
Physics 222 Final Exam 

Section 1 - Dr. Yost  

May 2, 2009 – Solutions 

 

1.  [12pt]  An ideal gas is contained in a 5.00 L vessel at a temperature of 17.0°C and a pressure of 9.00 
atm.  

 (a) [4pt] Determine the number of moles of gas in the vessel.  

The ideal gas law says that  ��  �  ���, with, in the proper units, � �  9	00 � � .01 � 10�  N/m2 
= 9.09 � �
 �N/m2, � � 5	00 � 10� � m3,  � � 8.���  J/mol K,  and � � 290 K.  Using these 
numbers gives � � ��� �� �  1.89 mol.    

 (b) [4pt] How many molecules are there in the vessel? 

There are �� � 6	02� � 10�� molecules in a mole, giving �� � � � .���� �� �� molecules in the vessel. 

 

(c)� [4pt]  If the temperature is raised to 80.0oC, how many moles of gas would have to be removed 
from the container to maintain the original pressure? 

 
If ��and � � are the original and final number of moles, � � and ��  the original and final 
temperatures, and � 	  the number of moles removed to maintain the pressure, then  �� �� � ��� � � ��� �  �	 ��� .     Then  �	 � �� ��� �  � ��

� � � �
�1	89�mol� �63�K�

�
�  � � �	  !�"#$	 
 
 
 

2.� [14pt] A diatomic ideal gas (γ = 1.40) confined to a cylinder is 
put through a closed cycle. Initially the gas is at P1, V1, and T1. 
First, its pressure is quadrupled to � � � � ��under constant 
volume. It then expands adiabatically to volume � � at its original 
pressure, and finally is compressed isobarically to its original 
volume.  

 
(a)� [4pt] Determine the volume � ��at the end of the adiabatic 

expansion in terms of ��. 
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In an adiabatic process, � ��  is constant.  Therefore, at the end of the adiabatic expansion, ��� � �� �  � ���
� 4���� .   Therefore, �� � 4�
 ��� � %	&'�(�	  

(b)� [4pt] Find the temperature � � of the gas at the start of the adiabatic expansion in terms of � � . 
 
The volume is constant, so the ideal gas law implies that the pressure is proportional to the 
absolute temperature:  �� � ��)�	 
 
 

(c)� [6pt] What is the net  work done on the gas for this cycle in terms of �� ,�� ?  
 
The work done on the gas is +� � 0�in the first leg, since the volume is constant.  In the 

adiabatic leg, the work is +� �   Δ�- � �.� Δ� �  �
�
��, � � �

�
����� �  �� �.� In the isobaric leg, 

the work is + � � � � Δ� � �� ��� �  � � �.� To find the result in terms of � ��� , it is necessary to 
express the variables �� ,�� ,�� in terms of variables at the initial point. We already know �� � 2	��  � � and � � � � � �	  In the isobaric leg, the ideal gas law implies that � is proportional to �, so � � � � .��  ��  also.  Therefore, +� �

�
�

�� �� 1.��  � �� �  �� .275 ��� � � ��� 	275��� � �* 

and +� � 1.��  � � ,�giving the net work for the cycle + � + � 0 �+� 0  +� �  � �. 121  3 � (� 	 

 

 

 
3.� [12pt] A large freezer in a 20o C room contains 2.00 m3 of water at 0oC.  

 
 (a) [4pt] Calculate the change in entropy when � 	00�� � is frozen into water at 
 � 4. 
 
Use , 5 � �6� � , with 6� �  � 78� , where 7 is the mass of the ice and�8� � �  333 kJ/kg. 

The mass is 7� �  � .00�m� �91000 ���� : � �2000�;< .� Then 

                   , 5 � ����


  kg (333 kJ/kg) / 273 K �  �  666 MJ/ 273 K�  � 2.440 MJ /K. 
 
(b)  [4pt] What is the minimal amount of heat that the refrigerating system that froze the ice expel 
into the room at 20� C, according to the Second Law of Thermodynamics? 
 
The net change in entropy of the universe must be positive, so the amount of entropy added by 
expelling heat 6� into the room at temperature � � � ���  �  must be  
 



�Δ5 � 2	��

MJK � 6���

� 6�293�K 	 
       This gives 6� � !�1�?@�is the minimal heat that must be expelled into the room.  Another way 
to see this is that the Carnot coefficient of performance gives the most efficient refrigerator, so the 

refrigerator must do work + � �
��

���
 where 4AB �  ����� �� � �

��

� �� 
��
  for a Carnot cycle.  The heat 

expelled into the room is  6� � 6� 0  + � 6� 0  6��� ��� �  �� � � �
6�� ���

� ����  M>�293 K
�/�  � �  /�
 �= J	 

The two descriptions are equivalent. 

