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 EMBED Word.Document.8 \s [image: image7.emf]21.8:   a)   The total number of electrons on each sphere equals the number of protons.    
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. m 08 . 5 m 8 . 25

) s m 8 . 9 ( kg) 10 11 . 9 (

C) 10 60 . 1 (

4

1

4

1

2

31

2 19

0

2

2

2

0

  





  





r

πε

r

r

q

πε

mg

     



 EMBED Word.Document.8 \s [image: image9.emf]21.10:     a)   Rubbing the glass rod removes electrons from it, since it becomes positive.  
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 EMBED Word.Document.8 \s [image: image29.emf]21.30:   a)   The electric field of the Earth points toward the ground, so a NEGATIVE  charge will hover above the surface.    
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  The magnitude of the charge is  too great for practical use.      



 EMBED Word.Document.8 \s [image: image30.emf]21.31:   a)   Passing between the charged plates the electron feels a force upward, and just  misses the top plate. The distance it travels in the  y - direction is 0.005 m.   Time of flight 
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         b)   Since the proton is more massive, it will accelerate less, and NOT hit the plates.  To find the vertical displacement when it exits the plates, we use the kinematic equations  again:  

m. 10 73 . 2 s) 10 25 . 1 (

2

1

2

1

6 2 8

p

2

 

    

m

eE

at y

        c)   As mention in b),   the proton will not hit one of the plates because although the  electric force felt by the proton is the same as the electron felt, a smaller acceleration  results for the more massive proton.         d)   The acceleration produced b y the electric force is much greater than  g ; it is  reasonable to ignore gravity.      
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 EMBED Word.Document.8 \s [image: image33.emf]21.34:   a)  
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 EMBED Word.Document.8 \s [image: image34.emf]21.35:   a)
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 EMBED Word.Document.8 \s [image: image36.emf]21.37:   a)  
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 EMBED Word.Document.8 \s [image: image37.emf]21.38:   a)  

. N 10 82 . 9 , C N 614

17



   

qE F E

         b)  

. N 10 3 . 2 ) 10 0 . 1 ( 4

8 2 10

0

2

 

   

πε e F

         c) Part (b) >> Part (a), so the electron hardly notices the electric field. A person in  the electric field should notice nothing if physiological effects are based solely on  magnitu de.      



 EMBED Word.Document.8 \s [image: image38.emf]21.39:   a)   Let
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 EMBED Word.Document.8 \s [image: image39.emf]21.40:   Point charges 
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 EMBED Word.Document.8 \s [image: image40.emf]21.41:   Two positive charges, 

q

, are on the  x - axis a distance  a  from the origin.         a)   Halfway between them, 
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  For graph, see below.          



 EMBED Word.Document.8 \s [image: image41.emf]21.42:   The point where the two fields cancel each other will have to be closer to the  negative charge, because it is smaller. Also, it cant’t be between the two, since the two  fields would then act in the same direction. We could use Coulomb’s law to calcu late the  actual values, but a simpler way is to note that the 8.00 nC charge is twice as large as the   – 4.00 nC Charge. The zero point will therefore have to be a factor of 
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 farther from the  8.00 nC charge for the two fields to have  equal magnitude. Calling 
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 EMBED Word.Document.8 \s [image: image42.emf]21.43:   a)   Point charge 
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 EMBED Word.Document.8 \s [image: image43.emf]21.44:   A positive and negative charge, of equal magnitude 
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, are on the  x - axis, a  distance 
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 from the origin.     a)   Halfway between them, 
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  with “+” to the right.     This is graphed below.        



 EMBED Word.Document.8 \s [image: image44.emf]21.45:   a) At the origin, 
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 EMBED Word.Document.8 \s [image: image45.emf]21.46:   Calculate in vector form the electric field for each charge, and add them.    
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 EMBED Word.Document.8 \s [image: image46.emf]21.47:   a)   At the origin, 
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 EMBED Word.Document.8 \s [image: image47.emf]21.48:   For a long straight wire, 
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 EMBED Word.Document.8 \s [image: image48.emf]21.49:   a)   For a wire of length 

a 2

 centered at the origin and lying along the  y - axis, the  electric field is given by Eq. (21.10).  
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  Graphs of electric fie ld versus position for both are shown below.          



 EMBED Word.Document.8 \s [image: image49.emf]21.50:   For a ring of charge, the electric field is given by Eq. (21.8).         a)  
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 EMBED Word.Document.8 \s [image: image50.emf]21.51:   For a uniformly charged disk, the electric field is given by Eq. (21.11):    
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  The 
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- component of the electric field is shown below.          



