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𝜽𝜽 00 300 370 450 530 600 900 𝒒𝒒 = 𝟏𝟏.𝟔𝟔 𝟏𝟏𝟏𝟏−𝟏𝟏𝟏𝟏𝑪𝑪;𝒌𝒌 = 𝟏𝟏 (𝟒𝟒𝟒𝟒𝜺𝜺𝟎𝟎)⁄ ≅ 𝟗𝟗 𝟏𝟏𝟏𝟏𝟗𝟗 𝑵𝑵𝒎𝒎
𝟐𝟐

𝑪𝑪𝟐𝟐
; 

𝜺𝜺𝟎𝟎 ≅ 𝟗𝟗 𝟏𝟏𝟏𝟏−𝟏𝟏𝟏𝟏 𝑭𝑭
𝒎𝒎

;𝝅𝝅 = 𝟑𝟑; 𝒍𝒍𝒍𝒍 �𝟏𝟏
𝟐𝟐
� = −𝟎𝟎.𝟔𝟔𝟔𝟔,  

𝒆𝒆−𝟎𝟎.𝟔𝟔𝟔𝟔 = 𝟐𝟐 ;  𝝁𝝁𝟎𝟎 = 𝟏𝟏𝟏𝟏 𝟏𝟏𝟏𝟏−𝟕𝟕𝑻𝑻𝑻𝑻/𝑨𝑨 

𝒔𝒔𝒔𝒔𝒔𝒔 0 1/2 3/5 √2/2 4/5 √3/2 1 

𝒄𝒄𝒄𝒄𝒄𝒄 1 √3/2 4/5 √2/2 3/5 1/2 0 

𝑭𝑭��⃗ =𝒌𝒌 𝒒𝒒𝟏𝟏𝒒𝒒𝟐𝟐
𝒓𝒓𝟐𝟐

𝒓𝒓�;𝑬𝑬��⃗ =𝒌𝒌 𝒒𝒒
𝒓𝒓𝟐𝟐
𝒓𝒓�;𝜱𝜱𝑬𝑬 = ∮𝑬𝑬��⃗ ∙ 𝒅𝒅𝑨𝑨��⃗ = 𝒒𝒒𝒊𝒊ç

𝜺𝜺𝟎𝟎
;𝑽𝑽=𝒌𝒌 𝒒𝒒

𝒓𝒓
; 𝑽𝑽𝑩𝑩 − 𝑽𝑽𝑨𝑨 = −∫ 𝑬𝑬��⃗𝑩𝑩

𝑨𝑨 .𝒅𝒅𝒍𝒍; 𝝉𝝉 = 𝑹𝑹𝑹𝑹;𝑽𝑽 = 𝑰𝑰𝑰𝑰; 𝑰𝑰 = 𝒅𝒅𝒅𝒅
𝒅𝒅𝒅𝒅

; 𝑰𝑰(𝒕𝒕) = 𝑰𝑰𝟎𝟎 �𝟏𝟏 − 𝒆𝒆−𝒕𝒕 𝝉𝝉� �; 

𝒒𝒒(𝒕𝒕) = 𝑸𝑸𝟎𝟎 𝒆𝒆
−𝒕𝒕 𝝉𝝉� ;  𝑰𝑰(𝒕𝒕) =  𝑰𝑰𝟎𝟎 𝒆𝒆

−𝒕𝒕 𝝉𝝉� ;  𝒒𝒒(𝒕𝒕) = 𝑸𝑸𝟎𝟎 �𝟏𝟏 −  𝒆𝒆−𝒕𝒕 𝝉𝝉� � ; 𝑷𝑷 = 𝑰𝑰𝑰𝑰 = 𝑰𝑰𝟐𝟐𝑹𝑹; 𝑹𝑹 = 𝝆𝝆 𝒍𝒍
𝑨𝑨

; 𝑱𝑱 = 𝑰𝑰
𝑨𝑨

;  𝝈𝝈 = 𝟏𝟏  
𝝆𝝆

;  𝑱⃗𝑱 = 𝝈𝝈𝑬𝑬��⃗ ;  𝑰𝑰 = 𝒏𝒏𝒏𝒏𝒏𝒏𝝊𝝊𝒅𝒅;

