:   
a. has the same sign and the same charge distribution as the aluminum rod in question 13. 
b. has the same sign, but different charge distribution as the aluminum rod in question 13. 
c. has no net charge, it is neutral.  
d. There is not enough information to tell.  

 
The net charge of the aluminum rod in part i. is zero because there was no spark and nothing touched the 
aluminum rod, so there was no way for charge to be transferred to the initially neutral aluminum rod.  In 
part ii., there was a transfer of negative charge from the Teflon rod to the aluminum rod.  Thus the sign of 
the net charge on the aluminum is different in the two parts and the answer should be (c). 
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IV. [20 points total]  This question is composed of two independent parts, A and B. 
A. A positive point charge and insulating sphere are fixed in place as 

shown.  The charges on the two halves of the insulating sphere are 
equal in magnitude, opposite in sign, and uniformly distributed 
throughout their respective halves. 
i. [5 pts]  On the diagram, indicate the direction of the net electric 

force on the point charge.  If the force is zero, state so explicitly.  
Explain. 
The positive point charge experiences a repulsive force (to the left) due to the left half of the 
sphere and an attractive force (to the right) due to the right side of the sphere.  Although the 
magnitudes of the charges on both halves of the sphere are the same, the distances from these 
charges to the point charge are different.  By Coulomb’s law, the strength of the electric force 
increases with smaller distance, so the repulsive force (to the left) is stronger than the attractive 
force (to the right).  Thus, the net electric force on the point charge is to the left. 
 

ii. [5 pts]  The right half of the sphere is removed, as shown.  The charge 
distribution on the remaining left half is unchanged. 
After the right half of the sphere is removed, does the magnitude of the 
net electric force on the point charge increase, decrease, or remain the 
same?  Explain. 
As in part i above, the left half of the sphere causes a repulsive force to the left.  In this case, 
there is not an attractive force that cancels part of this repulsive force.  Thus, the magnitude of 
the electric force on the point charge increases.  
 

B. In case A, two charges +Qo and –Qo are separated by a 
distance d.  In case B, a neutral metal cube has been 
inserted in between the two point charges. 
i. [5 pts]  On the diagram, draw the charge 

distribution for the metal cube in case B.  Explain. 
The +Qo charge attracts negative charges to the 
left side of the cube and repels positive charges to the right.  The –Qo charge repels negative 
charges to the left side and attracts positive charges to the right.  Thus, both charges tend to 
cause a collection of negative charges on the left and positive charges on the right, as shown. 
 

ii. [5 pts]  Is the net electric force on the positive charge +Qo in case A greater than, less than, or 
equal to that in case B?  Explain. 
In case A, the +Qo charge experiences an attraction (to the right) due to the –Qo charge.  In 
case B, this attraction is still present, but there is also a force due to each side of the metal cube.  
The effect of these two forces by each side of the cube is to cause a net attractive force on the +Qo 
charge (since the negative charges are closer than and equal in magnitude to the positive 
charges).  This attractive force from the cube is in the same direction as the attractive force due 
to the original –Qo charge, so the net electric force on the +Qo charge with the cube present is 
stronger.  Thus, the net electric force in case A is less than that in case B. 
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IV. [20 points total]  This question is composed of two independent parts, A and B. 
A. A positive point charge and insulating sphere are fixed in place as 

shown.  The charges on the two halves of the insulating sphere are equal 
in magnitude, opposite in sign, and uniformly distributed throughout 
their respective halves. 
i. [5 pts]  On the diagram, indicate the direction of the net electric 

force on the point charge.  If the force is zero, state so explicitly.  
Explain. 
The positive point charge experiences an attractive force (to the right) due to the left half of the 
sphere and a repulsive force (to the left) due to the right side of the sphere.  Although the 
magnitudes of the charges on both halves of the sphere are the same, the distances from these 
charges to the point charge are different.  By Coulomb’s law, the strength of the electric force 
increases with smaller distance, so the attractive force (to the right) is stronger than the repulsive 
force (to the left).  Thus, the net electric force on the point charge is to the right. 
 

ii. [5 pts]  The right half of the sphere is removed, as shown.  The charge 
distribution on the remaining left half is unchanged. 
After the right half of the sphere is removed, does the magnitude of the 
net electric force on the point charge increase, decrease, or remain the 
same?  Explain. 
As in part i above, the left half of the sphere causes an attractive force to the right.  In this case, 
there is not a repulsive force that cancels part of this repulsive force.  Thus, the magnitude of 
the electric force on the point charge increases.  
 

B. In case A, two charges +Qo and –Qo are separated by a 
distance d.  In case B, a neutral metal cube has been 
inserted in between the two point charges. 
i. [5 pts]  On the diagram, draw the charge 

distribution for the metal cube in case B.  Explain. 
The +Qo charge attracts negative charges to the 
left side of the cube and repels positive charges to the right.  The –Qo charge repels negative 
charges to the left side and attracts positive charges to the right.  Thus, both charges tend to 
cause a collection of negative charges on the left and positive charges on the right, as shown. 
 

ii. [5 pts]  Is the net electric force on the positive charge +Qo in case A greater than, less than, or 
equal to that in case B?  Explain. 
In case A, the +Qo charge experiences an attraction (to the right) due to the –Qo charge.  In 
case B, this attraction is still present, but there is also a force due to each side of the metal cube.  
The effect of these two forces by each side of the cube is to cause a net attractive force on the +Qo 
charge (since the negative charges are closer than and equal in magnitude to the positive 
charges).  This attractive force from the cube is in the same direction as the attractive force due 
to the original –Qo charge, so the net electric force on the +Qo charge with the cube present is 
stronger.  Thus, the net electric force in case A is less than that in case B. 
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