 EMBED Word.Document.8 \s [image: image51.emf]21.52:   The earth’s electric field is 150 
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 EMBED Word.Document.8 \s [image: image52.emf]21.53:   For an infinite plane sheet, 
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 EMBED Word.Document.8 \s [image: image53.emf]21.54:   By superposition we can add the electric fields from two parallel sheets of charge.          a)  
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 EMBED Word.Document.8 \s [image: image54.emf]21.55:            



 EMBED Word.Document.8 \s [image: image55.emf]21.56:   The field appears like that of a point charge a long way from the disk and an  infinite plane close to the disk’s center. The field is symmetrical on the right and left (not  shown).        



 EMBED Word.Document.8 \s [image: image56.emf]21.57:   An infinite line of charge has a radial field in the plane through the wire, and  constant in the plane of the wire, mirror - imaged about the wire:         Cross section through the wire:   Plane of the wire:         Length of vector does not depend on angle.   Le ngth of vector gets shorter at  points further away from wire.      



 EMBED Word.Document.8 \s [image: image57.emf]21.58:   a)   Since field lines pass from positive charges and toward negative charges, we  can deduce that the top charge is positive, middle is negative, and bottom is positive.            b)   The electric field is the smallest on the horizontal line through the  middle charge,  at two positions on either side where the field lines are least dense. Here the  y - components of the field are cancelled between the positive charges and the negative  charge cancels the  x - component of the field from the two positive charges.      
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  Maximum torque:          



 EMBED Word.Document.8 \s [image: image60.emf]21.61:   a)   Changing the orientation of a dipole from parallel to perpendicular yields:  
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 and is toward the water  molecule (negative  x - direction).      
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        b)   This also gives the correct expression for 

y

E

since 

y

appears in the full  expression’s denominator squared, so the signs carry through correctly.      



 EMBED Word.Document.8 \s [image: image63.emf]21.64:     a)   The magnitude of the field the due to each charge is      
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  where 
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is the distance between the two charges. The  x - components of the forces due to  the two charges are equal and oppositely directed and so c ancel each other. The two  fields have equal  y - components, so:      
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    b)                 Opposite charges are closest so the dipoles attract.      
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 But this is  the equation of a simple harmonic oscillator, so:      
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         b)   If the charge was placed on the  y - axis there would be no restoring force if 

q

and 

Q

had the same sign. It would move straight out from the origin along the  y - axis, since  the  x - components of force would cancel.      
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 EMBED Word.Document.8 \s [image: image70.emf]21.71:   a)              b)   Using the same force analysis as in problem  21.70,  we find: 
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 EMBED Word.Document.8 \s [image: image71.emf]21.72:   a)   Free body diagram as in  21.71.  Each charge still feels equal and opposite  electric forces.          b)  
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  c)   With such a large force between them, it does not seem reasonable to think the  sodium and chlorine ions could be separated in this way.      
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        b)   The force acts on the middle charge to the right.         c)   The force equals zero if the two forces from the other charges cancel. Because of  the magnitude and size of the charges, this can  only occur to the left of the negative  charge 
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 This much charge is placed at  the earth’s poles (negative at north, positive at south), leading to a force:    
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  b)   A positive charge at the equator of the same magnitude as above will feel a  force in the south - to - north direction, perpendicular to the earth’s surface:    
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 EMBED Word.Document.8 \s [image: image92.emf]21.93:   a)   The  y - components of the electric field cancel, and the  x - components from both  charges, as given in problem  21.87  is:  
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       b)   If the point charge is now on the  x - axis  the two charged parts of the  rods provide  different forces, though still along the  x - axis (see problem  21.86 ).  
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 EMBED Word.Document.8 \s [image: image93.emf]21.94:   The electric field in the  x - direction cancels the left and right halves of the  semicircle. The remaining  y - component points in the negative  y - direction. The charge per  unit length of the semicircle is:  
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          b)   If all edges of the square had equal charge, the electric fields would cancel by  symmetry at the center of the square.      
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  (Note that “+” means toward the right, and “ – ” is toward the left.)      



 EMBED Word.Document.8 \s [image: image100.emf]21.101:   By inspection the fields in the different regions are as shown below:    
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 EMBED Word.Document.8 \s [image: image102.emf]21.103:   a)   The four possible force diagrams are:       Only the last picture can result in an electric field in the  – x - direction.   b)  
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 EMBED Word.Document.8 \s [image: image103.emf]21.104:   (a)   The four possible diagrams are:         The first diagram is the only one in which the electric field must point in the negative  y - direction.           b)  
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 EMBED Word.Document.8 \s [image: image104.emf]21.105:   a)   For a rod in general of length 
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