𝑭𝑭��⃗ 𝑩𝑩 = 𝒒𝒒𝝂𝝂��⃗ × 𝑩𝑩��⃗ ;  𝑭𝑭��⃗ 𝒓𝒓 = 𝒎𝒎𝒂𝒂��⃗ 𝒓𝒓;𝒂𝒂𝒓𝒓 = 𝒗𝒗𝟐𝟐

𝒓𝒓
;  𝑭𝑭��⃗ 𝑩𝑩 = 𝑰𝑰𝒍𝒍 × 𝑩𝑩��⃗ ; 𝑭𝑭��⃗ = 𝒒𝒒𝑬𝑬��⃗ + 𝒒𝒒𝝂𝝂��⃗ × 𝑩𝑩��⃗ ;  𝝉𝝉�⃗ = µ��⃗  × 𝑩𝑩���⃗ ; 𝑼𝑼 = −µ��⃗  .  𝑩𝑩���⃗ ;  𝒅𝒅𝑩𝑩��⃗ = 𝝁𝝁𝟎𝟎𝑰𝑰

𝟒𝟒𝟒𝟒
𝒅𝒅𝒔𝒔�⃗ ×𝒓𝒓�
𝒓𝒓𝟐𝟐

; 
𝜱𝜱𝑩𝑩 = ∫𝑩𝑩��⃗ ∙ 𝒅𝒅𝑨𝑨��⃗ ;𝑩𝑩 = 𝝁𝝁𝟎𝟎

𝑵𝑵
𝒍𝒍
𝑰𝑰 = 𝝁𝝁𝟎𝟎𝒏𝒏𝒏𝒏;  ∮𝑩𝑩��⃗ ∙ 𝒅𝒅𝒍𝒍 = 𝝁𝝁𝟎𝟎(𝑰𝑰 + 𝑰𝑰𝒅𝒅);   𝑰𝑰𝒅𝒅 = 𝜺𝜺𝟎𝟎

𝒅𝒅𝝓𝝓𝑬𝑬
𝒅𝒅𝒅𝒅

; 𝝁𝝁��⃗ = 𝑰𝑰𝑨𝑨��⃗ ;  𝜺𝜺 = ∮𝑬𝑬��⃗ ∙ 𝒅𝒅𝒍𝒍 = −𝒅𝒅𝒅𝒅𝑩𝑩
𝒅𝒅𝒅𝒅

 

Questions 1-3) Four capacitors and four resistors, with 𝐶𝐶 = 10 𝜇𝜇𝜇𝜇 and 
𝑅𝑅 = 1 𝑀𝑀𝑀𝑀, form the RC circuit shown. Initially, the total charge on the 
capacitors is 600 𝜇𝜇𝜇𝜇. The switch S is closed at t = 0, and the capacitors 
begin to discharge. 
1. What is the time constant of the circuit in seconds?

A) 90    B) 150      C) 30      D) 10       E) 100

2. How long does it take for the total charge on the capacitors to decrease by half?

A) 103.5       B) 62.1     C) 69 D) 45 E) 20.7

3. What is the current in the circuit in microamperes when the charge has dropped to half of its initial value?

A) 13/5        B) 30 C) 10/3 D) 20 E) 10

4. An electron moves to the left across the page with a constant velocity 𝑣⃗𝑣,
passing through a uniform magnetic field 𝐵𝐵�⃗  directed into the page. What 
should be the direction of an applied electric field to ensure the electron 
continues moving in a straight line? 

A) 𝚥𝚥̂      B) − 𝚤𝚤̂        C) 𝑘𝑘� D) 𝚤𝚤̂     E) − 𝚥𝚥̂
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A2 
 

Questions 5-6) The circuit shown consists of  𝑅𝑅1 = 𝑅𝑅3 = 1𝛺𝛺,𝑅𝑅2 = 𝑅𝑅4 = 2𝛺𝛺, 𝜀𝜀1 = 5 𝑉𝑉, 𝜀𝜀2 = 10 𝑉𝑉 
5. Which of the following gives the correct values of currents (𝐼𝐼1; 𝐼𝐼2; 𝐼𝐼3) in Amperes? 
 
