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September 17, 2019 

 
Name:      Section:    

 
 
For questions 1-5, select the best answer.  For problems 6-9, solutions must begin with 
an Official Starting Equation, when appropriate.  Work must be shown to receive credit.  
Calculators are not allowed. 
 
(8)  A  1. A proton is moving with speed ݒԦ଴ in a  
 uniform electric field.  Which of the four dotted lines 
 best represents the trajectory of the proton? 
 [A] 1  [B] 2  [C] 3  [D] 4 
 
(8)  A  2. The electric potential in a certain region of space is  
 ܸ ൌ ଶሺV/mସሻݕݔ6 െ ଶሺV/mଷሻݔ4 ൅  ሺV/mଶሻ.  The x-component of the electricݕ62
 field at x = 2.0 m, y = 1.0 m is …   
 [A] +10 V/m 
 [B] -10 V/m 
 [C] -65 V/m 
 [D] 58 V/m  
 
(8)  C  3.  A cube of side L has a vertical electric field of 
 uniform magnitude 3E at its top surface and of magnitude 
 2E at its bottom surface.  What is the charge contained in 
 the cube? 
 [A] 0   [B] ε0EL2  [C] -ε0EL2   [D] 5ε0EL2. 
 
(8)  B  4. An electric dipole is released in a uniform electric field, as 
 illustrated. Which direction will the dipole rotate and what is its potential energy?  
 [The dipole is in the plane of the paper.] 
 [A] counterclockwise, U is near its minimum  

[B] counterclockwise, U is near its maximum 
 [C] clockwise, U is near its minimum   
 [D] clockwise, U is near its maximum  
 
(8)    5 (Free). For those reading ahead, what’s the difference between an 
 Ohm and a Coulomb?  

 [A]      
 [B]  Ask Sherlock Ohms  
 [C]  Only Ohm can resist Coulomb. 
 [D]  Ohm doesn’t know how to         
  conduct himself.  
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6. Two point charges are placed on the ݔ-axis. The first point charge ൅ܳ is placed 
 at ݔ ൌ 0 and the second point charge ൅9ܳ is placed at ݔ ൌ  .ܦ
 
(10) (a) Find a location on the ݔ-axis that the net electric field is zero. Express your 
  answer in terms of the given parameters.  
 
OSE: ܧሬԦ ൌ ݇ ௤

௥మ
 ݎ̂

 

ሬԦ்ܧ ൌ ሬԦଵܧ ൅ ሬԦଶ  0ܧ ൌ ݇ ொ

௫మ
ଓ̂ െ ݇ ଽொ

ሺ஽ି௫ሻమ
ଓ̂ 

 

   
ଽ

ሺ஽ି௫ሻమ
ൌ ଵ

௫మ
 

 
ݔ3    ൌ ܦ െ  ݔ
 

ݔ    ൌ ஽

ସ
 

 
(10) (b) A third point charge ൅ݍ଴ is located midway between the two point charges, 
  ൅ܳ and ൅9ܳ. What is the net force on the third charge? Express your  
  answer in unit vector notation. 
 
OSE: ܨԦ ൌ ݇ ௤మ௤మ

௥భమ
మ  ଵଶݎ̂

 

Ԧ்ܨ  ൌ Ԧଵܨ ൅ Ԧଶܨ ൌ
௞௤బொ

ቀವ
మ
ቁ
మ ଓ̂ െ

௞௤బሺଽொሻ

ቀವ
మ
ቁ
మ ଓ̂ ൌ ସ௞௤బொ

஽మ
ሺ1 െ 9ሻଓ̂ 

 

Ԧ்ܨ  ൌ െ ଷଶ௞௤బொ

஽మ
ଓ̂ 

 
(20) (c) Find the electric field at point (0,	ܦ). If a third point charge ൅ݍ଴ is located  
  at (0, ܦ), what is the net force on the third charge? Express your answer in 
  unit vector notation. 
 
OSE: ܧሬԦ ൌ ݇ ௤

௥మ
ݎ̂       ݎ̂ ൌ െ cos 45° ଓ̂ ൅ sin 45° ଔ̂ 

 

ሬԦ்ܧ  ൌ ሬԦଵܧ ൅ ሬԦଶܧ ൌ
௞ொ

஽మ
ଔ̂ ൅ ଽ௞ொ

ଶ஽మ
ቀെ ଵ

√ଶ
ଓ̂ ൅ ଵ

√ଶ
ଔ̂ቁ   ̂ݎ ൌ െ ప̂

√ଶ
൅ ఫ̂

√ଶ
 

 

ሬԦ்ܧ  ൌ െ ଽ௞ொ

ଶ஽మ√ଶ
ଓ̂ ൅ ௞ொ

஽మ
ቀ1 ൅ ଽ

ଶ√ଶ
ቁ ଔ̂ 

 

Ԧܨ  ൌ ሬԦܧ଴ݍ ൌ െ ଽ௞௤బொ

ଶ஽మ√ଶ
ଓ̂ ൅ ௞௤బொ

஽మ
ቀ1 ൅ ଽ

ଶ√ଶ
ቁ ଔ̂ 
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7.  An arc of radius R and a rod of length R are 
 located as shown. The arc subtends an angle of 
 120 degrees. Both the arc and the rod have a 
 negative uniform charge per unit length -. 
 Express your answers with R, , and constants. If 
 your work involves an integral, you need to 
 perform the integral to get a full credit. 	
	
