Chapter 34
Physics 230
34.23. Model: Electromagnetic waves are sinusoidal.

Solve: (a) The electric field is Ey  E0 cos (kx – t), where E0  20 V/m and k  6.28 ( 108 m–1. The wavelength is
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(b) The frequency is
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(c) The magnetic field amplitude is
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34.29. Model: A radio wave is an electromagnetic wave.

Solve: (a) The energy transported per second by the radio wave is 25 kW, or 25 ( 103 J/s. This energy is carried uniformly in all directions. From Equation 34.47, the light intensity is 
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(b) Using Equation 34.47 again,
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34.47. Model: Sunlight is an electromagnetic wave.

Solve: (a) The sun’s energy is transported by the electromagnetic waves in all directions. From Equation 34.47, the light intensity is
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(b) The intensity of sunlight at Mars is
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34.49. Model: Radio waves are electromagnetic waves. Assume that the transmitter unit radiates in all directions.

Solve: The transmitting unit radiates energy in all directions at the rate of 250 mJ per second. From Equation 34.47, the signal intensity at a distance of 42 m is


[image: image8.wmf](

)

3

52

22

25010 W

1.1310 W/m

4

442 m

PP

I

A

r

p

p

-

-

´

====´


Using Equation 34.47 again,
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A few steps before 42 m, the field strength was 0.100 V/m and the door opened. The manufacturer’s claims are correct.

34.55. Model: Use Malus’s law for the polarized light.

	Visualize: 
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Solve: For unpolarized light, the electric field vector varies randomly through all possible values of . Because the average value of cos2 is 
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, the intensity transmitted by a polarizing filter when the incident light is unpolarized is I1  
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I0. For polarized light, Itransmitted  I0 cos2. Therefore,

I2  I1cos2 45°           I3  I2cos2 45°

( I3  (I1 cos2 45°)cos2 45°  
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34.57. Solve: (a) The electric field energy density is uE  
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0E2 and the magnetic field energy density is uB  (1/20)B2. In an electromagnetic wave, the fields are related by E  cB. Using this and the fact that c2  1/(00), we find
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(b) Since the energy density is equally divided between the electric field and the magnetic field, the total energy density in an electromagnetic wave is utot  uE  uB  2uE. We also know that the wave intensity is I  
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Physlet Problem 32.1:
Red is the electric component and green is the magnetic component.  This is found using the right hand rule and the Poynting vector S = E x B, where S points along the direction of wave travel.

Physlet Problem 32.2:
Animation #2 shows a wavelength approximately half as long, so the frequency is twice is high. This puts the wave in animation #2 in the ultraviolet region.
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