RII- AUTONUMLGL  \* Arabic 
A point charge +q is brought from infinity to a point b near 3 other charges +Q, -Q, and +2Q.  The charge q is brought along 3 different paths in turn, path 1, path 2, and path 3, as shown.  Along which path is the most work done by the external agent carrying the charge +q?
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A: 1

B: 2

C: 3

D: Same work on all three paths

Answer: The work done is the same regardless of path.  Wext = (PE = q (V = q (Vfinal –Vinitial), which depends only on the initial and final positions of the charge q.

Only the three charges +Q, -Q, and +2Q are present (q is absent) and the point b is midway between +Q and -Q. The voltage at point b is...

A: positive

B: negative

C: zero

Answer: positive.   Voltages at point b due to the +Q and the –Q cancel.  The voltage due to the +2Q is positive.
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A voltage sensor moves from position a to b and measures a constant (unchanging) voltage at all points along the path.   What can you say about the electric field along that line?
A: The electric field along that line must be zero.

B: The electric field might be zero, or it might be non-zero and perpendicular to the line ab.
D: The electric field can vary along the line ab, but it must have the same value at points a and b. 

E: You can conclude absolutely nothing about the electric field.

Answer: The electric field might be zero, or it might be non-zero and perpendicular to the line ab.

RII- AUTONUMLGL  \* Arabic 
Two equal and opposite charges +q and -q are a distance r apart or a distance 2 r apart.  Which configuration (r or 2r) is the higher energy configuration? (higher energy = larger electrostatic potential energy)
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A: separation r is higher energy

B: separation 2r is higher energy

C: the energy is independent of separation

Answer: The separation 2r has higher energy.  It takes positive work to pull the charges apart, so energy leaves the external agent doing the work and goes into the electrostatic potential energy.  
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.  In this case, the test charge is negative so 
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  (zero of U at r = infinity).

RII- AUTONUMLGL  \* Arabic  A rod with total charge Q is bent into a quarter circle of radius R. What is the voltage at the center of the quarter-circle?
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B) zero

C) 
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Answer: For each little piece of the rod with charge dQ, we have 
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.   So, for the whole rod, we have 
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A positively charged metal sphere or radius R has total charge +Q and is in electrostatic equilibrium.  What is the voltage difference between the surface and the center of the sphere? 

A) 
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B) zero


C) 
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E) depends on where we put the zero of voltage
Answer: zero.  The E-field is zero inside the conductor, so 
[image: image12.wmf]VEdr0

D=-×=

ò

r

r

. In equilibrium, metals are equipotentials.
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In three different regions of space (labeled I, II, and III), the electric fields are accurately indicated by the electric field lines shown. (Notice that the separation of the field lines in II is the same as in the right part of I and the left part of III.) The distance from point A to point B is the same in all three regions.  In which region is the magnitude of the voltage difference 
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D) the voltage difference in regions I and III tie for smallest

E) none of these.

Answer: Region III.  
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is smallest when the E-field is smallest.  In a field line diagram, larger spacing of the field lines means smaller E-field.
RII- AUTONUMLGL  \* Arabic 
A capacitor is attached to a battery which maintains a constant voltage V across the capacitor plates.  While the battery is attached, the plates are moved further apart.  The energy stored in the capacitor..
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A: increased.

B: decreased.

C: remained constant.

Answer: Using U = (1/2) C V2, we see that U decreases (since C decreases).   The battery maintains constant voltage.  

If the plates were not attached to the battery (or anything else), then we would have constant Q (not constant V), and, in that case, using U = (1/2) Q2/C, the U would increase when the plates were pulled apart.

RII- AUTONUMLGL  \* Arabic  A cylindrical carbon resistor placed between two copper terminals and a steady current I flows through the system.  The carbon resistor is tapered so that it has a fat end and a thin end.
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Inside the carbon resistor, ...

the current density j is 
A: constant

B: not constant  

("Constant" meaning constant in space throughout the resistor.)

the conductivity ( is 
A: constant

B: not constant

the electric field E is    
A: constant

B: not constant

Answers:  

Current density j = I/A is not constant. (I is constant, but A varies)

Conductivity ( is constant thruout the carbon (depends only on composition)

Electric field E is not constant ( since j = ( E and both j and ( vary)
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Consider the following circuit containing three ordinary household light bulbs, a 100W light bulb, a 60W bulb, and a 40W bulb.  
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Which one statement is true?

A: The 100W bulb will be brightest.

B: The 60W bulb will be brightest.
C: The 40W bulb will be brightest.

D: All the light bulbs glow with the same brightness.
Answer: the 40W bulb is brightest! (Since it has the largest R).

In comparing the power (or brightness) of two light bulbs, you must first be clear whether the current or the voltage is the same for the two. It makes all the difference. If the two bulbs are in series, then the current is the same, and according to P = I2 R , the larger resistance bulb has more power, and is brighter. 

But if the bulbs are in parallel, the voltage is the same, and then according to P = V2 /R, the larger resistance bulb has less power, and is dimmer.  Bulbs are marked at the factor according to Pmarked = (120V)2 /R.  Smaller marked power means larger R.
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Consider the circuit below.  How much current flows through the battery?
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A: 1A

B: 2A

C: 0.5A

D: 0.25A

E: none of these/don't know

Answer: I = 1A, since Rtotal = 1 ohm

In the circuit above, the resistor R2 is increased to 5(.  What happens to the current through R1?

A: increases

B: decreases

C: remains constant
The battery current decreases, since the total resistance seen by the battery increases.

RII- AUTONUMLGL  \* Arabic   In the circuit below which resistors have the same current flowing through them?  Do not assume that the resistors are identical.
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A: R2 / R5 only

B: R3/R4 only

C: R2 / R5 and R3/R4 only

D: R1/ R2 / R5 only

E: none of these

Which resistors have the same voltage drop?

A: R2 / R5 only
B: R3/R4 only

C: R2 / R5 and R3/R4 only

D: R1/ R2 / R5 only
E: none of these
Answers: Only R2 and R5 are guaranteed to have the same current.

Only R3 and  R4 are guaranteed to have the same voltage.

RII- AUTONUMLGL  \* Arabic 
A capacitor C is charged up to a voltage V. The switch is closed at time t=0 connecting the capacitor to two identical resistors as shown. [image: image25.wmf]R
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Immediately after the switch is closed, how does the current through the second resistor (on far right) compare with the current through the capacitor?

A: IR = Ic  
B: IR = (1/2) Ic   
C: IR = 2 Ic 

E: IR  = 0
Answer: IR = Ic  The circuit elements are in series.

Immediately after the switch is closed, how does the voltage across the second resistor (on far right) compare with the voltage across the capacitor?

A: VR = Vc   
B: VR = (1/2) Vc  
C: VR = 2 Vc 

D: VR  = 0 
Answer: VR = (1/2) Vc  By Kirchhoff's voltage law, we have Vc = VR1 + VR2 = 2V​R.
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