(6)  (a) Determine the total charge sum of the arc 
  and the rod.  
 

OSE: ߣ ≡ charge

length
     ܳ ൌ െߣሾ2ܴߨ ቀଵ

ଷ
ቁ ൅ ܴሿ 

 

       ܳ ൌ െܴߣሺଶ
ଷ
ߨ ൅ 1ሻ 

 
(12)  (b) Determine the electric potential from the arc at the origin. You may   
  assume that V = 0 at infinity.  
 
OSE: ܸ ൌ ݇ ௤

௥
      ܸ݀ ൌ െ݇݀ߣ߶  

   

 ܸ݀ ൌ ݇ ௗ௤

௥
     ܸ ൌ െ݇ߣ ׬ ݀߶

గ
గ/ଷ ൌ െ ଶగ௞ఒ

ଷ
 

 
(12) (c) Determine the electric potential from the rod at the origin. You may  
  assume that V = 0 at infinity.  
 

OSE: ܸ ൌ ݇ ௤

௥
      ܸ ൌ െ݇ߣ ׬

ௗ௥

௥

ଶோ
ோ ൌ െ݇ߣ ln 2 

 

 ܸ݀ ൌ ݇ ௗ௤

௥
 

 
(10) (d) An electron (mass m and charge -e) is released from rest at the origin.  
  Determine the maximum velocity of the electron after it is released.  
 
OSE: ܧ௙ െ ௜ܧ ൌ ሺ oܹtherሻ௜→௙     
 
 ௜ܷ ൅ ௜ܭ ൌ ௙ܷ ൅  ௙ܭ
 

 ௜ܷ ൌ െܸ݁ ൌ ߣ݇݁ ቀଶ
ଷ
ߨ ൅ ln 2ቁ 

             
 ௜ܷ ൌ

ଵ

ଶ
ଶݒ݉ ൅ ௙ܷ ൑

ଵ

ଶ
maxଶݒ݉  

 

maxݒ  ൌ ටଶ௘௞ఒ

௠
ሺଶ
ଷ
ߨ ൅ ln 2ሻ 
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8.  An infinitely long insulating cylinder of radius ܽ with 
 uniform charge density ߩ lies along the axis of symmetry 
 of an infinitely long conducting cylindrical shell of inner 
 radius ܽ and outer radius ܾ, as illustrated. The electric 
 field outside the conducting cylindrical shell (ݎ ൐ ܾሻ is 
 found to be zero.   
 
 (15) (a) Determine the electric field inside the insulating 
  cylinder (0 ൏ ݎ ൏ ܽ). 
 

  ሬԦܧ∮ ⋅ Ԧܣ݀ ൌ
௤enc
ఢబ

 

 

  ሻܮݎߨሺ2ܧ ൌ
ఘ൫గ௥మ௅൯

ఢబ
 

 

  ሬԦܧ ൌ
ఘ௥

ଶఢబ
 ݎ̂

  

(10)  (b)  Determine the electric field within the conducting cylindrical shell  
  (	ܽ ൏ ݎ ൏ ܾሻ. 
 

  ሬԦܧ ൌ 0, inside the conductor 
 

 
(10) (c) Express the surface charge density ߪ௔ at the inner surface of the   
  conducting shell in terms of variables introduced above. 
 
ሬԦܧ∮  ⋅ Ԧܣ݀ ൌ

௤enc
ఢబ

ߩܮଶܽߨ      ൅ ௔ߪܮܽߨ2 ൌ 0 

 
 0 ൌ

௤enc
ఢబ

ൌ൐ encݍ ൌ ௔ߪ    0 ൌ െ
௔ఘ

ଶ
 

 
 
(5) (d) Express the surface charge density ߪ௕ at the outer surface of the   
  conducting shell in terms of variables introduced above. 

ሬԦܧ∮  ⋅ Ԧܣ݀ ൌ
௤enc
ఢబ

 

 
 0 ൌ

௤enc
ఢబ

 

 
ߩܮଶܽߨ  ൅ ௔ߪܮܽߨ2 ൅ ௕ߪܮܾߨ2 ൌ 0 
 
௕ߪ  ൌ 0 
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9.   Consider the given circuit.  [Provide numerical answers for each part.] 
 
 
 
 
 
 
 
 
 
 
 
 
 
(15) (a) Determine ்ܥ, the total equivalent capacitance.  
 

ଵଷܥ  ൌ ቀ ଵ

ଽpF
൅ ଵ

ଵ଼pF
ቁ
ିଵ

ൌ 6pF 

 
்ܥ  ൌ 6pF ൅ 2pF 
 
்ܥ  ൌ 8pF 
 
 
 
 
 
(15) (b) Determine ܳଷ, the charge on ܥଷ.  
 
 ܳଷ ൌ ܳଵଷ ൌ ଵଷܥ ஻ܸ ൌ ሺ6pFሻሺ6Vሻ 
 
 ܳଷ ൌ 36pC 
 
 
 
 
 
 
 
(10) (c) Determine ଷܸ, the potential across ܥଷ.  
 

 ଷܸ ൌ
ொయ
஼య
ൌ ଷ଺pC

ଵ଼pF
 



 
 ଷܸ ൌ 2V 
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