A) − 5

11
;−20

11
; 25
11

  B) 5
11

;−25
11

; 20
11

       

C) 25
11

;− 5
11

;−20
11

   D) 15
11

;−25
11

; 10
11

   E) 20
11

;−25
11

; 5
11

 
 
 
 
 
 
 
 
 
6. What is the ratio of the power dissipated in 𝑅𝑅1to that in 𝑅𝑅3 (PR1/ PR3)? 
  
A) 45/2             B) 16/125          C) 4/9          D) 25/2           E) 1/16          

7. An RC circuit used in a capacitor charging experiment; 
experimental information, current-time graph, and the slope of the 
graph is given as shown. Which of the following statements is 
correct? 
 
A) The theoretical time constant of the circuit is 9 s. 
B) The relative error in the experiment is 0.2. 
C) If 2R and C/4 are used the time constant doubles. 
D) The absolute error in the experiment is 4 s. 
E) The current through the circuit is determined by the VCapacitor/R   
 
 

8. Two unknown resistors were connected both in series and in parallel, and 
their current-voltage characteristics were measured. Based on the 𝐼𝐼 = 𝑓𝑓(𝑉𝑉) 
graphs provided, which pair of resistors was used in the experiment?  
 
A) 300 Ω, 500 Ω 
B) 600 Ω, 1200 Ω 
C) 200 Ω, 600 Ω 
D) 150 Ω, 800 Ω 
E) 400 Ω, 600 Ω 
 
 
 

9. A cylindrical solenoid with a radius of 𝑟𝑟 = 1 𝑐𝑐𝑐𝑐 and a length of 15 𝑐𝑐𝑐𝑐 has 900 
turns. If a current of 1 A flows through the solenoid, what is the magnetic flux in 
Wb through a disk of radius 3 𝑐𝑐𝑐𝑐 placed perpendicular to the solenoid’s axis? 
      
 
A) 6.48 10−6   B)19.4 10−6   C) 7.2 10−6    D) 2.16 10−6   E) 2.82 10−6  
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Questions 10-11) An experiment observing the motion of a charged particle, 
the particle moves in a clockwise circular path within a uniform magnetic field 
that is directed into the page as shown. If the period of the particle's motion is 
4 10−7𝑠𝑠 and the magnetic field in the experimental setup is 0.5 𝑇𝑇.   
10. What is the particle’s charge-to-mass ratio (q/m) in units of C/kg? 
   
A) 2 107     B) − 3 107     C) 3 107    D) 6 107      E) − 2 107 
 
 
11. If the radius of the particle’s orbit is 0.2 m, what is its speed in SI units? 
 
A) 1 106   B) 3 106  C) 2 106   D) 6 106   E) 4 106    

Questions 12-13) Two infinitely long wires carrying current 𝐼𝐼 in opposite 
directions are placed perpendicular to the 𝑥𝑥𝑥𝑥 − plane as shown. 
 12. What is the net magnetic field vector at point P, in 𝑇𝑇? 
 

A) 
𝜇𝜇0𝐼𝐼
18𝑎𝑎

𝚥𝚥̂    B) −
𝜇𝜇0𝐼𝐼
9𝑎𝑎

𝚥𝚥̂     C) 
𝜇𝜇0𝐼𝐼
9𝑎𝑎

𝚥𝚥̂     D) 
𝜇𝜇0𝐼𝐼
18𝑎𝑎

𝚤𝚤̂      E) −
𝜇𝜇0𝐼𝐼
27𝑎𝑎

𝚤𝚤̂ 
 
 
 
 
𝟏𝟏𝟏𝟏. If a particle with charge +𝑞𝑞 passes through P with a velocity 𝑣⃗𝑣 = 𝑣𝑣(3𝚤̂𝚤 − 4𝑘𝑘�) what is the magnetic force 
on the charge, expressed in terms of "(𝑣𝑣𝑣𝑣𝜇𝜇0𝐼𝐼)/𝑎𝑎" ?   
 

