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  The separation between the pennies is nearly a factor of 10 smaller than the diameter of a  penny, so it is a reasonable approximation to treat them as infinite sheets.      
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    b)   The charge on each conductor is equal but opposite. Since the inner conductor  is at a higher potential it is positively charged, and the magnitude is:    
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 EMBED Word.Document.8 \s [image: image11.emf]24.12:   a)   For two concentric spherical shells, the capacitance is:      
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  b)   The electric field at a distance of 12.6 cm:      
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  c)   The electric field at a distance of 14.7 cm:      
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  d)   For a spherical capacitor, the electric field is not constant between t he  surfaces.      
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    b)   For parallel capacitors, the voltage over each is the same, and equals the  voltage source: 52.0   V.      
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 So the combined capacitance for two  capacitors in series is the same as that for a capacitor of area  A  and separation 
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 So the combined capacitance for two  capacitors in parallel is that of a single capacitor of their combined area 
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  So now the final voltages  can be calculated:    
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    c)   Since the 3

F 6 and F 11 , F μ μ μ

capacitors are connected in parallel and are in  series with the 
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 capacitor, their charges must add up to that of the 
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 capacitors must add up to the same as  that of the 
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 capacitor, which is the same as the whole network. In short, charge is  conserved for the whole system. It gets redistributed for capacitors in parallel and it is  equal for cap acitors in series.      
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 Now if the separation  is doubled, the capacitance ha lves, and the energy stored doubles. So the amount of work  done to move the plates equals the difference in energy stored in the capacitor, which is 
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    e)   Thermal energy of capacitor, wires, etc., and electromagnetic radiation.      
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    d)   The reason for the difference is  that  E  is the field due to both plates. The force  is  QE  if  E  is the field due to one plate is  Q  is the charge on the other plate.    
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    c)   No, the electric energy density is NOT constant within the spheres.      
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    b)   If the charge was  – 8.00 nC, the electric field energy would remain the same  since  U  only depends on the square of  E .      
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 EMBED Word.Document.8 \s [image: image41.emf]24.42:   Placing a dielectric between the plates just results in the replacement of 
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  in  the derivation of Equation (24.20). One can follow exactly the procedure as shown for  Equation (24.11).      
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    c)   The addition of the mylar doesn’t affect the electric field since the induced  charge cancels the additional charge drawn to the plates.      
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 EMBED Word.Document.8 \s [image: image45.emf]24.46:   a)   The capacitance changes by a factor of  K  when the dielectric is inserted. Since  V  is unchanged (The battery is still connected),    
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  The battery remains connected, so the potential difference is unchanged after the  dielectric is inserted.     c)   Before the dielectric is inserted,    
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  Again, since the voltage is unchanged after the dielectric is inserted, the electric field is  also unchanged.        



 EMBED Word.Document.8 \s [image: image46.emf]24.47:   a)   before: 

V 00 . 3 ) F 10 00 . 3 ( ) C 10 00 . 9 (

6 6

0 0 0

    

 

C Q V

    after:  

0 0

; F 0 . 15 Q Q KC C

  

   

K V C Q V of factor a by decreases V; 600 . 0

 

    b)  

the , d V E



same at all points between the plates (as long as far from the  edges of the plates)     before:  

m V 1500 ) m 10 00 . 2 ( ) V 00 . 3 (

3

  



E

    after:  

m V 300 m) 10 00 . 2 ( ) V 600 . 0 (

3

  



E

     



 EMBED Word.Document.8 \s [image: image47.emf]24.48:   a)  

.

4

4

2

0

2

0

πεd

q

E

ε

q

πd KE

ε

Q

K

free

     



A E





     b)  

2

0 0

2

0 0

4

4

d πε

q q

E

ε

q q

πd E

ε

q q

ε

q

d b b

b f

total



 



 



  



A E





          

. / K q q q q

b total

   

     c)   The total bound change is 

 

. 1

1

b

 

K

q q

   



 EMBED Word.Document.8 \s [image: image48.emf]24.49:   a)   Equation (25.22): 
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        e) If the battery is disconnected, so the charge remains cons tant, and the plates are  pulled further apart to 0.0094 m, then the calculations above can be carried out  just as before, and we find:       a)  
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 EMBED Word.Document.8 \s [image: image50.emf]24.51:   If the plates are pulled out as in Problem 24.50 the battery is connected, ensuring  that the voltage remains constant. This time we find:     a)  
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 EMBED Word.Document.8 \s [image: image51.emf]24.52:   a)   System acts like two capacitors in series so 
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  This is the work required to  rearrange the plates.      



 EMBED Word.Document.8 \s [image: image52.emf]24.53:   a)   The power output is 600 W, and 95% of the original energy is converted. 
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  b)   At the scale of part (a) the cylinders appear to be flat, and so the capacitance  should appear like that of flat plates.      
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 Larger than, but  comparable to the capacitance of a typica l capacitor in a circuit.      
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      f)   In this case, one does work by pushing the slab into the capac itor since the  constant potential requires more charges to be brought onto the plates. When the charge  is kept constant, the field pulls the dielectric into the gap, with the field (or charges)  doing the work.      



 EMBED Word.Document.8 \s [image: image74.emf]24.75:   a)   We are to show the transformation from one circuit to the other:           From Circuit 1:
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    Setting the coefficients of the charges equal to each other in matching potential  equations from the two circuits results in three independent equations relating the two  sets  of capacitances. The set of equations are:    
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 EMBED Word.Document.8 \s [image: image75.emf]24.76:   a)   The force between the two parallel plates is:      
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      d)   Sta ble equilibrium occurs if a slight displacement from equilibrium yields a  force back toward the equilibrium point. If one evaluates the forces at small  displacements from the equilibrium positions above, the 1.014 mm separation is seen to  be stable, but no t the 0.537 mm separation.      
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     c)   If the charge is kept constant on the plates, then:    
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 then the force is in the opposite direction to the  motion 
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meaning that the slab feels a force pushing it out.      



 EMBED Word.Document.8 \s [image: image77.emf]24.78:   a)   For a normal spherical capacitor: 
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    b) Using a hemispherical Gaussian  surface for each respective half:       
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      c)   The free charge density on upper and lower hemispheres are:  
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       e)   There is zero bound charge on the flat surface of the dielectric - air interface, or else  that would imply a circumferential electric field, or that the electric field changed as we  went around the sphere.      
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 EMBED Word.Document.8 \s [image: image79.emf]24.80:   a)   The capacitors are in parallel so:    
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      b)   For gasoline, with 
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      c)   For methanol, with 
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    d)   This kind of fuel tank sensor will  work best for methanol since it has the greater  range of 
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 values.  


