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     d)   Calculation in part (c) assumes that the transmitter emits uniformly in all directions.    
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  There must be nodes  at the planes, which are 80.0 cm apart, and there are two nodes between the planes, each  20.0 cm from a plane. It is at 20 cm, 40 cm, and 60 cm that a point charge will remain at  rest, since the electric f ields there are zero.    
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 EMBED Word.Document.8 \s [image: image32.emf]32.33:   Using a Gaussian surface such that the front surface is ahead of the wave front   (no   electric or magnetic fields) and the back face is behind the wave front (as shown at right),  we have:      
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    So the wa ve must be transverse, since there are no components of the electric or  magnetic field in the direction of propagation.        
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 EMBED Word.Document.8 \s [image: image36.emf]32.37:   a)   The energy incident on the mirror is 
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 EMBED Word.Document.8 \s [image: image38.emf]32.39:   a)   The laser intensity 
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 EMBED Word.Document.8 \s [image: image39.emf]32.40:   a)   The change in the momentum vector determines 
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 EMBED Word.Document.8 \s [image: image40.emf]32.41:   a)   At the sun’s surface:    
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  Halfway out from the sun’s center, the intensity is 4 times more intense, and so is the  radiation pressure:
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  times greater than the radiation, pressure. Therefore it is reasonable to ignore radiation  pressure when modeling the sun’s interior structure.      
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  which never happens. So the Poynting vector is always positive, which makes sense since  the direction of wave propagation by definition is the direction of energy flow.       b)        
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       b)   The direction of the Poynting vector is radially inward, since the magnetic field is  along the solenoid’s axis and the electric filed is circumferential.  It’s ma gnitude 
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     d)   The in - flow of electromagnetic energy through a cylind rical surface located at the  solenoid coils is 
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     e)   The values from parts (c) and (d) are identical for the flow of energy, and hence we  can consider the energy stored in a current carrying solenoid as having entered through its  cy lindrical walls while the current was attaining its steady - state value.      



 EMBED Word.Document.8 \s [image: image43.emf]32.44:   a)   The energy density, as a function of  x,  for the equations for the electrical and  magnetic fields of Eqs. (32.34) and (32.35) is given by:   
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     c)   the plots from part (a)   can be interpreted as two waves passing through each other  in opposite directions, adding constructively at  certain times, and destructively at others.  
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 which exactly equals the flow of  electromag netic energy.    



 EMBED Word.Document.8 \s [image: image45.emf]32.46:  

, and ,

2

2

0 0

0

r

q

E

q

EA d

r

i

B

S

  

      



A E

   so the magnitude of the  Poynting vector is 

.

2 2

3 2

0

3 2

0

0

dt

dq

r

q

r

qi EB

S

   



  

    Now, the rate of energy flow into the region between the plates is:  

 





































    

.

2 2

1 ) (

2

1

) 2 (

2

2

0

2

2

0

2

0

dt

dU

C

q

dt

d

q

A

l

dt

d

dt

q d

r

l

dt

dq

r

lq

rl S d

    



A S

 

  This is just rate of increase in electrostatic energy U stored in  the capacitor.    
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 EMBED Word.Document.8 \s [image: image48.emf]32.49:   a)   Find the force on you due to the momentum carried off by the light:  
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  The radiation force is very small. In the calc ulation we have ignored any other forces on  you.      b)   You could throw the flashlight in the direction away from the ship. By conservation  of linear momentum you would move toward the ship with the same magnitude of  momentum as you gave the flashlight.    
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     b)   Assuming that the sun’s radiation is intercepted by the particle’s cross - section, we  can write the force on the particle as:          
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       c)   So if the force of gravity and the force from the radiat ion pressure on a particle from  the sun are equal, we can solve for the particle’s radius:  
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     d)   If the particle has a radius smaller than that found in part   (c), then the radiation  pressure overcomes the gravitational force and res ults in an acceleration away from the  sun, thus removing all such particles from the solar system.    



 EMBED Word.Document.8 \s [image: image51.emf]32.52:   a)   The momentum transfer is always greatest when reflecting surfaces are used  (consider a ball colliding with a wall  the wall exerts a greater force if the ball rebounds  rather than sticks). So in solar sailing one would want to use a reflecting sai l.      b)   The equation for repulsion comes from balancing the gravitational force and the  force from the radiation pressure. As seen in Problem 32.51, the latter is:    
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     c)   This answer is independent of the distance from the sun sinc e both the gravitational  force and the radiation pressure go down like one over the distance squared, and thus the  distance cancels out of the problem.    
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     b)   For a proton moving in a circle, the acceleration can be rewritten:  
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  The rate at which it emits energy because of its acceleration is:  
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  So the fraction of its energy that  it radiates every second is:  
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     c)   Carrying out the same calculations as in part (b), but now for an electron at the same  speed and radius. That means the electron’s acceleration is the same as the proton, and  thus so is the rate a t which it emits energy, since they also have the same charge.  However, the electron’s initial energy differs from the proton’s by the ratio of their  masses:  

eV. 3273

kg) 10 (1.67

kg) 10 (9.11

eV) 10 00 . 6 (

27

31

6







  





p

e

p e

m

m

E E

  So the fraction of its energy that it radiates every second is:  

. 10 54 . 2

eV 3273

eV 10 8.32 s) (1 ) (

8

5





 





E

dt dE

   



 EMBED Word.Document.8 \s [image: image53.emf]32.54:   For the electron in the classical hydrogen atom, its acceleration is:            
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        Then using the formula for the rate of energy emission given in Pr. (33 - 49):      
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 which means t hat the electron would almost  immediately lose all its energy!      
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     b)   The hint basically answe rs the question.      c)  
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