
Name: _______________________          Instructor:__________________ 
 
Louisiana State University Physics 2102, Exam 3, 
November 11, 2010. 
 
• Please be sure to write your name and class instructor above. 
 
• The test consists of 3 questions (multiple choice), and 4 problems (numerical). All numerical quantities 
must have appropriate units. Points will be deducted if units are absent.  
 
• For the problems: Show your reasoning and your work – no credit will be given for an answer without 
explanation or work. Note that in many of the problems, you can do parts (b) or (c) even if you get stuck 
on (a) or (b).  
 
• You may use scientific or graphing calculators. Cell phones cannot be used as calculators. 
 
• Feel free to detach, use, and keep the formula sheet pages. No other reference material is allowed 
during the exam. 
 
• Good Luck! 



 Problem 1 [20 points]  
A long cylindrical wire of diameter 1.0 cm carries a total current of 75 A uniformly distributed over its 
cross section. 
 
(a) [5 pts] Calculate the current density in the wire: 
 
 
 
 
 
(b) [8 pts] At what distance from the axis of the wire, but still inside the wire, does the magnetic field 
have a magnitude of 1.0 mT?    (Hint: think Ampere's Law) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(c) [7 pts] At what distance from the axis of the wire, but now outside the wire, does the field once 
again have a magnitude of 1.0 mT? (Hint: can be done independently of part (b)). 
 



Question 1 [10 points]  
 
The figure shows three long, straight, parallel, equally spaced wires with identical currents either into or 
out of the page.  
 
 

                  
 
 
(a) [4 pts] What is the direction of the net force on wire a, due to the other two wires: 
 
 a)  Toward the right 
  
 b)  Upward 
 
 c)  Toward the left 
 
  d)  Downward 
 
 e) net force is zero 
 
(b) [6 pts] Rank the wires according to the magnitude of the net force on each of them, due to the other 
two wires 
 

Fb > Fc > Fa   Fc > Fa > Fb  Fb > Fa = Fc   
 
 
 

Fc > Fb > Fa  Fa = Fb = Fc   
 
 
 



Problem 2 [16 points]     
 The figure shows a 120 turn coil of radius 1.8 cm 
and resistance 7.0 Ω which is coaxial with a 
solenoid with 210 turns/cm and radius 1.6 cm. The 
current in the solenoid drops from 1.5 A to zero at 
in the time interval from t = 0 to t = 25 ms.  

    

(a) [5 pts] Calculate the magnitude of the magnetic field inside the solenoid at time t = 0:  

 

 

 

 

 

 

(b) [11 pts] Calculate the magnitude of the current which is induced in the coil during the time between t 
= 0 and t = 25 ms.  

 

 

 

 

 

 



 
Question 2 [10 points] 
 
The figure  shows a long straight wire placed 
next to (in the plane of) a rectangular 
conducting loop. The straight wire carries a 
constant current i.  
 

 

                   
                                             
 
(i) [4 pts] What is the direction of the magnetic field from the long straight wire, at the position of the 
loop? 
 
 a)  Toward the right 
  
 b)  Toward the left 
 
 c)  Into the page 
 
  d)  Out of the page 
 
 e) The magnetic field is zero 
 
 
 
(ii) [6 pts] Now the wire is moved toward the loop. While the wire is being moved toward the loop, what 
is the direction of the induced current in the loop: 
 
 a)  Counterclockwise 
  
 b)  Clockwise 
 
 c)  Counterclockwise on the left side and clockwise on the right side 
 
  d)  Clockwise on the left side and counterclockwise on the right side 
 
 e) The induced current is zero 

i



Problem 3 [16 points] 
 
A coil with an inductance of 1.6 H and a resistance of 10 Ω is suddenly connected to an ideal battery 
with an emf  E = 100 V.
 
(a) [11 pts] At a time of 0.5 s after the connection is made, calculate the rate at which energy is being 
stored in the magnetic field: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(b) [5 pts] A long time after the connection is made, what is the potential difference over the coil: 
 
 
 
 



Question 3 [10 points] 
The figure shows a parallel plate capacitor and 
the current in the connecting wires that is 
discharging the capacitor.   

                       
 

(i) [5 pts] What is the direction of the electric field E between the plates? 
 
 a)  Toward the right 
  
 b)  Toward the left 
 
 c)  Into the page 
 
  d)  Out of the page 
 
 e) The electric field is zero 
 
(ii) [5 pts] What is the direction of the displacement current iD between the two plates? 
 
 a)  Toward the right 
  
 b)  Toward the left 
 
 c)  Into the page 
 
  d)  Out of the page 
 
 e) The displacement current is zero 
 
 



Problem 4 [18 points] 
The figure shows a circuit in which switch S2 has been closed 
for a long time. Now we open switch S2 and at the same time 
close switch S1, to make an LC circuit.   
 
(a) [6 pts] Calculate the frequency f of the oscillation in the 
circuit  

 
 
 
 
 
 
 
 
(b) [6 pts] Calculate the maximum current in the circuit: 
 
 
 
 
 
 
 
 
 
 
 
 
 
(c) [6 pts] Calculate the total energy stored in the circuit:   
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(when must equal the maximum energy stored in the inductor (when
This is mathematically expressed as

Using this expression in Equation 32.26 for the total energy gives

(32.27)

because cos2 !t " sin2 !t # 1.
In our idealized situation, the oscillations in the circuit persist indefinitely;

however, we remember that the total energy U of the circuit remains constant only
if energy transfers and transformations are neglected. In actual circuits, there is 
always some resistance, and hence energy is transformed to internal energy. 
We mentioned at the beginning of this section that we are also ignoring radiation
from the circuit. In reality, radiation is inevitable in this type of circuit, and the to-
tal energy in the circuit continuously decreases as a result of this process.
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An Oscillatory LC CircuitEXAMPLE 32.7
(b) What are the maximum values of charge on the capac-

itor and current in the circuit?

Solution The initial charge on the capacitor equals the
maximum charge, and because we have

From Equation 32.25, we can see how the maximum current
is related to the maximum charge:

(c) Determine the charge and current as functions of
time.

Solution Equations 32.24 and 32.25 give the following ex-
pressions for the time variation of Q and I :

Exercise What is the total energy stored in the circuit?

Answer 6.48 $ 10%10 J.

(%6.79 $ 10%4 A) sin[(2& $ 106 rad/s)t ]#

I # %Imax sin !t

(1.08 $ 10%10 C) cos[(2& $ 106 rad/s)t]#

Q # Q max cos !t

6.79 $ 10%4 A #
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Imax # !Q max # 2&fQ max 

1.08 $ 10%10 CQ max # C' # (9.00 $ 10%12 F)(12.0 V) #

C # Q /',

In Figure 32.18, the capacitor is initially charged when switch
S1 is open and S2 is closed. Switch S1 is then thrown closed at
the same instant that S2 is opened, so that the capacitor is
connected directly across the inductor. (a) Find the fre-
quency of oscillation of the circuit.

Solution Using Equation 32.22 gives for the frequency

1.00 $ 106 Hz#
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Figure 32.18 First the capacitor is fully charged with the switch S1
open and S2 closed. Then, S1 is thrown closed at the same time that
S2 is thrown open.


