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II. [10 pts total] The following questions are based on your experience in the lab. 
10. [3 pts.] Consider Circuit 1 at right.  Assume the battery and 

capacitor are ideal and the resistors are identical. 
The switch is at position B for a long time.  Which of the 
following is a true statement? 

a. I1 > I2. 
b. I1 > I3. 
c. |Vc| = |ε|. 
d. |V1| + |Vc| < |ε|. 

In this configuration the capacitor is completely charged therefore 
there is no current flowing through the system.  This eliminates (a) 
and (b).  If there is no current in the system, then there is no potential difference across the resistors. The 
only potential difference is across the capacitor, which equals the magnitude of the potential difference 
across the battery.  The answer is (c).  

11. [3 pts] Consider Circuit 1 above and to the right. 
The switch is then flipped to position A and left there for a long time.  Which of the following 
statements is true? 

a. I1 = I2. 
b. I1 > I2. 
c.  I2 = I3. 
d. |V1| = |V2| 

Similar to the previous question, the capacitor is charged therefore no current is flowing down the branch 
that contains the capacitor and resistor 1 and current only flows down the branch that contains resistor 
2.  This eliminates (a) and (b).  Resistor 2 and 3 can be thought to be connected in series therefore they 
must have the same current making (c) a true statement.  There is no current flowing through resistor 1 
therefore there is no potential difference across resistor 1 eliminating (d).  The answer is (c). 

12. [4 pts] Consider the figure at right. 
The magnets and wire in the diagram are similar to those used in lab.  
Which of the following statements is true? 
a. When an electron is placed at rest in between the two magnets, it 

experiences a force in the same direction as the force felt on the 
wire. 

b. When a proton is placed at rest in between the two magnets, it 
experiences a force in the same direction as the force felt on the 
wire. 

c. When an electron moves through the region between the two 
magnets with a velocity vector out of the page, the electron experiences a force in the same 
direction as the force felt by the wire.  

d. When a proton moves through the region between the two magnets with a velocity vector out 
of the page, the proton experiences a force in the same direction as the force felt by the wire.  

The force on the current carrying wire is vertically up (F = IlxB which can also be derived by F=qvxB).  
A charge at rest in a magnetic field experiences no force (F=qvxB) eliminating (a) and (b).  An electron 
moving out of the page in the magnetic field produced by the magnets experiences a vertically downward 
force eliminating (c).  A proton moving out of the page in the magnetic field produced by the magnetic 
field experiences a vertical force up which is similar to the force felt on the wire.  The answer is (d). 
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IV. [20 points total]  This question consists of two independent parts, A and B.   
A. In the circuit at right, assume all bulbs are identical, and all batteries 

are identical and ideal. 
i. [5 pts] Is the brightness of bulb 1 greater than, less than, or equal 

to that of bulb 2?  If either bulb will not light, state so explicitly.  
Explain.  
Kirchhoff’s loop rule on the inner loop shows that the voltage 
across bulb 2 is equal to that of a battery.  In the outer loop, the 
voltage across 1 and 2 is equal to two batteries, so therefore the 
voltage across bulb 1 is also equal to that of one battery.  Thus the 
voltage across both bulbs is the same, so they are equally bright. 

ii. [5 pts] Is the current through battery A greater than, less than, or equal to the current through 
battery B?  If the current through either battery is zero, state so explicitly.  Explain. 
Since both bulbs are equally bright, they have the same current through them.  Thus no current 
splits at the junction to go through B, and battery B has no current through it.  Thus the current 
through battery A is greater than through B. 

B. A student performs 3 experiments with identical magnets.  Point A is at the center of magnet 2. 
i. [3 pts] Experiment 1: two magnets labeled 1 and 2 are placed 

next to each other.  On the diagram, indicate the direction of 
the net force on magnet 2 from magnet 1.  Explain. 
The two magnets are oriented in the same direction, so the 
south pole of magnet 1 is next to the north pole of magnet 2, and the two magnets attract each 
other.  Thus the net force on magnet 2 is to the left. 
 

ii. [3 pts]  Experiment 2: a third magnet is added 
to the left of magnet 1.  Is the magnitude of the 
net force on magnet 2 greater than, less than, 
or the same as that in experiment 1?  Explain. 
Magnet 3 is oriented in the same way as magnet 1, so both magnets will attract magnet 2.  In 
experiment 1 only one magnet was exerting a leftward force on magnet 2, and now two magnets 
are both exerting a force to the left on magnet 2, so the net force has increased compared to 
experiment 1. 
 

iii. [4 pts] Experiment 3: the third magnet is replaced 
with a wire carrying a current I out of the page.  In 
the spaces provided, draw qualitatively correct 
vectors showing the magnetic field at point A in 
experiments 1 and 3.  Explain your reasoning. 
Point A is inside magnet 2, and the magnetic field 
there points left (from S to N inside a magnet).  At 
point A the magnetic field from magnet 1 also points 
left, so the net field due to the two magnets points left.  
In experiment 3 the magnetic field circles counter-
clockwise around the current, so at point A the magnetic field from the wire points upward.  Thus 
the net field points left in experiment 1, and up and to the left in experiment 3. 
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