 

(c) [4pt] How much energy would an optimal (Carnot) refrigerator require to freeze the ice?  + � 6� � �6� �  715 M>� 666�MJ � �'�?@	 
 

 

 

4.� [18pt] Three charges 
      C� � 0� .00�D. , C� � � 6.

  D.,  C� � �08	00D. 
are placed at the corners of an equilateral triangle as 
shown, with edge 8 � 
 .650 m	 
 
(a)� [6pt] Calculate the electric field at the position of 

charge C�  due to �C��and C�. Give its magnitude and 
direction relative to the 0 E axis. 
 
The electric field due to the charge C�  is 

 FGGH� � � � ��

� � � � IJK�L�
 � � �MN LOP�
 ���and the electric field due to the charge C�
is FGGH� � � � ��
� � IJ.   

Combining them gives a total electric field  FGGH �  � � � 10��
 	650� � QI ̂ �R�� 	0 0 �
8	
2 S0  M�N � 	0T�2 �U

µW
4
� � �� .�  IJ� 147.6�X� ;WC 	 - � �Y-�

� 0 �- � � �1 .&Z[\ *  �  � ] � atan -  -�
� � ! 	 ' !	 
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(b)� [4pt] What is the potential energy of the set of three charges (relative to a situation where they 
are widely separated)?  
 

a � b" 9C� C�
8
0 C� C�

8
0 C� C�

8
: � � � 10�0	�



� � 24 0 32 � 48� � 10� ��>�  � � . 11�  @	  
 

(c)� [4pt] Suppose charge C�is free to move but the other charges are held fixed, and has a mass 
7 � � � 	20�g.� Find its speed when far away from the other charges, assuming it is released at 
rest from the origin. 

The electric potential at the location of C�  is  a� � b" 9C� C�
8
0 C� C�

8
: � �

9 � �
 �

 	650 �8 � 10��� ��J � 
 .111�J.� 

Energy conservation implies that  127 c�� � a� , �  �  �  � c� �  d 2�
 .111�J�
� .2 � 10� � kg � � 	&"

e
.  

 

 

5.� [18pt] A coaxial cable of length f has an inner conductor of radius  of g which carries a charge 6.� The surrounding conductor has an inner radius h�and a charge of –6 .  Assume the electrical 
properties of the material between the conductors are the same as empty space. 
 
(a) [4pt]  Find the electric field as a function of i� between the conductors, for  g j i j h	 
 
This is one of the geometries where the electric field can be found using Gauss’s Law.  Construct a 
Gaussian cylinder of radius i�and length L between the two conductors of the cable.  The electric 
flux through this cylinder is Φ � -l � � mif�-.��Gausses law relates this to the charge inside:  2mif  - � Φ �

6n#
 

for o � 6 /f	 �Therefore, -�i � � p%qr $st	 
 
 
 
(b) [6pt] Find the potential difference �%�  � & �between the conductors if 6 � �
  P4, g � 1	�  �� *h � � .� �mm, and 8 � 30	0�� . 



� % � ��& �  u 6vi
� mn#if&

%
� 6

� mn#f ln Rh
g
S � �

25 � �
 ��   �P2
� m�� 	85 � 10� ����30�

V � �� . � �x	 

 
 
(c)� [4pt] Find the capacitance of this length of cable.   

[If you don’t have a result for the previous question, assume Δ� � 12	0 V for (c) and (d).] 
 

. � �
6Δ�

� %	 ��  yz . 
 

(d)� [4pt] What electrical energy is stored in the cable?  
 a" �

12 . �Δ� �� �
12 �3.�� � �
 ��� �10.4� �J �  && y@. 

 

 

6.� [16 pt] In the circuit shown, let E � � .
 ��*  . � �
  D{ ,  � � �
�

  | *   � �� � �' � 200�Ω*� and  �� � 300| . Initially, the 
switch is closed and the capacitor is fully charged, and is in a 
steady state.  

 
(a)� [4pt] What current flows from the battery in this steady-

state situation? 
 
If the capacitor is fully charged, no current flows through it.  The resistance of the left and right 
branch is each 400| * so the net parallel resistance in the circuit is �

 Ω	  Thus, the current from 
the battery is  }( �

3.
 V200|
� �1 .��"~	 

 
(b)� [4pt] What is the voltage across the capacitor when fully charged?  