A) �−
4
9
𝚤𝚤̂ +

1
6
𝑘𝑘��      B) �

2
9
𝚤𝚤̂ +

1
12

𝑘𝑘��    C) �
2
9
𝚤𝚤̂ −

1
6
𝑘𝑘��     D) �−

2
9
𝚤𝚤̂ +

1
6
𝑘𝑘��     E) �

2
9
𝚤𝚤̂ +

1
6
𝑘𝑘��   

 
 
Questions 14-15) 
A parallel plate capacitor with air between the plates has circular plates of radius 
4 cm. At a certain moment, the current in the connecting wire is 0.48 A. Assume 
vacuum permittivity and permeability are given as 𝜀𝜀0 and 𝜇𝜇0. 
14. What is the displacement current density between the plates in 𝐴𝐴/𝑚𝑚2? 
 
A) 4 102  B) 102    C) 104   D) 4 103  E) 2.5 103  
 
 
 
15. What is the magnetic field induced at a distance of 1 cm from the axis between the plates in 𝑇𝑇? 
 
A) 6 10−7     B) 24 10−7      C) 12 10−7      D) 2 10−7      E) 3 10−7 
 
 

Questions 16-18) A closed current loop carrying 𝐼𝐼 = 2 𝐴𝐴 is placed 
in a magnetic field 𝐵𝐵�⃗ = 2𝚤̂𝚤 − 3𝚥𝚥̂ + 𝑘𝑘�  (𝑇𝑇). Neglect the magnetic field 
produced by the loop itself. 
16. What is the magnetic dipole moment vector of the loop in 𝐴𝐴𝑚𝑚2?   
 
A) 4𝚥𝚥̂ + 3𝑘𝑘�    B)  8𝚥𝚥̂ + 6𝑘𝑘�    C) −4𝚥𝚥̂ + 12𝑘𝑘�     
D) −8𝚥𝚥̂ + 6𝑘𝑘�    E) −4𝚥𝚥̂ − 3𝑘𝑘�  
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17. What is the torque acting on the current loop in 𝑁𝑁𝑁𝑁? 
 
A) 26𝚤𝚤̂ − 12𝚥𝚥̂ − 16𝑘𝑘�     B) 10𝚤𝚤̂ − 12𝚥𝚥̂ − 16𝑘𝑘�    C) 13𝚤𝚤̂ + 6𝚥𝚥̂ − 8𝑘𝑘�     D) 10𝚤𝚤̂ + 12𝚥𝚥̂ + 16𝑘𝑘�    E)  − 13𝚤𝚤̂ − 6𝚥𝚥̂ + 8𝑘𝑘�   

18.  What is the magnetic force vector acting on the 𝑎𝑎 − 𝑏𝑏 segment of the wire in N? 
 
A) 12�𝚤𝚤̂ + 𝑘𝑘�� 
B) 12(𝚤𝚤̂ + 𝚥𝚥̂ + 𝑘𝑘�) 
C) 2(3𝚤𝚤̂ − 3𝚥𝚥̂ − 2𝑘𝑘�) 
D) 12(𝚤𝚤̂ − 𝑘𝑘�) 
E) 6𝚤𝚤̂ − 12𝚥𝚥̂ − 6𝑘𝑘�  
 
 
 
Questions 19-20) 
The current-carrying wire shown is composed of three quarter-circles 
with different radii and straight segments. The current is steady at 4 A, 
with; 𝑟𝑟1 = 6 𝑐𝑐𝑐𝑐,  𝑟𝑟2 = 2.5 𝑐𝑐𝑐𝑐 and  𝑟𝑟3 = 5 𝑐𝑐𝑐𝑐. 
19. What is the magnetic field at the origin due to the quarter-circle of 
radius 𝑟𝑟1, in 𝑇𝑇? 
 
A) −7.5 10−6 𝑘𝑘� 
B) 12 10−6 𝑘𝑘� 
C) −10 10−6 𝑘𝑘� 
D) −32 10−6 𝑘𝑘� 
E) 18 10−6 𝑘𝑘� 
 
 
 
 
 
20. What is the total magnetic field vector at the origin in 𝑇𝑇? 
 
A) 22 10−6 𝑘𝑘�      B) 46 10−6𝑘𝑘�    C) − 46 10−6 𝑘𝑘�     D) − 36 10−6 𝑘𝑘�        E) 36 10−6 𝑘𝑘�  
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