 
Half the current flows through each branch, so 7	5 mA flows through each branch of the circuit.  
The voltage difference between the two sides of the capacitor is  

� � � �2 }( ��� �  � �� � 7.
  mA � 100| � � 	!1�x. 
 

(c)� [4pt] If the switch is opened at a time � �  0, what current flows from the capacitor at that 
time? 

��  ��  ��  �'  

. E 



The current flows through two branches of resistance � � 0 ��� �  300�Ω and � � 0 ��' � 500�| .�The 
parallel resistance of these two paths is � � ��/ .
 Ω, giving  

}# � 
 .75V187.5|
� �	� "~ . 

(d)� [4pt]  How long does the capacitor take to lose half its charge after the switch is opened? 
 } � }#�� )/*�   and 6 � 6#��)/*�.    Then   ln �

�
 � �€/�., giving  � � �. �P2 �� �187.
 | �� �
 � �
 �+‚ �� 
 .��� � �   	%1�"e . 

 

7.� [18pt] A long straight wire carries a current } as shown.   A square 
loop of dimensions g � h is positioned a distance E away as shown. 

 
(a)� [5pt] What is the magnetic flux inside the square loop? Express 

it in terms of }�, g,h*E, D#.  Is it into or out of the page? 
 

k , � �u ƒ � i� hvi � �
�- %� D#h}�2m

u
vi
i
� � -%

�

�$…†%q $y
� 0 �� 	 

The flux is into the page.  

(b)� [4pt] If the current is }� ��� �  }#��and the square loop has resistance �, what current }� is 
generated in the square loop as a function of time?  Give the magnitude and direction 
(clockwise or counter-clockwise).  
 

}� � �� vk ,v� � �$��$%q� $y
� 0 ˆ� 	 

Since the flux is increasing into the page,  the current will flow counter-clockwise to counteract 
this increase.  

 
(c)� [5pt] Suppose the current }�  in the long wire is constant, but the square loop is pulled to the 

right at a constant speed c.  What current }� flows in the square loop?  Give the magnitude and 

direction.  [Hint:  �  ..) � c .
.�

.�� If you can’t solve this part, you can still use the symbol }� in the 

following parts.] 
 

Now, the rate of change of the flux is due to the motion,  and c �
.�
.)

,�so vΦ,v� � c
vΦ,vE �  D#ch}�2m

vvE �P
E 0 gE �

D#ch}�
� m  R 1E 0 g � �ES �� � D#cgh}�

� mE� E 0 g� 

E 

}�  

g 

h 



The magnitude of the current is then  }� �
�$Šˆ…��%q���� 0 ��	 

Since the magnetic flux into the page is decreasing as E increases, the current is clockwise to 
counteract this. 

� 
(d)� [4pt] What power is needed to pull the loop at speed c�when it is a distance E from the long 

wire?  [Note: You can refer to previous symbolic results without rewriting them, even if you did 
not solve part of the problem.] 
 
The power put in by pulling the loop must equal that converted to heat in the resistance of the 
wire, by energy conservation.  Therefore,  

� � �†��	 
 
An equivalent solution can be obtained by calculating the forces between the wires.  Parallel 
currents separated by a distance i attract with a force per unit length of 

 �� � �/ �0�1 
 ���
.  The net force is then attractive, with magnitude  

 { �
D#h}�}�2m

R1
E
� 1

E0 gS� D#gh}�}�2mE� E 0 g� 

      This gives � � {c � �}��, as above, as can be seen using the expression for }�. 

 
 
 

8.� [12pt] A red laser beam with a wavelength of 700 nm shines on a dark target which absorbs the 
beam’s energy.  The beam has a radius of � .00 mm and power is absorbed in the target at a rate of 
�

  mW.   
 
(a)� [4pt] What is the frequency of the laser light (in Hz = cycles per second)? � � Œo � � � 102m/L700 � 10�� m � � .%' � ���� ��. 
(b)� [4pt] What is the amplitude of the electric field in the laser beam?  

5�34 �
-�
D#� � 25%56� � �%56l � � �0	150 W�m�
 	001� �� � '. 11 � ��� �

‘ �.� - � ��D#�5�34 � ���� m � �
 �7��� � 102��� .55 � 10' � �
7
� &��� (�	 

(c)� [4pt] What is the amplitude of the magnetic field in the laser beam?  � �
-� �

60003 � 102  T � %. �� � ��� 8���� 
 .20 Gauss�	 


